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AGENT COWVPRI SI NG G- CSF FOR PREVENTI ON AND TREATMENT OF

DI ABETI C PERI PHERAL NEUROPATHY Techni cal Field The
WORoBHsAMs i nventi on relates to an agent for preCemR200y/005353

and treating diabetic peripheral neuropathy including

a granul ocyte colony stinmulating factor (G CSF) as an

active ingredient. Background Art D abetes is the
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generated by being unable to secrete insulin that
functions to carry glucose into the cells or the
insulin being unable to function well such that the
glucose is not transferred into the cells. Under
TechnicdliPsdlances, the gl ucose, which has not transferred

into the cells, remains in blood. Thus, the bl ood

becqrﬁtésﬁ)g St WeRIbA retdtdst 2 2Bl WeRAE fbF pﬁé@éﬁﬁr@{jtm treating
. s

via uri Cont i nuation of the hypérglycem a resu

oo PSR P nd 00500 o e
L A Y

maj or conplications of

Background Art

Diabetes is the leading known adult disease in the world, and recently in
Korea, its prevalence has reached 7 to 10% with the rapid economical growth.
Moreover, the disease has become the leading cause of death for the people'in the
age of 60’s and 70’s.

Diabetes is a syndrome generated by being unable to secrete insulin that
functions to carry glucose into the cells or the insulin being unable to function well
such that the glucose is not transferred into the cells. Under circumstances, the
glucose, which has not transferred into the cells, remains in blood. Thus, the blood
becomes hyperglycemia, and the glucose is secreted out via urine. Continuation of
the hyperglycemia results in disordered metabolism of proteins and lipids in the
body and causes physiological and biochemical problems in the organisms, thereby
inducing complications.

Diabetic peripheral neuropathy is one of the three major complications of
diabetes together with diabetic retinopathy and diabetic nephropathy. The

disease may not have any symptoms, but may develop serious pain or loss of
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di abetes together with diabetic retinopathy and

di abeti c nephropathy. The di sease nay not have any
wogospsanes, but may devel op serious pain or | oBET/KR2007/005353

of sensation to the | egs, nuscle weakness, or autonomnc

neuropathy. And its treatnent is very difficult. The

preval ence of the diabetic peripheral neuropathy is 5

ser{s%tiggo/?%‘m'éClggﬁgwﬁscﬁﬁ%géﬁﬁﬁsgn&e_a@ ic"GeQmgdiSy. And its

researchers, e patients wth diabetes is
roxi matel.y 12% After 25 years with diabetes, the
tre%ﬁgqul'%\ﬁ%ré(({@'q’@ported to be approxi mately 60% The
usual synptons of the diabetic peripheral neuropath .
ar e TégpPreyatancesof e diabelisi %\e,”ig'l%ﬁf)ﬁg,u'ﬁ’lm@?%é%ggp 80%, which
hands and feet, usually feet, burning pain, pricking. _
shqwes ryig sdiffsestricen dapendingt eppiheg researahers, @nd jindheppatignts with

covered with something, sensory loss, cold feet even

diabstesuign@ssroxinatehe 1280.1 YAftéra@® yefars lvdthddisbeses, tbalprevalence is
the synptons of paraesthesia by the sensory nerve

rep%ﬁbﬂ%% rodinidtenyiedope change of skin sensory, may

e observed. Howevér, when the sensory nerve is

f ur tther ' : ' i

the 108 HOT SR 'of, Ui RIS B O BRI oG8R paprossed

may devel op sense of tenperature, i,n, vibratio r . .
as PaLRGSINEHian UG A5 TS OHRaNEhaAPH 4t Usialy [y Burning pain.

“hi gh bl ood sugar such that biochem cal and _ ,
prigking cRatat iseRantiemAkydl SISRMNAY @R reasily, ondlagr dpeing covered with

swel ling, mcrovascul ar change, etc.) are occurred
someathintg sensoneoss, axid faet eNendueummdersai | s t hereof are

not certain.

In the early stage of the disease, only the symptoms of paraesthesia by the
sensory nerve stimulation, without the change of skin sensory, may be observed.
However, when the sensory nerve is further damaged with the progression of the
disease, the skin in the region controlled by the sensory nerve may develop sense
of temperature, pain, vibration or touch.

Diabetic peripheral neuropathy is caused by high blood sugar such that
biochemical and conformational change (axonal atrophy, nodular swelling,
microvascular change, etc.) are occurred inside the nerve cells. However, details
thereof are not certain.

As a method for the treatment of such diabetic peripheral neuropathy,
nerve block therapy, metabolism control, pharmacotherapy, or the like are
mentioned. However, among the pharmacotherapy, no one drug is effective for
the significant improvement in the symptom as well as the substantial cure.

Therefore, researches on a mechanism of diabetic peripheral neuropathy

and a substantial development of drugs based on the researches are in desperate
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As a nethod for the treatnment of such diabetic

peri pheral neuropathy, nerve bl ock therapy, netabolism
WO canstosas phar nacot herapy, or the |ike are neRCT/&R20N7/005353

However, anong the pharmac®t herapy, no one drug is

effective for the significant inprovenent in the

synptom as well as the substantial cure. Therefore,
neéoesearches on a nechani sm of diabetic peripheral

neur opat hy and a substanti al devel opnment of drugs

bas e researches are in de erate .
VoalATug, 4 SEaaH BEyECUSb Ay MRS 67 ﬂ@qﬁa%&) has specific
(GCSF has specific functions on neutrophil
funph@@%gntrmutr@@ il pragenitqr C@”grﬁﬂdelg pmpp%prpﬁqtrophll proliferation and
proliferation and differentiation, and increases
diffareritiatidy, degéntteases ahtiobdy dependent eliujaratytetexicityiefineurophil.
Mor eover, the G CSF al so has functions to induce

MOPW%GGSPWQEE dghtionzttoi induea fgA-snguiiatexdi preagocytosis and
production ability. Therefore, the G CSF inproves

incée%%@oélﬁ)i%ré)g & fé@c@%'ébnﬁﬁp“ de which is known to play

Ition of infection and reduction in

fev t.h C
i f ASeEREr e B b fReehos euihses i aoiRlc fhpfide which is
CSFs such as a granu
onste by 25 R B LTRSS oh T dtdion i fever
bl ast cells in patients with | eukemia in vivo
Funtersnatiendihg, GRS esk fuactipnseign uvete differemtiatpd gpyeloid cells
i nduci ng neutrophil in anticancer chenotherapy,
coraphiethwite thel othermeghs sseh tasea gmnul@@ﬂ@-tmmmphaghé}%ibfﬁl\/l -CSF).
wi th radiotherapy, and after the bone-marrow
This,a05PbRAPEEH D HaMd le@sMffect on blast-cells in patients with leukemia in
Vivo.

Accordingly, the G-CSF is widely used as a drug for inducing neutrophil in
anticancer chemotherapy, anticancer drug megadose therapy, combination
therapy with radiotherapy, and after the bone-marrow transplantation (Julie M.
Vores et al., Clinical Applications of Hematopoietic Growth Factors, Journal of
Clinical Oncology, 13 : 1023-1035, 1995).

The G-CSF is mostly used as a hematopoietic agent, which mainly
functions in proliferation and differentiation of neutrophils, in neutropenia caused
by bone-marrow transplantation and anticancer drug administration. Also, it is
used in increasing neutrophils in the patients with serious chronic neutropenia
such as myelodysplastic syndromes, aplastic anemia, or congenital, cyclic,
idiopathic neutropenia, and HIV infection, and in preventing infections caused by

neutropenia.

Neutrophils are phagocytic cells having an important role in host defense
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Vores et al., dinical Applications of Hematopoietic
G owmh Factors, Journal of dinical Oncol ogy, 13 :

WO 2083540085, 1995). The G CSF is nostly used aBC®KR2007/005353
hemat opoi eti ¢ agent, which4d mainly functions in
proliferation and differentiation of neutrophils, in
neut ropeni a caused by bone-nmarrow transpl antati on and

meéﬂéﬁigﬁﬂﬁﬁrthgkﬁgewrﬂﬁhﬁ i Ue fuPlcEn dnld, ﬁim%lﬁfdil)iétfb status, the
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neutropenia, and HV infectjon, ,and i n prey [ .
nelHFARLL GRS 1 EREaaty 100 SOSURITE OTgat B sHIer S0 neutropenia.
phagocytic cells having an inportant role in host
Whebef es ereattophilsaountnist BO0c aglbs/ofmh@rntgssi rmnesmal host defense
functi on and hemat opoi etic status, the nunber of
mebBRahisAPhs | gready easmagddr such ithaedt ilangelyTiecreaaee, thendanger of
whi ch the neutrophil count is reduced to 1500
ba@slidiIShigelorr less, is referred to as neutropenia. Wen
the neutrophil count is 500 cells/mm2 or less, a

nor e e*P\‘ﬂgt i SRl %Cﬁﬁﬂésmei §b8{/§—%%ﬁ’t'd?’%@a@@8@%hnically in

t hat |c_t I'argel’y I'ncreases the danger of bacterlal
neuRRRIAeHIh Greestese (el ihe 41T e RUSETEpdntae RipYgtion and

expectations that the GCSF is effective in the,

treatmandnef ormrigng infeetionsnidisgases: SYER anfReymoRia and sepsis by
di seases such as pneunoni a and sepsis by enhancing

enliarming dosctiens rtduteluceuneuotsbphil productioronresessehesiigs a single
on a single adm nistration of the G CSF or

ad@fistedtion 6f tHg PTSH bh carddrhinitiationt with Fentibidtiesttodhe infectious

diseases are in progress.

Matured G-CSF protein is composed of 4 alpha-helixes and has 2 disulfide
bonds with a molecular weight of about 20,000, in which the threonine substituent
at 133-position is the only position where O-linked carbohydrate is being added.
G-CSF receptors existing on the surfaces of granulocytes has a molecular weight
of about 150,000, is composed of a single peptide chain, and is N-glycosylated.
With the maturation of the cells, the number of receptors increases such that it
becomes several hundreds per cell.

As a drug using G-CSF, Korean Patent Application No. 10-2005-7019543
(Publication No. 2005-0114275) discloses an agent comprising at least one stem
cell recruitment factor such as a G-CSF as an active ingredient for the treatment of
diabetes.

Korean Patent Application NO. 10-2004-7007275 (Publication No.

2005-0044444) discloses a drug comprising cytokine selected from the group
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di seases are in progress. Matured G CSF protein is
conposed of 4 al pha-helixes and has 2 disulfide bonds
wowrhasse98ol ecul ar wei ght of about 20, 000, in ROT/A&R2007605353

t hreoni ne substituent at 183-position is the only
position where O linked carbohydrate is being added.
G CSF receptors existing on the surfaces of

corfHiginy 8¢ gﬁg?&’rz? ?IO cﬁ%’t'ir?q.d"@ﬁ&mcﬁé APRIHcrdtadi0a cytokine
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(Publication No. 2005-01 14275) discloses an agent
mobiizimgi plurigptant steas celtnfsomttinsuednto pesipheraldeed.f act or
such as a G CSF as an active ingredient for the
t r edlovesNerpfestiaatisdeon KnoesrudeabeG-CBFphs aaréatmex®for diabetic
10- 2004- 7007275 (Publication No. 2005-0044444)
perbHeErh0siopathyHhved@R icbhliD&eaYt Oki ne sel ected fromthe
groupconsi sting of "a cytokine for activating a
nonocyte or macrophage, a cytokine secreted fromthe
acti vated nonocyte or macrophage, and a cytokine
. secreted from henopoietic cells that expresses G CSF
%&é@&ors, as an active ingredient for nobilizing
pluripotent stemcells fromtissue into peripheral
Teghnicad PrepligByer . researches on a novel use of G CSF as
a treatnent for diabetic peripheral neuropathy have
yet lcdmdarstber dbject] ofdhe present invention to provide an agent for

regenerating of peripheral nerves comprising a granulocyte colony stimulating

factor (G-CSF) as an active ingredient.

Technical Solution

In accordance with an aspect of the present invention, the above and other
objects can be accomplished by the provision of an agent for preventing and
treating diabetic peripheral neuropathy comprising a granulocyte colony
stimulating factor (G-CSF) as an active ingredient.

In accordance with another aspect of the present invention, there is
provided an agent for regenerating peripheral nerves comprising a granulocyte

colony stimulating factor (G-CSF) as an active ingredient.

Advantageous Effect

In the present invention, the G-CSF regenerates blood vessels in

peripheral nerve tissues and rehabilitates damaged nerve tissues, thereby having
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Technical Problem It is another object of the present
invention to provide an agent for regenerating of

WO pasiopsoes al nerves conprising a granul ocyte cBCOER2007/005353
stimulating factor (G CSF)6as an active ingredient.
Techni cal Solution In accordance with an aspect of the
present invention, the above and ot her objects can be

eﬁ&?&%ﬂo'lﬁ&%&ngy?é% Bég&é&icg’g v@focﬁgré'rg@rlhﬁr@&mg pain sensitivity.

reventing an tic peripheral neuropathy

anul te c t :
Thaeier e havEro g ar anpeeth el Bre2iia and treating
anot her aspect of the present invention, there is
diapetéperirhefal RRJERPANYr regenerating peri pheral nerves
conprising a granul ocyte colony stimulating factor
(G CSF) as an active ingredient. Advantageous Effect
In the present invention, the G CSF regenerates bl ood

De¥&@afiohofiDrapdidgpher al nerve tissues and rehabilitates
damaged nerve tissues, thereby havingeffects on

| NCHeASHRY, SRy %tr@%@éth Ofp aYifreQG idyothef ali@ntdyges ®f the present

pain sensitivity. Therefore, the present invention can
mv%rgt']?a}b&ﬁff glél H@gggéle%@{/ UPIBE}S(S??(BG ?ﬂ)orﬁrlﬂ? fgﬁ H%gdgiaﬂgﬁtdéscnptlon
take Ee%ﬁ?we@«taﬂ?vﬁhﬁﬁéﬁ%%wp%ﬁ%@ﬁgwmg@a”d Bl W hadva”t o
understood fromthe foll ow ng detail ed de51: tion
FIG. 1 is a graph illustrating nerve conduction velocity measured before

and after the administration of a G-CSF (G-CSF administration group) and saline
(control group);

FIG. 2 is a graph illustrating pain sensitivity measured before and after the
administration of a G-CSF (G-CSF administration group) and saline (control
group);

FIG. 3 is a photograph of toluidine blue staining on tail-nerves of rats in
Control Group (saline administration);

FIG. 4 is a photograph of toluidine blue staining on tail-nerves of rats in the
G-CSF administration group;

FIG. 5 is a transmission electron micrograph (TEM) of tail-nerves of rats in
Control Group (saline administration);

FIG. 6 is a transmission electron micrograph (TEM) of tail-nerves of rats in
the G-CSF administration group; and

FIG. 7 is a graph illustrating the results from the evaluation with Toronto
Clinical Neuropathy Scoring System on the degree of diabetic peripheral

neuropathy of the subject patients, 1 week, 15 days, 1 month, 2 months, and 3
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taken in conjunction with the acconpanyi ng draw ngs,

in which: FIG 1 is a graph illustrating nerve
woceasdaews on vel ocity measured before and aft ePCT/KR2007/005353

adm nistration of a G CSF {G CSF adm ni strati on group)

and saline (control group); FIG 2 is a graph

illustrating pain sensitivity neasured before and

moflididr B OMRSRRIH bERCORT re (control group): FIc

3 is a photograph of toluidine blue staining on

tail-nerves of rats in Control Goup (saline

adm nistration); FIG 4 is a photograph of tol uidine
Begfimedet ai ning on tail-nerves of rats in the G CSF

adm nistration group; FIG 5 is a transm ssion

el edheqresentringentin WlEdw be destctibedirvercatdr detais i n

Control Goup (saline admnistration); FIG 6 is a

trany@ seisent Riveatdreavecdar@iet (esellctids driviarioes \physiological
of rats in the G CSF adm nistration group; and FIG 7

act@ﬁ%ugbagﬂgﬁn'yw&%%yt Qﬁmh?a?‘ﬁbt fact6O(héremafter, referred to as

atio oronto“Cinical "Neuropathy Scoring
o SER 05, AR, 8BS B MU Eo AR e boos
veselR roBeNPIRS Mebemt USSHoBNANS (SHABII 4154 EEMageEr NEag tissues,
in greater detail.

thereby improving nerve conduction velocity and pain sensitivity. Thus, the G-CSF
of the present invention can be a useful agent for preventing and treating diabetic
peripheral neuropathy. The present invention has been completed based on these
findings.

The treating agent of the present invention contains a G-CSF as an active
ingredient. Moreover, the agent is characterized by the regeneration of peripheral
nerves.

When the agent of the present invention was administered to a type Ii
diabetic animal model Otsuka Long Evans Tokushima Fatty (OLETF) rat, nerve
conduction velocity increased and pain sensitivity improved. Further, when the
agent of the present invention was administered to a subject patient in the clinical
test and evaluated for diabetic peripheral neuropathy with Toronto Clinical
Neuropathy Scoring System, the degree of the diabetic peripheral neuropathy
improved and the nerve conduction velocity increased.

In the animal test using the type Il diabetic animal model OLETF rat,

regenerated nerve fibers and remyelinated axons as evidences of the peripheral

nerve regeneration from the tail nerve of the G-CSF administration group could be
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The present inventors have conducted researches on
vari ous physiol ogical activities on a granul ocyte
wo cals®ny9st i mul ati ng factor (hereinafter, refePCRKR2607495353
"G CSF), and as a result,8they have found that the
G CSF regenerates bl ood vessels in peripheral nerve
ti ssues and rehabilitates damaged nerve tissues,

obsel?\%ae{’syw i \1/3hg(g5n$ﬁ(y% conduction velocity _and pai n

Sensi CSF of the present invention
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has been conEIeted based on these findings.
diabeticat paGPRRIEht Nerrapd@hyr By estisGharging; JHnemaéu r%efa cells from

G CSF as an active ingredient. Mreover, the agent is
boreharanmive inta qeeriph etdl eblo ed) earea mdumng)thqodtscbar@edl cell differentiation
nerves. Wien the agent of the present invention was

to ?éij@rm%'rétbehél@et Gelrs byiBeblbbd dedzels @t ané npdriphiedsl! néitveutissue and
Long Evans Tokushima Fatty (OLETF) rat, nerve

recb8HEld ia_%&i ﬂéh@’tlés%éfdﬁ?@%\%%%l?@h?ﬁl%ﬁﬁ%lbbd td Werves.

I nprove when agent of e present

i nventi r ;
[ TRSRSASPeE 0L HSA 0 et Al oy
neur opat Wi th Toronto Neur op th
a ngw%ér é)rorsgpwratlonhfg Qgébgﬁﬂp@%’&n %ﬁe"%zﬂ%ﬁ thiX%ean be used
neuropathy i nproved and the nerve conduction velocity
in thaqresentdnventionHs theiGreISk bavingdhe gameaminreagid sequence as the
di abeti c animal nodel OLETF rat, regenerated nerve
natrdl&3-€SHhd renyel i nated axons as evi dences of the
peri pheral

The G-CSF of the present invention may be prepared by separating from a
mammary organism, synthesizing chemically, or genetically expressing exogenous
DNA sequence obtained by genome or cDNA cloning or DNA synthesis in a
prokaryotic or eukaryotic host cell.

At this time, a suitable prokaryotic host includes various bacteria (e.g., E.
coli) and a suitable eukaryotic host includes yeast (e.g., S. Serevisiae) and
mammary cells (e.g., ovary cells of a Chinese hamster, cells of a monkey).

Although the recombination G-CSF, particularly a G-CSF derived from E. coli,
is preferable from a maximum commercial point of view, the present invention
includes the use of an arbitrary G-CSF among the above G-CSF forms or all
G-CSFs. Here, G-CSFs and analogs thereof can be used by obtaining from a
variety of suppliers and purifying the same. Most preferably, a recombinant human
granulocyte colony-stimulating factor (rhG-CSF) is used.

The therapeutic agent of the present invention comprising the G-CSF as an

active ingredient may contain the active ingredient in an amount of 0.0001 to 50%
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nerve regeneration fromthe tail nerve of the G CSF
adm ni stration group could beobserved (see FIGs. 3, 4

WO 20B/058m8 6). This is thought that the G CSF PCT/KR2007/005353
regenerates peripheral nerves and treats diabetic
peri pheral neuropathy by discharging functional stem
cells from bone-marrow i nto peri pheral bl ood, and

o QRS O SRR M A GAERLA Porfgiion.

eri pheral nerve tissue and recover the damaged nerve .
tis iRrgover thes fissepeylicsagiitaf Age presnt dnyardipl eay firther include
general, the G CSF that can be used in the present

at jeast mneradtive pingfediant yhat has uthel samespr osimilar function with the
reconbi nati on G CSF. Mreover, the G CSF that can be

abawegethentiondit aptivesiegtediante it additiors te Hee &t8Rnbeedieny. t he
same am no acid sequence as the natural G CSF. The

G CHheahekdifoubt et of MY Prdsent inBien RiokitR1saty the G-CSF as an

Separating froma manmary organi sm synthesi zi ng

actiBEH %ibxbtﬁémggﬂﬁéﬂ g@!%cifr% eﬁgffe%%ﬁkﬂ% ?ﬁ%ﬂﬁﬁ%‘@tbﬁw acceptable

sequence o | I ng or

synt hesi.s in rokaryoti.c or. eykar.yot i t I
carif b iilion do dnf EREPE i uferg AR MBIt uférably Hrepare a
various bacteria (e.g., E. coli) and a suitable
pharmeageytieal comrasitioiz| udes yeast (e.g., S. Serevisi ae)
and mammary cells (e.g., ovary cells of a Chinese
hamén erepanig shefcompasitiosy )n aAliquid isghutiane as the pharmaceutically
reconbi nation G CSF, particularly a G CSF derived from
acdeptdbi icarries, whitheis avitablierfomsteriizatioruand amwioctted predenable liquid

of view, the present invention includes the use of an
sol@idh tdamr YeCoblebtcdmpioth tthe gRRIve cbnéising AfMBalfiie, asterilized water,
Ringer’s solution, buffer saline, a albumin injection solution, a dextrose solution, a
maltodextrin solution, glycerol, ethanol, or a mixture thereof. If necessary, the
composition may include other typical additives such as an antioxidant, a buffer, or a
bacteriostatic agent.

Further, a diluent, a dispersant, a surfactant, a binder, or a lubricant may be
additionally added to prepare the composition into a form of injections such as a
solution, a suspension or an emulsion, pills, a capsules, granules, or tablets. The
composition may be used by bonding a site specific antibody or other ligand with the
carrier such that the composition has a site specific function. Furthermore, in an
appropriate method in this field of art, the composition may be preferably prepared
in accordance with each disease or component using a method disclosed in
Remington's Pharmaceutical Science, Mack Publishing Company, Easton PA.

A pharmaceutical form of the therapeutic agent of the present invention

comprising the G-CSF as an active ingredient may be in granules, powders, coated
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G CSFs. Here, G CSFs and anal ogs thereof can be used

by obtaining froma variety of suppliers and purifying
wourims/oseme. Most preferably, a reconbi nant hunB@T/KR2007/005353

granul ocyte col ony-stimul aving factor (rhG CSF) is

used. The therapeutic agent of the present invention

conprising the G CSF as an active ingredi ent may

t al e ' LRgr edi gat qiinean i nRM$dn
bl SR Ioks; SPQSIohET S RR! uPef sBTBMion rithiins, drops.
.t apeytic agent c 0SI L1 On. ver otd; i
njepREI T agany orod nachrelont Willemusisi, rejense, of active

i nclude at | east one active ingredient that has the
compatder similar function with the above-nentioned

active ingredient, in addition to the active,

i ngikditbetapeltic ageot apthe Presegtinveption kentirisighthe G-CSF as an

i nvention conprising the G CSF as an active ingredient
actifBYindredidit rmay delstministermisin @ ngpiphlametioelithreagh vn intravenous,

acceptable carrier in addition to the above-nentioned
intrdrleYial, [iR@ASEHtERéall htiisdribRMtyadyreR@reasal, inhalant, topical, rectal,

pharmaceut i cal composition. In preparing the

o] Sj n.n j on, i i i
Ofafﬁhﬁﬁ%&&élﬂ?i o) F@bé\dé%@%@eiﬁjé’%éar e ddifinistration method s not

or sterilization apd, in vivo,, the .pref ble ] aui
partgylarly dimited therele. Bet & npetal ﬁé’"@jﬁ'&ﬁﬁ‘ﬁé@d%i %‘Jﬁk%lébo and the

saline, sterilized water, R nger's solution, buffer
subgataneousadmipistiationis a1are Mietehaklei on, a dextrose

solution, a maltodextrin solution, glycerol, ethanol, .

or ®aosagesrof thédherapeulic ageobettheyprasket fyeptian tmaybe adjusted

may include other typical additives such as an
deHdiRx bearirious factbfesuctoasa typetafrdissdsa, iacdegrertof iliness, a type

Further, a diluent, a dispersant, a surfactant, a
and® BSIRENt B Anl YRGS aMgré®¥nend other components contained in a
composition, a type of pharmaceutical form, a patient’s age, weight, general health
status, gender and dietary, an administration time, an administration route, a flow
rate of a composition, a treatment duration, and other drugs used simuitaneously.
In case of an adult, when the G-CSF is administered once daily for continuous 1 day
to 1 week, it may be administered in a dose of 0.01 pg/kg/day to 100 pg/kg/day, and
preferably 0.01 pg/kg/day to 10 pg/kg/day.
The therapeutic agent of the present invention may be used alone or in
combinations with nerve block therapy, metabolism control, or the like.
The therapeutic agent of the present invention recovers damaged nerve
tissues by regenerating nerve cells and blood vessels in peripheral nerve tissues
and smoothly supplies blood to the nerve tissues, thereby improving nerve

conduction velocity and pain sensitivity.

Accordingly, the therapeutic agent of the present invention recovers
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additionally added to prepare the conposition into a
formof injections such as a solution, a suspension or
woams®smsi on, pills, a capsules, granules, orPCaKR206/005353
The conposition may be usad by bonding a site specific
anti body or other ligand with the carrier such that
the conposition has a site specific function.
Fur t her mor
damgted G 88 GraysS B sSRRE R MNP ERIE R bION Segsdis h Boripheral
accordance with ch dlse en i.n
ey fIRBHPTIABE 1SRRI S YRAIEAQIGHT Lo %ﬁ%ﬁ%@@eﬁﬁifes theteby improving
Sci ence, Mack Publishing Conpany, Easton PA
nergh @onduetian walocity @mdopainrrenshiitipelbye tgge@]gergfca[mge useful for
present invention conprising the GCSF as an active
prevegirgdaretreatiyg bimbietic pesipbeed nepoadnys, coat edt abl et s,
capsul es, suppositories, syrups, juices, suspensions,
enul si ons, drops, injectable solutions, and al so
preparations wi th sustained rel ease of active

Mo&gmﬂogntmme t herapeutic agent of the present
) rrp[|5| Sg the G CSF as an active ingredient
m ere
i Pé@fgﬁrgg qurHPlreg é}?%%{%%’e%t GiRlentBh A égﬁﬂ%\%} ivR"Examples will

intTaperitone

intraster naI intradermal , _nasa al i C
now ebe afleseribad. The r fllowing 'Bxarsg §utaQH 6‘3’@%@?2‘9 eﬁ%mples are
adni ni stration nethod i s not particularly limt
providedefoojliustrative purpasesloniyl AN ase A npoMay wtﬁm@%%wg the scope
and t he subcutaneous admnistration is nore
of thegfresatilieveriosages of the therapeutic agent of the
present invention may be adjusted dependi ng on vari ous
factors such as a type of disease, a degree of
illness, a type and content of an active ingredient

Exgmﬂle%t her conponents contained in a

Now, the present invention will be described in more detail with reference to
the following Examples. These examples are provided only for illustrating the
present invention and should not be construed as limiting the scope and spirit of

the present invention.

[Examples]

Example 1: Animal Test for Confirming Therapeutic Effect of G-CSF on

Diabetic Peripheral Neuropathy

An animal model for diabetic peripheral neuropathy was made using a
method similar to the method described in the literature [Nakamura J et al., Diabetes
Research Clinical Practice, 2001 Jan; 51(1):9-20].

That is, genetically manipulated type Il diabetic animal model OLETF rats

were bred at a place with good lighting and airing while maintaining 20 to 24°C and
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conposition, a type of pharmaceutical form a

patient's age, weight, general health status, gender
woaod/odsm8 ary, an administration tine, an adm RCEKRROG7GN5353

route, a flowrate of a carposition, a treatnent

duration, and other drugs used simultaneously. In case

of an adult, when the G CSF is adm ni stered once daily

PRSI R BBl oo o
0.01 . .
ol St o e e 1R FISEE B er v

al one or in conbinations with nerve bl ock therapy,
adrministéretli insteadnofrtap, watert héhe jteial a‘ﬂﬁén'ﬁﬁéP%rb&?('Pg of gugar water
of the present invention recovers damaged nerve
wad D8 SsMeskandegeiytt aindnigood rsugac svdre neasuredvery Ssweeks. The
i n peripheral nerve tissues and snoothly supplies

weighpgﬁd bR I SudHRof Ehé IG-EI8T ad itaseation groupvamy threecorgtrol group at
onduction velocity and pain sensitivity. Accordingly,

abdulS4\ASLAAGHI £eA95RL Bhalhe ek kel droYaREl M Table 1.

dged nerve'ti ssués by regenerating nerve

cells_ a bl ood vessel s Ln peri pheral 14 S; G-CSF

cnd QOeTR JaSu I 1ABOUD| 3ha Weskendvele, i SRt Stne

t hereby inproving nerve conduction velocjty and
adrsisvedtationi Gjourrhasd (e eqiml GERUMe (Bertlp’ Fgre Of the G-CSF

preventing and treating diabetic periphera
administatianhyroupba €3GHF (lnaugestion nrarufactused by D4 BHARM. Co.,

the present invention and Conparative Exanples w ||
LTDPWfbeoslgsgrka/dag. wabeinfegtédvbngbdomainal esubsutls once a day for 5

Conpar ative Exanples are provided for illustrative
cortitiuBas &Ry8N! MeBRWHAE Bin' thetAiswadf thalcBRttergioap! salite oMe.2 ml was

scope
injected to abdominal subcutis once a day for 5 continuous days.

Before the administration of G-CSF, the difference in nerve conduction
velocity between the two groups was measured through the tail nerve. Then, 4
weeks after the G-CSF administration, the nerve conduction velocity and pain
sensitivity were measured.
The results are presented in the following Tables 2 and 3, and FIGs. 1 and

2. 4 Weeks after the drug administration, the rats’ tail nerves of the G-CSF
administration group and control group were extracted. The nerves were stained
with toluidine blue and observed with a microscope as shown in FiGs. 3 and 4.
The rats’ tail nerve tissues of the G-CSF administration group and control group

were extracted. The tissues were immunostained and observed the fine structural

change with an electron microscope as shown in FIGs. 5 and 6.

[Table 1]
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[Table 2]

Nerve Conduction Velocity (m/s)

Day 28
35.58 £0.9 m/s

Classification Day O

32.63 £1.6 m/s

Control Group (Saline
Administration)
Test Group (G-CSF

Administration)

31.93 1.5 m/s 40.68 £1.9 m/s

[Table 3]

Pain Sensitivity (s)

Classification Day 0O Day 28
Control Group (Saline 3.6+0.8s 53x04s
Administration)
Test Group (G-CSF 3.810.5s 10.5+29s
Administration)
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adm ni stration group and the control group. In the
case of the G CSF adm nistration group, a G CSF

WO Qumswsews i m manuf actured by Dong- A PHARM CoPCT/KR2)07(05353
100 ng/ kg/ day was i nj ected4to abdom nal subcutis once
a day for 5 continuous days. Meanwhile, in the case of
the control group, saline of 0.2 mM was injected to

abdom nal subcutis once f,or. 5 cont | S
Bef OFeSed TR hJiaélPr iaaﬁ g%'gcéfi,w?%eéddﬁ#rf%e%?eﬁ% fhe G-CSF
nerve conduction velocity between the two groups
admisisttion orowpeshibited ImeEhspaNGE/e qHRALCtin R Al the G-CSF
t he G CSF adm ni stration, the nerve conduction .
adrvielstation, and giso moséimsed ithat thenwer € Sireadministratpfegroup exhibited
results are presented in the followng Tables 2 and 3

incrgg@@&’_fér@é-géncﬁlwoﬁ veldciie elsenpairé@ rwithethdr cantrol group of saline

mnistration, the rats' tail nerves of the G CSF

drﬁﬂ@tr‘?&iﬁ%mati on group and control group were extracted.
a € nerves were stained with tol uidi ne blue and

observed with a_ncroscope 0 ' -
The atsgent{ci?rln #&&e?i%@uﬂébit mwé‘gcg‘:’f%me% it the G-CSF
adm ni stration group and_control group were extracted.
a9 cOWBr SVAS0STTALES aRoD SeT LA el (fe G-CSF
structural change with an electron mcroscope as shown .
adrimistiaBen, Andnalsé confilaptl ¢ha the GhESinadminjsation growgy exhibited
OLETF Rats at 34ti hp weeks [Table 2] Nerve Conduction
impYel&s pain dghisitjvity compared with the control group of saline administration.
Further, as seen from FIGs. 3 and 4, it was observed that the photograph of
toluidine blue stained tail nerves of the control group rats in FIG. 3 shows more
damaged nerve fibers compared with regenerated nerve fibers, while the
photograph of toluidine blue stained tail nerves of the G-CSF administration group
rats in FIG. 4 shows far more regenerated nerve fibers compared with damaged
nerve fibers.
As seen from FIGs. 5 and 6, it was observed that the TEM of tail nerves of
the control group rats in FIG. 5 shows demyelinated axons and destroyed myelin,

while the TEM of tail nerves of the G-CSF administration group rats in FIG. 6 shows

remyelinated axons which are an evidence of nerve regeneration.

Example 2: Clinical Test for Confirming Therapeutic Effect of G-CSF on

Diabetic Peripheral Neuropathy

Clinical tests have been conducted on patients with diabetic peripheral

neuropathy to understand the therapeutic effects of the present invention on diabetic

peripheral neuropathy.



(@]

[Table 3] Pain Sensitivity (s)As seen from Table 2 and

FIG 1, it was confirmed that the G CSF adm ni stration
wOogemswp40exhi bi ted i ncreased nerve conducti on vBCOE&IR2$07/005353

after the G CSF adm ni strasion, and al so confirned

that the G CSF adm nistration group exhibited

i ncreased nerve conduction velocity conpared with the

contfraol gro of sali il Sstgat | ici

Tabl ¢ Pieratpnd, waRe 'Aeqtad R el iePartient RE TolepRYT medicine

adm ni stration group exhi bit | Mp[r,0 pal n_ .. -
(Endeernalogy): y aaflt dodtheteskoat A nagk e, bR-Peptige, Retinopathy,

confirmed that the G CSF adm nistration, rouP .
miceoelibirintrediai fop 2dv Boutsaichstating iG iandt §ndQsring: tegts)iamdighgtes have

control group of saline admnistration. Further, as
beesesdhducsd.F1 Gs. 3 and 4, it was observed that the

phot ograph of toluidine blue stained tail nerves of

theR“e%plégtWe GERYEY, TRfeS He{?%rﬁ! Geights kel bisade sdgaraged diagnosed

nerve ers-conpared w regenerated nerve fibers,
. whi | . i di ined tail
aisdihe G B B b o R e A e i n Fl o
4 shows far nore regenerated nerve fibers conpared
wi t h damaged nerve fibers. As seen fromFIGs. 5 and 6,
it was observed that the TEM of tail nerves of the
con{taklledtoup rats in FIG 5 shows denyelinated axons
and destroyed nyelin, while the TEM of tail nerves of
Clagstficati {Sendehli Agst | Meight (Wéright|atBlood FiRiageosgtblisease
renyel ilnat ed jaxons| whi ch gre an e\g dence of nerve
r &fenerat i on. ugar

case 1 M 78 165 60 132 Diabetic Peripheral
Neuropathy, Coronary
Artery Disease (CAD)

case 2 F 59 168 79 102 Diabetic Peripheral
Neuropathy, Acute
Myocardial Infarction
(AMI)
case 3 M 65 166 66 78 Diabetic Peripheral
Neuropathy, Acute

Myocardial Infarction
(AMI)

case 4 F 61 160 65 161 Diabetic Peripheral

Neuropathy, Acute

Myocardial Infarction
(AMI)

case 5 M 65 164 64 141 Diabetic Peripheral

Neuropathy, Acute

Myocardial Infarction
(AMI)
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Exanple 2: dinical Test for Confirm ng Therapeutic

Effect of G CSF on Diabetic Peripheral Neuropathy
woQhiswseas tests have been conducted on pati enPETAKR2007/005353

di abeti c peripheral neuropathy to understand the

therapeutic effects of the present invention on

di abeti c peripheral neuropathy.l. Five patients were

sel ected fromthe departnen f. 1t ernal. | £ i
( Engk&’é'?zrnap(?&&?j VEsEBIL S Db Brnihd e conduction
- peptide, Retinopath m croal bum nuria for 24 hours
velogtaBOVahessamERG LAl 1S GEains Nae BremepBludEte been
conduct ed. Respective gender, age, height, weight.
(kgThe hjatiedtssweze hoapitaliziedghoiews beferathe aminigratiopuof G-CSF,
patients to be treated are listed in Table 4 . [Table
andnGefdvasEulas peRiplitaties {GAGU T aand EQHDpgnd @therc@schlpr related
and nerve conduction velocity (NCV) neasurenent in all

test%q’%tv.e% Zéﬁ#&ﬁ%@%ﬁ"ihé%ﬂéﬁfs@Nexﬂ:hﬁdﬁﬁlbie&m‘eShe@dministration of

ospitalized 3 days before the adm nistration of

G PN TR AR ORIy [ipavesrataiog

conducted on the patients. Next, 1 day before the
teStéelmhnl stration of GCSF, the patients were transferred
to henmat o-oncol ogy for testi ng hemat ol ogi cal

ests.
SubSeheeauently, 10 Hgkaefor G- I:ewef‘t%i!i%sm?ﬁy}ac?ured by Dong-A
manuf act ured by Dong-A PHARM Co., LTD) was injected
PHARM UBe LITD) avaeinittéd td subeutist omaeodailyfog opstindoyshé days to the
patients to be treated. After the adm nistration of
patenfSto bbaraited oaftepthd adininiseation of G-CSF, hematological tests were
observed. If no side effects have been occurred, the patients were discharged
from the hospital performing only the neurological tests.

After 1 week, 15 days, 1 month, 2 months, and 3 months from the G-CSF
administration, hematological and neurological tests were conducted by visits to the
hospital to measure nerve conduction velocity (NCV) and the degree of diabetic
peripheral neuropathy of the subject patients was measured by Toronto Clinical

Neuropathy Scoring, and the overall test results were shown in Table 5, 7 and FIG.

7.

A: Nerve Conduction Velocity

[Table 5]

Nerve Conduction Velocity (m/s)

Classificati| DayO0 Day 7 Day 15 | Day30 | Day60 | Day 90

on

case 1 32.4 34.1 36.7 38.3 401 40.8
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observed. If no side effects have been occurred, the

patients were discharged fromthe hospital performng
woaoispsddeg neurol ogi cal tests. After 1 week, 1BCU&R(007D05353

nonth, 2 nonths, and 3 nonvhs fromthe G CSF

adm ni stration, hematol ogi cal and neurol ogi cal tests

wer e conduct ed by vi sits to the hospital to neasure

noar\.o

Aet conRd HpR—yetoc therdegree pf
cas@Bet | c ‘3b1e¢| pher l5ne|L oggﬁlhl)\/l) cll4ph1e subi%'gc:%e pat i4e2h?s

JEs 3TERSWH LG by 195 ontq G cdl Neur opat fyp.Bcof i 189.8

and t he overaII test rasults re shownlin Tablb 5 7

casd 4Fl G 30.8A: [NeB26 CgndB3i7i on| V8Pcki tly [4'ﬁaQ)I e ]41 2

Nerve Conductiaon Vel oecitv—{r-s) seehn

Ciaﬁe\ﬁas cotf- ?rrmd %"hg;virer@@ %chduépt% c?taglJ - 43' 2

IGII&’% d%enu'ét})a[p %1?8 dgsltagégrcéﬁfﬁ %lmt tshél@b' 86ndiction velocity

on~’on gree of eti c Peripheral
Neuropat h he esent eval |on rformed by
impreygd Nt h%) ‘1@&%&" §ﬁ? @f‘@ﬂ'sﬁﬂ '%P{)ﬁ?@s%e i ni cal

Neuropat hy Scorl ng Syst e shtovvn in Ta & 6 . At this

t ot aI scores of each subject rati ng in vvh| ch 19
poi Mhe preseht ewaluatiom wasr@esmdnedpby niating thee swibigcta disted in
score. Here, the higher the scores, the degree of

Tor8hi@PelihicaP RIeURS IRt StovingrSystem showndnstrble®s. Athbis time, the

obtained results are presented in Table 7 and FIG 7.
evJIJﬁmn re@hlts are presented by the total scores of each subject rating, in which
19 points is the maximum score and O point is the minimum score. Here, the
higher the scores, the degree of diabetic peripheral neuropathy is more serious.
The obtained results are presented in Table 7 and FIG. 7.

[Table 6]

Toronto Clinical Neuropathy Scoring System Evaluation

Classification Toronto Score
Pain
Foot Numbness
(Total of 6 points, 1 point for Tingling
each subject) Weakness
Ataxia

Upper-limb symptoms

Right knee
Reflex scores Left knee
(Total of 8 points, 2 point for Right ankle

each subject) | eft ankle

Pinprick
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Toronto Cinical Neuropathy Scoring System Eval uati on

Cl assification Toronto Score Pain Foot Nunbness (Total
woabos®sgosnts, 1 point for Tingling each subj eBCT/KR2007/005353

Weakness Ataxia Upper-I|inassynptons Ri ght knee Refl ex

scores Left knee (Total of 8 points, 2 point for R ght

ankl e each subject) Left ankl e Pi nprl ck[ Tabl e 7]

Resul+s—ef—Foronto—GHntecat—Neun % W
Ev_al _uatl on As seen flrom Table 7 gﬁﬁb Tor ont o
_(Dlge%g? teglpgéd}ggt hy [Scorrt ng Syst Qfgrﬁﬂ[@h@ﬁtl on scores
inproved until 90 days after the admnistration of
(TdBaH[EFS paintss,1 poipt foief apeut i c ef f ec&tltsratjbnt he
t er apeuti,c ent ackoerdirg—to—th “resem HrventTon
‘%b t?! %grl pher gl neuropat hy WOR | nical 'y

comnt iy cordimgly, Tt 15 KNo ] the G CSF ca
be usé);t%‘s(foﬂé preventing and trearyi@ qdqngltlgabeti C
peri pheral neuropat hy.

[Table 7]

Results of Toronto Clinical Neuropathy Scoring System Evaluation

Classificati Score
on Day 0 Day 7 Day 15 | Day 30 | Day 60 | Day 90
case 1 15 6 8 8 10 9
case 2 14 7 9 9 9 10
case 3 16 8 10 10 9 10
case 4 12 6 7 8 7 8
case 5 15 8 9 8 9 10

As seen from Table 7 and FIG. 7, Toronto Clinical Neuropathy Scoring
System evaluation scores improved until 90 days after the administration of G-CSF.
Thus, the therapeutic effects of the therapeutic agent according to the present
invention on diabetic peripheral neuropathy were clinically confirmed.

Accordingly, it is known that the G-CSF can be useful for preventing and
treating diabetic peripheral neuropathy.

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that
various modifications, additions and substitutions are possible, without departing

from the scope and spirit of the invention as disclosed in the accompanying claims.
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Al t hough the preferred enbodi nents of the present
i nvention have been disclosed for illustrative
wopwspesws, those skilled in the art will apprBCT/&R2007/005353
that various nodificationg9 additions and
substitutions are possible, wthout departing fromthe
scope and spirit of the invention as disclosed in the
acconmpanyi ng clainms. Wat is clained is: 1. An agent
hal ing and treating diabetic peripheral
neur opat hy conprising a G CSF (G anul ocyt e- Col.o
Sti frul at i%{fg apabt fan)prayenting apAEeatngr @'&%Eﬁ? PeQPﬁg’ﬁ‘é neuropathy
agent according to claim1, wherein the GCSF is .
conyirismgned SaSFepGranatbciytesGoleamyurstimelating c 6astashnas an active
origin. 3. The agent according to claim1, wherein the
ingr@'d ~is a reconbi nant human granul ocyte
colony-stinmulating factor (rhGCSF). 4 . An agent for
regenerating peripheral nerve conprising a G CSF
(Granul ocyte-Col ony Stinmulating Factor) as an active
ingredient. 5. The a t .accordin clal 1A i i
whorei nt e aoesrar TR 5 ERf L P fr o obtained and

natural or reconbi nant ,ori&n.. 6. The agent according
sepagated dram NatWREPEGFOMRUNENEEEN-s a reconbi nant human

granul ocyte col ony-stinulating factor (rhG CSF).

3. The agent according to claim 1, wherein the G-CSF is a

recombinant human granulocyte colony-stimulating factor (rhG-CSF).

4. An agent for regenerating peripheral nerve comprising a G-CSF

(Granulocyte-Colony Stimulating Factor) as an active ingredient.

5. The agent according to claim 4, wherein the G-CSF is obtained and

separated from natural or recombinant origin.

6. The agent according to claim 4, wherein the G-CSF is a

recombinant human granulocyte colony-stimulating factor (rhG-CSF).



