DESCRIPTION AGENT FOR RECRUITMENT OF BONE-MARROW-DERIVED PLURIPOTENT STEM
CELL INTO PERIPHERAL CIRCULATION 5 Technical Field The present invention relates to
agents that mobilize bone marrow-derived pluripotept stem cells into peripheral circulation. 10
Background Art In recent years, it has been revealed that various stem cells contribute towards the
repairing process of damaged tissues, and development of novel regenerative medicines that induce
functional tissue regeneration by mobilizing a large number of stem cells to lesion sites is in progress.
To bring these novel regenerative medicines to realization, (i) stem cells that are 15mobilizable to
lesion sites must be present abundantly in vi%%ﬁﬁlﬁﬁors that mobilize stem cells to lesion sites
must be isolated/identified. Examples of stem cells that are mobilizable to lesion sites include
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mesenchyimakstamcpds @ dnsifigrgatiated stem cells with the potential to differentiate into
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such as fibroblasts, muscle cells, stromal cells, and tendon cells. Recently, it has been proved that
bdite mBadmmmsbfthymal stem cells differentiate into nerve cells and further to epithelial cells (such
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Examples of stem cells that are mobilizable to lesion sites include tissue stem cells
present in lesion areas or nearby tissues, and bone marrow-derived stem cells present in
peripheral blood. In recent years, it has been reported that bone marrow-derived cells
20 contribute to many types of damaged tissue regenerations, but the mechanism for mobilizing
bone marrow-derived cells to lesion sites is unknown. Bone marrow-derived cells as used
herein are distinguished from hematopoietic stem cells which have the potential to differentiate
into blood cells (leukocytes and erythrocytes), and include stem cells represented by cells called
bone marrow mesenchymal stem cells, or tissue progenitor cell groups present in the bone
25 marrow. Bone marrow mesenchymal stem cells are undifferentiated stem cells with the
potential to differentiate into osteoblasts, adipocytes, and chondrocytes, and can further
differentiate into other mesenchymal cells such as fibroblasts, muscle cells, stromal cells, and
tendon cells. Reecently, it has been proved that bone marrow mesenchymal stem cells
differentiate into nerve cells and further to epithelial cells (such as skin keratinocytes) and
30 vascular endothelial cells (Non-patent Document 9).  Tissue progenitor cells are defined as
undifferentiated cells having a unidirectional potential to differentiate into specific tissues/cells
other than those of the blood system, and include undifferentiated cells with the potential to
differentiate into mesenchymal tissue, epithelial tissue, nerve tissue, parenchymatous organs, and
vascular endothelium, as mentioned above.
35 HMGBI1 (High Mobility Group Box 1: High mobility group 1 protein) is a protein with

molecular weight of about 25,000 that exists in almost all types of cells in vivo. According to



previous reports, the following functions are known: 1) HMGBL1 regulates gene expression by
intracellularly binding with DNA to control chromatin structure (Non-patent Document 1); 2) HMGB1 is
secreted from monocytes or macrophages present in inflammatory tissues by the 5 action of
inflammatory cytokines TNF-a, IL-1, and LPS, and extracellularly binds to RAGE (Receptor for
Advanced Glycation End products) (Non-patent Document 2) to induce strong inflammatory reactions
(Non-patent Document 3); 3) HMGBL1 is released from hypoperfusion-induced necrosed cells into
surrounding tissues (Non-patent Document 4); 104) HMGBL1 is associated with the progression of
inflamm&%®YisHsysaerts Witfoleptieatiactiese v dinfectious disease (Non-patent Document 5); 5)
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20 regeneration (Non-patent Document 7); and
8) HMGBI induces neurite formation in nerve cells (Non-patent Document 8). However, no
previous reports showed that bone marrow-derived stem cells, in particular those mesenchymal
stem cells that can differentiate into osteoblasts, chondrocytes, adipocytes, and the like, are
mobilized to damaged tissues. ' |

25 Conventionally it was thought that central nerve cells in the brain and spinal cord cannot
be regenerated once damaged. However, recently the existence of neural stem cells became
known and induction of these cells was made possible. The neural stem cell niche within the
normal nerve system has also been identified. Therefore, recovery of damaged central neurons,
which was long considered impossible, is now expected to be feasible. Currently, research

30  related to neuronal regeneration for brain and spinal cord injury, degenerative diseases, and the
like is being expanded.

The main causes of brain tissue (cells) injury are traumatic cerebral contusion and
cerebral ischemic diseases. Other causes can be injury resulting from brain surgeries such as
brain tumor removal.  In particular, complete removal of neuroglioma that have developed from

35  cerebral parenchymal cells is difficult, and there is no choice but to stop at partial removal to

avoid damage to motor and language functions. Moreover, malignant neuroglioma has a worse
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Disclosure of the Invention

[Problems to be Solved by the Invention]

It is known that mesenchymal stem cells capable of differentiating into bone tissues,

cartilage tissues, and adipose tissues exist among stem cells in bone marrow. — In recent years, it
25  has been revealed that pluripotent stem cells that differentiate into epithelial cells and neural cells
exist.

Meanwhile, methods for treating intractable cutaneous ulcer include treatments by skin
grafting.  Studies of the present inventors have revealed that the skin is regenerated through
reconstruction of epidermis, dermis, hair follicles (tissue constituting the hair), and such from

30 bone marrow-derived cells in grafted skin after ulcer treatment. Thus, there is an expectation
that a simple and efficient method for collecting such cell populations with tissue-repairing
ability from the bone marrow may be established. To date, however, such method still remains
to be developed.

Thus, an objective of the present invention is to provide methods for mobilizing a large

35 number of bone marrow-derived pluripotent stem cells into peripheral blood.



There is a possibility that during the survival process of a grafted skin on biological tissue, bone
marrow-derived cells are mobilized to the skin graft from non-skin tissue and thus participate in skin
tissue regeneration. This suggests a potential mechgnism for mobilizing such 5pluripotent bone
marrow-derived cells to peripheral blood. The present invention enables to mobilize a large number of
bone marrow-derived pluripotent stem cells into peripheral blood by intravenously administering a skin
tissue extract or bone marrow-derived pluripotent stem cell inducer. Specifically, the present invention
revealed for the first time in the world that: (1) bone marrow-derived pluripotent tissue stem cells
can be indEed fﬁf&ﬂlmér%@ﬁé%@%?510|ntravenously administering a tissue extract prepared from
isolated skin piekes; i{2)heisihstancainisoiied skialpecess whichiscespansibiedermobiliziag bone

marrow- ggrlv%gb%%%t?v tdt'g‘%f'seﬁé%m %Izsé&q(p%e%lier%jrbfpgd |s HM%J]%]ti an d?ﬁ) HMGBl that has
mo e

the activity of jilizing BONE Marrow-derived &unpo ern cels 0 périphera ooléscan be easily
purified ﬂ?éﬁi%ﬂﬂfﬁr‘@oﬁ%’éﬂl@sg}gBﬁé@&f@HQﬁe fiheih azgede aasdeabalmethappes & imiskitog probides

the followingpowantons nﬁ&mag@nw@rcmghwmﬁ@g@d@@rr%@%@ﬂqﬂp&%%femﬁleér@m bone
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one of: (ns 2%%6&%l 3% ace N ggg;léfcfs ERRETY %%llﬁmt(ﬁeé@?éé?g}ﬂ gﬁ%@d with
a DNA eﬁé@ﬂﬁi@%ﬁmﬂq@wﬂmwk@ (EHUAIEBE protens; we;ra\@eibtneﬁds@@rane@aﬁfﬁmwz protein;
(Oa vectﬁﬂﬂa@ert@wm@zw\bﬁeqs@%ama&k@ﬂ@&%%@t@mh%&i@% aRdIINEB3I snateain;: (h) a cell that

secretes,an HMGB3 a vee tor inserted th a nco tein; [2]
an agen Q)npmob ?Z%E)Wa %%%Wﬁé% (v}\;ecel : 8ueesrﬁ% ervf;f Dio %‘ u%%cﬁél%%ﬁp%fa@ﬁ%%ﬁgproduced
by@meth@GV@@mﬁikm@rmm@mlpg@f isavreesimectnetiaordifoneiviatedivientpaadswhich 30is

admInlS@g&ﬂé@Mﬁa&weﬁs%@&m&@J%e@ba@}ﬁgﬁm mehilizing ALansimasaw el i peripheral

noparin SHGRAAL RN SUE AU By E MG ﬁ%’fﬁ&ﬁ&e HELUGB R mmersing a ool or tssue
in a solventtIMGB1 that has the activity of mobilizing bone marrow-derived pluripotent stem cells to

peripheral blood can be easily purified from cultured cells.

15 Based on the findings described above, the present invention provides the following
inventions:
[1] an agent for mobilizing a bone marrow cell to peripheral blood from bone marrow, which is
administered to blood vessel or muscle, and which comprises the component of any one of:
(a) an HMGB1 protein;

20 (b} a cell that secretes an HMGBI1 protein;
(c) a vector inserted with a DNA encoding an HMGBI protein;
(d) an HMGB?2 protein;
(e) a cell that secretes an HMGB2 protein;
() a vector inserted with a DNA encoding an HMGB2 protein;

25  (g) an HMGB3 protein;
(h) a cell that secretes an HMGB3 protein; and
(1) a vector inserted with a DNA encoding an HMGB3 protein;
{2] an agent for mobilizing a bone marrow cell to peripheral blood from bone marrow, which is
produced by a method comprising the step of immersing a cell or tissue in a solvent, and which

30 is administered to blood vessel or muscle;
[3] an agent for mobilizing a bone marrow cell to peripheral blood from bone marrow, which is
administered to blood vessel or muscle, and which comprises a heparin-binding fraction
produced by a method comprising the steps of:
(a) immersing a cell or tissue in a solvent;

35 (b} contacting immobilized heparin with an extract prepared in step (a); and

(c) eluting a heparin-binding fraction from the immobilized heparin;



35(b) contacting immobilized heparin with an extract prepared in step (a); and (c) eluting a
heparin-binding fraction from the immobilized heparin; 5 [4] a method for assessing whether or not a
factor that mobilizes a bone marrow cell to peripheral blood from bone marrow is contained in an
extract of a cell or tissue, and for determining that the factor is contained in the extract of cell or tissue
when the activity of mobilizing a bone marrow cell to peripheral blood from bone marrow in step (b) is
higher than 5that of the control, wherein the method comprises the steps below: (a) preparing a cell

extract; i d (b) me E;auring the actjvity of mobilizing a bone marrow cell to peripheral blood from bone
marrow i ﬁé‘&g:%fi Yrapsradsn deiBeagr not oo dobiiresabrproran axsadief a cell or

tissue cqrtatingldlantaithabonebilizes:aid Obonmeddr ewesethio jrrighesakloed-fambone marrow,
which comarises f0aisieRs Ale(assaesind Muidleextastapveeliod olidlgpyngther or nota
factor that mobilizes a bone marrow cell to peripheral blood from bone marrow is contained in the

extract; SRPHBTEEIRLERG BRatext setlimprar basd dlaed fomdmanmertoirapriobibber Bone
marfow theit td pheripiners] bibadifrole betedarmowihy siepttak Bbiet-a method for identifying a factor

that mobili ARe MATLQW ggll (aperipheral blood from bone marrow, which comprises the step of
purifying abzg% or thEat mgb%%zéas éa[g]one marrow cell to peripheral blood from bone marrow from an

extract tHATRCHBERRIRE QS Ebnedmebikising thaemaapiass eebdnesrinhoal biibbieiphasal blood from

bone marntoyswyidhieraethotpébdtaribitapsing the activity of mobilizing a bone marrow cell to
peripherakhl rrow as an 20indicator; 7] a kit for.mobilizing a pone marrow cell to
peri herg:]%glg%%gﬁf%gg%%%fé&v%gﬁ%ﬁgﬁgag%oPﬁrpl)[lgél fon” .gallonemgdam%lar\clg{r&g%f %ﬁ@&ﬁs\?essel or
mustle ARSI ROIAP R E§TRBesHERaTCE W ey omersTWay bisHIGB ey dteiriers08) a cell that
secretesHasddGE: hpinigio c{e)atyestaiinsaHed with) 2 DM eReading amEMGR protaine:¢d) an

HMG le}%ﬁ%[?xil%\% ace(iﬂlothrEp ee%?‘b%%o%f%“rﬂ%?&e %(g.lt'leg% is contained in the extract; and
(b) selecting an extract which is assessed to contain a factor that mobilizes a bone marrow cell to
peripheral blood from bone marrow by step (a);

15 [6] a method for identifying a factor that mobilizes a bone marrow cell to peripherall blood from
bone marrow, which comprises the step of purifying a factor that mobilizes a bone marrow cell
to peripheral blood from bone marrow from an extract that is determined to contain a factor that
mobilizes a bone marrow cell to peripheral blood from bone marrow by the method of [4] or [5],
using the activity of mobilizing a bone marrow cell to peripheral blood from bone marrow as an

20  indicator;

[7] a kit for mobilizing a bone marrow cell to peripheral blood from bone marrow, comprising a
composition to be administered to blood vessel or muscle and which comprises the substance of
any one of:
(a) an HMGBI1 protein;
25  (b) a cell that secretes an HMGB!1 protein;
(c) a vector inserted with a DNA encoding an HMGB1 protein;
(d) an HMGB?2 protein;
(e) a cell that secretes an HMGB?2 protein;
(f) a vector inserted with a DNA encoding an HMGB2 protein;
30 (g) an HMGRBS3 protein;
(h) a cell that secretes an HMGB3 protein; and
(i) a vector inserted with a DNA encoding an HMGB3 protein;
[8] a kit for mobilizing a bone marrow cell to peripheral blood from bone marrow, comprising a
extract of a cell or tissue to be administered to blood vessel or muscle and which is produced by
35 amethod comprising the step of immersing a cell or tissue in a solvent;

[9] a kit for mobilizing a bone marrow cell to peripheral blood from bone marrow, comprising a



(0O a vector inserted with a DNA encoding an HMGB2 protein; 30 (g) an HMGB3 protein; (h) a cell that
secretes an HMGB3 protein; and (i) a vector inserted with a DNA encoding an HMGB3 protein;  [8] a
kit for mobilizing a bone marrow cell to peripheral blood from bone marrow, comprising a extract of a
cell or tissue to be administered to blood vessel or muscle and which is produced by 35a method
comprising the step of immersing a cell or tissue in a solvent;  [9] a kit for mobilizing a bone marrow
cell to peripheral blood from bone marrow, comprising a 6 heparin-binding fraction to be administered
to blood vessel or muscle and which is produced by a method comprising the steps of: (a) immersing a

cell or tisSERAH P BultsnEaBictoinSe g imisiaBi Bl pehaericlith T s padrgrshdraradusrsbbe); and
5(c) elutingnathepadimindipahkactsybirom the immobilized heparin; [10] a method for mobilizing a

bone mafggy\zé%?eélr&&ggg%ﬁeg%gﬁgq nf&o&‘beogfa marrow, comprising the step of administering to blood

vessel or mu e substance of any one of:’(a) an HMGB1 protein; (b) a cell that secretes an HMGB
| protein;(2bgenEs M drmebilEg dnira DA RsoaHgARTENIGB T sterdi); edidan HMGB?2 protein; (e) a
cell that gerhigsntdpAGBBiptdigina(liba HeaiahdisaHes Ntd AP .encoding HMGB2 protein; (g)
o g PRI AL ARNR SRSt A IRE BRIBHRN] ARSANTERL sseie Wi 2 DA
encoding an HM protein;
comprising the step of administering to blood vessel or muscle the substance of any one of:
(a) an HMGB1 protein;
{b) a cell that secretes an HMGB1 protein;
10 (c) a vector inserted with a DNA encoding an HMGB1 protein;
{d) an HMGB?2 protein;
(e) a cell that secretes an HMGB2 protein;
(f) a vector inserted with a DNA encoding HMGB?2 protein;
(g) an HMGB3 protein;
15 (h) acell that secretes an HMGB3 protein; and
(i) a vector inserted with a DNA encoding an HMGB3 protein;
[11] a method for mobilizing a bone marrow cell to peripheral blood from bone marrow, which
« comprises the step of administering to blood vessel or muscle an extract of a cell or tissue
prepared by a method comprising the step of immersing a cell or tissue in a solvent;
20 {12] a method for mobilizing a bone marrow cell to peripheral blood from bone marrow,
comprising the step of administering to blood vessel or muscle a heparin-binding fraction
prepared by a method comprising the steps of:
(a) immersing a cell or tissue in a solvent;
(b) contacting immobilized heparin with the extract prepared in step (a): and
25 (c) eluting a heparin-binding fraction from the immobilized heparin;
[13] use of any one of the following substances (a) to (i) in the production of and agent for
mobilizing a bone marrow cell to peripheral blood from bone marrow, which is administered to
blood vessel of muscle:
(a) an HMGBI1 protein;
30 (b) acell that secretes an HMGRB1 protein;
(c) a vector inserted with a DNA encoding an HMGB! protein;
{(d) an HMGB?2 protein;
(e} a cell that secretes an HMGB2 protein;
(f) a vector inserted with a DNA encoding an HMGB?2 protein;
35  (g) an HMGB3 protein;
(h) a cell that secretes an HMGB3 protein; and



[11] a method for mobilizing a bone marrow cell to peripheral blood from bone marrow, which
comprises the step of administering to blood vessel or muscle an extract of a cell or tissue prepared by
a method comprising the step of immersing a cell or,}issue in a solvent; 20[12] a method for mobilizing
a bone marrow cell to peripheral blood from bone marrow, comprising the step of administering to
blood vessel or muscle a heparin-binding fraction prepared by a method comprising the steps of: (a)
immersing a cell or tissue in a solvent; (b) contacting immobilized heparin with the extract prepared in
step (a): and 25(c) _elutin%a heparin-binding fraction from the immobilized heparin; [13] use of any one

of the foltBWlingEIHERSHERSLY iy ihetie B GPAmdgBAt for mobilizing a bone marrow cell to
peripherbl4jlosddfamdydaet mural, omhiﬁuég;adimﬁist@radda}hﬁ@@mpﬁsﬁigﬁhﬁmuagﬁi (AhansiHMGB |
rotein; ratein; (¢) a vector inserted with a encading an
ﬁMG Bl%%gﬁt)]) (i%;ﬁ%gutgr?lt ﬁﬁggéﬁn%?é%\é%&%ﬁ Eg%s%%%%%%ﬁ%ﬁ%ﬁz%r% %irﬁl;aff)og \98%?%’ r inserted
with a DRBS‘B%F&GE}%@O&JFHMW BT wBigiair ks Bapsistsrhiqisloed artrarsaerstts an HMGB3
protein; piig ity aveptoiirsadieg Wittaphateneosingnan iYIB R0 m: [ddpsise of an extract of a
cell or ti?g}lmg%lﬁggg gyi%ﬂ%gﬁgq cg%@& 'pg the step of immersing a cell or tissue in a solvent, in
a blf‘ g

the preparation of an agent for mobilizing a bdne marrow cell to peripheral blood from bone marrow,
which is® penkastingdrenabidshbbereds seith tha astretsEEPpRsEDSEMED a#Lbinding fraction produced
by a metbpelwhngprisipgrthebigipg fictita)immaisingrbrILad Hsssienin a solvent; (b) contacting
immoml%%&&%%%%ﬁ%@ﬁl%@%% %o?ﬂ%%%‘{ﬁ%dré %‘?&’néa&ia??o% cell to peripheral blood from bone
10 marrow, which is to be administered to blood vessel or muscle;
[16] the substance of any one of:
(a) an HMGBI protein;
(b) a cell that secretes an HMGB! protein;
(¢) a vector inserted with a DNA encoding an HMGB1 protein;
15 (d) an HMGB2 protein;
(e) a cell that secretes an HMGB?2 protein;
() a vector inserted with a DNA encoding an HMGB2 protein;
(g) an HMGBS3 protein;
(h) a cell that secretes an HMGRB3 protein; and
20 (i) a vector inserted with a DNA encoding an HMGB3 protein;
which is used in a method for mobilizing a bone marrow cell to peripheral blood from bone
marrow, which is to be administered to blood vessel or muscle;
[17] an extract of a cell or tissue produced by a method comprising the step of immersing a cell
or tissue in a solvent, which is used in a method for mobilizing a bone marrow cell to peripheral
25 blood from bone marrow, and which is to be administered to blood vessel or muscle; and
[18] a heparin-binding fraction produced by a method comprising the steps of:
(a) immersing a cell or tissue in a solvent;
(b) contacting immobilized heparin with the extract prepared in step (a); and
(¢) eluting a heparin-binding fraction from the immobilized heparin;
30  which is used in a method for mobilizing a bone marrow cell to peripheral blood from bone

marrow, and which is to be administered into blood vessel or muscle.

Brief Description of the Drawings

Fig 1 presents a diagram showing an HMGB1 expression vector.
35 Fig. 2 presents a diagram showing administration of skin extract (SE) to a mouse via

caudal vein, followed by collection of peripheral blood.



(c) eluting a heparin-binding fraction from the immobilized heparin; in the preparation of an agent for
mobilizing a bone marrow cell to peripheral blood from bone 10marrow, which is to be administered to
blood vessel or muscle; [16] the substance of any one of: (a) an HMGB1 protein; (b) a cell that
secretes an HMGBL1 protein; (c) a vector insertel with a DNA encoding an HMGB 1 protein; 15 (d)
an HMGB?2 protein; (e) a cell that secretes an HMGB2 protein; (f) a vector inserted with a DNA
encoding an HMGB2 protein; (g) an HMGB3 protein; (h) a cell that secretes an HMGB3 protein; and
20 (i) a vector inserted with a DNA encoding an HMGB3 protein; which is used in a method for

mobilizing a boFig rAatiewsdealh dingHphisal blostdienracnenmaian a wivek isciopheraiditipistered to
blood v lg; EL7]an extract of a cell or tissue produced @Prﬁetho cgmprising. the step of
immers?r%%ghggfﬂk 'i?%gerht%%ﬁ]%o% %ms)é \S/%enntt%vi%%?%g Used’ %lémnqg%ﬁc%g S Mo Iﬁ%ﬁ%ya ((%Sfaig%rharrow cell

to peripter¥reEhldbatibindsorehraralier adminisentisne bekimmimstdit to Bisopbesderor muscle;
and [18]cadrenavifedpneing freqiies-pladunesdyronethedNamprishgivee staps ohile@kimmarsing a
0 St e G L NS el i Ok Th 4o for
mobilizifgiHenEaRipPEMeen oy pleeifhBfd, Issbtherbeni el midiFringdicated thhiekpissadsdeaghvfistered
into bloggx@erel orrmyasia-Haxed Rasaintionofihedsranings figulRmsentsadiagramehewing an
HMGBld%ﬁ%Eg—Spsolgi%\\f/eegft:ﬂgl The population was increased in the skin extract-administered group
(SE) as compared to the PBS-administered group.
10 Fig. 4 shows in a diagram administration of HMGB1 to a mouse via caudal vein,
followed by collection of peripheral blood.
Fig. 5 shows in a diagram flow cytometric fractionation of mouse peripheral blood
mononuclear cell fraction fluorescently labeled with anti-mouse PDGFRa antibody and anti-
mouse CD44 antibody 12 hours after administration of HMGB1. The left chart corresponds to
15 the PBS-administered mice as a negative control, while the right chart corresponds to the
HMGB1-administered mice. The vertical axis indicates the expression level of CD44, and the
horizontal axis indicates the expression level of PDGFRa. The area boxed with blue line
corresponds to a population of CD44 and PDGFRa double-positive cells.  The population was
increased in the HMGB 1-administered mice as compared to the PBS-administered mice.
20 Fig. 6 shows in a set of photographs Western blot detection of the HMGB family in
neonatal mouse skin extract.
Fig. 7 shows in a set of photographs Western blot results for the purified recombinant
Flag tag-HMGB family-fusion proteins expressed in HEK293 cells.
Fig. 8 presents a set of graphs showing the migration activity of bone marrow
25 mesenchymal stem cells by recombinant HMGB1/HMGB2/HHMGB3 using a Boyden chamber.
All recombinant proteins showed higher migration activities as compared to the control groups.
Fig. 9 shows in a set of graphs the result of treatment in a mouse cutaneous ulcer
treatment model using the HMGB family proteins. HMGBI1, HMGB2, and IIMGB3 all
showed significant effects on reducing the ulcer area as compared to the control groups.
36 Fig. 10 shows in a photograph the activity of human HMGBI and a human skin extract to
induce the migration of human bone marrow-derived mesenchymal stem cells as confirmed
using a Boyden chamber,
Fig. 11 shows in a set of photographs the activity of activators purified on a heparin
column from mouse heart, brain, and skin extracts to induce bone marrow mesenchymal stem
35  cells as confirmed using a Boyden chamber.

Fig. 12 shows in a set of photographs the activity of cultured cell line HEK293 extract



35Fig. 2 presents a diagram showing administration of skin extract (SE) to a mouse via caudal vein,
followed by collection of peripheral blood. 8 Fig. 3 shows in a diagram flow cytometric
fractionation of a mouse peripheral blood mononuclear cell fraction fluorescently labeled with
anti-mouse PDGFRa antibody and anti-mouse CD44 antibody 12 hours after administration of skin
extract (SE). The upper three charts correspond to the PBS-administered group (n = 3) as a negative
control, while the lower 5three charts correspond to the skin extract (SE)-administered group (n - 3).
The vertical axis indicates the expression level of CD44, and the horizontal axis indicates the
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confirmegd WaNgB42ATTRIAPEr HMGB1 administration increased both populations of PDGFRa,
and CD44 double-positive cells, and PDGFRa-positive CD44-negative cells in peripheral blood.
Figs. 14B and 14C show results of comparison between the PBS- and HMGB1-administered
20 groups on the presence of PDGFRa and CD44 double-positive cells, and PDGFRa-positive
CD44-negative cells in peripheral blood, respectively. Both cell populations were statistically
significantly increased in the HMGB1-administered group.

Mode for Carrving Qut the Invention

25 The present invention provides pharmaceutical agents for mobilizing bone marrow cells
to peripheral blood from bone marrow, comprising any one of the following ingredients (a) to (i),
which is to be administered to peripheral blood or muscle:

(a) an HMGBI protein;
(b) a cell secreting an HMGBI1 protein;

30 {(c) a vector inserted with a DNA which encodes an HMGBI1 protein;

(d) an IIMGB?2 protein;

(e) a cell secreting an HMGB?2 protein;

(f) a vector inserted with a DNA which encodes an HMGRB2 protein;
(g) an HMGRB3 protein;

35 (h)acell secreting an HMGB3 protein; and
(1) a vector inserted with a DNA which encodes an HMGRB3 protein.



Fig. 11 shows in a set of photographs the activity of activators purified on a heparin column from
mouse heart, brain, and skin extracts to induce bone marrow mesenchymal stem 35cells as confirmed
using a Boyden chamber. Fig. 12 shows in a set of Qlaotographs the activity of cultured cell line
HEK293 extract 9 and HelLa extract to induce the migration of human bone marrow mesenchymal
stem cells as confirmed using a Boyden chamber. Both cultured cell lines showed chemotactic activity
for human bone marrow mesenchymal stem cells. Fig. 13A shows in a photograph a mouse fixed to a
brain stereotaxic apparatus and Ssubjected to a midline incision in the head with a scalpel, followed by
trepanation usiftP BIRATEN LESEs amerits grapie eiBdrigttheeHinkier b sikidhtioh by adveistesinge is
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present friviritod provides: pérsrinsesut dadldge atsl faserh ibikizih g dspmeicowrceith to peripheral blood

from bone marrgyy, GRRRIISINGABY RISQ HshiRleNINg RoredientS BRI BISR RGBS ceils
administered to pe%rﬂ[%?er | blood or muscle: (a). an HMGBL1 protein; (b) a cell Ssecreting an HMGB1

protein: SORESRRGERGIIRELFoTY RoRG DBFAR-VAHAR SAEBHISE SHTRAREBIHRRE SIS 1 19MGB2 protein:

administered to blood vessel or muscle and that are prepared by methods comprising the step of
immersing cells or tissues in a solvent.

Cells or tissues to be immersed in a solvent are not specifically limited, and examples
include tissue-derived cells and cell lines established from tissue-derived cells (such as HeLa and

20 HEK293, but not limited thereto), isolated cells, non-isolated cells (such as cells existing in
isolated tissues), cells introduced with a DNA encoding an HMGB1, HMGB?2, or HMGB3
protein. Any tissue may be used as the tissue described as above. For example, such tissues
include, but are not limited to, living skin tissues or tissues obtained from internal biopsies
(operations) (such as brain, lung, heart, liver, stomach, small intestine, large intestine, pancreas,

25  kidney, bladder, spleen, uterus, testis, and blood).

Examples of the above solvent include, but are not limited to, physiological saline, PBS
(phosphate-buffered saline), and TBS (Tris-buffered saline). Moreover, the immersion time of
cells or tissue in a solvent should be a duration necessary and sufficient for inducing cell
necrosis, that is, 1 hour to 48 hours (such as 6 to 48 hours), and preferably 12 to 24 hours, but is

30 not limited thereto. Therefore, the “step of immersing cells in a solvent” can be rephrased as
“step of immersing cells in a solvent for a duration necessary and sufficient for inducing
necrosis” or “step of necrosing cells”. Moreover, examples of the temperature for immersing
cells or tissue in a solvent include, but are not limited to, 4°C to 25°C (such as 4°C to 8°C), and
preferably 4°C.  Further, examples of the pH for immersing cells or tissue in a solvent include,

35  without limitation, pH 7 to 8, and preferably pH 7.5. Examples of the buffer include, without
limitation, a phosphate buffer solution at a concentration of 10 mM to 50 mM, preferably 10 to



(e) a cell secreting an HMGB2 protein; (0 a vector inserted with a DNA which encodes an HMGB2
protein; (g) an HMGB3 protein; 35(h) a cell secreting an HMGB3 protein; and (i) a vector inserted with
a DNA which encodes an HMGB3 protein. 10 ne marrow tissue stem cells are mobilized into
peripheral circulation by administering the above-described pharmaceutical agents to blood vessel or
muscle, and thus regeneration of the damaged tissue can be promoted. Further, besides the use of an
above pharmaceutical agent as an inducer/promoter of functional tissue regeneration, its use as a
so-called preventive drug 5which prevents deteriorations in tissue/organ functions caused by the
reductioﬁ&f‘t@sue stem cells, or as an anti-aging drug which delays the progress of age-related

alterations is anticipated, ifliBEnativelyiSuehdicatnept canbecasheyad hyadminisieripgihe
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tissues), cells |3&£§duqe with a DNA encoding an HMGB | l—IM,GBZ, orgI?gIM%BS protein. Any tissue
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may be used ad HR@FRIFHARIMHEERE AP SULFETH RXAH Slosias fidhed iR ae! Bt 8lped limited
to, livingvekinatissires or tisslies, dibtaiibd:ifedimvintemmalbiepsies l{gper ationsin(suctraschrainsueng, heart,

liver, StofpaeheSaANALeSH RenRIFRIBIGSHIE PANAIGAS AR ARG RIDHRIISBIE GBI M US, testis, and

bload). Examples of the above solvent includé, but are not limited to, physiological saline, PBS
(oS hERBRR RSl AP S e PR e RFE A BRSOV DR HAER SO RSB el or
tissue irrbEdenashétlttbe ¥ d(fatiormmadestaty(3nehd uffecient! forgindpeimngane isnetikased, that is, 1

hour to 4§ MaRETSHAR AGE R ABNRUIS LA RIGIGTRRM A 38100 By RHL Rethod 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.

20 Alternatively, instead of centrifugation, insoluble cellular components can be removed by
filtration through a nitrocellulose filter with micro pores of 0.45 um, or the like. Alternatively,
collected peripheral blood may be allowed to stand for three to 48 hours at 4°C to induce cell
necrosis. The intracellular components can be released from peripheral blood cells by this
treatment. Then, to remove insoluble cellular components from the solvent, the sample is

25  centrifuged at a gravity of 10 to 100,000 G (for example, at 440 G), and the resulting supernatant
is coliected. The insoluble cellular components can be removed from the solvent by the method
described above, but are not limited thereto. The resulting supernatant can be used as an extract
of cells or tissues.  Alternatively, instead of centrifugation, insoluble cellular components can
be removed by filtration through a nitrocellulose filter with micro pores of 0.45 um of the like.

30 Meanwhile, cell extracts are prepared from peripheral blood mononuclear cells by the
following method: peripheral whole blood is collected using a syringe or the like, and then the
whole sample is diluted up to 4 ml with PBS.  After 3 ml of Ficoll-Pague Plus (GE) is placed
into a centrifuge tube, the diluted blood is overlaid onto the Ficoll layer. The tube is
centrifuged at 400 G and 18°C for 40 minutes. The resulting middle layer containing

35  mononuclear cells is transferred into a fresh centrifuge tube, and 45 ml of PBS is added thereto.

The sample is centrifuged at 800 G and 18°C for five minutes, and the resulting supernatant is



30not limited thereto. Therefore, the "step of immersing cells in a solvent” can be rephrased as "step of
immersing cells in a solvent for a duration necessary and sufficient for inducing necrosis" or "step of
necrosing cells". Moreover, examples of the temperature for immersing cells or tissue in a solvent
include, but are not limited to, 4C to 25C (such as 4C"to 8C), and preferably 4C. Further, examples of
the pH for immersing cells or tissue in a solvent include, 35without limitation, pH 7 to 8, and preferably
pH 7.5. Examples of the buffer include, without limitation, a phosphate buffer solution at a
concentration of 10 mM to 50 mM, preferably 10 to 11 20 mM. Moreover, in the present invention,
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20 (a) immersing the cells 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.

25  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
commercially available immobilized heparin (Hitrap Heparin HP column: GE Healthcare) may
also be used.

Exarmples of conditions for contacting an extract of cells or tissues with immobilized

30 heparin include, but are not limited to, about pH 7 to 8 (preferably pH 7.5), and a salt
concentration of 0 to 200 mM, and preferably about 100 to 200 mM. The time the extract is in
contact with immobilized heparin is not specifically limited, but the contact is preferably
retained for 5 minutes or more in view of sufficient adsorption of the heparin-binding fraction
onto immobilized heparin.  Examples of the temperature include, but are not limited to, 4 to

35  8°C, and preferably 4°C. Further, examples of the elution condition of the heparin-binding

fraction adsorbed onto the immobilized heparin include, but are not limited to, a pH of about 7 to



be removed by filtration through a nitrocellulose filter with micro pores of 0.45 um of the like.
30Meanwhile, cell extracts are prepared from peripheral blood mononuclear cells by the following
method: peripheral whole blood is collected using a syringe or the like, and then the whole sample is
diluted up to 4 ml with PBS. After 3 ml of FicoII-PaqulgPIus (GE) is placed into a centrifuge tube, the
diluted blood is overlaid onto the Ficoll layer. The tube is centrifuged at 400 G and 18C for 40 minutes.
The resulting middle layer containing 35mononuclear cells is transferred into a fresh centrifuge tube,
and 45 ml of PBS is added thereto. The sample is centrifuged at 8000 and 18C for five minutes, and
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commercially available immobilized heparin (Hitrap Heparin column: care) may also be

used. EXERPRGEBIHIGERETSE dnarsraa a9 ells or tissues with immobilized
(a) an HMGB1 protein;

20 (b) a cell that secretes an HMGB1 protein;

(c) a vector inserted with a DNA encoding an HMGBI protein;

{(d) an HMGRB2 protein;

(e) a cell that secretes an HMGB2 protein;

(D) a vector inserted with a DNA‘ éncoding an HMGB?2 protein;
25  (g)an HMGBRB3 protein;

(h) a cell that secretes an HMGB3 protein; and

(1) a vector inserted with a DNA encoding an HMGB3 protein.

Furthermore, the present invention provides kits for mobilizing bone marrow cells to
peripheral blood from bone marrow, which comprise extracts of cells or tissues produced by a

30 method comprising the step of immersing cells or tissues in a solvent and which are to be
administered to blood vessel or muscle.

The present invention also provides kits for mobilizing bone marrow cells to peripheral
blood from bone marrow, which comprise a heparin-binding fraction to be administered to blood
vessel or muscle and which 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



30heparin include, but are not limited to, about pH 7 to 8 (preferably pH 7.5), and a salt concentration
of 0 to 200 mM, and preferably about 100 to 200 mM. The time the extract is in contact with
immobilized heparin is not specifically limited, but thf contact is preferably retained for 5 minutes or
more in view of sufficient adsorption of the heparin-bihding fraction onto immobilized heparin.
Examples of the temperature include, but are not limited to, 4 to 358C, and preferably 4C. Further,
examples of the elution condition of the heparin-binding fraction adsorbed onto the immobilized
heparin include, but are not limited to, a pH of about 7 to 13 8 and a salt concentration of 200 to 1,000
mM (prefelabiinbohenagodmting fracjiteliose thnistereliligadbeprtigssel or muscle, pharmaceutical

agents containmpethBc%tiRet ShRHON esHilad aboverneliize: honenasrew tisssg stem cells into
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The pregeptinyeBUPR RIS eATRVEIESi KIS BEMIRHZING 2 BoneMadRuarLiy RriRREH YA from

bone magrrow which consists of compositions to be administered to blood vessel or muscle and which
compris R&ls of any one of: (a) an HMGB1 protein; 20(b) a cell that secretes an HMGB1
protein; (c) a vékios insexteddaitined ExNAtbricodimgHiiddG Bi: faoteed (dYsan diftGRApedtan; (e) a cell

that SGC%@%@Q GRZIN & Bntribute to functional regeneration of the damaged tissue and

15  maintenance/enhancement of the functions. In the present invention, examples of damaged

tissue include, but are not limited to, tissues damaged by various pathological conditions, trauma,
burns, inflammation, autoimmunity, gene abnormalities, and the like causing
ischemic/hypoperfusive/hypoxic conditions. Damaged tissue also includes necrosed tissues.

Tissues in the present invention are not particularly limited as long as bone marrow-

20 derived cells can differentiate into the tissues.  All types of tissues in the living body can be
exemplified, such as skin tissue, bone tissue, cartilage tissue, muscle tissue, adipose tissue,
cardiac muscle tissue, neurological tissue, pulmonary tissue, gastrointestinal tissues,
hepatic/biliary/pancreatic tissues, and genitourinary organs. Moreover, with use of the above
tissue regeneration promoters, treatments for inducing functional tissue regeneration becomes

25  possible not only in cutancous diseases such as intractable cutaneous ulcers, skin wounds,
bullosis, and alopecia, but also in tissue damages such as cerebral infarction, myocardial
infarction, bone fracture, pulmonary infarction, gastric ulcers, and enteritis, The types of
animals to be administered with the above tissue regeneration promoters include human and non-
human animals, which can be exemplified by, but are not limited to, humans, mice, rats,

30  monkeys, pigs, dogs, rabbits, hamsters, and guinea pigs.

Bone marrow cells of the present invention are cells other than hematopoietic stem cells,
or cells derived therefrom such as leukocytes, erythrocytes, and platelets, and include stem cells
represented by cells which have been hitherto called bone marrow mesenchymal stem cells, bone
marrow stromal pluripotent stem cells, or bone marrow pluripotent stem cells and tissue

35  progenitor cell populations existing in the bone marrow. Bone marrow cells of the present

invention can be isolated from bone-marrow extracts (bone marrow cell extracts) or peripheral



(f) a vector inserted with a DNA encoding an HMGB2 protein; 25 (g) an HMGB3 protein; (h) a cell that
secretes an HMGB3 protein; and (i) a vector inserted with a DNA encoding an HMGB3 protein.
Furthermore, the present invention provides kits for mobilizing bone marrow cells to peripheral blood
from bone marrow, which comprise extracts of cells ot tissues produced by a 30method comprising the
step of immersing cells or tissues in a solvent and which are to be administered to blood vessel or
muscle. The present invention also provides kits for mobilizing bone marrow cells to peripheral
blood from bone marrow, which comprise a heparin-binding fraction to be administered to blood vessel
or musclélapd seHistits prdderveth by ciemsthodeto mpnisingitieeste pdidé Boa nimmoersicliy afudl or tissue
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a heparin:- The above-described kits for mobilizing

|r1d|n ion from the immobilized heparin.
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causing wghmmﬁhmonertuﬁmhy@@(mmeghw@aalslaaﬁaagﬁd,tlssue also includes necrosed tissues.
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ca? differentiate into etlssues fypesg% Issues In Iving %1 an be

stromal pluripotent stem cells, or bone marrow plunpotent stem cells refer to cells existing in the
bone marrow, which are directly collected from the bone marrow or indirectly collected from
other tissues (blood, skin, adipose, and other tissues), and can be cultured/proliferated as
adherent cells on a culture dish (made of plastic or glass). These cells are characterized in
having a potential to differentiate into mesenchymal tissues (mesenchymal stem cells) such as
20 bone, cartilage, and adipose, or skeletal muscles, heart muscles, further, nerve tissues, epithelial
tissues (pluripotent stem cells) and can be obtained from a collection of bone marrow blood,
peripheral blood, or mesenchymal tissues such as adipose, epithelial tissues such as skin, nerve
tissues such as brain. Bone marrow-derived mesenchymal stem cells, bone marrow-derived
pluripotent stem cells, or bone marrow pluripotent stem cells are also characterized in having a
25 potential to differentiate into epithelial tissues such as keratinocytes that constitute skin or into
nerve tissues that constitute brain, by administrating these cells that have once adhered onto a
culture dish to a lesion area of the living body.
Bone marrow mesenchymal stem cells, bone marrow stromal pluripotent stem cells, or
bone marrow pluripotent stem cells of the present invention are multipotent stem cells, and have
30 apotency to differentiate preferably into: osteoblasts (the induction of differentiation can be
identified by observing calcification), chondrocytes (which can be identified by alcian blue
positive staining, safranin O positive staining, or the like), adipocytes (which can be identified by
Sudan I positive staining or the like), and other mesenchymal cells such as fibroblasts, smooth
muscle cells, skeletal muscle cells, stromal cells, and tendon cells; nerve cells, pigment cells,
35  epidermal cells, hair follicle cells (which express cytokeratin family, hair keratin family, or the

like), epithelial cells (for example, epidermal keratinocytes and intestinal epithelial cells express



exemplified, such as skin tissue, bone tissue, cartilage tissue, muscle tissue, adipose tissue, cardiac
muscle tissue, neurological tissue, pulmonary tissue, gastrointestinal tissues, hepatic/biliary/pancreatic
tissues, and genitourinary organs. Moreover, with use of the above tissue regeneration promoters,
treatments for inducing functional tissue regeneratio]r? becomes 25possible not only in cutaneous
diseases such as intractable cutaneous ulcers, skin wounds, bullosis, and alopecia, but also in tissue
damages such as cerebral infarction, myocardial infarction, bone fracture, pulmonary infarction,
gastric ulcers, and enteritis. The types of animals to be administered with the above tissue
regeneratitekerairoimslinetibe Iurh andemtlntbrhalnalls amha disthwhichfcab lye rexeniislified by, but are
not limite g dHymarsBiggnd At n3AMONKYSn ) dsh FRgR.ABbItE RAM st rand GHARIRIYs:
Bone marro cellg of the present.invention are cells other than hematopoietic stem cells, or cells
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tozslesipipiaenef the\inehbRGYned above, so long as the component does not inhibit the bone
marrow cell mobilization and the promotion of tissue regeneration. For example, in addition to
the extract, the heparin-binding fraction, and at least one of the substances (a) to (i) mentioned
above, the pharmaceutical agents of the present invention may contain: molecules (molecular
groups) related to the enhancement of the function of HMGB1, HMGB2, or HMGBS3 to induce
30  functional tissue regeneration; molecules (molecular groups) which inhibit unanticipated actions
of HMGB1, HMGB?2, or HMGB3; factors which regulate proliferation and differentiation of
bone marrow cells; and other factors which enhance/maintain these factors or cellular functions.
The types of animals which serve as a source of an extract, a heparin-binding fraction or
HMGBI1, HMGB2, or HMGB3 protein for the pharmaceutical agents of the present invention
35  include human and non-human animals, which can be exemplified by humans, mice, rats,

monkeys, pigs, dogs, rabbits, hamsters, and guinea pigs, but the type of animal is preferably the



Bone marrow mesenchymal stem cells, bone marrow stromal pluripotent stem cells, or bone marrow
pluripotent stem cells of the present invention are multipotent stem cells, and have 30a potency to
differentiate preferably into: osteoblasts (the inducti?g of differentiation can be identified by observing
calcification), chondrocytes (which can be identified By alcian blue positive staining, safranin 0 positive
staining, or the like), adipocytes (which can be identified by Sudan Il positive staining or the like), and
other mesenchymal cells such as fibroblasts, smooth muscle cells, skeletal muscle cells, stromal cells,
and tendon cells; nerve cells, pigment cells, 35epidermal cells, hair follicle cells (which express
cytokerasfaasiictrasiuka rigtive fadmiyi Bengbviikk the sithetibfed tbe(fdreexample, epidermal keratinocytes

and intestinal epitheliniGalis,fxpIess ﬁkﬁnﬁ%@ﬁﬁ@iﬂg@ﬁaiM%éfb@e%ﬁt) iRdendothelial cells; and

further preferahly into cells.of parenchymatous organs such as liver, kidney, and pancreas. However,
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include undifferentiated cells having the potency to differentiate into mesenchymal tissu€, epithelial
tisdde, ndRetidsas | pardivHyRramsnsirpiibe drescridayrtionfsmasarindadnormisinsadidvae  For
pharmadenitidatdfeaiaiofie prasepidrve nionitiegalis naipardiddlsedimitationShEompanents, other
tnan thegpfectsheReRauRinding IRsenane) Adeast BRSNS RIS () 40, (hentioned
above, so ong as the componerit does not in ibit'the bone marrow cell mobilization and the promotion
of tissueSFaBEMEHtOIERTERAIRBBINA Aiditdi s tinedeltionel ot bindionaddicinn inteeat least
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B T T o
inhibit uMaYtrsterradebhE DNAs that hybridize under stringent conditions with DNAs comprising
the nucleotide sequence of SEQ ID NO: 8, 10, or 12, and which are functionally equivalent to
the protein comprising the amino acid sequence of SEQ ID NO: 7, 9, or 11.
The HMGB3 protein in pharmaceutical agents of the present invention can be
25  exemplified by, but is not limited to proteins comprising the amino acid sequence of SEQ ID
NO: 13 or 15. HMGBS3 proteins of the present invention can also include proteins which are
functionally equivalent to the protein comprising the amino acid sequence of SEQ ID NO: 13 or
15. Examples of such proteins include: 1) isolated proteins which comprise an amino acid
sequence with one or more amino acid substitutions, deletions, insertions, and/or additions in the
30 amino acid sequence of SEQ ID NO: 13 or 15, and which are functionally equivalent to the
protein comprising the amino acid sequence of SEQ ID NO: 13 or 15; and 2) isolated proteins
which are encoded by DNAs that hybridize under stringent conditions with DNAs comprising
the nucleotide sequence of SEQ ID NO: 14 or 16, and which are functionally equivalent to the
protein comprising the amino acid sequence of SEQ ID NO: 13 or 15.
35 Isolated proteins which are functionally equivalent to the protein comprising the amino

acid sequence of SEQ ID NO: 1,3, 5,7, 9, 11, 13, or 15 may be homologues or paralogues to the



of HMGB1, HMGBZ2, or HMGBS3; factors which regulate proliferation and differentiation of bone marrow
cells; and other factors which enhance/maintain these factors or cellular functions. The types of
animals which serve as a source of an extract, a heg rin-binding fraction or HMGB1, HMGB2, or
HMGB3 protein for the pharmaceutical agents of th %resent invention 35include human and
non-human animals, which can be exemplified by humans, mice, rats, monkeys, pigs, dogs, rabbits,
hamsters, and guinea pigs, but the type of animal is preferably the 17 same as the animal to be
administered with the extract and the like. The HMGBL1 protein in pharmaceutical agents of the
present iPRERificIPEan Behermpiifie dy spardsasotiiBite it dproteihs’ cdnMprlising the Hminbhasid
sequencmﬁ@&@aﬂl@Maéas%m&érdﬂé\ﬂ@Mi@%@éﬁﬁﬁﬁ%ﬂﬁ%ﬁmé%@é%%et@mdﬂgﬂ% roteins
which ar 5functiona|(!y eqéjivale?tsﬁ%é@%e? $o§n;zri§i 3 th$ ag}iﬁo acid sequence of SEQ ID NO:
1, 3, or 5. EXAMPIES 6r el BiStei ude’ 1) fsokate Eoté ng'whic BRLBERP Sino acid
sequencewpheovatennvotenanih o) ddionsigektit(ithpes idetétidvisdinisentibirs)shh Himrgaliuitiongtindh e
amiRo agidpeayenCeebREQIHRANGY i fs.a | j ly-gayiyal ‘the protein
comprisi(ﬁlg the amino acid.se uggce gfg)go(%éﬁ% ﬁéﬁmg%%%ggg@i%oﬁigﬁé?gg? 10 which are
encoded by DNASTHRERJSRE 2 e B dERe RoPI N SAS WD AR SR HTRE RIS e dkotide
sequencenuhS B Bquence, of, 1@ [_RNdRich &rd fAnttickilly é6uncildntpottesdataip bamprising the

amino a¢idseaueRse @t ERIRNPacliviyor 5. The HMGB2 protein in pharmaceutical agents of the
present inventi%n can be exemplified by, but is nat limited to proteins comprising the amino acid
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u

or 15. Examplds bfidudh-roteishviige 215 fortiemrprcteincalonids Bsmsrisagammsiroatie
sequencenivithaofiesequante ERINQ HoiNiSubsHiaMs, deletons; fMeerliisdand/ervddtions in the
30&min ' SRER: ID.NE; 13 or 15..and which are functionally equivalent to the protein
co%égris?%%ﬁt g‘%ﬁno ac%fssséﬁ%gﬁgg%?%Ergs%él{fgﬂ%ogr 15; and 2) isolated proteins which are

encoded by DNAS Mgty irispianes Srlngentctirioryodtsadnmssbmipiinginensusidustide
sequeneecofubEQNDINGuihnl 6, BB dwiichcareplitisianalin pauival sl ietherotRIToauprising the
e S er g 1ea PP KN hthody FRISR GRS RIISHISUNES AR KBRS RS e ©
sequence include substitution(s) of base pair(s) through nitrous acid treatment of DNA (Hirose,
25  S.etal,Proc. Natl. Acad. Sci. USA., 79: 7258-7260, 1982). This method enables random
introduction of substitution(s) of base pair(s) into a specific segment by nitrous acid treatment of
the segment desired to be mutated. Alternatively, technologies for site-directing a target
mutation include the gapped duplex method (Kramer W. and Fritz HJ., Methods in Enzymol.,
154: 350-367, 1987) and the like. A cyclic double stranded vector in which a gene to be
30 introduced with a mutation is cloned is separated into single strands.  These single strands are
hybridized with a synthetic oligonucleotide mutated at the target site. A vector-derived
complementary single strand DNA linearized by a restriction enzyme is annealed with the cyclic
single stranded vector, and the gap between the oligonucleotide and the vector is filled by using a
DNA polymerase, which is then made into a complete double-stranded vector by ligation.
35 The number of amino acids to be modified would be typically within 50, preferably

within 30, and more preferably within 5 amino acids (for example, one amino acid).



acid sequence of SEQ ID NO: 1, 3,5, 7, 9, 11, 13, or 15 may be homologues or paralogues to the 18
protein comprising the amino acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, or 15. Those skilled in
the art can isolate proteins which are functionally eql ivalent to the protein comprising the amino acid
sequence of SEQ ID NO: 1, 3,5, 7,9, 11, 13, or 15, by known methods (supplementary volume of
"Jikken lgaku (Experimental Medicine), Idenshi Kougaku Handbook 5(Genetic Engineering
Handbook)", pp.246-251, published by Yodosha Co., Ltd., 1991). Examples of proteins which are
functionally equivalent to the protein comprising the amino acid sequence of SEQ ID NO: 1, 3, 5, 7, 9,
11, 13, or 15 incHiwa protaiinge ke iyasofielals rohstdedesubslitintucivithactivityn®rotims inpich
comprisgiafilarpRp ek wqusm@ﬁwﬂhlﬁﬂﬁ@mmg@%Mt%ﬂtﬂ@ékigﬁiaygﬂﬂﬁnde'P}lS%@ﬁ;siBPGrtionS'
and/or a %iti(i)‘gsseri&] trtlw‘? rinin?nc ci?eseggence oftSE IDNO: 1, 3,5,7,9,11, 13, or 15, and which are
functionally BGun/alent 1o the Protein eﬁ%’ﬁrriglsﬁ% the OrWiﬁocg%?arg@td‘ﬁee%tés%?lg%ﬂIﬁ‘f‘\l@?f’?3, 5,7,9,
11, 13, cubsition efrraningl AEidtou pidgbiobeins fiGetienally caukaryotitogbnesohaue pofyinoiptism as
knowin injiniesfesrnseenas eorssughpAlerations in nugleotisle, sequenes causad Rirfhe pelymorphism
may result iné)ne ar 15more amino acid substitutions, %il(%gﬁns, insertions, and/or additions.

Naturally BELF G BRYIRE Whieh SOTHBLRE BBl B dERRHJSL RIS Ae or more
amino agidiviiigstitutiosls 2 detexorasiviesebtitng]cancd emaetdiiod(s )i s tivel Bknimeracidhese uieilied #f SEQ ID
NO: 1, 3pne.afs. 9, 11, 13, or 15, and which are functionally equivalent to the protein comprising the
amino acid sequence,of SEQ ID NO; 1, 3,5, 7, 9, 11, 13, or 15 are included in HMGB1, 20 HMGB2, or
HMGB3 proteiﬁistsp? R AEH BER DS SuigRle FICORSTRYHI ARy vher st uwdaibesia opRsduced
mutant prodsi(sics 4o tigias, teynare, funichivtidihe p quidalentite thedsreteih eompitingeiiesainino acid

SequenGa SRR N e PpdiSubind 88 L5 KAOHY BEVISHRIAIEh draR fardg mutatons

to a givep nucleotide sequence include substitution(s) of base pair ? ugh nitrous acid treatment of
DNA (HItBE8RSSYEPUECpTBE CREAAIAL MBI IEANO #6idaS8cl seplanyss ating Hitisd enables
random iswtahiction afrsy pbtitytiansho ke paie( shintoy pespiesity; fegmehtdymitous acighigatment
of the s e It | : lQgi r site-directing a target mutation
A e e i U S U e

]887) aﬁaﬁﬁé’ ﬂ%@?&%@@?ﬁ?laﬁ’%le stranded vector in which a gene to be 30introduced with a mutation
is cloned is sepdratesidntnosinglestvativissitsesaisingleystiandseareybrcizedewitha:symiketic

oligonug&%{gﬁt{pa@ggq@dttég Itg{qug)site. A vector-derived complementary single strand DNA
linearized by a restfiction enzyme is annealed with the cyclic single stranded vector, and the gap

between the oh§SHdEeBBE R bR ars fiwsierally eaiqiem fonlsonaidreenisinitithen made
into a campletectibstafecstantiBBQEDDIthY ligation. RAThesnumizesof rpeiasitstmbasmedifed would
oA B R, RIS R TP a9 M ECRIE AR BN BT B AR SR one
the present invention as shown in the SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, or 16, or a fragment
thereof is used as a probe, and then DNAs that can hybridize to them are isolated. A
hybridization reaction performed under stringent conditions leads to the selection of highly
homologous DNA as a nucleotide sequence.  This increases the chances of isolated proteins
25  containing proteins that are functionally equivalent to the HMGB1, HMGB?2, or HMGB3
protein. Examples of a highly homologous nucleotide sequence include those having 70% or
more, and desirably 90% or more identity.
In a specific example, the term “stringent conditions™ refers to hybridization conditions
with 6x SSC, 40% formamide at 25°C and subsequent washing with 1x SSC at 55°C. The
30 siringency depends on conditions such as salt concentration, formamide concentration, or
temperature; however, it is obvious for those skilled in the art to set these conditions so as to
obtain necessary stringency.
With the use of hybridization, for example, DNAs encoding homologues of the HMGB1
HMGB2, or HMGB3 proteins other than those proteins comprising the amino acid sequence of
35 SEQIDNO:1,3,5,7,9,11, 13, or 15 can be isolated.

Proteins which are functionally equivalent to a protein comprising the amino acid

>



19 When an amino acid is artificially substituted, substitution with an amino acid having similar
properties would result in maintaining the activity of the original protein. Proteins of the present
invention include proteins resulting from a conservaﬁige substitution in the above substitution of amino
acid(s), and which are functionally equivalent to the"protein comprising the 5amino acid sequence of
SEQIDNO: 1, 3,5,7,9, 11, 13, or 15. Conservative substitution is considered important when
substituting amino acid(s) of domains important for protein activities. Such a conservative substitution
of amino acid(s) is well known to those skilled in the art. Examples of amino acid groups suitable for

conservafidecagp ShHEN AR baste Arfind . 1GasiibS(Bounaly keiise higdimomokrgy mitidhwe), acidic
amino ac_aﬂmffalﬁla Seqasparte SEh'[lj HEngiglutan)is, acig) ,1d unchasged pofae @Iéﬂip@h@i%ﬁzyﬂ%@ﬁshglycine,
asparagin tamine, serine,  threpnine, ine, and cysteing), polar amino acids, (s as
alanine, {/egﬁlﬁge%,élgﬁgl uéé}lfss?ollge%igllltrf’é?ﬁ%anaé?%ﬁ%’n?}iéTé) ?hgger‘%r?éﬁ%rﬁﬁ% R B E B BYanched
amino aéiefé @usnrad fvirestnmeatiteranerSolelibingynsing ofr e aticletiosagins (suahi astdyrosine,
phesylalmm@qléﬁyﬁgm@fe@e@mm@iidm a h.o_nM@@%\é%&%f@ﬁeq%%ﬁé\{ﬁ%@fﬁle‘fldi?%{itea&ﬂﬁ{}ﬂ%}?y
increase, protein activities (for. ex .,C itytiv [ ro n ition, proteins
which ad IR CREAVAILAL 1F e IS omeE s Do A G AR08 Eb REQ SRS D NO 1,
3, 5, 7, PN Detagparsk cdd dparoGoand)l loyametho db whatlo@altiizahoyimididatipredbapizto say, a DNA
encodinggaiviGBrd AMBRR) af HMGBR priainal Y19 8senbiayenting:@s shown in the SEQ ID NO: 2,
4,6, 8, ]h(%t 1/;, 14, §&§j6,.or afrzﬁ_me thf?éﬁ()f IS, seﬁ;&s pr?gk:)[%hand then DNAs that can hybridize
to them are& i5olated A AYBAGIPAtcRF RIS 5w ‘u RfEnt B Rt Srd Rk v
seldttiohotsigtdyondrhuloglotis: DiiAsis aftcisotideatEquender BhisihordagedrifiercincgscBisolated
proteins@x:eataiBingHERBING dbaate funionally sanbRlgnbiINERHMGRL, HMGB2, or HMGB3
protein. ﬁxarpvg{%; of @m%%l% hom%lolrg%%lf ny Ie%tl e_sequénce include those havm%_()% or more,
and des g?ﬂ’y 6 OF EHLTENG be rpte e terMPisBifbeht riditichs*dats to
hybridizatlessluonBitiofsGisth B%.S8h.40%yfoonalBiftle 2662 360a4kD sutisehuie St ivashingiuitkiéx SSC at
55C. Thg d@siingersy,depends aneppditions such as salt concentration, formamide concentration, or
terE erature; however, it is p@ﬁgus for those skilled in the art to set these conditions so as to obtain
ne

ssary strifgBi&Fmple, i GHeWLoBH fBritHsAHBROFsrasa AfifesconeRcca neBE My HtRslogues of
the HM®GBAHIMG BReodddit® By (reinsmbeebthardigshpfoliewingobiptipingited antiro acid

sequengatARSERP e fr i To Jufdndrd ofE 1 GRS IBPBIRABERIPUEAYBISh A1 fapgionally
equivalent to aPro ein comprlsmé; the amino acid 20 ]
gap existence cost, per residue gap cost, and lambda ratio are set at 11, 1, and 0.85, respectively

(default parameters) (Karlin, S. and S. F. Altschul (1990) Proc. Natl. Acad. Sci. USA 87: 2264-
20 68; Karlin, 8. and S. F. Altschul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-7).

Proteins of the present invention, or proteins functionally equivalent thereto may be
proteins subjected to various modifications such as physiological modification with sugar chains
and the like, labeling with fluorescence or radioactive substances, or fusion with other proteins.
Particularly in recombinants that will be described later, sugar chain modification may vary

25  depending on the hosts used for expression. However, even if there is a difference in sugar
chain modifications, all proteins having properties similar to those of HMGRB1, HMGB?2, or
HMGBS3 proteins disclosed herein are HMGB1, HMGB2, or HMGB3 proteins of the present
invention or proteins functionally equivalent thereto.

HMGBI, HMGB2, or HMGB3 proteins can be obtained not only from living materials,

30 butalso in the form of recombinants by incorporating genes that encode these proteins into an
appropriate expression system. In order to obtain HMGB1, HMGB2, or HMGB3 proteins by
genetic engineering techniques, the above-mentioned DNAs which encode HMGB1, HMGRB?2, or
HMGB3 proteins may be incorporated into an appropriate expression system, and they can then
be expressed. Examples of host/vector systems applicable to the present invention include the

35 expression vector pGEX and E. coli. With pGEX, foreign genes can be expressed as a fusion
protein with glutathione-S-transferase (GST) (Gene, 67: 31-40, 1988). pGEX incorporated



sequence of SEQ ID NO: 1, 3,5, 7, 9, 11, 13, or 15 normally have a high homology with the amino
acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, or 15. The teini "high homology" refers to a
sequence identity of at least 30% or more, preferably; 50% or more, more preferably 80% or more (for
example, 95% or more). The identity of the nucleotide sequences and amino 5acid sequences can be
determined using a homology search site via the internet (For example, homology searches such as
FASTA, BLAST, PSI-BLAST, and SSEARCH can be used in the DNA Data Bank of Japan (DDBJ)
[examples, of which include the homology search page (Search and Analysis) at the DNA Data Bank of

Japan (DBB $86S60 M. ReAN Gab il Hebderbl i BN ol dnai decsehisrioare? st ches
using BLsAST sarh HOMH cdrie dcautibohyglibewelbsiie pbibprdational Lenten igo Beterhnogy

nformatisn, NGBl deraTRIes Qhudel nelde, BaRd pags e lomenaessl ggg.gg_sl site;

http://www.nchi.nlm.nih.gov/BLAST/; A ul, S.F.'etal., J. Mol. Bi : i ; Altschul,
S.F. & GIHGR2: pieths B 6TV S5 epmtnnas 05t AidphihepreserinyRigaiadseibs REs., 1997,

25: 33893diaRyorkbFgmexamnpls, e theealiiotadion of theddeaniity i amina Bpidised UsNEBaiksing

Advance&ﬁhﬁ%}l&@ atﬂ;é?iégﬁ tity value (%) can be obtained by the following: blastp is used as the
program, expect valftljl[e [Ssat £ 10, all filters are set at OFF, BLOSUM®G2 is used for matrix, and gap

existence cost, pédtptudhgdplivsnararaisnds rpbetaseesiveaton seviens 85 oksaivectively (default
parametgssiriKaudiits 5 BM(SS F, HAISIELY (1 PROTBROS:oitails AGBigkt Sehdd BAB 222642088, Karlin, S.
and S. R [(1993) Prac. Natl. Acad. Sci. USA 9Q. 587.3-7). Proteins of the present invention,
or orote I T e S bR e S et A R TS AR B o
phEQiolome%#F@ﬁﬂéﬁlWiﬁY%l@é?-ch%ﬁ&@féntgtY@Weyq?aﬁiéIhmhgltmﬂé%eemfﬁﬁkmqive

substangeswer fhuBiosriadtive the i elginssiBaBICHIgay dRarRcOMBIRAMS hatwill be dessidped later,
sugar chaa&n rgxoidoi{ig&ti%ncmafla var rt%g}(g:legegndin on ttt‘l hasts used tor exg)rest iQn. HOWﬁver, even if
there is a gﬁ%‘erence i sugar ¢ham modi |(,yafﬁ)rﬁ§, a‘rﬁ Br}o g a@?ﬁﬁ“%ﬁ?ﬁ% L RFAT 65 thBEE of

HMGB1h¢#roBdserisfiEBPprettinatiscfodddhetdfBare FIMIBR sk GBRIBiMMEIB3 proteins of
the presgphdpeidtiosT ehBERIeID dunctionallipopivalsrtdRerate: HMGBISVIMGBEA, o5 HMGB3rproteins

canbe gptained not only from living materials, 30but also in the form o o} S by jncorporating
o (RS UL BTERINET A Ao SHELE B BLioh 0 DS o |
HMGB2psiHmG BE protaingbieg eretitse hgiméedioetbutinguis] thetetyouehmentiomdciDNA®mhich
encode siWaBid HMGES, S HYRB3BEMRINSMa% BadRcorporated into an appropriate expression
system, and they can then be expressed. Examples of . host/vector systems applicahle to the present
vention ncludd TS LS R i HOB o B MO AE S oan be
expressextrasell dlmiyr{pediem arithsgtliiathio nenderpusfmdbae (GBS (Bemes 67bs3ndall 988)apGEX

inceyponasaths2iovith 2aR0R ERGOHOINEHNGR buliMERZnLIMGES HIPIRIR R IREaduGRENto an
E. colt strg]@guch as BLéHId%éHeat shock, incubated for,an appropriate time and then isopropylthio-13-

> and
D-galactodigt {iPTEI SR RERIEE P SR HOSGi A G o erdisy R B e s TERY B2, or
GST-fugedttitd GBGhp rwteinge S imckpGERd btheppresdateinseititin @oisd dosnbitmH &lutathione

Sepharesg,fRdpeshpretsion PRadHC UisieadiiReRarig d andomiige By AffigHY Solumn
Chromag%r&[%@g! distillation, immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric
25  focusing electrophoresis, dialysis, recrystallization, and the like.

Examples of chromatographies include affinity chromatography, ion-exchange
chromatography, hydrophobic chromatography, gel filtration, reverse phase chromatography,
and adsorption chromatography (Marshak et al., Strategies for Protein Purification and
Characterization: A Laboratory Course Manual. Ed Daniel R. Cold Spring Harbor Laboratory

30 Press, 1996). These chromatographies can be performed using liquid phase chromatographies
such as HPLC and FPLC,

Moreover, proteins of the present invention are preferably substantially purified proteins.
Here, the term “substantially purified” means that the protein purity of the present invention
{proportion of the protein of the present invention in total protein components) is 50% or more,

35 60% ormore, 70% or more, 80% or more, 90% or more, 95% or more, 100% or close to 100%.

The upper limit for “close to 100%” depends on the purification techniques and analytical



In addition, the following may also be applied as host/vector systems to obtain recombinants of HMGB
I, HMGB2, or HMGB3 proteins. First, when bacteria are used as hosts, expression vectors for fusion
proteins that utilize histidine-tag, HA-tag, FLAG-tag,,and the 10like are commercially available.
Regarding yeasts, yeasts belonging to the genus Pichia are known to be effective for the expression of
sugar chain-containing proteins. In terms of the addition of sugar chains, expression systems that
utilize baculovirus vector with insect cells as a host are also useful (Bio/Technology, 6: 47-55, 1988).
Further, using mammalian cells, transfection of a vector is carried out using promoters such as CMV,

RSV, anfSWreAR] Brassiilied Robgode O elise sramnicpara P ar0 I s 829 %y S8m sidIMGB

I, HMGBedikdMGB3 proteins. Moreover, genes can also be introduced using viral vectors such as

retrovirus vect ovir t and-adeno-assocjated virus vectors..Lhus obtained proteins of
the present_in\%(g?ilgg %ﬁ%ﬁ g&'é%%{%%%gy [ ﬁ%fé%%&%’rﬁ%%”@‘%ﬁ‘a%éewm ‘fh%é)clfﬁﬁ}rzﬁaga%a %?Pf:h), and can be

purified A&PAGEEIAG wehadasitnganfbayiotia ant 2 onengeiows rowindmeaypbes sepadatdutand

ifled using sBparalion aotpuriicationmehadswpi SRR AR RIAtRIRRification,
ggg aere nﬁ)&p:rtigﬁfarlg dir%rﬁ’edt.m or.exam Ie? roﬁitnsbﬁ;lh%wé?l eparate , and purified by a%propriately
selecting and combining a c%nrlgn%f%%r _ﬁﬁlﬁcﬁfjrﬁngﬁ‘ﬂ‘t‘efsﬁ hﬁ?‘;]tﬂ?rasﬁ H&Aint vfffft‘solvent
precipitams'ﬁﬂ%m@m%&Ym@mﬁaaimtawﬂ}mmmmmmmt@mwsiyatwwma@@@l
e|eth0?chﬂfﬁi§htﬁ@§|§,QE&@18§Iﬂ9_ : ﬂﬁiﬁ&ﬁé%_ﬁ;@%ﬁ@é&%%ﬁ%ﬁ; fé‘&%@éﬁ&%ﬁﬁﬁpﬁﬁm&?ﬁéke-
Examples of ¢ atographi i r ography, jop-exchange chromatagraphy,
hydrophobic ck%r%a%gfggﬁ%%ﬁi tra ?g%fgrg%/erse 9 q%gg%eﬁ?gﬁg@eg%ﬁwggﬁgcﬁg%?ﬁf%ﬁptﬂe
chidmatbteEphiorirehale etlahsSatsgistetbbRioliniRurifie alidymen @ Thavasterivatioelisit aboratory
Course Manuat & RaRIELR: GlchSpFaIERERGHkARALRN 3QRERTHHAOR); TRSSE not limited_
Sy 7 e R T Rl

oreover, proteins o 3 i _ : ro "Fére, the

term t'su@ﬁ{aﬁm%mé@%ééﬁgﬂat anéipfoBihpatiipotthelpresepvibwentiontiprilonion of the
are, B m ot o L e e 10
10 §/o (?g};@gg %%lﬂﬁé%ﬁf.@\ﬁ'@? %ﬁé&%ih&“%ﬁﬁ%‘é‘% bﬁ&éhﬁ?&ﬁé%ﬁtﬁé%@%d in the art,
of whichsistatriiesdarg DY 89995 (00 0% (50 644, 9994, EAC T GETA THMOE@dvel, BsGisantially

purified pratetrincudesRyy pratelrnuitisddx erymyifcRion Methgd f3/eRd a%?scﬁ{%%%uriw is

as mentioned abggf. Examples include, butd5are not limited toaprotelns su?_stan 1ally purified by
approprf%&glgeggl ﬁ%ya‘ﬁe& 88mb?|’%ﬁ15f?ﬁ‘8°e vector 15 introduced into mammalian cells such as
fibroblasts (such as normal skin fibroblasts and cell lines derived therefrom), insect cells, and

20 other cells. Examples of secretion signal-encoding DNAs include, but are not limited to, DNAs
with the above-described sequences. There are no particular limitations in the animal type from
which these cells derive, although cells from the animal type of the target animal subjected to
tissue regeneration, cells from the target itself, or cells derived from a blood relative of the target
subjected to tissue regeneration are preferably used.

25 IDNAs which encode HMGB1, HMGB2, or HMGB3 proteins of the pharmaceutical
agents of the present invention may be ¢cDNAs, genomic DNAs, natural DNAs, or artificially-
synthesized DNAs as long as they encode the HMGB1, HMGB2, or HMGB3 protein.  DNAs
which encode HMGB1, HMGB2, or HMGB3 proteins are normally contained in the
pharmaceutical agents of the present invention in a form inserted in vectors (such as gene

30 therapy vectors).

Examples of the gene therapy vectors of the present invention include, but are not limited
to, plasmid vectors, retrovirus vectors, lentivirus vectors, adenovirus vectors, adeno-associated
virus vectors, Sendai virus vectors, Sendai virus envelope vectors, and papilloma virus vectors.
The gene therapy vectors may contain promoter DNA sequences which effectively induce gene

35 expression, factors that regulate gene expression, and molecules which are necessary for

maintaining DNA stability.



above-mentioned chromatography columns, filters, ultrafiltration, salting out, solvent precipitation,
solvent extraction, distillation, immunoprecipitation, SDS-polyacrylamide gel electrophoresis,
isoelectric focusing electrophoresis, dialysis, recrys%llization, and the like. Cells where HMGBL1,
HMGB2, or HMGB3 proteins of the pharmaceutical ‘@gents of the 10present invention are released or
secreted basically include all types of tissue-derived cells in vivo. Cells which can be readily collected
and cultured are exemplified by, but are not limited to, fibroblasts (such as normal skin fibroblasts and
cell lines derived therefrom). Moreover, cells secreting HMGB |, HMGB2, or HMGB3 proteins can also
be produced by TRETSIBMIFY AESRIIET S RREIIS HroHiRscm ey lioctong annane BapteE2, or

HMGB3 @Bt ervbodisg dbINABSpasdiMEEh IMMGB3cariMER 3R Bneesing & tAidinked
with a sgg CIATOG GTA %{IG CTG

ref| ignal-encoding DNA (ATG CAG ACA GAC ACACTC CT.
CTe To R R e e s A T BT ety SRR Votor or 2
gene théV&W%%ﬁW?ﬁ%ﬁ@é&?\i@éﬁ@# REMtAsBuced into mammalian cells such as fibroblasts (such
as rformal skin fitwblnsts: anshetdings sleriveddherafromisinsast srltenanl<ARercallsnExamples
of secreggglﬁsni#%kgﬁ]?&gig%Dd\lvA%‘Sirfcolyd%Salét arg na Iémited tgé DNAs W'th.thet above-dzs%%bed
sequences. There are no panticurar IMILALONS in the ammal type Trom which thess CaILHante,
althougHuséndearpsimitietafimmantypecsiome thegstamiitabpbabjenteditaltrmussrefidagration, cells from the

target itsglfeaiczedmdey i Hioral ie B lklativesof thanlatgehbsubiprid ielinsueisogneratienare
preferablg{jtﬁéed. 2&'%DNAS which gncode HI\éII)GBl, HMGB2, or HMGB3 proteins of the pharmaceutical

agents 0 elg?éé%ﬁ ‘{iﬁr\l/()eur?t%ﬁe?ngi}’ﬁ)é CORIAS! bnétﬁag?‘}‘}% ‘BﬁA@Fﬁ%‘i’ﬁral DNAs, or
artiicially-synthidy zeef DN ASadsipitgraoh sype hecperinei MM GR Ik cki BB dn M BB 3gprotditheDNAS

which eggagieobilIGiEle HMGEB2, whEME BRristeing ass nosmalyresigingshin thephermacetical

agents %f tSh sent invention in a form inserted in vectors ene 30therapy vectors).

I A ERETH U b YR Gi OBRA SN (AR iR hODNRRPR S Eptasid
vectors, hediovigighietapstitentiviidiewetions, Huetowinas bectestaiieiibiassanzted Vi080ledDrs,

Sendal yyyg0/60005 KRR \URAIMEIBPEMREINS. SPGRAMAMIMHIS YAS QIS ARe1gensaherapy
ve t%orsg% tarl r%ggter I%) A sequenges whlch effectively induce ene 35expression f_a_ctors
that'reg %2:1%% iGROSHY A GIIBE Al SiPss Rt Wity P éﬁf’éﬁ?ﬁ%“@ﬁ%g’gﬂnhty. 23

Pharmabadédl. aydié(ds the prasethcinuentionadminalscedomsinhgpahiadpeptides BINKMEIB | HMGB2,

or HMGHSortely wivRb AR Akt ek malizig hgae masipwel [RoRstipgaggl blood from
bone magrow; cells Sfcretmg hese partial peptides; or vectors inserted with the DNAs encoding these

partial JEHBEE B RIASHYY SRFY Phiasret et bstEtaf the present invention are
parenteral adnihistratiewtintoeptmtdofebs el ereniusciatiSpesifibeekamplasDidhedidminigisationl methods

nobice amistit AR MpRlaeath Aok kARl DRRImAseHicn RAENiRigh A ALIREILIyention can

be administered i%%blood vessel gr muscle by intravascular injection mtraiart,erlgﬁi‘njectlo

intravenotFERAREC G Bk ShieH)) i 5 GeRREY RRSRSRUd erthearre Rl coraitipsraad additiveay be
appropriegetyiseleEtetnabsordingdaitfacagesantcibesymplomatafphdpatic pteYWharal HMGBL,
HMGB : Tal inj | . elected within a
range o O B e R, I O R e
selecte@ NS POTSORES L g tBONED, B5Y Ay 18 HBHEA Sherstromrdrethex apmyRoVgABIETS

gmﬁinistmjn@awﬁsmmtmgsbﬂw G8clffckdMaBRs @ﬁdﬂM@Eg&ipd‘.ﬁ_ﬁh@m@lw geeie &bﬁt&@&t&%tors
'”Sertecéx‘ﬁlm@%\?lﬁﬂ%’éj'ﬁ&ﬂ%@%&EH&%@@&QM%@%%Q} Q%tréesya Brﬁl% be administered such

that the amounts of HMGB1, HMGB2, or protein are within the above’range. However, the

dosage SR rarmseidlase ke rmdmrtuder nlrsaipol iy inslanstnldicthaterno acetate,
polyvinylpyrrolidone, gelatin, medium-chain fatty acid triglyceride, polyoxyethylene

hydrogenated castor oil 60, white sugar, carboxymethyl cellulose, corn starch, and inorganic
30 salts.

Moreover, applications of the above-mentioned extracts of cells or tissues, heparin-
binding fractions, HMGB1, HMGB2, or HMGB3 proteins, cells secreting HMGB1I, HMGB2, or
HMGBRB?3 proteins, vectors inserted with DNAs encoding HMGB1, HMGB2, or HMGB3
proteins, partial peptides of HMGBI, HMGB2, or HMGB3 proteins, cells secreting these partial

35  peptides; or vectors inserted with DNAs encoding these partial peptides can be expressed as (1)
to (3) below:



Pharmaceutical agents of the present invention can be formulated according to the usual 20methods
(for example, Remington's Pharmaceutical Science, latest edition, Mark Publishing Company, Easton,
U.S.A), and may contain pharmaceutically acceptatﬂg carriers and additives together. Examples
include surfactants, excipients, colorants, perfumes, preservatives, stabilizers, buffers, suspending
agents, isotonizing agents, binders, disintegrants, lubricants, flow promoters, and flavoring agents,
although they are not limited thereto and other common carriers 25may be appropriately used. Specific
examples include light anhydrous silicic acid, lactose, crystalline cellulose, mannitol, starch,

carmello&b EiHIGHS, oamnbaler S Sanmm RIS BpyrEehasd &lesdifoxy hrowy mesteyicahisbse,
polyvinylamﬁtﬁid&eﬂwmpi@bdﬂﬁﬁfﬁﬁ&rh@yuihwp&lv@ihé@ﬂﬁnﬂ@lgﬁﬂem&ﬁwfﬁﬁ]%iBrfﬁHMlaﬁiﬂéﬁlﬁ;lmcercijde,
polyoxy roge a {60 | ar, carboxyme cellulose, corn. starch, an
inorgan%g%sa tg&%oq&bm? a%%?a%%ﬁg\%ﬁﬁﬁ 5‘?0?%’8%%%%%2%&5’ gﬁ(freé% Léeo &&ig" 8P tissues,
heparin-BifteRyReEtd it RS ss crmviozhe PR BB PuteRp den o EberatigineiB1thpMGB2, or
HMGB3 gateinse retdlSipsride bwit DNAS anepding BIWVGRAHME BR, ﬁnlrlw@&%»d@g?teins, partial
peptides GB |, HMGB2, ar HMGB3 proteins,, cells secreting t rtj ptides; or vectors
inserted tﬁ&%/%\fgg %tﬁ%%g%f%zgc?ﬁsegé %Sasr Fasffloeéfaaﬁglélsmclélﬁl e%%b?‘c%‘s%?g}g ?13%@%&893: 24 (1)
methodsH Fbbietsl b el it seprets| heoppeaiierat sdasetad o HelMbksomcodiighteomprise the
step of ashminisiesingaibieiedvessrl Roausclels HAGk Rt Calls M tisshgsidae parindhinding dragtions,
HMGB | I-.LE\_{I&%%,S%%(&IOI&IMG g é)af%elin% tc&elzlé‘s '{Qalt]eselgerete %he pré)tgns, vecttor inserted with DNAs
encoding\ﬂ e proteins, parﬁa pep ige OQ% e’pro{eln%, RETS (LD BREEBAS thd° ?gg’ﬁiﬁeptides, or
vedidrs irdepaganithtoNaslaisesding theghartnpdicdes beRy usasof exdirdotpotmeislddissues,
heparin-hindipafsastions: MMGB |, HMGB2, and HMGBS3 proteins, cells that secrete the proteins,

vectors inserted with.DNAs encoding the. pratejns, partial [ f teins, cells that secrete
the parti@pﬁa’e}iigﬁd ﬁés? o?e\'}/iésc‘%fnpssslﬁgsér Saaﬁiﬁhbﬁéf}&% %ﬁ‘iz’%ﬁﬁ%@fﬂ%‘g éggllﬁ%ﬁ{é%?e paration of
pharmadsotidas. agentsaCacieinibepeidas vodore sserod mikdcleNds mutoilizip ghogmetenayrpavtzdlls to

periphergdhitaeddrone honamasawHanckRlaxt aatsafikalzios issursdiepuinhindimadragtons,
TII\{I B1, H GB% an IE%[]:/IGBSS%E%emS’ cells that secrete the proteins, vectors inserted with DNAs

entdding i Pb IR BAHREPBERHARS BP e pORA LTI IHA SRS IS AP e BitBReThd
vectors ingeémmwittvBNmsro Sendodirngethdnpaitialpbptidesdfoesssbdnmusthods for mobilizing bone

marrow cells topperipheraliplapd JHI O pRE M U MR IER ate-adnuinisierer JphloRdiuassal or muscle.
The preser]t_}g %ﬁytlon aIsoBEfrO\ﬂdes method?igir assessing whether or not factors that mobilize bone

marrow SSRGS ABBRE R AIPGH, L8 ASPHE RGO YA BeC I8 s, in
which thesilsethskeenniprisiisttibefollehvid g stepise? a)fpilepanipgtepdracts of cells or tissues; and (b)

mg@suri ﬁ?&%ﬂg%@é&&q@%@i@&%&@gﬁw cells to peripheral blood from bone marrow prepared
n step (81 ) measuring the activity of mobilizing bone marrow cells to peripheral blood from bone
marrow prepared in step (a).
If the activity of mobilizing bone marrow cells to peripheral blood from bone marrow in step (b)
is higher than that of the control, the method can also be used to determine that the extracts of
25 cells or tissues contains the factors that mobilize bone marrow cells to peripheral blood from
bone marrow.

In the above method, first, cells or tissue are immersed in a solvent. These cells are not
specifically limited, and examples include tissue-derived cells and cell lines established from
tissue-derived cells (such as HeLa and HEK293, without being limited thereto), isolated cells,

30 non-isolated cells (such as cells existing in isolated tissues), cells introduced with a DNA
encoding an HMGB1, HMGB2, or HMGBS3 protein.  Any tissue may be applied as the tissue
described as above and examples include, without limitation, living skin tissues, tissues for
internal biopsy (operation) (such as brain, lung, heart, liver, stomach, small intestine, large
intestine, pancreas, kidney, bladder, spleen, uterus, testis, and blood), and damaged tissues.

35  Moreover, examples of the solvent include, but are not limited to, physiological saline, PBS and

TBS. Further, the time for immersing cells or tissue in a solvent is preferably a time necessary



If the activity of mobilizing bone marrow cells to peripheral blood from bone marrow in step (b) is
higher than that of the control, the method can also be used to determine that the extracts of 25cells or
tissues contains the factors that mobilize bone marrow cells to peripheral blood from bone marrow.

In the above method, first, cells or tissue are immerSed in a solvent. These cells are not specifically
limited, and examples include tissue-derived cells and cell lines established from tissue-derived cells
(such as HelLa and HEIC293, without being limited thereto), isolated cells, 30non-isolated cells (such
as cells existgiér‘lf%in isolated tissues), cells introduced with a DNA encoding an HMGB1, HMGB2, or

HMGB3 HIo iHIAY fsndusiag pllajsmegrasi sheossadyRbbapsdasandveydhelbkeimpliasiindiude,
without lifitatéon, Niling skiniissipestissiRe fabiNQMabbiResy ARPRRaliandshehasdkaindung, heart,
liver, sto +small intesting, large infestine, pancreas, kidney, hladder, spleen, utgrus, testis, and
blood), a{ﬁg 8@%3@%%5 |€s§ﬁ%§;é égﬁagovrfé%%%rr,n 2&5@&5@&{#@%&%@&? ﬁ?ﬁﬁa "BiCare rEPSt‘ﬂF‘ﬁgfé% to,
physiolo§iEaFaNiRe FBS EritsseB §oruithep veattimeotsperifinsibindnoets or itisgus thearsohoenisis
preferabnadiing necesganyd 2ombgsufficient for inducing cellular necrosis, (normally 24 hours or

more), without being limited.thereto., Moreoyer, in the present invention, cells or tissue are immersed in
a solvent, and %%%tﬁré %%ﬁlvsl%ro Lo é%%ﬁ%\é%ﬁb%%ﬂﬁF@ﬁ%f?&&%ﬁé‘?{%%?ﬂ%ﬁwa% e Gt Hissue.
The methvéhfopreinedisiieelisobeedsaetirons thensatvent is Fot spetrifldalijutimitéet asaopty asdhe

method ipRknoWATHR thaserskillediv dhasdtks in iNeXthaRRSHWYGhaMRIIZING e RS MArow cells to

peripheral blood from hope marrow by the obtained extracts. of cells or tissue is measured. The control
e P LGOI ol TGP G SENE 1 06 L P P G RURY BF FERIIg

includes?%r exg?ﬁ_‘?a €,
bohe mamowpthititedthbisecimeasured, for example, by the methods described in the Examples;

however, the mgtbeds10asenotiimiedinersia-dheastiutly S pebilizing A maa uaslis o

peripheral blood cirgulation féom bzne marrow can be assayed as follows. A prepared extract of cells

or tissueBIT QY FTRISEFERAT AT LU, peRETRAEb ERIRCh RIS RUARCH IS AT RITENGRally: one
minute torfeyennesks gftevtadnirsistraticm prefrdgy yrdnedpetitdoe2ih oursmaifiteteadfinisiradian, and

more prefeiakiigshanausefiznagaiRiaaliendifasipkerathiodiaoleeisd and e mononuclear
| pop Iatlo\gé;tn thgrr%erlpheral blood is asgsgjilsaed hy flow cytometry to measure PDGFRcc and CD44

ce B ]
dolile-pSSivaREAS B P ERIBCRIEIS I Hoas 8. frlisaird aaddty meogenvripacell nemtasians not
limited tintthie wocarhgial blood T hespresdnt fivertitmalse wravisdesPaarisoistEpning.lanextracts of

cells or fissigs 2ANAHBHE FAGRtP 4@)8911'&@- S0EEBLRY O s 58&?{3‘%13

géal b'%?(?df{% tbone
marrow, which comprises the steps of. (a) assaying a num extracts-by the above-described

method 18°4E8dedRiHtRPe extracts contain factors that mobilize bone marrow cells to peripheral
blood from borihmpueeat amvelntion also provides methods of screening for extracts of cells or tissues

20 including factors that mobilize bone marrow cells to peripheral blood from bone marrow, which
comprises the steps of:
(a) assaying a number of extracts by the above-described method to assess whether the extracts
contain factors that mobilize bone marrow cells to peripheral blood from bone marrow; and
(b) selecting extracts that are determined in step (a) to contain factors that mobilize bone marrow
25  cells to peripheral blood from bone marrow.

The present invention also provides methods for identifying factors that mobilize bone
marrow cells to peripheral blood from bone marrow, which comprise the step of purifying the
factors using the activity of mobilizing bone marrow cells as an indicator, from extracts that have
been determined to contain the factors by the assessment and screening methods described above.

30 The factors that mobilize bone marrow cells to peripheral blood from bone marrow can be
purified using conventional protein isolation/purification methods. There is no limitation on the
type of isolation/purification method.  For example, chromatography columns, filters,
ultrafiltration, salting out, solvent precipitation, solvent extraction, distillation,
immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing

35  electrophoresis, dialysis, recrystallization, and such may be appropriately selected and combined

to 1solate and purify proteins. Purified factors can be identified by methods known to those



(b) selecting extracts that are determined in step (a) to contain factors that mobilize bone marrow
25cells to peripheral blood from bone marrow. The present invention also provides methods for
identifying factors that mobilize bone marrow cells tqé)eripheral blood from bone marrow, which
comprise the step of purifying the factors using the activity of mobilizing bone marrow cells as an
indicator, from extracts that have been determined to contain the factors by the assessment and
screening methods described above. 30 The factors that mobilize bone marrow cells to peripheral
blood from bone marrow can be purified using conventional protein isolation/purification methods.
There is HoURAA&HSH ecKisarst muRasHwHHReton Aratber Fetaxanmde ushidmarokjtiashy
columnsbﬁhemaﬂﬁmfﬂélmm?qiﬁa?lwgoﬂ%ﬁﬁﬂ%mw, sﬂmﬁ&&g%ﬁ%&&g}%@m@ o
immunoprecipitation, SDS-polyacrylamide gel electrophoresis,.isoelectric,focusing 35¢lectrophoresis,
dialysis, rge%?}y(%%{ﬁsia %%%ﬁgég&&rlﬁanﬁ e&gp%rigspr?ag%ﬁp 46 éc?g%oéglgo %H%'i% 0 ofite and purify
proteins.” PUKHeH T 06 LOBBIPHERI EniRaa Ay inthn @f kesnaoahosdls2e skillduisl thecdrfrdor
examplebsasaapestrometry. Identified factors can be used to mobilize bone marrow cells to

peripheral bIoo%}Horgoklg%?te marrow. Slfgggarctofs ma¥ be refteérgd to.as "capdidates for mobilizing
bone marrow célis 6 penpﬂerﬁ%%o RS BRSSO Bt Dy RS So PES Hributing to the

mobilization of bone marrow cells to peripheral blood from 5 bone marrow". All prior art documents
cited hergipaggdncorporated by reference herein. Examples Hereinbelow, the present

invention will b ecjfically described.with reference to the 10Examples, but jt is not to be construed
as being Iimitegﬁg%ré%g‘?c[%(ar%ﬁ%sﬁt lnvm{fﬁ%%ﬁiﬂ%ﬁﬂ?ﬁ%ﬁﬁ%ﬁﬁﬁaﬁ’ﬁ% BESEReE PR lls to
perifherdkbiopeudivig hemetimmbeowrdtrivedtibsing Bmiteddieiatiucing factors in skin tissue extract
15Methods: To achieve the above purpose, a study was conducted by the method described below.
(2) Prepf]FL%tion ffﬁone marrow-derived tissue stem cell-inducer. Free skin pieces isolated from 25
neonata %1@1{ W days old) were immersed in 25 ml of phosphate buffered saline (PBS), pH 7.4.
After 24 hours dlimostdviohiizA@nthEsamplerwasticentritegectis 41 0eGR0et A ddritengbimates to

remove therfissugritee superaaiaplivarcalisciedAs skt e xias! (8F).(Meanwhile, RNA was extracted
fromm neonatal %%%8%6 ice skin using Trizol (Invitrogen), and then cDNA was synthesized using the
Subbrcript 11 SRS, e VA RO, BHP PSIyHBHL S EhSHTLSEA Y (PORS R deaFreadout

using thisebBNA as a template to amplify HMGB | cDNA. The HMGB | cDNA was inserted into an
mammalian cell §rpfEiAration of bone marrow-derived tissue stem cell-inducer. Free skin pieces

isolated from 25 neonatal mice (two days old) were immersed in 25 ml of phosphate buffered
saline (PBS), pH 7.4.  After 24 hours of incubation at 4°C, the sample was centrifuged at 440 G

20 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

(Invitrogen), and then cDNA was synthesized using the SuperScript IIT ¢cDNA Synthesis Kit
(Invitrogen). Polymerase chain reaction (PCR) was carried out using this cDNA as a template
to amplify HMGB1 ¢cDNA. The HMGB1 ¢cDNA was inserted into an mammalian cell protein

25  expression plasmid vector, pCAGGS, to express a protein in which a Flag-tag sequence (Asp-
Tyr-Lys-Asp-Asp-Asp-Lys, SEQ ID NO: 18) is attached to the N-terminus of its amino acid
sequence (Fig. 1). The plasmid vector was transfected into HEK293 (cultured cell line derived
from human fetal kidney cell). The cells were cultured for 48 hours to express the protein.
Each sample of cells expressing the HMGBI1 protein and the culture supernatant were incubated

30 at4°C for 16 hours, and then centrifuged at 4,400 x g for five minutes. The supernatant was
collected, and anti-Flag Antibody Gel (Sigma) was added thereto in an amount of 100 ul per 50
ml of the supernatant. The mixture was incubated at 4°C for 16 hours. The gel was collected
by centrifugation, followed by five PBS washes. Then, the gel was eluted with 3x Flag peptide
(final 100 pg/ml). The concentration of the eluted protein was determined using the HMGB1

35  ELISAKit (Shino-Test Co.). After freeze-drying, the protein concentration was adjusted to 200
pg/ml with PBS.



25expression plasmid vector, pPCAGGS, to express a protein in which a Flag-tag sequence (Asp-
Tyr-Lys-Asp-Asp-Asp-Lys, SEQ ID NO: 18) is attached to the N-terminus of its amino acid sequence
(Fig. 1). The plasmid vector was transfected into HI%$293 (cultured cell line derived from human fetal
kidney cell). The cells were cultured for 48 hours to ‘€xpress the protein. Each sample of cells
expressing the HMGBL1 protein and the culture supernatant were incubated 30at 4C for 16 hours, and
then centrifuged at 4,400 x g for five minutes. The supernatant was collected, and anti-Flag Antibody
Gel (Sigma) was added thereto in an amount of 100 ill per 50 ml of the supernatant. The mixture was

incubated at 4G4bEEShykek-atangla miss CofdEa0) syererdntinsitnd Yollontibyfite PBSavashes.
Then, thaegelivaisskibtedraitis Fag @eptiser(inals LOR: p.aie Lhntie sensentiationpfithe sjuted

protein I ine ing the H SELISA Kit (Shino-Test Co.). After freeze-drying, the
protein &grlﬁé%%%?a%er? \E/l(\j/%%ag: lﬁls]t%da %&[&1{ %gr]l}%c f%tﬂeﬁ’%%@% ) %igé%hgﬁgﬁaﬁg‘%iﬁ@@ﬁfce
(C57/Ble§w@raeﬁﬂnisté¥éémﬁ®@@ blastdenrilecidd Sevibabiesiartsxelzbe (BE), ords00 pi of PBS as
a negativehebnisalgratpsiiavine setaahveinysingpyringesaifachedywitha 390G YR dnieglipnneedle

(Fig. 2). Six,.12,.24, and 48 h te inistration, 1 ml of perjpheral blpod was collected from the
hearts of RS Sate ans élrlg?n g#a?igah{ %ﬁglsgt%]eaﬁé tv%ﬁ’ﬁ %%ﬁr%%eéqﬂ 'H&tga‘;{é‘bg?gﬁ,vtc&i‘té%%-ml syringe.
The blod¥38iERs wEhe waehiepnisintes withe 3anlrfiRESsanhtheririfontpioteiiaig @s°8 fut of Ficoll
(GE healthgaigtked he TRSUHIRASAIOBIRS WarE SBAIHUI o SIB 0268 AL s BhA00X S ARG fpr 40

minutes., T in the 0 ue midd|e layer were collected as_a mononuclear cell fraction. 1 ml
LB e L B T B e o Bt Gl b
coll8ctedocidipscotisetedisliverelimetiaedatiroshatehpevaturefgefitermfnufes: Hhistiemditic
treatmenas; iRpeaieskvices Afleiadding.10 Aol RBRthe cells mese sentifuded. alddq x.g at 25C

for five m s. T rnatants, were removed, and the cells were collected. 1,000,000 cells were
%%%EX E{@ri%%fgiﬁ‘éefgp%%i ntﬂ%% SRR AN AB S ELCI5RI Yt 2Rh86 561 WRFF PBS including

incubate
a PE-lalseiéerigdti-m 000 GHRwan bt 45Bios tienme)RE fatilediantsndissPRGER P

antibody.4enRinscienes) (AW RE KRS abelat A MoUsa GRAA AR ARD 8&%%8@‘ £5)- After
mcr,%l.gbatl(%n, the ce lsg%%;% gﬁgnfuged at 440 % g at 25C for five minutes. The superndtant was

rerioved: AB0°HF AR S ERFSUHARIEIRARY (f-8iatderred ai S yS-regledentisample
for flow vyrosnéibidanalixidy Eijhbiwedksols malbftaide (@578 1 i welle wdraiciatefadadiah 280pl of

mouse HYGBA ARG, 05250 LALRESFSANRANYA coEl IR RIS Gaudg) vern using

syringes attached with a 30G 1/2 injection needle (Fig hours ministratiori, 1 ml of
periphe%rﬁ% éycﬂﬂ [BEsfshiohs nells o SYeRaTRRCE TR PT R A BB & R SHith isoflurane
using a heparittighttedek-nil syalegeic? 1€ 116316 )samp leiniere:packiconHINe d Mvithud-piMERBS, and

thep geqly, OYgyIaitaati3 A s Eé%ﬂe%%ﬁv@%%ﬁﬂ%?@%u{b%&%ﬁg NSS! SRing syringes

attached with a 30G 1/2 injection needle (Fig. 4). 12 hours after administration, 1 ml of
peripheral blood was collected from the hearts of the mice under inhalation anesthesia with
isoflurane using a heparin-coated 1-ml syringe. 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

25 were centrifuged in 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 ml of HLB solution (Immuno-
Biological Laboratories Co., Ltd.), a hemolytic agent, was added to the 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

30 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 dituted 100-fold with
PBS including a PE-labeled anti-mouse PDGFR« ahtibody {e-Bioscience) and PerCy5-labeled
anti-mouse CD44 antibody (BD biosciences). Afler incubation, the cells were centrifuged at
440 x g at 25°C for five minutes. The supernatant was removed. 400 1l of PBS containing

35 1% paraformaldehyde was added to the cells to prepare a sample for flow cytometric analysis.

Results: PDGFRo and CD44 double-positive cells were demonstrated to be significantly



25were centrifuged in a centrifuge at 400 x g at 25C for 40 minutes. The cells in the opaque middle
layer were collected as a mononuclear cell fraction. 1 ml of HLB solution (ImmunoBiological
Laboratories Co., Ltd.), a hemolytic agent, was addegd to the 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 25C for 30 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 includingﬁa PE-labeled anti-mouse PDGFRa

antibody (@ Biedikheey Rirgabblesys! hbustrdsniristiencbis srassdEBHitSEehtes). After
incubatidhyrthergelts, Weve ientifd geiddat db0 s-g At @G 80s Ive ddiniestrike RUBSHSaN VRS
remove : f tajni % pafaform Ipeh ed to the cells to prepare a
sample ?Ic?r%fglgvgegy%r%gﬁhc%g@a%i/gs%%égls%u 5" %&HE{% %%W@%gg%%-égsitive cells were

demonstrated to be significantly 28 mobilized to peripheral blood 12 hours after injection of the skin
extract (§Rxthie 3). Furthermore, PDGFRa and CD44 double-positive cells were demonstrated to be

significantly mogili t ipheral blood 12.hours after injection of HM | (Fig. 5)..5[Ex le 2]
B s To e T B e o A R AT BB T emous
administifidrrorieasmbisiatiemeEropibteint HM{iBihpieseie57BL6 mice (eight to ten weeks old,
male) W(ere adm;ieljﬁtﬂréﬁctwml j Ig%%@f(@iwhi@@&il%a@léisﬁﬁ,%@@j%Qﬁla‘aﬁlg{méré%%mpl mmlAH@fMszl
protein 0 ar p ological sa throygh the ca vel ter
hours, péﬁ%%%iro koS Ivr\ll%elgocg(% e ggi ér@#\g{@ rr%‘f@ér.i%fﬂaent)ﬁ%%gﬁjrﬁﬁ%%‘ 4@*@8 egﬁvﬁ%rbﬁé to a
totaPvoldfierdfod phivsivlesifiaked ibrodasaimoleswier e andet i sitdrontd Beml Dhéics | berdpheeaPhlsdGE)
:olaced iwgamﬂ%!gaitﬁbﬁﬁfhmﬁ@ﬁm pigs Mv&saf %ﬂﬁﬂé‘é@ﬁ?@&f&@d@yﬁh% ft%%t@tﬁlig&ﬁ%ﬁ?@gsmli% dle
ayer containi n ear cells was transferred to a fre ntrifyge tube, a ml of. was
added tr%frl'etp[f.ﬁle?]aé Pl?%%ﬂjav%)s({c?e&rﬂﬁ]ﬁfg‘g Elg: gf’%’filo Ff@e Cﬂ’:ﬁ?ﬁ%‘é‘?%@@ eRidiEhvas
removedenigaiee48hed. of HRSampleadired ceml fhgetlittet (A6 cen BT e Qi80S at THE foddive
gki]nuteaat@f@cw_l_pﬁﬁagg?ﬁgm%émf -Jﬂg@é%ﬂ%@@t@@%%@ﬂ%@ﬁiiﬁ@@t%%@%@ﬂﬁgf‘ﬁ‘tﬁ@
oerythrobili -la nti-mouse P a antibody and Flugrescein isothiocyanate
(FI C)-Igbaglféaé 3% B tL?Se%4%fb§n‘ﬂ’8%8§/‘.ltﬁlﬁéﬁ?fﬁﬁ%g§é&&gﬁ%ego%i(gﬁlj@?'ﬁﬁsan(}r D44
double-goBinetadligdn wreavshondigheardethreiCHBS was abkbdsaad thy flihy wytorastrifi (Fatsci0()
Becton, @iakiBsera L CoimpaaY)- The RERMNRREERABIMLC DM daubispasitive calls. an

PDGFRa-positive, CD44- negative cells in the peripheral blood mononuclear cell fraction were
demonsf?ﬁ%b‘?&%%%?@ﬂfﬁ%ﬁ?ﬁ%@é’z’&wﬁ ke eddmiimesss bl amdbedsignda). specifically,
HMGB IElswesselarisotistrenenhto (FAVE Hababtilitytiofroadesi Zivy BR{BERa-pokitiy cheallsutalperpiferal
01000 O BeRE, AN FIIGETEBISHNONN o MY ARRHINDA IR LR eus RIRFHBRION

PDGFRa and CD44 are kngr\?/vn Ssﬁurface markers of bone marrow mesenchymal stem cells, which
are reproS8METVATGFESHe RESIPSwRASHIRN S HSRERER_YEm cells. Bone marrow mesenchymal stem

cells are pluripBtenttst®NGERs capabldfddiffsrepisiting daits KPR epitheljalballs, or such as
well as Gelaacves; hondiaaylRe-aMkad iﬁ%ﬁ%&ﬁ&l@ﬂ?%Wﬁﬁ%éﬁ%%@d@iﬁ&gﬁﬁ%f&f%nb@is experiment

are in an, iscgemi condition. Thus, the tissues gradually necrotize and ntracellular proteins such as
nuclear 5t Reraeddn somsaliprSiMcBAradniaiteadion (RigolddideSmamtm s didin
cdiffainecisnitheoskireerdttadiave the activity of mobilizing PDGFRa-positive cells to peripheral blood

from bone marrow. PDGFRa is known as a mesenchymal stem cell marker,
Discussion: PDGFRa 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

30 nerve cells, epithelial cells, or such as well as osteocytes, chondrocytes, and adipocytes.
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. HMGBI is a protein contained in the skin extract.
In skin grafting or the like, such proteins serve as a signal to mobilize bone marrow-derived

35  tissue stem cells into grafted skin. It is thus speculated that functional skin regeneration is

achieved in the skin graft due to reconstitution of epidermis, hypodermis, follicular tissues, or



In skin grafting or the like, such proteins serve as a signal to mobilize bone marrow-derived 35tissue
stem cells into grafted skin. It is thus speculated that functional skin regeneration is achieved in the
skin graft due to reconstitution of epidermis, hypodeynis, follicular tissues, or 29 such stemmed from
the bone marrow cells. Based on this experiment, thé 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 HMGB1 or skin extract as described above. This discovery enables
new therapeutic methods for treating intractable 5Sdiseases with tissue damages such as brain
infarctiofufhyearans fiiar i Rorpmame erlls-anBasater Biis areerinmic e esasbinvrninsuiization

of bone tharfiew:tietivectpisfiflgtentsiersdellt boie pedpherabhleadisnadeitiaricelis mehiized to
pe“Phefﬂh@!ﬁ&&ﬁ%ﬁ%&ﬁ'Sﬁk%ﬁ’a{? 6, SAmS WavAxconvenional ARG 191 Biged geligation. Thus,
the present invention ena% €s simpler and sarer met%o S %OI’ CO?lréC ing boné marrow-derived tissue

stem cef§35sibehabarsd td hOtRBCOIFvE RTRNES RFSITBertor séameybrsifoIrfsptiarim serible cells are

collgctedifsemetheibong wpdnensdReieien teamxampled, myoca@hiesliveiiidenificationef theagHMGB1
family inct %Iéins%ﬁg?c‘gv '?;% %aggisn t!)%n H(})gb]iﬁba%en [row mesenc mai%/lséem cgll-én?eucin Iactivity
Methods: Whether of not the neonatal Mouse SKin extract contamed the N EIBP eI famity Was

confirmdatasipigphrsalipdecdmn BrordaAsipadetranailizpideaietiphsrabblowbertaemidlsviaténithmersed in
400 m| ahphysiglegicahrhivrphaiadmdEroseidiandBRaoRH Trhansthe solutieeias heuhated at 4C

for 24 hours., To remave the tissues, the samples were 20c¢entrifuged at 440 G.at 4C for 10 minutes
and the SR e B A B T LB U S SR B as =
sahfble ircenrjatimnloshsl fxGeablachisphvesisionie phoesins! keparakéettvitfinththegbbuere
transferrggriito a PVDF membrane using a blotting device (ATTO). The membrane was incubated
with PBS containing 3% skim milk and 0.1% Tween20 (S-T-PBS) at room temperature for one hour,
and then was allowed to 25react with each of rabbit anti-mouse HMGB1 antibody, rabbit anti-mouse
HMGB2[Bafisense Braatphit Anti-mouse HMGB3 antibody which were diluted 1,000-fold with S-T-PBS,

at 4C for 16 hogrseAf@r thenARGHRA PP MPIG e M s was Washe With SsdsRBadiyesimes for 5
min tes, Then, the PVDF mem%ﬁfne%ggjﬁm ubated with 2,000-fold diluted (diluted with S-T- PBS)

pet xid DSBS BEOY JoieRRbYY SH EE M lthcare) at 25C for | hour.

Methods: Whether or not the neonatal mouse skin extract contained the HMGB protein
family was confirmed using the Western blot method.  Free skin pieces from 400 neonatal mice
were immersed in 400 ml of physiological phosphate buffer solution (PBS; pH 7.4) and the
solution was incubated at 4°C for 24 hours. To remove the tissues, the samples were

20 centrifuged at 440 G at 4°C for 10 minutes and the supernatant was collected as skin extract,
Ten pl of the skin extract obtained was used as a sample and subjected to SDS-PAGE
electrophoresis. The proteins separated within the gel were transferred onto a PVDF membrane
using a blotting device (ATTO). The membrane was incubated with PBS containing 3% skim
milk and 0.1% Tween20 (S-T-PBS) at room temperature for one hour, and then was allowed to

25 react with each of rabbit anti-mouse HMGRB1 antibody, rabbit anti-mouse HMGB2 antibody, or
rabbit anti-mouse HMGB3 antibody which were diluted 1,000-fold with S-T-PBS, at 4°C for 16
hours. After the reaction, the PVDF membrane was washed with S-T-PBS five times for 5
minutes. Then, the PVDF membrane was incubated with 2,000-fold diluted (diluted with S-T-
PBS) peroxidase-labeled goat anti-rabbit IgG antibody (GE Healthcare) at 25°C for 1 hour.

30  Further, after washing with S-T-PBS five times for 5 minute, the PVDF membrane was allowed
to react with ECL Western Blotting Detection System (GE Healthcare). The ECL film was
exposed and developed to detect the presence of HMGB1, HMGB2, and HMGB3 proteins.

RNA was extracted from the skin of neonatal mouse using Trizol (Invitrogen), and
further cDNA was synthesized using the SuperScript III ¢cDNA Synthesis Kit (Invitrogen).

35  Using this cDNA as a template, cDNAs of HMGB1, HMGB?2, and HMGB3 were amplified
using the polymerase chain reaction (PCR) method. The cDNAs were inserted into the plasmid



30 Further, after washing with S-T-PBS five times for 5 minute, the PVDF membrane was allowed to
react with ECL Western Blotting Detection System (GE Healthcare). The ECL film was exposed and
developed to detect the presence of HMGB1, HMG?&, and HMGB3 proteins. RNA was extracted from
the skin of neonatal mouse using Trizol (Invitrogen), and further cDNA was synthesized using the
SuperScript 11l cDNA Synthesis Kit (Invitrogen). 35 Using this cDNA as a template, cDNAs of HMGB |,
HMGB2, and HMGB3 were amplified using the polymerase chain reaction (PCR) method. The cDNAs
were inserted into the é)lasmid 30 vector pCAGGS for expressing proteins in mammalian cells, such

that protesaE A @R deicrarcrpetat ke isnsaaysion calls sweh thaipmépinsgiBED ID; 18) at the
N-terminidgigbiig FIalinaaaighsaad ense coridvberexiessesh-ThessHyaEmItkyactarwers thassfected
into HEIC293 (Houzrlrgla gmtgl%gréi(c):ulﬁ'hcm:eé/xdeersi\sleigri1 C#Wrwlglina andr%uvli}urre%r 4C Jaurs to5
express eea“yfc])orcr)]telns. EIS expressing &5 6f the 11K ?L,IW ej ,an&ﬁ gﬁ pr &8s and the
culture SipEriEahtwerecnbabatied sty o sl nslitse aiidinweanther tosstdta g8dawss 400 g for 5
s dogolecnoe et i aponi ot o g o 01
of this supernatant, and was then incubated a rs. Centrifugation was then performed to
colloct tHEG SHATRREEP AN PSS 0 TR . TOTuSr SRRV SRSt HEIHESS g
peptide A 2d0rigminytExoresiohthosrpcombirtant [Hbrdinst werentibBeg et bpdh €v) éSterablot
Cited (e T (o ot are). The

iluted (diluted with S-T- eroxidaselabeled anti-mouse | ealthcare). The
mouse BCTRTTHEABI HEs BT AL T R S G PO B ifoteins
wald assibsgudtesingga ddaydenidd thElnp eephittréoueal | 19 preferljo oBspresithe irf vivordbuguefficacy of
e MR Rosarsel s Fuesiall CRIBUB AT IROG IR ASIRS lalge

iamete m to prepare cutaneous ulcer m uyifi , , and.,

ng/pl) é%é)ég%}%%&%w %%ﬁ@ﬁ#ﬂ@%f%%‘eﬁg&ﬁﬁ%lfff%%%lﬁghﬁfgﬁmﬁﬁrﬁ’ﬁg?@éntration of 1
9/100 miebsl¢B8tianduko Ogbi lawibbdp&ddhhialdieses).to The uloesswfacmatios uweseslnface was 20
coverechyih 2 ransnRGM AhESHe QU AiessRaNIeR Y6 RIS Jesaderm (3Wigalcare) to

avoid drying, and the wound area was measured over time to determine, the therapeutic e .
Finer SRS nind QB Er DA R ORE R B 7 asaf?aﬁsﬂlgﬁadﬁﬁ%cmﬁﬁ%fafﬁ%ﬁ HiesBkehas an
activity tioeddukinigf Stiencif sldrodfiRioibenitarvaw cnesenichy niallsteming bsjiarR&dBoydamchamber was

used fo a0 i, haw f, 1 !HH@%@@ i then was
incubated tfg%grgégﬁhgghurs an(g‘!ﬁélliukbse}S %%%gﬁi@%e at 440 G at 40%3?%61#11&5@3%% e

supern&t BEEE WHR teiRes A RPBRt Qi dyAdrgitiArih s oltiendanaforepviiHipnal beAdtharrow

mesenchyndPBRsuaé ID(GAaliiex)wedenidedrasd theheallsdosherplacedlio theuppeicehamber of the

Boyren chambeiRs alesial siRee igenRRnaRR A Iow adomely, dagse:gglls have been
confirmed to be CD105-positive, CD166- positive, CD29-positive, CD44-positive, CD34-negative, and

CD45-negaiiearehoyraiddaydngn aad thsura e Biss Aeasiir d BT SR I ATRERRS 188, and

osteocyfesdpediféarfattation induction tests). Moreover, 100 ng/well of human HMGB1 (R&D) and
a4 AN R RO L ER g oo 22
HMGBI has an activity to allow migration of human bone marrow mesenchymal stem cells, a
25  Boyden chamber was used for assessment. A human skin having an area of 1cm? was
immersed in 1 ml PBS, and then was incubated at 4°C for 16 hours and subsequently centrifuged
at 440 G at 4°C for 10 minutes. The superatant alone was collected to be used as a human
skin extract. Moreover, human bone marrow mesenchymal stem cells (Cambrex) were used as
the cells to be placed in the upper chamber of the Boyden chamber (as a result of surface antigen
30  analysis by flow cytometry, these cells have been confirmed to be CD105-positive, CD166-
positive, CD29-positive, CD44-positive, CD34-negative, and CD45-negative. They have also
been found to differentiate into adipocytes, chondrocytes, and osteocytes by differentiation
induction tests). Moreover, 100 ng/well of human HMGB1 (R&D) and human skin extract
diluted 10-fold with PBS were placed in the lower chamber. PBS was used as a control.
35 Results: As a result of Western blotting, bands of HMGRB?2 and HMGRB3 were detected as

well as the HMGBI band. Therefore, the neonatal mouse skin extract was confirmed 10 contain



well as the HMGB1 band. Therefore, the neonatal mouse skin extract was confirmed to contain 31 the
family proteins, HMGB2 and HMGB3, besides HMGB1 (Fig. 6). Expression vectors of
HMGB1/HMGB2/HMGB3 having a Flag-tag added %—ththe N-terminus of each protein were 'prepared
(Fig. 1). These expression vectors were transfectedihto HEK293 cells, and the expressed proteins
were purified using the Flag-tag, and Western blotting was carried out to 5observe these proteins (Fig.
7). The mouse bone marrow mesenchymal stem cell migration activity was measured using these
purified proteins, and the activity was confirmed in all of the proteins (Fig. 8). The ulcer area produced

in the batle b PioteaswWdd mBasané dMERA 7hesidss dRd GBigdiiednt effecremiradusiuswiter area
was confivierBnhe ¢ IMGRIGBIa0E 3 e fInenb U taS AR CRUMMEAIQ gursaiadwreup (Fig. 9).
Similar tg the moyse se,ﬁfman 10HMGB | and the hum §k n exwe r?vealdel%to have the
activity o?ri%%%mgﬁ%‘e higration BrhUMAan Pone MAHowW zg%ﬁ A ceit (Ef 10,
DiscussierPIaiRa Brosaas MvTe Baidied kisoverihestieattinsihd Wres teighb dtingl ogie sawi¢dMEBA.. These
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HMGBS3 of the HMGB1 fami ! duced from th t 15 of the free, ski jon. Further,
B NS SRS o BB R Br A OABGSSE S SUHETONE ARl

mesencivyaieinstdiizcdll midratiberaoteiyahgahdithvibacthef dpeuticisffees oreaasthreoud uoes, were

also confismgd; dhinamirralech halihe RMG Bdamils CIMERIHIMEBAIMGBE3) and thearambinant
HMGB family in the neon%Inal g}guse free skin seﬁtjon Ig;avb%a t?one marrow mesenchymal stem
ﬁi/) % Sicihg BORR

cell-induefAgFSchv ) BRY OB dEamy A 40r G HEHRRErSe B Ns which are
diffdrentididbiB iradapithetioan shindettisdcthecdizus inglad ed loora mantivitd efirelidell groupglifferentiates

into varigysselis SHAD AsrRRIerRAErAtngeHieseinfqljgles, and fibroblasts in the damaged tissue

to promote the recovery of the damaﬁed tissue. Moreover, since bone marrow mesenchymal stem

cells are multipBtertSiam EMERnant MG R A PO BB RSt e dpe Birt dwarlogiss Mso be 25
expectedivi§h! sarnhbesgmneifyasy steonatie ccdninistratipn e les abadoi R IREHER 1of theatddMGB family

to treat damaged %@E%MG@E%hHﬁHﬁ%B@B%%ﬁ%%ﬂ?@%%%%SB@%ﬁ%% iR Apyocardial

infarction, and bone fracture. Moreover, it is known that, bétween human and mouse, amino acid
se(]qaenééJF ﬂ@nﬁ%é@‘%‘tﬁﬁ% B 1 1516804 AP MO 1 DS BEOF oM PIOsHESIYIRE (195/200) for
HMGB3piideerefotehditimartd M&B mndomonsechiVimibrewongldergdiiorhayi timildriactvities, and

the el SoNERIST I PR KRR A MR MBR L Bve s agn eyl

stem cell-inducing activities in a manner same as those of mouse skin extract and mouse HMGB |

35[RefefeMCE M3 EDY OBLEIVMG EEMRHmdbs wramdirsnbbYtEhgaibsiuheraeratal
containingrbenteS2kinawaivmiase ndnyipahsiesy aalbdocdueing fastoesll-inducing activity and an

20 activity of locally inducing bone marrow-derived stem cells which are differentiatable into
epithelium, and that the thus induced bone marrow-derived cell group differentiates into various
cells such as epidermal keratinocytes, hair follicles, and fibroblasts in the damaged tissue to
promote the recovery of the damaged tissue. Moreover, since bone marrow mesenchymal stem
cells are multipotent stem cells, the present inventors believe that therapeutic effects can also be

25  expected in the same manner by systematic administration or local administration of the HMGB
family to treat damaged states in other tissues, for example, tissue damages such as brain injury,
myocardial infarction, and bone fracture.

Moreover, it is known that, between human and mouse, amino acid sequence homology
for HMGB1 is 98% (213/215), 96% (202/210) for HMGB2, and 97% (195/200) for HMGB3.

30  Therefore, human HMGB and mouse HMGB are considered to have similar activities, and the
results revealed that human skin extract and human HMGBI have bone marrow mesenchymal

stem cell-inducing activities in a manner same as those of mouse skin extract and mouse
HMGBI1.

35  [Reference Example 2]

Objective: Establishment of a method of producing a tissue extract containing bone



Methods: Brain, heart, intestine, kidney, and liver of a 6-week-old C57BL6 mouse and skin of a
neonatal mouse were immersed in 1 ml of physiological phosphate buffer solution (PBS) at pH 7.4.
The solutions were incubated at 4C for 24 hours, ané then centrifuged at 440 5G at 4C for 10 minutes
to remove the tissues. The supernatants were collected to prepare tissue extracts. To confirm whether
the thus obtained extract has a bone marrow-derived mesenchymal stem cell-inducing activity, the
migration activity of bone marrow-derived mesenchymal stem cells was examined using a Boyden
chamber. Moreover, the HMGB1 concentration contained in these samples was measured using an
HMGB1FLISK KiegSisinonal ore soll fadusengtiestaesextracts of the brain, heart, and skin were allowed

to tlf_>ir_1td to ; he%?m@%ﬂﬂﬁ)‘gﬁg%?&, ﬁ{igs’éhﬁ,%ﬁﬁeg}aﬁ@\{\hg?Gg@%m@%@%@@%@‘%ﬁ@ﬁﬁ&%’%@@mng
activity in, the protein-bound fraction was confirm S oyden chamber. esults: The mouse
brain exti LSS AR Ao TSI TIREEY LA HEHES RO SR eitiag. Further,
bone mdlBW) rmiasdichy mBlstemtzell-imeecingrbatiditgt 5Was alsbobsamnvé thim thenmifiugsd hraidd as well
as 18 haskin-Gilopuahihieaaysednistitesiact o hindmpusedwart esasternianaeitle
HMGB1,.bone marrow mesen ér%‘fm‘i‘a’lﬁs em cel -md@jmng actlvmes were observed. Moreover, the
heparin EoTHFA BRI i B ePhioed e riagt has ahara e Hasved
column-bewertravtbstoh vrliselsking sbidwsd theme gnativavedtiesgoéhymahsteoweddinglicing activities
(Fig. 11)nlabledhaws e sbmeastiapentissylisshine MGR1 coneaniration pngdps bone

marrow mesenchymal stem cell-inducing activity'in each of the mouse tissue extracts. [Table 1] 33
1-13 4GB ORI AR O RS SV MERerchying afehMER linddciftd*dbiRAgo-

10 Test). Further, tissue extracts of the brain, heart, and skin were allowed to bind to a heparin
affinity column, and the bone marrow-derived mesenchymal stem cell-inducing activity in the
protein-bound fraction was confirmed using Boyden chamber.

Results: The mouse brain extract contained an amount of HMGB1 equivalent to the
neonatal mouse skin extract.  Further, bone marrow mesenchymal stem cell-inducing activity

15 was also observed in the mouse brain as well as in the skin.  Although the mouse intestine
extract and the mouse heart extract contained little HMGB1, bone marrow mesenchymal stem
cell-inducing activities were observed. Moreover, the heparin column-bound fractions of
mouse brain and mouse heart, as well as the heparin column-bound fraction of mouse skin,
showed bone marrow mesenchymal stem cell-inducing activities (Fig. 11). Table 1 shows the

20 measurement results of the HMGB1 concentration and the bone marrow mesenchymal stem cell-
inducing activity in each of the mouse tissue extracts.

[Table 1]



ND: Not Determined Discussion: A method in which HMGB1 can be conveniently extracted not
only from the skin but also from the brain was developed by simply immersing these organs in a
physiological buffer. This method is also applicabl dg’a other organs such as liver and kidney.
Moreover, 5although the extracts from intestine and heart contain littte HMGB1, a bone marrow
mesenchymal stem cell-inducing activity was observed. This suggests these extracts contain other
bone marrow mesenchymal stem cell-inducing substance(s) apart from HMGB1. Such substances
contained in these extracts are originally present in each tissue, and are considered to physiologically
induce bbne marrow mesenchyma| stem .-_l! Jo e damagad.issue when the 10 tsste is damaged.
The pregent invention developed & novel method Tor conveniﬂ?%ﬂ?)afﬁﬂgflonally extracting from
various grgans multiple bone marrow n@@@ﬁ@ﬁﬁﬁ?ﬁl@fém ce IW@@E@W&&@@S@%I ding HMGB1.

bone mrrglki]ﬁ 15cell- |nd cm actlvmes can be p %the brajn and heart in
the samg manner as in the skin usjng a heparin column. [Reference xamp Objective:
Establishment of a method for extracting mesenchymar steny cell mli;)atlon Z0activators from cultured

cells. | Brain resent
Heart 4 Present
Intestine 0 Present

Kidney 115 ND

Liver 61 ND
ND:Not Determined

Discussion: A method in which HMGB1 can be conveniently extracted not only from the

skin but also from the brain was developed by simply immersing these organs in a physiological
buffer. This method is also applicable to other organs such as liver and kidney. Moreover,

5  although the extracts from intestine and heart contain little HMGBI, a bone marrow
mesenchymal stem cell-inducing activity was observed. This suggests these extracts contain
other bone marrow mesenchymal stem cell-inducing substance(s) apart from HMGB1. Such
substances contained in these extracts are originally present in each tissue, and are considered to
physiologically induce bone marrow mesenchymal stem cells to the damaged tissue when the

10 tissue is damaged. The present invention developed a novel method for conveniently and
functionally extracting from various organs multiple bone marrow mesenchymal stem cell-
inducing substances including HMGB1. Further, a method for purifying bone marrow
mesenchymal stem cell-inducing substances from a tissue extract using the binding to the
hepatin column was also developed. These substances having bone marrow mesenchymal stem

15  cell-inducing activities can be purified from the brain and heart in the same manner as in the skin

using a heparin column.

[Reference Example 3}
Objective: Establishment of a method for extracting mesenchymal stem cell migration
20 activators from cultured cells.

Methods: Human embryonic kidney derived cultured cell line HEK293 and human cervix



Methods: Human embryonic kidney derived cultured cell line HEIC293 and human cervix 34
carcinoma cell line HeLa were each cultured in 10% fetal bovine serum-containing D-MEM (Nacalai).
These cells were each washed with PBS, and then %3(1)7 cells were immersed in 5 ml of PBS (Nacalai)
at 4C for 16 hours. The solution was centrifuged at 240 G (acceleration of gravity) at 4C for 5 minutes,
and then the supernatant was collected. Human bone marrow 5 mesenchymal stem cells were placed
in the upper chamber of a Boyden chamber, and a 5-fold diluted (with DMEM) cell extract was placed
in the lower chamber, to confirm the migration activity of human bone marrow mesenchymal stem

cells. capamacrliElmedlbaiveee saehiqeltarekiratdbokidhening semitrcooisnmarbMmdsenchymal
stem celfvaignation aativitiesiéRigre &cH QRiseHSSIgNP BONG R wmeseReinahsiartGels migration

activators,were successfylly, extra by the convenient method of immersing.cultured cells ip PBS.
[Referen%f(;iy @)%Z@S e 31%1%?[?%: i%/eﬁgk%l ro eo?or?é‘&@ﬁé?rgﬁSﬁngid%]il&ﬁ%tc%@qéa&écﬁs??ﬁ%ﬂ?& is
examine&f 4ty 5prd 2 dirgd mvtisie s raith Hetabiviapaodétst wawbitkdede pdfimrenl bore purifisd fraction
of skin exieastdayacininisierad il asystainadrrel QRS lgsigrneit inh stem
cells cor%f:i\ine(gj %&m Y, oigsgﬁ tem | 1igﬂgﬁv?e@r t migr‘r%tg?gtg%%@ehloc Ileii&ngﬁe@}l\%%hods: (1)
Preparafibi g ﬁ‘gip%%%%ﬂr%ﬁ 'ﬁa%?W&EﬁZ%f’% gk e@ﬁ%& xR %té&fﬂ%ﬁ’iagf’ﬁ neonatal
mouse WeEVHE whatedan RBS iimvosehmipmt@1idstds tins, and a skin extract was obtained. The
skin extract wag sijied kDY with S ¥AIITES ok RR T RRASREAS RIS ARk S:AL 4C. 20 MM

phosphate buffer at pH 7.56(z 0 ml) was paqured into HiTrap Hepalin HP column (column volume: 5 ml,

[
GE HeallSESPEMPAbRSILE b BIRITHIAS IREES (inén [ the diluted solution was then allowed to bind to
thd €olumn. 25Mserssafier Bore colmow wasendshed swth 26 g pitosphatentnrffercat prdceSialig 100

M NaGL{0ni, Touelbie dhradaemerberateion: A0cmMeiosbaiphyfer at pH 7.5 and 1,000 mM

NaCl were poured into the column, and the factions were eluted into the tubes. Each of the adsorbed
factions were evaluated according to the mouse bone marrow-derived cell migration activity
assessniafensing BxeBolyddn chamber method, and fraction(s) having migratory activity 30was

collected. Solufinn(s) hawingethe-acTibrayas.Haesh 8% aDepaunuisd fRrianakiieskin extractin
the following Reference Exam I?. %2) Production of myelosuppressive mice_ Mice were irradiated with
sin‘g§|e-d8§lé?‘6 ] ‘iPS B

FIREROUIe1R Ay &%g@m|&wﬁ%§§}§@%@qlmn purified fraction of skin

extract is administered in a sustained-release manner at the local lesion site, by which stem cells
contained in a mouse myeloid system is allowed to migrate into the local lesion site.
Methods:

(1) Preparation of heparin-column purified fraction of skin extract

20 An excised skin section of a neonatal mouse was incubated in PBS (mouse/ml) at 4°C for
16 hours, and a skin extract was obtained. The skin extract was diluted 10-fold with 9 volumes
of 20 mM phosphate buffer at pH 7.5 at 4°C. 20 mM phosphate buffer at pH 7.5 (30 ml) was
poured into HiTrap Hepalin HP column (column volume: 5 ml, GE Healthcare) in advance to
equilibrate the column. The diluted solution was then allowed to bind to the column.

25  Thereafter, the column was washed with 20 mM phosphate buffer at pH 7.5 and 100 mM NaCl
(30 ml). To elute the adsorbed proteins, 20 mM phosphate buffer at pH 7.5 and 1,000 mM
NaCl were poured into the column, and the factions were eluted into the tubes. FEach of the
adsorbed factions were evaluated according to the mouse bone marrow-derived cell migration
activity assessment using the Boyden chamber method, and fraction(s) having migratory activity

30 wascollected. Solution(s) having the activity was used as a heparin purified fraction(s) of the
skin extract in the following Reference Example.
(2) Production of myelosuppressive mice

Mice were irradiated with single-dose of X-ray at 10 Gy to produce myelosuppressive

mice,

35  (3) Transplantation of GFP mouse bone marrow to myelosuppressive mice

Bone marrow cells were collected from both femurs and crus bones of GFP mice.



35(3) Transplantation of GFP mouse bone marrow to myelosuppressive mice Bone marrow cells were
collected from both femurs and crus bones of GFP mice. 35 These cells were administered to the
myelosuppressive mice through the caudal vein 24 hours after the irradiation. The administration was
carried out under inhalational anesthesia using isofltrane. (4) Production of a brain-defective (brain
tissue-defective) mouse model 5The myelosuppressive mice transplanted with GFP mouse bone
marrow cells were subjected to inhalational anesthesia using isoflurane, and pentobarbital (45 mg/kg)
was intraperitoneally injected to the mice. The mice were fixed onto a brain stereotaxis apparatus and
subjectedhesa spilliverinaision jrerbd thébel withoauseatselvd reparibtimgiwés cardidd/eint 2t Bofirmm
right-lateratang 2aaimashanterlon s R PIesMRuingiaidrill (g LRfAbmh S.Mun ke from this
site, a 20G Surflow needle was inserted and fixed. Then, a negative pressure was applied using a
syringe tlc?%u%&mpeart of the brain tissue (Fig. 13B). (5) Administration of a heparin-column purified
fraction &fsRinditiaotabahebraieftissuelafodiitesitelEiteanioritensodth heparin-column purified
fracgon of skin exiraeiaisspped vl lisrue arhesiefanm i (ihiaogan eiheal

(Kalcets%n?{ as jnjected to the aboye site; and subsequently, 5 ul of a fibrin tissue adhesive

formuladiBIP AR EGHbIFL UL AR RS ATATSC A BEHIG At 3 T/RBYR 3ind & 266
syringe (RigprE8@NERks aifecokithistopeiation Tiestrexenttfieclstainetratieaseagantsfiaatal a
heparin-goiumpuifierhiraeion AR SN EXHaE-9(6) s%égp%is mﬁ%h%&ﬂgneﬁ&&%&{eﬁeé{{é‘étce”

regeneration in briin tissue-defective sites Mice of the control group and the treatment group were

used forthe 48 Araland A oro A sHps R g R 8 i 6 R ab3determifedimAk mice
wel® pedesbdiwithtdsparait Sdelydeceil fiadardddandbdainThes, aulcpativeyibgurexternal
fixation was agarTIeA i At eaAIRBldele LTARSRNE e dphydrated in a 1396 and 30%

sucrose 25gradient to produce frozen sections. | . were stained with a DAPI

(4", 6-DidmidiBLBusHaHOR b S8R kTS RI} sl frrstian @ iRk sxtart ipab e bEtirtissig a
photoblekdtitigashibitor. The accumulation of GFP-positive cells in the lesion site (brain
tissue-defective:s) . ' nfocal I micro e. 30Results:, The. accumulation
o GP-posiive Ll B BB SR A e
actomubiish et Sysnniation I&@W?@t@ﬁﬁ&f’é (rlrdsienh sitsdreetnd teclierdarg®igp rather
]'Ehan theaadnirblegrosilyfos hbsH @mktfsé@e idbkshig f&@uﬁkim@ﬁﬁh mﬁp@mi@@hl?mgkae@b)
raction; Fig; % 6 {control: Fig. 13F, skin extract.heparin-column-purified fractian; Fig.
13G) aftvgé%ﬁé%%%nfﬁ%?%%?f@é@?ééﬂ%%n aeza n?%%’t‘ggt% i bﬁ%@‘hgpa‘?i%{ Otrj %?-88?.‘?.‘ ‘§traction
of the sRIFESFAC & Hastpinateckersamesatiofiest pbadepaibwelenReyEtnd frackiembedithe skin
tissue-defeative site,

20 (6) Assessment of the effects of neural cell regeneration in brain tissue-defective sites

Mice of the control group and the treatment group were used for the assessment. An
appropriate elapsed time setting (over time) was determined, the mice were perfused with 4%
paraformaldehyde and fixed and then the brain was cut out. Further, external fixation was
performed with 4% paraformaldehyde. These were then dehydrated in a 15% and 30% sucrose

25  gradient to produce frozen sections.

The nucleus were stained with a DAPI (4',6-Diamidino-2-phenylindole, dihydrochloride)
solution and the section was sealed using a photobleaching inhibitor. The accumulation of
GFP-positive cells in the lesion site (brain tissue-defective site) was assessed using a confocal
laser microscope.

30 Results: The accumulation of GFP-positive cells is qualitatively shown for 2 weeks, and
6 weeks after the administration. The accumulation of GFP-positive cells tends to be higher in
the lesion sites of the treatment group rather than the control group, for both 2 weeks (control;
Fig. 13D, skin extract heparin-column-purified fraction; Fig. 13E) and 6 weeks (control; Fig.
I3F, skin extract heparin-column-purified fraction; Fig. 13G) after the administration.

35 Discussion: The administration of the heparin-column-purified fraction of the skin extract

resulted in the accumulation of bone marrow-derived cells in the brain tissue-defective site,



36 which showed a nerve cell form. Bone marrow-derived mesenchymal stem cells are also known to
differentiate into nerve cells and the result revealed that the heparin-column purified fraction of the skin
extract is capable of inducing neural cell regeneration of the injured site in the brain. Moreover, this is
also applicable to neuronal regeneration of damage&@ites in brain 5tissues in cerebral ischemic
diseases and cerebral contusions. Industrial Applicability The present invention provides novel
therapeutic methods for treating intractable diseases with tissue damages such as brain infarction,
myocardial infarction, bone fracture, and cutaneous 10ulcer. In addition, cells mobilized to peripheral
blood carvbckshevretidnthe sathbway Boacoaventidnal atethodfdinabstanlettane Thus, the
present inyigtion enablssisinplenrpksaffr methedsior colerting hane yuavsiarved igaye stem

cells as cgmpare%tgﬁt/h? conventional method used to treat brain infarction in which cells are collected
from the BOREFSHER 1B 7L RIFBAOC Ah BYSRERMBb ARG S HOAE A S5/ BEIftE BEiheral
blood frothedamaemavfowep venichiss aahwimigtEret tolblentoves seg arcntisslef dandaybidiiteompiisias the

componefsaf aceRsalis ekl FMER LaroleaiB P agslhiat secretes an HMGB | protein; (c) a
vector inserted with a DNA encoding an HMGBL protein; (d) an HMGB2 protein; (e) a cell that

secretes an HMGB2 protein; 10 (f) a vector inserted with a DNA encoding an HMGB2 protein; (g) an
HMGB3 prdusinal)pplosibiligt secretes an HMGB3 protein; and (i) a vector inserted with a DNA

encoding an HIGEualet it Y1 ASER 10U ARG RRAHIRUPKeSEY HREHRBR Bl RRY om
with tissue damages such as brain infarction, myocardial infarction, bone fracture, and cutaneous
16 ulcer. Inaddition, cells mobilized to peripheral blood can be collected in the same way as a
conventional method for blood collection. Thus, the present invention enables simpler and
safer methods for collecting bone marrow-derived tissue stem cells as compared to the
conventional method used to treat brain infarction in which cells are collected from the bone
Aarrow.

15



produced by a method comprising the step of immersing a cell or tissue in a solvent, and which is
administered to blood vessel or muscle. 3. An agent for mobilizing a bone marrow cell to peripheral
blood from bone marrow, which is 20administered tq blood vessel or muscle, and which comprises a
heparin-binding fraction produced by a method compfising the steps of: (a) immersing a cell or tissue
in a solvent; (b) contacting immobilized heparin with an extract prepared in step (a); and (c) eluting a
heparin-binding fraction from the immobilized heparin. 25 4. A method for assessing whether or not a
factor that mobilizes a bone marrow cell to peripheral blood from bone marrow is contained in an
extract of a cell or tissue, and for determining thattfel¥4etor is contained in the extract of cell or tissue
when the activity of mobilizing a bone marrow cell to peripheral blood from bone marrow in step (b) is

higher than,that oft e co trol 30where|n the me d comprises the s,below: a cell
extract; afr:dA?b enetasurlng} A 40 ?y o?lmo%vﬁm[% 3%6W£%§$3W%3P ?Fp‘?l’@'é&cf‘é)&ﬁic‘;?d% bone
marrow |ﬂﬁ@@ﬁ¥é@ﬁ®f&@%ﬁ@éﬂ#b@wisﬁﬁlmfhwmlﬂ@rﬁpﬂmécdfm afcaodell or tissue
contalnlr(g)aﬁqqmmmmzes a bone marrow cell to peripheral blood from bone marrow, which

compris gthegé gtcs)gcr % é‘m&ﬁé% multiple extracts by the method of claim 5 on whether or not
a factor that mo zes a bon oW (%c? erlpheral blood from bone marrow is contained in the

extract; 48k Vsyios|asarigwidka A dvkiviodnesse 584G R gontaim a factor that mobilizes a bone
marrow Q@jl@@}ﬁp{[pggrﬂlo@éggd from bone marrow by step (a). 5 6. A method for identifying a factor

that mob; e marrow c%g;#gnpheral blood from bone marrow, which comprises the step of
purifying c?o atS RO S RIS cell to peripheral blood from bone marrow from an

exthct thatay esesintedetitoitontBiN A éactdirth anrhidiliBéspeokzing marrow cell to peripheral blood from
bone ma{rgpyyllpmg}g%pf claim 4 or 105, using the activity of mobilizing a bone marrow cell to

b
penpher&)bboﬂ hat setzetes aa HMGH3 protein; and

(1) a vector inserted with a DNA encoding an HMGB3 protein,

15 2. An agent for mobilizing a bone marrow cell to peripheral blood from bone marrow, which is
produced by a method comprising the step of immersing a cell or tissue in a solvent, and which

is administered to blood vessel or muscle.

3. An agent for mobilizing a bone marrow cell to peripheral blood from bone marrow, which is
20 administered to blood vessel or muscle, and which comprises a heparin-binding fraction
produced by a method comprising the steps of:
(a) immersing a cell or tissue in a solvent;
(b) contacting immobilized heparin with an extract prepared in step (a); and
(c) eluting a heparin-binding fraction from the immobilized heparin.
25
4. A method for assessing whether or not a factor that mobilizes a bone marrow cell to peripheral
blood from bone marrow is contained in an extract of a cell or tissue, and for determining that
the factor is contained in the extract of cell or tissue when the activity of mobilizing a bone
marrow cell to peripheral blood from bone marrow in step (b) is higher than that of the control,
30 wherein the method comprises the steps below:
(a) preparing a cell extract; and
(b) measuring the activity of mobilizing a bone marrow cell to peripheral blood from bone

marrow in the extract prepared in step (a).

35 5. Amethod of screening for an extract of a cell or tissue containing a factor that mobilizes a

bone marrow cell to peripheral blood from bone marrow, which comprises the steps of:



an indicator.
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(a) assessing multiple extracts by the method of claim 5 on whether or not a factor that mobilizes
a bone marrow cell to peripheral blood from bone marrow is contained in the extract; and
(b) selecting an extract which is assessed to contain a factor that mobilizes a bone marrow cell to

peripheral blood from bone marrow by step (a).

6. A method for identifying a factor that mobilizes a bone marrow cell to peripheral blood from
bone marrow, which comprises the step of purifying a factor that mobilizes a bone marrow cell
to peripheral blood from bone marrow from an extract that is determined to contain a factor that
mobilizes a bone marrow cell to peripheral blood from bone marrow by the method of claim 4 or

5, using the activity of mobilizing a bone marrow cell to peripheral blood from bone marrow as

an indicator.



