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with type | diabetes mellitus (DM), also known as insulin-dependent DM (IDDM) or

juvenile-onset diabetes, may develop diabetic ketoacidosis (DKA). Patients with type Il

20 DM, also known as non-insulin-dependent DM (NIDDM), may develop nonketotic
hyperglycemic-hyperosmolar coma (NKHHC). Common late microvascular
complications include retinopathy, nephropathy, and peripheral and autonomic
neuropathies. Macrovascular complications include atherosclerotic coronary and
peripheral arterial disease.

25 Type | diabetes mellitus: Although it may occur at any age, type | diabetes
mellitus most commonly develops in childhood or adolescence and is the predominant
type of DM diagnosed before age 30. This type of diabetes accounts for 10 to 15% of all
cases of DM and is characterized clinically by hyperglycemia and a propensity to
diabetic ketoacidosis. The pancreas produces little or no insulin.

30 About 80% of patients with type | DM have specific HLA phenotypes associated
with detectable serum islet cell cytoplasmic antibodies and islet cell surface antibodies
(antibodies to glutamic acid decarboxylase and to insulin are found in a similar

proportion of cases).

CONFIRMATION COPY



2 In these patients, type | DMresults froma genetically susceptible,

I mmune- nedi ated, selective destruction of > 90% of their insulin-secreting
cel |l s. Thworo3pases eatic islets exhibit insulitis, which iPETEHPar/aGteri zed
by an infiltration of T Iynphocytes acconpani ed by macrophages and B

| ynphocytes and by the |oss of nost of the beta 5 cells, w thout

I nvol venment of the glucagon-secreting?2al pha-cells. The anti bodi es present

at diagnosis usually becone undetectable after a few years. They may be
primarily a response to beta-cell destruction, but sonme are cytotoxic for
bet a-cel I s andn figpe paligntsi bpee!l DY resuits frops 3. genpiically isypeaptibleniernunst t ype |

DM may oGfaHiatbd seReBveldstrBitioh of 8% ofthbie InstiltesdcRatingicBks TRGE phnchfatit he
under | yi r]gl aut oi_ nmyne process.. Screenin or thiﬁﬁ .10 antibodies is

f
i ncl uded '$18tS neXRNG NSullisy ovtieh s eQP@FﬂCF%F'ég%t‘{Yd?Bs. %‘p@ of Bilypehes¥tesel | t us:
Type 11 blatvbér?patﬁedatbl }}Mab:’ﬁﬁhégéﬁ%r?ﬁr% Hhriphetyess %Hdawml é&fksicﬁlmmbf thﬁtb%ta?t 30 |
ears, u | . SQ occurs. i cni ren ang. a escen . o chara eri ze
Lo Bl 1o o R e eiant o R By ROGT s elod e els T Antbp e BERIti dos, <

i s rare. afldidgaugé usualygtbepané antisteatabletafleatdewweats. They magxer grinsily and or al

drugs, sone pati.e .0t ef.m ttent 1 r. persi.stentl equire insulin to
control dY S¥rep in%:é?fﬁgllar%f?%c&ﬂ?'abénag%ge?/rgn ot )8?1& rt%’F{aé(%“S and: may

hyper gl y @enfributeytp thegdonsl fihe clininsl offidet ofctgpes bDManayeoacat ie sbowe payipats yeéarDM i n
nonozygot | | NS4S > % : | S S ' LWih_ obesity,
especi al Id;it%r Eﬁ'& @%‘gioéﬁﬁgrggb%d@éa&dé@yé%y @Eﬁﬁ%g'll ,?san%%%oeﬁnggfomhgg%nt after
a perfidod antibadi¢sghinclyded in numaseus engopguceyestivesitediemce associ ated with agi ng
is closely cor A ' : ' [ s ; patients
w th visceral/ E%gﬁg}%orﬁ%@?%ﬁ }rgrgg/l%\'(%%%@ntgFrtypgladtj?gst@_élggj\'/dgbg%"?er

| osi ng weiagjents >T3hyears, it alsq op@tre ogilden aRNdyadalgscents dit éoehpsaderizad whi ch

hyper gl y camitaly by hiybérglycérhiaBng sl fesistamde I Hisbetid keloaBid8$§ [sThre! XitHdagRonse to
gl ucose and décreased i nsul i fectiveness in stimulating glucoSe uptake

din. e \ 4

by skel et™?st patigtsarg figated Wb dietaexereise. RRH 9 drugs, spmeckatientsieRitanyy

(i nsulsi N grepérsibRAME requileVViiéalin b NSomtroN sYiABtoRiatd f/pbiylyeeRe Aind adveniost
patients w &él Lnsulin resistance wl | noh devel op di abetes bﬁ se the
body  comakaateBymglbeati MXPEISsmoks <amey e CHABIGA7CE SRtE Pt e 1M aF f

r esi st anaworioayddtie twin® Er090% aTyipetlyDMfis torpaonly aiddciatedwith obesity, espddiallpf
genetic alterati i n.t | N t r. 1h | uc L ansporter.
However, %&hneeﬁpggpﬁg)} &ésf;gr‘r%}%’ %’Z’E "lbeg)sta Efégéé)"p '%’Fc’g'g(?hleﬁ? %Sﬁ%fﬁﬁ‘f"%?ﬁc?@&ect S

| i kel y pllapaised glbenseTbleranes @ssacjech witke aging Ui icloeely sorrelateldewith the typidadr

co C | iiﬁw , Lt ¥en( ) : : '

hyper ip%ﬁt s 'éna@ H?Erﬁ r.ggrg%t‘%trhyag%géevgggé) Tﬁgxgﬁl ﬁﬂ%&aﬂg*e P?\':smuﬁli n

r esi st an@iucoseenels plierflesinpweightopear to be the major determnants for the
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from both an impaired insulin secretory response to glucose and decreased insulin

effectiveness in stimulating glucose uptake by skeletal muscle and in restraining hepatic

25 glucose production (insulin resistance). However, insulin resistance is common, and

most patients with insulin resistance will not develop diabetes, because the body

compensates by adequately increasing insulin secretion. Insulin resistance in the

common variety of type || DM is not the result of genetic alterations in the insulin

receptor or the glucose transporter. However, genetically determined post-receptor

30 intracellular defects likely play a role. The resulting hyperinsulinemia may lead to other

common conditions, such as obesity (abdominal), hypertension, hyperlipidemia, and
coronary artery disease (the syndrome of insulin resistance).

Genetic factors appear to be the major determinants for the development of type

Il DM, yet no association between type Il DM and specific HLA phenotypes or islet cell
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20 - DM, result from the heterozygous inheritance of a defective gene, leading to secretion of
insulin that does not bind normally to the insulin receptor. These patients have greatly
elevated plasma immunoreactive insulin levels associated with normal plasma glucose
responses to exogenous insulin.

Diabetes may also be attributed to pancreatic disease: Chronic pancreatitis,

25 particularly in alcoholics, is frequently associated with diabetes. Such patients lose both
insulin-secreting and glucagon-secreting islets. Therefore, they may be mildly
hyperglycemic and sensitive to low doses of insulin. Given the lack of effective
counterregulation (exogenous insulin that is unopposed by glucagon), they frequently
suffer from rapid onset of hypoglycemia. In Asia, Africa, and the Caribbean, DM is

30 commonly observed in young, severely malnourished patients with severe protein
deficiency and pancreatic disease; these patients are not prone to diabetic ketoacidosis -
but may require insulin.

Diagnosis of diabetes mellitus: In asymptomatic patients, DM is established when
the diagnostic criterion for fasting hyperglycemia is met: a plasma (or serum) glucose



but may require insulin. D agnosis of diabetes nellitus: In asynptomatic
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type Il DM. If improvement in hyperglycemia is not achieved by diet, trial with an oral
20  drug should be started.

The patient should be regularly assessed for symptoms or signs of
complications, including a check of feet and pulses and sensation in the feet and legs,
and a urine test for albumin. Periodic laboratory evaluation includes lipid profile, BUN
(blood urea nitrogen) and serum creatinine levels, ECG, and an annual complete

25 ophthalmologic evaluation.

Hypercholesterolemia or hypertension increases the risks for specific late
complications and requires special attention and appropriate treatment. Although beta-
adrenergic receptor blocking agents p-blockers, such as propranolol) can be used safely
in most diabetics, they can mask the B-adrenergic symptoms of insulin-induced

30 hypoglycemia and can impair the normal counterregulatory response. Thus, ACE
inhibitors and calcium antagonists are often the drugs of choice.
. Plasma glucose monitoring should be carried out by all patients, and insulin-
treated patients should be taught to adjust their insulin doses accordingly. Glucose

levels can be tested with easy-to-use home analyzers using a drop of fingertip blood. A



30 hypogl ycemi a and can inpair the normal counterregul atory response. Thus,
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20 including those receiving human insulin preparations.

Insulin is routinely provided in preparations containing 100 U/ml (U-100 insulin)
and is injected subcutaneously with disposable insulin syringes. The 1/2-ml syringes are
generally preferred by patients who routinely inject doses of <= 50 U, because they can
be read more easily and facilitate the accurate measurement of smaller doses. A

25 multiple-dose insulin injection device (NovolinPen), commonly referred to as an insulin
pen, is designed to use a cartridge containing several days' dosage. Insulin should be
refrigerated but never frozen, however, most insulin preparations are stable at room

temperature for months, which facilitates their use at work and when traveling.

30 Diabetes may be associated with other endocrine diseases. Type || DM can be
secondary to Cushing's syndrome, acromegaly, pheochromocytoma, glucagonoma,
primary aldosteronism, or somatostatinoma. Most of these disorders are associated with
peripheral or hepatic insulin resistance. Many patients will become diabetic once insulin
secretion is also decreased. The prevalence of type | DM is increased in patients with
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Diabetic neuropathy is a further complication of diabetes, but it is also common in
25  connection with other diseases.
Multiple mononeuropathy is usually secondary to collagen vascular disorders
(e.g. polyarteritis nodosa, systemic lupus erythematosus (SLE), Sj6gren's syndrome,
rheumatoid arthritis (RA)), sarcoidosis, metabolic diseases (e.g. diabetes, amyloidosis),
or infectious diseases (e.g. Lyme disease, HIV infection). Microorganisms may cause
30 muiltiple mononeuropathy by direct invasion of the nerve (e.g. in leprosy).
Polyneuropathy due to acute febrile diseases may result from a toxin (e.g. in
diphtheria) or an autoimmune reaction (e.g. in Guillain-Barré syndrome); the

polyneuropathy that sometimes follows immunizations is probably also autoimmune.
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Achilles and other deep tendon reflexes are diminished or absent. Painless ulcers on the
digits or Charcot's joints may develop when sensory loss is profound. Sensory or
proprioceptive deficits may lead to gait abnormalities. Motor involvement results in distal
muscle weakness and atrophy. The autonomic nervous system may be additionally or

25  selectively involved, leading to nocturnal diarrhea, urinary and fecal incontinence,
impotence, or postural hypotension. Vasomotor symptoms vary. The skin may be paler
and drier than normal, sometimes with dusky discoloration; sweating may be excessive.
Trophic changes (smooth and shiny skin, pitted or ridged nails, osteoporosis) are
common in severe, prolonged cases.

30 Treatment of the systemic disorder (e.g. diabetes mellitus, renal failure, multiple
myeloma, tumor) may halt progression and improve symptoms, but recovery is slow.
Entrapment neuropathies may require corticosteroid injections or surgical
decompression. Physical therapy and splints reduce the likelihood or severity of

contractures.
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20 nerves are also involved (e.g. in Guillain-Barré syndrome, Lyme disease, diabetes
mellitus, and diphtheria).

Trauma is the most common cause of a localized injury to a single nerve. Violent
muscular activity or forcible overextension of a joint may produce a focal neuropathy, as
may repeated small traumas (e.g. tight gripping of small tools, excessive vibration from

.25 air hammers). Pressure or entrapment paralysis usually affects superficial nerves (ulnar,
radial, peroneal) at bony prominences (e.g. during sound sleep or during anesthesia in
thin or cachectic persons and often in alcoholics) or at narrow canals (e.g. in carpal
tunnel syndrome). Pressure paralysis may also result from tumors, bony hyperostosis,
casts, crutches, or prolonged cramped postures (e.g. in gardening). Hemorrhage into a

30 nerve and exposure to cold or radiation may also cause neuropathy. Mononeuropathy
may further result from direct tumor invasion.

Diabetic polyneuropathy may cause numbness, tingling, and paresthesias in the
extremities and, less often, debilitating, severe, deep-seated pain and hyperesthesias.
Ankle jerks are usually decreased or absent. Other causes of polyneuropathy must be
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Interleukin-6 (IL-6) is a multifunctional cytokine produced and secreted by several -
different cell types. This pleiotropic cytokine plays a central role in cell defense
25 mechanisms including the immune response, acute phase response and hematopoiesis.
IL-6 is a 20 to 26 kDa glycoprotein having 185 amino acids that has been cloned
previously (May et al, (1986); Zilberstein et al, (1986); Hirano et al, (1986)). IL-6 has
previously been referred to as B cell stimulatory factor 2 (BSF-2), interferon-beta 2 and
hepatocyte stimulatory factor. IL-6 is secreted by a number of different tissues including
30 the liver, spleen, and bone marrow and by a variety of cell types including monocytes,
fibroblasts, endothelial, B- and T-cells. IL-6 is activated at the transcriptional level by a
variety of signals including viruses, double stranded RNA, bacteria and bacterial

lipopolysaccarides, and inflammatory cytokines such as IL-1 and TNF.
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constituent of several cytokine receptors, including those for IL-6, IL-11, LIF, Oncostatin

M, CNTF (ciliary neurotrophic factor ), CT-1. IL-6 being the prototype of the cytokines
acting through gp130, this cytokine family is also called “IL-6 type cytokines”.
25 gp130 participates in the formation of high-affinity receptors for these cytokines

domain

by binding to low affinity receptor chains. Accordingly, gp130 has been called also an
“affinity converter”. Ligand binding to a cytokine receptor leads to the dimerization of
gp130 (shown for the IL-6 receptor) or heterodimerization (shown for LIF, Oncostatin M,
and CNTF receptors) with a gp130-related protein known as the LIFRbeta subunit.

30  Binding of the respective ligands is associated with the activation/association of a family
of tyrosine kinases known as Janus kinases (JAKs), as the first step of intracellular
signal transduction. Intracellular signaling processes include tyrosine phosphorylation
and activation factors called STATs (signal transducer and activator of transcription).
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fornmed byhdifO tiePiLER and two IL-6 ligands (Ward et al., 1994; Paonessa et al, 1995).
Chimeric molecules linking the soluble IL-6 receptor and IL-6 together have been
described (Chebath et al., 1997, Fischer et al., 1997, WO 99/02552 and WO 97/32891).
25 They have been designated IL-6R/IL-6 chimera and Hyper-IL-6, respectively, and will be
called IL-6R/IL-6 in the following. The IL-6R/IL-6 chimera were generated by fusing the
entire coding regions of the cDNAs encoding the soluble IL-6 receptor (sIL-6R) and IL-6
(Fischer et a., 1997; Chebath et al., 1997). Recombinant IL-6R/IL-6 chimera was
produced in CHO cells (Chebath et al, 1997, W099/02552). IL-6R/IL-6 chimera binds
30 with a higher efficiency to the gp130 chain in vitro than does the mixture of IL-6 with sIL-
6R (Kollet et al, 1999).
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Fig. 1 shows the development of body weight in experimental animals.
20  Fig. 2 shows the extent of glycemia after day 10 (A) and day 40 (B) of diabetes induction
in the experimental series of animals receiving intraperitoneal administration.
Fig. 3 shows the time taken by animals receiving intraperitoneal administration to flick
their tail placed on a heat source in seconds.
Fig. 4 shows the compound muscle action potential (CMAP) of the animals receiving
25 intraperitoneal administration expressed in latency per second.
Fig. 5 shows the sensory nerve conduction velocity (SNVC) in m/sec in the experimental
animals receiving intraperitoneal administration.
Fig. 6 shows the axon diameter in micrometers in the experimental animals receiving
intraperitoneal administration.
30 Fig. 7 shows the fiber diameter in micrometers in the experimental animals receiving
intraperitoneal administration.
Fig. 8 shows the myelin thickness in micrometers in the experimental animals receiving

intraperitoneal administration.
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Fig. 16 shows the sensory nerve conduction velocity (SNVC) in m/sec experimental
animals of group A of animals receiving subcutaneous administration. '
Fig. 17 shows the fiber diameter in micrometers in experimental animals of group A of
20 animals receiving subcutaneous administration.
Fig. 18 shows the axon diameter in micrometers in experimental animals of group A of
animals receiving subcutaneous administration.
Fig. 19 shows the myelin thickness in micrometers in experimental animals of group A of
animals receiving subcutaneous administration.
25  Fig. 20 shows the percentage of degenerate fibers in experimental animals of group A of
animals receiving subcutaneous administration.
Fig. 21 shows the percentage of myelinated fibers in experimental animals of group A of
animals receiving subcutaneous administration.
Fig. 22 shows the development of body weight in experimental animals of group B of
30 animals receiving subcutaneous administration.
Fig. 23 shows the extent of glycemia after day 10 and day 40 of diabetes induction in
experimental animals of group B of animals receiving subcutaneous

administration.
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experinmental aninals group C of
Fig. 31 shows the percentage of degenerate fibers in experimental animals of group B of

animals receiving subcutaneous administration.
Fig. 32 shows the percentage of myelinated fibers in experimental animals of group B of
20 animals receiving subcutaneous administration.

Fig. 33 shows the development of body weight in experimental animals of group C of
animals receiving subcutaneous administration.

Fig. 34 shows the extent of glycemia after day 10 and day 40 of diabetes induction in
experimental animals of group C of animals receiving subcutaneous

25 administration.

Fig. 35 shows the time to flick their tail placed on a heat source in seconds by
experimental animals of group C of animals receiving subcutaneous
administration.

Fig. 36 shows the number of crossed squares (A) and rearings (B) in experimental

30 animals of group C of animals receiving subcutaneous administration.

Fig. 37 shows the compound muscle action potential (CMAP) expressed in latency per

second in experimental animals of group C of animals receiving subcutaneous

administration.
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ant i noci cept | ve and nerve regenerating effect in an established ani nal
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of a substance, which ini Fl ates si ﬁr throu man i nterl euki n-6.
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effect in an estabhshed animal model of dlabetlc neuropathy. Therefore, the invention
relates to the use of a substance, which initiates signaling through the human interleukin-6.
(IL-6) receptor gp130 for the preparation of a medicament for treatment and/or prevention
20  of diabetic neuropathy.

A “substance signaling through gp130” as used herein is any molecule activating
the signaling cascade through gp130, i.e. any agonist, stimulator or activator of the
gp130 portion of the IL-6 receptor complex. Stimulation may be direct, i.e. activation may
be triggered by binding directly to gp130. An example for such a direct activator is IL--

25 6R/IL-6 chimera. Stimulation may also be indirect by binding to another cell surface
receptor, which forms a complex with gp130 thereby activating it. IL-6 is an example for
such an indirect activator of gp130. Further examples of substances signaling through
gp130 include IL-11, LIF, Oncostatin M (OSM), CNTF (ciliary neurotrophic factor), and
cardiotrophin-1 (CT-1), which are the so-called “IL-6-type cytokines”. These cytokines

30 trigger the JAK/STAT pathway, the first event of which is the ligand-induced homo- or
hetero-dimerization of signal-transducing receptor subunits. All IL-6-type cytokines
recruit gp130 to their receptor complexes. They either signal via gp130 alone or in
combination with LIFR or OSMR, which are all able to activate Jaks and to recruit STAT
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a) IL-6;

b) a fragment of a) which binds to gp80 and initiates signaling through gp130;

c) a variant of a) or b) which has at least 70% sequence identity with a) or b) and which

25 initiates signaling through gp130;

d) a variant of a) or b) which is encoded by a DNA sequence which hybridizes to the
complement of the native DNA sequence encoding a) or b) under moderately stringent
conditions and which initiates signaling through gp130; or

e) a salt, fused protein or functional derivative of a), b), ¢) or d) which initiates signaling

30 through gp130.
The use of IL-6 itself is highly preferred according to the invention. IL-6 can be

native IL-6, i.e. IL-6 isolated from a natural source, or recombinantly produced IL-6.

Recombinant IL-6 is particularly preferred according to the invention.

In a further preferred embodiment of the invention, the substance is
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Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-GIn-Phe-Met introduced between the amino acid
sequence of the soluble IL-6 receptor gp130 and the IL-6 sequence. Examples of IL-
20 6R/L-6 chimera are known in the art and have been described in detail e.g. in WO
99/02552 or WO 97/32891. An example for an IL-6R/IL-6 chimeric molecule which can
be used according to the invention is depicted schematically in Fig. 2.
As used herein the term “variant" refers to analogs of IL-6 or an IL-6R/IL-6
chimera, in which one or more of the amino acid residues of the naturally occurring
25 components of IL-6R/IL-6 are replaced by different amino acid residues, or are deleted,
or one or more amino acid residues are added to the original sequence of IL-6 or an IL-
6R/IL-6, without changing considerably the activity of the resulting products as compared
to the original IL-6 or IL-6R/IL-6 chimera. These variants are prepared by known
synthesis and/or by site-directed mutagenesis techniques, or any other known technique
30 suitable therefor. .
Variants in accordance with the present invention include proteins encoded by a
nucleic acid, such as DNA or RNA, which hybridizes to the complement of the DNA or
RNA encoding IL-6 or an IL-6R/IL-6 under moderately stringent or stringent conditions.

The term "stringent conditions” refers to hybridization and subsequent washing
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concent rQ@ﬁtQSn%Ct'V'Qlﬁ,SH”H@aTW tg o6 0r keiiB-B05 SDS at 42 C.  (Ausubel et al.,
1989ppSUpPra) A characteristic activity of IL-6 is its capability of binding to the gp80 portion of .

the IL-6 receptor, and a characteristic activity of IL-6R/IL-6 chimera is its capability of

binding to gp130. An ELISA type assay for measuring the binding of IL-6R/IL-6 chimera

to gp130 has been described in detail in example 7 on page 39 of WO 99/02552; which

is fully incorporated by reference herein. The person skilled in the art will appreciate that

25 a similar ELISA type assay can be developed for the binding of IL-6 to gp80. As long as

the variant has substantial binding activity to its respective binding region of gp80 or of

gp130, it can be considered to have substantially similar activity to IL-6 or IL-6R/IL-6

chimera. Thus, it can be determined whether any given variant has at least substantially

the same activity as IL-6 or IL-6R/IL-6 by means of routine experimentation comprising

30 subjecting such a varaint, e.g. to a simple sandwich bi'nding assay to determine whether

or not it binds to an immobilized gp80 or gp130, as described in example 7 of WO
99/02552.

In a preferred embodiment, any such variant has at least 40% identity or

homology with the sequence of mature IL-6 or the IL-6R/IL-6 chimeric molecule
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uses the "local homology” algorithm of Smith and Waterman (1981) and finds the best

single region of similarity between two sequences. Other programs for determining

identity and/or similarity between sequences are also known in the art, for instance the

BLAST family of programs (Altschul S F et al, 1990, Altschul S F et al, 1997, accessible

25  through the home page of the NCBI at www.ncbi.nim.nih.gov) and FASTA (Pearson W

R, 1990; Pearson 1988).

Variants of IL-6 or IL-6R/IL-6 chimera, which can be used in accordance with the
present invention, or nucleic acid coding therefor, include a finite set of substantially
corresponding sequences as substitution peptides or nucleotides which can be routinely

30 obtained by one of ordinary skill in the art, without undue experimentation, based on the
teachings and guidance presented herein.

Preferred changes for variants in accordance with the present invention are what
are known as "conservative" substitutions. Conservative amino acid substitutions of |L-6
or IL-6R/IL-6 chimera may include synonymous amino acids within a group which have



15 for sequences of unequal |ength. Methods for conparing the identity and
honol ogy of two or nore sequences are well known in the art. Thus for
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version 9.1 (Devereux J et al. 1984), for exanple the progranms BESTFIT and
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BESTFIT uses the "l ocal honol ogy" algorithmof Smth and Waterman (1981)

and finds the best single region of sim.|latgity. between se nces.
O her b SAGRALY SBIan BRI Fronsties DRt stay o et eRass B i
sequencegroap wilbpreserke tharbiologitdiduraction of tie molstule (@ranthem, BEAGTIt isadedry of

progr anms tschul S FE et al,. 1990, Alt F ; sible 25
e Sugh Wb e, 2t dePtori o GRS o, i o Bemehe i holsbile BfiRE0S

( Pear sonsatfuehbes1Wifdut Hewming dneid RB6Jon, Yarticelatysif die inser§ors on deletns lonly chi ner a,
whi ch. can be I r A FRwentd cleic

aci d ©od™gV¢ ﬁgesg?%‘i&?%?ﬁg'legggﬁge%n téer{agperteﬂf)_ su set{aé\r?t%g@]ymtg%nr]%spondi ng
sequencesr d’splacﬂostrirtma?imwpisbt&jrd@s’ﬁ@l tmacme@tonal_e@onmﬂr@horbﬁg-b@swm inely 30
obt ai PEdrc%g}'dtquePr%[?ir%r cf"@ér)érq&kfhb}eo'f Brddd€e bl subth BRUSNSIARHIS insertions
experimentation, based on the teachings and guidance presented herein.

Pr ef er r edoro@ withja thef pirvigw of thaPeesent inv@dPlance with the present invention are

what —are Kknopsasbly, tR8 ShAfAoUs anfiR® akidt gtbisiare tHESS GefMRi MeTade No aci d
substitutions of IL-6

of IL-6R/1L-6 chinmera ma %ud{. Sﬁa%?ném%s am no
aci d40 wi Mereprefesatiy; SheyRimoRYRaNsaine @sidoSeassare ngq Kphadleg an
suf fi.ci efosdpréferdblythe Bh%ﬁ}fﬁ@@@ﬁﬁh@%bid@@mrdré thesé befined irbT4blé 81 i on bet ween
menbers of the group will preserve the biological function of the nolecul e
(Gantham 1974). It is clear that insertions and del etions of am no acids
may al so be nyABLE m: Preferred Greupdelf Syeshynoes AenreeAcids t hout altering their

function, particularly ,if, the inserty r ions only 5 involve a few
amino acids, e.g. %’HWérAC{dhi rty, andggﬁég%@%gﬁﬁ;?&ﬁ}nder ten, and do not renove
or ditspl ace ami no @& ds whi ch are cSet,iTbalGly,dAsa functional conformation,
e.g. cysteine res'%ues. Proteins an ‘@]ﬁiLﬁ/Qtélutﬁﬁre‘)f produced by such

del etions and/or inSertions cone W thin the purview of the present
invention. Preferal#y, the synonynodls %hﬁ,ﬁw'ygﬁ-d/abﬁéups are those defined
in Table 1. 10 Mopg preferably, thg;%wg),wﬁw@ am no acid groups are those
defined in Table 2; and nost preferably the syngnynous am no acid groups
are those defined TH Table 3. TABLEPIO. %’veﬁ"%-rq;'éd"'@r%[]pg‘rof Synonynous Ami no

Aci dgg Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Leu, lle
Phe Trp, Met, Tyr, ile, Val, Leu, Phe
25 Tyr Trp, Met, Phe, lle, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Glu, Lys, GIn, Thr, Arg, His
Gin Glu, Lys, Asn, His, Thr, Arg, Gin
Asn Gln, Asp, Ser, Asn
30 Lys Glu, GlIn, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, GIn, His, Arg, Glu
Met Phe, lle, Val, Leu, Met

Trp Trp



Am no Acid Synonynous Group 15 Ser Ser, Thr, Gy, Asn Arg Arg, G n, Lys,
GQu, Hs Leulle, Phe, Tyr, Mt, Val, Leu Pro @y, Ala, Thr, Pro Thr Pro,
Ser, Al a,wQ@log/033dis, Gn, Thr 20 Ala Gy, Thr, Pro, A a VaCTMPo/1iBgs, Phe,
Ile, Leu, Val dy Ala, Thr, Pro, Ser, Ay Ile Met, Tyr, Phe, Val, Leu, Ile
Phe Trp, Met, Tyr, Ile, Val, Leu, Phe 25 Tyr Trp, Met, Phe, Ile, Val, Leu,
Tyr Cys Ser, Thr, Cys Hs Gu, Lys, 4n, Thr, Arg, H's Gn Gu, Lys, Asn,
H's, Thr, Arg, Gn Asn Gn, Asp, Ser, Asn 30 Lys Qu, Gn, H's, Arg, Lys
Asp A u, Asn, Asp Qu Asp, Lys, Asn, Gn, H's, Arg, Qu Mt Phe, Ile, Val,
Leu, Met Trp Trp WO 03/033015 PCT/ EP02/ 11364 21 TABLE 2: More Preferred

G oups of SynTABOERS Mure PeefécediGroupsrofBynaoyrdoSyAromgeids G oup Ser Ser 5
Arg H's, Lys, Arg Leu Leu., Ile, Phe, I ro Thr Thr Al a Pro,
Ala 10 Val Vval, I\/bhn"]q'gc'd(} y Ay Il %P%&nﬁ%@,érp’wg Val , Leu

Ser Ser
5 Arg His, Lys, Arg
Leu Leu, lle, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala
10 Val Val, Met, lle
Gly Gly
lle lle, Met, Phe, Val, Leu
Phe Met, Tyr, lle, Leu, Phe
Tyr Phe, Tyr
15 Cys Cys, Ser
His His, Gin, Arg
. Gin Glu, GIn, His
Asn Asp, Asn
Lys Lys, Arg
20 Asp Asp, Asn
Glu Gly, Gin
Met Met, Phe, lle, Val, Leu
Trp Trp
25 TABLE 3: Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
Arg Arg
Leu Leu, lle, Met
30 Pro Pro
Thr Thr
Ala Ala
Val Val

Gly Gly



Phe Met, Tyr, Ile, Leu, Phe Tyr Phe, Tyr 15 Cys Cys, Ser His Hs, Gn, Arg
Gn du, Gn, Hs Asn Asp,Asn Lys Lys, Arg 20 Asp Asp,Asn Qdu du, Gn

Met Met, Wbe3/obdoes Val, Leu Trp Trp 25 TABLE 3: Most Pr eCarerezi1Gooups of

Synonynous Am no Acids Ami no Acid Synonynous G oup Ser Ser Arg Arg Leu

Leu, Ile, Mt 30 Pro Pro Thr Thr Ala Ala Val vVal dy dy WO 03/033015

PCT/ EP02/ 11364 22 lie lie, Met, Leu?2Phe Phe Tyr Tyr Cys Cys, Ser 5 His
Hs AdQn Gn Asn Asn Lys Lys Asp Asp 10 Gu Gu Mt Mt, lie, Leu

lle lle, Met, Leu
Phe Phe
Tyr Tyr
Cys : Cys, Ser
5 His His
GIn Gin
Asn Asn
Lys Lys
Asp Asp
10 Glu Glu
Met Met, lle, Leu
Trp Met

Examples of production of amino acid substitutions in proteins which can be used

15  for obtaining muteins of IL-6 or IL-BR/IL-6 chimera, for use in the present invention
include any known method steps, such as presented in US patents 4,959,314, 4,588,585
and 4,737,462, to Mark et al; 5,116,943 to Koths et al., 4,965,195 to Namen et al,
4,879,111 to Chong et al; and 5,017,691 to Lee et al; and lysine substituted proteins
presented in US patent No. 4,904,584 (Shaw et al).

20 Specific variants of IL-6 which are useful in connection with the present invention
have been described (WO9403492A1). Furthermore, EP667872B1 describes mutant IL-
6 with improved biological activity over wild type IL-6. In addition to this, EP656117B1
describes methods to isolate superagonists of IL-6. The mutants or superagnonists may
be used according to the invention.

25 The term "fused protein" refers to a polypeptide comprising IL-6 or an IL-6R/IL-6
chimera, or a variant or fragment thereof, fused with another protein, which, e.g. has an
extended residence time in body fluids. IL-6 or an IL-6R/IL-6 chimera, may thus be fused
to another protein, polypeptide or the like, e.g. an immunoglobulin or a fragment thereof.

"Functional derivatives" as used herein cover derivatives of IL-6 or IL-6R/IL-6

30 chimera, and their variants and fused proteins, which may be prepared from the
functional groups which occur as side chains on the residues or the N- or C-terminal
groups, by means known in the art, and are included in the invention as long as they
remain pharmaceutically acceptable, i.e. they do not destroy the activity of the protein
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the gl eqhdrof, atprdsent anveRfdr Flirther covers any fragment or precursors of the
polypeptide chain of the protein molecule alone or together with associated molecules or
residues linked thereto, e.g. sugar or phosphate residues, or aggregates of the protein
molecule or the sugar residues by themselves, provided said fraction has agonistic
activity on gp130, and in particular on gp130.

25 The term "salts" herein refers to both salts of carboxyl groups and to acid addition
salts of amino groups of the IL-6 or an IL-6R/IL-6 molecule or analogs thereof. Salts of a
carboxyl group may be formed by means known in the art and include inorganic salts, for
example, sodium, calcium, ammonium, ferric or zinc salts, and the like, and salts with
organic bases as those formed, for example, with amines, such as triethanolamine,

30 arginine or lysine, piperidine, procaine and the like. Acid addition salts include, for example,
salts with mineral acids, such as, for example, hydrochloric acid or sulfuric acid, and salts
with organic acids, such as, for example, acetic acid or oxalic acid. Of course, any such salt
must retain the biological activity of IL-6 or IL-6R/IL-6 chimera, i.e., the ability to activate
signaling through gp1 30.
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In yet a further embodiment, the substance according to the invention comprises
an immunoglobulin fusion, i.e. the molecules according to the invention are fused to all
25 or a portion of an immunoglobulin, and in particular to an Fc fragment of an
immunoglobulin. Methods for making immunoglobulin fusion proteins are well known in
the art, such as the ones described in WO 01/03737, for example. The person skilled in
the art will understand that the resulting fusion protein of the invention retains the
biological activity of IL-6 or IL-6R/IL-6 chimera, i.e. the stimulation of gp130 signaling.
30 The resulting fusion protein ideally has improved properties, such as an extended
residence time in body fluids (half-life), increased specific activity, increased expression

level, or facilitated purification of the fusion protein.
Preferably, the substance of the invention is fused to the constant region of an Ig
molecule. It may be fused to heavy chain regions, like the CH2 and CH3 domains of
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through gp130 is administered three times per week. In yet a further preferred

embodiment, the substance signaling through gp130 is administered once a week.

The substance of the invention may be administered by any adequate route. The
subcutaneous route is highly preferred in accordance with the present invention.

25 The substance of the invention may be delivered to its site of action in any
adequate formulation. Preferably, it may be delivered in form of cells expressing and/or
secreting IL-6, IL-6R/IL-6 chimera, a variant, fused protein or active fraction thereof. As
illustrated in the examples below, cells expressing and secreting IL-6R/IL-6 chimera in
sufficient amounts have been generated by transfection into the cells using a suitable

30  expression vector.

The invention therefore further relates to the use of a cell expressing a substance
according to the invention, for manufacture of a medicament for the treatment and/or
prevention of diabetic neuropathy. The cells may be administered in any suitable form.
However, a polymer-encapsulated IL-6 or an IL-6R/IL-6 chimera expressing, and



Therefore, a preferred enbodi ment of the invention relates to a functional
derivative of the substance of the invention conprising at | east one noiety
attached wo 03@8800he or nore functional groups which occur PES/EPOE11G64 NOr €
side chains on the amno acid residues. A highly preferred enbodi nent
relates to a substance of the invention |inked to Polyethlyeneglycol

(PEG. PEGylation may be carried out 2% known net hods, such as. the ones
described in WO 92/13095, for exanple. 15 Preferably, the substance
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diluents or excipients, for the treatment and/or prevention of diabetic neuropathy.

The definition of “pharmaceutically acceptable" is meant to encompass any
carrier, which does not interfere with effectiveness of the biological activity of the active
ingredient and that is not toxic to the host to which it is administered. For example, for

25  parenteral administration, the active component may be formulated in a unit dosage form
for injection in vehicles such as saline, dextrose solution, serum albumin and Ringer's
solution.

The active component can be administered to a patient in a variety of ways. The
routes of administration include intradermal, transdermal (e.g. in slow release

30 formulations), intramuscular, intraperitoneal, intravenous, subcutaneous, oral, epidural,
topical, and intranasal routes. Any other therapeutically efficacious route of
administration can be used, for example absorption through epithelial or endothelial
tissues or by gene therapy wherein a DNA molecule is administered to the patient (e.g.
via a vector) which causes the active polypeptide to be expressed and secreted in vivo.



an | L-6R/I1L-6 chinera, a variant, fused protein or fragment thereof. The
vector conprises all regulatory sequences needed for expression of the
desi red pwotogiossoim the human body, and preferably in peripph@rat/113es vous
cells. Regul atory sequences for expression vectors are known by the person
skilled in the art. The invention thus also 10 relates to the use of a
vector conprising the codi ng sequence7of a substance according to the

i nvention for manufacture of a nedi cament for the treatnment and/or
prevention of diabetic neuropathy. Any expression vector known in the art
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and
size), extent of symptoms, concurrent treatments, frequency of treatment and the effect

desired. Adjustment and manipulation of established dosage ranges are well within the
ability of those skilled.
A method for treating diabetic neuropathy, comprising administering to a patient
25 in need thereof an effective amount of a cell expressing IL-6 or an IL-6R/IL-6 chimera, or
a variant, fused protein, active fraction thereof, is also considered in accordance with the
present invention. A method for treating diabetic neuropathy comprising administering to
a patient in need thereof an expression vector comprising the coding sequence of IL-6 or
an IL-6R/IL-6 chimera, a variant, fused protein, or active fraction thereof, is a further
30 objects of the invention.
In a preferred embodiment of the invention, the expression vector is a gene
therapy vector. The use of a viral vector, in particular a lentiviral vector, is highly

preferred.



For parenteral (e.g. intravenous, subcutaneous, intranuscul ar)
admnistration, 5 the active conponent can be fornulated as a sol ution,
suspensi owp oasdosi on or | yophilized powder in associ ati ORCHEPN2/&1364
pharmaceutically acceptable parenteral vehicle (e.g. water, saline,
dextrose solution) and additives that maintain isotonicity (e.g. mannitol)
or chemcal stability (e.g. preservatBves and buffers). The fornmulation is
sterilized by commonly used techniques. 10 It is a further object of the
present invention to provide for a nmethod for treating and/or preventing
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~20 Reference to known method steps, conventional methods steps, known methods or

conventional methods is not any way an admission that any aspect, description or
embodiment of the present invention is disclosed, taught or suggested in the relevant art.

The foregoing description of the specific embodiments will so fully reveal the

general nature of the invention that others can, by applying knowledge within the skill of the

25  art (including the contents of the references cited herein), readily modify and/or adapt for

various application such specific embodiments, without undue experimentation, without

departing from the general concept of the present invention. Therefore, such adaptations

and modifications are intended to be within the meaning an range of equivalents of the

disclosed embodiments, based on the teaching and guidance presented herein. It is to be

30 understood that the phraseology or terminology herein is for the purpose of description and

not of limitation, such that the terminology or phraseology of the present specification is to

be interpreted by the skilled artisan in light of the teachings and guidance presented herein,

in combination with the knowledge of one of ordinary skill in the art.
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range of equivalents of the disclosed enbodinents, based on the teaching
and gui dasserding tadhgimentinRr ein. It is to be 30 under st ood t hat the

phraseol ogy og-g er m nol ogy herein is for the pur pose of descri ption and

not of limtation ter.mn Io seol o pr esent
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where r-hlL-6 is secreted into the culture medium. The r-hiL-6 harvested culture medium

is purified by immunochromatography using a specific anti-IL-6 monoclonal antibody
(mAB). Further purification steps are used to yield a product with a very high level of
purity.

25 r-hiL-6 is supplied as a sterile, freeze-dried preparation containing suitable
excipients. It is available in 2 different amounts, 35 pg and 350 pg, and is reconstituted
for use with water for injection. The reconstitution volume for one vial of final formulated
product is normally 0.5 ml of water. The finished product should be stored in its original
container at a temperature below 25°C.

30 The structure of r-hiL-6 has been confirmed by fast atomic bombardment mass
spectroscopy (FAB-MS), tryptic mapping and amino acid sequencing. FAB and
electrospray mass spectroscopies were used to determine the composition and FAB and
electrospray mass spectroscopies were used to determine the composition and structure
of the carbohydrate moieties of IL-6. Residue aspargine-46 was identified as the N



Exanple 1: Production of IL-6 and IL-6R/IL-6 chinmera in CHO cells

| L-6R/ I L-6 chinmera 5 The cDNA sequences encoding for the soluble IL-6
recept or Woaswosals f orm of slL- 6R found in urine, Onh et alPCI/EPO9TB6have
been fused with those encoding for mature I1L-6. Sequences for 3 bridging
am no acids (EFM were also present. The fused gene was inserted in an
expression vector under the control @ CW pronoter and introduced into
CHO cells. A production process has been devel oped and the resulting
reconbi nant 10 protein has been purified by imunopurification using an
anti - | L- gikcospiatien siteadnd pralimibainyanalysie of thei Niked| qarphydiateesheowed dhabdhen shown
to be gly fiXJ\ta%?%gieQ%ré hoflbSBl Mo bIBREATAN bnd sty ARoBAGiarkd thary!

schemati ca he conposition’o 6R/ | L émara The mature
protein QWP%J@@Z@Y@WH@OVH@KWS 'Q‘B‘t'ﬂe‘b?%?‘g]eﬁt%?%m?céa ghd3Burified as
outlined above is suitable to be adm nistered according to the invention.

I L-6 Reconbi nant hurran I L- 6 (r-hIL 6) | . ge etlcal I

engi neer ed ChExaiuRle 2uEffectof I6.in th ; RPotes s
begi ns Wiiddel sordii bnﬁadm?&jnﬁnmﬁbﬁn of cel S from a wor k| ng cell bank
(WCB) and coni | Eéé §n§ (tlons where r-hlL-6 is secreted into the
cul ture nediu sted culture medium is purified by

| mmunochr omat agimgley using a specific anti-IL-6 nonoclonal anti body (nAB).

Further purifpcati re us | p hi gh
| evel of pur# 93‘5°$ rﬂ#‘?_ r?%ueslﬁgw'%’?e%t e(éj'glna\)?esrt (Ei‘-gl : %ltelglf'é Figrio %j
pr epaoat were mslnbmedu img explertna&litai greupsi(pimett)dn amord:mcamhl aatﬁm;lomanorm fferent

ampunt s, h%?e-rg%;ga 9&%@{39?@9 nRoleBGAihSd L@Hteesfauuluwy#& ? 083 o1 for

[ nj ectio recons or one via at ed
product {weightivaiatriey ; (b) mntr@fgrmc@nswtm@fﬁnmaémwcwﬂdﬂtbdk quﬁ@moaesfe stored

i L6 Ty g e B O ) S copy
pectroscopy
( FAB- MVB) gS‘in)yrpipw@atﬂ%prQUﬁganﬁed A steslesdign el e BB W% ef8R rospray
”F55t1§pe%55@§0@?2ﬁﬁto¥}€éttr8% ;bgg@k?s; Qofkting nbmanﬁ'rﬁ% gw tn,&n.oa@%fF|§§ ?Ing o
ShA U e R L e
i denti fi gdd asateBanilN YE&fERhES 36hpolidT/ £yl ¢6ehol 3OMC) at the dose of 10
palkg.
They were group-housed (2 animals per cage) and maintained in a room with
20 controlled temperature (21-22°C) and a reversed light-dark cycle (12h/12h) with food
and water available ad libitum. All experiments were carried out in accordance with
institutional guidelines.
Induction of diabetes and pharmacological treatment
Diabetes was induced by injection of a buffered solution of streptozotocin
25  (Sigma, L'Isle d’Abeau Chesnes, France) in the surgically denuded left saphena magna,
at a dose of 55 mg/kg body weight. The drug was dissolved immediately before injection
in 0.1 molfl citrate buffer pH 4.5. The day of STZ injection was considered as Day (D) 0.
One week later, at D 10, tail vein blood was assayed for glycemia in each
individual animal using a glucometer (Glucotrend test, Roche, Mannheim, Germany).
30 Animals showing a value below 260 mg/dl were excluded from the study. Glycemia was
checked again at D 40, at the end of the experiment.
IP treatment (vehicle, IL-6 and 4-MC) was performed daily from D11 to D 40.



gl ycosylation site and prelimnary analysis of the N-linked carbohydrate
showed that the dom nant species were nonosialyl fucosyl biantennary and
di si al yl Wo®memgdo1dhi antennary structures. The O gl ycosyl aPCarEPe2/11B64as
identified as either threonine -138 or -139. 5 Exanple 2: Effect of IL-6 in
t he streptozotozin-induced di abetic neuropathy nodel upon intraperitoneal
adm ni strati on MATERI ALS AND METHODS31Ani mal s Si x week-ol d mal e Sprague
Dawl ey rats (Janvier, Le Cenest-St-Isle, France) 10 were distributed in 9
experinmental groups (n = 10) in accordance with a random zation table: (a)
a vehi cl e conflamningofepperimentst ed with a sterile solution of saline -BSA

0.02 % (wei ﬁ‘*—‘%‘%" JHTBAd 8ur(,m| eqwg;@ormwgmpm sting of aninmals

injected wt ose o /kg dissolved in a sterile solution
of saline - BSW"@'%’@"%EMQ &93"69%‘%’?@[5’@69'6196’&’}99 aweekpsifollowinadimings gr oup
injected with a sterile-solution of saline -BSA 0.02 %; (d) 5 15 treated,

STZ-i nt oxi cat ed_groups. consi sting of animals receiving injections of IL-6
conpodind at 5Pdff f-dReslinedigd fick and EMS) 10 30 and 100 pg/kg ; (e) a

STZ-intoxi catgg gr: Wctn@ﬂé“didtféﬁis@ svizihjestionef er ence conpound : 4-net hyl

catechol (4-MN0), at the do§e of 10 pg/kg. They were group-housed (2 animals
per cage) and®rgi nt"%ﬁqsrlé{? rﬁ"yﬁe’f“@omwth 20 controlled tenperature (21-220C)
and a reverseg 1hi ghinsetaf ketysztraert L8 4ii)-ME@)t h food and water available ad

libitum All er.i ts r arried out in accordance with institutional
gui del i nes. Iﬁégct'i%ﬁegf‘d%ﬁcgﬁ%smgnd phar macol ogi cal treatnent D abetes

was ieduced bp 40nj:eohiraof gliycamibuEMErand taiflick tests, refnovaliof peiaticateotei n 25
(Sigma, L'lsle d Abeau Chesnes, France) in the surgically denuded |eft
saphena magna, at a dose of 55 ng/kg body wei ght. The drug was di ssol ved
i medi at el y bSénsitivitytestcittadflick n 0.1 nol /| citrate buffer pH 4.5. The day

of STZ i nj ectyQn jap tl%oéf WQE pRited tinkEra Q@ﬂe@-mrﬂlﬁe&% 4h Heat sturdd 10, tail

vei n bl ood was ass '%/! ycem a I n each _individual aninal using a

gl uconet (Biogel) Feds.r ﬁ@Per)eE'@e 'm@ef%ﬁhﬁé?W'c@r'%W) rom e heat WASs showi ng

a vahge Pé%bR)é’dZ&QeHQ!rﬁblté@Sﬂ‘&. .ﬁefffélaéé}.etﬂeiart&mytdmucﬁtnddtnaﬁ wsrerpeﬁow&i checked
again at D 40, at th of the experi nment IPtreatﬂg (vehicle, IL-6
3301
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31 Planning of experinents
Electromyography
Electrophysiological recordings were performed using a Neuromatic 2000M
20 electromyograph (EMG) (Dantec, Les Ulis, France). Rats were anaesthetized by
" intraperitoneal injection of 60 mg/kg ketamine chlorhydrate (Imalgene 500%, . Rhéone
Mérieux, Lyon, France). The normal body temperature was maintained at 30°C with a
heating lamp and controlled by a contact thermometer (Quick, Bioblock Scientific,
llikirch, France) placed on the tail surface.

25 Compound muscle action potential (CMAP) was recorded in the gastrocnemius
muscle after stimulation of the sciatic nerve. A reference electrode and an active needle
were placed in the hindpaw. A ground needle was inserted on the lower back of the rat.
Sciatic nerve was stimulated with a single 0.2 ms pulse at a supramaximal intensity. The
velocity of the motor wave was recorded and expressed in ms.

30 Sensitive nerve conduction velocity (SNCV) was also recorded. The tail skin
electrodes were placed as follows: a reference needle inserted at the base of the tail and
an anoe needle placed 30 mm away from the reference needle towards the extremity of

the tail. A ground needle electrode was inserted between the anode and reference



Body wei ght and survival rate were recorded every day. Tail flick and EMG
testings were perforned once a week as following timng : 5 D-7:

basel i ne woaBl3¥olis ck and EM5 D 0 : induction of diabetesPoOY/EB02Z1136§ ecti on
D 10 : neasure of glycema D 11 : onset of the treatnment (IL-6 and 4-MC) D
25 : EMG and tail flick testing 10 D 40 : control of glycema, EMG and tail
flick tests, renoval of sciatic nerve2 Sensitivity test : tail flick The
tail of the rat was placed under a shutter-controlled |anp as a heat source
(Bi oseb, Paris, France). The latency before the rat flicked its tail from
the heatnesdles. % caigat nerde WAS§@mglet9yl witht @ perigsol 20miseqdies Ot2ves) altaancy of

flick. d'm"ggélﬁ SRA ErHeSel Wgs e%?gsstegﬁ, #Ran val ue was cal cul ated and

ret ai ne haracteristic va ectronyography El ectrophysi ol ogi cal
recordi ngs were performed using a Neuromatic 2000M 20 el ectronyograph
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a semi-automated digital image analysis software (Biocom, France). Two randomly
selected fields per slice were studied. The following parameters were calculated: (a)
fiber diameter, (b) axon diameter, (c) myelin thickness (see below).
20 - For counting the total number of fibers per nerve section, 3 randomized slices per

sample were selected and 2 fields per slice were analyzed.

Data analysis
Global analysis of the data was performed using one factor or repeated measure
25 analysis of variance (ANOVA) and one way ANOVA. Dunnett's test was used when
anova test indicated a significant difference. No post-hoc analyses were performed. The
level of significance was set at p < 0.05. Results are expressed as mean * standard

error of the mean (s.e.m.).

30 RESULTS
Animal weight
As illustrated in figure 1, a significant intergroup difference in body weight
evolution was noted in this study [f (8, 296) = 19.47 and p < 0.001; repeated measure
ANOVA]. From d 5 to d 40, the STZ-intoxicated / IL-6-treated animals displayed a



5 Morphonetric analysis was perforned at the end of the study (D 40). The
ani mal s were anesthetized by IP injection of 100 ng/ kg | mal gene 500(r). A5
nm  segnewD 3fo3xes ati ¢ nerve was exci sed for histol ogy. TheTIEPSYUB6NAS
fixed overnight with 4 % gl utaral dehyde (Signma, L' Isle d Abeau- Chesnes,
France) solution in phosphate buffer solution (pH = 7.4) and naintained in
30 % sucrose at + 4C until use. The 1drve sanple 10 was fixed in 2 % osm um
tetroxide (Sigma, L'Isle d' Abeau-Chesnes, France) solution in phosphate
buffer solution for 2 h. , dehydrated in serial alcohol solution, and
enbeddeds.gmmpdacrea:seoedm weightps< AP wAY ANEVAI 288 P+<B5 eaitohg 3 days
of poly ggg)s r f cdntfol PESHRI€i1-8Und Mohtfol

m cr ot o%&k P§TdZ ﬁFb‘l\’N% (%@? g?u?’dﬁgm)b | ue solution (Signg, Lmlssl e

d' Abeau- (19831648) Vﬁ%té‘)@f%‘ﬂ""ﬁ“ﬁlt?ﬁt) dehydrat ed and 15 mounted in Eukitt.
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wer e cal cul at ed fiper. di er, . d|a ter
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section, 180 rpgrkgodﬂi;rz@édSé ibogy wetyht dearepbed Vieogheel thet studyfstarding iakithis per
slice were X’é‘ﬁ ¢ ta anal ysis G obal analysis of the data was

perf or ne teg'?'?% @ "PLTEBY: or repeated measure 25 analysis of variance
(ANOv#) and one way ANO\/A Dunnett's test was used when anova test

i ndi cated a sbg‘ Lcant di fference. No post-hoc anal yses were perforned.
The I|evel of nlafl cance was set at p < 0.05. Results are expressed as
mean standar Ehguermhow‘s that et drd@ goften! animals pregniEUBlTES miaNRa PAYRAhht  As

|1 ustrahgd hal | G Tothdt Al ﬁérﬂﬁ'éTzQﬁaEBx.da{HdeFa% WISl &1 58 igucBasly vl ght

evol uti on was”not tudy [f 9.47 and p < 0.001;
r epeat ed carcentiation Wh@/ﬂ%]an 269 ma/dj agd %’%c%'deﬁeﬁéswepﬁt oxi cated /

I'L-64kreated pilRPISsHAWS M STE-iRoXEUES (ISWErb il Gihb&tat /14364 33
Si gnl i cant decCrease i n body weight (p < 0.05; one way ANOVA and p < 0.05

control versus (vs) STZ ; control/il-6 (100 pg/kg) vs STZ ; control vs STZ
+ it-6 and cogkhsitivity tebt : (ail@ﬂclpg/ kg) vs STZ + IL-6; Dunnett's test).

\E\)I/e?gﬁtl ¢ anl n?lmesretv(/aesataes(?gw cant mlfergroup oaff qgﬁc% |Cr)1fthe e»%ﬂjltilérg oqltgpﬂli&y ?e@t a body
performances [F (8, 16) = 2.07 and p = 0.013; repeated measure ANOVA] (figure 3).
20 = The latency before the rats flicked their tail from the heat was significantly increased in
diabetic non tréated animals (control/vehicle vs STZ/vehicle p < 0.001 ; Dunnett's test).

In the D 25 and D 40, the reaction time was not increased in the animals treated with IL-
6 at doses of 1, 3, 10 and 100 pg/kg and treated with 4-MC at 10 pg/kg. Indeed, no
significant difference between these groups was found (p > 0.05 ; Dunnett's test).
25
Electrophysiological measurements
Latency of the compound muscle action potential
There was a significant difference between the groups in the latency of the
CMAP throughout the study [F (8, 16) = 5.901 and p < 0.001; repeated measures
30 ANOVA]. The latency was significantly increased in diabetic untreated rats (on days 25
and 40: p < 0.001; one way ANOVA). This increase was less important in IL-6-treated
groups; espedially for the IL-6 (10 pg/kg)-treated group which presented, on days 25 and
40, no significant difference with the latency value of the control/vehicle group (figure 4).



5 significantly higher than that of other doses of it-6 [f (5, 185) = 1.16
and p = 0.08 repeated neasures ANOVA]. It could be noted that the

STZ-i nt oxwoaB®sBols | L-6 treated animals at the dose of 10@CpEPey1dsspl ayed
a body wei ght decreased throughout the study (starting at the beginning of
the treatnent). 10 Aycema Figure 2a shows that at d 10 control animals
presented a glycem a val ue equal at 3200 ng/dl. On the other hand,
STZ-intoxicated rats displayed a plasma glucose concentration higher than

260 ng/dl and were considered as diabetic,__15 Figyre 2b shows  that
STZ- i nt oxi catMereprrsomeae 25tqach b isatedd SHE YOURS Msi@ﬁgiﬁvﬁwﬁw . tail

flick Thgéﬁﬁd@ﬁ&y 3h&diNthhh QRO tCMAY %t&ﬁc?ucﬁ thief Jepichn ¢ STZNgrobe (p\=0DIODI N of
tail-flick test ?erformances [F (8, 16) = 2.07 and p = 0.013; repeated
neasure RMMER]ste$t)-qure 3). 20 The latency before the rats flicked their

tail from theph@ay 40/ake 548 chioRinlwasidiswreased in di abetic non treated
animal s (contyrolvehicle vs STZ/ vehi de < .0 : 1 In the
D 25 &nd D 40% S{Qﬁ@@'}jgfﬁiﬁfﬂ}?&t"ﬁ%eﬁ}a ep{%{an il%g?%é?gé%nﬁ%algﬁfﬁbég)t r eat ed
Wi th | L- afd @b 40sikerdL-6ftrebtedyrodd® (48] 10080 aud k2P 1eofkh)(D &5t @d W08Hh DI4VC at 10
pg/ kg. 1 ndeed.. no signjfican | f : found (p
09005 : Poiirgi Pre veuBNOVARRY, il S Bk af pELURERbOE RIS | O0NG,

t he conpipwet signiicandly datemayrthamthent,i 39l arthtl0cualsas L6 Yeatad 7 iSTZrarounst(Pet ence

bet . ' CVAP th hout th t ud F (8,
lg) wgeg. b%'ngﬁH%?SJegt.)ég%?b?égg%ggg %%gg%res 30 Lﬁl(u')?/Affj Theel Ztgn)éy[wag

signitbicantly increased in diabetic untreated rats (on days 25 and 40: p <

0.001; one mgeMﬁLNeT{?n%uwsﬁ gapeityas | ess inportant in IL-6-treated
groups; especrally’tor t

on days 25 an# Sigﬂﬁcaﬁcﬂiﬁfi’fgﬂ‘ll'ql_?-vg%lﬁétgﬂ E’%é"é%)@ﬁéégwas”gg i'?ﬂ'ioguﬁﬁm h}ﬁgu%ﬁgngf di he
cont r ol / wehiGhP [FRYSY6)  f5.51¢" &ndtp- < ¥0093/ 8B348S niGEURBPOMNANA6Higurdds)\or eover
oi ani 11 o BiRtee Sibseleveh armaTiach AE TR an e SR BN B e AF0s oup (p -
0.00ks BwaRebhe Way ANOVA)M cotmstidith the eostesieelicla graupi Moreoser, o dayi25
no significant difference was observed between the control/vehicle group and the 10
pg/kg IL-6-treated group (p = 0.426 ; Dunnett’s test), whereas a significant difference
was seen between all the other groups. On day 25, only the 10 and the 30 ugkg
displayed a significant difference with the STZ/vehicle group (10 pg/kg vs vehicle STZ
20  groups : p < 0.001, 30 pg/ml vs STZ groups, p = 0.004, Dunnett's test). On day 40, the -
animal treated with 10 pg/kg did not show any significant difference with the STZ/vehicle
treated animals however, the SNCV value for this group was higher than the other STZ /
IL-6 treated animals.
It could be noted that the SNCV gradually increased throughout the study in the
25  control/vehicle animals due to a normal maturation of the peripheral nerve structure
(Gao et al., 1995, Malone et al., 1996).

Morphometric analysis
Axon diameter
30 A significant intergroup difference was found in the axon diameter (p < 0.001;
one way ANOVA) (figure 6). Vehicle / STZ animals displayed a significant decrease in
the axon diameter in comparison with the control rats (p = 0.08 ; Dunnett's test).
Treatment with IL-6 reversed this decrease of axon diameter, since the dose of 3 ug/kg
(IL-6-treated rats vs STZ/vehicle p < 0.001 ; Dunnett's test). Moreover, a significant



5 Asignificant difference was seen between IL-6 treated / STZ aninmals (10
ng/ kg) and the 4 other IL-6 treated groups (1, 3, 10, 30 and 100 pg/kg) (D
25: p = OWO®2/0310150: p = 0.003 ;one way ANOVA test). Thepr8Tmpdkgi3and 10
pg/ kg treated animals displayed a |ower significantly latency than the 1,
30 and 100 pg/ kg IL-6 treated / STZ groups (p < 0.05 ; Dunnett's test) on
day 25 as well as day 40. 10 Sensory3derve conduction velocity A
significant difference was noted between the groups in the SNCV throughout
the study [F (8,16) = 5.518 and p < 0.001 ; repeated neasures ANOVA]
(figure diferendi waenoted batweed itap conted geoupiagdithe sVl (10940/kp grave SNCV (on
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Tr eat nen reversed th decrease of axon di ane since the dose
of 3 pg/ ﬁgmﬁqantdlﬁerten%w@utheepetrq}/ye'sW'z/gfféﬁu(eFé) 6285 Qynpel's tes@unnett s test).

Moregyer, a significant WO 03/033015 PCT/ EP02/11364 35 difference was

not ed between the control group and the controllL-6 (100 pg/kg) group (p <
0.001 : DunneMyelg thighteps No significant difference was found between the
cont rol / vehi c&empdriaun ofthe niyesin thiddeess reaéatell g significdnt differédicé betweeithenet t ' s

test). - 9 groups (p < 0.001 ; one way ANOVA) (figure 8). The myelin thickness was significantly
smaller in vehicle / STZ animals than control/vehicle and IL-6-treated animals (3, 10, 30
20 and 100 pg/kg) (p < 0.01 ; Dunnett’s test). It could be noted that all the IL-6 treated / STZ
animals presented a myelin thickness significantly higher than the vehicle / STZ group.
Moreover, we noted a significant. difference between control/vehicle and control/IL-6

(100 pg/kg) groups (p < 0.001 ; Dunnett’s test).

25 Total number of myelinated fibers
As shown in figure 9, there was a significant intergroup difference in total number
of myelinated fibers (p < 0.001; one way ANOVA). The vehicle / STZ animals displayed
a smaller number of fibers than the control animals ( p < 0.001; Dunnett’s test). By
contrast, the IL-6-treated / STZ animals had an increased number of fibers as compared
30 with the vehicle / STZ animals (p < 0.001; Dunnett's test). The STZ-intoxicated animals
treated with 4-MC had a total number of fibers analogous to those of the control animals.
Moreover, no significant difference between control/vehicle group and control/IL-6 (100

pg/kg) group was noted.



5 Fiber dianeter Figure 7 shows that there was a significant difference
between the 9 groups in fiber dianeter (p < 0.001, one way ANOVA). The STZ
adm ni st reDioan3doends to a significant decrease of fiber aCamPIBRI1364
(control/vehicle vs STZ/vehicle p = 0.005 ; Dunnett's test). A significant
di fference was observed between vehicle / STZ rats and IL 10 6-treated /
STZ rats (p < 0.005 ; Dunnett's test)36 The IL-6-treated ani mal s di spl ayed a
| arger fiber dianmeter than vehicle / STZ aninmals. Moreover, a significant

di fference was found between the control group and the control/I1L-6 (100
pg/ kg) group CONECLYSION ;: Dunnett's test). The animals treated with 4-MC

at the dose 0[ n tHis Q%)k%rﬂﬁ§§%5ﬁ€5t8@wnﬁ'tgé“sfréﬁtéiﬂtodm bhevikedeveiop 4 he
control/vehic group (p = ; Dunnett's test). 15 Myelin thickness
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between g, getgfn@:l%b(aﬁc5—4Qia99$ftertﬁé‘ﬁdm&5nANo‘/A) (figure 8). The nyelin
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contrgl / vehi clfee émeua_ar@m@ééwe@eamtrﬁaﬂeé W?'ﬁelﬂ"'t dpgesof Ul (hFo 1BgP%kg) (p <
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test). | nat ed bers shown in ure 9, there was
a si gm f |cumve treateent nodbatdLﬁf@Séw@e ﬂdﬁ"ﬂ'%?fﬁﬂ aﬁamerfrstdnolwganqamases fibers

W@)‘]e hicle / STZ ani mal s di spl ayed a smal l er
nunbép %?segrebs’sal@ﬁan t § maeanl mal s p < 0.001; Dunnett's test). By
contrast, theThe-@esantarreipcol smsmam él—ﬁa&fe%imeﬂhcqfe&éiﬂmu%@ﬁsoﬂ fibers
as conparg ?roﬁ bR a gﬁﬁst\ﬁﬁg”df‘a'bgtlé néngpa%W lea %eﬁ&u&apa%es WHANSH hicke test).

The STZ-iR cated treated w had a total nunber of fibers
anal ogousaintd dhe EMésetesting tsensasy)and Malgri vmgcgues) SmWetbv @europgptedtive, pffect ht

differen p and control/IL-6 (100 /k

group mg@ﬂ%gé%ﬁ%@g@%%ﬁ%ﬁ@g@r (I)E gm#111364 36 CONCLUSION In Itoﬂl sg)study,
ani mgks i nt oxiToatled deses ashweelk as dig biobt eanicenteatiansudisplayed heuwprotectig abet es
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ani mal becones dr abe ays after the 1 nduction.

effect is S|gn|ﬁcant Moreover the highest dose (100 pg/kg) does not display a
pronounced effect and seems to have a toxic effect on the general behavior of the STZ-
animals. The control animals (not treated with STZ) treated with IL-6 at 100 Hg/kg were

o9 Mmore excited than the vehicle control animals or the STZ rats treated with low
concentrations of IL-6. Moreover, these animals (IL-6 100 pg/kg) were difficult to
manipulate for the experimentato'rV. The same was observed in the STZ/IL-6 100 pg/kg.
Nevertheless, these animals seemed less excited (probably due to their weakness due
to their large loss of body weight).

25 The neuroprotective effect is focused on the sensory fibers as well as motor
fibers (the CMAP velocity was not altered with a IL-6 treatment).

Concerning the morphological analysis, the neuroprotection induced by the IL-6
treatment is very clear for all studied doses. The fibers of the STZ/vehicle animals
displayed a decrease of the myelin sheath and an alteration of the axon, which finally

30 induce a degeneration of the fibers (shown with a decrease of the total number of fibers).

It was demonstrated in this study that the treatment with IL-6 (especially 10

pg/kg) protected the myelin sheath and the axonal degeneration.



5 The di abetic animals have been treated by different doses of IL-6 (1, 3,
10, 30 and 100 pg/kg) on 30 days chronically. The treatnent has been

adm ni st reiDedd/o33oms r aperitoneal |y every day starting 10 dapsTafPhriidshe

i nduction until the sacrifice of the animl 40 days after the
STZ-induction. This treatnent could be considered as a curative treatnent
in that IL-6 has been adm ni stered afRfer the first nol ecul ar damages 10
caused by a prol onged hyperglycem a. The present protocol shows that a IL-6
treatment of 30 days induces a neuroprotection against the diabetic
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weakness due to their large | oss of body weight). 25 The neuroprotective

effe is focused on the sensory fibers as vveII as m)tor _ fibers (the CVAP
velocity was Example fiect\of h-Gin the Gtreptozote : 5 rapath
mor phol ogi cal G818k u'ian gagmﬁq,ggg%@ctl on |nduced by the IL-6 treatnent

is very 0ses. The fibers of the STZ/ vehicle aninals
di spl ayed a decrease of the nyelin sheath and an alteration of the axon,

whi ch finall Wﬁ@ahﬂ&%ﬁ@ sﬁxﬂmn@baéwaa 1 effdiof th® AI-6 viazhewibcttanBoas decr ease
of the total nunber of fib 1"% was degoroztrate in this study that the
@glméhe

treat1ﬁenf°l¢ﬁ@tr¢'ff%e'§d(’§§ﬂ§éﬂdé PR he nyelin sheath and
t he axonal degeneratl on. WO 03/033015 PCT/ EP02/ 11364 37 It nust be noted
that the high dosei IL-6 (100 pg/kg) induces an harnful effect on the
flbers in heaﬂ‘waﬁm mal s. I ndeed, the fibers seemto suffer, there is no
loss of fibestidytAthe sheath and the general aspect of the fibers are

oLLered. YN SRy S8 o, DBl A T b fleBeil Rl
20 were distributed in 6 experimental groups in accordance with a randomization table: (a)
a vehicle control group (n = 4), injected with a sterile solution of saline -BSA 0.02 %
(weight/volume); (b) a streptozotocin (STZ}-intoxicated group (n = 10) injected with a
sterile solution of saline —-BSA 0.02 %; (c) 4 treated, STZ-intoxicated groups (n = 10)
consisting of animals receiving daily SC injections of IL-6 compound at 4 different doses:
25 1, 3,10, 30 pg/kg.

They were group-housed (2 animals per cage) and maintained in a room with
controlled temperature (21-22°C) and a reversed light-dark cycle (12h/12h) with food
and water available ad libitum. All experiments were carried out in accordance with
institutional guidelines.

30

Study B

Six week-old male Sprague Dawley rats (Janvier, Le Genest-St-Isle, France)
were distributed in 7 experimental groups in accordance with a randomization table: (a)
a vehicle control group (n = 4), injected with a sterile solution of saline —BSA 0.02 %



5is mainly focused on the general behavior of the animal characterized by
a large decrease of the body weight). In conclusion, IL-6 induces a clear
neur opr otwotosMasoes f ect after a chronic treatment of 30 d&¢3/EXe2/¥sbd as on
sensory than notor fibers, probably acting by a direct effect on the fiber
and reducing the inflamuatory process of neurodegeneration. 10 Exanple 3:
Effect of IL-6 in the streptozotozi n3nduced di abetic neuropathy nodel
upon subcut aneous adm nistration The aimof this study was to evaluate the
effect of the IL-6 via the subcutaneous 15 route at different dosage and
timng i (weighd/velume); b}l el streptoretaio d&T Alyintosisated | gsourstrudy!OA "H#Gted/\yék%l d nmal e

Spr ague %}@wees}bhﬁ,aﬁ f CARPRVIEY, ;ﬁ 068 Oﬁe'@% tredted, Sém-ln'l:dxﬂ:%&%) grodh (o<

di stribu in 6 experl nent roups i n accordance with arandomzatlon
tabl e: (agnsnsén@@ﬁa@n@'%r@ﬁwag Sg‘f wﬁt'qrw of g, campospd Stimgs: PEravesketti4 e

sol uti onggbrehtlabsia: 1B 19, 33 p/ /kd V\E(u)gattééé@émrm)z-m(d&i»ca@dSérbﬁtpt(@EﬁOP' n

(STZ)-intoxicated group (n 10). E?r?} er|Ie sol ution of
salin® - B?Sﬁ'i‘)"@)?fa/%'m?'éfec@'vﬂr}gégt"é%f’t'o 'l-r@t‘i?ﬂp@é{f‘%at KL (n = 10)
80][1?" sti ngdof TR w&JeSgrb@&ﬁbugeagz %inhéls Pér tayed @t ansintainet lin @ mmmtzmd at I4

i fferent dos pa/ re gr ani mal s
per cageW'&WHe%Wﬁe&?tH@dé1 n'zj%c)r g %seq:ﬁﬁ* W%T Q%Q:}ﬁfﬂ’ﬁg %%jl 220)
and a r ewsd eterl avahdblel aukibiyml all (ekpérinéhty ward lcafried cout amcicomtarceawithi | abl e ad
l'i bi tum .A{.I .eéger.i nts were carried out in accordance with institutional
gui del i n&gtt PYUE'B%>Si x week-ol d mal e Sprague Dawi ey rats (Janvier, Le
Genedb-St-1sle, France) were distributed in 7 experinmental groups in
accordance w gn{(ﬁ andom' zation table: (a) a vehicle control group (n =
4), injected a sterile solution of saline -BSA 0.02 % WD 03/033015
PCT/ EP02/ 11368ix 8€ek-aldirgale /SpohguecPawiep yrats (Janvigst be deenashStiglezfraneebxi cat ed

group (N, elﬁgtngqﬂzgﬂ 8 SxWirintental griups il §cc%FHaHEé Mth %ﬂaﬁé’érﬁn%ton% QaPZ % ;

(c) 4 trea I nt oxi cat e roups (n consi sting_of nal s
recei vi ng \Bliclengantrol raup 61 =14)- 'BleéGﬁw@rﬁjS@"lel ﬁ?é‘g'obéhf sqlinei— §§Aép O%il/“f ferent
dosess 1(welghtABums§ BY/aKfireptozeitbciA (BTZRnRMical®dZgrbi} (X =CHY)ale@E@With (1 = 10)
sterile solution of saline —BSA 0.02 %; (c) 4 treated, STZ-intoxicated groups (n = 10)
consisting of animals receiving SC injections of 1L.-6 compound once a week at 4
different doses : 1, 3, 10, 30 pg/kg.
They were group-housed (2 animals per cage) and maintained in a room with
20 controlled temperature (21-22°C) and a reversed light-dark cycle (12h/12h) with food
and water available ad libitum. All experiments were carried out in accordance with

institutional guidelines.

Induction of diabetes and pharmacological treatment
25 | Diabetes was induced by injection of a buffered solution of streptozotocin
(Sigma, L'lsle d’Abeau Chesnes, France) in the surgically denuded left saphena magna,
at a dose of 55 mg/kg body weight. The drug was dissolved immediately before injection
in 0.1 mol/l citrate buffer pH 4.5. The day of STZ injection was considered as Day (D) 0.
One week later, at D 10, tail vein blood was assayed for glycemia in each
30 individual animal using a glucometer (Glucotrend test, Roche, Mannheim, Germany).
Animals showing a value below 260 mg/dl were excluded from the study. Glycemia was
checked again at D 40, at the end of the experiment.
Treatment (vehicle and IL-6) was performed from D11 to D 40.



5 consisting of animals receiving IP injections of IL-6 conpound at 10

pg/ kg. They were group-housed (2 aninmals per cage) and maintained in a room
with comwoeBloasdii enperature (21-22C) and a reversed |i ghtrCamph/cped e
(12h/12h) with food and water available ad libitum Al experinments were
carried out in accordance with institutional guidelines. 10 Study C Six
week-old mal e Sprague Dawl ey rats (Jaavier, Le Genest-St-Isle, France)

were distributed in 6 experinental groups in accordance with a
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treat ment 25 Pi1QbetBRASWERCTGNEREY by injection of a buffered sol ution of
st rept ozot oci p 11( Sigpest of khd éfmantAledlu Chesnes, France) in the surgically

denuded | eft hena a, at a dose of 55 ng/ kg body weight. The drug
was di ssol veds%'g?'bﬁgg{}s{)ef ore injection in 0.1 nol/l citrate buffer pH

4.5. 1ghe day Df25STodomjctartadctivityin ©Fcopei fikdd)ed as Day (D) 0. One week later,
at D 10, tail in %qd JAas assayed for glycema in each 30 individual
ani mal using g\é&l uc tef 'Pd ucotrend test, Roche, Mannheim Ger many) .

Ani mal s show D@8a Mail fliek test ow 260 ny/ dl were excluded fromthe study.

d ycem a was Rg@echg‘q’"@?ﬁ{%‘ﬁmgd& at the end of the experinent.

Treatment (ve | e ‘and : erformed fromD11 to D 40. WD 03/ 033015
PCT/ EP02/ 11368 4039: q@intralif glycemiag k& tepting: eemeyahof geiatihenydid survival rate
wer e ,recorded every day. Tail flick and EMG testings were perfornmed once a
week ‘as following tim n? . ..o D-7: baseline (tail flick, |oconotor
activity and Emltivity test : tail flick
The tail of the rat was placed under a shutter-controlled lamp as a heat source
(Bioseb, Paris, France). The latency before the rat flicked its tail from the heat was
recorded. A sensory alteration increases the latency of flick. Two trials were performed

20 and the mean value was calculated and retained as characteristic value.

Locomotor activity in Open Field
The animal was placed in a Plexiglas (80 x 80 x 40 cm) open field (OF). The floor
was divided into 16 equal squares. For each animal, the spontaneous locomotor activity

25 and the number of rearings were recorded during a 10 min period.

Electromyography
Electrophysiological recordings were performed using a Neuromatic 2000M
electromyograph (EMG) (Dantec, Les Ulis, France). Rats were anaesthetized by
30 intraperitoneal injection of 60 mg/kg ketamine chlorhydrate (Imalgene 500°, Rhéne
Mérieux, Lyon, France). The normal body temperature was maintained at 30°C with a
heating lamp and controlled by a contact thermometer (Quick, Bioblock Scientific, .

Ikirch, France) placed on the tail surface.



DO : induction of diabetes by STZ injection D 10 : neasure of glycema D
11 : onset of the treatnent (IL-6) D24 : tail flick test 10 D 25 :

| oconot orwadBisioty in OF (open field) D 26 : EMS testi ngPDTA®02/1836d | flick
test D39 : loconmotor activity in OfF D 40 : control of glycema, EMG
testing, renmoval of sciatic nerve 15 Sensitivity test : tail flick The
tail of the rat was placed under a shutter-controlled |lanp as a heat source
(Bi oseb, Paris, France). The l|atency before the rat flicked its tail from
the heat was recorded. A sensory alteration increases the |atency of
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el ectrode ean n|288%+\ er\;'eb% wa%‘@ﬁ eleAGSHyd N the hindpaw. A ground needl e

was i nselt the e rat. Sciatic nerve was stinulated
with a single 0.2 nms pulse at a supramaximal intensity. The 5 velocity of
the notor wav o%n‘i&ﬁ@%ﬁ'ﬁ%lﬁnd expressed in ns. Sensitive nerve conduction

vel ocit SN so recorded. The tail ski
y Morphometric analysis was performed at the end of the study (D 40). The

15 animals were anesthetized by IP injection of 100 mg/kg Imalgéne 500%. A 5 mm-
segment of sciatic nerve was excised for histology. The tissue was fixed overnight with 4 -
% glutaraldehyde (Sigma, L'Isle d’Abeau-Chesnes, France) solution in phosphate buffer
solution (pH = 7.4) and maintained in 30 % sucrose at + 4°C until use. The nerve sample
was fixed in 2 % osmium tetroxide (Sigma, L'lsle d’Abeau-Chesnes, France) solution in
20 phosphate buffer solution for 2-h., dehydrated in serial alcohol solution, and embedded
in Epon. Embedded tissues were then placed at + 70°C during 3 days of polymerization.
Transverse sections of 1.5 ym were cut with a microtome, stained with a 1 % toluidine
blue solution (Sigma, L'lsle d’Abeau-Chesnes, France) for 2 min, dehydrated and
mounted in Eukitt. Twenty sections per sample were examined using an optical
25  microscope (Nikon, Tokyo, Japan) and 6 randomly selected slices were analyzed using
a semi-automated digital image analysis software (Biocom, France). Two randomly
selected fields per slice were studied. The following parameters were calculated: (a)
fiber diameter, (b) axon diameter,(c) myelin thickness.
For counting the total number of fibers per nerve section, 3 randomized slices per

30 sample were selected and 2 fields per slice were analyzed.

Data analysis
Global analysis of the data was performed using one factor or repeated measure
analysis of variance (ANOVA) and one way ANOVA. Dunnett's test was used when
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nmean (s.e.m). 5 RESULTS Study A Aninmal weight

Glycemia

Figure 12 shows that at d 10 control animals presented a glycemia value equal af
120 mg/dl. On the other hand, STZ-intoxicated rats displayed a plasma glucose

20 concentration higher than 260 mg/dl and were considered as diabetic.

It was noted that STZ-intoxicated rats were still diabetic at d 41 (the rat n°2 of the
stz/IL-6 (10 pg/kg) group has been eliminated of the study because of his glycemia
below 260 mg/dl).

25 Sensitivity test : tail flick
There was no significant intergroup difference in the evolution of tail-flick test
performances [F (5, 10) = 1.81 and p = 0.072; repeated measure ANOVA|] (figure 13).
Nevertheless, the latency before the rats flicked their tail from the heat was increased in
diabetic non treated and treated with IL-6 at higher doses animals. In the D 38, the
30 reaction time was not increased in the animals treated with IL-6 at doses of 1 and
3ug/kg. Indeed, no significant difference between these groups was found (p > 0.05;
Dunnett's test).

Locomotor activity in OF



As illustrated in figure 11, a significant intergroup difference in body
wei ght evolution was noted in this study [f (5, 185) = 9.20 and p < 0.001;
repeat ed woasws®is 10 anoval. fromd 5 to d 40, the STZ-intPoXiEPar/edod

| L-6-treated aninmals displayed a significant decrease in body weight (p <
0. 05; one way ANOVA and p < 0.05 control versus (vs) STZ ; control vs STZ
+ it-6 ; dunnett's test). Diabetic ampnmals treated with il-6 at a dose of
10 pg/ kg displayed a body weight significantly higher than that of other
doses of it-6 [f (4, 148) = 2.93 and p < 0.001 15 repeated neasures
ANOVA] . G ycehd showhiigfigared 244 laoud 4Bhthereavasch signitieant differenné hetiveepthesent ed a

glycem a_val ue eﬁl'galnwg%er 140 ée%' - g}eg hgnd)t,gg,;nggamouggggf i %Td‘yat ed rats

di spl aye%fogppl as ucose 2 conce ation hlgher t han and were
consi der ieetpastlvelyaﬁeﬁ d0) Ft 5.88 wvithop d0-LRREBNSFZ(S. nk®)5 éé?éutf‘r at%ox%ﬂe still

d abet | Crfbatfy feashis dw(g VAE OHf ab'Ss afih 6| binbetlc] Ront @)noﬂrdi)éﬂhgbéi% been

elim nate the stu ecause of his ycem a_ bel ow 260

Sensi & i viowgr lpeapotor Mmty whick wasrﬁl@arect%g Ry aSigHiceniaasieass P&‘P‘@Tﬂmof

differ en&r@sée’a gqt]@re@‘éﬁh Ydrigs Wontral vs-$tanehidesaid canerol @ STEORSSp k10.415, 10) =
1.81 and 072; repeated neasure ANOVA] (figure 13). Nevertheless, the

| at ency Béﬂ"lﬁﬁét?ﬁb rats flicked their tail fromthe heat was increased in

di abetic non [k iceatiast apedt theathedaninble tlrdatéii @ith the lvesedobdsaranB el | n t he

D 38, the 30 reactio no he animals treated with
IL-6 at Breseedn highey BCOWS’/%%V' lhﬁ'é@‘& Ve |°£e 7 cant difference between

t hesgp groups was found (p > 0.05; Dunnett's test) Loconotor activity in
OF WD 03/0330 CT, EP 2/ 11364 4 shown in figures 14A and 14B, there
was a si gnifl%'ﬁﬁ{? Bé"fﬁ‘%?g}f@gmﬁg?'\’éen ¥he groups in the number of crossed
squares and r kstenaygs themooyodimustie astionppterfialespect i vel y, F (5, 10) = 5.99

wth p < 0. Ooilhejg%éi& rﬂ@%aggﬁege%c%“bbﬂve% 8- gﬁQ&ps i 68C13lch BRI €5

ANOVA]. On da r eat e di spl ayed a 5 | ower
| oconpt oCMAR throug]louhtmhsm [EHEr 46} &r 5. Zladi"‘léypa< 9i0gi feneated measuesse of

nunbeg s Rf\log%zcﬁﬁqgteﬁg}'@%g %lfﬁi'ﬂgar{ﬂ?%dré&?zd (rF@iQBétl&' un‘t’r%at%&?ét‘é?&\ 848 zond

control vs Dunhett's test). It could be noted that the
ani mal s enéAl ot BP1 nobneanANEYAY Maregye, thisgagrRgse was s mportan in each

IL-6-treated groups (figure 15).
On days 26 and 41, each STZ/IL-6-treated groups displayed a CMAP latency
significantly shorter than the CMAP latency of the STZ/vehicle group (p = 0.05, Dunnett’s

20 test).

Sensory nerve conduction velocity

A significant difference was noted between the groups in the SNCV throughout
the study [F (5,10) = 3.78 and p < 0.001; repeated measures ANOVA] (figure 16).

25 Diabetic rats displayed a significant decrease of the SNCV (on days 26 and 41 : p <
0.01; one way ANOVA) in contrast with the control/vehicle group.

On days 26 and 41, all the IL-6 treated animals displayed a significant difference
with the STZ/vehicle group (p < 0.05; Dunnett’s test). Moreover, on day 41 no significant
difference was observed between the control/vehicle group and the 3 and 30 pg/kg IL-6-

30 treated groups ( respectively, p = 0.054 and p = 0.184 ; Dunnett's test), whereas a

significant difference was seen between all the other groups.

Morphometric analysis
Fiber diameter



presented a higher |oconotor activity than the STZ/vehicle rats. 10

El ectrophysi ol ogi cal neasurenents Latency of the conpound nuscle action
pot ent i alwOhawasomas a significant difference between the @ComPs2/irnet he

| at ency of the CMAP throughout the study [F (5, 10) = 5.71 and p < 0.001;
repeated neasures 15 ANOVA]. The latency was significantly increased in
di abetic untreated rats (on days 26 and 41 p < 0.01 ; one way ANOVA).
Moreover, this increase was |l ess inportant in each |1L-6-treated groups
(figure 15) On days 26 and 41, each STZ/I1L-6-treated groups displayed a
CMVAP | at ency Assstywint incBigure y1 7s o sigeificart cintetareupciifierange evasysesm inheber

STZ/ Veh;}fﬂﬁestlgé e P o1 o% Qg%r ARGVISE A’ Rocredfe bEMOr- d|a$ﬁ‘é1§|0va.’a's BYerRdGARNducCt i on

vel oci t ficant ence ‘was not ed bet ween roups |n the SNCV
t hr oughadibetic fretss inuagmparisps with) centml/yehigle EreuR: (). ‘0(91001 Retdl wethsur es

ANOVA] (flzr%ve? L% treat%'éan&béflt t'e§te84fo§e§ihl§ﬂf@fﬂ¢ p?e»%h@rﬂ'cfm gas tiafhResrease of

the SN ?g {5 %iD ?4 in contrast with
t he dontdesigage @/\éehéﬁ%\iﬁpST@‘r E%GQGP échP 4 PUNgRets {65 I L-6 treated ani mals
di spl ayed a sipgph bibmarey difference with the STZ/vehicle group (p < 0.05;
Dunnett's test). Moreover, ni fi.cant di f ere
observed bet wEiEfe Va2 SRIFAN /d\/gﬁ%/@fagp &Y‘?‘fﬂ ARF ¥ grorzdiaing e\;)ép Qéﬁ?\gﬁ L-6 30
\tNLeat ed &Heowaﬁ Nt\lfd\ﬂﬁﬂﬁ@ﬁrevﬂ)YSTD’vehlaeQﬁdeadldplpyed 8. si@vficanDdemnestse' of t est ) ,
ereas a nifi ren en roups.
Nor phone’i"ﬁof’c ‘étPSI r°'|g’e[3'é’ §WE'°§\D g@% ED %@FF Elggﬁt? 1%@3'9' 43 As
showp i ntrédteiwith 1L/ atall tested doseaptesentbéragrmp diginfeftenrsignificanilychigheethann f i ber
di anet er ) crease of fiber dianeter was
%tﬁetlcdmpagg%tleg rer}% s Y29, OéNBWett éA’teg )

obser ved™ I Corrparl son vvlth control/vehicle group (p <
0.001; Dunnett's test). Moreover, IL-6 treatnent, for all tested doses
significantly omthis d| aneter 5 decrease (STZ/ vehicle vs
STZ/1L-6 treat“@{?‘i—w9'%(595f ; Dunnett's test). Axon di arreter There was a
signi ficant ohBigoifi M@tﬁgweéﬁfegﬁf@aH@Slf?l’"é%ﬁ‘yaﬁ"hme‘?ss( B <0-¢1oPre one way

ANOVEY  ({§h0 W) rigurd 46Y SAsighicatit QeBredss B ABkh Biickhesy ivas ablerdirinease of
diabetic rats in comparison with control/vehicle animals (p < 0.001 ; Dunnett’s test).
Moreover, this decrease was significantly less important in IL-6-treated groups (p < 0.05;

Dunnett’s test).

20 Percentage of degenerate fibers
As shown in figures 20 and 21, diabetic and no-treated rats dispalyed a

significant decrease of myelinated fibers (p < 0.001; one way ANOVA). Treatment with -
IL-6 at doses of 3, 10 and 30 pg/kg every day, decreased significantly the percentage of
degenerate fibers in comparison with STZ/vehicle group (p < 0.001 ; Dunnett’s test).

25

Study B
Animal weight
There was a significant intergroup difference in body weight evolution [F (6, 168)
= 9.24 and p < 0.001 ; repeated measures ANOVA] (figure 22). From D 5 to D 40, the
30 STZ-intoxicated animals displayed a significant decrease in body weight (p < 0.05; one
way ANOVA and p < 0.001 control/vehicle vs STZ ; control/vehicle vs STZ-IL-6-treated

groups ; Dunnett's test).



axon di aneter (control/vehicle vs STZ/vehicle : p < 0.001 ; Dunnett's
test). Animals 10 treated with IL-6 at all tested doses presented an axon
di anet er wiogiioBioamnt |y hi gher than diabetic non treated rar®EPp18360. 05 ;
Dunnett's test). Myelin thickness A significant intergroup difference was
found in myelin thickness (p < 0.001 ; one 15 way ANOVA) (figure 19). A
significant decrease of nyelin thickraess was observed in diabetic rats in
conparison with control/vehicle animals (p < 0.001 ; Dunnett's test).
Moreover, this decrease was significantly less inportant in IL-6-treated
gr oups (p < ONosignificent iffarencetwast foung betmeee dhet agé/Ilof-trealgd raseupsdn theber s As

shoun i Npbdoleief R399 B1o 4girARs! ngsl)an@#oa%nw&&t@% : Reeald RN :

signi ficant’ decrease of myel i nated bers (p < 0.001; one way Al

Treat nen®N@VWh 1 L-6 at doses of 3, 10 and 30 pg/ kg every day, decr eased
significantly the percentage of degenerate fibers in conparison wth
STZ/ vehi cl e group g < 0.001 ; Dunnett's test). 25 StudyB Animl weight
There®was a s P¥&ant intergroup difference in body wei ght evolution [F

(6, 168) = 9a24nptiged in fRuRD23, af Bpﬁ@tsild-lﬁlbﬁl&atécsrat%'\mye(df hPldsina22) . From
D5to D40, the

STZ-.i nt | s dIS |f|cant
decr ease g'i“ﬁo%aoa?}"cﬁ}étfea'ﬁf’%] %heéc{éa’bggg JPR?&M”@ 'ﬁm @ngnais %@
cont r ol / ggbéraiaeale afbliad; 100emy/diol / vehi cl e vs STZ-1L-6-treated groups ;
Dunnett's tes 3 PCT/ [ 11364 . i n Lfference
wae Tound bet NP8 O1) PI2AOTaIRE Rt son Ahoblk. HlBh Pidlisaild L o b 5
to D140 ks higherliBan) 560 hg8 and p = 0. 26 ; repeated rreasures ANO\/A]. 5
Gycema As illustrated in figure 23, at D 10 STZ-intoxicated rats

di spl ayed a plasma glucose concentration higher than 260 ng/dl whereas
control ani mafensitidtytesttall fliesd yceni a val ue around 100 ny/dl. Moreover, at

D 40 STZ-int O’Fhé‘rétv%é 5 Oq%.ﬂ/e:sﬁtem%grbbp %mhﬁ{cbqn thé‘qﬁ&gtnérhﬁf Gidliocra @ 10
was hi gher than 500 SensitTvity test - tall flick
performances [F (6 12) 2.13 and p = 0.02; repeated measures ANOVA] (figure 24). At
15 days 24 and 38, diabetic and non-treated rats displayed a significant increased reaction
time in comparison with the control/vehicle and STZ/IL-6 —treated groups (p < 0.05 ;
Dunnett’s test).
Moreover, the reaction time was less increased in the animals treated with IL-6 at
doses of 10 and 30 pg/kg.
20
Locomotor activity in OF
As shown in figures 25A and 25B, there was a significant difference between the
groups in the number of crossed squares and rearings throughout the study
[respectively, F (5, 10) = with p < 0.001 and F (5, 10) = with p < 0.001 ; repeated
25 measures ANOVA].On day 25 and 40, diabetic, treated or not, displayed a lower
locomotor activity which was characterized by a significant decrease of numbers of
crossed squares and rearings (control vs STZ/vehicle and control vs STZ/IL-6 p < 0.05 ;

Dunnett’s test).

30 Electrophysiological measurements
Latency of the compound muscle action potential
As shown in figure 26, there was a significant difference between the groups in
the latency of the CMAP throughout the study [F (6, 12) = 3.97 and p < 0.001 ; repeated
measures ANOVA]. On D 26 and D 40, a significant increase of the latency was



There was a significant intergroup difference in the evolution of tail
flick test performances [F (6, 12) = 2.13 and p = 0.02 ; repeated neasures
ANOVA] (fwows@3®d4y. At 15 days 24 and 38, diabetic and necTiEPeA1B6H r at s

di spl ayed a significant increased reaction tine in conmparison with the
control/vehicle and STZ/I1L-6 -treated groups (p < 0.05 Dunnett's test).
Moreover, the reaction tinme was | ess4bncreased in the animals treated with
IL-6 at doses of 10 and 30 pg/kg. 20 Loconmotor activity in OF As shown in
figures 25A and 25B, there was a significant difference between the groups

in the nehseeed it thedinbetieinenyiieated ralmand toa NMAls eateriyifblie® atiew despip

[ r espect & yelos offe Wiy ANOVAT, Mblebvet, Fio Qighfidart itferdnck vas HBYnd-bdtiveéh he< 0. 001 ;
repeated 25 neasures. ANOV, g.Ch dai 25 %S 49, di abet) c e(H; ated or not,

di spl ayeepnioyyshicte and SJ&AL-5rtreated §1G gndusl 2 ngr%‘t‘ﬁir@c? ed"pyay

si gni fi cangbvagcr ease of -nunbers of crossed squares and rearings (control
vs STZ/vehicle and control vs STZ/IL-6 p < 0.05 ; Dunnett's test). 30

El ect¥ ophysi ol ogi cal measurenents Latency of the conpound nuscl e action
potential As Sdmoty nefvd éapduion@elotier e was a significant difference between

the groups i the |l atency o e t h e, St 12) =
3.97 and p <nB‘.e(5?)T’a,s ar%'ﬂ'é'ﬁ?aé'g dkpﬁ&é‘%&“&% 8'%@:& % 5% an Vb%?é,grea

si gni fi cthrdughoutrtbestudgf[F t(Be12)at 8r88yandap WO.QB/ DEPOAIEd PERSERS ANQWA4 45
observed i n t i L -t reat ’ iyl wWith IL-6
at 1 ow dbedre( 3 Srge3h 2. ekt S fRahdP pBN BEnBIRE bR b he

di f f €0 enSNCWAD 260 privi0.0et amdB 40h e < @66 rUle/WaANP¥ALNd STZ/I1L-6 treated (10

and 30 pg/kg) Hrd)%§,3tP%pco?1tr9|/\%ﬁicie QR STRNL-6 ANMD) animalSEdisipsd EBNEV .

conduction velocit ere was _a significant difference bet'ween the groups
in the Ssigvficastybigber than bate{ i/ wehiclesatsdp <G07 Punpsit'slesy). 38 and p < 0. 001 ;

repeat ed ”?as?ﬁ &5 4 \NIAts theatediWith L7 at KRG FoB2fresdlitédaivale angNTCveat ed or
not rats displayed a decrease of the 10 SNCV (D 26: p < 0.001 and D 40: p

< 0.001 mogEPREgNt Apgnhgt of TZfyebisle arolP- cont r ol / vehi cl e and STZ/IL-6 treat ed
ani mgd s di spl ayed a SNCV. '

Morphometric analysis
Fiber diameter
As shown in figure 28, a significant intergroup difference was noted in fiber
diameter (p = 0.045 ; one way ANOVA). STZ-intoxicated animals displayed a significant
20 decrease of fiber diameter in comparison with control/vehicle rats (p < 0.05 ; Dunnett’s
test). Daily IP treatment with IL-6 prevented from this fiber diameter decrease
(STZ/vehicle vs STZ/IL-6 IP : p = 0.026 ; Dunnett’s test).

Axon diameter
25 There was a significant difference between groups in axon diameter (p = 0.034 ;
one way ANOVA) (figure 29). A significant decrease of axon diameter was observed in
STZ-intoxicated animals (p < 0.05 ; Dunnett’s test). Rats treated with IL-6 at 10 pg/kg by
IP route displayed a significant difference with STZ/vehicle animals (p = 0.045 ;
Dunnett’s test).
30
Myelin thickness
A significant intergroup was found in myelin thickness (p = 0.05 ; one way
ANOVA) (figure 30). STZ-intoxicated animals displayed a significant decrease of myelin



significantly higher than that of STZ/vehicle rats (p < 0.05 ; Dunnett's
test). On D 40, The rats treated with IL-6 at hi gher doses presented a
val ue of BNOWo033mF e | nportant than that of STZ/ vehicl e gr ®Op/EPASH11364

Mor phonetric anal ysis Fiber dianmeter As shown in figure 28, a significant
intergroup difference was noted in fiber diameter (p = 0.045 ; one way
ANOVA) . STZ-intoxicated ani mal s di splddyed a significant 20 decrease of

fi ber dianmeter in conparison with control/vehicle rats (p < 0.05 ;
Dunnett's test). Daily IP treatment with IL-6 Pr_evented fromthis_fiber

di anet er thitkoessa(pe< 0.0STHupeeit s testly A daity IR tregtmept with, IL-6 preyspted figmhihist ¢ *

test). Agé’é}eéiéeadm fin t%%k{{é’s%r(QTZ&'aémae 5k gnizhii-6 At p ick oI MMAetietasnen groups

i n axon diI anet er , one way ANOVA) (figure 29). A significant
decrease of axon d| arret er was observed in STZ-intoxicated animals (p <

0.05 ; Dunnett mrdeoffabe of diRjefietatesersl Wi th I1L-6 at 10 pg/ kg by IP route

di spl ayed a S|gn|f|cant difference STZ/ v | e, ani nal

Dunnebt' s test§.ualidein Fovisc %?é'g %\Bm gﬁ'igf’?ﬁaa[ﬁtm}eﬁqr&" (ﬁftfl%g'?/vgs"’f ound in
nyel i In tgé&léuiilaéé éfrdegeﬁbrgtfé fbdbﬁlenéa&aiouné\l\(ﬁ?\/?)o 001 gume @AY .ANEIVA). rthisxi cat ed

ani mal s di spl aye a5|n||ate e 0

PCT/ EPO2PEESBAYE 485 PWP@R?IB‘@‘% 3 rgsioggratt émc‘}m Q?éhqiég'qéf

t r eat men.0oM t; IDUnhetBs mése)vEBtoedtabe wastdignificactycdessgased in Hy@treated Iah'malﬁess

(STZ/ vehi s ST nnett's test). Percentage of

degeneraﬂﬁﬁ\’%’é‘?’%"%ﬁl@l‘% sproggég% 8??53?;5 31 and 32, a significant

I ntenngroup difference in percentage of degenerate fi bers was found (p <

0.001 ; one V\@MA). This percentage was significantly higher in
STZ/ vehicle g han control/vehicle one ( p < 0.001 ; Dunnett's test).

Per cent age wadngnajiweightant |y decreased in |L-6-treated aninmals
(STZ/vehicle W iiREfhlel-iR figuhe $30a08ldnificaRt! Migigloup difsrence ¥ by disight Ani nal

wel ght evolution was observed throughout the study [F ( 5, 145) = 15.46 and p < 0.001 ;
15  repeated measures ANOVA]. From D'5 to D 40, the STZ-intoxicated animals displayed a
significant decrease in body weight (p < 0.001; one way ANOVA and p < 0.001
control/vehicle vs STZ ; control/vehicle vs STZ-IL-6-treated groups ; Dunnett’s test).
Moreover, the animals treated with IL-6 at 30 pg/kg displayed a decrease of body
weight significantly less important than the others IL-6 treated groups [F (4,104) =217
20 and p < 0.001 ; repeated measures ANOVA]. '

Glycemia
Figure 34 shows that control/vehicle group presented a glycemia value inferior at
120 mg/dl on D1 0 and D 40. On the other hand, STZ-intoxicated rats displayed a
25 plasma glucose concentration higher than 260 mg/dl, so they were considered as
diabetic on D 10 and D 40.

Sensitivity test : tail flick
There was a significant intergroup difference in the reaction time throughout the
30 study [F (5, 10) = 2.30 and p = 0.02 ; repeated measures ANOVA] (figure 35). The
latency before the rats flicked their tail from the heat was significantly increased in
STZ/vehicle animals (on D 24 and D 38 : p < 0.005 ; one way ANOVA). On D 24, there
was no significant difference in the latency of reaction between the control/vehicle and
STZ/IL-6 (30 pg/kg) groups (p = 0.31 ; Dunnett’s test). On D 38, the rats treated with IL-6



As illustrated in figure 33, a significant intergroup difference in body
wei ght evol ution was observed throughout the study [F ( 5, 145) = 15.46
and p < OWO0Y0330135 repeated neasures ANOVA]. From D 5 t o PDTAPp2/11364
STZ-i ntoxi cated ani mal s di splayed a significant decrease in body weight (p
< 0.001; one way ANOVA and p < 0.001 control/vehicle vs STZ ;
control/vehicle vs STZ-1L-6-treated gvoups ; Dunnett's test). Moreover,
the animals treated with IL-6 at 30 pg/ kg displayed a decrease of body
wei ght significantly less inportant than the others IL-6 treated groups [F
(4, 104)at=102anti730 p@kadidplpyed @ rezetion time similaetp ¢antrelones(pANENIA] Dumiejtseni a
Fi gure 3é3[§hows that control/vehicle group presented a glycem a val ue
inferior~at’ 120 ng/di on D1 0 and D 40. On the other hand, STZ-intoxicated
rats displayed a 25 plasma gl ucose concentration higher than 260 ng/dl, so
they were consi@méier activiir@eiic on D 10 and D 40. Sensitivity test : tail
flick There was a significCant intergroup difference in_the reaction tine
t hr olghout t hEhergwag @ signifigant intergrgyp differenge i, e number @b crossed SUASS neasur es
ANOVA]  ( §idiebfngdThroudhtit tHetedyvespERER [ FIS, nef s Mithgked ahb€i(6, 1@ from
the heat _was significantly incr ease&\llg &TZ/V%I%I cl gﬁggimal s (on D 24 and D
38: p < d1o¥ih P KRR asyfs ANOXA) tigures 2040 i gni fi cant
difference i nohh® 25tapocy 89, SE24ritoxicatdiettraated ohenot,oanimaly dishiagéde aand
STZ/1L-6 (3 Kk r oups =.0.31 ; nett'’ e ) 8 he rats
treated #?‘ﬁ%ﬁ‘%@@f’%ﬁ?&tﬁ@y BE) téﬁ’(???qﬁééi °n§,7(}’ efts 6% %’HP‘%% 15k g
di sphay ethia diffeparice avastriote i the Insgant runtben bf clossatesquares @hd3the nbobeeof ' s
test). Locanotor Lty i T Lgni i QuUp
i 71 or erBanor PrRuSRinghs ®obided ot NEUGRSs Ang hpicr AR MARLENBED |
study (rikspatthesdbse pf BO (ugtkg nreyentediatlargpr focamgtar activity1than STZvetgleni th p =
0. 028; rgﬁﬁgt ed neasures ANOVA) (figures 26A and 26B). On D 25 and D 39,

iC

STZ-into ted, treated or not, aninals displayed a significant |ower

| oconpbtor activity than the control rats one (p < 0.05 ; Dunnett's test).

10 This di ffegﬁeﬁgpwﬁsﬁolggfcgﬂ"kgsdrgﬁ,engan nunber of crossed squares and the
nunber of rearings throughout the recorded period. Neverthel ess, the group

of ani mal s t reAeRey affherompourd giusqle acliggpatesfialsg ng/ kg presented a | arger
| oconot or act NYi dighifidaanintet Zdregh idFRren@e OMEE noted in the latency of the CMAP

throughout the study [F (5, 10) = 1.33 and p = 0.23 ; repeated measures ANOVA] (figure

27). Nevertheless, a significant difference between the groups was observed on D 26
20 and D 40 (p < 0.05; one way ANOVA). STZ-intoxicated rats displayed an increased

latency in comparison with the control/vehicle group. Moreover, this increase was less

important in groups treated with IL-6 at high doses, indeed a significant difference was

noted between STZ/vehicle and STZ/IL-6 groups (on D 26 : STZ/vehicle vs STZ/IL-6 at

3, 10, 30 pg/kg : p < 0.005 and on D 40 : STZ/vehicle vs STZ/IL-6 at 30 pg/kg : p <
25  0.005; Dunnett’s test).

Sensory nerve conduction velocity
As illustrated in figure 38, a significant intergroup difference was noted in the
sensore nerve conduction velocity throughout the study [F (5, 10) = 2.18 and p = 0.025 ;
30 repeated measures ANOVA]. A significant decrease of velocity was observed in STZ-
intoxicated animals (control/vehicle vs STZ/vehicle and STZ/IL-6 groups : p < 0.05 ;
Dunnett's test). In addition, treatment with IL-6 at 10 and 30 pg/kg lead to a velocoty loss
less important in diabetic animals ( on D 26, STZ/IL-6 at 10 and 30 pg/kg vs STZ/vehicle
: p < 0.05 ; Dunnet’s test).



15 El ectrophysi ol ogi cal measurements Latency of the conpound nuscl e action
potential No significant inter group difference was noted in the |atency of
t he CVAP wohlBosghdut the study [F (5, 10) = 1.33 and p = @CIAEPP2/1BpLat ed
measures ANOVA] (figure 27). Nevertheless, a significant difference

bet ween the groups was observed on D 26 20 and D 40 (p < 0.05; one way
ANOVA). STZ-intoxicated rats displayesl an i ncreased |atency in conparison
with the control/vehicle group. Morreover, this increase was | ess inportant
in groups treated with IL-6 at high doses, indeed a significant difference
was noted between STZ/vehicle and STZ/IL-6 groups (on D 26 : STZ/ vehicle

vs STZ/I1L-6 a 3RaRdiska : < 0.005 and on D 40 : STZ/ vehicle vs
STZ/1L-6 at Sgoﬁﬂ?}&nc 3%55 0. 005 Dunnett's test). Sensory nerve

conducti on veF’é@N’?’"ﬁ@ﬂ |lustrated in figure 38, a significant intergroup

di fference was aihviflid AgdrBeo, Seﬁ@@ﬁirearm%w@r&@ﬂdmﬁeh@é\ wés! mitéd jh tibsroughout
the study [F (51 b

measures ANOVA]. A
si gniFi ﬁf‘efﬂéﬁ%égé)?@ @P”%&aM@iNq)P%§T%‘H‘§‘@?%‘?P3?'Hm§?Z“ﬁpE’tVS ¢ ASEnIgadn nal s
(contr ol daepdlise o fityes d%FZété’ﬁh'c@hﬁar@dbﬁ withZdohtrolfeflicleUas (p 0.60%); DdnnettsDunnett' s
test). In addition, trea is[né L-6 at 1Q a

[ k
vel ocot ytepd<lb-6 treated pripgals (@hal ﬂs"t‘fﬁ) Qf?éfa?t@d%?'%[ﬂ?nﬁy Bﬁﬁﬂ ‘%%mg%ﬁ'ﬂg’?rb 6 at 10
and 30 p@ak8TZAeRdd/ratelyp €005 ; DupnettHteBE. ; Dunnet's test). WO 03/ 033015
PCT/ EPO2/ 11364 48 Morphonetric analysis Fiber dianeter As shown in figure
39, a significant intergroup difference was noted in fiber 5 dianeter (p <
0. 0040 ; one wawonAlNhW®r STZ-i nt oxi cat ed ani mal s di splayed a significant

decrease of f] berwg%g@%‘]ﬁcﬁ;ﬂtrhéﬁe?mrg L {bsq?%%r%{ Mﬁmr%Q d@s (p <

0. 005 ; Dunne '1 3 eate 0ses pr esented a
si gni fi come wgy ANGV&) (fifiusé@)eA sigrifisant dassaase Py Ayerhdiameter was opgente ings5:

Dunnett’ g4 ﬁ\?&x}cate]&)arﬁﬁgg I(;Si k%ffﬁt qjunﬁ@@é ?es‘gaﬁat% t@afla'a'vwhq fugtat (1' i frysace

bet ween groups 1 n axon anmet one way é‘i |gure 40). A

si gni fi c3pg/kedisplayed asigrifieant G'ffﬁrﬁéﬁ%wlt'\)\ﬁgzdﬁ@@?\?@@qlsr{p@' » ReepetSat ed
anlm?g; (eE )< 0.01 ; Dunnett's test). Rats treated with IL-6 at 1, 3, 10 and

pg/ kg di spl ayed a significant difference wth STZ/ vehicle ani mal s (p <
0.05; Dunnett's 15 test).

Myelin thickness
A significant intergroup was found in myelin thickness (p < 0.001 ; one way"
ANOVA) (figure 41). STZ-intoxicated animals displayed a significant decrease of myelin
20 - thickness (p < 0.001 ; Dunnett’s test). A daily SC treatment with IL-6 prevented from this
decrease of myelin thickness (STZ/vehicle vs STZ/IL-6 1 and 30 pg/kg : p < 0.005 ;

Dunnett’s test).

Percentage of degenerate fibers
25 As illustrated in figures 42 and 43, a significant intergroup difference in
percentage of functional myelinated fibers was found (p < 0.001 ; one way ANOVA). This
percentage was significantly lower in STZ/vehicle group than control/vehicle one ( p <
0.001 ; Dunnett's test). Percentage was significantly increased in animals treated with IL-
6 at 3, 10 and 30 pg/kg (p < 0.001 ; Dunnett's test).
30
CONCLUSION
In this study, animals intoxicated with the streptozotocin and which develop a

diabetes several days later, have been used as model of induced-neuropathy model.



Myelin thickness A significant intergroup was found in nyelin thickness (p
< 0.001 ; one way ANOVA) (figure 41). STZ-intoxicated aninmals displayed a
si gni fi cawD odesoense of nmyelin 20 thickness (p < 0.001 ; pDumPe2/11364 t est) .
A daily SCtreatment with IL-6 prevented fromthis decrease of nyelin

t hi ckness (STZ/vehicle vs STZ/IL-6 | and 30 pg/kg : p < 0.005 Dunnett's
test). Percentage of degenerate fibews 25 As illustrated in figures 42 and
43, a significant intergroup difference in percentage of functional
nyelinated fibers was found (p < 0.001 ; one ANOVA) . This percentage
was Si gnl f i cafhe giabetigeaninials BSWb%ﬁlmﬂtﬁaéecbi?)b‘élﬁe"@ﬁéﬁ’PS@érﬁﬂloﬁﬂe?nWI%\done (p<
0. 001 ; S a I ani mal s
0- 001 & SV o 56 &% romedy sﬁe%«ﬁéméé 688 a?drﬂ[l)rﬂﬁ]ag%’tfﬁgs%xgst) ol
CONCLUSI Gitandons tBMerei d@wt(aydy Adi Irtimes |anW®S% @gtdécﬁ)vartdrprtqeea y@elefsﬁusix&)ocu n and

whi ch d del of
i nlcjﬁcede%tghﬁg@tdﬁgg %?tﬁ%n@@@@%é@%@?#ﬁ%&# 1?364 Xgéﬁt' e d| a eta i co
ani nmeg s hndu@nobeﬂnesertmtr’e@tbycodﬂfbfeefr‘rc@ﬁlde@ds’@sa &pratiye geatmeng as1lb-6 hasd 30
Pa/kg) ope0 g sts.fégaoah%a dﬁ gl rdib &Rk TBBnabS LiResy Bp 1T sbibdeRd (N sub-

cut aneous every times a week™ (study B) "and once a wee
(st udy Ohypesdlyoemiing 10 days after the induction until the sacrifice of the

ani mal 40 day. 'ﬁéeayegg?t El%tci%glzsﬁovt/{'q‘té?td ﬂ.lnf_t;g% at?\tt%‘eé’é 'Ga é%vh%fe%ldtr% af ter

consi dered as reat nent . ~ been a m ni stere
t he fi r sschedilexfiladminisinatios Snduses @dheyyopsotpetionAaggingt thﬁ?y@ebejlpy@ewathYThe

present \?F. tb%ggw%rgp(%\qglyé&agwtﬁ téh’ fﬁckt Eﬁ@ttﬂgrﬁM@f te%@nggﬁg széﬁd/ otd

schedl e Irstration uces a neuroprotecti agal ' nst the d| abetic
neur opat hglocitie]s(})stﬁvethbeahampmtmtlveﬂféﬁoygfelt-ﬁ/ad!mmst&rqd tmaubkutaarwus RUtEMG t est i ng

(sensory and ‘g“et Gurdt foRElild Sﬁéct %{‘?J&u&%&ﬁoﬂ%& %Bﬁé%trf%ér\éease%f%& dtor L- 6

adm ni stered t eanous neuroprotective effect 1s focused
on the sﬁbemr(tyrefCMAPsvedxmty\MdS ot atteresk whén U@r in(Ttal$eWaﬁAtPe&te¢ adtht-6has not

altered WiShodidf fHl Ehibolii Friefll fert! fidln!losd of CHAPRHAM sndlift STPOUNd

preventsc? s e nyelin s egeneration. In
conpag i Sdegenetdtios. daily | P treat ment (see previous study perfornmed at

In comparison with a daily IP treatment (see previous study performed at
Neurofit, August 2001), IL-6 administered daily by subcutaneous route seems to be as
efficient as intraperitoneal treatment (see example 2) at all tested doses. Furthermore, a
lower dosage characterized by a IL-6 administration one or three times per week, do not
o9 lead to a decrease of the neuroprotective effect of the compound. It seems that the
treatment at 3 times per week displays the best neuroprotective effect (espacially at 10

and 30 pg/kg) without any side effect on the general behavioral of the STZ animals.



Neurofit, August 2001), IL-6 adm nistered daily by subcutaneous route seens
to be as efficient as intraperitoneal treatnent (see exanple 2) at all
test ed dowes3/ ks hernore, a |ower dosage characterized IPgTEPILIB64

adm nistration one or three tinmes per week, do not 20 |lead to a decrease of
t he neuroprotective effect of the conpound. It seens that the treatnent at
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CLAIMS 1. Use of a substance signaling through gpl30 for the preparation
of a nedicanent for treatnent and/or prevention of diabetic neuropathy. 5
2. Use acworodiosayis o claim 1, wherein the diabetic neuropa®Ply/HPe2/a1364
pol yneuropathy. 3. Use according to claim1, wherein the diabetic
neuropathy is a nononeuropathy. 4. Use according to any of the preceding
clains, wherein said substance is: ap2lL-6; b) a fragnent of a) which binds
to gp80 and initiates signaling through gpl 30; 10 c) a variant of a) or
b) which has, at |east 70% sequence identity with a) or b) and which
initiates signaling through gpl 30CLAM& variant of a) or b) which is
encoded by a DNA sequence which hybridizes to the conplenent of the native
DNA sequence encoding a) or b) under npderately stringent conditions and
whi ch i niit iUseesf aisybtanaegsignaling drogin gpt30 fos the prepargtionof a madieament derei n or
functional ydeideneiddict pRiveAtlon dPtiiabétic rRlirofathwhi ch initiates signaling
t hr ough gpl 30. 5. Use according to clalm4, V\it‘le.rei n 1L-6 is reconbi nant
| L- 6.5 6. 2Uddsegeeassing i plaim Tawhersin thg dipbatic peyrgpathy RADRCKPRUrERARY- subst ance i s
20 a) Angl bs@@o&lzdrdiﬁg fbﬂiléﬁﬂﬁﬁwherlhhw tlge distrgioaairopdthyis awirirfalﬁedm‘a,ats)xe;xtss/\.,\ﬁt1 0 ﬁnﬂ
initiates signaling throu 0; c) a variant of .a) or iC as at
| east 70% é&&@@?ﬂf@gﬁ’ t?é}nviO?S}‘e&aP%%g'a9 °'8%"sb‘5"her3'ﬁcfamu§ﬁa'i2%i'§'i ates signaling
t hrough gpl 30; d)a)aivgriant of a) or b) which is encoded by a DNA sequence
whi ch hybri di zes 5 to the coppl.ement .of ) Lo a) or
b) under noder at elé a&'???’ﬁﬁteoﬁ?f@%ﬁb?'?ésc}ﬁ§p%&n%%lﬁ%t§§gﬁﬁﬂﬁ§%hg@%§%@ri ng
t hrough gpl 30; orc)ep vadhrit,of Buerct) whict keEsrat deast 06 tsequemice dttentity aith @@ ooh) a) |
b), c) or d) which 'Qh{:bvﬁutcﬁﬁwiﬁa?és%@ﬂgl‘n?;ghrﬁ%tﬁ@ﬂ130;9pl ~30. 7. Use according to
n the's t

any of the preceding clains, wierein t ance is glycosylated 30 at
one or nore sites.d)3a vadantataberdi) whichds enppded by p AINA sequence whighehyeridizeshe

substance is not glygogwl drfflemeht PR AAHETNAedunds éndddir! )i dFRb)inbiér 8,
wherein the fused proteln conprises an 1 munogl obulin (l1g) fusion.
03/ 033015 PCT/ EP02/ 1 mearatelgstringent conditions and which initiates signaling through gp130;
15 or
A e) a salt, fused protein or functional derivative of a), b), ¢) or d) which initiates

signaling through gp130.
5. Use according to claim 4, wherein IL-6 is recombinant IL-6.
6. Use according to any of claims 1 to 3, wherein said substance is
20 a) An IL-6R/IL-6 chimera ;
b) a fragment of a) which binds to and initiates signaling through gp130;
c) a variant of a) or b) which has at least 70% sequence identity with a) or b)
and which initiates signaling through gp130;
d) a variant of a) or b) which is encoded by a DNA sequence which hybridizes
25 to the complement of the DNA sequence encoding a) or b) under moderately
stringent conditions and which initiates signaling through gp130; or
e) salt, fused protein or functional derivative of a), b), ) or d) which initiates
signaling through gp130.
7. Use according to any of the preceding claims, wherein the substance is glycosylated
30 at one or more sites.
8. Use according to any of claim 1 to 7, wherein the substance is not glycosylated.
9. Use according to any of claims 4 to 8, wherein the fused protein comprises an

immunoglobulin (lg) fusion.



10. Use according to any of clains 4 to 9, wherein the functional
derivative conprises at |east one noiety attached to one or nore

functi onaWwogB839$5 whi ch occur as one or nore side chai nsPer/EPhE1B no aci d
residues. 11. Use according to claim 10, wherein the noiety is a

pol yet hyl ene noiety. 5 12. Use according to any of the preceding clains,
wherein the substance signaling thré&8gh gpl 30 is used in an anobunt rangi ng
fromabout 0.1 to 1000 g/ kg or about 1 to 500 gg/kg or |ess than about 100
g/ kg. 13. Use according to claim 12, wherein the substance signaling

through #pIUse aceordisgdp any of Haimsddn . whergihdhg fupctipnebdesivativecompyses atio g/ kg

or 30 g/ kgyeakPodd moldheatbiched & Bee bP mdRY funttidnBPgiRles aslich BcelirddsBne gher ei n
t he substance sj gnal_l ng? throu(gh ,89130 is adm nistered daily. 15. Use
ghaigg aq

accor di ng trasy the amip resifiePei n t he substance signaling through

gpl 30 i $1.afkEiaRtstiag escihibr BE whiersistheeoisty Bla pdyethyléne maietyr di ng to any

clains 1 13, wherej n the, subst ance signali hs Qu 130. 15 is

adni i st 9-3&%%%?8’%{‘ eRY ff7.§heU§Ee°8§'"% Ql)ag@?,owﬂgqgé'- {hﬁd%%gc%ﬁ%?f%&genhanci ng
t he endogenkrgagpgid0es used ivhn binoGni ranging e labdutr0. 1 toe1008Iglkgatr abeutdf a

medi canment for the treatgent an%&ﬂ?r evention of diabetic neuropathy. 18.

Use of a cd?PPYq kKo priesstaamabuft ¥y nodified to produce substance as
defined % uséQicasrdingto @higi T8 whetein thefsabsthve signatifigpitirough gpfi3@israeed mament f or

the treatnment and/or reventign of diabetic urppat hy. 19. Use of an
expr essi on a\?é’&%“t?ﬁﬁ?ﬁ\%ﬂé‘ﬂﬁ*@ qﬁé‘@@o‘?’ﬂé“@é‘aﬁ’éﬁ@&glgg' a substance as defined
in apy 0f4.Q)sai fachrdiy B by of e prIvebing lolkims,Olhereiethecsubstiincd Qignhitig
treatment and/or prevention of .diabetic neuropathy. 25 20. A nethod for

B0 & admiptered i

treating affPeh gpIR0d R "Wt neuropathy, conprising administering
to a pat i®nsel sccorleg tohanyeaffclaimsef tet3,i wiereindbe sulosdtaressigrsiogn deoagh  def i ned

in any of cl i{%@éjmﬁ@ﬁc%’ed%&é%@sk)gr\x’é’eq(?t her with a pharnaceutically

accept abl e ®
16. Use according to any claims 1 to 13, wherein the substance signaling through gp130

15 is administered once a week.

17. Use of a vector for inducing and/or enhancing the endogenous production of IL-6 in a
cell for the manufacture of a medicament for the treatment and/or prevention of
diabetic neuropathy.

18. Use of a cell that has been genetically modified to produce substance as defined in

20 any of claims 1 to 9 for the manufacture of a medicament for the treatment and/or
prevention of diabetic neuropathy. '

19. Use of an expression vector comprising the coding sequence of a substance as
defined in any of claim 1 to 9 for the manufacture of a medicament for the treatment
and/or prevention of diabetic neuropathy.

25 20.A method for treating and/or preventing diabetic neuropathy, comprising
administering to a patient in need thereof an effective amount of a substance as
defined in any of claims 1 to 9, optionally together with a pharmaceutically

acceptable carrier.
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