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1. |:HRH _ANTAGONI STS FI ELD OF THE | NVENTI ON The present inventi onlelef-at®s to
LHRH,-ant agoni sts and to the systenic and oral delivery of the 5

ant agoni sts by administration of a conplex conprising the antagonists
linked to vitanmin B12 (VB12) or an anal ogue thereof. Mre particularly, the
invention relates to nethods for the synthesis of these conpl exes. 10
BACKGROUND OF THE | NVENTI ON Hypot hal am ¢ godadot r ophi n rel easi ng hor none

(GRH, al so known as .| uteinizing hornone rel easi ng hornone, LHRH). nedi ates
the regul ation of pituitary gonadotrophin synthesis and secretion. Since
the 15 initial isolation of LHRHUMRHSHNAAGONRSTY = (1971) numerous
anal ogues haverfgeh §¥ i€ sSteemTYbich may be classified according to their
acute effects on gonadotrophin rel ease, as _ejther 290 ' JH@%ﬁan'sts
enhancement of rel edB§ BFeIRRBGHRYSISIOR FEH 285 |§h£§?&$on 5P eease) .
The agoni sts ageqcHarenéesyseemby andi ocakadelimebiyndifngheffinity to -
'ncreased Posi SRERGERLBLE ﬁ%‘;&&hﬁ%ﬁhﬁéﬁ?gaiﬁ{ e o et
nati ve LHRH. 2Bhe antagdhbstbskinkedobot Matamias8lgotldR1ZnAHdtks can
' nduce pOtentigh£¥o&8¥e£ﬁ£9£8fUEdh8§E ﬁé§£&éhhﬁ%lﬁﬁsthe invention
relates to methods-fqr the synthesis of thege
complexes.
10 BACKGROUND OF THE INVENTION
Hypothalamic gonadotrophin relg?sing hormone
2GnRH, also known as luteinizing hormone releasing
hormone, LHRH) mediates the regulation of pituitary
gonadotrophin synthesis and secretion. Since the
15 initial isolation of LHRH by Schally et al. (1971)
| numerous analogues have been synthesized, which may be
classified accdrding to their acute effects on
goﬁadotrophin release, as either agonists (with
enhancement of release) or antagonists, (with
20 inhibition of release). The agonists are characterised
by an increase in binding affinity to pituitary LHRH
receptors (Loumay et al, 1982, Perrin et al. 1980) and
by increased resistance to the proteolytic degradation
that rapidly removes native LHRH. _
25 The observation that these potent analogues can
f: induce potentially reversible medical castration has
provided a new approach to the treatment of various
gonadotrophin dependent disorders, particularly hormone
dependent prostate and breast cancer. Two distinct
30 phases in the induction of castration occur. Initially
| the analogue stimulates the pituitary-gonadal axis
causing a transient increase in gonadotrophin.and sex
steroid secretion in the first two weeks or so. After.
this period there is a down regulation of pituitary
35 LHRH receptors with subsequent decline in gonadotrophin
and sex steroid secretion. The initial stimulation is a
substantial drawback to the use of agonists in the
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undesirable histamine release (Karten and Rivier, 1986,

10 Schmidt et al., 1984, Phillips et al ., 1988). However
new antagonists have been developed characterised by
improved potency and much less histamine releasing |
potential eq. Karten.and Rivier, 1986. One of the moét
potent antagonists described to date is the analogue N~

15 Ac-D-Nal(2), D-Phe (pCl), D-Pal(3), Ser, Lys (Nic), D~
‘Lys(Nic), Leu, Lys(iPr), Pro, D-Ala-NH2 (ANTIDE,)
synthesized by Folkers and Bowers. It is highly potent
in rats in inhibiting ovulation (Ljundquist et al;,
1988) and single doses have profound, long lasting

20 inhibitory effects on serum LH concentrations in
castrate female cynamologous monkeys (Leal et al,'
1988); It has also been shown to be capable of inducing
long term chemical.castratién in intact adult male rats
and cynamologous monkeys, and to have -an inhibitory

25 effect on tumour growth in the Dunning R3327 prostatic
carcinpma'model,.similar to that of castration
(Habenicht et al, 1990). The new antagonist should
therefore be of Substahtial clinical interest in all

- those conditions in which medical castration is

30 desirable, particularly in the management of prostatic
cancer and in various gynéécological‘disorders '
(McLachlan et al., 1986). Current administration is
limited to the parenteral route. However the dose of
analogue that can be delivered by this route is limited

35 due to the poor solubility of the antagonist. Thus
clinical trials of the long term effect of ANTIDE have
been reduced to doses of 2.5 mg or lower.v
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to doses of 2.5 rhirffaMeél®il reasons for the lack of success. Firstly,

' 10 the intestinal milieu has a high degree of proteolytic
activity, which rapidly degrades most peptides.
Secondly, while there are well defined uptake
mechanisms for individual amino acids and di-peptides,
there is no general mechanism for polypeptides to be

15 transported across the membrane of the mucosal
epithelium into the circulation. Rather, this membrane
is designed as a general barrier prohibiting the uptake
of the numerous, forelgn proteins encountered in this
environment. Thus, although a peptide may be modlfled

20 to withstand the enzymatic barrage encountered in the
intestine, such modification is of little value if the
peptide cannot subsequently cross the mucosal barrier
and enter the systemic circulation.

Recent work by thé current inventor

25 (PCT/AU86/00299) has however provided a method to
overcome the mucosal barrier. This method takes
advantage of the natural intrinsic factor (IF) mediated
uptake mechanism for vitamin B12 (VB12). VB1l2 is a

- naturally occurring dietary molecule which is actively

30 taken up from the intestine. During this process it
first binds to IF in the upper small intestine. The
VB12-IF complex then passes down the small intestine
and binds to an IF receptor located on the éurface of
the ileal epithelium. The whole [VB12-IF-Receptor]

35 complex is then internalized by receptor-mediated

'endocytosis and some time later the VB12 appears in
serum. '



3 The Qral route of adn1n|strat|on of peptldes such as LHRH and its
analogues as pharmaceuticals in the treatnent of system c conditions has
met. with little success. In general the anmount of peptide required for 5
successful oral adninistraticon has been 100 to 1000 tines the dose required
for parenteral deliver, thus nmaking the admini4tration of these agents via
this route prohibitively expensive. There are two fundanental reasons for
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As the oral route of administration is the most
10 preferable means of delivering a pharmaceutically
active.agent, there is a large and valuable market for
any process which permits the oral delivery of LHRH
antagonists to humans. Such a process would be
available by the formation of a complex_between VB12 or
15 analogues thereof and LHRH antagonists.
SUMMARY OF THE INVENTION .
In a first aspect the present invention consists
in analogues of ANTIDE.
'ANTIDE. is a particularly suitable molecule for
~ 20 oral administration, as it contains very few.natural
amino acids and as such is highly resistant to the
‘action of pepsin, trypsin or chymotrypsin. However,
ANTIDE itself needs to be modified slightly to provide
a suitable site for conjugation to VB12. The inventor
25 has found that it is possible to synthes;ze three
analogues of ANTIDE which are suitable for conjugatlon
to VB12, namely N-Ac-D-Nal(2), D-Phe (pCl), D-Pal(3),
 Ser, Lys (Nic), D-Lys, Leu, Lys(iPx), Pro, D-Ala-NH,
(D-LysgANTIDE or ANTIDE-1), N-Ac-D-Nal(2), D-Phe (pCl).
30 D-Pal(3), Ser, Lys , D-Lys(Nic), Leu, Lys(iPr), Pro, D-.
Ala-NH, (Lysg ANTIDE or ANTIDE-2) and N-Ac-D-Nal(2), D-
Phe (pCl), D-Pal(3), Ser, Lys (Nic), D-Lys(Nic), Leu,
.Lys, Pro, D-Ala-NH, (LysgANTIDE.or ANTIDE-3).
A second aspect of the present invention provides
35 a complex between the VB12 or an analogue of VB12 and
the LHRH antagonists of the first aspect, wherein the
ability of VB12 or an analogue of VB12 to undergo the
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adenosylcobalamln, methylcobalamin, hydroxycobalamin,
cyanocobalamin carbanalide, 5-methoxybenzylcobalamin

10 [(5-MeOBz)CN-Cbl], as well as the desdimethyl,
monoethylamide and methylamide analogues of all of the
above. Other analogues include coenzyme B12, 5'-
deoxyadenosylcobalamin, chlorocobaiamin,-
sulfitocobalamin, nitrocobalamin, thiocyanatocobalamin,

15 Dbenzimidazole derivativés such as 5,6-
dichlorobenzimadazole, 5-hydroxybenzimidazole,
trimethylbenzimidézole; as well as
adenosylcyanocobalamin ((Ade)CN-Cbl], cobalamin
lactone, cobalamin lactam, and the anilide, ethylamide,

20 monocarboxylic and dicarboxylic acid derivatives of
VB12 or its analogues.

Preferred derivatives of VB12 also include the
mono—, di- and trlcarboxyllc acid derivatives of
proplonamlde derivatives of VB12. Other derivatives

25 include analogues of VB12 in which the cobalt is
replaced by zinc or nickel. The corrin ring of VB12 or
its analogues may also be substituted with any
substituent which does not effect its binding to IF,
and such derivatives of ‘VB12 or its analogues are part

30 of this invention. Other de;ivatives and analogues of
VB12 are discussed in Schrneider, Z and Stroinski, A.:
(Walter De Gruyter, Berlin, NY; 1987), the disclosure
of which is incorporated herein by reference.

Suitable extended spacers for the conjugation

35 include disuccinimidyl suberate (DSS), ‘ '
bis(sulfosuccinimidyl) suberate (BSS), ethylene
glycolbis(succinimidylsuccinate) (EGS), ethylene
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second aspect oftahetapateefSuy fQcRETdm pist2des 35 a. conpl ex between the
VB12 or an a”a!09§€c8inYﬁi&oéR?chBBoh?@Hx?WLégﬁ?15h9]GhlﬁbﬂefKBsocﬁﬁﬁth
do%

mhereln the abil 3%[2 (sulfosucggnial %%cggbggl of@)ngﬂyT%nEq%ulfone
(Sulfo-BSOCOES), dimethyl adipimidate.2HCl (DMRA),
10 dimethyl pimelimidate 2HC1 (DMP), dimethyl
suberimidate.2HC1 (DMS) . :
' ' Suitable cross-linking agents for use in ‘the
preparation of thiol-cleavable biodegradable linkers
include N4succinimidjl 3-(2-pyridyldithio)propionate
15 (SPDP), iminothiolane, sulfosuccinimidyl 6-[{3-(2~-
pyridyldithio) propioramido] hexanoate (Sulfo-LC-SPDP),
succinimidyl 6-[3-(2-pyridyldithio) propipnamido].
hexanoate (LC-SPDP), sulfosuccinimidyl 6-[c-methyl-o-
(2-pyridyldithio) toluamido]hexanoafe (Sulfo-LC-SMPT),
20 1,4- d1[3'-(2'-pyrldyldlthlo)proplonamldo]butane
. {DPDPB), 4-succlnlmldyloxycarbonyl—a-methyl-a-(2-
pyridyldithio)-toluene '(SMPT) , dimethyl
3,3’ dlthloblsproplonlmldate 2 HC1 (DTBP).
In a further aspect the invention provides a
25 method for preparing biodegradable complexes between
VB12 and LHRH antagonists. such as the ANTIDE analogues
of the first aspect, such that the VB12 is ‘cleaved from
the LHRH antagonist in vivo.
In yet another aspect the invention provides a
30 complex comprising an ANTIDE analogue of the first
aspect bound to VB12 carrier or an analogue thereof
where more than one ANTIDE analogue is bound to the
carrier.
In yet another aspect the invention provides a
35 method for the oral delivery of LHRH antagonists
" whereby the LHRH antagonist will be transepithelially



5,bi nding reactions necessary for the uptake and transport of VB12 in a
vertebrate host and the activity of the LHRH antagoni st are substantially
mai_nt ai ned. The VB12 anal ogues include any variation or 5 derivative of
VBI2 which posses binding activity to intrinsic factor. Preferred anal ogues
of VB12 include cyanocobal ami n (CN-Cbl.), aqugcobal anm n, adenosyl cobal ami n,
nmet hyl cobal am n, hydroxycobal am n, cyanocobal am n carbanalide, .
5-nethoxybenzy|cobalanin 10 [ (5-MeOBz)CN-Cbl ], as well as the desdinethyl,
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In order that the nature of the presen? invention
may be more clearly understood, preferred forms thereof

10  will now be described with reference to the following
examples and figures in Wthh' ' '

Figure 1 is a graph show1ng the median lnhlbltory
concentrations (IC50), determined by in vitro bioassay,
for blockade of LHRH-stimulated release of LH from rat

15 pituitary cells by ANTIDE, its analogues and VB12-
conjugates. Median_inhibitory concentrations of
ANTIDE, ANTIDE analogues and VB12-ANTIDE conjugates for
antagonising LHRH-stimulated release of LH from rat
anterior pituitary cell cultures during 4 hours.

20 Results for conjugates are given as ng of the
incorporated analogue/ml (final concentration in
culture well). Results that do not differ from each
other (i.e. P>0.05) are grouped under a common letter.

Figure 2 is a graph showing in vitro biocassay for

25 blockade of LHRH-stimulated release of LH from rat
pituitary cells by ANTIDE, ANTIDE-3 its V312-conjugates
Assay conditions are similar asithose given in
Figure 1.

‘'Figure 3 is a graph show1ng reduction in serum LH

30 level in castrate rats following injection of ANTIDE,
ANTIDE-1 or ANTIDE-1-VB12-conjugates.‘ The in vivo
éffect of subcutaneous injection of ANTIDE or VB12-
ANTIDE conjugates was examined in 6 week old castrate
rats. Twenty-four hours after subcutaneous injection of

35 a 100 pg dose of the various ANTIDE analogues, the rats
were killed and trunk blood collected for analysis of
serum LH levels by RIA (see Puénte & Catt, 1986).



25 5i nc|'wde anal ogues of VB12 in which the cobalt is replaced by zinc or
nickel. The corrin ring of VB12 or its anal ogues may al so be substituted
wi th any substituent which does not effect its binding to |IF, and such
derivatives of VB12 or its anal ogues are part 30 of this invention. Oher
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aci d, dithiobi s(3NFEDBEF3-IB12~conduafates(.DSP) ,” 3, 3' -
di t hi obi s(suld osygehpi;ahdyl propionate) (DTSSP), 5 disuccinimdyl tartarate
(DST), disulfosuccinimdyl tartarate (Sul fo-DST), bis[2-
(succi ni mi dooxycBibyAyRsYy Fedihpissey] Sorf &bl re3886EES) , bi s _
7 (et Seorpaogaagy Sy prebadbie i O,
di met hyl © pituitaries of 4 month old Sprague-Dawley rats. Cells
were dispersed as a single cell suspension of 250,000
10 viable cells per ml in Dulbecco’s modified Eagle’s
Medium with 10% foetal bovine serum plus antibiotics.
Aliquots of 0.5 ml were dispensed into multi well
tissue culture plates and maintained at 30° C in an
enclosed humidified atmosphere of 5% CO,; in air. Cells
15 were cultured for S5 days and medium removed. The medium
was replaced with fresh medium containing a range of .
doses of ANTIDE, ANTIDE analogues or VB12-ANTIDE
conjugates. After 4 hours 10 nM LHRH was added .to each
well. Cells were incubated for a further 4 hours
20 afterewhich medium was removed for the determination of
the amount of FSH and LH released into the medium by
radio-immuno assay (RIA).
Castrate rat model ,
Adult Sprague Dawley rats were castrated and
25 maintaiped in the animal house for one week prior to
administration of test substances. ANTIDE or analogues
were tested by subcutanecus injection into the castrate
rats. Groups of 5 rats were used as controls and for
collection of blood samples from the external jugular:
30 vein at 24 hours post-dose . LH was measured by a
standard radio-immuhoassay.
IF Assay
' The affinity of the various VB12-ANTIDE
conjugates for IF was determined in a competitive
35  Dbinding assay (Russell-Jones, 1994). Dilutions of
unlabelled VB12 or VB1l2 analogue or conjugate were
mixed with 1 ng 57CoVB12 (Amersham). One IU of IF (a
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10 Synthesis of ANTIDE analogues
| Three ANTIDE analogues containing single,
unmodified lysinés, namely D-LysSANTIDE or ANTIDE-1;
LysSANTIDE or ANTIDE-2 and LysS8ANTIDE or ANTIDE-3 (see
Table 1.) were synthesized on an Applied Biosystems
15 Peptide Synthesizer. Peptides were cleaved from the
resin and purified by Reverse Phase HPLC, using a
gradient of 5-100% acetonitrile in 0.1% TFA.

Table 1. Sequence of ANTIDE and its analogues.

Analogue Sequence
ANTIDE N-Ac-D-Nal(2), D-Phe (pCl), D-Pal(3),,

Ser, Lys (Nic), p-Lys(Nic), Leu,
' Lys(iPr), Pro, D-Ala-NHjy
D-Lys®ANTIDE or N-Ac-D-Nal(2), D-Phe (pCl), b-Pal(3).

ANTIDE-1 Ser, Lys (Nic), D-Lys, Leu, Lys(iPx),

. o Pro, D-Ala-NHjp .
Lys>ANTIDE or N-Ac-D-Nal(2),.D-Phe (pCl), D-Pal(3),
ANTIDE-2 Ser, Lys , D-LYS(NLC), Leu,.Lys(iPr), .
. : Pro, D-Ala-NH9 .
LysSANTIDE or N-Ac-D-Nal(2), D-Phe (pCl), D-Pal(3),
ANTIDE-3 Ser, Lys (Nic), D-Lys(Nic), Leu, LySs,

Pro, D-Ala-NH»o

Two of the analogues, ANTIDE-1 and ANTIDE-3, have
20 considerable potency in vitro and ANTIDE-3 has activity
comparable to the native ANTIDE in vivo. The direct
covalent conjugation of the “"e“ isomer carboxylate of
vVB12 (eVB12) to either ANTIDE-1, ANTIDE-2 or ANTIDE-3
was found to reduce the bioactivity of the ANTIDE
25 analogue to levels substantially lower than ANTIDE



7:transported fromthe intestine to the circulation of the vertebrate host.
I'n anot her aspect, the invention describes a new class of ANTIDE anal ogues
whi.ch possess greater 5 solubility in physiological solvents. These

anal ogues can -be admini stered systenically. BRI EF DESCRI PTI ON OF THE

DRAW NGS I n order that the nature of the presdft invention may be nore
clearly understood, preferred forns thereof 10 wll now be described with
reference to the.£o|h$mﬁn exanpl es and figures in which: Figure 1 is a
graph showi ng t ht“fiBditahePARABRESH P Lcyhesherathenanaleguy, wast sesitesd by in
vitro bi oassay, tderbl egkagevafolLHRH stimul ated rel ease of LH fromrat 15
pituitary cells B¥ AN;IDEh.its analo%ues and VB12- conjugates. Median

i nhi bitory concentF&trofi@naRrIaktPPECtARNIBRE ARALQOUES NG FoNOCARDPRY -

conj ugat es for awB&gdoni sing LHRH-stinmul ated rel ease of LH fromrat anterior

"pituitary celd cultures during 4 _hopyrs. 20 _Results_for _conjugates_are
gi ven as ng & the incg?pgég?gdt8n8$%§68/ﬁ1f???ﬁé?negnQEHPPa?ﬁbﬁagﬁecuIture
wel ). Results thar denpugatiibhepff thm ¥8ER bOhANTEDEg. cRafio@bpadaamigr ouped

under a comon’ | eyhen) FhEUEErdt! AyArBigRBASERYDNE kn¥h! ¥8-PH9ARSAYS O
' The e isomer of monocarboxy vitamin Bl2 (eVB1l2, e '
isomer), which has previously been shown to have the
10 highest affinity for IF of the three isomers, was
separated from the b and d isomers (also formed during
acid hydrolysis of cyanocobalamin) by a combination of
Dowex 1X2 chromatography, and semi-preparative C-18 RP-
HPLC developed with a gradient of 5-100% acetonitrile
15 in 0.1% TFA. _
Aminoethyl-eVB12 was prepared by reacting the
eVB12 isomer with 1,2-diaminoe£hane at pH 6.5 using a
twenty-fold molar excess of the diamine over e isomer
and a twenty fold molar excess of l-ethyl-3-(3-
20 dimethyl-aminopropyl) carbodiimide (EDAC; Biorad,
Richmond, CA.). The aminoethyl derivative was purified
by RP-HPLC on a semi-preparative C-4 column using a 5-
100% acetonitrile gradient in 0.1% TFA. Eluted
material was further'purified by S—Sephafose
25 chromatography. The amino derivative wés eluted Qith
0.1 M HC1, followed'by extraction into phenol, and’
back-extraction into water after the addition of
dichloromethane to the phénol phase. Aminoethyl-eVB12
was then recovered from the water phase by |
30 lyophilization. c |
The three ANTIDE analogueé were conjugated to
eVB12 using the carbodiimide, EDAC, and the products
(B12-ANT1, B12-ANT2 and B12-ANT3; depending on whether
the complex was formed between ANTIDE-~1, ANTIDE-2 or
35 ANTIDE-3, respectively) were purified by chromatography
' on Sephadex G-25 in 10% acetic acid prior to RP-HPLC on
a semi-preparative C-4 column, as described ébove.



25 « bl opckade of LHRHStinulated release of LH fromrat pituitary cells by
ANTI DE, ANTIDE-3 its VB12-conjugates Assay conditions are simlar as those
given in Figure 1. Figure 3 is a graph show ng reduction in serumLH 30
level in castrate rats followi ng injection of ANTIDE, ANTIDE-1 or .

ANTI DE- 1- VB12- conj ugates. The in vivo effect, of subcut aneous I nj ection of.
ANTI DE or VB12- ANTI DE conjugates was examindd in 6 week ol d castrate rats.
Twenty-four hours after subcutaneous injection of 35 a 100 [err] dose of

t he vari ous ANT anal S i11.ed and trunk bl ood
col l ected for fé’ig? %W %ﬁ@ﬁ SANG &e“ﬁfé% Kercatt, 1986).
8 Figure 4 is aqgnﬂd1nﬂngmauhrndhnﬁd(nhnad.serun1LH | evel s in castrate rats

fol |l owi ng subcut an'eouings%%%k}aﬁe“ aqlJZO% [ser]:@acq:(&ie%1 qjh ANTI DE,  ANTI DE-3 or

ANTI DE- 3- VB12- conj ugat e Buicar assay for LH rel ease
Cell cultures mém@qanMﬂdyidﬁynanbunyiﬁuﬁmehhﬁiﬁQnQZH|es of 4 nmonth old

250000 10" 3 e R éf%‘i I A LRy Seen o
TIDE- and ANTIDE were prepared as outllned above.
The SMPT-derivative of aminoethyl-eVB12 was then
reacted with the thiolated ANTIDE-~1 and -3 derivatives
as described above, followed by subsequent purification
10 of B12-TSS-ANT1 and B12-TSS-ANT3 by the usual method
(Table 2). ' '
Formation of a non-cleavable thio-ether linkage between
VB12 and ANTIDE
6-(Iodoacetamido)hexylamido-eVBlZ in
15 diisopropylethyl amide/dimethyl formamide (DMF/DIEA;
1:20 v/v) was deoxygenated with argon for ten minutes,
and a solution of iminothiolated ANTIDE-1 or -3 in DMF
was then added dropwise to the stirred solution. Each
reaction mixture was stirred for 30 minutes at room
20 temperature then diluted with water, filtered and the
" products, B12-SC-ANT1 and B12-SC-ANT-3, were purlfled
by preparatlve RP-HPLC (Table 2).



Medi umwi th 10% foetal bovine serum plus antibiotics. Aliquots of 0.5 m
were dispensed into multi well tissue culture plates and maintained at
30[err] in an enclosed hum dified atnmosphere of 5% [err] in air. Cells 15
were cultured for 5 days and nedi umrenoved. The nedi um was replaced with
fresh medi um containing a range of dosesl®f ANTIDE, ANTIDE anal ogues or
VB12- ANTI DE conjugates. After 4 hours 10 nM LHRH was added to each well.

Cel I's were ingykat ed fg;,,@,;ﬁc%g?%r chd Y finibPof VD Lotaide carfugmeli um was
%

removed for the deter hepam R Faftiend LH rel eased into the
medi um by radio-| mn:ngbaﬁg})ﬁ'(' ) g@l& t‘SZAp ot model Adult S Dawl ey

rats were Cz@&"r-@éa%i and 2fqed®i Ntained in the gninal house far ope Heeld

prior to adriyy ation |ofnalo@at qubstances. ANTSBR anal ogues Wag‘mntiﬁsted
by subcutangous injectign into the castrate rats Goups of 5 ratk wer

used as contjrols and fon collectilon of bl ood samples fromthe extgrnal
jugul ar 30 -|viieet at 24 Hondidpdst|- dose LH was nmE¥@f$red by a stanflaf¥T
radi o-i mmungassay. |F Adsay The gffinity of the various VB12- ANTI PE
conjugates flor IF was ddtedidedd|in a conpetitive 35 hinding ass u/N/T

(Russel | -Jonles,  1994). il utions lof unl abel ped V, or- VB12 anal ogue or
conj ugat e werailigpxed wi tjh Antidg 1[ grr] (Amer—sﬁraw-} , HFH—tF (a | 3%

Antide 3 36%

: - o H
EGS-derived Antide 1 YN\/\ MOV\OMN— - 30%
Antide3 | O H ° © N/T
DSS-derived Antide 3 t i N N/T
-aenv tide <N ,lk/\/\/\n,N—
. N

.0

. . H Q H
dithio-propionyl | Antide 1 Ne~y /lk/\s,s\/\er_ 65%
' Y H o

e}

et oo ks . H o NH,* N/T
d.1th10 imino | Antide 3 \"/N ~n /ll\/\s ,s\/\/lL -

0
: 0 NH* L)
h e . . . H 82%
exylthio-imino Antlde.I YN W Jl\/s\A)LN_ -
| | Antide3 - 5. oo S
. — 0 s W | '
hexyltoluyl-dithio| ~Antide 1 \\/Nﬂvvvm(\/\i«— 54%
imino i H ' H 37%
Antide 3
GGEA | Antide 1 | y HNJ\cone' 60% -

T

N

Antide 3 N g’ﬁf o H 48%
(o]

| _ g

N.T. Not tested



Q unit aof IFis the quantity of IF required to bind 1 ng of VB12) was then
added to the m xture, and the m xture was incubated for 20 mn at room

- tenperature (RT) before the addition of a solution of 5% activated 5
~chdrcoal in 0.1%BSA (IF and VB12-free, Sig Sanpl es were centrifuged

and the counts in the supernatant (IF bound) ahd pellet (free [err] were
used to determine the relative affinity of IF for the material tested. 10

Synt hesi s of ANJI DE an _ cPansghfembhagee,
unmodi fi ed | ysi %’éJuﬁﬁ?ﬁb‘l”s g‘}?i &ﬁ%ﬂﬁqwﬁgfm DE%? ANTI DE- 2 and
Lys8ANTI DE or AﬁMéﬁihBlésbenEagee 1.) were synthesized on an Applied

Bi osystems 15 Pepti dgy é%Eéhfsééﬁr 3Pﬁggédggk@ﬁrﬁchﬁasedDﬁEAWDMEeands|n
and purified by Reverse ase

LC, using a, di ent of 0) nitrile
in 0.1% TFA. Tabhe N-sucsipimAylopSKRFI %B%H’s gﬁaﬁog&%sed%\ ?fé‘%ue

.Sﬁﬁgencg_fN§!EFseVBtz Glxgl{?tﬁﬁl “Bh(ﬂ&F C16m$¢1pcwa$ Ed@adgéyacggr Lys

E—Phé (pC|¥ (D_pgpgg}On mix ure was Stl red]fg% 3b M nuths &t TRl 2) »
temperature, then diluted with 2% acetic acid, and
filtered. The products, B12-TP-ANT1 and B12-TP-ANT3
were purified by RP-HPLC, lyophilized and stored under

10 dessicant before use (Table 2).

Statistical analysis

Data from replicate individuals (in vivo trials),
and from replicate experiments (in vitro trials) were
subjected to one-way analysis of variance, and Tukey

15 HSD post hoc tests were applled for the pairwise
comparisbn of means, which were deemed to be
significantly different at a probability level of
'P<0.05.

Affinity of VB12-ANTIDE conjugates for Intrinsic Factor

20 All VB12-ANTIDE con)ugates tested showed good
affinity for Intrinsic Factor (Table 2). In fact, most
con)ugates had a relative affinity which was higherx
than that of the eVB12 isomer used to make the
conjugate (normally around 35%).

25 Example 1 _ o | .
Formation of VB12-ANTIDE analogue cqnjugate; using non-
cleavable homobi-functional cross-linkers
' Theé direct conjugation between VB12 and ANTIDE-1
and ANTIDE-3 produced conjugates with greatly reduced

30 bioactivity when compared to ANTIDE. The close
prox1m1ty of VB12 to ANTIDE using this conjugation
strategy would sterically interfere with the binding of
ANTIDE to the LHRH receptor. In order to reduce the
steric effect possibly seen with direct conjugation,

35 non-cleavable linkers were used to produce covalent
complexes between aminoethyl"e"VB12 and ANTIDE-1 and 3.
Briefly, the ANTIDE-1 and 3 were reacted with a 1.5



ANT! DE: L Sér, Lys (Nic), DLys, Leu, Lys(iPr), Pro, [err] [err]

or N-Ac-D-Nal (2), D-Phe (pd), D-Pal (3) ANTIDE-2 Ser, Lys ,
D-Lys(Nic), Leu, Lys(iPr), Pro, [err] [err] or N-Ac-D-Nal (2), D Phe
(pd), D-Pal(3), ANTIDE-3 Ser, Lys (pNic), D Lys(Nc), Leu, Lys,

Pro, [err] Two of the anal ogues, ANTIDE-1 and ANTI DE- 3, have 20
consi derabl.e potency in vitro and ANTIDE-3 has activity conparable to the

native ANTIDE in Vo J:t@eéﬂé rSEle CONGE OB s GOPL HORL P gﬁbémtée DssWBf:

carboxyl ate of VB12 }&VBM to either ANTI 'E)E& ANTI g é&g}e

found to reduce tFeMBIRRRIFIYEYLBES(HCANTH E%su%ﬂépﬁbﬁ {

Subflantlally |0Wﬁ%rﬁf§§lé@ﬂﬁ6$h Teﬂﬁbt&ﬁ@l(RTplaAﬁiﬁeethylmbeVBmz was

anal ogue was test I n vivo. Direct,conju ANTI DE
o A4 a8 e 48 PR oE1a 59843 hh

anal ogues to nono 'n-a ?unctlonal
_group suitabl & fomvenm;g@at|@nnwﬁgahedVﬁaﬁernabmwaSEpucy&nadobnlan1n (VB12)

‘V“’ﬁfajrj Lsglgy?fe%lgx%h&ggéaawconfQépﬁédQQ%st The €okSaEBEiLf agRgOCAr bOXY
followed by Reversed Phase HPLC (RP-HPLC). The VB12-
_ Anilido-ANTIDE-1 and ANTIDE-3 conjugates were formed by

reaction of aminoethyl“"e"VB12 with p-aminophenylacetic

10 acid using EDAC/NHS. The VBl2-anilide, was in turn
conjugated to ANTIDE-1 and ANTIDE-3 using EDAC/NHS. The
conjugated material was purified by G-25 chromatography
in 10% acetic acid followed by RP-HPLC.
Example 2 :

15 Formation of VB12-ANTIDE analogue conjugates using
spacers

Preparation of conjugates between VB;z and

ANTIDE-1 and ANTIDE-3 with either hydrophilic spacers
such as EGS (16.1 A), hydrophcobic spacers such as DSS

20 (11.4 ij, or a shorter bulky anilido group, greatly
increased the in vitro bio-activity of the conjugates,
to levels comparable to that of the parent analogue
(Figs 1 & 2). Thus, B12-PA-ANT1, B12-EGS-ANT3 and Bl2-
DSS-ANT3 all had bioactivities comparable to that of

25 native ANTIDE (Figs 1 & 2).'By contrast, the in vivo
bioéctivity of these conjugates when given sc to rats
was very low, as evidenced by the failure of these
conjugates to cause a significant drop in serum LH
levels in castrate rats, even'at doses of 100 ug of

30 analogue. ANTIDE and ANTIDE-3, on the other hand, were
active at doses as low as 12.5 ug (Figs 3 & 4). It thus
appeared that some factor other than steric hindrance
was affecting the in vivo activity of these VB12-ANTIDE
conjugates (cf. Fig. 1 with 3 and 2 with 4).



|scurn=3r),r whi ch has previously been shown to have the 10 hi ghest affinity
for IF of the three isoners, was separated fromthe b and d isoners (also
formed during acid hydronS|s of cyanocobal anmin) by a conbi nati on of Dowex
1X2 chromat ography, and seni-preparative G 18 RP- HPLC devel oped with a
gradi ent of 5-100% acetonitrile 15 in 0.1% TFA. Am noet hyl -eVB12 was
prepared by reacting the eVB12 isoner with 1,R2-di am noethane at pH 6.5
using a twenty-fold nolar excess of the diamne over e isonmer and a twenty
fold nmol ar excess of 1l-ethyl-3-(3- 20 dinethyl-am nopropyl) carbodiim de
(EDAC; .Biorad, gRaniprend CA.). The am noet hyl deri vative was purified by

RP-HPLC on a semi - prepar at 4 USJ g{ﬁ) poitrile
gradient in 0. FRTMRAiqH lﬂéed"?]& e@,ui?'g*l%g% IHJ“ er pur qe?%; S- Sephar ose
25 chromat ogr gllsavabllee caros®-Dinkersi ve was el uted with 0. 1 M HO ,

fol | oned by extractiqn into %ﬁﬁ%? XA AL d e | i Dngyvat er af ter
the addition of di chﬁﬂﬂﬁﬁﬂ %é’\?él% he” pheno }?phase Am noet hg/\?- eVB12 was
then recovebed dxtendét hpdxophhhie 0y kydrgphpbi¢ ;SPRGATS TRECIRTEE ANTI DE

anal ogues were E$hiD i—h.e coibpdi actireitfDRE, and the
products (Bl12- AW% qurlg 16 tHed 2 dep

was forned bet vkl veyANEIRE . 2§§:§§¢9£%E3§g3¥§ﬁ$€E98l8P9§%2%??%efSf 3gp2|ex
purified by Chréﬁﬁﬁﬁ@ﬁ@@@y however, had little effect in lowerlng
serum LH levels of castrate rats over the range ‘of

10 doses tested. These results suggested that although the
general strategy of increasing the bioactivity of the
VB12-ANTIDE conjugates by the introduction of extended
spacers was correct, the conjugate so formed had
reduced activity in vivo, possibly due to the presence

15 of the VB12 molecule in the conjugate. Conjugates were
therefore prepared in which the covalent linker '
contained a biodegradable disulfide bond,'which would
be reduced in vivo, presumably by glutathlone in serum.
Briefly, amlnoethyl"e“VBlz was reacted with N-

20 succinimidyl 3- (2-pyridyldithio)propionate (SPDP). The -
dlthlopyrldyl -amindethyl"e"VB12 (DTP"e"VB12) product
was purlfled by RP-HPLC. A free thiol was .introduced
onto ANTIDE-1 by reaction with SPDP. The dlthlopyrldyl
group was then reduced with mercapto-ethanol and the

25 product purified by RP-HPLC. Similarly, a free thiol
was introduced into ANTIDE-3 by reaction with
iminothiolane. The thiolated product (SH—HNfANTIDE 3)
was purified by RP-HPLC. Formation of the disulfide
linked VB12-ANTIDE-1l and VB12-ANTIDE- -2 conjugates was

‘30 achieved by reaction of the thiolated ANTIDE derivative
with DTP"e"VB12 in 2.5% acetic acid for 24 hours. The
conjugated material was purified by Sephadex G-25
chromatography, followed by RP-HPLC.

Example 4

35 Formation of VB12-ANTIDE analogue conjugates using

biodegradable linkers



on -Sephadex G 25 in 10% acetic acid prior to RP-HPLC on a sem -preparative
G4 colum, as described above. Conjugation of VB12 to ANTIDE using
cross-linker containing a hindered thiol Am noethyl-eVB12 was reacted with
4- “succi ni m dyl oxycarbonyl -[err]-methyl-[err]-(2- 5 pyridyldithio)tol uene
(SMPT; Pierce). Ininothiolated ANTIDE-1 and ARTIDE-3 were prepared as
outlined above. The SMPT-derivative of aminoethyl-eVB12 was then reacted
with the thiolated ANTIDE-1 and -3 derivatives as_described above f(%l owed
by subsequent purificaii oRded ab BEAUESSLARTPossdbBIALYSSIANPRYAY 1 usua

Voo et A e A, e b s, v
ani de/ di met hy| ffarkimwicey (DR oD, VB -ANE enate W th argon
for ten mnutes, f%?%f% (Uéﬁd rh‘%hidllEIéH¢HHMé¥id&ﬁﬁIIidefnontalmuguF was.
t hen added drop\ﬂ cfhe st rred sol ut on Ci{ Po RS Ure was
stirred for 30 ripaaes. LhipdFIRITRT { fg%uted e wat er |
filtered and the, Sof BhRrSsE AfHdmavmilBJlﬁy Sﬂw&l\ﬂl‘o‘s lopedspofified by
preparat|ve Rp*ﬁgéuéedqgfutgthlone in serum. Conjugates were therefore
prepared between ANTIDE- -1 and ANTIDE-3 using a thiol-
cleavable spacer (SS) and a hindered thiol group (TSS).

' 10 The presence of the hindered thiol in the latter spacer
should mean that is would be cleaved more slowly upon
exposure to serun glutathlone A conjugate containing a
non-cleavable thioether linker of similar length (SC)
was prepared.

15 The thiol-cleavable B12-SS-ANT1 and B12-55-

' NHtANT3 conjugates were found to have similar in vitro
biocactivity to the extended spacer conjugates described
above (Figs. 1 & 2, Tables 5 & 6). Administration of
B12-SS-NH*ANT3 parenterally to castrate rats resulted

20 in a similar reduction in serum LH to that seen with
the unmodified ANTIDE- 3, while Bl2- SS-ANT1 had a
similar bioactivity in vivo to native ANTIDE (Table 6).
Thus, the use of the thiol-cleavable spacex, rather
than a non-cleavable spacer, in the preparatlon of the

25 VB12-ANTIDE conjugates, while having little effect on
the IC50 of the VBlZ-spacer-ANTIDE conjugates in the in
vitro assay, greatly increased the potency of these
conjugates in vivo , toO levels similar to ANTIDE (Figs.
3 & 4, Tables 5 & 6). The incorporation of a tolyl-

30 group, or hindered thiol,-did not significantly change
the in vitro or in vivo act1v1ty of -either analogue
relative to the respective unhindered thiol analogue
The non-cleavable conjugates formed with the thio-ether
linkage were found to have similar activity to the

35 thiol analogue when tested in v1tro, however, this
analogue had a greatly reduced activxty when tested in
vivo. '



12 Tabj e 2 ~Structure of spacer and IF affinity of [err] conjugates

Ceneral Structure: [err] - SPACER - Antide Conjugate Ant i de
SPACER - | F Name - anal ogue
affinity direct Antide 1. None
NT Antide 3 ' N T anilido .
Antide 1 [err] 3% Anti de 3
36% 0 "0 EGS-derived “Antide 1 [err]
30% Anti de 3 [err] N/T[err]
DSS- deri ved Tablev® i de  Jn vitro bioassay for Hleokade of LHRH-stmmIated
%err% g Chioni release o éLHﬁommﬁﬁﬁindﬁjl bélls-lyr ANTID lits  Anti de 1
err ithio-imno VB niugates _
N T [err] hexylthio- |mno'h EA a’ﬁie 1,2-00jg [err]
. 82% Antide 3 [err] - S 65%
- hexyl tol uyl - dithmro—7AmtTde—t
. 54% 1.m no Analogue- IC50 (n]
ANTIDE 4.410.78 [20]
ANTIDE-1 | 2.1+0.32 (8]
ANTIDE-2 11.7+2.728/b (5]
ANTIDE-3 1.240.22 (13]
B12-ANT1 ' . 88%21C (5]
'B12-ANT?2 105+21C [4]
B12-ANT3 36+10 - [4]

Median inhibitory concentrations (IC50) of ANTIDE, ANTIDE analogues and VB12-ANTIDE
conjugates for antagonising LHRH-stimulated release of LH from rat anterior pituitary cell
cultures during 4 hours. Results for conjugates (mean +/- S.E.) are given as ng of the
incorporated Antide analogue/ml (final concentration in culture well) from n independent trials.
Results that are not significantly different from each other (i.e_:'. P>0.05) are grouped_ under a

common subscript letter.



imw¥o , -« Antide 3 [err]

37% GGEA Antide 1 . _ [err]

60% Antide 3 N.T. Not tested 13 Conjugation of VB12 to ANTIDE using a
transgl ut am nase cl eavabl e |inkage ANTIDE-1 angg-3 were taken up in 5%

DI EA/ DMF and the N-succinimdyl ester derivative of eVB12- GGEA-Owe 5
(evBl2-Adydyd uAla) in DVMF (100 [err]) was added. Each .reaction mXxture
was stirred for 3§1qinutes_at roomtenperature, then diluted with 2% acetic
acid, and filterelfblede proderevsLHimzlsipcasirne sais/abowingsulrmmanegise puri fi ed
by RP-HPLC, |yophilized and stored under 10 dessicant before use (Table -
2). Statistical analysis Daffdediogef AMIDEANTILNG ryalagugsordbeir ¥Buz-trial s),
and fromreplicate experinents (in vitro trials) were subjected to one-way
anal ysi s of variance, and Tﬁ‘?(b!ﬂ%é‘ﬂfﬁf HSD post hoc tests were applied for the
pai rwi se conparison of neans, which were deened to be significantly

different at a prebabrHty—tevel—of P<Q 05 A R-ty—ofBl2 ANT DE
conj ugat és - f or In&gﬂggﬁeFact or Dose (ug) Mean LH +s.d.
(ng/ml)
Expt.1
Control 7.35+1.902%
ANTIDE 100 0.29+0.060
50 0.24:+0.06b
ANTIDE-1 100 . 6.374£1.002
ANTIDE-2 . 100. ~9.51#3.112
ANTIDE-3 - 100 _' 0.27+0.05P
' B12-ANT3 50 10.1128
Expt.2
Control | - . 6.692
ANTIDE — 50 0.44+0.02b
ANTIDE-3 16.7 - ~0.71+0.2b
B12-ANT1 50 5.44+1.42
B12-ANT2 50 5.55+o.97a
B12-ANT3 50 5.5140.228

* A common letter signifies that the mean values do not significantly differ from one another

(P>0.05)



20+ . « Al VB12-ANTIDE conjugates tested showed. good affinity for
Intrinsic Factor (Table 2). In fact, nost conjugates had a relative
affinity which was higher than that of the eVB12 isoner used to nake the
conjugate (normally around 35% . 25 Exanplg, 1 Formation of VB12- ANTI DE
anal ogue conj ugates using non- cl eavabl e honbbi - functional cross-linkers
The direct conjugation between VB12 and ANTIDE-1 and ANTI DE-3 produced
conjugates with greatly reduced 30 bioactivity when conpared to ANTI DE.
The close proxiatidy. of \Bhdud bictdStyfir bisckade ofiLEREbsfrafatedon st rat egy woul d
sterically interfere with the binding of ANTIDE to the LHRH receptor. In
order to reduce the st ersefeasé bAEH frowsxit pityitarysallaby ANIIPECHS conj ugation, 35
non-cl eavabl e Iinkers were used to produce coval ent conpl exes between

ani noet hyl "e"VB12 and ANwidbizues and dBulfige ligked/VB1eofi@¥ef- 1 and 3 were

reacted with a 1.5 14 nol ar excess of either D succinimdyl suberate
(DSS) or Ethylene glycol bis(succinindylsuccinate) (FGS) for 10 mnutes. at
Room Tenperate (RT). Am noethyl "¢'VB12 was then added and t he reaction
al l owed to proseatioguever ni ght .- Cohj ugat d§58&t erial jwas Blified by
 ANTIDE . 4.410.72 (20]
ANTIDE-1 ~2.140.32 (8]
B12-SS-ANT1 10.4+4.0P [3]
ANTIDE-3 1.2+0.2€ [15)
HS-NHYANT3 ' 0.7240.112,€C (3]
B12-SS-NHTANT3 7.4+0.8asb [3]

* (See legend to Table 3 for further details).



chreomat ogr aphy on Sephadex G 25 in 10% acetic acid,

Phase HPLC (RP- HPLC).

were formed by reaction of am noethyl"”

foll owed by Reversed
The VB12- Anilido-ANTIDE-1 and ANTI DE-3 conj ugat es
e"VB12 with p-am nophenyl acetic 10

acid using EDAC/ NHS. The VB12-anili de, mas 20 turn conjugated to ANTIDE-1
and ANTI DE-3 using EDAC/ NHS. The conjugated materi al
chromat ography in 10% acetic acid foll owed by RP-HPLC. Exanple 2 15

Formation of \EbZ ANT| DERfiratiODHEseEmn L Biebed 31 b@siiage ﬁﬂ.ﬁjbélbﬁw@r epar ation of
conj ugat es between VB12 agd ANTI| DE-.

spacers such as EGS (16.°¥

Siaegys pstian of ANTIDE, ANJIDR o

was purified by G 25

her

qggoggg

drophilic
(11.4 A,

or a shorter bul ky ani | iter giseifpde lfjikedVBY yiconjugateed the in vitro

bi o-activity of the conjugates,

to |l evels conparable to that of the parent

anal ogue (-Fi go—4—&—2—Fhtsr—RI2—PA-—ANFL—BII—ECS—ANFI—aRt—B+2—BSS- ANT3
~all had bi oactAnaagse conpar abl e t ¢ Dosat ((mb)25 nSerwe BHITI %)E)t Figs 1 & 2).
- By contrast, the in vivo bioactivify of these| c iven sc to
“rats was very low, as evidenced by|the Pailurk %? %%bs conjuga es to cause
a significant_drop in serum LH | evélAnakoguetf-at e (Mean tewed.dt doses of
100 ug of 30 anal ogue. ANTIDE and ANTIDE-3, oh the other hand, were active
at doses as low as 12.5 ug (Figs 3|& 4). It thus appeared that sone factor
ot her than st A&NRIDEj ndrance 25.0 41+0.70 (#1)
' 12.5 15.3+5.40 [#3]
6.3 80.6+43.8 [#3)
3.1 100.2+36.8 [#3)
ANTIDE-1 100 87.6+13.6 [#1]
B12-SS-ANT1 25.0 19.8+4.80 [#5]
12.5 - 34.4+14.7 [#5)]
6.3 73.9+25.4 [#6]
ANTIDE-3 100.0 3.7+40.70 ([#1]
' .25 18.045.50 [#5]
12.5 43,0+12.8 [#3]
6.3 ©116.1+42.4- (#3]
HS-NH*ANT3 50.0 128.2+11.4 (#5]
25.0 77.3417.2 [#5]
- 12.5 . 112.8+20.9 [#5]
B12-SS~-NH*ANT3 50.0 16.5+5.10 [#5]
25.0 . 23.849.20 [#5]
12.5 63.8+16.5 [#6]
6.3 78.8+24.4  [#6]




was.affecting the in vivo activity of these VB12- ANTIL.DE conjugates (cf.
Fig. 1 with 3 and 2 with 4). 15 Exanpl e 3 Formation of VB12- ANTI DE
conjugates using thiol- cleavable cross-linkers Linkage of VB12 to ANTIDE
anal ogues using 5 extended hydrophilic or hydrophobic spacers produced
conj ugates which had simlar in vitro activity 2b native ANTIDE. Parentera
adm ni stration of these conjugates, however, had little effect in |owering
serum LH | evel s of castrate rats over the range of 10 doses tested. These
resul ts suggest ed ExamphbetHough the general strategy of increasing the

bi oactivity of theFé@ﬁ%tfgg15%igggbu fﬁgbénﬁﬂggﬁgtéggyﬁéaggsoﬁsgﬁgeaded

spacers was correct e_conj ugate so forned had”reduced activity in vivo,
possi bly due to th%rﬁﬁégbﬁéémlsasgfClﬁéV%BlE }5nkeEGte in the conjugate.

Conj ugat es were thefefOV@bﬁiﬁeafég farmeaCBeEh@eﬁovaizntahdnxnrxnnnLaanad a
bi odegr adabl e di sul fi de bond, Twhi ch

woul d_be duced resunably by
gl ut at hi one i n dserMNTIRErdf p§ing fnsEpRgel “EaWBEESﬁaE ?338%88 ﬁﬁeﬁ %
“succini mdyl 3-(2-guyr g@ﬁglﬁ&h@)p B2 orpi ANT SRAR) . BIheTP-ANT3) were found

di thiopyridyl - an1n€et Xve"gggglgc Eiﬁly ¥Bl%%t9r0ducd negligible activity
in vivo at the doses tested, suggesting that this bond
was not cleaved in vitro or in vivo. The stereo-

10 specificity may have inhibited the cleavage of the
- ANTIDE-1 conjugates'(due to the presence of the D-
lysine group), while steric hindrance may have
prevented the transglutaminase enzyme from cleaving
both the ANTIDE-1 and ANTIDE-3 conjugates.
15 Example 6 o
Formation of VB12-ANTIDE-Analogue Lysyl-Polyglutamate
conjugates using thiol-cleavable cross-linkers
It is desirable to increase the amount of drug,
or its analogﬁes, which can be taken up by the VB12-
20 transport system, by the linkage of multiple copies of
' the drug to a polymeric backbone, to which is
conjugated one or more VB12 molecules. A process is
described for the formation of such a VBl12-drug-polymer
complexes.
25 a) Formatian of DTP-Lysyi-polyglutamate
' Poly-glutamate (100 mg) (MW 64,600-70,000;
Sigma), was reacted with EDAC (100 mg) and NHS (50 mg
in acetone)'for 10 minutes at RT. Lysine (400 mg in 4
. ml-l%NaHCOé) was added and allowed to react overnight
30 (0/N). The product, Lysyl- Polyglutamate (LPG), was
purified by extensive dialysis against DW, and then
" lyophilized.
The dithiopyridyl derivative of LPT, was obtained
by reacting Dithiopyridyl-propionic acid (50 mg) with
35 O-(N-Succinimidyl)-N,N,N’N’-tetramethyluronium
tetrafluoroborate (TSTU) (100 mg) and N-
Ethyldiisopropyl amine (100 mg; DIEA) in DMF for 1



was.purified by RP-HPLC. A free thiol was introduced onto ANTIDE-1 by

reaction with SPDP. The dithiopyridyl group was then reduced with
mer capt o- et hanol and the 25 product purified by RP-HPLC. Simlarly, a free
thi'ol was introduced into ANTIDE-3 by reaction w th imnnothiolane.

The
_thiolated product (SH HN[err] ANTIDE-3) was 23urified by RP-HPLC. Formation
of the disulfide |inked VB12- ANTI DE-1 and VB12- ANTI DE-2 conj ugates was 30
achi eved by reaction of the thiolated ANTIDE derivatiye wt &gf"e"VBlz in
2.5% acetic acitﬂ)\jr_o.r 24, Uil o i el dyej et BN A WS Durified by
Sephadex G 25 chromat ogrécgh foll A PysSRrddlin Hmimp2e NMaBEOFor mat i on
of VB12- ANTI DE ket r#%d?%s 3ing iode'?ragsggg ikﬁ%%réhi(:hl@hén
order to reducepjderdascionlway alloeedveP B¥OTHE - Al ,cgn%ggates
fromthe circul at i(gn folhgé\l/i gg?}em'vggt'QBifl/B&bed\Emeuebh}'@gQFé YitPe
prepar ed usi ng BEPRRGE- EPTRTABIE, VAT s If'dS:coataining, 5 spacer. This
spacer woul d poagalhatlpWaland/th@ncFESPQQ 18 AN;ISEE%B%ngVBlz by the | ow
| evel s of reduc glu ' :l r 4hi nochjiogate her ef ore prepared
bet weon ANTI Db BJand RAFPREEEL0R, BF" IMLASonAos TER

AT S (30"%g} WhkCkissolved in 300 ul 5% DIEA
in DMF containing 5 mg EDTA plus 5 mg DTT, which ?ad
been degassed under argon. .Iminothiolane (20 mg ;ne ,

10 50 pl DIEA/DMF plus 50 pl Borate buffer. 100 mM pH 8.2)
was .added and reacted for 60 minutes_befo;e
purification by RP-HPLC and lyophiliza?ion. -

c) Preparation of Iminothiolated amlnoethylt 120 X

. Aminoethyl®e"VB12 (20 mg) was dissolved in 300 M

15 5% DIEA in-DMF containing 5 mg EDTA plus.s mg.DTT,
which had been degassed under ;;gon. Iminothioclane .
(20 mg in 50 pl DIEA/DMF plus 50 pl Borate buffei,

100 mM pH 8.2) was added and reacted for.s? ml?u es
before purification by RP—HPLQ and lYOphlllzathZ;

20 d) Formation of VBlZ-ANTIDEfLysyl-Pol?glutama

' | DTP-LPG was dissolved at 20 mg/ml in DW. .
Iminothiolated-aminoethyl-VBlZ was dissolved at 5 mgd?
in DW and added to the DTP-:PG (1:20 w/w? ?nd allowe
. to react for 20 min at RT pefore the addition ?f -

25 iminothiolated-ANTIDE-1 (50 mg/ml in DW) dropw1§e5t; .
étirring; The reaction mixture was kept at th . H.
by fhe additién of Tris.HCL pH.7.0 and_NaAcetahf,h?the
5.5. The reaction proceedgd overnight after w fc. i
product was purified by dialysis and then.lyophlllz:n;

30 The composition_of'the product was determlneé bYTiﬁE_l
acid analysis and found to contain 1 : 5 3 2I,AN

i IDE.
: Lysine : Glutamate, or roughly 25% by weight ANT



clLeavable spacer (SS) and a hindered thiol group (TSS). 10 The presence of
t-he hindered thiol in the |atter spacer should nean that is would be

cl eaved nore slowy upon exposure to serum gl utathi one. A conjugate

coritai ning a non-cl eavabl e thioether linker of simlar length (SC) was
prepared. 15 The thiol-cleavabl e B12- 33 ANT1 and B12-SS- NH[ err] ANT3
conjugates were found to have simlar in vitro bioactivity to the extended
spacer conjugates descri.bed above (Figs. 1 & 2, Tables 5 & 6).

Adni'ni stration of B12ThS Meueldpmers: [ amn HRH \antageristrsitable esul t ed |

20 in a'simlartgredided 11D HuhaS8 UBARRS A eRaR) o¥ thbimndinmodi fied
ANTI DE- 3, while B12-SS- ANT1 had a simlar bioactivity in vjvo to native

ANTI DE (Tabl e 6)CPRfENt ManRAriniand LA AL IGARAT apatierthe 3% t han
a non- cl eavabl e mmcan,mnﬁ‘ed 8y pt1eP A G l;ﬁ&teﬁ{cyz hef 2hedSBio WU 1ds,

conj ugat es, haV|n littd fect, on C50. o
VB12- spacer - t%ce A Tat® eoé"‘}e'?f{hteyl’rf‘\lex%l%%wajgr%‘éﬁ?/rﬁhcqxé%sed t he
pot ency of these:l'mzq (e onal vbimava:tmbﬂ/ﬂbs simdmraticepd It (Figs. 3

& 4, Tables 5 & ]’fl carﬂlﬁ%%ﬁf Oftl?e \ﬂé@en@olmgé s hi nder ed

thIO| di d not 5|gn| e Tn I'n" Vi vo™ ac |V|ty of
ei t her analogueQWﬂmﬂﬂQﬁaﬁhﬁtpﬂﬁsxh;ﬁnﬁywnilﬂﬂﬂhﬂﬂ#ngithﬁcﬂekﬁtﬂt@Mm The

non-cl eavabl e caoyiigiy %1%%81%6@%%% r}é‘%&:{&& S Aﬁﬁ%&?&? PHpg, 1 O
have sim | ar act|V|ty tot ogue when_tesle |n V|tro
homever th wi he high oral biocavailability of vitamin B1l2.
ANTIDE is particularly suitable for oral delivery,
since it is composed of many unnatural amino acids, and
is resistant to tne action of trypsin or chymotrypsin.
ANTIDE, however, must be modified in such a way as to
15 provide a_suitable site for conjugation to VB1l2, as
well as retaining full biological potency. ANTIDE
normally possesses modified lys;ne residues at
positions 5, 6 and 8 viz:- Lys(Nic), D-Lys(Nic) and
Lys(iPr), respectively. The removal of thqse
20 modifications at either of the three sites provides a
free amine suitable for conjugation to VB12. Two
derivatives of ANTIDE, D-LysG-ANTIDE (ANTIDE-1) and
Lys8-ANTIDE (ANTIDE-3) suitable for conjugation to VB12
were synthesized,; and found to have high potency in the
25 in vitro pituitary cell assay. ANTIDE-3 was also found ‘
to be highly potent when administered s.c. to rats,
-although ANTIDE-1, was found to have negligible
antagonist activity, possibly due to an alteration in
the rate of its clearance from serum. The in vitro and
30 ' in vivo potency of either analogue was, however,
greatly reduced by direct cEnjugation to VB12 (Tables 3
& 4), presumably due to steric interference with
binding of the conjugate to the pituitary receptor for
LHRH by the bulky VB12 molecule in close proximity to
35 ANTIDE. - ' -
' In order to reduce the steric éffect seen with
direct conjugation of VB12 to ANTIDE-1 and ANTIDE-3,



anal-ogue- had a gréatly reduced activity when tested in vi vo. 17 Tabl e
3. In vitro bioassay for bl ockade of LHRHstinul ated rel ease of LH
fromrat pituitary cells by ANTIDE, its anal ogues and [err] Anal ogue

| C50

[ 20] ANTI DE- 1

ANTI DE- 2
ANTI DE- 3

13
88[ err]21[ err] non-cleavable linkers ware apped to produce chale

36[err] 10

[n] ANTIDE 4.40.7[err]
2.1+0. 3[#4r] 18]

11. 7[err] 2. 7[err] [ 5]
1.20.2[err] B12- ANT1

105[err] 21[ err]complexes between aftin lngNr&VBlz and ANTIDE-1 and -3,

ANTI DE, ANTI DE

ChEF I S RAER G SERAThY

V05, G058 RRLERR L 0

LHRH- st i mul at edANEIPBSeEnalogh{ r oVBL2LANTIRE+ brcpnjugates ferheduwithes

during 4 hogrs

| ts f oRj u a n as ng of
t he |ncorporatedf§ﬁ%rd% a%éf%ggé/ﬁ?k?flna 2%%%en$r§%}bn6?n9%¥ ture wel |)
fromn i ndependdNTIPE+3 confegates fomwedreitbtanignilidant EGSdi ererent

18

10

15

20

25

30

35

fromeach ot herpgk. gor 78d08padhe, InOYPELUREEE oRFUERBeSURSER B |etter.
vitro activity similar to that of native ANTIDE (Fig

1), suggesting that placing the VB12 group at some
distance from the ANTIDE restored the affinity of the
ANTIDE for its receptor These conjugates had very low
activities in vivo (Fig. 2), possibly due to the
removal of the conjugates from the circulation by VB12-
binding proteins, such as Transcobalamin I or
Transcobalamin II, which would greatly reduce their in
vivo potency. ' :

In an attempt to reduce the possibility of steric
hindrance produced by the'presence of the VB12 in the
conjugates, or reduced systemic bioavailability of the
conjugates as a result of clearance by VB12-binding
proteins, VB12-ANTIDE conjugates were prepared using
linkers which were potentially biddegradable in vivo. A
disulfide llnkage was initially chosen, becduse this
linkage is most readlly cleaved in vivo, and is found
in biological conjugates such as the A-SS-B subunit
toxins, tetanus toxin and diphtheria toxin'(Sandvig &
Olsens, 1981; Matsuda & Yoneda, 1974). Disulfide bonds
have been shown to be cleaved by the low levels of
glutathione found in serum, or in the cytoplasm of
cells (Anderson & Meister, - 1980)

The disulfide-linked VB12-ANTIDE-1 and VB12-
ANTIDE-3 conjugates were found to have a slightly
reduced in vitro potency in comparison to ANTIDE, or
the Anilido- and EGS-linked VB12-ANTIDE-1 and ANTIDE-3
conjugates; In contrast, the disulfide linked
conjugates showed a dramatic increase in their in vivo
potencies when compared to the non-cleavable, extended



Table 4 . Serum LH | evel s in castrate ratsfollomﬁhg subcut aneous
i-nj ecti on of ANTIDE, ANTIDE anal ogues or their [err] conjugates Anal ogue

Dose (ug) Mean LH [err]s.d. (ng/m) Expt. 1 Control _

7.351.90[ err] ANTI DE , 100 0.290.06[err] 50

0.240.06[ err] ANTI DE-1- 100 26 6.371.00[ err]

ANTI DE- 2 100. 9.513.11[err] ANTIDE-3

100 0. 270, 05[ err] B12- ANT3 50 .

iﬁf%é&err] EXDVé%fJ¥FI(¥he(fn vivo bioa%}izﬁﬁycgf these conjeégabeervas
S : . 44+0. -

16. 7 greﬁ_t'_ky 21[%?5?‘]3%121%@15 case, an[aeiééré%gipg §pproach

5.44+1.4[err] BlgsMJDiodegradable spacéfs to join the. teeomo¥penips

- B12- ANT3 5 5.510.22[err] * ‘A common |etter
"signifies that tPEPHRANSYEFERIEYD  not significantly differ from one gnot her
. (P>0. 05) $9 Tabl e 51t will rbei apprécbatedyby opebFeRgagkisied in the

- LHRH-stimul ated art that numerous variations and/or modifications may

| be made to the invention as shown in the specific
embodiments without departing from the spirit or scope
of the invention as broadly described. The'present

10 embodiments are, therefore, to be considered in all

respects as illustrative and not restrictive.



rel‘ease .of LH from rat pituitary cells by ANTIDE, its anal ogues and

di sul fi de |inked [err]-conjugates. Anal ogue | C50*
--k&%ISETaDE : ' 4.4[err]0.7[err] [ 20]
- : 2.10. 3[err 8] B12-SS- ANT1
10. 4[err]4.0[ err] L [ 3] ANTIDE—%ZS L8] .
1.2[err]0.2[err] [ 15] HS-NH[ err] ANT3

0.720. 11 - SS-
7.40.8[er] | spacer congybatepsqd Bagerat 8 TABPES Fof Flrt REF Ebfai1s).

20 Table 6  RgdgpcpsQRHIDANEEMCLH jugatl i Rheadtr ativa s -fasitindityy
subcut aneous i nj

ction of ANTI.DE,  ANTI I ' ' [
i nked VBlZ-conFEQQ#‘&SYAﬁéFSG&gé ehl' O nggqﬁ? J%)rlu@%lgearlﬁﬁﬂf ngi)eof of
rzngt glhl ng controbkpabeal efusimilar( rteay the cop taigingART mom-cleavable

80.6[err] 43.3 f‘;&é’t]gggg%r [b%}l]d Jr%d:glef[ é-'rhra]n?,é:}%‘_ %P%%ﬂ%ﬁgé{’?]s}@&d
100 _ 87 gfeartdlyl 3 efluced] |i B VSS aRGLVitY suggesting that the
19.8[err]4. 80 [J.%%]reja%e% activityyofd'[tﬁfer ldi%ud £ild&]1inked conjugate .
was due to its ability to be cleaved in vivo. All
conjugates described above, whether they were directly
10 linked to VB12 or were linked by a cleavable or non-
‘cleavable spacer were found to be significantly more
soluble in physiological buffers suqh'as PBS or saline,
than the parent ANTIDE molecule (results not shown).
Conjugates between VB12 and ANTIDE-1 and -3 were
15 formed with a spacer containing a.y—glﬁtamyl-e-lysine
bond, which could potentially be cleaved by serum
. transglutaminases. Despite the high in vitro activity
of these conjugates, their in vivo activity was very
low, suggesting that the spacer was not cleaved in
20 vivo. ' | , |
The affinity of the VB12-ANTIDE-1 and -3
conjugates for IF was found to be equal or greater than
the affinity of the eVB12 isomer from which the
conjugates were made. A similar observation has been
25 made for other eVB1l2 isomer conjdgates (Russell-Jones,
1994) '
| These studies demonstrate that is is possible to _
link together two molecules with disparate biological
activities and to substantially maintain the biological
30 activity of each individual component. During such
conjugation, care must belfaken fo maintain the
receptor-ligand binding activity of both molecules, as
well as preserving the bio-availability of the '
pharmacological agent. Thus, although it was possible
35 to make several complexes between VB12 and ANTIDE using
spacers while showing high in vitro activity in the
pituitary cell assay, and with high relative affinity



6.3. . 73.9[err]25.4 [#6] ANTIDE-3

100. 0
3.7[err]0.70 [#1] 25 18.0[err]5.50 [#5] 12.5
43.0[err]12.8 [#3] 6.3 116. 1[err]42.4 [#3] HS-NH err] ANT3
50.70 28.2[err]11.4 [#5] 25.0 77.3[err]17.2 [#5] 12.5
112.8[err]20.9 [#5] B12-SS-NH err] ANT3 27 50.0
16.5[err]5.10 [#5] 25.0 23.8[err]9.20 [#5] 12.5
63.8[err]16.5 [#6] 6.3 78.8[err]24.4 [#6] 21 Exanple 5

Formati on of VBREFERENOESanal ogue conjugates using a transgl utam nase
cl eavabl e linker. Conjugates forned between VB12 and ANTIDE-1 and 5

ANTI DE-3 using a trans Iutan1nase cIe vable gluta ed®r 1A 1ysj nee bond,
(B12-TP-ANTL and -B12. ERha¥F): S ARdst i) j

door act|V|ty In vitro,
and negligible activitali,n MM SB:tléx’afe dlm‘:b,s k(h'iﬁt ed, suggesting that this
bond was not cleaved i.n vitro

R VG, Tt 0-gspesgdicity ma
have i nhi bi ted the ol SRERRY ot ndgqin o o IEB; ’D T5P y may
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of the D Endocrinol., 111, 730
o 3. -Perrin, M. H., Rivier, J. E., and vVale, W. W.
1980 Endocrinol., 102, 1289 :
4. Eisenberger, M., and Abrams, J., 1988., Drugs
Today, 24, 241 '
5. Crawford, D. D., and DaVlS, M. A., in "Endocrine

Therapies in Breast and Prostate Cancer." (Ed) C.
K. Osborne, Boston p.25.

6. Karten,_M.'J., and Rivier, J. E. 1986 Endocrin.
Rev., 7, 44.

7. Schmidt, F., et al., 1984 Contraceptlon, 29, 283
Phillips, A., et al., 1988 Life Sciences 43, 883.

9. Ljundgquist, A., et al., 1988 P.N.A.S. 85, 8236

10. Leal, J. A., et al., 1988.J. Clin. Endocrinol.
Metab., 67, 1325
11. Habenicht, U -F., Schneider, M. R., Fathy El
' Etreby, M. 1990 J. Steroid. Biochem. Molec.
‘Biol., 37, 397. '
12. McLachlan, T. I., Healy, D. L., Burger, H. G.,
| 1986 Brit. J. Obstet. Gynaec., 93, 431.
13. Farnworth, P. G., Robertson, D. M., de Kretser,
D. M. and Burger, H. G. 1988 Effects of 31
B kilddalton bovine inhibin on follicle-stimulating
hormone and luteinizing hormone in rat pituitary
cells in vitro: actions under basal conditions.
Endocrinol., 122, 207-313.
14. Russell-Jones, G. J. (1994) Oral delivery of
Therapeutic Proteins and peptides by the vitamin
B12 uptake system. In *peptide-based Drug Design:
Controlling Transport and Metabolism." Ed. M.
Taylor and G. Amidon, ACS Publications.



| ysi-ne group), while steric hindrance may have prevented the
t'ransgl ut am nase enzyne from cl eaving both the ANTIDE-1 and ANTI DE- 3
conjugates. 15 Exanple 6 Formation of VB12-ANTI DE- Anal ogue

Lysyl - Pol ygl utamat e conj ugates using thiol - cleavgble cross-linkers It is
desirable to increase the amount of drug, or it$ anal ogues, which can be
taken up by the VB12- 20 transport system by the |inkage-of multiple
copies of the drug to a ol yneri c backbone, to_whi g 0 or
nore VB12 nol ecul ek3- 659 oK el CPTHRIS £ oF - th£8§%§n§ %ﬁ %%Egzcﬁga
VB12- dr ug- pol yner conpl £Sked Diptheri&fOtdRihoinod E2P1Eyayl 1pwl pHl ut amat e
Pol y-gl utamate (100 ng) (MWV 64, 60D-70, 000; _S was d t.

(100 ng) and NHS (50 ng haﬁé%ﬁ%ﬁéian?nlﬁfn#ﬁ%t%EtEY §#88§§§|ﬁ§ﬁ(§555@€é
4 m [err]) was added angfaléwwpH 6A tRactorimrmoyacule. g@/n;ol TR&em. ,
product, Lysyl -Pol ygl ut % éégﬁ% 2@5 purified by extensive dialysis
agai nst DW and then Iyog& ri %ﬂ di t hi opyridyl derivative of LPT, was
obt ai ned by reacti ng. Di t MabsydagdyM. paofpoeaila,adi (1834 )nBisaPFAagson of

0- (IV-Succi ni m dyl ) - N, N, Nt&ltaﬁﬁyﬁgﬁ.rrm‘_biiﬁ”iﬂﬁbt glibapbugpependee (TSTY)

100 and N- Et hyl diisopro am ne f or
( "0 ¢ frggmgﬁts Biochem B;op ys. Res. Com., 5%, 1257-

1262.

17. Anderson, M. E., & Melster, A. (1980) Dynamic
state of glutathione in blood plasma. J. Biol.
‘Chem., 255, 9530-9533.



22 "hour . + The succimi m'dyl ester so forned was added directly to 100 ng LPG
di ssol ved in 4 m 2% St HdsBRed RREddON Was al | owed to proceed O N after

whi ch the product (DT fied by exhaustive dialysis 5 against
DW and then |'yophili
ANTIDE-1 (20 ng) was

aration f | ninothiol atl qgy g\
O[err] %DIEAlnDIVFcontah PEWAgrBr%EN
EDTA plus 5 ng DTT, which had been degassed under argon. |

ng in 10 50 [?i‘] | EA/ DMF. pl us 50 [err] Borate buffer, 100 mM pH 8. 2) was
added and reac r 60 m nutes before purification by RP-HPLC and
| yophilizationl.c) A BHRHaamtagomfst sielectied frem dhienagstaug - VB12

Cont ai ni g 56"‘5%%%%%%91“@%&”@@ "%Jr-?"S Y3t A IO npARER [0 OV
| m not hi ol ane (SEG?:m}YISn (@qu)er D-IyseAIovG Jives Iy ) erfo Bd-AlaiHs er, 100

mM pH 8.2) gas .N rigd ion b
RP- ﬂPLC aZ]d I yo?rji-?'i | ﬁ%&ﬂt&dMImolwmﬁﬁgﬂﬁﬂw i Y

VB12- ANTI DE- Ly$PClfol Ritfaldriate S99h (IXS wad dH¥Es@lishr Do 17 (B hr D
I m not hi ol at ed-pgd ,neeia1d- 1 L ANTSOEY 88 ANTE[DIEQ./zr)’i and BAzng-added to -

the DIP-:PG (1329 i and &) oved 1o reach far, 20 ma afs &, gl ore the
Lys(Nic), Leu, Lys, Pro, D-Ala-NH, (LysgANTIDE or
10 ANTIDE-3). -

2. A complex for use in chemical castration of a
subject and/or in treatment of goﬁadotrophin dependent
disorders the complex comprising an LHRH antagonist
linked to a carrier being vitamin B12 or an analogue

15 thereof via a linker group, the linker group being
characterised in.that the LHRH antagonist is cleaved
from a carrier in vivo.. |
3. A complex as claimed in claim 2 wherein the LHRH
antagonist is selected from the group consisting of

20 ANTIDE-1, ANTIDE-2 and ANTIDE-3.

4. A complex as claimed in claim 3 wherein the LHRH
-antagonist is ANTIDE-3.
5. A complex as claimed in any one of claims 2 to 4

wherein more than one LHRH antagonist is linked to the
25 carrier. '

6. A complex‘as claimed'in any one of claims 2 to 5

in which the_car#ier is selected from the group '

consisting of cyanocobalamin, aquocobalamin,

- adenosylcobalamin, methylcobalamin, hydroxycobalamin,
30 cyanocobalamin, carbanallde, S-OLmethylbenzylcobalmin,_
the desdimethyl, monoethylamlde and the methylamide®

analogues all of the above, analogues and homologues of
cobamamide, coenzyme Bl2, 5’'-deoxyadenosylcobalamine,
chlorocobalamin, sulfitocobalamin, nitrocobalamin,

35 - thiocyanatocobalamin, benzimidazole derivatives,
adenosylcyanocobalmin, cobalamin lactone, cobalamin
lactam and the anilide, ethylamide, propionamide, ,

e

[




25 - |n1noth|olated ANTI DE- 1 (50 ng/m in DW dropwise with stirring. The
reaction mixture was kept at pH 6.5-7.0 by the addition of Tris.HC. pH Z.0

and NaAcetate, pH 5.5. The reaction proceeded overni ght afte{rng\/rgHEETtHﬁ@ BEEN
product was purified by dialysis and then |yophilized. 30 The CORPPSH psidepon

of the product was determ ned by am no acid al ysis and fdund-te—eentatnt
: 5 : 21,ANTIDE-1 : Lysine : dutamate, or roughly 25% by viei ght ANTI DE.

23 The devel opnent of an LHRH antagonist suitable for use in humans for the
treatment of hornone depepdent L Ost pliedeaneatinhas ofi the past
been.linited bym??@F?%&ﬁbgf%n%9gaa ﬁ 8QﬂDFecules their poor solubility
in phyS|ologlca+1bumiﬁrB12aoﬂ i1hei anpboguef al bloava|lab|I|ty I n an

attenpt to resolve t Esg @éf@*egg ciQFmgae§ﬁnanynuﬁetof hidsimgadi Ked6t he
e relativ

possi bility of Eonbining® el'y high bioac ! RarRqlegnt LHRH
ant agoni st, ANTLDEwhioh ®hehLHRH RNERIGNAF bﬁﬁa Pke§ik¥t$%gf vitam n Bl12.

ANTI DE is paytigylag| xhggut elibavtame%@bsdemmkey since it is conposed of

many unnatural amno aci i's resistant € Al Whieh thedSHRIDr
chynot rypsi n. ARTI DE, AhGﬂE?éPx ﬁﬁsFlBémﬁgdﬁpleg ﬁﬁ guch a $%ﬁﬁh 0 15

provide a sui taﬁh%a@'otrﬂ.sftoﬁ.scqmm iton the wBxTiexs by a dis

.

linkage.
9. A method for chemical castration and/or treatment

10 of gonadotrophin dependent ‘disorders of a subject -

comprising administering to the subject an effective

amount of the complex as claimed in any one of claims 2

to 8.
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wel I as retaining full biological potency. ANTIDE nornmally possesses
modi fi ed | ysi ne residues at positions 5, 6 and 8 viz:- Lys(Ni c) DLys(Nl C)

=

and Lys(iPr), respectively. The renoval of these 20 nodifi ’@§ E
of "the three sites provides a free amne suit e for conj' 'ﬁ) 1&
Lvs[ rL}L\CNNTI DE’

Two derivatives of ANTIDE, D-Lys[err]-ANTIDE | DE-1) an
(ANTI DE- 3) suitable for conjugation %l G nt hesi zed, and found to
have high potency in the 25 in vit * %Bl m 8 assay. ANTI DE- 3 'was
al so found to be highly potent when adm d s.c. to rats, although
ANTI DE- 1, was found td‘l‘raa\;a:ersagit oiitentaivmgorosides tnovel, LEREsi bl y due
to an alteratlon i nd
30 in vivo potend!ﬂ:o#ﬁi.l ﬁse #ém jé&\s?\é/}f;l %%V\%\ée%gréﬁéér%]a?i@g?bﬁt%gé gn&
di rect conjugati dfBxd. viile (Hlaﬁtﬁ%lstBlwar)tltmeb%myl%baths‘ﬂé‘Pf-Bl for
interference withpi nekiam éﬁmiﬁfsepatwﬁt@ftmmeamag%@wsrecméor for
LHRH by the bul ky VB12 nplecule in close proximty lf\ITI DE, . I n order
to reduce the st AERERES Lethet knven ‘?nc%ﬁ?u%ﬁ ‘?Bﬁeﬁf RRothe

ANTI IDE-1 and ANTIQER\Bp cons?ﬂstﬂﬂlilgcd:ﬁambimll PKENBIDE+2 anddANDIPEegUCE
coval ent '

This Sheet Has:Been Reﬂlaced




compl exes between am noet hyl -eVB12 and ANTIDE-1 and -3, thereby separating
tthe bul ky VB12 group fromthe ANTIDE anal ogue. VB12- ANTI DE-1 conj ugates
formed with 5 either an anilido (PA) or an EGS spacer, .or VB12- ANTIDE-3
conjugates forned with an anilido, EGS- or DSS-derived spacer, all produced
conjugates with in vitro activity simlar to that of native ANTIDE (Fig 1),
suggesting that placing the VB12 grigup at sonme 10 distance fromthe ANTIDE
restored the affinity of the ANTIDE for its receptor. These conjugates had
very-low activities in vivo (Fig. 2), possibly due to the renoval of the
conjugates fromthe circulation by VB12- binding proteins, such as '
Transcobalamn | or 15 Transcobalamn I, which would greatly reduce their

in vivo potency. |n anfattenptr—toretduce—t-he—possbi--ht ¥ of steric
hi ndrance produced by fkhe presence of the VB12 in thejconjugates, or
reduced system c bioavgpilability of the 20 conjugateg as a result of
cl earance by VB12-bi ndi ng proteins, VB12-ANTI DE conj ugat es were prepared
usi ng linkers which wegre pot ially biodegradable in}jvivo. A disulfide
| i nkage was initially [chosen,jlecause this |inkage is|nost readily cleaved
invivo, and is found 25 in ol ogi cal conj-ugates su¢gh _as the A-SS-B
- subunit toxins, tetanys toxi nd “di pREHEFi"a toxi - (Shn&vi g & O sens, 1981;
Mat suda & Yoneda, 1974). Dis i de bonds have been shgwn to be cl eaved by
the I ow | evel s of '
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gl utatyhione found in serum or in the cytoplasmof 30 cells (Anderson &
Mei ster, 1980). The disulfide-Ilinked VB12-ANTI DE-1 and VB12- ANTI DE-3
conjugates were found to have a sllghtly reduced in vitro potency in
coffparison to ANTIDE, or the Anilido- and EGS-1inked VB12- ANTI DE-1 and
ANTI DE-3 35 conjugates In contrast, the disulfide |Iinked conjugates
showed a dramatic increase in their |n vivo potencies when conpared to the
non- cl eavabl e, ext ended 26 for %/ the in vivo bioactivity of these
conjugates was greatly reduced. In this case, an alternative approach u3|ng
bi odegr adabl e spacers to join the two nol ecul es proved successful. 5

It will be appreciated by persons skilled in the art that numerous

vari ations and/or nodifications nay be nade to the invention as shown in
the specific enbodi ments without departing fromthe spirit@or scope of the
~invention as broadly descriljed. The present 10 enbodi nent|s" are, therefore,
to be considered in all resfgects as illustrative and not |restrictive.

IC50 ng/ml

2 .

Fig.

Analogue

ANTIDE
ANTIDE-3
B12-ANT3

B12-PA-ANT3
B12-EGS-ANT3
B12-DSS-ANT3
SH-NH+ANT3
B12-SS-NH+ANT3
B12-TSS-ANT3
B12-SC-ANT3

B12-TP-ANT3



- 29 «CLAKNS 1. A LHRH ant agoni st selected fromthe group consisting of
N-Ac-D-Nal ((2), D-Phe (pd), D-Pal (3), Ser, Lys (Nic), DLys, Leu, Lys(iPr),
Pro, [err] 5 (D-Lys[err] ANTIDE or ANTIDE-1); N-Ac-D-Nal(2), D Phe (pd),
D-ﬁaI(B), Ser, Lys , D Lys(Nic), Leu, Lys(iPr), Pro, DAl a-NH2 (Lys5 ANTIDE
or ANTIDE-2) and N-Ac-D- Nal (2), D-Phe (pd), D-Pal(3), Ser, Lys (Nic), D
Lys(Nic), Leu, Lys, Pro, D-Aa-[err] Dgrr] or 10 ANTIDE-3). 2. A
conpl ex for use in chem cal castratio% f a subject and/or in-treatnment of
gonadot r ophi n dependent disorders the conpl ex conprising an LHRH
antagonist- linked to a carrier being vitamn B12 or an anal ogue 15

thereof via a |inker group, the |inker group being a thiol cleavable |inker
. characterised in that the LHRH antagonist is cleaved froma carrier in

" vivo. 3. A conpl ex as cl ai meg—-A—eai--2—wherei-A—t-he—LHRH Bt agoni st is
selected fromthe group consistijng of 20 ANTIDE-1, ANTIDE-2] and ANTI DE- 3.
4. A conplex as clainmed in cliaim3 wherein the LHRH antagpni st is
ANTI DE- 3. 5. A conplex as cldined in any one of clains 2 fo 4 wherein
nore than one LHRH antagonist id linked to the 25 .carrier. P. A conpl ex
~as claimed in any one of claims|2 to 5 :
@
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9 awhischethe carrier is selected fromthe group consisting of
cyanocobal am n, aquocobal am n, adenosyl cobal am n, net hyl cobal am n,

hydr oxycobal anin, 30 cyanocobal anin, carbanali de,

5- 6- et hyl benzyl cobal i n, the desdi met hyl, nonoethyl ami de and t he

met hyl am de anal ogues all of the above, @ﬁ@logues and honol ogues of
cobamam de, coenzyne B12, 5'-deoxyadenosyl cobal am ne, chl orocobal am n,

sul fitocobal am n, nitrocobal am n, 35 thiocyanatocobal am n, benzi m dazol e
" derivatives, adenosyl cyanocobal nmin, cobalan n | actone, cobal a@ n | actam and
the anilide, ethylan de, progi-onam de, 27 REFERENCES 1. TSchal ly, A
B., Ariumara, A, Kastin, A {J., et al., 1971 Science 173, 1036 2.

Loumay, E., Naor, Z., and Cat|t, K J. 1982 Endocrinol., 111} 730 3.

~Perrin, M H, Rvier, J. E.,| and Vale, W W 1980 Endocringl.,. 102, 1289

- 4. Ei senberger, M, and Afjrans, J., 1988., Drugs Today, 24, 241 .5.

- Cawmford, D.. D., and Davis, M A, in "Endocrine Therapies iiln Breast and
Prostate Cancer." (Ed) C K |Osborne,—Bost-0R—p b mmmmmmmm———— 0
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6. Karten, M J., and Rivier, J. E 1986 Endocrin. Rev., 7, 4%
Schmdt, F., et al., 1984 Cbntraceptlon 29, 283 8. Phillips, A, et

al ., 1988 Life Sciences 43, 883. 9. Lj undgqui st, A, et al., 1988

P.N. A S 85, 8236 10. Leal, J. A, et al., 1988 J. din. Endocrinol.
Metab., 67, 1325 11.  Habenicht, U.-F., Schndfder, M R, Fathy El Etreby,
M 1990 J. Steroid. Biochem Mdlec. Biol., 37, 397. 12. McLachl an, T. |
Healy, D. L., Burger, H G, 1986 BHBH ANTAGONISTS Gnaec., 93, 431, 13.
Farnworth, P. G, Robertson, D. M, de RBRZRACT D M and Burger, H G

1988 Effects of 31 ki |m@|§9@s@wﬁﬁvéﬂm@hnp@@vi@éélﬁbeemmanatu ng
hornone and luteinjzin hornnn& in rf gltUItaré cg& ) |n§§|tro §ct|o
under basal cond??Fa8RnighEcRRANGPMPleses bptweey thgse aphagopls
J.  (1994) Cral‘WB12verThefpfbeéﬁﬁeﬂhv&nEthemaSpandlpaﬂamdgsubyfuﬂefor
vitam n Bl12 yptake system .ln de- ba e u ling
Transport an €§%0¥ adﬁﬂnl 5§P8 gHEh ngggbgﬁiagoPub cations.
28 antagonists of thé invention are selected from the

group consisting of ANTIDE-1, ANTIDE-2 and ANTIDE-3.

Figure 1
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15. Sandvig, K & Qsens, S. (1981) Rapid entry of nicked Di pt herfP4*%xi n
into cells at | ow pH. Characterl zation of the entry process and effé&s of
|l ow pH on the toxin nolecule. J. Biol. Chem, 256, 9068-9076. 16.

Mat suda, M & Yoneda, M (1974) Di ssociation of tetanus neurotoxin into two
pol ypepti de fragnents. Biochem Biophys. Rl Com, 57, 1257- 1262. 17.
Anderson, M E., & Meister, A (1980) Dynam c state of glutathione in blood
plasma. J. Biol. Chem, 255 9530- 9533. 29 CLAIMS 1. A LHRH

ant agoni st semeppeabpxyhichangt alic odmsiytin Eoid MeEivekhyes) ofp phe

(pd), D-Pal (3)tamSh Bh}gso(rlwllq)s el:?ial-éq udeLl, Lys(iPr), Pro, D-Ala-NH2 5
(D-Lys6 ANTI DE or ANTI DE ;

; N-Ac- D Na DPheé\ClF lDP %3&; Lys
, D-Lys(Nic), teu, Ey§PF‘\PrFxPrso°1l9~W W?QX/S‘B“ Nt DB A and
N-Ac-D- Nal (2)in hiZles (m@ )LHP@t Ratf &don 56X lsysu(xmad) tthhéys(aNrd)ar Leu
:_%sChS%pcﬁélggiaEerrt]Mg eAél\\l;ralleFe éréLSOS_ lI“g)II:E ' : A compl ex for use
. A complex as claimed in claim 6 in which the LHRH
| antagom.st is linked to the carrier by a disulphide
linkage.

9. A complex for chemical castration and/or treatment of

10 gonadotrophin dependent disorders in a subject in need of such
treatment comprises an effective amount of the complex as claimed
in any one of claims 2 to 8.
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%2.3.(‘10[% gy B12
#1 Iizfaﬁ‘r’u

conpl ex conprising an LHRH ant agoni st |i nke
or an anal ogue 15 thereof via a |linker grof i Ig@g
characterised in that the LHRH antagoni st ‘QI- """
vivo. 3. A conpl ex as clainmed in clai m2] wHepls l‘tﬁt he' H_aHEéIi-I a0 FFERT st ils
sel ected fro roup consisting.of 20 ANTIDE-1, ANTIDE-2 Al\ﬂ'l DE- 3.
4. A conp@qzqssgcl aimed in claim3 wheref nDATE QHQRE@HH&(-)%{? Yodg
ANTI DE-3. 5. 1. A @ mhHRIK am:azjcaiimd selestyednfrom thal geodpt 0 4 wherein

th t 2 A I ex
s ol ai ned | oA B ke 44K ED) 1, e TRELTar PEEPA@) el coten
f&omthle glrjolﬁﬁlboriafsstﬂl‘hg:b:f ll'yfam@ﬁobatllarﬁdﬁ(aa:IO)eoBa:bagi)ﬁAla-NHZb |
adenosyl cg a(anL? m@%a@ppmg; PXNC éagaﬁhﬁlﬁﬁ pSygaocobal ami n,

car banal i de en fhe I met \t/. nonoet hyl am de and
t he met hyl ani{® lanal (33]1 2Rri h’éY%bovlé“LﬁﬁéNégl)es ehd hysdi®dles of

cobamani de, @aeNZOEARLNEP Wif%ﬁ%ﬁﬁ:ﬂﬁ &h4 ORogebpLlan n,
nP-Rabh:

sul fitocobal nitrao baI a | ocyanat ocobal anin, benzim dazol e
derivatives, %?o’s'y yéf'ﬁ) éﬂ-h Bhm ﬁeFacPXﬁe(N&EBal &% n 1actam and

the anilide, IgthiNia) da,ews dpyopapidg, D-Ala-NH, (LysgANTIDE or
10 ANTIDE-3).

~ . 1% SHEETS S@Heesice, y
subj ect and/or in treatnent of goné‘c‘ffﬁf”r’ophlb q%éi@fgrﬁn Ed erg \ﬁ%ed

2. A complex for use in chemical castration of a
subject and/or in treatment of gonadotrophin dependent
disorders the complex comprising an LHRH antagonist.
linked to a carrier being vitamin B12 or an analogue
15 thereof via a linker group, the linker group being
A thiol cleavable linker characterised .in that the LHRH
antagonist is cleaved from a carrier in vivo.
3. A complex as claimed in claim 2 wherein the LHRH
antagonist is selected from the group consisting of
20 ANTIDE-1, ANTIDE-2 and ANTIDE-3.
4. A complex as claimed in claim 3 wherein the LHRH
antagonist is ANTIDE-3.
5. A complex as claimed in any one of claims 2 to 4
wherein more than one LHRH antagonist is linked to the
25 carrier.
6. A complex as claimed in any one of claims 2 to 5
in which the carrier is selected from the group
consisting of cyanocobalamin, aquocobalamin, ,
adenosylcobalamin, methylcobalamin, hydroxycobalamin,
30 cyanocobalamin, carbanalide, 5-o-methylbenzylcobalmin,
the desdimethyl, monoethylamide and the methylamide’®
analogues all of the above, analogues and homologues of
cobamamide, coenzyme Bl2, 5‘'-deoxyadenosylcobalamine,
chlorocobalamin, sulfitocobalamin, nitrocobalamin,
35 thiocyanatocobalamin, benzimidazole derivatives, ,
adenosylcyanocdbalmin, cobalamin lactone, cobalamin

lactam and the anilide, ethylamide, propionamide,
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30 nonocaboxylic and di carboxylic acid derivatives of vitamn B12 or its
anal ogues. 7. A conplex as clained in claim®6 in which the LHRH

ant agonist: i's linked to the carrier by a disulphide 5 Iinkage. 8. A
conpl ex for chemical castration and/or treatment of gonadotrophin dependent
di sorders in a subject in need of such tredOnent conprises an effective
anmount of the conplex as clained in any one of clains 2 to 7.

monocaboxylic and dicarboxylic acid derivatives of
vitamin Bl2 or its analogues.

7. A complex as claimed in claim 6 in which the LHRH

antagonist is linked to the carrier by a disulphide
5 linkage. '

8-. A complex for chemical castration and/or treatment of
gonadotrophin dependent disorders in a subject in need of such
treatment comprises an effective amount of the complex as claimed
in any one of claims 2 to 7. '

A



