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VI TAM N [ er r J+#EDI ATED ORAL DELI VERY SYSTEMS FOR GCSF AND EPO ‘BACKGROMWD OF
THE | NVENTI ON The present invention relates to the oral delivery of the

t herapeuti ¢ substances granul ocyte- colony stimulating factor (GCSF) and
erythropoietin (EPO by adm nistration of a conplex conprising these
substances linked to vitamin [err] or an anal ogue thereof. Mre
particularly, the inventionrelates to et hods for the synt hesis of these
conpl exes and to nmethods for the anplification of the amount of GCSF or EPO
delivered per [err] carrier nolecule. An oral delivery systemis known,
because of recent work undertaken by one of the'current inventors, which is
described in PCT Application WS87/02251 [err], whereby an active substance
| i nked t oVEXAMENSB,, MﬁDb'hTEDe@RAbI RELIER WS YSTEMS EOR GESFaANBrEPOgUe

t hereof, can use the natural VB12 uptake system nedi ated by the binding of
[err] to intrinsic factor (IF) to transport the resultant conplex fromthe

i ntesti naBAbM@(DUNWd#‘?E%[NVEWIGN Once delivered into serumor the

| ynphati ¢ drai nage systemthe conpl ex substantially retains the bioactivity
of the native actlve substance. In conmon W|th V|rtuaIIy all proteins,

pepti des d_other. | arge hioactive cule r I s.currently no netHod
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pharmaceutical ly active agent, ar ge - an
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proteins-to.h Such a pr cess vai | bIe the formati on of a
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An oral delivery system is known, because of recent wo'rlg undertgke.n by one of the current
inventors, which is described in PCT Application W087/02251 (PCT/AU86/0299), whereby
an active substance linked to at least one carrier molecule, which is VB,, or an analogue -
thereof, can use the natural VB,, uptake system ﬁlediated by the binding of VB,, to intrinsic
factor (IF) to transport the resultant complex from the intestinal lumen into the circulation.
Once delivered into serum or the lyx:nphatic drainage system the complex substantially

retains the bioactivity of the native active substance.

In common with virtually all proteins, peptides and other large bioactive molecules there
is currently no method for the oral delivery of either GCSF or EPO. The oral route of
administration is the most preferable means of delivering a pharmaceutically active agent,
and as such there is a large and valuable market for any process which pehnits the oral
delivery of either of these proteins-to humans. Such a.process would be available by the ..

formation of a complex between VB,; and GCSF or EPO.

SUMMARY OF THE INVENTION
The present invention relates in one aspect to compiexes between VB, analogues and either

GCSF or EPO that retain both significant affinity for intrinsic factor (IF) in the VBy;
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2 portion of the conplex and significant bioactivity of. the GCSF or EPO
portion of the conplex. The invention also concerns a process for the
‘syntshesis of these conplexes. Thi's may be achieved at |east in part, by
usi ng a spacer compound, which is linked coval antly between the [err]
portion and the GCSF or EPO. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS One
aspect of the invention provides a conplex which conprises at |east one
active substance linked to at |east one,carrier nolecule, which is [err] or
-an anal ogue of [err] wherein the ability of the carrier to undergo the

bi ndi ng reacti ons necessary for uptake and transport of [err] in a
vertebrate host and the activity of the active substance are substantially
nai nt ai ngartickhio$ the cumpleRyandr significng tHoatinjly cof thetGESR dBIEPO odtien obirthé er
sel ected fromvitamn ?err] or avitamn [err] anal ogue wherein the F
and the campley- Theinvenignealsa soncenir 8 @reassoliog Hieasy&ﬂ?"agi@&lcs%%@%@t 1

conpl ex bej.n bl f _bi.ndj .0t rl nsi L4 s L1 s
W th mai ieh s SEREHEpdhagl Raiy fihk ' spARE Colfpohil, Which iiliadXoyphdy
gener al fidiweesr e VB, portidied tHe IGCSher ERO.i er nol ecule [err] or an

anal ogue (i ncl uding der i vatives) thereof that retains IF affinity, Zis the
active substance selected fromEPO or GCSF, Ais a spacer arm of variable

conposi ti t ' f 'm)ga t hrough which Vis
attached @gsgwgtﬁgﬁﬁ%§$ﬁ%§}é gr oh’p‘) rough which Z is attached to
A. The naDhé¢ aspéctiofeei PRaMticGH Providés 4 complekewhichatdmptiseert least \bnanattivhe

nature of spacer arm A are chosen to maxinise the |E affinity of t
conpl ex. substanes linkedbto At laast iopn sprripr guglecnle,i twehigh fSQG&u Ok ?‘hé%ﬁ%‘f’ ‘{}gvgﬂand

t he nature,of . spacet..arm,A ar 0 i Nt aj st
bi oact i vi FICSIT G of e ?afﬁef*é Fot Bl a2l - 2 ,k&-%%, e gnd
-SS- or [QﬁﬁgportAoif SVB[,eincaatdebadte 13t iagdalhkyaciviigt bf uhe dictiemntsubsianed are

unsaturated, branched or linear, [err] alkylene, cyc]oalk or, aronatic
group, opsubstratiplly wiaittaioeds Ghisieeeurs (barpb‘@iﬁélnﬂ/iat%m?(i%%ﬂwr’ﬁ&&g% and a carrier

selected from vitamin By, or a vitamin B,; analogue wherein the GCSF and the carrier are

covaléntly linked through a diradical spacer, the complex being capable_ of binding to

intrinsic factor with high affinity with maintenance of GCSF bioactivity. |

The complex preferably has the general form V—-X—A—Y~Z, where V is the carrier
molecule VB,, or an analogue (including derivatiyes) thereof that retains IF affinity, Z is
the active substance selected from EPO or GCSF, A is a spacer arm of va;iable composition
and length, X is the functional group through which V is attac.:hed to A, and Y is the
 functional group through which Z is attached to A. The nature of functional group X, its
site of attachment to V and the nature of spacer arm A are chosen to maximist the IF
affinity of the complex. The nature of functional group Y, its site of attachment to Z'and

the nature of spacer arm A are chosen to maintain substantially the bioactivity of Z.

Preferably X is selected from: -NHNH-, -NH-, -O-; S-, -SS- or -CHy-.:A is:preferably - -
an optionally substituted,-saturated or unsaturated, branched or -linear, :Cy.g; alkylene, -
cycloalkylene or aromatic group, 0ptionally.with-6ne or more- carbons within the-linear:-..
chain being replaced with N, O or S, and wherein the optional substituents are selected .
from carbonyl, carboxy, hydr‘oxy, amino and other groﬁps. Y is preferably a covalent

linkage between spacer chain A and proicin Z, where Y is selected from_ -NHCO-, -



s chain being replaced with N, Oor S, and wherein the optional substituents
are selected from carbonyl, carboxy, hydroxy, am no and other groups. Y is
preferably a coval ent |inkage between spacer chain A and protein Z, where Y
Is selected from -NHCO, 3 CONH, -CONHNHCO-, -N=N, -N=CH, J[err],
-NHN=CH-, [err] -SS-,- [err] -NHCRNH- [where R =0, S or NHJ, -COO, -0OCO,
and Z is GCSF or EPO. In the context of tfe present invention, the term
"active substance" (ie Z) includes all, part, an anal ogue, honol ogue,
derivative or conbination thereof of either granul ocyte colony stinulating
factor (GCSE) or erythropoietin (EPO. The carrier is [err] or [err]

anal ogue. Hor \GONHNHQas-NwdN, utle=GHy, NEGHyt-NEN gt&H-v 2l HMHGH,, \/8%2 -
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met hyl cobabampm. hydr oxycobal am n, cyanocobal am n, .carbanal i de, and

5- met hoxybenzyl cyanocobal amin ([(5- MeOCN-Cbl] as well as the desdinethyl,
nonoet hyl am de and the net hyl am de anal ogues of all of the above. O her

anal ogues include all.al kyl cabal aming in which the al ky).. ,chajn is |inked
to the cor lr[[i1 ﬁ'en‘i%'feé‘hgf @X‘? 9581‘9185?""@5@’569’5 e??fwﬁa'rr’}?f.ta"& h{‘-,‘? ZEH’&‘"QB%%% patt,
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5, 6- di chl osmatatingifacten(GCSE) ohenythragdieti (BR@azol e, tri net hyl benzi nmi dazol e,

as well as adenosyl cyanocobal am n [ (Ade) CN-Cbl ], cobal am n | actone,
cobalam n lactarn and the anilide, ethylam de, nonocarboxylic and
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deri vati veof VB,; (cyanocobalamin) which possesses binding activity to intrinsic factor. Preferred
analogues of VB, also include aquocobalamin, adenosylcobalamin, methylcobalamin,
hydroxycobalamin, cyanocobalamin, carbanalide, and S-methoxj(bcnzylcyanocobalamin ({5
‘MeO)CN-Cbl] as well as the desdimethyl, monoethylamide and the methylamide analogues
of all of the above. Other analogues include al alkyl cobalamins in which the alkyl chain
is linked to the corrin nucleus by a direct CoC covalent bond. Other analogues include
chlorocobalamin, sulfitocobalamin, nitrocobalamin, thiocyanatocobalamin,
benzimidazolecyanocobalamin derivatives such as the: S,6-dichlorobenzimidazole, 5-
hydroxybenzimidazole, trimethylbenzimidazole, as well as adenosylcyanocobalamin
((Ade)CN-Cbl], cobalamin lactone, cobalamin lactam and the anilide, ethylamide,

monocarboxylic and dicarbo:;ylic acid derivatives of VB, or its analogues.

Preferred derivatives of VB, also include tht;: mono-', di- and tricarboexylic acid derivatives
or the propionamide derivatives of VB,,. Carriers may also include analogues of VB, in
which the cobalt is replaced by zinc or nickel. The corrin ring of VB,, or its analogues
may also be substituted with any s;ubstitlient which does not effect-its binding to-IF, and -~
such derivatives of VB,, or its analogues are part of this invenition. -‘Other derivatives -of.
VB,, or its analogues which have a functional group v‘;hich is-able to react with the spacer

compound are also part of the invention.

It is preferred that the complex may comprise GCSF linked through a disulphide bond to



. or the propionam de derivatives of [err]. Carriers may al so include

anal ogues of [err] in which the cobalt is replaced by zinc or nickel. The
corrin ring of [err] or its analogues may al so be substltuted wi th any
substituent which does not effect its binding to |F,: and such derivatives
of [err] or its analogues are part of this i nvention. Other derivatives of
[err] or its anal ogues which have a functional group which is able to react
wi th the spacer conpound. are also part of the invention. It is preferred
that the conplex may conprise GCSF |inked through a disul phide bond to 4
a (dit hi ap(dithinpyridybpiopimmaimiidn) dedetytaphiaoi[ DT Prdodecyleniawy Idarivativg of&VByat i ve
of [err]. Another preferred enbodi nent of the invention provides a process-
for the production of a conplex conprising. GCSF |inked through a disul phide
bond to I ive
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of the invenfion,proyi ocess for the p ction of a conpl ex
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of the invention provides a process for the productlon of a conpl ex
conprising at |least o ctive substance linked to at one, carri
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reacti ons necessary upta tran port of |err] In a vert
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rocess conprising one or npre of the follow ng steps:
P tOan \%u ?hrough an axial CoC bond. g P

Another embodiment of the invention provides a process for the pfoduction of a complex

comprising at least one active substance linked to at least one carrier molecule through a

spacer, the carrier molecule being VB, or an analoéue thereof, wherein the ability of the

carrier to undergo the binding reactions necessary for uptake and transport of VB,, in a

vertebrate host and the activity of the active substance are substantially maintained, the

* process comprising one or more of the following steps:

a) reacting together the active substance and the carrier and the spacer compound to
form the complex;

b) reacting the active substance with the spacer, and then reacting_the product with the
carrier to form the complex;

c) reacting the carrier \ﬂrith the spacer, and then reacting the product with the active
substance to form the complex;

d) following method of (a), (b) or (c) but with the addmonal step of having chemlcally
modified the carrier and/or the active substance .in a previous step to provide a

functional group on the carrier and/or active substance which will react with the
spacer compound; or . —
e) following the method of (a), (b), (c) or (d) but with the additional step of reacting

the active substance or the carrier with a polymeric support, before carrying out the



‘a) reacting together the active substance and the carrier and the spacer
conpound to-formthe conpl ex; b) redacting the active substance with.the
spaecer, and then reacting the product with the carrier to formthe conpl ex;
c) reacting the carrier with the spacer, and then reacting the product
with the active substance to formthe conplex; d) foll ow ng net hod of
(a), (b) or (c) but with the additionag step of having chem cally nodified
the carrier and/or the active substance in a previous step to provide a

functional group on the carrier and/or active substance which will react

wi th the spacer conpound; or e) following the method of (a), (b), (c) or
“(d) but with mhﬁcﬁ@ﬂiﬁ‘ohgna}c[&hﬂ? 1R pdlﬁﬁeﬂidﬁ@pbhésbmtdeddmﬂlmﬂlmrc(orthe
carrier with a polyneric supporf, before carrying out the furt her

reacti ons. Prsphestssatrier),rndmisoytoethe ectivesybsiancePr{spAetaBye S b2 carri er
(or spacer-carrier), and also to the active substance or (spacer-active
substance). For exanple, it is possible to formthese conpl exes using the

"e" NMONoFo@PGlathpk, it &' pdssiblel toibim thésk cBPRAES BGng iR YeInmomiadiddef 1eV¥Byve of
[err] by mild acid hydrolysis of cyanocobal anmin and puyri f#g& t h\e dnitial
hydr ol ysey:e; (0i pYepating f the nmonpracid- deriertive of (VB b Bild e drglysis 1 9onal
group attache o.the [err]. nycl eus thro a : b Jd id ng
Phe T unchABRealsthih 40 irijn 5%, i HRERAES, JABAIARE d Lrjanoteitblo
hydr oxy! givehemahinaPfueiidiie gdupkatiatid ©rthep¥Bmuclecos through ajspaset amay (ibhal
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chemically on the active substance. The spacer compound can be selected to have suitable
functional groups at either end of its backbone, or else these functional groups can be

introduced, if necessary by normal chemical synthetic reactions.

The invention also involves the modification of 2 polymeric support to introduce functional
groups capable of reacting either directly with the spacer compound or with the spacer
liﬁked. with the active substance. The resulting polyﬁler—acﬁve substance intermediate
ideally contains many molecules of the active substance, and this intermediate is suitable
for coupling to the carrier to give a complex capable of ainplified delivery of the active

substance.

The invention also concerns a general methdd for the modification of unreactive thiols in
peptides and proteins, particularly those not normally exposed to rcagentS dissolved in
aqueous solvents because they are buried in hydrophobic regions of the protein. These

modified peptides and proteins can then be labelled, if desired.
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The invention also involves a reagent ;"of the gerieral formula:' "=~ %

P _XeA-Y - T
wherein, V’ is vitamin By, or a vitamin By, analogue, bonded to X either through 2 |
carboxylate group pendant to the corrin nucleus of VBy, or through the central cobalt atom
or (o a functional group introduced onto the VB,, molecule, or V' is a label, where “label”
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The invention also involves the nodification of a polymeric support to

I ntroduce functional groups capable of reacting either directly with the
spacer conpound or with the spacer linked with the active substance. The
resulting polyner-active substance internedi ate ideally contains many

mol ecul es of the active substance, and this internediate is suitable for
coupling to the carrier to give a conplex capable of anplified delivery of
the active substance. The invention al sd concerns a general nethod for the
nodi fication of unreactive thiols in peptides and proteins, particularly
those not normally exposed to reagents dissolved in agueous sol vents
because t| 1 ' | r | | '
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i nvent i on iatlede chvoalogas, aatslgsigeioresceht congpinads)| chemilimiigescdnetompordsci n, V'
Is vitamn &err or a vitamn [err] anal ogue, bonded to X either through a
car boxy! at™@digagins ispiepsantoliciial metad apd nanmsdallic pagiclesedyq pasticles cazynes oo
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mol ecul e, ers 1o substance "t hat
i s det ect airl athdryvegicies @bni@inirglsijall pesthusingsabiiastes, dmidk dikean i ncl ude
chronogeéns, catalysts, fluorescent conpounds, chem | um nescent conpounds,
radi oactive isotopes, colloidal nmetal and non-netallic particles, dye

art] ol o5, x30eMghss Hon® URHCA', FONE! LBANARHREO AN IRSN DERL) Thm@yd 010 of

- streptavi atex particles, POSOnES or other vesicles contal nirng
si gnal pr AdHN =RGHS JHNHIHCEE, -SSnd.SOI-,| CHS-, "NHERSIH-¢ (R 800 f § onNHNLICR00-,
-CONH-, - HCO-, -N=N-, -N=CH, [err] NHN=CH, [err], -SS-, [err],

- NHCRNH- | 3 204 Agis 3p optipnajly sglpytituted, saturated or unsaturated, branched ot linear, C,.

so alkylene, cycloalkylene ot aromatic group, optinally with one or more carbons within the
chain being replaced with N, O or S, and wherein the optional substituents are selected
from carbonyl, carbéxy, hydroxy, amino and other groups, and Y’ is a functional group
capable of reacting with thiols to give a stable covalent linkage, including iodoacetyl,
bromoacetyl, cﬁloroacety_l, maleimido, 3-carboxy-4-nitrophenyldithio or 2-pyridyldithio, and

similar groups.

The complexes described herein may be formulated into pharmaceutical or veterinarially
acceptable compositions utilising carriers and/or excipients as are well known in the art.
Examples of suitable dosage forms which may be used in this invention are described for
example in Remington’s Pharmaceutical Sciences (Mack Publishing Company, 10th Edition,
which is incorported herein by reference). Compositions may be in the form.of a capsule,
tablet, slow-release dosagé form, elixir, gel, paste, enterically coated dosaée form, or any

other suitable dosage form as is well known in the art.

Complexes and compositions according to this invention may be administered to a human -
or animal subject in need of treatment with GCSF or EPO. Modes of administration are
not critical to this invention and include parenteral .(intraveneous, intrasmuscular, -or
intraorgan injection), oral, transdermal, vaginal, anal, or other administration routes as are -
well known in the art. A therapeutically effective amount of a complex or compound

according to this invention is that which provides treatment of a particular disease state.
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, -OCO-, and Ais an optionally substituted, saturated or unsaturated,
branched or linear, [err] [err] alkylene, cycloal kyl ene or aromatic group,
optinally with one or nore carbons within the chain being replaced with N,
0 or S, and wherein the optional substituents are selected from carbonyl,
carboxy, hydroxy, amno and other groupsy and Y' is a functional group
capabl e of reacting with thiols to give a stable coval ent |inkage,

i ncl udi ng i odoacetyl, bronmpacetyl, chloroacetyl, maleim do,

3-car boxy-4-nitrophenyl dithio or2-pyridyldithio, and simlar groups. The
conpl exes Veaicqansiétiteseanetfifecting amuhtwilll depent upow trh aatoee ofi thieCdiseadt being
vet eri nar itala{gﬁ cce ta]bl eé)?‘onposi tions utilising ggr riers and/or excipients
as are welT?THovlf THSYHIBS RhySICIn SrYPleEingry Stipdomudectaiigand othek faskars suchay
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coated do 9¥3T5Pir13?9f“ 6%/ AcRRdancs; Wi (e Hyead-form as is wel | known in
the art. Conpl exes and conpositions according to this invention may be

adm nistered to a human or animal subject i'n need of treatnent with GCSF or
EPO  Modedhis ingeition also sditesntoahe useosf compléxesldespibed ihereimictnhé manaactukdf ude
par ent er al e(dii nt raveneo’:é;,gpi ntrasmuscul ar, or intraorgan injection), oral,
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known in the art. A therapeutically effective anount of a conplex or
conpound according to this invention is that which provides treatnent of a
parti cul aBENE Y¥HSEHODOF. CARRYIMGEO UQUTHE INWENTONef f ecti ve amount wi | |
depend upon the nature of the disease being treated, the consulting
physician or veterinary surgeon judgenment, and other factors such

EXAMPLES

Materials: VB,, was obtained from Rousell-Uclaf. GCSF and EPO were obtained from
Arqgen. 1-Ethyl-3—(dimethylaminopropyl) carbodiimide.HCl (EDAC.HCI) was obtained
from Biorad. N-Succinimidyl 3-(2-pyridyldithio) propionate (SPDP) and sué:cinimidyl, 6-[3-
(2-pyridjldithio) propionamido] hexanoate (LC-SPDP) were obtained from Pierce Chemical
Co. All other reagents were obtained from Fluka. *

Example 1: VB, -GCSF complexes

Three classes of VB,,-GCSF complexes were prepared: .

a) conjugated via an amide linkage, formed by carbodiimide (EDAC) mediated
coupling of an amino terminal eVB,, derivative to the C-terminus of GCSF or the _

. carboxylate side chains of GCSF.

b) conjugated via a disulphide linkage formed by a thiol insertion reaction of the free
thiol at Cys-17 of :"GCSF into the:. disulphide bond present:-in:the -
(di;hiopyridylprclxpionamido) terminal derivatives-of eVB,,.

c) conjugated via an acyl hydrazide linkage, formed by EDAC-m;zdiated_ coupling of

' a hydrazido-terminal ¢VB,, derivative to the C-terminus of GCSF or the carboxylate
side chains of GCSE. |



as the age, weight and or sex of the subject. By way of exanple only, an
ef fective anobunt of a conplex conposition according to the invention my
conprise fromone nanogramto 10 grans of a conplex in accordance with the
i nvention. This invention also relates to-the use of conpl exes descri bed
herein for the manufacture of nedi canent§ and for the treatnent of
conditions responsive to GCSF or EPO. BEST METHOD OF CARRYI NG OUT THE

| NVENTI ON EXAMPLES Materials: VB12 was obtai ned from Rousel | - Ucl af . GCSF
and EPO were obtajned from Angen. 1-Ethyl - 3- %{digqm?t hg{l: a%i! nogﬁopyl)

car bodi i mtde. HEroquetiprrandepyrifjgation of dhe il 1599 BeRgcarRPaéeeni mi dy!
3-(2-pyrigyldishi | (3 RraN i D1 s Q5rded- :
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[err] -GCSF conpl exes Three classes of [err] cqnpl x?s,we e prepared: ,a)
conj ugat ede.l!ﬂif%tggrﬁmmﬁh?eb Rhdh Kagemers o W%?%Qd‘iyﬁfﬂb%s (’éﬁ?’ﬂé}’% R &Y
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linkage f @ev@igpddywith tahgradientnsieickionilrileSia®. L% TBA.t he free thiol at Cys-17
of GCSF into the disulphide bond present in the

(di thiopyridyl propi onam do) termnal derivatives of [err]. c) conj ugat ed
hydr azi dot3r i AR En,of WP 9ed P RE sPHYBRC L orm nus of GOSF or the
car boxyl at & sarfBercdfainiifio-dbritdtives of eVB,, were prepared by reacting the e isomer with:

i) 1,2-diaminoethane

if) . 1,6-diaminohexane

iii)y  1,12-diaminododecane

iv) 1,3-diamino-2-hydroxypropane

v) 1,6-diamino-3,4-dithiahexane (a.k.a. cystamine)
All reactions were pérformed at pH 6.5 using a twenty fold molar excess of the diamine
over e isonier and a twénty fold molar excess of EDAC. In a typical reaction 135 mg of
eVB,, was dissolved in distilled water (6 ml) to which was added 1.2 ml of 1.0 M diamine,
pH 6.5. Dry EDAC (270 mg) was then added and the react-ibn mixture was left overnight

at room temperature.

All amino derivatives were purified by reverse phase chromatography on a semi-preparative
C-4 column using a 5-100% acetonitrile gradient in 0.1% TFA. Eluted material was further
purified by S-Sepharose chromatography. "The amino-derivative was eluted with 0.1 M
HCI, followed by extraction into phenol, and back-extraction into water after the addition
of dichloromethane to the phenol phase. The amino-eVB,, derivatives were then recovered

from the water phase by lyophilization. e R

1.3  Conjugation of 2-aminoethyl-¢VBy, to GCSF
A solution of 2-aminoethyl-eVB,, (26.5 mg, 18 umol) in 2 ml of GCSF (6 mg/ml, 0.63
pmol) was cooled to 4 C. An aliquot of freshly prepared EDAC solution (100 mg/ml, 120



1.1 Production and purification of the "e isonmer of [err] The e" isomer
of nonocarboxy vitamn [err], fornmerly naned the d isonmer, but reassigned
by Anton and co-workers (1980: J. Am Chem Soc. 102:2215) as the e isoner,
was separated fromthe b and d isoners formed during acid hydrolysis of
cyanocobal am n by a conbinati on of Dowex 1X2 chromatography and

sem -preparative C 18 RP-HPLC devel opedgwith a gradient of acetonitrile in
0.1% TFA. 1.2- Production of am no-derivatives of [err] A nunber of

am no-derivatives. of [err] were prepared by reacting the e isomer with: i)
1, 2-di am noet hane ii) 1, 6-di am nohexane iii) 1, 12- di am nododecane i V)

1 , 3- di anglp63 Jertwyt)l o addah adtey )24 h afl 4 &C disacondoalBjuat df imstdmmsd(avh@
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was then pyldR@malskriphy dreSephh@dk GLS(IMES%SceIuefamd)vernl ght “at room
tenperature. Al amino derivatives were purified by reverse phase

chr omat ography on a sem - preparatlve [err] columm using a 5-100%
acetonitr I t %TFA %gigaterl al was further purified by
S—Sepharo!e %q a h 'evn‘b derivative was eluted with 0.1 M HO ,
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75 ;zl 8 pmol) were added after 4.5 h, 7 h and 24 h. The reaction was allowed to proceed-
for a total of 48 h at 48 C, after which time the unreacted amino-eVB,, was separated from

the conjugate by chromatography on Sephadex G-50 in 2.5% acetic acid.

1.5  Preparation of 3-(2-pyrid'yldithio) propionamido derivatives of aminoethyl-eVB,,
The dithiopyridyl derivatives of amino-eVB,, were prepared by reacting SPDP with:

i)  2-aminoethyl-eVB,, '

if) - 6-aminohexyl-eVB,,

iii) 12-aminododecyl-eVB,,

In a typical reaction the terminal amino-eVBy, was :dissolvcd at S0 mg/ml in 0.1 M
PO buffer, pH 7.5, containing 0.1 M NaCl. SPDP was dissolved at 50 mg/ml in acetone
and 800 g of the solution was added to the amino-eVBy,. After reaction overnight at room
temperature the DTP-amino-eVB,, was purified by RP-HPLC on a semi-prep C4 column,
and then lyophilized. '

1.6 Conjugation of DTP-amino<VB,, to GCSF -

In mma[ conversations with AMGEN it was revealed that they had found that it was’
lmpossxble to modxfy the free cysteine in undenatured GCSF with standard thiol modxfymg
agents. Initial experiments with DTP-ammoelhyl-cVBu showed that it was possible (o
achieve some 20% substitution of GCSF with the VB, in the absence of guanidine; this



Terr]) was cool.ed to 4 C. An aliquot of freshly prepared EDAC solution (100
nmg/ M, 120 9 [err], 63 [err]) was added. After 24 h at 4 C a second

al i quot of freshly prepared EDAC sol uti on was added. The reaction was
allowed to proceed for a total of-48 h at 4 C, after which the unreacted
[err] was separated fromthe conjugate and aggregate by chromat ography on
Sephadex G50 in 2.5%acetic acid. 1.4 1@onjugation of [err] to GCSF A
solution of [err] hydrochloride (30 ng, 20 [err]) in 2.5 mM of GCSF (6
ng/m, 0.80 [err]) at 4 C was treated with an aliquot of an aqueous EDAC

sol ution A aleJ f LYoy s

pr epar ed %%%C%%t?ggq(@ {&n&r%ekgéiéi% %U a}‘gﬁf I‘i ?Hﬂa@é&éﬁd‘%’?&? ttg?t %5
h, " 7 h angight bl possitsle teactdsale thﬂdﬂ»ﬁldﬂﬂ'[‘?&nﬁh%m ihakie sbsémek A godnidife N at
48 C, after which time the unreacted [err] was separated fromthe conjugate

by chr oneifdgloagtsPaserEphesse HoGBCronugati®ls acetic acid. 1.5  Preparation
of 3-(2-pyridyldithio) propionam do derivatives of [err] The dithiopyridyl
derivatives of [err] were prepared by reacting SPDP with: i) [err] i)
[err] iiijn a B«cbm]l éeﬂxee deBXMmJn&aUGSFT vadiercabedi with DEPLamiNGshydi,spaipued
at 50 ng/m _in O. {)err 7.5, containing 0.1 M NaC . SPDP was

di ssol veda‘atm@}@‘%gi"iﬁ iR m@t)mcﬂlﬂ‘aﬁ)m the prgsenge arrrbsense of #dvi anasidingded t o

the [err] w:@aa%tag%u ?’rghng roomtenperature the [err] was

purifi ed C4 colum, and then |yophilized.

The degree of substitution of GCSF by various DTP-amino-eVB,, -spacer complexes is

shown in the following table:

TABLE 1
Spacet ' Guanidine + Guanidine
DTP-aminoethyl- 37.5% 89.3%
DTP-aminohexyl- 455% ' 95.2%
DTP-aminododecyl- 100.0% 100.0%

From Table 1 it can be seen that by switching to the longer dodecyl-spacer it was possible

to conjugate to the buried thiol in GCSF without the use of guanidine.

. The initial attempts to conjugate to the free thiol group in GCSF using the
pyridyldithiopropionamido-aminoéthyl derivative of eVB,, resulted in a small degree of
conjugation, of around 20-40 percent in the absence of guanidine. The addition of 4 M
guanidine (final concentration) raised the conjugation efficiency to over 80%. Preparation

“of a longer, more hydrophobic derivative of eVB,,, pyridyldithiopropionamido-dodecyl
eVB,, resulted in 100% substitution of GCSE. after 24.h at 4 G, without the need for the.-

" addition of guanidine. The use of the thiol.interchange chemistry -in this reaction proved : -
advantageoué as the eVB,, conjugation was surprisingly successful at pH's which minimised
the extent to which GCSF undergoes spontaneous aggregation. Chromatography of the

conjugated material resulted in base-line separation of conjugate from free eVB,,.



. 1.6 Conj ugation of [err] to GCSF In initial conversations with AMGEN it
was reveal ed that they had found that it was inpossible to nodify the free
cysteine in undenatured GCSF with standard thiol nodifying agents. Initial
experinments wi th DTP-am noethyl-[err] -showed that it was possible to

achi eve some 20% substitution of GCSF wijyh the [err] in the absence of
guani dine; this 10 level rose to > 80%in the presence of 4 M guani di ne.
It was therefore decided that it mght be possible to access the free thiol
W th [err]cml n the absence of guanidine if a lon spacer was used for the
conj ugat i dris chao%émﬂ%ﬁhs@ml b mire Eﬁcpwllwbecgm:lhméewmw oflj reagents

of 4 M guanbitie, 8t eqi eniying allec rhdisyie dhicl BrpdiS R B GRaeBlIS ™

substi t ut ivaﬁctpf"eﬁcSF by various [err] spacer conplexes is shown in the

followi ng table: TABLE 1 Spacer Guani di ne +
GQuani di ne DTP-am noet hyl - 37.5% 89. 3%

DTP- am nohexyl - 45. 5% 95. 2% DTP- am nododecyl
100. 0% - 100.0% From Table 1 it can be seen that by switching to

t he | ongemighefs G¥gardtPasSehemicali@unpRalél € to conjugate to the buried thiol
in GCSF without the use of guanidine. The initial attenpts to conjugate to

the free thiol group in GCSF usi ng the pyri dyI di t hi opr opi onam do- am noet hyl
derivati ve. 9f [Seca c] u;; ggnlj'ugt afion o? OTP- gr%llrllodog Vgu to GCSF

Following the initial success with the conjugation of the DTP-dodecyl-spacer, the reaction

was scaled up as follows:

To 2.5 ml of GCSF (6 mg/ml; 15 mg) was added 1.6 ml of DTP-aminododecyl-eVB,, (10
mg/ml in 2.5% acetic acid). The reaction was allowed to proceed for 48 h at 4 C, after
which the uﬁreacted eVB,, was separated from the conjugate by chromatography on
Sephadex G-25 in 2.5% acetic acid. Fractions containing GCSF were pooled, concentrated
in an AMICON positive pressure cell using 2 YM 10 membrane and dialysed for 72 h

against sterile distilled water.

1.8 Preparatioxi of DTP-dodecylsuberlhexyl-eVB,, reagent. .
Although the DTP-dodecyl-eVB,, reagent reacts efficiently with GCSF to give a stable, well
characterised complex, tﬁe matefial had a low IF affinity (~2-3% of native eVB;). A
complex with increased IF affinity was prepared by synthesising an extended spacer
analogue of the DTP-dodecylémino-eVB,,—. The synthesis of this analogue uses the same
SPDP chemistry to conjugate through the cysteine of GCSF, however a longer spacer arm
is attached to the eVB,,. As anticipated, this resulted in the formation of a conjugate whose
IF affinity is significantly greater than. that of ‘the conjugate prepared by the reaction of -
GCSF with DTP-dodecyl-¢VB,, (see Table 2). ' |

This spacer was prepared by sequential reaction of the e-carboxylate of eVB,, with:



. conj ugation,. of around 20-40 percent in the absence of guanidiné. The- ~ -
addition of 4 Mguanidine (final concentration) raised the conjugation
efficiency to over 80% Preparation of a |onger, nore hydrophobic
derivative of [err], pyridyldithiopropionam do-dodecyl [err] resulted in
100% substitution of GCSF. after .24 h afp 4 C, without the need for the
addi tion of guanidine. The use of the thiol ._iterchange chemstry in this
reaction proved advantageous as the [err] conjugation was surprisingly

- successful at pH's which mnimsed the extent to which GCSF under goes

spont aneous agghegat 1Srdiar@inoberxane gnd BPAGtot give ScamingbaxytieMBrdri al resul ted

I n base-line separation of conjuygate_ f free [err].. . . This ty f
approach can beﬁ : red'é‘é‘f?é‘}lﬁ‘!“f@#‘g’g{ﬂ“’r@ﬁ@glfmo_ 8%18%‘8?#‘}%?}%%’935%%3'_
capabl e of deteghi ngy 19UBRhinbYbAaRNES g{venydd,ﬁy,bagd&Pls%ergm@*mscymz)pr ot eins
and peptides which were hitherto regarded as chem cally unreactive. 1.7
Scal e up conjugation of [err] to GCSF Following the initial success with

the conjuggtion of the DTP-dodecyl -spacer, the reaction was scaled up as
foll ows: TON# & i of GCSF (6 ng/m; 15 ng) was added 1.6 m of [err] (10

g/ in 2. 596366C achd) oVBIEORARIRNHIAS al | owevin| CONIRCERINHTOUSR) at
4 C, after %'Zﬁgfpri]e unreagt ed [e@ﬁI V\ES separ at ed fr%mm conj ugatgﬁ-tl)g
chr omat ogr &009Swn Sephadex G 25 in 2.5% acetic acid. Fractions containing

GCSF wer e pool ed, concentat i AM. € Si L re cell using a
YM 10 nenbrane and dial y§&§l§g}NQ§8ﬁ9é%%ﬂsfg{)W§Cng§§ﬁ? ed water. 1.8
Preparation of [err] reagent.
The resultant spacer, which is more than twice the length of am'inododecyl-eVBu, was
_ derivatized at the terminal amino group with SPDP and coupled to GCSF by means of the

. protocol dsecribed in the following section.

1.9  Conjugation of DTP-dodecylsuberylhexyl-eVB,, to GCSF

_ A solution of the DTP-dodecylsuberlhexyl-eVBy, (9 mg, 7 umol) was taken up in acetic acid
(100.41) and diluted to 1 ml with water. This solution was added to 5 ml of GCSF solution
(4 mg/ml, 0.5 umol) cooled to 4 C. The reaction mixture was left for 144 h at 4 C, then

worked up using the standard protocol.

1.10 Production of hydrazide derivatives of eVB;, carboxylaté

Two hydrazide derivatives of eVB,, carboxylate were prepared for conjugation to carboxyl
groups of GCSF by reaction with EDAC. The two hydrazide derivatives used, and their
(shorthand) chemical structure, are: '

a)  hydrazido'eVB,; ( = eVB,-CONHNH),)

(b)  adipyl-hydrazido-eVB,, (= ¢VB,-CONHNHCO(CH,),CONHNH,)

1.10i Hydrazido-eVB,,
This reagent was prepared by a two step synthésis involving the coupling of tert butyl

carbazate to eVB,, carboxylate and subsequent removal of the tBoc group to generate the



Al though the [err] reagent reacts.efficiently with GCSF to give a stable,
wel | characterised conplex, the material had a low IF affinity (~2-3% of
native [err]). A conplex with increased IF affinity was prepared by

synt hesi si ng an extended spacer anal ogue of the [err]. The synthesis of
this anal ogue uses the same SPDP chem sigyy to conjugate through the

cystei ne of GCSF, however a |onger spacer armis attached to the [err]. As
anticipated, this resulted in the formati on of a conjugate whose IF
affinity is significantly greater- than that of the conjugate prepared by
the react(rehhydragder with [err] (see Table 2). This spacer was prepared by

sequential reaction s car boxyl at e of r Wty 12 1)

1, 6- di am nohexane ah@ﬁﬁ%@@l’o gi ve 6-am nth%lhfq)gré%. i)

di succi ni g¥gycosHber at e4DSS) (to give, ,CONHNHOO,Bu 1, 13- di aeWBQOONHNHS (to
give [err] That is: [err] The resultant spacer, which is nore than tw ce
the length of [err], waEDiivatized at the ternminal amino group with SPDP
and coupled to GCSF by neans of the protocol dsecribed in the foll ow ng
section. 1.9 Conjugation of [err] to GCSF A solution of the [err] (9 ng, 7

[err] was taken up in acetic acid (100 [err] and diluted to 1 nl wth
wat er. This solution was added to 5 ml of GCSF solution (4 ng/m, 0.5 [err]

cooled to = Al r ion.mxture was left for 144 h at 4 G, then wor ked
up using tlfﬂle09 s t%#@é?hg%g%%@éc@‘?

This reagent was readily prepared in one step from eVB,, carboxylate by the addition of -

EDAC to a mixture of the acid and a 20-fold excess of adipylhydrazide.

20eq. adipyl hydrazide
eVB,,CO,H - eVB,,CONHNHCO(CH,),CONHNH,
EDAC

EDAC-mediated coupling of hydrazido-eVB,, analogues to the carboxylate side-chains of
GCSF proceeded more readily, and required significantly loWef amounts of eVB,, derivative
and EDAC, than the corresponding conjugations of amino eVB,, derivatives to GCSF. This
is readily explainable in terms of the relative basicity of hydrazides (pKa  2.6) in
comparison with amines (pKa 8-9). Thus at the pH at which the GCSF coupling takes
place ( 4-5) a hydrazido eVB,, derivative will be primarily in the reactive, non-protonated
form while an amino-eVB,, derivative will be primarily in the non-r_eacﬁve, protonated

form.

The coupling _react'ionusg_@ig_ e

T e
eVB,,—[spacer]-CONHNH, + HO,C-GCSF SO
eVB,,— [spacer] ~CONHNHCO—GCSF |

1.11 Conjugation of hydrazido-eVB,, to GCSF



. 1.10 Production of hydrazide derivatives of [err] carboxylate Two hydrazi de
derivatives of [err] carboxylate were prepared for conjugation to carboxyl
groups of GCSF by reaction with EDAC. The two hydrazi de derivatives used,
and their (shorthand) chemi cal structure, are: a) hydrazido [err] (b)
[err] 1.10i [err] This reagent was prepgged by a two step synthesis
i nvol ving the coupling of tert butyl carbazate to [err] carboxylate and
subsequent renoval of the tBoc group to generate the 13 free hydrazide.
[err] 1.10ii [err] This reagent was readily prepared in _one step fron&#err]
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| ' . EDAC- | ' .
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correspondi ng conjugations of amno [err] derivatives to GCSF. This is
readi |y expicionabixtur¢ was tafhevestighhat 4 6 ftenjugaiwas removed QM uasgagied eVie

2.6) in conparjson with an nes Ka 8- h t. t ich the GCSF
coupl i ng tangégﬁe& rg%ggntslby_ é%rogaw;gqulg iod‘og‘%pg?ae]x%géﬁpi \')a%g‘\?"g%ﬁ% Iax\@'e primrily
in the reactive, non-protonated formwhile an [err] derivative wll be
primarily in the non-reactive, protonated

1.12  Conjugation of adipylhydrazido-eVB,, to GCSF _

A solution of adipylhydrazido eVB,, (10 mg, 6.6 pmol) in 3 ml of GCSF solution (4
mg/ml, 0.64 umol) was cooled to 4 C and an aliquot of EDAC solution (50 mg/ml, 40 g,
10 ﬁmol) was added. After 5 h a 20 ul aliquot of fresh EDAC solution (50 mg/ml, 20 uml,
5 pmol) was added and the reaction mixture was left overnight at 4 C. Conjugate was

removed from unreacted eVB,, and other reagents by chromatography on Sephadex G-50

in 2.5% acetic acid.

1.13 Preparation of poly-GCSF-HPMA-eVB,, complex.
Two N-.(2-hydroxypropyl)methacrylalmide. (HPMA) copolymers can be synthesized as
polymer backbones for the incorporation and derivatization with GCSF and eVB,,. A non-
biodegradable polymer backbone (HPMA-GG) can be synthesized by the free radical
copolymerization of HPMA with N-methacryloylglycylglycine p-nitrophenyl ester. A
biodegradable polymer (HPMA-FALG) can be synthesized by the free - radical
copolymerization of HPMA with N-.methacryloylglycylpheny_lalanylleucyiglycine o
nitrophenol ester by the method of Rejmanova and coworkers [Rejmanova, P, Obereign_e-r,
B and Kopecek, J, 1981 Makromol Chem 182:1899-1915]. In order to incorporalte GCSF
and eVB,, onto the polymers, the polymers are iniﬁally reacted with a ten molar excess of
a mixture of aminododecyl-eVB,;,” and- dithiopy'ridyldodccylsubery'l—hexyla'miné 1:10
mole:mole) overnight. Unreacted nitrophenyl ésters are -subjected to aminolysis by the - "~
additiofi of 1-amino-2-propanol. - The modified polymérs are purified by ‘t:hroma_iég’raph?
on Sepharose 6B. A solution of the dithiopyridyldodecylsuberylhexyl modified eVB,,-
- substituted polymers is dissolved in 2.5% acetic acid and reacted with GCSF. The reaction
mixture is left for 144 h at 4 C, after which the GCSFeVB,,-substituted polymers can be



form The coupling reaction used is: EDAC [err] 1.11 Conjugation of [err]
to GCSF 14 A solution of hydrazido [err] (8.9 ng, 6.5 [err] in 5 m of
GCSF solution (4 ng/mM, 1.05 [err] was cooled to 4 C and an aliquot of EDAC
solution (50 ng/m, 40 [err].,, 10 [err] was added. After 5 h an identi cal
aliquot of fresh EDAC sol ution was addeglsand the reaction mxture was |eft
overnight at 4 C. Conjugate was renoved fromunreacted [err] and ot her
reagents by chromatography on Sephadex G50 in 2.5%acetic acid. 1.12

Conj ugation.of [err] to F A solution_of adipyl hydrazido [err] (10 nyg,
6.6 [err]P‘f‘H“@tFMdH}’“%Fa |qf Pepharase 8B+ i 0.64 [err] was cooled to 4 C
and an aliquot of EDAC solution (50 ng/m, 40 [err], 10 [err] was added.
After 5 h a 20 [err] aliquot of fresh EDAC solution (50 ng/m, 20 [err], 5
[err] wasPati@ede\dBig BP@ecomplekeson nmi xture was |eft overnight at 4 C

Conj ugat e_was renoved _fromunreacted [err] and other reagents by

chr omat ogFRisRlasses S siYRIskPQ camplexes were prepared:aci d. 1. 13 Preparation of

[err] co ex. : | _ can
be. synt holD s ed olilled S MHRAKTAREYC, K03y MOAT. feqt i VBloB et H o
derivati zat i oneViBj,hdetivativans therC-lerminusost- EPOQ cthg raactaxlyatep sidy nahaink astk thene
(HPMA- GG) can bhe synt hesi zed b\éé'g he free radi cal copol ynerization of HPMA
Wi th N nethacr @Fﬁlﬁig reridpes pf EPReorghe rarbepiia groupswoé the sialic acid residues of the

carbohydrate portion of EPO.

(b)  Conjugated via an acyl hydrazide linkage, formed by EDAC-mediated coupling of
a hydrazido-e VB,, derivative-to the carboxylate side chains of the Asp/Glu residues
of EPO or the carboxylate groups of the sialic acid residues of the carbohydfatc
portion of EPO.

(c) Conjugated via a hydrazone linkage between a hydrazido-eVB,, derivative and an

aldehyde group generated by periodate oxidation of the carbohydrate residues of
EPO. |

2.1  Conjugation of 2-aminoethyl-eVB,, to EPO

A mixture of 2-aminoefhyl—eVBu (8 mg, 5.7 umol) and EPO (27 mg/ml, 200 i, 0.18
umol) was cooled to 4 Cand an aliquot of EDAC solution (10 mg/ml, 100 I, 5 pmol) was
added. The reaction mixture was left for 64 h at 4 C and finally purified by size-exclusion
chromatography on a Superdex-75 column. Elution with a buffer consisting of Tris (pH
7.5, 10 mM; NaCl, 100 mM) afforded the purified EPO-eVB,, complex.

2.2 Conjugation of cystaxﬁinyl-eVBu to EPO i

A mixture of 6-amino-3,4-dithiahexylamide-eVB,, (12 mg, 8.1 pmol) and EPO.(13.5:,
mg/ml, 500 1, 0.23 pmol) was cooled to 4 C and an aliquot of EDAC solution (10 mg/mi,
250 ul, 13 pmol) was added. The reaction mixture was left for 48 h at 4 C and was finally
purified by size-exclusion chromatography on a Sephadex G-75 column. Elution with a

buffer consisting of Tris (pH 7.5, 10 mM)/NaCl (100 mM) afforded the purified EPO-eVB,,
- complex . '



- bi odegr adabl e pol ymer (HPMA- FALG can be synthesized by the free radical
copol yneri zation of HPMA with N-nethacryl oyl gl ycyl phenyl al anyl | eucyi gl yci ne
p- nitrophenol ester by the nethod of Rejmanova and cowor kers [ Rej manova,

P, Cbereigner, B and Kopecek, J, 1981 Makronol Chem 182:1899-1915]. In
order to incorporate GCSF and [err] ont® the polyners, the polyners are
initially reacted with a ten nolar excess of a mxture of [err] and

di t hi opyri dyl dodecyl suberyl - hexyl ami ne (1.10 nol e: nol e) overni ght.

Unreacted, Ritr 1yl : | YRMeP®si s by the addition of
1- am no- cziz-'gropg!?\&@&ﬂ%%&%‘%é@%%@%&?%%eBgzuri-fied by chromat ography on
Sephar 0seA 8Blutidn 96 hydiagido 6/B,} (80 ehg, . D pwnol)dn I ToubeL PO sobtipni(2.,6yme/midid.6 ed

err] substituted polynmers is di | v. ' . 5% [ [ ted

I {1 GOSPImehavasaabIrh A At aREL BF (B splion @D e/ 50 ELS ARRT N ne
[err] DO'XJB%?.S KL 98 as ﬁédﬂ?ﬂoib??re?ﬁ’ ©WBuAGh A gl SEPHRT 23EufBY)
Part 2: [err] conplexes ree asses o err] conpl exes were prepared: (a)
Conj ugat e@ay hddedrandthel eeakiiork mipeuref wasieft dveriigt@t 4e@i SEheccopingpte wias pyrified

amino [err] derivative to the C-term nus of EPO_ the carbaxylate side
chai ns of by sigeAsglusion cheammaierraplyr o=pG-3P cofmE 2 BYYIGA ‘é(t'-@ aé?%h‘—ﬁ?&%‘s‘{"ﬁe“

sialic acid _resiflde { a | Qi EPS-e ) co pj.ugat ed
via an acyflsr“}larg% g%%{blﬂh@éﬁe’, {%M%éd%&%ﬁgﬁ at ed ceoup‘%i nrsgﬁf af[err]
. derivative to the carboxyl ate side chains of the Asp/ @ u residues of EPO or
t he carboxyl ate 8rou_s of the sialic_acid resid of w)e car bohydrat e
portion oR.-4BEDAC-mediated conjugation of adipyl-hydrazido-e to E : -
A solution of adipyl-hydrazido-eVB,, (1‘1 mg, 7.3 umol) in 4 ml of EPO solution (2.6
mg/ml, 0.35 gmol) was cooled to 4 C and an aliquot of EDAC solution (10 mg/ml, 100 al,
5 pmol) was added. The reaction mixture was left overnight at 4 C. The conjugate was
purified by size-exclusion chromatography on a G-50 column. Elution with a buffer

consisting of Tris (pH 7.5, 10 mM)/NaCl (100 mM) afforded the purified EPO-eVB,,

complex .

2.5 Periodate mediated conjugation of hydrﬁdo—eVBlz_to EPO -

'An aqueous solution of EPO (6.4 mg/ml, 1.56 ml, 0.33 pgmol) was cooled to 4 C and
freshly prepared sodium periodate solution (25 mM, 360 ul) was added. The solution was
left to stir gently for fifteen minutes at 4 C and the excess periodate was quenched by the
addition of ethylene glycol (5 u#). The solution was dialyzed ovgmight against 3 1 of pH
5.6, 10 mM NaOAc buffer. A solution of hydrazido-eVB,, (7.5 mg, 5 zmol) in distilled
‘water (200 ul) was added to the oxidised EPO solution and the reaction mixture was left
for 7 h at 4 C. The conjugate was separated from unreacted hydrazide by SEC on G-75
Sephadex. Elution with a buffer consisting ‘of Ttis (pH 7.5/10 mMI1)/NaCl-(100-mM)
afforded the purified EPO-e-VB12 complex .

2.6 Preparation of poly-EPO-HPMA-eVB,,
Two N-(2-hydroxypropyl)methacrylamide (HPMA) copolymers can be synthesized as

polymer backbones for the incorporation and derivatization with EPO and VBy,. A



(c) Conj ugated via a hydrazone |inkage between a [err] derivative and an -
al. dehyde group generated by periodate oxidation of the carbohydrate

resi dues of EPO. 2.1 Conjugation of [err] to EPO A mi xture of [err] (8
nj- 5.7 [err] and EPO (27 ng/m, 200 [err], 0.18 [err] was cooled to 4 C
and an aliquot of EDAC solution (10 ng/jpd, 100 [err], 5 [err] was added.
The reaction mxture was left for 64 h at 4 Cand finally purified by

si ze- excl usi on chromat ography on a Superdex-75 colum. Elution with a
buffer consisting of Tris (pH 7.5, 10 nM Nad, 100 nM afforded the

purifi edn{:@bm«]lcgs@ﬁaplcepolmq backbonei(HPMA-GIF) i rsyhthesizaboy At freeirradical
[err] (12

bool a1 somPEmBrizateR’ Bt FEEIA RN meudP ey bRl - oitidgenst b 1A
[err] waguﬂég@@abmpelyrmmmmnm is YRR hdsBlell bl Qhe f1& Rdithl dpSlyaiReizifsh

finally puri K Si ze-'excl usi on chromat ography on a Sephadex G 75
col um. BEHEMA wit INmdﬂt@f;doylgkynydn—;dtenyﬂglaoylléncylglx% p-nBrophenakigptenhyithe 100

ff fied
coni ugat risied OF BBfanasE aet ovdub TR igvin B QB HigneEh pod REPHGE 7198 r (1
in 7 m offaEBRoct oCkEmh 0!'82(13}99 mém 1 oﬁieE 6 rlhcdﬁ@racs@cﬂm 28 &K, Vb e

al i quot of EDAC sol ution (20 [err] [err] was added” After 5 h
a -second palymers; thefpolyreers aED&ﬁctsd withi a)ten(xmﬂamgdcn#s of2bmjixsnre]of afnigododecyl- was

SO (S PRI N N IR O TR R G
buf f er. cqR@fighfI9URleacted nitrophenyl esters are subjected to aminolysis by the addition of 1-
amino;.2~propanol. The modified polymers are purified by chromatography on Sepharose
6B. EPO is éovalently linked to -the 6-(3-acylhydrazidylpropionamido)-1-amino-3,4-
dithiahexane modified eVB,,-substituted polyimers by the addition of EDAC. The reaction
mixture is left for 18 h at 4 C, afterwhich the EPO-eVB,,-substituted polymers are purified
by chromatography on Sepharose 6B. | -

Examéle 3:

The diradical spacer may be selected with a suitable length and functionality to optimize the
intrinsic factor (IF) affinity of the resulting GCSF or EPO eVB,; complex. As examples
of this, the following table shows the result of altering fh; length and functionality of the
spacer- for various complexes and VB,, derivatives.

The IF affinity of the various eVB,, analogues and oompiexes referred to in the Examples
are shown in Table 2. In particular, there is significant increase in IF affinity between the
GCSF-dithiopropionamido{12-aminododecylamido]-eVB,, (preparated in section 1.7) and
the GCSF- dithiopropionamido[12-aminododecyl-subeyl-hexylamido}-eVB,, (prepared m

section 1.9). This increase in IF affinity presumably results from the increase in length of

the spacer arm in the latter complex.

Table 2

Relative Intrinsic Factor affinity of VB,, analogues and complexes



"Tris (pH 7.5, 10 mM NadC, 100 mM afforded the purified [err] conplex .
2.4 EDAC- nedi ated conjugation of [err] to EPO A solution of [err] (11 ng,
7.3 [err] in 4 m of EPO solution (2.6 ng/mM, 0.35 [err] was cooled to 4 C
and an aliquot of EDAC solution (10 ng/m, 100 [err], 5 [err] was added.
The reaction mxture was |eft overnight gt 4 C. The conjugate was purified
by si ze-exclusion chromat ography on a G50 colum. Elution with a buffer
~consisting of Tris (pH 7.5, 10 nmM/NaCl (100 mM) afforded the purified
[err] conmplex. 2.5 Periodate nedi ated conjugation of [err] to EPO An,
aqueous séﬂ&:ﬂdﬂﬂmmljsng/m, 1.56 m, 0.33 [err] was coollEdAffinit¢ C
and freshly,prepared sodi um peri odate solution (25 mM 360 [err] was ded.
The sol ut Fz)or??hc\:/gg’olxgﬁfc to stir gently for fifteen mnutes at 4 C and ?%
excess periodate was quenched by the addition of ethylene glycol (5 [err]).
The solution was dialyzed overnight against 3 1 of pH 5.6, 10 nmM NaOAc

buf fer. AZs#mniroptylastidgeVB], (7.5 ng, 5 [err] in distilled water (20048%rr]

was added Gt_%n%laﬁ oziad%lﬁe%ggPO solution and the reaction m xture was bg%t :
for 7 h at A C TR ] te was separated from unreacted hydrazi de SEC
on G 75 Sqphagmsdodecylaiidb-¥¥Bl) a buffer consisting of Tris (pH 7.5/ 1444,

nmv )/ Nad (100 mM aftorded t hé purified [err] conplex. 2.6 Preparation of

[err] Two IR-gminpgdedesylymberyhxpamidoreNBygn de ( HPMA) copol yners can be82%
synt hesi zed as pol yner backbones for the incorporation and derivatization
with EPO and [err]. A 17 nonbi odegr adabl e pol yner backbone (HPMA-GG) is

synt hesi ZefithidprbpiBndtha8[2-Aflin6éthylamido]-eVB,, | 6%
d.ithi_opmpionamido[6-aminohcxylamido]-eVB12 7%
dithiopropionamido[6-aminohexylamido]-eVB,, 11%
GCSF-dithiopropionamido[12-ziminododecylamido]—eVBlZ ' 3%
GCSF-diothiopropionamido12-aminododecy!-suberyl-hexylamido-e VB, ’ 28%
hydrazidyl-eVB,, ' 100%
adipyldihydrazidyl-eVB,, _ "44%
GCSF-acylhydrazidyl-eVB,, 10%

GCSF-acyl[adipyldihydrazidyl]-eVB,, 7%
EPOQO-acylhydrazidyl-eVB,, ' 6%
EPO-acyl[adipyldihydrazidyl}-eVB,, 11%

IF Affinity is expressed as a percentage of the affinity of the eVB,, derivative relative to
native, unmodified VB,,. o T R S



copol yneri zati on of HPMA with N- rret-hacryl oyl gl ycyl gl yci ne p-nitropheny
ester. A biodegradable polyner (HPMA-GFLAG is synthesized by the free
radi cal copol ynerization of HPMA with

N- et hacryl oyl gl ycyl - phenyl al anyl | eucyl gl yci ne M%by t he

met hod of Rej manova and cowor kers [ Rej manova, P, Cbereil gner, Kopecek
J, 1981 Makronol Chem 182:1899-1915]. IV order tqp te EPO and [err]
onto the polyners, the polyners are reacted wth?#’ﬂmm,ﬁdmlﬂﬂﬂss of a

m xture of am nododecyl- [err] and * e oL oy Tghie

6- (3- acylﬁ;(%régkmgpropi onam do) - 1- am no- 3, 4-di t hi ahexane (1: 10 nol e: nol e)
overni ght. Unreacted nitrophenyl esters are subjected to am nolysis by the
addi tion of 1- am no-2-propanol. The nodified polynmers are purified by

chronat ogr aphy on Sepharose, 6B. EPO is covalently |linked to the | '
6- ( 3- acyl hydPagompler rishresnaGC8B) and. & earrisrcomPrifing, VEABI e SFodivia@in Berr] -
pol yners by ok f ! r ' ] ' f.of at
4 C, after m%ﬁogﬁ@blﬁeéﬁﬁls%go(lg%? %Jghﬁf% p@%} ? ?"re%g&g?fé‘k rr%t %‘S‘;r“gg ﬁ?fﬂ lgélﬁ:ah
Sephar ose 6Bspatig Ruid@omiplekitRirp dapabile of binBmgas inteivisid €acte veidt leigh wifinftyavith
suitable length and functionality to optimze the intrinsic factor (IF)
affinity of mainenasge of RESEASPactivitFPO [err] conpl ex. As exanples of this,
the follow ng table shows the result of altering the |ength and

functionality of the spacer for various conpl exes and VB12 derivatives. The

| F af finigy @f complexadccording] ®F ¢ldinAnakvRegeissaid dagienis exexdentlgflinkeddo tACSH t he
Exanpl es .are shown in Table 2. In particular, there js significapt, ingrease
in |F affini thropgh:wadisulphidebend withSryspidroft @ESFransamide dinkageyan agydihydrazder.
[err] (prepay |.n .10 . 9) .. This INCre in IF affinity presumably
results from@g%éel’ r?glﬁfeiétljéeeﬂ'ilk%g?’eonrg% Ey%?h{}%elﬁg% Fer armin the latter

conplex. Table 2 Relative Intrinsic Factor affinity of [err] anal ogues and
conpl exes _ -
A complex according to claim 1 , of the general formula:

V-X-A-Y-Z
wherein,
Vis v'itamin B,, or a vitamin By, analogue, or derivative, bonded to X either through
a carboxylate group pendant to the corrin nucleus of VB, or through the central cobalt
atom or to a functional group introduced onto the VB, molecule,
X is selected from: -NHNH-, -NH-, -O-, S-, -SS- or -CH,-, and
A is an optionally substituted, saturated or unsaturated, branched or linear, Ci.q
alkylene, cycloalkylene or aromatic group, optionally with one or more carbons within
the linear chain being replaced with N, O or S, and wherein the optional substituents
are selected from carbonyl, carboxy, hydroxy, amino and other groups, and
Y is the covalent linkage between A and Z where Y is selected from -NHCO-,

-CONH-, ‘CONHNHCO‘, -N=N-' -N=CH-' 'NHCH,_', _NHN=CH_’ ‘NHNHCHZ, -
SS-, -SCH,-, -CH,S-, -NHCRNH-, (R is.O,S or NH,], -COO-, -OCO-, and , Z
is GCSF. KR — _

4. A complex according to claim 1 wherein said vitamin By, analogue is selected from

cyano—dobalamin (CN-Cbl), aquocobalamin, adenosylcobalamin, methylcobalamin,



18 [err] Anal ogue or conplex = ° ' - B | F
Affinity [err] :

S[ﬁr/r][. ] _ W* 55%
% [err
sanlerr] gL ”!lllﬂ!ﬂf{flllﬂf{”l!ll 206 [orr]

28% [err] . 100% [err]
44% [err] | 10% [err]
7% [err] hydroxy-cobalamin, (S-methoxybenzyl)cyanocobalamin [(5-MeO®z}GM+(bl]; the
11% I F Affinity is expressed as, a percentage of the affini tg OL t he ke{r]
derivative r@p‘i‘mwu anengethydamidanaed f the g meghyiamide analogue_s f these; alky
cobalamins in which the alkyl chain is linked to the corrin nucleus by a direct Co C
covalent bond; chlorocobalamin, sulfitocobalamin, nitrocobalamin,
| thiocyanatocobalamin, benzimidazole derivatives including 5 ,6-dichlorob§nzimidazole,
5-hydroxybenzimidazole, trimelhy]bcnzimidaiole; adenosylcyanocobalamin {(Ade)CN-
Cbl], cobalamin lactone, cobalamin lactam; the anilide, ethylamide, monocarboxylic
and dicarboxylic acid derivatives of VB,, or its analogues; the mono-, di- and
tricarboxylic acid derivatives of VB,,; and anélogues of VB,, in which the cobalt is

replaced by zinc or nickel.

S. A complex according to claim 1 wherein said vitamin B,, analogue is an analogue
where the corrin ring is substituted with a substituent which does not affect binding to -

intrinsic factor.

6. A complex according to claim 1 wherein said GCSF is covalently bound to a

pharmaceutically acceptable polymer.

7. The complex according to claim 6 wherein the polymer is selected from dextran,
~ inulin, cellulose, starch and derivatives thereof, chondroitan sulfate, poly[N-a-(2-
hydroxypropyl)-methacrylamide] and derivatives thereof, styreme-maleic anhydride
copolymer, divinylether-maleic anhydride copolymer, polylysine,' poly(glutamip acid),
poly(hydroxypropyl glutamine), poly(laétic acid), water soluble polyurethanes formed

by covalent linkage of PEG with lysine or other amino acids and branched chain

polypeptides. : L

8. A complex according to claim 6 ‘wherein said pharmaceutically acceptable polymer is

biodegradeable within the human or animal body.

9. A process for the production of a complex between GCSF and a carrier selected from



.L THE CLAIMS: 1. A conplex bétween GCSF and a carrier comprising vitanin
[err] or a vitamn [err] anal ogue wherein said GCSF and said carrier are

covalently linked through a diradical spacer, said—cenptex—berng—capable of

binding to intrinsic factor with high affinity with nmaintenance of GCSF
bi oactivity. 2. A conplex according to ¢j.aim 1 wherill“ﬂﬂ{lﬂﬂﬂ IJI &ml
covalently linked to GCSF through: a di st phide bon

an am de 1inkage; an acyl hydrazide |inkage; an imne | ) nkage or
hydrazone |inkage. 3. A conplex according to claim1 , of the general

formul a: V- X- Ri¥méa Dgew VitanMni B}, ¥ialcpuk Retli€tl E:ngﬁse@ Viehdifigonk W HotRBeLAGUE,
or derivative, bonded to X ei t her through a carboxyl ate group pendant to

the corrin nueardersansk GCSIEr withra dinadicayjlspacke hawing rtermigalbeepctivet gooups tq form a

A O " Gl UNER QPSP olekpr b BisecSelR BRI G ER
sat ur at ed or teaﬁe%hue eéﬁgonéatsamcgieéia %mbleﬂQﬁheeh%CkF%K)éhﬁ%méb’ﬁh@t@inkﬁhbene
or aromatic group, optionally wth one or nore carbons within the |inear

chai n bei ng reqmpanedts\are hovalerdlydinked thrnugiweaid spacer.ne optional substituents
are selected from carbonyl, carboxy, hydroxy, am no and other groups, and Y
Is the coval ent |inkage betvveen A and Z where Y is selected from - NHCO ,

- CONH-, - C{\HAHSfotess abEdMding tB'?:ﬂ‘i‘n& {¥BEreln Gdﬁ'ﬂ\ﬁﬂibn saﬁd3 Eir}1e§§re mb&iffeh prxor
-NHCRNH— [Ris OSor [err] - -0CO, and, Z . A conplex

accordi ng to t eomplex ibemasion !saprdvrdc tafh heast m@fmabnﬁg@ours cmbtacofaﬁbrtmngna

cyano- cobal am n aquocobal am n; adenosyl cobal am n,
~net hyl cobal anfif él%lfﬁaée_

11. A process according to claim 9 wherein said carrier is covalently linked to GCSF
through a disulphide linkage with Cys-17 of GCSF, an amide linkage, an acyl
hydrazide, an imine linkage, or a hydrazone linkage.

12. A complex between EPO and a carrier comprising vitamin B, or a vitamin By,
analogue wherein said EPO and said carrier are covalently linked through a diradical
spacer, said complex being capable of binding to intrinsic factor with high_ affinity with

maintenance of EPO bioactivity.

13. A complex according to claim 12 wherein said carrier is covalently linked to EPO
through: an amide linkage; an aéyl hydrazide linkage; an imine linkage; or a
‘hydrazone linkage. |

14. A complex according to claim 12 of the formula:
V-X-A~-Y~Z-
wherein,
V is vitamin B,, or a vitamin B, analogue, or deriviative, bonded to X either through
a carboxylate group pendant to the corrin nucleus of VB,, or through the central cobalt
atom or to a functional group introduced onto the VB, molecule, |

X is selected from: -NHNH-, -NH-, -O-, S-, -SS- or -CH,-, and A is an optionally"



.20 hydr.oxy-cobal am n, (5-nethoxybenzyl)cyanocobal am n [(5-M0Bz)CN-Cbl];

t he desdi net hyl, nonoet hyl am de and the nethyl am de anal ogues of these;

al kyl cobalamns in which the alkyl chain is linked to the corrin—nucleus
by a direct Co C covalent bond; chlorocobalamn, sulfitocobal am n,

ni trocobal am n, thiocyanatocobal am n, bepzi m dazol “ “ | udi ng
5, 6-di chl or obenzi m dazol e, 5- hydroxybenz?m dazol e, ﬂl mmlm Iﬁﬂl dazol e;
adenosyl cyanocobal am n[ (Ade) CN- Cbl ], cobal anmin | act*oné tobhl &mi i | act am
the anilide, ethylam de, nonocar boxyl i c and di carboxylic acid derivatives
of [err] or isulestitwied osptuated oh ensewmated, Hranchertiot Finesay E@xo;allkyéerm p!icloalkylene
derivatives of ana ues  of [err baI t

repl aced by ?rﬁ%o'B?&%g@HBi °pt?“aﬂy EAthprsor Eﬁ‘éﬁ‘ﬁg“%‘a“ﬁ ?F‘%l d

vitam n [errlesaeddodsie NS R v reubsti ﬁédw fes Asthed irfot ed
W th a-subst |r%§ent whi ch’ dogé@ng%ﬂg?@gﬁméﬁngmﬁ?o m%trl n5|ac ?actor ltdéﬂ A

conpl ex accorcdibogyl, madicaynhyldmhﬁrmmosaaddstm&ioups,candal ently bound to a

h ticall The im6
Wherein the pbf %f@?c%evgfegd SaBe bt PrebiAraad Zarber o reioel HamosRS: ohPand
derivatives toeneqf,-coMINHTG-20NSNS aeCROI-NHEHS! INHNE=CH-, -NHNHCH,, -

hydr oxypr opyl ) - net hacryl am de] "and dérivati ves t hef eof , st yrene- nal ei ¢
anhydri de cofsl-yrSCH,di \CH$F ctNCRMH-¢i[R iafh)ySior dﬁiﬂop@@@er—@QﬂyL phy sZrie,
pol y(gl ut am'& i d), poly(hydroxypropyl glutam ne), poly(lactic acid),

wat er sol ubl %@1 yur et hanes formed by coval ent |inkage of PEGw th |ysine
or other am no acids and branched chai n pol ypepti des.

15. A complex according to claim 12 wherein said vitamin B,, analogue is selected from
cyano-cobalamin (CN-Cbl), aquocobalamin, adenosylcobalamin, methylcobalamiﬁ,
hydroxy-cobalamin, 5-methoxybenzyl(cyano)cobalamin [(5-MeOBz)CN-Cbl]; the
desdiméthyl, monoethylamide and the methylamide analogues of these; alkyl
cobalamins in which the alky] chain is linked to the corrin nucleus by a direct Co C
covalent bond;. chlorocobalamin, sulfitocobalamin, nitrocobalamin,
thiocyanatocobalamin, benzimidazole(cyano)cobalamin derivatives including 5,6-
dichlorobenzimidazole, 5-hydroxybenzimidazole, trimetl{ylbenzimidaiole;
adenosylcyanocobalamin [(Ade)CN-Cbl], cobalamin lactone, cobalamin lactam; the
anilide, -ethylamide, monocarbdxylic and dicarboxylic acid derivatives of VB, or its
analogues; the mono-, di- and tricarboxylic acid derivatives or the propionamide
'derivat;xves of eVB,,; and analogues of VB,, in which the cobalt is replaced by zinc

or nickel.

16. A complex according to claim 12 wherein' said vitamin B,, analogue is an analogue
where the corrin ring is substituted with a substituent which does not affect binding to

intrinsic factor.

17. A complex according to claim 12 wherein said EPO is covalently bound to a

pharmaceutically acceptable polymer.



. 8. A conpl ex according to.claim®6 wherein sai.d pharmaceutically acceptable
pol ymer is biodegradeable within the human or animal body. 9. A process for
t he production of a conplex between GCSF and a carrier selected from 21
vitamn [err] or a vitamn [err] anal ogue which conprises—reacting one or .

both of said carrier and GCSF with a di rzajdi cal spacer havi 1. Ral
reactive groups to forma carrier/linker®and/ or GCSF | |utﬂi lmma’bﬂ&“%“%
and thereafter reacting together the respective conpone L x

conpl ex between GCSF and said carrier wherein the conponents are covalently
linked t hneugme%nfbla@msmm%lﬁ cléinP | PaRERiIF®E PoHinit selRcell Fof Sextfaf! Miulin CCSF
and/or said carrier are nodified prior ta conplex formation to provide at
| east one fursellilosml stgrolup aodpaleriwativest dharéofg shemdsoitam| sulfatdapoly[Nia-(2-

e g b i 45, it Wi
acyl hydrazi %pol@viheir,naipﬁlyiétﬁﬂfatﬁﬁlcico‘fnh?drﬁﬁé%ﬁé?ﬂfér| P&K’B@ﬁl\ﬁ y(phatARITRHCRY,

between EPO and a carrier conprising-Vvitamn [err] or "a amn [err]
anal ogue wherpsly(hydioaypropylgldtaszing), paly(lactic apid), sxaler sohbile polyvrethdnesfooneh a

di radi cal spacer ai. d. conpl in apabl e aof “binding.to intrinsi.c factor
with high aff YnF?‘iF?‘?M‘ﬁH‘%?g?r??:%gﬁc‘ég%ﬁY B500h otes ?‘Ui“f’ygc“i%?“d%’{*l’é} hain
according to p“dh?emiag&mherei n said carrier is covalently |linked to EPO

e |

t hrough: an am i nkage; an acyl hydrazide |inkage; an imine |inkage; or
a hydrazone |inkage. 14. A conplex according to claim12 of the fornul a:

19. A complex according to claim 17 wherein said pharmaceutically acceptable polymer

is biodegradeable within the human or animal body. '

- 20. A process for the production of a complex between EPO and a carrier selected from
vitamin By, or a vitamin B,, analogue which comprises: reacting one or both of said
carrier and EPO with a diaradical spacer having terminal reactive groups to form a
carrier/linker and/or EPO linker intermediate, and thereafter reacting together the
respective components to give a complex between EPO and said carrier wherein the

components are covalently linked through a said spacer.

21. A process according to claim 20 wherein EPO. and/or said carrier are modified prior

to derivatization to provide at least one functional group capable of forming a chemical
linkage. _

22. A process according to claim 20 ‘wherein said carrier is covalently linked to EPO
through: an amide linkage, an acyl hydrazide, an imine linkage, or a hydrazone
lihkage. '

23. A reagent for the detection of buried thiol groups of a protein or peptide, said reagent .
comprising a complex of either vitamin By, (or an analogue thereof) or more generally
of a labe] detectable by visual or instrumental inethogs which is covalently linked to a

diradical spacer, said spacer having a terminal reactive group capable of forming a



«[err] wherein, Vis vitamn [err] or a vitamn [err] ah'alogue or '
deriviative, bonded to X either through a carboxyl ate group pendant to the

corrin nucleus of [err] or through the central CWO a
functional group introduced onto the [err] nol ecul e Xis from
-NHNH, -NH, -O, S, -SS- or [err], ang4A is an m\ﬁ

substi tuted, 'saturat ed or unsat urat ed branched or g] al kyl ene,

cycl oal kyl ene or aromat i C group, opti onal | y WI th ont or more carbons within
the linear chain beln %Ia ed with N, Oor and,wherein the optional
substituents SAv@led| 8%‘4 t‘é’dl 12 FR¢ tipbisnsad PE%?‘B&EWCPWEF& oxy, amino and ot her
groups, and Y is the covalent |inkage between A and Z where Y is selected
from-NHCO, -CONH, -CONHNHCO-, -N=N-, -N=CH-, [err], -NHN =CH, [err]

SS-, [err]24.- NHeRpEt, acEdRding. 1o0claitn @8, [whietdin saidFpacer-KaS@ backiheZof frofPD-5015.
A conpl ex according to claim 12 wherein said vitamn [err] analogue is

sel ect ed fron®®no-cobal amin (CN-Cbl), aquocobal anin, adenosyl cobal ani n,
met hyl cobal am n, hydroxy-cobal am n, 5-nmethoxybenzyl (cyano)cobal am n

[ (5-MeOBz)CN-Cbl]; the desdinethyl, nonoethyl am de and the nethyl am de

anal ogues 2§. WWﬁﬁgentfﬂcBMHu@Qb&ila’imw ofMmthetpefidral foemaladsyl chain is linked to
the corrin nucleus by a direct Co C coval ent _bond; chl orocobal am n,

sul fi tocobal amin, nitrocobal anin, ti Ot?SraﬁaTXcobal am n,

benzi m dazol e(‘ﬁ% ) cobal ami n derivatives incl udi ng 5, 6-

di chl orobenzi mdazol e, 5-hydroxybenzi m dazole, * trinethyl ben2| m dazol e;
adenosyl cyanowhalv&mnih Bl,Ade) GlinfihlH,, at0bgleq bondddaotX vitherahioafzlaaicardoaxylanen

the group pendant to the corrin nucleus of VB, or through the central cobalt atom or to
a functional group introduced onto the VB,, molecule, or V' is a label detectable by
visual or instrumental methods, and
X is selected from: -NHCO-, -CONH-, -CONHNHCO-, -N=.N-, -N=CH-, -NHCH;-,
-NHN=CH-, -NHNHCH,-, -SS-, -SCH,-, -CHZS-, -NHCRNH-, {[Ris O, S or NH,],
-C0O0-, -OCO-, and
A is an optionally substituted, saturated or unsaturated, branched or linear, C, 4
alkylene, cycloalkylene or aromatic group, optionally with one or more carbons within
the chaiti'beidg replaced with N, O or S, and wherein the optional substituents are
selected from carbonyl, carboxy, hydroxy, amino and other groups, and
Y’ is a functional group capable of reacting with thiols to give a stable dovalent

linkage.

26. A reagent according to claim 25 wherein Y’ is selected from iodoacetyl, bromoacetyl,

'chloroacetyl, maleimido, 3-carboxy-4-nitrophenyldithio or 2-pydidyldithio.

27. A reagé_nt according to claim 23 wherein said label is selected from chromagen;,
catalysts, fluorescent compounds, chemiluminescent compounds, radioactive isotopes,
colloidal metal and non-metallic particles, - dye particles, enzymes or substrates,
antibodies or antigens, biotin, avidin or streptavidin, latex particles, liposomes or other

vesicles containing signal producing substances.



»anilide, ethylam de, nonocarboxylic and dicarboxylic acid derivatives of
[err] or its analegues; the nmono-, di- and tricarboxylic acid derivatives
or the propionani de derivatives ‘of—ferr] and anal ogues of VB12 in which
the cobalt is repl ickel. 16. A conyl BH{SaSHE | ai m
12 wherein sai.d vi ﬁmm ILH"{MH ﬁﬁlue iZ25 an anal ogye ehgpgfé?gg:frl ring
is substituted with*a Substm i ch does not af fleet—bi-Ad

intrinsic factor. 17. A conplex according to claim 12 wherein said EPO is

coval ent | ygbh e ica accept abl e |l yner ... 23.18.. The
conpl ex- acco% ﬁa@ﬁtﬁ%ﬁ%@@o ot ‘é’*‘hc“tﬁ’i’gp F@ﬁﬁ?mggf‘@é’f‘g&'“ﬂr%ﬁ?ﬂ@ﬁﬂr‘a%
inulin, cellwroreto I0asptidnARd il @sdorikion aFith RepiRShaceutiessy Qéée?@bléuéa?&éreor

pol y[ N-a-(2- hydroxypropyl)-nethacryl am de] and derivati'ves thereof,-

st yr ene- nal ei€&CigiM-dr i de” copol ymer, ~ di vi nyl et her - mal ei ¢ anhydri de

copol ynmer, polylysine, poly(glutamc acid), poly(hydroxypropyl glutam ne),
poly(lactic acid), water soluble polyurethanes fornmed by coval ent |inkage
of PEG wi 9. |4/ shélRod forQkdiEing didea: ACH %u&ﬁ%ﬁbﬁﬂ@@@t&fﬂ?ﬂ ﬁelam%f £p®

19. A conplex according to claim 17 wherein said pharmaceuti cal

accept abl e pdthigk compripgsadministéciagl to said patient hehérapatncatly dfuctmd a:lnout;t of20. A

From vi tam n PO RESLAGE ooy e SRIE 1T TS rip de” B appReesion udordine
one or both ab ckamdmg&arrier and EPO with a di aradi cal spacer having

term nal reactive groups to forma carrier/linker and/or EPO |inker
internedi ate, and thereafter reacting together the

30. Use of a complex according to any one of claims 1 to 8 or 12 through 19 for the

manufcture of a medicament

31. Use of a complex according to any one of claims 1 to 8 or 12 through 19 for the

manufacture of a medicament.
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respective_conponents to give a conplex between EPO and said carrier
wherein the conponents are covalently |linked through a said spacer. 21. A
process according to claim 20 wherein EPO and/or said carrier are nodified
prior to derivatization to provide at.least one functional group capable of -
forming a chenmical |inkage. 22. A proce3§ accordlng t ngagy&
said carrier is covalently linked to EPO through: E ’ée kﬁé% BEEN [acyl
hydrazi de, an imne |inkage, or a hydrazone Ilnkage for |t he
detection of buried thiol groups of BF 7 of pepti de, sald reagemt—

err

conprising a conplex of either vitamn (or an anal ogue thereof) or
nore generally of a | abel detectable by visual or instrunental nethods

o SO B s PSS it RPOESh AR e
il TSR Bl oo Y30 B AROL SO BT

wherei n said spacer has a bac reagen

accordi ng rleblim bathrsi gtificant affhmwfenanﬁhsxé fctoel @F) 1A thE-VB,Y pontidarofitiie comh Ihﬁ
vitamn [err] .or._a vitamn [err] anal ogue, bonded to X either _throug

car boxyl at "é‘dgsr‘&%lBCi%rm%%Wt% of tfie S&SFi o FRIQ Ipertionoef thergomplex. H‘hem@;wntlne
tral
central cofjg LorREAR O F%dé e %ﬁ'h@% Bg{hg%gcgﬁl%:%gfﬁﬂﬁs LR F‘r{ﬂa

nmol ecule, or V' is a b tecta runen
and X is spirgdiyedsifig arspaceiidGpound Ghich is TiiNIdGRlantly Netween ié V@;{-porheﬁf] ,
and the GCSF or EPO. The complexes preferably have the formula

V_X—-A-Y-Z

wherein

V is vitamin B, or a vitamin B,, analogue, or derivative, bonded to X either through a
carboxylate group pendant to the corrin nucleus of VB,, or through the central cobalt atom

- or to a functional group introduced onto the VB,, molecule, X is selected from: -NHNH-,

-NH-, -O-, -§-, -§S- or -CH,-, and A is an optionally substifuted, saturated or unsaturated,
branched or linear, C, s alkylene, cycloalkylene or aromatic group, optionally with.one or
more carbons within- the linear chain being replaced with N, O or S, and wherein the
optional substituents are selected from carbonyl, carboxy, hydroxy, amino and other
groups, and Y is the covalent linkage between A and Z where Y is selected from -NHCO-
-CONH-, -CONHNHCO-, -N=N-, -N=CH-,-NHCH,-, -NHN =CH-, -NHNHCH,-, -SS-,
-SCH-, -CH,S-, -NHCRNH-, -COO-, -0CO-, and R is O, S or NH,, and Z is GCSF
or EPO. The invention also describes reagents tilat can be used as pfobes for the detection
of buried thiol groups of a protein or peptide, said reagent c&mprising a complex of either
vitamin B,, (or an analogue thereof) or thore generally of any instrumentally or vi'sually
. detectable label, covalently linked to a diradical spacer, said spacer having a terminal
reactive group capable of forming a disulphide bond with a free thiol in said protein or

peptides.
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-NHN=CH-, [err], -SS-, [err], -NHCRNH-, [Ris 0, Sor [err], -COtoiedd,
and A is an,optionally substituted, saturated or unsaturated, brancied or
linear, ‘[err] al kylene, cycloal kyl ene or aromatic group, optionally wth
one or nore carbons within the chain being replaced with N, 0 or S, and
wherein the optional substituents are selected from carbonyl, carboxy,
hydr oxy, am no and other groups, and Y' is a functional group capabl e of
reacting with thiols to give a stable @8val ent |inkage. 26. A reagent
according to claim25 wherein Y. is selected fromiodoacetyl, bromacetyl,

chl oroacetyl, mal ei m do, 3-car box¥-4- ni troghgnﬁl g{ i h'! E 8{,02- pydi dyl di t hi o.
27. A r eV ERMENBY MEDFAIEDORAL sel ected from
chromagens, catal ysts, fluorescent conpounds, cheni | um nescent conpounds,

radi oactive isotopes, colloidal netal and non-netallic particles, dye
particles, enzymes or substrates, antibodies or antigens, biotin, avidin or

streptavidin, .} atex tigle i hg e bl
si gnal produci w&gﬁfﬁcégs&ib&g é’J @&@%%a?ﬁ%@%%fygﬁﬁ%glo Oseﬂ% ?gﬁél\?\’r}?}gh
conpri seSCBREFBPE). dtrointentoh alswd edrceris b process fof theosypethepisi aftivel y in

Cne of - acomplexssu; ThaKPREYELPrRfetatls fave ghe JoBBHA Tx A 5FaEEl YoF one
he” man PRl Figron, Attty Pindlop PR b AlleS S0 Lsuclinbd fRb INTHINE)
-NH-, -O-, -S-, -85 or -CHj-, A is an optionally substituted, saturated or
unsaturated, branched or linear, Ci.soalkylene, cycloalkylene or aromatic group,
optionally with one or more carbons within the linear chain being replaced with
N, Oor S, Y is selected from -NHCO-, -CONH-, -CONHNHCO-, -N=N-, -N=CH-,
-NHCH,-, -NHN=CH-, -NHNHCH3-, -55-, -SCHz-, -CHzS-, -NHCRNH-, -COO- or
-OCO-, wherein R is O, S or NHy, and Z is GCSF or EPO. The invention also
describes reagents that can be used for the detection of buried thiol groups in a

protein.
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In a patient responsive to therapy with GCSF or EPO Moo+ 1Pos

28.

29.

—

2 ] NI

A pharmaceutical composition which comprises a
complex according to claims 1 to 8 or 12 to 19
optionally in association with a pharmaceutically
acceptable carrier or excipient.

Use of a therapeutically effective amount of a
complex according to any one of claims 1 to 8 or 12
to 19, or a composition according to claim 28 for
the manufacture of a medicament for treating disease
in a patient responsive to therapy with GCSF or EPO.
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