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CELL MEMBRANE TRANSLOCATION OF 
REGULATED SNARE INHIBITORS, 

COMPOSITIONS THEREFOR, AND METHODS 
FOR TREATMENT OF DISEASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of International 
Application No. PCT/US04/05436, ?led Feb. 24, 2004, 
entitled Cell Membrane Translocation of Regulated Snare 
Inhibitors, Compositions Therefor, and Methods for Treat 
ment of Disease; and US. Provisional Application No. 
60/449,107 ?led Feb. 24, 2003, entitled Compositions of 
Amphipathic Pharmaceuticals and Methods For Their Use, 
by I. Sanders, Which applications are hereby incorporated 
herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to translocation of bioactive 
molecules through cell membranes. More speci?cally, the 
invention relates to cell membrane translocation of regulated 
SNARE inhibitors, compositions and formulations thereof, 
and methods for treatment of disease. 

BACKGROUND OF THE INVENTION 

[0003] A promising area of pharmaceutical intervention is 
the use of macromolecules that act Within cells. These 
include gene therapy, natural and recombinant toxins, immu 
notoxins, and antibodies. One signi?cant technical barrier is 
passing the bioactive macromolecules from the extracellular 
?uid (the cis-side of the membrane) through the bilipid cell 
membrane to the cytoplasm (the trans-side). 

[0004] Generally, macromolecules enter the cell by 
endocytosis. Endocytosis is an ongoing process Whereby the 
cell recycles its membrane components and intemaliZes 
molecules bound to its surface. During endocytosis, the cell 
membrane invaginates into the cell’s interior and then 
pinches off to form an endosome. Endosomes comprise a 
complete membrane that encloses its internal contents (the 
cis-side) and separates them from the cytoplasm of the cell 
(the trans-side). After endosome formation, proton pumps 
Within its membrane act to reduce the pH Within the endo 
some to approximately 5.0 to 5.5. At a later stage, many 
endosomes merge With lysosomes Where their contents are 
degraded. 
[0005] In one mechanism of endocytosis-type cell-mem 
brane transport, the toxins remain in endosomes that 
undergo processing and ultimately merges With the endo 
plasmic reticulum of the cell. In the endoplasmic reticulum 
there is a membrane transporter that translocates the mol 
ecule into the cytoplasm. This route is used by cholera toxin 
and the toxin ricin. This route is dif?cult for most complex 
pharmaceuticals as they are degraded during the prolonged 
endosomal stage. 

[0006] In a second, and probably the most common, 
method by Which toxins, viruses and pharmaceuticals With 
amphipathic regions (i.e., regions that contain both hydro 
phobic and hydrophilic amino acids) enter cells, the toxin is 
internaliZed in the endosome as described above and then 
passes through the endosome membrane When the interior 
pH becomes acidic. At acidic pH, these amphipathic regions 
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become more hydrophobic and merge With the endosome 
membrane. Once incorporated in the membrane, a pore is 
formed through Which the toxic or catalytic part of the 
molecule passes from the endosome into the cytoplasm. 

[0007] The amphipathic bacterial toxins include the 
clostridial neurotoxins from Closlridia bolulinum, berali, 
bulyricum and Zelani, Closlridia bolulinum toxin C2, 
Closlridia per?’ingens iota toxin, Closlridia di?icile B toxin, 
anthrax toxin, diptheria toxin, and others. All of these toxins 
have a basic tWo-component protein structure: (1) a toxic 
protein chain containing a catalytic domain that can perform 
intracellular intoxication; and (2) a protein With both a 
binding and translocation domain. In most toxins, the tWo 
protein components are linked covalently or tightly coupled 
by non-covalent forces. In others, such as Bolulinum toxin 
C2, the tWo components are independent proteins, and they 
only interact on cell surfaces. Anthrax toxin is unusual in 
that the same binding/translocation protein chain, called 
protective antigen, can translocate either of tWo independent 
toxic proteins, lethal factor and edema factor. The binding/ 
translocation protein chain is further subdivided into: (1) a 
binding domain, Which recogniZes one or more receptors on 
the surface of cells; and (2) an amphipathic domain, Which 
can translocate the molecule through cellular or endosome 
membranes at acidic pH. 

[0008] The binding/translocation protein chains from 
these Wild type toxins have been separated and used as 
carriers to bring molecular ‘cargo’ into cells: other biological 
useful molecules (e.g., tetanus neurotoxin/superoxide dis 
mutase WO/0028041Al: Delivery Of Superoxide Dismu 
tase To Neuronal Cells, hereby incorporated herein by 
reference). Toxins used in this manner include bolulinum 
and tetanus toxins, diptheria toxin, bolulinum toxin C2, and 
anthrax toxin. The amphipathic regions have been 
sequenced for the translocation domains of many bacterial 
toxins and viruses, and based on this knowledge, novel 
recombinant amphipathic moieties have been produced. At 
present some of these natural and recombinant amphipathic 
proteins have been shoWn to capable of translocating across 
the endosome membrane When the endosome interior 
becomes acidic. HoWever, feW amphipathic protein conju 
gates are presently approved for clinical use. 

1 . Bolulinum Neurotoxin 

[0009] Wild type clostridial neurotoxins, speci?cally those 
from Closlridia bolulinum, are amphipathic protein conju 
gates With unique properties that make them bene?cial in 
medical applications. First, in their natural or Wild type 
form, they have speci?city for neurons, particularly motor 
neurons. Second, they can block neuromuscular transmis 
sion for extended periods, from days to months depending 
on the serotype. Third, in most clinical applications they 
have been used at doses that are beloW the level of immu 
nological recognition. Fourth, as they are remarkably safe 
for human use When injected into local areas such as muscles 
because there is little systemic spread of the toxin. 

[0010] The clostridial neurotoxins include seven serotypes 
of bolulinum neurotoxins, termed A-G (A, B, Cl, D, E, F, 
and G), and a single serotype of tetanus toxin (tetanus 
neurotoxin). These toxins all have a molecule siZe of ~150 
kD and are comprised of a heavy-chain (~l00 kD) and a 
light chain (~50 kD) that are covalently linked by a disul 
phide bridge at their N-terminals. The heavy chain consists 
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of the binding domain (fragment C) at the C terminal and a 
translocation domain (fragment B, Which is the amphipathic 
protein) at the N-terminal end. The light chain (fragment A) 
is the toxic domain, hoWever, it also contains its oWn small 
amphipathic region. These neurotoxins are exceptional due 
to their speci?c binding to neurons and their speci?c cata 
lytic action on the SNARE proteins, Which are involved in 
neurotransmission. Bolulinum neurotoxins A, C, and E 
cleave SNAP-25, in addition bolulinum neurotoxin/C 
cleaves syntaxin l. bolulinum neurotoxins B, D, F, G and 
tetanus toxin cleave VAMP-2. 

[0011] The C fragments of the clostridial neurotoxins have 
a?inity for the presynaptic membrane of neurons, and par 
ticularly the membrane of motor neurons. Clostridial neu 
rotoxin binding is believed to involve tWo receptors: (1) 
polysialo-gangliosides accumulate clostridial neurotoxins 
on the plasma membrane surface, and (2) protein receptors 
then mediate speci?c endocytosis. This hypothesis Was 
supported by the demonstration of the binding of bolulinum 
neurotoxins B to the neuronal membrane protein synaptotag 
min in the presence of GTlb, and the recent identi?cation of 
GPI-anchored glycoproteins in neuronal rafts as speci?c 
receptors for the HC-fragment of tetanus neurotoxin. 

[0012] After a clostridial neurotoxin binds to the presyn 
aptic surface, it is intemaliZed by incorporation into endo 
somes. When the interior of the endosome reaches about pH 
5 .5, the amphipathic B-fragment merges With the membrane 
and forms a pore that alloWs the light chain to pass through 
to the cell’s cytoplasm. While passing through the mem 
brane the disul?de bond is broken and the light chain is 
released into the cytoplasm and exerts its toxic effect. 

[0013] The toxic action of all clostridial neurotoxin light 
chains is to cleave proteins necessary for attachment of 
internal vesicles to the cell membrane. The production and 
docking of these vesicles is a highly regulated process that 
is present in all eukaryotic cells including single-cell organ 
isms such as yeast. The vesicle membranes merge With the 
cell membrane thereby adding neW membrane bound pro 
teins While simultaneously discharging the vesicle’s con 
tents into the extracellular environment. In neurons, these 
vesicles contain neurotransmitters and neuropeptides. Bolu 
linum neurotoxin A and E cleaves SNAP-25; bolulinum 
neurotoxin C cleaves SNAP-25 and syntaxin l; and tetanus 
neurotoxin and bolulinum neurotoxin types B, D, F and G 
cleave VAMP (vesicle associated membrane protein, also 
called synaptobrevin). 

[0014] Bolulinum neurotoxins A and B are the serotypes 
currently approved by the FDA for human use. Direct 
injection into extra-ocular muscles Was found to be bene? 
cial in the treatment of strabismus. Subsequently, bolulinum 
neurotoxin A has been used to treat a variety of spastic or 
hyper-functional muscle disorders. Bolulinum neurotoxin A 
has also been used for the treatment of smooth muscle 
hyper-function (e.g., cricopharyngeal spasm). Recently, 
bolulinum neurotoxin has been used for treatment in con 
nection With the cholinergic nerves of the autonomic ner 
vous system. These uses include arresting of secretions, such 
as sWeating and post-nasal drip. 

2. Tetanus Neurotoxin 

[0015] Tetanus neurotoxin exhibits fundamental differ 
ences relative to bolulinum neurotoxin. First, tetanus neu 
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rotoxin binds and enters into all peripheral neurons: motor, 
autonomic (parasympathetic and sympathetic) and sensory 
neurons, including those that transmit pain signals. In con 
trast, bolulinum neurotoxin binds and enters only motor 
neurons and autonomic parasympathetic neurons. 

[0016] Second, at physiological doses, in contrast to bolu 
linum neurotoxin, tetanus neurotoxin does not use the acidi 
?ed endosomal pathWay to enter peripheral neurons. 
Although internaliZed in the same manner as bolulinum 
neurotoxin, the speci?c receptors to Which tetanus neuro 
toxin binds alloWs for preferential sorting of the endosome. 
Tetanus-neurotoxin-containing endosomes become non 
acidi?ed vesicles that are transported retrograde to the motor 
neuron cell body in the central nervous system or sensory 
ganglia. Upon reaching the cell body, tetanus neurotoxin is 
released into the presynaptic space and preferentially binds 
to inhibitory neurons that use glycine or GABA as their 
neurotransmitter. When tetanus neurotoxin is taken up by 
inhibitory neurons in the central nervous system, it then goes 
through the acidi?ed endosomal stage and acts much like 
that of bolulinum neurotoxin in peripheral neurons. Accord 
ingly, tetanus neurotoxin preferentially blocks inhibitory 
activity. The resulting unopposed excitatory activity causes 
muscles to contract uncontrollably, a condition called spastic 
paralysis. Although the clinical condition knoWn as tetanus 
is a systemic intoxication, it is knoWn that tetanus neuro 
toxin can also act in localiZed areas in mammals. At doses 
comparable to those that cause paralysis With bolulinum 
neurotoxin A, tetanus neurotoxin causes a local increase in 
motor, autonomic and/or sensory neuron activity. 

[0017] At high doses tetanus neurotoxin can cause paraly 
sis by blocking neurotransmission both centrally and periph 
erally. At doses, 10 to 2000 times that needed for excitation, 
tetanus neurotoxin blocks both excitatory and inhibitory 
neurons in the central nervous system. These high doses risk 
local and systemic side effects. In addition, the binding 
domain of tetanus neurotoxin can be separated from the 
remainder of the molecule by digestion With the enZyme 
papain. Upon digestion, the resulting fragment is called 
tetanus neurotoxin A-B fragment and contains the light 
chain connected by a disulphide bridge to the translocating 
domain of the heavy chain. Since the A-B fragment is 
missing its binding fragment, it can no longer both bind and 
undergo retrograde transport. But the A-B fragment can 
cross the cell membrane and paralyZe the neuromuscular 
synapse and cause a ?accid paralysis. But this effect requires 
tens of thousands more molecules of A-B fragment to than 
that needed for the excitation caused by Wild type tetanus 
neurotoxin. The mechanism for this effect seems to the 
non-speci?c pinocytosis of tetanus neurotoxin A-B fragment 
by cells. 

[0018] Finally, another unusual attribute of tetanus neuro 
toxin that it is internaliZed by some non-neuronal cell types. 
The most clinically useful of these are the macrophages that 
migrate to areas of in?ammation. Tetanus neurotoxin blocks 
the release of in?ammatory mediators and enZymes by 
macrophages, thereby decreasing the in?ammatory 
response. 

[0019] International Application WO 02/00172 (published 
Jan. 3, 2002), hereby incorporated herein by reference, 
teaches a Wide variety of methods for using tetanus neuro 
toxin by increasing or decreasing neural activity or non 
neural cellular activity. 
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[0020] The Wild type amphipathic protein conjugates such 
as clostridial neurotoxin conjugates have Wide potential as 
therapeutic agents. For example, the selective motor neuron 
binding of the neurotoxin heavy chain has been combined 
With the enZyme superoxide dismutase for the treatment of 
motor neuron degenerative diseases. The CNS transport 
abilities of the tetanus neurotoxin heavy chain or its Hc 
fragment are especially useful as it is one of the feW vectors 
that can bypass the blood brain barrier (rabies and herpes 
virus being tWo others). Due to the universal nature of the 
vesicle docking process in cells, the use of clostridial 
neurotoxin light chains combined With cell-type speci?c 
amphipathic proteins holds great promise for the treatment 
of a Wide variety of clinical conditions. Very speci?c tar 
geting of cell types is plausible using recombinant technol 
ogy to incorporate monoclonal immunoglobulins into 
amphipathic proteins. Unfortunately, hoWever, as discussed 
beloW, introduction of these novel compounds is limited 
because of the inefficiencies of the endosomic process. 

3. Disadvantages of Endosomic Transport of Amphipathic 
Protein Conjugate into Cells 

[0021] Although, as discussed above, amphipathic protein 
conjugatesisuch as clostridial neurotoxinsihave potential 
medical applications, their usefulness is limited by ine?i 
cient transport into cells. As discussed above, amphipathic 
protein conjugates enter cells by Way of endocytosis and 
then require translocation across the endosome membrane. 
This is a disadvantage for a variety of reasons. In most cases, 
only a small percentage of the active moieties survive the 
various steps of cell binding, endocytosis, endosome acidi 
?cation, and translocation. This inef?ciency increases the 
incidence of side effects and the induction of immune 
reactions. 

[0022] Binding of some amphipathic protein conjugates to 
cell membranes is highly speci?c to the cell type. This is an 
advantage for some conditions but precludes their use in 
other conditions Where binding af?nity is loW. Further, the 
binding of the amphipathic protein conjugates to the surface 
of membranes prior to endocytosis can be prolonged as they 
aWait the normal cell turnover of cell membrane to reach 
them. Therefore, these molecules are exposed to degrading 
extracellular enZymes, and in some cases neutraliZing anti 
bodies. Once intemaliZed into the cell Within an endosome, 
acidi?cation of the endosome to induce release of the active 
moiety into the cell can take hours. Accordingly, transloca 
tion across the endosome membrane is the rate-limiting step 
in the entry of the active moiety into the cell. Another 
disadvantage of amphipathic protein conjugates, is that the 
endosome contains its oWn assortment of enZymes that can 
degrade the conjugate. For example, during the treatment of 
cancer, the development of multi-drug resistance by cancer 
cells is believed to involve molecular changes in the endo 
some that cause the drug to be removed from the cell. 

[0023] Therefore there is a need in the art for a method 
alloWing amphipathic protein conjugates to bypass the endo 
somal stage and translocate directly across cell membranes 
into cytoplasm. 

[0024] Basic research studies have demonstrated direct 
membrane translocation by Way of culture mediums that 
mimic the acidic conditions of the endosome. In 1980, it Was 
found that When cells in culture Were exposed to diphtheria 
toxin in an acidic medium, the toxin Would translocate 
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directly into the cytoplasm. This advance Was of basic 
science importance as it simpli?ed the study of hoW the 
toxin interacts With cell membranes,. This is a much easier 
task then studying the toxin’s interaction With the mem 
branes of an internal organelle such as the endosome. 
Subsequently the ability to translocate directly into the 
cytoplasm has been demonstrated for a number of bacterial 
toxins such as anthrax toxin (lethal factor and adenylate 
cyclase), Closlridium bolulinum C2 toxin, Closlridium dif 
?cile toxin B, Closlridia sordellii lethal toxin and the 
clo stridial neurotoxins. 

[0025] The advantages of direct translocation on the effi 
ciency of an amphipathic protein-conjugates has been dem 
onstrated for the Closlridium sordellii lethal toxin. When 
cultured cells Were exposed to lethal toxin at pHs from 4.0 
to 5.0 for only 10 minutes it increased the rate of intoxication 
over 5-fold, loWered the minimal intoxicating dose by over 
l00-fold, and alloWed complete substrate modi?cation 
Within 2 h, instead of the 11 hours needed for the endosomal 
route. 

[0026] Regarding clostridial neurotoxin, native and 
recombinant bolulinum neurotoxin attaches to arti?cial bil 
ipid layers coated With gangliosides, and translocate their 
light chains Within seconds after exposure to pH 5 on the cis 
side When the trans side is held at pH 7.0 In addition, acidic 
cell culture medium alloWs clostridial neurotoxin to enter 
cells that have no speci?c binding sites. For example, 
bolulinum neurotoxin-B has been demonstrated to translo 
cate into cultured colon carcinoma cells and neutrophils by 
incubation in medium at pH 4.7. Moreover, even isolated 
clostridial neurotoxin light chains can translocate rapidly 
through bilipid membranes at pH 4.0. This effect is believed 
to be due to the presence of a separate amphipathic region 
in the light chain. 

[0027] In summary, acidic medium rapidly speeds the 
translocation of amphipathic proteins-conjugates into cells 
they normally enter by the endosomal route, alloWs them to 
enter cells that they normally cannot enter, and in certain 
cases even alloWs the direct entry of the “cargo” molecule 
into cells. 

[0028] Note that all the above-described experiments Were 
performed to study hoW membrane translocation occurs or 
to study the intracellular effects of speci?c molecules and do 
not teach, suggest or even anticipate the use of acid mediated 
translocation in vivo. 

[0029] In addition to amphipathic proteins, there are oth 
ers possible mechanisms of protein translocation into cells. 
Membrane transduction proteins have recently been identi 
?ed that directly bind and possibly merge With membranes 
and can translocate molecular cargo into cytoplasm. These 
proteins include part of the human immunode?ciency virus 
Tat, Drosophilae Antennapedia (Penetran), and Transportan 
(13 amino acids from galanin and Wasp venom mastoporan). 
Based on studies of these proteins arti?cial membrane 
transduction proteins have been developed such as oli 
goarginine. Finally there are a variety of neWer methods 
being studied that involve encapsulating the bioactive cargo 
molecule. The use of these substances in conjunction With a 
toxic moiety could substitute for the amphipathic moiety in 
all examples disclosed in this speci?cation. 

[0030] The present invention may be understood more 
fully by reference to the folloWing detailed description and 
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illustrative examples, Which are intended to exemplify non 
limiting embodiments of the invention. 

SUMMARY OF THE INVENTION 

[0031] The invention relates to methods and compositions 
for improved delivery of bioactive substances into cells 
Within a localiZed part of the body by Way of translocation 
agents. The invention encompasses methods of delivering 
the substance to the body part, methods to facilitate the 
binding to and/or translocating of the bioactive substance 
across cell membranes, and methods of protecting the bio 
active substance from neutraliZing antibodies. 

[0032] The invention also relates to compositions and 
methods of modulating cellular function and treatment of 
disease in mammals comprising locally administering a 
bioactive substanceipreferably, a regulated SNARE inhibi 
toriand a translocating agent to the mammal. Regulated 
SNARE inhibitors include bacterial neurotoxins, such as 
clostridial neurotoxins; tetanus neurotoxin; the free light 
chain portions of bacterial neurotoxins and tetanus neuro 
toxin; and IgA protease. Translocating agents include acids, 
acidic environments, encapsulating vectors, and protein 
transduction domains. 

[0033] In one embodiment, the bioactive substance is 
delivered relatively non-speci?cally to mammalian cells 
(preferably neurons) in a localiZed area of the mammal, 
thereby avoiding many dif?culties With systemic adminis 
tration. 

[0034] In another embodiment, the invention relates to 
facilitating the binding of bioactive substances to mamma 
lian cell membranes, Whereupon, the bioactive substance is 
incorporated by Way of the cell’s natural internaliZation 
mechanisms. 

[0035] In another embodiment, the invention relates to 
bypassing the natural cell internaliZation mechanisms and 
translocating the bioactive substances directly across the cell 
membrane. 

[0036] In still another embodiment, the invention relates 
to methods for combining the bioactive substances With 
translocating agents or other moieties that facilitate cell 
membrane binding and/ or entry of bioactive substances into 
cells. 

[0037] The bioactive substance for use in the invention 
can be any substance or molecule that induces a biological 
response in mammalian cells or a therapeutic effect in a 
mammal. Preferably, the bioactive substance is a bioactive 
part of a natural toxin. More preferably, the bioactive 
substance is a regulated SNARE inhibitor, most preferably, 
the bioactive substance is the light chain of a clostridial 
neurotoxin, preferably, the free light chain or its analogue, a 
protein called IgA protease. 

DETAILED DESCRIPTION OF THE 
INVENTION 

1. DEFINITIONS 

1.1 Regulated SNARE Inhibitors 

[0038] As used herein, the term “regulated SNARE inhibi 
tor” means any molecule that inhibits the function of or 
cleaves one or more of the SNARE proteins involved in 
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regulated exocytosis (regulated SNAREs). Regulated exo 
cytosis requires regulated membrane fusion, principally 
betWeen an internal vesicle (such as an endosome) and the 
cell membrane. The minimal SNARE protein machinery 
involved in regulated exocytosis (regulated SNARE) are: (l) 
vSNARE, VAMP-2; and (2) the tSNAREs, SNAP-25 and 
syntaXin-l, and the isoforms and splice variants of these 
proteins as de?ned beloW. 

[0039] Preferably, “regulated SNARE inhibitors” consist 
of light chains of clostridial neurotoxins. These include the 
entire light chain or active fragment thereof from the botu 
linum neurotoxin serotypes A, B, Cl, D, E, F and G and 
tetanus neurotoxin. 

[0040] The amino acid sequences of the clostridial neu 
rotoxin light chains are knoWn, and these sequences can be 
modi?ed by addition, deletion, or substitution of amino 
acids, or otherWise chemically altered, Whereby the protein 
is modi?ed but the inhibitory effect on at least one regulated 
SNARE is retained. These modi?cations are accomplished 
by methods Well knoWn in the art. “Regulated SNARE 
inhibitors” as used herein, includes all such modi?ed 
clostridial neurotoxin light chains. 

[0041] The amino acid sequence of regulated SNARE 
inhibitors can be rearranged using recombinant techniques 
yielding molecules that retain regulated SNARE inhibitory 
activity. The term “regulated SNARE inhibitor” as used 
herein includes all such recombinantly rearranged mol 
ecules. 

[0042] The term “regulated SNARE inhibitor” also 
includes all natural analogues of clostridial neurotoxin light 
chains, such as those produced by the bacteria Neisseria 
gonorrhea, Which produces the regulated SNARE inhibitor 
IgA protease. IgA protease can cleave the IgA class of 
antibody as Well as VAMP-2. 

[0043] The term “regulated SNARE inhibitor”, as used 
herein, further includes: (1) proteins and other molecules 
that can cleave or inhibit regulated SNAREs including 
non-functional fragments of regulated SNARE proteins 
(Apland J P et al.; Inhibition ofneurotransmitter release by 
peptides that mimic the N-terminal domain ofSNAP-25,. J. 
Protein Chem. (2003) 22:147-53), hereby incorporated 
herein by reference. (2) antibodies that bind to regulated 
SNAREs Breedveld F C: Therapeutic monoclonal antibod 
ies Lancet 2000; 355: 735-40), hereby incorporated herein 
by reference; and (3) antibodies and other molecules that 
interact With additional cell proteins in the fusion process. It 
is knoWn that altered and non-functional forms of the 
regulated SNAREs can interfere With regulated exocytosis. 
In addition, antibodies can bind to the regulated SNAREs 
and inhibit their function. 

[0044] Furthermore, in vivo, the regulated SNAREs inter 
act With a many other proteins that are involved in the fusion 
process, and these too can be targeted for inhibition. Proper 
vesicle trafficking involves vesicle formation, maturation, 
transport, docking, priming, fusing, and recycling. A non 
limiting list of associated proteins involved in regulated 
vesicle trafficking and exocytosis includes: Synaptogamin, 
Synaptophysins, Peptide amidase, Synapsins, Synaptogy 
rins, Cytochrome b561, GABA/glutamate transporters, 
Rab3A, B, and C, Processing peptidases, Synaptotagmins l 
& 2 (PCI, PC2, CPE etc), SV2s, IA-2/phogrin, SVOP, 
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SCAMPs, Synaptobrevins, Vacuolar proton pump, Cysteine 
string protein, Zinc transporters, Catecholamine transport 
ers, Chloride transporter, SM proteins particularly Munc-13 
and 18, and hrs. The participation of these proteins is 
described in various revieW articles (Gerber S H, Sudhof T 
C: Molecular determinants of regulated exocytosis, Diabe 
tes, 2002, 51, supplement 1:s 3-11, hereby incorporated 
herein by reference; Mayer A: Membrane fusion in eukary 
otic cells, Annu. Rev. Cell Dev. Biol. 2002. 18:289-314), 
hereby incorporated herein by reference. 

[0045] Preferably, a regulated SNARE inhibitor is a pro 
tein, protein fragment, or conjugate thereof. Preferably, 
regulated SNARE inhibitors can cross from the extracellular 
?uid through the cell membrane and into the cell cytoplasm. 
Examples of regulated SNARE inhibitors include, but are 
not limited to, amphipathic bacterial toxins, such as 
clostridial neurotoxins from Clostridia botulinum, berati, 
butyricum and tetani. More preferably, the regulated 
SNARE inhibitor is the light chain portion of clostridial 
neurotoxins. In another preferred embodiment, the regulated 
SNARE inhibitor is lgA protease. 

1.2 Regulated SNARES 

[0046] As used herein, regulated SNARE proteins are 
proteins involved in regulated vesicle tra?icking and exo 
cytosis. Regulated exocytosis requires regulated membrane 
fusion, principally betWeen an internal vesicle and the cell 
membrane. The minimal SNARE protein machinery 
involved in regulated exocytosis are: (1) vesicle SNAREs 
VAMP-2; and (2) :target SNARES: SNAP-25 and syntaxin 
1. Also included under the meaning of regulated SNAREs 
are isoforms and splice variants of these proteins, and 
putative regulated SNARES as recogniZed by their selective 
inhibition by one or more clostridial neurotoxins: 

1.2.1 VAMP 

[0047] VAMP-2, also called synaptobrevin, has tWo iso 
forms numbered 1 and 2 (Rossetto 0. et al., VAMP/Synap 
tobrevin isoforms 1 and 2 are Widely and differentially 
expressed in non-neuronal tissues, J. Cell. Biol. (1996) 
132: 167-79), hereby incorporated herein by reference. Also 
used herein and included under the de?nition of regulated 
SNAREs is cellubrevin, Which is an isoform of VAMP 
cleaved by tetanus neurotoxin (Haj duch E et al., Proteolytic 
cleavage of cellubrevin and vesicle-associated membrane 
protein (VAMP) by tetanus toxin does not impair insulin 
stimulated glucose transport or GLUT 4 translocation in rat 
adipocytes, Biochem. J. Jan. 1, 1997; 321 (Pt 1):233-8), 
hereby incorporated herein by reference, and botulinum 
toxin B (Tamori Y et al., Cleavage of vesicle-associated 
membrane protein (VAMP)-2 and cellubrevin on GLUT4 
containing vesicles inhibits the translocation of GLUT4 in 
3T3-L1 adipocytes Biochem. Biophys. Res. Commun. Mar. 
27, 1996; 220(3): 740-5), hereby incorporated herein by 
reference, and botulinum D (Cheatham B et al., Insulin 
stimulated translocation of GLUT 4 glucose transporters 
requires SNARE-complex proteins Proc. Natl. Acad. Sci. 
USA. Dec. 24, 1996; 93(26): 15169-73), hereby incorporated 
herein by reference. 

1.2.2 SNAP 

[0048] SNAP 25 has 2 splice variants termed SNAP 25 A 
and B and these are included under the de?nition, as they 
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participate in regulated exocytosis and are cleaved by CNT. 
Another example of an regulated SNARE is the putative 
SNAP variant G22K, that is involved in regulated exocytosis 
of neutrophil White blood cell granules and is cleaved by 
botulinum toxin D. (Nath J. et al., Involvement of a botuli 
num toxin-sensitive 22-kDa G protein in stimulated exocy 
tosis of human neutrophils., J. Immunol. (1994) 152:1370 
9), hereby incorporated herein by reference. 

1.2.3 Syntaxin 

[0049] Syntaxin 1 has tWo isoforms, syntaxin 1A and 1B, 
and both are cleaved only by botulinum toxin C1 (Foran P 
et al.: Botulinum neurotoxin C1 cleaves both syntaxin and 
SNAP-25 in intact and permeabiliZed chromaf?n cells: 
correlation With its blockade of catecholamine release. Bio 
chemistry. Feb. 27, 1996; 35(8): 2630-6), hereby incorpo 
rated by reference herein. 

1.3 Free Light Chains of Bacterial Neurotoxins 

[0050] As used herein, the term “free light chains” refers 
to the light chains of bacterial neurotoxins or a biologically 
active fragment thereof Without the heavy chain binding or 
translocation domains. Notably, Clostridial neurotoxins light 
chains contain a small translocation domain at their N-ter 
minal that is separate from that present on heavy chains. lgA 
protease is also believed to have any translocation domain. 
Non-limiting examples of free light chains include the light 
chains derived from clostridial neurotoxins, such as botuli 
num neurotoxin serotypes (including botulinum neurotoxin 
serotype is A, B, C1, D, E, F and G), tetanus neurotoxin. 
Another non-limiting example is the free light chain is lgA 
protease. 

1.4 Translocation or Translocating 

[0051] As used herein, the terms “translocation” or “trans 
locating” With respect to translocation of regulated SNARE 
inhibitors across cell membranes means transfer of a mol 
ecule across the cell membrane. This transfer may or may 
not be accomplished by the formation of endosomes. “Direct 
translocation” means that the molecule passes through the 
cell membrane Without being internaliZed into endosomes. 

1.5 Translocating Agent 

[0052] As used herein, the phrase “translocating agent” 
means any substance, molecule, or environmental condition 
that facilitates translocation of a bioactive molecule (pref 
erably, a regulated SNARE inhibitor) across a lipid mem 
brane, preferably the outer cell membrane of a mammalian 
cell. Preferred translocating agents include, but are not 
limited to, acids or an acidic environment; amphipathic 
moieties (i.e., molecules or polypeptides that become hydro 
phobic at pHs other than 7.4, preferably at more acidic pH); 
protein transduction domains, such as cationic polymers or 
polypeptides that bind to cell membranes; and encapsulation 
vectors, Which encapsulate the bioactive substance Within 
arti?cial vesicles that in turn bind or translocate the bioac 
tive substance Within mammalian cells. Examples of encap 
sulating vectors include, but are not limited to, liposomes, 
niosomes, transferosomes, viruses and nanoparticles. 

1.6 Facilitating Translocation 

[0053] As used herein, “facilitating translocation” means 
an increase in the number of bioactive moieties (preferably, 
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regulated SNARE inhibitors, more preferably, the free light 
chains of bacterial neurotoxins) that cross a cellular mem 
brane in a speci?ed time period With the assistance of a 
translocating agent relative to the number of bioactive 
moieties that cross the cellular membrane for that time 
period in the absence of the translocating agent. “Facilitating 
translocation” also means a decrease in time required for a 
speci?ed number of bioactive moieties to cross the mem 
brane With the assistance of a translocating agent relative to 
the time that the speci?ed number of bioactive moieties 
cross the cellular membrane in the absence of the translo 
cating agent. 

[0054] Whether translocation has been facilitated can be 
determined by assays Well knoWn in the art, for example, by 
measuring one or more of: cell survival ( Williamson L and 
Neale E: Synlaxin and 25-kDa synaplosomal-associaled 
protein: Dl?erenlial ejfecls ofbolulinum neurotoxins C 1 and 
A on neuronal survival; J Neurosci Res 52:569-583 (1998), 
hereby incorporated herein by reference; cell division (Con 
ner S & Wessel G M: Syntaxin Is Required for Cell Division 
Molecular Biology of the Cell, Vol. 10, 2735-2743, August 
1999), hereby incorporated herein by reference; by mem 
brane replacement (Cheatham B et al., Insulin-stimulated 
translocation of GLUT4 glucose transporters requires 
SNARE-complex proteins., Proc. Natl. Acad. Sci USA, 
1996, 93:15169-73), hereby incorporated herein by refer 
ence; or by exocytosis (Keller J. et al., Uptake of Bolulinum 
Neurotoxin into Cultured Neurons, Biochemistry 2004, 43, 
526-532), hereby incorporated herein by reference. 

1.7 Cell Membrane Binding 

[0055] As used herein, the term “binding” With respect to 
binding of molecules to cell membranes means that the 
molecule bonds non-covalently to the membrane or the 
exposed proteins, lipid or carbohydrate moieties of mem 
brane embedded molecules. 

1.8 Cell Membrane Fusion 

[0056] As used herein, “fusion” means that the merging of 
lipid membranes or that hydrophilic moieties of a molecule 
have become embedded into the membrane. 

1.9 Amphipathic Moieties or Proteins 

[0057] As used herein, the terms “amphipathic moieties” 
or “amphipathic proteins” means natural (Wild type) or 
arti?cially produced moieties or proteins that are capable of 
changing from hydrophilic to hydrophobic secondary to 
changes in pH, either increased acidity or increased alka 
linity. Preferably in the hydrophobic state at least part of the 
molecule can fuse With lipid membranes. 

1.10 Amphipathic Protein Conjugates 

[0058] As used herein, the term “amphipathic protein 
conjugate” means a molecule or molecule complex com 
prising an amphipathic moiety or amphipathic protein (as 
de?ned above) that is associated With a bioactive substance 
and that is capable of translocating the bioactive substance 
into the cytoplasm of a cell, preferably, at acidic pH. 

1.11 Local Delivery or Local Administration 

[0059] As used herein, the terms “local delivery” or “local 
administration”, With respect to delivery of a regulate 
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SNARE inhibitor to a mammal, means delivery or admin 
istration of the regulated SNARE inhibitor to a local part of 
the body, through or into the skin or mucosa of a mammal. 
Preferably, local delivery is effected Without signi?cant 
absorption of the regulated SNARE inhibitor into the mam 
mal’s blood stream With subsequent systemic distribution. 
The purpose of local delivery is to elicit a local affect in the 
area (selected site) of administration. Preferably, local deliv 
ery or administration is by Way of a pharmaceutically 
e?fective formulation. 

1.12 Therapeutically E?fective Amount 

[0060] The term “therapeutically effective amount” With 
respect to a regulated SNARE inhibitor means an amount of 
the regulated SNARE inhibitor, preferably, a non-toxic 
amount, suf?cient to treat, prevent, or reduce the occurrence 
or magnitude of symptoms of a disease or medical condition 
being targeted. Preferably, When administered to a mammal, 
a therapeutically effective amount is administered in a 
pharmaceutically e?fective formulation. 

1.13 Modulating Cellular Function 

[0061] As used herein the phrase “modulating cellular 
function” means any change in a cell’s function, preferably, 
a change due to a change in the rate of the number of 
membrane fusions occurring in the cell, more preferably, a 
decrease in said fusion events, and most preferably a 
decrease in regulated membrane fusion occurring as part of 
regulated exocytosis. 

1.14 Modulatorily E?fective Amount 

[0062] The term “modulatorily effective amount” With 
respect to a regulated SNARE inhibitor means an amount of 
the regulated SNARE inhibitor, preferably a non-toxic 
amount suf?cient to modulate cellular function When locally 
administered to a mammal. Preferably, When administered to 
a mammal, a modulatorily effective amount is administered 
in a pharmaceutically effective formulation. 

1.15 Wild Type 

[0063] As used herein, the term “Wild type” or “natural 
toxins” means naturally found proteins and toxins from 
plants, animals, or microbes. Numerous modi?cations and 
alterations can be made to the Wild type molecule. At 
present, recombinant techniques alloW for the formation of 
a clostridial neurotoxin molecule in Which any part of the 
molecule can be replaced, either by an analogous part of 
another clostridial neurotoxin, or by a completely different 
molecule. In addition the protein can be chemically modi?ed 
in various Ways to decrease immunogenicity, decrease dif 
fusion from the site of application, increase binding, bio 
logical persistence, toxicity or for other reasons. For 
example, the light chain of bolulinum neurotoxin/A has 
amino acid fragments for various secondary modi?cation 
sites (hereinafter “modi?cation sites”) including, but not 
limited to, N-glycosylation, casein kinase II (CK-2) phos 
phorylation, N-terminal myristylation, protein kinase C 
(PKC) phosphorylation and tyrosine phosphorylation (U.S. 
2002/0127247A1: Modi?ed clostridial neurotoxins With 
altered biological persistence), hereby incorporated herein 
by reference. Nucleic acid itself can be used in place of 
protein and inserted into cells for later translation into 
protein. (WO 14570 Recombinant Activatable Neurotoxins), 
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hereby incorporated herein by reference. Regulated SNARE 
inhibitors include all these changes and modi?cations. 

1.16 Chimeric or Hybrid Toxin 

[0064] As used herein, the term “chimeric” or “hybrid 
toxin” refers to bioactive molecules either created by joining 
parts derived from tWo or more natural toxins (US. Pat. No. 
6,444,209: Hybrid botulinal neurotoxins, hereby incorpo 
rated herein by reference) or created by joining all or part of 
a natural toxin With all or part of another large molecule, 
such as an antibody. In the Wild, it has been found that some 
strains of Clostridia produce a hybrid toxin composed of 
proteins chains from tWo different serotypes. But With 
recombinant genetics this can be accomplished arti?cially. 
Therefore, the light chain of any CNT can be combined With 
the heavy chain of any other. For example, a chimeric toxin 
consisting of the “heavy” (ca. 100,000 MW) chain of 
botulinum toxin and the “light” (ca. 50,000 MW) chain of 
tetanus toxin Was constructed and found to have six times 
the potency of native tetanus toxin (Weller, U. et al., 
“Cooperative Action ofthe Light Chain ofTetanus Toxin and 
the Heavy Chain ofBotulinum Toxin lj1pe A on the Trans 
mitter Release ofMammalian Motor Endplates” Neurosci. 
Letters (1991) 122: 132-134), hereby incorporated herein by 
reference. 

1.17 Local Tissue Acidi?cation 

[0065] As used herein, the term “Acidi?cation” means 
creation of acidic conditions in mammalian tissue in relation 
to the neutral pH 7.4 of extracellular ?uid. “Acid” or “acidic 
solution” means a pharmaceutically safe solution or other 
carrier that can be used to decrease the pH, preferably to 
facilitate translocation of amphipathic moieties or proteins. 
“Buffered acid solutions” as used herein mean the inclusion 
of a buffer that serves to maintain the solution at a desired 
pH, preferably, the pH that is most preferable for translo 
cation of the regulated SNARE inhibitor. 

1.18 “Units of Toxin” 

[0066] As used herein, the phrase “units of toxin” means 
the amount that causes death in 50% of 20 gram SWiss 
Webster mice upon injection. As used herein When “units” 
refer to an entity that cannot cause animal death by them 
selves, such as compositions of clostridial neurotoxin light 
chains, it refers to the molar equivalent of light chains that 
is obtained from the dose of Whole toxin that can be assayed. 
As an illustrative example if a unit of a particular botulinum 
toxin serotype Weighs 6 nanograms, than a unit of botulinum 
toxin of light chain composition Weighs 2 nanograms. A 
“unit” of IgA protease is ?fty times more by Weight than a 
unit of tetanus neurotoxin light chains as de?ned by a 
biological assay of regulated SNARE inhibition of nor 
epinephrine by chromaf?n cells (Binscheck T et al., IgA 
protease ?om Neisseria gonorrhoeae inhibits exocytosis in 
bovine chroma?in cells like tetanus toxin, J. Biol. Chem. Jan. 
27, 1995;270(4):1770-4), hereby incorporated herein by 
reference. 

2. SOURCES OF REGULATED SNARE 
INHIBITORS 

[0067] Regulated SNARE inhibitors are readily commer 
cially available, for example, botulinum toxin serotypes A, 
B, C1, D, E, F, G, tetanus toxin and their light chains are 
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available from List Biological Laboratories (WWW.listlab 
s.com) and/or Wako Labs (Japan) and Metabiologics, Inc., 
Madison Wis. 

[0068] BotoxTM (botulinum type A) is available from 
Allergan Corporation, Irvine Calif.; MyoblocTM (botulinum 
toxin type B) is available from Elan, Dublin, Ireland; 
DysportTM (botulinum toxin A) is available from Ipsen 
SpeyWood, Bath, United Kingdom; IgA protease is available 
from Cliniqua Corporation, Fallbrook, Calif. 

3. METHODS OF THE INVENTION FOR 
TRANSLOCATING AND/ OR BINDING 
REGULATED SNARE INHIBITORS 

[0069] In one embodiment, the invention provides meth 
ods for binding regulated SNARE inhibitors to the cell 
membrane and/ or translocating regulated SNARE inhibitors 
across the cell membrane. In one embodiment, the methods 
of the invention are directed to acid mediated translocation. 
In another embodiment, the methods of the invention are 
directed to translocation and binding of regulated SNARE 
inhibitors by Way of protein transduction domains. In yet 
another embodiment, the methods of the invention are 
directed to translocation and binding of regulated SNARE 
inhibitors by Way of encapsulation vectors. 

[0070] In still another embodiment, the methods of the 
invention are directed to speci?c binding to or translocating, 
i.e., the methods of the invention are such that the regulated 
SNARE inhibitors target speci?c sub-populations of cells in 
a local tissue. In another embodiment, the methods of the 
invention are directed to non-speci?c binding or translocat 
ing, i.e., the methods are such that the regulated SNARE 
inhibitors bind to or are translocated into all cells in a local 
tissue. 

[0071] In another embodiment, the methods of the inven 
tion are directed to translocating or binding the light chains 
of regulated SNARE inhibitors into cells non-speci?cally. 
This is therapeutically bene?cial as the light chains are 
speci?c inhibitors of regulated exocytosis. As the light 
chains cleave one of the three regulated SNARE proteins 
this difference among them can be used to therapeutic 
advantage. More speci?city can be achieved by controlling 
the volume of tissue to Which the light chains are delivered. 

[0072] In one embodiment of the invention, regulated 
SNARE inhibitors are injected from about one-second to 
about one hour prior to acidi?cation, thereby alloWing 
regulated SNARE inhibitors to bind prior to translocation. In 
another embodiment, injection of regulated SNARE inhibi 
tors is performed in conjunction With injection of an acid 
formulation, thereby causing more general and non-speci?c 
binding. The injection of acid solution could also precede 
injection of the protein of the inventions. 

3.1 Acid Mediated Translocation of Regulated 
SNARE Inhibitors 

[0073] In one embodiment, the invention provides meth 
ods for facilitating the binding and/or direct translocation of 
regulated SNARE inhibitors upon local delivery of regulated 
SNARE inhibitors to mammalian tissue having an acidic 
extracellular environment. Depending on the identity of or 
the delivery composition of the regulated SNARE inhibitor, 
its binding and translocation can be facilitated at different 
pH values. 
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3.1.1 Generation of an Acidic Extracellular 
Environment 

3.1.1.1 Use of an Acidic Carrier Solution to 
Generate an Acidic Extracellular Environment 

[0074] In one embodiment of the invention, regulated 
SNARE inhibitors are administered With an acidic medium, 
either simultaneously (for example, mixed in an acidic 
formulation) or consecutively, to effect translocation of 
regulated SNARE inhibitors into the cell cytoplasm in the 
local area of injection. This Works e?iciently With neuronal 
cells as they contain binding sites but is also effective With 
non-neuronal cells. 

[0075] For use in the methods of the invention, preferred 
pH values of the site of local administration range from 
about 3.5 to about 7, preferably from about 3.5 to about 4.5 
for isolated or free neurotoxin light chains, and, preferably, 
from about 4.5 to about 6, more preferably, about 5 to about 
5.5 for Wild type Whole CNT. 

[0076] Acidi?cation in local tissue regions can be the 
result of local cellular metabolism, the application of acids 
or acidic solutions, or the formation of hydrogen ions by 
electrical energy. Examples of acidic solutions suitable for 
use in the invention include, but are not limited to, phos 
phoric, acetic, hydrochloric, lactic or hyaluronic acids. 
These can be in aqueous solution, gels, biodegradable and 
non-degradable materials. Further examples of pharmaco 
logically suitable acids and buffers are Well knoWn in the art 
and can be found in Goodman and Gillman’s The Pharma 
cologic Basis for Therapeutics, 10th edition, McGraW Hill, 
2001, hereby incorporated herein by reference. 

3.1.1.2 Bu?‘ered Compositions of Acidic Solutions 

[0077] Physiological solutions contain signi?cant 
amounts of buffer, substances that oppose shifts in pH. 
Bulfers Work by absorbing or donating protons to oppose 
shifts in an acidic or alkaline direction, respectively. The 
ability of a buffer to oppose a shift in pH depends on its pK 
and its concentration. The pK corresponds to pH at Which 
equal amounts of the protonated and non-protonated ver 
sions of the buffer are present. The concentration of a buffer 
is preferably described as the amount of protons it can 
bulfer, expressed as milli-equivalents per liter of solution. At 
the pK the buffer has equal capacity to oppose either an 
acidic or alkaline shift in pH. HoWever, at the pK only half 
of the total capacity of a buffer is available to oppose a pH 
shift. If a buffer has a loW pK (acid) and the pH of the 
solution is high (alkaline) most of the buffer is unprotonated 
and it has little capacity to resist further shifts toWard 
alkalinity. HoWever, in this example most of the capacity of 
the buffer is available to oppose pH shifts in the acidic 
direction, Which is usually preferable in body tissues. 

[0078] In one embodiment of the invention, the acid 
solution is buffered With a pK at the most appropriate pH 
that facilitates the translocation of the regulated SNARE 
inhibitor primary buffer in extracellular ?uids is 

3.1.1.3 Electrical Stimulation to Generate an Acidic 
Extracellular Environment 

[0079] It is one embodiment of this invention that elec 
tricity be used to aid in transferring AP-cargo regulated 
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SNARE inhibitor across membranes, preferably to directly 
translocate the regulated SNARE inhibitor from the extra 
cellular ?uid into a cell into lipids, and across lipid mem 
branes. 

[0080] Electrical stimulation current Within body ?uid 
causes a charge gradient betWeen the anode and cathode 
electrodes that attracts charged molecules. At relatively high 
currents electrochemical reactions occur at both the anodal 
and cathodal electrode surfaces. At the anodal electrode H+ 
ions are formed, loWering the pH. At the cathodal electrode 
OH- ions are simultaneously formed raising the pH. Elec 
tricity may be direct current or more preferably it is sepa 
rated into individual pulses. Although the pulse voltage 
and/or current may vary preferably the pulse has a square 
shape. Speci?cally, at the initiation of the pulse voltage rises 
instantaneously to its peak level, stays at the peak level for 
the pulse duration and then instantaneously drops to Zero at 
the end of the pulse. 

[0081] The extent of the pH change, and the volume in 
Which it occurs, is related to the variables of the electrical 
voltage and amperage. These variables are preferably 
expressed as the charge density, and most preferably as 
amperage per square millimeter of electrode surface. 

[0082] Variables of electrode shape, composition, surface 
texture and orientation all effect the charge density and 
generation of protons. Electrodes can be made of any 
conduction material, metal, gel or electrolytic solution and a 
vast range of possibilities are knoWn in the art (Bockris 1., 
Modern Electrochemistry 1 Ionics, Plenum Press NeW York, 
1970), hereby incorporated herein by reference. Preferable 
metals are iridium, platinum, gold, stainless steel or tung 
sten, and most preferred is oxidiZed iridium as it forms 
hydrogen ions at a Wide range of charge densities (Ball 
estrasse C. L. et al., Calculations of the pH changes pro 
duced in body tissue by a spherical stimulation electrode, 
Annals of Biomedical Engineering, (1985) 13:405-424), 
hereby incorporated herein by reference. 

[0083] A non-limiting example of an anodal electrode is a 
spherical ball of oxidiZed iridium With a radius of 1 pm. 
Electrical stimulation is delivered by square Wave pulse 
lasting 0.2 seconds and the current density is 4 mAmps/ 
mm2. Under these conditions the neutral pH at the surface 
of electrode falls to pH 4. This is su?icient for the invention 
to directly translocate a clostridial neurotoxin light chain 
across cell membranes. The pH change is directly propor 
tional to distance, With pH 5 at 1 pm from the electrode 
surface and no signi?cant change in pH 4 pm aWay from the 
surface (Ballestrasse C. L. et al., Calculations of the pH 
changes produced in body tissue by a spherical stimulation 
electrode, Annals of Biomedical Engineering, (1985) 
13:405-424), hereby incorporated herein by reference. 

[0084] This non-limiting example is illustrative of an 
embodiment of electrical induced acidi?cation When precise 
localiZation of acidity is preferred. Essentially, the acidity is 
produced adjacent to the electrode, therefore the clinician 
can control the tissue volume in Which the acidity is pro 
duced. 

[0085] In one non-limiting example, the metallic shaft of 
a holloW bore needle insulated on the exterior surface, 
except at the opening at the tip, is connected to the anode of 
an electricity source, While a distant cathode electrode is 
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attached to the skin surface. The needle is attached to a 
syringe containing a protein of the invention and an acidic 
electrolytic solution. A current is passed (continuous or 
pulsed) through the needle electrode to form protons in the 
immediate area of the needle tip. As a result, the local area 
around the needle tip has the proper acidity to cause trans 
location. Even if the tissue has been injected With a protein 
that normally Would not enter cells in the area upon injec 
tion, the electricity causes local acidity that alloWs translo 
cation. As further illustration of the above embodiment of 
the invention, the same electrode surface described above is 
exposed at the very tip of a thin needle attached to a syringe 
containing a clostridial neurotoxin light chain in a physi 
ological saline solution. A patient has severe recurrent 
epileptic seizures originating from a 1 mm2 lesion on the 
surface of the cerebral cortex. During a neurosurgical pro 
cedure the lesion is exposed and the needle is placed into the 
lesion Where 0.01 cc of clostridial neurotoxin light chain 
solution is injected simultaneously With one or more 0.2 
msec anodal electrical pulses. The pulses generate protons 
and resultant requisite acidity in the lesion Without disturb 
ing brain tissue less than 1 m away. Although clostridial 
neurotoxin light chains do not normally enter cells, includ 
ing neurons, the invention causes them to translocate 
directly in the pathological neurons of the lesion. The ability 
of electricity to increase the local acidity in precisely local 
ized target tissue is of critical importance in the CNS as so 
many vital structures are often adjacent to pathological 
lesions,. 

3.1.2 Direct Translocation of Wild Type Clostridial 
Neurotoxin 

[0086] Wild type botulinum toxins naturally bind to cho 
linergic e?ferent neurons and epithelial cells Where they are 
internalized by endocytosis. In contrast there are some 
loW-a?inity gangliosides on all neuronal membranes and, 
although botulinum toxin binds to these sites, it is not 
internalized under normal conditions (M. V. De Angelis et 
al.: Anti-GDla antibodies from an acute motor axonal 
neuropathy patient selectively bind to motor nerve ?ber 
nodes of Ranvier, 121 JOURNAL OF NEUROIMMUNOL 
OGY 79-82 (2001), hereby incorporated herein by refer 
ence. HoWever, according to one embodiment of the inven 
tion exposure of the membrane bound botulinum toxin to an 
acidic extracellular environment, for example, a pH range 
from about 4.5 to 6, more preferably, a pH value of about 5 
to 5.5 triggers direct translocation of the free light chain 
across the cell membrane. Thus, according to this embodi 
ment of the invention, light chains are delivered into neurons 
that botulinum neurotoxin cannot normally enter, including 
sympathetic neurons and sensory neurons. Particularly 
notable are the subclass of sensory neurons that sense pain. 
As discussed in more detail beloW, this greatly increases the 
ef?cacy of regulated SNARE inhibitors to treat disease. 

[0087] In contrast to botulinum toxin, tetanus toxin binds 
to and is internalized by all peripheral neurons. HoWever, the 
internalized tetanus toxin is preferentially transported to the 
CNS Where its selective block of inhibitory neurons causes 
excitation. Thus, according to another embodiment of the 
invention, Where a decrease of peripheral neuron activity is 
bene?cial, the tetanus toxin can be exposed to an acidic 
environment before it is internalized. Into endosomes. 
Exposing the bound tetanus toxin to an acidic extracellular 
environment, preferably from about 4.5 to 6, and more 
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preferably from about pH 5 to 5.5 triggers direct transloca 
tion of the tetanus toxin light chain across the cell mem 
brane. This demonstrates hoW the method of this invention 
changes the increased activity that normally occurs in neu 
rons intoxicated With tetanus toxin into decreased activity. 

[0088] Under ideal conditions clostridial neurotoxins bind 
and are internalized Within seconds. HoWever, in vivo con 
ditions are rarely ideal. After injection, the neurotoxins must 
diffuse through tissue to reach their natural high a?inity 
binding sites on the presynaptic membrane. Because the 
toxins are large molecules, this diffusion can be quite sloW. 
Therefore, depending on the particular tissue, the time 
alloWed from injection of toxin to acidi?cation can vary 
from simultaneous administration to up to ten hours, 
although 2 hours is preferred, and 20 minutes is more 
preferable. The exact time varies With the speci?c tissue and 
mode of delivery. HoWever, after endocytosis begins, the 
toxin is no longer exposed to the extracellular environment 
and, therefore, is less effected by extracellular acidi?cation. 

4. ENCAPSULATION VECTORS 

[0089] In another embodiment of the invention, regulated 
SNARE inhibitors are translocated across the cell membrane 
by an encapsulation vectors. As used herein the terms 
“encapsulation vectors” or “vectors” mean pharmaceutical 
preparations that physically or chemically surround the 
regulated SNARE inhibitor and function to facilitate trans 
location. Preferably the regulated SNARE inhibitor is not 
covalently bonded to the vector. Both physical and chemical 
encapsulation vectors are suitable for use in the invention. 

[0090] Examples of physical encapsulation vectors suit 
able for use in the invention include, Without limitation, 
liposomes, niosomes, viruses and nanoparticles. 

[0091] In one aspect of this embodiment, the encapsulat 
ing vesicle is a liposome. Liposomes are arti?cial vesicles 
With single or multiple membranes that encapsulate sur 
round a bioactive cargo and deliver it to cells either by 
membrane fusion or endocytosis. The membranes are made 
from natural and synthetic phospholipids, glycolipids, and 
other lipids and may include cholesterol; charged species 
Which impart a net charge to the membrane; and speci?c 
binding moieties on their surface; and other lipid soluble 
compounds Which have chemical or biological activity. 

[0092] Preferred liposomes for use in the invention can be 
triggered to release their contents or fuse in response to pH 
stimuli, as they can potentially respond to acidic environ 
ments in vivo. Such environments include those encountered 
in tumor tissue and primary endocytic vesicles. See e.g., 
Hafez Tunable pH-Sensitive Liposomes Composed ofMix 
tures of Cationic and Anionic Lipids 79 BIOPHYSICAL 
JOURNAL 1438-1446 (2000), hereby incorporated herein 
by reference. 

[0093] Botulinum toxin free light chain can be delivered 
via liposomes to block in vitro neuromuscular transmission 
at nanomolar doses, Paiva A, Dolly J O. Light Chain Of 
Botulinum Neurotoxin Is Active In Mammalian Motor Nerve 
Terminals When Delivered I/ia Liposomes FEBS Lett. Dec. 
17, 1990; 277(1-2): 171-4, hereby incorporated herein by 
reference; WO 03/101483A1, Pharmaceutical Preparation 
Of Botulinum Neurotoxin, Methods Of Synthesis And 
Methods Of Clinical Use, hereby incorporated herein by 
reference, discloses methods of producing liposomes con 
taining botulinum toxin. 
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[0094] In one preferred embodiment of the invention, 
liposomes are used as a translocating agent to skin cells and 
certain liposomes are appropriate for transderrnal drug deliv 
ery (see e.g., US. Pat. No. 5,190,762 Method Of Adminis 
tering Proteins To Living Skin Cells, hereby incorporated 
herein by reference). 
[0095] In another preferred embodiment, liposomes can 
deliver regulated SNARE inhibitors to cancer cells (Har 
rington K et al., Liposomally Targeted Cytotoxic Drugs For 
The Treatment Of Cancer, Journal of Pharmacy and Phar 
macology 2002, 54: 1573-1600, hereby incorporated herein 
by reference). 
[0096] In another aspect of this embodiment, the encap 
sulating vesicles are niosomes. Niosomes, Which may be 
considered a special case of liposomes, are prepared from 
non-ionic surfactants such as polyoxyethylene alkylether, 
polyoxyethylene alkylester or saccharose diester, see e.g., 
Rentel C O et al: Niosomes As A Novel Peroral Vaccine 
Delivery System Int. J. Pharrn. Sep. 20, 1999;186(2):161-7), 
hereby incorporated herein by reference. 
[0097] In another aspect of this embodiment, the encap 
sulating vesicles are viruses, protein or glycoprotein struc 
tures encapsulating regulated SNARE inhibitor. See e.g., 
Cullen, B. R. Journey to the center ofthe cell. Cell 105, 697 
(2001), hereby incorporated herein by reference. 
[0098] In another aspect of this embodiment, the encap 
sulating vesicles are nanoparticles. Nanoparticles are 10 to 
1000 nm particles made from polymers With the bioactive 
agent embedded inside. A preferred embodiment are nano 
particles composed by polyDL-lactide-coglycolide. These 
particles enter into cells by non-speci?c pinocytosis. They 
escape from acidi?ed endosomes into cytoplasm and sloWly 
dissolve and release their bioactive cargo. The polymeric 
material dissolves into lactic and glycolic acids that are 
metaboliZed by the cell and eliminated. See e.g., Panyam J 
et al., Rapid Endo-Lysosomal Escape Of Polydl-Lactide 
Coglycolide Nanoparticles: Implications For Drug And 
Gene Delivery FASEB J. (2002) 16, 1217-1226, hereby 
incorporated herein by reference; LabhasetWar, V. (1997) 
Nanoparticles For Drug Delivery, Pharm. NeWs 4, 28-31, 
hereby incorporated herein by reference. 
[0099] Chemical encapsulation vectors are molecules that 
bond to the regulated SNARE inhibitor either by covalent or 
non-covalent bonds and isolate the regulated SNARE inhibi 
tor from the surrounding aqueous environment. By analogy 
an illustrative example of the concept is the Wild type 
botulinum toxin as produced by Clostridia in contaminated 
food. Botulinum toxin A is actually produced by bacteria 
With a coating of protective proteins that surround the toxin. 
These proteins are thought to protect the toxin from the 
acidic environment of the stomach Which can reach a pH of 
2.0 and denature the toxin. Another example of a chemical 
vector are monoclonal antibodies that are produced to bind 
to various antigenic sites of a toxin. The monoclonal anti 
bodies are designed to protect the toxin from the extracel 
lular environment but dissociate from the toxin at the acidic 
pH such as found in endosomes and the methods of this 
invention, see e.g., Raso V et al., Intracellular Targeting 
with Low pH-triggered Bispeci?c Antibodies Journal of 
Biological Chemistry, 1997, 272:27623-27628, hereby 
incorporated herein by reference. Another chemical encap 
sulating vector is the protein transduction domain Pep-1, or 
its equivalent, that is disclosed beloW. 
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5. TRANSLOCATION AND BINDING OF 
REGULATED SNARE INHIBITORS BY WAY OF 

PROTEIN TRANSDUCTION DOMAINS 

[0100] In another embodiment, the invention relates to 
translocation of regulated SNARE inhibitors across cell 
membranes by Way of protein transduction domains. Protein 
transduction domains are relatively short polypeptides that, 
generally, bind to cells non-speci?cally (i.e., do not differ 
entiate betWeen cell types). It is believed that the mechanism 
of action involves electrostatic attraction betWeen cationic 
charged amino acids of the protein transduction domain and 
anionic charges on the cell surface. These cause non-speci?c 
binding and intemaliZation. Although the mechanism by 
Which the protein domain enters cells on its oWn is unclear, 
When conjugated to bioactive cargo it enters via endosomes. 
Acidi?cation causes direct translocation across the mem 

brane. See e.g., Leifert J and Whitton L: “Translocatory 
Proteins ” and r‘Protein Transduction Domains “.' A Critical 

Analysis of Their Biological E??ects and the Underlying 
Mechanisms, Molecular therapy, 2003, 8:13-20, hereby 
incorporated herein by reference; Lindsay M., Peptide 
Mediated Cell Delivery: Application In Protein Target Vali 
dation Current Opinion in Pharmacology 2002, 2:587-594, 
hereby incorporated herein by reference; US. 2002/ 
0098236A1, Transport Vectors, hereby incorporated herein 
by reference. 

[0101] Studies of the minimum translocation region iden 
ti?ed a positively charged section betWeen amino acids 47 
and 57, Which Was previously associated With DNA binding, 
Vives E, Brodin P, Lebleu B, ATruncated HI V-1 Tat Protein 
Basic Domain Rapidly Translocates Through The Plasma 
Membrane And Accumulates In The Cell Nucleus. J Biol 
Chem 1997, 272:16010-16017, hereby incorporated herein 
by reference. Similar studies of antennapedia, a Drosophila 
homeodomain transcription factor, identi?ed a 16-amino 
acid PTD derived from region 43-58, and also located Within 
the DNA-binding third domain. Lindgren M et al., Trans 
location Properties Of Novel Cell Penetrating T ransportan 
AndPenetratin Analogues. Bioconjug. Chem. 2000, 11:619 
626, hereby incorporated herein by reference. Since these 
initial observations, a host of short peptides have been 
identi?ed and shoWn to rapidly translocate across mem 
branes. HoWever, conjugation and delivery of biological 
cargo has been predominantly performed using the peptides 
derived from TAT, antennapedia and transportan, a synthetic 
chimera derived from galanin and mastoparan (Pooga M, 
Hallbrink M, Zorko M, Langel U: Cell Penetration By 
Transportan FASEB J 1998, 12:67-77, hereby incorporated 
herein by reference. Comparison of the uptake rate by 
?uorescence resonance energy transfer (FRET) analysis 
shoWed that the uptake of all these protein transduction 
domains Was essentially complete Within 15-60 min. 

[0102] A preferable protein transduction domain is Pep-1 
marketed as ChariotTM (Active Motif, Carlsbad Calif.) Pep-1 
binds to bioactive cargo via non-covalent interactions, func 
tions like a chemical encapsulation to protect the cargo 
extracellularly and then can translocate bioactive cargo 
intracellular in vitro and in vivo With 65-90% ef?ciency 
Pep-1 is composed of 21 amino acids consisting of three 
domains: (1) a hydrophobic tryptophan-rich motif contain 
ing ?ve tryptophan residues required for e?icient targeting to 
the cell membrane and for forming hydrophobic interactions 
With proteins; (2) a hydrophilic lysine-rich domain 
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(KKKRKV) derived from the nuclear localization sequence 
(NLS) of simian virus 40 (SV-40) large T antigen, required 
to improve intracellular delivery and solubility of the pep 
tide vector; and (3) a spacer domain (SQP), separating the 
tWo domains mentioned above, containing a proline residue, 
Which improves the ?exibility and the integrity of both the 
hydrophobic and the hydrophilic domains (Morris M et al: 
Peptide carrier for the delivery of biologically active pro 
teins into mammalian cells, 2001 19:1173-1176) ChariotTM 
User Manual (version A), hereby incorporated by reference 
herein, teaches hoW to combine Pep-l With proteins prior to 
application to cells and is herein incorporated by reference 
in its entirety. In vivo use of Pep-l in mammals is disclosed 
in, Aoshiba K, Alveolar Wall Apoptosis Causes Lung 
Destruction and Emphysematous Changes American Jour 
nal of Respiratory Cell and Molecular Biology. Vol. 28, pp. 
555-562, 2003, hereby incorporated herein by reference. 

[0103] According to this embodiment of the invention, 
protein transduction domains are particularly useful With 
certain regulated SNARE inhibitors, such as the free light 
chain (Which do not contain the heavy chain binding region) 
of clostridial neurotoxins and the protein IgA protease, that 
normally do not bind e?iciently, if at all, to cell membranes. 
The protein transduction domain assists in bringing such 
molecules across the cell membrane Where they can perform 
their SNARE inhibiting function. 

6. METHODS FOR DRUG DELIVERY TO 
MINIMIZE PRODUCTION OF ANTIBODIES 

[0104] Immunogenicity is a major problem for complex 
pharmaceuticals. If a pharmaceutical is antigenic (generates 
antibodies), the drug should be used as e?iciently as pos 
sible, to minimize neutralizing antibodies. 

[0105] Antibodies circulate through the circulation and 
pass into the extracellular ?uids. In most tissues, of antibody 
levels in the extracellular ?uids is approximately the same as 
in plasma, except for the cerebrospinal ?uid Where antibod 
ies are removed by an active process. If antibodies against 
a particular drug exist, it is important to minimize the drug’s 
exposure. 

[0106] According to one embodiment of the invention, if 
antibodies exist or are generated in increased amounts, 
certain modi?cations are made in the molecule itself or in 
the method of delivery to minimize antibody production 
and, to the extent antibodies are present, to minimize expo 
sure of the drug to these antibodies. 

[0107] For example, the production of neutralizing anti 
bodies can be mitigated by decreasing the amount of drug 
used for a given condition and administer the drug such that 
it binds to its target as quickly as possible, thereby mini 
mizing the extra drug that di?‘uses aWay from the area. 

[0108] In another embodiment of the invention, the acid 
mediated translocation described above helps accomplish all 
these goals. Acidic environments interfere With antibody 
function. Tumors and in?amed tissue are both tissues Where 
antibody function is knoWn to be impaired. Acid decreases 
the a?inity of antibodies to antigens, perhaps by making 
conformational changes in both. Therefore, acid mediated 
translocation directly aids the injected drug in avoiding 
neutralizing antibodies. Similar conformational changes can 
be achieved With extracellular alterations in ionic strength, 
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urea concentration, and other chemical manipulations Well 
knoWn to those skilled in the art. 

[0109] In one embodiment, regulated SNARE inhibitors, 
particularly, clostridial neurotoxin, can be chemically 
altered to cover its antigenic sites, for example, by polyeth 
ylene glycolation (PEG). Polyethylene glycol is positioned 
at various points of the molecule that prevent antibodies 
from approaching close enough to bind Without stopping the 
activity of the molecule. In experimental animals, modi? 
cation of a Pseudomonas exotoxin-derived immunotoxin 
With monomethoxy-polyethylene glycol (mPEG) dimin 
ished immunogenicity 5- to l0-fold, prolonged circulation 
time and preserved its anti-tumor e?‘ect. 

[0110] In another embodiment, the amino acids side 
chains of regulated SNARE inhibitors are altered. This is 
readily accomplished by one of skill in the art by adapting 
the methods disclosed in US. pat. Appl. Pub. 2002/ 
0127247Al (published Sep. 12, 2002), Which is hereby 
incorporated herein by reference. 

[0111] Another method of the invention for covering/ 
blocking the antigenic sites is With antibodies that are 
released under acidic conditions, such as are found in the 
endosomes. 

[0112] In another embodiment of the invention, regulated 
SNARE inhibitors, for example, clostridial neurotoxin, are 
enveloped in an immunoliposome that is internalized into 
the cell by endocyto sis, and then merges With the membrane 
of the endosomes at acidic pH, thereby liberating its contents 
into the cytoplasm. 

[0113] In still another embodiment of the invention, anti 
bodies can be useful. That is, antibodies against the drug can 
be injected Within a period of time before or after drug 
delivery thereby “soaking up” excess drug that might cause 
the induction of an immune response. 

[0114] In yet another embodiment of the invention for 
mitigating antibody formation, the extracellular space and/or 
the circulation in the area is decreased to prevent delivery of 
antibodies. For example, limb can be elevated and a tour 
niquet applied. Cold and pressure both decrease circulation 
as Well as extracellular volume in tissue. Vasoconstrictors 
can decrease circulation to very loW levels, and tissues can 
tolerate this for an hour or more. Epinephrine and similar 
vasoconstrictors are useful for this purpose. 

[0115] In another embodiment, other substances or mol 
ecules can be injected along With the drug to bind antibodies. 
Certain bacterial proteins bind antibodies, these include 
proteins A, G, L, M. In addition anti-idiotype antibodies can 
be injected With the drug, or at a minimum the Fab frag 
ments. An excess of haptens can be injected to saturate 
antibody binding sites. Alternatively inactive drug or frag 
ments thereof can be used. Of this embodiment of the 
invention an example is to inject tetanus toxoid along With 
tetanus toxin. 

[0116] Staphylococcus aureus protein A binds to IgG via 
surfaces in the Fc-fragment of the heavy chain of the 
IgG-molecule, hoWever, protein A lacks the ability to bind to 
human IgG3. Protein G binds to heavy chains in human IgG 
and to all four of its subclasses. Protein H binds to the 
Fc-fragment in IgG from human beings, monkeys and 
rabbits. Protein G binds to heavy chains in human IgG and 
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to all four of its subclasses. Protein M binds to the Fc 
fragment in IgG from humans, monkeys, rabbits, goats, mice 
and pigs (PCT/SE91100447), hereby incorporated herein by 
reference. Protein L binds to the light chains in immuno 
globulins from all of the classes of G, A, M, D and E is 
knoWn. See e.g., US. Pat. No. 4,876,194 (issued Oct. 24, 
1999), Which is hereby incorporated herein by reference. 
US. patent application publication no. 2003/0027283A1 
(published Feb. 6, 2003), Which is hereby incorporated 
herein by reference, discloses a recombinant protein L that 
can be used for above purposes. In addition, in some 
autoimmune diseases, there is a great need to reduce or 
eliminate serum antibodies, and this application suggests 
that this recombinant protein L may be of value. The 
above-mentioned proteins are used in the analysis, puri? 
cation and preparation of antibodies from solution ex vivo 
for diagnostic and biological research and have not been 
used in vivo. 

[0117] Alternatively monoclonal antibodies can be pro 
duced that bind human antibodies. EP0163141 B 1, Mono 
clonal anti-human IgG antibody and process for preparing 
the same, hereby incorporated herein by reference, teaches 
hoW these can be prepared, although the purpose in the 
disclosed invention is for these antibodies to be part of an in 
vitro diagnostic test. If antibodies are to be used in humans 
they must be “humanized”, i.e., have any foreign antigens 
removed. Recombinant techniques alloW for the design and 
mass production of various size humanized monoclonal 
antibodies against selected antigens. For the purposes of the 
present invention the entire antibody against human anti 
body need not be used. Instead, only the binding fragment 
With speci?city against the binding site of human antibodies 
is necessary. 

7. METHODS OF ADMINISTRATION OF 
TOXINS FORMULATIONS OF THE 

INVENTION 

[0118] Preferably, the regulated SNARE inhibitors used 
according to the methods of the invention are administered 
by local delivery or administration by methods Well knoWn 
in the art. Suitable local administration methods include 
intraperitoneal, injection into an organ, intramuscular, intra 
ventricular, subcutaneous, topical, sublingual, nasal, 
parenteral, ocular, intradermal, subcutaneous, and topical 
administration modes. 

[0119] Preferably, the regulated SNARE inhibitors are 
administered in pharmaceutically acceptable formulations. 
Preferably, such formulations are sterile. Pharmaceutically 
acceptable methods and formulations are Well knoWn in the 
art, for example: parenteral injection and formulations are 
discussed in 2 REMINGTON: THE SCIENCE AND PRAC 
TICE OF PHARMACY 1524-1548 (Alfonso R. Gennaro 
ed., 19th ed., 1995), hereby incorporated herein by refer 
ence; topical formulations and administration is described in 
2 REMINGTON: THE SCIENCE AND PRACTICE OF 
PHARMACY 866-885 (Alfonso R. Gennaro ed., 19th ed., 
1995), hereby incorporated herein by reference; administra 
tion by Way of solutions, emulsions and extracts is discussed 
in 2 REMINGTON: THE SCIENCE AND PRACTICE OF 
PHARMACY 1495-1523 (Alfonso R. Gennaro ed., 19th ed., 
1995), hereby incorporated herein by reference; administra 
tion by Way of ophthalmic formulations is discussed in 2 
REMINGTON: THE SCIENCE AND PRACTICE OF 
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PHARMACY 1495-1523 (Alfonso R. Gennaro ed., 19th ed., 
1995), hereby incorporated herein by reference; administra 
tion by Way of aerosols is discussed in 2 REMINGTON: 
THE SCIENCE AND PRACTICE OF PHARMACY 1676 
1692 (Alfonso R. Gennaro ed., 19th ed., 1995), hereby 
incorporated herein by reference; administration by Way of 
poWders is discussed in 2 REMINGTON: THE SCIENCE 
AND PRACTICE OF PHARMACY 1598-1614 (Alfonso R. 
Gennaro ed., 19th ed., 1995), hereby incorporated herein by 
reference. 

[0120] Regulated SNARE inhibitors can be administered 
by standard techniques Well knoWn in the art, for example, 
Without limitation, in formulations, such as solutions, poW 
ders, biogels, polymers, microparticles, liposomes or 
micelles. 

7.1.1 Administration by Local Injection 

7.1.1.1 Application of Clostridial Neurotoxins along 
Axons 

[0121] Notably, both botulinum and tetanus toxin nor 
mally bind and are internalized into neurons at the synapse, 
the point of contact betWeen the neuron and its target cell. 
This area contains the regulated SNARE protein mediating 
neurotransmission. Therefore, at least for botulinum toxin, 
its internalization in this area and the subsequent transloca 
tion of the light chain from the endosome places the light 
chain in close proximity to the regulated SNARE proteins. 
One reason that clostridial neurotoxins preferentially bind to 
this area is that the presynaptic membrane contains very 
high concentrations of ganglioside GT-1. HoWever, GT-1 
ganglioside or others that have slightly less affinity are 
present along the entire length of peripheral axons, albeit at 
much loWer concentrations than at the presynaptic mem 
brane. It has been shoWn that both botulinum and tetanus 
toxin bind to these regions but are not internalized. See e. g., 
Angelis M. V. et al., Anti-GDla Antibodies From An Acute 
MotorAxonal Neuropathy Patient Selectively Bind To Motor 
Nerve Fiber Nodes Of Ranvier Journal of Neuroimmunol 
ogy 121 (2001) 79-82, hereby incorporated herein by ref 
erence. HoWever, if the bound clostridial neurotoxins are 
exposed to high acidity they Would translocate their light 
chains into the axons. 

[0122] Neurons form their proteins at the cell body and 
transport them through the axon the entire distance from the 
axon to the synapse. It is knoWn that among the proteins 
transported in this manner are the regulated SNARE pro 
teins. See e.g., Diefenbach R. J. et al., The Heavy Chain Of 
Conventional Kinesin Interacts With The Snare Proteins 
SNAP25 And SNAP23, 41 BIOCHEMISTRY 14906-14915 
(2002), hereby incorporated herein by reference. Therefore 
translocation of clostridial neurotoxin light chains, at any 
point along the axon, alloWs them to cleave the transported 
regulated SNARES thereby rendering them inactive. In 
many clinical situations the tissue that Would bene?t from 
injection of a regulated SNARE inhibitor contains other 
nerve elements or cells that perform regulated SNARE 
exocytosis. Therefore it is preferable that if the nerve in need 
of inhibition can be easily accessed at any point along its 
route, it can be selectively inhibited. As an illustrative 
example, a patient has a cancer involving a bone of the left 
foot and is in need of analgesia. Administration of a regu 
lated SNARE inhibitor can be done in and around the bone 
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cancer to block pain ?bers however, an undesirable side 
effect is that nerves to muscles in the area are also inhibited 
and the muscles are temporarily paralyZed. Although motor 
and sensory nerve ?bers are mixed in peripheral nerves they 
separate prior to entering into the spinal cord. Speci?cally, 
motor ?bers enter more anterior than sensory ?bers, they 
divide into the ventral and dorsal roots of the spinal nerve 
from that segment of spinal cord. At the dorsal root the 
sensory ?bers can be accessed and blocked Without effecting 
the motor nerve, thereby avoiding paralysis. This shoWs hoW 
the methods of this invention alloW selective inhibition of 
nerves that innervate a tissue. Numerous other situations 
Where this is of value Would be evident to a person skilled 
in the art, and further detailed examples are provided beloW. 

[0123] In one embodiment of the acid mediated transport 
methods of the invention, regulated SNARE inhibitors are 
injected from about one-second to about tWo hours prior to 
acidi?cation, thereby alloWing regulated SNARE inhibitors 
to bind prior to translocation. In another embodiment, inj ec 
tion of regulated SNARE inhibitors is performed simulta 
neously With injection of an acid formulation, thereby caus 
ing more general and non-speci?c binding. The injection of 
acid solution could also precede injection of the protein of 
the inventions. 

[0124] In one embodiment, regulated SNARE inhibitors 
or formulations thereof, are administered locally by inject 
ing according to standard techniques. Local injection of 
regulated SNARE inhibitors can be performed by needle 
injection, needleless pressure injection, biodegradable and 
non-degradable implants and implantable pumps. Further 
non-limiting examples are to incorporate the SNARE inhibi 
tors onto coatings or parts of intravascular stents, implanted 
arti?cial or transplanted organs or tissues. 

[0125] For local injection, the compounds of the invention 
can be formulated in physiologically compatible aqueous 
solutions, such as Hanks’s solution, Ringer’s solution, or 
physiological saline buffer. 

[0126] Another embodiment of the invention is to inject 
the protein of the invention into an enclosed space such as 
pleural cavity, joint spaces, gastrointestinal, genitourinary or 
reproductive organs, lymphatics, and blood vessels. Another 
embodiment of the invention is to inject the protein of the 
invention into tissues or organs of relatively homogenous 
cell types. Such organs Would include the central nervous 
system, peripheral nerves, endocrine glands, liver and pan 
creas, bone marroW, cartilage, connective tissue, fat, nasal 
cavity and nasal sinuses, and pathologic material such as 
benign and malignant tumors. In another embodiment of the 
invention, the toxins of the invention are injected into 
vessels supplying speci?c areas, lymphatics, cerebrospinal 
?uid, anterior or posterior chamber of the eye, the cochlea or 
middle ear, synovial or pleural cavities. 

7.1.2 Topical Administration 

[0127] As used herein, the term “topical administration” 
or “topical delivery” means intradermal administration of a 
regulated SNARE inhibitor by administration of the regu 
lated SNARE inhibitor or a composition comprising the 
regulated SNARE inhibitor to intact skin. For example, by 
rubbing a composition of the invention onto an area of intact 
skin or by placing an intradermal patch comprising a com 
position of the invention onto an area of intact skin. The term 
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“topical composition” means a pharmaceutical composition 
designed for topical administration and containing a phar 
maceutical. 

[0128] Regulated SNARE inhibitors can be applied topi 
cally in intradermal or transdermal formulations, such as 
solutions, creams, emollients, ointments, patches, aerosols, 
sprays, and mists. Processes to spread diffusion across 
mucosal or skin barriers can be used, for example by use of 
liposomes or iontophoresis. One embodiment of the inven 
tion is to administer regulated SNARE inhibitors in topical, 
sloW-release solids, gels or polymers by application to the 
skin or mucus membranes. Speci?c embodiments include 
biodegradable contact lens, a coated or biodegradable 
implant or stent for the nose, sinuses, Eustachian tube or in 
the form of a myringotomy tube, intrauterine device, or 
indWelling catheter. Further examples are obvious to those 
skilled in the art. 

7.1.3 Activation of Amphipathic Proteins or Their 
Conjugates 

[0129] According to one embodiment of the invention, 
regulated SNARE inhibitors can be used in an inactive or 
Wild-type form. In another embodiment, regulated SNARE 
inhibitors can be used in a form that is activated at body 
temperature upon exposure to typical in vivo conditions or 
the speci?c local conditions found in speci?c tissues. In still 
another embodiment, regulated SNARE inhibitors can also 
be designed such that under certain conditions they are 
activated. For example, activation by external signal or 
external or internal energy sources such as electrical current, 
microWave, ultrasound, or hypertherma or hypothermia. 

7.2 Dosages 

[0130] Pharmaceutical preparations suitable for use With 
the present invention include compositions Wherein the 
regulated SNARE inhibitors are present in effective 
amounts, i.e., in amounts effective to achieve the intended 
purpose, for example, modulation of cellular function or 
treatment of disease. Of course, the actual amounts of the 
regulated SNARE inhibitors effective for a particular appli 
cation Will depend upon a variety of factors including, inter 
alia, the disease being treated, the age and Weight of the 
subject and, Where appropriate, the judgment of the pre 
scribing physician. Determination of effective amounts is 
Well Within the capabilities of those skilled in the art, 
especially in light of the detailed disclosure herein. 

[0131] The regulated SNARE inhibitors can be locally 
administered in any manner that achieves the requisite 
therapeutic or prophylactic effect. Therapeutically or pro 
phylactically effective doses of the regulated SNARE inhibi 
tors can be determined from animal or human data. The 
applied doses can be adjusted based on the relative bioavail 
ability, potency and in vivo half-life of the administered 
regulated SNARE inhibitors. Adjusting the dose to achieve 
maximal ef?cacy in humans based on methods that are 
Well-knoWn is Well Within the capabilities of the ordinarily 
skilled artisan. 

[0132] Typically, dosages and therapeutically effective 
amounts range from about 0.001 units to about 10,000 units 
of the regulated SNARE inhibitor, preferably, from about 
0.1 units to about 1000 units, more preferably, in the range 
of about 1 units to about 100 units. Typically, each dose is 
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administered once a day to once every 3 years, preferably, 
once a Week to once a year, more preferably once a month 

to once a year. 

8. TREATMENT OF DISEASE USING THE 
METHODS OF THE INVENTION TO DELIVER 

REGULATED SNARE INHIBITORS 

[0133] The methods, compositions, and formulations of 
the invention are useful for treatment and/or prevention of 
disease in mammals. 

[0134] The methods, compositions, and formulations are 
useful to treat all disease, conditions, and symptoms dis 
closed in WO 02/00172, to Ira Sanders, PCT/US01/20523 
(published Jan. 3, 2002), Which is hereby incorporated 
herein by reference, and the methods and formulations 
described therein can be adapted in the present invention. 

[0135] In one embodiment, the methods of the invention 
are directed treatment, reduction of symptoms, and/or pre 
vention of disease in mammals using acid mediated trans 
location of regulated SNARE inhibitors. In another embodi 
ment, the methods of the invention are directed to treatment, 
reduction of symptoms, and/or prevention of disease in 
mammals by translocation and binding of regulated SNARE 
inhibitors by Way of protein transduction domains. In yet 
another embodiment, the methods of the invention are 
directed to treatment, reduction of symptoms, and/or pre 
vention of disease in mammals by translocation and binding 
of regulated SNARE inhibitors by Way of encapsulation 
vectors. 

[0136] The methods of the invention are useful for the 
treatment, reduction of symptoms, and/or prevention of 
achalasia, anal ?ssure, anismus, blepharospasm, cerebral 
palsy, cervical dystonia, cervicogenic headache, hemifacial 
spasm, dyshidrotic ecZema, dysphagia, dysphonia, esoph 
ageal dysmotility, esophageal muscular ring, esotropia 
(infantile), eyelift, facial myokemia, gait disturbances (idio 
pathic toe-Walking), generalized dystonia, hemifacial 
spasm, hyperfunctional facial lines (glabellar, forehead, 
croW feet, doWn-turned angles of the mouth), hyperhidrosis, 
incontinence (spinal cord injury), migraine headache, myo 
clonus, myofascial pain syndrome, obstructive urinary 
symptoms, pancreas divisum pancreatitis, Parkinson’s dis 
ease, puborectalis syndrome, reduction of surgical scar 
tension, salivary hypersecretion, sialocele, sixth nerve palsy, 
spasticity, speech/voice disorders, strabismus, surgery 
adjunct (ophthalmic), tardive dyskinesia, temporomandibu 
lar joint disorders, tension headache, thoracic outlet syn 
drome, torsion dystonia, torticolis, Tourette’s syndrome, 
tremor, Whiplash-associated neck pain, pain, itching, in?am 
mation, allergy, cancer and benign tumors, fever, obesity, 
infectious diseases, viral and bacterial, hypertension, cardiac 
arrhythmias, vasospasm, atherosclerosis, endothelial hyper 
plasia, venous thrombosis, varicose veins, apthous stomati 
tis, hypersalivation, temporomandibular joint syndrome, 
sWeating, body odor, acne, rosacea, hyperpigmention, 
hypertrophic scars, keloid, calluses and corns, skin Wrin 
kling, excessive sebum production, psoriasis, dermatitis, 
allergic rhinitis, nasal congestion, post nasal drip, sneeZing, 
ear Wax, serous and suppurative otitis media, tonsil and 
adenoid hypertrophy, tinnitus, diZZiness, vertigo, hoarse 
ness, cough, sleep apnea, snoring, glaucoma, conjunctivitis, 
uveitis, strabismus, Grave’s disease, asthma, bronchitis, 
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emphysema, mucus production, pleuritis, coagulation disor 
ders, myeloproliferative disorders, disorders involving eosi 
nophils, neutrophils, macrophages and lymphocytes, 
immune tolerance and transplantation, autoimmune disor 
ders, dysphagia, acid re?ux, hiatal hernia, gastritis and 
hyperacidity, diarrhea and constipation, hemorrhoids, uri 
nary incontinence, prostatic hypertrophy, erectile dysfunc 
tion, priapism and Peyronie’s disease, epididymitis, contra 
ception, menstrual cramps, preventing premature delivery, 
endometriosis and ?broids, arthritis, osteoarthritis, rheuma 
toid, bursitis, tendonitis, tenosynovitis, ?bromyalgia, seiZure 
disorders, cerebral palsy, spasticity, headache, and neural 
g1as. 

[0137] In a preferred embodiment, the methods of the 
invention are useful for the treatment, reduction of symp 
toms, and/or prevention of pain or in?ammation; migraine 
headaches; allergy; cystic ?brosis; disease related to adipose 
tissue; viral infection; cancer; fever; sWeating, eccrine, and 
apocrine; disease related to or associated With holocrine 
secretions and acne; disease relate to mucous secretion; 
prostatic hypertrophy; diseases treatable by gene therapy; 
disease of the veins, such as venous stasis, varicose veins 
and hemorrhoids; high blood pressure. The methods of the 
invention are also directed to use of regulated SNARE 
inhibitors simultaneously as a therapeutic agent and as a 
vaccine. 

[0138] In another embodiment, the invention is directed to 
preparation of a medicament or pharmaceutically acceptable 
formulation, preferably a medicament or pharmaceutical 
acceptable formulation suitable for local delivery, compris 
ing a therapeutically effective amount of a regulated SNARE 
inhibitor for use in the methods of the invention. 

8.1. Pain and In?ammation 

8.1.1 Pain 

[0139] In one embodiment of the invention, therapeuti 
cally e?fective amounts of regulated SNARE inhibitors are 
administered locally, preferably, by Way of acid mediated 
translocation, protein transduction domains, or encapsula 
tion vectorsiso as to increase or facilitate cell membrane 
translocation and/ or bindingito treat, reduce the symptoms 
of, and/ or prevent pain in mammals, and the related process 
of in?ammation, Which causes pain. 

[0140] Pain is a noxious sensation mediated by a special 
class of neurons called nociceptors. The majority of these 
nociceptors are unmyelinated C ?bers and the thin myeli 
nated A delta ?bers, Which are concentrated in the skin and 
mucosa. Nociceptors have membrane receptors that respond 
to heat, acid, and a Wide variety of endogenous bioactive 
substances secreted by other neurons surrounding tissue 
cells and from White blood cells that migrate out of the blood 
stream to the involved area. 

[0141] Unmyelinated C ?bers are unusual in that the 
terminal axons of single neuron cover a relatively Wide area, 
up to several centimeters in skin. Stimulation of a single 
terminal is conveyed directly to the other terminal axons of 
the same neuron as Well as sent back to the CNS. The direct 
transmission of signals from one terminal axon to another is 
called axon-axonal re?ex and plays an important role. These 
C nociceptors have the ability to release neuropeptides 
thereby causing an in?ammatory reaction in surrounding 
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areas not involved in the original painful stimuli. Neuropep 
tides released by nociceptors include substance P and CGRP. 
Substance P has numerous effects, it can stimulate pain 
sensation in other nociceptors and activate local tissue cells 
called mast cells that contain a Wide variety of bioactive 
substances that contribute to in?ammation and further pain. 
CGRP is a powerful dilator of blood vessels and causes 
increased circulation to the area. The resultant reaction 
ampli?es the original noxious insult by neural mechanism 
and by activation of surrounding cells. The clinical signs of 
in?ammation have been described for centuries as heat (due 
to increased circulation), sWelling (secondary to ?uid pass 
ing from local blood vessels into the tissue), redness (due to 
the increased blood circulation), and pain (noxious sensation 
from the original insult as Well as the numerous bioactive 
substances released in the area). 

[0142] Sensory neurons have their cell bodies in ganglia 
outside the central nervous system and have tWo axons. One 
axon courses doWn peripheral nerves to be distributed to 
innervate tissue, and the second axon passes to the spinal 
cord. Activation of the membrane receptors of the terminal 
axons of the nociceptors initiates a neural signal that passes 
along the length of the neuron to secondary relay neurons in 
the spinal cord and brainstem. The principal neurotransmit 
ters at the synapses betWeen nociceptor neuron and the relay 
neuron are substance P, glutamate, CGRP and neuropeptide 
Y. Some processing of the signal occurs at this synapse that 
either inhibits or enhances the signal. In addition, under 
certain conditions the signal can elicit local re?exes at the 
spinal-cord level that are sent through efferent neurons to the 
periphery tissue, further amplifying the reaction. 

[0143] As pain is a symptom of many different diseases 
and perhaps the single largest cause of human suffering it 
has been a priority for therapeutic intervention. Therapeutic 
interventions have been devised to intervene at many points 
from the peripheral tissue to brain. Examples of treatments 
for treating pain at the tissue level include steroids and 
non-steroidal anti-in?ammatory drugs (NSAIDS) such as 
aspirin; and in the CNS the principle drugs used are narcot 
ics such as Demerol. Aspirin blocks production of prostag 
landins, an important mediator of pain and in?ammation 
produced by tissue cells. Aspirin is effective for mild pain 
from some sources but does relief strong pain. Moreover, 
aspirin is associated With signi?cant side effects, it inhibits 
blood clotting, thereby making the patient susceptible to 
spontaneous bleeding, it irritates the gastrointestinal tract 
and can cause gastritis and ulcers, and chronic use can cause 
tinnitus. Narcotics are the primary treatment for severe pain. 
Narcotics Work by inhibiting the transmission of pain signals 
in the CNS. HoWever, narcotics have numerous side effects: 
respiratory depression; clouded sensorium; and addiction. In 
practice the exaggerated fear of addiction causes physicians 
to routinely under-dose patients, and this is a major cause of 
suffering in the patient population most in need of pain 
relief. 

[0144] In their Wild type form, the Clostridia tetani have 
some analgesic and anti-in?ammatory properties With teta 
nus toxin having more effects then botulinum toxin. In 
clinical practice, Wounds infected solely by Clostridia tetani 
are not painful. In fact, some patients are unaWare they have 
an infection until the onset of tetanic symptoms. Tetanus 
toxin is knoWn to bind to and be internaliZed by all nerves 
including sensory nerves such as the nociceptors. Finally, 
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another important difference betWeen tetanus toxin and all 
the botulinum toxin serotypes is that tetanus toxin can enter 
into and inhibit White blood cells such as macrophages that 
are draWn to injured tissue and greatly amplify the in?am 
matory response. For these reasons, tetanus neurotoxin is 
more versatile then botulinum toxin as an analgesic or anti 
in?ammatory agent, although it is not ideal as most of the 
toxin is transported by nerves out of the area. WO 02/00172: 
Methods for using tetanus toxin for bene?cial purposes in 
animals (mammals), hereby incorporated herein by refer 
ence teaches the use of tetanus toxin for the treatment of pain 
and in?ammatory conditions. 

[0145] It is believed that botulinum toxin has a signi?cant 
effect on pain that is caused by muscle spasms, this being 
secondary to the inhibition of muscle contraction. In addi 
tion, injections of botulinum toxin into the temporalis and 
frontalis muscles has been shoWn to be effective in the 
treatment of headache (Binder W. et al., (2000) Botulinum 
toxin type A (BotoxTM) for the treatment of migraine head 
ache, Otolaryngol Head and Neck Surg 123: 169-176, 
hereby incorporated herein by reference). HoWever, based 
on animal experiments it has also been claimed that botu 
linum toxin has an effect on in?ammatory evoked pain (US. 
Pat. No. 6,063,7681Application of botulinum toxin to the 
management of neurogenic in?ammatory disorders), and 
chronic pain syndromes (U .S. 2004/0028706A1: Neuralgia 
pain treatment by peripheral administration of a neurotoxin), 
hereby incorporated herein by reference. Borodic teaches 
against the use of botulinum toxin due to paralysis of 
muscles surrounding the injection site, see e.g., US. Pat. No. 
6,429,189: Cytotoxin (Non-Neurotoxin) For The Treatment 
Of human Headache Disorders And In?ammatory Diseases, 
hereby incorporated herein by reference). Moreover, con 
trolled experiments in humans fail to shoW any direct effect 
of botulinum toxin on pain (Blersch W. et al., (2002) 
Botulinum Toxin A And The Cutaneous Nociception In 
Humans: A Prospective, Double-Blind, Placebo-Controlled, 
Randomized Study, J. Neurol. Sci., 205159-63), hereby 
incorporated herein by reference. In fact there are receptors 
for acetylcholine on nociceptors, and stimulation of these 
receptors decreases pain (Dusser G, et al., Cholinergic 
Modulation Of Nociceptive Responses In Vivo And Neu 
ropeptide Release In VlZI’O At The Level Of The Primary 
Sensory Neuron, Pain 107 (2004) 22-32), hereby incorpo 
rated herein by reference. 

[0146] Due to the shortcomings of Wild type Clostridia 
tetani investigators have developed modi?ed forms of the 
toxins that bind speci?cally to sensory neurons to nocicep 
tors US. Pat. No. 5,989,545: Clostridial Toxin Derivatives 
Able To Modify Peripheral Sensory Afferent Functions, 
hereby incorporated herein by reference, discloses a modi 
?ed botulinum toxin in Which the binding domain is replaced 
by a compound that binds to sensory neurons. Therefore 
alight chain is introduced to nociceptor neurons for the 
purposes of blocking the synapse betWeen the nociceptor 
neuron and the ?rst relay neuron in the CNS. 
WO/0057897A1: Use Of A Lectin Or Conjugates For Modu 
lation Of C-Fibre Activity, hereby incorporated herein by 
reference, speci?cally discloses the use of a lectin to replace 
the Wild type binding domain, as lectins have speci?c 
a?inity for the nociceptor c ?bers. In US. 2003/0165541A1: 
Methods for treating in?ammation pain, hereby incorporated 
herein by reference, the speci?c target of the toxin is 
changed from a neuron to a non-neuronal cell that contains 
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receptors for sub stance P. Although many different cell types 
contain substance P receptors, those contributing to the 
in?ammatory response are mast cells and endothelial cells. 
Type TC mast cells (those containing the enzymes trypsin 
and chymase) are ?lled With large vesicles containing many 
in?ammatory bioactive substances. When properly stimu 
lated they release all these substances in a rapid process 
called degranulation. However, this degranulation does not 
utiliZe regulated SNAREs and therefore this function Would 
not be impaired by CNT. 

[0147] Preventing the vesicle mediated replacement of 
cell membrane at the sensory endings of the nociceptors 
prevents the replacement of nociceptors membrane recep 
tors and cause their depletion and the neuron stops respond 
ing to pain. Stopping neurotransmitter release at the synapse 
betWeen the primary and projection neuron blocks the 
transmission of pain. Furthermore, any process that inter 
feres With the action potentials propagating along the axon 
Will also block pain signals. 

[0148] According to the invention, pain is blocked at 
various points along the pathWay described above by locally 
administering regulated SNARE inhibitors according to the 
methods of the invention to effect e?icient cell membrane 
binding and/or translocation. 

[0149] In one example of this embodiment, a male patient 
experiences pain in the elboW region. To alleviate this pain 
a needle is passed through the skin above the elboW and 
small continuous pulses of electricity are applied through the 
tip of the needle. When the needle tip touches the nerve 
supplying the area from Which pain is experienced he feels 
a tingling in the area that the nerve distributes to, and 
informs the clinician. The clinician advances the needle 
slightly until the needle tip is under the perineurium of the 
nerve. The clinician sloWly infuses 5 ml of normal saline 
containing 10 units of tetanus neurotoxin. The clinician 
Waits for 2 minutes to alloW the solution to diffuse along the 
nerve and for the tetanus neurotoxin to bind. As the pain 
neurons are mostly unmyelinated C ?bers, their entire 
axonal membrane is exposed for the tetanus neurotoxin to 
bind. In contrast, the myelinated ?bers are covered by 
SchWann cells and only a small percentage of their mem 
brane is exposed at the nodes of Ranvier. After the Waiting 
period, a continuous current of 1 amp is passed through the 
needle tip in a pulse lasting 10 seconds. A pH beloW 6.0 is 
generated in the region of the nerve around the needle tip. 
This causes the tetanus neurotoxin to preferentially translo 
cate its light chains into the neurons. These light chains then 
di?‘use proximal and distal over the next 24 hours to reach 
presynaptic membranes Where they block vesicle release, 
thereby blocking pain sensation. 

[0150] As a further example of blocking pain, bolulinum 
neurotoxin C2 can be translocated across axon membranes 

to stop the propagation of axon action potentials. Bolulinum 
neurotoxin C2 exists as separate heavy and light chains that 
bind at the cell surface and are intemaliZed into endosomes. 
After acidi?cation, the C2 light chain translocates into the 
cytoplasm. C2 disassembles actin, therefore, disrupting the 
cytoskeleton and transport. Injection of Acid/C2 under the 
epineural of a peripheral nerve Would establish conditions 
for translocation of the C2 light chain into axons; disruption 
of tubules causes a local area Where action potentials do not 
propagate thereby blocking pain sensation. 

Jul. 13, 2006 

[0151] As a further example, a 40-year-old female has 
rheumatoid arthritis With severe left knee pain. The clinician 
injects the serosal joint cavity With a solution of 30 units of 
bolulinum neurotoxin dissociated light and heavy chains 
With anthrax protective antigen (the amphipathic component 
of anthrax toxin) in an acidic carrier solution. The bolulinum 
neurotoxin light chains are thereby translocated into the 
nociceptive neurons and cause them to stop recycling mem 
brane receptors thereby relieving the pain. 

8.1.1.1 Pain from Migraine Headaches 

[0152] In yet another embodiment of the invention, thera 
peutically e?‘ective amounts of regulated SNARE inhibitors 
are administered locally, preferably, by Way of acid medi 
ated translocation, protein transduction domains, or encap 
sulation vectorsiso as to increase or facilitate cell mem 

brane translocation and/or bindingito treat, reduce the 
symptoms of, and/or prevent the pain associated With 
migraine headaches in mammals 

[0153] It is thought that the etiology of migraine and other 
headaches is a neurogenic allergic reaction. The initial brief 
vasoconstriction is folloWed by a vasodilation. The vaso 
constriction causes the aura, a brief neurological aberration. 
The folloWing vasodilation is painful. It has been shoWn that 
neural activity alone can cause mast cell degranulation 
around the dura. The nerve supply of the cerebral vessels 
through autonomic neurons in the sphenopalatine ganglion, 
these join the carotid arteries When they pas through the 
skull base. Some treatments of migraine use ergotamines, a 
substance that causes prolonged vasoconstriction. Blocking 
the neurogenic pathWay can treat the migraine. 

[0154] In one example of this embodiment of the inven 
tion, a 30-year-old female With recurrent left-sided migraine 
headaches is injected With 10 units of bolulinum neurotoxin 
A into her pterygopalatine space by passing a 27 gauge 
needle 1.5 inches through the sphenopalatine canal and 
injecting the bolulinum neurotoxin in 3 ml of saline carrier 
solution. Patient reports a resolution of her migraine for 3 
months. 

8.1.2 In?ammation and Associated Pain 

[0155] In one more embodiment of the invention, thera 
peutically e?‘ective amounts of regulated SNARE inhibitors 
are administered locally, preferably, by Way of acid medi 
ated translocation, protein transduction domains, or encap 
sulation vectorsiso as to increase or facilitate cell mem 

brane translocation and/or bindingito treat, reduce the 
symptoms of, and/or prevent in?ammation and the pain 
associated With in?ammation in mammals. 

[0156] Regulated SNARE inhibitors are useful to treat 
in?ammation. For example, US. Pat. No. 6,063,768, hereby 
incorporated herein by reference, discloses application of 
bolulinum toxin to manage neurogenic in?ammatory disor 
ders, especially in rheumatoid joints, Which is hereby incor 
porated by reference herein. HoWever, such methods suffer 
from lack of e?iciency of cell membrane translocation 
and/or binding. 

[0157] In one example of this embodiment of the inven 
tion, a 60 year old female has severe rheumatoid in?amma 
tion in her right knee. She undergoes injection of 20 units of 
anthrax protective antigen/lethal toxin in 2 ml normal saline 
into the knee. The folloWing day the in?ammation has 
subsided. 
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8.2 Allergy 

[0158] In one embodiment of the invention, therapeuti 
cally e?fective amounts of regulated SNARE inhibitors are 
administered locally, preferably, by Way of acid mediated 
translocation, protein transduction domains, or encapsula 
tion vectorsiso as to increase or facilitate cell membrane 
translocation and/ or bindingito treat, reduce the symptoms 
of, and/or prevent allergy in mammals. 

[0159] The methods of the invention are useful to treat, for 
example, allergic conditions, such as allergy related rhinitis, 
asthma, conjunctivitis, gastroenteritis, serous otitis, sinusitis 
and dermatitis, and related conditions, such as infectious 
sinusitis and otitis media that occur secondary to allergy 
induced mucosal sWelling. According to the methods of the 
invention, regulated SNARE inhibitors are administered to 
the body structure and/or the nerves and nerve ganglia 
supplying these structures. In the case of bolulinum neuro 
toxin C2 the target is not the neuron but the mast cell. 

[0160] Common to allergies is the involvement of the IgE 
class of antibody. Individuals are not born With allergies, 
rather, they acquire them by exposure to allergens. The steps 
of the IgE allergic reaction are sensitiZation upon ?rst 
exposure to the allergen, and then the allergic response to 
subsequent exposures. The allergic response consists of an 
immediate and delayed response referred to as the early and 
late phase responses respectively. In atopic individuals, 
those prone to allergies, the initial exposure to an antigen 
results in the production of IgE antibodies that speci?cally 
recogniZe that allergen. This process is called sensitiZation. 

[0161] The early-phase response (ERP) is the immediate 
reaction that occurs Within minutes of exposure to an 
allergen. IgE are bound to the surface of a neuroimmune cell 
called the mast cell (in the circulation these cells are called 
basophils). Su?icient numbers of bound IgE antibodies that 
react With an allergen causes the mast cell to release con 
tetanus neurotoxin of secretory vesicles, a process knoWn as 
degranulation. The secretory vesicles contain histamine and 
other stored substances such as nerve groWth factor (NGF). 
In addition, the mast cell and T cells immediately begin 
manufacturing leukotrienes, cytokines, enZymes and sub 
stances that activate blood platelets and attract secondary 
cells to the area. Eosinophils produce major basic protein, 
eosinophil cationic protein, leukotrienes and nerve groWth 
factor. TH2 lymphocytes release cytokines that promote 
further IgE production and eosinophil chemo attraction, and 
increased numbers of mast cells. The sensory nerve stimu 
lation causes re?exes that are designed to aid in defending 
the tissue. These re?exes are often a larger problem then the 
local allergic response. Re?exes can range from large gross 
motor actions to regional afferent and efferent arcs or even 
local axon-axonal re?exes involving a single neuron. 

[0162] Some re?exes recruit major motor actions that are 
Well recogniZed. In the nose sneeZing is a re?ex attempt to 
expel unWanted material and coughing is the equivalent 
response in the lungs. 

[0163] Regional re?ex arcs involve the sensing of the 
stimulus by the sensory neuron, the transfer of the message 
to the ganglia and the central nervous system and an e?‘erent 
response via autonomic neurons. Re?ex excitation by the 
autonomic nervous system directly causes mast cell to 
degranulate, thereby spreading the reaction. In addition, 

Jul. 13, 2006 

these re?exes control a variety of other functions. In the 
nose, these re?exes cause increased mucus production, 
increased cilia movement, and congestion. In the lungs, 
re?exes cause bronchospasm, increased mucosal conges 
tion, and production of airWay secretions. In the GI tract, 
re?exes cause dysmotility, mucosal congestion, and secre 
tions. In the skin, the re?exes cause sWelling and itching. 

[0164] Finally, there are local axon-axonal re?exes in 
sensory nociceptive nerve ?bers. Allergic stimulation of a 
single neuron causes release of mediators from other axons 
of the same neuron. 

[0165] In chronic allergic stimulation, the mast cells and 
eosinophils releases nerve groWth factor that causes groWth 
of the nerves in the region. Thereby alloWing for increased 
neural responses and hyper reactivity. 
[0166] There is a great need for an effective treatment for 
allergic disorders. It has long been thought that the allergic 
reaction involved only histamine release by mast cells. 
Therefore, ?rst line therapy for allergy Was antihistamines, 
or more recently the non-sedating antihistamines. Other 
therapies are directed to block the effects of the mast cell 
secretions With adrenergic agonists. It is not obvious to those 
skilled in the art that a central role in allergic disorders 
involves the autonomic nervous system and that this nerve 
activity can be blocked by regulated SNARE inhibitors for 
a bene?cial e?fect. 

[0167] In one embodiment of this aspect of the invention, 
upon local administration, regulated SNARE inhibitors 
interfere With the allergic process by: (l) Directly blocking 
degranulation by the mast cell (principally bolulinum neu 
rotoxin C2), (2) Block the degranulation of the mast cell 
induced by autonomic nerve activity. (3) Decrease humoral 
release during axonal re?exes. (4) Decrease the parasympa 
thetic e?‘ector arm of re?ex allergic responses (5) Decrease 
the increased tonic activity of the autonomic systemic that is 
related to prior allergic reactions. (6) Decrease the nerve 
enlargement induced by nerve groWth factor released during 
allergic reactions. (7) Reverse certain complications of aller 
gic reactions such as mucosal thickening by decreasing 
autonomic nerve activity. (8) Combinations of bolulinum 
neurotoxin and tetanus neurotoxin can have a synergistic 
effect: for example, bolulinum neurotoxin can block para 
sympathetic nerves While tetanus neurotoxin can excite 
sympathetic nerves thereby causing decongestion. 
[0168] In one example of this embodiment of the inven 
tion, a 30-year-old male has seasonal allergic rhinitis. In 
May, prior to pollen formation, he has 30 units of bolulinum 
neurotoxin topically applied in each nostril. Speci?cally, the 
bolulinum neurotoxin is absorbed onto cotton pledgets that 
are placed into each nasal cavity for one hour. In the 
folloWing months, the symptoms he normally experiences, 
itching, sneeZing and nasal congestion are signi?cantly 
reduced. Alternatively, the same patient can be treated With 
20 units of bolulinum neurotoxin and 10 units of tetanus 
neurotoxin to combine an anti-parasympathetic effect with a 
sympathomimetic e?fect. Alternatively, if decongestion is 
desired, 10 units of tetanus neurotoxin can be topically 
applied. In another embodiment, 1 unit of recombinant DNA 
coding for tetanus neurotoxin is pressure injected across the 
nasal mucosa to transfect mucosal cells. These cells then 
express the tetanus neurotoxin for months. 

[0169] In another embodiment the light chains from 30 
units of bolulinum neurotoxin/E in 10 ml saline are sprayed 
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into each nostril by an atomizer. A thin electrolytic mem 
brane is placed over the mucus membranes of each inferior 
turbinate. Electrical current is applied across the biogel and 
its mucosal side becomes acidic thereby allowing translo 
cation of the bolulinum neurotoxin/E light chins into 
mucosa, mast cells and neurons. 

8.3 Cystic Fibrosis 

[0170] In yet another embodiment of the invention, thera 
peutically e?fective amounts of regulated SNARE inhibitors 
are administered locally, preferably, by Way of acid medi 
ated translocation, protein transduction domains, or encap 
sulation vectorsiso as to increase or facilitate cell mem 

brane translocation and/or bindingito treat, reduce the 
symptoms of, and/or prevent cystic ?brosis and related 
conditions. 

[0171] Regulated SNARE inhibitors can be incorporated 
into cell membranes to control the interaction of the cell With 
its environment, for example, transporter and signal trans 
duction membrane proteins, identifying antigens, and others. 
An example of a disease that can be treated using this 
embodiment of the invention is cystic ?brosis cystic ?brosis 
is a condition in Which a membrane transport protein is 
missing in respiratory epithelial mucosal cells. As a result, 
the respiratory secretions are excessively thick. The conju 
gate to the amphipathic proteins might be the missing 
transport protein. 

8.4 Disease Related to Adipose Tissue 

[0172] In still yet another embodiment of the invention, 
therapeutically effective amounts of regulated SNARE 
inhibitors are administered locally, preferably, by Way of 
acid mediated translocation, protein transduction domains, 
or encapsulation vectorsiso as to increase or facilitate cell 
membrane translocation and/ or bindingito treat, reduce the 
symptoms of, and/or prevent disease related to adipose 
tissue in mammals. 

[0173] Increased adipose tissue is a major health problem 
in industrialized societies. Decreased caloric intake is asso 
ciated With feWer chronic diseases, such as diabetes and 
hypertension, as Well as a longer life span. Also, the reduc 
tion of or repositioning of fat deposits is desirable for 
cosmetic reasons. In order for adipocytes to take up glucose 
from the circulation, cell vesicles containing the glucose 
transporters (GLUT) add the enzyme to cell membrane. The 
increased uptake of glucose is converted into fat. Tomori et 
al. shoWed that bolulinum neurotoxin could prevent the 
docking of these vesicles in adipocytes permeabilized With 
streptolysin-O. Chen demonstrated that adipocytes had 
SNAP-23, a SNAP isoforrn that is not cleaved by bolulinum 
neurotoxin-A, hoWever VAMP are involved in this process 
and they can be cleaved by bolulinum neurotoxin-B intro 
duced by incubation in loW ionic strength medium. 

[0174] According to the invention, obesity can be treated 
by inducing the light chains of clostridial neurotoxin to 
translocate through adipose cell membranes When the extra 
cellular ?uid is acidi?ed (clostridial neurotoxin cannot pen 
etrate adipose membranes under normal extracellular con 

ditions). 
[0175] In one example of this embodiment, about 5 ml of 
normal saline containing the light chains from 50 units of 
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bolulinum neurotoxin is injected into the abdominal adipose 
tissue of a 30 year old Women. A stimulating electrode is 
passed into the target area and electrical stimulation is 
applied as the needle is passed multiple times parallel to the 
skin, about 1 cm deep. The electrical stimulation causes and 
acidic environment at its tip. In this manner, the adipocytes 
that Were adjacent to the needle tip throughout its move 
ments experience a momentary acidi?cation, thereby e?fect 
ing translocation of the bolulinum neurotoxin light chains. 
After entering the adipose cells, the light chains block 
vesicular activity thereby preventing signi?cant glucose 
uptake. The adipocytes metabolize their oWn fat stores and 
sloWly shrink in size. The result is a shrinking of the volume 
of adipose tissue in the area and a enhanced cosmetic 
appearance. The use of lytic toxins from anthrax, diptheria, 
and others can be used to cause lysis of the cells and remove 
them permanently. 

[0176] The sympathetic system controls fat metabolism in 
adipocytes to some extent, perhaps through special receptors 
such the beta 3 receptor. Thus, another example of this 
embodiment of the invention. Injection of tetanus neuro 
toxin raises the sympathetic tone and promote utilization of 
lipid stores. Therefore, injection of 10 units of tetanus 
neurotoxin in 5 ml of saline into the subcutaneous abdomi 
nal fat causes it to decrease in size even Without acid 
mediated translocation. 

8.5 Viral Infection 

[0177] In yet another embodiment of the invention, thera 
peutically e?fective amounts of regulated SNARE inhibitors 
are administered locally, preferably, by Way of acid medi 
ated translocation, protein transduction domains, or encap 
sulation vectorsiso as to increase or facilitate cell mem 

brane translocation and/or bindingito treat, reduce the 
symptoms of, and/or prevent viral infections in mammals. 

[0178] Viral infections can be treated With regulated 
SNARE inhibitors, for example, an upper respiratory tract 
infection or “common cold”. Viral infection of the nasal 
mucosa causes in?ammation manifested as congestion, pri 
mary and neurogenic in?ammation. These cases last a matter 
of days, and according to the invention, can be treated With 
the bolulinum neurotoxin E or its light chain, or its light 
chain in a amphipathic protein conjugate With the bolulinum 
neurotoxin C2II. 

[0179] Bolulinum neurotoxins C2 is not a neurotoxin, it is 
composed of 2 chains, C2II is the larger chain and contains 
the binding and translocating domains. C2I is the toxic chain 
that exhibits depolymerizing action. Actin is needed for 
cellular skeleton movement and secretion of certain vesicles. 
C2II binds to cells and then is joined by C2I, Which begins 
the endosomal internalization stage. The essential part of 
C2I that alloWs it to bind to C2II are the ?rst 250 amino acids 
of its N-terminal. If these same binding fragments are 
covalently bound to another toxin, it Will also be translo 
cated into cells by the C2II. Among the cells that C2 binds 
With are the mast cells, Which mediate much of the in?am 
matory and allergic reactions Within nasal mucosa. For 
example, see US. Pat. No. 6,429,189 (issued Aug. 10, 
2002), hereby incorporated herein by reference, Which dis 
closes cytotoxin (non-neurotoxin) for the treatment of 
human headache disorders and in?ammatory diseases. 

[0180] In one example of this embodiment of the inven 
tion, a 50 year old man With a cold is treated by spraying into 
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each nasal cavity 30 units of botulinum neurotoxin C2/llE 
hybrid. The congestion and excessive mucoid production 
improve for the following 3 days. 

[0181] In another example, the same patient is treated With 
20 units of botulinum neurotoxin B in 2 ml saline placed on 
cotton pledgets, Which are placed onto each turbinate for one 
hour. 

8.6 Cancer 

[0182] In one embodiment of the invention, therapeuti 
cally effective amounts of regulated SNARE inhibitors are 
administered locally, preferably by Way of acid mediated 
translocation, protein transduction domains, or encapsula 
tion vectorsiso as to increase or facilitate cell membrane 
translocation and/ or bindingito treat, reduce the symptoms 
of, and/or prevent cancer in mammals. 

[0183] The methods of the invention are useful for benign 
or malignant tumors, sarcomas (originating from mesenchy 
mal cells), carcinomas (originating from epithelial cells), or 
mixed or compound tumors. Sarcomas include those from 
connective, endothelial, hematopoietic and muscle cells. (? 
squamous cell carcinoma, basal cell carcinoma, adenocar 
cinoma, bladder cancer, glioblastoma, gliomas, astrocytoma, 
oligodendroglioma, breast, neuroendocrine, cholangiosar 
coma, colorectal, head and neck, hepatocellular, chronic 
lymphocytic leukemia, acute myeloid leukemia, non-small 
cell lung carcinoma, mesothelioma, non-Hodgkin’s lym 
phoma, cutaneous B-lymphoma, cutaneous T-cell lym 
phoma, melanoma, multiple myeloma, myeloproliferative 
disease, myelodysplastic syndromes, ovarian, pancreatic, 
prostatic, renal cell carcinoma, and soft tissue sarcoma. 

[0184] Cancer involves inappropriate cell function, most 
importantly cell groWth. Part of the disturbed metabolism of 
cancer cells is the loss of control over certain aspects of 
vesicle traf?cking. Recent research has identi?ed that many 
proteins associated With the control of regulated exocytosis 
and/or vesicle fusion in general are expressed at abnormal 
levels,. Most importantly, some of these proteins are the 
SNARE isoforms cleaved by regulated SNARE inhibitors. 
See e.g., A Fusion Inhibitor On Endosomes, The Journal of 
Cell Biology (2003) 162:125-137, hereby incorporated 
herein by reference; Sun W et al., Hrs regulates early 
endosome fusion by inhibitingformation ofan endosomal 
SNARE complex, The Journal of Cell Biology (2003) 
162: 125-137, hereby incorporated herein by reference; Chan 
A et al. A Putative Link Between Exocytosis And Tumor 
Development, Cancer Cell (2002) 6:427-8, hereby incorpo 
rated herein by reference; Palmer R et al., Induction Of 
BAIAP3 By The EWS-WTlchimeric Fusion Implicates 
Regulated Exocytosis In T umorigenesis, Cancer Cell (2002) 
61497-505), hereby incorporated herein by reference. 

[0185] Many pharmaceuticals can impair cancer cell 
groWth but are unable to be used in vivo as they cannot be 
selectively targeted to cancer cells. HoWever, the clostridial 
neurotoxins are unusual in that the particular SNARE iso 
forms that they neutraliZe are not essential for normal cell 
survival. Surprisingly, genetic experiments that selectively 
eliminate either SNAP-25, (see e.g., Washbourne P et al., 
Genetic Ablation Of The T -SNARE SNAP-25 Distinguishes 
Mechanisms Of Neuroexocytosis, Nature Neuroscience 
(2002) 5:19-26, hereby incorporated herein by reference), or 
VAMP-2, (Schoch S et al., SNARE Function Analyzed in 
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Synaptobrevin/VAMP Knockout Mice, Science (2001) 294, 
hereby incorporated herein by reference) in mice come to 
term With normal brain and body morphology. Of course the 
fetuses are still born because all neurotransmission is 
blocked, including the muscles of respiration. HoWever, the 
fact that all cells groW and differentiate normally shoWs that 
SNAP 25 and VAMP 2 are not critical for normal cell 
survival. 

[0186] According to the invention, clostridial neurotoxins 
can impair cancer cell groWth by interfering With vesicle 
tra?icking. While not Wanting to be bound by any theory, it 
appears that the unregulated groWth of cancer requires 
inappropriate use of regulated exocytosis pathWays. There 
fore, interference With these pathWays inhibits the groWth 
and may cause cancer cell death. Therefore the use of 
regulated SNARE inhibitors either alone or by combination 
of multiple types of may be of increased bene?t in certain 
types of cancer. Speci?cally combination of SNAP-25 
inhibitors (botulinum neurotoxins/A, C, E and IgA protease) 
may be used With VAMP-2 inhibitors (botulinum neurotox 
ins/B, F, G, H, and tetanus toxin). Also according to the 
invention, if clostridial neurotoxins is introduced, the cells in 
a local area of the body that contain cancer cells, only the 
cancer cells Will be impaired, although of course nerve 
function in the area Will also be blocked. 

[0187] Botulinum type C1 has some special features that 
make it a particularly useful therapeutic for cancer. botuli 
num neurotoxin/C1 cleaves syntaxin 1 Which is one of the 
core proteins in the SNARE mechanism (See e.g., Foran P 
et al., Botulinum Neurotoxin C1 Cleaves Both Syntaxin And 
Snap-25 In Uintact And Permeabilized Chroma?in Cells: 
Correlation With Its Blockade Of Catecholamine Release, 
Biochemistry (1996) 35:2630-2636, hereby incorporated 
herein by reference; Williamson et al.: Mol. Biol. Cell 6:61a, 
1995, hereby incorporated herein by reference; J. Biol. 
Chem. 271 :7694-7699, 1996, hereby incorporated herein by 
reference). HoWever, recent Work has shoWn that syntaxin 1 
has a second role in cells. Speci?cally, syntaxin 1 is neces 
sary for cell division (See e.g., Conner S & Wessel G M: 
Syntaxin Is Required for Cell Division Molecular Biology of 
the Cell, Vol. 10, 2735-2743, August 1999, Syntaxin and 
25-kDa synaptosomal-associated protein: Dijferential 
ejfects of botulinum neurotoxins C1 and A on neuronal 
survival, hereby incorporated by reference). In Drosophila 
embryos, syntaxin 1 is necessary for vesicle traf?cking at an 
early stage of embryogenesis. Without syntaxin 1 embryos 
stop groWing at a very early stage as cell division is impaired 
(Burgess R et al., The Synaptic Protein Syntaxin 1 Is 
Requiredfor Cellularization of Drosophila Embryos, The 
Journal of Cell Biology, Volume 138, Number 4, Aug. 25, 
1997 861-875, hereby incorporated herein by reference). 

[0188] Normally, chemotherapeutic agents that stop cell 
division have extremely toxic side effects, in fact this is the 
basis for many of the Worst side effects of cancer chemo 
therapy. HoWever, botulinum neurotoxin C1 injected locally 
does not appear to have any deleterious effects in humans 
(Eleopra R, Botulinum neurotoxin serotypes A and C do not 
ajfect motor units survival in humans: an electrophysiologi 
cal study by motor units counting Clinical Neurophysiology 
113 (2002) 1258-1264, hereby incorporated herein by ref 
erence). In fact, clinical trials of botulinum neurotoxin/C1 
injection into muscle have been done for the purposes of 
evaluating it as a substitute for botulinum neurotoxin/A and 
















