US 20080015150A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2008/0015150 A1

Kim et al. 43) Pub. Date: Jan. 17, 2008
(54) PEPTIDES AND DERIVATIVES THEREOF 30) Foreign Application Priority Data
SHOWING CELL ATTACHMENT,
SPREADING AND DETACHMENT ACTIVITY May 13, 2000  (KR) .coevveveeirrieccvececiecinns 2000-25665
(76) Inventors: In-San Kim, Dongsu Town (KR); Publication Classification
Jung-Eun Kim, Scosung-ku (KR) (51) Imt. ClL
A61K 38/00 (2006.01)
Correspondence Address: (52) US. Clo oivinevenceesciececnne 514/12; 530/300
JHK LAW
P.O. BOX 1078 (57) ABSTRACT
LA CANADA, CA 91012-1078 (US) The present invention relates to peptides and derivatives
(1) Appl. No.: 11/777,245 thereof showing cell attachment, spreading and detachment
activity. Particularly, the present invention relates to the
(22) Filed: Jul. 12, 2007 peptide NKDIL and EPDIM and derivatives thereof which
promote the cell attachment activity through interaction with
a 3p 1 integrin as a functional cell receptor and include
Related U.S. Application Data aspartic acid and isoleucine essential for cell attachment and
detachment activity. The peptides and derivatives thereof in
(63) Continuation of application No. 10/276,601, filed on the present invention can be used for developing a study of
Nov. 14, 2002, now Pat. No. 7,070,956, filed as 371 cell attachment activity mediated through various extracel-
of international application No. PCT/KR00/01413, lular matrix protein containing {3 ig-h3, wound healing,
filed on Dec. 6, 2000. tissue regeneration and metastasis inhibition.
N - N 213 223 N ;
Bigh3 DI 133 ~-——GIVIVRCARLLRADEHATNGVVHLIDRVI. .. 2348
) s N
Pilgh3 D-EX 42 ~~--MUTINGEATTENEDITATNGVIHYIDELLY ., . 374
§12 : .
Bi PB~T¥ B0l ~e-=GUVAVNEEPVI EPDIL@ REVVHYITNVL. . . 832



Patent Application Publication Jan. 17,2008 Sheet 1 of 15 US 2008/0015150 A1

FIG. la
i i1 i v RGO His tag
. figh3
pigh3 D
Righ3 Dl
figh3 D

Bigh3 DAV



Patent Application Publication Jan. 17,2008 Sheet 2 of 15 US 2008/0015150 A1

¥I&. 1ib

. &
59" o9 o9
zﬁ‘?’ F & x@

200
116/87 4
§6.2

- 45

THT

s - A T e
: e L vt .
P 1 il JLTAN R
e DCEERARY RNy KA “f
B e :
S TR UTEL |
BEAL. X T
ol »
- e WL ™ A
o )

i m.. 31 5




Patent Application Publication Jan. 17,2008 Sheet 3 of 15 US 2008/0015150 A1

FIG. 2

048 e — ‘ —

}
=
o
&
1 .

foows 4

2
t_ b
=

»

Absorbance {405 nm}
o]
£




Patent Application Publication Jan. 17,2008 Sheet 4 of 15 US 2008/0015150 A1

FIG. 3

120

100 -

o
o>

o
L 4
4

]
<3

Percentage (% of controj}
L3
<3

- Giah3 Dl coated
555 pighd DYV-coated

none ol a2 ol of oaf of ov |




Patent Application Publication

BIGH3 RUMAN
BIGHY PIS
BIGH3 CRICK
BIGRS HUMAN
BIGH3_PIG
BIGH3_CHICK
OSF2_BUMAN
OSF2_MOUSE
EIGH3 BUMAY
BIGR3 PIC
BLGH3 _CHICK
2LL173% homeloyg
SLE1735
SLL1483

SEE MOUSE

Iips Fasciolin

2
3

¢ Fasceiglin

CUNBeNEUS

Jan. 17,2008 Sheet 5 of 15

211
211
201
345
348
33¢
34¢
qe
§08
sad
EOD
108
148
152
604
&06
543
341
BZS
196

FIG. 4

Ha

RN LA IR (R LR D

PUNCARLLEADHHARTHRGVVELIDRVI . . .
PYNCARLLEADHAATNGUUHLIDRYL ., ..
TYNCARLIKADH SATNGVVEVIDRY . . .
IHGKALLSNKSTLATHGVIRYIDELLE . .«
INGERLT SNKINLAPNOVIRFPI DELLY , .
LMNGRALIANKDILATNGVVEFVNELLI . .
YNGIRMVNEKDIVINNGVIELI DOV . .
NG VN DIVTKNGY LI DEVLY, .
FHKE PYAE~ POIMATNGVVREVITNVL, . .
VMEE PYAE-ADTHATNGYVETINTYL, | .

VHNREPVAR-SDIMATNGVIHAVESYL, . .

VENNTVLA~ADRIRADNGT LHVI DNVILMG
VERATVI I~ PRIEADNGI IRVIDNVILMG
VHKATVIB-ADVDASNGVIRVIDOVIL, .
VNELESRE~SDIMTINGVIEVWRKLE. ..
VRELXSHE-SPIMTTNGVIRVVIKLL, » .
IHNLART IDADIVMGTNGVLEVIDTIL, . .
~BRASRVILBDIPTINGY IVESRVEL. .
EITENAGVTRCOVVATHNGILEEINDIIV.,
TANGARVVEALRRAGOGLINVVIEYVI. (.

VRNBARVYEADIHATNGVIRVIOKVL ING

US 2008/0015150 A1



Patent Application Publication Jan. 17,2008 Sheet 6 of 15 US 2008/0015150 A1

FIG. ba

i i i} ¥  RGD His'tag
fighs D1y

Bigh3 DV-sDi
figh3 D-V-Ral:
Bighd DAV-PDhs

Pigh3 D-WV.sag .




Patent Application Publication Jan. 17,2008 Sheet 7 of 15 US 2008/0015150 A1

1 ﬁﬁfﬁ%ﬂg T
L

.Pal sDl PDs sas

T e o

H

N

.

N 3
H
.
H

e e e e e




Patent Application Publication Jan. 17,2008 Sheet 8 of 15 US 2008/0015150 A1

FIG. 6

812

0.10 - - 3 3
--‘{}.;{}8_?-*4-"

0.08 - I T

0.04 A

0.02 | T

rw-mv-s Y
b
4

Absorbance (405 nmy)

Y i At

BSA D4V sDl Pal PDs sas

T



Patent Application Publication Jan. 17,2008 Sheet 9 of 15 US 2008/0015150 A1

Fig. 7

. _ ) 219 g2 ) i
Bigh3 D~T 133 - -—GIVIUNCARLLEADEHATNGVVHLIIRVT 238
. R ... .

Bigh3 D~IY 242 ~---MLTINCGKATISNEKDIIATNGVIHYIDELLE.. 372
- 818  §19 -~ o . A

=== GYVSVNKE PVAERPDIMATNGY SVHYITNVL. .. 632

gl
]
Lok
o
b
et
el
[#13
o
biace

Control DEMPT



Patent Application Publication Jan. 17,2008 Sheet 10 of 15 US 2008/0015150 A1

FIG. 8a

0,48 ~
0.14 -
012 )

810 4
.08

8.08 -

5.04 -

Absorbance {408 nm}




Patent Application Publication Jan. 17,2008 Sheet 11 of 15 US 2008/0015150 A1

FIG. 8b

0.18 . , e —

R

0.0 §
088 4

0.04 4

Absorbance (405 nm)

E«G:’l\ 3

1 N
ool A S
| N A
£2.00 7




Patent Application Publication Jan. 17,2008 Sheet 12 of 15 US 2008/0015150 A1

FIG. %a

618

086 -

S aass!

0.04 -

2 4]

—ae QERPE
e DM
- NKOH.
i ERIHM

G2 4

Absorbance {405 nm)

R i B e R T ( s et
0 20 40 84 8 400 130

Coated peptide {uM}



Patent Application Publication Jan. 17,2008 Sheet 13 of 15 US 2008/0015150 A1

FIG. %b

! 1w EPDING coated
I 1§ U3 NEDIL- aoated |
i e s aeened

B

Percentage (% of control)

i ¥
S | BN N
H 3 i
R 4 ol ; o o
B S IREEE SN
T 3 H RS S
15 R
B HE 3
E kB E N
[ ; i 5
. R %
U ¢

fna-n.é ol o2 ud aﬁi af b o
Integrin {5 pgfmb)



Patent Application Publication Jan. 17,2008 Sheet 14 of 15 US 2008/0015150 A1

FIG. 10a

$
S

boce ]
ray

£
o

Percentage (% of control)

Find
o
o ) &

o ‘:‘ o
figh3




Patent Application Publication Jan. 17,2008 Sheet 15 of 15 US 2008/0015150 A1

FIG. 10b

— Highivr-coated
e PN goated
g | K~ g0 ated

= &
=
m|
] .1

.04

Absorbance {405 nm)

0.02

0.4 Hes : .

Detnain {V paptide {l)



US 2008/0015150 Al

PEPTIDES AND DERIVATIVES THEREOF
SHOWING CELL ATTACHMENT, SPREADING
AND DETACHMENT ACTIVITY

CONTINUING DATA

[0001] The present application is a continuation applica-
tion of U.S. patent application Ser. No. 10/276,601, filed
Nov. 14, 2002, which is a U.S. national phase application
under 35 U.S.C. §371, of PCT/KR00/01413, filed Dec. 6,
2000.

FIELD OF THE INVENTION

[0002] The present invention relates to peptides and
derivatives thereof showing cell attachment, spreading and
detachment activity. Particularly, the present invention
relates to the peptide NKDIL and EPDIM and derivatives
thereof which promote the cell attachment activity through
interaction with a3f81 integrin as a functional cell receptor
and include aspartic acid and isoleucine essential for cell
attachment and detachment activity.

BACKGROUND OF THE INVENTION

[0003] Ppig-h3 is an extracellular matrix protein whose
expression is induced in various cell lines, including human
melanoma cells, mammary ephithelial cells, keratinocytes,
and lung fibroblasts, following signaling by active TGF-f.
The Pig-h3 gene was first isolated by differential hybridiza-
tion screening of a cDNA library made from a human lung
adenocarcima cell line that had been treated with TGF-f.
Pig-h3 gene encodes a 683-amino acid protein that is highly
conserved between species. It contains an N-terminal secre-
tory signal peptide and an Arg-Gly-Asp (RGD) motif at the
C-terminus. The RGD motif, which modulates cell adhe-
sion, is found in many extracellular matrix proteins and
serves as a ligand recognition sequence for several integrins.

[0004] Because the expression of fig-h3 gene is increased
by TGF-f in various cell lines and the gene is induced in
various cell lines whose proliferation rate is controlled by
TGF-f, pig-h3 is believed to be involved in mediating some
of the signaling pathways of TGF-f. In contrast, pig-h3
expression is reported to be reduced in the fibroblasts
cultured from the skin lesions afflicted with localized hyper-
ostosis of melorheostosis, some tumor cells, and dexam-
ethasone-treated stem cells. Accordingly, pig-h3 plays an
important role in the morphogenesis and interactions with
cells and other extracellular matrix proteins in various
tissues.

[0005] Additionally, Big-h3 is known to mediate cell
attachment and detachment, serving as a cell adhesion
molecule. Purified pig-h3 protein is found to promote the
attachment and spreading of skin fibroblasts while inhibiting
the adhesion of A549, HelLa and Wi-38 cells in serum-free
media. Particularly, fig-h3 is known to have inhibitory
activity against tumor cell growth, and colony formation. In
fact, it was reported that fig-h3 remarkably suppressed the
growth of CHO (Chinese hamster ovary) cells in nude mice.
Furthermore, a wound healing method was developed on the
basis of the finding that application of a pharmaceutically
effective amount of Pig-h3 to wounds makes cells, espe-
cially fibroblasts, spread over and adhere to the wounded
site. Consequently, fig-h3, a cell adhesion molecule induced
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by TGF-p in various cell lines, plays a very important roles
in cell growth, cell differentiation, wound healing, morpho-
genesis and cell adhesion.

[0006] pig-h3 contains four 140 amino acid repeats with
internal homology. The internally repeated domains have
highly conserved sequences found in secretory proteins or
membrane proteins of various species, including mammals,
insects, sea urchin, plants, yeast and bacteria. Proteins such
as periostin, fasciclin I, sea urchin HL.C-2, algal-CAM and
mycobacterium MPB70 are examples containing the con-
served sequences. The homology domain conserved in these
proteins (hereinafter referred to as “fas-1") consists of about
110 to 140 amino acids with two highly conserved branches
of H1 and H2 which have about 10 amino acids each. Four
fas-1 domains are found in Pig-h3, periostin, and fasciclin I,
two fas-1 domains in HL.C-2, and only one fas-1 domain in
MPB70. Although the functions of the proteins are not
elucidated clearly, some of them are known to act as cell
adhesion molecules. For instance, fig-h3, periostin, and
fasciclin 1 are reported to mediate the adhesion of fibro-
blasts, osteoblasts, and nerve cells, respectively. Also, it is
disclosed that the algal-CAM is a cell adhesion molecule
present in embryos of algae Volvox.

[0007] The cell attachment activity of fig-h3 was found
first in human dermal fibroblasts and then in chondrocytes,
peritoneal fibroblasts and human MRCS fibroblast. At first,
it was believed that the cell attachment activity of Pig-h3
would be mediated by the C-terminal RGD motif. However,
some research results revealed that the RGD motif is not
necessary for promoting the spread of chondrocytes and that
the mature soluble fig-h3 whose RGD motif is deleted by
carboxyl-terminus processing is able to inhibit cell adhesion,
leading to the conclusion that the RGD motif of Pig-h3 is
dispensable for mediating the cell attachment activity of
Pig-h3. In addition, it has been recently reported that fig-h3
promotes the spread of fibroblasts via integrin a1 1 whereas
the RGD motif of Pig-h3 is not necessary for Pig-h3-
mediated cell spreading. Further, the conserved peptides H1
and H2 of Big-h3 do not inhibit Pig-h3-mediated cell adhe-
sion, so that the conserved peptides are not effective for
Pig-h3-mediated cell attachment. These results, taken
together, indicate that amino acids indispensable for the cell
attachment activity of fig-h3 exist in regions other than H1
and H2. A computer analysis of the homology among fas-1
domains of other proteins as well as between repeated fas-1
domains of pig-h3 discloses the existence of several highly
conserved amino acid sequences in addition to H1 and H2
peptides, suggesting the possibility of the involvement of the
conserved amino acid sequences in the cell attachment
activity.

SUMMARY OF THE INVENTION

[0008] Leading to the present invention, the intensive and
thorough research on conserved motifs responsible for the
cell attachment and detachment activity, conducted by the
present inventors, resulted in the finding that aspartic acid
and isoleucine at positions near the H2 region within each of
the 2" and 4" fas-1 domains of Pig-h3 are very highly
conserved and are identified as a functionally essential unit
for mediating cell adhesion through o381 integrin.

[0009] Therefore, it is an object of the present invention to
provide peptides and their derivatives, which contain con-
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served amino acid sequences essential for cell attachment,
spreading and detachment activity.

[0010] Tt is another object of the present invention to
provide a pharmaceutical compositions for use in wound
healing, tissue regeneration and cancer metastasis resis-
tance.

[0011] In accordance with one embodiment of the present
invention, there is provided a peptide having cell attach-
ment, spreading and detachment activity, comprising an
amino acid sequence represented by the following one-letter
symbols: XXDIX wherein X is any of the twenty common
amino acids, D stands for aspartic acid, and I stands for
isoleucine, and derivatives thereof.

[0012] In accordance with another aspect of the present
invention, there is provided a pharmaceutical composition,
comprising the above peptide or its derivative as a pharma-
ceutically active ingredient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1a is a schematic diagram showing recombi-
nant proteins derived from fas-1 domains of pig-h3.

[0014] FIG. 15 is a photograph showing SDS-PAGE
results of the recombinant proteins derived from fas-1
domains of pig-h3.

[0015] FIG. 2 is a histogram showing cell attachment
activity of the recombinant proteins derived from fas-1
domains of pig-h3.

[0016] FIG. 3 is a histogram showing the inhibitory activ-
ity of anti-integrin antibody against the cell attachment
activity of the recombinant proteins derived from fas-1
domains of pig-h3.

[0017] FIG. 4 shows amino acid sequences of various
matrix proteins containing fas-1 domains.

[0018] FIG. 5a is a schematic diagram showing substitu-
tion mutants derived form the 4™ fas-1 domain of Pig-h3.

[0019] FIG. 55 is a photograph showing 15% polyacryla-
mide gel electrophoresis results of substitution mutants
derived from the 4™ fas-1 domain of Big-h3.

[0020] FIG. 6 is a histogram showing the cell attachment
activity of substitution mutants derived from the 4™ fas-1
domain of Pig-h3.

[0021] FIG. 7 shows amino acid sequences of the syn-
thetic peptides of the present invention.

[0022] FIG. 8a is a histogram showing the inhibitory
activity of the synthetic peptides against HCE cell adhesion.

[0023] FIG. 854 is a histogram showing inhibition of HCE
cell adhesion to fig-h3 D-II or fig-h3 D-IV proteins by the
synthetic Pig-h3 peptides.

[0024] FIG. 9a is a curve showing HCE cell attachment
activity according to the synthetic peptides of the present
invention.

[0025] FIG. 95 is a histogram showing the inhibition of
anti-integrin antibodies against HCE cell adhesion to the
synthetic peptides EPDIM and NKDIL.
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[0026] FIG. 10a is a histogram showing effects of the
synthetic peptides of the present invention on HCE cell
adhesion to several extracellular matrix proteins.

[0027] FIG. 105 is a curve showing dose-dependent inhi-
bition of HCE cell adhesion surfaced coated with extracel-
Iular matrix proteins in the presence of various concentra-
tions of EPDIM.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] In the present invention, the amino acid sequence
of Pig-h3, known to mediate cell attachment activity, is
utilized to prepare peptides comprising conserved sequences
essential to cell attachment and spreading activity, based on
the finding that not only fig-h3 comprising 4 fas-1 domains,
but also either the 2°! domain or the 4™ domain alone can
mediate the cell attachment activity.

[0029] In more detail, four different truncated DNA frag-
ments of the fig-h3 gene, that is, fig-h3 D-I, fig-h3 D-II,
Pig-h3 D-III, and Big-h3 D-IV, which encode 1 to 4"
internal repeat domains, respectively, were synthesized as
shown in FIG. 1a. A quantitative measurement which shows
the cell attachment and spreading activity of the resulting
four recombinant proteins demonstrates that only either the
274 or 4™ domain of the four fas-1 domains can mediate the
cell attachment and spreading activity of fig-h3, as shown
in FIG. 2, indicating the existence of amino acids essential
to the mediation of the cell attachment and spreading in the
two domains. In contrast, the 1% domain of Big-h3 shows
intermediate cell attachment and spreading activity while no
cell attachment activity is found in the 3 domain.

[0030] Also, in accordance with the present invention,
a3p1 integrin is identified as the functional receptor for the
274 and 4™ domains of Pig-h3.

[0031] Using the truncated proteins comprising the 279
and 4" domains of Big-h3, each of which shows cell attach-
ment, spreading and detachment activity, the present inven-
tors examined the receptors of Big-h3. The 2°¢ or 4™ fas-1
domain-mediated cell attachment activity was almost com-
pletely suppressed by antibodies against o3 and 1 integrin
subunits, as shown in FIG. 3. These results mean that both
of the 2 and 4™ fas-1 domain bind to the functional
receptor a3p1 integrin to mediate the cell attachment activ-
ity, and have amino acids essential to mediate cell adhesion
activity.

[0032] The present invention also provides peptides which
comprise the characteristic conserved amino acid sequence
Asp-Ile essential to the cell attachment, spreading and
detachment activity of fig-h3 and thus showing the same
activity as that of the 2°¢ and 4™ domains.

[0033] To find out amino acid sequence responsible for
cell adhesion in the 2" and 4™ fas-1 domains of Pig-h3,
which shows cell attachment, spreading and detachment
activity independently, amino acid sequence alignment was
done not only among the internally repeated fas-1 domains
of Pig-h3, but also among other proteins containing fas-1
domains. After that, the present inventors found out that two
amino acids, aspartic acid and isoleucine, near the H2 region
are highly conserved between various proteins, as shown in
FIG. 4.
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[0034] Next, the indispensability of the amino acid
sequence aspartic acid and isoleucine to the cell attachment
activity remains to be confirmed. In this regard, the trun-
cated protein containing the 4™ fas-1 domain of Pig-h3 was
mutated by the substitution of proline, aspartic acid and
isoleucine with serine, alanine and serine, respectively, as
shown in FIG. 5a. Almost complete suppression of the 4™
fas-1 domain-mediated cell attachment activity was
observed in the mutant proteins in which aspartic acid and
isoleucine were substituted, confirming that the amino acid
sequence aspartic acid and isoleucine is very important in
mediating the cell attachment activity of fig-h3.

[0035] In addition, aspartic acid and isoleucine are both
conserved in the 2°¢ and 4™ fas-1 domains of Pig-h3, which
are of high cell attachment activity, while only aspartic acid
is conserved in the 1% fas-1 domain 1, which shows inter-
mediate cell attachment activity. As for the 3™ fas-1 domain
which shows no cell attachment activity, it has neither of the
two amino acids. Those facts are further evidence showing
that aspartic acid and isoleucine are indispensable to mediate
cell attachment and spreading activity.

[0036] With the confirmation of the indispensability of
aspartic acid and isoleucine for cell attachment activity,
three peptides containing the two amino acids were synthe-
sized from fas-1 domains I, IT and IV of pig-h3, respectively.
These peptides have the conserved sequences of the fas-1
domains I, II and IV of Pig-h3. That is, the peptides are
designed to have KADHH (a.a. 219-223) of SEQ ID NO:1,
NKDIL (a.a. 354-358) of SEQ ID NO:2, and EPDIM (a.a.
615-619) of SEQ ID NO:3, as shown in FIG. 7.

[0037] As a matter of course, these synthetic peptides
derived from the fas-1 domains of fig-h3 were examined for
cell attachment and detachment activity. The 2" fas-1
domain-derived synthetic peptide NKDIL and the 4™ fas-1
domain-derived synthetic peptide EPDIM were measured to
show very excellent cell detachment effect with significant
suppression of the cell attachment activity, as seen in FIG.
8a. On the other hand, relatively very low cell detachment
effects were observed in the 1** fas-1 domain-derived syn-
thetic peptide KADHH owing to its weak suppression of cell
adhesion, and also the control peptide DEMPI failed to
show, owing to its deficiency in cell adhesion activity. The
suppression effects against the cell attachment activity
obtained when using the 2°¢ and 4™ fas-1 domains as
substrates were almost the same as those obtained when
using Pig-h3 as a substrate, as shown in FIG. 85.

[0038] As shown in FIG. 9a, the synthetic peptides
NKDIL and EPDIM are capable of mediating cell adhesion
in dose-dependent manners. Moreover, the 331 integrin,
known as a surface receptor of fig-h3, was revealed to act
as a receptor in the synthetic peptides EPDIM and NKDIL.-
mediated cell adhesion, as seen in FIG. 9b. For these
reasons, NKDIL and EPDIM appeared to specifically com-
pete with a3 1-interacting molecules, as shown in FIG. 10a.

[0039] In the present invention, as described above, there
are provided the peptides, NKDIL, and EPDIM, which
contain aspartic acid and isoleucine essential to the cell
attachment and detachment activity, and are sufficient to
induce cell adhesion through a3p1 integrin, which is the
functional receptor for Pig-h3. These peptide sequences are
derived from the conserved sequence of the fas-1 domains II
and IV, which independently induces cell adhesion. The
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peptides of the present invention can be used usefully for
studying the cell attachment activity mediated through vari-
ous extracellular matrix proteins, including Pig-h3, and
developing cell attachment, spreading and detachment-pro-
moting peptides.

[0040] In accordance with a further aspect of the present
invention, there are provided pharmaceutical compositions
comprising the peptides showing cell attachment and
detachment activity or their derivatives as effective ingre-
dients conferring wound healing and tissue regeneration
ability and resistance to cancer metastasis.

[0041] Administrable via oral or parenteral routes, the
peptides or their derivatives may be used with ordinary
medicine forms. That is, the peptides or their derivatives can
be formulated into various dosage forms for parenteral
administration. For formulation, pharmaceutically accept-
able diluents, expedients and/or carriers may be used,
including fillers, thickeners, binders, wetting agents, disin-
tegrants, surfactants, etc. Dosage forms for parenteral
administration include sterile aqueous solutions, non-aque-
ous solvents, suspensions, emulsions, freeze-dried agents,
suppositories, etc. For formulation of non-aqueous solvents
and suspensions, vegetable oils, such as propylene glycol
and polyethylene glycol, or injectable esters such as ethyl
oleate, may be used. As bases for suppositories, Witepsol,
macrogol, Tween 61, cocoa butter, laurinic acid, and glyc-
erogelatine are useful.

[0042] In addition, the peptides and their derivatives may
be used in combination with pharmaceutically acceptable
carriers such as biologically active saline or organic sol-
vents. Also, carbohydrates such as glucose, sucrose, and
dextran, antioxidants such as ascorbic acid and glutathion,
chelating agents, low molecular weight proteins, or other
stabilizers may be employed to increase the stability or
absorption of the peptides.

[0043] The total effective amount of the peptides may be
administered as a dosage form of a bolus or may be
administered by infusion in a single dose when a relatively
short period of administration is desired. Alternatively, the
administration of the peptides may follow a multiple-dose
manner according to a fractionated treatment protocol.
Depending on the ages, body conditions and body weights
of'the patients as well as administration routes and treatment
number, the pharmaceutically effective dosage of the pep-
tides of the present invention may be varied, and can be
easily determined by those skilled in the art.

[0044] Because the pharmaceutical compositions com-
prising the peptides or their derivatives as therapeutically
effective ingredients are administered parenterally, they
were not tested for toxicity.

EXAMPLES

[0045] A better understanding of the present invention
may be obtained in light of the following examples which
are set forth to illustrate, but are not to be construed to limit
the present invention.

Example 1

Generation of Recombinant pig-h3 Fas-1 Domain
Proteins and Assay for Cell Attachment Activity

[0046] To find the amino acids essential to the cell adhe-
sion of Pig-h3, the ability of each of the four repeat fas-1
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domains to mediate the cell adhesion of Pig-h3 was exam-
ined. To this end, four recombinant proteins that contained
the four repeat fas-1 domains respectively were generated
for cell attachment activity assay.

1-1: Production of Recombinant Pig-h3 fas-1 Proteins
Encoding FEach of Four Repeat Domains

[0047] Four DNA fragments encoding the 1** to 4%
domains corresponding to the bases 133 to 236, 242 to 372,
373 to 501, and 502 to 632 of the pfig-h3 gene, respectively,
were generated by PCR and cloned into pET-298 (Novagen)
to construct expression vectors for fas-1 domains, named
pig-h3 D-1, Big-h3 D-II, pig-h3 D-III, and pig-h3 D-1V, as
shown in FIG. 1a. 6 tandem repeated histidine residues were
provided to the C-termini of the DNA fragments to make a
His-tag, which is useful for the purification of the expressed
proteins by use of Ni-NTA resin (Quiagen). E. coli strain
BS21(DE3) was transformed with each of the recombinant
expression vectors and cultured in LB media containing 50
pg/ml kanamycin. The recombinant Big-h3 proteins were
induced by culturing the transformants in the presence of 1
mM IPTG, followed by centrifugation. The pellet was
suspended in a lysis buffer consisting of 50 mM Tris-HC1
(pH 8.0), 100 mM EDTA, 1% Triton X-100, 1 mM PMSF
and 0.5 mM DTT and then sonicated to lyse the cells. After
five repetitions of the procedure, centrifugation was con-
ducted to separate a supernatant from which the proteins of
interest were purified through a column filled with Ni-NTA
resin.

[0048] On SDS-PAGE, the recombinant protein (ig-h3
D-I was detected at 14.4 Kda, while all of the recombinant
proteins Pig-h3 D-II, fig-h3 D-III, and Pig-h3 D-IV were
detected at 21.5 KDa, as shown in FIG. 15.

1-2: Assay for the Cell Attachment Activity of Recombinant
Pig-h3 fas-1 Domain Proteins

[0049] The recombinant Big-h3 fas-1 domain proteins
prepared above were assayed for cell attachment activity.
First, the recombinant pig-h3 proteins were let to adhere to
the bottoms of 96-well microculture plates (Falcon) by
incubation at 37° C. for 1 hour and blocked with PBS
containing 0.2% BSA. HCE cells were suspended in culture
media at a density of 2x10° cells/ml. 0.1 ml of the cell
suspension was added to each well of the plates coated with
the recombinant proteins. Following incubation at 37° C. for
1 hour, unattached cells were removed by washing with
PBS. Attached cells were incubated for 1 hour at 37° C. in
50 mM citrate buffer, pH 5.0, containing 3.75 mM p-nitro-
phenol-N-acetyl 1-p-D-glycosaminide as a hexosaminidase
substrate and 0.25% Triton X-100, followed by the addition
of 50 mM glycine buffer, pH 10.4, containing 5 mM EDTA
to block the enzyme activity. A measurement was made of
absorbance at 405 nm in a Multiskan MCC/340 microplate
reader. Absorbance results are shown in FIG. 2.

[0050] As seen in the histogram of FIG. 2, HCE cells
showed cell attachment and spreading activity comparable
to the activity of wild type Pig-h3 (figh3-WT) in both plates
coated with the recombinant 2°¢ fas-1 domain protein
(Pigh3-D-II) and recombinant 4™ fas-1 domain protein (B
igh3-D-1V) while exhibiting weak activity in the plate
coated with the recombinant 1% fas-1 domain protein (8
igh3-D-I). On the other hand, almost no activity was
detected in the plate coated with the recombinant fas-1
domain III protein (p igh3-D-III).
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[0051] Either the 2™ or 4™ fas-1 domain is sufficient to
mediate cell adhesion and spreading, indicating that amino
acids essential to cell adhesion and spreading are present in
each of the two domains.

1-3: Identification of Receptors for fig-h3 fas-1 Domain
Proteins

[0052] Using the recombinant Big-h3 2°¢ and 4™ domain
proteins, each showing cell attachment and spreading activ-
ity, pig-h3 receptors were examined. In this regard, effects of
function-blocking monoclonal antibodies against various
integrin subunits on the adhesion of HCE cells to a surface
coated with Pig-h3 were examined.

[0053] In detail, HCE was preincubated in an incubation
solution (3x10° cells/ml) in the presence of each of the
monoclonal antibodies (5 pg/ml) against different types of
integrins at 37° C. for 30 min. The preincubated cells were
transferred onto plates precoated with fig-h3 proteins and
then incubated further at 37° C. for 1 hour, followed by the
quantitative analysis with hexosaminidase substrate as
described in Example 1-2. The quantitative results are given
in FIG. 3, in which the values are expressed as percentages
of'the number of cells adhering in the absence of monoclonal
antibodies.

[0054] As seen in FIG. 3, the 2™ or 4™ fas-1 domain-
mediated cell adhesion was almost completely inhibited by
both antibodies against 3 and 1 integrin subunits. These
results indicate that both the 2°¢ and 4™ fas-1 domains are
associated with 31 integrin to mediate the cell attachment
activity and have amino acids essential to the mediation.

Example 2

Amino Acids, Aspartic Acid and Isoleucine,
Essential to the Cell Attachment and Spreading
Activity of pig-h3

2-1: Amino Acid Sequence Alignment of Various Proteins
Containing fas-1 Domains

[0055] To identify amino acids responsible for cell adhe-
sion from 2°¢ and 4'® fas-1 domains of Big-h3, each having
cell attachment and spreading activity, not only the internal
repeat fas-1 domains of Pig-h3, but also other proteins
containing fas-1 domains were subjected to amino acid
sequence alignment. As a result, two amino acids, that is,
aspartic acid and isoleucine were found to be highly con-
served at the site near the H2 region of each fas-1 domain
among various substrate proteins, as shown in FIG. 4. On the
whole, both aspartic acid and isoleucine are conserved in
various fas-1 domains, including the 2°? and 4% fas-1
domains of Pig-h3, while only aspartic acid is conserved in
the 1°° fas-1 domain. As for the 3™ fas-1 domain, it has
neither of the two amino acids.

2-2: Generation of Recombinant Proteins Containing Sub-
stitution Mutants of the 4™ fas-1 Domain of fig-h3

[0056] In order to examine the essentiality of aspartic acid
and isoleucine to the cell adhesion activity of Pig-h3,
mutants of the recombinant protein Pig-h3 D-IV derived
from the 4™ domain of Pig-h3 were generated in which
serine, alanine, and serine were substituted for proline at
position 616, aspartic acid at position 617, and isoleucine at
position 618, respectively. The resulting mutated recombi-
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nant proteins were designated figh3 D-IV-sDI, pigh3 D-IV-
Pal, Pigh3 D-IV-PDs, and Pigh3 D-IV-sas (FIG. 5a). On
SDS-PAGE, all of the mutated recombinant proteins were
detected at the same position as that of pfigh3 D-IV (FIG.
5b).

2-3: Assay for Cell Attachment Activity of Recombinant
Proteins Containing Substitution Mutants of the 4™ fas-1
Domain of fig-h3

[0057] Examination was made of the cell attachment
activity of the mutated proteins wherein the Pro616, Asp617
and [1e618 of Pigh3 D-IV were substituted, in combination,
with Ser, Ala and Ser, respectively, that is, figh3 D-IV-sDI,
pigh3 D-IV-Pal, pigh3 D-IV-PDs, and figh3 D-IV-sas. To
this end, HCE cells were incubated at 37° C. for 1 hour in
well plates coated with the mutant proteins, followed by
subjecting the attached cells to the hexosaminidase substrate
as in Example 1-2. The results are given in FIG. 6.

[0058] As seen in FIG. 6, the mutant protein having Ala
instead of Asp617, named D617A (Bigh3 D-IV-Pal) and the
mutant protein having Ser instead of Ile618, named 1618S
(Pigh3 D-IV-PDs) significantly blocked cell adhesion
whereas the mutant protein having Ser instead of Pro616,
named P616S (Pigh3 D-IV-sDI) was found to show cell
attachment activity comparable to that of the wild type
control. As for the mutant protein in which the three amino
acids were mutated, named P616S/D617A/1618S (Pigh3
DIV-sas), its cell attachment activity was also far lower than
the control.

[0059] The loss of the 1** fas-1 domain-mediated cell
attachment activity in the 1°° fas-1 domain mutated at
Asp617 or Ile618 indicates that the aspartic acid at position
617 and isoleucine at position 618 are very important to
mediate cell attachment activity of Pig-h3.

[0060] These results agree with those of Example 1.
Reviewing the results of Example 1, the aspartic acid and
isoleucine, which are identified to be essential to mediate
cell attachment activity, are conserved in both the 2°¢ and 4™
fas-1 domains showing cell attachment activity, while only
the aspartic acid is conserved in the 1** fas-1 domain, which
shows weak cell attachment activity. On the other hand, the
3™ domain with no cell attachment activity has neither of the
two amino acids. Consequently, the results taken together
demonstrate that Asp617 and Ile618 are very important to
mediate cell attachment and spreading activity of pig-h3.

Example 3

Pig-h3-Mediated Synthetic Peptides with Cell
Attachment, Spreading and Detachment Activity

[0061] With the confirmation of the indispensability of
aspartic acid and isoleucine for the cell attachment activity,
peptides containing the two amino acids were synthesized
and assayed for cell attachment and detachment activity.

3-1: Synthesis of fig-h3 fas-1 Domain-Derived Proteins

[0062] Peptides derived from the 1%, 2*¢ and 4™ fas-1
domains of fig-h3 and a control peptide were synthesized
with the aid of an automated multiple peptide synthesizer
(PE/ABD 433) by standard solid phase procedures and they
were isolated and purified by reverse phase high perfor-
mance liquid chromatography. The synthesized peptides
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were designed to have KADHH (a.a 219-223) of SEQ ID
NO:1, NKDIL (a.a. 354-358) of SEQ ID NO:2, and EPDIM
(a.a. 615-619) of SEQ ID NO:3, corresponding to conserved
sequences of the 1%, 2" and 4" fas-1 domains of Pig-h3,
respectively, and the control peptide DEMPI had the same
amino acid composition as the peptide EPDIM, but was
changed in its amino acid sequence, as shown in FIG. 7.

3-2: Assay for Cell Attachment and Detachment Activity of
Synthetic Peptides

[0063] Effect of the peptides containing conserved
sequences of fas-1 domains of Pig-h3 on Pig-h3-mediated
cell adhesion was examined with HCE cells. Cells were
preincubated for 30 min in media containing 100 pM of each
of the four synthetic peptides or no peptides and transferred
to plastic culture dishes coated with 10 pg/ml BSA or 10
ng/ml Pig-h3. The attached cells were subjected to quanti-
tative hexosaminidase analysis as in Example 1-2. The
results are given in FIG. 8a.

[0064] As shown in FIG. 8a, the synthetic peptides
NKDIL and EPDIM, each containing both of the conversed
aspartic acid-isoleucine residues, significantly blocked the
HCE cell adhesion to pig-h3, showing excellent cell detach-
ment activity, while the synthetic peptide KADHH contain-
ing only the conserved aspartic acid weakly inhibited the
cell adhesion. On the other hand, the control peptide DEMPI
containing neither of the conversed amino acid residues did
not affect cell adhesion and thus had low cell detachment
activity.

[0065] The HCE cell adhesion to the recombinant proteins
pigh3 D-II and Pigh3 D-IV was also examined in the
presence or absence of the synthetic peptides. To this end,
HCE cells were preincubated for 30 min in media containing
100 uM of each of the four synthetic peptides or no peptides
and then transferred to plastic culture dishes coated with 10
pg/ml Pigh3 D-II or D-IV. Following incubation, the
attached cells were quantitatively analyzed with hex-
osaminidase as in Example 1-2. The results are shown in
FIG. 8b.

[0066] As seeninFIG. 85, blocking effects of the synthetic
peptides obtained when the 2™ and 4 fas-1 domains were
used as substrates were similar to those obtained when
Pig-h3 was used as a substrate.

3-3: Cell Adhesion of HCE Cells to Surfaces Coated with
Synthetic Peptides

[0067] An experiment was carried out to determine
whether each of the synthetic peptides is able to mediate cell
adhesion. Well plates were coated with each peptide at
concentrations of 0, 20, 40, 60, 80, 100 and 120 pM and then
incubated with HCE cells at 37° C. for 1 hour. The attached
cells were quantitatively analyzed with hexosaminidase as in
Example 1-2. The results are shown in FIG. 9a.

[0068] The synthetic peptides NKDIL and EPDIM, each
containing both aspartic acid and isoleucine, were found to
mediate cell adhesion in dose-dependent manners. The syn-
thetic peptide KADHH was also capable of mediating cell
adhesion in a dose-dependent manner, but was low in
activity compared to NKDIL and EPDIM. As expected, the
control peptide having neither of the two amino acids was
not active in cell adhesion.
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3-4: Identification of Receptors for Mediating Cell Attach-
ment, Spreading and Detachment Activity of Synthetic
Peptides

[0069] Function-blocking experiments using monoclonal
antibodies against various integrin subunits were carried out
to examine whether a3p1 integrin, known as a surface
receptor of Pig-h3, would be involved in the cell adhesion
mediated by the synthetic peptides EPDIM and NKDIL.
HCE was preincubated at 37° C. for 30 min in the presence
of each of the monoclonal antibodies (5 pg/ml) against
different types of integrins. The preincubated cells were
transferred onto plates precoated with 100 uM EPDIM or
100 uM NKDIL and then incubated further at 37° C. for 1
hour, followed by the quantitative analysis with hexosamini-
dase substrate as in Example 1-2. The quantitative results are
given in FIG. 95.

[0070] As seen in FIG. 3, the 2™ or 4" fas-1 domain-
mediated cell adhesion was almost completely inhibited by
both antibodies against 3 and 1 integrin subunits. These
results indicate that both the 2°¢ and 4™ fas-1 domains are
associated with a3p1 integrin to mediate cell adhesion.

3-5: Effect of Synthetic Peptides on Cell Adhesion to Vari-
ous Extracellular Matrix Peptides

[0071] To determine whether the inhibitory activity of
synthetic peptides EPDIM and NKDIL against cell adhesion
is specific to Pig-h3, effects of the synthetic peptides on cell
adhesion to various matrix proteins were examined. HCE
cells were preincubated in media added with 100 uM of the
synthetic peptide EPDIM or NKDIL or none of them and
then applied to plates coated with various matrix proteins,
including Pig-h3, fibronectin, laminin, vitronectin, type I
and type II collagen. After 1 hour of incubation, the attached
cells were quantitatively analyzed with hexosaminidase as in
Example 1-2. The results are shown in FIG. 10a.

[0072] As shown in FIG. 10q, the synthetic peptides
NKDIL and EPDIM efficiently blocked cell adhesion not
only to Pig-h3 but also laminin, showing excellent cell
detachment activity. However, they weakly inhibited cell
adhesion to fibronectin and did not affect cell adhesion to
type I and type II collagen and vitronectin at all. Accord-
ingly, the results, taken together, suggest that the synthetic
peptides NKDIL and EPDIM specifically compete with
a3p1 integrin-interacting molecules.

[0073] Cell adhesion to PBig-h3, laminin and fibronectin,
which was found to be blocked by the synthetic peptides
NKDIL and EPDIM, was examined at various concentra-
tions of EPDIM. HCE cells were incubated in media con-
taining the synthetic peptide EPDIM at concentrations of 0,
200, 400, 600, 800, 1,000 and 1,200 uM and applied to
plates coated with Pig-h3, fibronectin and laminin. Follow-
ing incubation for 1 hour, the attached cells were quantita-
tively analyzed with hexosaminidase as in Example 1-2. The
results are shown in FIG. 105.
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[0074] As seen in the curves, the cell adhesion to fig-h3,
fibronectin and laminin became weak as the concentration of
the synthetic peptide EPDIM increased. That is, the inhibi-
tory effects of EPDIM on cell adhesion to fig-h3, fibronectin
and laminin were dose-dependent.

[0075] In the present invention, as described above, there
are prepared the synthetic peptides NKDIL and EPDIM,
both containing aspartic acid and isoleucine essential for cell
attachment and spreading activity in their conserved motifs.
The peptides contain conserved sequences of the 2*¢ and 4™
fas-1 domains of Pig-h3, each domain found to show cell
attachment activity, and they induce cell adhesion through
a3p1 integrin, known as a functional cell receptor. In the
case of various extracellular matrix proteins known to bind
to a3P1 integrin, such as thrombospondin, laminin, collagen
type IV, etc., neither characteristic sequences having homol-
ogy among their active sites, nor characteristic conserved
binding motifs for a3f1 integrin have been discovered, thus
far. However, given that the synthetic peptides NKDIL and
EPDIM, each containing both the conserved amino acids
aspartic acid-isoleucine, bind specifically to a3p1 integrin
so as to mediate cell attachment activity, the conserved
aspartic acid-isoleucine is identified as the characteristic
conserved binding motif for a3p1 integrin in accordance
with the present invention. Therefore, the peptides of the
present invention can be usefully used for studying cell
attachment activity mediated through various extracellular
matrix proteins, including pPig-h3, and for developing cell
attachment, spreading and detachment-promoting peptides.

INDUSTRIAL APPLICABILITY

[0076] In accordance with the present invention, it is
disclosed that, among four fas-1 domains of Pig-h3, which
is a cell adhesion molecule, the 2°¢ and 4™ domains show
cell attachment and detachment activity, and each have a
conserved aspartic acid-isoleucine sequeuce, essential for
the cell attachment and detachment activity. Given these
findings, there are prepared peptides NKDIL and EPDIM,
which contain the functional amino acid residues and induce
cell adhesion through a3f1 integrin. The peptides of the
present invention can be usefully used for studying cell
attachment activity mediated through various extracellular
matrix proteins, including pPig-h3, and for developing cell
attachment, spreading and detachment-promoting peptides.

[0077] The present invention has been described in an
illustrative manner, and it is to be understood that the
terminology used is intended to be in the nature of descrip-
tion rather than of limitation. Many modifications and varia-
tions of the present invention are possible in light of the
above teachings. Therefore, it is to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 28

<210> SEQ ID NO 1
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-continued

<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Lys Ala Asp His His
1 5

<210> SEQ ID NO 2

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Asn Lys Asp Ile Leu
1 5

<210> SEQ ID NO 3

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Glu Pro Asp Ile Met
1 5

<210> SEQ ID NO 4

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Asp Glu Met Pro Ile
1 5

<210> SEQ ID NO 5

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Thr Val Asn Cys Ala Arg Leu Leu Lys Ala Asp His His Ala Thr Asn
1 5 10 15

Gly Val Vval His Leu Ile Asp Lys Val Ile
20 25

<210> SEQ ID NO 6

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Sus domesticus

<400> SEQUENCE: 6

Thr Val Asn Cys Ala Arg Leu Leu Lys Ala Asp His His Ala Thr Asn
1 5 10 15

Gly Val Vval His Leu Ile Asp Lys Val Ile
20 25

<210> SEQ ID NO 7

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Gallus domesticus

<400> SEQUENCE: 7
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-continued

Thr Val Asn Cys Ala Arg Leu Leu Lys Ala Asp His His Ala Thr Asn
1 5 10 15

Gly val val His Val Ile Asp Lys Val Ile
20 25

<210> SEQ ID NO 8

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Ile Asn Gly Lys Ala Ile Ile Ser Asn Lys Asp Ile Leu Ala Thr Asn
1 5 10 15

Gly Val Ile His Tyr Ile Asp Glu Leu Leu Ile
20 25

<210> SEQ ID NO 9

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Sus domesticus

<400> SEQUENCE: 9

Ile Asn Gly Lys Pro Ile Ile Ser Asn Lys Asp Val Leu Ala Thr Asn
1 5 10 15

Gly Val Ile His Phe Ile Asp Glu Leu Leu Ile
20 25

<210> SEQ ID NO 10

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Gallus domesticus

<400> SEQUENCE: 10

Leu Asn Gly Arg Ala Ile Ile Ala Asn Lys Asp Ile Leu Ala Thr Asn
1 5 10 15

Gly Val val His Gly Val Asn Glu Leu Leu Ile
20 25

<210> SEQ ID NO 11

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Val Asn Gly Ile Lys Met Val Asn Lys Lys Asp Ile Val Thr Asn Asn
1 5 10 15

Gly Val Ile His Leu Ile Asp Gln Val Leu Ile
20 25

<210> SEQ ID NO 12

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 12

Ile Asn Gly Ile Lys Met Val Asn Lys Lys Asp Ile Val Thr Lys Asn
1 5 10 15

Gly Val Ile His Leu Ile Asp Glu Val Leu Ile
20 25
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-continued

<210> SEQ ID NO 13

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Val Asn Lys Glu Pro Val Ala Glu Pro Asp Ile Met Ala Thr Asn Gly
1 5 10 15

Val val His Val Ile Thr Asn Val Leu
20 25

<210> SEQ ID NO 14

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Sus domesticus

<400> SEQUENCE: 14

Val Asn Lys Glu Pro Val Ala Glu Ala Asp Ile Met Ala Thr Asn Gly
1 5 10 15

Val vVal His Thr Ile Asn Thr Val Leu
20 25

<210> SEQ ID NO 15

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Gallus domesticus

<400> SEQUENCE: 15

Val Asn Lys Glu Pro Val Ala Glu Ser Asp Ile Met Ala Thr Asn Gly
1 5 10 15

Val Ile His Ala Val Ser Ser Val Leu
20 25

<210> SEQ ID NO 16

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Synechococcus sp.

<400> SEQUENCE: 16

Val Lys Asn Ala Thr Val Leu Ala Ala Asp Ile Glu Ala Asp Asn Gly
1 5 10 15

Ile Ile His Val Ile Asp Asn Val Ile Leu Met Gly
20 25

<210> SEQ ID NO 17

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Synechocystis sp.

<400> SEQUENCE: 17

Val Lys Asn Ala Thr Val Ile Ile Pro Asp Ile Glu Ala Asp Asn Gly
1 5 10 15

Ile Ile His Val Ile Asp Asn Val Ile Leu Met Gly
20 25

<210> SEQ ID NO 18

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Synechocystis sp.

<400> SEQUENCE: 18
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-continued
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Val Asn Lys Ala Thr Val Ile Ser Ala Asp Val Asp Ala Ser Asn Gly
1 5 10 15

Val Ile His Val Ile Asp Gln Val Ile Leu
20 25

<210> SEQ ID NO 19

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Val Asn Glu Leu Lys Ser Lys Glu Ser Asp Ile Met Thr Thr Asn Gly
1 5 10 15

Val Ile His Val Val Asp Lys Leu Leu
20 25

<210> SEQ ID NO 20

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 20

Val Asn Glu Leu Lys Ser Lys Glu Ser Asp Ile Met Thr Thr Asn Gly
1 5 10 15

Val Ile His Val Val Asp Lys Leu Leu
20 25

<210> SEQ ID NO 21

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Drosophila melanogaster

<400> SEQUENCE: 21

Ile Asn Asn Leu Ala Lys Ile Ile Asp Ala Asp Ile Met Gly Thr Asn
1 5 10 15

Gly Val Leu His Val Ile Asp Thr Ile Leu
20 25

<210> SEQ ID NO 22

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Echinoidea

<400> SEQUENCE: 22

Ser Lys Ala Ser Arg Val Ile Leu Arg Asp Ile Pro Thr Thr Asn Gly
1 5 10 15

Val Ile Gln Val Ile Asp Arg Val Ile Leu
20 25

<210> SEQ ID NO 23

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Drosophila melanogaster

<400> SEQUENCE: 23

Lys Ile Glu Asn Ala Gly Val Thr Lys Cys Asp Val Val Ala Thr Asn
1 5 10 15

Gly Ile Leu His Glu Ile Asn Asp Ile Ile Val
20 25
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-continued

<210> SEQ ID NO 24

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Echinoidea

<400> SEQUENCE: 24

Thr Ala Asn Gly Ala Arg Val Val Glu Ala Asp Arg Lys Ala Ser Ser
1 5 10 15

Gly Leu Ile His Val Vval Asp Lys Val Ile
20 25

<210> SEQ ID NO 25

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: consensus

<400> SEQUENCE: 25

Val Asn Asn Ala Ala Arg Val Val Lys Ala Asp Ile His Ala Thr Asn
1 5 10 15

Gly Val Ile His Val Ile Asp Lys Val Leu Ile Met Gly
20 25

<210> SEQ ID NO 26

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: betaigh D-I

<400> SEQUENCE: 26

Gly Ile val Thr Val Asn Cys Ala Arg Leu Leu Lys Ala Asp His His
1 5 10 15

Ala Thr Asn Gly Val Val His Leu Ile Asp Lys Val Ile
20 25

<210> SEQ ID NO 27

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: betaigh3 D-II

<400> SEQUENCE: 27

Met Leu Thr Ile Asn Gly Lys Ala Ile Ile Ser Asn Lys Asp Ile Leu
1 5 10 15

Ala Thr Asn Gly Val Ile His Tyr Ile Asp Glu Leu Leu Ile
20 25 30

<210> SEQ ID NO 28

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: betaigh3 D-IV

<400> SEQUENCE: 28
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-continued

Gly Val Val Ser Val Asn Lys Glu Pro Val Ala Glu Pro Asp Ile Met

1 5 10

Ala Thr Asn Gly Val Val His Val Ile Thr Asn Val Leu
20 25

15

What is claimed is:

1. A peptide and its derivatives having cell attachment,
spreading and detachment activity, comprising an amino
acid sequence represented by XXDIX.

2. The peptide and its derivatives according to claim 1,
wherein the peptide and its derivatives have an amino acid
sequence consisting of at least five amino acid residues
represented by XXDIX, comprising aspartic acid and iso-
leucine as a conserved sequence.

3. The peptide and its derivatives according to claim 2,
wherein the amino acid sequence is represented by NKDIL
of SEQ ID NO:2.

4. The peptide and its derivatives according to claim 2,
wherein the amino acid sequence is represented by EPDIM
of SEQ ID NO:3.

5. The peptide and its derivatives according to claim 1,
wherein the peptide and its derivatives mediate cell attach-
ment and spreading activity through a3p1 integrin.

6. The peptide and its derivatives according to claim 1,
wherein the peptide and its derivatives show inhibitory
activity against cell adhesion to fig-h3, fibronectin or lami-
nin.

7. Pharmaceutical compositions, comprising the peptide
or its derivatives of claim 1 as a pharmaceutically active
ingredient.

8. The Pharmaceutical compositions according to claim 7,
wherein the pharmaceutical compositions are therapeuti-
cally effective for wound healing, tissue regeneration, or
cancer metastasis resistance improving biointerface of bio-
materials and tissue implants.

#* #* #* #* #*



