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[DESCRIPTION]
[Invention Tltle]
PEPTIDES FOR PROMOTING ANGIOGENESIS AND AN USE THEREOF
[Technical Field]
" This appllcatron c1a1ms pr10r1ty to Korean Patent Applrcatron No 10—'
2010-0027374 f11ed on” March 26, 2010, which is hereby 1ncorporated by

reference herexn

The present inyentionhrelates to peptides:for promoting angiOgenesis
and an use thereof. More particularly, the invention relates ‘to peptides
promoting_angiogenesis and the use of the peptlde for promotlng anglogeneS1s'
and preventing or treating anglogene31s—re1ated dlsease.

[Background Art] ' :

Development of a vascular supply is a fundamentai requirement for many
physiologfcal and pathologicat processes. Actively groWing tissues“such as
embryos and tumors require adequate blood supply. They satisfy this need by
producing pro-angiogenic factors, which promote new blood vessel fornation'
via a process called angiogenesis. Vascular tube formation is a complex but
orderly biological event'involving all or many of the following steps: a)
endothelial cells (ECs) proliferate from existing ECs or differentiate from
progenitor cells; b) ECs migrate and coalesce to form cord-like structures;
¢) vascular cords then undergo tubulogenesis to form vessels with a.central
lumen; d) existing cords or vessels send out sprouts to form ‘secondary
vessels; e) primitive vascular plexus undergo 'fUrther remodel ing and
reshaping; and f) . peri—endothelial cells are_vrecruited to encase the
endothelial tubes, providing maintenance and modulatory functions to. the
vessels; such cells including pericytes for small capillaries, smooth muscle
cells for larger vessels, and myocardial' cells in the heart(Hanahan, D.,
Science, 1997, 277, 48; Hogan, B L. & Kolod21ej, P. A. Nature Reviews

Genetics, 2002, 3, 513).

The development of the'blood vessels 1s strictly controlled. Up to the
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present, a large number of secretory factors.prbduced by peripheral.cells are

» knowh to regulate differentiation, proliferatiOn' and migration of ECs and

coalescence into cord-like structures. The angiogenesis—promoting factors

reportéd:thusffaf;pan be largely classified into'a'few'groups; They are
most Ly growth-inducing factors that induCe‘celiuLaf'grOth; cytokiﬁés héying
immune éctiVify;b’hormones, or llipid.iproduétsb (Bussolino F et al., Treads
Biochem. Sci., 22(7), pp. 251-256, 1997).

-Vascular'chdothelial growth factor (VEGF) has been identified as the
key factof 'involvéd..in stimulating. angiogenesis and 1in inducing Véscular
permeability (Ferrara et al., Ehdocri Rev. 18: 4-25, 1997). A form of murine
VEGF gene waé idehtified and the expression pattern was anélyéed during its

embryogenesis.  Continued expression of VEGF was observed in spear-shaped

epithelial cells neighboring the endothelium, e.g. the choroid plexus and the

glomerulus of the kidney. These data cofrespond-to the role of VEGF as a
multifunctiohal factor regulating the growth and differentiatidn of the ECs
(Breier, G. et al., Development, 1992, 114, 521). |

VEGF is involved in angiogenesis in all connective tissues (e.g.,
lungs, heart, placenta and sblid tumofs) (Binetruy-Tourniere et al., EMBO J.
2000, 19, 1525).: For example, VEGFkis involved in'gfowth of'solid tumor and
metastasis by. stimulating tﬁmor—relatedﬁ'angiogenésisj (Lu et al., J. Biol.
Chem. 2003, 278, 43496).> Also, since the VEGF expression is essential in the
restoration of connect ive tissues, use of the VEGF for the‘restoration of the
cbhnective tissues was proposed.’ . | o

Actually, Chen et al. diéclosed a mefhod for synérgistically enhancihg_
endothelial cell growth ~in an - appropriate environment ‘therefor which
comprises adding to the environment, VEGF, effectors aﬁd.serum?derived factor
in US Patent No. 5,073,492 (1991. 12._17.). Also, vascular endothelial cell
growth factor C Subﬁhit DNA 1s prepared by fpolymerase -chain reaction
techniques. The DNA encodes a pfotéin that.may exiétvas eithér a‘heterodimer
or homodimer. Ihe'protéin is a mammalian vascular endothelial cell mitogen -
and, as described in European Patent Appiication No. 92302750.2 (1992. 9. 30)
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is known to be useful for the promotion of VasCular development and repair as

1t '1s.

- Desplte the advancement regardlng VEGF ~when subjected to animal
experlments '1t falls to pass through the - blood barrier due to its large
molecular size like other protelns and 1is el1m1nated in short trme due to
short half-life. Although" studles arevactlvely carried out to find out the
important EC-specific genes_’involved in angiogenesis and thus to treat
vnrious'angiogenesis—related diseases, there is no Substantial result as yet.

[Disclosurel

(Technical Problem]

The inventors of the present 1nvent10n have studied to. find - out
peptldes that can replace vascular endothellal growth factor (VEGF). ~Through
synthesis of -several novel peptides followed by repeated substltutlon
addition and deletion of their residues and screening of effective
derivatives, they have synthesized'a novel peptide providing an angiogenesis-—

promoting effect.

The present invention is directed to providing an isolated peptide for

promoting angiogenesis having an amino acid sequence represented by the .

general formula (I) or (II)

(1) [N-terminus - X1 X2 X3 X4 X5 X6 - C-terminus]

(11) [C-terminus - X1 X2_X3 X4 X5 X6 - N-terminus]

wherein X1 does not exist or is lysine, X2 does not exist or is
alanine or glutamine, X3 is glycine or proline, X4 does not exist or is a

basic amino acid, X5 is a acidic amino acid, and X6 is serine.

Also, the present invention is directed to providing an isolated

fpeptlde for promot ing anglogene31s haV1ng an amino acid sequence represented

by the general formula (ITI):
(I11) [N—termlnus - Xl X2 X5 X6- C- termrnus]

wherein X1 1s_asparag1ne, X2 is glutamlne, X5 1s avacidic amino acid;
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~and X6 is serine. -

The present invehtion is also directed to providing -a use of the
peptide' for preparing regeneratibn  of skin flap,. wound and_vburn healihg,
implantation of -artificial skin and preparation of"b100d; vessels - for

transplahtatipn for promoting éngiogenesis.

The present invention ié‘ also directed to providing a use of the
peptide for prevention or'treatmenf of angiogenesis-related diseases selected
from ébgroup consisting of diabetic retinopathy, retinopathy of prematurity,
age-related macular dégeneration,‘-glauCOma, diabetic foot ulcer; pulmonary
hypertension, ischemic cardfdmyopathy, ischemic brain disease, heart faflufe,
acute posterior ischemia,:bédéore;'chronic ulcer, baldness or hair grayingt
obesity-related cardiovascular disease, and ischemia.

[Technical Solution] | |
"To achieve the object, the present invention provides an isolated
peptide having an amiho acid sequence represented by the general formula (D
or (II): . -

(I) [N-terminus - X1 X2 X3 X4 X5 X6 - C-terminus]

(I11) [C-terminus - X1 X2 X3 X4 X5 X6 - N-terminus]

‘wherein X1 does not exist or is lysine; X2 does not exist or is
alanine or glutamine, X3 is glycine or proline, X4 does not exist or is a

basic amino acid, X5 is a acidic amino acid, and X6 is serine.

‘To,achieve another object; the present invention provides an isolated .
peptide for promoting angiogenesis having an amino acid sequence represented
by the general formula (I1I): - f |

(ITI) [N-terminus - X1 X2 X5 X6- C-terminus]

wherein X1 'is asparagine, X2 is glutamine, X5 is a acidic amino acid,

and X6 1s serine.

To achieve another object, the present invention provides a
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composition for promotlng anglogene51s comprlslng the peptlde as an actlve

1ngred1ent

~To 'achieve ~another object, the present. invention provides a
pharmaceufical comp051t1on for prevention -or treafment of - anglogene31s—
related dlseases selected from ‘a group con31st1ng of diabetic. ret1nopathy,
retlnopathy of prematurity, age- related macular._degeneratlon, - glaucoma,
diabetic foot 'ulcer,w pulmonary hypertension, ischemic eérdiomyOpathy,
ischemic brain disease; heart failure, acute posterior ischemia; bedsore,
chronic ulcer. .baldnesé or hair graying, obesity-related ’eardidvascular
disease, and 1schem1a comprlslng the peptide  as an actlve 1ngred1ent "To
achieve another object, the present invention provides a peptide selected
from a group cbnsistihg of the peptides of the present invention that is used -

for treatment_reagents'or diagnostic reagents.

TQ achieve another object, the preseht invention provides use of the
peptide of the present invention for preparing reagents for promoting

angiogenesis.
To achieve another object, the present 1nvent1on provides a method for
promot ing anglogene31s by admlnlsterlng an effective amount of the peptide of

the present invention to subject in need.

To achieve another object, the present invention provides use of the

peptide of the present invention for preparing a reagent for prevention or.

treatment of angiogenesis-related diseases selected from a group consisting

of diabetic retinopathy, retinopathy of prematurity, age—related» macular

degeneration, glaucoma, diabetie foot ulcer, pulmonary hyperten51on ischemic

cardiomyopathy, ischemic brain disease, heart failure, acute posterior

ischemia, bedsore; chronic ulcer, baldness or hair graying, obesity&related

cardiovascular disease, and ischemia.
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To achieve another object, the‘present.inventiOnbprbVideS a method for

prevention or treatment of angiogenesisérelated‘Idiseases"selected from a

_group con51st1ng of diabetic retlnopathy, retinbpathylof prematurity,,age—

related macular degenerat1on glaucoma diabetic‘ fdot uulcer ~pulmonary
hypertension, ischemic card1omyopathy, 1schemlc bra1n dlsease ‘heart failure,

acute posterior ischemia, bedsore chronlc ulcer,’ baldness or ha1r grayrng,

IObesity—related cardiovascular disease, and 1schem1a by administering an

effective amount of the peptide of the present 1nvention to subject in need.
Hereafter, the present invention will be described in more detail.

The amino acids used here1n are mentloned as follows accord1ng to
TUPAC- IUB nomenclature '

Arginine : R, ~ Histideine : H

Lysine @ K, - Asnartie acid : D
Glutamix acid : E, Serine : S
Threonine : T, Asparagine : N
Glutamine : Q, Cysteine : C
Glycine : G, Proline : P
Alanine : A, - Isoleucine : I
Leucine'i L, \ Methionine @ M
Phenylalanine‘?.F, Tryptophan : W
Tyrosine : Y, Valine : V

The preeentv invention provides a peptide for nromoting angiogenesis .
having an amino acid sequence represented by the general formula (I) or (II):
| (I) [N-terminus - X1 X2 X3 X4 X5 X6 - C-terminus] o
- (11) [C-terminus - X1 X2 X3 X4 X5 X6 - N—term1nus]
A peptide having an amino- acid sequence represented by the general
formula (I) or (II) s characterlzed as follows; X1° does not exist or is

lysine, X2 does not exist or is alanine or 'glutamine, X3 is glycine or
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proline, X4 does not exist or is a basic amino acid, X5 is a acidic amino

.acid, and X6 is serine.

| The peptide Of the present invention has a basic structure of nonpolar
amino ac1d—X-ac1d1c amino ac1d serine and may have a basic amino acid between
a nonpolar amlno actd and an acidic amrno a01d(X) and may further include

lysine and/or (alanlne or glutamrne)added sequence (general formula (1)) in

.Ifront'of the nonpolar amino acrd In addltlon ‘a peptlde of the present_

invention may comprise an inverse sequence of the amino acid sequence

(general formula (I1)).

“The present invention provides a peptide for promoting angiogenesis
having an amino acid-seQuence represented by the‘generél formula (II1I):

(IT1) [N-terminus - X1 X2 X5 X6~ C-terminus] |

A peptlde having an amino acid sequence represented by the generalub
formuIa (I11) is characterized as follows; X1 is asparagine, X2 is

glutamine, X5 is a acidic amino acid, and X6 is serine.

The peptide having an amino acid sequence represented by the general
formula (III) of the present invention has a basic structure of asparagine-

glutamine-acidic amino acid-serine.

The angiogenesis-promoting effect ,df the peptide having such a

structure selected from the group consisting of sequence general formula (I

to (III) is known for the first time in the present'invention.

Preferably, in the peptide having an amino acid sequence represented by

‘the general formula selected from the group consisting of sequence general

formula (I) to (III) the basic amino acid may be arg1n1ne histidine or

lysine. The acrdlc amino acid may be aspartlc acid or glutamrc acrd

The peptide of the present invention may be any one having an amino
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acid.vsequence ‘representedg by the. general formula.'selected from ,the:_group
con31st1ng of sequence general formula (I to (111), but’preferany,tit may

be a peptlde havrng an’ amino . ac1d sequence selected from a group: consrstlng
of_SEQ_ID,NOs 1 to 4. ' '

Thevpeptide_of the present invention‘exhibits:an'éngIogenesis—promOting_
effect. Although the length 1s not particularly limited as"lcng .asﬁIit'
1ncludes an amino ac1d sequence represented by the general formula selected'
from the group cons1st1ng of sequence general formula (I) to- (III) but
preferably, it may compr1se an amino acrd sequence represented by the general
formula selected from the group cons1st1ng of sequence general formula (I) to.
(I11) and consists of 4 to 50 amino ac1ds more preferably 4 to 30 amlnov
acids. More preferably, it may be a peptide having amino acid sequence
represented by the general formula selected from the group con31st1ng of<
sequence general formula (I) to (IIT). Most preferably, the peptlde of the

present 1nvent10n may be a peptide havxng an amino acid sequence selected'

- from the group con31st1ng of SEQ ID NOs. 1 to 4.

Also, the peptide of the present invent ion may be a peptide the C-
terminus iof which is amidated. In order to protect the peptide from
proteases and increase stability in vivo, the N-terminus and the C-terminus
are mcdified_or protected with various protecting greups. That is to say,
the C-terminus of the peptide may be modified in order to improve stability.
The modification is not specially limited, but preferébly the modification

may be by hydroxyl (-OH) or amino (-NH,) group. The amidation of the =

terminus means that the C—terminus of the peptide is modified with the amino

(-NHz) group.

_ Also, the N-terminus of the‘peptide may be modified in order to improve
stability. . The modification is not specially limited, but preferably the
modIfication may be by a group selected from the group consisting‘of.acetyI;
fluorenyImethoxycarbonyl (Fmoc), fornyl, ‘palmitOyI;'_myristyl,d stearyl and

polyethylene‘glycol (PEG) .
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 The peptlde of - the present 1nventlon may be prepared accordlng to a

: method well known in the art. For example 1t may be syntheslzed u31ng an

automated peptlde-synthesrzer or it may be produced by'a:geneticfmodification

technique. For-instance after produc1ng a fus1on gene encodlng a fusion

'proteln comprlslng a fusron partner and ‘the peptrde of the present 1nvent10n

through genetrc mod1f1cat10n transfectlng a host m1croorganrsm w1th the
fusion gene, and expre331ng the fus1on proteln in the host m1croorgan1sm the

peptide of the.present invent ion may be cleaved and 1solated from the fusion

. proteln u31ng an adequate protease or compound. For thrs end, a DNA sequence

coding for an amino acid residue that can be cleaved by a protease such as
factor Xa or enteroklnase or a compound such as CNBr or hydroxylamrne may be
inserted between the fusion partner and the gene for the peptrde of the
present 1nyent10n. For‘example, in order to provide -a 31te cleaved by CNBr,
a restriction site including a methionine codon with a’matching-reading frame
(e.g., Af11I1, Bsml, BspHI, BspLUlll,vNcoI, Ndel, NsiI, PpulOI, Sphl or StyI)
or its isoschizomer site is inserted at the 3'-terminus of the fusion partner
to be cut by the restriction enzyme. And, a restriction site comnected to
the reading frame may be inserted at the 5'-terminus of the gene for the
peptide of the present invention, which is cut by the enzyme to connect the
fusion partner with the gene for the peptide of the present 1nventxon

For . another example, in order ~to provide a s1te cleaved by

hydroxylamine a DNA sequence capable of encoding asparag1ne—g1yc1ne may be

-1nserted between the fus1on partner gene and the gene for the peptlde of the
- ‘present invention. For example when the two genes are fused, a restriction

site including an “asparagine codon with a lnatchlng reading frame or its

isoschizomer site may be inserted at the 3'—term1nus of the fusron~partner to
be cut by the restriction enzyme, thus forming a terminus compatible to the

enzyme or a blunt end. And, a restriction site including a glycine codon and

~ connected to the reading frame may be inserted at the 5'-terminus of the gene

for the peptlde of the present invention, which isr.then “cut - by the '

restrrctlon enzyme to connect the fu31on partner gene wrth the gene for the
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peptide of the 'present ihvention. The gene construct accordlng to the
present . 1nventlon may be inserted 1nto commonly employed express1on Vectors

e.g. plasmid, .v1ruses, or Vehlcles, allow1ng 1nsertlon. or incorporation of

structural genes»for cloning into host cells..

In an example of the present invention, peptides having amino acid
sequences of SEQ ID NOs. 1 to 4 were syhthesized'uéing an automated peptide
synthesizer and then 1solated by C18 reversed—phase hlgh— er formance 11qu1d

chromatography

The peptide of the present invention has an effect of promoting '

angiogenesis in human or animals.

The angiogenesis-promoting effect -of the peptide having the amino acid
sequence of the present invention was first identified in the present

invention.

The angiogenesis-promoting effect was demonstrated through an

experiment using human umbilical vein endothelial cells (HUVECs).

In an example of the present invention, it Was tested whether treatment
of HUVECs with the peptide of the present invention promotes proliferation of
the HUVECs. As a result, it was confirmed that - the treatment with the
peptide of the present invention promotes thedproliferation of the HUVECS
(Example 2). | o

Ih another example of the present invention, the effect of the peptide
of the present binvention. on: migration of HUVECs was investigated. After |
placing the peptide of the present 1nvent10n at the bottom portlon of a
chamber with a polycarbonate filter having pores therebelow and addlng HUVECs
to the upper'portlon of the,chamber) the number of cells that migrated to the

bottom portion were counted and compared ‘With the control gfoup‘ after
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“incubation. As a résult{_it'was.confirmed_thatffhé peptide of the present

invention promotes the-migration ofvthe HUVECSJ(Example 3).

" In another example of the present invention, the effect of the peptide

~of the present invention on tube formation of HUVECs was inveétigated.' After

‘applying and hardéning Matrigél on é'pléte@ a mixture Of the peptide of the -

present invention and HUVECs in a ‘buffer was added and it was observed

whether the HUVECs form tubes in the Matfigel.. As a resuit,oit was confirmed |

- that the peptide of the present invéntioﬁ'promotes the tube formation of the

¢

HUVECs (Example 4).

In another example’of the present invention, in vivo Matrigel plug

assay was performed to measure the 'angiogenesis—promoting ability of the~'

peptide of the present invention. . Fbilowing’ subcutaneous injection of a
miXture of the peptide of the preéent 1nvent 1on with Matrigel to a mouse,
Matrigel plug wasA taken out after 1 week and the degree of blood vessel
formation was quantified. As a result, it was confirmed.thatbthe injection
of the peptide of the present invention exhibited remarkably_superior:blood»
vessel formation as compared to the Control.group (Examplé 5)3;

As such, the peptide of the present invention promotes angiogenesis by
proliferation, migration and differentiation of vascular cells. Accordingly,
th¢ present invention provides a composition for promotion of angiogenesis

comprising the peptide of the preseht invention as an active ingredient. In

addition, the present invention provides a peptide for treatment reagents and

diagnostic reagents. ‘Also,  the present invention provides use of the
peptide of the present invention for preparing a reagent for promoting
angiogenesis. Also, the present invention provides a method for promoting
éngiogenesis by administering an effectfve' amount of the peptide of the

present invention to a subject 1n need.

Also, - the present invention provides a.pharmaceutical composition for

prevention or treatment of angiogenesis-related diseases comprising the
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peptlde of the present 1nvent10n as an active 1ngred1ent AlSo the present

invention prov1des use of the peptlde for preparing a reagent for preventlon_
or treatment of g1ogenes1s related drseases selected from .a group_
conslstlng of diabetlc,retlnopathy,.retlnopathy‘of prematurlty, age?related
macular degeneratlon,:glaucoma,'dlabetlc foot ulcer, Dulmdnary hypertensiOn,

ischemic'lcardiomyopathy}d.iSchemic' brain disease, heart failure;v acute
posterior ischemla e5bedsore’v chronic = ulcer, baldness or halr'.grayiné,*
obesity-related cardrovascular dlsease and ischemia “Also, ‘the present'
1nvent10n provides a° method‘ for - preventlon or treatment of anglogenesrs—.
related diseases selected from a group consisting of d1abet1c retlnopathy,

retinopathy of prematur1ty, age related macular - degeneration, glaucoma,‘
diabetic foot ulcer; pulmonary -hyperten31on, ischemic CardiOm?cpathy,' g
ischemic brain disease, ‘heart failure, acute posterior ischemia, bedsore,'
chronic wulcer, baldness or hair graying, _obesity?related cardiovascular
disease, and ischemla by:administering an'effective amount of the peptide of

the present invention to subject in need.

The present invention provides a composition comprising the peptide'of
the present invention as an effective ingredient. The composition of the

present invention may be administered in combination with another

- biologically active agent, e.g. a biologically active compound, peptide, etc.

“The composition of the present invention may further comprise cells capable

of differentiating into endothelial cells (ECs). preferably, the cells

capable of differentiating into ECs may be embryonic stem cells, mesenchymal

‘stem cells or hematopo1et1c stem cells.

' The composition for promotlng anglogenes1s of the present 1nvent1on may
be used preferably for regeneration of skin flap, wound and burn-heallng,
implantation of artificial- skin, or preparation of blood vessels for
transplantation although - not limited thereto. . The vascular disease refers
to a dlsease occurring from or aggravated by 1nsuff1c1ent blood or oxygen
supply because of anomalles in the ‘blood Vessels due to various causes. |

o

Preferably, non—limiting examples ‘may 1nclude ~diabetic retinopathy,
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retinopathy of pfematufify, ”age—related 'macular _degeneration, glaucoma,

diabetic foot 'ulcef pulmonary hypertens1on ’ischemic cardiOmyopathy,

-1schem1c bra1n dlsease heart fallure acute posterlor 1schemia, .bedsore,

chronic ulcer, baldness or hair graying, obes1tyfrelated cardiovascular
diseases, and: ischemia.
Cardlovascular dlseases such as myocardlal 1nfarct1on ‘angina, etc. are

caused by obstruct1on or narrow1ng of the blood. vessels “Insufficient supply

of oxygen and,nutrlents through bloodstream leads to dysfunction of tissues

‘and organs. If such-vascular dysfunction occurs at the cardiac muscle, the

heart stops beating, causing myocardial infarction or angina. If it occurs
at the end of hands or feet, it leads to ischemic linbvdisease‘ In this
case, the patient. has to take psychoactive analges1c because of extreme pain.
In severe cases it ends in amputat1on or death. |

Ischemlc heart failure is caused by oxygen insufficiency resulting from

“reduced blood supply due to obstruction or narrow1ng»of the blood vessels.

Diabetic neuropathy (foot ulcer) is the -most common complication of
diabetes mellitus, occurring in 50% or more of diabetic patients. High
levels of blood sugar in the bloodlvessels of the diabetic'patient cause
functional anomalles of cells leading to death of capillaries and nerve
cells of the foot. |

‘Diabetic. retinopathy is caused by lesions on the capillary walls
(thickening of the basement membrane, reduction in cells of the vascular
walls, and excessive proliferation of ECs) caused bysdiabetes, leading to
narrowing and occlusion of the capillaries and insufficient circulation to
retinal microvessels. | | '

A wound \refers to an injury of the skin tissue such as surglcal

incision, ulcer of "the ‘digestive tract, burn, laceration and skin ulcer

(e.g., bedsore). Usually, ‘treatment of the wound involves first aid and

waiting untiltthe wound heals on its own, which»takes a long time. In
general, wound healing is influenced by the proliferation of cells and the
formation of new;connectlve or epithelial tissues resulting therefrom. For

wound healing,_pfomoting'or stimulating proliferaticn and dlfferentiation of
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- cells is effective.

Baldness is caused by varlous reasons, but it is known that suff1c1ent

. supply‘ of nutrients to . the hair roots from the nearby' blood vessels 1is

helpful in prevent1ng and revers1ng ha1r loss _ o

The above-described . diseases occur from -or Lare ~aggravated by
1nsuff1c1ent blood or oxygen supply because of anomalles 1n the blood vessels
due to varlous’causes, and may be 1mproved-by blood Vessel implantation or'
vascular bypass. Accordingly, the compositionvcomprising'the peptide of the
present inventionias an effeotive_ingredient may be used for angiogenesis or
preparation of blood vessels for.transplantationiso as to improve or treat

these diseases.

A pharmaceutical composition of the presentiinvention may comprise a
peptide of the present invention alone or vfurther with one or more
pharmaceutically acceptable carriers . exipients or diluents. A

pharmaceutically acceptable carrier, for example carriers for the parenteral

or oral preparations may be 1nc1uded The carriers for the parenteral

preparations may comprise lactose, starch, .cellulose derivatives, magnesium

stearate, stearic acid. In addition, the carriers for the parenteral

preparations may comprise water, oil, saline, aqueous glucose and glycol, and .
stabilizers and preservatives. The example of the ‘stabilizers may be an
antioxidant such as sodium hydrogen sulfite, sodium sulfite, and ascorbic

acid. The example of the preservatives may be benzalkonium chloride, methyl-

' or. prophyl-paraben and  chlorobutanol. The' list of pharmaceutically _

acceptable carriers ‘are disclosed in RemingtonPharmaceutlcal Sc1ences 19th
ed., Mack Publishing Company, Easton, PA,. 1995.

A pharmaceutical composition of the present ‘invention may be
admlnlstered to mammals including human beings by any routes. For example, it
may be admlnlstered parenterally or orally. For parenteral administration
but not - 11m1ted thereto, 1t may be administered parenterally, by 1ntravenous

intramuscular, . intraarterial, 1ntramarrow, subdural, intracardiac,
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intracutaneous, schutaneous ‘intraperitOneal intranasal, 'gaStrointestinal
tracts, parenteral1 sublingual or rectum “For local admlnistratlon but not'

limited.thereto,-it comprise creams 01ntments, gels»andstransdermal patchs.

A pharmaceutical"comoosition of the oresent invention may be prepared-
in the form of oral preparation or parenteral preparation according to . the

described above

In case of the formulation'for'oral adminiStration;ithe composition of
the present invention may be formulated into powders, - granules, tablets,:
pills, and sugar-coated tabletsv_capsules liquids gels; syrups, slurries;
and emulsions by using the method known in the art. For example, preparations
for oral administration may be harvested in the form of tablets or sugar-
coated tablets by mixing an effect1ve component with a solid excipient,
grinding, and adding appropriate supplemental agents, then»manufacturing a
form of granular mixture. For examples of aopropriate excipient,'-it may
comprise sugars comprising lactose, dextrose, sucrose, sorbitol, mannitol,
xylitol, erythritol and maltitOl starches comprising corn starch, wheat
starch, rice starch and potato starch celluloses comprising cellulose,_‘
methyl cellulose, ' “sodium carboxymethylcel lulose - and

hydroxypropylmethylcellulose,: and fillers -comprising gelatin and

. polyvinylpyrrolidone. And, 1if 'desired, it may comprise cross-linked

polyvinylpyrrolidone, agar, alginic acid or | sodium alginate as an

solutionizer. Further, the inventive pharmaceutical. composition may comprise

anti-coaglutinating agent , . lubricant, wetting agents, flavors, emulsifying

agents and antiseptics.

In case of the parenteral formulation for  administration, .the
composition of the present ‘invention may be formulated. into injections,

creams, lotions, ointments oils, humactants, gels, ~collyriums, airosols and

nasal inhalers by using the method known 1n the art.

Preferable sterilized injection agents may be one’ of nontox1c and
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parenterally acceptable'bsolvents or suspensions "F pharmaceutically:
acceptable carrier and vehicle, there are‘saline buffered saline 1soton1c'

saline’(for example’ 'sodium’ phosphate monobasic, sodium phosphate d1basrc

sodium chloride, potass1um chloride ca101um chlorlde and magnes1um chloride_.

or ' mixture thereof) linger solution dextrose water | sterillzed ‘water,
glycerol ethanol and mixture thereof. Preferably, as s solventror suspen51on
media, 1,3- butaendiol and sterilized fixing oil are used Fatty- ac1ds such as
oleic acid may also be used for preparing 1nJection agents

: A collyrium may be water soluble ophthalmic solution water-insoluble
ophthalmic solution or ophthalmic emulsion. A collyrium of the present
invention 1s prepared by dissolving or suspending a peptide of the present
invention into a water-soluble solvent such as sterilized water or saline or
a water-insolublebsolyent such as plant‘oil-of cottonseed oil or soybean oil.
In this case, an isotonic agent, an pH regulating agent,"a thickening agent,
a suspending-agent; an emulsifying agent, a‘preservatiye'and.similar additive
to thereof which ‘is pharmaceutically acceptable. In detail, .the isotonic
agent comprise sodium chloride, boric acid, sodium nitrate, potassium

nitrate, D-mannotol and glucose. OSpecific examples of thickening agents

; comprise -boric acid, anhydrous sodlum sulfate ~ hydrochloric -acid, citric

acid, sodium c1trate nitric acid, potass1wn acetate, sodium carbonate and
borax. Specific examples of pH regulating agents comprise methyl cellulose,
hydroxypropylmethyl cellulose, polyvinyl alcohol,  condroitin sodiun sulfate
and _polyvinylpyrrolidone.'lSpecific examples of suspending agents - comprise
polysorbate 80 and polyoxyethylene and hydrogenized castor oil. Specific
examples of emulsifying"agents COmprise yolk lecithin and polysorbate 80,
but not limited"thereto., Specific examples of preservatives comprise

benzalkonium chloride, benzethonium Chloride, chlorobutanol;‘ phenylethyl

alcohol and paraoxybenzoic acid ester but not limited thereto. The

formulations are disclosed n Remington's Pharmaceutical Science, - 15th

Edition 1975. Mack Publishing Company, Easton Pennsylvania 18042 Chapter

87: Blaug, Seymour

Preferably, the pharmaceutical compos1tion of the present 1nvention may
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comprise. 0.001~99.999 weight % and 99.999~0.0001 weight % of pharmaceutically

“acceptable carrier.

As used‘herein the ‘term amountrefers to an amount delivering the drug
to Subject in need or showing effect agalnst promotion of angiogene51s and
effect on preventing or treating angiogenes1s related diseases in a subJect
and the.refers to a mammal and, preferably,.lt_refers to mammals comprising
human and it may.be cells, organs and tissues’originated from'animals. The

subject may be a patient who needs treatment of diseases.

Total effectlve amount of a compos1tion of the present invention may be
administered to a patient with a single dose or may‘be administered with

miltiple doses by fractionated treatment protocol. The pharmaceutical

compositions of the present invention may contain -variable amount of

effective ingredient according to the disease severity. The total amount of &
peptide of the present invention 1s preferably about 0.0001 ug to 500 mg/kg
body weight/day, most preferably it may be 0.01 ug to 100mg/kg body
weight/day.'However, the dose of the peptide ma& be suitably determined by
considering various factors, such as age, body weight, health condition, sex,

disease severity, diet and excretion of a subject,invneed of treatment, as
well as administration time and'administration route. Therefore, when those

are considered, skilled person in the art may determine appropriate dose of

the composition for a .certain iuse. A pharmaceutical composition of the

present invention may not limit formulations, administration routes, and

administration methods as .long as they show the effect of the present
invention. : ‘ | ’ |
[Advantageous Effects]

' As'can be seen'from the foregoing, the present “invention provides a
novel _peptide, :a composition"for promotlng angiogenesis comprising the
pept ide as‘an active ingredient The peptide of the present invention has an
excellent effect on promotlng ang10genesrs and .a pharmaceutical composrtion

of the present 1nvent10n has superior effect of promoting anglogeneSis than
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- VEGF, and because of far lower molecular welght itdis easier penetratefinto,

blood vessels and tlssues compared to VEGF Accordrngly, a comp031t1on

: compr1srng the peptlde 1S useful for preventlng and/or treating angrogene51s—‘

related diseases and for preparrng,regeneratlon of‘skrn flap, ‘wound and burn

-healing, implantation of artificfal'skin and preparation of blood vessels for

transplantation.

(Descrlptlon of Drawings]
F1g 1 compares the effect of the peptide of the present invention on -
promotion of prollferatlon of endothellal cells (ECs) (No: negatlve control ‘
VEGF: positive control, Pep_7 to 10 peptldes of SEQ. ID N@S "1 to 4) |
~ Fig. -2 compares the effect of the peptlde of the present invention on
promotion of mrgratlon of ECs (No:, negative control VEGF: positive control,
Pep_7 to 10 : peptides of SEQ ID NOS. 1to 4); and d
Fig. 3 shows photographlc images showing that tube formation of ECs is
promoted by the peptide of the present invention (No: negative control, VEGF:

‘positive control, Pep_7 to 10 : peptides of SEQ ID NOS. 1 to 4).

[Mode for Invention] |
| Hereafter,\the present invention will be described in detail by the
examples. It 1is to be nnderstood, however, that these examples are for
illustrative purpose only and are not constructed to limit the scope of the

present invention.

<Example >

Preparation of peptide

Peptides having amino acid sequences described in Table 1 were

synthesized using an automated peptide synthesizer (Milligen 9050, Millipore,

USA) and then purely 1solated by C18 reversed—phase hlgh—performance 11qu1d"'

chromatography (HPLC) (Waters Associates, USA). ACQUITY UPLC BEH300 C18
column (2.1 X 100 mm, 1.7.1rm, Waters Co, USA) . was used.
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[Table 1]
Amino acid sequence Qf'prepared peptides |
_SEQ IDNO.- - | -~ . Peptide name ' Sequence
) ~~Pep? _ _ SEGOK
2 . Pep 8 ' - SDRGA
3 ~~ Pep9 = ’ - PKES
4 - Pep 10 _ _ NQES
<Example 2>

Effect oﬂ proliferatfon.of HUVECS_-

In order td‘ investigate the effect of the 4 peptides"prepared _in"
Example 1- on blood Vessel.formatipn human umbilical vein endothelialueells
(HUVECs) were treated with the ‘peptide of the present invention and thelr
proliferation was observed . f

HUVECs were cultured in endothelial cell basal medium-2 (EBM 2,
Clonetics Co., San Diego, USA) contalnlng 2% fetal bovine serum (FBS). The
cultured HUVECs were tnansferred to a 96-well plate, with 1000 cells per each
well. After culturing for 24 hours followed by addition of the 4 peptides of
the peptide of the present.invention to each.well, they were further cpltured
for 48 hours. The cells treated with VEGF instead of the peptide pf the

present invention and those ﬁreated with nothing were cultured under the same

condition, as positive control group and negative control group,

respectively. Upon completion of the culturing, the degree of eell
proliferation was measured using the CyQUANT kit (Invitrogen, USA) .

As seen from Table 2 and Fig. l,lthe peptides of the present invention
exhibited superior effect of promoting pfoliferation'of the,HUVECs;. Some'

peptides showed even better result than the positive control VEGF.

[Table 2]

ffect of promotfng cell prpliferation
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Peptide/control group - ‘| ' Cell proliferation (%)
NegativeICOntrol (untreated) S 100
_Positive control (VEGF) i : 166.0
Pep 7 3 - - 203.3
Pep8 209.2
Pep 9 . ‘ - 212.5 -

_Pep 10 - - - 146.5

' <Example 3>
Effect on mlgratlon of HUVECs

In order to 1nvest1gate the effect of the 4 peptldes prepared in

Example 1 on blood vessel formation, migration of HUVECs was measured.

The bottom-portion of a chamber of a 24-well plate (Corning Costar,.
USA) having a polycarbonate filter with pores therebelow was coated with 0.5
mg/mL'collagenvtype 1 (10 mL). After adding EBM-2 containing the 4 peptides

of the oeptide of'the present invention to the bottom portion_of the chamber,

5
HUVECs were inoculated at the upper portion of the. chamber with 1X10 cells

per well. After incubation at 37 C for 10 hours, the cells that had passed
through the polycarbonate fllter were fixed with methanol, stained with
hematoxylin, and counted under a m1croscope

As seen from Table 3 and Fig. 2, the peptides of the present invent ion
promoted migratiob-of the HUVECs. Some peptides showed even better result

than the positive control VEGF.

[Table 3]
Effect of promoting cell migration
Peptide/control group Cell migration (%)
Negative control (untreated) 100
P051t1ve control (VEGF) ' 146.3
‘Pep 7 . ' 155.4
Pep 8 : i 147.0
Pep 9 - ' 156.4
_Pep 10 - 173.2
<Example 4>

Effect on Dromotlon of tube formation .of HUVECs
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The effect of the peptlde of the present 1nventlon on tube formatlon of'

: HUVECs was 1nvest1gated

| HUVECs were cultured 1n EGM—Z contalnlng 2% FBS and then starved for 12
hours - 1in an’ FBS free med1um Matrigel (BD B10sc1ences - USA) "was .uniformly

applled and hardened on a 24—well plate 150 ul. per ‘each, taking cautions to

' aV01d bubbles After suspendlng the cells 1n a mlxture of the peptide of the

present 1nventlon w1th a medium contalnlng 1% FBS the cells were 1noculated

with 1><1O cells per each well_ and'1ncubated at 37 T. 18 hours later, it

was observed under a mlcroscope whether the HUVECs form tubes
As seen from F1g 3, it was confirmed that ‘the peptldes of the present

invent.ion promote the tube formation of the HUVECs.

<Example 5> -

Effect'on promotion of blood vessel formation

The ang1ogene31s—promot1ng ab111ty of the peptide of the present

- 1nvention was 1nvest1gated by in vivo Matrigel plug assay

600 uL of a mixture of each of the peptldes of the present invention

~with growth factor-reduced Matrige! (BD B1osc1ences "USA) was subcutaneously

1nJected to a 7—week—old ‘male C57BL/6 mouse. As a positive control group,
VEGF (R&D Systems, USA) known to 1nduce anglogenesis. was injected to the
mouse. After 1 week, the mouse was sacrificed and the hardened Matrigel plug
was taken‘out,_and the degree~of blood vessel formation was quantified. The
quantification waS'carried out by measuring the amount of hemoglobin using
the Drabkin's reagent kit (Slgma USA). |

As a result, 1t was conflrmed that the injection of the pept1de of the

present 1nvent10n exhlblted remarkably superlor angiogenesis as compared to

the control group.

TIndustrial Appllcab1llty1 _
The novel peptide of the present 1nventlon has an excellent effect on
promot ing anglogenesls._ The peptide of the present .1nvent10n,‘hasv superlor

effect of prOmoting.}angiogenesis ‘than VEGF, -and because of far lower
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molecular weight, it *is7eaSiér" enétraté'intO'blood vessels  and - tissues
compared to. VEGF Accordlngly, a comp051t10n comprlslng the peptlde is useful
for preventlng and/or - treatlng “angiogenesis- related dlseases and ,fof
préparlng regenerationvof sk1n flap, Wound and' burn heallng, implantation of

artificial skin and}prépafation of.bloodiVessels fof transplantation.
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[CLAINS]

[Claim 1)

An isolated peptide hav1ng an amino. acid. sequence represented by the
general formula (I) or (ID): S -
(I) [N- term1nus - Xl X2 X3 X4 X5 X6 - C- term1nus]
(II) [C- termlnus - X1 X2 X3 X4. X5 X6 - N- termlnus]
whereln
X1 does not ex1st or is 1y51ne
X2 does not exist or is alanine or glutamlne
X3_1s glycine or prollne,
s.X4 does not exist or is a basic amino acid,
X5 is a acidic amino acid, and |

X6 s serlne

[Claim 2] _
An isolated peptide for promoting angiogenesis having an amino acid
sequence represented by the general formula (III):
(111) [N-terminus - X1 X2 X5 X6- C-terminus]
wherein |
X1 is asparagine,
X2 1s glutamine,
X5 1s a acidie‘amino acid, and

X6 is serine.

[Claim 3] o
The 1solated peptide of claim 1, wherein the peptide .comprises any one
amino acid sequence selected from the group consisting of the amino acid

sequences represented by SEQ ID NOS: 1 to 4.

[Claim 4]

The isolated peptide of claim 2, wherein the peptide comprises an amino-

acid sequence represented by SEQ ID NO: 4.
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[Clalm 51
The 1solated peptlde of the claim 1- or c1a1m 2 wherein. the peptide

comprises C- termlnal amldated peptide.

[Claim 6] -
A comp051t10n for promot1ng anglogen651s comprlslng the peptide of

c1a1m 1 or clalm 2 as an effectlve component

[Claim 7] ,
The composition of claim 6, which is: fbr‘ promot ing angiogenesis
selected from the group ‘consisting of regeneration-of skin flap, wound and -
burn heallng, implantation of artificial ~skin and. preparatlon of blood

vessels for transplantation.

[Claim 8]

A pharmaceutical . composition for preventioh or treatment of
angiogenesis-related diseases selected from a group consisting (qf diabetic
retinopathy, retinopathy of prematurity, age—related. macular degeneration,
glaucoma, diabetic  foot  ulcer, pulmonary  hypertension, 1schemic
cardiomyopathy, ischemic brain disease, héart failure, acute posterior
ischemia, bedsore, chronic ulcer, baldness or hair graying, obesity-related
cardiovascular disease, and ischemia comprlslng the peptide of claim 1 or

claim 2 as an effectlve component .

[Claim 9] ,
An isolated peptide‘of claim 1 or claim 2 for use of therapeutic agents

or diagnostic agents.

[Claim 10] | |
An use of- the peptide of clalm 1 or claim 2 for preparing agents for

promoting angiogenesis.
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[Claim 11]

A method for promotrng anglogenes1s by adm1n1ster1ng an’ effectlve'

_ amount of the pept1de of clalm 1 or 2 to a subJect in need thereof.

(Cla1m 12]

An use the peptlde of clarm 1 or 2 for preparlng agents for prevent1ng*'

-or treatlng ang1ogene31s related dlseases selected from a group con51st1ng of

diabetic retinopathy, ret;nopathyb:of prematurlty, age-related macular5

degeneration, glaucoma, -diabetic foot ulcer, pulmonary hypertension, ischemic

~cardiomyopathy, “ischemic brain- disease, heart failure, acute posterior.

ischemia, bedsore, chronic ulcer, baldness or hair graying, obes1ty-related

card1ovascular d1sease and 1schem1a

[Claim 13] _ = - -

A method for preventing or treating angiogenesis-related disease
administering an effective amount of the peptide of claim 1 or 2 to a subjeet
1in need thereof, wherein the'anglogenesis—related disease i1s selected from a
group consisting of diabetic retlnqpathy, retinopathy of prematurity, age-
related macular degeneratlon, 'glaucoma, diabetic foot ulcer, pulmonary

hypertension, ischemic cardiomyopathy, ischemic brain disease, heart failure

“acute posterior ischemia, bedsore‘ chronic ulcer, baldness or hair graying,

: 0bes1ty—related cardlovascular dlsease and 1schem1a
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