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Background

Chronic pain is a major health problem that affects millions of people worldwide but current treatments are o�en

ineffec�ve, addic�ve, or have severe side effects. Thus, new and safer therapies are needed. The sensa�on of pain

usually begins with the ac�va�on of peripheral neurons called nociceptors that send electrical signals to the central

nervous system and ul�mately to the brain where they are interpreted as pain. 

The sensi�vity of nociceptors for ac�va�on can be modulated by intracellular membrane trafficking, which

increases their expression of pain-signalling proteins (e.g. ion channels and receptors) and causes them to release

pro-algesic neurotransmi�ers such as the calcitonin-gene-related pep�de (CGRP). These processes of nociceptor

sensi�sa�on are a�rac�ve targets for therapeu�c interven�ons. They can be inhibited by botulinum neurotoxins

(BoNTs), bacterial neurotoxins that enter neurons and release inside an enzyma�c domain (known as the light chain

[LC]) that cleave one or more proteins called SNAREs (soluble N-ethylmaleimide-sensi�ve factor a�achment

protein receptors) that are essen�al for membrane fusion. 

There are several serotypes, designated BoNT/A through to G and BoNT/X, but to date only BoNT/A (BOTOX®)

has been approved for clinical treatment of pain. The serotypes vary in their dura�on of ac�on, receptor specificity

and in the target and degree of protein cleavage. 

BoNT/A shows a moderate ability to inhibit the exocytosis of CGRP, leading to its use as a preventa�ve migraine

treatment. However, studies show that the inhibitory effect of BoNT/A is incomplete at high concentra�ons Ca2+,

such as when s�mulated by capsaicin. This is thought to be because BoNT/A’s cleavage of 9 C-Terminal residues

from the SNAP25 SNARE protein only par�ally impairs its ac�vity.

By contrast, BoNT/E protease removes 26 residues from the C-terminus of SNAP-25; thereby, it more effec�vely

disrupts the func�on of this SNARE protein so that capsaicin is unable to elicit membrane fusion. Unfortunately,

sensory neurons are resistant to intoxica�on with BoNT/E and the /E LC has a much shorter half-life than its

counterpart from /A.

Tech Overview

By combining the BoNT/A serotype with the LC of BoNT/E, a novel chimera, “LC/E-BoNT/A” combines BoNT/A’s

long-dura�on and ability to act on sensory neurons with BoNT/E’s higher degree of protein cleavage. This leads to

more effec�ve disablement of SNAP-25 and an enhanced poten�al to alleviate chronic and acute pain.

LC/E-BoNT/A is an engineered recombinant chimera of BoNT/A and the proteoly�c LC domain of /E, crea�ng a

mul�-protease BoNT deriva�ve. LC/E-BoNT/A reduces the upregula�on of transducers on the cell membrane and

persistently inhibits the release of neuropep�des from sensory neurons, even those s�mulated at high

concentra�ons of capsaicin. 



LC/E-BoNT/A has been tested in pre-clinical animal models of neuropathic and inflammatory pain, both by the

university and by an independent research laboratory, and has shown significant and long-las�ng an�nocicep�ve

effects: 

LC/E-BoNT/A has been proven safe and non-toxic in rat models at higher doses than BoNT/A.

When tested in a rat spared nerve injury (SNI) model, a single intra-plantar (IPL) injec�on of LC/E-BoNT/A

alleviated for ~2 weeks mechanical and cold hyper-sensi�vi�es, in a dose-dependent manner. The highest

non-paraly�c dose (75 U/Kg, IPL) proved significantly more efficacious than BoNT/A (15 U/Kg, IPL) or

repeated systemic pregabalin (10 mg/Kg, intraperitoneal), a clinically-used pain modulator ( Figure 1 ).1

LC/E-BoNT/A injected into the whisker pad of rats inhibited the nocifensive behaviour (grooming, freezing,

and reduced mobility) induced by ac�va�ng TRPV1 with capsaicin, injected at various days therea�er

( Figure 2 ).2
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Benefits

 LC/E-BoNT/A offers several advantages over exis�ng solu�ons for chronic pain, such as:

Long-las�ng an�-nocicep�ve effects with a single applica�on.

Superior performance to BoNT/A and pregabalin in SNI tests.

Comparable relief to the opioid buprenorphine applied just before the capsaicin challenges.

Delivered locally, reducing the risk of systemic side effects or addic�on.

Can be used prophylac�cally or post-injury.

Proprietary with extensive patent coverage.

Applica�ons

The LC/E-BoNT/A chimera has the poten�al to be developed as a novel class of biopharmaceu�cal for the

treatment of painful condi�ons, such as neuropathic pain, migraine, inflammatory pain, cancer pain, or post-

surgical pain. 

Opportunity

https://s3-eu-west-1.amazonaws.com/assets.in-part.com/technologies/figures/aNWDtfFMSqmUlGaoOb2A_-Figure-from-Wang-et-al-1-s2-0-S0028390817301181-gr4_lrg.jpg
https://s3-eu-west-1.amazonaws.com/assets.in-part.com/technologies/figures/WZ1dtJe7QR2mAhSh6CGL_-Figure-from-Antionazzi-toxins-14-00116-g002-550.jpeg
https://doi.org/10.1016/j.neuropharm.2017.03.026
https://doi.org/10.3390/toxins14020116


The inventors seek partners interested in licensing or co-developing the technology. They are also open to

collabora�on with researchers or clinicians who want to test the technology in different models or se�ngs. 

Patents

US 9,216,210 B2 and 17 European patents granted under EP3087089B1 in

AT/BE/DK/FI/FR/DE/Gr/IE/IT/NL/NO/PT/ES/SE/CH/GB. Chinese patent pending

US divisional patent: US 10,457,927 B2

A second patent family was filed in 2021 and is currently in the PCT phase.

https://worldwide.espacenet.com/patent/search/family/053398919/publication/EP3087089B1?q=pn=EP3087089B1
https://worldwide.espacenet.com/patent/search/family/053398919/publication/US10457927B2?q=pn=US10457927B2


Appendix 1

Figure 1

Effects of LC/E-BoNT/A on mechanical (A, B) and cold (C, D) hyper-sensi�vity following SNI surgery: comparison

with BoNT/A and pregabalin.

Analyses were performed on data from days 3–10 post injec�on. Behavioural �me courses were analysed by

repeated measures ANOVA with �me and experimental group as factors. For both mechanical and cold responses

there was a significant main effect of group (F (6, 56) = 38.9, _p_ < 0.001; F (6, 59) = 34.6, _p_ < 0.001

respec�vely). Bonferroni post hoc tests revealed a significant a�enua�on of mechanical hyper-sensi�vity

associated with SNI by LC/E-BoNT/A on days 3, 5 and 7 post injec�on, such that SNI animals treated with the

toxin did not differ from sham controls on days 3 and 7. Withdrawal thresholds were also significantly higher in the

SNI + LC/E-BoNT/A group than in either the BoNT/A or pregabalin-treated SNI groups on days 3 and 7. Similarly,

LC/E-BoNT/A significantly a�enuated SNI-induced cold hyper-sensi�vity from days 3–10. BoNT/A and pregabalin

also effec�vely reduced the % dura�on of nocifensive responding; however, BoNT/A did so to a lesser extent on

day 7. The �me course data are summarised by area under/over the curve histograms (B, D), where an increase in

these area under/over the curve is indica�ve of reduced sensi�vity. SNI groups were only analysed by one-way

ANOVA followed by Bonferroni post hoc tests. LC/E-BoNT/A- and pregabalin-treated SNI rats showed reduced

sensi�vity compared with their saline-treated counterparts and BoNT/A-treated SNI rats also showed a trend for

reduced sensi�vity. However, the effect was significantly greater in the LC/E-BoNT/A group, sugges�ng an

improved an�-hyperalgesic effect of the engineered toxin. Data are presented as means ± SEM; sham groups: n ≥

6; SNI groups: n ≥ 8. *_p_ < 0.05, **_p_ < 0.01, ***_p_ < 0.001, #_p_ < 0.05, ##_p_ < 0.01; red symbols: SNI + LC/E-

BoNT/A vs SNI + saline; green symbols: SNI + BoNT/A vs SNI + saline; blue symbols: SNI + pregabalin vs SNI +

saline; black symbols: respec�ve groups vs. SNI + LC/E-BoNT/A; ns: not significant vs. respec�ve sham control. 

From Wang et al, 2017, © 2017 Elsevier Ltd. All rights reserved.

 

 

 



Appendix 2

Figure 2

LC/E-BoNT/A showed a long-las�ng an�-nocicep�ve effect on acute nocifensive behaviour induced by capsaicin.

(A) Weight gained, (B) grooming, as the �me each animal spent rubbing the injected facial area with its paws in a

20 min recorded period, (C) locomotor behavior assessed by the measurement of total distance walked, and (D)

freezing �me evoked by injec�on of capsaicin (2.5 µg in 20 µL) or vehicle 2 (solvent for capsaicin) into rat right

whisker pad, assessed at various days a�er administra�on of neurotoxin (75 units/kg) or vehicle 1 (solvent for

LC/E-BoNT/A). Data are expressed as mean + SEM (n = 10) and were analyzed by one-way ANOVA followed by

Bonferroni’s post hoc test. ## p < 0.01, ### p < 0.001 vs. vehicle 1 → vehicle 2 group; * p < 0.05, ** p < 0.01, *** p

< 0.001 vs. vehicle 1 → capsaicin group. 

Reproduced from Antoniazzi et al., 20222. © 2022 by the authors
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