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AChE ANTISENSE DEOXYOLIGONUCLEOTIDE
AS AN ANTI-INFLAMMATORY AGENT

Field of the Invention

The present invention relates to the field of anti-inflammatory agents. More
specifically, the present invention provides a novel use for an antisense
oligonucleotide targeted to the coding domain of the acetylcholinesterase
(AChE) nucleotide sequence, as an anti-inflammatory agent, particularly for
the treatment and/or prevention of inflammation in the joints, central nervous
system, gastrointestinal tract, endocardium, pei'icardium, lung, eyes, skin and

urogenital system.

Statement as to Federally Sponsored Research

This work was supported by the US Army Medical Research and Material
Command DAMD 17-99-1-9647 (July 1999 — Aug 2004) and the Defense
Advance Research Project Agency DARPA N66001-01-C-8015 (May 2001 — May

2004). The US Government has certain rights in this invention.

Background of the Invention
All publications mentioned throughout this application are fully incorporated

herein by reference, including all references cited therein.

Inflammation plays a crucial role in defense against pathogen invaders as well
as 1n healing and recovery processes following various types of injury.
However, the magnitude and duration of inflammatory responses have to be
tightly regulated, because excessive inflammatory reactions can be
detrimental, leading to autoimmune diseases, neurodegeneration, sepsis,

trauma and other pathological conditions. It has long been recognized that
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regulation of inflammatory reactions 1s mediated both by immune responses
(particularly the secretion of anti-inflammatory cytokines) and by
neuroendocrine factors, particularly the activation of the pituitary-adrenal axis
and the secretion of glucocorticoids. Recently 1t became evident that neural
mechanisms are also 1involved 1n limiting inflammatory responses. In
particular, it was found that cholinergic neurons inhibit acute inflammation,
providing a rapid, localized, and adaptive anti-inflammatory reflex system
(Tracy, 2002). In the periphery, acetylcholine (ACh) 1s mainly released by the

efferent vagus nerve. It significantly attenuates the production of the pro-

inflammatory cytokines TINFa, interleukin-1p (IL-18), IL-6 and IL-18, but not
the anti-inflammatory cytokine IL-10 [Tracey, K.J. (2002) Nature 420, 853-
859]. Reciprocally, IL-1 causes AChE over-production both in PC12 cells and in
the rat cortex [Li, Y. et al. (2000) J. Neurosci. 20, 149-155], suggesting a closed
loop whereby ACh suppresses IL-1, ablating the induction of AChE production.

Within the mammalian spinal cord, several subsets of interneurons function in

concert to translate converging cortical inputs 1nto synchronized motoneuron

activities [Noga, B.R. et al. (1995) J. Neurosci. 15, 2203-2217; Phelps, P.1. et al.
(1990) J. Comp. Neurol. 291, 9-26; Sherritf, F.E. & Henderson, Z. (1994) Brain
Res. 634, 150-154; Perlmutter, S.1. et al. (1998) J. Neurophysiol. 80, 2475-2494;
Prut, Y. & Fetz, E.E. (1999) Nature 401, 5690-594]. Allostatic breakdown of this
intricately controlled pathway may occur under various stressors, including
olycinergic (strychnine) or cholinergic agents (succinylcholine), or wunder
myasthenic crisis or post-anesthesia effects [Becker, C.M. et al. (1992) Neuron
8, 283-289; Millard, C.B. & Broomfield, C.A. (1995) J. Neurochem. 64, 1909-
1918; Subramony, S.H. et al. (1986) Muscle Nerve 9, 64-68; Krasowski, M.D. et
al. (1997) Can. J. Anaesth. 44, 525-534]. These and other acute stressors may
induce massive tremor and spastic paralysis, reflecting failure of the quality
control processes which presumably act to sustain cholinergic homeostasis in
spinal cord motoneurons. In addition to these modulations in cholinergic

neurotransmission, both injury and chemical stressors induce up-regulation of
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pro-inflammatory cytokines in the spinal cord (e.g. IL-1B following
experimental spinal 1njury) or  organophosphate  inhibitors  of
acetylcholinesterase (AChE) [Wang, C.X. et al. (1997) Brain Res 759, 190-196;
Svensson, L. et al. (2001) Neurotoxicology 22, 355-362; Dyer, S.M. et al. (2001)
Toxicology 169, 177-185]. The cholinergic control over peripheral release of pro-
inflammatory cytokines [Bernik, T.R. et al. (2002) J. Exp. Med. 195, 781-788:;
Borovikova, L.V. et al. (2000) Nature 405, 458-462; Tracey, K.J. et al. (2001)
Faseb J. 15, 1575-1576] thus provoked the question whether cholinergic
allostasis serves to control pro-inflammatory responses also in central nervous

system (CNS) neurons.

Because spinal cord motoneurons respond to ACh, the presumed quality
control process should exert regulatory effects wupon cholinergic
neurotransmission. As it needs to function rapidly, 1t likely involves short-lived
molecules. Furthermore, in order to be broad-ranged, the proposed mechanism
1s likely to be induced under widely diverse stressors. The normally rare,
stress-induced acetylcholinesterase variant AChE-R meets all of the
requirements from an inducer of such response(s). AChE-R is overproduced
under psychological, chemical and physical stresses [reviewed by Soreq, H. &
Seidman, S. (2001) Nat. Rev. Neurosci. 2, 294-302]. A parallel stress response
involves down-regulation of choline acetyltransferase (ChAT) [Kaufer, D. et al.
(1998) Nature 393, 373-377] and the genomically linked vesicular acetylcholine
transporter (VAChT) [Welhe, E. et al. (1996) Proc. Natl. Acad. Sci. U.S.A. 93,
3547-3552], together Ilimiting the production and vesicle packaging of
acetylcholine while expediting 1ts degradation. This yields down-regulation 6f
the cholinergic hyperexcitation that i1s associated with many stresses. At a
longer range, this stress response 1s associated with hypersensitivity to both
agonists and antagonists of cholinergic neurotransmission [Meshorer, E. et al.
(2002) Science 295, 508-5612] and abnormal locomotor activities that can be
ablated under antisense destruction of AChE-R mRNA [Cohen, O. et al. (2002)
Mol. Psychiatry 7, 874-885]. Finely-tuned control over AChE-R levels thus
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emerged as a key component of stress management by spinal cord
motoneurons. AChE-R over-expression, which suppresses ACh levels, further
Jead to increased IL-1 production. Should this be the case, antisense
suppression of AChE-R production [Brenner, T. et al. (2003) Faseb J. 17(2),
214-22] would increase ACh levels and reduce the levels of pro-inflammatory

cytokines in CNS neurons.

In counterpart, parallel inflammatory responses and production of cytokines,
particularly within the brain, has raised the suggestion that illness-associated

alterations 1n memory functioning caused by medical conditions like

Alzheimer’s disease [Arendt, T. (2001) Neuroscience 102:723-65], multiple
sclerosis [Thornton, A.E. et al. (2002) J. Int. Neuropsychol. Soc. 8:395-409],
acquired immunodeficiency syndrome [Navia, B.A. et al. (1986) Ann. Neurol.
19:517-24] and infectious diseases [Capuron, L. et al. (1999) Psychol. Med.
29:291-7], are at least partly mediated by immune activation [Rachal Pugh C.,
et al. (2001) Neurosct. Biobehav. Rev. 25:29-41; Maier S. F. and Watkins L. R.
(1998) Psychol. Rev. 105:83-107; Yirmiya R. (1997) Current Opinion in
Psychiatry, 10: 470-476; Yirmiya, R. et al. (2002) Neurobiology of Learning and
Memory, 78: 379-389]. Cytokine-induced memory impairments in humans,

including cancer and hepatitis-C patients [Capuron L. et al. (2001) Psychosom.
Med. 63:376-86; Meyers C. A. (1999) Adv. Exp. Med. Biol. 461:75-81], as well as

in experimental animals [Gibertini M. (1996) Adv. Exp. Med. Biol. 402:207-17;
O1tzl M. S. et al. (1993) Brain Res. 613:160-3], support this notion. Thus, like
many other stressful stimuli, which are known to affect learning and memory
processes [Kim J. J. and Diamond D. M. (2002) Nat. Rev. Neurosct. 3:453-62],
inflammation can cause marked alterations in memory functioning.
Administration of endotoxin (lipopolysaccharide), a complex glycolipid found in
the outer membrane of all gram-negative bacteria, serves to assess the
cognitive consequences of the acute host response to infection in humans.
Endotoxin administration induces fever, malaise and increased production and

secretion of cytokines, particularly TNF-o, 1L-6, IL-1 and IL-1ra and cortisol
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[for review see Burrell R. (1994) Circ. Shock 43:137-53], as well as proteases
[Fahmi H. and Chaby R. (1994) Immunol. Invest. 23:243-58]. In healthy
humans, endotoxin-induced cytokine secretion is correlated with impairments

in verbal and non-verbal declarative memory functions [Reichenberg A. et al.

(2001) Arch. Gen. Psychiatry 58:445-52].

Memory deficits and profound neurobehavioral and neuroendocrine symptoms
were also reported to be correlated with endotoxin-induced secretion of
cytokines 1n experimental animals [Hauss-Wegrzyniak B. et al. (2000)
Neuroreport 11:1759-63; Pugh C. R. et al. (1998) Brain Behav. Immun. 12:212-
29; Shaw K. N. et al. (2001) Behav. Brain Res. 124:47-54]. While these findings
suggest that cytokines are involved 1n mediating the effects of endotoxin on
memory, little 1s known about the neurotransmission pathways associated with
these cytokine activities. The inventors initiated a search into the possibility
that cholinergic processes are relevant to endotoxin responses because in the
central nervous system (CNS), cholinergic responses are notably involved in
several 1mportant aspects of cognitive functioning, including attention,
learning and memory (for reviews see Levin E. D. and Simon B. B. (1998)
Psychopharmacology (Berl) 138:217-30; Segal M. and Auerbach J. M. (1997)
Life Sci. 60:1085-91]. Moreover, endotoxin decreases brain choline
acetyltransferase activity [Willard L. B. ef al. (1999) Neuroscience 88:193-200],
similar to the effects of psychological stress [Kaufer (1998) id ibid.]. In the
periphery, endogenous or exogenous acetylcholine (ACh) attenuates the release
of pro-inflammatory cytokines from endotoxin-stimulated human macrophages
[Borovikova (2000) i1d 1bid.; Bernik (2002) i1d 1bid.; Tracey (2001) id 1bid.]. The
ACh hydrolyzing enzyme acetylcholinesterase (AChE) was .considered as
potentially being of particular relevance to these processes because AChE
controls ACh levels and since AChE inhibitors improve cognitive functions in
both clinical and experimental paradigms [Palmer A. M. (2002) Trends
Pharmacol. Sci. 23:426-33; Weinstock M. (1995) Neurodegeneration 4:349-56].

Moreover, AChE over-expression 1s triggered by acute and chronic stressful
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insults [Meshorer (2002) id 10id.] and induces progressive memory

impairments, as was demonstrated in transgenic mice [Beeri R. ef al. (1995)

Curr. Biol. 5:1063-71].

Stress-induced transcriptional activation of AChE gene expression is
associated with accumulation of the normally rare “readthrough” AChE-R
splice variant [Soreq and Seidman (2001) i:d itbid.]. In the short range, the
AChE-R excess reduces the stress-induced cholinergic hyperexcitation [Kaufer
(1998) id 1bid.]; in the long range, it induces hypersensitivity to cholinergic
agonists and antagonists [Meshorer (2002) 1d 1bid.]. Mice that overexpress both
AChE-S and AChE-R present progressive dendritic and spine loss [Beeri R. et
al. (1997) J. Neurochem. 69:2441-51], as well as altered anxiety responses [Krb
C. et al. (2001) J. Neurochem. 77:638-46]. Furthermore, these mice display

early-onset deficits 1n social recognition and exaggerated responsiveness to
stressful 1insults. These can be brietfly ameliorated by conventional
anticholinesterase treatment or for longer periods by an antisense
oligonucleotide capable of specifically inducing the destruction of AChE-R
mRNA [Cohen (2002) 1d 1bid.], suggesting that AChE-R is the primary cause.
Thus, AChE-R production may lead to both positive and negative etfects on

cognition.

The role of cholinergic mechanisms in learning and memory, the involvement
of AChE-R in stress responses, the suppression by ACh of pro-inflammatory
cytokines production and the effects of endotoxin on memory functions
suggested involvement of AChE-R in mediating endotoxin-induced memory
alterations. Stressful insults induce AChE-R production in the periphery as
well (e.g., in the small intestines), and failure to induce this production in
response to aversive stimuli results in hypersensitivity to relatively mild
stressors [Shapira M. et al. (2000) Hum. Mol. Genet. 9:1273-1281]. This raised
the possibility that peripheral AChE modulations may serve as a surrogate

marker of endotoxin-induced changes in cognition as well. However, in plasma,
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proteolytic cleavage of AChE-R leads to the appearance in the serum of a short
immunopositive C- terminal peptide which facilitates the hematopoietic stress
responses [Grisaru, D. et al. (2001) Mol. Med. 7, 93-105]. Hence, the inventors
investigated the effecté of endotoxin administration on both AChE activity and
AChE-R cleavage in healthy human volunteers and explored potential
correlations between these parameters, the secretion of cytokines or cortisol,
~and changes with time in memory functions. In addition to declarative
memory, which involves consciously accessible records of facts and events
through concerted functioning of hippocampal and prefrontal structures [Kim
and Diamond (2002) id 1bid.], the inventors assessed the effects of endotoxin
and 1ts interactions with AChE cleavage on working memory, which involves
temporary storage and manipulation of information necessary for cognitive
functioning [Baddeley A. (1992) Science 255:556-9], and has been shown to
involve prefrontal cholinergic mechanisms [Furey M. L. et al. (2000) Science

290:2315-9].

The prospect of therapeutic agents of exquisite specificity and action at very
low concentration has stimulated the development of antisense
oligonucleotides (AS-ON) targeted against a variety of mRNAs. Major problems
remain access to the RNA processing machinery of the cell, potential
differences between specific cell types and the mode of chemical protection
employed. When the cell of interest 1s within the CNS, the problem of access is
compounded by the presence of the blood-brain barrier [Tavitian, B. et al.
(1998) Nat. Med. 4, 467-471]. Nevertheless, some attempts have been
successful even in primates [Kasuya, E. et al. (1998) Regul. Pept. 75-76, 319-
~ 325; Mizuno, M. et al. (2000) Endocrinology 141, 1772-1779]. The invéntors
have previously demonstrated antisense suppression of the stress-induced
AChE-R mRNA, enabling retrieval of normal cellular and physiological
functions following stress-induced changes in cultured rat and human cells
[Galyam, N. et al. (2001) Antisense Nucleic Acid Drug Dev. 11, 51-57; Grisaru,
D. et al. (2001) id 1bid.] and in live mice [Cohen et al. (2002) id 1bid.; Shohama,
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E. et al. (2000) J. Mol. Med. 78, 228-236] and rats [Brenner, T. el al. (2003) id
1bid.]. While the tested consequences in all of these studies were limited to
direct measurement of the target protein and mRNA, the working hypothesis
predicted additional, anti-inflammatory effects for antisense retrieval of
cholinergic balance. Here, the inventors report the outcome of experiments
aimed at addressing the stress-induced overproduction and selective AS-ON
retrieval of normal AChE-R levels under injection stress in cynomolgus
monkeys. The findings demonstrate differential susceptibility of specific
neuron types to AS-ON responses, as well as concomitant suppression of 1L-1[3

and IL-6 following the retrieval of cholinergic balance in spinal cord neurons.

The present inventors have previously found that antisense oligonucleotides
against the common coding region of AChE are useful for suppressing AChE-R
production [see WO 98/26062]. In particular, the inventors have shown the use
of an antisense oligonucleotide against the AChE sequence for the treatment of

myasthenia gravis [WO 03/002739 and US 10/402,016].

Based on the inventors’ herein described results, the present 1nvention

provides a novel use for an antisense oligonucleotide directed against the

AChE mRNA sequence, as a new anti-inflammatory agent.

Other purposes and advantages of the invention will become apparent as the

description proceeds.

Summary of the Invention

In a first aspect, the present invention refers to the use of an inhibitor of AChE
expression, as an anti-inflammatory agent. Preferably, said inhibitor of AChE

expression 1s an antisense oligonucleotide directed against AChL, having any

one of the following sequences:
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5 CTGCCACGTTCTCCTGCACC 3’ (SEQ. ID. NO:1);
5'-CTGCAATATTTTCTTGCACC-3 (SEQ. ID. NO:2): and
5 CTGCCACGTTCTCCTGCA*C*C* 3 (SEQ. ID. NO:7), wherein the

three 3’ terminal residues are modified with 2-O-methyl groups (¥).

In another aspect, the invention provides the use of an inhibitor of AChE as
defined herein, as a suppressor of pro-inflammatory cytokines release.

Preferably, said inhibitor of AChE 1s the antisense oligonucleotide denoted by
SEQ. ID. NO. 1.

In a further aspect, the present invention intends to provide a pharmaceutical
composition for the treatment of conditions triggering an inflammatory
response, comprising as active agent the above-defined inhibitor of AChE
expression. Optionally, the composition further comprises additives, carriers
and/or diluents. Preferably, said inhibitor of AChE expression is an antisense

oligonucleotide directed against AChE. More preferably, said antisense

nucleotide has the sequence as denoted in SEQ. ID. NO:1.

In a yet further aspect, the present invention provides a pharmaceutical
composition for the treatment and/or prevention of inflammation in the joints,
central nervous system, gastrointestinal tract, endocardium, pericardium,
lung, eyes, skin and urogenital system, comprising as active agent the inhibitor
of AChE expression as defined above, optionally further comprising any one of
additives, carriers and/or diluents. Preferably, said inhibitor of AChE
expression 1s an antisense oligonucleotide. More preferably, said

oligonucleotide has the sequence as denoted in SEQ. 1D. NO:1.

The inhibitor of AChE expression, as defined herein, is to be used in the

preparation of the pharmaceutical composition of the invention.
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Finally, the invention teaches a method of treatment of conditions triggering
an inflammatory response, wherein said method comprises administering an
effective amount of an inhibitor of AChE expression, as defined herein, or a
composition comprising as active agent an inhibitor of AChE expression,

prepared as described in the description.

Preferably, said inhibitor of AChE expression to be used in the method of the

invention is an antisense oligonucleotide, which, more preferably, has the

sequence denoted by SEQ. ID. NO:1.

Brief Description of the Figures

Figure 1A-F: Reduced VAChT accumulation in cholinergic terminals
and partition cells of treated monkeys.

Fig. 1A: Confocal microscopy projections of spinal cord motoneurons (cell
diameter = 40 pm), immunolabeled (white) with anti-VAChT antibody. The
total volume and average number per cell of lébeled terminals were measured
using Image-Pro Plus software, and the result of each treatment (1, 2, 3 and 4)
plotted 1n the graphs shown i1n Figs. 1B and 1C.

Fig. 1B: Average value of volume and average number per cell of labeled
terminals, including all motoneurons detected 1n a section.

Fig. 1C: Population distribution of volume and average number per cell of
labeled terminals, including all motoneurons detected 1n a section.

Fig. 1D: Average values of Figs. 1B, 1C analyses (+ Standard Evaluation of the
Mean, SEM). Significant reductions are marked by asterisks ( p < 0.01,
Student's t test).

Fig. 1R: Immunolabeling with anti-ChAT antibody in partition cells from naive
spinal cord, localized in close proximity to the central canal (arrows).
Hematoxylin was used for background staining.

Fig. 1F: Higher magnification of ChAT positive partition cells in naive
monkeys (1) or following oral (p.o.) administration of 150 pg/Kg/day (2) or 500
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ug/Kg/day (3) and i.v. administration of 500 ng/Kg/day hEN101 (4). Note dose-
independent handling — induced reductions in both terminals volume and
density.

Abbreviations: n., naive; Term., terminal; vol., volume; Part. Ce., Partition cell:

Cent. Can., Central canal.

Figure 2A-J: Selective AChE-R MmRNA suppression by hEN101 in
monkey spinal cord neurons.

Fig. 2A: Scheme of the human ACHE gene coding exons and two of its
alternative transcripts, the synaptic AChE-S (S) and the stress-associated
AChRE-R (R) mRNA. The S transcript includes exons 2, 3, 4 and 6, whereas the
R transcript contains exons 2, 3, 4, 5 and pseudointron 4'. These distinctions
served to prepare transcript-specific probes, indicated by an asterisk.

Fig. 2B. Sampling site on the dissected monkey lumbar spinal cord is indicated
by an arrow.

Fig. 2C-dJ. Tissue sections from lumbar spinal cords were prepared following 7-
day treatment with the noted doses of hEN101 by p.o. or i.v. administration.
Shown 1s in situ hybridization used to compare neuronal labeling pattern with
the noted probes. Nuclel were visualized by DAPI staining (white). There was
no difference between tested sections in total cell numbers and/or general
histology. Note that AChE-S mRNA labeling displayed significant changes
following treatment only in neuronal process sections (2F, 2H and 2J as
compared to 2D), whereas neuronal AChE-R mRNA labeling was notably
reduced in cell bodies.

Fig. 2C: No treatment, staining specific for AChE-R mRNA.

Fig. 2D: No treatment, staining specific for AChE-S mRNA.

Fig. 2K: Treatment with 150 pg/kg/day of EN101, p.o., staining specific for
AChE-R mRNA.

Fig. 2F: Treatment with 150 pg/kg/day of EN101, p.o., staining specific for

AChE-S mRNA.
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Fig. 2G: Treatment with 500 pg/kg/day of EN101, p.o., staining specific for
AChE-R mRNA.

Fig. 2H: Treatment with 500 ug/kg/day of EN101, p.o., staining specific for
AChE-S mRNA.

Fig. 2I: Treatment with 500 pg/kg/day of EN101, i.v., staining specific for
AChE-R mRNA.

Fig. 2J: Treatment with 500 pg/kg/day of EN101, i.v., staining specific for
AChE-S mRNA. :

Figure 3A-C: Cell size-dependent efficacy of neuronal AChE-R mRNA
suppression.

Fig. 3A: Scheme of the lumbar spinal cord and its three compartments: the
ventral and dorsal horns separated by the intermediate zone and the central

canal.

Fig. 3B: Histological staining (Hematoxylin and eosin) of a representative field
in the intermediate zone of the lumbar spinal cord. Three cells are marked
according to their perikaryon diameters: 10-20 pm (arrowhead, the majority of
those cells is located in the dorsal horn), 20-40 um (asterisk) and = 40 um

(arrow).

Fig. 3C: Shown are fractions of AChE-R positive neurons from the three size

groups under the different treatment regimens. Insets: representative neurons
from the different size groups, taken from the p.o. 150 pg/Kg/day regimen.
Columns show average AChE-R positive cells in each size group + SEM
representing repeated analyses of the entire lumbar spinal cord gray matter in
multiple sections. Stars note significant differences (p< 0.05, Wilcoxon test).

Abbreviations: Cent. Can., central canal; D. h., dorsal horn; I. z., Intermediate

zone; V. h., ventral horn; pos. ce., positive cells; si. gr., size group; Ce. Bo.

Diam., cell body diameter.
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Figure 4A-C: Suppression of stress-induced neuronal pro-
inflammatory cytokines under antisense intervention with AChE-R
expression.

Fig. 4A: Shown are fractions of IL-1p positive spinal cord neurons of medium
and large sizes under the different treatment regimens (columns + SEM
representing repeated analyses of the ventral horn and intermediate zone of
lJumbar spinal cord gray matter in multiple sections). Insets: representative
medium and large size positive neurons, taken from the p.o. 500 pug/Kg/day
regimen. *: p< 0.05, **: p= 0.067.

Fig. 4B: Graph showing the correlation between the average tractions of AChk-
R and IL-1B positive medium-sized cells (20-40 pm) in the different hEN101
treatments. Large cells (> 40 um) did not display such correlation (R2= 0.1778).
Fig. 4C: Fractions of IL-6 positive spinal cord neurons were evaluated
essentially as under 4A. Note decreases in both IL-13 and IL-6 in spinal cord
neurons of monkeys treated with 500 ng/Kg/day EN101.

Abbreviations: pos. ce., positive cells.

Figure 5A-D: Changes over time in the human plasma levels of AChE
activity and in AChE-R cleavage.

Fig. 5A: Hydrolytic activities. Shown are plasma AChE activities (mean +

SEM) for ten volunteers injected twice, with endotoxin or saline (placebo) at
the noted intervals after injection. Pre-injection (baseline) AChE level was
considered as 100% for each individual. Asterisks denote statistical difference
(p<0.05).

Fig. 5B. Immunoblot. Shown are consecutive results for one individual. Plasma
samples underwent electrophoresis by SDS-PAGE, and the blot
immunoreacted with anti-AChE-R antibodies. Note the 6.5kDa AChE-R

cleavage product. Left lanes indicate the response to a placebo injection; right

lanes demonstrate elevated AChE-R cleavage in response to endotoxin.
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SEM) of
the rapidly migrating AChE-R cleavage product in plasma of the endotoxin and

—

Fig. 5C: Densitometric intensities. Shown are average values (mean

placebo treated individuals as % of baseline (described in A).
Note: Elevated AChE-R cleavage in endotoxin-treated subjects co-appeared
with decreased AChE activity.

Fig. 5D: Association analysis. Highly significant negative association

(correlation coefficient, r=-0.65) emerged between the increases in AChE-R
cleavage and the decrease in AChE activity under endotoxin during the last
testing period (t=9 hr). Fach dot represents a single individual.

Abbreviations: Act., activity; bas., baseline; H. p. inj., Hours post-injection; T.

p. 1nj., Time post-injection; Plac., placebo; Endot., endotoxin: Cleav. Prod.,

cleavage product.

Figure 6: Mass spectroscopy of gel-eluted band.

Shown 1s the outcome of electron spray mass spectrometry analysis of the gel-
eluted rapidly migrating band that immunoreacted with anti-AChE-R
antibodies. Note that the main peptide displayed a molecular mass of 3613-
3615. Calculation of predicted masses positioned the presumed proteolytic
cleavage site 36 residues from the C-terminus of AChE-R, between asparagine
and arginine residues i1n the sequence presented, with the presumed cleavage
site arrowed and the diversion site starred.

Abbreviations: Rel. abund., relative abundance.

Figure 7A-C: AChE-R is expressed in human vascular endothelial cells

from various tissues.

Fig. 7TA: AChE-R mRNA. Shown are the results of in situ hybridization using a
5’-biotinylated cRNA probe selective for the AChE-R mRNA variant on sections

of human vascular endothelial cells affected by an inflammatory process (skin

hypersensitivity vasculitis; labeling 1s seen as pink color, red arrow).
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Fig. 7B: AChE-R protein. Shown 1s an immunomicrograph of human kidney

vascular endothelial cells from a patient with wvasculitis, labeled with

antibodies targeted at the AChE-R C-terminal peptide (red arrow).
Fig. 7C: Image analysis. Shown are average AChE-R mRNA and AChE-R

protein labeling intensities (black and white columns, respectively), in kidney,
skin and muscle vascular endothelial cells (mean values +SEM) as the
percentage of red pixels, falling within a defined intensity range.

Abbreviations: prot., protein; int., intensity; k. rej., kidney rejection; k. vas.,

kidney wvasculitis; nonspec., non-specific; n. end., normal endothelium; m.,

muscle; hyp. vasc., hypersensitivity vasculitis.

Figure 8A-C: Bidirectional associations between AChE-R cleavage and
the changes in cortisol and cytokines.

Shown are average +SEM changes with time (left) in the plasma levels of
cortisol, TNF-a and IL-6 of the 10 patients treated with endotoxin or placebo,
and the associations (right) at the noted time points between these changes
and the changes 1n AChE-R cleavage (measured by densitometric
quantification of the C-terminus AChE-R cleavage product).

Fig. 8A: cortisol.

Fig. 8B: TNF-o.

Fig. 8C: IL-6.

Abbreviations: r, correlation coefficient; t, time after injection; Plac., placebo;

end., endotoxin; H. p. 1nj., hours post-injection; cleav. prod., cleavage product.

Figure 9: Endotoxin impairs declarative memory.

Shown are average +SEM values for the performance in the immediate story
recall test of the endotoxin and placebo treated individuals at the noted time
following treatment as well as the associations of the changes in these values

at 9 hr post-injection with the changes in AChE-R cleavage (b) and AChE
activity (c).




CA 02543305 2006-04-21
WO 2005/039480 PCT/IL2004/000978

16

Abbreviations: I.s.r., immediate story recall; plac., placebo; endot., endotoxin:

H.p.inj., hours post-injection; cleav. prod., cleavage product; act., activity.

Figure 10: Endotoxin-induced improvement in working memory.

Shown are the performance values (average +SEM ) in the span background
test for the endotoxin and placebo treated individuals (a) and the association of
the changes in this performance at 3 hr post-injection with the changes in

AChE-R cleavage (b).

Abbreviations: r, correlation coefficient; t, time after injection; S.b., Span

backward; plac., placebo; endot., endotoxin; H.p.1nj., hours post-injection: cleav.

prod., cleavage product; act., activity.

Figure 11A-C: Scheme - Endotoxin induces interrelated cytokine-
cholinergic effects on memory.

Shown are the cellular and biochemical events that were explored in this study
and which explain the changes 1n memory processes and the dynamic
modifications 1n these changes during the post-treatment observation period.
The thickness of arrows reflects the relative intensity of the relevant processes.

Fig. 11A: At 1 hr post-treatment: Endotoxin induces the release of cytokines,

cortisol and proteases. Cytokines elevation associates with 1mpaired
declarative memory, which 1s a medial temporal lobe - associated phenomenon.
Cortisol induces AChE-R production, which elevates the immunopositive
AChE-R amounts 1n plasma. Vesicular ACh 1s released into the synaptic cleft,
where 1t affects neuronal electrophysiology and may improve working memory,
which 1s a neocortex - associated property. In the periphery, ACh begins to
suppress cytokines production in macrophages (circular arrow).

Fig. 11B: At 3 hr post—treatment: Proteases release a C-terminal fragment of

36 amino acids in length from AChE-R and imitiate further destruction,
followed by decreases in AChE activity. Endotoxin 1s already gone, and ACh
effectively suppresses cytokines production; Increased ACh levels (reflecting

enhanced secretion and the decrease in AChE’s hydrolytic activity) are
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probably associated with activated working memory, whereas the elevation in

AChE-R cleavage product 1s associated with a lower working memory

1mprovement.

Fig. 11C: At 9 hr post-treatment: Cortisol i1s gone as well. However, the

persistent, although slow decrease in AChE activity is associated both with the
impaired declarative memory and, probably through ACh increases, with the
activated working memory. The steady increase in AChE-R cleavage product is
now associated both with a greater impairment in declarative memory and

with lower improvement in working memory.

Abbreviations: inc. lev., increased level; dec. lev., decreased level; cleav. Prod.,

cleavage product.

Figure 12A-B: Transgenic mice display higher body temperature than
wild-type mice.

Fig. 12A: Graph showing the temperature of each mouse over time, squares
represent transgenic mice, circles, control.

Fig. 12B: Graph showing the average temperature of each group (transgenic or
control) over time, diamonds represent transgenic mice, squares, control.

Abbreviations: An. T., Anal temperature; Aver. An. T., Average Anal

temperature; I'. p. anest., time post-anesthesia.

Figure 13A-C: Effects of Tacrine on LPS-induced IL-1 secretion in the
hippocampus and I1L-1 and TNF-a secretion in the serum.

Fig. 13A: Graph showing the levels of IL-1$ in the hippocampus.

Fig. 13B: Graph showing the levels of IL-1f in the serum.

Fig. 13C: Graph showing the levels of TNF-oc in the serum.

Abbreviations: prot., protein; ser., serum; sal., saline.

Figure 14A-C: Effects of Rivastigmine on LPS-induced IL-1 secretion
in the hippocampus and IL-1 and TNF-a secretion in the serum.

Fig. 14A: Graph showing the levels of IL-13 1in the hippocampus.
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Fig. 14B: Graph showing the levels of IL-1PB in the serum.
Fig. 14C: Graph showing the levels of TNF-o in the serum.

Abbreviations: prot., protein; ser., serum; sal., saline.

Figure 15A-H: Effects of surgery stress on emotional and cognitive
parameters.

Fig. 15A: Graph showing the effect of surgery stress on anxiety.

Fig. 15B: Graph showing the effect of surgery stress on depression.

Fig. 15C: Graph showing the effect of surgery stress on fatigue.

Fig. 15D: Graph showing the effect of surgery stress on pain.

Fig. 15E: Graph showing the effect of surgery stress on word list recall.

Fig. 15F: Graph showing the effect of surgery stress on word list recognition.
Fig. 156G: Graph showing the effect of surgery stress on story recall.

Fig. 156H: Graph showing the effect of surgery stress on figure recall.

Abbreviations: Cont., control; str., stress; T., time; Anx., anxiety; Dep.,

depression; Fat., fatigue; P., pain; W.L.R., word list recall; W. L. Recog., word

list recognition; S. R., story recall; Fig. R., figure recall.

Figure 16A-C: Effect of surgery stress on cytokine levels.
Fig. 16A: Graph showing the effect of surgery stress on I1.-1 and IL-6 levels.
Fig. 16B: Correlation between IL-1 and depression.

Fig. 16C: Correlation between cytokines and cognitive parameters.

Figure 17A-C: Reduction of AChE gene expression upon EN301
treatment.

Fig. 17A: Analysis of RT-PCR reaction (AChE exon 2 product after 31 PCR
cycles). From left to right: lane 1, marker; lanes 2-8, samples from EN301-
treated mice; lanes 9-14, samples from PBS-treated mice.

Fig. 17B: Histogram representing quantitative analysis of the results obtained

1n the PCR reaction using primers targeting the common sequence in exon 2 of

murine AChE ¢cDNA.
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Fig. 17C: Histogram representing quantitative analysis of the results obtained

in the PCR reaction using primers targeting the sequence in exon 6 unique to
the AChE-S variant.

Abbreviations: c.d., common domain; Arb. U., arbitrary units; sal., saline.

Detailed Description of the Invention

For the purposes of clarity, the following abbreviations and terms are defined

herein:

AChE: acetylcholinesterase

AChE-R: acetylcholinesterase, “readthrough” variant or isoform, its mRNA
includes pseudo-intron 14

AChE-S: acetylcholinesterase, synaptic variant or isoform

AS-ON: antisense oligonucleotide

CNS: central nervous system

EN101: may also be referred as AS3, antisense oligonucleotide targeted

against human, rat or mouse (hEN101, rEN101 or mEN101, respectively)
AChE mRNA

EN301: may also be referred as mEN101, antisense oligonucleotide targeted
against mouse AChE mRNA

1.v.: Intravenous
1.p.: Intraperitoneal
o.g.: oral gavage

P.0.: Per os

Antisense oligonucleotide: A nucleotide comprising essentially a reverse

complementary sequence to a sequence of AChE mRNA. The nucleotide is

preferably an oligodeoxynucleotide, but also ribonucleotides or nucleotide

analogues, or mixtures thereof, are contemplated by the invention. The

antisense oligonucleotide may be modified in order to enhance the nuclease
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resistance thereof, to improve its membrane crossing capability, or both. The
antisense oligonucleotide may be linear, or may comprise a secondary

structure. It may also comprise enzymatic activity, such as ribozyme activity.

To reveal if cholinergic allostasis and CNS inflammatory processes are inter-
related, the inventors studied spinal cord neurons from Cynomolgus monkeys
following one week daily treatment with hEN101 (SEQ. ID. NO:1), a 2'-
oxymethylated antisense oligonucleotide inducing AChE-R mRNA destruction.
hREN101 prevented the stress-induced increases in plasma AChE activities and
selectively suppressed neuronal AChE-R mRNA and interleukins -138 and -6
levels 1n a dose- and cell size-dependent manner. In contrast, VAChT and
ChAT levels were reduced dose-independently in all of the handling-stressed
monkeys, demonstrating distinct regulation for the corresponding genes. These
findings allude to a causal association between cholinergic allostasis and
inflammatory responses in the primate CNS and suggest antisense
intervention with AChE-R accumulation for the management of both these

1mpailrments.

In a first aspect, the present invention refers to the use of an inhibitor of AChE
expression, as an anti-inflammatory agent.

As herein defined, said inhibitor of AChE expression is any agent which is
capable of blocking or hindering the expression of the AChE gene, particularly
by interacting with 1ts mRNA. Thus, said inhibitor may be an AChE-specific
ribozyme, a double-stranded nucleotide sequence used for RNA interference of
the AChE gene, or an antisense oligonucleotide directed against AChE.

Antisense nucleotides are pretferably nuclease resistant.

3

Preferably, said inhibitor of AChE expression selectively inhibits the AChE-R
mRNA, consequently selectively inhibiting the expression of the AChE-R
isoform. In this regard, any agent capable of inhibiting the soluble AChE-R
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isoform may also be an anti-inflammatory agent. Therefore, a putative
molecule that could block AChE-R expression and/or function would be an anti-

inflammatory agent.

As shown in Example 1, BuChE levels in the plasma of treated monkeys were
not significantly altered, supporting the notion of a selective antisense effect
over AChE alone. Both plasma AChE activity and neuronal AChE mRNA
labeling increased in monkeys treated with 150 pg/Kg hEN101, potentially
reflecting increased production at the tested daily time (Table 1 and data not
shown). Alternatively, or in addition, the mild stress associated with the
insertion of cannula for p.o. administration of hEN101 could be the cause.
Plasma AChE increases 1n the absence of hEN101 would likely be even higher,
as 1s 1ndicated from the suppression of plasma AChE activity in monkeys
treated similarly with the higher dose of 500 pg/Kg hEN101. An apparent 3 hr
delay was observed in the drug-induced decreases of plasma AChE under this
low hEN101 dose, possibly reflecting prevention by antisense agents of the
synthesis of their target protein(s). This further indicates a short half life for
primate AChE-R mRNA in vivo, compatible with previous findings by the
inventors and others [Brenner et al. (2003) :d 1bid.; Chan, R.Y. et al.(1998) .
Brol. Chem. 273, 9727-9733].

The fraction of AChE-R mRNA positive neurons, the intensity of AChE-R
mRNA labeling and the fraction of cells with AChE-R mRNA labeled processes
were all reduced under antisense treatment (Figures 2A-2J and 3A-30).
Neuronal susceptibility of AChE-R overproduction to antisense suppression
appeared inversely proportional to cell body size, possibly reflecting distinct
membrane and/or metabolic properties, different cell volumes or a combined
contribution of these properties. In addition, antisense-independent reductions
in VAChT and ChAT likely indicated a slowdown of vesicle recycling [Soreq, H.
et al. (1990) Proc Natl Acad Sci U.S.A. 87: 9688-9692], potentially modulating

the pace of cholinergic neurotransmission. Under naive conditions, AChE-S
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mRNA appeared in processes of many more spinal cord neurons than AChE-R
mRNA, creating a pattern reminiscent of VAChT labeling in the rat spinal cord
ventral horn [Weihe et al. (1996) id tbid.]. Expectedly, hEN101 treatment was
highly efficient with neuronal AChE-R mRNA and much less effective with
AChE-S mRNA. However, the reduced intensity of neuronal AChE-S mRNA
labeling likely reflected limited reduction in neuronal AChE-S mRNA levels as
well. Under hEN101 treatment, AChE-S mRNA in processes was reduced,
suggesting common tendency for reduced dendrite translocation of the rodent
and primate AChE-S mRNA transcript under stress [Meshorer et al. (2002) id
1bid.]. This difference further strengthened the notion that the naive monkey |
was 1ndeed under no stress, an important fact in a study with strictly limited
number of animals. The reduced AChE-S mRNA in neuronal processes of the
treated monkeys may be treatment- and/or drug-induced. Following 7 days
treatment, a shift from the primary AChE-S mRNA transcript to the stress-
induced antisense-suppressible AChE-R mRNA may be visualized in the
neuronal processes (Fig. 2A-2J).

Preferably, said inhibitor of AChE expression is an antisense oligonucleotide

directed against AChE, having any one of the following sequences:

5 CTGCCACGTTCTCCTGCACC & (SEQ. ID. NO:1); and
5 CTGCCACGTTCTCCTGCA*C*C* 3 (SEQ. ID. NO:7), wherein the

three 3’ terminal residues are modified with 2-O-methyl groups (¥).

The antisense oligonucleotides denoted by SEQ. ID. NO:1 or SEQ. ID. NO:7 are
also referred to herein as KIN101, or hEN101.

The antisense oligonucleotides directed against AChE have been described in
the past by the present inventors [WO 03/002739], and were shown to have a

potent effect in the treatment of the neuromuscular pathology myasthenia

2

eravis [applicant’s co-pending US 10/402,016]. In the inventors’ herein
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described results, as shown in Example 5 and Figure 4, the antisense

oligonucleotide directed against AChE was able to reduce the release of IL-1f,

which 1s a pro-inflammatory cytokine.

As shown in Example 1, AChE-R mRNA levels in motoneurons were minimally
affected, However, elimination of AChE-R production in spinal cord smaller
neurons potentially increased ACh signaling within the treated tissue, in spite
of the stress-induced reduction in VAChT and ChAT [Kaufer ef al. (1998) id
tbid.]. This attributes to AChE-R the primary role of regulating ACh levels in
the CNS. Findings of others show large variability in the electrophysiological
activity patterns of spinal cord interneurons [Perlmutter (1996) id i1bid.] as
well as pre-movement instructed delay activity in them [Prut and Fetz (1999)
id 1bid.]. The inventors observed the largest variability in AChE-R levels
within small cells, probably interneurons, suggesting that these modulations
may contribute towards the wide electrophysiological variability between these
neurons. Under normal conditions, AChE-R expression in small cholinergic
neurons, localized to the dorsal horn of the spinal cord, may thus contribute to
the control of motoneuron activities (e.g. motor reflexes). C-terminal
structures, which affect the cholinergic input to motoneurons, were considered
to originate in proximity to the motoneurons themselves [Hellstrom (1999) i1d
1bid.]. This study attributes this origin to AChE mRNA positive interneurons
and small cholinergic neurons located in the ventral horn and intermediate
zone of the lumbar spinal cord. The numbers of VAChT-labeled C-terminals
surrounding motoneuron cell bodies decreased in all of the handled animals.

This observation attributes this decrease to the handling stress, compatible

with the stress-induced decreases in ChAT and VAChT mRNA in hippocampal
neurons [Kaufer et al. (1998) id 1614.].

Additional antisense oligonucleotides directed against AChE have also been
described, and potentially have the same anti-inflammatory effect as hEN101,

as demonstrated i1n Example 16 for mENI10l. These are antisense
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oligonucleotides derived from the mouse and the rat AChE homologous

sequences, which have the following sequences:

mEN101 5'-CTGCAATATTTTCTTGCACC-3'
(SEQ. ID. NO:2) [Grifman and Soreq, (1997) Antisense
Nucleire Acid Drug Dev. 7(4):351-9]
Also referred herein as EN301.

rEEN101 5-CTGCCATATTTTCTTGTACC-3
(SEQ. ID. NO:3)

hKEN103 5-GGGAGAGGAGGAGGAAGAGG-3
(SEQ. ID. NO:4)

|Grisaru, D. et al. (1999) Mol. Cell Biol. 19(1):788-95]

Example 16 demonstrates how administration of mEN101 (EN301) was able to
reduce the levels of AChE-R 1n the brain. This could be done directly, upon
crossing the blood-brain-barrier, or indirectly, by reducing the levels of
peripheral AChE, increasing the levels of ACh, which would then suppress the

production of pro-inflammatory cytokines by macrophages.

Thus, in another aspect, the invention provides the use of an inhibitor of AChE
as defined herein, as a suppressor of pro-inflammatory cytokines release.

Preferably, said inhibitor of AChE 1s the antisense oligonucleotide denoted by
any one of SEQ. ID. NO:1, SEQ. ID. NO:2 and SEQ. ID. NO:7. Most preferably,

said inhibitor of AChE is the antisense oligonucleotide denoted by SEQ. ID.
NO:1 or SEQ. ID. NO:7.

Known pro-inflammatory cytokines are IL-1B, TNFa, 1L-6, IL-8, IL-12 and IL-
18, amongst others. Preferably, IL-1B 1s the pro-inflammatory cytokine to be
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suppressed by the antisense oligonucleotide denoted by any one of SEQ. ID.
NO:1, SEQ. ID. NO:2 and SEQ. ID. NO:7.

Pro-inflammatory cytokine release may be triggered by factors of acquired,
chemical or genetic origin. Amongst others, these may be stress, bacterial
infection, drugs, irradiation, exposure to AChE inhibitors, stroke, auto-immune
diseases, multiple chemical sensitivity, or any cumulative age-dependent

damages.

Known conditions which trigger pro-inflammatory cytokine release are
bacterial infection, drugs, irradiation, exposure to AChE inhibitors, stroke,
auto-immune diseases, multiple chemical sensitivity, or any cumulative age-

dependent damages.

Stress-induced spinal IL-1B over-production and spinal IL-1B suppression
following AS-ON inhibition of AChE-R, support the notion of cholinergic
regulation of anti-inflammatory response in the CNS. According to this
scheme, “stressed” neurons produce high levels of AChE-R, reducing ACh and
allowing uninterrupted production of IL-1f in CNS neurons that do not express
[L-1B under normal conditions. Antisense suppression of the stress-induced
AChE-R would increase ACh levels, which can then suppress IL-1B production
in CNS neurons. Such cholinergic regulation of inflammatory response within
the CNS may explain both the increase of pro-inflammatory cytokines under
cholinergic imbalance (e.g. exposure to organophosphate compounds) [Svensson
(2001) i1d 1bid.; Dyer (2001) 1d 1b1d.] and the decrease of those same cytokines
under retrieval of cholinergic balance (e.g. under antisense treatment, see
Figure 6). This provides a new understanding of the improvement of survival
and clinical status in EAMG rats receiving daily oral doses of EN101 as
compared to the conservative AChE inhibitor (pyridostigmine) [Brenner (2003)

1d 1bid.].
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It 1s known in the literature that IL-103 induces arthritis in chondrocytes by
suppressing Col2 gene expression [Hollander et al. (1994) J. Clin. Invest. 93:
1722; Hollander et al. (1995) J. Chin. Invest. 96: 2859; Bi et al. (1999) Nat.
Genet. 22: 85; Lefebvre et al. (1997) Mol. Cell Biol. 17: 2336; Murakami et al.
(2000) J. Biol. Chem. 275: 3687; Tanaka et al. (2000) Mol. Cell Biol. 20: 4428].
Therefore, the inhibition of IL-1B release by the antisense oligonucleotide
herein described might result in cartilage regeneration. Thus, the invention
also provides the use of an inhibitor of AChE expression, as defined herein, as

an inducer of cartilage regeneration.

The antisense oligodeoxynucleotides used as anti-inflammatory agents in the
present 1nvention are preferably nuclease resistant. There are a number of
modifications that impart nuclease resistance to a given oligonucleotide.
Reference 1s made to WO 98/26062, which publication discloses that
oligonucleotides may be made nuclease resistant e.g., by replacing
phosphodiester internucleotide bonds with phosphorothioate bonds, replacing
the 2’-hydroxy: group of one or more nucleotides by 2’-O-methyl groups, or
adding a nucleotide sequence capable of forming a loop structure under
physiological conditions to the 3’ end of the antisense oligonucleotide sequence.
An example for a loop forming structure is the sequence 5 CGCGAAGCG,
which may be added to the 3’ end of a given antisense oligonucleotide to impart

nuclease resistance thereon.

Phosphorothioate-modified oligonucleotides are generally regarded as safe and
free of side effects. The antisense oligonucleotides of the present invention have
been found to be effective as partially phosphorothioates and yet more effective
as partially 2-O-methyl protected oligonucleotides. WO 98/26062 teaches that
AChE antisense oligonucleotides containing three phosphorothioate bonds out
of about twenty internucleotide bonds are generally safe to use 1in

concentrations of between about 1 and 10 uM. However, for long-term
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applications, oligonucleotides that do not release toxic groups when degraded
may be preferred. These include 2’-O-methyl protected oligonucleotides, but not
phosphorothioate oligonucleotides. A further advantage of 2-O-methyl
protection over phosphorothioate protection is the reduced amount of
oligonucleotide that is required for AChE suppression. This difference is
thought to be reiated to the 1mproved stability of the duplexes obtained when
the 2’-O-methyl protected oligonucleotides are used [Lesnik, E.A. & Freier,
S.M., Biochemistry 37, 6991-7, (1998)]. An alternative explanation for the
ogreater potency of the 2’-O-methyl oligonucleotides is that this modification
may facilitate penetration of the oligonucleotide chain through the cell
membrane. A further advantage of 2’-O-methyl protection 1s the better
protection against nuclease-mediated degradation that it confers, thus

extending the useful life time of antisense oligonucleotides protected in this

way.

Further, the inhibitor of AChE as defined above may also be used as an anti-

pyretic. Preferably, said inhibitor of AChE is the antisense oligonucleotide
denoted by any one of SEQ. ID. NO:1, SEQ. ID. NO:2 and SEQ. ID. NO:7.

In response to anesthesia, neural regulation induces rapid decrease in body
temperature. As shown in Example 12, transgenic mice with host AChE-R
elevation show inherently higher body temperature as compared to strain,
gender and age-matched controls. Furthermore, their body temperature
remains higher also under anesthesia, demonstrating impaired regulation and
tentative association of AChE-R with pyrogenic responses. Thus, inhibitors of
AChE-R expression would also have an effect in lowering the elevated body

temperature that is characteristic of inflammatory reactions.

In accordance with the invention, the dosage of the antisense

oligodeoxynucleotide 1s about 0.001 to 50 pg oligonucleotide per gram of body

welght of the treated mammalian subject. Preferably, the dosage is about 0.01
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to about 5.0 pg/g. More preferably, the dosage i1s between about 0.05 to about
0.7 ug/g. Thus, the optimal dose range is between 50-500 pg/kg of body weight

of the treated subject, for rats, monkeys and also humans.

In a further aspect, the present invention intends to provide a pharmaceutical
composition for the treatment of conditions triggering an inflammatory
response 1n a mammalian subject in need, comprising as active agent the
above-defined inhibitor of AChE expression. Optionally, the composition
further comprises pharmaceutically acceptable additives, carriers and/or
diluents. Preferably, said inhibitor of AChE expression is an antisense

oligonucleotide directed against AChE.

More preferably, wherein said mammalian subject 1s a human, said antisense

nucleotide has the sequence as denoted by any one of SEQ. ID. NO:1 and SEQ.
ID. NO:7.

Alternatively, wherein said mammalian subject 1s a non-human mammalian,

said antisense nucleotide has the sequence as denoted by any one of SEQ. ID.

NO:2 and SEQ. ID. NO:3.

In a yet further aspect, the present invention provides a pharmaceutical
composition for the treatment and/or prevention of inflammation in the joints,
central nervous system, gastrointestinal tract, endocardium, pericardium,
lung, eyes, skin and urogenital system in a mammalian subject in need,
comprising as active agent the inhibitor of AChE expression as defined above,
optionally further comprising pharmaceutically acceptable additives, carriers

and/or diluents. Preferably, said inhibitor of AChE expression 1s an antisense

oligonucleotide.
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More preferably, wherein said mammalian subject 1s a human, said antisense
nucleotide has the sequence as denoted by any one of SEQ. ID. NO:1 and SEQ.
ID. NO:7.

Alternatively, wherein said mammalian subject 1s a non-human mammalian,

said antisense nucleotide has the sequence as denoted by any one of SEQ. ID.

NO:2 and SEQ. ID. NO:3.

The inhibitor of AChE expression, as defined above, is to be used 1n the

preparation of the pharmaceutical composition of the invention.

Thus, the antisense oligonucleotide of the invention is generally provided in
the form of pharmaceutical compositions. Said compositions are for use by

injection, topical administration, or oral uptake.

Alternatively, the pharmaceutical composition of the invention may comprise

as active agent a combination of at least two antisense oligonucleotides as
defined in the invention, or functional analogs, derivatives or fragments

thereof.

n n It n

By "analogs and derivatives" is meant the "fragments", "variants", "analogs" or
"derivatives" of said nucleic acid molecule. A "fragment" of a molecule, such as
any of the oligonucleotide sequences of the present invention, 1s meant to refer
to any nucleotide subset of the molecule. A "variant" of such molecule 1s meant
to refer a naturally occurring molecule substantially similar to either the
entire molecule or a fragment thereof. An "analog" of a molecule can be without
limitation a paralogous or orthologous molecule, e.g. a homologous molecule

from the same species or from different species, respectively.
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Preferred uses of the pharmaceutical compositions of the invention by injection

are subcutaneous i1njection, intraperitoneal 1injection, 1intravenous and

mtramuscular injection.
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