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MARROW MESENCHYMAL STEM CELLS AND/ OR PLURI PA ENT STEM CELLS I N BLOOD 5

Technical Field The present inveption relates to tissue
regeneration-pronoting agents that are admnistered to a tissue other than
a tissue in need of regeneration. 10 Background Art Regener ati ve
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25  extensive burms, thereby causing remarkably poor prognosis and QOL in the cosmetic aspect.
If the body’s own regeneration mechanisms for repairing tissue damage can be activated, it is
expected to be possible to induce the regeneration of damaged tissues (organs) with functional
tissues, rather than cicatrization.
The bone marrow is known to contain mesenchymal stem cells which can differentiate
30 info bone, cartilage, adipose, and others, as well as hematopoietic stem cells which differentiate
into leukocytes, erythrocytes, and the like. Recently, it has been revealed that the bone marrow

also contains pluripotent stem cells that can differentiate into epithelial cells and nerve cells.
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[ Means for Solving the Problens] 10The effect of HMEB-1 and S100A8 in
recruiting bone marrowderived cells to a skin ulcer in the process of
skin ulcer healing was assessed using mmce. The result denonstrated that
the admi nistration of HM3-1 or S100A8into venous bl ood, which was a
non-target site distant fromthe skin ulcer, resulted in recruitnment of
bone marrowderived cells to the skin ulcer. Then, the effect of the

i ntravenous adm ni stration of HVME-1 and S100A8 in pronoting the 15
heal i ng of skin ulcer was assessed. As a result, the healing of the skin
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celI mar ers were detected in the brain of mice to which HMGB-1 was 1ntraven0usly
administered after creation of cerebral infarction. Then, the assessment of the cerebral

25  infarct-reducing effect showed that the cerebral infarction was remarkably improved in the mice

to which HMGB-1 was intravenously administered, as compared to control mice. In addition,
the assessment for the improvement of the post-cerebral infarction survival rate revealed that the
intravenous HMGB-1 administration resulted in an increase in the mouse survival rate.
Further assessment was carried out using mice to clarify whether bone marrow
30  pluripotent stem cells from regions other than the bone fracture site were involved in the process
of bone fracture healing. The result showed that bone marrow-derived cells migrated from
regions distant from the damaged site into the bone fracture site to repair the damaged tissue.
Moreover, another test was performed using bone fracture model mice to assess the
activity of intravenously administered HMGB1 in recruiting bone marrow mesenchymal stem
35  cells to the damaged site. It was revealed that the intravenous administration of HMGBI

resulted in the accumulation of bone marrow mesenchymal stem cells recruited to the blood at



(f) a vector into which a DNA encoding an HMGB2 protein is inserted; 10(g)
an HM33 protein; (h) a cell that secretes an HM3B3 protein; (i) a vector
into which a DNA encoding an HME3 protein is inserted; (j) an S100A8
protein; (k) a cell that secretes an S 100A8 protein; 15( 1) a vector into
whi ch a DNA encodi ng an S100A8 protein is inserted, (n) an S100A9 protein;
(n) a cell that secretes an S 100A9 protein; (0) a vector into which a DNA
encodi ng an S100A9 protein is inserted; (p) a cell or tissue extract; and
20(0) Re DSRATARRIAMI ng fraction of a cel | or tissue extract; wherein the
agent 1s adm ni stered to a tissue other than a tissue in need of

r egener at i omasgbyn thees fdings. 8 raspnt appliesiongpravdesihe flosdnpiventieesal | v,
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I S adm ni st i ntramuscul ar | Yy,
subcut éﬁ@@d@w}?’ ZHOFemsrader mal ly, or intraperitoneally; [5] the agent of

any On?b)oiceﬂlldlatts@cﬂefe];an‘HMGE'I'};r&t@ﬁ cell or tissue extract is produced by a
met hod corrpr|5| ng the step of “i mrersi ng‘T a cell or tissue in a solvent; [6]

the agéhitd rioaMfo sthechs DNty enceding pn HirlbRdimoteineis fiesgied; n- bi ndi ng fraction
of a c Ianqﬂ\m}gi_s tegxtract is produced by a nmethod conprising the steps
of : SI n a cell or tlssue in a solvent; (b) contacting

|rrm)b| éF‘frﬁteW‘BWﬁ@ &P HEet prepared in step (a); and (c) eluting
a hepa(ﬂ)avlactafiixﬁ@wﬂﬁoa@tmmneedmgaemmghlpkétéﬁqs beaddn;, [7] the agent of

Eﬁeong%) llﬁhﬁ%%‘%qﬂ for use in pronoting the regener at i on of a nerve,
(h) a cell that secretes an HMGRB3 protein;
(1) a vector into which a DNA encoding an HMGB3 protein is inserted;
(j) an S100AS8 protein;
(k) a cell that secretes an S100A8 protein;
15 (1) a vector into which a DNA encoding an S100A8 protein is inserted;
(m) an S100AS9 protein;
(n) a cell that secretes an S100A9 protein;
{(0) a vector into which a DNA encoding an SI00A9 protein is inserted;
(p) a cell or tissue extract; and
20 (9) a beparin-binding fraction of a cell or tissue extract;
wherein the agent is administered to a tissue other than a tissue in need of regeneration.
[2] the agent of [1], which is administered parenterally;
[3] the agent of [2], which is administered by injection;
[4] the agent of [1], which is administered intravascularly, intramuscularly, subcutaneously,
25  intradermally, or infraperitoneally;
[5] the agent of any one of [1] to [4], wherein the cell or tissue extract is produced by a method
comprising the step of immersing a cell or tissue in a solvent;
[6] the agent of any one of [1] to [4], wherein the heparin-binding fraction of a cell or tissue
extract is produced by a method comprising the steps of:
30 (a) immersing a cell or tissue in a solvent;
(b) contacting immobilized heparin with the extract prepared in step (a); and
(c) eluting a heparin-binding fraction from the immobilized heparin;
[7] the agent of any one of [1] to [6] for use in promoting the regeneration of a nerve, bone, or
skin tissue;
35  [8] a kit for promoting tissue regeneration, which comprises a composition comprising any one
of:



35[8] a kit for pronoting tissue regeneration, which conprises a
conposition conprising any one 4 (a) an BMaB | protein; (b) a cell that
secretes an IIM3B | protein; (c) a vecjor into which a DNA encodi ng an

HNI GB1 protein is inserted; (d) an HME2 protein 5(e) a cell that secretes
an HMEB2 protein; (f) a vector into which a DNA encodi ng an FI NI GB2
protein is inserted; (g) an HME3 protein; (h) a cell that secretes an
HMGB3 protein; (i) a vector into which a DNA encoding an HVIGB3 protein is

insertﬁg QMQQAB protein; (k) a cell that secretes an Si 00A8
pr ot ei ?ﬁ ve tor into which a DNA encoding an S 100A8 protein is
|nsertéﬂ}aCdlmH%ﬁvmﬁﬁaSP@ﬂ@RQIﬁﬁﬁﬂbln (n) a cell that secretes an

S100A9 (prpfeRidd intd Hifeh @Dm&&bdingtag WGHT fofdifiseReading an Si- 00A9
proteln is inserted; (p) a cel r tissue extract and (q) a

hepar i K5PIEMAB3 Ptsifion of a cell or tissue extract; wherein the

cogposKéyégamﬂﬁagggE@g§ﬁgﬂg@g§%m@eﬁﬁssue other than-a tissue in need of
regeneration. [9] the kit of ! which is adm nj stered parenterally;

20[ 10] (B Berertor ingp whish 2 WNAegncpding B meetelys inspdedii on; [ 11] the kit

of [8] (g vmyggch§3 ﬁhylstered |ntravascularly, I ntramuscul arly,

subcut neo%ﬁ , |ntra ernallg intraperitoneally; [12] the kit of any
one of QYA c JéFfE?EEﬁﬁPEﬂdgg J%@%H%o pronote the regeneration of a nerve,

bone, @) aSkétor intSGHRI a DNA encoding an HMGBS3 protein is inserted;
10 () an S100AS8 protein; |
(k) a cell that secretes an S100A8 protein;
(1) a vector into which a DNA encoding an S100A8 protein is inserted;
(m) an S100A9 protein;
(n) a cell that secretes an S100A9 protein;
15 (o) a vector into which a DNA encoding an S100A9 protein is i_nserte&;
(p) a cell or tissue extract; and
(q) a heparin-binding fraction of a cell or tissue extract;
wherein the composition is administered to a tissue other than a tissuc in need of regeneration.
[9] the kit of [8], which is administered parenterally;

20 [10] the kit of [9], which is administered by injection;

[11] the kit of [8], which is administered intravascularly, intramuscularly, subcutaneously,
intradermally, or intraperitoneally;

[12] the kit of any one of [8] to [11], which is used to promote the regeneration of a nerve, bone,
or skin tissue;

25 [13] a method for promoting tissue regeneration, which comprises the step of administering an
effective amount of a composition to a tissue other than a tissue in need of regeneration, wherein
the composition comprises any one of:

(a) an HMGBI1 protein;
(b) a cell that secretes an HMGBI1 protein;

30 (c) a vecior into which a DNA encoding an HMGBI1 protein is inserted;
(d) an HMGB2 protein
(e) a cell that secretes an HMGB2 protein;
(f) a vector into which a DNA encoding an HMGB?2 protein is inserted;
(g) an HMGB3 protein;

35 (h) a cell that secretes an HMGR3 protein;

(1) a vector into which a DNA encoding an HMGB3 protein is inserted;



25 [13] a nmethod for pronoting tissue regeneration, which conprises the
step of adm nistering an effective anount of a conposition to a tissue
other than a tissue in need of regeneration, wherein the conposition
conpri ses any one of: (a) an Ff 1 protein; (b) a cell that
secretes an I I M3B1 protein; 30(c) a vector into which a DNA encodi ng an
FIM3B1 protein is inserted; (d) an EIM32 protein (e) a cell that secretes
an HMGB2 protein; (0 a vector into which a DNA encoding an HVMEB2 protein

IS ins @,10@@ ﬁﬂelhll\/GBB protein; 35(h) a cell that secretes an HM3B3
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t he nethod of [13], wherein the
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t he adni ni stratlb s intra asc | ar., |ntrarmscul ar, subcut aneous,
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Whereinthe tIiar PR 1B ition conprises any one

[16] the method of [13], wherein the administration is intravascular, intramuscular, subcutaneous,
intradermal, or intraperitoneal admirnistration;
[17] the method of any one of [13] to [16], which promotes the regeneration of a nerve, bone, or
skin tissue;
15  [18] use of a composition in producing a tissue regeneration-promoting agent, wherein the
composition comprises any one of:
(a) an HMGBJ1 protein;
(b) a cell that secretes an HMGBI protein;
(c) a vector into which a DNA encoding an HMGB1 protein is inserted;
20 {d) an HMGB2 protein
(e) a cell that secretes an HMGB?2 protein;
(f) a vector into which a DNA encoding an HMGB2 protein is inserted;
(g) an HMGB3 protein;
(h) a cell that secretes an HMGB3 protein;
25 (i) a vector into which a DNA encoding an HMGB3 protein is inserted;
() an S100A8 protein;
(k) a cell that secretes an ST00AS8 protein;
(1) a vector into which a DNA encoding an S100A8 protein s inserted;
(m) an S100A9 protein; :
30 (n) a cell that secretes an ST00A9 protein;
(0} a vector into which a DNA encoding an S100A9 protein is inserted;
(p) a cell or tissue extract; and
(q) a heparin-binding fraction of a cell or tissue extract;
wherein the agent is administered to a tissue other than a tissue in need of regeneration;
35  [19] the use of [18], wherein the agent is administered parenterally;
[20] the use of [19], wherein the administration is injection;



(a) an HMGB1 protein; (b) a cell that secretes an HM3EB1l protein; (c)
a vector into which a DNA encoding an I M31 protein is inserted; 20(d) an
HMGB2 protein (e) a cell that secretes an EIM3B2 protein; (f) a vector
into which a DNA encodi ng an HMGEB2 pro@eln is inserted; (g) an HMGEB3
protein; (h) a cell that secretes an HM3B3 protein; 25(|) a vector into
whi ch a DNA encoding an HME3 protein is inserted; (j) an SI OOA8 protein;
(k) a ceII that secretes an S| 0O0A8 protein; (1) a vector into vvhich a
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the a IS a |ster ti'ssue ot t han sue 1 n°need of
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pasentefpl &c}fn 45 & nth (Ed%@ﬂ éiroﬂ’f\%ﬁﬁg hquE AAHSH, %&ﬁiﬁ%%}ﬁng one of:

|nJect|on e use o el n the agent s a stered
i ntravé® Prﬁiqubrruscul arly, subcut aneousl y, intradermally, or

|ntrap%yémﬁﬁgﬂsgmete[sggm%pnﬁ&e&t any one of [18] to [21], wherein the

agent i's an agent for pronoti thé regeneration of a nerve, bone, or skin
ti ssue(C)@‘{GE’Q]TH&Oé’Y%%%DN‘AOW"P Bl prateHbld sertedionot i ng ti ssue
r egeney@tdnoMMGE ottt N any one of. (a) an HM3EB1 protein;

10 (e) a cell that secretes an HMGB2 protein;
(f) a vector into which a DNA encoding an HMGB?2 protein is inserted;
(g) an HMGB3 protein;
(h) a cell that secretes an HMGB3 protein;
(1) a vector into which a DNA encoding an HMGB3 protein is inserted;
15 (j) an S100AS8 protein;
X a cell that secretes an S100A8 protein;
(1) a vector into which a DNA encoding an S100AS8 protein is inserted;
(m) an S100A9 protein;
{n) a cell that secretes an S100A9 protein;
20 (o) a vector into which a DNA encoding an S100A9 protein is inserted;
(p) a cell or tissue extract; and ‘
(q) a heparin-binding fraction of a cell or tissue extract;
wherein the composition is administered to a tissue other than a tissue in need of regeneratlon
[24] the composition of [23], which is administered parenterally; |
25  [25] the composition of [24], which is administered by injection;
[26] the composition of [23], which is administered intravascularly, intramuscularly,
subcutaneously, intradermally, or intraperitoneally; and
* [27] the composition of any one of [23] to [26], wherein the method for promoting tissue
regeneration 1s a method for promoting the regeneration of a nerve, bone, or skin tissue.
30
[Effects of the Invention]

Cell growth factors such as HGF, EGFE, VEGFE, and FGF are known as pharmaceutical
agents for regenerating damaged tissues. These are used with an expectation that they will
promote cell growth when administered directly to a damaged site and its surrounding tissues.

35 HMGB1, HMGB2, HMGB3, S100A8, and S100A9 have activity of recruiting bone

marrow pluripotent stem cells. Bone marrow pluripotent stem cells can differentiate into



(b) a cell that secretes an 1-114GBl1 protein; (c) a vector into which a
DNA encoding an HMEB | protein is inserted; (d) an HMEB2 protein
10(e) a cell that secretes an HMEB2 protein; (f) a vector into which a DNA
encoding an HIVIGB2 protein is i nsert el; (g) an HMGB3 protein; (h) a cel
that secretes an HMGB3 protein; (i) a vector into which a DNA encodi ng an
HMEB3 protein is inserted; 15(j) an S100A8 protein; (k) a cell that
secretes an Si 00A8 protein (1) a vector into which a DNA encoding an S
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possible to administer a therapeutic agent at any concentration and frequency in a safe and

simple manner. This is a superior effect as compared to conventional therapeutic methods.
Meanwhile, a recently developed bone marrow cell-based method that is known to be

15  effective in treating cerebral infarction involves the collection of cells from patient’s bone
marrow and re-administration of the cells into the bloodstream. This method is inevitably
associated with severe invasion because bone marrow cells need to be aspirated with a large-bore
needle inserted into the bone marrow, which is located deep inside the body. In contrast, the
present invention allows bone marrow cells to be recruited directly to the bloodstream by

20  infravenous administration of an agent, and therefore does not involve severe invasion even
when the agent is frequently administered to cerebral infarction patients.

Bone marrow-derived pluripotent stem cells have the potential ability to differentiate
into various types of cells such as mesenchymal cells, epithelial cells, and nerve cells.  After
migrating to a da.magéd site, they may differentiate depending on a niche environment

25  surrounding the damaged site, and then induce tissue repair. In regenerative medicine and cell
therapy, bone marrow pluripotent stem cells, which are rare cells, are expanded by ex vivo
culture before use in the treatment. However, this requires adequate safety control because,
unlike conventional pharmaceutical agents, there is a risk of deterioration of cells (canceration
and contamination with bacteria, viruses, etc.) which may be caused during the culturing process.

30  In the present invention, bone marrow pluripotent stem cells are recruited. to the peripheral
circulating blood by administration of HMGB1, HMGB2, HMGB3, S100A8, and/or S100A9.
This is a highly safe therapeutic method because the cells are not removed from the body for
artificial manipulation.

35  Brief Description of the Drawings

Fig.1 is a set of photographs showing the process of purifying HMGB1. HEK293 was



351 LVI GB1, HMEB2, HMEB3, S100A8, and S100A9 have activity of recruiting
bone marrow pluripotent stemcells. Bone marrow pluripotent stemcells can
differentiate into 7 epithelial and ggrve cells as well as nmesenchynal
cells. In the case of extensive tissue®>damage, if it is possible to
recruit bone marrow pluripotent stemcells to the damaged site via

bl oodstream they are expected to pronote the functional
regeneration/repair of damaged tissues. The present invention provides
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mani pydAii9eq 35 Brief Description of the Drawings Fig.1l is a set of

phot ogr aphs_show ng the process _of purifying HM3B | HEK293 was
Fig. 5 is a set of photographs showing a result of detecting cells expressing Nestin

(nerve stem cell marker) and B I1I tubulin (neuron marker). Cerebral infarction was created in-
GFP-bone marrow-transplanted mice, and then freated by intravenous administration of HMGBI.
30 After the treatment, thin brain sections were prepared and subjected to immunohistochemistry.
In the left photograph, arrows indicate GFP-positive, Nestin-positive cells. In the right panel,
arrows indicate GFP-positive, B III tabulin-positive cells. The bone marrow-derived cells were
demonstrated to express neuron markers.
Fig. 6 is a set of photographs showing a result of detecting infarction sttes. Disease
35 model mice for cerebral infarction were produced, and then HMGB1 was intravenously

administered to them. After the treatment, thin brain sections were prepared and subjected to
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Fig. 14 presents a set of photographs show ng the in vivo bone
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fraction 11 (final purified fraction No. 4) under a high magnification.
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Fig. 22 presents a set of graphs showing the activity of recombinant
HMGBI1/HMGB2/HMGBS3 in inducing the migration of bone marrow mesenchymal stem cells

in a Boyden chamber. All recombinant proteins showed a higher migration-inducing activity as

—

30  compared to the control groups.

Fig. 23 presents a set of graphs showing the result of treatment on mouse cutaneous
ulcer treatment models using HMGB family. HMGBI1, HMGB2, and HMGB3 all showed
significant effects on reducing the ulcer area as compared to control groups.

Fig. 24 presents a photograph showing the assessment of the activity of human HMGB1

35  and a human skin extract in inducing the migration of human bone marrow-derived

mesenchymal stem cells, performed using a Boyden chamber.



Fig. 25 presents a set of photographs show ng the assessnment of the
activity of bone marrow nesenchymal stemcell-attracting substances in the
heart, brain, and skin extracts of nng e, performed using a Boyden chanber
after purifying the substances by a h garin colum Fig. 26 presents a set
of photographs showi ng the assessnment of the activity of a 5 HEK293
extract and a HeLa extract in inducing the mgration of human bone nmarrow
mesenchymal stemcells, performed using a Boyden chanber. Both cultured

cel | lines Fhowsthrbcafsalsb\sr photdgradhs 8fowig M REsBARR JTRd RAVITPSERGHY Nal
stemcel | s. Fi g. 27? IS ggghq%%%raph showi ng a nouse fixed to a

br ai n TSEEE BIeSAchy Pl £k 2Rt at BRSRRcS T SreeRttoiir e 20k PHFSISPEL ho
head \whédsepepahpebsing 8Bopd@cHINHeF eRaHRLIRAR: theistBstancds by b hegPinofm 7B 1 S
a photograp%.sggmnng t he é?ln to %glﬁh a negative p&gssure 1s applied
using a syr et PEER A gt BhofRgraphs shqwiag g?%ﬂsﬁesﬁl?l%@ theclvitpora | s g

pﬂﬁt Om%ﬁﬁa&tﬁfdjﬂ?im&@r Eti_ﬁiﬁdh(ljdil@gﬂ@_ Ebﬂ%lﬁﬁbxﬂfiflhlﬁh&ﬂ_ 'Isc}n;edmfrfcﬂ@ti ;Jn of ﬁ
skin extract ssol v i i byin adhesive_ fornul ation i prinoge to the
b i n PR ) e R el v S BRI chppbei b Bon Giilysed GRS Hasted

('t hr omigraying ketjvities/da lamehnfhoghe ndaffovabnRsgibiragdrsedmself the brain injury
nodel taken,2 ks after the 15 treatnent., H gher accunul ati on of

G pos t 1 vETE a7 es B ireb Sk RuSE Pasd fnatey Barclate Agparshas and

hepar isubjecteditra mirdlirkiisdsién fcthe Goadvithlaisoalpel} follotved by Bepaarion asing @ dtille
coptrol iHasD. Fig. 27 nd Fi,g., 270 ar,e phot ographs of.the.byrain injur
0! Pi2IR e phoehhk APk i pealle Mo PRt RRFE Bt e PPt Gt a M 1Y
GFP- pepiingete asgtdtsa pas obihs braie tissus. t Fig. C7€at apidtogashpitatshjpgionhsd 5 pl

hepar i,p-.col - F] i.on..of skipn extract.,i.n cO red to the

cont  Spps oty B Lkl Sfacd oA s Wl A B SN BE Bl S CRRRER B  oii
ext r alfibrii®ggn) to the braus end & aultseguand irg edtionaif v (dnd fiblie ghel fomatlhden @hrombin).
perip i 9 d i j i pistration
of nggg%?EQEQ%%%ggEV¥%PQ$%é%§%§JgFE%§?%{%ﬂ%?pkéggﬁ% ec F%ﬁ%gg} &ri pheral
bl dodtre@imgnt. 3¢HigheracemnulafionlpEGF Briositive wiltsgwastobsérivedhincthe trestientgroup

fracti i - i ct+ons t hat
wer e 3_@?%?%@3%1’ gr?l:tl g%rPl ld%% Ol?fgg@ggﬁ %ila#ls%(t_r agfﬁ?@%ﬁﬁé{a‘éﬁl& tr?lctg% lﬁ% tfoigﬁ ta)hd t hen
f 1 uor Eige @Ak pyd Figh 87 @ @araphotogarplis-afthsrairDaioRramadelitikseah6 werksafier thepuse CD44
ant i bgd¥meshe Hl : S P, 1L.o4 st i as a
ogat oameih® PR acksihASRIRGFP S DAITHS RSN Bl ES ARl 88 70 %
(SE) bung Hiediepan-splugnauipiicd faytiomplskinetiistin Gaempaed sothe spntzolés Fi ndi cat e
the expressipnog Qubdiserah st thand a&%ﬁﬁ%ﬁﬁﬁoﬂlﬁe%%&gg@) oa_m&m%ﬁgﬁoxed

wi th blue line ‘i rresponds to the CD44-positive, positive c
popul egudghveinand tewglegtion of aerdhera] o skin extract adni nistration group

(he Do o ealstaibi RBSWHEOMD adibilstradién bPHMGBH 104 nfdhB6i8 W it 1O
w I i onati use perip u
cel | V‘F‘%@ng}‘?scoﬁlﬁ‘&fOeréﬂmaimw-after 12 hours of HMGEB1 35

adni ni st r at Fign3@iad deheMndifdrbok SBSRIliNe 160y Rtheid facidhhiidH¥I$EoRPGFRa
%tsl bod agaﬁl flontl - NDUS ﬁ ant.i body. The, | ,eftaganel shows _ .
| aRRRCE blood menogtgest go ér@a??%g%fdmrﬁ gbtamgg giteth? hopas of skin extract
(SE) administration and then fluorescently labeled with anti-mouse PDGFRa antibody and
anti-mouse CD44 antibody. The upper three panels show the PBS administration group as a
negative control (n=3), and the lower three panels show the skin extract (SE) administration
group (n=3). The vertical and horizontal axes indicate the expression levels of CD44 and
30  PDGFRa, respectively. The area boxed with blue line corresponds to the CD44-positive,
PDGFRo-positive cell population, which was increased in the skin extract administration group
(SE) as compared to the PBS group.
Fig. 31 is a set of diagrams showing the flow cytometric fractionation of mouse
peripheral blood mononuclear cell fractions that were obtained after 12 hours of HMGB1
35  administration and then fluorescently labeled with anti-mouse PDGFRa antibody and anti-mouse
CD44 antibody. The left panel shows PBS-administered mice as a negative control, and the



ri ght panel shows HMGB1-adm nistered m ce. The vertical and horizontal
axes indicate the expression |evels of CD44 and PDGFRa, respectively. The
area boxed with blue |ine corresponds go t he CD44-positive,

PDG-Ra- positive cell population, whi ch3was increased in the
HM3B1- adm ni stered mice as conpared to the PBS-adm nistered mce. 5Fig.
32A shows in a diagramthe flow cytonetry result that shows the presence
of cells having CD44 and PDGFRa. HMGB1 adninlstratlon i ncreased both
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PDG:Rglarrg\?\rgdenved mesenchymal stem cells in skin extracts using a Boyden chamber. The image
shows blue-stained bone marrow mesenchymal stem cells, which have migrated from the upper
compartment of the Boyden chamber through the micropores of a filter to each heparin-binding
fraction in skin extracts (to the lower compartment), and adhered to the lower-compartment side

35  of the membrane.

Fig. 38 shows in a set of photographs Western blot detection of the S100A8 and S100A9



10 PDGFRI 3 in the CD45-negative cell fraction in peripheral blood 12 hours
after adm nistration of (1ST-S100A8 or GST-S100A9 via the nopuse caudal
vein. Fig. 41B presents a set of grapqi by quantitatively analyzing the
popul ati on of CD45-negative, CD44-positive, PDGFRa-positive cells (left),
or CD45-negative, CD44-positive, PDGFRP-positive cells (right). Fig. 42 is
a set of photographs of cells obtained after sorting bone marrow- derived
15 adherent cells of PDGF receptor a-G-P knock-in nmouse using anti-CD11b
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observed in almost all CD11b-negative cells. This indicates that CD11b-positive cells are

negative for PDGF receptor @ while CD11b-negative cells are positive for PDGF receptor o.

Fig. 43 is a photograph demonstrating that HMGB1 has migration-inducing activity on
20  mesenchymal stem cells, which are CD11b-negative cells, while exhibiting little
migration-inducing activity on macrophages, which are CD11b-positive cells.

Fig. 44 is a photograph showing the result of GFP fluorescence (green fluorescence)
observation of bone marrow mesenchymal cells accumulated at a site of bone fracture created in
a PDGF receptor a-GFP mouse. It shows that more bone marrow mesenchymal cells were
25  accumulated at the bone fracture site in the mouse to which HMGB1 was intravenously
administered, than the negative control-administered mouse.

Mode for Carrying Qui the Invention

The present invention provides tissue regeneration-promoting agents comprising any
30 one of the following substances, which are administered to a tissue other than a tissue in need of
regeneration:

(a) an HMGBI protein;

(b) a cell that secretes an HMGBI protein;

(c) a vector into which a DNA encoding an HM GBI protein is inserted;
35 (d) an HMGB2 protein

(e) a cell that secretes an HMGB2 protein;



(k) a cell that secretes an Si 00A8 protein; (1) a vector into which a DNA
encodi ng an 5100A8 protein is inserted; (m an S100A9 protein; (n) a cel
that secretes an S100A9 protein; 10(0% a vector into which a DNA encodi ng
an S100A9 protein is inserted; (p) a &l or tissue extract; and (q) a
heparin-binding fraction of a cell or tissue extract; The tissue
regeneration-pronoting agents are characterized in that, when adm ni stered
to a tissue other than a tissue in need of regeneration, they recruit
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fromt bone marrow to the tisstie.in nee regeneration via the
peri phéglan MMGRA prote. Herein, "peripheral circulation" is also referred

to as ‘bl Qg tﬁéﬁrs%&]eﬁ?tsiaﬂ@j'MGB:‘;bﬁé)tEﬁlu' ating peripheral bloodstreant.
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agents of the present invention include such scarless tissue regeneration-promoting agents.
Accordingly, the agents of the present invention can also be referred to as:
25  fissue regeneration-promoting agents, which are administered to a tissue other than a tissue in
need of regeneration, and which promote tissue regeneration by recruiting bone marrow cells to
peripheral blood from the bone marrow and as a result recruiting bone marrow-derived cells to
the tissue in need of regeneration via the peripheral circulation system;
scarless tissue regeneration-promoting agents, which are administered to a tissue other than a
30  tissue in need of regeneration; or
scarless tissue regeneration-promoting agents, which are administered to a tissue other than a
tissue in need of regeneration, and which promote tissue regeneration by recruiting bone marrow
cells to peripheral blood from the bone marrow and as a result recruiting bone marrow-derived
cells to the tissue in need of regeneration via the peripheral circulation system.

35 The tissue in need of regeneration includes, for example, damaged tissues, necrotic

tissues, tissues after surgery, tissues with reduced function, fibrosing tissues, aged tissues, and



5 regeneration refers to admnistration to a site that is not a site in
need of regeneration (a site other than a site in need of regeneration).
Accordingly, "a tissue other than a tissue in need of regeneration"” can
also be referred to as: a site other than a tissue in need of
regeneration, a site other than a site in need of regeneration; a site
distant froma tissue in need of regeneration; a site distant froma site
in need of 10 regeneration; a site distal to a site in need of
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can be used to treat or."exanpl e, w thout ation, bone fracture. In
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abr astgsasare not particularly limited, and include mammals, birds, fish, and such.  Mammals
include human and non-human animals, which can be exemplified by, but are not limited to,
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35 Examples of the tissue other than a tissue in need of regeneration include blood tissues,

muscle tissues, subcutaneous tissues, intradermal tissues, abdominal cavity, and such.
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am no acid sequence of SEQID NO 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21,
23, 25, or 27 can be 23 obtained by nethods that utilize hybridization.
That is to say, a DNA encodi ng HMEB1, . HMEB2, HMVEB3, S100A8, or S100A9
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35 NO:1,3,5,7,9,11,13,15,17, 19,21, 23, 25, or 27 are included in HMGB1, HMGB?2,
HMGB3, S100AS8, or S100A9 proteins of the present invention.



5sequence of SEQID NO 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, or
27 may be fragnments of the amno acid sequence of SEQID NO 1, 3, 5, 7,
9, 11, 13, 15, 17, 19, 21, 23, 25, or i Proteins of the present
invention, or proteins functionally ea ivalent thereto may be proteins
subj ected to various nodifications such as physiol ogical nodification with
sugar chains and the like, labeling with fluorescence or radioactive
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amino acid sequence of SEQ IDNOQO: 1, 3,5,7,9, 11, 13,15, 17, 19, 21, 23, 25, or 27 can be



chr omat ogr aphy, hydrophobi ¢ chromat ography, gel filtration, reverse phase
chromat ogr aphy, and adsorpti on chromat ography (Marshak et alL, Strategies
for Protein Purification and Characteg%zation: A Laboratory Course Mnual .
Ed Daniel R Cold Spring Harbor Laboratory Press, 1996). These
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For example, in the calculation of the identity of amino acid sequences using Advanced
35 BLAST 2.1, the identity value (%) can be obtained by the following: blastp is used as the
program, expect value is set at 10, all filters are set at OFF, BLOSUMG62 is used for matrix, and




In the present invention, the follow ng vectors may al so be used: parti al
peptides of HVEB1, HME2, HMGEB3, Si 00A8, or S 100A9 protein which have an
activity of recruiting bone narromfdeﬁlved cells; cells secreting these
partial peptides; or veetors i nserted?®ith the DNAs encodi ng these parti al
pepti des. 30Extracts of cells or tissues used in the present invention can
be produced by methods conprising the step of imersing cells or tissues
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Cells which can be readily collected and cultured are exemplified by, but are not limited to,




Met hods for adm nistering the tissue regeneration-pronoting agents of the
present invention include parenteral adm nistration, nore specifically

i ncl ude adm nistration by injection, t are not limted thereto. In
addition, nmethods for admnistering t ti ssue 15 regeneration-pronoting
agents of the present invention are not particularly limted as |ong as
they allow the tissue regeneration-pronoting agents to enter the bl ood
circulation without remaining at the adm nistration site. The nethods for
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30 Extracts of cells or fissues used in the present mventmn can be produced by methods
comprising the step of immersing cells or tissues in a solvent.

Cells and tissues to be immersed in a solvent are not particularly limited, but include,
for example, tissue-derived cells, cells of cell lines established from tissue-derived cells
(including, but not limited to, for example, Hel.a and HEK293), isolated cells, non-isolated cells

35 (for example, cells in isolated tissues), and cells transfected with DNA encoding HMGB1,
HMGB2, HMGB3, S100A8, or S100A9 protein. The above tissues may be any types of tissue,



(h) a cell that secretes an H V1GB3 protein; 20(i) a vector into which a
DNA encodi ng an HMEB3 protein is inserted; (j) an SIQ0A8 protein; (k) a
cell that secretes an S100A8 protein; 91) a vector into which a DNA
encodi ng an S100A8 protein is inserte&; (m an Si 00A9 protein; 25(n) a
cell that secretes an Si 00A9 protein; (0) a vector into which a DNA
encodi ng an Si 00A9 protein is inserted; (p) a cell or tissue extract; and
(q) a heparin-binding fraction of a cell or tissue extract; The kits for
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Bol heablveidArdid Kétiout mnétatias pOICOMS, L4 Brfehibly pi 7.5 hoBemeples 6NBY bafig not
Himit ‘i;!ﬁjclﬁ e, %vrf ot h%l%a%ln,eg phosphate buffer solution at a concentration of 10 mM to 50 mM,
15  preferably 10 to 20 mM, but are not limited thereto.
Moreover, in the present invention, cells or tissues can be removed from a solvent
containing them after théy are immersed in the solvent. The method for removing cells or
tissues from a solvent is not particularly limited as long as the method is well known to those
skilled in the art. For example, cells or tissues can be removed from a solvent by centrifugation
20 ata gravity acceleration of from 10 G to 100,000 G (for example, 440 G) at 4°C to 25°C (for
example, 4°C), followed by separation of the supernatant, but the removal method is not limited
thereto. The supernatant can be used as an extract of cells or tissues.
The extracts of cells or tissues in the present invention include, for example, skin extract
and peripheral blood mononuclear cell extract (peripheral blood extract), but are not limited
25  thereto.
- The peripheral blood extract is prepared by the following method: after collecting blood
with a syringe or the like, the cells are frozen in a freezer or liquid nitrogen, on dry ice, or such,
and then thawed at a temperature of 0°C or higher. Then, to remove insoluble cellular
components, the sample is centrifuged, for example, at a gravity of 10 to 100,000 G (for
30 example, at 440 G) and 4°C to 25°C (for example, at 4°C), and the resulting supernatant is
collected. The insoluble cellular components can be removed from the solvent by the method
described above. However, methods for removing insoluble cellular components are not
limited to the above example. The resulting supernatant can be used as an extract of cells or
tissues. Alternatively, instead of centrifugation, insoluble cellular components can be removed
35 by filtration through a nitrocellulose filter with micropores of 0.45 pum, or the 1iké.
Alternatively, collected peripheral blood may be allowed to stand for three to 48 hours at 4°C to
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tube, the diluted blood is overlaid thereon. Following 40 minutes of centrifugation at 400 G
(18°C), the middle layer containing mononuclear cells is collected in a new centrifuge tube, and
45 ml of PBS is added thereto. After 5 minutes of centrifugation at 800 G (18°C), the
supernatant is discarded, and 45 ml of PBS is added to the cells. Following 5 minutes of
centrifugation at 800 G (18°C), the supernatant is discarded, and 200 pl of PBS is added to
suspend the precipitated cells. The cell suspension is frozen for 30 minutes at -80°C in a
freezer, and then taken out of the freezer and thawed on ice. This freeze-thaw treatment is
repeated three times, and the suspension is centrifuged at 800 G (4°C) for 15 minutes to collect
the supernatant. Instead of freezing, the cells can be placed in a refrigerator at 4°C for 3 to 48
hours to induce necrosis of the cells and release intracellular components.  Alternatively,
intracellular components can be released outside of the cells by disrupting them using sonication
while cooling on ice. After any of these treatments to release the intracellular components
outside of the cells, the sample is centrifuged at a gravitational acceleration of 440 G to
1,000,000 G, preferably 100,000 G to 20,000 G, and the supernatant is collected as a cell extract.
Instead of centrifugation, the sample may be filtered through a 0.45-pum micropore nitrocellulose
filter, cellulose acetate, or such to remove insoluble components and prepare a cell extract.

Heparin-binding fractions from the extracts of cells or tissues in the present invention
can be produced by a method comprising the following steps. |
(a) immersing a cell or tissue in a solvent;
(b) contacting an extract obtained by the step (a) with immobilized heparin; and
(c) eluting a heparin-binding fraction (may also be expressed as heparin-purified fraction or
heparin-column purified fraction) from the immobilized heparin.

“Immobilized heparin™ refers to heparin covalently bound to an insoluble carrier.
Examples of the insoluble carrier include, but are not limited to, Sepharose beads (such as
Sepharose 4B, Sepharose 6B and such: GE Healthcare). In the present invention, a



32 (2) use of a conposition containing the substance of any one of (a) to
(q) below in producing a tissue regeneration-prom)ti ng agent, wherein the
ti ssue regeneration-pronoting agent 5 adm nistered to a tissue other than
a tissue in need of regeneration: (a) dn HMGB | protein; 5(b) a cell that

secretes an HMGEBL protein; (c) a vector into which a DNA encodi ng an
~HMEB1 protein is inserted; (d) an HM32 protein (e) a cell that secretes
an HMGEB2 protein; (f) a vector into which a DNA encodi ng an HVGB2

pr ot e'd&rﬂn%erblﬁﬁ? Eﬂfﬁﬁbl@j‘]ﬁ{n%bl%dm @-ﬁﬁ%ﬁ Dl\lg\arﬁb])IP%oﬁﬁH deataf @Er"e}?ﬁﬁ?n i

HMGB3 ote| n;” (i) a vector 1nto which encodi ng an HMEB3 prote
i nsert e(‘}S)°:aan S100A8 protein; (k) a cell that secretes an S | 00A8

protein; 15@x)an§sléé%%@ﬁd1ﬁ6ﬁs%¥\€ﬂrﬁ&nﬁg%ﬁﬁtﬁ@@b&lﬁ REsRed wWIBBRHALAREN 1S
|nserted (m . an S100A9 pratein; cel |l that secretes an Si 00A9

pr ot eiligpariminckdg eyt gre aqifignt .terabautm%’?é%ééwﬁgabé}ﬁp@ +S)oasba s#itotein i s
i nger tc@ﬂeenﬁﬁﬁoﬁof:@ td 200 mM, 284 Brefrhbl %boutai@@ 12800 hmmgt@ d28hgs in

fraction of ssue .extrac CcoO ition se.In a

met ho§ORGFt h@‘ZFﬁs E@%ﬁenﬁ%%ﬁe?%ﬁ? lﬂwtﬁdegp@gﬁﬁ%% 13 éi%é@ﬂ)%t ance of
any oneapkd &5 ﬁﬂn(t@s)or%r@\m QG ofSufiEnd aéstoepstﬁ;i df%eahetphﬁﬁibﬁldgi d®@ictibhan a
tlssuelnne d..of ertlo fa% an HI\/GBllgl) a cell that
secr et’8% 150 eso § tCRPReERTRLS gl ?:HO @t tdi ng an

HMGEB1 gpC sk ﬂefeﬁablﬁ&ﬁl‘.t eIdJIther examples of the elution condltmn of the heparin-binding

10 fraction adsorbed onto the immobilized heparin inciude, but are not limited to, a pH of about 7 to
8 and a salt concentration of 200 to 1,000 mM (preferably about 1,000 mM).

Methods for administering the tissue regeneration-promoting agents of the present
invention include parenteral administration, more specifically include administration by injection,
but are not limited thereto. In addition, methods for administering the tissue

15 regeneration-promoting agents of the present invention are not particularly limited as long as
they allow the tissue regeneration-promoting agents to enter the blood circulation without
remaining at the administration site. The methods for administering the tissue
regeneration-promoting agents of the present invention include, for example, intravascular
administration (intraarterial administration, intravenous administration, etc.), administration into

20 blood, intramuscular administration, subcutaneous administration, intradermal administration,
and intraperitoneal administration, but are not limited thereto.

The method of administration may be appropriately selected according to the age and
the symptoms of the patient. When an HMGB1, HMGB2, HMGB3, S100A8, or S100A9
protein is administered, the dose per time of the protein can be selected within a range of

25 0.0000001 mg to 1000 mg per kg body weight of a patient. Alternatively, the dose can be
selected within a range of 0.00001 mg to 100000 mg per body of patient, for example. When
administering cells secreting HMGB1, HMGB2, HMGB3, S100A8, or S100A9 protein or gene
therapy vectors inserted with DNAs encoding HMGB1, HMGB2, HMGB3, S100A8, or S100A9
proteins they may be administered such that the amounts of HMGB1, HMGB2, HMGB3,

30  S100A8, or S100AS protein in the tissues in need of regeneration are within the above range.
However, the dosage of the tissue regeneration-promoting agents of the present invention are not
limited thereto.

Tissue regeneration-promoting agents of the present invention can be formulated
according to the usual methods (for example, Remington's Pharmaceutical Science, latest edition,

35  Mark Publishing Company, Easton, U.S.A), and may contain pharmaceutically acceptable

carriers and additives together. Examples include surfactants, excipients, colorants, perfumes,



(d) an HMGB2 protein (e) a cell that secretes an HM3B2 protein; (1)
a vector into which a DNA encoding an HME2 protein is inserted; 30(g) an
HMGB3 protein; (h) a cell that secretg& an HVMGB3 protein; (i) a vector
into which a DNA encoding an HM3B3 protein is inserted; (j) an S100A8
protein; (k) a cell that secretes an S100A8 protein; 35(1) a vector into
whi ch a DNA encodi ng an S100A8 protein is inserted; (m an S1 00A9
protein; 33 (n) a cell that secretes an Si 00A9 protein; (0) a vector

into £ or
It i ssug%ext ract: ’ an (?glme é %}) (ﬁﬁ% Q%ﬂg SP?%‘#%Q # %dérP)dlgn&?L}aégshe
ext raé@bnqanw flows prageotesst armioﬂﬂﬂwng ggaits, edhonshdhey age @of lﬁ@tﬁ‘?qofbﬁ@t%@dtﬁh@ n by

refer S ii e é},ﬁgﬁ% %%
extra%?e rom ne&%g%% wgﬁéﬁgdﬁgﬂsﬁ% Tri é%lln %Ig#lw trogen anclilwtéf_:Sl en CcDNA

was s ypidniasiose grisallieg slivlssapargito], stan erradgignysarmeliapgisedisgen) |
Uss NghY @&Wc@iﬁﬂéset %bg{ggﬁ?ﬂ@%&%aﬁgmma&ﬂaﬁﬂemm%&vg@eﬁse

calnreaC|on tlngc was insérted Into

pl asmipalyyawt Oﬁiépn‘brgé peahaiofatty Acigdpgtuesrids. palyosyethyisan t hat t he
vect Ohyigkthi@Rk RS %ﬂtshewﬁ{t@g@gaﬂ cafbroﬁﬁh@;ﬁyweumo@&hagm@ﬂ%ﬁmr m_tl@g

sequences at 15 the Ntermnus of its am no acid sequence for t
conveftEnce of purification. pCAGGS- Fl ag- Hi s- SI00A8 was transfect ed

into a humamhé gicdént kfbAAYn 6Bb proledds ke feriPrémb ﬁﬁh& rdgef@atideleodSRisthei g
?l yet %lpgsr%t%nr%or}l% I?xgla)subéat\;rtlc%rof g181y ggeu cr)P (a) t ; h(ﬁ) Sescrlgedat? iv?r uvlv]:tle%me the
composition is administered to a tissue other than a tissue in need of regeneration:
(a) an HMGBI protein;
(b) a cell that secretes an HMGBI1 protein;
(c) a vector into which a DNA encoding an HMGB1 protein is inserted;
15 (d) an HMGB2 protein
(e) a cell that secretes an HMGB2 protein;
(f) a vector into which a DNA encoding an HMGB2 protein is inserted;
(2) an HMGB3 protein;
{h) a cell that secretes an HMGB3 protein;
20 (i) a vector into which a DNA encoding an HMGB3 protein is inserted;
() an STO0AS protein;
(k) a cell that secretes an S100A8 protein;
(1) a vector into which a DNA encoding an S100A8 protein is inserted;
(m) an S100A9 protein;
25 (n) a cell that secretes an S100A9 protein;
(o) a vector into which a DNA encoding an S100A9 protein is inserted;
(p) a cell or tissue extract; and
(q) a heparin-binding fraction of a cell or tissue extract;
The kits for promoting tissue regeneration are characterized in that, when administered
30  to atissue other than a tissue in need of regeneration, they recruit bone marrow cells from the
bone marrow to the tissue in need of regeneration via the peripheral circulation.

The kits of the present invention also include kits for treating tissues in need of
regeneration as mentioned above. The kits of the present invention preferably include kits for
parenteral administration, more preferably kits for administration by injection. The kits of the

35  present invention also preferably include kits for intravascular, intramuscular, subcutaneous,

intradermal, or intraperitoneal administration.



supernat ant were separately collected by centrifugation at 4,400 G at 4C
for five mnutes. Then, the collected supernatant was filtered through a
cellul ose acetate filter having pores with a 20 dianmeter of 0.8 jimand
then through a nitrocellulose filter Havi ng pores with a diameter of 0.45
jimto prepare a sanple renoved of insoluble fractions. The sanple was

| oaded onto 5-m H sTrap FF (CGE) equilibrated with 50 ml of 50 nM Tris HCl
(pH 8.0) containing 50 MM NaCl, and then the absorbed conponents were
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by thi %{Jﬁhﬂfl cation nmet hod was used. RNA was extracted from newborn
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sequen «3%5 [5’ *32 (DNA sequence)) (Fig. 39). Human fetal kidney
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col |l ec per at ant IEI%VI Supernatant A and B were conbi ned together, and
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buf fer gl ng&i% gnce. After | oading,
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el ut ed0nint 1 BASMORIEsphat e buffer (pH 8) containi ng reduced gl ut at hi one.

Tgpre gcgjlg;a@ggur&@angmﬁ@bfoggmms repl aced with PBS using gel

filtration colum PD-10 (GE). 25 [Exanple 2] Effect of intravenous

adni ni €1 # seslerinisr Wik DN A sacasimnasS | 40 ASRrp i isdgeHefe marrow deri ved

cells %ﬁ))gﬁ}@lmo%gclﬁ[)@{ﬂ on site during skin ulcer healing process Mle
C57BL1 old) were irradiated at a |lethal dose (10 Gy).

(n) a cel that secretes an SIC0AY protein;
{0) a vector into which a DNA encoding an S100A9 protein is inserted;
35 (p) a cell or tissue extract; and

(q) a heparin-binding fraction of a cell or tissue extract;



| medi ately, bone marrow cells (5 x 106 cells/0.1 m physi ol ogi cal
phosphate buffer (pH 7.4)) 30 derived froma green fluorescent protein
(GFP) transgeni c nouse (Okabe M et al,, FEBS Lett. 407, 313-319, 1997)
were transplanted via the caudal vei n32after 8 weeks, a round-shaped skin
ulcer wwth a dianeter of 6 nmwas created on the back. To prevent
shrinkage of the skin of the mce, a silicone ring with an outer dianeter

of 10 mm inner dianeter of 6 mMmm and thickness of 1 nmwas attached to

t he ul j ' =S| ' ' LY n 35
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di anetispuegreagrationatemetingasih adiwren the tisaya regcrsrasiparprogetingagent sn and

bact et,kfnikBieds h eRyRlothd $hd £Esue hfhé%@%ﬂé'%%braﬁé(’!ﬁ 35 ulcer was masked
with Tegaderm (3M for protection. HVB-1 (40 jig) or S100A8 (250
ng) waéDaaHMamewingi a t he caudal vein five tines at 24-hour intervals

from t e A2yl 18l sSkbids Bh BRIGBT §Rbten. Two weeks after the creation of skin
ul cer, the mce were anesthetized by_isoflurane inhalation, and then the

t
degr ee (@2 weetor mitp mhirhasLNAeancading aa FYIGB 1grotsie ip inseeds created on the back
was obagrangiMeGHE sHofkid | UOr escent stereoscopi c m croscope. Then, the skin
at the ulcer creation site was excised in a circular shape and fixed in
PBS (p %Qﬁ%atﬁﬁﬁr?@??n%l}%ﬂ“@&ht ai ni ng 4% par af or mal dehyde. After

enbeddifg viettoitalo FRIFAAUMKNA dnb6difl b BVASRS ptsteid i Ak&tdd; pm sections using a
mll@r ot ggrie 2@4%15}% cooling apparatus (Leica). The sections were affixed onto
glass Siddes® dohe conpound 10 was washed off with PBS, and the
nucl ei (Byerelishaiseaeteyhit IMWBBE prddext , the sections were washed with PBS to
renove .gxcess DAPI . . g&iﬁﬁr‘gunte Wi t unti.ng smedi ym cont ai ni ng an
ant i - f §4P NECPEHewhic IBEIERE & SRR ST Edas det ected using a
fl uor e§ramB100A8 poedme. The result is shown in Fig. 2. In the mce
adm ni géereg Wit h I\/GBg, 1085A8" 15 many bone marrow-derived cells
( GFP- pu%it™ éhaéé?clrgl_{fs% E@ﬁﬁ:}?r@ o the control were found to accunul ate
i b5 t he(lple vedtsr intowhiah & IDNA @hcoding eS UG progyteis inseftedr cl osure of the skin
ul cer e trow pluripotent stemcells can differentiate into

S 1R

osteob?gg 8§tes, adi pocytes, and others. In skin tissues, they
ar e al &0 alvellitlent eetrétos dreS HIAD protadn;f f erentiate into epidermal cells, hair

follic | | £4.Qr obl S h.. Lt. has .al ready been reveal ed
20 tha{(sl‘rill(\v 0 %iné%%r@ BO@H% %ggagﬁggp is\?pﬁégﬁ?%ter%ésrlﬂﬁrfegg bone marrow

pl uri pad)erell ot essucektractzamd have a skin ul cer-reducing effect in mice when
they 1 Al i: I .cer site. However, the present
r%tgul f‘(qﬁggﬂﬂ%ﬁﬂ ?i%xgﬁx%%agﬁfﬁ%x%ﬁeﬁ%ﬁ%ﬁ%g&%{t hat bone marrow derived cells
ar e r €9ratorpegsition foranss in @ methasldon puwineing tissie regenadtion) which torgaing fheHVGB- 1
and S ' [ 1 ' i nt
From Thchps 2 Syl e LRI TRRn and ¥ luhinea T A il Aftor Ty 06 B el
admi npEregensidivnof HMGB-1 and SI QOA8 in pronoting skin ul cer healing

In mal %?ﬁg@jﬁl kSi&in( 8 weeks ol d), a round-shaped skin ulcer with a
di anet 2 0 mnrﬂrvvasnéreat ed on the back To prevent shrinkage of the skin

- o085 t he(eell thit searsteseMGIl wiot¢in30 an outer dianeter of 10 mm inner
i et €5 2 b6y A whRSl INAKRES A ln IR A LML O L he ul cer site

usi ng two-si ded adhesive tape and nedi cal “adhesive Aron al pha A (Sankyo)
The ul @ HRAMGBEWEsted with a silicone disc with a dianeter of 10 mmand a

thi cknesa cof thht S80di A VR fR%digcati on and bacterial infection at the
ulcer site. In addjtjon, the ulcer was masked with Tegaderm (3M for

proot ect] dNectaspignEhich p ANA epgocine s BHKEBE prstein i) ingeaisdadni ni stered via the
caudal (py eh MIMGRS prdteRs at 24-hour intervals fromthe day of skin ulcer

creation. The ul cer size was neasured on days 3,
(%) a cell that secretes an HMGB3 protein;

(1) a vector into which a DNA encoding an HMGB3 protein is inserted;
(j) an S100AS8 protein;
(k) a cell that secretes an S100AS8 protein;

35 (1) a vector into which a DNA encoding an S100AS8 protein is inserted;
(m) an S100A9 protein;



36 5, and 10 after creation of ulcer. The result is shown in Fig. 3.
HVEB- 1 reduced the ulcer size on day 3 after creation of ulcer as conpared
to the negative control (PBS adninistrgtion). Meanwhi |l e, S 100A8 reduced
the ulcer size on day 7 after creati of-of ul cer as conpared to the
negative control (PBS 5adm nistration). The skin ul cer

heal i ng- pronoti ng ef fect has been conventionally achi eved by adm ni stering
HMGB-1 or Si O0A8 directly to a skin ulcer site. However, the present

resear E@%@Mﬁ&&kﬁghﬁ%ﬁﬂ@g ded in pronoting the healing of a skin

ul cer m ni_steri ng r S100A8 into a bl ood vessel, which was a“
non- t afpet vestarantarvehiell & DAk erfoodimgtandS LODAEpaeteinrs Biseréed; 10 The present

i nvent @m@mag}ltggug&%agtr% ment of skin ulcers w thout direct

admini stration to the site of ulceration. Thus, it is possible to devel op
phar maé®n heparindipdngiradian of asclher tiswg calfedt for conditions where the

di gect adm nistration to the ulceration site is difficult, such as
extensi ve skin ulcer, ulcer associated with skin loss, infected |esions,
or necrot i zPRbPIESTisiesumanig cedbhereingr inearperateddjerein by aefersne.nt r avenous
adm nistration of HME-1 in pronoting scarless healing of skin ulcer

In mal e C57BL/6 mce (8 weeks old), a round-shaped skin ulcer with a

di anef®&¥a®pled] nm was created on the back. To prevent shrinkage of the skin

of t heuAfegiontofIIACIRNEnd SPENAR th an outer dianmeter of 10 nm i nner
di%{'ilrret er of and thickness, of 1 nrmwas attached to the 20 ulcer site
u
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tines a - hour .I nteryyal s rom.t a Q n u reati on. our
eor e s B P Y TG Spediind pRtin HRadhds il Gt et SRt fsnatine kel |
1096 befef ¢ tezchifnyofdtsdetivelacid ddpesanior ¢ cvavenignee af pirifi@bedded and t hen
sliced into ) ti,0n i a.m ctot . After araf f m.zat.i on, the
sections mpgwi"gggﬁs@ﬁﬁé%%mﬁc%ggﬁ%a?ﬁ@)’mggaﬁﬂ#éf cg}r]l'@ﬁ% on's

t ri chedbeed b4 BhalIRKP3 ubhg pobgatihl cncdmirtedRBI) N AFieg)48 Aourkthé bellssiod rulddiret he
HMGB- 1- adm.ni red m n, anea 30..str.ongl itive for Masson's
SRR nel?e' gepgrs%egﬁﬁ%gerc %eg ot ’e'%%%clﬁ)P%BFAw?eatﬁPééoraéﬁﬁ TP at i on)

C

tri chf gme St i N
was sében,ithe tdllected peperhaye wasfilgesdtheugh a cellulbte dcstakenidiur Hakiatr porestwith a

P o Qe R S g U then ¥ B PRGN E R T b ¥t o (e
cl osufd3eim ulte prepaictasanpie reeloved af insduplentienss udie asmplelWadeated ohtr
sect oot o ] 4% 6T BT DGO oo
shri nNagl 2of thengbe ebsevhsd campeneriewererigashd svithtSHen MUy BE6(pbh3.0f caitaining .-
for magh ofiviiNaC@And T8 HN13Rdaz3I to remove nonspecifically adsorbed components. The
25  specifically adsorbed components were eluted from the column using 50 mM Tris HCI (pII 8.0)
containing 50 mM NaCl and 100 mM imidazole. The adscrbed fractions were fractionated into
silicone-coated plastic tubes (500 pul/tube). Protein-containing fractions were combined
together, and then imidazole was removed using a desalting column PD10 (GE). The fractions
were eluted using 50 mM Tris HCI (pH. 7.5) containing 150 mM NaCl. HRV3C (Novagen)
30 was added to the eluted samples and the mixture was incubated at 4°C for eight hours. After
cleavage, the sample was loaded onto a 1-ml HiTrap Heparin colurnn (GE) equilibrated with 50
mM Tris HCI (pH 7.5) containing 150 mM NaCl. The inside of the column was washed with
50 mM Tris HCI (pH 7.5) containing 150 mM NaCl. The protein bound to the column was
eluted with 50 mM Tris HCI (pH 7.5) containing 1,000 mM NaCl. The eluted sample was
35 diluted 50 times with 50 mM Tris HCI (pH 8.8) containing 20 mM NaCl, and adsorbed onto 1
mL of HiTrap Q FF (GE) equilibrated with the same buffer. The adsorbed prbtein was cluted



task fromthe functional and cosnetic point of view The present result
denonstrates that it is possible to pronote the early closure and scarl ess
heal i ng of skin ulcers by adninisterigg HMGB-1 i ntravenously and thereby
recruiting bone marrow derived cells the site of ulceration. 5 [ Exanple
5] Observation of bone marrowderived cells in the brain of cerebral
infarction nodel animals intravenously adm nistered with HNIGB-1
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i nfil gFratieridieve AR BiliokRRAPUEGRRE and S100A8 in recruiting bone marrow-derived
cells to skin ulceration site during skin ulcer healing process
Male C57BL/6 mice (6 weeks old) were irradiated at a lethal dose (10 Gy).
Immediately, bone marrow cells (5 x 10° cells/0.1 ml physiological phosphate buffer (pH 7.4))
30  derived from a green fluorescent protein (GFP) transgenic mouse (Okabe M. et al., FEBS Lett.
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mice, a silicone ring with an outer diameter of 10 mm, inner diameter of 6 mm, and thickness of

1 mm was attached to the ulcer site using two-sided adhesive tape and medical adhesive Aron
35 alpha A (Sankyo). The ulcer was covered with a silicone disc with a diameter of 10 mm and a

thickness of 1 mm to prevent desiccation and bacterial infection at the ulcer. In addition, the
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ulcer site usmg two-sided adhesive tape and medical adhesive Aron alpha A (Sankyo). The

ulcer was covered with a silicone disc with a diameter of 10 mm and a thickness of ] mm to

prevent desiccation and bacterial infection at the ulcer site.  In addition, the ulcer was masked
with Tegaderm (3M) for protection.
35 HMGB-1 (40 pg) or S100A8 (250 ng) was administered via the caudal vein five times

at 24-hour intervals from the day of skin ulcer creation. The ulcer size was measured on days 3,
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The result is shown in Fig. 4. In the skin of the HMGB-1-administered mice, an area
30 strongly positive for Masson’s frichrome staining as compared to the control mice (PBS '

administration) was seen in the upper layer of dermis.

It is known that in the process of skin ulcer healing, ulcer is closed by scar healing if the
reconstruction of skin tissues is insufficient. Scar healing refers to the closure of ulcer with
non-cellular components such as collagen fiber secreted by fibroblasts and the like.  As scar has

35  no functional tissue structure unlike normal tissues, it is associated with the hardening and

shrinking of tissue even after healing. Thus, the suppression of scar formation is an important
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H&Viﬁgﬂeafﬁé GEealipn eﬁ@pr@bfél ipfraetions o dihgseeGEP-pesitive cells are presumably

derived from non-inflammatory cells such as bone marrow mesenchymal stem cells.

[Example 6]
Effect of HMGB-1 administration in reducing cerebral infarct size

30 Eight-week-old female C57/Bl6 mice were anesthetized by isoflurane inhalation. Then,
the head skin was opened, and the probe of a laser Doppler blood flowmeter was directly

attached to the cranial bone to monitor the cerebral blood flow. Next, a median skin incision
was made from the sternum to the lower jaw. The right common carotid artery was detached
and ligated loosely with a #4 silk suture.  The right external carotid artery was ligated at a distal
35  position using a #6 silk suture. A puncture was made on the right external carotid artery at a
proximal position while applying tension to the suture around the common carotid artery. A #6



5Di scussion: In the present experinent, mce (PDGFRa-G-P m ce) whose cells
positive for PDGF receptor a, which is one of the bone nmarrow nesenchynal
stemcell markers, express G-P, were gﬁed to observe live bone narrow
mesenchymal stemcells. Bone marrow céfls include hematopoietic cells
(erythrocytes, |eukocytes, nmacrophages, etc.) and nesenchymal cells. O

t hese, macrophages (CD 11 b-positive) and bone nmarrow nesenchymal stem
cells 10 (CD11lb-negative) are known to adhere to cell culture dishes.
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2) The transplanted bone marrow cells were allowed to engraft (for 6
weeks), and as a result, a G-P bone marrowtransplanted m ce was obtai ned.
Then, skin of a neonatal nouse (female) was transplanted to the dorsal
skin of the G-P bone narrOMFtranspIan? d mce. 3) The skin graft was
allowed to engraft and having had satisfactory skin tissue regeneration (4
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i nhal %mﬁl znesthe5|a the skin graft was collected by biopsy. Then
froze n sections (6 |nn) mere prepared u5|ng a nlcrotone with a

cool i hgpaypeeat ol postareretird B106 o e (for 30

t t el e ¥ Rl
minost ai e HeaekSle %F%%’%Lﬁffﬁfg&@a%’?% eﬁ%%m i nﬂ&”% gt
cel | - ﬁpxémaﬂusbmhmsaipamﬁ%andrﬂas robenfa lesss D9eallee op ﬂewmntwevasmegb«asence of
GF? pgﬁé&ﬂ ﬁ‘?o %'&‘Panﬁ@%:?é"fodr%ﬁﬁ&‘ﬁa&@réw%&& fow oniegal xde&ﬁﬁrslgﬁ'lﬁ&ﬁéﬁ‘-"pe

€ specl nen was Sstal ne to examne I1ts tissu

c 0 nst miag madp frorethg stesnum tp thedowenjaws kT he Tghtrepiman casfgﬁsit mwammﬁr@ﬁe
P
Marrowsd ﬁ%ﬂé&’ o%Eélf%t!E‘ G sifk st r%ﬂ%n@% Rxlel i Eaﬁ%ﬁ dfe V%?@e&%&?&sm

correspon he reg enerated S I ONn was O
Nor eop@?lﬁowmg g Fe sitk gltt@neog iAcRHnCHES éfnasxata DA thgirgpt @ﬁémallzcag@&@rm algf the

skin aﬁdéﬂﬁ;h'v@ﬁﬁ' appBeR Rhabh Rﬂth@éutﬁi‘é Eﬂoﬁddstﬁé'@mﬁ%h%hﬁhﬂgrt@ryl ARy
nunbe of hair fol l1cles was observedé @Q&Wth t he observation using
A glrﬁ;

al@onmesafilamesbpylan srteedgpealungnpl filagps &0 shaned by patieasat i n

5- eXPiRsHid s (RPpAREAR itk € MPld MOGYHESas AVENBRY (dvi420 oR) Bkl cABHd hMEAhekI 35
snoot h nmuscl e cells and adi pocytes, showi ng that these cells derive from

the babrut§Ere givhespiyre tpyas msgited. s Thenthy sutpre appund,the eomrwan cafotid AEewi st

time Wagioo@&md ofit &moﬁﬁiﬂa&ﬁiﬁaﬁd}wmm AT (RERSH TR bERId| fowRstr wad f or
functi onal goenerat of . the tr%ﬂmalﬂant ed skin were supplied from bone

narroﬁ?@%?%@% theblockage of tussion: For the first tine, these

study r gs ul Aﬁgﬁé eﬁsahﬂ mﬁdﬂ@odoﬂ@algldakﬁgéqhs dt S@Qﬁ@iws)tmaetchmge the

mar r ow-derived.cells gr contrj S eneratiaon

fol | omﬁﬁ&f@% flamen g @%ﬁ%w AR o VR PSS e

lht | SHMOEBI T @@ (id) @Huﬁefl TMQJDS[E) 112353 lP@&h\bﬁadhﬁﬁls&E@lﬁbfﬁé prepatsd &igﬁe%s? modlel

emat opoi eti.c st ce c stemcells iis difficgult_to

i M VAl uaHyER ToADG-T SRS BT RIGR it asprul e in 6 ong

mese ngz{myenmhnmj | Sofithdl tmive weramibtihistees] with BBShe Thé snsplabntedasibnitdrad shown
stu plied only frombone marrow derived 10

h‘%at%ﬁgngy %%ﬁpfﬁﬁ%$ﬁ95 strongly suggests the possible contribution

of bone mar Tbmt—edﬂt is\showmis Eipc Ay nAlll mmice that ehdeswemhBdrdsuteh ef fufaretivronal

regenerat i ted ti T icted

ot T Byl oA RNER) G PRV o Rkl pliPecie foderm iR Rl

mar r othe Jeddyvamdvimg seta oty 48lo st thePBEladministratmhezasad whilsialt ihee seviyedémthes ki n

L1 SsupnfRd] DL IREAPEIYROPR AUBHATMICRAR G oo haW LS BaRG Y e

stem ¢ S are rom one narrOM/ perip eraY bl ood
c2¥ cuwmvivelrateowssh®% imihs FiBhadinskhinompgrese, wialstiall huee sumdued mgh¢ UvEEBdnal

»
-

skin &?ﬁﬁﬂﬁwﬁ&@ gration. [Reference Exanple 2] hj ect i ve:
| dentiiication bone marrow derived nesenchyrnal stemcell-attracting
20 factor ilmbotlsgf the b seiputessuditieninute infarctigst » obitaboutrhalfotjteecmiogdn of

| dent ihfe%bﬂtgolgg@‘@f@%&xﬁﬂ&sﬁ%bﬁ’ %@P%sfln?@g%’ gﬁgg d?&?m wak ﬂfE‘}ﬁMb‘Bzi ng factor

whi chI's exp e rel ease I.n_under hypoper f usi ve

co nd| adminisiragon vine staniest B2 bewrs per the erepijon diecerabral onfarsgionethb tades of suyvival

hyyral ; N
o 2! St (85 BPOE DAY ARRUEE W IEREROIMTD ColiRTiB e sRORCaTEPY Cel 1
wer e Biegeesis dapeadingn thagiteuntsa, ;ﬂndtdéraﬁlavpﬁ gplarctom, flartierhee Crﬁféebr

ser unmyeoptH HidinIVEM Lol 1éés)of%§n§b1&ﬁhéss Gl tsHEE wBAH ébRE!d @a’&ge 3 H‘[%}f' i at od

cul tured under the condition of 5% 37C. Whén the cel

to t hieeaiseni byt medicaliyTtigtionnt r{JW/pmﬁ@l‘[@@ta@W &ﬁ@alemonﬁtrﬁée ulture

pl at eeffécmeﬁe% Isﬁcwtemp ﬁlqueﬁ Frndit 88LAARIGHES WithiP3 &) £hiiTS BlorOhdaiéet.
psin I m M calal were then cultured 30 under the above
éﬁ%

di ﬂlfaﬁ@re ?mySa mg pamr%fm el fpiaherrphTalB B On fases aapRdicationgtior fight
five flepRatiodsur tI’@Qlate Harsae 3R eepifeuthchits it ah € |aé1tnﬁﬁsték@§1 afediéfrdeied,
fol l owed by an analysis of cell surface antigens using flow cytonmetry, to
confittu that these cells were Lin-negative, CD45-negative, CD44-positive,
Sca-|-positive, and c-kit-negative. These cells were confirmed to be able
to differentiate into bone cells and adi pocytes and have properties of
bone marrow 35 nmesenchymal stemcells.
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35 Conventionally, bone fracture is mostly treated by non-invasive reduction, surgery, and

casting. There are few pharmaceuntical agents for actively promote the healing of bone fracture.
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- 2) Free skin pieces obtained from 400 neonatal mice were immersed in 400 ml of physiological
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phosphate buffer solution at pH 7.4 (PBS). The solution was incubated at 4°C for 24 hours, and
then was centrifuged at 440 G at 4°C for 10 minutes to remove the tissue. The supernatant was
collected to prepare a skin extract.

3) In order to confirm that the thus obtained skin tissue extract has an activity of attracting bone
marrow-derived mesenchymal stem cells, its migration-inducing activity on C57BL6 mouse
bone marrow-derived mesenchymal stem cells, which had been already established as a cell line
by the present inventors, was examined using a Boyden chamber. Specifically, a skin extract
(25 pl) was inserted into the lower chamber (volume: 25 pl) of the Boyden chamber, and a
polycarbonate membrane having fine pores of 8 jum was placed onit. The upper chamber
(volume: 50 pl) of the Boyden chamber was further placed on this in contact, and was filled with
a bone marrow-derived mesenchymal stem cell suspension (5 x 10* cells/50 ml of culture
solution: DMEM/10% fetal bovine serum). The chamber was incubated in a CO; incubator at
37°C for 4 to 24 hours. | After culturing, the upper chamber was removed and the silicon
membrane was taken out. The number of bone marrow-derived mesenchymal stem cells which
had migrated to the lower chamber through the fine pores was quantitatively examined by
staining.

4) To purify factors having a bone marrow-derived mesenchymal stem cell-mobilizing activity in
the skin extract, heparin affinity cohumn chromatography and anion exchange column (Q
column) chromatography were carried out.  The skin extract was diluted 10-fold with 9
volumes of 20 mM phosphate buffer at pH 7.5 at 4°C (diluted solution A). 20 mM phosphate
buffer at pH 7.5 (30 ml) was poured into HiTrap Heparin HP column (column volume: 5 ml, GE
Healthcare) in advance to equilibrate the column.  Further, the diluted solution A was allowed
to bind to the column. Then, the column was washed with 20 mM phosphate buffer at pH 7.5
with 100 mM NaCl (30 ml). To elute the absorbed proteins, 20 mM phosphate buffer at pH 7.5
with 1000 mM NaCl were poured into the column, to elute the fractions into the tubes. The
fractions having the migration-inducing ability according to the migration activity assessment
method using a Boyden chamber as described in 2) were collected from each absorbed fraction.
This was diluted with 9 volumes of 50 mM Tris HCI pH 8.0 (diluted solution B). 50 mM Tris
HCI pH 8.0 (30 ml) was poured into HiTrap mono Q column (column volume: 1 ml, GE
Healthcare) in advance to equilibrate the column.  Further, the diluted solution B was allowed
to bind to the column. In order to elute the absorbed proteins, Tris HCI pH 8.0 and 1000 mM
NaCl were poured into the column, to eluate the fractions into tubes. The above purification
process can all be performed at 4 to 16°C, but it is preferably 4 to 8°C, and more preferably 4°C.
The eluates were assessed by the migration activity assessment method using Boyden chamber
as described in 2).

5) The skin extract-derived purified preparations having the bone marrow-derived mesenchymal



ND 53 Di scussion: A nethod in which HMEB1 can be conveniently
extracted not only fromthe skin but also fromthe brain was devel oped by
sinply imrersing these organs in a physiological buffer. This nmethod is
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bone marrow 5 nesenchynmal stemcell-attracting activity was observed. This
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culturing in a CO; incubator, to examine the in vivo bone marrow-derived mesenchymal stem

25  cell-mobilizing activity. These cells that were continuously cultured for 2 weeks were fixed
with 2% paraformaldehyde at 25°C for 10 minutes, and rinsed with PBS four times, 5 minutes
each, to wash out the paraformaldehyde. Then this was treated with a 2% skim milk solution,
and was allowed to react with 1000-fold dilution of anti-mouse keratin 5 antibody (diluted with
2% skim milk containing 0.5% tween 20) at 4°C for 16 hours. The antibody was washed out

30  with PBS four times for 5 minutes each. This was then allowed to react with 1000-fold diluted
Alexa546-labelled anti-rabbit IgG antibody (diluted with 2% skim milk) at 25°C for 1 hour.

Results: Starting from the extract solution of excised skin of neonatal mouse in PBS,
proteins having the bone marrow-derived mesenchymal stem cell-mobilizing activity were
subjected to identification and functional analysis by the above-mentioned methods. The

35  migration activity assessment using a Boyden chamber showed that the skin extract has an
extremely strong bone marrow-derived mesenchymal stem cell-attracting activity (Fig. 11).
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25  GFP-positive bone marrow-derived cells were confirmed to adhere onto the culture dish and

proliferated in the form of spindle-shaped fibroblast-like cells and further in the form of
cylindroid-shaped epithelial-like cells (Fig. 17). When these cells were continuously cultured
for another 2 weeks, hair follicle-forming cells were observed among the GFP-positive bone
marrow-derived cells (Fig. 18A; light field, low magnification, Fig. 18B; GFP fluorescence, low

30  magnification, Fig. 18C; light field, high magnification, Fig. 18D; GFP fluorescence, high
magnification). Moreover, when immunchistochemical techniques were used for keratin 5, a
marker for epithelial keratinocytes, keratin 5-positive cells were observed among the
GI'P-positive bone marrow-derived cells (Fig. 18E; light field, Fig. 18F; fluorescence of keratin
5-positive cells).

35 Discussion: This time, the present inventors have discovered for the first time in the
world that: free skin pieces produce HMGBI; the produced HMGBI has an activity of
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out. Further, external fixation was pgéforned wi t h 4% par af or nal dehyde.
These were then dehydrated in a 15% aid 30% sucrose gradient to produce
frozen sections. 10The nucl eus were stained wth a DAP
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35  PCR (polymerase chain reaction) method. The cDNAs were inserted into the plasmid vector

pCAGGS for expressing proteins in mammalian cells, such that proteins with an additional Flag



above-descri bed skin extract (SE), or 500 pl of PBS as a negative control
group, via the caudal vein using syrlnges attached with a 300 1/2
injection needle (Fig. 28). Six, sg and 48 hours after
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Resul ts: PDGFRa and CD44 doubl e-positive cells, and PDGFRa- positive,
CD44-negative cells in the peripheral blood nononuclear cell fraction were
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frombone marrow. PDGFRa is known as a nesenchynmal stem cell marker
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Di scussion: The results described above suggest that upon skin damage,
bone marrow cells accunul ate at the danaged site and differentiate into
various types of organs constituting Phe skin, t hereby contributing to
functional regeneration of the skin. N@anmhile it is speculated that the
grafted skin contains substances that attract bone marrow cells which are
20 capabl e of differentiating into various types of organs. It has

b t t f st |1 t

ot Gory Eitsll et A MBANRRIS {20 LY PeT1 o i woul d be di f11 cul

to anti ci patMethods: Baaih.diegs, mtnsmer kshepomd Livar ofovd-seck-oBC BB Iitmbusd andel | s
d by b

an @Wﬂ%hﬁﬁﬁ&bﬁse@é}é hhAgtled B Pﬁi r&?g%s?%i&%@al?ﬁbéh}hﬁte PYidigsh by bone

mar r ow emat opol etic stem ce pl’ esen

r esear(BBS) FrplE 7t r dihg Isylugwg@@'@ énaubated e541(bior 2¢ )ilomaandﬁbﬁecammfng@d aderlved
megenchymelc /i ?Uk%gtettgl o(zé ﬁt'éttgsﬁeg t fie L] ra'ta%’f?ﬁefe%%&? éi% lp

grafted tissues I's anticirpate after

skin dwafaaxigetss ade 6@@%@6 ¢ thps oblgined prirRdiagie bpmame@@lnnﬁ@dm stem
cel |'s itsendiShBR SR Jeﬂ%éctﬂi‘ﬁ é/e tbﬂllrﬂu&hgta@h@{y on bone

henost asi s/ necrosi's, and m) m-cel'ls to the grafted
skin MEHAYGEAEvaSRnessastumal §1ﬁ€1 %ﬁ WBR ewnme@ gbie o8 mannetep sniRefereneshy

I NdUCIE}EmpW Ets Béﬁ&ﬁ@ﬁﬁiﬁf)éro N\red e tﬁéq]m@isﬁ a&eem[rﬁﬁtl%ﬁﬁﬁ:ed@f fRt e
Pur pose: tg}ll dent IEIQ%/(%BOHE marrowderived ti ssue stem

1
gi) | - sepples t’iaﬁ epgEeGRLEng an { E4458 ki (Shigerlkestys NBurtisa dissug exitpels gEtheod
descr ibhgs Heaktomd skidfireWBswed Rsibial esla h@parﬁeaﬁmtyccﬂ%ﬁ ™ ﬁze 880 BARh& R ih Or

nmobi | i bone chymal stemcells, whi predjcted to be
60 rell éﬁfg cf Bﬁﬁﬂef@&?saéﬂge @%Fweaﬁ%@wﬂ@ﬂﬁ%é laf:teedawé iStenbse cell-dtfracting acyitone
marromaelﬂretemetﬁcﬁmﬁﬁam&%std:ﬂnmreaesihglmiybeﬁamﬁfercrural bones of C57BL/6
m ce to obt narr ow derijve rresench cells he cells

Ter e s oeqod RenBR RS mopk b el R AT O Led
Wﬂg h iag%/ﬁatatzﬁdusb eMinnRetrser UF@II@I&VWI:' -Zbone mdﬁdsif lﬁzemdhﬁﬁmmh call-Attth@thgadctivite
undaer 0 on to occgu an area
o0 v 2B D e o el el R o ity MOYE SIS wer o
dﬁt ac bﬂtib,cftl aﬁdrtﬁehfoztse heare exifhcsbbrmanaghﬁlelﬂmybmmanm/h%d hﬁNalc?&:rai ).

The cel.l s, we t 0. passa u cul.ture c i ti.on After at
st Gl Butelte ARR R AR R P e I niuh oA iR spsror

cul tumenise hn'atdlmdadnytzsemem,raso;ﬁlll assther hqxaan&ntungebanﬂ;ﬁafchommﬁmbmkﬁy 10 The

resul t d that the ce tivef

adar PR o e S nyRal g o PRtk db iR lfher h, TR L oRPs th,

di f f ereasramentiragudts f theddyiGRl wmdezardtnop(am;} tleshbomn chartossmhuehyning stem

char a tem cells. (2) Free
skin g@g%@g&tﬁ%&%@?ﬁ%ﬁnﬁ% | Ve ﬁE 313180 é@é‘%ﬁat al mce (two-day-old) were
imrersed in 5 m of physiological phosphate buffered saline (PBS, pH 7.4).
Af ter idpurs of 15 incubation at 4C, the sanple was centrifuged at 440
Cat | A—-put-es—torenpve-tissues—iThe supernatant was coll ected as
skinlextract.| | nHM@EBt i o, | nBoiemsaow vvay' free skin pieces isolated from
a si k-week-ol|d wer e of physi ol ogi cal phosphate

buf fered sali|n nﬁ‘ﬁ%@“"‘h 7. HJ)e eng ealsit?tr%ubati on at 4C for 24 hours, the
sanp| es were |centng/fnliged |atelddifraGing acti€itfof ten m nutes to renove tissues.
The supernat ant's wepe colll ectedpas, SKin ex ract. 20(3) To confirm whet her
t he ;r_epaLed_skJ_n_exLLact_has_t_Ee_&t_u_\u_t_y of attracting bone marrow
mesehBmmal st em cleidl s, tlhe preBewdnti nventprs used the Boyden chanber to

exan ﬂgallt ne 4 Present
| Intestine 0 Present
Kidney 115 ND
Liver 61 - ND

25 ND: No data



chenotactic activity for previously cloned bone marrow derived nesenchynal
cells derived from C57BL6 mce. Specifically, a mxture of DMVEM (20 pl)
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sanples were m xed wwth 5 pl of SDS-PACE sanple buffer (Bio-Rad). The
m xtures were 5 heated in a heat block at 98C for five m nutes, and then
cooled to 25C. The sanpl es were appli Sg onto an acryl am de gel e-PAGEL
(5-20% gradient, ATTO, and el ectrophoresed at 40 mA for 75 m nutes using
an el ectrophoresis device. After the el ectrophoresis, the el ectrophoresed
protein was detected using the Dodeca Silver Stain Kit (Bio-Rad) (Fig.
36). The chenotactic activity of fractionated sanples was assayed in the
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15 resulting sanples were centrifuged using centrifuge at 400 x g at 25C
for 40 mnutes. The cells in the opaque mddle | ayer were collected as a
nononucl ear cell fraction. 1 m of | 155 sol ution (I muno-Bi ol ogi cal
Laboratories Co., Ltd.), a henolytic ent, was added to the collected
cells, and the cells were incubated at roomtenperature for five m nutes.
This henolytic treatnent was repeated twi ce. After adding 10 m of PBS,
the cells were centrifuged 20 at 440 x g at 25C for five mnutes. The
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denonstrates that the epidermal cells, hair follicle cells, fibroblasts of
subcut aneous tissues, and such in the grafted skin are constltuted by bone
mar r olRedeeneedexasenle €] Si 00A8 and Si 00A9 can be specul ated to be
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below.

(1) Preparation of a bone marrow-derived tissue stem cell attractant. Free skin pieces
isolated from 25 neonatal mice (two days old) were immersed in 25 ml of phosphate buffered
saline (PBS), pH 7.4. Afier 24 hours of incubation at 4°C, the sample was centrifuged at 440 G

35  at 4°C for ten minutes to remove the tissue. The supernatant was collected as skin extract (SE).

Meanwhile, RNA was extracted from neonatal C57/Bl6 mice skin using Trizol



20 to peripheral blood. Thus, Si 00A8 and Si 0O0A9 can al so be adm ni stered
via peripheral circulation to tissues |ocated deep inside the body where

| ocal administration is difficult (brain, heart, spinal cord, etc.). The
present inventors believe that ef fect ¥such as shortenlng t he heal i ng
time, functional regeneration of damaged tissues, and such can be expected
In the healing process for not only damaged skin tissues but al so various
damaged tissues such as brain, 25 nuscle, and bone by using the present
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gel was collected by centrifugation, followed by five PBS washes. Then, the gel was eluted
with 3x Flag peptide (final 100 pg/mlf). The concentration of the eluted protein was determined
using the HMGBI1 ELISA Kit (Shino-Test Co.). After freeze-drying, the protein concentration

15  was adjusted to 200 pg/ml with PBS.

(2) Eight-week-old male mice (C57/Bl6) were administered with 500 pl of the

above-described skin extract (SE), or 500 ul of PBS as a negative control group, via the caudal
vein using syringes attached with a 30G 1/2 injection needle (Fig. 28). Six, 12, 24, and 48
hours after administration, 1 ml of peripheral blood was collected from the hearts of the mice

20 under inhalation anesthesia with isoflurane using a heparin-coated 1-ml syriﬁge. The blood
samples were each combined with 3 ml of PBS, and then gently overlaid onto 3 ml of Ficoll (GE
healthcare). The resulting samples were centrifuged using a centrifuge at 400 x g at 25°C for
40 minutes. The cells in the opaque middle layer were collected as a mononuclear cell fraction.
1 mi of HLB solution (Immuno-Biological Laboratories Co., Ltd.), 2 hemolytic agent, was added

25  tothe collected cells. The cells were incubated at room temperature for five minutes. This
hemolytic treatment was repeated twice. After adding 10 ml of PBS, the cells were centrifuged
at 440 x g at 25°C for five minutes. The supernatants were removed, and the cells were
collected. 1,000,000 cells were incubated at room temperature for 20 minutes with antibodies
each diluted 100-fold with PBS including a PE-labeled anti-mouse PDGFRa. antibody

30  (e-Bioscience), PE-labeled anti-mouse PDGFRp antibody (e-Bioscience), and PerCy5-labeled
anti-mouse CD44 antibody (BD biosciences). After incubation, the cells were centrifuged at
440 x g at 25°C for five minutes. The supernatant was removed. 400 ul of PBS containing
1% paraformaldehyde was added to the cells to prepare a sample for flow cytometric analysis.

Eight-week-old male mice (C57/Bl6) were administered with 250 ul of mouse HMGBI1

35 (1 pg/pl), or 250 pl of PBS as a negative control group, via the caudal vein using syringes

attached with a 30G 1/2 injection needle (Fig. 29). 12 hours after administration, 1 ml of



2. The agent of claim1l, which is adm nistered parenterally. 25 3. The
agent of claim2, which is admnistered by injection. 4. The agent of
claim1, which is admnistered intravascularly, intranuscularly,

subcut aneously, intradermally, or int?gperitoneally. 30 5. The agent of
any one of clains 1 to 4, wherein the cell or tissue extract is produced
by a nmethod conprising the step of immersing a cell or tissue in a
solvent. 6. The agent of any one of clains 1 to 4, wherein the
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repeated twice. After adding 10 ml of PBS, the cells were centrifuged at 440 x g at 25°C for
five minutes. The supernatants were removed, and the cells were collected. 1,000,000 cells
10 were incubated at room temperature for 20 minutes with antibodies each diluted 100-fold with
PBS including a PE-labeled anti-mouse PDGFRa antibody (e-Bioscience) and PerCy5-labeled
anti-mouse CD44 antibody (BD biosciences). After incubation, the cells were centrifuged at
440 x g at 25°C for five minutes.. The supernatant was removed. 400 pl of PBS containing
1% paraformaldehyde was added to the cells to prepare a sample for flow cytometric analysis.
15 Results: PDGFRo and CD44 double-positive cells were demonstrated to be
significantly mobilized to peripheral blood 12 hours after inj ection of the skin extract (SE) (Fig.
30). Furthermore, PDGFRo and CD44 double-positive cells were demonstrated to be
significantly mobilized to peripheral blood 12 hours after injection of HMGB1 (Fig. 31).

20 [Reference Example 8]
Purpose: To test Whéther mesenchymal stem cells are mobilized to peripheral blood by
intravenous administration of recombinant HMGBI1 protein.
Methods: C57BL6 mice (eight to ten weeks old, male) were administered with 400 pul of
physiological saline containing 100 pg/ml recombinant HMGB1 protein (40 pug of HMGB1) or
25 400 pl of physiological saline alone through the caudal vein. After 12 hours, peripheral blood
was collected from the mice. The blood samples were diluted with PBS to a total volume of 4
ml. The diluted blood samples were overlaid onto 3 ml of Ficoll-Paque Plus (GE) placed in
centrifuge tubes. The samples were centrifuged at 400 G at 18°C for 40 minutes. The middle
layer containing mononuclear cells was transferred to a fresh centrifuge tube, and 45 ml of PBS
30  was added thereto. The tube was centrifuged at 800 G at 18°C for five minutes. The
supernatant was removed. Again, 45 mi of PBS was added, and the tube was centrifuged at 800
G at 18°C for five minutes. The supernatant was removed. The prepared mononuclear cells
were incubated with Phycoerythrobilin (PE)-labeled anti-mouse PDGFRo antibody and
Fluorescein isothiocyanate (FITC)-labeled anti-mouse CD44 antibody. Then, the abundance of
35 PDGFRa and CD44 double-positive cells in the mononuclear cell fraction was assessed by flow
cytometry (F abscan; Becton, Dickinson and Company).
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5  from bone marrow. PDGFRa is known as a mesenchymal stem cell marker.

Discussion: PDGEFRa and CD44 are known as surface markers of bone marrow
mesenchymal stem cells, which are representative of bone marrow-derived pluripotent stem cells.
Bone marrow mesenchymal stem cells are pluripotent stem cells capable of differentiating into
nerve cells, epithelial cells, or such as well as osteocytes, chondrocytes, and adipocytes.

10  Meanwhile, the skin pieces used in this experiment are in an ischemic condition. Thus, the
tissues gradually necrotize and intracellular proteins such as nuclear proteins as well as cell
surface proteins are released to the outside. HMGB lisa protein contained in the skin extract.
In skin grafting or the like, such proteins serve as a signal to mobilize bone marrow-derived
tissue stem cells into grafted skin. It is thus speculated that functional skin regeneration is

15  achieved in the skin graft due to reconstitution of epidermis, hypodermis, follicular tissues, or
such stemmed from the bone marrow cells. Based on this experiment, the present invention for
the first time successfully discovered that bone marrow-derived tissue stem cells are mobilized
into peripheral blood circulation by intravenous administration of HMGBI1 or skin extract as
described above. This discovery enables new therapeutic methods for treating intractable

20  diseases with tissue damages such as brain infarction, myocardial infarction, bone fracture, and
cutaneous ulcer, which are based on mobilization of bone marrow-derived pluripotent stem cells

into peripheral blood.

[Reference Example 9]
25 Purpose: To assess contribution of bone marrow-derived cells to the functional
regeneration of in vivo grafted skin tissue |
Methods: Studies were conducted to achieve the above purpose.
(1) The degree at which bone marrow-derived cells contribute to the functional
regeneration of grafted skin was assessed using a system of in vivo skin grafting in GEFP bone
30 marrow-transplanted mice. Specifically, male C57BL/6 mice (six to eight weeks old) were
irradiated at a lethal dose (10 Gy), and green fluorescent protein (GFP) transgenic mouse-derived
bone marrow cells (5 x 10° cells/0.1 ml of physiological phosphate buffered saline, pH 7.4) were
transplanted into the mice vig the caudal vein immediately after the irradiation.
(2) After the engraftment of transplanted bone marrow cells (six weeks) was confirmed,
35  neonatal mouse (female) skin was transplanted to the dorsal skin of the resulting GFP bone

marrow-transplanted mice.
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minufes with 4% paraformaldehyde. Then, cell nuclei in the tissues were stained with DAPIL

After mounting the tissue using a mounting medium containing an anti-fading agent, the tissues
were observed under a confocal laser microscope to assess the presence of GFP-positive bone
marrow-derived cells.

10 Results: In the system of in vivo skin grafting in GFP bone marrow-transplanted mice,
GFP fluorescence was observed in the majority of epidermal keratinocytes and dermal
fibroblasts as well as smooth muscle cells and adipocytes of the regenerated skin tissues,
suggesting that these cells were derived from the bone marrow (Fig. 33). Specifically, bone
marrow-derived stem cells served as a source for most of the epithelial cells and mesenchymal

15  cells required for the functional regeneration of the grafted skins.

Discussion: The results described above suggest that upon skin damage, bone marrow
cells accumulate at the damaged site and differentiate into various types of organs constituting
the skin, thereby contributing to functional regeneration of the skin. Meanwhile, it is
speculated that the grafted skin contains substances that attract bone marrow cells which are

20  capable of differentiating into various types of organs.

It has been reported that bone marrow contains two types of stem cell systems:
hematopoietic stem cells and mesenchymal stem cells. It would be difficult to anticipate that a
large number of bone marrow-derived epithelial cells and mesenchymal cells mobilized into the
grafted skin are provided by bone marrow-derived hematopoietic stem cells as shown by the

25  present research. This strongly suggests the possibility that bone marrow-derived mesenchymal
stem cells contribute to the functional regeneration of grafted tissues.  Specifically, it is
anticipated that immediately after skin grafting, factors that mobilize bone marrow-derived
mesenchymal stem cells are released from the grafted skin in a state of hemostasis/necrosis, and
mobilize mesenchymal stem cells to the grafied skin from bone marrow via the peripheral blood

30  circulation, thereby inducing functional regeneration of the skin tissue.

[Reference Example 10]
Purpose: To identify bone marrow-derived tissue stem cell-attracting factors in skin
tissue extracts
35 Methods: By the method described below, study was conducted to identify factors

responsible for mobilizing bone marrow mesenchymal stem cells, which were predicted to be
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5  culture medium and cultured at 37°C under 5% carbon dioxide gas. When the cells were grown
to occupy an area of 70 to 100% relative to the bottom of the culture dish, the cells were
detached from the culture dish using 0.25% trypsin/T mM EDTA (Nacalai). The cells were then
passaged under the same culture conditions. After at least five passages, the adberent cells
were isolated and further cultured, and analyzed for cell surface antigens by flow cytometry.

10 The result showed that the cells were positive for CD44 and Sca-1, and negative for Lin, CD45,
and c-kit. It was confirmed that the cells can differentiate into osteocytes and adipocytes and
thus have the characteristics of bone marrow mesenchymal stem cells.

(2) Free skin pieces isolated from five heads of neonatal mice (two-day-old) were
immersed in 5 mi of physiological phosphate buffered saline (PBS, pH 7.4). After 24 hours of -

15  incubation at 4°C, the sample was centrifuged at 440 G at 4°C for ten minutes to remove tissues.
The supernatant was collected as skin extract, In addition, in the same way, free skin pieces
isolated from a six-week-old mouse were immersed in 5 ml of physiological phosphate buffered
saline (PBS, pH 7.4). After incubation at 4°C for 24 hours, the samples were centrifuged at 440
G at 4°C for ten minutes to remove tissues. The supernatants were collected as skin extract.

20 (3) To confirm whether the prepared skin extract has the activity of attracting bone
marrow mesenchymal stem cells, the present inventors used the Boyden chamber to examine the
chemotactic activity for previously cloned bone marrow-derived mesenchymal cells derived
from C57BL6 mice. Specifically, a mixture of DMEM (20 pl) and skin extract (5 pl) from
two-day-old or six-week-old mice was added into the bottom compartment (a volume of 25 pl)

25 of a Boyden chamber, and a polycarbonate membrane with 8-pum micropores was placed on top.
Then, the upper compartment (a volume of 50 pl) of the Boyden chamber was placed in contact
with the membrane, and a suspension of bone marrow-derived mesenchymal stem cells (5 x 10
cells/50 ml of culture medium (DMEM supplemented with 10% fetal bovine serum)) was added
to the upper compartment. The chamber was incubated in a CO; incubator at 37°C for four to

30 24 hours. After incubation, the upper unit of the chamber was removed. The thin silicone
film was detached and the number of bone marrow-derived mesenchymal stem cells migrating
into the bottom compartment through the micropores was quantitatively determined by staining
the cells (Fig. 34).

(4) About 2-cm” skin specimens were excised from. two-day-old and six-week-old mice

35  and immediately frozen in liquid nitrogen. The skin specimens were crushed in a mortar.

RNAs were extracted and purified from the samples using RNeasy (Qiagen). Using the
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which is known to form a heterodimer with S100A9, in the skin extract from the two-day-old

mice were detected by Western blotting.  Specifically, 5 pl of the skin extract from the

two-day-old mice was combined with 5 ul- of SDS-PAGE sample buffer (Bio-Rad). The

mixture was heated in a heat block at 98°C for five minutes, and then cooled to 25°C. The

10 resulting sample was applied onto 12.5% acrylamide gel e-PAGEL (ATTQ) and electrophoresed

at 40 mA for 75 minutes using an electrophoretic device (ATTO). The gel was collected after
electrophoresis. Using a blotting device (ATTQ), proteins in the gel were transferred to PVDF
membrane (7 cm by 9 cm, Millipore) pretreated with 100% methanol.  After 75 minutes of
protein transfer at 120 mA, the PVDF membrane was removed and shaken at room temperature
for 30 minutes in PBS (Nacalai) containing 4% skim milk. Then, the removed PVDF
membrane was soaked in 5 ul of anti-S100A8 antibody (R&D) or anti-S100A9 antibody (R&D)
each diluted with 10 ml of PBS containing 4% skim milk, and shaken at room temperature for 60

Adfter the antibody solution was removed, the membrane was shaken in 30 ml of PBS

15

minutes.
containing 0.1% Tween20 at room temperature for five minutes.  This washing was repeated
five times. Then, the membrane was soaked in 5 pl of HRP-labeled anti-goat IgG antibody (GE
healthcare) diluted with 10 m! of PBS containing 4% skim milk, and shaken at room ternperature
After the antibody solution was removed, the membrane was washed with 30
This

20

for 45 minutes.
ml of PBS containing 0.1% Tween20 at room temperature for five minutes while shaking.
washing was repeated five times. The membrane was treated for luminescence using ECL
Detection Kit (GE healthcare), and then exposed on a film. Signals for ST00A8 and S100A9
proteins were gained by developing the film in a developing apparatus (Fig. 35).

23

(5) Factors having the activity of mobilizing bone marrow-derived mesenchymal stem
cells in skin extracts were purified by heparin affinity column chromatography. The experiment
described below was carried out using an FPLC device (GE healthcare).  First, the skin extract
of two-day-old mice was diluted 10-fold with nine volumes of 20 mM phosphate buffer (pH 7.5)
at 4°C (dilution solution A). 300 ml of 20 mM phosphate buffer (pH 7.5) was run through a

HiPrep 16/10 Heparin FF (GE Healthcare) column to equilibrate the column in advance, and

30

dilution solution A was loaded onto the column. Then, the column was washed with 300 m] of
20 mM phosphate buffer (pH 7.5). 20 mM phosphate buffer (pH 7.5) containing 10 mM NaCl
{(solution A) and 20 mM phosphate buffer (pH 7.5) containing 500 mM NaCl (solution B) were
prepared to elute the adsorbed protein.  Elution was started with [100% solution A + 0%

35
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samples were mixed with 5 pl of SDS-PAGE sample buffer (Bio-Rad). The mixtures were
5  heated in a heat block at 98°C for five minutes, and then cooled to 25°C. The samples were
applied onto an acrylamide gel e-PAGEL (5-20% gradient, ATTO), and electrophoresed at 40
mA for 75 minutes using an electrophoresis device.  After the electrophoresis, the
electrophoresed protein was detected using the Dodeca Silver Stain Kit (Bio-Rad) (Fig. 36).
The chemotactic activity of fractionated samples was assayed in the same way as
10 described above using a Boyden chamber (Fig. 37).
The presence of S100A8 and S100A9 proteins in the fractionated samples was detected
in the same way as described above by Western blotting (Fig. 38).
(6) RNA was extracted from neonatal mouse skin using Trizol (Invitrogen), and then
cDNA was synthesized from the RNA using the SuperScript ITII cDNA Synthesis Kit (Invitrogen).
15 cDNAs of SI00A8 and S100A9 were amplified by the polymerase chain reaction (PCR) method
using the cDNA as a template. . These cDNAs were each inserted into a mammalian cell
protein-expression plasmid vector, pPCAGGS, to express the proteins in which a GST-tag
sequence (amino acid sequence/SEQ ID NO: 31; DNA sequence/SEQ ID NO: 32) is attached to
the N-terminus of their amino acid sequences (Fig. 39). pCAGGS-GST-S100A8 or
20 pCAGGS-GST-S100A9 were each transfected into a human fetal kidney cell-derived cultured
cell line HEK293 using a lipofection reagent (Invitrogen). 48 hours after transfection, the cells
and culture Superhatant were collected, and centrifuged at 4,400 G at 4°C for five minutes. The
supernatant (Supernatant A) and cells were collected separately. PBS containing 0.1%
Tween20 was added to the cells, and the Suspension was sonicated on ice for 30 seconds to
25  disrupt the cell membrane. Afier centrifugation at 4,400 x g at 4°C for five minutes, the
resulting supernatant was collected (Supernatant B). Supernatants A and B were combined
together and loaded onto a HiTrap GST FF column (5 ml; GE Healthcare) whose buffer had been
replaced with 30 ml of PBS in advance. After loading, the column was washed with 100 mi of
PBS, and the adsorbed protein was eluted with 20 mM phosphate buffer (pH 8) containing
30  reduced glutathione. The chemotactic activity of recombinant S100A8 and S100A9 for bone
marrow mesenchymal stem cells was assessed using the Boyden chamber. The samples were
prepared by dissolving purified S100A8 or S100A9 protein at 0.1 ng/ul in DMEM, or by diluting
the skin extract of two-day-old mice with four volumes of DMEM, and added into the bottom
compartment of the Boyden chamber. A negative control prepared as follows was used the
35  same way: protein was extracted from cells transfected with a control vector which does not
carry the cDNA of S100A8 or SI00A9 as an insert; and then a fraction was eluted from a HiTrap
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After incubation, the upper unit

of the chamber was removed. The polycarbonate membrane was detached and the number of

bone marrow-derived mesenchymal stem cells migrating into the bottom compartment through

the micropores was quantitatively determined by staining the cells (Fig. 40).

10

GST-S100A8 or S100A9 recombinant proteins (1 ng/ul} via the caudal vein.

(7) Eight-week-old male mice were injected with 250 pl of the above-described purified

12 hours after

injection 1 ml of peripheral blood was collected from the hearts of the mice under inhalation

anesthesia with isoflurane using a 1-ml heparin-coated syringe.

The blood samples were each

combined with 3 ml of PBS, and then gently overlaid onto 3 ml of Ficoll (GE healthcare). The

15

cells in the opaque middle layer were collected as a mononuclear cell fraction.

resulting samples were centrifuged using centrifuge at 400 x g at 25°C for 40 minutes.

The
1 mlof HLLB

solution (Immuno-Biological Laboratories Co., 1.td.), a hemolytic agent, was added to the

collected cells, and the cells were incubated at room temperature for five minutes.
hemolytic treatment was repeated twice.
at 440 x g at 25°C for five minutes.
1,000,000 cells were incubated at room temperature for 20 minutes with a

20

were collected.

This

After adding 10 ml of PBS, the cells were centrifuged

The resulting supernatants were removed, and the cells

PE-labeled anti-mouse PDGFRo antibody (e-Bioscience), PE-labeled anti-mouse PDGFRp
antibody {e-Bioscience), FITC-labeled anti-mouse CDA45 antibody (BD biosciences), and
PerCy5-labeled anti-mouse CD44 antibody (BD biosciences), each diluted 100-fold with PBS.

25

Then, the cells were centrifuged at 440 x g at 25°C for five minutes.

The supernatants were

removed. 400 pl of PBS containing 1% paraformaldehyde was added to the cells to prepare

samples for flow cytometric analysis.
(I) PDGFRa/CD45/CD44

(II) PDGFB/CD45/CD44
The ratio of cells expressing PDGFRa (or B) and CD44 to cells that were weakly positive or

30

Antibodies were used in the following combinations:

negative for CD45 was determined based on the analysis result (Figs. 41A and B).

for the activity of mobilizing bone marrow mesenchymal stem cells.

Results: Skin samples excised from two-day-cld and six-week-old mice were assessed

The activity of skin

extract from two-day-old mice was demonstrated to be stronger than that of the skin extract from

35

by DNA microarray analysis.

six-week-o0ld mouse.

Strong S100A9 expression in the skin from two-day-old mice was found

Crude samples of skin extracts purified on a heparin column



Asp
Lys
Asp
Lys
Pro
Ser
Au
Lys
Tyr
Pro
du

Ser Ser Val
Thr Met Ser

Asn Phe
Al a Lys

Lys Ala Arg Tyr Asp
Gy Asp Lys Lys Ay
Ser Al a Phe Phe Leu
GQu Hs Pro @Ay Leu

Met Trp Ser

Au dn

Ala G u Phe Ser
A u Lys Ser Lys
Arg AQu Met L

Lys Lys Lys Aé%
Phe Cys Ser

Ser Ile Ay Asp
Ser Ala Lys Asp

Lys Lys Cys Ser Qu Arg 354045 Trp
Phe A u Asp Met Al a 505560 Lys Ser
Asn Tyr Val Pro 65 70 75 80 Pro

Pro Asn Ala Pro Lys 859095 Arg Pro

u Hs Arg Pro Lys 100105110 Il e Lys

Thr Ala Lys Lys 115120125 Leu Ay
Lys Gn Pro Tyr 130135140 Au G n
h
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<210> 8 <2 11>
bone marrow mesenchymal stem cells was confirmed in the purified S100A8 and S100A9

5

10

15

20

25

samples by assays using Boyden chamber.
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Furthermore, when intravenously administered to

mice, the proteins also exhibited the activity of mobilizing a population of PDGFR« and CD44
double-positive cells to peripheral blood (Fig. 41).

Discussion: The present inventors for the first time in the world discovered in the
present invention that free skin pieces produce S100A8 and S100A9, and the produced S100A8
and S100A9 proteins had strong activities of mobilizing bone marrow-derived mesenchymal

stem cells. Meanwhile, bone marrow mesenchymal stem cells are known as pluripotent stem

cells that differentiate into bone tissues, adipose tissues, cartilage tissues, fibroblasts, and the like.

Recently, it has been indicated that bone marrow-derived cells also include pluripotent stem cells;

that differentiate into tissues such as cardiac muscle, nerve cells, and epidermal cells. Since the

present invention demonstrates that the epidermal cells, hair follicle cells, fibroblasts of

subcutancous tissues, and such in the grafted skin are constituted by bone marrow-derived cells,

S100A8 and S100A9 can be speculated to be responsible for mobilizing bone marrow-derived

tissue stem cells to the skin graft to induce functional repair of damaged tissues. Even by

intravenous injection, S100A8 and STI00A9 can mobilize bone marrow mesenchymal stem cells
to peripheral blood. Thus, SI00AS8 and S100A9 can also be administered via peripheral
circulation to tissues located deep inside the body where local administration is difficult (brain,

heart, spinal cord, etc.). The present inventors believe that effects such as shortening the

healing time, functional regeneration of damaged tissues, and such can be expected in the

healing process for not only damaged skin tissues but also various damaged tissues such as brain,

muscle, and bone by using the present invention in pharmaceuticals, which enables local

mobilization of the bone marrow-derived tissue stem cells including mesenchymal stem cells in

regencration of damaged tissues.



<212> DNA <213> Hono sapi ens <400> 8 at gggt aaag gagaccccaa caagccgcgg

ggcaaaat gt
caccoggact
gagat ggaag
caaagct cgc
gaagaaaaag
t gaacat cgc
gaaat t gggt
agcagct aag
aagt gaagca

agaagat AagseAQeSuIRte- o688
t gaagaat aa630 <210> 9 <211
Ipprgtensn Lys Pro Arg Ay Lys Met Ser Ser Tyr 151015 Al a Phe

Ay Ly

cct cgt acgce
cttccgtcaa
accatgtctg
t at gacaggg
gaccccaatg
ccaaagat ca
gaaat gt ggt
ct aaaggaga
ggaaagaagg

cttcttegtg
tttcgcggaa
caaaggagaa
agat gaaaaa
ct cct aaaag
aaagt gaaca
ct gagcagtc
aat at gaaaa
gccct ggcag

60 cagacctgcc gggaagagca caagaagaaa
120 g{ 17 ttctccaaga agtgttcgga
gtcg ggttt180 gaagat at gg caaaaagt ga
ttacgttcct 240 cccaaaggtg at aagaaggg
gccaccat ct 300 gccttcttce tgttttgcetc
cectgoct a360 tccattgggg atactgcaaa
agecaye@at 420 aaacaaccat atgaacagaa
ggatattgct 480 gcatatcgtg ccaagggcaa
gccaacaggc540 tcaaagaaga agaacgaacc

492AgR R031rRAGaN000, sRO0a00AAg aggat gaaga

<2125 P 13> Mus nuscul us <400> 9 Met

Phe Valb)yd éelifthat sevsteiNal IMGBBprotking Lys Lys Lys His Pro 202530
(c) a vector into which a DNA encoding an HMGB1 protein is inserted;

(d) an HMGB?2 protein

(e) a cell that secretes an HMGB2 protein;
() a vector into which a DNA encoding an HMGB2 protein is inserted;

10

(g) an HMGBS3 protein;

(h) a cell that secretes an HMGB3 protein;
(i) a vector into which a DNA encoding an HMGB3 protein is inserted,

(G) an S100AS8 protein;

(k) a cell that secretes an S100A8 protein;

15

(m) an S100A9 protein;
(n) a cell that secretes an S100A9 protein;

(o) a vector into which a DNA encoding an S100A9 protein is inserted;
(p) a cell or tissue extract; and

20

(1) a vector into which a DNA encoding an S100A8 protein is inserted;

(q) a heparin-binding fraction of a cell or tissue extract;

wherein the agent is administered to a tissue other than a tissue in need of regeneration.

2. The agent of claim 1, which is administered parenterally.

25

3. The agent of claim 2, which is administered by injection.

4. The agent of claim 1, which is administered intravascularly, intramuscularly, subcutaneously,

intradermally, or intraperitoneally.

30

5. The agent of any one of claims 1 to 4, wherein the cell or tissue extract is produced by a

method comprising the step of immersing a cell or tissue in a solvent,

6. The agent of any one of claims 1 to 4, wherein the heparin-binding fraction of a cell or tissue

extract is produced by a method comprising the steps of:

35

(a) immersing a cell or tissue in a solvent;

(b) contacting immobilized heparin with the extract prepared in step (a); and



Asp
Lys
Asp
Lys
Pro
I'le
Au
Lys
Tyr
Pro
du
du

Ser Ser Val Asn Phe Ala GQu
Thr Met Ser Ala Lys Qu Lys
Lys Ala Arg Tyr Asp Arg Gu
Ay Asp Lys Lys Ay Lys Lys
Ser Al a Phe Phe Leu Phe Cys
GQu Hs Pro Ay Leu Ser lIle
Met Trp Ser Qu Gn Ser Ala

Al Al
(AR N o,

Arg Al a Lys Lys

Phe
Ser
Met
Lys
Ser
Ay
Lys

Ser Lys Lys Cys
Lys Phe G u Asp
A§ n Tyr Val

ﬁ Pro Asn Al a
Gu Asn Arg Pro

Asp Thr Ala Lys
Asp Lys G n Pro

y

Ser
Leu
Pro
Pro
Lys
Lys
Tyr

Pro

Thr Ay Ser Lys Lys Lys Asn Qu Pro Qu Asp Qu Qu

210
or skin tissue.

G u Arg 354045 Trp
Al a 505560 Lys Ser
65 70 75 80 Pro

Lys 859095 Arg Pro
100105110 Il e Lys
115120125 Leu Ay
130135140 Au G n
145150155160 Al a

dy 165170175 Arg
d u 180185190 G u
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7/ 17 <210> 10 <211> 633 <212> DNA <213> Mus nuscul us <400> 10 at gggcaagg
cagacctgoc ttctccaaga gaagatttgg ccoaaagggg gccttottoo tctattggag
aaacaaccgt goataccgtg tcaaagaaga gatgacgagg gtgaccccaa caagccgcgg
gcgaggagca caagaagaag aat gctcoga gagat ggaag ccaagagcga caaagct cgt

at aagaaagg aaagaaaaaa tgttttgotc tgaaaatcgc atactgcgaa gaaact gggt

at gagcagaa agcagctaaa coaagggcaa aagt gaagca agaacgaacc agaagat gag
aagaagagga ggat gaagaa ggcaaaatgt catcccgact accatgtctg tatgacaggg
gaccccaat g ccaaagat ca gagaSiliggE ldEHN6ggaga ggaaagaagg gaggaggaag taa
cctcgt acgqoxt GRNOMIXO0g6Q TR gt oggt gaa ott cpcgagl?20. caaaggaaaa gtcoaagttt 180
agat gaagaa ct géak URIGERG Py ot ocgaagag accaccgtct 300 aaattgaaca occaggcct g360
ct gagcaat c tgccaaagat 420 agtatgaaaa ggat att gct 480 gtoctggtag gccaacaggc540

aagagga a aa600
gagg 9¥130> gf%%gu 9 generatton promoter using recruitment of bone marrow mesenchymal
stem cells and/or pluripotent stem cells in blood

<130> G6-A0901P

150> JP 2009-247143
<151> 2009-10-28

<160> 32
<170> Patentln version 3.4

Q10> 1

211> 215

<212> PRT

<213> Homo sapiens

<400> 1

Met Giv Lys Gly Asp Pro Lys Lys Pro Arg Gly Lys Met Ser Ser Tyr

1 5 10 15

Ala Phe Phe Val Gln Thr Cys Arg Glu Glu His Lys Lys Lys His Pro

20 25 30
Asp Ala Ser Val Asn Phe Ser Glu Phe Ser Lys Lys Cys Ser Glu Arg
35 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Gly Lys Phe Giu Asp Met Ala
50 55 60

Lys Ala Asp Lys Ala Arg Tyr Glu Arg Glu Met Lys Thr Tyr Ile Pro

65 70 75 80

Pro Lys Gly Glu Thr Lys Lys Lys Phe Lys Asp Pro Asn Ala Pro Lys
85 90 85

Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu Tyr Arg Pro Lys

100 105 110
Ile Lys Gly Glu His Pro Gly Leu Ser Ile Gly Asp Val Ala Lys Lys
115 120 125
Leu Gly Glu Met Trp Asn Asn Thr Ala Ala Asp Asp Lys Gin Pro Tyr
130 135 140

Glu Lys Lys Ala Ala Lys Leu Lys Giu Lys Tyr Glu Lys Asp lle Ala

145 150 155 160

Ala Tyr Arg Ala Lys Gly Lys Pro Asp Ala Ala Lys Lys Gly Val Val
165 170 175

lys Ala Glu Lys Ser Lys Lys Lys Lys Glu Giu Glu Glu Asp Glu Glu



<210> 11 <211> 210 <212> PRT <213> Rattus norvegi cus <400> 11 Met Gy Lys
Al a Phe Phe Val

Ay
Adn
Phe
Lys
Asp
Ay
Leu
Leu
Gn
Lys

Asp
Thr
Al a
du
Arg
Lys
Phe
Ser
Ser
Leu

Pro
du
Lys
Phe
Asn
Pro
Hi s

Asn
Arg
Phe
Ser
Met
Lys
Ser

Ay Lys Met

s db

Ser

Pro
Cys
Au
Lys
du
Lys

Lys
Au
Ser
Lys
Lys
ASIO

Arg
His Lys
Lys Cys
G u Asp
Tyr Val
Asn Al a
Arg

Ae!peG i@ i uA@sB G-mrﬁlﬁ‘l@u |63f§ G#N%s%%gﬁgg%

c';P(.Sez‘E‘ HspLﬁYsp A‘Iéx AsS G"fu Lys Asp Ile Ala 145150155160

Ala LygsAsp Lys G n Tyr

210 215

Q210> 2

Q211> 648

<212> DNA

<213> Homo sapiens

<400> 2

atggrcaaag gagatcotaa gaagecgagd ggcaaaatgt
caaacttgtc ggeaggapca taagaagaag cacccagatg
ttttctaaga agtgctcaga gaggtgeaag accatgtete
gaagatatge caaaagegga caaggeccgt talgaaagag
cccaaaggeg agacaaaaaa gaagttcaag gatoccaatg
gocttettce tottetgete tgagtatoge coaaaaatea
tecattgely atgttescegaa gaaactgzgga gagatgigea
aagcagccti atgaaaagaa ggoigcgaag ctgaaggaaa
gecatatogag ctaaaggasa gectgatgea goaaasaags
agcaagaaaa agaaggaaga ggaggaagal gaggaagateg
gaagatgaag aagatgaaga tgaagaagaa gatgatgatg

210> 3

211> 215

<212> PRT

<213> Mus musculus

400> 3

Met Gly Lys Gly Asp Pro Lys Lys Pro Arg Gly

1 5 10

Ala Phe Phe Val Gln Thr Cys Arg Glu Glu His

20 25
Asp Ala Ser Val Asn Phe Ser Giu Phe Ser Lys
35 40
Trp Lys Thr Met Ser Ala Lys Glu Lys Gly Lys
50 55

Lys Ala Asp Lys Ala Arg Tyr Glu Arg Glu Met

65 70 15

Pro Lys Gly Glu Thr Lys Lys Lys Phe Lys Asp
85 80

Ser Ser

catcatatgc
cttcagtcaa
ctaagagagaa
aaatgaaaac
cacccaagag
aaggagaaca
ataacactgc
aatacgaaaa
gagttgtcaa
aagaggatga
atgaataa

8/'1

Tyr

attttttgte
cttetcagag
aggaaaattt
ctatatcect
gectectticg
teoteggocts
tgcagatgac
geatattegct
ggotgaaaaa
Egaggageag

Lys Met Ser Ser Tyr

15

Lys Lys Lys His Pro

30

Lys Cys Ser Glu Arg

45

Phe Glu Asp Met Ala

60

Lys Thr Tyr Ile Pro

80

Pro Asn Ala Pro Lys

95

Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu Tyr Arg Pro Lys

151015
H's Pro 202530 Asp
Arg 354045 Trp Lys
Leu Al a 505560 Lys Ser Asp
Pro 65 70 75 80 Pro Lys Ay Asp
Pro Lys 859095 Arg Pro Pro Ser Ala Phe Phe
Pro iBys 100105110 {doe Lys Ser Qu His Pro Ay

gl diy Gu Met Trp Ser GQu

9 GQu Gn Lys Ala Ala

Ser
Thr

Ser Val Asn
Met Ser Al a

Lys Ala Arg Tyr

60
120
180
240
300
360
420
480
540
600
648

Lys Lys



Ala Tyr Arg Ala Lys Ay Lys Ser Gu Val Ay Lys Lys Ay Pro Gy 165170175
Arg Pro Thr Ay Ser Lys Lys Lys Asn GQu Pro Qu Asp Gu Gu du 180185190
Gu u Au Qu Qu Asp Asp u Asp G u u Au Gu Asp A u Asp 195200205
Gu Qu 210 <210> 12 <211> 633 <2123/BNA <213> Rattus norvegi cus <400> 12
at gggcaagg gggaccccaa caagcogogg ggcaagat gt cctcgtacgc cttottcgt g60
cagacct gcc gggaggagca caagaagaag catoccgact cgtoggtcaa ottcgccgagl20
ttctcgaaga aat gttegga gagat ggaag accatgtctg ccaaggaaaa gtcgaagttt 180
gaggatttgg ccaaggggga caaagct cgipst at gacaggg agaggaagaa ctatgttcct 240

300
cocaaaggld 13 PRI HAAIAARRG IR0 aﬁbglammg@ggg accaceg! ot 900

é tgctc tgaaca C ccaaa atc aagt
tctattggag atJ caaa aaactggp gagatgtggt t caat c tgccaaagat 420
aaacaacdgt 4y @é@%ﬁbi&“ abé@'b A ac%'éaﬁ@g“éaér‘fé&? &%@%Jéra ggat at t got 480
gcat accgt g '8@aagggcaa aagidmagt a ggaaagal#g gt oct ggt ag gccaacaggc540
t caaagadia Lagdat ddadcta Agabgalgadlughaghgddad.yadgaddadda agat gat gaac600
gat gaagagg aggaagat ga ggetgaagaa taab@g <210> 13 <34d> 200 <212> PRT
<213> HIR 15RRFEMTa Lys Gly Lys Pro Asp Ala Ala Lys Lys Gly Val Val
165 170 175
Lys Ala filu Lys Ser Lys Lys Lys Lys Glu Glu Glu Asp Asp Glu Glu
180 185 190
Asp Glu Glu Asp Glu Glu Glu Glu Giu Glu Glu Glu Asp Giu Asp Glu
195 200 205
Glu Glu Asp Asp Asp Asp Glu
210 215

210> 4

<211> 648

<212> DNA

<213> Mus musculus

<400> 4

atggegcaaag gapgatcectaa asagocgaga ggoaaaatgt cctcatatgc attetttgte 60
caaacitgoc gggagpagca caagaagaag cacccggatg cttctgtcaa cttcteagags 120
ttctccaaga agtegctcaga gaggtggaag accatgtcls ctaasagaaaa ggggaaatit 180
gaagatategg caaaggctea caaggeteogt tatgaaagag aaatgaaaac ctacatcooc 240
coccaaaggee agaccaasaa gaagitcaag gaccccaatg cacocaagag gectecttog 300
gocttottot tgttotgttec tgagtacege cccaaaatca aaggegagea toctggetta 360
tecattzete atgtigcaaa gaaactagega gagatgtgea acaacactge agcagatgac 420
aagcagooct atgagaagaa agotgccaag ctgaaggaga agtatgagaa geatattget 480
goctacagag ctaaaggaaa accigatgeca gogaaaaagg gegtegicaa ggotgaaaag 540
agcaagaaaa agaaggaaga gpaagatgat gaggageatg aagaggatga ggaagaggag 600
gaagaagage aagacgaaga tgaagaagas gatgatgatg atgaataa 648

210> 5

211> 215

<212> PRT

<213> Rattus norvegicus

400> 5
Met Gly Lys Giy Asp Pro Lys Lys Pro Arg Gly Lys Met Ser Ser Tyr
1 ) 10 15

Ala Phe Phe VYal Gin Thr Cys Arg Glu Glu His Lys Lys Lys His Pro



<400> 13 Met Ala Lys Ay Asp Pro Lys Lys Pro Lys Ay 1510 Al a Phe Phe Va

Gn[hr Cys Arg Qu GQu Hs 2025 Gu VvVal Pro Val Asn Phe Ala A u Phe Ser
Lys 3540 Trp Lys Thr Met Ser Ay Lys Qu Lys Ser Lys 5055 9/17 Lys Ala
Asp Lys Val Arg Tyr Asp Arg flu Met 4L/y]s7 Asp Tyr Lily Pro 65 70 75 80 Al a
Lys Lily Lily Lys Lys Lys Lys Asp Pro Asn Ala Pro Lys Arg Pro 859095 Pro
Ser Lily Phe Phe Leu Phe Cys Ser flu Phe Arg Pro Lys Ile Lys 100105110 Ser
[hr Asn Pro Lily Ile Ser Ile Lily Asp Val Ala Lys Lys Leu fly 115120125

G u Met Trp Asn Agn Leu Asn Aspaser GQu Lys Ggy Pro Tyr Ile [hr 130135140

Lys S a Asp Tyr
125150155@‘525”8|3y3%rL‘@llj s %heG's}ér lGYLEP Jeyé%rg%s%%ciﬁs%f;@ky@ Li | prrg A a Lys Val
Ala Trp Lys Thr Met Ser Ala Lys Glu Lys Gly Lys Phe Glu Asp Met Ala '
50 55 60
Lys Ala Asp Lys Ala Arg Tyr Glu Arg Glu Met Lys Thr Tyr lle Pro
65 70 75 80
Pro Lys Gly Glu Thr Lys Lys Lys Phe Lys Asp Pro Asn Ala Pro Lys
85 90 95
Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu Tyr Arg Pro Lys
100 105 110
Ile Lys Gly Glu His Pro Gly Leu Ser Ile Gly Asp Yal Ala Lys Lys
115 120 125
Leu Gly Glu Met Trp Asn Asn Thr Ala Ala Asp Asp Lys Gln Pro Tyr
130 135 140
Glu Lys Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp Ile Ala
145 150 155 160
Ala Tyr Arg Ala Lys Gily Lys Pro Asp Ala Ala Lys Lys Gly Val Val
165 170 175
Lys Ala Glu Lys Ser Lys Lys Lys Lys Glu Giu Glu Asp Asp Glu Glu
180 185 190
Asp Glu Glu Asp Glu Glu Glu Glu Glu Glu Glu Giu Asp Glu Asp Glu
195 200 205
Glu Glu Asp Asp Asp Asp Glu
210 215

210> 6

211> 648

<212> DNA

<213> Rattus norvegicus

<400> 6

atggscaaag gagatcctaa gaagocgaga ggcaaaatgt

caaacctgec
ttetecaaga
gaagatatgg
cccaaaggssg
gocttotict
tocattggts
aageagecct
gecotacagag
agcaagaaaa

gggaggagea
agtgeotecaga
caaagectga
agaccaaaaa
tgttetette
atgttgcgaa
atgaaaagaa
ctaaaggaaa
agaaggaaga

caagaagaag cacccggatg
gaggtggaag accatgtctsg
caaggctcogt tatzaaagag
gaagttcaag gaccccaatg
tpagtaccge ccaaaaatca
gaaactagega gagatetega
ggccgecaag ctgaaggaga
acctgatgca gegaaaaage
ggaagacgac gaggaggatg

gaagaggagg aagacgaaga igaagaagaa gatgatgatg

coteatatge
ctictgtcaa
ctaaagaaaa
aaatgasaac
cccccaagag
aaggogagea
acaacactgc
agtatgagaa
gegtegteaa
aagaggaizga
atgaataa

attetttete
cttcteagag
ggggaaattt
ctacatcocce
goctecttog
tecctggetia
tecggateac
geatattget
gectpagaag
ggagagaggag

60
120
180
240
300
360
420
480
540
600
648



165170175 Arg Lys Lys Val Qu Au Qu Asp Gu Qu Gu Au u Gu Gu GQu
180185190 Gu u Gu AQu Gu Gu Asp u 195200 <210> 14 <211> 603 <212>
DNA <213> Hono sapi ens <210> 15 < > 200 <212> PRT <213> Mus nuscul us
10/ 17 Met. Ala Lys Gy Asp Pro Lys LYs"Pro Lys Ay Lys Met Ser Ala Tyr
151015 Ala Phe Phe Val Gn Thr Cys Arg Qu Gu Hs Lys Lys Lys Asn Pro
202530 A u Val Pro val Asn Phe Ala A u Phe Ser Lys Lys Cys Ser GQu Arg
354045 Trp Lys Thr Met Ser Ser Lys Qu Lys Ser Lys Phe Asp u Met Ala
505560 _

210> 7

<211> 209

<212> PRT

<213> Homo sapiens

<400> 7 -
Met Gly Lys Gly Asp Pro Asn Lys Pro Arg Gly Lys Met Ser Ser Tyr
1 5 10 15
Ala Phe Phe Val Gin Thr Cys Arg Glu Glu His Lys Lys Lys His Pro
20 25 30
Asp Ser Ser Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg
35 : 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Ser Lys Phe Glu Asp Met Ala
50 55 60
Lys Ser Asp Lys Ala Arg Tyr Asp Arg Glu Met Lys Asn Tyr Va! Pro
65 70 75 80
Pro Lys Gly Asp Lys Lys Gly Lys Lys Lys Asp Pro Asn Ala Pro Lys
85 90 95
Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu His Arg Pro Lys
100 105 110
Ile Lys Ser Glu His Pro Gly Leu Ser Ile Gly Asp Thr Ala Lys Lys
115 120 125
Leu Gly Glu Met Trp Ser Glu GlIn Ser Ala Lys Asp Lys Gln Pro Tyr
130 135 140
Glu GIn Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp [le Ala
145 150 155 160
Ata Tyr Arg Ala Lys Gly Lys Ser Giu Ala Gly Lys Lys Gly Pro Gly
165 170 175
Arg Pro Thr Gly Ser Lys Lys Lys Asn Glu Pro Glu Asp Glu Giu Glu
180 185 190
Glu Glu Glu Glu Glu Asp Glu Asp Glu Glu Glu Glu Asp Glu Asp Glu
195 200 205
Glu

210> 8

211> 630

<212> DNA

<213> Homo sapiens

<400> 8
atggetaaag gagaccccaa caagecgegg ggcaaaatgt coctegtacge cttottegtg 60
cagacctgoo geggaagagea caagaagaaa cacccggact citccgteaa tttcgeggaa 120



Lys Ala Asp Lys Val Arg Tyr Asp Arg Gu Met Lys Asp Tyr Ay Pro 65 70 75
80 Ala Lys Ay Ay Lys Lys Lys Lys Asp Pro Asn Ala Pro Lys Arg Pro 859095
Pro Ser Ay Phe Phe Leu Phe Cys Seregl Phe Arg Pro Lys Ile Lys 100105110
Ser Thr Asn Pro Ay Ile Ser Ile Ay %Val Ala Lys Lys Leu Gy 115120125
Gu Met Trp Asn Asn Leu Ser Asp Asn Gu Lys Gn Pro Tyr Val [hr 130135140
Lys Ala Ala Lys Leu Lys Qu Lys Tyr Qu Lys Asp Val Ala Asp Tyr
145150155160 Lys Ser Lys Ay Lys Phe Asp Gy Ala Lys Ay Pro Ala Lys Val
Al a 1651#@tdtaady @gttrv&géay@ag‘a‘aégaéa sootdtctd vadabdagdd stc@ddt® u @ou Gu Gu du
du aagatatge edd ad'crgl: Caa e ’c‘atﬁ%dégéé E%fga‘éaﬁ teafSRcdd U 3RP200 <210> 16

o e %&%ﬁ Pt Jlrn
tidEce b CEPIEETA (AR %ﬁgctcgga

b}

953—“"

t aagaa a
gaggt gga%aﬁ@é@t gtas gaaajc%?aa %ﬁagaéﬁ”éﬁéaﬁgﬂg@&f@@tcgﬁcg@é&%tgg aggcaga
t aaagt ccapacaagtyjasizgeygsagescgadisagac ttenasEgrraedfarfaagegadaidgiag ¢ifaagaagaa
gaaggac cgpat#tet gccref@cRofgdoateCoghalagaatdce3bag gocaacagec 540
tcaaagaaga agaacgaacc agaagaigag gaggaggagg aggaagaaga agatgaagat 600
gaggaggaag aggatgaaga tgaagaataa 630

210> 9

211> 210

212> PRT

<213> Mus musculus

<400> 9
Met Gly Lys Gly Asp Pro Asn Lys Pro Arg Gly Lys Met Ser Ser Tyr
1 5 10 15
Ala Phe Phe Val Gln Thr Cys Arg Glu Glu His Lys Lys Lys His Pro
20 25 30
Asp Ser Ser Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg
35 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Ser Lys Phe Glu Asp Leu Ala
50 55 60
Lys Ser Asp Lys Ala Arg Tyr Asp Arg Glu Met Lys Asn Tyr Val Pro
65 70 75 80
Pro Lys Giy Asp Lys Lys Gly Lys Lys Lys Asp Pro Asn Ala Pro Lys
85 90 85
Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu Asn Arg Pro Lys
100 105 110
Ile Lys Ile Glu His Pro Gly Leu Ser Ile Gly Asp Thr Ala Lys Lys
115 120 125
Leu Gly Glu Met Trp Ser Glu Gln Ser Ala Lys Asp Lys Gln Pro Tyr
130 135 140
Glu Gln Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp Ile Ala
145 150 155 160
Ala Tyr Arg Ala Lys Gly Lys Ser Glu Ala Gly Lys Lys Gly Pro Gly
165 170 175
Arg Pro Thr Gly Ser Lys Lys Lys Asn Glu Pro Glu Asp Glu Glu Glu
180 185 190
Glu Glu Glu Glu Glu Glu Glu Glu Asp Asp Glu Glu Glu Glu Glu Asp
195 200 . 205
Glu Giu
210



ttcttattct gctctgaatt ccgcoccaag atcaaatcca caaaccctgg catctccatt 360
ggagat gt gg caaaaaagct gggtgagatg tggaat aact taagtgacaa tgaaaagcag420
ccttatgtca ccaaggcagc aaagct gaag gaggagtatg agaaggat gt
aagt ct aaag ggaagtttga tggtgccaag ggt’dct
gaagaagagg aagaggagga ggaagaggaa gaagaggagg aggaagagga ggaagat gaa600
<210> 17 <211> 89 <212> PRT <213> Mus

t aab603

Met Pro
Asn Tyr
Lys Lys
G u Asn
Gu Qu
Lys Asp

11/ 17
Ser Gu
Ser Asn
Met Val

gt

<212> DNA
213> Mus

<400> 10

atgggcaagg
cagacctigco

ttctccaaga.

gaagatttgg
Gocaaagees
gecttcttce
totattggag
aaacaaccgt
geatacogty
tcaaagaaga
gatgacgagg

210> "

211> 210
<212> PRT
<213

<400> 11

Leu Qu Lys Ala Leu
Ile Gn Ay Asn H's
Thr Thr Au Cys Pro
Arg Qu Leu Asp Ile

Al a Met

Lys Qu 85 <210> 18

muscylus

gtgaccccaa
gcgaggagea
agtgctccga
ccaagagcga
ataagaaagg
teitttecte
atactgogaa
atgagcagaa
ccaaggecas
agaacgaacc
aagaagagga

Val Ile

caagecgogg
caagaagaag
gagatggaag
caaagctegt
aaagaaaaaa
tgaaaatcgc
gaaactgget
agcagctaaa
aagtgaagea
agaagatgag
ggatgaagaa

Rattus norvegicus

Gn

Lys -Val

ggcaaaatgt
catcecegact
accatetets
tatgacaggg

gaccccaatg ctcogaagag

ccaaagalca
gagatgtget
ctaaaggaga
ggaaagaage
gaggaggaag
taa

Phe Val

Ay Val

cctegtacge
cgtegetigaa
caaageaaas
agatgaagaa

aaatteaaca
ctgageaate
agtatgaaaa
gtectegtag
aagaggagga

geta aagttgcccg

t gct gact at 480
gaaaaaggt g540

muscul us <400> 17

Ser Asn Leu Ile Asp Val
Hs Ala Leu Tyr

Tyr
Lys Asn 202530 Asp Phe

151015 Hi s

A n Asn 354045 Ile Asn Il e

cttcttegtg
cttegcczag
gtecaagttt
ctatgttcect
accaccgtot
cecagecets
teccaaagat
ggatattect
ECCaacages
agaggaggaa

Met Gly Lys Gly Asp Pro Asn Lys Pro Arg Gly Lys Met Ser Ser Tyr

1 5 10 15

Ala Phe Phe Val Gin Thr Cys Arg Glu Glu His Lys Lys Lys His Pro

20 25 30
Asp Ser Ser Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg
35 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Ser Lys Phe Glu Asp Leu Ala
50 55 60

Lys Ser Asp Lys Ala Arg Tyr Asp Arg Glu Met Lys Asn Tyr Val Pro

65 70 75 80

Pro Lys Gly Asp Lys Lys Gly Lys Lys Lys Asp Pro Asn Ala Pro Lys
85 90 95

Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu His Arg Pro Lys

100 105 110
Ile Lys Ser Glu His Pro Gly Leu Ser Ile Gly Asp Thr Ala Lys Lys
115 120 125

“Leu Gly Glu Met Trp Ser Giu GlIn Ser Ala Lys Asp Lys Gln Pro Tyr

130 135 140

60
120
180
240
300
360
420
480
540
600
633

Asn Ser Asp Asn 505560 Ala Il e Asn Phe
65 70 75 80 Al a Ser
<211> 270 <212> DNA <213> Mus nuscul us

H s



<400> 18 atgccgtctg aatatacaag gagtgtectc aatagtgaca gcatctcaca
aact ggagaa ggccttgagc aacctcattg gaaatcacca t gocct ct ac aagaat gact

agtttgtgca gaat at aaat atcgaaaact at

aagacagcca caaggagt ag

<400> 19 Met Ala Thr Qu Lea Qu Lys Ala Leu Ser Asn Va
151015 Hi s Asn Tyr
202530 12/17 Asp Phe Arg Lys Met Val
Asn 3540819 41y yAsria[Ms LG uebeys GRULN Byl L@Ismsberue/m Val

Ser

505560 A4 |l e Asn Phe {§)

70 75 80y
DNA <21

aatagtgaca

AR g

Arg

noryeg

ca ct cat

e S TR TR N

]% taa cttcgaggag ttccttgcga
<210> 19 <21fT 9

Ile GQu Val
Ay lle Lys Ay Asn His His Ala Lea Tyr Arg Asp
Thr [hr AQu Cys Pro G n Phe Val
Asn Ser Asp
Arg Val dy Val

u Gu Phe LeygrAl a Leu Val

aaaag gagtgocctc

r Gly Ser Lys Lys Lys Asn Glu Pro Giu Asp Glu Glu Glu

180

185 190

Glu Glu Glu Glu Glu Asp Asp Glu Asp Glu Glu Glu Glu Asp Glu Asp
195

Glu Glu
210

<210> -
Q11>
Q1>
Q13>

12

DNA

<400> 12

atgggcaagg
cagacctgece
ttctegaaga
gaggatttigg
ccocaaaggtyg
geetictteo
totattegag
aaacaaccgt
gecatacogte
tcaaagaaga
gatgaagagg

210>
211>
212>
213>

13
200
PRT

<400> 13

633

geggaccecaa
gegaggagea
aatgttczga
ccaagagcga
ataagaaagg
tatttteete
atactgcaaa
atgagcagaa
ccaagggeaa
agaatgaacec
aggaagatza

Homo sapiens

200

Rattus norvegicus

205

caagecgces ggoaagatpet cctcgtacgc
caagaagaag catcccpgact cgteggtcaa

gagatggaag
caaagctogt
aaagaaaaaa
tgaacatcge
gaaacteees
ageoagctaaa
aagtgaagta
agaagateag
ggatgaagaa

accatgtectg
tatgacageg
gatccaaatg
ccaaagatea
gagatgtget
ctaaaggaga
gRaaagaagyg
gaagaggagyg
taa

cCcaaggaaaa
agatpgaagaa
ctoocaagag
aaagtgaaca
ctgageaats
agtatgaaaa
gtoctggtag
aggagegaaga

cttettegte
cttegoogag
gtogaagttt
ctatgttect
accaccgtet
ccocggoctg
tgecasagat
ggatattegct
ECCAacages
agatgategaa

Met Ala Lys Gly Asp Pro Lys Lys Pro Lys Gly Lys Met Ser Ala Tyr

1

5

10

15

Ala Phe Phe Yal GIn Thr Cys Arg Glu Glu His Lys Lys Lys Asn Pro

20

25

30

Gilu Val Pro Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg

35

40

45

Trp Lys Thr Met Ser Gly Lys Glu Lys Ser Lys Phe Asp Glu Met Ala

50

55

60

60
120
180
240
300
360
420
480
540
600
633

<212> PRT <213> Rattus norvegi cus
Tyr

Gn
Asn
65

20 <211> 270 <212>



aact ggagaa ggccttgagc aacgtcattg aagtctacca caattattct ggaatcacca

tocct otac agggat gact tcaggaaaat ggtcactact agtttgtgca gaat aaaaat
accgaaagct tgttcaaaga attggacgtc acgc ttaa cttcgaagag ttcottogt

t ggt gat aag ggt gggcgt g aagacagcca ca dg gtaa <210> 21 <211> 93 <212> PRT
<213> Hono sapi ens <400> 21 Met Leu [hr Qu Leu Gu Lys Ala Leu Asn Ser
Ile Ile Asp Val Tyr 151015 His Lys Tyr Ser Leu Ile Lys Ay Asn Phe H's Al a
Val Tyr Arg Asp 202530 Asp Leu Lys Lys Leu Leu Gu Thr Au Cys Pro Gn Tyr

Ile Arg LWSM@%M&}S Wys A YyrAhd /ﬂfgpel\a’awetTLrye HBpaykesy &4 Leu Asp Ile Asn Thr
Asp Gly6§05560 a Val y¢\sn Phe G n G4 Phe Leu lle uVval Ile Lys Met Ay

g
Val 65 7, %Qiﬁllféggékb%pﬁ% Aslbyﬁrosfsnlﬁ SPrg;L'S’SS;%‘EéJPfSﬁer H s Lys G u 8590

<210> 2212

Pro Ser Gly Phe Phe Leu Phe Cys Ser Glu Phe Arg Pro Lys Ile Lys
100 105 110
Ser Thr Asn Pro Gly Ile Ser llie Gly Asp Val Ala Lys Lys Leu Gly
115 , 120 125
Glu Met Trp Asn Asn Leu Asn Asp Ser Giu Lys Gin Pro Tyr lle Thr
130 135 140
Lys Ala Afa Lys Leu Lys Glu Lys Tyr Glu Lys Asp Val Ala Asp Tyr
145 150 155 160
Lys Ser Lys Gly Lys Phe Asp Gly Ala Lys Gly Pro Ala Lys Val Ala
165 170 175
Arg Lys Lys Val Glu Giu Giu Asp Glu Glu Glu Glu Glu Glu Glu Glu

180

185

Giu Glu Glu Glu Glu Glu Asp Glu

195

<210>
211>
212>
213>

14
603
DNA

400> 14
atggctaaag
cagacatgea
ttttccaaga
gatgaaateg
gotaagggag
ttectetict
geagacgigg
ccttacateca
aagtcgaaag
Easgaggaag
taa

15

200
PRT
Mus

210
2115
212>
213>

<400> 15

tomo sapiens

gtgaccccaa
gagaagaaca
agtgctetea
caaaggoaga
gcaagaagaa
gticagaatt
caaaaaaget
ctaaggegee
gaaagittea
atgaagaaga

musculus

200

gaaaccaaag ggcaagatgt
taagaagaaa aacccagagg
gaggtggaag acgategtece
taaagtgecge tatgatcgeg
gaaggatcct aatgotccca
ccgeoccaag atcaaatceca
gegetpagaty iggaataatt
aaagctgaag gagaagtatg
tgegtgcaaag getectecta
ggaggaggaa gaagaggagg

190

cocgottatege cttottigig
tocctetcaa tittgoggaa
ggaaagagaa atctaaattt
aaatgaagga ttatggacca
aaaggccace gtotggatte
caaaccccgg catctotatt
taaatgacag tgaaaagecag
agaaggatgt tgctgactat
aagttgcccg gaaaaagets
aggaggagga ggaggatgaa

60
120
180
240
300
360
420
480
540

600

603



<213> Hono
acgt ctacca
t gaagaaat t
ggtt caaaga
t ggt gat aaa

sapi ens <400> 22 atgttgaccg agctggagaa agccttgaac tctatcatcg
caagtactcc 60 ctgataaagg ggaatttcca tgccgtctac agggatgacc
gct agagacc 120 gagt gt oct at at cag gaaaaagggt gcagacgt ct
gttggatatc 180 aacactgatgog?écagttaa cttccaggag ttectcattc
gat gggcgt g 240 pagoccaca aaaaaagcca

Met Ala Lys Gly Asp Pro Lys Lys Pro Lys Gly Lys Met Ser Ala Tyr
1 5 10 15
Ala Phe Phe Val Gin Thr Cys Arg Glu Glu His Lys Lys Lys Asn Pro
20 25 30
Val Pro Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg
35 40 45 :
Lys Thr Met Ser Ser Lys Glu Lys Ser Lys Phe Asp Glu Met Ala
50 55 60
Ala Asp Lys Val Arg Tyr Asp Arg Glu Met Lys Asp Tyr Gly Pro
10 75 80
Lys Gly Gly Lys Lys Lys Lys Asp Pro Asn Ala Pro Lys Arg Pro
85 90 95
Ser Gly Phe Phe Leu Phe Cys Ser Giu Phe Arg Pro Lys lle Lys
100 105 110
Thr Asn Pro Gly Ile Ser Ile Gly Asp Val Ala Lys Lys Leu Gly
115 120 125
Met Trp Asn Asn Leu Ser Asp Asn Glu Lys GlIn Pro Tyr Val Thr
130 135 140
Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp VYal Ala Asp Tyr
145 150 155 160
Lys Ser Lys Gly Lys Phe Asp Gly Ala Lys Gly Pro Ala Lys Val Ala
165 170 175
Arg Lys Lys Val Glu Glu Glu Glu Glu Glu Glu Giu Glu Glu Glu Glu
180 185 190
Glu Glu Glu Glu Glu Glu Asp Glu
195 200

Glu
Trp
Lys
65

Ala
Pro

Ser

Glu

210>
Q211
212
213>

16

603
DNA
Mus musculus

<400> 16

atgectaaag
cagacaigca
tictccaaga
gatgaaatge
gctaaagpgag
ttettattet
ggagatgigg
ccttatgtca
aagtctaaag
gaagaagagg
taa

gtgaccceaa
gggaagaaca
agigctcgga
caaaggcaga
goaagaagaa
getotgaatt
caaaaaagot
cCaaggcags
ggaagttiga
aagagegagga

gaaaccaaag
taagaagaaa
gaggtggaag
taaagtccga
gaaggaccea
CGECGCLaag
gegtgagatg
aaagctigaag
tggtgccaag
ggaagaggaa

ggcaagatgt
aacccagagg
accatgtota
tatgatcgge
aatgccceca
atcaaatcca
tggaataact
gagaagtatg
geteotecta
Eaagaggagg

ctegcttatge ctitcttipgte
tteecgtcaa ttttegctgag
gcaaagagaa atcaaagtit
agatgaaaga ttatggacca
aaagacctce gictggattt
caaaccetgg catctocatt
taagtgacaa tgaaaagcag
agaaggategt tgetpactat
aagttgcccg gaaaaagpte
aggaagagga ggaagatgaa

60
120
180
240
300
360
420
480
540
600
603



t gaagaaagc cacaaagagt ag 282 <210> 23 <211> 113 <212> PRT <213> Mus
muscul us <400> 23 Met Ala Asn Lys Ala Pro Ser Gn Met Qu Arg Ser Ile Thr

Thr Ile 151015 Il e Asp Thr Phe His %in,;yr Ser Arg Lys Qu Gy H's Pro Asp
Thr 202530 Leu Ser Lys{ "G u Phe Arg Gn Met Val Gu Al a

G n Leu 354045 Phe Met Lys Lys Qu Lys Arg Asn Au Ala Leu Ile Asn Asp
505560 G u Asp Leu Asp Thr Asn G n Asp Asn G n Leu Ser Phe A u 657075 Met
Met Leu Met Ala Lys Leu Ile Phe Ala Cys H's Qu Lys 8590 Gu Asn Asn Pro
Arg Ay Hs Gy Hs Ser Hs Ay Lys Gy 100105110 Lys

Q1 17

211> 89

212> PRY

<213> Mus musculus

<400> 17
Met Pro Ser Glu Leu Glu Lys Ala Leu Ser Asn Leu [le Asp Val Tyr
1 5 10 15
His Asn Tyr Ser Asn Ile Gin Gly Asn His His Ala Leu Tyr Lys Asn
- 20 25 30
Asp Phe Lys Lys Met Val Thr Thr Glu Cys Pro Gin Phe Val Gln Asn
35 : 40 45
[te Asn 1le Giu Asn Leu Phe Arg Glu Leu Asp Iie Asn Ser Asp Asn
50 55 - 60
Ala Ite Asn Phe Glu Glu Phe Leu Ala Met Val [le Lys Val Gly Val
65 70 15 80
Ala Ser His Lys Asp Ser His Lys Glu
85
<210> 18
Q211> 270
<212> DNA

213> Mus musculus

<400> 18

atgeegteotg aactggagaa ggectteasc aaccicatig atgtctacca caattattcee 60
aatatacaag gaaatcacca tgcocictac aagaatgact tcaagaaaat ggtcactact 120
gagtgtocte agtttgtgca gaatataaat atcgaaaact'téttcagaga attegacatc 180
aatagtgaca atgcaattaa cttcgaggag ttccttgega tggisataaa agtgggtets 240
geatcicaca aagacagcca caaggagtag 270

210> 19

Q211> 89

212> PRT

<213> Rattus norvegicus

<400> 19
Met Ala Thr Glu Leu Glu Lys Ala Leu Ser Asn Val Ile Glu Val Tyr
1 5 10 15

His Asn Tyr Ser Gly Ile Lys Gly Asn His His Ala Leu Tyr Arg Asp
20 25 30



<210> 24 <211> 342 <212> DNA <213> Mus nuscul us <400> 24 atggccaaca

cat caat act atggtggaag aatgacatca aagcaccttc tcagatggag ctaggaagga
aggacaccct cacagttggc aacctttatg tggaggacct ggacacaaac cgcagcataa
gacaccct ga aagaaagaga caggacaatc ccCaccatcat cgacaccttc gcaagaagga

att cagacaa agagaaat ga agccotcata agctgagett tgaggagtgt 14/17 atgatgctga
tggcaaagtt gatctttgcc tgtcatgaga agctgcatga gaacaaccca300 -cgtgggcatg
gocacagt oa tggcaaaggc tgtgggaagt aa342 <210> 25 <211> 113 <212> PRT <213>
Rat t us -nkep\RhgiArad ys 480D ¥aRShiviehr AluaCydl Brol§la PRlarvaGGin@%en G n Leu A u Arg Ser
Ile Ser Thr 113 151015 Ile Agpm Val Phe H s 4 n Tyr Ser Arg Lys Tyr Ay H's

Pro Asp (ATA0RE M. o LS PR v B Mo Aol IBE Yal Asn Lys Asp Leu

Pro Asn 5%%45 Phe Leu Ly§5Arg Au L ﬁ%g n Leu Leu Arg Asp Ile
Met 5055 g Ife Asn Phe Glu Glu Phe Leu Ala Leu Val Ile Arg Val Gly Val

65 70 15 80

Ala Ala His Lys Asp Ser His Lys Glu

85

<2100 20

211> 270

<212> DNA

<213> Rattus norvegicus

<400> 20

atggcaactg aactggagaa ggocttgage aacgtoattg aagtctacca caattattot 60
ggtataaaag ggaatcacca tgccctctac agggatgact tcaggaaaat ggtcactact 120
gagtgocete agtttgtgeca gaataaaaat accgaaaget tgttcaaaga attzgacgic 180
aatagtgaca acgcaattaa cttcgaagag ttccttgogt teggtgataag ggtggmegty 240
goagoloata aagacagcca caaggagtaa 270

210> 21

Q211> 93

<212> PRT

<213> Homo sapiens

<400> 21
Met Leu Thr Glu Leu Glu Lys Ala Leu Asn Ser Ile Ile Asp Val Tyr
1 5 10 15
His Lys Tyr Ser Leu Ile Lys Gly Asn Phe His Ala Val Tyr Arg Asp
20 25 30
Asp Leu Lys Lys Leu Leu Glu Thr Glu Cys Pro Gin Tyr 1le Arg Lys
35 40 45
Lys Gly Afa Asp Val Trp Phe Lys Glu Leu Asp Ile Asn Thr Asp Gly
50 55 60
Ala Val Asn Phe GIn Glu Phe Leu Ile Leu Val Ile Lys Met Gly Val
65 70 15 80
Ala Ala His Lys Lys Ser His Glu Glu Ser His Lys Glu
85 90

2100 22
211> 282



G u Asp Leu Asp Thr Asn G n Asp Asn A n Leu Ser Phe Qu du Cys 65 70 75
80 Met Met Leu Met Gy Lys Leu Ile Phe Ala Cys Hs Qu Lys Leu H s 859095
G u Asn Asn Pro Arg Ay H's Asp Hi s ?ygkgis Gy Lys Ay Cys Ay 100105110
Lys <210> 26 <211> 342 <212> DNA <2i > Rattus norvegi cus <400> 26

at ggct gcca aaacaggat c tcagaggag catcagtact ctaggaagta tggacatcct

at ggt gaat a aggacttgcc aaattttctg agagacatca tggaggacct ggacacaaac

atgat gct ga tgggaaagtt gatctttgcc cgtgggcatg accacaggca cggcaaaggc
cgcagcat@aZygaddccct ga aagagggaga caggacaat c t gt cat gaga t gt gggaagt

goaccat c&ti 3c alimgtsiap iteis acaaggcgga attcaaagaa aaagaaat ga aaatctccta
aactgtcctt tgaggagtgt agctgcatga gaacaaccca aa 60 120 180 240 300 342
<210> 274511y 116 <212> PRT 15117 115 <210> 28 <211> 345 <212> DNA

;Eégfgg%ggﬁ%%(;engggééQQEG%%g%%g&&%%gﬁ% ﬁ%ﬁﬁg&%g&ggggﬂggaa%ﬁg cacat catgg
ctEataaagg ggaatttcca teccgtetac agggatgace tgaagaaatt gotagagace 120 :
gagtgicete agtatateag paazaageet goagacgtct ggttcaaaga gttggatate 180
aacactgatg gtecagitaa citocaggag ticcteattc tggtgataaa gatgpgoetg 240
geageccaca aaaaaagcca tgaagaaagec cacaaagagt ag 282

<2y 23

211> 113

<212> PRT

213> MNus musculus

<400> 23

Met Ala Asn Lys Ala Pro Ser GIn Met Glu Arg Ser Ile Thr Thr Ille

1 5 10 15

lie Asp Thr Phe His Gin Tyr Ser Arg Lys Glu Gly His Pro Asp Thr
20 25 30

Leu Ser Lys Lys Glu Phe Arg GIn Met Val Glu Ala Gln Leu Ala Thr

35 40 45
Phe Met Lys Lys Glu Lys Arg Asn Glu Ala Leu Ile Asn Asp Ile Met
50 55 60

Glu Asp Leu Asp Thr Asn GIn Asp Asn GIn Leu Ser Phe Glu Glu Cys

65 70 75 80

Met Met Leu Met Ala Lys Leu Ile Phe Ala Cys His Glu Lys Leu His

85 90 95

Glu Asn Asn Pro Arg Gly His Gly His Ser His Gly Lys Gly Cys Gly
100 105 110

Lys

210> 24

Q211> 342

<212> DNA

<213> Mus musculus

<400> 24

atggccaaca aageaccttc tcagatggag cgeoageataa ccaccateat cgacacctic 60
catcaatact ctaggaagga aggacaccct gacaccciga geaagaagga attcagacaa 120
atggtegaag cacagtitgge aacctitatg aagaaagaga agagaaatga agoccteata 180
aatgacatca tggaggacct ggacacaaac caggacaaic agotgagett tgaggagtst 240



aaat gtcgca tgaagctggg atctgcaaaa aggacctgga cgaggctaac accataagcc

gct ggaacgc goacccagac ttttctcaag cacaaatgca ctgggcctcc aggcctcggg

aacat agaga accctgaacc aaggagaata gagpagragc cacgagaaga gagggcaccc
ccatcatcaa caccttccac agggggaatt caaagagctg agaat gaaaa ggtcatagaa

t gagettcga ggagttcatc tgcacgaggg tgacgagggc cctaa <210> 29 <211> 63 <212>
DNA <213> Artificial <220> <223> An artificially synthesized nucl eotide
sequence 16/17 gac63 <210> 30 <211> 7 <212> PRT <213> Artificial <220>
<223> Aratgaicterclizatdayets matdtdtdor adt et pdgadecippafige mecaddd@@> 3WOAsSp Tyr Lys
Asp Asp oABgrekats shbacagtca tggoaaagge tgtgspaast aa 342

210> 25
211> 13
212> PRT
<213> Rattus norvegicus

<400> 25
Met Ala Ala Lys Thr Gly Ser Gln Leu Glu Arg Ser Ile Ser Thr Ile
1 b 10 15
[le Asn Val Phe His Gin Tyr Ser Arg Lys Tyr Gly His Pro Asp Thr
20 ' 25 ' 30 -
Leu Asn Lys Afa Glu Phe Lys Glu Met Val Asn Lys Asp Leu Pro Asn
35 40 45
Phe Leu Lys Arg Glu Lys Arg Asn Glu Asn Leu Leu Arg Asp lle Met
50 55 60
Glu Asp Leu Asp Thr Asn Gln Asp Asn Gln leu Ser Phe Glu Glu Cys
65 70 75 80
Met Met Leu Met Gly Lys Leu Ile Phe Ala Cys His Glu Lys Leu His
‘ 85 20 95
Glu Asn Asn Pro Arg Gly His Asp His Arg His Gly Lys Gly Cys Gly
100 105 110
Lys
Q10> 26
211> 342
<212> DNA

<213> Rattus norvegicus

<400> 26

ategetecca aaacaggatc tcagetgeag cgeagcataa goaccatcat caatgttttc 60
catcagtact ctaggaagta tggacatcot gacaccciga acaaggcgga attcaaagaa 120
atggtgaata aggacttgee aaattttctg aagaggpaga aaagaaatga aaatctocta 180
agagacatca tggaggacct ggacacaaac caggacaatc aactglicctt tgaggagist 240
atgatgotga tgegaaagtt gatoittgec tgtcatgaga agetgeatga gaacaaccca 300
cptpegcate accacaggca cggcaaagge teigggaagt aa 342

210> 27
211> 116
212> PRT



<210> 31 <211> 220 <212> PRT <213> Artificial <220> <223> An artificially
synt hesi zed peptide sequence <400> 31 Met Ser Pro Ile Leu Ay Tyr Trp Lys

Ile
Lys
Lys
Ay
Lys
Ser
Al a
Leu
Tyr
Al a

Lys
Tyr
Lys
Asp
H s
Met
Tyr
Pro
Leu
Leu

Gy Leu Val Gn Pro 151015 élgr/lﬁrg Leu Leu Leu Qu Tyr Leu Au Gu
AQu GQu H's Leu 202530 Tyr U Arg Asp Gu Gy Asp Lys Trp Arg Asn
Phe Qu Leu 354045 Ay Leu Qu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp
Val Lys 505560 Leu Thr G n Ser Met Ala lle Ile Arg Tyr Ile Ala Asp
Asn 65 70 75 80 Met Leu Ay Ay Cys Pro Lys u Arg Ala Gu lle
{88 Haro8HHDH5 Gy Ala Val Leu Asp Ile Arg Tyr Ay Val Ser Arg Ile
Ser 100105110 Lys Asp Phe GQu Thr Leu Lys Val Asp Phe Leu Ser Lys
&otd 149120125 Met Leu Lys Met Phe G u Asp Arg Leu Cys His Lys Thr

@“rhﬁtg@g%%@igsy efSRedofs XA A TicHRS FF 01550, Phe Vet Leu Tyr Asp
P 10 15
Asn Thr Pro His Glu His Gln Tyr Ser Val Lys Leu Gly His Pro Asp
20 25 30
Thr Leu Asn Gln Gly Glu Phe Lys Glu Leu Val Arg Lys Asp Leu Gln
35 40 45
Asn Phe Leu Lys Lys Glu Asn Lys Asn Glu Lys Val Ile Glu His Ile
50 55 60 :
Met Glu Asp Leu Asp Thr Asn Ala Asp Lys Gln Leu Ser Phe Glu Glu
65 70 75 80
Phe Ile Met Leu Met Ala Arg Leu Thr Trp Ala Ser His Glu Lys Met
' 85 a0 95
His Glu Gly Asp Glu Gly Pro Gly His His His Lys Pro Gly Leu Gly
100 105 110
Glu Gly Thr Pro
115

<210> 28

<211> 345

212> DNA

<213> Homo sapiens

<400> 28

atgactigca aaatgtcgea gotggaacge aacatagaga ccatcatcaa caccifccac 60
caatactctg tgaagetegg goacccagac accelgaace agggggaatt caaagagets 120
gtgcgaaaag atctgcaaaa ttttctcaag aaggagaata agaatgaaaa ggtcatagaa 180
cacatcatgg aggaccigga cacaaatgea gacaagcage tgagettoza ggagtteate 240
atgctgatgg cgaggctaac ctgggectce cacgagaaga tgcacgaggg tgacgagees 300
cotggecace accataagec aggcotegee gagggcacee cctaa 345

210> 29

<211> 63

<212> DNA

213> Artificial

220>
<223> An artificially synthesized nuclectide sequence

<400> 29
atgcagacag acacactcct gotatgggta ctgetgetgt sgettecage tteccactget 60



17 / 17 Val Val Leu Tyr Met Asp Pro Met Cys 165 Val Cys Phe Lys Lys Arg
lle Au Al a 180185 Leu Lys Ser Ser Lys Tyr Ile Ala Trp 195200

Thr Phe Ay Gy Gy Asp His Pro Pro 539 15 Leu Asp Ala Phe Pro Lys Leu
170175 Ile Pro Gn Ile Asp Lys Tyr f ro Leu Gn Ay Trp Gn Ala 205 Lys
Ser Asp 220 <210> 32 <211> 660 <212> DNA <213> Artificial <220> <223> An

artificially synthesized nucl eoti de sequence

gac 63

210> 30

Q1> 7

<212 PRT

213> Artificial

<220> ,
<223> An artificially synthesized peptide sequence

<400> 30
Asp Tyr Lys Asp Asp Asp Lys
1 5

Q210> 31

2t 220

212> PRT

213> Artificial

220> -
<223> An artificially synthesized peptide sequence

<400> 31

Met Ser Pro lie Leu Gly Tyr Trp Lys Ile Lys Gly Leu Val GIn Pro

i 5 .10 15

Thr Arg Leu Leu Leu Glu Tyr Leu Glu Glu Lys Tyr Glu Giu His Leu

20 25 - 30
Tyr Glu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
35 40 45

Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr Ile Asp Gly Asp Val Lys
50 b5 .60 ’

Leu Thr GIn Ser Met Ala Ile Ile Arg Tyr Ile Ala Asp Lys His Asn

65 . 70 75 . 80

Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser Met Leu Glu

85 80 95
Gly Ala Val Leu Asp lle Arg Tyr Gly Val Ser Arg lle Ala Tyr Ser
100 105 110
Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125

Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp

145 150 . 155 160



<400> 32 atgtcoccta ttggaatatc tgogaaaca ggtgatgtta atgttgggtg gatattagat
gattttetta acatatttaa gttgttttat tactaggtta ttgaagaaaa aaaagtttga
aattaacaca gttgtccaaa acggtgtttc gc§§g?§acc at ggt gat ca acat ggacco

. ttggaaaatt atatgaagag attgggtttg gtotafgoo agagcgtgca gagaattgca tgaaatotg
tgtaacccat aatgtoctg aaggoottg tgcaacccac catttgtatg agoogatga gagtttocca
atottcctta atcatacgtt atatagotga gagatttcaa tgottgaagg tatagtaaag
actttgaaac aaaatgttcg aagatogttt cctgacttca tgttgtatga gatgcgttcc

caaaat t afgl Valclgactwdist Aagdrgiietdes téwmAst AlpaPhecRragyadaac agcggttttg
tctcaaagtt atgtcataa@hcgctcttgat tfgitttaaa 175
Val Cys Phe Lys Lys Arg Ile Glu Ala Ile Pro Gln Ile Asp Lys Tyr
180 185 180
Leu Lys Ser Ser Lys Tyr Iie Ala Trp Pro Leu GIn Gly Trp Gln Ala
195 200 205
Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp
210 215 220
210> 32
211> 660
<212> DNA
<213> Artificial
220>
223> An artificially synthesized nucleotide sequence
<400> 32
atgtcoccecta tactaggtta ttggaaaatt aagggecitg tgeaacccac togactictt 60
ttegaatatc ttgaagaaaa atatgaagag catttztatg agogcgatpga aggtgataaa 120
tggcgaaaca aaaagttipa attggettte gagtttccca atcttcctta ttatattgat 180
ggtgatgtta aattaacaca gtctatesgee atcatacgtt atatagetga caapcacaac 240
atgttgegts gitetccaaa agagegigea gagatttcaa tectigaage agcggttttg 300
gatattagat acggtetiftc gagaattgca tatagtaaag actttzaaac tectcaaagtt 360
gatttictta gcaagetace tgaaatgetg aaaatgttcg aagatcgtit atgtcataaa 420
acatatttaa atggtgatca tgtaacccal cctgacttea tgttstatega cgctottgat 480
gttgttttat acatggacece aatgtscctg gatgogttoc caaaattagt tigttttaaa 540
aaacgtattg aagctatocc acaaatigat aagtactiga aatccagcaa gtatatagca 600
tegectttge aggeotgaca agecacgitt ggtpstegcs accatcoice aaaateggat 660



