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(57) ABSTRACT 

The present invention relates to treatment of disease by 
inhibition of cellular secretory processes, to agents and 
compositions therefor, and to manufacture of those agents 
and compositions. The present invention relates particularly, 
to treatment of disease dependent upon the exocytotic activ 
ity of endocrine cells, exocrine cells, in?ammatory cells, 
cells of the immune system, cells of the cardiovascular 
system and bone cells. 
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INHIBITION OF SECRETION FROM 
NON-NEURONAL CELLS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/327,855, ?led on Jan. 9, 2006, 
Which is a continuation of US. patent application Ser. No. 
10/088,665, ?led Aug. 14, 2002, Which is a national phase 
entry of PCT/GB00/03681, ?led Sep. 25, 2000, Which 
claims the bene?t ofpriority ofGB 9922558.3, ?led Sep. 23, 
1999. Each of these applications is hereby incorporated by 
reference in their entirety. 

[0002] The present invention relates to treatment of dis 
ease by inhibition of cellular secretory processes, to agents 
and compositions therefor, and to manufacture of those 
agents and compositions. The present invention relates par 
ticularly, to treatment of diseases dependent upon the exo 
cytotic activity of endocrine cells, exocrine cells, in?amma 
tory cells, cells of the immune system, cells of the 
cardiovascular system and bone cells. 

[0003] Exocytosis is the fusion of secretory vesicles With 
the plasma membrane and results in the discharge of vesicle 
contentia process also knoWn as cell secretion. Exocytosis 
can be constitutive or regulated. Constitutive exocytosis is 
thought to occur in every cell type Whereas regulated 
exocytosis occurs from specialised cells. 

[0004] The understanding of the mechanisms involved in 
exocytosis has increased rapidly, folloWing the proposal of 
the SNARE hypothesis (Rothman, 1994, Nature 372, 
55-63). This hypothesis describes protein markers on 
vesicles, Which recognise target membrane markers. These 
so-called cognate SNARES (denoted v-SNARE for vesicle 
and t-SNARE for target) facilitate docking and fusion of 
vesicles With the correct membranes, thus directing dis 
charge of the vesicular contents into the appropriate com 
partment. Key to the understanding of this process has been 
the identi?cation of the proteins involved. Three SNARE 
protein families have been identi?ed for exocytosis: SNAP 
25 and SNAP-23, and syntaxins are the t-SNARE families 
in the membrane; and VAMPs (vesicle-associated mem 
brane protein), including synaptobrevin and cellubrevin, are 
the v-SNARE family on secretory vesicles. Key components 
of the fusion machinery including SNARES are involved in 
both regulated and constitutive exocytosis (De Camilli, 
1993, Nature, 364, 387-388). 
[0005] The clostridial neurotoxins are proteins With 
molecular masses of the order of 150 kDa. They are pro 
duced by various species of the genus Closlridium, most 
importantly C. lelani and several strains of C. botulinum. 
There are at present eight different classes of the neurotoxins 
knoWn: tetanus toxin and botulinum neurotoxin in its sero 
types A, B, Cl, D, E, F and G, and they all share similar 
structures and modes of action. The clostridial neurotoxins 
are synthesiZed by the bacterium as a single polypeptide that 
is modi?ed post-translationally to form tWo polypeptide 
chains joined together by a disulphide bond. The tWo chains 
are termed the heavy chain (H) Which has a molecular mass 
of approximately 100 kDa and the light chain (LC) Which 
has a molecular mass of approximately 50 kDa. The 
clostridial neurotoxins are highly selective for neuronal 
cells, and bind With high affinity thereto [see Black, J. D. and 
Dolly, J. O. (1987) Selective location of acceptors for 
BoNT/A in the central and peripheral nervous systems. 
Neuroscience, 23, pp. 767-779; Habermann, E. and Dreyer, 
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F. (1986) Clostridial neurotoxinszhandling and action at the 
cellular and molecular level. Curr. Top. Microbiol. Immunol. 
129, pp. 93-179; and Sugiyama, H. (1980) Closlridium 
botulinum neurotoxin. Microbiol. Rev., 44, pp. 419-448 (and 
internally cited references)]. 

[0006] The functional requirements of neurointoxication 
by the clostridial neurotoxins can be assigned to speci?c 
domains Within the neurotoxin structure. The clostridial 
neurotoxins bind to an acceptor site on the cell membrane of 
the motor neuron at the neuromuscular junction and, fol 
loWing binding to the highly speci?c receptor, are intema 
lised by an endocytotic mechanism. The speci?c neuromus 
cular junction binding activity of clostridial neurotoxins is 
knoWn to reside in the carboxy-terminal portion of the heavy 
chain component of the dichain neurotoxin molecule, a 
region knoWn as HQ. The intemalised clostridial neurotoxins 
possess a highly speci?c Zinc-dependent endopeptidase 
activity that hydrolyses a speci?c peptide bond in at least 
one of three protein families, synaptobrevin, syntaxin or 
SNAP-25, Which are crucial components of the neurosecre 
tory machinery. The Zinc-dependent endopeptidase activity 
of clostridial neurotoxins is found to reside in the L-chain 
(LC). The amino-terminal portion of the heavy chain com 
ponent of the dichain neurotoxin molecule, a region knoWn 
as HN, is responsible for translocation of the neurotoxin, or 
a portion of it containing the endopeptidase activity, across 
the endosomal membrane folloWing internalisation, thus 
alloWing access of the endopeptidase to the neuronal cytosol 
and its substrate protein(s). The result of neurointoxication 
is inhibition of neurotransmitter release from the target 
neuron due to prevention of release of synaptic vesicle 
contents. 

[0007] The mechanism by Which the HN domain effects 
translocation of the endopeptidase into the neuronal cytosol 
is not fully characterised but is believed to involve a 
conformational change, insertion into the endosomal mem 
brane and formation of some form of channel or pore 
through Which the endopeptidase can gain access to the 
neuronal cytosol. Following binding to its speci?c receptor 
at the neuronal surface pharmacological and morphologic 
evidence indicate that the clostridial neurotoxins enter the 
cell by endocytosis [Black & Dolly (1986) J. Cell Biol. 103, 
535-44] and then have to pass through a loW pH step for 
neuron intoxication to occur [Simpson et al (1994) J. Phar 
macol Exp. Ther., 269, 256-62]. Acidic pH does not activate 
the toxin directly via a structural change, but is believed to 
trigger the process of LC membrane translocation from the 
neuronal endosomal vesicle lumen to the neuronal cytosol 
[Montecucco et al (1994) FEBS Lett. 346, 92-98]. There is 
a general consensus that toxin-determined channels are 
related to the translocation process into the cytosol [Schiavo 
& Montecucco (1997) in Bacterial Toxins (ed. K. Aktories)]. 
This model requires that the HN domain forms a transmem 
brane hydrophobic pore across the acidic vesicle membrane 
that alloWs the partially unfolded LC passage through to the 
cytosol. The requisite conformational change is believed to 
be triggered by environmental factors in the neuronal endo 
somal compartment into Which the neurotoxin is intema 
lised, and a necessary feature of the binding domain of the 
HC is to target binding sites Which enable internalisation into 
the appropriate endosomal compartment. Therefore 
clostridial neurotoxins have evolved to target cell surface 
moieties that ful?l this requirement. 
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[0008] Hormones are chemical messengers that are 
secreted by the endocrine glands of the body. They exercise 
speci?c physiological actions on other organs to Which they 
are carried by the blood. The range of processes regulated by 
hormones includes various aspects of homeostasis (e.g. 
insulin regulates the concentration of glucose in the blood), 
groWth (e. g. groWth hormone promotes groWth and regulates 
fat, carbohydrate and protein metabolism), and maturation 
(e.g. sex hormones promote sexual maturation and repro 
duction). Endocrine hyperfunction results in disease condi 
tions Which are caused by excessive amounts of a hormone 
or hormones in the bloodstream. The causes of hyperfunc 
tion are classi?ed as neoplastic, autoimmune, iatrogenic and 
in?ammatory. The endocrine hyperfunction disorders are a 
complex group of diseases, not only because there is a large 
number of glands that can cause a pathology (e.g. anterior 
pituitary, posterior pituitary, thyroid, parathyroid, adrenal 
cortex, adrenal medulla, pancreas, ovaries, testis) but 
because many of the glands produce more than one hormone 
(eg the anterior pituitary produces corticotrophin, prolac 
tin, luteiniZing hormone, follicle stimulating hormone, thy 
roid stimulating hormone and gonadotrophins). The major 
ity of disorders that cause hormone excess are due to 
neoplastic groWth of hormone producing cells. However, 
certain tumours of non-endocrine origin can synthesise 
hormones causing endocrine hyperfunction disease symp 
toms. The hormone production under these conditions is 
termed “ectopic”. Surgical removal or radiation induced 
destruction of part or all of the hypersecreting tissue is 
frequently the treatment of choice. HoWever, these 
approaches are not alWays applicable, result in complete loss 
of hormone production or have to be repeated due to 
re-groWth of the secreting tissue. 

[0009] A further level of complexity in endocrine hyper 
function disorders arises in a group of conditions termed 
multiple endocrine neoplasia (MEN) Where tWo or more 
endocrine glands are involved. The multiple endocrine neo 
plasia syndromes (MENl and MEN2) are familial condi 
tions With an autosomal dominant pattern of inheritance. 
MENl is characterised by the association of parathyroid 
hyperplasia, pancreatic endocrine tumours, and pituitary 
adenomas, and has a prevalence of about 1 in 10000. MEN2 
is the association of medullary cell carcinoma of the thyroid 
and phaeochromocytoma, though parathyroid hyperplasia 
may also occur in some sufferers. 

[0010] Most of the morbidity associated With MENl is 
due to the effects of pancreatic endocrine tumours. Often 
surgery is not possible and the therapeutic aim is to reduce 
hormone excess. Aside from reducing tumour bulk, Which is 
often precluded, inhibition of hormone secretion is the 
preferred course of action. Current procedures include sub 
cutaneous application of the somatostatin analogue, oct 
reotide. HoWever, this approach is only temporarily effec 
tive, and the success diminishes over a period of months. 

[0011] Many further disease states are knoWn that involve 
secretion from other non-endocrine, non-neuronal cells. It 
Would accordingly be desirable to treat, reduce or prevent 
secretion by non-neuronal cells, such as hyperfunction of the 
endocrine cells that causes or leads to these disease condi 
tions. 

[0012] The activity of the botulinum neurotoxins is exclu 
sively restricted to inhibition of neurotransmitter release 
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from neurons. This is due to the exclusive expression of high 
af?nity binding sites for clostridial neurotoxins on neuronal 
cells [see Daniels-Holgate, P. U. and Dolly, J. O. (1996) 
Productive and non-productive binding of botulinum neu 
rotoxin to motor nerve endings are distinguished by its 
heavy chain. J. Neurosci. Res. 44, 263-271]. 

[0013] Non-neuronal cells do not possess the high af?nity 
binding sites for clostridial neurotoxins, and are therefore 
refractory to the inhibitory effects of exogenously applied 
neurotoxin. Simple application of clostridial neurotoxins to 
the surface of non-neuronal cells does not therefore lead to 
inhibition of secretory vesicle exocytosis. 

[0014] The productive binding or lack of productive bind 
ing of clostridial neurotoxins thereby de?nes neuronal and 
non-neuronal cells respectively. 

[0015] In addition to lacking high affinity binding sites for 
clostridial neurotoxins, absence of the correct internalisation 
and intracellular routing mechanism, or additional factors 
that are not yet understood, Would prevent clostridial neu 
rotoxin action in non-neuronal cells. 

[0016] It is knoWn from WO96/33273 that hybrid 
clostridial neurotoxins endopeptidases can be prepared and 
that these hybrids effectively inhibit release of neurotrans 
mitters from neuronal cells to Which they are targeted, such 
as pain transmitting neurons. WO96/33273 describes the 
activity of hybrids only in neuronal systems Where neuronal 
mechanisms of internalisation and vesicular routing are 
operational. 

[0017] Non-neuronal cells are, hoWever, refractory to the 
effects of clostridial neurotoxins, since simple application of 
clostridial neurotoxins to the surface of non-neuronal cells 
does not lead to inhibition of secretory vesicle exocytosis. 
This insensitivity of non-neuronal cells to clostridial neuro 
toxins may be due to absence of the requisite receptor, 
absence of the correct internalisation & intracellular routing 
mechanism, or additional factors that are not yet understood. 

[0018] WO95/17904 describes the use of C. botulinum 
holotoxin in the treatment of various disorders such as 
excessive sWeating, lacrimation and mucus secretion, and 
pain. WO95/ 17904 describes treatment by targeting neu 
ronal cells 

[0019] It is an object of the present invention to provide 
methods and compositions for inhibition of secretion from 
non-neuronal cells. 

[0020] Accordingly, the present invention is based upon 
the use of a composition Which inhibits the exocytotic 
machinery in neuronal cells and Which surprisingly has been 
found to be effective at inhibiting exocytotic processes in 
non-neuronal cells. 

[0021] A ?rst aspect of the invention thus provides a 
method of inhibiting secretion from a non-neuronal cell 
comprising administering an agent comprising at least ?rst 
and second domains, Wherein the ?rst domain cleaves one or 
more proteins essential to exocytosis and the second domain 
translocates the ?rst domain into the cell. 

[0022] Advantageously, the invention provides for inhibi 
tion of non-neuronal secretion and enables treatment of 
disease caused, exacerbated or maintained by such secretion. 
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[0023] An agent for use in the invention is suitably pre 
pared by replacement of the cell-binding HC domain of a 
clostridial neurotoxin With a ligand capable of binding to the 
surface of non-neuronal cells. Surprisingly, this agent is 
capable of inhibiting the exocytosis of a variety of secreted 
substances from non-neuronal cells. By covalently linking a 
clostridial neurotoxin, or a hybrid of tWo clostridial neuro 
toxins, in Which the HC region of the H-chain has been 
removed or modi?ed, to a neW molecule or moiety, the 
Targeting Moiety (TM), an agent is produced that binds to 
a binding site (BS) on the surface of the relevant non 
neuronal secretory cells. A further surprising aspect of the 
present invention is that if the L-chain of a clostridial 
neurotoxin, or a fragment, variant or derivative of the 
L-chain containing the endopeptidase activity, is covalently 
linked to a TM Which can also e?fect internalisation of the 
L-chain, or a fragment of the endopeptidase activity, into the 
cytoplasm of a non-neuronal secretory cell, this also pro 
duces an agent capable of inhibiting secretion. Thus, the 
present invention overcomes the insusceptibility of non 
neuronal cells to the inhibitory effects of clostridial neuro 
toxins. 

[0024] An example of an agent of the invention is a 
polypeptide comprising ?rst and second domains, Wherein 
said ?rst domain cleaves one or more vesicle or plasma 
membrane associated proteins essential to neuronal exocy 
tosis and Wherein said second domain translocates the 
polypeptide into the cell or translocates at least that portion 
responsible for the inhibition of exocytosis into the non 
neuronal cell. The polypeptide can be derived from a neu 
rotoxin in Which case the polypeptide is typically free of 
clostridial neurotoxin and free of any clostridial neurotoxin 
precursor that can be converted into toxin by proteolytic 
action, being accordingly substantially non-toxic and suit 
able for therapeutic use. Accordingly, the invention may thus 
use polypeptides containing a domain equivalent to a 
clostridial toxin light chain and a domain providing the 
translocation function of the HN of a clostridial toxin heavy 
chain, Whilst lacking the functional aspects of a clostridial 
toxin HC domain. 

[0025] In use of the invention, the polypeptide is admin 
istered in vivo to a patient, the ?rst domain is translocated 
into a non-neuronal cell by action of the second domain and 
cleaves one or more vesicle or plasma-membrane associated 

proteins essential to the speci?c cellular process of exocy 
tosis, and cleavage of these proteins results in inhibition of 
exocytosis, thereby resulting in inhibition of secretion, typi 
cally in a non-cytotoxic manner. 

[0026] The polypeptide of the invention may be obtained 
by expression of a recombinant nucleic acid, preferably a 
DNA, and can be a single polypeptide, that is to say not 
cleaved into separate light and heavy chain domains or tWo 
polypeptides linked for example by a disulphide bond. 

[0027] The ?rst domain preferably comprises a clostridial 
toxin light chain or a functional fragment or variant of a 
clostridial toxin light chain. The fragment is optionally an 
N-terminal, or C-terminal fragment of the light chain, or is 
an internal fragment, so long as it substantially retains the 
ability to cleave the vesicle or plasma-membrane associated 
protein essential to exocytosis. The minimal domains nec 
essary for the activity of the light chain of clostridial toxins 
are described in J. Biol. Chem., Vol. 267, No. 21, July 1992, 
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pages 14721-14729. The variant has a different peptide 
sequence from the light chain or from the fragment, though 
it too is capable of cleaving the vesicle or plasma-membrane 
associated protein. It is conveniently obtained by insertion, 
deletion and/or substitution of a light chain or fragment 
thereof. A variety of variants are possible, including (i) an 
N-terminal extension to a clostridial toxin light chain or 
fragment (ii) a clostridial toxin light chain or fragment 
modi?ed by alteration of at least one amino acid (iii) a 
C-terminal extension to a clostridial toxin light chain or 
fragment, or (iv) combinations of 2 or more of (i)-(iii). In 
further embodiments of the invention, the variant contains 
an amino acid sequence modi?ed so that (a) there is no 
protease sensitive region betWeen the LC and HN compo 
nents of the polypeptide, or (b) the protease sensitive region 
is speci?c for a particular protease. This latter embodiment 
is of use if it is desired to activate the endopeptidase activity 
of the light chain in a particular environment or cell, though, 
in general, the polypeptides of the invention are in an active 
form prior to administration. 

[0028] The ?rst domain preferably exhibits endopeptidase 
activity speci?c for a substrate selected from one or more of 
SNAP-25, synaptobrevin/VAMP and syntaxin. The 
clostridial toxin from Which this domain can be obtained or 
derived is preferably botulinum toxin or tetanus toxin. The 
polypeptide can further comprise a light chain or fragment 
or variant of one toxin type and a heavy chain or fragment 
or variant of another toxin type. 

[0029] The second domain preferably comprises a 
clostridial toxin heavy chain HN portion or a fragment or 
variant of a clostridial toxin heavy chain HN portion. The 
fragment is optionally an N-terminal or C-terrninal or inter 
nal fragment, so long as it retains the function of the HN 
domain. Teachings of regions Within the HN responsible for 
its function are provided for example in Biochemistry 1995, 
34, pages 15175-15181 and Eur. J. Biochem, 1989, 185, 
pages 197-203. The variant has a different sequence from the 
HN domain or fragment, though it too retains the function of 
the HN domain. It is conveniently obtained by insertion, 
deletion and/or substitution of a HN domain or fragment 
thereof, and examples of variants include (i) an N-terminal 
extension to a HN domain or fragment, (ii) a C-terminal 
extension to a HN domain or fragment, (iii) a modi?cation to 
a HN domain or fragment by alteration of at least one amino 
acid, or (iv) combinations of 2 or more of (i)-(iii). The 
clostridial toxin is preferably botulinum toxin or tetanus 
toxin. 

[0030] In preparation of the polypeptides by recombinant 
means, methods employing fusion proteins can be 
employed, for example a fusion protein comprising a fusion 
of (a) a polypeptide of the invention as described above With 
(b) a second polypeptide adapted for binding to a chroma 
tography matrix so as to enable puri?cation of the fusion 
protein using said chromatography matrix. It is convenient 
for the second polypeptide to be adapted to bind to an 
af?nity matrix, such as glutathione Sepharose, enabling 
rapid separation and puri?cation of the fusion protein from 
an impure source, such as a cell extract or supernatant. 

[0031] One second puri?cation polypeptide is glutathione 
S-transferase (GST), and others may be chosen so as to 
enable puri?cation on a chromatography column according 
to conventional techniques. 








































































































