NOVEL PEPTI DE

BACKGROUND OF THE | NVENTI ON

1. Field of the Invention

The present invention relates to a novel peptide, and
nore particularly, to a novel peptide for pronoting
regeneration of dentin or dental pulp tissues and treating
dentin hypersensitivity, a polynucleotide encoding the
pepti de, an expression vector including the polynucleotide,
a pharmaceutical conposition for preventing or treating
dentin or dental pulp diseases including the peptide, a
qguasi -drug conposition for preventing or inproving dentin or
dental pulp diseases including the peptide, and a health
functional food conposition for preventing or inproving

dentin or dental pulp diseases including the peptide.

2. Description of the Related Art

Dental pulp is a richly innervated and vascularized
soft connective tissue that occupies the pul p chanber inside
a tooth and extends to the outer surface of the dentin.
Di sorders occurring in the dental pulp are called dental
pul p di seases.

There are many causes of dental pulp diseases, but in

nost cases, dental pulp diseases are caused by a bacterial



infection due to dental caries, or infections in the denta
pul p through perforation, fracture, cracks, or periodonta
pocket. External wound, abrasion, tooth cracks, or friction
or heat from dental equipnment my also cause dental pulp
di seases. The pulpitis caused by bacterial infection my
lead to root apex and periodontal diseases. Dental pulp
di seases successively progress to pulp hyperema, pulpitis,
and pulp necrosis. Pulp necrosis may |lead to periapical
di seases or disorders to the entire tooth, because death of
the dental pulp prevents the blood supply to the dental pulp
and thus the entire pulp tissue is |ost.

For treatnment of the pulp or periapical diseases, pulp
capping materials and pulp canal filling naterials are used,
and cal cium hydroxides, MIA (Mneral Trioxide Aggregate),
GQutta-percha, etc., has been generally used. MIA shows
t herapeutic effects because it has a | eakage sealing ability
and bi oconpatibility. However, use of MIA is hanpered due to
its relatively high cost as a dental repair material and
di scoloration leading to an esthetic problem Cutta-percha
is relatively low cost and has good flow characteristics
However, it is not a physiologically acceptable nmethod which
causes a loss of wviability of the pulp. Up to now,
conservative treatnents for dentin and pulp diseases have

probl ens of the weak or brittle teeth or reinfection.



Therefore, many studi es have been actively conducted to
devel op therapeutic agents capable of effectively treating
dentin or pulp diseases. For exanpl e, Korean Patent
Publication No. 2012-0089547 discloses a conposition for
formng hard tissues or regenerating dentin or pulp tissues,
i ncl udi ng anel obl asts, apical bud cells, or cultures thereof
as an active ingredient, and Korean Patent Publication No.
2009- 0033643 di scl oses novel tooth stem cells derived from

tooth follicles and a nethod of culturing the sane.

The present inventors have made many efforts to devel op
an agent capable of nore effectively treating dentin or
dental pulp diseases, and as a result, they devel oped
pepti des showi ng effects of pronoting regeneration of dentin
or dental pulp tissues and treating dentin hypersensitivity,

t hereby conpleting the present invention.

SUMVARY OF THE | NVENTI ON
Enbodi mrents of the present inventive concepts nmay
provide a new peptide for pronoting regeneration of dentin
or dental pulp tissues and treating dentin or dental pulp
di seases.
Enbodi ments of the present inventive concepts nay also

provi de a pol ynucl eoti de encodi ng the pepti de.



Enbodi nents of the present inventive concepts nmay al so
provi de an expression vector including the polynucleotide.

Enbodi nents of the present inventive concepts nmay al so
provide a pharmaceutical conposition for preventing or
treating dentin or dental pulp diseases including the
pepti de.

Enbodi nents of the present inventive concepts nmay al so
provi de a quasi-drug conposition for preventing or inproving
dentin or dental pulp diseases including the peptide.

Enbodi ments of the present inventive concepts nay also
provide a health functional food conposition for preventing
or inproving dentin or dental pulp diseases including the
pepti de.

Enbodi nents of the present inventive concepts nmay al so
provide a nethod of preventing or treating dentin or dental
pulp diseases, the mnmethod including admnistering the
conposition including the peptide to a subject.

Enbodi nents of the present inventive concepts nmay al so
provide a nethod of pronoting regeneration of dentin or
dental pulp tissues, the nmethod including adm nistering the
conmposition including the peptide to a subject.

Enbodi nents of the present inventive concepts nmay al so
provi de use of a peptide including an am no acid sequence of
the followwng Formula 1 or a conposition including the

peptide in pronoting regeneration of dentin or dental pulp



tissues, in preventing or treating dentin hypersensitivity,
and in preventing or treating dentin or dental pulp diseases:

K- Y- R1- R2- R3- R4- R5- R6- R7- R8 (Formul a 1)

wherein RL is arginine(R), lysine(K) or glutam ne(Q;

R2 is arginine(R) or glutam ne(Q;

R3, R4, and R5 are arginine(R or l ysi ne(K),
respectively;

R6 i s asparagi ne(N) or serine(S); and

R7 and R8 are lysine(K) or tyrosine(Y), respectively.

Enbodi ments of the present inventive concepts nay also
provide use of a peptide including any one amno acid
sequence of SEQ ID NOS: 1 to 96 or a conposition including
the peptide in pronoting regeneration of dentin or dental
pul p ti ssues, in preventi ng or treating dentin
hypersensitivity, and in preventing or treating dentin or

dental pul p diseases.

Ef fect of the invention

A peptide for pronmoting regeneration of dentin or
dental pulp tissues and treating dentin hypersensitivity of
the present invention exhibits excellent effects of
pronoting regeneration of dentin or dental pulp tissues, and
therefore, it may be wdely applied to devel opnent of a
variety of agents for preventing or treating dentin or

dental pul p-rel ated di seases.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1A is a graph showing the results of conparing the
effects of the peptides of the respective groups of the
present invention on expression of DSPP which is an
odont obl ast differentiati on marker gene.

FIG 1B is a graph showing the results of conparing the
expression |levels of the odontoblast differentiation narker
Dspp gene in NMDPC-23 cells treated with the peptides of the
present invention.

FIG 1C is a graph showing the results of conparing
expression levels of odontoblast differentiation marker
genes, Dspp, Dmpl, and Nestin in MDPC-23 cells treated with
peptides of Goup 11 and G oup 12 of the present invention.

FIG 1D is a graph showing the results of evaluating
cytotoxicity of the peptides of the present invention on
dental pulp cells.

FIG 2 shows mcroscopic images of dentin/dental pulp-
like tissues which were fornmed in vivo for 6 weeks after
transplantation of inplants including dental pulp cells and
vari ous conponents, in which A to C are mcroscopic inmages
at 6 weeks after transplantation of a control inplant
including dental pulp cells and HATCP only (scale bar: A
200 pm, B 100 pm, C 50 um); D to F are microscopic images at

6 weeks after transplantation of an inplant including dental



pulp cells, HATCP, and the peptide of Goup 11 (scale bar:
D 200 ym, E 100 um, F 50 pum); G to I are microscopic images
at 6 weeks after transplantation of an inplant including
dental pulp cells, HA/TCP, and the peptide of Goup 12
(scale bar: G 200 pym, H 100 pm, I 50 um),; and J to L are
m croscopic inages at 6 weeks after transplantation of a
conparative inplant including dental pulp cells, HATCP, and
rhBMP-2 (scale bar: J 200 um, K 100 pm, L 50 um).

FIG 3 shows mcroscopic imges of collagen production
levels in dentin/dental pulp-like tissues which were forned
in vivo for 6 weeks after transplantation of inplants
i ncluding dental pulp cells and various conponents, in which
A to C show the results at 6 weeks after transplantation of
a control inplant including dental pulp cells and HA TCP
only (scale bar: A 500 upym, B 200 um, C 50 um); D to F show
the results at 6 weeks after transplantation of an inplant
including dental pulp cells, HA/TCP, and the peptide of
Group 11 (scale bar: D 500 uym, E 200 um, F 50 um); G to I
show the results at 6 weeks after transplantation of an
i npl ant including dental pulp cells, HNTCP, and the peptide
of Group 12 (scale bar: G 500 um, H 200 pum, I 50 um),; and J
to L show the results at 6 weeks after transplantation of a
conparative inplant including dental pulp cells, HATCP, and

rhBMP-2 (scale bar: J 500 um, K 200 pm, L 50 um).



FIG 4 shows inmmunostaining imges showng the results
of evaluating expression levels of DSP which is an
odont obl ast-specific differentiation marker gene and BSP
which is an osteoblast-specific differentiation nmarker gene
in dentin/dental pulp-like tissues which were forned in vivo
for 6 weeks after transplantation of inplants including
dental pulp cells and various conponents, in which A and E
show the results at 6 weeks after transplantation of a
control inplant including dental pulp cells and HA/ TCP only;
B and F show the results at 6 weeks after transplantation of
an inplant including dental pulp cells, HATCP, and the
peptide of Goup 11; C and G show the results at 6 weeks
after transplantation of an inplant including dental pulp
cells, HATCP, and the peptide of Goup 12; and D and H show
the results at 6 weeks after transplantation of a
conparative inplant including dental pulp cells, HATCP, and
rhBMP-2. Arrows of A B, C and D indicate DSP-expressing
regions in the newy fornmed dentin-like tissues, and
arrowheads of E, F, G and H indicate BSP-expressing regions
in the newly formed bone-like tissues. Scale bar is 50 um.

FIG 5 shows mcroscopic images of dentin/dental pulp-
like tissues which were fornmed in vivo for 12 weeks after
transpl antation of inplants including dental pulp cells and
vari ous conponents, in which A to C are mcroscopic inmages

at 12 weeks after transplantation of a control inplant



including dental pulp cells and HA/TCP only (scale bar: A
500 ym, B 200 um, C 50 pum); D to F are microscopic images at
12 weeks after transplantation of an inplant including
dental pulp cells, HA/TCP, and the peptide of Goup 11
(scale bar: D 500 uym, E 200 uym, F 50 um); G to I are
m croscopic inmages at 12 weeks after transplantation of an
i npl ant including dental pulp cells, HNTCP, and the peptide
of Group 12 (scale bar: G 500 um, H 200 pum, I 50 um); and J
to L are m cr oscopi c I mages at 12 weeks after
transplantation of a conparative inplant including dental
pulp cells, HA/TCP, and rhBMP-2 (scale bar: J 500 um, K 200
um, L 50 um).

FIG 6 shows mcroscopic inmages of collagen production
levels in the dentin/dental pulp-like tissues which were
formed in vivo for 12 weeks after transplantation of
i nplants including dental pulp cells and various conponents,
in which A to C show the results at 12 weeks after
transplantation of a control inplant including dental pulp
cells and HA/TCP only (scale bar: A 500 um, B 200 um, C 50
um) ; D to F show the results at 12 weeks after
transplantation of an inplant including dental pulp cells,
HA/TCP, and the peptide of Group 11 (scale bar: D 500 um, E
200 pym, F 50 um); G to I show the results at 12 weeks after
transplantation of an inplant including dental pulp cells,

HA/TCP, and the peptide of Group 12 (scale bar: G 500 um, H



200 pym, I 50 um); and J to L show the results at 12 weeks
after transplantation of a conparative inplant including
dental pulp cells, HA/TCP, and rhBMP-2 (scale bar: J 500 um,
K 200 pym, L 50 um).

FIG 7 shows inmunostaining imges showing the results
of evaluating expression levels of DSP which is an
odont obl ast-specific differentiation marker gene and BSP
which is an osteoblast-specific differentiation nmarker gene
in the dentin/dental pulp-like tissues which were formed in
vivo for 12 weeks after transplantation of inplants
i ncluding dental pulp cells and various conponents, in which
A and E show the results at 12 weeks after transplantation
of a control inplant including dental pulp cells and HA/ TCP
only; B and F show the results at 12 weeks after
transpl antation of an inplant including dental pulp cells,
HA/ TCP, and the peptide of Goup 11; C and G show the
results at 12 weeks after transplantation of an inplant
including dental pulp cells, HA/TCP, and the peptide of
Goup 12; and D and H show the results at 12 weeks after
transplantation of a conparative inplant including dental
pulp cells, HANTCP, and rhBwmP-2. Arrows of A B, C and D
i ndi cate DSP-expressing regions in the newy formed dentin-
like tissues, and arrowheads of E, F, G and H indicate BSP-
expressing regions in the newy formed bone-like tissues.

Scale bar is 50 um.
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FIG 8 shows scanning mcroscopic 1imges of the
internal structures of the dentin/dental pulp-like tissues
which were forned in vivo at 12 weeks after transplantation
of inplants including dental pulp cells and various
conponents, in which A and B are the results at 12 weeks
after transplantation of a control inplant including dental
pulp cells and HA/TCP only (scale bar: A 50 um, B 20 um); C
and D are the results at 12 weeks after transplantation of
an inplant including dental pulp cells, HATCP, and the
peptide of Group 12 (SEQ ID NO: 96) (scale bar: C 50 um, D
20 um); and E and F are the results at 12 weeks after
transpl antation of a conparative inplant including dental
pulp cells, HA/TCP, and rhBMP-2 (scale bar: E 50 um, F 20
um) .

FI G 9 shows m croscopic i mges and scanni ng
m croscopic imges showing the results of anal yzi ng
odont obl asts/dental pulp-like tissues which were forned
after transplantation of inplants including the peptides of
the present invention into the root canal spaces of the
human teeth, in which A and B show the results of staining
ti ssues transplanted with a control inplant including dental
pulp cells and HA/TCP only (scale bar: A 500 um, B 50 um); C,
D and D show the results of staining tissues transplanted
with an inplant including dental pulp cells, HA/TCP, and the

peptide of Group 12 (SEQ ID NO: 96) (scale bar: A 500 um, B

11



50 um); D 1is magnification of box 1 in C, D’ is
magnification of box 2 in C (scale bar: C 500 um, D 50 um, D’
50 um); E and F show scanning microscopic images of tissues
transplanted with a control inplant including dental pulp
cells and HA/TCP only (scale bar: E 50 pym, F 10 um); G and H
show scanning mcroscopic inmages of tissues transplanted
with an inplant including dental pulp cells, HA TCP, and the
peptide of Group 12 (SEQ ID NO: 96) (scale bar: G 50 um, H
10 um); P indicates regenerated dental pulp, De indicates
existing dentinal wall, DT indicates existing dentina
tubul es, Gd indicates odontoblasts, OP indicates odontobl ast
processes, and arrows in D indicate regenerated odontobl ast -
like cells with odontobl ast processes.

FI G 10 shows mcroscopic inmages of histological
anal ysis of the effects of the novel peptides on physiol ogic
dentin (tertiary dentin) formation in a shallow cavity nodel
anong indirect pulp capping canine nodels, in which A to C
are mcroscopic i mages show ng the result of a control group
in which none of the materials was applied to the inlet of
dentinal tubule in the exposed dentin (scale bar: A 500 um,
B 100 pum, C 50 um); D to F are microscopic images showing
the result of applying the peptide of Group 11 (1.5 ug) to
the inlet of dentinal tubule in the exposed dentin (scale
pbar: D 500 mum, E 100 um, F 50 mum); and G to I are

m croscopic inmages showng the result of applying the

12



peptide of Group 12 (1.5 ug) to the inlet of dentinal tubule
in the exposed dentin (scale bar: G 500 pm, H 100 um, I 50
um) . P indicates pulp, D indicates dentin, and TD indicates
new y forned physiologic (tertiary) dentin.

FI G 11 shows mcroscopic inmages of histological
anal ysis of the effects of the novel peptides on physiol ogic
dentin (tertiary dentin) formation in a deep cavity nodel
anong indirect pulp capping canine nodels, in which Ato C
are mcroscopic imges showi ng the result of a control group,
in which the inlet of dentinal tubule in the exposed dentin
was treated with none of the materials and filled with a
dental restorative material, GI cement (scale bar: A 500 um,
B 100 pum, C 50 um); D to F are microscopic images showing
the result of filling the inlet of dentinal tubule in the
exposed dentin with G cenent after being treated with the
peptide of Group 11 (1.5 ug) (scale bar: D 500 um, E 100 um,
F 50 um); and G to I are microscopic images showing the
results of filling the inlet of dentinal tubule in the
exposed dentin with G cenent after being treated with the
peptide of Group 12 (1.5 ug) (scale bar: G 500 um, H 100 um,
I 50 um). P indicates pulp, D indicates dentin, and TD
i ndicates newy fornmed physiologic (tertiary) dentin.

FIG 12 shows mcroscopic inages of histological
anal ysis of the effects of the novel peptides on physiol ogic

dentin (tertiary dentin) formation in direct pulp capping

13



nodels, in which A to C are mcroscopic inmages show ng the
result of a control group which was treated with none of the
materials and then treated with G cenent (scale bar: A 200
um, B 100 mum, C 50 mum); D to F are microscopic images
showing the result of a positive control group which was
treated with none of the materials, sealed with MA and
then covered with GI cement (scale bar: D 500 um, E 200 um,
F 50 uym); G to I are microscopic images showing the result
of the groups which were treated with the peptide of G oup
11 (1.5 ng), sealed with MTA, and then covered with GI
cement (scale bar: G 200 pym, H 100 um, I 50 um); J to L are
m croscopi ¢ inmages show ng the results of the groups which
were treated with the peptide of Group 12 (1.5 ug), sealed
with MIA, and then covered with G cenent (scale bar: J 500
um, K 100 um, L 50 wum). D indicates dentin, OD indicates
osteodentin, and TD indicates newy forned physiologic

(tertiary) dentin.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

The present inventors conducted many studies to devel op
an agent capable of nore effectively treating dentin or
dental pulp diseases, and as a result, they developed a
novel peptide consisting of 10 am no aci ds.

The new y devel oped pepti de was prepar ed by

substitution of a part of an amno acid sequence of a

14



peptide which may exhibit a therapeutic effect on dentin or
dental pulp diseases, and it was confirnmed that the newy
devel oped peptide may increase expression |evels of Dspp,
Dmpl and Nestin genes which are odontoblast differentiation
mar ker genes, thereby showing an effect of pronoting dentin
regeneration wthout any cytotoxicity against dental pulp
cells.

Further, an inplant including the peptide together with
dental pulp cells was prepared, and the prepared inplant was
transpl ant ed into a subcut aneous ti ssue of an
i mmunoconprom sed nouse, and after 6 weeks to 12 weeks, the
transpl anted tissue was analyzed. As a result, it was found
that a dentin/pulp-like tissue having the nost simlar
nor phol ogy to a dentin/dental pulp tissue in vivo was forned,
a production |level of collagen was increased, an expression
| evel of DSP whi ch IS an odont obl ast -specific
differentiation marker was increased, whereas an expression
| evel of BSP which is an osteoblast-specific differentiation
mar ker was not markedly increased.

Furthernore, norphology of the transplanted tissue was

exam ned under a scanning electron mcroscope, and as a

result, odont obl ast-1i ke cells exhi bited a pal i sade
arrangenent on the existing dentinal wall, and their
cytoplasm c processes, wth |engthened nuclei, extended

toward existing dentinal tubules.
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Effects of the peptide in indirect and direct pulp
capping canine nodels were examned, and as a result, the
sane physiologic dentin as observed in the natural human
tooth dentin was formed by the novel peptide.

Therefore, it can be seen that the peptide of the
pr esent invention may exhibit effects  of pronot i ng
regeneration of dentin or dental pulp and treating dentin
hypersensitivity. The peptide of the present invention
having these effects has never been reported so far, and it
was first devel oped by the present inventors.

In an aspect to achieve the above-described objects,
the present invention provides a peptide for pronoting
regeneration of dentin or dental pulp and treating dentin or
dental pulp diseases, the peptide including an amno acid
sequence of the following Fornmula 1

K- Y- R1- R2- R3- R4- R5- R6- R7- R8 (Formul a 1)

wherein RL is arginine(R), lysine(K) or glutam ne(Q;

R2 is arginine(R) or glutam ne(Q;

R3, R4, and R5 are arginine(R or l ysi ne(K),
respectively;

R6 i s asparagi ne(N) or serine(S); and

R7 and R8 are lysine(K) or tyrosine(Y), respectively.

The term “dentin”, as wused herein, is also called
dentine, and refers to a yellowish white hard tissue that

makes up nost of a tooth. The dentin is not exposed to the
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surface of the tooth, because it is covered by enanel in the
tooth crown and cenentum in the root. However, dentin
exposure may occur at the apical end or the occlusal surface
of the tooth crown as the enanmel wears wth aging. The
dentin is a kind of bone tissue, but it is distinguished
from a general bone tissue in that the cell bodies of the
dentin stay in the dental pulp while their processes extend
into the dentinal tubules.

The term “dental pulp tissue”, as used herein, is also
called “dental pulp”, and refers to a soft connective tissue
occupying the pulp chanber inside a tooth. Anatomcally, the
dent al pulp has nunerous nerves and Dblood vessels
distributed therein, and it extends to the outer surface of
t he dentin.

The peptide of the present invention is characterized
in that it may increase expression |levels of Dspp, Dnpl and
Nestin genes which are odontoblast differentiation nmarker
genes w thout ~cytotoxicity, and when the peptide 1is
transplanted together wth dental pulp cells, the dental
pulp cells forma dentin/dental pul p-like tissue.

The peptide of the present invention includes peptide
variants thereof having a sequence including one or nore
amno acid residues different from those of the amno acid
sequence of the peptide of the present invention, as |ong as

it may pronote regeneration of dentin or dental pulp and

17



exhibit a therapeutic effect on dentin or dental pulp
di seases.

Amno acid exchanges in proteins and polypeptides,
which do not generally alter the nolecular activity, are
known in the art. The nobst commonly occurring exchanges are
amno acid residues Al a/Ser, Val/lle, Asp/Qu, Thr/Ser,
Ala/dy, Al a/ Thr, Ser/ Asn, Al a/ Val , Ser/Qy, Thy/ Phe,
Al a/ Pro, Lys/ Ar g, Asp/ Asn, Leu/lle, Leu/ Val , Al a/ 3 u,
Asp/dy, in both directions. The peptide may include
peptides that have inproved structural stability against
heat, pH, etc., or inproved ability to pronote regeneration
of dentin or dental pulp due to alteration or nodification
of the am no acid sequence.

For exanple, although glutamne which is an acidic
amno acid at position 3 of the peptide of SEQ ID NO 1 of
the present invention is substituted with a basic am no acid,
lysine or arginine, the effects of the peptide of the
present invention my be obtained as it is; although
arginine which is a basic amno acid at position 4 or 5 of
the peptide of SEQ ID NO 1 is substituted wth an acidic
amno acid glutamne or a basic amno acid lysine, the
effects of the peptide of the present invention nmay be
obtained as it is; although lysine which is a basic anm no
acid at position 6, 7, or 9 of the peptide of SEQ ID NO 1

is substituted wth a basic amno acid arginine or an
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aromatic amno acid tyrosine, the effects of the peptide of
the present invention my be obtained as it is; although
asparagine which is an acidic amno acid at position 8 of
the peptide of SEQ ID NO 1 is substituted with a neutral
amno acid serine, the effects of the peptide of the present
invention may be obtained as it is; and although tyrosine
which is an aromatic amno acid at position 10 of the
peptide of SEQ ID NO 1 is substituted with a basic am no
acid lysine, the effects of the peptide of the present
invention may be obtained as it is.

As such, although the acidic am no acids, basic am no
acids, or aromatic amno acids constituting the peptide of
the present invention are substituted with amno acids
having the sane properties, or substituted with different
acidic am no acids, basic am no acids, neutral am no acids,
or aromatic amno acids, respectively, the effects of the
pepti de of the present invention may be obtained as it is.
Therefore, it is apparent that a peptide variant having a
sequence including one or nore am no acid residues different
from those of the amno acid sequence constituting the
peptide of the present invention is also included in the
scope of the peptide of the present invention.

Further, although arbitrary am no acids are added at
the Nterminus or Ctermnus of the peptide of the

prevention, the effects of the peptide of the present
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invention may be obtained as it is. Therefore, a peptide
prepared by adding arbitrary amno acids at the N-term nus
or CGtermnus of the peptide of the present invention is
also included in the scope of the peptide of the present
i nvention. For exanple, a peptide prepared by adding 1 to
300 amino acids at the Ntermnus or Ctermnus of the
peptide of the present invention may be exenplified, for
anot her exanple, a peptide prepared by adding 1 to 100 am no
acids at the Ntermnus or Ctermnus of the peptide of the
present invention may be exenplified, and for still another
exanpl e, a peptide prepared by adding 1 to 24 am no acids at
the Ntermnus or CGtermnus of the peptide of the present
invention may be exenplified.

The peptide of the present invention may be chemcally
nodi fied or protected with an organic group at the N
termnus and/or Ctermnus, or may be nodified by adding
amno acids at the peptide termnus in order to protect the
peptide from protease in vivo and to increase stability
t her eof . In particular, since chemcally synthesized
pepti des have charged N-termnus and C-termnus, Ntermna
acetyl ation, N-t er mi nal met hyl ati on, or/and C-termnal
amdation may be perforned, or D-amno acid introduction,
peptide bond nodification such as CH,-NH, CH,-S, CH-S=0,
CH- CH,, backbone nodification, or side-chain nodification

may be included in order to renove the charge, but is not

20



limted thereto. Met hods  of preparing peptidom netic
conpounds are well known in the art, for exanple, referring
to a description in Quantitative Drug Design, C A Ransden
&d., Choplin Perganon Press (1992).

The term “backbone nodification”, as used herein,
refers to direct nodification of amno acids constituting a
pepti de backbone with amno acid analogs, in which the
backbone (main chain) refers to a main chain- or ring-shaped
framework of amno acids constituting a peptide. The am no
acid analog refers to an amno acid nodified by substitution
of hydrogen atoms on the nitrogen or oa-carbon of the amino
aci d backbone.

The term “side-chain nodification”, as used herein,
refers to nodification of side-chains of amno acids by
using a chemcal material, in which the side-chains of am no
acids refer to atomc groups branched from a nain chain- or
ring-shaped framework of amino acids constituting a peptide.
Exanpl es of the peptide side-chain nodification may include
amno group nodification such as reductive alkylation;
amdation with nethyl acetimdate; alkylation wth acetic
anhydride; carbamylation of amno groups wth cyanate;
trinitrobenzylation of am no aci ds with 2,4, 6-
trinitrobenzene sulfonic acid (TNBS); alkylation of amno
groups wth succinic anhydride; and pyridoxylation wth

pyri doxal - 5- phosphate fol |l owed by reduction wi th NaBH,.
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Further, the peptide of the present invention may be
used alone, or in a conbination wth various carriers
approved as a drug, such as an organic solvent. In order to
improve stability and efficacy, the peptide of present
invention may be also used by including carbohydrates such
as glucose, sucrose, or dextran, antioxidants such as
ascorbic acid or glutathione, chel ating agents, | ow
nol ecul ar wei ght proteins, other stabilizers, etc.

According to an enbodi ment of the present invention, 96
ki nds of peptides corresponding to Fornmula 1 of the present
invention were synthesized, and effects of the synthesized
peptides on an expression |level of Dspp gene which is an
odontobl ast differentiation marker gene were exanm ned. As a
result, it was confirmed that all nRNA levels of the
odontobl ast differentiation marker Dspp gene in NDPC- 23
cells which were treated with 96 kinds of the peptides were
1.3 tinmes higher than an nRNA |evel of the Dspp gene which
was neasured in MDPC-23 cells (control group) which were
treated with none of the peptides of the present invention
(Tables 13 to 24).

As reported up to now, it is known that as the nRNA
| evel of DSPP is increased, odontoblast differentiation and
dentin regeneration are pronoted, and therefore, it can be
seen that 96 kinds of the peptides showing the effect of

increasing the nRNA level of Dspp gene may exhibit the

22



effect of pronoting odontoblast differentiation and dentin
regeneration (Taduru Sreenath et al., THE JOURNAL OF
Bl OLOd CAL CHEM STRY, Vol. 278, No. 27, Issue of July 4, pp.
24874- 24880, 2003; WIlliam T. Butler et al, Connective
Ti ssue Research, 44(Suppl. 1): 171-178, 2003).

In another aspect, the present invention provides a
pol ynucl eoti de encodi ng the pepti de.

The polynucleotide nay be nodified by substitution,
deletion, or insertion of one or nore bases, or a
conbination thereof. \When the nucleotide sequence is
prepared by chem cal synthesis, a synthetic nethod w dely
knowmn in the art, for exanple, a nethod described in a
literature (Engels and Uhlnmann, Angew Chem IntEd Engl.,
37:73-127, 1988) may be used, and the nucleotide sequence
may be synthesized by triester, phosphite, phosphoramdite
and H phosphate nethods, PCR and other autoprinmer nethods,
ol i gonucl eotide synthesis on solid supports, etc. For
exanple, the polynucleotide encoding the peptide of the
present invention may include a nucl eotide sequence of SEQ
| D NO 4.

In still another aspect, the present invention provides
an expression vector including the ©polynucleotide, a
transformant including the expression vector, and a nethod

of preparing the peptide by using the transformnt.
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The term “expression vector”, as used herein, refers to
a reconbi nant vector capable of expressing a target peptide
in a host cell, and refers to a genetic construct including
essential regulatory elenments which are operably linked to
express a gene insert. The expression vector includes
expression regul atory sequences such as an initiation codon,
a stop codon, a pronoter, an operator, etc. The initiation
and stop codons are generally considered as part of a
nucl eoti de sequence encodi ng a pol ypeptide and are necessary
to be functional in an individual to whom a genetic
construct has been adm nistered, and nust be in frame wth
the coding sequence. The pronoter of the vector may be
constitutive or inducible.

The term “operably Iinked”, as used herein, refers to a
functional |inkage between a nucleic acid expression control
sequence and a nucl eoti de sequence encoding a target protein
or RNA in such a manner as to allow general functions. For
exanple, a pronoter may be operably linked to a nucl eotide
sequence encoding a protein or RNA to influence expression
of the <coding sequence. The operable linkage to the
expression vector may be prepared by wusing a genetic
reconbi nant technique well known in the art, and site-
specific DNA cleavage and ligation nmay be carried out by

usi ng enzynmes generally known in the art.
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Further, the expression vector nmay include signal
sequences for discharge of the peptide in order to pronote
isolation of the peptide from a cell culture. Specific
initiation signals my also be required for efficient
translation of inserted nucleotide sequences. These signals
include ATG initiation codon and adj acent sequences. |In sone
cases, exogenous translational control signals, including
ATG initiation codon, should be provided. These exogenous
transl ational control signals and initiation codons may be
of a variety of origins, both natural and synthetic. The
efficiency of expression may be enhanced by introduction of
appropriate transcription or translation enhancer el enents.

In addition, the expression vector may further include
a protein tag that may be optionally renoved by
endopeptidase in order to facilitate detection of the
pepti de.

The term “tag”, as used herein, refers to a nolecule
which exhibits a quantifiable activity or characteristic.
The tag nmay include fluorescent nolecul es including chem cal
fluorescers such as fluorescein and pol ypeptide fluorescers
such as green fluorescent protein (G-P) or related proteins;
and epitope tags such as a Myc tag, a Flag tag, a Hs tag, a
leucine tag, an 1gG tag, a streptavidin tag, etc. 1In
particular, if an wepitope tag is wused, a peptide tag

consisting of preferably 6 or nore am no acid residues, and
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nore preferably, about 8 to 50 amno acid residues may be
used.

In the present invention, the expression vector my
i nclude a nucl eotide sequence encoding the above-described
peptide for pronoting regeneration of dentin or dental pulp
and treating dentin or dental pulp diseases of the present
invention. The vector wused herein is not specifically
limted, as long as it is able to produce the peptide.
Preferably, the vector nmay be plasmd DNA phage DNA etc
More preferably, the vector may be a commercially devel oped
plasm d (pUCl8, pBAD, plDISAVRT-AMP, etc.), an E. coli-
derived plasm d (pYG601BR322, pBR325, puUC118, puUCL19, etc.),
a Bacillus subtilis-derived plasmd (puUB110, pTP5, etc.), a
yeast-derived plasmd (YEpl3, YEp24, YCp50, etc.), a phage
DNA (Charon4A, Charon2lA, EMBL3, EMBL4, AgtlO, Agtll, AZAP,
etc.), an animal virus vector (retrovirus, adenovirus,
vaccinia virus, etc.), an insect virus (baculovirus, etc.),
or the like. For the expression vector, a host cell nost
suitable for the intended use is preferably selected and
used, because the expression |level and nodification of
protein vary depending on the kind of host cell.

The transformant of the present invention may be
prepared by transformation of a host wth the expression
vector of the present invention, and the transformant may

express the polynucleotide in the expression vector, thereby
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produci ng the peptide. The transformation may be perforned
by wvarious nmethods. The transformation nmethod is not

particularly limted, as long as it nay produce the peptide.

CaCl, precipitation, a Hanahan nethod that is an inproved
Cadl , precipitation nmethod by using DMSO (dinethyl sulfoxide)
as a reducing agent, electroporation, calcium phosphate
precipitation, protoplast fusion, agitation wusing silicon
carbide fiber, Agrobacteriumnediated transformation, PEG

medi ated transformation, dextran sulfate-, |ipofectam ne- or

desiccation/inhibition-nediated transformation, etc. nay be
used. The host used in the preparation of the transformnt

is not particularly limted, as long as it nay produce the
pepti de of the present invention. The host nay be bacteri al

cells such as E. coli, Streptonyces, Sal nonella typhinmurium

etc.; yeast cells such as Saccharonyces cerevisiae,

Schi zosaccharonyces ponbe, etc.; fungal cells such as Pichia
pastoris, etc.; insect cells such as Drosophila, Spodoptera
Sf9 cells, etc.; animal cells such as CHO COS, NSO 293,

Bowes nel anoma cells, etc.; and plant cells.

The transformant may be used in a nmethod of producing
the peptide for pronoting regeneration of dentin or denta
pulp and treating dentin hypersensitivity of the present
invention. Specifically, the nmethod of producing the peptide
for pronoting regeneration of dentin or dental pulp and

treating dentin or dental pulp diseases of the present
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invention may include (a) culturing the transformant to
obtain a culture; and (b) recovering the peptide of the
present invention fromthe culture.

The term “culturing”, as used herein, refers to a
met hod  of allowwng a mcroorganism to grow under
artificially controlled environmental conditions. 1In the
present invention, the method of culturing the transformnt
may be performed by a method widely known in the art.
Specifically, the culturing is not particularly limted, as
long as it may express and produce the peptide for pronoting
regeneration of dentin or dental pulp and treating dentin or
dental pulp diseases of the present invention, and the
culturing may be perfornmed by a batch process, a fed-batch
process, or a repeated fed batch process.

A medium used in the culturing includes appropriate
carbon sources, nitrogen sources, amno acids, vitam ns, etc.
and should satisfy the requirenents of a specific strain in
a suitable manner while adjusting tenperature, pH etc.
under aerobic conditions. Applicable carbon sources may
include, in addition to m xed sugars of glucose and xyl ose
as a main carbon source, sugars and carbohydrates such as
sucrose, |actose, fructose, naltose, starch, and cellul ose,
oils and fats such as soybean oil, sunflower oil, castor oil,
coconut oil, etc., fatty acids such as palmtic acid,

stearic acid, or linoleic acid, alcohols such as glycerol or
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ethanol, and organic acids such as acetic acid. These
substances may be used alone or in conbination. Applicable
ni trogen sources may include inorganic nitrogen sources such
as anmmoni a, ammonium sul fate, ammonium chloride, anmonium
acet ate, ammoni um phosphate, ammoni um carbonate, or anmoni um
nitrate; amno acids such as glutamc acid, nethionine, or
glutam ne; and organic nitrogen sources such as peptone, NZ-
am ne, neat extract, yeast extract, nmalt extract, corn steep
liquor, casein hydrolysate, fish neal or digested products
t hereof, defatted soybean cake or digested products thereof,
etc. These nitrogen sources my be wused alone or in
conbi nation. The nedium may include, as phosphorus sources,
pot assi um phosphate nonobasic, potassium phosphate dibasic,
and correspondi ng sodi um cont ai ni ng salts. Appl i cabl e
phosphor us sour ces may i ncl ude pot assi um di hydr ogen
phosphat e, di potassium hydrogen phosphate, or correspondi ng
sodiumcontaining salts. In addition, inorganic conpounds
may i nclude sodium chloride, calciumchloride, iron chloride,
magnesi um sulfate, iron sulfate, nanganese sulfate and
cal cium carbonate. In addition to the above materials,
essential growth materials such as am no acids and vitam ns
may be used.

Further, appropriate precursors nmay be wused in the
culture nedium During culturing, the above-descri bed

materials may be appropriately added to the culture in a
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batch, fed-batch, or continuous manner, but are not |limted
thereto. The pH of the culture may be adjusted by
appropriately using a basic conpound such as sodium
hydr oxi de, potassium hydroxide, or amonia, or an acidic
conpound such as phosphoric acid or sulfuric acid.

In addition, formation of bubbles may be inhibited by
using an antifoam ng agent such as fatty acid polyglycol
ester. In order to nmintain an aerobic state, oxygen or
oxygen-containing gas (e.g., air) may be injected into the
culture. The tenperature of the culture is generally 27°C to
37°C, preferably 30°C to 35°C. Culturing is continued until
the desired | evel of the peptide production will be obtained.
This is achieved within 10 hours to 100 hours.

In addition, the recovering of the peptide from the
culture may be perforned by a nethod known in the art.
Specifically, the recovering nethod is not particularly
limted, as long as it may recover the produced peptide.
Preferably, a nmethod such as centrifugation, filtration,
extraction, spraying, drying, evaporation, precipitation,
crystallization, el ectrophoresi s, fractional di ssol ution
(e.g., ammonium sul fate precipitation), chromatography (e.g.,
ion exchange, affinity, hydrophobic, and size exclusion),

etc. may be used.
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In still another aspect, the present invention provides
a pharmaceutical conposition for preventing or treating
dentin or dental pulp disease including the peptide.

As described above, when the peptide for pronoting
regeneration of dentin or dental pulp and treating dentin
hypersensitivity of the present invention is transplanted
into the body, together with dental pulp cells, formation of
dentin/dental pulp-like tissue by the dental pulp cells my
be pronoted, and when the peptide is applied to the damaged
dentin or dental pulp site, the same physiologic dentin as
observed in the natural human tooth dentin nmay be forned.
Therefore, the peptide may be used as an active ingredient
of the pharnaceutical conposition for treating dentin or
dental pul p di seases which are caused by danage to dentin or
dent al pul p.

The peptide included in the pharnmaceutical conposition
may be used in a single form of the peptide or in a
pol ypeptide form of 2 or nore repeats of the peptide, and
the peptide nmay be also used in a conplex form of a drug

having a therapeutic effect on dentin or dental pulp

di seases linked at the Ntermnus of Ctermnus of the
pepti de.
The term “dentin or dental pulp diseases”, as used

herein, refer to all diseases caused by damaged dental pulp
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tissue and dentin linked to the dental pulp, due to damage
to the dentin and dental pulp tissues.

In the present invention, the dentin or dental pulp
di seases are not particularly limted, as long as the
peptide of the present invention exhibits the therapeutic
effects on the diseases, and the dentin or dental pulp
di seases may include, for exanple, dentin hypersensitivity,
pul p hyperem a, pulpitis, pulp degeneration, pulp necrosis,
gangr enous pul p, etc.

The term “preventing”, as wused herein, neans al
actions by which the occurrence of dentin or dental pulp
di seases is restrained or retarded by adm nistration of the
pharmaceutical conposition for preventing or treating dentin
or dental pulp diseases including the peptide of the present
i nvention.

The term “treating”, as used herein, neans all actions
by which dentin or dental pulp diseases are treated by
pronoting regeneration of dentin or dental pulp by
adm nistering the pharnmaceutical conposition including the
peptide of the present invention as an active ingredient to
a subject in need of treatnent of dentin or dental pulp
di seases.

The pharmaceutical conposition of the present invention
may be prepared in the form of a pharnaceutical conposition

for treating dentin or dental pul p diseases further
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including, in addition to the peptide, an appropriate
carrier (natural or non-natural carrier), excipient, or
di luent commonly used in the preparation of pharnmaceutica

conpositions. Specifically, the pharmaceutical conposition
may be fornulated according to a common nethod in the form
of a sterile injectable solution which may be adm nistered
to dentin or dental pulp disease-induced site. 1In the
present invention, the carrier, excipient, and diluent which
may be included in the pharmaceutical conposition may
include |actose, dextrose, sucrose, sorbitol, mannitol,
xylitol, erythritol, mal titol, starch, acacia rubber

al ginate, gelatin, calcium phosphate, calcium silicate,
cel | ul ose, nmet hyl cel | ul ose, m crocrystalline cellulose,
pol yvi nyl pyrrol i done, wat er , met hyl hydr oxybenzoat e,
propyl hydr oxybenzoate, talc, nagnesium stearate, m neral
oils, col | agen, etc. Upon fornul ation, comonly used
diluents or excipients such as a filler, an extender, a
bi nder, a wetting agent, a disintegrant, a surfactant, etc.
may be used. In particular, a sterilized aqueous solution, a
non- aqueous solvent, a suspension, an enulsion, a freeze-
dried preparation, a suppository, an ointnent (e.g., pulp
liner, etc.) may be included. As non-aqueous solvents or
suspensi ons, propylene glycol, polyethylene glycol, plant
oils such as olive oil, injectable esters such as ethyl

oleate, etc. nmay be used. As a base of the suppositories,
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W tepsol, Macrogol, Tween 61, cacao butter, laurin fat,
gl ycerogel atin, etc. may be used.

A content of the peptide in the pharnmaceutical
conposition of the present invention is not particularly
l[imted, but the peptide may be included in an anount of
0.0001% by weight to 50% by weight, nore preferably, 0.01%
by weight to 20% by wei ght, based on the total eight of the
final conposition

The pharmaceutical conposition of the present invention
may be administered in a pharmaceutically effective anmount.
The term “pharnmaceutically effective anmount”, as used herein,
refers to an anount sufficient to treat or prevent diseases,
at a reasonable benefit/risk ratio applicable to any nedi cal
treatnent or prevention. An effective dosage |evel may be
determ ned depending on factors including severity of the
di sease, drug activity, a patient’s age, body weight, health
conditions, sex, sensitivity to the drug, admnistration
time, admnistration route, and excretion rate of the
conposition of the present invention, duration of treatnent,
drugs blended with or co-admnistered wth the conposition
of the present invention, and other factors known in the
medi cal field. The pharmaceutical conposition of the present
invention nmay be adm nistered individually or in conbination
with a known pharmaceutical conposition for treating dentin

or pulp diseases. It is inportant to admnister the
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conposition in a mninmm anount that may exhibit a maxi mum
effect without causing side effects, in view of all the
above-descri bed factors.

An adm ni stration dose of t he phar maceuti ca
conposition of the present invention nmay be determ ned by
those skilled in the art, in view of purpose of use,
severity of the disease, a patient’s age, body weight, sex,
and nedical history, a kind of a material used as an active
ingredient, etc. For exanple, the pharnaceutical conposition
of the present invention nmay be admnistered at a dose of
about 0.1 ng/kg to about 100 ng/kg, and preferably, about 1
ng/ kg to about 10 ng/kg per adult, and admnistration
frequency of the conposition of the present invention is not
particularly [imted, but t he conposi tion may be
adm ni stered once a day or several tines a day in divided
doses. The adm nistration dose does not limt the scope of
the present invention in any aspect.

In still another aspect, the present invention provides
a nethod of treating dentin or dental pulp diseases, the
met hod i ncl udi ng adm ni stering t he pharmaceutical ly
effective amount of the pharmaceutical conposition to a
subject having dentin or dental pulp diseases, excluding
humans.

The term “subject, as used herein, may include manmmal s

including rats, livestock, etc. in need of treatnent of
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dentin or dental pulp diseases wthout I|imtation, and
humans are excluded from the subjects having the above
di seases.

The pharmaceutical conposition for treating dentin or
dental pulp diseases of the present invention my be
adm nistered via any general route, as long as the
phar maceuti cal conposition is able to reach a target tissue.
The pharmaceutical conposition may be adm nistered, but is
not particularly limted to, via intraoral admnistration,
intraoral injection, etc., depending on the purpose.

In still another aspect, the present invention provides
a quasi-drug conposition for preventing or inproving dentin
or dental pul p diseases including the peptide.

The term “inproving”, as used herein, nmeans all actions
that at |east reduce a paraneter related to the conditions
to be treated, for exanple, the degree of synptom

In the present invention, the inproving is to be
interpreted as all actions by which synptons of dentin or
dental pulp diseases have taken a turn for the better or
been nodified favorably by pronoting regeneration of dentin
or dent al pulp by admnistering the pharnaceutica
conposition including the peptide of the present invention
as an active ingredient to a subject in need of treatnent of

dentin or dental pulp diseases.
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The term “quasi-drug”, as used herein, refers to an
article having a mlder action than drugs, anong articles
being wused for the purpose of diagnosis, treat nent,
i mprovenent, alleviation, handling, or prevention of human
or ani mal diseases. For exanple, according to Pharnaceuti cal
Affairs Law, the quasi-drugs are those, excluding articles
used as drugs, including articles nade from fiber or rubber
which are used for the purpose of treating or preventing
human or animal diseases, articles, other than a tool or a
machi ne, or an anal ogue thereof, which have a mld action on
or have no direct influence on the human body, and articles
which are wused for the purpose of disinfection or pest
control for the prevention of infectious diseases.

In the present invention, a kind or formulation of the
guasi-drug conposition including the peptide is not
particularly limted, but the quasi-drug conposition nmay be,
for exanple, oral antiseptic nouthwashes, oral hygiene
products, toothpastes, floss, oral ointnents, etc.

In still another aspect, the present invention provides
a health functional food conposition for preventing or
improving dentin or dental pulp diseases including the
pepti de.

The term “food”, as wused herein, includes neats,
sausages, breads, chocol ates, candi es, snacks, confectionery,

pi zzas, ranmen noodles, other noodles, guns, dairy products
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i ncluding ice-creans, various soups, beverages, teas, drinks,
al coholic bever ages, and vitam n conpl exes, heal th
functional foods, health foods, etc., and the food includes
all foods in the ordinary acceptation of the term

The term “functional food”, as used herein, is the term
identical to the food for special health use (FoSHU), and
refers to a food having high nedical, nedicinal effects,
which is processed so as to efficiently exhibit the
biologically nodulating function as well as to supply
nutrients. Here, the term “functional” indicates a useful
effect for human health, such as regulation of nutrients for
the structure and function of the human body, physiol ogica
action, etc. The food of the present invention may be
prepared according to a nethod commonly enployed in the art,
and raw materials and ingredients commonly used in the art
may be added upon preparing the food. In addition, a
formulation of the food is not limted, as long as the
formulation is accepted as a food. The food conposition of
the present invention may be prepared as a variety of
formulations. Since the food is used as raw materials,
unlike general drugs, the food conposition |acks side
effects which may occur when a drug is taken for a |ong
period of time, and nmay have excellent portability.

Therefore, the food of the present invention nay be taken as
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a supplenment for enhancing the effects of preventing or
i mprovi ng dentin or dental pulp diseases.

The health food neans a food having effects of actively
mai ntai ning or pronoting health conditions, as conpared wth
general foods, and the health supplenent food neans a food
for suppl ementing heal th. | f necessary, the health
functional food, health food, and health suppl enent food may
be i nterchangeabl y used.

Specifically, the health functional food is a food
prepared by adding the peptide of the present invention to
food materials such as beverages, teas, spices, guns,
confectionery, etc., or prepared as a capsule, a powder, a
suspension, etc. The health functional food neans that it
takes a certain effect on health when consuned, but unlike
general drugs, the health functional food has an advantage
of having no side effects that may occur when a drug is
taken for a long time, because it uses a food as a raw
mat eri al .

Since the food conposition of the present invention is
routinely ingested, the food conposition is expected to show
high efficacy on prevention or inprovenent of dentin or
dental pulp diseases, and thus it my be very usefully
appl i ed.

The f ood conposi tion may further i ncl ude a

physi ol ogi cally acceptable carrier. A kind of the carrier is
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not particularly limted. Any carrier may be used, as |ong
as it is coomonly used in the art.

Further, the food conposition may further include
additional ingredients that are comonly wused in food
conpositions so as to inprove snell, taste, vision, etc. For
exanpl e, the food conposition may include vitamns A C, D
E, Bl, B2, B6, B12, niacin, biotin, folate, pantothenic acid,
etc. Additionally, the food conposition nmay also include
mnerals such as 2Zn, Fe, Ca, C, M, WM, Cu, etc.
Additionally, the food conposition may also include amno
acids such as |lysine, tryptophan, cysteine, valine, etc.
Additionally, the food conposition nmay also include food
additives, such as preservatives (potassium sorbate, sodium
benzoate, salicylic acid, sodium dehydroacetate, etc.),
di sinfectants (bleaching powder, higher bleaching powder,
sodi um hypochl orite, etc.), anti oxi dants
(butyl hydr oxyani sol e (BHA), butyl hydroxytol uene (BHT), etc.),
coloring agents (tar color, etc.), color-developing agents
(sodium nitrite, etc.), bleaching agents (sodium sulfite),
seasoni ngs (nonosodium glutamate (MSG, etc.), sweeteners
(dul cin, cycl emat e, sacchari n, sodi um etc.), flavors
(vanillin, lactones, etc.), swelling agents (alum potassium
D-bitartrate, etc.), fortifiers, enulsifiers, thickeners
(adhesive pastes), filmform ng agents, gum base agents,

antifoam ng agents, solvents, inprovers, etc. The additives
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may be selected and used in an appropriate anmount according
to the food types.

The peptide of the present invention nay be added as it
is, or may be used in conjunction with other foods or food
ingredients according to a comobn nethod, or may be used
appropriately according to a conmmon nethod. M xing anounts
of the active ingredient my be suitably determ ned
dependi ng upon the purpose of use (prophylactic, health or
therapeutic treatnment). Generally, upon production of a food
or a beverage, the food conposition of the present invention
may be added in an anmount of 50 parts by weight or |ess,
specifically 20 parts by weight or |ess, based on the total
wei ght of the food or the beverage. However, when prol onged
intake is intended for the purpose of health and hygi ene
the food conposition may be included in an anmount bel ow the
above range. In addition, since there is no safety problem
the active ingredient may be used in an anmount above the
above range.

The food conposition of the present invention may be
used as, for exanple, a health beverage conposition, and in
this case, the health beverage conposition may further
include various flavors or natural carbohydrates, as in
common beverages. The natural carbohydrates nay include
nmonosacchari des such as glucose and fructose; disaccharides

such as maltose and sucrose; polysaccharides such as dextrin
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and cyclodextrin; and sugar alcohols such as xylitol,
sorbitol and erythritol. The sweeteners may be natura
sweeteners such as thaumatin or a stevia extract; or
synthetic sweeteners such as saccaharin or aspartane. The
natural carbohydrate nay be generally used in an anount of
about 0.01 g to 0.04 g, and specifically, about 0.02 g to
0.03 g, based on 100 nL of the health beverage conposition
of the present invention

In addition, the health beverage conposition my
include wvarious nutrients, vitamns, mnerals, flavors,
colorants, pectic acid and salts thereof, alginic acid and
salts t her eof organic aci ds, protective col | oi da
t hi ckeners, pH nodifiers, stabilizers, antiseptics, glycerin,
al cohols, carbonating agents, etc. Mreover, the health
beverage conposition may include the fruit flesh used to
prepare natural fruit juices, fruit juice beverages, or
veget abl e  beverages. These ingredients my be used
individually or in conbination. A proportion of the
additives is not critical, but is generally selected from
0.01 parts by weight to 0.1 parts by weight per 100 parts by
wei ght of the health beverage conposition of the present
i nvention.

The food conposition of the present invention nmay
include the peptide of the present invention in a variety

of % by weight, as long as it may exhibit the effect of
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preventing or inproving dentin or dental pulp diseases.
Specifically, the peptide of the present invention may be
included in an anount of 0.00001% by weight to 100% by

wei ght or 0.01% by weight to 80% by weight, based on the

total weight of the food conposition, but is not limted
t her et o.
In still another aspect, the present invention provides

a nethod of preventing or treating dentin or dental pulp
di seases, the nmethod including adm nistering the conposition
i ncluding the peptide to a subject.

In still another aspect, the present invention provides
a nethod of pronoting regeneration of dentin or dental pulp
ti ssues, the nmethod including adm nistering the conposition
i ncluding the peptide to a subject.

In still another aspect, the present invention provides
use of a peptide including an amno acid sequence of the
followng Formula 1 or a conposition including the peptide
in pronoting regeneration of dentin or dental pulp tissues,
in preventing or treating dentin hypersensitivity, and in
preventing or treating dentin or dental pulp diseases:

K- Y- R1- R2- R3- R4- R5- R6- R7-R8 (Formul a 1)

wherein RL is arginine(R), lysine(K) or glutamne(Q;

R2 is arginine(R) or glutamne(Q;

R3, R4, and R5 are arginine(R or l ysi ne(K),

respectively;
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R6 i s asparagine(N) or serine(S); and

R7 and R8 are lysine(K) or tyrosine(Y), respectively.

In still another aspect, the present invention provides
use of a peptide including any one amno acid sequence of
SEQ ID NOS: 1 to 96 or a conposition including the peptide
in pronoting regeneration of dentin or dental pulp tissues,
in preventing or treating dentin hypersensitivity, and in

preventing or treating dentin or dental pulp diseases.

Hereinafter, the present invention will be described in
nmore detail wth reference to Exanples. However, these
Exanples are for illustrative purposes only, and the scope

of the present invention is not intended to be limted by
t hese Exanpl es.

Exanple 1. Synthesis of peptides for pr onot i ng

generation of dentin or dental pulp tissues and treating

dentin hypersensitivity

The present inventors synthesized a peptide (SEQ I D NO
1) showing the effect of pronoting regeneration of dentin or
dental pulp tissues by a 9-fluorenyl nethyl oxycarbonyl (Fnoc)
nmet hod, and they synthesized peptides of respective groups
(Tables 1 to 12) by substituting the amno acids of the
synt hesi zed pepti de.

N KYQRRKKNKY-C (SEQ I D NO 1)
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First, peptides of Goup 1 were synthesized by using
the peptide of SEQ ID NO 1 or by substituting any amno
acid at positions 5 to 7 of the peptide of SEQID NO 1 with
| ysine or arginine (Table 1).

[ Tabl e 1]

Peptides of Goup 1

SEQ I D NGO Am no acid sequence(N O

KYQRRKKNKY
KYQRRKRNKY
KYQRRRKNKY
KYQRRRRNKY
KYQRKKKNKY
KYQRKRKNKY
KYQRKKRNKY

0o N o o0 B~ W N Rk

KYQRKRRNKY

Next , peptides of Goup 2 were synthesized by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NO 1 wth lysine or arginine or by
substituting an amno acid at position 8 of the peptide of
SEQID NO 1 with serine (Table 2).

[ Tabl e 2]

Peptides of Goup 2

SEQ I D NGO Am no acid sequence(N O

9 KYQRRKKSKY
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10 KYQRRKRSKY
11 KYQRRRKSKY
12 KYQRRRRSKY
13 KYQRKKKSKY
14 KYQRKRKSKY
15 KYQRKKRSKY
16 KYQRKRRSKY

Next , peptides of Goup 3 were synthesized by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NO 1 with |lysine or arginine or by
substituting an amno acid at position 9 of the peptide of

SEQIDNO 1 with tyrosine (Table 3).

[ Tabl e 3]
Peptides of Goup 3
SEQ I D NG Am no acid sequence(NC

17 KYQRRKKNYK
18 KYQRRKRNYK
19 KYQRRRKNYK
20 KYQRRRRNYK
21 KYQRKKKNYK
22 KYQRKRKNYK
23 KYQRKKRNYK
24 KYQRKRRNYK
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Next , peptides of Goup 4 were synthesized by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NO 1 wth Ilysine or arginine, by
substituting an amno acid at position 8 of the peptide of
SEQID NO 1 with serine, by substituting an am no acid at
position 9 of the peptide of SEQ ID NO 1 with tyrosine, or
by substituting an amno acid at position 10 of the peptide

of SEQIDNO 1 with lysine (Table 4).

[ Tabl e 4]
Peptides of Goup 4
SEQ I D NGO Am no acid sequence(N O

25 KYQRRKKSYK
26 KYQRRKRSYK
27 KYQRRRKSYK
28 KYQRRRRSYK
29 KYQRKKKSYK
30 KYQRKRKSYK
31 KYQRKKRSYK
32 KYQRKRRSYK

Next , peptides of Goup 5 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQID NO 1 with arginine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, or
by substituting any amno acid at positions 5 to 7 of the

peptide of SEQID NO 1 with |ysine or arginine (Table 5).
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[ Tabl e 5]

Peptides of Goup 5

SEQ I D NG Am no acid sequence(N-C
33 KYRQRKKNKY
34 KYRQRKRNKY
35 KYRQRRKNKY
36 KYRQRRRNKY
37 KYRQKKKNKY
38 KYRQKRKNKY
39 KYR@KKRNKY
40 KYRQKRRNKY

Next , peptides of Goup 6 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQID NO 1 with arginine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NO 1 with lysine or arginine, or by
substituting an amno acid at position 8 of the peptide of

SEQIDNO 1 with serine (Table 6).

[ Tabl e 6]
Peptides of Goup 6
SEQ I D NG Am no acid sequence(NC
41 KYRQRKKSKY
42 KYRQRKRSKY
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43 KYRQRRKSKY
44 KYRQRRRSKY
45 KYRQKKKSKY
46 KYRQKRKSKY
47 KYRQKKRSKY
48 KYRQKRRSKY

Next , peptides of Goup 7 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQID NO 1 with arginine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NO 1 wth |lysine or arginine, by
substituting an amno acid at position 9 of the peptide of
SEQIDNO 1 with tyrosine, or by substituting an am no acid
at position 10 of the peptide of SEQ ID NO 1 with lysine

(Table 7).
[ Tabl e 7]
Peptides of Goup 7
SEQ I D NG Am no acid sequence(N O

49 KYRQRKKNYK
50 KYRQRKRNYK
51 KYRQRRKNYK
52 KYRQRRRNYK
53 KYRQKKKNYK
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54 KYRQKRKNYK
55 KYRQKKRNYK
56 KYRQKRRNYK

Next , peptides of Goup 8 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQID NO 1 with arginine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NGO 1 wth Ilysine or arginine, by
substituting an amno acid at position 8 of the peptide of
SEQID NO 1 with serine, by substituting an am no acid at
position 9 of the peptide of SEQ ID NO 1 with tyrosine, or
by substituting an amno acid at position 10 of the peptide

of SEQIDNO 1 with lysine (Table 8).

[ Tabl e 8]
Peptides of Goup 8
SEQ I D NG Am no acid sequence(N O
57 KYRQRKKSYK
58 KYRQRKRSYK
59 KYRQRRKSYK
60 KYRQRRRSYK
61 KYRKKKSYK
62 KYRQKRKSYK
63 KYRQKKRSYK
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64 KYRQKRRSYK

Next , peptides of Goup 9 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQID NO 1 with lysine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, or
by substituting any amno acid at positions 5 to 7 of the

peptide of SEQID NGO 1 with lysine or arginine (Table 9).

[ Tabl e 9]
Peptides of Goup 9
SEQ I D NG Am no acid sequence(NC

65 KYKQRKKNKY
66 KYKQRKRNKY
67 KYKQRRKNKY
68 KYKQRRRNKY
69 KYKQKKKNKY
70 KYK@KRKNKY
71 KYKQKKRNKY
72 KYK@KRRNKY

Next , peptides of Goup 10 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQID NO 1 with lysine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, by
substituting any amno acid at positions 5 to 7 of the

peptide of SEQ ID NO 1 with lysine or arginine, or by
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substituting an amno acid at position 8 of the peptide of

SEQID NG 1 with serine (Table 10).

[ Tabl e 10]
Pepti des of G oup 10
SEQ I D NGO Am no acid sequence(N- C

73 KYKQRKKSKY
74 KYKQRKRSKY
75 KYKQRRKSKY
76 KYKQRRRSKY
77 KYK@KKKSKY
78 KYKQKRKSKY
79 KYK@KKRSKY
80 KYKQKRRSKY

Next , peptides of Goup 11 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQ ID NO 1 with lysine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NO 1 wth Ilysine or arginine, by
substituting an amno acid at position 9 of the peptide of
SEQIDNO 1 with tyrosine, or by substituting an am no acid
at position 10 of the peptide of SEQ ID NO 1 with lysine
(Tabl e 11).

[ Tabl e 11]

Peptides of Goup 11
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SEQ I D NG Am no acid sequence(NC
81 KYKQRKKNYK
82 KYKQRKRNYK
83 KYKQRRKNYK
84 KYKQRRRNYK
85 KYKQ@KKKNYK
86 KYKQKRKNYK
87 KYK@KKRNYK
88 KYKQKRRNYK

Lastly, peptides of Goup 12 were synthesized by
substituting an amno acid at position 3 of the peptide of
SEQ ID NO 1 with lysine, by substituting an am no acid at
position 4 of the peptide of SEQID NO 1 with glutam ne, by
substituting any amno acid at positions 5 to 7 of the
peptide of SEQ ID NGO 1 wth Ilysine or arginine, by
substituting an amno acid at position 8 of the peptide of
SEQID NO 1 with serine, by substituting an am no acid at
position 9 of the peptide of SEQ ID NO 1 with tyrosine, or
by substituting an amno acid at position 10 of the peptide
of SEQIDNO 1 with lysine (Table 12).

[ Tabl e 12]

Peptides of group 12

SEQ I D NGO Am no acid sequence(N O

89 KYKQRKKSYK
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90 KYKQRKRSYK
91 KYKQRRKSYK
92 KYKQRRRSYK
93 KYKQKKKSYK
94 KYKQKRKSYK
95 KYKQKKRSYK
96 KYKQKRRSYK

Exanple 2: Investigation of efficacy of peptides for

pronoting regeneration of dentin or dental pulp tissues and

treating dentin hypersensitivity by using odontobl asts

Exanple 2-1: Effects of peptides for pr onoti ng

regeneration of dentin or dental pulp tissues and treating

dentin hypersensitivity on DSPP (dentin sial ophosphoprotein)

pronoter activity

First, MDPC- 23 cells whi ch are nouse-deri ved
odont obl asts were cultured in DMED nedi um suppl emented wth
10% FBS under conditions of 5% CO, and 37°C.

Next, the cultured MDPC-23 cells were seeded on a 24-
well plate at a density of 5 X 10* cells per well, and
cultured for 24 hours. Then, the <cultured cells were
transfected wth a reconbinant vector constructed by
introducing a DSPP pronoter and a luciferase gene into a
pG.3 vector, by wusing Lipofectam ne Plus™ reagent. The

transfected MDPC-23 cells were treated with the peptides of
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Goups 1 to 12 synthesized in Exanple 1, respectively and
cultured for 48 hours. Luciferase activity in each of the
transfected MDPC-23 cells was neasured, and the cal cul ated
mean | evels of the respective groups were conpared with each
other (FIG 1A). In this regard, transfected NMDPC 23 cells
which were treated with none of the peptides of the present
i nvention were used as a control group.

FIG 1A is a graph showing the results of conparing the
effects of the peptides of the respective groups of the
present invention on expression of DSPP which 1is an
odontobl ast differentiation marker gene. As shown in FIG 1A
overal | luciferase activity levels of the respective
peptides of the present invention were about 1.3 tines
hi gher than that of the control group, but there were
di fferences between groups. It was confirmed that the
peptides of G oup 12 showed the highest |evel of luciferase
activity, and the peptides of Goup 11 showed the next
hi ghest |evel of luciferase activity.

Therefore, it can be seen that the peptides of the
present invention exhibit the effect of activating the Dspp
pr onot er.

Exanple 2-2: Effects of peptides for pronoti ng

regeneration of dentin or dental pulp tissues and treating

dentin or dental pulp diseases on expression |evel of

odont obl ast differentiati on marker DSPP gene
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The MDPC-23 cells cultured in Exanple 2-1 were treated
with the peptides of the respective groups which were
synthesized in Exanple 1, and cultured for 48 hours. Then,
MRNA | evels of an odontoblast differentiation marker Dspp
gene expressed in the MPC 23 cells were neasured, and a
ratio of the measured Dspp nRNA level relative to a Dspp
MRNA |evel neasured in a control group was calcul ated,
respectively (Tables 13 to 24). Further, nean values of the
Dspp nRNA |evels neasured in the peptides of respective
groups were conpared between the groups (FIG 1B). In this
regard, MDPC-23 cells which were treated with none of the
peptides of the present invention were used as a control
gr oup.

The expression |levels of the Dspp gene were neasured by
RT-PCR and real tine PCR analysis: In detail, total RNA was
extracted from the MDPC-23 cells with TRIzol reagent. 2 ug
of the total RNA, 1 ul of reverse transcriptase, and 0.5 ug
of oligo (dT) were used to synthesize cDNA. The synthesized
CDNA were used in real-tinme polynerase chain reaction. The
real -tinme polynerase chain reaction was perfornmed on an ABI
PRI SM 7500 sequence detection system (Applied Biosystens)
using the followng priners and a SYBR GREEN PCR Master M x
(Takara, Japan). The real-tinme polynmerase chain reaction was
performed under conditions of 94°C, 1 mn; 95°C, 15 sec -

60°C, 34 sec for 40 cycles. Results were analyzed by a
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conparative cycle threshold (CT) nethod. In this regard,
Gapdh gene was used as an internal control. The experinents
were perforned in triplicate, and then nean values and
standard devi ati ons thereof were taken as neasured val ues.

Dspp_R 5 - CTGTTGCTAGTGGTGCTGTT-3' (SEQ I D NO 97)

Dpl_F: 5’ - CATTCTCCTTGTGTTCCTTTGGG 3' (SEQ | D NO 98)
Gapdh_F: 5’ - AGGTCGGTGTGAACGGATTTG 3’ (SEQ I D NO  99)
Gapdh_R 5 - TGTAGACCATGTAGITGAGGTCA- 3’ (SEQ | D NG 100)
[ Tabl e 13]

Effects of peptides of Goup 1 on nRNA |evel of Dspp

gene
SEQ I D NG MRNA | evel of Dspp gene
Mean St andar d devi ation
1 1. 754 0.132
2 1. 646 0.092
3 1. 464 0. 221
4 1. 855 0.102
5 1.639 0. 057
6 1.746 0.091
7 1. 864 0.132
8 1.639 0. 032
[ Tabl e 14]

Effects of peptides of Goup 2 on nRNA |evel of Dspp

gene
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gene

SEQ I D NG nRNA | evel of Dspp gene
Mean St andard devi ati on
9 1.854 0. 032
10 1.746 0. 052
11 1.639 0. 201
12 1.548 0. 027
13 1.685 0.077
14 1. 846 0. 141
15 1.964 0. 279
16 1.739 0. 092
[ Tabl e 15]

Effects of peptides of Goup 3 on nRNA |evel

SEQ I D NG MRNA | evel of Dspp gene
Mean St andard devi ation
17 2.117 0. 209
18 2. 319 0. 092
19 1.931 0.102
20 2. 553 0. 099
21 1.893 0.132
22 2.412 0.072
23 2.171 0. 281
24 2.212 0.111
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gene

gene

[ Tabl e 16]

Ef fects of peptides of

Goup 4 on nRNA | evel

SEQ I D NG MRNA | evel of Dspp gene
Mean St andar d devi ati on
25 2.371 0. 089
26 2.193 0. 052
27 1.993 0. 202
28 2.453 0.192
29 1.883 0.101
30 2.512 0. 209
31 2.371 0.139
32 2.219 0. 302
[ Tabl e 17]

Ef fects of peptides of

Goup 5 on nRNA | evel

of

of

SEQ I D NG nMRNA | evel of Dspp gene
Mean St andard devi ati on
33 1.712 0.091
34 1.931 0.172
35 1.983 0.102
36 2.319 0. 292
37 1.597 0. 301
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gene

gene

38 2.116 0. 211
39 1.712 0.191
40 2.219 0. 212
[ Tabl e 18]
Effects of peptides of Goup 6 on nRNA |evel of
SEQ I D NG MRNA | evel of Dspp gene
Mean St andar d devi ati on
41 1. 546 0.091
42 1. 586 0. 103
43 1. 669 0. 095
44 1.793 0. 203
45 1.532 0. 310
46 1. 887 0.077
47 1.697 0. 009
48 1. 558 0. 201
[ Tabl e 19]
Effects of peptides of Goup 7 on nRNA |evel of
SEQ I D NG nNRNA | evel of Dspp gene
Mean St andar d devi ati on
49 1.923 0.192
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gene

gene

50 1.887 0. 007
51 1. 601 0. 082
52 2.019 0.135
53 1.592 0. 222
54 1. 437 0. 341
55 1.663 0. 094
56 1.701 0. 109
[ Tabl e 20]
Effects of peptides of Goup 8 on nRNA |evel of
SEQ I D NG MRNA | evel of Dspp gene
Mean St andar d devi ation
57 2.039 0. 082
58 1.998 0.172
59 1.792 0. 007
60 2.107 0. 201
61 2.301 0. 019
62 1.672 0. 308
63 1.769 0. 085
64 1.967 0. 039
[ Tabl e 21]
Effects of peptides of Goup 9 on nRNA |evel of
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gene

SEQ I D NG MRNA | evel of Dspp gene
Mean St andard devi ati on
65 1.723 0.072
66 1.627 0.291
67 1.777 0. 027
68 1.432 0. 410
69 2.011 0. 081
70 1.927 0. 105
71 1.879 0. 060
72 2.011 0. 009
[ Tabl e 22]

Effects of peptides of

G oup 10 on nRNA |evel of Dspp

SEQ I D NG MRNA | evel of Dspp gene
Mean St andard devi ation
73 2.035 0.021
74 2.011 0. 063
75 1.997 0. 059
76 2.351 0.109
77 1.729 0.111
78 2.635 0.091
79 2.231 0.077
80 1.837 0. 201
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gene

gene

[ Tabl e 23]

Effects of peptides of Goup 11 on nRNA |evel of
SEQ I D NG nRNA | evel of Dspp gene
Mean St andar d devi ati on
81 3.092 0. 152
82 3.361 0. 098
83 3.572 0. 209
84 3.702 0. 301
85 3.670 0. 088
86 3.705 0.137
87 3. 888 0.072
88 4.021 0. 301
[ Tabl e 24]
Effects of peptides of Goup 12 on nRNA |evel of

SEQ I D NG nNRNA | evel of Dspp gene
Mean St andard devi ati on
89 4.211 0. 413
90 4. 811 0. 302
91 4.362 0.182
92 4.211 0. 287
93 4.525 0. 250

63

Dspp

Dspp



94 3. 836 0. 099
95 4.620 0. 401
96 5.211 0.371

As shown in Tables 13 to 24, when the peptides of the
present invention were treated, overall nRNA levels of the
Dspp gene which is an odontoblast differentiation marker
were 1.3 tinmes higher than the nRNA |evel of Dspp gene
measured in MDPC-23 cells (control group) treated with none
of the peptides of the present invention.

In particular, all peptides of Goup 11 showed 3 tines
hi gher Dspp nRNA |evels and all peptides of G oup 12 showed
3.8 tinmes higher Dspp nRNA levels, as conpared with the
control group.

Moreover, FIG 1B is a graph showing the results of
conparing the expression |levels of the odont obl ast
differentiation marker Dspp gene in the ©NMPC 23 cells
treated wwth the peptides of the present invention. As shown
in FIG 1B, when the peptides of the present invention were
treated, the nRNA |evels of the odontoblast differentiation
mar ker Dspp gene were increased, and simlar to those of FIG
1A, the nRNA |evels were about 1.3 tinmes higher than the
Dspp mRNA | evel neasured in the control group.

Exanple 2-3: Effects of peptides for pronoti ng

regeneration of dentin or dental pulp tissues and treating
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dentin or dental pulp diseases on expression |evels of

odont obl ast differentiation marker genes, Dspp, Dnpl and

Nestin

The results of Exanple 2-2 showed that the peptides of
the present invention may increase the Dspp nRNA | evel, and
in particular, the peptides of Goup 11 and Goup 12 may
i ncrease the Dspp nRNA | evel at |east three tinmes or higher.

Accordingly, it was exam ned whether the peptides of
Goup 11 and Goup 12 may increase nRNA |evels of other
odont obl ast differentiati on marker genes, Dnpl and Nesti n.

Briefly, experinments were perforned in the sanme nmanner
as in Exanple 2-2, except that the following priners were
used and the peptides of Goup 11 and Goup 12 were used as
peptides. The effects of the peptides of the present
i nvention on expression levels of Drpl and Nestin genes were
measured, and the calculated nean values were conpared
between the groups (FIG 1C). In this regard, NMDPC 23 cells
which were treated with none of the peptides of the present
invention were used as a control group, and the nRNA | evel

of the Dspp gene was used as a conparative group.

Dhpl_F: 5 -CATTCTCCTTGIGITCCTTTGGG 3’ (SEQ I D NO 101)
Dmpl_R 5 -TGIGGTCACTATTTGCCTGIG 3’ (SEQ | D NO: 102)
Nestin_F: 5 - CCCTGAAGTCGAGGACCTG 3’ (SEQ I D NO: 103)
Nestin_R 5 - CTGCTGCACCTCTAAGCGA-3' (SEQ I D NO: 104)
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FIG 1C is a graph showing the results of conparing the
expression levels of the odontoblast differentiation narker
genes, Dspp, Dmpl and Nestin in the MPC-23 cells treated
with the peptides of Goup 11 and Goup 12 of the present
invention. As shown in FIG 1C  when the peptides of the
present invention were treated, all nRNA |evels of the
odontobl ast differentiation marker genes, Dspp, Dmpl and
Nestin were increased, and there were differences in the
creased |evels between the genes. The expression |evels
increased by the peptides of Goup 12 were higher than the
expression |l evels increased by the peptides of Goup 11.

The above differentiation marker genes are known as
genes involved in odontoblast differentiation and dentin
m neralization, which infers that the peptides of the
present invention may exhibit the effect of pronoting dentin
regeneration.

Exanple 2-4. Test of cytotoxicity of peptides for

pronoting regeneration of dentin or dental pulp tissues and

treating dentin or dental pulp diseases in dental pulp cells

First, human dental pulp stemcells were separated from
wi sdom teeth of 10 adults (aged 18-22) at School of
Dentistry, Seoul Nat i onal Uni versity. In detail, al
experinments wer e per f or med after t he appr oval of
Institutional Review Board and the infornmed consent from

patients. Wsdom teeth were fractured according to a nethod
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of Jung HS et al. (J Mol Histol.(2011)) to expose the dental
pul ps, and dental pulp tissues were separated with forceps.
Each of the separated dental pulp tissues was cut into smal
pieces with a razor blade, put in a 60-mm dish, covered with
a cover slip, and then cultured in a DVEM nedium to obtain
cul tured dental pulp cells.

Next, the obtained dental pulp cells were seeded on a
96-wel | plate at a density of 3 x 10° cells per well, and
cultured for 24 hours. Then, the cells were treated wth the
peptide of Group 11 or 12 at a concentration of 10 ug/ml or
50 ng/ml, and further cultured for 1 day, 3 days, or 5 days.
After conpletion of the culture, the cultured cells were
washed with PBS, 20 upul of MTT solution was added thereto,
and then allowed to react at 37°C for 4 hours. After
conpletion of the reaction, the MT solution was renoved
and 100 pl of DMSO was added thereto, and absorbance at 540
nm was neasured (FIG 1D). In this regard, dental pulp cells
which were cultured without treatnment of the peptides were
used as a control group.

FIG 1D is a graph showing the results of evaluating
cytotoxicity of the peptides of the present invention on
dental pulp cells. As showmn in FIG 1D, although the
pepti des of the present invention were treated, the denta

pulp cells showed the sane |evel of viability as the contro

group.
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Exanpl e 3: Effects of pepti des for pronoti ng

regeneration of dentin or dental pulp tissues and treating

dentin or dental pulp diseases on fornmation of dentin/dental

pul p-1ike tissues in vivo

Exanple 3-1: Morphological analysis of transplanted

ti ssues derived fromaninmals raised for 6 weeks

100 ng of a dentin substitute was added to 2 x 10° of
dental pulp cells, and mxed with 0.5% fibrin gel to prepare
an inplant. In this regard, hydroxy apatite/tricalcium
phosphate (HA/ TCP) ceram c powder (Zi mer, USA) was used as
the dentin substitute, and the fibrin gel was prepared by
including 10 pg of the peptide of Group 11 (SEQ ID NO: 87),
the peptide of Group 12 (SEQ ID NO: 96), or 2 ug of BMP-2.
The prepared inplant was transplanted into the subcutaneous
ti ssues of inmmunoconprom sed mce (N Hbg-nu-xid; Harlan
Laboratories, Indianapolis, IN, and the mce were raised
for 6 weeks. Then, dentin/dental pulp-like tissues forned
from the inplants were renoved. The renoved tissues were
fixed in 4% parafornmal dehyde, decalcified in 10% EDTA (pH
7.4), enbedded in paraffin, and stained wth henatoxylin-
eosin (HE) (Vector Labs) to evaluate Ilevels of the
dentin/dental pulp-like tissues (FIG 2). In this regard, an
inmplant including none of the peptides of the present

i nvention was used as a control group.
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FIG 2 shows mcroscopic inmages of dentin/dental pulp-
like tissues which were fornmed in vivo for 6 weeks after
transplantation of the inplants including dental pulp cells
and various conponents, in which A to C are mnmicroscopic
i mges at 6 weeks after transplantation of a control inplant
including dental pulp cells and HATCP only (scale bar: A
200 pym, B 100 pm, C 50 um); D to F are microscopic images at
6 weeks after transplantation of an inplant including dental
pulp cells, HATCP, and the peptide of Goup 11 (scale bar:
D 200 ym, E 100 um, F 50 um); G to I are microscopic images
at 6 weeks after transplantation of an inplant including
dental pulp cells, HATCP, and the peptide of Goup 12
(scale bar: G 200 pum, H 100 um, I 50 um); and J to L are
m croscopic inmages at 6 weeks after transplantation of a
conparative inplant including dental pulp cells, HATCP, and
rhBMP-2 (scale bar: J 200 um, K 100 um, L 50 um).

As shown in FIG 2, when the inplant including the
peptide of the present invention or not was transplanted (A
to 1), generation of dentin/dental pulp-like tissue was
observed at the periphery of HA/TCP particles. However, when
the conparative inplant including rhBMP-2 was transpl anted
(J to L), generation of bone-like mneralized tissue and
bone marrowlike tissue was observed at the periphery of

HA/ TCP parti cl es.
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Moreover, dentin/dental pulp-like tissues which were
the nost simlar to the in vivo dentin-dental pulp tissue
wer e gener at ed at a relatively hi gh | evel upon
transplantation of the inplants including the peptides of
the present invention (D to 1), as conpared wth
transplantation of the inplants including none of the
pepti des of the present invention (Ato C).

Exanpl e 3-2: Col |l agen staining analysis of transpl anted

ti ssues derived fromaninals raised for 6 weeks

It is known that collagen is the nbst abundant organic
matrix in dentin and bone, and allows mneral deposition to
play an inportant role in dentin regeneration.

Accordingly, to exam ne a collagen production |evel in
each of the tissues renoved in Exanple 3-1, the above
tissues were subjected to <collagen staining (Masson's
Trichrome Staining) by using a Masson’s Trichronme Stain Kit
(Cat. 25088-100) of Polysciences (FIG 3). In this regard, a
tissue transplanted wth an inplant including none of the
peptides of the present invention was used as a control
gr oup.

FIG 3 shows mcroscopic inmages of collagen production
levels in the dentin/dental pulp-like tissues which were
formed in vivo for 6 weeks after transplantation of the
i mpl ants including dental pulp cells and various conponents,

in which A to C show the results at 6 weeks after
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transplantation of a control inplant including dental pulp
cells and HA/TCP only (scale bar: A 500 um, B 200 um, C 50
um) ; D to F show  the results at 6 weeks after
transplantation of an inplant including dental pulp cells,
HA/TCP, and the peptide of Group 11 (scale bar: D 500 um, E
200 pum, F 50 um); G to I show the results at 6 weeks after
transplantation of an inplant including dental pulp cells,
HA/TCP, and the peptide of Group 12 (scale bar: G 500 um, H
200 pym, I 50 um); and J to L show the results at 6 weeks
after transplantation of a conparative inplant including
dental pulp cells, HA/TCP, and rhBMP-2 (scale bar: J 500 um,
K 200 pym, L 50 um).

As shown in FIG 3, transplantation of the inplants
including the peptides of the present invention showed the
increased collagen production levels, as conpared wth
transpl antation of the control inplant.

Exanple 3-3: Inmmunostaining analysis of transplanted

ti ssues derived fromaninals raised for 6 weeks

To evaluate expression levels of DSP which is an
odont obl ast-specific differentiation marker gene and BSP
which is an osteoblast-specific differentiation nmarker gene
in each of the tissues renoved in Example  3-1,
i mrunost ai ni ng anal ysi s was perforned.

Briefly, the renoved tissues were fixed in 4%

par af or mal dehyde, decalcified in 10% EDTA (pH 7.4), enbedded
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in paraffin, and then inmmunostained with anti-DSP and anti -
BSP antibodies at a dilution of 1:150 as primary antibodi es,
and reacted with biotin-labeled goat anti-rabbit 1gG (Vector
Labs) as secondary antibodies to determne DSP and BSP
levels (FIG 4). In this regard, the tissue transplanted
with an inplant including none of the peptides of the
present invention was used as a control group.

FIG 4 shows inmunostaining inmges showing the results
of evaluating the expression levels of DSP which is an
odont obl ast-specific differentiation marker gene and BSP
which is an osteoblast-specific differentiation marker gene
in the dentin/dental pulp-like tissues which were formed in
vivo for 6 weeks after transplantation of the inplants
i ncluding dental pulp cells and various conponents, in which
A and E show the results at 6 weeks after transplantation of
a control inplant including dental pulp cells and HA TCP
only; B and F show the results at 6 weeks after
transplantation of an inplant including dental pulp cells,
HAN TCP, and the peptide of Goup 11; C and G show the
results at 6 weeks after transplantation of an inplant
including dental pulp cells, HA/TCP, and the peptide of
Goup 12; and D and H show the results at 6 weeks after
transplantation of a conparative inplant including dental
pulp cells, HANTCP, and rhBwMP-2, arrows of A B, C and D

i ndi cate DSP-expressing regions in the newy fornmed dentin-

72



i ke tissues, and arrowheads of E, F, G and H indicate BSP-
expressing regions in the newy formed bone-like tissues.
Scale bar is 50 um.

As shown in FIG 4, transplantation of the control
inplant showed a |low DSP expression level in the newy
formed denti n/ dent al pul p-1i ke ti ssue (A, wher eas
transplantation of the inplant including the peptide of
Group 11 or 12 showed a relatively high DSP expression |eve
in the newy forned mneralized tissue (B and C). However,
transplantation of the inplant including rhBMP2 showed
little DSP expression (D).

Further, transplantation of the control inplant (E),
the inplant (F) including the peptide of Goup 11, or the
inplant (G including the peptide of Goup 12 showed a | ow
BSP expression level in the fornmed mneralized tissue,
whereas transplantation of the inplant (H) including rhBwMP2
showed a relatively very high BSP expression level in the
formed mneralized tissue and the osteoblast-like cells
entrapped in the mneralized tissue.

Exanpl e 3-4: Morphol ogical analysis of transplanted

ti ssues derived fromaninmals raised for 12 weeks

The levels of dentin/dental pulp-like tissues were
evaluated in the sanme manner as in Exanple 3-1, except

i npl ant-transpl anted mce were raised for 12 weeks (FIG 5).
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FIG 5 shows mcroscopic inmages of dentin/dental pulp-
like tissues which were fornmed in vivo for 12 weeks after
transplantation of the inplants including dental pulp cells
and various conponents, in which A to C are mnmicroscopic
images at 12 weeks after transplantation of a contro
i mplant including dental pulp cells and HAN TCP only (scale
bar: A 500 um, B 200 um, C 50 um); D to F are microscopic
images at 12 weeks after transplantation of an inplant
including dental pulp cells, HA/TCP, and the peptide of
Group 11 (scale bar: D 500 pym, E 200 um, F 50 um); G to I
are mcroscopic imges at 12 weeks after transplantation of
an inplant including dental pulp cells, HATCP, and the
peptide of Group 12 (scale bar: G 500 um, H 200 pum, I 50 um);
and J to L are mcroscopic images at 12 weeks after
transplantation of a conparative inplant including dental
pulp cells, HA/TCP, and rhBMP-2 (scale bar: J 500 um, K 200
um, L 50 um).

As shown in FIG 5, when mce were raised for 12 weeks
after transplantation of the inplant including the peptide
of the present invention or not (A to I|), generation of
dentin/dental pulp-like tissue and odontobl ast processes was
observed at the periphery of HATCP particles, like in the
mce raised for 6 weeks after transplantation. However, when
the conparative inplant including rhBMP-2 was transpl anted

(J to L), generation of the bone-like tissue and bone
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marrow| i ke tissue having cells entrapped inside the matrix
was observed at the periphery of HA/ TCP particles.

Mor eover, odontoblasts and dentin/dental pulp conpl exes
which were highly simlar to those in vivo were generated
upon transplantation of the inplants including the peptides
of the present invention (D to 1), as conpared wth
transplantation of the inplants including none of the
pepti des of the present invention (Ato O

Exanpl e 3-5: Col |l agen staining analysis of transpl anted

ti ssues derived fromaninmals raised for 12 weeks

In order to exam ne a collagen production |evel in each
of the tissues renoved in Exanple 3-4, the above tissues
were subjected to collagen staining (Masson’s Trichrone
Staining) by wusing a Masson’'s Trichronme Stain Kit (Cat.
25088-100) of Polysciences (FIG 6). In this regard, a
tissue transplanted wth an inplant including none of the
peptides of the present invention was used as a control
gr oup.

FIG 6 shows mcroscopic inmages of collagen production
levels in the dentin/dental pulp-like tissues which were
formed in vivo for 12 weeks after transplantation of the
i nplants including dental pulp cells and various conponents,
in which A to C show the results at 12 weeks after
transplantation of a control inplant including dental pulp

cells and HA/TCP only (scale bar: A 500 um, B 200 um, C 50
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um) ; D to F show the results at 12 weeks after
transplantation of an inplant including dental pulp cells,
HA/TCP, and the peptide of Group 11 (scale bar: D 500 um, E
200 pym, F 50 um); G to I show the results at 12 weeks after
transplantation of an inplant including dental pulp cells,
HA/TCP, and the peptide of Group 12 (scale bar: G 500 um, H
200 pym, I 50 um); and J to L show the results at 12 weeks
after transplantation of a conparative inplant including
dental pulp cells, HA/TCP, and rhBMP-2 (scale bar: J 500 um,
K 200 pym, L 50 um).

As shown in FIG 6, the increased collagen production
| evel s were observed at 12 weeks after transplantation of
the inplants including the peptides of the present invention,
like at 6 weeks after transplantation thereof, as conpared
with transplantation of the control inplant.

Exanple 3-6: |Inmunostaining analysis of transplanted

ti ssues derived fromaninmals raised for 12 weeks

| mmunostaining analysis was perforned in the sane
manner as in Exanple 3-3, except that the tissues renoved in
Exanple 3-4 were used instead of the tissues renoved in
Example 3-1 (FIG 7). In this regard, a tissue transplanted
with an inplant including none of the peptides of the
present invention was used as a control group.

FIG 7 shows inmunostaining inmges showing the results

of evaluating the expression levels of DSP which is an
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odont obl ast-specific differentiation marker gene and BSP
which is an osteoblast-specific differentiation nmarker gene
in the dentin/dental pulp-like tissues which were formed in
vivo for 12 weeks after transplantation of the inplants
i ncluding dental pulp cells and various conponents, in which
A and E show the results at 12 weeks after transplantation
of a control inplant including dental pulp cells and HA/ TCP
only;, B and F show the results at 12 weeks after
transplantation of an inplant including dental pulp cells,
HAN TCP, and the peptide of Goup 11; C and G show the
results at 12 weeks after transplantation of an inplant
including dental pulp cells, HA/TCP, and the peptide of
Goup 12; and D and H show the results at 12 weeks after
transplantation of a conparative inplant including dental
pulp cells, HANTCP, and rhBwMP-2, arrows of A B, C and D
i ndi cate DSP-expressing regions in the newy formed dentin-
i ke tissues, and arrowheads of E, F, G and H indicate BSP-
expressing regions in the newy formed bone-like tissues.
Scale bar is 50 um.

As shown in FIG 7, low DSP expression |levels were
observed in the newy formed dentin/dental pulp-like tissues
at 12 weeks after transplantation of the control inplant (A
or the inplant including rhBvMP2 (D), whereas relatively very
hi gh DSP expression |levels were observed in the newy forned

m neralized tissues at 12 weeks after transplantation of the
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inplant (B and C) including the peptide of Goup 11 or 12
simlar to those at 6 weeks after transplantation.

Further, transplantation of the control inplant (E),
the inplant (F) including the peptide of Goup 11, or the
inplant (G including the peptide of Goup 12 showed a | ow
BSP expression level in the fornmed mneralized tissue,
whereas transplantation of the inplant (H) including rhBwMP2
showed a relatively very high BSP expression level in the
formed mneralized tissue and the osteoblast-like cells
entrapped in the mneralized tissue.

Accordingly, it can be seen that the peptides of the
pr esent i nvention exhi bi t t he ef f ect of pronoti ng
regeneration of dentin/dental pulp conplex.

Exanpl e 3-7: Anal ysi s of differentiation of

transpl anted tissue i nto odontobl asts

A scanning electron mcroscope was used to exam ne
whet her the dental pulp cells included in the inplant were
differentiated into odontoblasts in the tissues renoved in
Exanmple 3-4 (FIG 8). In this regard, a tissue transplanted
with an inplant including none of the peptides of the
present invention was used as a control group.

Briefly, each tissue was imersed and fixed in 2.5%
gl ut aral dehyde/ 0.1 M cacodyl ate buffer for 30 mnutes, and
each fixed tissue was imersed and reacted in a cacodylate

buffer containing 1% osmum tetroxide for 1 hour. After
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dehydration of the tissues in ethanol and drying, the dried
tissues were coated wth gold, and visualized under a
scanning el ectron mcroscope (S-4700, H TACH , Tokyo, Japan).

FIG 8 shows scanning mcroscopic images of the
internal structures of the dentin/dental pulp-like tissues
which were fornmed in vivo at 12 weeks after transplantation
of the inplants including dental pulp cells and various
conponents, in which A and B are the results at 12 weeks
after transplantation of a control inplant including denta
pulp cells and HA/TCP only (scale bar: A 50 um, B 20 um); C
and D are the results at 12 weeks after transplantation of
an inplant including dental pulp cells, HATCP, and the
peptide of Group 12 (SEQ ID NO: 96) (scale bar: C 50 um, D
20 um); and E and F are the results at 12 weeks after
transplantation of a conparative inplant including dental
pulp cells, HA/TCP, and rhBMP-2 (scale bar: E 50 um, F 20
um) .

As shown in FIG 8, when the control inplants (A and B)
were transpl anted, odontoblast-like cells having odontobl ast
processes were partially observed at the periphery of the
formed hard tissue, and when the inplants (C and D)
including the peptides of the present invention were
transpl anted, nunerous odontoblast-like cells were observed
at the periphery of the fornmed hard tissue, and odontobl ast

processes also extended toward the formed hard tissue.
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However, when the conparative inplants (E and F) including
rhBMP-2 were transplanted, cuboidal cells attached to the
surface of the formed hard tissue were observed, indicating
typi cal characteristics of osteoblasts.

Therefore, it can be seen that the peptides of the
present invention nore effectively form odontobl asts.

Exanpl e 4. Effects of pepti des for pronoti ng

regeneration of dentin or dental pulp tissues and treating

dentin hypersensitivity in human tooth

Reportedly, the dentinal wall and the enpty pulp cavity
of a natural tooth provide the specific local environnent
for the regeneration of dentin/pulp-like tissues by denta
pulp cells (Huang GI, et al. (2010) Tissue engineering. Part
A 16(2):605-615). Therefore, formation of dentin/pulp-Ilike
tissues in root canal spaces was eval uat ed.

In detail, anong the inplants prepared in Exanple 3-1
a conparative inplant or an inplant including the peptide of
Group 12 (SEQ ID NO: 96) at a concentration of 10 ug/ml was
transplanted into the root canal spaces of human teeth for 6
weeks, and dentin/dental pulp-like tissues fornmed in the
respective inplants were subjected to hematoxylin-eosin (HE)
staining according to the nethod of Exanple 3-1, and
phot ographed by a scanning electron mcroscope according to

t he nethod of Exanple 3-7 (FIG 9).
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FI G 9 shows m cr oscopi c I mages and scanni ng
m croscopic imges showing the results of anal yzi ng
odont obl asts/dental pulp-like tissues which were forned
after transplantation of the inplants including the peptides
of the present invention into the root canal spaces of the
human teeth, in which A and B show the results of staining
the tissues transplanted with a control inplant including
dental pulp cells and HA/TCP only (scale bar: A 500 um, B 50
um); C, D and D’ show the results of staining the tissues
transplanted with an inplant including dental pulp cells,
HA/ TCP, and the peptide of Goup 12 (SEQ ID NO 96) (scale
bar: A 500 pm, B 50 um); D is magnification of box 1 in C, D’
is magnification of box 2 in C (scale bar: C 500 um, D 50 um,
D’ 50 um); E and F show scanning microscopic images of the
tissues transplanted with the control inplant including
dental pulp cells, HA/TCP only (scale bar: E 50 um, F 10 um);
G and H show scanning mcroscopic inages of the tissues
transplanted with the inplant including dental pulp cells,
HA TCP, and the peptide of Goup 12 (SEQ ID NO 96) (scale
bar: G 50 upym, H 10 um); P indicates the regenerated dental
pulp, De indicates existing dentinal wall, DT indicates
existing dentinal tubules, Od indicates odontoblasts, OP
i ndi cates odont obl ast processes, and arrows in D indicate
regener at ed odont obl ast-1i ke cells W th odont obl ast

processes.
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As shown in FIG 9, vascularized pulp-like tissues were
formed inside all the root canals which were transplanted
with the control inplant and the inplant including the
pepti de of G oup 12.

However, when the inplant including the peptide of
Goup 12 of the present invention was transplanted,
odontobl ast-li ke cells exhibited a palisade arrangenent on
the existing dentinal wall, and their cytoplasn c processes,
with |engthened nuclei, extended toward existing dentinal
tubules, and newy forned dentin was observed in the
exi sting dentinal wall (C, Dand D).

In particular, as shown in scanning mcroscopic inmages
(E to H), transplantation of the inplants (G and H)
including the peptide of Goup 12 showed that odontobl ast-
like cells exhibited a palisade arrangenent on the existing
dent i nal wal |, and their cytoplasmc processes, wth
| engt hened nuclei, extended toward existing dentinal tubules,
as conpared wth transplantation of the control inplants (E
and F).

Exanple 5: Effects of novel peptides on physiologic

dentin (tertiary dentin) formation in indirect pulp capping

cani ne nodel

In order to exam ne effects of the novel peptides on

physi ol ogic dentin (tertiary dentin) formation in indirect
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pul p capping nodels, their dentin regeneration capabilities
wer e eval uat ed.

In detail, to establish dentin-danmaged cani ne nodel s by
indirect pulp capping, a part of enanmel in the cervical part
was renoved fromthe prenolars of 12-nonth-old adult dogs by
using a dental bur. The dentin was shallowy renoved
according to the exposure degree of the dentin to form a
shal | ow cavity, thereby establishing a shallow cavity nodel
The dentin was deeply renpbved such that the dental pulp was
seen through, but not exposed to the outside, thereby
establishing a deep cavity nodel. The nobdels were treated
wth the control group, the peptide of Goup 11, or the
peptide of Goup 12. 3 weeks later, the adult dogs were
eut hani zed, and teeth were extracted therefrom

The extracted teeth were fixed in 4% paraformal dehyde
for 24 hours, washed with PBS (pH 7.4) several tines, and
then decalcified with 10% formc acid. The decalcified teeth
were enbedded in paraffin to prepare tissue sections. The
ti ssue sections were stained with hematoxylin/eosin (H&E)
and dentin regeneration capabilities were evaluated by
hi st ol ogi cal anal ysi s.

FI G 10 shows mcroscopic inmages of histological
anal ysis of the effects of the novel peptides on physiol ogic
dentin (tertiary dentin) formation in the shallow cavity

nodel anong the indirect pulp capping canine nodels, in
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which A to C are mcroscopic imges showing the result of
the control group, in which none of the nmaterials was
applied to the inlet of dentinal tubule in the exposed
dentin (scale bar: A 500 um, B 100 um, C 50 um); D to F are
m croscopic images showng the result of applying the
peptide of Group 11 (1.5 pg) to the inlet of dentinal tubule
in the exposed dentin (scale bar: D 500 pym, E 100 um, F 50
um) ; and G to I are microscopic images showing the result of
applying the peptide of Group 12 (1.5 ug) to the inlet of
dentinal tubule in the exposed dentin (scale bar: G 500 um,
H 100 pm, I 50 wum). P indicates pulp, D indicates dentin,
and TD indicates newy fornmed physiologic (tertiary) dentin.

In the control group, no change was observed in the
damaged dentin (FIG 10A-C). However, in the groups treated
with the peptides of Goup 11 (FIG 10D-F) or Goup 12 (FIG
10G 1), regeneration of physiologic tertiary dentin (TD)
whi ch was continuous with the odontoblast processes of the
original dentin structure was observed beneath the renaining
dentin in the danmaged dentin.

FI G 11 shows mcroscopic inmages of histological
anal ysis of the effects of the novel peptides on physiol ogic
dentin (tertiary dentin) formation in the deep cavity node
anong the indirect pulp capping nodels, in which Ato C are
m croscopi c i mages showing the result of the control group

in which the inlet of dentinal tubule in the exposed dentin
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was treated with none of the materials and filled with a
dental restorative material, G cenment (dass |ononer Cenent,
Fuji 1l LC, GC Anerica Inc., Alsip, IL, USA) (scale bar: A
500 pym, B 100 um, C 50 um); D to F are microscopic images
showing the result of filling the inlet of dentinal tubule
in the exposed dentin with G cenent after being treated
with the peptide of Group 11 (1.5 ug) (scale bar: D 500 um,
E 100 um, F 50 mum); and G to I are microscopic images
showing the result of filling the inlet of dentinal tubule
in the exposed dentin with G cenent after being treated
with the peptide of Group 12 (1.5 ug) (scale bar: G 500 um,
H 100 pm, I 50 um). P indicates pulp, D indicates dentin,
and TD indicates newy formed physiologic (tertiary) dentin.
The deep cavity nodels showed the simlar results to
the shallow cavity nodels. In the control group, in which
the damaged dentin lesion was treated with G cenent which
is a dental restorative material, no change was observed
(FIG 11A-C). However, in the groups treated with the
peptides of Goup 11 (FIG 11D-F) or Goup 12 (FIG 11G1)
together wth G cenent, regeneration of physiologic tertiary
dentin (TD) which was continuous wth the odontobl ast
processes of the original dentin structure was observed

beneath the remaining dentin in the danaged denti n.
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Exanple 6: Effects of novel peptides on physiologic

dentin (tertiary dentin) formation in direct pulp capping

cani ne nodel

In order to exam ne effects of the novel peptides on
physiologic dentin (tertiary dentin) formation in direct
pul p capping nodels, their dentin regeneration capabilities
wer e eval uat ed.

In detail, to establish dentin-danaged cani ne nodel s by
direct pulp capping, the enanel and dentin in the cervical
part were renoved from the prenolars of 12-nonth-old adult
dogs by using a dental bur so that the dental pulp was
exposed to the outside. The nodels were treated with the
control group, the peptide of Goup 11, or the peptide of
Goup 12. 3 weeks later, the adult dogs were euthanized and
teeth were extracted therefrom

The extracted teeth were fixed in 4% parafornmal dehyde
for 24 hours, washed with PBS (pH 7.4) several tinmes, and
then decalcified with 10% formc acid. The decalcified teeth
were enbedded in paraffin to prepare tissue sections. The
tissue sections were stained with hematoxylin/eosin (H&E),
and dentin regeneration capabilities were evaluated by
hi st ol ogi cal anal ysi s.

FIG 12 shows mcroscopic inages of histological
anal ysis of the effects of the novel peptides on physiol ogic

dentin (tertiary dentin) formation in the direct pulp
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capping nodels, in which A to C are mcroscopic inmages
showing the results of the control group, in which the
exposed dental pulp was treated with none of the materials
and then treated with GI cement (scale bar: A 200 um, B 100
um, C 50 um); D to F are microscopic images showing the
results of the positive control group, in which the exposed
dental pulp was treated with none of the materials, sealed
with a dental restorative material, MA (Mneral trioxide
aggregate, ProRoot MIA, Dentsply Tulsa Dental, Tulsa, K
USA), and then covered with GI cement (scale bar: D 500 um,
E 200 um, F 50 um); G to I are microscopic images showing
the results of the groups, in which the exposed dental pulp
was treated with the peptide of Group 11 (1.5 ug), sealed
with MIA, and then covered with G cenent (scale bar: G 200
um, H 100 um, I 50 mum); J to L are microscopic images
showing the results of the groups, in which the exposed
dental pulp was treated with the peptide of Goup 12 (1.5
ug), sealed with MTA, and then covered with GI cement (scale
bar: J 500 um, K 100 pm, L 50 um). D indicates dentin, OD
i ndi cates osteodentin, and TD indicates newly forned
physi ol ogic (tertiary) dentin.

In the control group treated with G cenent, no change
was observed in the dental pulp of the damaged dentin (FIG
12A-C). MIA is a dental restorative material wdely used in

dentin formation and regeneration. However, hard tissues
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formed by MIA are known to have cells entrapped in the
mneralized tissues and to exhibit osteodentin which is
simlar to bone having no dentinal tubule which is an
i mportant conponent of the dentin. The present results also
showed that osteodentin (OD) with cells entrapped in the
mneralized tissue along the remaining original dentin on
and beneath the exposed pulp was observed in the groups
treated with MA (FIG 12D-F). However, in the groups
treated with MIA and the peptides of Goup 11 (FIG 12G1)
or Goup 12 (FIG 12J-L), new physiologic dentin (TD) which
was continuous wth the odontoblast processes of the
original dentin was fornmed along the remaining origina

dentin on and beneath the exposed pul p.

The results of Exanples taken together, it can be seen
that the peptides of the present invention increase
expression levels of Dspp, Dmpl and Nestin genes which are
odont obl ast-specific differentiation marker genes, and
pronote formation of odontoblasts when the peptides are
transpl anted, together with dental pulp cells, into the body,
and in particular, the dental pulp cells pronote fornation
of dentin/dental pulp-like tissue when the peptides are
transplanted into root canal spaces. It can be also seen
that the sane physiologic dentin as observed in the natural

human tooth dentin is fornmed by the novel peptides.

88



Accordingly, it can be seen that the peptides of the
present invention may be used in the treatnent of dentin or

dental pul p di seases.

This study was supported by the Korea Evaluation
Institute of Industrial Technology (KEIT) funded by the
M nistry of Trade, Industry & Energy in 2017.
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VWHAT |'S CLAI MED | S

1. A peptide for pronoting regeneration of dentin or
dental pulp tissues and treating dentin or dental pulp
di seases, conprising an am no acid sequence of the follow ng
Fornul a 1:

K- Y- R1- R2- R3- R4- R5- R6- R7- R8 (Formul a 1)

wherein RL is arginine(R), lysine(K) or glutam ne(Q;

R2 is arginine(R) or glutam ne(Q;

R3, R4, and R5 are arginine(R or l ysi ne(K),
respectively;

R6 i s asparagine(N) or serine(S); and

R7 and R8 are lysine(K) or tyrosine(Y), respectively.

2. The peptide of claim 1, wherein the peptide consists

of any one am no acid sequence of SEQID NCS: 1 to 96

3. The peptide of claim 1, wherein the peptide is
subjected to N or C-termnal acetylation, amdation, or
met hyl ati on; D-amino acid introduction; peptide bond
nodi fication including CH-NH, CH,- S, CH,- S=0, CH,- CHp;

backbone nodification; or side-chain nodification.

4. A polynucl eotide encoding the peptide of any one of

clains 1 to 3.
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5. An expression vector conprising the polynucleotide

of cl ai m 4.

6. A pharmaceutical conposition for preventing or
treating dentin or dental pulp diseases, conprising the

peptide of any one of clains 1 to 3.

7. The  pharnmaceuti cal conposition  of claim 6,
conprising a polypeptide which is prepared by I|inking

repeats of the peptide.

8. The pharnmaceuti cal conmposition  of claim 6,
conprising a conplex of the peptide linked to a drug having

a therapeutic effect on dentin or dental pul p diseases.

9. The pharnmaceutical conposition of claim 6, further
conprising a pharmaceutically acceptable carrier, excipient,

or diluent.

10. The pharmaceutical conposition of claim 6, wherein
t he dentin or dent al pul p di seases are dentin
hypersensitivity, pul p hyperem a, pul pitis, pul p

degeneration or pulp necrosis, and gangrenous pulp.
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11. A quasi-drug conposition for preventing or
improving dentin or dental pulp diseases, conprising the

peptide of any one of clains 1 to 3.

12. The quasi-drug conposition of claim 11, wherein the
guasi -drug conposition is oral antiseptic nouthwashes, ora

hygi ene products, toothpastes, floss, or oral ointnents.

13. A health functional food conposition for preventing
or inproving dentin or dental pulp diseases, conprising the

peptide of any one of clains 1 to 3.

14. The health functional food conposition of claim 13,
wherein the health functional food conposition is used in
the preparation of beverages, teas, spices, guns, or

confectionery.

15. A nethod of preventing or treating dentin or dental
pul p diseases, the method conprising admnistering to a
subject a conposition conprising the peptide of any one of

claine 1 to 3.

16. A nethod of pronoting regeneration of dentin or

dental pulp tissues, the nethod conprising admnistering to
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a subject a conposition conprising the peptide of any one of

claine 1 to 3.
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