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differentmﬂg‘m. These sensations are detected in the periphery by a
variety of sp ed nerve endi ngs and associ ated structures. Sone of

these are specific for nechanical stimuli of various sorts such as touch,
pressure, vibration, and the deformation of hairs or whiskers. Another
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transduce chem cal signals such as the "burning" sensation evoked by acid.
Thus, the sense of touch can transmt a very detail ed description of

objects a to both informand warn of events. The transduction of
sensory si om the periphery to sensation itself is achieved by a
mul ti-neuronal pathway and the information processing centres of the brain.
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the pri margynGGESO4Y delekbfdGh R periphery by a varicty of specialised nerve endings and
associated structures. Some of these are specific for mechanical stimuli of various
. sotts such as touch, pressure, vibration, and the deformation of hairs or whiskers.
Another class of nerves are able to detect temperatures, with different fibres being
activated by heat and cold. A further population of nerve endings are not normally
excited by mild stimuli, but by strong stimuli only. Sensory nerves of this category
often respond to more than one stimulus, and are known as high-threshold polymodal
fibres. They may be used to sense potentially damaging situations or objects. The
polymodal fibres also transduce chemical siguals such as the “burning™ sensation
evoked by acid. Thus, the sense of touch can transmit a very detailed description of
objccts and serve to both mform and warn of events. '

The transduction of sensory signals from the pcriphery to sensation itself is achieved
‘by 2 multi-neuronal pathway and the information processing centres of the brain, The
first nerve cells of the pathway involved in the transmission of sensory-stimuli are -
called primary sensory afferents. The cell bodies for the pnmary sensory afferents
from the head and some of the internal organs reside in various of the ganglia
associated with the cranial nerves, pamcularly the trigeminal nuclei and the nucleus of
the solitary tract. The cell bodies for the primary sensory afferents for the remainder
~ of the body lie in the dorsal root ganglia of the spinal column. The primary sensory
afferents and their processes have been classified histologically; the cell bodies fall
into two classes: A-type arc la:gc (60-120 pm in diameter), while B-type are smaller
(14-30 um) and more numerous. Similarly the processes fall into two categories: C-
fibres lack the myelin sheath that A-fibres possess. A-fibres can be further sub-divided
into AP- fibres, that are large diameter with well developed myelin, and AS-fibres, that
are thinner with less well developed myelin. Itis gencrally belicved that AB-fibres
arisc from A-type cell bodies and that A8- and C-fibres arise from B-type ccll bodices.
These classifications can be further extended and subdivided by studying the selective
expression of a range of molecular markers.
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The predominant neurotransmxttcr at the synapses between pnmary affercnts and
projection neurons is glutamate, although importantly the C-fibres contain several
neuropeptides such as substance P and calcitonin-gene related peptide (CGRP). A-

fibres may also express neuropeptides such as neuropeptide Y under some
circumstances.

The efficiency of transmission of these synapses can be altered via descending
pathways and by local interneurons in the spinal cord, These modulatory neurons
release a number of mediators that are either inhibitory (e.g. opioid peptides, glycine)

or excitatory (e.g. nitric oxide, cholecystokinin), to provide a mechanism for
enhancing or reducing awareness of sensations.

* A category of sensation that tequxres such physwloglcal modulation is pain. Pain is a
sensation that can warn of injury or illness, and as such is essential in everyday life.
There are times, however, when there is a need to be able to ignore it, and
physiologically this is a function of, for example, the opioid peptides, Unfortunately,
despile these physiological mechanisnis, pain can continue to be experienced during
illnesses or after injuries long after its utility has passed. In these circumstances pain
becomes a symptom of discase that would be better allcviated.

- Clinically, pain can be divided into three categories: (1) Acute pain, usually arising
from injury or surgery that is expected to disappear when that injury is healed. (2)
Chronic pain arising from malignant disease; the majority of people with metastatic

_ cancer have moderate to severe pain and this is resolved either by successful treatment
of the discasc or by the dcath of the patient. (3) Chronic pain not caused by malignant
diseasc; this is a heterogencous complaint, caused by a variety of illnesses, including
arthritis and peripheral neuropathies, that are usually not life-threatening but which
may last for decades with increasing levels of pain.
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NSAIDs have their main analgesic action at the periphery by inhibiting the
production of prostaglandins by damaged tissues, Prostaglandins have been shown to
be peripheral mediators of pain and inflammation and a reduction in their
concentration provides relief to patients. This is especially the case in mild arthritic
discase, where inflammation is a major cause of pain. It has be¢n suggested that
prostaglandins are involved in the mediation of pain in the spinal cord and the brain;
this may explain why NSAIDs have analgesic cffects in some pain states that do not ~
involve inflammation or peripheral tissue damage. As prostaglandins, however, are
only one of several mediators of pain, NSAIDs alone are only effective in reducing
some types of mild pain to acceptable levels. They are regarded as having a ceiling of
activity above which increasing doses do not give increasing pain relief. Furthermore
they have side effects that limit their usefulness in chronic complaints. The use of
NSAIDs is associated with irritation of the gastro-intestinal tract and prolonged use

" may lead to the development of extensive ulceration of the gut. This is particularly

true in elderly patients who form the largest cohort of patients with, for example,
arthritis. .

‘Opioids act at the level of the spinal cord to inhibit the efficiency of o
-neurotransmission between the primary nociceptive fibres (principally C-fibres) and
the projection neurons. They achieve this by causing a prolonged hyperpolarization of
both elements of these synapses. The use of opioids is effective inalleviating most
types of acute pain and chronic malignant pain, There are, however, a number of .
chronic malignant pain conditions which are partly or completely refractory to opioid
analgesia, particularly those which involve ncrve compression, ¢.g. by tumour
formation. Unfortunately opioids also have unwanted systemic side-cffects including:
(1) depression of the respiratory system at the level of the respiratory centres in the
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of tolerance: the dose of a drug required to produce the same analgesic affect increases

with time. This may lead to a condition in which the doses required to allevxate the

pain are life-threatening due to the first three side-effects.

Although NSAIDS and opioids have utility in the treatment of pain there is general

agreement that they are ofien not appropriate for the adequate treatment of pain,
particularly chronic and severe pains.

“Other treatments are also used, particularly for the treatment of chronic severe pain
" including surgical lesions of the pain pathways at several levels from peripheral
nerves through dorsal root section and cordotomy to pituitary destruction. These are,

however, mostly severe operations that are all associated with significant risk to the >
~ patient,

It can be seen, therefore, that there remains a significant need for the development of
new classes of pharmaceuticals for the treatment of pain of many types. The desired
properties of such new therapies can be briefly expressed as follows: (1) the ability to
provide significant relicf of pain including scverc pain; (2) the lack of systemic side
effects that significantly impair the patients quality of life; (3) long-lasting actions that
do not require frequent injections or long-term catheterisation of patients; (4)
provision of agents which do not lead to {olerance and associated dependence.

Statement of Invention

The present invention relates to an agent which can reduce and preferably prevent the
transmission of pain signals from the periphery to the central nervous system, thereby
alleviating the sensation of pain. Specifically, the invention can provide an agent
which can reduce and preferably prevent the transmission of pain signals from
nociceplive afferents to projection neurons. More specifically, the invention can
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+In a fourth aspect of the ixivention, there is provided an agent which can specifically
-~ target defined populations of alferent neurons, so that the effect of the agent is limited
to that cell type. '

Ina fifth aspect of the invention, there is provided a2 method of treatment of pﬁin
'which comprises administering an effective dose of the agent accordmg to the
invention,

In a sixth aspeét_of the invention, the agcnf can be expressed recombinantly as a
fusion protein which includes the required components of the agent.
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neurotoxin approximately equivalent to the ammo-termmal half of the H-chain,
or the domain corresponding to that fragment in the intact H-chain. It contaius
a domain involved in the translocation the L~chain across endosomal
membranes.

LHy means a fragment derived from a clostridial neurotoxin that contains the
L-chain, or a functional fragment thereof coupled to the Hy fragment. It is
commonly derived from the intact neurotoxin by proteolysis.

Targeting Moiety (TM) means any chemical structure of an agent which
functionally interacts with a 'bmdmg sitc causing a physical association between
the agent and the surface of a primary sensory afferent.

Binding site (BS) meaus a structure on the surface of a cell with which
exogenous molecules are able to interact in such a way as to bring about a
physical association with the cell.

Primary sensory afferent is a nerve cell that can carry sensory mformatxon from
the periphery towa.rds the central nervous system.

Primary nocxceptwe afferent is a nerve cell that can carxy sensory mformatmn
from the penphety towards the central nervous system, where that information
can result in a sensation of pain. .
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i nventi on, thermirnals gfithe cahtrdl procass il thobe sduraha suslptiat fhecelkdsy of atrlgat okef | ned

popul ati ons ohegbtAERitkr HERL RN t fi&Gtinf | imted
to that cell 'tp;@@:,tcd. n- ar fi ftuh as B%@f: hlg@ t%ligﬁflﬁ%etﬁﬁ%ﬂls %éﬁgﬁcg%??&grr%ﬂrded a

nmet hod of treatnent of pain which conprises adm ni.st ering an effective dose
of the agent agffistehd ah Agddior i bkt Hivention can be produced by modifying a -

clostridial neurotoxin or fragment thereof,

The clostridial neurotoxins are proteins with molecular masses of the order of 150
kDa. They are produced by various species of the genus Clostridium, most
importantly C. fetani and several strains of C. bofulinum. There are at present eight
different classes of the neurotoxins known: tetanus toxin, and botulinum neurotoxin in
its serotypes A, B, C1, 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 modified post-transiationally 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 (L), which
has a molecular mass of approximately 50 kDa. The clostridial neurotoxins bind to an
acceptor site on the cell membrane of the motor neuron at the neuromuscular junction
and are internalised by an endocytotic mechanism. The internalized clostridial
neurotoxins possess a highly specific zinc-dependent endopeptidase activity which
hydrolyses a specific peptide bond in one of three proteins, synaptobrevin, syntaxin or
SNAP-25, which are crucial components of the neurosecretory machinery. This
activity of the clostridial toxins results in a prolonged muscular paralysis. The zinc-
dependent endopeptidase activity of clostridial neurotoxins is found to reside in the L-
chain. The clostridial neurotoxins are highly selective for motorneurons due to the
specific nature of the acceptor sitc on those neurons. The specific ncuromuscular
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 H.

Surprisingly, by covalently linking a clostridial neurotoxin, or a hybrid of two
clostridial neurotoxins, in which the H region of the H-chain has been removed or :
modified, to a new molecule or moiety, the Targeting Moiety (TM), that binds to a BS
on the surface of sensory neurons, a novel agent capable of inhibiting the release of at

least one neurotransmitter or neuromodulator from nociceptive afferents is produced. A
further surprising '

aspect of the present invention is that if the L-chain of a clostridial neurotoxin, or a

fragment of the L-chain containing the endopeptidase activity, is covalently linked to

a TM which can also effect internalisation of the L-chain, or fragment thereof, into the
- cytoplasm of a sensory neuron, this also produces a novel agent capable of inhibiting



I'n a sixth aspect of the invention, the agent can be expressed

reconbi nantly as a fusion protein mhlch I ncl udes the required conponents of
t he agent. 6 Definitions Wthout wi'shing to be limted by the

. definitions set down, it is intended in this description that the follow ng
terns have the followi ng neani ngs: Light chain neans the snaller of the two

pol ype]LDt ihd eelediabng %{W@d&ﬁ rie@¥ofFasshiidr ok ﬂé@bm&&ﬂiﬁtg ORte @iajedit hlﬂnigcﬁlrx]ml ecul ar

mass o kA Qmqu RlaleSflade rédfonk.- chai n or

si mply Lw)‘%(e’glé oalpﬁné‘Qg fﬁ%d:fég?tgrg \ %é{p \koapgs?ypept I de chai ns whi ch

formclostridi aI neurotoxins; it has a nol ecul ar

mass of approximately 100
kDa and Te dMpEavidesspreificiyl forsheBSiandhenerienptize affesent-newpmr Fhe TMagnent

means a fompomsnt of thei agedt ¢anwentphise bhe bfsnanipéelbbindingtmaldeudes, ineludingyxi n _
appr oxi mbtiehot lianited |, amibddies| Mmeneclomd vittiboties] atibokdstiffagafentsi(®at} -chain, or .
t he donaF(at)g) FesSSWRW k), leatihdaid If aaamrthc kdeeptofs foP hafhorles dedmneslt

cont ai ns }élﬁlh'ﬁ&t‘d s"’t’:r retidpe u@éani nﬂe ﬁ‘ﬁ‘i%n 151@1% ﬂnE'ﬂ

fragment Saaeasty AR 6 .tu{.ﬁ ) ggc[j@aof&gﬁv@ 5l

neur ot oxi N a I’OXI Ui dﬁ 88 e Al the

H chai 03? %ﬁ gﬁ%m BN i e i H}ﬁa‘m""}t'r‘?“t

H chai n. trogradedrapepert.n t he translocatlon the L- chal n
acr oss endosonal menbranes. LH err] means a fragnent derived froma

cl ostri dilals kaewmindke artithe theeHp paition of e neurotoxin molecule can be removed
from the other portion of the heavy chain, known as Hyj, such that the Hyy fragment
remains disulphide linked to the light chain (L-chain) of the neurotoxin molecule to
provide a fragment known as LHy. Thus, in onc embodiment of the present invention
the LHy fragment of a clostridial neurotoxin is covalently linked, using linkages
which may include one or more spacer regions, to a TM. _
In another embodiment of the invention, the H; domain of a clostridial neurotoxin is
mutated or modified, ¢.g. by chemical modification, to reduce or preferably .
incapacitate its ability to bind the neurotoxin to receptors at the neuromuscular
junction. This modified clostridial neurotoxin is then covalently linked, using
linkages which may include one or more spacer regions, o a TM.

In another embodiment of the invention, the heavy chain of a clostridial neurotoxin, in
which the H domain is mutated or modified, ¢.g. by chemical modification, to reduce
or preferably incapacitate its ability to bind the neurotoxin to receptors at the
neuromuscular junction is combined with the L-chain of a different clostridial
neurotoxin. The hybrid, modified clostridial neurotoxin is then covalently linked,
using linkages which may include one or more spacer regions, to a TM.

In another embodiment of the invention, the Hyy portion of a clostridial neurotoxin is
combined with the L-chain of a different clostridial ncurotoxin. The hybrid LHy s

then covalently linked, using lmkagcs which may include one or more spacer regions,
toa TM.

In another embodiment of the invention the light chain of a clostridial neurotoxin, or a
- fragment of the light chain containing the endopeptidase activity, is linked, using
linkages which may include one or more spacer regions, to a TM which can al§o effect

the internalization of the light chain, or fragment thereof containing endopeptidase
activity, into the cytoplasm of the cell.

In another embodiment of the invention the agent is expressed recombinantly as a

fusion protein which includes an appropriate fragment of a Targeting Moiety in

addition to any desired spacer domains. The recombinantly expressed agent may be

derived wholly from the gene encoding one serotype of neurotoxin or be a chimaera
* derived from the genes encoding two different scrotypes.



L-chain, or a functional fragment thereof coupled to the Herr] fragnent.
Jt s commnly derived fromthe intact neurotoxin by proteolysis. Targeting
Moiety (TM neans any chemical structure of an agent which functionally
Iinteracts with a binding site causing 3 physi cal associ ati on between the
agent and the surface of a primary sen’Sory afferent. Binding site (BS)

means a s{ruc S ace of a,cel whi.ch, exogen nol ecul es
are able i'bat} e'ér"‘é?& rﬁc%\%{‘ loncthe B“IHFF?\&?HMHH*% agmin d9foci ati on
with the eelyandidnfeemy differsetgjosridial texin typesaisfapirssedacrombiaantiysgs arry
sensory i ﬁimmam’t@nvﬂﬁb‘mmié pdrphasy/inchida ons or mere spacersiegioes.vous syst em
Primary nociceptive afferent is a nerve cell that can carry sensory -

i nf or mat i @R afsther érhbodigienPbfthy xﬁv%n&d:dﬁwtligﬁt aam 6£4 clostridiul ﬁe&ﬁﬁﬁcﬁmor\aher e

that inf ommeaﬂome wgﬁ@ahémb é d%@héhw 1s7

Descri pti Qed l{'@‘ﬁ ﬁn’h; Y@ c l;%!} cwm ng or
preventin gl?@;] s e$ 5? t| ve
afferent h%htt %"ﬁ?ﬁﬁ?? ions in
t he reductap Wf’fﬁgm% s&'ﬁwﬁp@sseézfuwn p@ﬁqmmw %@%Qfemotchr oni c
pai n. Accapascergegions.he i nvention, there i s provi ded an agent which can
inhibit the release of at | east one neurotransmtter or neuronodul ator or
both fromthe synaptic termi nals of nociceptive afferents.

Exploltation in Indu

The agent described in this invention can be used in vivo, either directly oras a
- pharmaceutically acceptable salt, for treatment of pain.

For example, an agent according to the invention can be used systemically for the
treatment of severe chronic pdin. A specific example of this is the use in treatment of
clinical pain associated with rheumatoid arthritis affecting multiple joints.

In another cx'ample an agent according to the invention can be locally applied for the

- treatment of pain. A specifi¢ example of this is treatment by local i mJectton into a
joint affected by mﬂammatory pain.

In further example an agent accordmg to the invention can be administered by spinal
injection (epidural or intrathecal) at the level of the spinal segment involved in the
innervation of an affected organ for the treatment of pain. This is, for example,
applicable in the treatment of deep tissue pain, such as chronic malignant pain.

_The present invention will now be described by reference to the following examples:

Lyophilised murine 2.5 S NGF was dissolved by the addmon of water and dtalysed
into MES buffer (0.1 M MES, 0.1 M sodium chloride, pH 5.0). To this solution (at a
concentration of about 0.3 mg/ml) was added PDPH (100 mg/ml in DMF) to & final
concentration of 1.25 mg/ml. After mixing, solid EDAC was added to produce 4 final
concentration of abuut 1.25 mg/ml. The reaction was allowed to proceed for at Jeast
30 min at room temperaturé, Excess PDPH was then removed by repeated

concentration and dilution using Microcon 10 mtcroconccntrators (Amicon) and MES
buffcr .

Meanwhilc an cqual weight of BoNT/A LHN (produced essentially by the method of
Shone C.C., Hambleton, P., and Melling, J. 1987, Eur. J. Biochem. 167, 175-180),



The agent has a nunber of discrete functions: 1) It binds to a surface
.Structure (the Binding Site [BS]) which is characteristic of, and has a-
degree of specificity for, nociceptive afferent neurons. 2) It enters the
‘neuron. The entry of nDIecuIes into a cell can occur by a process of
endocytosis. Only certain cell sur f acel BSs under go endocytosis, and

pref erabl Wx&é&ﬁe@ﬁn%ﬁe%&ﬂn%%uﬂg{e OPM\?ﬁﬁiaﬁolﬁﬂﬁlé)ﬁC’i 'U?PM sddiurfne aspect
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(tjndtergoggCI i &1’@ theg @P‘%g‘i VEL}FPO % LE(E?;I Onsses of

t he neur orfOTEHR éﬁ$W&Ph9“@h& gN“’F’% eselied ito N‘Fese

regi ons of ufﬁ@echédmnmﬂl h mMJEDEA, degpsicd before hised using @RD-4A column BS t o whi ch
t he agent (Pharinadis). The peoitingeak Foncthe télamnzinne sas soxwentratct ukiagyw of t he -

noci cept i VRfierotei SOTARRINY o a SdncEhRathfdTlabsM Bing/thlie cytosol . 4) The agent
nodi fi es conponents of the exocytotic machinery present In the synaptic

termnal s se n the reI ease
of at Ieasﬁoﬁ%%ﬁé%?awa%s *r? g'&ﬂ‘ drtor?%“?ﬁ ﬁg%tg %te F‘ﬁ’%gzﬁ
termnal i rﬂ“@ lingyolyme thof t he
present in ‘érh‘fqt’@ﬁ léerﬁ &U@Gmﬂ mﬂ%ﬂk?l Ths productse mGF%Fﬂ%WF& oxin or
fragment t healpssd bmymﬂGmdmdlclenthM inghepesgcoto sediumidodeend| ecul ar
masses of shlphateBDSHAGE). kDa. They are. produced by various species of the

genus C ostridium nost
The conjugate resulting from the above reaction was partially purified by size
exclusion c}u'omatography over Superose 6 (Pharmacia). The elution profile was
followed by measuring the optical density at 280 nm and SDS-PAGE analysis of the
fractions. This allowed the separation of conjugate from free NGF and by-products of
the reaction. The fractions containing conjugate were stored at 4 C until required.

Example 2. Activities of NGF-LHN conjugate in PC-12 cells,

PC12 cells are a cell-line of neuroectodermal derivation that are commonly used as a
model system for the study of nerve function. As a model system for testing the
function of an NGF-LHN conjugate they have two necessary features: firstly they are
well known to possess cell-surface receptors for NGF that have been shown to be
involved in a differentiation process in response to low concentrations of NGF.
Secondly they have been shown to contain the exocytotic machinery for
neurotransmitter release including, importantly in this example, SNAP-25.

PC12 cells were plated out into a 24-well plale that had been coated with MATRIGEL
basement membrane glatnx (Collaborative Biomedical Products) at a density of
approximately 5 x 10~ cells per well. After 24 h in culture (RPMI 1640 with 10%
horse serum and 5% foetal calf serum, 37 C, 5% CO32) the medium was replaced with
fresh medium containing added conjugate (prepared as described in example 1) or
LHN or NGF alone or in combination. After a further period in culture the medium

~ was removed and the cells washed once with PBS. Cells were then lyzed by the
addition of 0.5 ml sodium hydroxide (0.2 M) for 30 min. After this time the solutions
were neutralised by the addition of 0.5 ml hydrochloric acid (0.2 M) followed by 0.1
ml of Tris/HCI (1 M, pH 8.0). To extract the membrane proteins from these mixtures
Triton-X-114 (10%, v/v) was added and incubated on ice for 30 min, the insoluble
material was removed by centrifugation and the supernatants were then warmed to 37
C for 30 min. The resulting two phases were separated by centrifugation and the upper
phase discarded. The proteins in the lower phase were precipitated with. '
chloroformy/methanol for analysis by Western blotting.



inportantly C. tetani and several strains of C botulinum There are at
present eight different classes of the neurotoxins known: tetanus toxin,
and botulinumneurotoxin inits serotypes A, B, d, D, E, Fand G and they
.all. share simlar structures and nodes of action. The cl ostri di al

neur ot oxi ns are synthesized by the bacteriumas a single polypeptide that

I's nodified post-translational|l |nSJO|ned _
t oget her Thesesahples prereEePREAY ?Jb%ﬁégtg\ﬁc)& 9&%@% rh&ﬁ“?‘ﬁ%éjr&w vy chain
(Hy, whi abichepgcofSNARZSar g CHPPASH ﬁﬁt\epv%emccsa e |ight
chai n (L)subythite flodths zmcntﬂpectnnapndmszudase anbivity of BeNET/AN, 3@s kioa deicted |
cl ostri dig) iniaufisbloningsvith amlantibody tlmtmpgmsessxhc aewly lteMmlabcarbambr ane of
the motor Hﬁiﬁh%fﬁtc Jlbsred SNAPRS ONb ahnmumtdtmtyamt observed iesangglesed by an
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specific g Yjﬁ%ﬂk ? ﬂg’ ’E@ég %frg’g#lgv? taxin or
SNAP- 25, Wﬁ?‘?ﬂtc ﬁ@nts of the neurosecretory nachl nery. This

activity of the clostridi aI tOXI ns results in a prol onged nuscul ar

paral ysis. The zinc- dependent endopept i dase activity of cI ost ri d| al
neur ot oxi Bzamplefd (i productiondd a deric [ AN vher el Ci Y chedi) yr ot oxi ns
ar e _hi ghl BoNaVB aind tee Hyy fraghent i BoTae to the speC|f|c nature of t he
accept or site on those neurons. The specific neuronuscul ar Junctlon bi ndi ng

activity gf g} %tag gwm Buded aba t&pthgaﬂgd 11 64" DOxY-
erm nal ggr ﬂ ﬁh ? {)ot oxin
nol ecul e, ! g edd ) nki ng a
cl ostri di and E%QfB ing t91the s PWP’&'!OO Ibr‘()ta@sil ns, in

- whi ch t he DdsGupla, Belyi (dﬁSE:J Chen 268, HRAS1bK466). Tihe feas oysteineainfthed, to a

new nol ec e fapmeat of BoNTHA i ﬁi&g derivegisédbbethye addithon dffaaenfold dsolirer@e S on
the surfagedifyriign al%hMJthoﬂB@cd% MfRaBhtiOR AC easalde. THe dxebistiipyng1t he

rel ease ofy ek i8aghd (b%%@&ﬁ@t?&iﬁioﬁih&raré)fhcﬂ?&ﬁw @ésetc Emﬂaﬂﬁhcept Ve
afferents 0%@:5@%‘6%% (Pharmacia) into PBS. B

The derivatised Hy is then concentrated to a protein concentration in excess of 1
mg/ml before being mixed with an equimolar portion of L-chain from BoNT/B (>1
mg/ml in PBS). After ovemnight incubation at room temperature the mixture is
separated by size exclusion chromatography over Superose 6 (Pharmacia) and the
fractions analysed by SDS-PAGE. The chimaeric LHN is then available for
derivatisation to produce a mrgcted conjugatc as described in Example 1.
~ Growth Factors:
1. Nerve growth factor (NGF);.
2. Leukacmia inhibitory factor (LIF);

1. Basic fibroblast growth factor (bFGF);

“.

4. Bram-dcnved ncurotropluc factor (BDNF),
5. Ncurotrophm -3 (NT-3),
6. Hydra head activator peptide (HHAP);

7. ’I‘ransfotming growth fector B1 (TGF-f1);



further surprising aspect of the present invention is that if the L-chain
. of, a clostridial neurotoxin, or a fragment of the L-chain containing the
endopepti dase activity, is covalently linked to a TM which can al so effect
.internalisation of the L-chain, or fragnent thereof, into the cytoplasm of
a sensory neuron, this also produces aimovel agent capable of inhibiting -
9 the release of at |east one neurotransmtter or neuronodul ator. The
coval ent Tgbpkpgentdused to coupl e the conponent parts of the agent nmay
i ncl ude appropriate spacer regions. The TM provi des specificity for the BS
on the nociceptive afferent peuron. The.T _of the agent can
conprise one of many c |ﬁﬂsm¥%%&°¥§%aﬁ%@%g but not limted to,
anti bodi es, nonoclonal antibodi es, antibody fragnents (Fab, F(ab)[err], Fv,
ScFv, etc.), lectins &hd Transforging gromil fackrepClGB-)pr hor nones, cyt oki nes,
growt h factors or neuropeptides. A list of possible TMs is given in Table
1, this list is illustQEpidermatiglosninfictor (E6K)led to be liniting to the
scope of TMs which could fulfil the requirenents of this invention. In one
enbodi ment of the invepi. aﬁhﬁ-, i ( vhi ch undergoes retrograde
transport. It is knownt? n@{lhe a%‘ﬁdﬁvfﬁgﬁﬁ er’s y\,Borti on of the neurotoxin
mol ecul e gsﬂ lae renoved fromthe other portion of the heavy chain, known as
Herr], s PHREE t he H err] fragnent remains disul phide |inked to the
light chain (L-chain) of the neurotoxin nolecule to provide a fragment
known as LH err}. Thusl. i Firoews nsatesisifaston o FNFHe; present i nvention the LHN
- fragnent of a clostridial neurotoxin is covalently |inked, using |inkages
.which may include one QI WerRuRBALL(ILLRE,ONS, to a TM

3. " Interleukin-1p (IL-1B);

4. Interleukin-8 (IL-8).

- Peptides:
I B-Bndorphin;
2. Meihiqnipe - enkephalin;
3. D-Ala2-D-LeuS-enkephalin;
4. Bradykinin. | |
Antibodics:

1. Antibodies against the lactoseries carbohydrate epitopes found

on the surface of dorsal root ganglion neurons (e.g. monoclonal
antibodies 1B2 and LA4);

2. Antibodies against any of the receptors for the ligands given
above. ' '



I n anot her enbodi nent of the invention, the Herr] domain of a clostridial
neurotoxin is nutated or nodified, e.g. by chenical nodification, to reduce
or preferably incapacitate its ability to bind the neurotoxin to receptors
at the neuronuscular junction. This nodified clostridial neurotoxin is then
covalently linked, using Iinkages which;gay include one or nore spacer

" regions, to a TM In another e Lment “of the invention, the heavy chain
of a clostridial neurotoxin, in which the er omain is nutated or

imrjlg:;;);gidt ateegitgyagrleimt;altorrgid'lnwmuml"m""i g(r):aceptr % eat t he

neur ormruscul ar junction is conbined with the £-chain of a een Replaced
clostridial neurotoxin. The hybrid, nodified clostridial B mlﬁ han
coval ently l'inked, using |inkages which may include one or
regions, toaf. I n anot her enbodi nent of the invention, the Herr]
portion of stridial neurotoxin is conbihed with the L-chain of a
different clostridial neurotoxin. The hybrid LH err] is then covalently

l'i hked, using |linkages which may.include one o re.spacer. reqgions, .to
~aTM "I n another Aé‘n%g isﬁﬁcr\‘j[.‘c g’f pfﬁ@efaﬁ\%'ﬁ?r?@ﬁgfeﬂé frf?ﬁ'ﬁ{b“&q;ﬁ%“ﬂsg&sm“ of
clostridial neusighdixbebweena peimafye@isont affetent it 4 prajetticihuronbyRbiidMidand he
endopeptidase activity, is |linked, using |inkages which nay include one or
more spacer regfgfase 0%/'1‘5 leastiane\pRwrolransmyiftes, OE peuLomodulatorfzom the dripary seasorpn of

the |ight chai ngggfend ragment thereof containing endopepti dase activity,
into the cytoplasmof the cell. In another enbodinent of the invention the

agent is expyes ' ' I, :aS i IOt el f.whi ¢chkncl udes an
appropri at ep);'r a.%fr?rggglﬁ%? E%}Hifxg;}& ect){'i,ln ‘ﬁ%}!" 9%518%}%{%9&8&&%?%?0#%9 red
spacer domai ns. ¥R “9‘8%6%9‘%%@5‘/‘" \igtadthe syfosg) of @ primAry senseny affegenthol | y
- fromthe gene encodi ng one serotype of neurotoxin or be a chinmaera derived
from t he genks Anegentrageerdingdo Glaime?iin which thgotease activity is the Zn2+- '
dependent protease activity of the light chain (L-chain) of a clostridial neurotoxin
or a fragment thereof retaining the Zn2t-dependent protease activity.
4.  Anagentaccording to any preceding Claim which comprises a Targeting Moiety (TM)
- coupled to a clostridial neurotoxin in which the heavy chain (H-chain) is removed or
- modified, the TM being capable of functionally interacting with a binding site causing
a physical association between the agent and the surface of a primary sensory afferent.

5.. .Anagent according to any preceding Claim which comprises a Targeling Moicty
(TM) coupled to a clostridial neurotoxin in which the HC part of the H-chain is
removed or modified.

6. Anagent according to Claim 5 in which the modified H-chain is the HN-fragment
of a clostridial neurotoxin.

7. Anagent according to any. of Claims 3-6 in which the clostridial neurotoxin
component is obtained from botulinum neurotoxin.

8.  An agent according to any of Claims 3-7 in which which the clostridial
neurotoxin component is obtained from botulinum ncurotoxin type A,

9. An agent according to any of Claims 3-7 in which which the clostridial
neurotoxin component is obtained from botulinum neurotoxin type B,

10. An agent according to any of Claims 3-9 in which the H-chain is modified 'by |
~ chemical derivatisation to reduce or remove its native binding affinity for motor
_neurons. ' :



10 I'n anot her Thi Been@feplachre i nvention the re uired LHN, which may be a
. hybrid of an L m mnmm different cl oﬁll]llf]ﬂmummu“ pes, is
expressed reco fusion protein may al so
include one or nore spacer regions. |Rgganot her efbodi fenf of the invention
~the light chain of a clostridial neurotoxin, or a fragment of the Iight

chai n corttiai A agert hecordidgpe phy dﬁ@btmlﬁunmd‘ the Ephais ésiodifiedbppi nant |y as

a fusion prahelafionitd fedacd of tatiowd its aaivl tindiag &ffimitytfoemotdrammhns.zat i on of the
| i ght chai n or fragnent thereof containing the endopeptidase activity, -

into the Ias ' al so

I ncl ude o rpeacg()pg@%rtggégog@slﬁm pl oﬁ&@%ﬂ%ﬂtpﬁéﬁﬁs@?@e agent
descri bed i PEOHOYSSvention can be used in vivo, either di rectly or as a
pharmaceutically acceptable salt, for treatnent of pain. For exanple, an
agent accy, dAR@gemt deberdinpterClainn 12 suhichds formed by thecoupling pf & TM tdthet r eat.ment

of - severe chy R fragRbitofobillthi ncr®udiRyRe &f this is the use in treatnent
of clini caI pal h associ ated with rheumatoid arthritis affecting multiple

joints. oLher exa AP lﬂghhﬁ-, Riain Y 65thined
- local ly appl Bﬂ'aﬂ a%’Fe t"s ?cexa %d F%?EISIS
treat rrgnt B‘Eya efeny ?%E ﬁe‘*"?l 'gﬂ%ﬂ{'f ‘%@ﬁe ¢ 'CII"W?‘%D ‘miad??ﬂ‘y pain. In
further exanple an agent according to the invention can be adm nistered by
spi nal i njl&ctAinapentadcdrdiag taoClaimtlddn whichl the Hrchaireis|obteineddfiom botuliphma |

segment i nvolnge@tdin e A andthedi-chein Gbmebotulifuac hawrotwxgatypé B. t he treat ment
of pain. This is, for exanple,

16. An agent according to Claim 15 which is composed of a TM linked to the Hyy

fragment of botulinum neurotoxin type A and the L-chain of botulinum
neurotoxin type B.

17. An agent according to any of Claims 3-16 in which the L-chain or L-chain
fragment is linked to the H-chain by a direct covalent .linkage.

18. An agent according to any of Claims 3-13 in which the L-chain or L—cham

fragment is linked to the’ H-chain by a covalent lmkage wluch includes one or
more spacer regions.

19. An agent according to any of Claims 3-18 in which the TM is capablc of

delivering the L-chain or L-chain fragment into the cytosol ofa pnmary sensory
afferent unaided.

20. An agent according to any of Claims 3-19 in which the ability to deliver the L-
chain or L-chain fragment into the cytosol of a primary sensory afferent is
entirely contained within the TM.

21. An agent according to any of Claims 4-20 in which the TM comprises a ligand to
a cell-surface binding site on a primary sensory afferent.

22. An agcnt according to any of Claims 4-21 in which the TM binds to binding site

which is characteristic of a particular defined popuilation of primary sensory
afferents. '

23. An agent according to any of Claims 4-22 in which the TM binds to a binding site

which is characteristic of a particular defined population of primary nociceptive
afferents.

24. An agent aécording to any of Claims 4-23 in which the TM binds to a binding site
which undergoes retrograde transport within a primary sensory afferent.



apﬁlicable I n ep tissue pain, such as chronic malignant

.pai_n. The prese now be descri bed sheereRdptacddhe
foll ow ng exanpl H‘“Mm ”“ nt hesis of a conju d t he
LH err] fragment yop |I|sed murine 2.5 Ived by
t he addition of water and di aI ysed !ntol S buffer (0.1 M Me M sodi um

chloride, pH5.0). To this sol ution (at™a concentration of about 0 3 ng/m)

: dd ' /.
vas a megzlsﬁ Wﬁ%ﬁ%ﬁ%ﬂ@ th fan &,gé s 42478 WhEH 6 TV Bixidefo @ binkimbsitey

about” 1. 25 rgorielpmde tatspott i h(?rg%ﬂnf’a&h&a ReGfE tlon of

rocee or at east 30 mn
at room tenperature. Excess PDPH was then rem)ved by repeated, concentration

and di | ut2GnAnsigent ackondingda anp ofClaime 4r25dn whighothe TM somprisesmligandop uf  er .
Meanwhi | e ana e€li-ahrfasirgddptarfonBopithdy Istidotypafbatenmted essentially by the method
of Shone C. C., Hanbleton, P., and Melling, 1. 1987, Eur. J. Biochem 167,

'[175 tlﬁo) ‘i’l %‘Enérdn'ft {0 dngt&@ﬂhﬁmmnbkﬂlél@ﬂwgl\m%ni‘ﬂnscs alrga;nd tto f
ri et hano amne at a concentration o
EEE G %Hﬁh bps E&gé‘gﬁma 100 mM st ock solution in 1

about 1 rrg/ f?*'ét

M tri et hanol ani ne/ HCl H 7.8) a fi tr ter one
hour the RBf Mﬂg%@:‘:&é‘g&& i‘b%}‘)’%tq} %ﬁi}f '?Mﬁqnéﬂf ﬁsgg‘fM?ng% th'1
mVl EDTA, degassatbpbeﬁdﬁ@cewel)omspﬂ@aa! sepsory aleicdtm ( Pharmaci a). The protein
peak fromthe colum eluate was concentrated using a Mcrocen 50 (Am con)
to a conceot ra agent aécoadifigito anwa/mthmmm itewhichithe €M cupRprises adigepeta ed to a
final concentar‘%%]gﬁc&tc of@ﬁﬂghhﬁgy sensérya@liemt.i on in volune to | ess than

t

10% of the st I ng vo hen m xeéed W|ththe

30. An agent 'according' to any of Claims 4-27 in which the TM comprises aligand to
a hormone receptor on a primary sensory afferent.

31. An agent according to aily of Claim 4-30 in which the TM comprisés a
" monoclonal antlbody or is derived from a monoclonal anubody to a surface
antigenona pnmary sensory afferent.

32. An agent according to Claim 27 in which the TM compnses a ligand toa nerve
growth factor receptor.

33. An agent according to Claim 32 in which the TM comprises nerve growth factor.

34.- An agent according to Claim 33 which comprises nerve growth factor linked to
the LHN fragment of botulinum neurotoxin type A.

35. An agent according to ahy preceding Claim in which the TM is linked to the .
clostridial neurotoxin-derived component by a direct covalent linkage.

" 36. An agentaccording to afly préceding Claim in which the TM is linked to the
clostridial neurotoxin-derived component by a covalent linkage which includes
one or more spacer regions.

37. An agent according to any preceding Claim which prevents the release of a
neurotransmitter or neuromodulator from a primary sensory afferent.

38. An agent according to any preceding Claim which mhxblts the release of 2
neurolransmilter or neuromodulalor from a primary nociceptive affcrcnt

39. A method for obtaining an agent according to any preceding Claim which
" comprises the covalent attachment of a TM to a modified clostridial neurotoxin or
-a fragment of a clostridial ncurotoxin.



der| vatized LHN room t enper at ur e. ThiShqet W BednRepliced he reacti on
were anal ysed b mm | eI el ectrophore sence of
sodi um dodecyl The conj ugat omt he above

reacti on was partlally purlfled b s ze cl usi on"chronmat ogr aphy ove
Superose 6 (Pharmacia). The el utlon proflrle was followed by measuri ng t he
opti cal d@n%meu%d Qﬁ%&m@@dn&gxﬁtE&%x@@lwwm&mtshest whichi ons. This

al | owed the g act Ih%oehc&%aeﬂﬂ&ﬁommwﬁmh@%dm g;all%‘&FB{ ol the
required. B?agﬁﬁ S?mﬁll er%u”@ ’ﬁﬁ;@"ﬁq er r}ﬁ{gg’nﬁ?&?’%t%em%% éé 2 cells,
PC12 cel|s dPBIO%Scel| - I|ne of neuroectodermal derivation that are conmonly
used as a nodel systemfor the study of nerve function. As a‘nodel system
for testidlg Amnethodfdriobtainiiig an apeskatdefding o anyrgfigaines 1-88 whichve two
necessary f s chhstaicling b lgenetisconstlbl which voddsFoptiege, cel | - surface
receptors f:’?:%érﬂﬂ lsa nfiafa R0V aﬁx@m%d'c%ﬁ_&kﬁﬁﬁltﬂcrboﬂslﬂlcfl {grentiation

process in afﬁ g {OW coricentrations of econdly they have been:
shown to confarn € axocyt oti-c machinery for neurotransnitter release

I ncl udi ng,_i'nportantl 25., PC12 cells re plated out
into a 2442/«/eﬁ°*lm ad of WHM& &Sééﬁ%(?g?éﬁml\laﬁ "M&?‘FQI@EI‘B%%"@I?E?& fromnbr ane
matrix (Col | apomacy sanseiyoreaet by applyingdheagent obanyansiafiClaimsand%.oxi mat el y 5
x 10[err] cells per well. After 24 h in culture (RPM 1640 with 10% horse
ser um and4h%Afmethad of abihitralting the r8lasg of 3 e @Ofrensnjijtet trenauestnedulatasfromp! aced
“with fresh npgiiniarg aoéios Gfliv&@fﬁﬁkiheﬁyﬁmx ng&teeagemmeﬂe@smm@mmd in

exanmpl e 1) or LHN or al one or I n conbination. After a further period in

| h | h PBS Cel |
o P BS q‘ﬁﬁ@“&‘%go’iﬁgﬁg%‘%"ﬁ”g" C?skﬁamrﬂ‘a%ﬁ?faei BEY for 30
mn. After t3IfREOTakicrankto %B‘M&“F‘%ge%‘w}' a0y on Hleltlon of 0.5
nm  hydr ochl oflaémadi3$. (0.2 M) foIIovved by 0.1 :

45. A method of controlling the transmission of sensory information from a primary -

nociceptive afferent to a projection neuron by applying the agent of any one of.
Claims 1-38.

"
-

46, A method of controlhng the sensation of pain by applymg the agent of any one of
Claims 1-38.

47. Use of the agent according to any onc of Claims 1-38 or a pharmaccutically
acceptable salt thereof as a medicament for the alleviation of pain.

48. Use of the agent according to any one of Claims 1-38 or a pharmaceutically
acceptable salt thereof as a medicament for the prevention of pain.

49. Use of the agcnt according to any one of Clatms 1-38in the manufacture of 2
medicament for the allewatlon of pain. '

50. Use of the agent according to any one of Claims 1-38 in the manufacturc of a
medicament for the prevention of pain.

51. A method of alleviating pain which comprises administering an effective dose of
the agent according to any one of Claims 1-38.

52. A method of preventing pain which comprises administering an effective dose of
. the agent according to any one of Claims [-38.



m of Tris/HCI (1 M pH 8.0). To extract the 'rreqﬁq;gg&«g”ggggegiligaacgé om these .
*mxtures Trit E m“mm" ) was added and i or 30 m n,
t he i nsol ubl eclm ll I ved by centri fuga"tj Uﬁguumgernat ants
‘were then warned to 87 & for 30 min. The resulti re
separated by centrifugation and the upp8r phase discarded. The proteins in
the | ower as i ysi s by
Vestern bl Stti p et S e ey ST e S R e ALY
transferred tolcmtpm)mrdtummr @@ineuromgdulaiér @jofh fo@n the synaptit termivabypbnent of .
t he neurosecre dependent
endopepti dase g%ﬁ%%ﬂceﬁéﬁ%a%?%&ﬁﬁg&?%ﬂﬁ(g‘l gltSEe ébf?/dclﬂﬁgrlsmnobl otting with
an antibody that recognises the newy reveal ed carboxy- term nus of the

cl eaved SNAP- 25 Y ' in.s from control
cell s whereas ?%g{ﬁ ‘gg?‘?}g“;?gg‘?\‘} l"ré &Q/ "r?ooﬁq%iﬁﬁggmiﬁgés ﬁ'g'? Ltgés"fiﬁg a‘\'/\‘gs
observed weakl hasiadegeeapf mciﬁmmoamedcoptwmf[drﬁmme\]rom;ld NGF and strongly in
sanples incubated with NG--LH err] conjugate. Exanple 3. The production of
a chimaeric LH err] whereof the L chain is derived from BoNT/B and the

H err] fragmen) iemeisdaMeardn; The H err] fragnment of  BoNT/A is produced
according to the nethod descri bed by Shone C. C., Hanbleton, P., and
Melling, J. (1987, Eur. J. Biochem 167, 175-180) and the.L-chain of BoNT/B
accordi ng to tBpneReb@ecpbsoBahlyanoorthy, V. and DasCGupta, B.R (1985, J.

Bi ol . Chem, 260, 10461-10466). The free cysteine on the Herr] fragnment of
Bol\ﬂ'/A is then derivatised by the addition of a ten-fold nolar excess

4) It modifies components of the exocytotic machinery prescnt in the synaptic terminals
of the central processes of the neurons, such that the release of at least one
neurotransmitter or neuromodulator from the synaptic terminal is reduced or

prevented. "



of di pyridyl ot sUI"phi de fol | owed by incubation at 4 C over nm
di pyri«dyl di sul phide and the thiopyridone by- product are thefhis SIERVH QXR ]
desalting the protein over a PD10 col um (Pharmacia) into PBS cp aced
deri'vatised Herr] is then concentrated to a protein concentr W’"ﬂﬂ”ﬂmﬂ
excess of 1 ng/m before being. mxed with equi nol ar portio

from BoNT/B (>1 ng/m in PBS) After overnight incubation at room

tenperature the m xt on chrorrat ography over
Super ose 6 (Phar mam% %&%i‘g@%ﬁhw BMer . The :
chimaeric LH err] 'ﬁen av r derivatisation to produce a .
targeted conjugate as described in Exanple 1. Table 1 - Targeting Meities
(TM Gowth Factors: Abstedderve growth factor (NGF); 2. Leukaem a inhibitory
factor (LIF); 3. Basic fibroblast growth factor (bFGF); 4. Brain-derived
neur ot rophi c factor (BDNF); 5. Neurotrophin-3 (NT-3); 6. Hydra head :
activator peptide (HW)nvemon'ﬁ'ehm{mr&em sppcifictfor peeiphovsl s{msony]aﬁbﬁﬁ [Iher] 1);
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and a projection neuron by controllmg the release of at least one neurotransmitter

or neuromodulator from the primary sensory afferent. The ag_ent may be used in or |

as a pharmaceutical for the treatment of pain, particularly chronic pain.



© qbobSAS ~& Tess
10. Ep| dermal..grom h factor (EGF); 11. Ciliary neuron trophic factor
(CNIF) Cytokines: 1 Tumour necrosis factor [err] (TNF-[err]); 2.

I nterl eukin-1[err '

1nterl eukin- 8 (| l,L ¥ le,hhh)i] IE | nterl euki ”‘llerrﬂEPtthWTBiEE‘?s SG

err] - Endor phiing 2e:Mslshh0
enkephal i n; Lerr] phiings B Mailih § 84 ... Lo aged .....

rr] enkephal in; 4 Br dy ki ni. Q..o
1. Anti bod| es agal nst the"l abt oserl es car bohydr at} M 9 ﬁﬂ; f "““d&nw h@% .

e eanf .
surface of dorsal root ganglion neurons 1£.g. noro g ﬁl 4Nt i b dl:em“g% chdd..._
LA4); 2. Antibodies against any of the receptors if %T% éac?l gagd‘s gl§\/ aEe’&.::..

above. REPLAQEE&S SHEETS SG 14 1. A non-icyt ot oxi c
exhibiting specificity for peripheral sensory a ‘gﬂm‘onﬁw -g-es -8
Tar geting

1. A non-cytotoxic agent exhibiting specificity £fox

peripheral sensory afferents which comprises a Targeting
Moiety (TM) coupled to a modified clostridial neurotoxin in
s which the TM comprises a ligand to a cell-surface binding
site on a primary sensory afferent and is capable of
functionally interacting with a binding site causing a
physical association between the agent and the surface of a
primary sensory afferent; and the heavy chain (H-chain)of
10 the clostridial neurotoxin is removed or medified by
chemical derivitisation, mutation or proteolysis to reduce
or remove its native binding affinity for motor neurcns; and
the light chain (L-chain) of a ciostridia,l neurotoxin or a
fragment thereof retains a protease activity specific for
1s components of the neurosecretory machinery: the TM and the
modified H-chain (if present) forming a molecule which
introduces the L-chain ox fj.:agment thereof into the cytosol
of a primary sensory afferent, and thereby inhibits the
transmission of signals between a primary sensory afferent
20 and a projection mneuron by controlling the release of at
least one neurotransmitter or neuromodulator f£rom the

primary sensory afferent.

2. An agent according to Claim 1 which comprises a
Targeting Moiety (TM) coupled to a clostridial neurotoxin in

28 " which the H. part of the H-chain is removed or modified.

3. An agent according to claim 1 or 2 in which the
modified H-chain is the H, fragment of a clostridial

neurotoxin.
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Moiety (TM coupled to a nodified clostridial neurotoxinin 5 whi ch the

TM conpri ses a Ij_ga,nd_l_o_a,_f;eu_sw_tace bi nding site on a primary sensory
afferent and is ca e of functloEEIIy interacting with a binding site
e

causing a physi cal Tﬂﬂ MH i' ﬂl en the agent and the surface of a
prinmary sensory af

avy chain (Hchain)of 10 t he

clostridial neurotoxin rem)ved or nodi t5| ed by chem cal derivitisation,
mut ati on or proteolysis to reduce or rem)ve]f its native binding affinity for
not or neurons; and th i_.aht..c o f_a thhdial_n t oxin or
a fragnment thereo retez:‘atr? ng %altprg%oer}éi(slggac I VIt rgﬁee%‘ Fo b 1R Bhe

conponent s of thelvstridixl eiemrptonidicomppnebtieis] I‘dbetladnébefmdlﬁdt:&d:.hhﬂhai n
(if present) formun nol ecul e which introduces the L-chain or fragnent
thereof into the"ﬁ#% Bt a primary sensory afferent, and thereby
inhibits the transm ssion of signals between a primary sensory afferent 20
and a projection neuron by controlling the release_of at |east one

neurotransmitter or Mo RIREAAFEPEIIAT IR FY OFi MAPI Sehitorip ybicpeRbe 2.

An agent accgr di N9, ds@ rEh fd MNreutbl 6Rise 8dt i ¢ ArAalihad Mol Vhum
coupled to a clostridial neurotoxinin 2 which the Herr] part of the

Hchain is renovEPWBREREIPT FRE 3. An agent according to claim1 or 2 in
which the nodified Hchain is the Herr] fragnment of a clostridial
neur ot oxi n.

6. An agent according to any of Claims 1-4 in which the

clostridial neurxotoxin component is ocbtained from botulinum

neurotoxin type B.

10 7. An agent according to any of Claims 1-4 in which the
clostridial neurotoxin component is obtained from botulinum

neurcotoxin type Ci.

8. An agent according to Claim S which is formed by the
coupling of a TM to the LH, fragment of botulinum neurotoxin

15 type A.

9. An agent according to Claim 6 which is formed by the
coﬁpling of a T™M to the LHy fragment of botulinum neurotoxin

type B.

10. An agent according to Claim 7 which is formed by the
20 coupling of a TM to the LHy fragment of boculinum neurxotoxin

type Cl.

11. An agent according to any of Claims 1-7 in which the
H-chain is obtained from a different clostridial neurotoxin

than that from which the L?chain is obtained.
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15 4. .An agent according to any preceding Claimin which the clostridial
neur.ot oxi n conponent is obtained from botulinum neurotoxin. 5. An agent
according to any of Clainms 1-4 in which the 5 clostridial neurotoxin
‘conponent i s obtained from botulinumneurotoxin type A 6. An agent
according to any of Clainms 1-4 in which the clostridial neurotoxin
conponent is obtained from botulinum neurasoxin type B. 10 7. An agent
according to any of Clainms 1-4 in which the clostridial neurotoxin
conponent is obt atdred A% RGBSt AFFIRFENGebP 0TIpdm 1lype WBlichSthe Hychadentis

according to d ai BWY oY ' [ foa IMto the LH err]
fragment of bot uléﬂnéuanﬁwrlélglcjlr’f&o QX%QE@Mt%/%SOE.Bﬁg)} %én) %gaerh‘*w%cg'r'(‘fpﬁéllt o]
Claim 6 which is fxamdbotblitwe meaxetorinofye BMto the LH err] fragment of
bot ul i num neurotoxin type B. 10. An agent according to Claim7 which is
formed by the 20 coupling of a TMto the LH err] fragnent of botulinum
neurotoxin type GB. An agent according to Claim 12 which is composed of a

5 TM linkeqd to the H, fragment of botulinum neurotoxin type A

and the L-chain of botulinum neurotoxin type B.

14. An agent according to any preceding Claim in which the
L-chain or L-chain fragment is linked to the H-chain by a
direct covalent linkage.

10 15. An agent according to any of Claims 1-13 in which the
L-chain or L-chain fragment is linked to the H-chain by a

covalent linkage which includes one or more spacer regions.

16. 2an agent according to any preceding Claim in which the
T™M is capable of delivexing the L-chain or L-chain fragment

1s into the cytosol of a priwmary sensory afferent unaided.

17. An agent according to any preceding Claim in which the
ability to deliver the L-chain or L-chain fragment into the
cytosol of a primary sensory afferent is entirely contained

within the TM.

20 18. An agent according to any preceding Claim in which the
T™M binds to a binding site which is characteristic of a

particular defined population of primary sensory afferents.

19. An agent according to any preceding Claim in which che
TM binds to a binding site which is characteristic of a
2S particular defined population of primary nociceptive

afferents.
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11. An agent according to any of Clainms 1-7 in which the Hchain is
obtai:ned froma different clostridial neurotoxin than that from which the
L-chain i s obtained. 16 12. An agent according to Caim11l in which the
H-chain is obtained from botulinumneurotoxin type A and the L-chain from
bot ul i num neurotoxin type B. 13. An agent according to Claim 12 which is
conposed of a 5 TMlinked to the Herr] fragnent of botulinum neurotoxin
type A and the L-chain of botulinum neur ot oxi n type B. 14. An agent
according to any ,pr ec di ng qaai mig.which the L-chain or L-chain, fragnent
is linked to theFr chAfn?BT % SHPEERE SPaPBY: PTIGReEHE. Charm mlH?“-c‘Antg"ngent
according to anyTmf Kirigrstd- B3 binditgchsithe WhidlRi Dn@ergoddakBeiogedmNt 1S
linked to the H-chain by a covyal ent ]inkage which includes one or hore
spacer regions. Eﬁ?nsﬂﬁ’f}/%dﬁ’f@*&cﬁo?’a*rwyt eRBRITHASEEIPRE- Cl ai m i n which the
TMis capable of delivering the L-chain or L-chain fragnment 15 into the
cytosol of a primary sensory afferent unaided. 17. An agent according to
any precedi ng O &Fm i AWAFRRE t3GECRBLRT 1P RBYdereapsinghelain tini whibeh [thehai n

f: ragnent ingo thewcyiondl b & PhidEing SHNSP" unfld CLfiBbrbded "rhtbdrade
crapsport within a primary nociceptive afferent.

' ' 22. 2An agent aécording to any preceding Claim in ﬁhich the
| T™™ comprises a ligand to a cell-surface receptor on a

Primary sensoxry afferent.

10 23. An agent according to any preceding Claim in which the
TM comprises a ligand to a growth factor receptor on a

primary sensory afferent.

24. An agent accoxding to any of Claims 1-22 in which the
TM comprises a ligand to a neuropeptide receptor on a

is primary sensory afferent.

25. An agent according to any of Claims 1-22 in which the
* TM comprises a ligand to a cytokine receptor on a primary

sensoxry afferent.

26. An agent according to any of Claims 1-22 in which the
20 TM comprises a ligand to a hormone receptor on a primary

sensory afferent.

27. An agent according to any preceding Claim in which the
TM comprises a monoclonal antibody or is derived from a
monoclonal antibody to a surface antigen on a primarxy

25 sensory afferent.

This is the replacement sheet
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within the TM 20 18. An agent according to any preceding Claimin
which the TM binds to a binding site which is characteristic of a
particul ar defined popul ation of primary sensory afferents. 19. An agent
according to any preceding Claimin which the TMbinds to a binding site
which is characteristic of a 25 particular defined population of
primary nociceptive afferents. 17 20. An agent according to any
preceding Claimin which the TM bi nds to ¥ bi nding site which undergoes
retrograde transport within a primary sensory afferent. 21. An agent
according to anﬁp"pr eci AgelFai IRGFIMREcHFQ hElgim 2BV binadhich athe ndMng

site which undergaes-ikek" 201 figthd kdNaPREy g.,rtyc‘(g agDLL LA ociceptive
afferent. 22. An agé'nt according to any pérM ce iﬁgf%%%%ﬁgﬁﬁ%h the T™M

conprises a ligand to a cell-surface receptor on a prinmary sensory

afferent. 10 : ls t.o a recaeding Clagimin which the
TM conpri ses a I%andﬁ%]og%ggko%cﬁéyfrgéggr tfoecg% gr? O‘i‘% a"‘griwﬁﬁf s%?‘?sor'rfﬂ
afferent. 24. /ompgdsesasevvelignpwtb fagtex. Cl ains 1-22 in which the

s 30. An agent accoxding to Claim 29 which comprises nexve
growth factor 1linked to the LH, fragment of botulinum

neurotoxin type A.

31. An agent according to any preceding Claim in which the
™™ is linked to the clostridial neurotoxin-derived comporient
10 by a direct covalent linkage.

32. An agent according to any preceding Claim in which the
T™ is linked to the clostridial neurotoxin-derived component
by a covalent linkage which includes one or wmore spacer

regions.

15 33. An agent according to any preceding Claim which
praevents the release of a neurotransmitter or neuromodulator

from a primary sensory afferent.

34. An agent according to any preceding Claim which
inhibits the release of a neurcotransmitter or neuromodulator

20 from a primary nociceptive afferent.

35. 2 method for obtaining an agent accoxding to any
preceding Claim which comprises the covalent attachment of
a TM to modified clostridial neurotoxin or a fragment of a

clostridial neurotoxin.

This is ihe ragiaceihent sheet
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TM conprirses a ligand to a neuropeptide receptor on a 15 primary sensory
fferent. 25. An agent according to any of Clains 1-22 in which the T™
tonprises a ligand to a cytokine receptor on a primary sensory afferent.

26. An agent according to any of Cains 1-22 in which the 20 ™
conprises a ligand to a hornone receptor on a primary sensory afferent. 27.
An agent according to any preceding Caimjqgq which the TM conprises a
nonocl onal antibody or is derived froma nonocl onal antibody to a surface
antigen on a prin®y 28 metsedsboy aifaimdnl. an agén?BaclbrdEg@nttoaeeRr &g

to Caim23 in whigh th oyprises_a ligand to nerve growth factor
receptor. 29.. An&%bié?ﬁ %égglo% ?Epﬁ‘%?ﬁnq%@ Fﬁ"@\ﬁ?‘bth "‘\tl’fé%?ﬂ?’é% %
nerve growth factes. aSmodiffled Alloggeidizicamudiongxin kaam23gnbhehot a
conprises nerve growth factor linked to the LH err]. fragnent of Dbotulinum
neurot oxi n type ASIRECLTiGARL; AEWCOREELR dFHER t QMR PMSEOR RE COP&i B MARSi ch
the TMis |igked ggadd¥e redg@shil di al neurotoxi n-derived conmponent

37. A method for obtaining an agent according to any of
Claims 1-34 which comprises constructing a genetic construct
which codes for a modified clostridial neurotoxin or a
fragment of a clostxidial neurotoxin, incorporating said
10 construct into a host organism, expressing the construct to
produce the modified clostridial neurotoxin or fragment of
a clostridial neurotoxin and the covalent attachment of the
modified clostridial neurotoxin or fragment of a clostridial

neurotoxin to a TM.

1S 38. A method for obtaining an agent according to any of
Claims 1-34 which comprises constructing a genetic construct
which codes for a tmoaified. clostridial neurotoxin or a
fragment of a clostridial neurotoxin, incorporating said
constxuct into a host organiswm, expressing the construct to
20 produce the modified clost'ridial neurotoxin or fragment of
a clostridial neurotoxin and the covalent atrachment of the
modified clostridial neurotoxin or fragment of a clostridial
neurotoxin to a TM with the inclusion of one or more spacer

regions.

25 39. 2 method for obraining an agent according to any of
Claims 1-34 which comprises constructing a genetic construct
which codes for the agent, incorporating said comstruct into
a host organism and expressing the construct to produce the

agent.
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10 by a direct covalent—tinkage—32. An agent according to any preceding
daimin which the ﬂ;MShe% ﬂldsfgﬁe’e"q{et o the clostridial neurotoxin-derived

conponent by a coval #&h i ncl udes one or nore spacer regions.
15 33. An agent lﬂtﬂm 0 any preceding d ai m%@sgégvgmgsggg
rel ease of a neurotr eurormdul ator froma p ﬁﬁﬂi\ﬁﬂ
afferent. 34. An agent according to any i)éecedl ng Claim |ch |

rel ease of a neurotransmtter or neuronodul ator 20 froma primary

noci ceptive afferent. 35. A nethod for obtaining an agent according to any
precedi ng O ai m whi;gh cqaqr iy % g5t Q@cépd@lge@o A s H1a8mdMi1L9,M3 %I fy ed
clostridial neurotoxin or ragnent of .a clostridial neurotoxin.

A met hod for obt ai mnngmaqea@emllafcciﬁ@n#@bﬂ-é eﬁﬁltof't@l’eﬁ% foB4uski cds a
conprises the coval h%q.n f ed clostridial
neurotoxin or a frag%ﬁ%‘%ﬁca cl ggng%eWatﬁgaﬁoctS‘%;B nlhvmth t he inclusion of
one or nore 5 spacer regions. 37. A nethod for obtaining an agent
according to any of‘n

The agent according to any one of Claims 1-34 or a
s pharmaceutically acceptable salt thereof for use as a

medicament for the prevencion of pain.

42. Use of the agent accoxding to any one of Claims 1-34 in

the manufacture of a medicament for the alleviation of pain.

43. Use of the agent according to any one of Claims 1-34 in

10 the manufacture of a medicament for the prevention of pain.

44. An agent exhibiting specificity for peripheral sensory
afferent which can inhibit the release of at least one
neurctransuitter or neuromodulator or both from the synaptic |
terminals of nociceptive afferents, -the agent having the
15 following discreet functions:
1) It binds to a surface structure (the Binding Site
(BS]) which is characteristic of, and has a dJdegree of

specificity for, nociceptive afferent neurons;

2) It enters the neuron;
20 3) It enters the cytosol; and
4) . It modifies <components of -the exocytotic

machinery preseat in the synaptic texminals of the central
processes of the neurons, such that the zelease of at least
one neurotransmitter or neuromedulator £rom the synaptic

25 terminal is reduced or preverted.
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Cl ai ms ,1-34 whi ch conprises constructing a genetic construct which codes
for a*nodified clostridial neurotoxin or a fragnment of a clostridial

neur ot oxi n, incorporating said 10 construct into a host organism
expressing the construct to produce the nodified clostridial neurotoxin or
fragment of a clostridial neurotoxin and the coval ent attachnment of the
nodi fied clostridial neurotoxin or fragnent of a clostridial neurotoxin to
a TM 15 38. A nethod for obtaining an &gent -according to any of C ains
1- 34 which conprises constructing a genetic construct which codes for a
modi fied clostridial neurotoxin or a fragnent of a clostridial neurotoxin,

i ncorporating said construct into a host organi sm expressing the construct
to 20 produce tBh&OWH; fAGENT |ARLE (70 MODEN RERIRPHERAL r agnent of a
clostridial neur otAPEHRENT FUNCTIOMI ent attachment of the nodified
clostridial neurotoxin or fragnment of a clostridial neurotoxin to a TMw th
t he inclusion of nore spacer regions. 25 39. A nethod for

obtai ning an agent according to any of Cains 1-34 which conprises
constructing a genetic construct which codes for the agent, incorporating

sai d construct i nife fhviftih AR s Hgall SpRIR G ripRerhi e RN Stherdel. hiR Produce

t he agent.
agent may inhibit the transmission of signals between a primary sensory afferent
and a projection neuron by controlling the release of at least one neurotransmitter
or neuromodulator from the primary sensory afferent. The agent may be used in or

as a pharmaceutical for the treatment of pain, particularly chronic pain.
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20 40.. The agent accor di ng to any one of Clains 1-34 or a phar meggytiecal] y

acceptabl e salt thereof for use as a nedicanent for the alleviation of

pain. 41. The agent according to any one of Cains 1-34 or a 5 '

pharmaceutically acceptable salt thereof for wuse as a nedicanent for

t he prevention of pain. 42. Use of the a(gent according to any one of

Clains 1-34 in the manufacture of a medi€%nent for the alleviation of pain.

43. Use of the agent according to any one of Claims 1-34 in 10 t he

manuf acture of a 4(gl.car{,v?__ral‘t afggattggc I JL\{_legnt,cloonan(gff Jai .. Claims 1-34 of
pharmaceutically acceptable salt +thereof for use as a

medicament for the alleviation of pain.

41. The agent according to any one of Claims 1-34 or a
s pharmaceutically acceptable salt thereof for use as a

medicament for the prevention of pain.

42. Use of the agent according to any one of Claims 1-3¢ in

the manufacture of a medicament for the alleviation of pain."

43, Use of the agent according to any one of Claims 1-34 in

10 the manufacture of a medicament for tha prevention of pain.
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