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DESCRIPTION

AGENTS FOR PROMOTING TISSUE-REGENERATION BY RECRUITING BONE MARROW
MESENCHYMAL STEM CELLS AND/OR PLURIPOTENT STEM CELLS INTO BLOOD

Technical Field
The present invention relates to tissue regeneration-promoting agents that are

administered to a tissue other than a tissue in need of regeneration,

Background Art

Regenerative medicine aims at functional and structural regeneration of damaged organs,
utilizing cells or tissues cultured and processed ex vivo. For example, a cultured skin sheet is
produced by collecting skin cells from a patient or another person, culturing them outside the
body, and processing them into a sheet form, and is then grafted onto damaged skin. In
regenerative medicine, the ex vivo culture and proliferation of cells are required to obtain cells
used for treatment.  Since the culture procedure could cause deterioration of cells (senescence,
tumorigenesis, or contamination with bacteria, viruses, etc.), it is essential for maintenance of
safety that manufacturing be conducted in a facility certified as meeting the standards of Good
Manufacturing Practice (GMP). This is expected to lead to the problem of high treatment costs.

Meanwhile, the living body has regeneration mechanisms for damage repair in case of
organ damage. However, it is known that if damaged areas are large, they become filled with
nonfunctional scar tissues. Damage healing with such scar tissues becomes an inhibitory factor
for nerve regeneration in cerebral infarction or spinal cord damage, becomes a cansative factor
for cardiac rupture in myocardial infarction, or results in keloid formation in surgical wounds or
extensive burns, thereby causing remarkably poor prognosis and QOL in the cosmetic aspect.

If the body’s own regeneration mechanisms for repairing tissue damage can be activated, it is
expected to be possible to induce the regeneration of damaged tissues (organs) with functional
tissues, rather than cicatrization.

The bone marrow is known fo contain mesenchymal stem cells which can differentiate
into bone, cartilage, adipose, and others, ag well as hematopoietic stem cells which differentiate
into leukocytes, erythrocytes, and the like. Recently, it has been revealed that the bone marrow
also contains pluripotent stem cells that can differentiate into epithelial cells and nerve cells.

Prior-art Documents
Patent Documents
Patent Document 1: WO 2008/053892



10

15

20

25

30

Disclosure of the Invention
{Problems to be Solved by the Invention]

An objective of the present invention is to develop a novel therapeutic method by which
the physiological regeneration/repair mechanism is activated to induce the healing of damaged
tissues, thereby treating intractable diseases such as extensive skin ulcer, infractable bone
fracture, and cerebral infarction, which are difficult to cure by conventional therapeutic methods.

[Means for Solving the Problems]

The effect of HMGB-1 and S100A8 in recruiting bone marrow-derived cells to a skin
ulcer in the process of skin ulcer healing was assessed using mice., The result demonstrated that
the administration of HMGB-1 or S100A8 into venous blood, which was a non-target site distant
from the skin ulcer, resulted in recruitment of bone marrow-derived cells to the skin ulcer.

Then, the effect of the intravenous administration of HMGB-1 and S100A8 in promoting the
healing of skin ulcer was assessed.  As a result, the bealing of the skin ulcer was successfully

* promoted by HMGR-1 and S100A8 administered to a blood vessel, which was a non-target site

distant from the ulceration site. In addition, the assessment of their effect of promoting the
scarless healing of skin uicer showed that the intravenous administration of HMGB-1 could
promote the early closure and scarless healing of skin ulcer by augmenting the further
recruitment of bone marrow-derived cells recruited to the blood into the ulceration site.

Furthermore, cerebral infarction model mice were tested for the presence of bone
marrow-derived cells in their brains.  As a result, bone marrow-derived cells expressing nerve
cell markers were detected in the brain of mice to which HMGB-1 was intravenously
administered after creation of cerebral infarction. Then, the assessment of the cerebral
infarct-reducing effect showed that the cerebral infarction was remarkably improved in the mice
to which HMGB-1 was intravenously administered, as compared to control mice. In addition,
the assessment for the improvement of the post-cerebral infarction survival rate revealed that the
intravenous HMGB-]1 administration resulted in an increase in the mouse survival rate.

Further assessment was carried out using mice to clarify whether bone marrow
pluripotent stem cells from regions other than the bone fracture site were involved in the process
of bone fracture healing. The result showed that bone marrow-derived cells migrated from
regions distant from the damaged site into the bone fracture site to repair the damaged tissue.

Moreover, another test was performed using bone fracture model mice to assess the
activity of intravenously administered HMGBI in recruiting bone marrow mesenchymal stem
cells to the damaged site. It was revealed that the intravenous administration of HMGB1
resulted in the accumulation of bone marrow mesenchymal stem cells recruited to the blood at
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the bone fracture site.
Based on these findings, the present application provides the following embodiments:

[1] a tissue regeneration~promoting agent, comprising any one of.

(a) an HMGBI protein;

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

{¢) a vector into which 2 DNA encoding an HMGBI1 protein is inserted;

{d) an HMGB2 protein

() a cell that secretes an HMGB?2 protein;

() a vector into which a DNA epcoding an HMGB2 protein is inserted;

(g) an HMGB3 protein;

(h) a cell that secretes an HMGB3 protein;

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

) an. S100AS protein;

(L:]) a cell that secretes an S100A8 protein;

(1) a vector into which a DNA encoding an S100AS protein is inserted;

{m) an S100A9 protein;

(n) a cell that secretes an S100A9 protein;

(0) a vector into which a DNA encoding an S100A9 protein is inserted;

{(p) a cell or tissue extract; and

(9) a heparin-binding fraction of a cell or tissue extract;
wherein the agent is administered to a tissue other than a tissue in need of regeneration.
[2] the agent of [1], which is administered parenterally;
[3] the agent of [2], which is administered by injection;
[4] the agent of [1], which is administered intravascularly, intramuscularly, subcutaneously,
intradermally, or intraperitoneally;
[5] the agent of any one of [1] to {4], wherein the cell or fissue extract is produced by a method
comprising the step of immersing a cell or tissue in a solvent;
[6] the agent of any one of [1] to [4], wherein the heparin-binding fraction of a cell or tissue
extract is produced by a method comprising the steps of:

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

{(b) contacting immobilized heparin with the extract prepared in step (2); and

(c) eluting a heparin-binding fraction from the immobilized heparin;
[7] the agent of any one of [1] to [6] for use in promoting the regeneration of a nerve, bone, or
skin tissue;
[8] a kit for promoting tissue regeneration, which comprises a composition comprising any one
of:
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(a) an HMGBI1 protein;

(b) a cell that secretes an HMGB! protein;

(c) a vector into which a DNA encoding an HMGB1 protein is inserted;

(d) an HMGB?2 protein

(e) a cell that secretes an HMGB2 protein;

(f) a vector into which a DNA encoding an HMGB?2 protein is inserted;

(g) an HMGB3 protein;

(h) a cell that secretes an HMGRB3 protein;

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

(§) an S100A8 protein; .

(k) a cell that secretes an S100A8 protein;

(@) a vector into which 2 DNA encoding an S100A8 protein is inserted;

(m) an S100A9 protein;

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

(o) a vector into which a DNA encoding an S100A9 protein is inserted;

(p) 2 cell or tissue extract; and

(g) a heparin-binding fraction of a cell or tissue exfract;
wherein the composition is administered to a tissue other than a tissne in need of regeneration.
[9] the kit of [8], which is administered parenterally;
[10] the kit of [9], which is administered by injection;
[117 the kit of [8], which is administered intravascularly, intramuscularly, subcutaneously,
intradermally, or intraperitoneally;
[12] the kit of any one of [8] to [11], which is used to promote the regeneration of a nerve, bone,
or skin tissne;
[13] 2 method for promoting tissue regeneration, which comprises the step of administering an
effective amount of a composition to a tissue other than a tissue in need of regeneration, wherein
the composition comprises any one of:

(&) an HMGRB! protein;

(b) a cell that secretes an HMGBI protein;

(c) a vector into which a DNA encoding an HMGB1 protein is inserted;

(d) an HMGB2 protein

(e) a cell that secretes an HMGB2 protein;

(£ a vector into which a DNA encoding an HMGB?2 protein is inserted;

(g) an HMGBS3 protein;

(h) a cell that secretes an HMIGB3 protein;

(i) a vector into which a DNA encoding an HMGB3 protein is inserted;
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(3) an S100A8 protein;
(k) a cell that secretes an S100A8 protein;
(1) a vector into which a DNA encoding an S100A8 protein is inserted;
(1) an S100A9 protein; :
(n) a cell that secretes an S100A9 protein;
{©) a vector into which a DNA encoding an S100A9 protein is inserted;
(p) a cell or tissue extract; and
(q) a heparin-binding fraction of a cell or tissue extract;
[14] the method of [13], wherein the administration is parenteral administration;
[15] the method of [14], wherein the administration is injection;
[16] the method of {13], wherein the administration is intravascular, intrahiusczﬂar, sﬁbcutaneous,
intradermal, or intrapefitoueal administration;
[17] the method of any one of [13] to [16], which promotes the regeneration of a nerve, bone, or
skin tissue;
[18] use of a composition in producing a tissue regeneration-promoting agent, wherein the

composition comprises any one of:

(a) an HMGB1 protein;
(b) a cell that secretes an HMGB1 protein;
(c) a vector into which a DNA encoding an HMGB1 protein is inserted;
(d) an HMGB2 protein
(e) a cell that secretes an HMGB?2 protein;
(f) a vector into which a DNA encoding an HMGB?2 protein is inserted;
(g) an HMGB3 protein;
(b) a cell that secretes an HMGB3 protein;
(i) a vector into which a DNA encoding an HMGB3 protein is inserted;
(G) an S100A8 protein;
(k) a cell that secretes an S100ASB protein;
(1) a vector into which 2 DNA encoding an S100AS8 protein is inserted;
(m) an S100A9 protein;
{r) a cell that secretes an 5100A9 protem
(o) a vector into which a DNA encoding an S100AS protein is inserted;
(p) a cell or tissue extract; and
(q) a heparin-binding fraction of a cell or tissue extract;
wherein the agent is administered to a tissue other than a tissue in need of regeneration;
[19] the use of [18], wherein the agent is administered parenterally;
[20] the use of [19], wherein the administration is injection;
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[21] the use of [18], wherein the agent is administered intravascularly, intramusculerly,
subcutaneously, intradermally, or intraperitoneally; '
[22] the use of any one of [18] to [21], wherein the agent is an agent for promoting the
regeneration of a nerve, bone, or skin tissue;
[23] a composition for use in a method of promoting tissue regeneration, comprising any one of:

(a) an HMGB]1 protein;

(b) a cell that secretes an HMGB1 protein;

(c) a vector into which a DNA encoding an HMGBI protein is inserted;

(@) an HMGB?2 protein

(e) a cell that secretes an HMGB2 protein;

(f) a vector into which a DNA encoding an HMGRB?2 protein is inserted;

(g) an HMGBS3 protein;

{h) a cell that secretes an HMGBS3 protein;

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

() an S100A8 protein;

®a cell that secretes an S100A8 protein;

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

() an S100A9 protein;

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

(o) a vector into which a DNA encoding an S100A9 protein is inserted,;

(p) a cell or tissue extract; and ,

{q) 2 heparin-binding fraction of a cell or tissue extract;
wherein the composition is administered to a tissue other than a tissue in need of regeneration;
[24] the composition of [23], which is administered parenterally; o
[25] the composition of [24], which is administered by injection;
[26] the composition of [23], which is administered intravascularly, intramuscularly,
subcutaneously, intradermally, or intraperitoneally; and

" [27] the composition of any one of [23] to [26], wherein the method for promoting tissue

regeneration is a method for promoting the regeneration of a nerve, bone, or skin tissue.

In an aspect, there is provided the use of a composition in producing nerve tissue regeneration-
promoting agent, wherein the composition comprises any one of:

(a) an S100A8 protein;

(b) a cell that secretes an S100A8 protein;

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

(d) an S100AS protein;
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(e) a cell that secretes an S100A9 protein;
(f) a vector into which a DNA encoding an S100A9 protein is inserted;
(g) a cell or tissue extract, wherein the cell or tissue extract is produced by a method
comprising the step of immersing a cell or tissue in a solvent; and
(h) a heparin-binding fraction of a cell or tissue extract, wherein the heparin-binding fraction
of the cell or tissue extract is 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
(c) eluting a heparin-binding fraction from the immobilized heparin;
wherein the cell or tissue to be immersed in a solvent is selected from the group consisting of
tissue-derived cells, cells of cell lines established from tissue-derived cells, and cells
transfected with DNA encoding S100AS, or ST00AS protein, live skin tissnes and tissues

obtained by internal biopsy (surgery); and
wherein the agent is to be administered to a tissue other than a tissue in need of regeneration.

[Effects of the Invention]
Cell growth factors such as HGF, EGF, VEGF, and FGF are known as pharmaceutical

agents for regenerating damaged tissues. These are used with an expectation that they will

promote cell growth when administered directly to a damaged site and its surrounding tissues.
HEMGBI1, HMGB2, HMGB3, S100AR, and S100A9 have activity of recruiting bone

marrow pluripotent stem cells. Bone marrow pluripotent stem cells can differentiate into
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epithelial and nerve cells as well as mesenchymal cells. In the case of extensive tissue damage,
if it is possible to recruit bone marrow pluripotent stem cells to the damaged site via bloodstream,
they are expected to promote the functional regeneration/repair of damaged tissues.

The present invention provides methods for promoting repair of damaged tissues, in
which HMGB1, HMGB2, HMGB?3, S100A8, and S100A9, which are recruitment factors for
bone marrow pluripotent stem cells, are administered at a site distant from a damaged site by
intravenous administration or such, thereby recruiting bone marrow pluripotent stem cells to the
peripheral blood. For example, in the treatment of a disease of deep-seated organ, such as
cerebral infarction, it is difficult to administer a therapeutic agent directly to a damaged site
(brain). On the other hand, in the present invention, such treatment can be carried out by
inftravenous administration, which is widely used in general medical practice. 1t is therefore
possible to administer a therapeutic agent at any concentration and frequency in a safe and
simple manner. This is a superior effect as compared to conventional therapeutic methods.

Meanwhile, a recently developed bone marrow cell-based method that is known to be
effective in treating cerebral infarction involves the collection of cells from patient’s bone
marrow and re-administration of the cells into the bloodstream. This method is inevitably
associated with severe invasion because bone marrow cells need to be aspirated with a large-bore
needle inserted into the bone marrow, which is located deep inside the body. In contrast, the
present invention allows bone marrow cells to be recruited directly to the bloodstream by
intravenous administration of an agent, and therefore does not involve severe invasion even
when the agent is frequently administered to cerebral infarction patients. |

Bone marrow-gderived pluripotent stem cells have the potential ability to differentiate
into various types of cells such as mesenchymal cells, epithelial cells, and nerve cells.  After
migrating fo a damagéd site, they may differentiate depending on a niche environment
surrounding the damaged site, and then induce tissue repair.  In regenerative medicine and cell
therapy, bone marrow pluripotent stem cells, which are rare cells, are expanded by ex vivo
culture before use in the treatment. However, this requires adequate safety conirol because,
unlike conventional pharmaceutical agents, there is a risk of deterioration of cells (canceration
and contamination with bacteria, viruses, etc.) which may be caused during the culturing process.
In the present invention, bone marrow pluripotent stem cells are recruited to the peripheral
circulating blood by administration of HMGBI, HMGB2, HMGB3, ST00AS, and/or S100A9.
This is a highly safe therapeutic method because the cells are not removed from the body for
artificial manipulation. ‘

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




10

15

20

25

30

35

transfected with an expression vector containing a GST-tag, 6XHis-tag, and HRV3C cleavage
sequence at the N terminus of HMGB1. The culture supernatant was loaded onto a nickel
column, and the binding fraction was eluted with imidazole. The nickel column-bound fraction
was treated with HRV3C to cleave the GST-tag and 6XFHis tag from HMGB1. The fraction was
then allowed to bind to a heparin-affinity column, and eluted with sodiam chloride. The
heparin-binding fraction was loaded onto a Q column, and eluted with sodium chloride. To
detect the degree of purification in each purification step, each column-binding fraction was
subjected to SDS-PAGE followed by Coomassie staining. ‘

Fig. 2 is a set of photographs showing GFP signals in skin and skin thin sections after
closure of ulcer. A skin ulcer was created on the back of GFP bone marrow-transplanted mice,
and HMGBI1 or S100A8 was intravenousty administered to the mice. As compared to the
control, many GFP-positive bone marrow-derived cells were detected on the skin of niice to
which HMGRB1 or S100A8 was infravenously administered.

Fig. 3 is a graph showing the area of skin ulcer measured overtime. A skin ulcer was
created on the back of mice, and HMGB1 or S100A8 was intravenously adwministered to the mice.
After 3 days of the ulcer creation, the skin ulcer-reducing effect was observed in the HMGB1
administration group as compared to the control group. Afier 7 days of the ulcer creation, the
skin ulcer-reducing effect was observed in the S100A8 administration group as compared to the
control group (vertical axis, [ulcer area}/[ulcer area at the time of creation].x 100; horizontal axis,
days after ulcer creation).

Fig. 4 is a set of photographs showing the results of hematoxylin-eosin staining (HE)
and Masson’s trichrome staining (MT) of thin skin sections after closure of skin ulcer. A skin
unicer was created on the back of mice, and HMGB1 was intravenously administered to the mice,
An abnormal increase of collagen fiber was seen in the control mice, while such an abnormal
increase of collagen fiber was suppressed in the mice to which HMGB!1 was intravenously
administered,

Fig. 5 is a set of photographs showing a result of detecting cells expressing Nestin
(nerve stem cell marker) and $ III tubulin (neuron marker). Cerebral infarction was created in
GFP-bone marrow-transplanted mice, and then freated by intravenous administration of HMGBI1.
After the treatment, thin brain sections were prepared and subjected to immunohistochemistry.

In the left photograph, arrows indicate GFP-positive, Nestin-positive cells.  In the right panel,
arrows indicate GFP-positive, § III tubulin-positive cells. The bone marrow-derived cells were
demonstrated to express neuron markers.

Fig. 6 is a set of photographs showing a result of detecting infarction sites. Disease
model mice for cerebral infarction were produced, and then HMGB1 was intravenously
administered to them. After the treatment, thin brain sections were prepared and subjected to
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Nissl staining. In the PBS administration (control) case, necrotic tissues were observed in the
cortex. In the HMGRB1-treated case, no necrotic tissue was found in the cortex.

Fig. 7 is a set of graphs showing survival rates during 7 days after creation of cerebral
mfarction. Disease model mice for cerebral infarction were produced (by 45-minute or
60-minute ischemia) and then treated by intravenous administration of HMGB1. The HMGB1
treatment was demonstrated to improve the survival rate in both 45-minute and 60-minute
ischemia cases.

Fig. 8 is a set of photographs showing that, when a GFP-bone marrow-transplanted
mouse was conjoined via the skin with a wild type mouse, bone marrow cells migrated from the
GFP-bone marrow chimeric mouse to a bone fracture site of the right leg in the wild type mouse
and differentiated into osteoblasts. A GFP-bone marrow-transplanted mouse was conjoined via
the skin with a wild type mouse. Then, bone fracture was created in the wild type mice. After
healing of bone fracture, some osteocalcin-expressing osteoblasts were found to be GFP-positive
cells. This suggests that, in the process of bone fracture healing, bone marrow-derived cells
distant from a damaged site migrate to the bone fracture site and then differentiate into
osteoblasts for physiological healing of the damage.

Fig. 9 presents photographs showing the accumulation of GFP fluorescence observed in
a skin graft after skin transplantation to the back of a GFP bone marrow-transplanted mouse.

Top left is an image of the skin transplantation area seen by the naked eye, top middle is an
image of HE-stained tissue of a recipient skin in the vicinity of the boundary between the grafted
skin and the recipient skin (shown by the arrow), and top right is an image of HE-stained tissue
of the skin graft. Furthermore, the bottom left image shows the accumulation of GFP
fluorescence in the grafted skin, bottom middle is an enlarged image of the skin transplantation
area, and bottom right is an enlarged image showing the accumulation of GFP fluorescence in
the same enlarged image of the skin graft. ‘

Fig. 10 presents a set of photographs showing bone marrow-derived epidermal cells and
bone marrow-derived dermal fibroblasts that accumulated in the grafted skin at the back of the
GFP bone marrow-transplanted mouse.  The first row on top shows images of the skin of the
transplantation area under low magnification (x 100), the middle row shows enlarged images of
the same showing the epidermis/dermis boundary under a high magnification (x 200), and the
bottom row shows further enlarged images of the same showing a hair follicle under a high
magnification (x 200). The far left column shows DAPI staining (nuclear staining), the second
column from left shows GFP fluorescence images of the respective regions of the first row. The
third column from left shows the immunostaining images of keratin 5 (KS). The fourth column
from left shows merged images of each of these fluorescences. Large numbers of GFP-positive
epidermal cells and dermal fibroblasts are observed.



10

15

20

25

30

35

10

Fig. 11 presents a set of photographs showing assay results of the migratory-
ability/activity of bone marrow-derived mesenchymal stem cells in a skin extract using a Boyden
chamber. The top left picture shows bone marrow mesenchymal stem cells adhered onto a
silicone membrane on the lower chamber side, having migrated from the upper chamber of the
Boyden chamber to the skin extract side (lower chamber side) through fine pores in the silicone
membrane, which are stained with a blue pigment. The stained images are shown immediately
after culturing (0 h), after 12 hours (12 h), and after 24 hours (24 h) (four wells each) from the
top. The top right picture is an image of 0 h enlarged under a high magnpification. Bottom left
is an image of 12 h enlarged under a high magnification. Bottom right is an image 0of 24 h
enlarged under a high power magnification.

Fig. 12 presents a photograph showing the result of bone marrow-derived mesenchymal
stem cells migratory ability/activity assay, examined in skin extract-purified fraction preparations
using the Boyden chamber, and correspondence with the SDS-PAGE electrophoresis result for
each purified fraction preparation. From the left, Lane 1 (M.W.): molecular weight marker;
Lane 2 (C.E.): crude skin extract, Lane 3 (H.A.): heparin affinity column-binding fraction
(semipurified fraction); and Lanes 4 to 13 (A.E.): anion exchange column-binding fractions
(final purified fraction) etuted with various NaCl concentrations, which were all stained with
silver after electrophoresis. Further, in the final purified fraction of No. 4, which showed the
strongest bone marrow-derived mesenchymal stem cell migratory activity, the stained bands in
the silver-stained image of the electrophoresis gel (lane 7) were cut out, and then subjected to
mass spectrometry and database analysis. The result revealed that the band indicated by the
arrow is HMGB1.

Fig. 13 presents a photograph showing the result of assessing the migration-inducing
activity of HMGB1 on bone marrow-derived mesenchymal stem cells by using a Boyden
chamber. The two images on the top are stained images of bone marrow-derived mesenchymal
stem cells that migrated into the skin extract. The middle two images are stained images of
bone marrow-derived mesenchymal stem cells that migrated into the HMGB1 purified
preparation. In the bottom are stained images of bone marrow-derived mesenchymal stem cells
that migrated into a solution of the HMGB1 purified preparation that was used for the middle
images but neutralized by adding an anti-HMGB1 polyclonal antibody (the migratory activity
was lost almost completely).

Fig. 14 presents a set of photographs showing the in vivo bone marrow-derived
mesenchymal stem cell-mobilizing activity of HMGB1. The HMGBI fraction (final purified
fraction No. 4) showed about three times the mobilization activity of the control (final purified
fraction No.1).

Fig. 15 presents a photograph showing cells mobilized iz vivo by the HMGB1 fraction
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(final purified fraction No. 4) under a high magnification.

Fig. 16 presents a set of photographs showing images immediately after commencing
culture of cells that migrated into a silicon tube. On the left is a light-field image of migratory
cells inoculated into a medium, and the right shows its GFP fluorescence image under a dark
field.

Fig. 17 presents a set of photographs showing images 24 hours afier commencing
culture of cells that migrated into the silicon tube. The left picture shows a light-field image of
fibroblast-like cells and epithelial-like cells that proliferated and adhered onto the plastic culture
dish, and the right picture shows its GFP fluorescence image under a dark field.

Fig. 18 presents a set of photographs showing images 2 weeks after commencing culture
of cells that migrated into the silicon tube. The left and right photographs show the same field
of view, in which the left shows images under a light field, whereas the right shows images
through a fluorescence filter (GFP fluorescence is detected in B and D and fluorescence of
keratin 5 is detected in F). A hatr-like linear shape (indicated by the triangle (arrow)) is
observed on the left side of bone marrow-derived GFP-positive cell population forming circular
colonies on the plastic culture dish. F indicates that bone marrow-derived cells are
morphologically transformed into a hair-like form, and are further expressing keratin 5 (indicated
by the triangle (arrow)).

Fig. 19 presents a set of photographs showing the HMGB family in a newbomn mouse
skin extract, detected by the Western blot method.

Fig. 20 shows an illustration of an expression vector map for the HMGB family in
mammalian cells, which has, downstream of the promoter, a cytomegalovirus enhancer and a
chicken B-actin promoter to synthesize a large amount of mRNAs encoded by the cDNA
(complementary DNA) of the HMGB family.

Fig. 21 presents a set of photographs showing the result of Western blotting of the
purified recombinant Flag tag-HMGB family-fusion proteins expressed in HEK293 cells.

Fig. 22 presents a set of graphs showing the activity of recombinant
HMGBI1/HMGB2/HMGB3 in inducing the migration of bone marrow mesenchymal stem cells
in a Boyden chamber.  All recombinant proteins showed a higher migration-inducing activity as
compared to the control groups.

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

Fig. 24 presents a photograph showing the assessment of the activity of human HMGB1
and a human skin exfract in inducing the migration of human bone marrow-derived
mesenchymal stem cells, performed using a Boyden chamber.
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Fig. 25 presents a set of pbotographs showing the assessment of the activity of bone
marrow mesenchymal stem cell-attracting substances in the heart, brain, and skin extracts of
mouse, performed using a Boyden chamber after purifying the substances by a heparin column.

Fig. 26 presents a set of photographs showing the assessment of the activity of a
HEK293 extract and a HelLa exfract in inducing the migration of human bone marrow
mesenchymal stem cells, performed using a Boyden chamber. Both cultured cell Iines showed
migrating activities on human bone marrow mesenchymal stem cells.

Fig. 27A is a photograph showing a mouse fixed to a brain stereotaxic apparatus and
subjected 1o & midline incision in the head with a scalpel, followed by trepanation using a drill.
Fig. 278 is a photograph showing the brain to which a negative pressure is applied using a
syringe to aspirate a part of the brain tissue. Fig. 27C is a photograph after injection of 5 pl
heparin-column purified fraction of a skin extract dissolved in fibrin adhesive formulation
(ﬁbrinogen) to the brain, and a subsequent injection of 5 pl of fibrin glue formulation (thrombin).
Fig. 27D and Fig. 27E are photographs of the brain injury model taken 2 weeks after the
treatment. Higher accumulation of GFP-positive cells was observed in the treatment group
using the heparin-column purified fraction of skin extract in E compared to the control in D.
Fig. 27F and Fig. 27G are photographs of the brain injury model taken 6 weeks after the
treatment. Higher accumulation of GFP-positive cells was observed in the treatment group
using the heparin-column purified fraction of skin extract in G compared to the control in F

Figr. 28 is a diagram showing the administration of skin extract (SE) to a mouse via the
caudal vein and the collection of peripheral blood.

Fig. 29 is a diagram showing the administration of HMGBI1 to a mouse via the candal
vein and the collection of peripheral blood.

Fig. 30 is a set of diagrams showing the flow cytometric fractionation of mouse
peripheral blood mononuclear cell fractions that were obtained after 12 hours of skin extract
(SE) administration and then fluorescently labeled with anti-mouse PDGFRa antibody and
anti-mouse CD44 aniibody. The upper three panels show the PBS administration group asa
negative control (n=3), and the lower three panels show the skin extract (SE) administration
group (n=3). The vertical and horizontal axes indicate the expression levels of CD44 and
PDGFRa, respectively.  The area boxed with blue line corresponds fo the CD44-positive,
PDGFRo-positive cell population, which was increased in the skin extract administration group
(SE) as compared to the PBS group.

Fig. 31 is a set of diagrams showing the flow cytometric fractionation of mouse
peripheral blood mononuclear cell fractions that were obtained after 12 hours of HMGBI1
administration and then fluorescently labeled with anti-mouse PDGFRa antibody and anti-mouse
CD44 antibody. The left panel shows PBS-administered mice as a negative control, and the
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right panel shows HMGB1-administered mice. The vertical and horizontal axes indicate the
expression levels of CD44 and PDGFRa, respectively.  The area boxed with blue line
corresponds to the CD44-positive, PDGFRa-positive cell population, which was increased in the
HMGB!-administered mice as compared to the PBS-administered mice.

Fig. 32A shows in a diagram the flow cytometry result that shows the presence of cells
having CD44 and PDGFRo..  HMGB1 administration increased both populations of PDGFRa
and CD44 double-positive cells, and PDGFRa-positive CD44-negative cells in peripheral blood.
Figs. 328 and 32C show results of comparison between the PBS- and HMGB1-administered
groups on the presence of PDGFRo 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.

Fig. 33 shows in a set of photographs the accumulation of GFP fluorescence in grafted
skin observed after skin is grafted onto the back of GFP bone marrow-transplanted mice. The
left photograph (A) shows nuclear staining with DAPI.  The middle photograph (B) shows
green fluorescence of GFP-positive bone marrow-derived cells accumulated at the skin graft site.
The right photograph (C) shows a merged image of photographs (A) and (B). Bone
marrow-derived cells are reconstructing skin tissues.

Fig. 34 is a photograph showing the result of assaying the migratory activity of
bone-marrow derived mesenchymal stem cells in skin extracts using a Boyden chamber. The
image shows blue-stained bone marrow mesenchymal stem cells that migrated from the upper
compartment of the Boyden chamber through a 8-pm micropore polycarbonate membrane filter
into the lower compartment containing skin extracts, and adhered to the lower-compartment side
of the membrane. Skin extracts collected from two-day-old or six-week-old mice were placed
in the lower chambers.

Fig. 35 shows in a set of photographs Western blot detection of the SI00A8 and S100A9
proteins in skin extracts. :

Fig. 36 shows ina photograph ¢lution of a heparin-binding protein in skin extracts
eluted from a heparin affinity column by a concentration gradient of NaCl.  Proteins in each
fraction were separated by SDS-PAGE and detected by silver staining.

Fig. 37 shows in a photograph assay results of measuring the migratory activity of bone
marrow-derived mesenchymal stem cells in skin extracts using a Boyden chamber. The image
shows blue-stained bone marrow mesenchymal stem cells, which have migrated from the upper
compartment of the Boyden chamber through the micropores of a filter to each heparin-binding
fraction in skin extracts (to the lower compartment), and adhered to the lower-compartment side
of the membrane.

Fig. 38 shows in a set of photographs Western blot detection of the S100A8 and S100AS
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proteins in each heparin-binding fraction of skin extracts.

Fig. 39 shows in a diagram the expression vector for SI00A8 or ST00AS.

Fig. 40 shows a photograph showing the result of assaying the migratory activity of
bone marrow-derived mesenchymal stem cells in skin extracts using a Boyden chamber. These
images show blue-stained bone marrow mesenchymal stem cells, which have migrated from the
upper compartment of the Boyden chamber through the micropores of a filter into the lower
compartment containing recombinant GST-S100A8, GST-S100A9, or skin extracts, and adhered
to the lower-compartment side of the membrane.

Fig. 41 A presents a set of diagrams showing a FACS result for CD44, PDGFRa, and
PDGFRP in the CD45-negative cell fraction in peripheral blood 12 hours after administration of
GST-S100A8 or GST-S100A9 via the mouse caudal vein. Fig. 41B presents a set of graphs by
quantitatively analyzing the population of CD45-negative, CD44-positive, PDGFRa-positive
cells (left), or CD45-negative, CD44-positive, PDGFRB-positive cells (right).

Fig. 42 is a set of photographs of cells obtained afier sorting bone marrow-derived
adherent cells of PDGF receptor a~GFP knock-in mouse using anti-CD11b MACS beads. GFP
expression was hardly detectable in the CD11b-positive cells. In contrast, GFP expression was
observed in almost all CD11b-negative cells. This indicates that CD11b-positive cells are
negative for PDGF receptor a while CD11b-negative cells are positive for PDGF receptor a.

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

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

Mode for Carrying Qut the Tnvention

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

(a) an HMGBI protein;

(b) a cell that secretes an HMGBI protein;

(¢} a vector into which a DNA encoding an HMGB] protein is inserted;
(d) an HMGB?2 protein

(e) a cell that secretes an HMGB2 protein;
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() a vector into which a DNA encoding an HMGB?2 protein is inserted;
(2) an HMGBS3 protein; '

(h) a cell that secretes an HMGB3 protein;

(i) a vector into which a DNA encoding an HMGB3 protein is inserted;
(i) an S100AS8 protein;

(k) a cell that secretes an S100AS8 protein;

(D) a vector into which a DNA encoding an S100A8 protein is inserted;
(m) an S100A9 protein;

() a cell that secretes an S100A9 proteing

{0) a vector info which a DNA encoding an S100A9 protein is inserted;
{(p) a cell or tissue ‘ez'd:rai:t; and

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

The tissue regeneration-promoting agents are characterized in that, when administered
to a tissue other than a tissue in need of regencration, they recruit (also referred to as “attract” or
“locally attract™) bone marrow cells from the bone marrow to the tissue in need of regeneration
via the peripheral circulation. Herein, “peripheral circulation” is also referred to as “blood
circulation” or “circulating peripheral bloodstream”.

The tissue regeneration-promoting agents of the present invention preferably suppress
scar healing and induce scarless healing.  Scar healing refers to a state in which fibrillar
collagen replaces functional tissues. On the other hand, scarless healing refers to a state in
which a damaged site regenerates functional tissues composed of cellular components, and this is
functionally and aesthetically superior to scar healing.  The tissue regeneration-promoting
agents of the present invention include such scarless tissue regeneration-promoting agents.

Accordingly, the agents of the present invention can also be referred to as:
tissue regeneration-promoting agents, which are administered to a tissue other than a tissue in
need of regeneration, and which promote tissue regeneration by recruiting bone marrow cells to
peripheral blood from the bone marrow and as a result recruiting bone marrow-derived cells to
the tissue in need of regeneration via the peripheral circulation system;
scarless tissue regeneration-promoting agents, which are administered to a tissue other than a
tissue in need of regeneration; or
scarless tissue regeneration-promoting agents, which are administered to a tissue other than a
tissue in need of regeneration, and which promote tissue regeneration by recruiting bone marrow
cells to peripheral blood from the bone marrow and as a result recruiting bone marrow-derived
cells to the tissue in need of regeneration via the peripheral circulation system.

The tissue in need of regeneration includes, for example, damaged tissues, necrotic
tissues, tissues after surgery, tissues with reduced function, fibrosing tissues, aged tissues, and
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diseased tissues. Examples of the tissues include live skin tissues and defect tissues caused by
internal biopsy (surgery) (brain, lung, heart, liver, stomach, small intestine, large

intestine, pancreas, kidney, urinary bladder, spleen, uterus, testis, blood, etc.).

In the present invention, administration to a tissue other than a tissue in need of
regeneration refers to administration to a site that is not a site in need of regeneration (a site
other than a site in need of regeneration). Accordingly, “a tissue other than a tissue in need
of regeneration” can also be referred to as:

a site other than a tissue in need of regeneration; a site other than a site in need of
regeneration; a site distant from a tissue in need of regeneration; a site distant from a site in
need of regeneration; a site distal to a site in need of regeneration; a tissue distal to a tissue in
need of regeneration; a distal site; or a distal tissue.

In particular, the agents of the present invention are effectively used to regenerate
tissues (brain, heart, etc.) to which it is difficult to directly administer pharmaceutical agents
from outside of the body.

, Bone marrow-derived cells recruited to a tissue in need of regeneration differentiate
into various types of cells to contribute to functional regeneration of the tissue in need of
regeneration and maintenance/enhancement of the functions. In the present invention,
examples of tissue in need of regeneration include, but are not limited to, tissues damaged by
various pathological conditions due to ischemic/hypoperfusive/hypoxic conditions, trauma,
burns, inflammation, autoimmunity, gene abnormalities, and the like.

Tissues in the present invention are not particularly limited as long as they are tissues
into which bone marrow-derived cells can differentiate. Examples include all types of tissues
in the living body, 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-promoting agents, treatments for inducing functional tissue regeneration
becomes possible not only in cutaneous diseases such as intractable cutaneous ulcers, skin
wounds, bullosis, and alopecia, but also in tissues in need of regeneration such as cerebral
infarction, myocardial infarction, bone fracture, pulmonary infarction, gastric ulcers, and
enteritis. Animal species to be administered with the above tissue regeneration-promoting
agent are not particularly limited, and include mammals, birds, fish, and such. Mammals
include human and non-human animals, which can be exemplified by, but are not limited to,
humans, mice, rats, monkeys, pigs, dogs, rabbits, hamsters, guinea pigs, horses, sheep, and
whales.

Examples of the tissue other than a tissue in need of regeneration include blood

tissues, muscle tissues, subcutaneous tissues, intradermal tissues, abdominal cavity, and such.
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Accordingly, the agents of the present invention include agents for promoting the
regeneration of the above-described tissues.

The agents of the present invention preferably include agents for promoting the
regeneration of nerve tissues, bone tissues, and skin tissues, but are not limited thereto. Such

‘merve tissue regeneration-promoting agents include agents for promoting regeneration of tissues

of the central nervous system, but are not limited thereto. Nerve tissue regeneration-promoting
agents can also be used to treat, for example, without limitation, cerebral infarction, brain
hemorrhage, and brain contusion. Furthermore, bone tissue regeneration-promoting agents can
be used to treat, for example, without limitation, bone fracture.  In addition, skin tissue
regeneration-promoting agents can be used to treat, for example, without limitation, skin uleers,
insufficient suture closure of surgical wounds, burns, cuts, bruises, skin erosions, and abrasions.

Herein, “bone marrow cells” and “bone marrow-derived cells™ are cells other than
hematopoietic stem cells, or cells derived therefrom such as leukocytes, erythrocytes, and
platelets, and are 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. “Bone marrow cells” include cells containing tissue progenitor cell
populations existing in the bone marrow, “Bone marrow cells” and “bone marrow-derived cells
can be isolated by bone marrow collection (bone marrow cell collection) or peripheral blood
collection. Hematopoietic stem cells are nonadherent, while some of the “bone marrow cells”
and “bone marrow-derived cells” are obtained as adherent cells by means of a cell culture of a
monocyte fraction of blood obtained by the bone marrow collection (bone marrow cell
collection) or peripheral blood collection. Moreover, “bone marrow cells” and “bone
marrow-derived cells” include mesenchymal stem cells, and have a potential to differentiate into,
preferably, 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 III positive staining),
and other mesenchymal cells such as fibroblasts, smooth muscle cells, stromal cells, and tendon
cells; and further nerve cells, epithelial cells (for example, epidermal keratinocsftes and intestinal
epithelial cells express cytokeratin family), and vascular endothelial cells. The cells to be
differentiated into are not limited to the above cells, and the potential to differentiate into cells of
parenchymatous organs such as liver, kidney, and pancreas is also included.

Herein, “bone marrow cells” refer to cells existing within the bone marrow, while
“bone-marrow derived cells” refer to “bone marrow cells” recruited outside the bone marrow.

Herein, “bone marrow mesenchymal stem cells”, “bone marrow stromal pluripotent
cells” or “bone marrow pluripotent 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,
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skin, fat, and other tissues), and can be cultured and 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 such as bone, cartilage, and fat (mesenchymal stem cells),
or into skeletal muscle, heart muscle, nervous tissues, and epithelial tissues (pluripotent stem
cells), and can be obtained by collection of bone marrow cells. “Bone marrow mésenchymal
stem cells”, “bone marrow stromal pluripotent cells”, or “bone marrow pluripotent stem cells”
recruited from bone marrow are cells that can be obtained by collection from peripheral blood,
mesenchymal tissues such as faf, epithelial tissues such as skin, or nervous tissues such as brain.
Bone marrow mesenchymal stem cells, bone marrow stromal pluripotent stem cells, bone
marrow pluripotent stem cells, or these cells recruited from bone marrow are also characterized
in having a potential to differentiate into epithelial tissues such as keratinocytes that constitute
skin, or nervous tissues that constitute brain, when administered to a lesion area of the living
body immediately after collection or after once being adhered onto a culture dish. Examples of
bone marrow mesenchymal stem cells, bone marrow stromal pluripotent stem cells, bone
marrow pluripotent stem cells, or these cells recruited from bone marrow, include cells having
the property of CD11b negative, but are not limited thereto.

Bone marrow mesenchymal stem cells, bone marrow stromal pluripotent stem cells,
bone marrow pluripotent stem cells, or these cells recruited from bone marrow preferably have a
ﬁotency to differentiate 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 III
positive staining), and other mesenchymal cells such as fibroblasts, smooth muscle cells, skeletal
muscle cells, stromal cells, and tendon cells; nerve cells, pigment cells, 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 cytokeratin family or
the like), and endothelial cells; and further preferably into cells of parenchymatous organs such
as liver, kidney, and pancreas. However, differentiated cells are not limited to the above cells.

Moreover, human bone marrow mesenchymal stem cells, bone marrow stromal
pluripotent stem cells, bone marrow pluripotent stem cells, or these cells recruited from bone
marrow can be exemplified by, but are not limited to, cells which can be directly obtained by
collecting bone marrow {cells), peripheral biood, or fat, or obtained as adherent cells through
culturing of an isolated monocyte fraction. Markers for human bone marrow mesenchymal
stem cells, bone marrow stromal pluripotent stem cells, bone marrow pluripotent stem cells or
these cells recruited from bone marrow can be, for example, all or some of the following but are
not limited thereto: Lin-negative, CD45-negative, CD44-positive, CD90-positive, and
CD29-positive.
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Moreover, mouse bone marrow mesenchymal stem cells, bone marrow stromal
pluripotent stem cells, bone marrow pluripotent stem cells, or these cells recruited from bone
marrow can be exemplified by, but are not limited to, cells which can be obtained by methods
described in the Examples. Markers for mouse bone marrow mesenchymal stem cells, bone
marrow stromal pluripotent stem cells, bone matrow pluripotent stem cells, or these cells
recruited from bone marrow can be for example, all or some of the following but are not limited
thereto: CD44-positive, PDGFRa-positive, PDGFRB-positive, CD45-negative, Lin-negative,
Sca-1 positive, ¢-kit negative, CD90-positive, and CD29-positive.

Tissue progenitor cells are defined as undifferentiated cells having a unidirectional
potency to differentiate into cells of a specific tissue other than the blood system, and inciude -
undifferentiated cells having the potency to differentiate into mesenchymai tissues, epithelial
tissues, nerve tissues, parenchymatous organs, and vascular endothelium as mentioned above.

For tissue regeneration-promoting agents of the present invention, there is no particular
limitation in substances other than at least one of the substances (2) to (q) mentioned above, so
long as they do not inhibit the attraction of bone marrow-derived cells and the promotion of
tissue regeneration.  For example, in addition to at least one of the substances (a) to (q)
mentioned above, the tissue regeneration-promoting agents of the present invention may contain:
related molecule(s) enhancing the function of substances (a) to (q) mentioned above to induce
functional tissue regeneration; molecule(s) which inhibit unanticipated actions of substances (a)
to {q) mentioned above; factors which regulate proliferation and differentiation of bone
marrow-derived cells; and other factors which enhance/maintain these factors or celiular
functions.

Animal species which serve as a source of the HMGB1, HMGB2, HMGB3, S100AS, or
S100A9 protein, the extract mentioned above, or the heparin binding fraction mentioned above
for the tissue reégeneration-promoting agents of the present invention, include human and
non-human animals, such as humans, mice, rats, monkeys, pigs, dogs, rabbits, hamsters, and
guinea pigs, but are preferably the same as the animal species to be administered with the
substances and the like.

The HMGBI protein of the present invention can be exemplified by, but is not limited
to proteins comprising the amino acid sequence of SEQ IDNO: 1, 3, or 5.  HMGBI 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: 1, 3, or 5.  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 amino acid sequence of SEQ ID
NO: 1, 3, or 5, and which are functionally equivalent to the protein comprising the amine acid
sequence of SEQ ID NO: 1, 3, or 5; and 2) isolated proteins which are encoded by DNAs that
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hybridize under stringent conditions with DNAs comprising the nucleotide sequence of SEQ ID
NO: 2, 4, or 6, and which are functionally equivalent to the protein comprising the amino acid
sequence of SEQ ID NO: 1, 3, or 5.

The HMGB?2 protein of the present invention can be exemplified by, but is not limited
to proteins comprising the amino acid sequence of SEQ ID NO: 7,9, or 11. HMGB?2 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: 7,9, or 11.  Examples of such proteins
inctude: 1) isolated proteins which comprise an amino acid sequence with one or more amino
acid substitutions, deletions, insertions, and/or additions in the amino acid sequence of SEQ ID
NO: 7, 9, or 11, and which are functionally equivalent to the protein comprising the amino acid -
sequence of SEQ ID NO: 7, 9, or 11; and 2) isolated proteins which are encoded by 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 HMGBRB3 protein of the present invention can be 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 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. ,

The ST100A8 protein of the present invention can be exemplified by, but is not limited to
proteins comprising the amino acid sequence of SEQ ID NO: 17, 19, or 21.  S100AS8 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: 17, 19, or 21.  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 amino acid sequence of SEQ ID
NO: 17, 19, or 21, and which are functionally eguivalent to the protein comprising the amino
acid sequence of SEQ ID NO: 17, 19, or 21; and 2) isolated proteins which are encoded by
DNAs that hybridize under stringent conditions with DNAs comprising the nucleotide sequence
of SEQ ID NO: 18, 20, or 22, and which are functionally equivalent to the protein comprising
the amino acid sequence of SEQ ID NO: 18, 20, or 22.
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The S100A9 protein of the present invention can be exemplified by, but is not limited
to, proteins comprising the amino acid sequence of SEQ ID NO: 23, 25, 0or 27. S100AS
proteins of the present invention can also include proteins which are functionally equivalént fo
the protein comprising the amino acid sequence of SEQ ID NO: 23, 25, or 27. 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 amino acid sequence
of SEQ ID NO: 23, 25, or 27, and which are functionally equivaiént to the protein comprising
the amino acid sequence of SEQ ID NO: 23, 25, or 27; and 2) isolated proteins which are
encoded by DNAs that hybridize under stringent conditions with DNAs comprising the
nucleotide sequence of SEQ D NO: 24, 26, or 28, and which are functionally equivalent to the
protein comprising the amino acid sequence of SEQ ID NO: 23, 25, or 27.

Isolated proteins which are functionally equivalent to the protein comprising the amino
acid sequence of SEQ IDNO: 1,3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25, or 27 may be
homologues or paralogues to the protein comprising the amino acid sequence of SEQ ID NO: 1,
3,5,7,9,11,13,15,17, 19,21, 23,25, 0or 27. Those skilled in the art can isolate proteins
which are functionally equivalent to the protein comprising the amino acid sequence of SEQ ID
NO:1,3,5,7,9,11,13, 15,17, 19, 21, 23, 25, or 27, by known methods (supplementary volume
of “Jikken Igaku (Experimental Medicine), Idenshi Kougaku Handbook (Genetic Engineering
Handbook)”, pp246-251, published by Yodosha Co., Ltd., 1991).

Examples of proteins which are functionally equivalent to the protein comprising the
amino acid sequence of SEQIDNO: 1, 3,5, 7,9, 11, 13,15, 17, 19, 21, 23, 25, or 27 include
proteins having activity of recruiting bone marrow-derived cells into tissues in need of
regeneration, or activity of migrating bone marrow-derived cells.

Proteins which comprise an amino acid sequence with one or more amino acid
substitutions, deletions, insertions, and/or additions in the amino acid sequence of SEQ D NO:
1,3,5,7,9, 11, 13,15, 17, 19, 21, 23, 25, or 27, and which are functionally equivalent to the
protein comprising the amino acid sequence of SEQIDNO: 1,3, 5,7, 9, 11, 13, 15, 17, 19, 21,
23, 25, or 27 include naturally-occurmring proteins. Generally, eukaryotic genes have
polymorphism as known in interferon genes and such.  Alterations in nucleotide sequence
caused by the polymorphism may result in one or more amino acid substitutions, deletions,
insertions, and/or additions. Naturally-occurring proteins such as those comprising an amino
acid sequence with one or more amino acid substitutions, deletions, insertions, and/or additions
in the amino acid sequence of SEQ IDNO: 1, 3,5,7,9, 11, 13, 15,17, 19,21, 23, 25, or 27, and
which are functionally equivalent to the protein comprising the amino acid sequence of SEQ ID
NO:1,3,5,7,9,11,13,15,17, 19, 21, 23, 25, or 27 are included in HMGB1, HMGB2,
HMGB3, S100A8, or S100A9 proteins of the present invention.
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The present invention also includes artificially-produced mutant proteins as long as they
are functionally equivalent to the protein comprising the amino acid sequence of SEQ ID NO: 1,
3,5,7,9,11, 13,15, 17,19, 21, 23, 25, or 27. Known methods which cause random mutations
to a given nucleotide sequence include substitution(s) of base pair(s) through nitrous acid
treatment of DNA (Hirose, S. ef al., 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 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
fitled by using a DNA polymerase, which is then made into a complete double stranded vector
by ligation.

The number of amino acids to be modified would be typically 50 or less, preferably 30
or less, and more preferably 5 amino acids or less (for example, one amino acid).

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 conservative substitution in the above
substitution of amino acid(s), and which are functionally equivalent to the protein comprising the
amino acid sequence of SEQ IDNO: 1, 3, 5,7, 9,11, 13, 15, 17, 19, 21, 23, 25, or 27.
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 conservative substitution include basic
amino acids (such ag lysine, arginine, and histidine), acidic amino acids (such as aspartic acid
and glutamic acid), uncharged polar amino acids (such as glycine, asparagine, glutamine, serine,
threonine, tyrosine, and cysteine), nonpolar amino acids (such as alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine, and tryptophane), § branched amino acids (such

as threonine, valine, and isoleucine), and aromatic amino acids (such as tyrosine, phenylalanine,

- tryptophane, and histidine).

Moreover, non-conservative substitution may increase protein activities (for example,
constitutively activated proteins). : _

In addition, proteins which are functionally equivalent fo the protein comprising the
amino acid sequence of SEQIDNO: 1, 3,5,7,9, 11, 13,15, 17, 19, 21, 23, 25, or 27 can be
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obtained by methods that utilize hybridization. That is to say, 2 DNA encoding HMGBI,
HMGRB2, HMGB3, S100A8, or S100A9 protein of the present invention as shown in the SEQ ID
NO:2,4,6,8,10,12, 14, 16, 18, 20, 22, 24, 26, or 28 or a fragment thereof is used as a probe,
and then DNAs that can hybridize fo 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 containing proteins that are

functionally equivalent to the HMGB1, HMGB2, HMGRB3, S100A8, or S100A9 protein.

Examples of a highly homologous nucleotide sequence include those having 70% or more, and
desirably 90% or more identity. _

In a specific exampie; 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
stringency 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. A

With the use of hybridization, for example, DNAs encoding homologues of the
HMGB1, HMGB2, HMGB3, S100A8, or SI00A9 proieins other than those proteins comprising
the arnino acid sequence of SEQ IDNO: 1,3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, or 27 can be
isolated.

Proteins which are functionally equivalent to a protein comprising the amino acid
sequence of SEQ IDNO: 1,3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, or 27 normally have a high
homology with the amino acid sequence of SEQ IDNO: 1, 3, 5, 7, 9,11,13,15,17,19, 21, 23,
25,0r27. The term “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 acid 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 (DDBI)
[examples of which include the homology search page (Search and Analysis) at the DNA Data
Baok of Japan (DDBJ) website; http://www.ddbj.nig.ac.jp/E-mail/homology-j.hitml]).
Furthermore, searches using BLAST can be carried out through the web site of the National
Center for Biotechnology Information (NCBI) (examples of which include BLAST page at the
homepage of NCBI website; http://www.ncbl.nlm.nih.gov/BLAST/; Altschul, S.F. ef al., J. Mol
Biol., 1990, 215(3): 403-10; Altschul, S.F. & Gish, W., Meth. Enzymol., 1996, 266: 460-480;
Altschul, S.F. ef &, Nucleic Acids Res., 1997, 25: 3389-3402)).

For example, in the calculation of the identity of amino acid sequences using Advanced
BLAST 2.1, the identity value (%) can be obtained by the following: blastp is used as the
program, expect value is set at 10, all filters are set at OFF, BLOSUMG62 is used for matrix, and
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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:
2264-68; Karlin, S. and S. F. Altschul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-7).

In addition, proteins functionally equivalent to a protein comprising the amino acid

‘ sequence of SEQ IDNO: 1,3, 5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, or 27 may be fragments of

the amino acid sequence of SEQ IDNO: 1,3, 5,7, 9,11, 13, 15,17, 19, 21, 23, 25, or 27.

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
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 HMGB1, HMGB2,
HMGRB3, S100A8, or S100A9 proteins disclosed herein are HMGB1, HMGB2, HMGB3,
S100AS8, or SI00A9 proteins of the present invention or proteins functionally equivalent thereto.

HMGBI1, HMGB2, EMGB3, S100A8, or S100A9 proteins can be obtained not only
from living materials, but also in the form of recombinants by incorporating genes that encode
these proteins into an appropriate expression system. In order to obtain HMGB1, HMGB2,
HMGB3, S100AS8, or SI00A9 proteins by genetic engineering techniques, the above-mentioned
DNAs which encode HMGB1, HMGB2, HMGB3, S100A8, or SI00A9 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 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 with a gene. .
encoding the HMGB1, HMGB2, HMGB3, S100A8, or S100AS protein is introduced into an E. |
coli strain such as BL21 by heat shock, incubated for an appropriate time and then
isopropylthio-B-D-galactoside (IPTG) is added to induce the expression of GST-fused HMGB1,
GST-fused HMGB2, GST-fused HMGB3, GST-fused S100A8, or GST-fused S100A9 proteins.
Since GST of the present invention adsorbs onto Glutathione Sepharose 4B, the expression
product is readily separated and purified by affinity column chromatography.

In addition, the following may also be applied as host/vector systems to obtain
recombinants of HMGB1, HMGB2, HMGB3, S100A8, or S100A9 proteins.  First, when
bacteria are used as hosts, expression vectors for fusion proteins that utilize histidine-tag,
HA-tag, a FLAG-tag, and the like are commercially available. The recombinants of the present
invention also include those to which a tag or a partial peptide thereof is attached.

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,
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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, and SV40. Any of these host/vector systems
can be used as an expression system of HMGB1, HMGB2, HMGB3, S100A8, or S100A9
proteins. Moreover, genes can also be infroduced using viral vectors such as retrovirus vectors,
adenovirus vectors, and adeno-associated virus vectors.

Thus obtained proteins of the present invention may be isolated intraceliularly or
extracellularly (medium and such), and can be purified as proteins that are substantially pure and
homogenous. Proteins may be separated and purified using separation and purification methods
which are commonly used in protein purification, and are not particularly limited. For example,
proteins can be separated and purified by appropriately selecting and combining a
chromatography columns, filters, ultrafilfration, salting out, solvent precipitation, solvent
extraction, distillation, immunoprecipitation, SDS-polyacrylamide gel electrophoresis, isoelectric
focusing electrophoresis, dialysis, reérystallization, 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
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, 60% or moré, 70% or more, 80% or more, 90% or more, $5% or more, 100% or close
to 100%. The upper limit for “close to 100%” depends on the purification techniques and
analytical techniques of those skilled in the art,'of which examples are 99.999%, 99.99%, 99.9%,
99%, and the like.

Moreover, a substantially purified protein includes any protein purified by any
purification method as long as the protein purity is as mentioned above. Examples include, but
are not limited to, proteins substantially purified by appropriately selecting and combining the
above-mentioned chromatography columns, filters, ultrafiltration, salting out, solvent
precipitation, solvent extraction, distillation, immunoprecipitation, SDS-polyacrylamide gel
electrophoresis, isoelectric focusing electrophoresis, dialysis, recrystallization, and the like.

Cells where HMGB1, HMGB2, HMGB3, S100AS8, or S100A9 proteins of the present
invention are released or secreted basically include all types of tissue-derived cells iz vivo.

Cells which can be readily collected and cultured are exemplified by, but are not limited to,
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fibroblasts (such as normal skin fibroblasts and cell lines derived therefrom). Moreover, cells
secreting HMGB1, HMGB2, HMGB3, S100A8, or S100A9 proteins can also be prociuced by the
following manner. A vector is produced by inserting an. HMGB1, HMGB2, HMGB3, S100A8S,
or S100A9 protein-encoding DNA, or an HMGB1, HMGB2, HMGB3, S100A8, or SI00A9
protein-encoding DNA linked with a secretion signal-encoding DNA (ATG CAG ACA GAC
ACA CTC CTG CTA TGG GTA CTG CTG CTG TGG GTT CCA GGT TCC ACT GGT GAC;
SEQ ID NO: 29), into a known expression vector or a gene therapy vector. The produced
vector is introduced into mammalian cells such as fibroblasts (such as normal skin fibroblasts
and cell lines derived therefrom), insect cells, and other cells. Examples of secretion
signal-encoding DNAs include, but are not limited to, DNAs with the above-described
sequences. Furthermore, there are no particular Jimitations in the animal fype from which these
cells derive, although cells from the animal type of the target animal subjected to vector
administration, cells from the target itself, or cells derived from a blood relative of the target
subjected to vector administration are preferably used. ,

DNAs which encode HMGB1, HMGB2, HMGB3, S100A8, or S100A9 proteins of the |
inducers or tissue regeneration-promoting agents of the present invention may be cDNAs,
genomic DNAs, natural DNAs, or artificially-synthesized DNAs so long as they encode the
HMGBI1, BMGB2, HMGB3, S100A8, or S100A9 protein. DNAs which encode HMGBI,
HMGB2, HMGB3, S100A8, or S100A9 proteins are normally administered in a form inserted in
vectors.

Examples of the 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 vectors
may contain promoter DNA sequences which effectively induce gene expression, factors that
regulate gene expression, and molecules which are necessary for maintaining DNA stability.

In the present invention, the following vectors may also be used: partial peptides of
HMGBI1, HMGB2, HMGB3, S100A8, or S100A9 protein which have an activity of recruiting
bone marrow-derived cells; cells secreting these partial peptides; or vectors inserted with the
DNAs encoding these partial peptides. .

Extracts of cells or tissues used in the present invention can be produced by methods
comprising the step of immersing cells or tissues in a solvent. |

Cells and tissues to be immersed in a solvent are not particularly limited, but include,
for example, tissue-derived cells, cells of cell lines established from tissue-derived cells
(including, but not limited to, for example, HeLa and HEK293), isolated cells, non-isolated cells
(for example, cells in isolated tissues), and cells transfected with DNA encoding HMGBI,
HMGB2Z, HMGB3, S100AR, or S100A9 protein.  The above tissues may be any types of tissue,
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and inctude, but are not limited to, for example, live skin tissues and tissues obtained by internal
biopsy (surgery) (brain, lung, heart, liver, stomach, small and large intestines, pancreas, kidney,
urinary bladder, spleen, uterus, testis, blood, etc.).

Examples of the above solvent include, but are not limited to, physiological saline,

- phosphate-buffered saline (PBS),l and Tris-buffered saline (TBS). 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 hours to 24 hours,
but is not limited thereto. Therefore, the “step of immersing cells in a solvent” can be
rephrased as a “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 0 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, 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 20 mM, but are not limited thereto.

Moreover, in the present invention, cells or tissues can be removed from a solvent
containing them after they are immersed in the solvent. The method for removing cells or
tissues from a solvent is not particularly limited as long as the method is well known to those
skilled in the art. For example, cells or tissues can be removed from a solvent by centrifugation
at a gravity acceleration of from 10 G to 100,000 G (for example, 440 G} at 4°C to 25°C (for
example, 4°C), followed by separation of the supernatant, but the removal method is not limited
thereto. The supernatant can be used as an extract of cells or tissues.

The extracts of cells or tissues in the present invention include, for example, skin extract
and peripheral blood monomuclear cell extract (peripheral blood extract), but are not limited
thereto.

" The peripheral blood extract is prepared by the following method: after collecting blood
with a syringe or the like, the cells are frozen in a freezer or liquid nitrogen, on dry ice, or such,
and then thawed at a temperature of 0°C or higher. Then, to remove insoluble cellular
components, the sample is centrifuged, for example, at a gravity of 10 to 100,000 G (for
example, at 440 G) and 4°C to 25°C (for example, at 4°C), and the resulting supernatant is
collected. The insoluble cellular components can be removed from the solvent by the method
described above. However, methods for removing insoluble cellular components are not
limited to the above example. The resulting supernatant can be used as an extract of cells or
tissues. Alternatively, instead of centrifugation, insoluble cellular components can be removed
by filtration through a nitrocellulose filter with micropores of 0.45 pm, or the like.
Alternatively, collected peripheral blood may be allowed to stand for three to 48 hours at 4°C to
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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 centrifuged at a gravity of 10 to 100,000 G (for example, at 440 G), and the resulting
supernatant is collected. The insoluble cellutar 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 celfular
components can be removed by filtration through a nitrocellulose filter with micro pores of 0.45
pm of the like. \

Meanwhile, a method for preparing cell extract from peripheral mononuclear cells is as
follows: peripheral whole blood is collected using a syringe or the like, and then diluted with
PBS to atotal volume of 4 ml.  After 3 ml of Ficoll-Paque Plus (GE) is placed in a centrifuge
tube, the diluted blood is overlaid thereon. Following 40 minutes of centrifugation at 400 G
(18°C), the middle layer containing mononuclear cells is collected in a new centrifuge tube, and
45 ml of PBS is added thereto. After 5 minutes of centrifugation at 800 G (18°C), the
supernatant is discarded, and 45 mi of PBS is added to the cells. Following 5 minutes of
centrifugation at 800 G (18°C), the supernatant is discarded, and 200 pl of PBS is added to
suspend the precipitated cells. The cell suspension is frozen for 30 minutes at -80°C in a
freezer, and then taken out of the freezer and thawed on ice.  This frecze-thaw treatment is
repeated three times, and the suspension is centrifuged at 800 G (4°C) for 15 minutes to collect
the supernatant. Instead of freezing, the cells can be placed in a refrigerator at 4°C for 3 {0 48
hours to induce necrosis of the cells and release intracellular components.  Alternatively,
intracellular components can be released outside of the cells by disrupting them using sonication
while cooling on ice. After any of these treatments to release the intracellular components l
outside of the cells, the sample is centrifuged at a gravitational acceleration of 440 G to :
1,000,000 G, preferably 20,000 G to 100,000 G, and the supernatant is
collected as a cell extract. Instead of centrifugation, the sample may be filtered through a
0.45-um micropore nitrocellulose filter, cellulose acetate, or such to remove insoluble
components and prepare a cell extract.

Heparin-binding fractions from the extracts of cells or tissues in the present invention
can be produced by a method comprising the following steps.

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

(b) contacting an extract obtained by the step (a) with immobilized heparin; and

(c) eluting a heparin-binding fraction (may also be expressed as heparin-purified fraction or
heparin-column purified fraction) from the immobilized heparin.

“Immobilized heparin” refers to heparin covalently bound to an insoluble carrier.
Examples of the insoluble carrier include, but are not limited to, Sepharose beads (such as
Sepharose 4B, Sepharose 6B and such: GE Healthcare). In the present invention, a
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commercially available immobilized heparin (Hitrap Heparin HP column: GE Healthcare) may
also be used.

Examples of conditions for contacting an extract of cells or tissues with immobilized
heparin include, but are not limited to, about pH 7 to 8 (preferably pH 7.5), and a salt
concentration of 0 1o 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
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
8 and a salt concentration of 200 to 1,000 mM (preferably about 1,000 mM).

Methods for administering the tissue regeneration-promoting agents of the present
invention include parenteral administration, more specifically include administration by injection,
but are not limited thereto. In addition, methods for administering the tissue
regeneration-promoting agents of the present invention are not particularly limited as long as
they allow the tissue regeneration-promoting agents to enter the blood circulation without
remaining at the administration site. The methods for administering the tissue
regeneration-promoting agents of the present invention include, for example, intravascular
administration (intraarterial administration, intravenous administration, etc.), administration into
blood, intramuscular administration, subcutaneous administration, intradermal administration,
and intraperitoneal administration, but are not limited thereto.

The method of administration may be appropriately selected according to the age and
the symptoms of the patient. When an HMGB1, HMGB2, HMGB3, S100A8, or S100A9
protein is administered, the dose per time of the protein can be selected within a range of
0.0000001 mg to 1000 mg per kg body weight of a patient.  Alternatively, the dose can be
selected within a range of 0.00001 mg to 100000 mg per body of patient, for example. When
administering cells secreting HMGBI1, HMGB2, HMGB3, S100A8, or SI00A9 protein or gene
therapy vectors inserted with DNAs encoding HMGBI, HMGB2, HMGBS3, S100A8, or S100A9
proteins they may be administered such that the amounts of HMGB1, HMGB2, HMGB3,
S100A8, or S100AS protein in the tissues in need of regeneration are within the above range.
However, the dosage of the tissue regeneration-promoting agents of the present invention are not
limited thereto. '

Tissue regeneration-promoting agents of the present invention can be formulated
according to the usual methods (for example, Remington's Pharmaceutical Science, latest edition,
Mark Publishing Company, Easton, U.8.A), and may contain pharmaceutically acceptable
carriers and additives together. Examples include surfactants, excipients, colorants, perfumes,
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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 may be appropriately used. Specific examples include light anhydrous silicic
acid, lactose, crystalline cellulose, mannitol, starch, carmellose calcium, carmellose sodium,
hydroxypropylcellulose, hydroxypmpyimcfhylceﬁulese, poiyv*inylasétaldiethylamino acetate,
polyvinylpyrrolidone, gelatin, medium-chain fatty acid triglyceride, polyoxyethylene
hydrogenated castor oil 60, white sugar, carboxymethy! cellulose, corn starch, and inorganic
salts.

The present invention also provides kits for promoting tissue regeneration comprising a
composition containing a substance of any one of (a) to (q) described below, wherein the
composition is administered to a tissue other than a tissue in need of regeneration:

(a) an HMGB]1 protein;

(b) a cell that secretes an HMGRB1 protein;

{c) a vector into which a DNA encoding an HMGBI1 protein is inserted;
(d) an HMGB?2 protein

(e) a cell that secretes an HMGRB2 protein;

() a vector into which a DNA encoding an HMGB2 protein is inserted;
(2) an HMGB3 protein;

(h) a cell that secretes an HMGRB3 protein;

(i) a vector into which a DNA encoding an HMGB3 protein is inserted;
(G) an S100A8 protein;

(k) a cell that secretes an S100A8 protein;

(D) a vector into which a DNA encoding an S100AS8 protein is inserted;

(m) an S100A9 protein;

(n) a cell that secretes an S100A9 protein;

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

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

The kits for promoting tissue regeneration are characterized in that, when administered
to a tissue other than a tissue in need of regeneration, they recruit bone marrow cells from the
bone marrow to the tissue in need of regeneration via the peripheral circulation.

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

intradermal, or intraperitoneal administration.
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Furthermore, the kits of the present invention preferably include kits used for promoting
regeneration of nerve, bone, or skin tissues. '

The kits for promoting tissue regeneration include, for example, those containing: (1)
the above-described substance dissolved in fibrinogen and (2) thrombin; or (1) the
above-described substance, (2) fibrinogen, and (3) thrombin. In the present invention, it is
possible to use commercially-available fibrinogen and thrombin, including, for example,
fibrinogen HT-W{ (Benesis-Mitsubishi Pharma), Beriplast (ZL.B Behring), Tisseel (Baxter),
Bolheal (KAKETSUKEN), and TachoComb (ZLB Behring); however, they are not limited to
these examples.

Meanwhile, the use of the above-described cell extract or tissue extract; heparin-binding
fraction of the cell extract or tissue exiract; HMGB1, HMGB2, HMGB3, S100A8, or S100A9
protein; cells expressing the HMGB1, HMGB2, HMGB3, S100A8, or S100A9 protein; vector
inserted with a DNA encoding the HMGB1, HMGB2, HMGB3, S100A8, or S100A9 protein;
partial peptide of the HMGB1, HMGB2, HMGB3, S100AS8, or S100A9 protein; cell expressing
the partial peptide; or vector inserted with a DNA encoding the partial peptide, may be referred
to as follows: ’
(1) a method for promoting tissue regeneration, which comprises the step of administering an

 effective amount of 2 composition containing the substance of any one of (a) to (q) below to a

tissue other than a tissue in need of regeneration:
(a) an HMGBRBI1 protein;
(b) a cell that secretes an HMGBI1 protein;
(¢) a vector into which 2 DNA encoding an HMGB1 protein is inserted;
(d) an HMGB?2 protein
(e) a cell that secretes an HMGB?2 protein;
(f) a vector into which a DNA encoding an HMGB2 protein is inserted;
(g) an HMGB3 protein;
(h) a cell that secretes an HMGB3 protein;
(1) a vector into which a DNA encoding an HMGB3 protein is ingerted;
(3) an S100A8 protein;
(k) a cell that secretes an S100A8 protein;
(1) a vector into which a DNA encoding an S100AS8 protein is inserted;
(m) an S100A9 protein; '
(n) a cell that secretes an SIG0A9 protein;
(0) a vector into which a DNA encoding an S100A9 protein is inserted;
(p) a cell or tissue extract; and
(q) a heparin-binding fraction of a cell or tissue exfract;
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(2) use of a composition containing the substance of any one of (a) to (q) below in producing a
tissue regeneration-promoting agent, wherein the tissue regeneration-promoting agent is
administered to a tissue other than a tissue in need of regeneration:

{(a) an HMGB1 protein;

(b) a cell that secretes an HMGB1 protein;

(c) a vector into which a DNA encoding an HMGB! protein is inserted;

{d) an HMGB2 protein

(e) a cell that secretes an HMGB2 protein;

(f) a vector into which a DNA encoding an HMGB2 protein is inserted;

(g) an HMGB3 protein;

(b) a cell that secretes an HMGB3 protem

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

(i) an S100AS8 protein;

(k) a cell that secretes an ST00A8 protein;

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

(m) an S100AS protein;

(n) a cell that secretes an S100A9 protein;

(o) a vector into which 2 DNA encoding an S100A9 protein is inserted;

(p) a cell or tissue extract; and

(q) a heparin-binding fraction of a cell or tissue extract;
(3) a composition for use in a method for promoting tissue regeneration, which contains the
substance of any one of (a) to (q) below and is administered to a tissue other than a tissue in need
of regeneration: b

{a) an HMGB1 protein;

(b) a cell that secretes an HMGB1 protein;

(c) a vector into which a DNA encodmg an HMGBI protein is inserted;

(d) an HMGB2 protein

(e) a cell that secretes an HMGRB?2 protein;

() a vector into which a DNA encoding an HMGB2 protein is inserted;

{g) an HMGB3 protein;

(h) a cell that secretes an HMGB3 protein;

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

(3) an. ST00AS protein;

(k) a cell that secretes an S100A8 protein;

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

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

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

(q) 2 beparin-binding fraction of a cell or tissue extract.

All prior art documents cited herein are incorporated herein by reference.

[Example 1]
Purification of HMGB-1 and S100A8 .

RNA was extracted from newborn mouse skin using Trizol (Invitrogen), and then cDNA
was synthesized using SuperScript II cDNA synthésis kit (Invitrogen). . Using this cDNA asa
template, HMGB1 ¢DNA was amplified by polymerase chain reaction (PCR). The resulting
c¢DNA was inserted into pCAGGS, a plasmid vector for protein expression in mammalian cells,
such that the vector would express the protein attached with GST tag and 6XHis tag sequences at
the N terminus of its amino acid sequence for the convenience of purification.

pCAGGS-Flag-His-S100A8 was transfected into a human fetal kidney cell-derived
cultured cell line HEK 293 using polyethyleneimine (PEI). After 48 hours, the cells and culture
supernatant were.separately collected by centrifugation at 4,400 G at 4°C for five minutes.

Then, the collected supernatant was filtered through a cellulose acetate filter having pores with a
diameter of 0.8 pm  and then through a nitrocellulose filter having pores with a diameter of
0.45 um to prepare a sample removed of insoluble fractions. The sample was loaded onto
5-ml HisTrap FF (GE) equilibrated with 50 ml of 50 mM Tris HCI (pH 8.0) containing 50 mM
NaCl, and then the absorbed components were washed with 50 mM Tris HCI (pH 8.0) containing
50 mM NaCl and 10 mM imidazole to remove ndnspeciﬁca]}y adsorbed components. The
specifically adsorbed components were eluted from the column using 50 mM Tris HCI (pH 8.0)
containing 50 mM NaCl and 100 mM imidazole. The adsorbed fractions were fractionated into
silicone-coated plastic tubes (500 pl/tube). Protein-containing fractions were combined
together, and then imidazole was removed using a desalting columan PD10 (GE). The fractions
were eluted using 50 mM Tris HCI (pH. 7.5} containing 150 mM NaCl. HRV3C (Novagen)
was added to the eluted samples and the mixture was incubated at 4°C for eight hours.  After
cleavage, the sample was loaded onto a 1-ml HiTrap Heparin column (GE) equilibrated with 50
mM Tris HCI (pH 7.5) containing 150 mM NaCl. The inside of the column was washed with
50 mM Tris HCI (pH 7.5) containing 150 mM NaCl. The protein bound to the column was
eluted with 50 mM Tris HCI (pH 7.5) containing 1,000 mM NaCl. The eluted sample was
diluted 50 times with 50 mM Tris HCI (pH 8.8) containing 20 mM NaCl, and adsorbed onto 1
mL of HiTrap Q FF (GE) equilibrated with the same buffer. The adsorbed prdtein was eluted
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with 50 mM Tris HCI (pH 8.8) containing 500 mM NaCl while gradually increasing the
concentration of NaCl.  The presence of protein bound to the nickel column, heparin column,
and Q column was confirmed by SDS-PAGE followed by Coomassie brilliant blue staining.

As a result, highly pure HMGB-1 was purified as shown inFig. 1. Inthe following
Examples, HMGB-1 prepared by this purification method was used. o

RNA was extracted from newborn mouse skin using Trizol (Invitrogen), and then cDNA
was synthesized using SuperScript II¥ cDNA synthesis kit (Invitrogen). Using this cDNA as a
template, S100A8 cDNA was amplified by polymerase chain reaction (PCR).  The resulting
cDNA was inserted into pCAGGS, a plasmid vector for protein expression in mammalian cells,
such that the vector would express the protein attached with a GST tag sequence (SEQ ID NO:
31 (amino acid $eciucnce); SEQIDNO: 32 (DNA sequence)) (Fig. 39).

Human fetal kidney cell-derived culture cell line HEK293 was transfected with
pCAGGS-GST-S100A8 using a lipofection reagent (Invitrogen), and the cells and culture
supernatant were collected after 48 hours. The cell and culture supernatant were centrifuged at
4400 g for 5 minutes at 4°C to collect the supernatant (supernatant A) and cells separately. PBS
containing 0.1% Tween 20 was added to the cells, and subjected to sonication for 30 seconds
while on ice to disrupt the cell membrane. After centrifugation at 4400 g for 5 minutes at 4°C,
the supernatant was collected (supernatant B). Supernatant A and B were combined together,
and loaded onto HiTrap GST FF column (GE healthcare; 5 ml) in which the buffer had been
replaced with 30 ml of PBS in advance. After loading, the column was washed with 100 m] of
PBS, and the adsorbed protein was eluted with 20 mM phosphate buffer (pH 8) containing
reduced glutathione. To remove glutathione, the buffer was replaced with PBS using gel
filtration column PD-10 (GE).

[Example 2]
Effect of intravenous administration of HMGB-1 and S100A8 in recruiting bone marrow-derived
cells to skin ulceration site during skin ulcer healing process

Male C57BL/6 mice (6 weeks old) were irradiated at a lethal dose (10 Gy).
Immediately, bone marrow cells (5 x 10° cells/0.1 ml physiological phosphate buffer (pH 7.4))
derived from a green fluorescent protein (GFP) transgenic mouse {Okabe M. et al., FEBS Lett.
407, 313-319, 1997) were transplanted via the caudal vein. After 8 weeks, a round-shaped skin
ulcer with a diameter of 6 mm was created on the back.  To prevent shrinkage of the skin of the

mice, a silicone ring with an outer diameter of 10 mm, inner diameter of 6 mm, and thickness of
1 mm was attached to the ulcer site using two-sided adhesive tape and medical adhesive Aron
alpha A (Sankyo). The ulcer was covered with a silicone disc with a diameter of 10 mm and a
thickness of 1 mm to prevent desiccation and bacterial infection at the ulcer. In addition, the
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ulcer was masked with Tegaderm (3M) for protection.

HMGB-1 (40 pg) or S100A8 (250 ng) was administered via the caudal vein five times
at 24-hour intervals from the day of skin ulcer creation. Two weeks after the creation of skin
ulcer, the mice were anesthetized by isoflurane inhalation, and then the degree of GFP
fluorescence at the site of skin ulcer created on the back was observed using a fluorescent
stereoscopic microscope. Then, the skin at the ulcer creation site was excised in a circular
shape and fixed in PBS (phosphate buffer; Nacalai) containing 4% paraformaldehyde. After
embedding in OCT compound, the skin was sliced into 8-um sections using a microtome with a
cooling apparatus (Leica). The sections were affixed onto glass slides. Then, the compound
was washed off with PBS, and the nuclei were stained with DAPL.  Next, the sections were
washed with PBS to remove excess DAPI, and mounted with a mounting medium containing an
anti-fading reagent. GFP fluorescence of each sample was detected using a fluorescent
microscope.

The result is shown in Fig. 2.  In the mice administered with HMGB-1 or S100A8,
many bone marrow-derived cells (GFP-positive cells) as compared to the control were found to
accumulate in the dermis, in particular in the upper layer, after closure of the skin ulcer.

Bone marrow pluripotent stem cells can differentiate into osteoblasts, chondrocytes,
adipocytes, and others. In skin tissues, they are also believed to be able to differentiate into
epidermal cells, hair follicle cells, dermal fibroblasts, and such. It has already been revealed
that HMGB-1 and S100A8 have activity of recruiting bone marrow pluripotent stem cells and
have a skin ulcer-reducing effect in mice when they are administered directly to a skin ulcer site.
However, the present result has for the first time demonstrated that bone marrow-derived cells
are recruited to the site of skin ulceration by administration of HMGB-1 and S100A8 into the
venous blood, which is a non-target site and distant from the ulceration site.

[Example 3]
Effect of intravenous administration of HMGB-1 and S100A8 in promoting skin uleer healing
In male C57BL/6 mice (8 weeks old), a round-shaped skin ulcer with a diameter of 6
mm was created on the back. To prevent shrinkage of the skin of the mice, a silicone ring with
an outer diameter of 10 mm, inner diameter of 6 mm, and thickness of 1 mm was attached to the
uleer site using two-sided adhesive tape and medical adhesive Aron alpha A (Sankyo). The
uleer was covered with a silicone disc with a diameter of 10 mm and a thickness of 1 mm to
prevent desiceation and bacterial infection at the ulcer site.  In addition, the ulcer was masked
with Tegaderm (3M) for protection.
HMGB-1 (40 pﬁg) or S100A8 (250 ng) was administered via the caudal vein five times
at 24-hour intervals from the day of skin ulcer creation. The ulcer size was measured on days 3,
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5, and 10 after creation of ulcer.

The result is shown in Fig. 3. HMGB-1 reduced the ulcer size on day 3 after creation
of ulcer as compared to the negative control (PBS adminisirétion). Meanwhile, S100A8
reduced the ulcer size on day 7 after creation of ulcer as compared to the negative control (PBS
administration).

The skin ulcer healing-promoting effect has been conventionally achieved by
administering HMGB-1 or S100A8 directly to a skin ulcer site. However, the present research
for the first time succeeded in promoting the healing of a skin ulcer by administering HMGB-1
or S100A8 into a blood vessel, which was a non-target site and distant from the ulceration site.
The present invention enables the treatment of skin ulcers without direct administration to the
site of ulceration. Thus, it is possible to develop pharmaceutical agents that can be used even
for conditions where the direct administration to the ulceration site is difficult, such as extensive
skin ulcer, ulcer associated with skin loss, infected lesions, or necrotizing lesions, and such.

[Example 4]
Effect of intravenous administration of HMGB-1 in promotmg scarless healing of skin ulcer

In male CS7BL/6 mice (8 weeks old), a round-shaped skin ulcer with a diameter of 6
mm was created on the back. To prevent shrinkage of the skin of the mice, a silicone ring with
an outer diameter of 10 mm, inner diameter of 6 mm, and thickness of 1 mm was attached to the
ulcer site using two-sided adhesive tape and medical adhesive Aron alpha A (Sankyo). The
ulcer was covered with a silicone disc with a diameter of 10 mm and a thickness of 1 mm to
prevent desiccation and bacterial infection at the ulcer.  In addition, the ulcer was masked with
Tegaderm (3M) for protection.

EMGRB-1 (40 pg) was administered via the candal vein five times at 24-hour intervals
from the day of skin ulcer creation. Four weeks after creation of ulcer, the ulcer portion was
sampled and fixed in 10% buffered formaldehyde. The samples were paraffin-embedded and
then sliced into thin sections using a microtome. After deparaffinization, the sections were
processed by hematoxylin-eosin (HE) staining and Masson’s trichrome (MT) staining,

The result is shown in Fig. 4.  In the skin of the HMGB-1-administered mice, an area
strongly positive for Masson’s trichrome staining as compared to the control mice (PBS '
administration) was seen in the upper layer of dermis.

It is known that in the process of skin ulcer healing, ulcer is closed by scar healing if the
reconstruction of skin tissues is insufficient. Scar healing refers to the closure of ulcer with
non-cellular components such as collagen fiber secreted by fibroblasts and the like. As scar has
no functional tissue structure unlike normal tissues, it is associated with the hardening and
shrinking of tissue even after healing. Thus, the suppression of scar formation is an important
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task from the functional and cosmetic point of view. The present result demonstrates that it is
possible to promote the early closure and scarless healing of skin ulcers by administering
HMGB-1 intravenously and thereby recruiting bone marrow-derived cells to the site of
ulceration.

[Example 5]
Observation of bone marrow-derived cells in the brain of cerebral infarction model animals
infravenously administered with HMGB-1

Cerebral infarction was created in GFP-bone marrow-transplanied mice (an intraluminal
filament model of middle cerebral artery occlusion). Specifically, GFP-bone
marrow-transplanted mice produced by the method of the above-mentioned Example were
anesthetized by isoflurane inhalation. Then, the head skin was opened, and the probe of a laser
Doppler blood flowmeter was directly attached to the cranial bone to monitor the cerebral blood
flow. Next, a median skin incision was made from the sternum to the lower jaw. The right
common carotid artery was detached and ligated loosely with a #4 silk suture.  The right
external carotid artery was ligated at a distal position using a #6 silk suture. A puncture was
made on the right external carotid artery at a proximal position while applying tension to the
suture around the common carotid artery. A #6 monofilament nylon suture (intraluminal
filament) with a tip of 700 pm shaped by heat was inserted at the puncture site. The filament
was advanced toward the internal carotid artery until about 8 mm of the suture tip was inserted.
Then, the suture around the common carotid artery was loosened. It was confirmed that the
reading of the laser Doppler blood flowmeter was reduced by 10 times after the blockage of
blood flow.

After 30 minutes of blood flow blockage, the intraluminal filament was withdrawn to
restore the blood flow. After 12 hours, purified HMGB-1 (100 pg) diluted with 500 pl of PBS
was administered to the prepared disease model mice from the caudal vein,. HMGB-1 was then
administered four times at 24-hour intervals in the same manner. Control mice were
administered with PBS.

Two weeks after the last day of the treatment, perfusion fixation was carried out using
2% paraformaldehyde under isoflurane inhalation anesthesia. The brain was removed from the
cranial bone, and dehydrated by immersion in 10% sucrose solution for 12 hours and then in
20% sucrose solution for 24 hours.  After dehydration, the brain was placed in OTC compound,
and frozen on dry ice to prepare a block. The block was sliced into 8-pum sections with a
microtome for cryosectioning, and the sections were spread on silane-coated glass slides. After
spreading, the sections were thoroughly dried, and washed with PBS to remove the compound.

PBS containing 2% skim milk was allowed to infiltrate the samples, and then an
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anti-mouse Nestin antibody and BIII tubulin antibody diluted 500 times with PBS containing 2%
skim milk were allowed to infiltrate the samples at 4°C for 8 howrs.  After thoroughly washing
the samples with PBS for 5 minutes five times, a PE-labeled anti-rat IgG antibody diluted 500
times with PBS containing 2% skim milk was allowed to infiltrate the samples for one hour at ‘
room temperature. After thorough wash with PBS in the same manner, a DAPI solution was
allowed to infiltrate the samples for 10 minutes at room temperature. Then, the samples were
thoroughly washed with PBS. The samples were mounted with a mounting medium containing
an anti-fading agent, and observed for GFP, DAPI, and PE fluorescence using a confocal laser
microscope. _

The result is shown in Fig. 5. In the brain of HMGB-1-administered mice, many bone
marrow-derived cells (GFP-positive cells) were observed, and some bone marrow-derived cells
were positive for Nestin (yellow cells in the right panel) as well as others were positix}e for Bl
tubulin (yellow cells in the left panel). Bone marrow-derived cells were also observed in the
PBS administration group; however, none of the cells expressed Nestin or BlII-tubulin
(photographs not shown).

Bone marrow-derived cells are known to differentiate into nerve cells in vitro (in the
culture system). Furthermore, boné marrow-derived cells in vivo (in the body) are known to
express neuronal markers in the brain on rare occasions. However, it is nof clear whether such
bone marrow-derived cells have neurological functions in the brain. Meanwhile,
non-inflammatory bone marrow cells such as bone marrow mesenchymal stem cells have been
demonstrated to produce a therapeutic effect when administered in the pathological condition of
cerebral infarction. However, the healing mechanism remains to be clarified.

The present result demonstrated that bone marrow-derived cells expressing nerve cell
markers were present in the brain of mice which received intravenous administration of
HMGB-1 after creation of cerebral infarction. These GFP-positive cells are presumably
derived from non-inflammatory cells such as bone marrow mesenchymal stem cells.

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

Eight-week-old female C57/Bl6 mice were anesthetized by isofturane inhalation. Then,
the head skin was opened, and the probe of a laser Doppler blood flowmeter was directly
attached to the cranial bone to monitor the cerebral blood flow. Next, a median skin incision
was made from the sternum to the lower jaw. The right common carotid artery was detached
and ligated loosely with a #4 silk suture. The right external carotid ariery was ligated at a distal
position using a #6 silk suture. A puncture was made on the right external carotid artery at a

proximal position while applying tension to the suture around the common carotid artery. A #6
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monofilament nylon suture (intraluminal filament) with a tip of 700 pum shaped by heat was
inserted at the puncture site. The filament was advanced toward the internal carotid artery until
about 8mm of the suture tip was inserted. Then, the suture around the common carotid artery
was loosened. It was confirmed that the reading of the laser Doppler blood flowmeter was
reduced by 10 times after the blockage of blood flow.

After 30 minutes of blood flow blockage, the intraluminal filament was withdrawn to
restore the blood flow. After 12 hours, purified HMGB-1 (10 pg) diluted with 500 pl of PBS
was administered to the prepared disease model mice via the caudal vein. HMGB-1 was then
administered four times at 24-hour intervals in the same manner. Control mice were
administered with PBS. ‘ A

Five days after the last day of the treatment, perfusion fixation was carried out using 2%
paraformaldehyde under isoflurane inhalation anesthesia. The brain was removed from the
cranial bone. After dehydration, the brain was placed in OTC compound, and frozen on dry ice
to prepare a block. The block was sliced into 8-pim sections with a microtome for
cryosectioning, and the sections were spread on silane-coated glass slides.  After spreading, the
sections were thoroughly dried, and washed with PBS to remove OCT compound. Following
10 minutes of fixation with PBS containing 4% paraformaldehyde, the sections were washed
with phosphate buffer for 5 minutes, and immersed in distilled water for 10 minutes. Then, the
samples were stained for 13 minutes with a 0.5% Cresyl Violet solution.  After one mimute of
wash with distilled water, the sections were immersed in 50% ethanol, 75% ethanol, 95% cthanol,
and 100% ethanol for 10 seconds each, twice in xXylene for two minutes, and finally mounted
using Entellan.

' The result is shown in Fig. 6. Significant improvement of the cerebral infarction was
observed in mice administered with HMGB-1 as compared to mice administered with PBS.

In the experiment described above, a cerebral infarct-reducing effect was produced by
intravascular administration of HMGB-1 after creation of cerebral infarction. It has been
previously known that the intravenous administration of patient’s own bone marrow cells after
cerebral infarction provides a cerebral infarct-ameliorating effect.  Since HMGB-1 has the
activity of recruiting bone marrow-derived pluripotent stem cells, 1t is expected to produce the
same effect as that of the infravenous administration of bone marrow cells.  In addition, since
the direct administration of HMGB-1 to the site of cerebral infarction may potentially cause
damages and inflammation in brain tissues, the administration at a non-target site, for example,
intravascular administration and subcutaneous administration as used in the experiments
described above, is an excellent administration method that enables therapeutic treatment of
cerebral infarction.
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[Example 7]

Improvement of post-cerebral infarction survival rate by administration of HMGB-1
Eight-week-old male C57/Bl6 mice were anesthetized by isoflurane inhalation. Then,

the head skin was opened, and the probe of a laser Doppler blood flowmeter was directly

attached to the cranial bone to monitor the cerebral blood flow. Next, a median skin incision

was made from the sternum to the lower jaw. The right common carotid artery was detached
and ligated loosely with a #4 silk suture. The right external carotid artery was ligated at a distal
position using a #6 silk suture. A puncture was made on the right external carotid artery at 2
proximal position while applying tension to the suture around the common carotid artery. A #6
monofilament nylon suture (intraluminal filament) with a tip of 700 pm shaped by heat was
inserted at the puncture site. The filament was advanced toward the internal carotid artery until
about 8min of the suture tip was inserted. Then, the suture around the common carotid artery
was loosened. It was confirmed that the reading of the laser Doppler blood flowmeter was
reduced by 10 times after the blockage of blood flow.

After a certain period of blood flow blockage (45 or 60 minutes) in each mouse, the
intraluminal filament was withdrawn to restore the blood flow. After 12 hours, purified
HMGB-1 (10 pg) dilated with 500 pl of PBS was administered to the prepared disease model
mice via the caudal vein. HMGB-1 was then administered four times at 24-hour intervals in the
same manner. Control mice were administered with PBS. The survival rate was monitored
for 7 days after creation of infarction.

The result is shown in Fig. 7. All mice that underwent 30 minutes of infarction
survived for 7 days (N=3) (figure not shown). In the mice subjected to 45-minute infarction,
the 7-day survival rate was 40% in the PBS administration group, whilst all mice survived in the
HMGB-1 administration group. In the mice that underwent 60-minute infarction, the 7-day
survival rate was 50% in the PBS administration group, whilst all mice survived in the HMGB-1
administration group.

I both of the 45-minute and 60-minute infarction models, only about half of the mice in
the control group (PBS administration group) survived for 7 days. When the HMGB-1
administration was started 12 hours after the creation of cerebral infarction, the rate of survival
after 7 days of the creation of infarction was improved. Cerebral infarction affects the vital
prognosis depending on the site, area, and duration of infarction. Furthermore, cerebral
infarction often involves paralysis, loss of consciousness, and such, which could cause a delay in
treatment by a medical institution. Current pharmaceutical agents with demonstrated
effectiveness, such as t-PA preparation, must be administered within 3 to 4 hours after the onset.
Therefore, only a very small proportion of total cerebral infarction cases are indications for such
preparations. To date, there are few therapeutic agents that can be administered and effective
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even if a long time has passed since the onset of cerebral infarction. The present inventibn can
improve the vital prognosis by intravenous administration, which is a very simple, less-invasive
method, even when the administration is started long time (12 hours) after the onset of cerebral
infarction. It is therefore possible to develop novel therapeutic agents for treating cerebral
infarction that can be administered in many cerebral infarction cases.

[Example 8]
Involvement of bone marrow pluripotent stem cells from sites other than a bone fracture site in
bone fracture healing process

A male C57BL/6 mouse (6 weeks old) was Irradiated at a lethal dose (10 Gy).
Immediately, bone marrow cells (5 x 10° cells/0.1 ml physiological phosphate buffer (pH 7.4))
derived from a green fluorescent protein (GFP) transgenic mouse were transplanted via the
caudal vein (GFP-bone marrow chimeric mouse). After 8 weeks, the GFP bone marrow
chimeric mouse (mouse on the left in Fig. 8) and a wild type mouse (mouse on the right in Fig.
8) were conjoined via the skin for parabiosis. Then, a bone fracture was created in the right
lower limb of the wild type mouse (mouse at the right in Fig. 8). Tissue sections were prepared
after healing of the bone fracture. The sections were blocked with PBS containing 4% skim
milk, and then reacted with an anti-mouse osteocalcin antibody diluted with PBS containing 4%
skim milk. After washing with PBS, the sections were reacted at room temperature for one
hour with a PE-labeled anti-rat IgG antibody diluted with PBS containing 4% skim milk.
Following wash with PBS, the nuclei were stained with DAPL  Then, the samples were washed
with PBS.  After mounting, the fluorescence was observed using a confocal laser microscope.

The result is shown in Fig. 8.  Osteocalcin (OC) is visualized as red fluorescence,

while GFP-positive cells, i.e. bone marrow-derived cells, are visualized as green fhiorescence.
On the superimposed image (Merge), yellow cells are osteocalcin-positive bone marrow-derived
cells, Thus, Fig. 8 demonstrates that bone marrow cells of the GFP-bone marrow chimeric
mouse on the left migrated to the bone fracture site in the right leg of the wild type mouse, and
differentiated into osteoblasts.

It has been previously believed that, in the process of bone fracture healing, osteoblasts
in the vicinity of a damaged site accumulate at the damaged site and promote healing. The
present result, however, demonstrates that bone marrow-derived cells distant from the damaged
site migrate to the bone fracture site and repair the damaged tissues. The mouse on the right
has subcutaneous and intradermal vascular connection with the mouse on the left.  Therefore, if
a considerable number of bone marrow pluripotent stem cells such as bone marrow
mesenchymal stem cells can be successfully recruited to blood from bone marrows throughout
the body, it is expected to be possible to promote the healing of the site of bone fracture.
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{Example 9]
Objectives: Assessment of intravenously administered HMGB! for the activity of recruiting bone
marrow mesenchymal stem cells to a damaged site in bone fracture model mice

Methods: Studies were carried out by the following methods to achieve the above objective:

(1) Mice in which GFP was knocked-in downstream of the promoter of PDGF receptor « in the
genome (PDGFRa-GFP mice) (reference: Hamilton er al., Mol Cell Biol. 2003 Jun;
23(11):4013-25) were used in the experiment.  The mice express' GFP in cells expressing PDGF
receptor ¢, which can be detected as green fluorescence when observed with a fluorescent
microscope.

(2) Bone marrow cells were collected from PDGFRo-GFP mice, and plated in cell culture dishes.
The cells were cultured in a-MEM containing 10% FBS. The medium was changed every
three or four days, and the adhered cells were harvested after about 14 days. The harvested
cells were sorted into CD11b-positive cells and CD11b-negative cells using anti-CD11b MACS
beads. Fluorescent microscopy demonstrated that the CD11b-positive cells were negative for
GFP (Fig. 42, Al and A2) while the CD11b-negative cells were positive for GFP (Fig. 42, Bl
and B2). The Boyden chamber method was carried out to test whether HMGB1 would induce
the migration of these cells. The CD11b-positive cells or CD11b-negative cells were placed in
the upper layer of a Boyden chamber. HMGB1 was diluted to 0, 50, or 100 pg/ml with DMEM
containing 10% FBS, and added to the lower 1ayér. The chamber was allowed to stand at 37°C
under 5% COs in an incubator, After four hours, the membrane was removed from the chamber,
and cells that migrated to the lower layer were detected by staining (Fig. 43).

(3) 12-week-old male PDGFRa~-GFP mice were subjected to general anesthesia using isoflurane
and a bone fracture model was made on the tibia of the left lower leg. Ten pg of HMGB1
dituted with 500 pl of PBS was administered via the caudal vein immediately, 24 hours, and 48
hours after creation of bone fracture. In negative controls, 500 ul of PBS was administered via
the caudal vein (N=6). '

(4) After 72 hours of bone fracture creation, the left tibial bone was removed, and allowed to
stand for 24 hours in PBS containing 4% paraformaldehyde to fix the tissue. The bone was
washed with PBS, and then observed under a fluorescent stereoscopic microscope to detect GFP
fluorescence (Fig. 44).

Results: CD11b-positive cells were negative for GFP, suggesting that the cells did not
express PDGF receptor « (Fig. 42; Al and A2). CD11b-negative cells were positive for GFP,
suggesting that they express PDGF receptor o (Fig. 42; Bl and B2). HMGBI1 did not induce
the migration of CD11b-pesitive (PDGF receptor a-negative) cells; however, it induced the
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migration of CD11b-negative (PDGF receptor a-positive) cells (Fig. 43).

As compared to the negative control mice of the PBS administration group (Fig. 44; D1),
in four out of the six mice of the HMGB1 administration group (Fig. 44; D2), GFP-positive
(PDGF receptor a-positive) cells were found in the bone around the bone fracture site.

Discussion: In the present experiment, mice (PDGFRa-GFP mice) whose cells positive
for PDGF receptor o, which is one of the bone marrow mesenchymal stem cell markers, express
GFP, were used to observe live bone marrow mesenchymal stem cells.  Bone marrow cells
include hematopoietic cells (erythrocytes, leukocytes, macrophages, ete.} and mcsenchymai cells.
Of these, macrophages (CD11b-positive) and bone marrow mesenchymal stem cells
(CD11b-negative) are known to adhere to cell culture dishes. Meanwhile, since PDGF receptor
o is a marker for bone marrow mesenchymal stem cells, the CD11b-negative, GEP-positive
(PDGF receptor a-positive) cells found in this experiment may be bone marrow mesenchymal
stem cells. The result of the Boyden chamber method demonstrated that HMGB1 induced the
migration of bone marrow mesenchymal stem cells (PDGF receptor a-positive, CD11b-negative)
without inducing the migration of macrophages (CD11b-positive cells). In addition, in the bone
fracture model using PDGFRa.~-GFP mice, GFP-positive cells (PDGF receptor a-positive cells)
were found to gather around the bone fracture site in the HMGB1 administration group, as
compared to the negative control group. These GFP-positive cells are considered to be bone
marrow mesenchymal stem cells recruited by HMGB1.

Bone marrow mesenchymal stem cells are known to be pluripotent stem cells, which
differentiate into osteoblasts, chondrocytes, adipocytes, and others. Meanwhile, it is generally
believed that bone fracture is healed by osteoblasts migrating from a bone fracture site or
surrounding areas. However, as shown by the result of the parabiosis experiment in Example 8,
bone marrow mesenchymal stem cells in bones other than the bone fracture site may contribute
to regeneration of the bone fracture site. ‘

The present experimental result revealed that bone marrow mesenchymal stem cells that
were recruited to blood by intravenous administration of HMGB1 accumulated at the bone
fracture site.  This suggests that HMGB1 can be used as a therapeutic agent for bone fracture.

Macrophages, which are CD11b-positive (PDGF receptor a-negative), are inflammatory
cells. Accordingly, allowing no macrophage to migrate will lead to prevention of excessive
inflammation. Excessive inflarnmation is disadvantageous for tissue regeneration, because it
can enlarge tissue damage and prolong the duration of healing. The above result demonstrates
that HMGB1 has the activity of specifically inducing the migration of mesenchymal stem cells,
which are effective in tissue regeneration.

Conventionally, bone fracture is mostly treated by non-invasive reduction, surgery, and
casting. There are few pharmaceutical agents for actively promote the healing of bone fracture.
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Since the present method is performed by intravenous administration of an agent, it is also
applicable to intractable bone fractures, bone fractures that are difficulf to treat by surgery, and
such. The present method therefore provides a novel breakthrough therapy.

{Reference Example 1]

Objective: Assessment of the contribution of bone marrow-derived cells towards
functional regeneration of skin tissue transplanted to a living body.

Methods: In view of the above objective, studies were carried out by the following
methods.
1) Utilizing the live skin transplant system of GFP bone marrow-transplanted mice, the degree of
contribution of bone marrow-derived cells towards fimctional regeneration of grafted skin was
examined. Specifically, 6 to 8-week-old male C57BL/6 mice were irradiated with a lethal dose
of radiation (10 Gy), and immediately after that, GFP (green fluorescent protein) transgenic
mouse-~derived bone marrow cells (5x10° cells/0. 1ml of physiological phosphate buffer solution
at pH 7.4) were transplanted through the caudal vein. _
2) The transplanted bone marrow cells were allowed to engraft (for 6 weeks), and as a result, a

‘GFP bone marrow-transplanted mice was obtained. Then, skin of a neonatal mouse (female)

was transplanted to the dorsal skin of the GFP bone marrow-transplanted mice.

3) The skin graft was allowed to engraft and having had satisfactory skin tissue regeneration (4
weeks), the degree of GFP fluorescence accumulation in the grafted skin area was observed
using a fluorescence stereoscopic microscope.

4) Under inhalational anesthesia, the skin graft was collected by biopsy. Then, frozen skin
sections (6 pm) were prepared using a microtome with a cooling apparatus, and then were fixed
with 4% paraformaldehyde (for 30 minutes). Cell nuclei in the tissue were stained with DAPL
Immunostaining was performed using an antibody against epidermal cell-specific keratin 3.
The tissue was sealed to examine the presence of GFP-positive bone marrow-derived cells with a
confocal laser microscope. A part of the specimen was stained with HE to examine its tissue
construction.

Results: In the live skin transplant system of GFP bone marrow-transplanted mice, a
strong GFP fluorescence accumulation corresponding to the regenerated skin region was
observed (Fig. 9). Moreover, with the histological observation using the HE specimen of the
skin graft, functional regeneration of skin tissue containing a Jarge number of hair follicles was
observed (Fig. 9). With the observation using a confocal laser microscope, GFP fluorescence
was seen in many keratin 5-expressing epidermal keratinocytes, dermal fibroblasts, and further
smooth muscle cells and adipocytes, showing that these cells derive from the bone marrow (Fig.
10). That is to say, it was revealed for the first time that many of the epithelial and
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mesenchymal cells required for functional regeneration of the transplanted skin were supplied
from bone marrow-derived stem cells.
Discussion: For the first time, these study results clearly showed a breakthrough

discovery that bone marrow-derived cells greatly contribute towards skin regeneration following

skin transplantation, which is routine clinical procedure.

It is reported that the bone marrow has two stem cell systems: hematopoietic stem cells
and mesenchymal stem cells. It is difficult to imagine that the large number of bone
marrow-derived epithelial cells and mesenchymal cells that were mobilized into the transplanted
skin (as shown by the present study) were supplied only from bone marrow-derived
hematopoietic stem cells. This strongly suggests the possible contribution of bone
marrow-derived mesenchymal stem cells towards the functional regeneration of transplanted
tissues. That is to say, it was predicted that immediately after skin grafting, a factor for
mobilizing bone marrow-derived mesenchymal stem cells is released from the recipient skin
tissue heading towards hypoperfusion/necrosis , in which the mesenchymal stem cells are
mobilized from the bone marrow through peripheral blood circulation to the transplanted skin
piece, and thus inducing functional skin tissue regeneration.

[Reference Exa,ﬁxpie 2]

Objective: Identification of a bone marrow-derived mesenchymal stem cell-attracting
factor in a skin tissue extract

Methods: With the objective of identifying a bone marrow-derived mesenchymal stem
cell-mobilizing factor which is expected to be released from excised skin under hypoperfusive
conditions, studies were carried out by the following methods. ,
1} To obtain mouse bone marrow-derived mesenchymal stem cells, bone marrow cells were
collected from the ferur or crus bone of C57BL/6 mice, and then were spread on a cell culture
plate having a 10% fetal bovine serum-containing D-MEM (Nacalai) as a cell culture medium,
and then were cultured under the condition of 5% CO; at 37°C.  When the cells proliferated to
the point of occupying 70 to 100% of the bottom area of the culture plate, the cells were peeled
off from the culture plate using 0.25% trypsin Im MEDTA (Nacalai), and were then cultured
under the above conditions. This passing and culturing procedure was repeated at least five
times. Further, these adherent cells were isolated and cultured, followed by an analysis of cell
surface antigens uéing flow cytometry, to confirm that these cells were Lin-negative,
CD45-negative, CD44-positive, Sca-1-positive, and c-kit-negative. These cells were confirmed
to be able to differentiate into bone cells and adipocytes and have properties of bone marrow

mesenchymal stem cells.

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

3) In order to confirm that the thus obtained skin tissue extract has an activity of aftracting bone
marrow-derived mesenchymal stem cells, its migration-inducing activity on C57BL6 mouse
bone marrow-derived mesenchymal stem cells, which had been already established as a cell line
by the present inventors, was examined using a Boyden chamber.  Specifically, a skin extract
(25 pb) was inserted into the lower chamber (volume: 25 pl) of the Boyden chamber, and a
polycarbonate membrane having fine pores of 8 pm was placed on it. The upper chamber
(volume: 50 1) of the Boyden chamber was further placed on this in contact, and was filled with
a bone marrow-derived mesenchymal stem cell suspension (5 x 10* cells/30 ml of culture
solution: DMEM/10% fetal bovine serum). The chamber was incubated in a CO, incubator at
37°C for 4 fo 24 hours. | After culturing, the upper chamber was removed and the silicon
membrane was taken out. The number of bone marrow-derived mesenchymal siem cells which
had migrated to the lower chamber through the fine pores was quantitatively examined by
staining.

4) To purify factors having a bone marrow-derived mesenchymal stem cell-mobilizing activity in
the skin extract, heparin affinity column chromafography and anion exchange column (Q
column) chromatography were carried out.  The skin extract was diluted 10-fold with 9
volumes of 20 mM phosphate buffer at pH 7.5 at 4°C (diluted solution A). 20 mM phosphate
buffer at pH 7.5 (30 ml) was poured into HiTrap Heparin HP column (column volume: S ml, GE
Healthcare) in advance to equilibrats the column.  Further, the diluted solution A was allowed
to bind to the column. Then, the column was washed with 20 mM phosphate buffer at pH 7.5
with 100 mM NaCl (30 ml). To elute the absorbed proteins, 20 mM phosphate buffer at pH 7.5
with 1000 mM NaCl were poured into the column, to elute the fractions into the tubes. The
fractions having the migration-inducing ability according to the migration activity assessment
method using a Boyden chamber as described in 2) were collected from each absorbed fraction.
This was diluted with 9 volumes of 50 mM Tris HCI pH 8.0 (diluted solution B). 50 mM Txis
HCI pH 8.0 (30 ml) was poured into HiTrap mono Q column (column volume: 1 ml, GE
Healthcare) in advance to equilibrate the column. Further, the diluted solution B was allowed
to bind to the column. In order to elute the absorbed proteins, Tris HC1 pH 8.0 and 1000 mM
NaCl were poured into the column, to eluate the fractions into tubes. The above purification
process can all be performed at 4 to 16°C, but it is preferably 4 to 8°C, and more preferably 4°C.
The eluates were assessed by the migration activity assessment method using Boyden chamber
as described in 2).

5) The skin extract-derived purified preparations having the bone marrow-derived mesenchymal
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stem cell-mobilizing activity, which was obtained by combining the migration activity
assessment using a Boyden chamber and column chromatography, were subjected to SDS-PAGE
electrophoresis to separate within the gel based on the molecular weight, and the bands of
migratory proteins were detected by silver staining.
6) Among the skin extract-derived protein groups that had been subjected to SDS-PAGE
electrophoresis and that were separated within the gel as single bands by the silver staining of 5),
all protein bands obtained from chromatography-purified preparations having the strongest bone
marrow-derived mesenchymal stem cell-mobilizing activity were excised, and then the
identification of these proteins by mass spectrometry and database analysis was carried out.
7) Among the identified protein groups, candidate proteins having the bone marrow-derived
mesenchymal stem cell-mobilizing activity were selected. Purified preparations including such
candidate proteins were treated with neutralizing antibodies (100 pl of purified preparation
solution was incubated on ice for 30 minutes with 100-fold diluted polyclonal antibody of the
candidate protein. Then, the degree of inhibition on the bone marrow-derived mesenchymal
stem cell-mobilizing activity was examined by migratory ability assessment using a Boyden
chamber.
8) The obtained purified bone marrow-derived mesenchymal stem cell preparations were mixed
in Matrigel at about 10% volume. A silicon tube having a diameter of about 1 mm and a length
of 5 mm was filled with the Matrigel, which was then subcutaneously transplanted to the back of
GFP bone marrow-transplanted mouse. Two weeks after, the inserted tube was taken out, and
GFP fluorescence emitting from bone marrow-derived cells which had migrated into the tube
was quantifatively analyzed by a fluorimeter.  Further, the migratory cells were taken out from
the tube, and were inoculated into a DMEM/10% fetal bovine serum medium, followed by
culturing in a CO, incubator, to examine the in vivo bone marrow-derived mesenchymal stem
cell-mobilizing activity. These cells that were continuously cultured for 2 weeks were fixed
with 2% paraformaldehyde at 25°C for 10 minutes, and rinsed with PBS four times, 5 minutes
each, to wash out the paraformaldehyde. Then this was treated with a 2% skim milk solution,
and was allowed to react with 1000-fold dilution of anti-mouse keratin 5 antibody (diluted with
2% skim milk containing 0.5% tween. 20) at 4°C for 16 hours. The antibody was washed out
with PBS four times for 5 minutes each. This was then allowed to react with 1000-fold diluted
Alexa546-1abelled anti~rabbit IgG antibody (diluted with 2% skim milk) at 25°C for 1 hour.
Results: Starting from the extract solution of excised skin of neonatal mouse in PBS,
proteins having the bone marrow-derived mesenchymal stem cell-mobilizing activity were
subjected to identification and functional analysis by the above-mentioned methods. The
migration activity assessment using a2 Boyden chamber showed that the skin extract has an
extremely strong bone marrow-derived mesenchymal stem cell-attracting activity (Fig. 11).
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Using this activity as an index, a heparin affinity column and an anion exchange column (Q
colummn) were used to proceed with the purification of the target factor. The obtained fractions
were each analyzed by SDS-PAGE electrophoresis. Asa result, a strong bone marrow-derived
mesenchymal stem cell-mobilizing activity was shown by silver staining in the purified
preparation containing several proteins that were separated within the gel in the form of single
bands (Lane 7 in Fig. 12). The obtained silver-stained bands were excised, and were then
subjected to mass spectrometry and database analysis. As a result, it was revealed that the
protein having a molecular weight of about 25,000 indicated by the arrow was HMGB1 (Fig. 12).
To clarify that HMGB1 contained in this purified fraction (Lane 7) has the intended bone
marrow-derived mesenchymal stem cell-mobilizing activity, a migration inhibition experiment
was carried out using an anti-MGB1 polyclonal antibody.  As a result, it was revealed that the
anti-HMGB1 polyclonal antibody strongly inhibits the activity of the purified preparation in
inducing the migration of bone marrow-derived mesenchymal stem cells (Fig. 13) and that the
bone marrow-derived stem cell-mobilizing factor present in the skin extract i1s HMGBI.

Further, to confirm that HMGB1 has a bone marrow-derived mesenchymal stem
cell-mobilizing activity in vivo, a silicon tube containing this purified preparation was
subcutaneously inserted into the back of GFP bone marrow-transplanted mouse.  Two weeks
after, the properties of cells mobilized into the tube were examined. As a result, the HMGBI1
purified preparation mobilized a greater number of GFP-positive bone marrow-derived cells info
the tube (about three times) as compared to the control (purified preparation used for Lane 4 in
SDS-PAGE of Fig. 12) (Fig. 14). Fig. 15 shows a high magnification image by a fluorescence
stereoscopic microscope. Further, GFP-positive cells mobilized into the tube were taken out,
and were cultured in a DMEM/10% fetal bovine serum medium. As a result, round-shaped
floating cells were observed immediately after culturing (Fig. 16), however 24 hours afier the
GFP-positive bone marrow-derived cells were confirmed to adhere onto the culture dish and
proliferated in the form of spindle-shaped fibroblast-like cells and further in the form of
cylindroid-shaped epithelial-like cells (Fig. 17). When these cells were continuously cultured
for another 2 weeks, hair follicle-forming cells were observed among the GFP-positive bone
marrow-derived cells (Fig. 184 light field, low magnification, Fig. 18B; GFP fluorescence, low
magnification, Fig. 18C; light field, high magnification, Fig. 18D; GFP fluorescence, high
magnification). Moreover, when immmunohistochemical techniques were used for keratin 5, a
marker for epithelial keratinocytes, keratin 5-positive cells were observed among the
GFP-positive bone marrow-derived cells (Fig. 18E; light field, Fig. 18F; fluorescence of keratin
S-positive cells). g

Discussion: This time, the present inventors have discovered for the first time in the
world that: free skin pieces produce HMGBI; the preduced HMGB1 has an activity of
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mobilizing a large amount of bone marrow-derived mesenchymal stem cells into the skin pieces;
bone marrow-derived mesenchymal stem cells mobilized into the skin pieces are differentiated
into mesenchymal cells such as fibroblasts, adfpocytes, smooth muscle cells in the skin tissue,
and further are differentiated into cells that form hair follicles of epidermal cells, to induce
functional regeneration of transplanted skin tissues. It can be readily predicted that this
mobilization of bone marrow-derived mesenchymal stem ceils by HMGB1 and the resulting
functional tissue regeneration functions, not only for fransplanted skin regeneration, but also as a
mechanism for inducing functional tissue regeneration in various damaged organs/tissues
accompanying hypoperfusion/necrosis. The present inventors firmly believe that, if drug
development usihg an HMGB1 formulation enables the mobilization of bone marrow-derived
mesenchymal stem cells to the local area during regeneration of the 'damaged tissues, it would .
enable functional tissue regeneration-inducing therapy for vital functional organs, without the
organs becoming dysfunctional due to fibrous scar healing.

{Reference Example 3]

Objective: Identification of the HMGB1 family in the skin extract and examination of
bone marrow mesenchymal stem cell-attracting activity

Methods: Whether or not the neonatal mouse skin exfract contained the HMGB protein
family was confirmed using the Western blot method. Ten pl of the skin extract obtained in
[Reference Example 2] 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%
Tween 20 (S-T-PBS) at room temperature for 1 hour, and then was allowed to react with each of
rabbit anti-mouse HMGBI1 antibody, rabbit anti-mouse HMGB2 antibody, or rabbit anti-mouse
HMGB3 antibody which were diluted 1000-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 2000-fold diluted (diluted with S-T-PBS) peroxidase
labeled goat anti-rabbit IgG antibody (GE Healthcare)at 25°C for 1 hour.  Further, after washing
with S-T-PBS five times for § 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 SuperScript Il cDNA synthesis kit (Invitrogen). Using
this cDNA as a template, cDNAs of HMGB1, HMGB2, and HMGB3 were amplified using the
PCR (polymerase chain reaction) method. The cDNAs were inserted into the plasmid vector
pCAGGS for expressing proteins in mammalian cells, such that proteins with an additional Flag
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tag sequence (Asp-Tyr-Lys-Asp-Asp-Asp-Lys; SEQ ID NO: 30) at the N terminus of the amino
acid sequence could be expressed.  These plasmid vectors were introduced into HEK293
(Human embryonic kidney derived culture cell line) and cultured for 48 hours to express the
proteins. Cells expressing each of the HMGB1, HMGB2, and HMGB3 proteins and the culture
supernatant were incubated at 4°C for 16 hours, which was then centrifuged at 4400 g for 5
minutes to collect the supernatant. 100 pL of the anti-Flag antibody gel (Sigma) was mixed
into 50 mL of this supernatant, and was then incubated at 4°C for 16 hours.  Centrifugation was
then performed to collect the gel, and washed with PBS five times. Further, the protein was
eluted using 3X Flag peptide (final 100 pg/ml). Expressions of recombinant proteins were
observed by the Western blot method using 1000-fold diluted (diluted with S-T-PBS) mouse
anti-Flag antibody and 2000-fold diluted (diluted with S-T-PBS) peroxidase-labeled anti-mouse
IgG antibody (GE Healthcare). The activity of these purified recombinant proteins in inducing
the migration of mouse bone marrow mesenchymal stem cells was assessed in the same manner
as in [Reference Example 2] using a Boyden chamber. Moreover, in order to observe the in
vivo drug efficacy of the HMGB family, the dorsal skin of 8-week-old C57BL/6 mice was cut
out in a circle having 4 diameter of 8 pum to prepare cutaneous ulcer models. Purified BMGBI,
HMGB2, and HMGB3 (100 ng) were each mixed with the same amount of hyaturonic acid
solution having a concentration of 1 g/100 mL of PBS, and 100 pL of it was administered to the
ulcer surface.  The ulcer surface was covered with a transparent adhesive wound
dressing/protective material Tegaderm (3M Healthcare) to avoid drying, and the wound area was
measured over time to determine the therapeutic effect.

Further, to examine whether or not the human skin extract and the purified human
HMGBI has an activity to allow migration of human bone marrow mesenchymal stem cells, a
Boyden chamber was used in the same manner as in [Reference Example 2] for assessment. A
human skin having an area of lem® was immersed in 1 m! PBS, and then was incubated at 4°C
for 16 hours and subsequently centrifuged at 440 G at 4°C for 10 minutes. The supemnatant
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 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 bone cells by differentiation induction tests). Moreover, 100 ng/well of
human HMGB1 (R&D) and human skin extract diluted 10-fold with PBS and were placed in the
lower chamber. PBS was used as a control. A

Results: As a result of Western blotting, bands of HMGB2 and HMGRB3 were detected
as well as the HMGB1 band. Therefore, the neonatal mouse skin exfract was confirmed to
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contain the family proteins, HMGB2 and HMGB3, besides HMGB1 (Fig. 19). Expression
vectors of HMGB1/HMGB2/HMGB3 having a Flag tag added at the N-terminus of each prétein,
were prepared (Fig. 20). These expression vectors were introduced into HEK293 cells, and the
expressed proteins were purified using the Flag tag, and Western blotting was carried out to
observe these proteins (Fig. 21). The mouse bone marrow mesenchymal stem cell migration
activity was measured using these purified proteins, and the activity was confirmed in alf of the
proteins (Fig. 22). The ulcer area produced in the back of the mouse was measured every 7
days, and a significant effect on reducing ulcer area was confirmed in the HMGB1, 2, and 3
treatinent groups, as compared to the non-treatment group (Fig. 23).  Similar to the mouse case,
human HMGB1 and the human skin extract were revealed fo have human bone marrow
mesenchymal stem cell migration activity (Fig. 24).

Discussion: HMGB2 and HMGB3 are known as proteins having high homologies to
HMGBI1. These proteins are also expected to have properties similar to HMGB1. It was
confirmed that HMGB2 and HMGB3 of the HMGB1 family are also produced from the extract
of the free skin section. Further, HMGB1/HMGB2/HMGB3 recombinant proteins were
produced, and their in vifro chemotactic activity for bone marrow mesenchymal stem cells and
the in vive therapeutic effect on a cutaneous ulcer were also confirmed. It was revealed that the
HMGB family (HMGB1I/HMGB2/HMGB3) and the recombinant HMGB family in the neonatal
mouse free skin section have a bone marrow mesenchymal stem cell-attracting activity and an
activity of locally attracting bone marrow-derived stem cells which are differentiatable into
epithelium, and that the thus attracted bone marrow-derived cells differentiate 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
pluripotent stem cells, the present inventors believe that therapeutic effects can also be expected
in the same manner by systematic administration or local administration of the HMGB family to
freat 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 HMGB?2, and 97% (195/200) for HMGB3.
Therefore, human HMGB and mouse HMGB are considered to have similar activities, and the
results of the present Reference Examples revealed that human skin extract and human HMGB1
have bone marrow mesenchymal stem cell-attracting activities in the same manner as those of

mouse skin extract and mouse HMGBI.

[Reference Example 4]
Objective: Establishment of a method of producing a tissue extract containing bone
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marrow mesenchymal stem cell-attracting factors.

Methods: Brain, heart, intestine, kidney, and liver of a 6-week-old C57BL6 mouse and
skin of a neonatal mouse were immersed in 1 m! of physiological phosphate buffer solution
(PBS) at pH 7.4. The solutions were incubated at 4°C for 24 hours, and then centrifuged at 440
G at 4°C 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-attracting activity, its migration-inducing activity on bone
marrow-derived mesenchymal stem cells was examined in the same manner as in [Reference
Example 2] using a Boyden chamber. Moreover, the HMGB!1 concentration contained in these
samples was measured using an HMGB1 ELISA kit (Shino-Test). Further, tissue extracts of the
brain, heart, and skin were allowed to bind to a heparin affinity column in the same manner as in
[Reference Example 2], and the bone marrow-derived mesenchymal stem cell-attracting 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 exiract. Further, bone marrow mesenchymal stem cell-attracting activity
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-attracting 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-atiracting activities (Fig. 25). Table 1 shows the
measurement results of the HMGBI1 concentration and the bone marrow mesenchymal stem
cell-atfracting activity in each of the mouse tissue extracts. |

[Table 1]

HMGB1 Bone marrow

concentration mesenchymal stem

(ng/ml) cell-attracting activity
Skin 110 Present
Brain 140 Present
Heart 4 Present
Intestine 0 Present
Kidney 115 ND
Liver 61 - ND

ND: No data
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Discussion: A method in which HMGBI 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, although the extracts from intestine and heart contain little HMGB1, a bone marrow
mesenchymal stem cell-attracting activity was observed. This suggests these extracts contain
other bone marrow mesenchymal stem cell-attracting substance(s) apart from HMGB1. Such
substances contained in these extracts are originally present in each tissue, and are considered to
physiologically attract bone marrow mesenchymal stem cells to the damaged tissue when the
tissue is damaged. The present invention developed a novel method for conveniently and
functionally Qxfracﬁng multiple bone marrow mesenchymal stem cell-atiraeting substances
including HMGBI , from various organs. Further, a method for purifying bone marrow
mesenchymal stem cell-attracting substances from a tissue extract using the binding to the
heparin column was also developed. These substances having bone marrow mesenchymal stem
cell-attracting activities can be purified from the brain and heart in the same manner as in the

skin using a heparin column.

[Reference Example 5]

Objective: Establishment of a method for extracting mesenchymal stem cell migration
activators from cultured cells.

Methods: Human embryonic kidney derived cultured cell line HEK293 and human
cervix 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 107 cells were immersed
in 5 ml of PBS (Nacalai) at 4°C for 16 hours. The solution was centrifuged at 440 G
(acceleration of gravity) at 4°C for 5 minutes, and then the supernatant was collected. Human
bone marrow 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.

Results: HEK293 extract and HeLa extract both showed similar bone marrow
mesenchymal stem cell migration activities (Fig. 26).

Discussion: Bone marrow mesenchymal stem cell migration activators were
successfrﬁiy extracted by the convenient method of imimersing cultured cells in PBS.

[Reference Example 6]

Objective: Whether or not regeneration of neural cells can be induced is examined by
producing mouse brain-defective models, to which a heparin-column purified fraction of skin
extract is administered in a sustained-release manner at the local lesion site, by which stem cells



10

15

20

25

30

35

54

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

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 ¢
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 Heparin 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.
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 1000 mM Na(Cl
were poured into the column, and the factions were eluted into the tubes.  Each of the adsorbed
factions was assessed for the chemotactic activity for mouse bone marrow-derived cells using the
Boyden chamber method shown abbve, and fraction(s) having a chemotactic ability was
collected. Solution(s) having this activity was used as a heparin purified fraction(s) of the skin
extract in the experiment below.
(2) Production of myelosuppressive mice

Mice were irradiated with single-dose of X ray at 10 Gy to produce myelosuppressive
mice. .
(3) Transplant of GFP mouse bone marrow to myelosuppressive mice

Bone marrow cells were collected from both femurs and crus bones of GFP mice.
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
isoflurane.
{4) Production of a brain-defective (brain tissue-defective) mouse model

The myelosuppressive mice transplanted with GFP mouse bone marrow cells were
subjected to inhalational anesthesia using isoflurane, and pentobarbital (45 mgrkg) was
intraperitoneally injected to the mice. The mice were fixed onto a brain stereotaxis apparatus
and subjected to a midline incision in the head with a scalpel. Trepanation was carried out at’
2.5 mm right-lateral and 12.5 mm anterior to the bregma using a drill (Fig. 27A). Ata3 mm
depth from this site, 3 20G Surflow needle was inserted and fixed. Then, a negative pressure
was applied using a syringe to suck a part of the brain tissue (Fig. 27B).
(5) Administration of 2 heparin-cotumn purified fraction of skin extract to the brain
tissue-defective site

Five ul of a heparin-column purified fraction of skin extract dissolved in fibrinogen of a
fibrin tissue adhesive formulation (Bolheal (Kaketsuken)) was injected to the above site, and
subsequently, 5 pl of thrombin of a fibrin tissue adhesive formulation (Bolheal (Kaketsuken))
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was injected using a Hamilton syringe and a 26G syringe (Fig. 27C). The aim of this operation
was to exert the sustained-release agent effect of a heparin-column-purified fraction of the skin
extract. ‘

(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
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 an anti-fading agent. The
accumulation of GFP-positive cells in the lesion site (brain tissue-defective site) was assessed
using a confocal laser microscope.

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 bigher in
the lesion sites of the treatment group rather than the control group, for both 2 weeks (control;
Fig. 27D, skin extract heparin-column-purified fraction; Fig. 27E) and 6 weeks (conirol; Fig. 27F,
skin extract beparin-column-purified fraction; Fig. 27G) after the administration.

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, 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 damaged sites in brain

tissues in cerebral ischemic diseases and cercbral contusions.

[Reference Example 7]

Purpose: Mobilization of bone marrow tissue stem cells to peripheral blood using bone
marrow-derived tissue stem cell-atiracting factors in skin tissue extract

Methods: To achieve the above purpose, a study was conducted by the method described
below.

(1) Preparation of a bone marrow-derived tissue stem cell attractant. Free skin pieces
isolated from 25 neonatal mice (two days old) were immersed in 25 m] of phosphate buffered
saline (PBS), pH 7.4.  After 24 hours of incubation at 4°C, the sample was centrifuged at 440 G
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
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(Invitrogen), and then cDNA was synthesized using the SuperScript I cDNA Synthesis Kit
(Invitrogen). Polymerase chain reaction (PCR) was carried out using this cDNA as a template
to amplify HMGB1 ¢DNA. The HMGBI1 ¢cDNA was inserted into a mammalian cell protein
expression plasmid vector, pPCAGGS, to express a protein in which a Flag-tag sequence
(Asp-Tyr-Lys-Asp-Asp-Asp-Lys, SEQ ID NO: 30) is attached to the N-terminus of its amino
acid sequence (Fig. 20). 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 HMGB1 protein and the culture supernatant were

- incubated at 4°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 pl 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 ELISA Kit (Shino-Test Co.).  After freeze-drying, the protein concentration
was adjusted to 200 pg/ml with PBS. '

(2) Eight-week-old male mice (C57/B16) were administered with 500 pl of the
above-described skin extract (SE), or 500 ul of PBS as a negative control group, via the caudal
vein using syringes attached with a 30G 1/2 injection needle (Fig. 28). Six, 12, 24, and 48
hours after administration, 1 ml of peripheral blood was collected from the hearts of the mice
under inhalation anesthesia with isoflurane using a heparin-coated 1-ml syringc. The blood
samples were each combined with 3 ml of PBS, and then gently overlaid onto 3 ml of Ficoll (GE
healthcare). The resulting samples were centrifuged using a centrifuge at 400 x g at 25°C for
40 minutes. The cells in the opaque middle layer were collected as a mononuclear cell fraction.
1 m! 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 five minutes. The supernatants were removed, and the cells were
collected. 1,000,000 cells were incubated at room temperature for 20 minutes with antibodies
each diluted 100-fold with PBS including a PE-labeled anti-mouse PDGFRa antibody
(e-Bioscience), PE-labeled anti-mouse PDGFRp antibody (e-Bioscience), and PerCy5-labeled
anti-mouse CD44 antibody (BD biosciences). After incubation, the cells were centrifuged at
440 x g at 25°C for five minutes. The supernatant was removed. 400 ul of PBS containing
1% paraformaldehyde was added to the cells to prepare a sample for flow cytometric analysis.

Eight-week-old male mice (C57/B16) were administered with 250 ul of mouse HMGBI
(1 pg/ul), or 250 ul of PBS as a negative control group, via the caudal vein using syringes
attached with a 30G 1/2 injection needle (Fig. 29). 12 hours afier administration, 1 ml of
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peripheral blood was collected from the hearts of the mice under inhalation anesthesia with
isoflurane using a heparin-coated 1-ml syringe. The blood sarmples were each combined with 3
ml of PBS, and then gently overlaid onto 3 ml of Ficoll (GE healthcare). The resulting samples
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 mi of PBS, the cells were centrifuged at 440 x g at 25°C for
five minutes. The supernatants were removed, and the cells were collected. 1,000,000 cells
were incubated at room temperature for 20 minutes with antibodies each diluted 100-fold with
PBS including a PE-labeled anti-mouse PDGFRa antibody (e-Bioscience) and PerCy5-labeled
anti-mouse CD44 antibody (BD biosciences). After incubation, the cells were centrifuged at
440 x g at 25°C for five minutes.. The supernatant was removed. 400 pl of PBS containing
1% paraformaldehyde was added to the cells to prepare a sample for flow cytometric analysis.
Results: PDGFRa and CD44 double-positive cells were demonstrated to be
significantly mobilized to peripheral blood 12 houss after injection of the skin extract (SE) (Fig.
30). Furthermore, PDGFRa and CD44 double-positive cells were demonstrated to be
significantly mobilized to peripheral blood 12 hours afier injection of HMGB1 (Fig. 31).

[Reference Example 8]

Purpose: To test whether mesenchymal stern cells are mobilized to peripheral blood by
intravenous administration of recombinant HMGB] protein.

Methods: C57BL6 mice {eight to ten weeks old, male) were administered with 400 pl of
physiological saline containing 100 pg/ml recombinant HMGBI protein (40 pg of HMGBI1) or
400 pl of physiological saline alone through the caudal vein,  After 12 hours, peripheral blood
was collected from the mice. The blood samples were diluted with PBS to a total volume of 4
ml.  The diluted blood samples were overlaid onto 3 ml of Ficoll-Paque Plus (GE) placed in
centrifuge tubes. The samples were centrifuged at 400 G at 18°C for 40 minutes. The middle
layer containing mononuclear cells was transferred to a fresh centrifuge tube, and 45 ml of PBS
was added thereto. The tube was centrifuged at 800 G at 18°C for five minutes. The
supernatant was removed.  Again, 45 ml of PBS was added, and the tube was centrifuged at 800
G at 18°C for five minutes. The supernatant was removed. The prepared mononuclear cells
were incubated with Phycoerythrobilin (PE)-labeled anti-mouse PDGFRo antibody and
Fluorescein isothiocyanate (FITC)-labeled anti-mouse CD44 antibody. Then, the abundance of
PDGFRo and CD44 double-positive cells in the mononuclear cell fraction was assessed by flow
cytometry (Fabscan; Becton, Dickinson and Company).
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Results: PDGFRa and CD44 double-positive cells, and PDGFRa-positive,
CD44-negative cells in the peripheral blood mononuclear cell fraction were demonstrated to be
significantly increased 12 hours after HMGB1 administration (Fig. 32). Specifically, HMGB1
was demonstrated to have the activity of mobilizing PDGFRa-positive cells to peripheral blood
from bone marrow. PDGFRa is known as a mesenchymal stem cell marker.

Discussion: PDGFRo and CD44 are known as surface markers of bone marrow
mesenchymal stem cells, which are representative of bone marrow-derived pluripotent stem cells.
Bone marrow mesenchymal stem cells are pluripotent stem cells capable of differentiating into
nerve cells, epithelial cells, or such as well as osteocytes, chondrocytes, and adipocytes.
Meanwhile, the skin picces used in this experiment are in an ischeric condition.  Thus, the
tissues gradually necrotize and intracellular proteins such as nuclear proteins as well as cell
surface proteins are released to the outside. HMGB1 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
tissue stem cells into grafted skin. It is thus speculated that functional skin regeneration is
achieved in the skin graft due to reconstifution of epidermis, hypodermis, follicular tissues, or
such stemmed from the bone marrow cells. Based on this experiment, the present invention for
the first time successfully discovered that bone marrow-derived tissue stem cells are mobilized
into peripheral blood circulation by intravenous administration of HMGBI or skin extract as
described above. This discovery enables new therapeutic methods for treating intractable
diseases with tissue damages such as brain infarction, myocardial infarction, bone fracture, and
cutaneous ulcer, which are based on mobilization of bone marrow-derived pluripotent stem cells

into peripheral blood.

[Reference Example 9]

Purpose: To assess contribution of bone marrow-derived cells to the functional
regeneration of in vivo grafted skin tissue

Methods: Studies were conducted to achieve the above purpose.

(1) The degree at which bone marrow-derived cells contribute to the functional
regeneration of grafted skin was assessed using a system of in vivo skin grafting in GFP bone
marrow-transplanted mice. Specifically, male C57BL/6 mice (six to eight weeks old) were
irradiated at a lethal dose (10 Gy), and green fluorescent protein (GFP) transgenic mouse-derived
bone marrow cells (5 x 108 cells/0.1 ml of physiological phosphate buffered saline, pH 7.4) were
transplanted into the mice vie the caudal vein immediately after the irradiation.

(2) Adfter the engrafiment of transplanted bone marrow cells (six weeks) was confirmed,
neonatal mouse (female) skin was transplanted to the dorsal skin of the resulting GFP bone

marrow-transplanted mice.
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(3) After confirming the engraftment of grafted skin and sufficient skin tissue
regeneration (four weeks), the degree of GFP fluorescence accumulation in the area of grafted
skin was observed under a fluorescence stereomicroscope.

(4) The grafted skin was obtained by biopsy under inhalation anesthesm Skin
cryosections (6 pm) were prepared using a microtome with cooling apparatus, and fixed for 30
minutes with 4% paraformaldehyde. Then, cell nuclei in the tissues were stained with DAPL
After mounting the tissue using a mounting medium containing an anti-fading agent, the tissues
were observed under a confocal laser microscope to assess the presence of GFP-positive bone
marrow-derived cells.

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

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

It has been reported that bone marrow contains two types of stem cell systems:
hematopoietic stem cells and mesenchymat stem cells. It would be difficult to anticipate that a
large number of bone marrow-derived epithelial cells and mesenchymal cells mobilized into the
grafted skin are provided by bone marrow-derived hematopoietic stem cells as shown by the
present research.  This strongly suggests the possibility that bone marrow-derived mesenchymal
stem cells contribute to the functional regeneration of grafted tissues. Specifically, it is
anticipated that immediately after skin grafting, factors that mobilize bone marrow-derived
mesenchymal stem cells are released from the grafted skin in a state of hemostasis/necrosis, and
mobilize mesenchymal stem cells to the grafted skin from bone marrow vig the peripheral blood
circulation, thereby inducing functional regeneration of the skin tissue.

[Reference Example 10]

Purpose: To identify bone marrow-derived tissue stem cell-attracting factors in skin
tissue extracts

Methods: By the method described below, study was conducted to identify factors
responsible for mobilizing bone marrow mesenchymal stem cells, which were predicted to be
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released from excised skin under hemostatic condition.

(1) Bone marrow cells were harvested from the thighbones or crural bones of C57BL/6
mice to obtain mouse bone marrow-derived mesenchymal stem cells. The cells were seeded
into a cell culture dish with D-MEM (Nacalai) supplemented with 10% fetal bovine serum as a
culture medium and cultured at 37°C under 5% carbon dioxide gas. When the cells were grown
to occupy an area of 70 to 100% relative to the bottom of the culture dish, the cells were
detached from the culture dish using 0.25% trypsin/l mM EDTA (Nacalai). The cells were then
passaged under the same culture conditions. After at least five passages, the adherent cells
were isolated and further cultured, and analyzed for cell surface antigens by flow cytometry.

The result showed that the cells were positive for CD44 and Sca-1, and negative for Lin, CD435,
and c-kit. It was confirmed that the cells can differentiate into osteocytes and adipocytes and
thus have the characteristics of bone marrow mesenchymal stem cells.

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

(3) To confirm whether the prepared skin extract has the activity of attracting bone
raarrow mesenchymal stem cells, the present inventors used the Boyden chamber to examine the
chemotactic activity for previously cloned bone marrow~deﬁved mesenchymal cells derived
from C57BL6 mice. Specifically, a mixtare of DMEM (20 pl) and skin extract {5 pl) from
two-day-old or six-week-old mice was added into the bottom compartment (a volume of 25 pl)
of a Boyden chamber, and a polycarbonate membrane with 8-pm micropores was placed on top.
Then, the upper compartment (a volume of 50 pl) of the Boyden chamber was placed in contact
with the membrane, and a suspension of bone marrow-derived mesenchymal stem cells (5 x 10*
cells/50 ml of culture medium (DMEM supplemented with 10% fetal bovine serum)) was added
to the upper compartment. The chamber was incubated in a CO, incubator at 37°C for four to
24 hours.  After incubation, the upper unit of the chamber was removed. The thin silicone
film was detached and the number of bone marrow-derived mesenchymal stem cells migrating
into the bottom compartment through the micropores was quantitatively determined by staining
the cells (Fig. 34).

(4) About 2-cm” skin specimens were excised from two-day-old and six-week-old mice
and immediately frozen in liquid nitrogen.  The skin specimens wete crushed in a mortar.

RN As were extracted and purified from the samples using RNeasy (Qiagen). Using the
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purified RNAs, microarray assay was carried out to screen for mRNA expressed at higher levels
in the two-day-old mice. 767 genes showed two or more times greater scores in the
two-day-old mice. Of these genes, proteins with high affinity for heparin, potential secretory
proteins, and genes whose scores were six or more times greater in the two-day-old mice were
examined and S100AS was found as the 57% gene from the top. Thus, S100A9 and S100A8,
which is known to form a heterodimer with S100A9, in the skin extract from the two-day-old
mice were detected by Western blotting.  Specifically, 5 pl of the skin extract from the
two-day-old mice was combined with 5 ul of SDS-PAGE sample buffer (Bio-Rad). The
mixture was heated in 2 heat block at 98°C for five minutes, and then cooled to 25°C.  The
resulting sample was applied onto 12.5% acrylamide gel e-PAGEL (ATTO) and electrophoresed
at 40 mA for 75 minutes using an electrophoretic device (ATTO). The gel was collected after
electrophoresis.  Using a blotting device (ATTO), proteins in the gel were transferred to PVDF
membrane (7 cm by 9 cm, Millipore) pretreated with 100% methanol.  After 75 minutes of
protein transfer at 120 mA, the PVDF membrane was removed and shaken at room temperature
for 30 minutes in PBS (Nacalai) containing 4% skim milk. Then, the removed PYDF
membrane was soaked in 5 pl of anti-S100A8 antibody (R&D) or anti-S100A9 antibody (R&D)
each diluted with 10 ml of PBS containing 4% skim milk, and shaken at room temperature for 60
minutes. After the antibody solution was removed, the membrane was shaken in 30 ml of PBS
containing 0.1% Tween20 at room temperature for five minutes.  This washing was repeated
five times. Then, the membrane was soaked in 5 pl of HRP-labeled anti-goat IgG antibody (GE
healthcare) diluted with 10 ml of PBS containing 4% skim milk, and shaken at room temperature
for 45 minutes. Afier the antibody solution was removed, the membrane was washed with 30
ml of PBS containing 0.1% Tween20 at room temperature for five minutes while shaking. This
washing was repeated five times. The membrane was treated for luminescence using ECL
Detection Kit (GE healthcare), and then exposed on a film.  Signals for SI00A8 and S100A9
proteins were gained by developing the film in a developing apparatus (Fig. 35).

(3) Factors having the activity of mobilizing bone marrow-derived mesenchymal stem
cells in skin extracts were purified by heparin affinity column chromatography. The experiment
described below was carried out using an FPLC device (GE healthcare).  First, the skin extract
of two-day-old mice was diluted 10-fold with nine volumes of 20 mM phosphate buffer (pH 7.5)
at 4°C (dilution solution A). 300 ml of 20 mM phosphate buffer (pH 7.5) was run through a
HiPrep 16/10 Heparin FF (GE Healthcare} column to equilibrate the column in advance, and
dilution solution A was loaded outo the column.  Then, the column was washed with 300 mi of
20 mM phosphate buffer (pH 7.5). 20 mM phosphate buffer (pH 7.5) containing 10 mM NaCl
(solution A) and 20 mM phosphate buffer (pH 7.5) containing 500 mM NaCl (solution B) were
prepared to elute the adsorbed protein. Elution was started with [100% solution A + 0%



10

15

20

25

30

35

62

solution B], and then the proportion of solution B was gradually increased. Finally, the column
was eluted with [0% solution A + 100% solution B].  The total elution volume was 150 ml.

The eluate was fractionated into silicone-coated tubes (3 ml/tube). 5 pl each of the fractionated
samples were mixed with 5 pl of SDS-PAGE sample buffer (Bio-Rad). The mixtures were
heated in a heat block at 98°C for five minutes, and then cooled to 25°C.  The samples were
applied onto an acrylamide gel e-PAGEL (5-20% gradient, ATTO), and electrophoresed at 40
mA for 75 minutes using an electrophoresis device.  After the electrophoresis, the
electrophoresed protein was detected using the Dodeca Silver Stain Kit (Bio-Rad) (Fig. 36).

The chemotactic activity of fractionated samples was assayed in the same way as
described above using a Boyden chamber (Fig. 37).

The presence of S100A8 and S100A9 proteins in the fractionated samples was detected
in the same way as described above by Western blotting (Fig. 38).

(6) RNA was extracted from neonatal mouse skin using Trizol (Invitrogen), and then
cDNA was synthesized from the RNA using the SuperScript III ¢cDNA Synthesis Kit (Invitrogen).
c¢DNAs of S1I00A8 and S100AS were amplified by the polymerase chain reaction (PCR) method
using the cDNA as a template.” These cDNAs were each inserted into a mammalian cell
protein-expression plasmid vector, pPCAGGS, to express the proteins in which a GST-tag
sequence (amino acid sequence/SEQ ID NO: 31; DNA sequence/SEQ ID NO: 32) is attached to
the N-terminus of their amino acid sequences (Fig. 39). pCAGGS-GST-S100A8 or
pCAGGS-GST-S100A9 were each transfected into a human fetal kidney cell-derived cultured
cell line HEK293 using a lipofection reagent (Invitrogen). 48 hours after transfection, the cells
and culture superﬁatant were collected, and centrifuged at 4,400 G at 4°C for five minutes. The
supernatant (Superpatant A) and cells were collected separately. PBS containing 0.1%
Tween20 was added to the cells, and the suspension was sonicated on ice for 30 seconds to
disrupt the cell membrane. Afier centrifugation at 4,400 x g at 4°C for five minutes, the
resulting supernatant was collected (Supernatant B). Supernatants A and B were combined
together and loaded onto a HiTrap GST FF column (5 ml; GE Healthcare) whose buffer had been
replaced with 30 ml of PBS in advance. After loading, the column was washed with 100 m! of
PBS, and the adsorbed protein was eluted with 20 mM phosphate buffer (pH 8) containing
reduced glutathione. The chemotactic activity of recombinant S100A8 and S100A9 for bone
marrow mesenchymal stem cells was assessed using the Boyden chamber.  The samples were
prepared by dissolving purified S100A8 or S100A9 protein at 0.1 ng/ul in DMEM, or by diluting
the skin extract of two-day-old mice with four volumes of DMEM, and added into the bottom
compartment of the Boyden chamber. A negative control prepared as follows was used the
same way: protein was extracted from cells transfected with a control vector which does not
carry the cDNA of S100A8 or S100A9 as an insert; and then a fraction was eluted from a HiTrap
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GST FF column. After 2 sample was added into the bottom compartment, a polycarbonate
membrane with 8-pum micropores was placed ontop. Then, the upper unit (a volume of 50 ul)
of Boyden chamber was placed in contact with the membrane, and a suspension of bone
marrow-derived mesenchymal stem cells (5 x 10 cells/50 ml of culture medium (DMEM
supplemented with 10% fetal bovine serum)) was added to the upper chamber. The chamber
was incubated in a COIZ incubator at 37°C for four to 24 hours.  After incubation, the upper unit
of the chamber was removed.  The polycarbonate membrane was detached and the number of
bone marrow-derived mesenchymal stem cells migrating into the bottom compartment through
the micropores was quantitatively determined by staining the cells (Fig. 40).

(7) Eight-week-old male mice were injected with 250 ul of the above-described purified
GST-S100A8 or SI00A9 recombinant proteins (1 ng/ul) via the caudal vein. 12 hours after
injection 1 ml of peripheral blood was collected from the hearts of the mice under inhalation
anesthesia with isoflurane using a 1-ml heparin-coated syringe. The blood samples were each
combined with 3 ml of PBS, and then gently overlaid onto 3 ml of Ficoll (GE healthcate). The
resulting samples were centrifuged using 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., Lid.), a hemolytic agent, was added to the
collected cells, and the cells were incubated at room temperature for five minutes. This
hemolytic treatment was repeated twice. After adding 10 ml of PBS, the cells were centrifuged
at 440 x g at 25°C for five minutes. The resulting supernatants were removed, and the cells
were collected. 1,000,000 cells were incubated at room temperature for 20 minutes with a
PE-labeled anti-mouse PDGFRa antibody (e-Biescience), PE-labeled anti-mouse PDGFR
antibody (e-Bioscience), FITC-labeled anti-mouse CD45 antibody (BD .biosciences), and
PerCy5-labeled anti-mouse CD44 antibody (BD biosciences), each diluted 100-fold with PBS.
Then, the cells were centrifuged at 440 x g at 25°C for five minutes. The supernatants were
removed. 400 pl of PBS containing 1% paraformaldehyde was added to the cells to prepare
samples for flow cytometric analysis. Antibodies were used in the following combinations:

(D) PDGFRo/CD45/CD44

(I PDGFB/CDA45/CD44

The ratio of cells expressing PDGFRa (or B) and CD44 to cells that were weakly positive or
negative for CD4S was determined based on the analysis result (Figs. 41A and B).

Results: Skin samples excised from two-day-old and six-week-old mice were assessed
for the activity of mobilizing bone marrow mesenchymal stem cells. The activity of skin
extract from two-day-old mice was demonstrated to be stronger than that of the skin extract from
six-week-old mouse. Strong S100A9 expression in the skin from two-day-old mice was found
by DNA microarray analysis. Crude samples of skin extracts purified on a heparin column
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exhibited correlation between the migrating activity of mesenchymal stem cells and the contents
of S100AY and S100A8. Expression vectors for these proteins were constructed, and the
recombinant proteins were produced using HEK293 and purified. The migrating activity of
bone marrow mesenchymal stem cells was confirmed in the purified S100A8 and S100A9
samples by assays using Boyden chamber. Furthermore, when intravenously administered to
mice, the proteins also exhibited the activity of mobilizing a population of PDGFRe: and CD44
double-positive cells to peripheral blood (Fig. 41).

Discussion: The present inventors for the first time in the world discovered in the
present invention that free skin pieces produce S100A8 and S100A9, and the produced S100A8
and S100A9 proteins had strong activities of mobilizing bone marrow-derived mesenchymal
stem cells. Meanwhile, bone marrow mesenchymal stem ceils are known as pluripotent stem
cells that differentiate into bone tissues, adipose tissues, cartilage tissues, fibroblasts, and the like.
Recently, it has been indicated that bone marrow-derived cells also include pluripotent stem cells
that differentiate into tissues such as cardiac muscle, nerve cells, and epidermal cells. Since the
present invention demonstrates that the epidermal cells, hair follicle cells, fibroblasts of
subcutaneous tissues, and such in the grafied skin are constituted by bone marrow-derived cells,
S100A8 and S100A9 can be speculated to be responsible for mobilizing bone marrow-derived
tissue stem cells to the skin graft to induce functional repair of damaged tissues. Even by
intravenous injection, S100A8 and S100A9 can mobilize bone marrow mesenchymal stem cells
1o peripheral blood. Thus, S100A8 and S100A9 can also be administered vig peripheral
circulation to tissues located deep inside the body where local administration is difficult (brain,
heart, spinal cord, etc.). The present inventors believe that effects such as shortening the
healing time, functional regeneration of damaged tissues, and such can be expected in the
healing process for not only damaged skin tissues but also various damaged tissues such as brain,
muscle, and bone by using the present invention in pharmaceuticals, which enables local
mobilization of the bone marrow-derived tissue stem cells including mesenchymal stem cells in

regeneration of damaged fissues.
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CLAIMS

1. Use of a composition in producing nerve tissue regeneration-promoting agent,
wherein the composition comprises any one of:
(a) an S100A8 protein;
(b) a cell that secretes an S100AS protein;
(c) a vector into which a DNA encoding an S100A8 protein is inserted,;
(d) an S100A9 protein; .
{(e) a cell that secretes an S100A9 protein;
() a vector into which a DNA encoding an S100A9 protein is inserted;
(g) a cell or tissue extract, wherein the cell or tissue extract is produced by a method
comprising the step of immersing a cell or tissue in a solvent; and
(h) a heparin-binding fraction of a cell or tissne extract, wherein the heparin-binding
fraction of the cell or tissue extract is 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
{c) eluting a heparin-binding fraction from the immobilized heparin;
wherein the cell or tissue to be immersed in a solvent is selected from the group
consisting of tissue-derived cells, cells of cell lines established from tissue-derived
cells, and cells transfected with DNA encoding S100AS, or S100A9 protein, live skin
tissues and tissues obtained by internal biopsy (surgery); and
wherein the agent is to be administered to a tissue other than a tissue in need of

regeneration.
2. The use of claim 1, wherein the agent is to be administered parenterally.
3. The use of claim 2, wherein the administration is injection.

4. The use of claim 1, wherein the agent is to be administered intravascularly,

inframuscularly, subcutaneously, intradermally, or intraperitoneally.
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SEQUENCE LISTING
<110> GENOMIX CO., LTD.
OSAKA UNIVERSITY

<120> Tissue-regeneration promoter using recruitment of bone marrow mesenchymal
stem cells and/or pluripotent stem cells in biood

<130> G6-AC901P

150> JP 2008247143
<151> 2009-10-28

160> 32
<170> Patentln version 3. 4

2o 1

Q211> 215

<212> PRT

<213> Homo sapiens

400> 1 '

Met Giv Lys Gly Asp Pro Lys Lys Pro Arg Gly Lys Met Ser Ser Tyr
i 5 10 15

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

20 25 30
Asp Ala Ser Va| Asn Phe Ser Glu Phe Ser Lys Lys Cys Ser Giu Arg
35 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Gly Lys Phe Glu Asp Met Ala
50 55 60
Lys Ala Asp Lys Ala Arg Tyr Giu Arg Glu Met Lys Thr Tyr lie Pro
65 70 75 80
Pro Lys Gly Glu Thr Lys Lys Lys Phe Lys Asp Pro Asn Ala Pro Lys
85 40 a5
Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu Tyr Arg Pro Lys
100 105 110
Ile Lys Gly Glu His Pro Gly Leu Ser Iie Gly Asp Val Ala Lys Lys
115 120 125
Leu Gly Giu Met Trp Asn Asn Thr Ala Ala Asp Asp Lys Gin Pro Tyr
130 135 140
Glu Lys Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp Ile Ala
145 150 155 160
Ala Tyr Arg Ala Lys Gly Lys Pro Asp Ala Ala Lys Lys Gly Val Val
165 170 175

tys Ala Glu Lys Ser Lys Lys Lys Lys Glu Glu Glu Glu Asp Glu Glu
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180 185 190
Asp Glu Glu Asp Glu Glu Glu Glu Glu Asp Glu Glu Asp Glu Asp Glu
195 200 205
Glu Glu Asp Asp Asp Asp Glu
210 215

Q1> 2

{211> 648

<212> DNA

<{213> Homo sapiens

<400> 2 .

atgggcaaag gagatoctaa gaagcogagd ggcaasaatgt catcatatge attititetg
caaacttgtc gggaggagea taagaagaag cacocagatg cttcaptcaa ctictoagag
ttttotaaga agtgeicaga gaggiggaag accatgtete ctaaagagaa aggaaaattt
gaagatatee casaagcgga caaggeoccet tatgasagag aaatgaaaac ctatatccct
cccaaagesg agacaaasaa gaagitcaag gatoccaatg cacccaagag gectecttog
goctiottoe tottotgete trgagtatope ccaaaaatca aaggagaaca toctegoctg
tecattggtey atgtizogaa gaaactggpa gagatgigpa ataacactse itgoagatgac
aagecagectl atpaaaagaa gpotgogaag ctgaaggana aatacgaaaa ggatatiget
geatatcgag ctaaaggaaa goctgatgoa goaaaaaage gagitgicaa ggoigaaaaa
agcaagaaaa agaaggaaga ggaggaagat gaggaagate aagaggatga ggaggaggag
gaagatgaag aagatgaaga tgaagaagaa gatgatgatg atgaataa

Q1 3

211> 215

212> PRT

<213> Mus musculus

400> 3

Wet @ly Lys Gly Asp Pro Lys Lys Pro Arg Gly Lys Met Ser Ser Tyr

i 5 10 15

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

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

Lys Ala Asp Lys Ala Arg Tyr Glu Arg Glu ¥et Lys Thr Tyr lle Pro

65 70 75 80

Pro Lys Gly Glu Thr Lys Lys Lys Phe Lys Asp Pro Asn Ala Pro Lys
85 90 95

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

60
120
180
240
360
360
420
480
540
600
648
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) 100 105 110
[le Lys Gly Glu His Pro Gly Leu Ser Iie Gly Asp Val Ala Lys Lys
115 120 125
Leu Gly Glu Met Trp Asn Asn Thr Ala Ala Asp Asp Lys Gin Pro Tyr
130 135 140
Glu Lys Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp Ile Ala
145 150 155 160
Ala Tyr Arg Ala Lys Gly Lys Pro Asp Ala Ala Lys Lys Gly Val Val
165 170 175
Lys Ala Glu Lys Ser Lys Lys Lys Lys Glu Glu Glu Asp Asp Glu Glu
180 185 190
Asp Glu Glu Asp Giu Glu Glu Glu Glu Glu Glu Glu Asp Glu Asp Glu
195 200 205
Glu Glu Asp Asp Asp Asp Glu
210 215

210> 4

211> 648

<212> DNA

<213> Mus musculus

<400> 4

atgggoaaag gagalectaa aaagocgaga ggoaaaatgt ccteatatge attetitpte
cagacttgoc gggaggagea caagaagaag caccoggatg clictgtcaa ctictcagag
ttotecaaga agtgcicaga gaggtggaag accatgtetg ctaaagaaaa ggggaaatit
gaagatatgg caaaggetga caaggeteogt tatgaaagag aaatgaaaac ctacatccoc
cccaaagege agacceasaa gaagiticaag gaccccaatg cacoccaagag geetooticg
gocttottot tegttotgttc tgagtaccgc cocasaatca aaggogagea tociggetia
tocattgets atgtigcaaa gaasactappa gagalgtgea acaacuactge ageagatgac
aagcagecot atgagaagaa agoigovaag otgasggaga agtatgagas ggatattect
geotacagag ctaamaggaaa accigatgea gogaaaaagg gggtegtcaa ggotgaanag
agcaagaaaa agaaggaaga ggaagatgat gaggageate aagagegatga ggaagaggag
gangaagage aagacgaaga tgaagaagas gatpgatgatg atgaataa

(CATO I

Q211> 215

<212> PRT

<213> Rattus norvegicus

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

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

60
120
180
240
300
360
420
480
540
600
648
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20 25 30
Asp Ala Ser Val Asn Phe Ser Giu Phe Ser Lys Lys Cys Ser Glu Arg
35 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Gly Lys Phe Glu Asp Met Ala
50 55 60
Lys Ala Asp Lys Ala Arg Tyr Glu Arg Glu Met Lys Thr Tyr ile Pro
65 70 75 80
Pro Lys Gly Glu Thr Lys Lys Lys Phe Lys Asp Pro Asn Ala Pro Lys
85 90 95
Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Giu Tyr Arg Pro Lys
100 105 110
Ile Lys Gly Giu His Pro Gly Leu Ser Ile Gly Asp Val Ala Lys Lys
115 120 125
Leu Gly Glu Met Trp Asn Asn Thr Ala Ala Asp Asp Lys Gin Pro Tyr
130 135 140
Glu Lys Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp Iie Ala
145 150 155 160
Ala Tyr Arg Ala Lys Gly Lys Pro Asp Ala Ala Lys Lys Gly Val Val
165 170 175
Lys Ala Glu Lys Ser Lys Lys Lys Lys Giu Glu Glu Asp Asp Glu Glu
180 185 190
Asp Glu Glu Asp Glu Glu Glu Glu Glu Glu Glu Glu Asp Glu Asp Glu
195 200 205
Glu Glu Asp Asp Asp Asp Glu
210 215

Q210> 6

211> 648

<212> DNA :
<213> Rattus norvegicus

<400> 6

atggecaaag gagatcctaa gaagoogaga gecaaaatgt coteatatge attctttsts 60
caaacctgee ggpaggagoa caagaagasg cacccggatg citctgtoaa ciletcagag 120
ttocteocaaga agtectcaga gaggtggaag accatgteoty ctaaagaaaa ggggaaatit 180
gaagatatgp caaaggctsga caagectogt tatgaasgag aaatgaaaac ctacatcoce 240
cccaaagggg agaccaaasa gaagticaag gaccccaatg cccccaagag goctectlog 300
gocttottet tgttetetic tpagtacoge ccaaaaatca aaggegagea ftoctggotia 360
tocattggte atgitpepgaa gaaactagga gagatgigga acaacactge tgoggatgac 420
aagoagccet afgaaaagaa ggocgecaag ctgaaggaga aghatgagaa geatattgct 480
goctacagag ctasaggaaa accigatgea gogaaaaagg geggtgeicaa gpotpagaag 540
agcaagaaaa agaaggaaga ggaagacgac gaggaggate aagaggatpga ggaagaggas 600
gaagaggagg aagacgaaga tgaagaagaa gatgatgats atgaataa 648
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210 7

211> 209

<21 PRT

<213> Homo sapiens

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

210> 8

211> 630

<212> DHA

<213> Homo sapiens

400> 8
atggetaaag gagaccccaa caagocgege geeasaatgt cotegtacge cttettogtg 60
cagacolges gegaagageca caagaagaaa caccoggact citcogicaa tttogogeaa 120
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ttotovaaga agtgttogga gagatggaag accatgtelg casaggagaa gtopaagtit
gaggatates caazaagiga caaagotoge tatgacaggg agatgaaaaa ttacgttect
cccaaaggty ataagasgee paagaaaaag gacoccaaig ofoctaaaag gocaceatot
geoticttee tgtttigete tgaacatcge coaaagatca aaagigaaca coctggecta
tceattgegs atactgcaaa gaaattgggt gaaatgtget ctgageagtc agecaaagat
anacaaccal atgaacagaa agcagotaag ctaaaggaga aatatpaaaa ggatattget
geatatcgtyg ccaagegeaa aagtgaagea ggaaagaagg gecctggeag gecaacagse
tcaaagaaga agaacgeacc agasgaigag gaggaggagg aggaagaaga agalgaagat

gagegageaag agéatgaaga tgaagaataa

Q210> 9

211> 210

212> PRT

<213> Mus muscuius

400> 9

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

1 5 10 15

Ala Phe Phe Val Gln Thr Cys Arg 6lu Glu His Lys Lys Lys His Pro
20 25 30

Asp Ser Ser Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg

35 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Ser Lys Phe Glu Asp Leu Ala
50 55 60
Lys Ser Asp Lys Ala Arg Tyr Asp Arg Glu Met Lys Asn Tyr Val Pro
65 70 75 80
Pro Lys Gly Asp Lys Lys Gly Lys Lys Lys Asp Pro Asn Ala Pro Lys
85 90 95
Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu Asn Arg Pro Lys
100 105 110
{le Lys Ile Giu His Pro Gly Leu Ser Ite Gly Asp Thr Ala Lys Lys
115 120 125
Leu Gly Glu WMet Trp Ser Giu Gin Ser Ala Lys Asp Lys Gin Pro Tyr
130 135 140
Glu GIn Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp [le Ala
145 150 155 160
Ala Tyr Arg Ala Lys Gly Lys Ser Giu Ala Gly Lys Lys Gly Pro Gly
165 170 175
Arg Pro Thr Gly Ser Lys Lys Lys Asn Glu Pro Giu Asp Glu Glu Glu
180 185 190
Glu Glu Giu Giu Glu Glu Glu Glu Asp Asp Glu Glu Glu Glu Glu Asp
195 200 : 205
Glu Glu
210

180
240
300
360
420
480
540
600
630
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210> 10

211> 633

<212> DNA

<213> Mus musculus

<400> 10

atggeoaage ghgaccccaa caagecgegg ggoaaaatgh cotegtacge ottettepts
cagaccigoc gegaggagoa caagaagaag catcccgact cgtoggteaa cttegecgag
ttotecaaga aatgctocga gagatggaag accaigtotg camaggaaaa giccaagitt
paagatttge ccaagapega caaagcetegt tatgacaggg agatpgaagaa ctatgiioct
cGoanagess ataagaaégg aaagaaaaaa gaccccaalg ctocgaagag accaccgict
gocttettee tettttectc tgaasaatcoge coaaagaica aamatigasca cocaggoctsg
totattggag atactgegaa gaaascteget gagatgiget ctgagcaate fgecaaagat
aaacaacogt atgagcagaa agcagotasa ctaaaggaga agtatgaaaa ggatattget
goatacogtyg ccaaggpcaa aagtgaagea ggasagaagg gitoctgetag gocaacaggo
tcaaagaaga agaacgaacc agaagatgapg gagpaggaag zagaggagga agaggaggaa
gatpgacgagg aagaagagea ggatgaagaa taa

2100 11

211> 210

{212> PRT

<213> Rattus norvegicus

<400> 11
Met Gly Lys Giy Asp Pro Asn Lys Pro Arg Gly Lys Met Ser Ser Tyr
1 5 10 15
Ala Phe Phe Val GIn Thr Cys Arg Glu Glu His Lys Lys Lys His Pro
20 25 30
Asp Ser Ser Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg
35 40 45
Trp Lys Thr Met Ser Ala Lys Glu Lys Ser Lys Phe Glu Asp Leu Ala
50 55 60
Lys Ser Asp Lys Ala Arg Tyr Asp Arg Glu Met Lys Asn Tyr Val Pro
65 70 75 80
Pro Lys Gly Asp Lys Lys Gly Lys Lys Lys Asp Pro Asn Ala Pro Lys
85 80 95
Arg Pro Pro Ser Ala Phe Phe Leu Phe Cys Ser Glu His Arg Pro Lys
100 105 110
I1e Lys Ser Glu His Pro Gly Leu Ser Ile Gly Asp Thr Ala Lys Lys
115 120 125
“Leu Gly Glu Met Trp Ser Glu Gin Ser Ala Lys Asp Lys Gln Pro Tyr
130 135 140

60
120

180

240
300
360
420
480
540
600
633
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Glu Gin Lys Ala Ala Lys Leu Lys Glu Lys Tyr Glu Lys Asp Ile Ala

145 150 195 160
Ala Tyr Arg Ala Lys Gly Lys Ser Glu Val Gly Lys Lys Gly Pro Gly
165 ' 170 175
Arg Pro Thr Gly Ser Lys Lys Lys Asn Glu Pro Glu Asp Glu Giu Glu
180 185 190
Glu Glu Glu Glu Glu Asp Asp Glu Asp Glu Glu Glu Glu Asp Glu Asp
195 200 205
Giu Giu
210
210> 12
211> 633
<212> DRA

<213> Rattus norvegicus

<400> 12

atgggoaagy gggaccccaa caagocgegs ggoaagatet cotogtacge ctictiogte
cagacctgoc gggapeagca caagaagaag catceccgact cgtogglicaa cticgecegag
titctecgaaga aateticgga gagatggaag accatgholg ccaaggaaaa gtogaagtil
gageatttge ccaagagega caaagetogt tatgacagge agatgaagaa ctatgttect
cocaaagety atasgasagg amagaaaaaa gatccaaatg ctoccaagag accacegtot
gecttettee tgttitgete tgaacatoge ccaaagatea aaagipaaca coccggocty
totattegag atactgcaaa gaaactegeg gagatgtget ctgascaatc tgecaaagat
aaacaaccgt atgagcagaa agcageiasaa ctaaaggaga agiatpaszaa ggatattget
geatacogts ccaagggeaa aagtgaagta ggaaagaagg gtociggtag gocaacaggs
tcaaagaaga agaatgaace agaagatgag gaagaggagg aggaggaaga agaigatpgaa
gatgaagage aggaagatga ggatgaagaa taa

210> 13

<211> 200

Q212> PRT

<213> Homo sapiens

400> 13

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

H 5 10 15

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

20 25 30

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

35 40 45

Trp Lys Thr Met Ser Gty Lys Glu Lys Ser Lys Phe Asp Glu Met Ala
50 55 60

60
120
180
240
300
360
420
480
540
600
633
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Lys Ala Asp Lys Val Arg Tyr Asp Arg Glu Met Lys Asp Tyr Gly Pro
65 70 75 ] 80
Ala Lys Gly Gly Lys Lys Lys Lys Asp Pro Asn Ala Pro Lys Arg Pro
85 80 85
Pro Ser Gly Phe Phe Leu Phe Cys Ser Glu Phe Arg Pro Lys Ile Lys
100 105 110
Ser Thr Asn Pro Gly lle Ser Ile Gly Asp Val Ala Lys Lys Leu Gly
115 ‘ 120 125
Giu Met Trp Asn Asn Leu Asn Asp Ser Giu Lys Gin Pro Tyr Ile Thr
130 135 140
Lys Ala Ala Lys Leu Lys Glu Lys Tyr &lu Lys Asp Val Ala Asp Tyr
145 150 155 160
Lys Ser Lys Gly Lys Phe Asp Gly Ala Lys Gly Pro Ala Lys Val Ala
165 170 175
Arg Lys Lys Val Glu Giu Glu Asp Glu Glu Glu Glu Glu Glu Glu Glu
180 185 190
Glu Glu Glu Glu Glu Glu Asp Glu
195 200

210> 14

<211> 603

<212> DNA

<213> Homo sapiens

<400> 14

atggotaaag ghpgaccocaa gaaaccaaag ggcaagatgt cogottatge ctiotiigisg
cagacatgca gagaagaaca taagaagaaa aacccagage tecctgteaa tttigoggaa
ttttccaaga agtgotolea gasgtegaag acgatgtoos ggamagagaa atctaaattt
gatgaaatgy caaaggocaga taaagtpgoge tatgatcggg aaatgaagga tiatggacca
getaagggag peaapaagaa gaaggatoct aatgetcoca amaggecace gtotggatte
ttoctetict gticagaatt ccgocccaag atcaaatoca caaacscogg catototati
ggagacgter caaaaaaget ggptgagatg tggaataatt taaatgacag tgaaaagceag
cottacatea ctaaggoeee asagetgaag gagaagtaty agaaggatgt tgotigactat
aagicgaaag geaagittga tegtgcaaag getoctgota aagiigocog gaaaaaggts
gaagaggaag atgaagaaga ggaggagegaa gaagaggagy aggageagga ggageatpaa

taa

Q210> 15

211> 200

<212> PRY

<213> Mus musculus

<400> 15

60
120
180
240
300
360
420
480
540

600

603
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Met Ala Lys Gly Asp Pro Lys Lys Pro Lys Gly Lys Met Ser Ala Tyr
1 5 10 15
Ala Phe Phe Val Gin Thr Cys Arg Glu Glu His Lys Lvs Lys Asn Pro
20 25 30
Gfu Yal Pro Val Asn Phe Ala Glu Phe Ser Lys Lys Cys Ser Glu Arg
35 40 45
Trp Lys Thr Wet Ser Ser Lys Glu Lys Ser Lys Phe Asp Glu Met Ala
50 b5 60
Lys Ala Asp Lys Vai Arg Tyr Asp Arg Glu Met Lys Asp Tyr Gly Pro
65 10 75 80
Ala Lys Glv Gly Lys Lvs Lys Lys Asp Pro Asn Ala Pro Lys Arg Pro
85 %0 95
Pro Ser Gly Phe Phe Let Phe Cys Ser Glu Phe Arg Pro Lys Ile Lys
100 105 110
Ser Thr Asn Pro Gly Ile Ser Ile Gly Asp Yal Ala Lys Lys Leu Gly
115 120 125
Glu Met Trp Asn Asn Leu Ser Asp Asn Glu Lys Gln Pro Tyr Val Thr
130 135 140
Lys Afa Afa Lys Leu Lys Glu Lys Tyr Glu Lys Asp Val Ala Asp Tyr
145 150 155 160
Lys Ser Lys Gly Lys Phe Asp Gly Ala Lys Gly Pro Ala Lys Val Ala
165 170 175
Arg Lys Lys Val Glu Glu Glu Glu Glu Glu Glu Giu Glu Glu Glu Glu
180 185 190
Glu Glu Glu Glu Glu Glu Asp Glu
195 200

210> 18

211> 603

212> DNA

213> Wus musculus

400> 16

atggoetaaag glgaccccaa gasaccasag ggoaagatgt otgctltatee clictitgte 60
cagacatgca gggaagaaca taagaagaaa aacccagagg ttecogteasa Titigotgag 120
ttctoccaaga agtectegga gasggtpgaar accatgtota geaasagagaa atocaszaghit 180
gatgaaatgy caaaggcaga taaagtocga tatgatogge agatgaaaga Tiatggacea 240
gctaaaggas goaagaagaa gaaggaccca aatgecooca aaagacctoe gloiggatit 300
ttettatieot getetgaatt ccgecccaag atcaaatoca caaaccetgg catotecatt 360
gpagatgtge caaaamaget gegtgapaty tggaataact taagtgacaa itgasaageag 420
socttatgtca ccaaggcage aaagceigaag gagaagtatg agaaggatgt tgotpactat 480
asapgtcotagag ggaagtttga tgetgecaag getecigota aagitgecceg gaaaaaggts 540
gaagaagage aagaggagga ggaagaggaa gasgaggagy aggaagagga ggaagatgaa 600
taa 803
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<2io> 17

211> 89

<212> PRT

<213> HMus musculus

<400> 17
Met Pro Ser Glu Leu Glu Lys Ala Leu Ser Asn Leu lle Asp Val Tyr
1 5 10 b
His Asn Tyr Ser Asn Ile Gin Gly Asn His His Ala Leu Tyr Lys Asn
.20 25 30
Asp Phe Lys Lys Met Val Thr Thr Glu Cys Pro Gin Phe Val Gln Asn
3/ 40 45
Ile Asn [le Glu Asn Leu Phe Arg Glu Leu Asp Ile Asn Ser Asp Asn
50 55 - 80
Ala Ile Asn Phe Glu Glu Phe Leu Ala Met Val lle Lys Val Gly Val
65 70 75 80
Ala Ser His Lys Asp Ser His Lys Glu
85
210> 18
211> 270
<212> DNA

<213> Mus musculus

<400> 18

atgeogtotg asctpgagaa pgoctigage aacctcatig atgtetacca caattatice
aatatacaag gaaatcacca tgcocictac aagaatgact tcaagaaaat ggicactact
gagtgtocte agttigtgea gaatataaat atcgaasact tgttcagaga attggacate
agtagtgaca atgoaattaa cticgaggag ttocttgoga tgeteatassa agtggeteis

goatetcaca aagacageooa caaggagtag

210> 19

211> 89

212> PRT

<213> Rattus norvegicus

400> 19
Met Ala Thr Giu Leu Glu Lys Ala Leu Ser Asn Val [le Giu Val Tyr
1 5 10 15

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

60
120
180
240
270
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--Asp Phe Arg Lys Met Val Thr Thr Glu Cys Pro Gin Phe Val Gin Asn

35 40 4b
Lys Asn Thr Glu Ser Leu Phe Lys Glu Leu Asp Val Asn Ser Asp Asn
50 55 80
Ala 1le Asn Phe Glu Glu Phe Leu Ala Leu Val lle Arg Val Gly Val
65 70 75 80
Ala Ala His Lys Asp Ser His Lys Glu
85
210 20
211> 270
<212> DiA

<213> Rattus norvegicus

400> 20

atggoaactyg aactggagaa ggoctigage aacgicattg aagiclacca caattatict
ggtataaaag ggaatcacca tgoocctotac agggatgact toaggaaaat gsteactact
gagtgeccte agttigtgea gaatazaaat accgaaaget tgttcaaaga attggacgic
aatagtgaca acgeaattaa cticgaagag ttocttegogt tggteatase sgtegeogts
geagotoata aagacagcca caaggagtaa

<210 A

211> 83

{212> PRT

<213> Homo sapiens

400> 21
Met Leu Thr Glu Leu Glu Lys Ala Leu Asn Ser Ile [le Asp Val Tyr
1 5 10 15
His Lys Tyr Ser Leu Ile Lys Gly Asn Phe His Ala Val Tyr Arg Asp
20 25 30
Asp Leu Lys Lys Leu Leu Glu Thr Glu Oys Pro Gin Tyr Ile Arg Lys
35 40 45
Lys Gly Ala Asp Val Trp Phe Lys Glu Leu Asp Ile Asn Thr Asp Gly
50 55 60
Ala Val Asn Phe Gin Glu Phe Leu lle Leu Val Ile Lys Wet Gly Val
65 70 75 80
Ala Ala His Lys Lys Ser His Glu Glu Ser His Lys Glu
85 80

<210 22
11> 282

60
120
180
240
270
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<212> DNA
<213> Homo sapiens

<400> 22

atgttescog agotggagaa ageotigaac totatcateg acgictacca caagtactce
ctgataaagg ggaatttoca tgcogtctac agggatgace tgaagaaatt gotagagace
gagtetoctc agtatatcag gaaaaagegt goagacgtct ggticaaaga ghtgegatate
aacactpgatg gtecagttaa cticcaggag ttoctcattc tggigataaa gatggscstg
geagoccaca aaaaaagoca tgaagaaage cecaaagagt ag

21> 23

211>, 113

212> PRT

213> Wus musculus

<400> 28

Met Ala Asn Lys Ala Pro Ser Gin Met Glu Arg Ser Ile Thr Thr Ile

1 b 10 15

Iie Asp Thr Phe His GIn Tyr Ser Arg Lys Glu Gly His Pro Asp Thr
20 25 30

Leu Ser Lys Lys Glu Phe Arg GIn Wet Val Glu Ala Gin Leu Ala Thr

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

Giu Asp Leu Asp Thr Asn Gin Asp Asn Gin Leu Ser Phe Glu Glu Cys

65 70 15 80

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

85 90 95

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

Lys

210> 24

<211> 342

<212> DNA

<213> Mus musculus

<400> 24

atggccaaca aageacctic tcagatggag cgecageataa ccaccateat sgacacetic
catcaatact ctaggaagga aggacaccet gacaccctga goaagaagga attoagacaa
atggtprgaag cacagtigege aacctitaly aagaaagaga agagaaaiga agooctoata
aatgacatca tggaggaccl ggacacaaac caggacaatc agetgagetlt tgaggagigt

60
120
180
240
282

60
120
180
240
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atgategctea tggeaaagtt patottitgee tgtceatgaga agetgeatga gaacaaccoa

- cgtepeoate gocacagtca tggoaaagge tetgggaagt aa

210> 25
21ty 113
212> PRT
<213> Rattus norvegicus
<400> 25
Met Afa Ala Lys Thr Giy Ser Gln Leu Glu Arg Ser Iie Ser Thr lle
1 5 10 15
Ile Asn Val Phe His Gin Tyr Ser Arg Lys Tyr Gly His Pro Asp Thr
20 ' 25 ‘ 3
Leu Asn Lys Ala Glu Phe Lys Glu Met Vai Asn Lys Asp Leu Pro Asn
35 40 45
Phe Leu Lys Arg Glu Lys Arg Asn Glu Asn Leu Leu Arg Asp lle Met
50 55 60
Glu Asp Leu Asp Thr Asn Gin Asp Asn Gin Leu Ser Phe Glu Glu Cys
65 70 75 80
Met Met Leu Met Giy Lys Leu 1le Phe Ala Cys His Glu Lys Leu His
' 85 80 85
Glu Asn Asn Pro Arg Gly His Asp His Arg His Gly Lys Gly Cys Gly
100 105 110
Lys
210> 26
211> 342
<212> DHA

<213> Rattus norvegicus

<400> 26

atpgotgoca aaacaggate tcagotggag cgcagoataa geaccatcat caatgtitic
catcagtact ctaggaagta tgpacatcol gacaccciga acaaggopga attcasagaa
atggtegaata ageactlgec asattitctg eagagggaga aaagaaatga aaatctecta
agagacatca tggaggacct ggacacaaac caggacaatc sactgicett fgaggagtipt
atgatgetga tgegasagtt gatotitgec tgtoatgaga agetgeatga gaacaaccea

cetgggoatyg accacaggea cggeaaagge tgigggaagt aa

210 27
211> 116
<212> PRT

300
342

60
120
180
240
300
342
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<213> Homo sapiens

<400> 27

Met Thr Cys Lys Met Ser Gin Leu Giu Arg Asn Ile Glu Thr Ile Iie

1 ) 5 10 15

Asn Thr Pro His Glu His Gin Tyr Ser Val Lys Leu Gly His Pro Asp

20 25 30

Thr Leu Asn Gln Gly Glu Phe Lys Glu Leu Val Arg Lys Asp Leu GIn
35 40 45

Asn Phe Leu Lys Lys Glu Asn Lys Asn Glu Lys Val Ile Glu His Ile

50 55 60

Met Glu Asp Leu Asp Thr Asn Ala Asp Lys GIn Leu Ser Phe Glu Glu

65 70 75 80

Phe Ile Met Leu Met Ala Arg Leu Thr Trp Ala Ser His Glu Lys Met
' 85 90 95

His Glu Gly Asp Glu Giy Pro Gly His His His Lys Pro Gly Leu Gly

100 105 110

@lu Gly Thr Pro
115

<210> 28

<211> 345

<212 DNA

<213> Homo sapiens

<400> 28

atgacttgea aaatgtcgca gotggaacgc aacatagaga ccatcatcaa cacctitccac
caatactctg tgaagetgse gcacccagac accctgaace agggegaatt caaagagotg
gtgegaaaag atcigeaaas ttttctoaag aaggagaata agastgaaaa ggtcatagaa
cacatcatgg aggaccigga cacasatgoa gacaagcage tegagettoga ggagttcate
atectgateg cgaggeotaac ctgggecice cacgagaaga tgeacgages toacgaggge

cotggccacs accataagec aggocicegg gagggeacce cotaa

210> 29

211> 63

<212> DNA

213> Artificial

<220
223> An artificially synthesized nucleotide sequence

<400> 29

atgecagacag acacactcct getatgggta ctgotgotel gsggttecage ticcactget

60
120
180
240
300
345

0
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gac

<210> 30
AL

212> PRT

213> Artificial

220> _
223> An artificially synthesized peptide seguence
<400> 30
Asp Tyr Lys Asp Asp Asp Lys
1 5
Q21> 3
Q11> 220
212> PRT
213> Artificial
220> -
<223> An artificially synthesized peptide sequence
<400> 31 -
. Met Ser Pro lie Leu Gly Tyr Trp Lys lie Lys Gly Leu Val Gin Pro
i 5 10 15
Thr Arg Leu Leu Leu Giu Tyr Leu Glu Glu Lys Tyr Glu Glu His Leu
20 25 30
Tyr Giu Arg Asp Glu Gly Asp Lys Trp Arg Asn Lys Lys Phe Glu Leu
35 40 45
Gly Leu Glu Phe Pro Asn Leu Pro Tyr Tyr 1le Asp Gly Asp Val Lys
50 55 .60 ’
Leu Thr Gin Ser Met Ala lle lle Arg Tyr Ile Ala Asp Lys His Asn
65 , 70 15 . 80
Met Leu Gly Gly Cys Pro Lys Glu Arg Ala Glu Ile Ser WMet Leu Glu
85 90 95
Gly Ala Val Leu Asp Ile Arg Tyr Gly Val Ser Arg lle Ala Tyr Ser
100 105 110
Lys Asp Phe Glu Thr Leu Lys Val Asp Phe Leu Ser Lys Leu Pro Glu
115 120 125
Met Leu Lys Met Phe Glu Asp Arg Leu Cys His Lys Thr Tyr Leu Asn
130 135 140

Gly Asp His Val Thr His Pro Asp Phe Met Leu Tyr Asp Ala Leu Asp
145 150 A 155 160
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Val Val Leu Tyr Met Asp Pro Met Cys Leu Asp Ala Phe Pro Lys Leu

165 170 175
Val Cys Phe Lys Lys Arg Ile Glu Ala lle Pro Gin Ile Asp Lys Tyr
180 185 190
leu Lys Ser Ser Lys Tyr Ile Ala Trp Pro Leu Gin &ly Trp Gin Ala
195 200 205

Thr Phe Gly Gly Gly Asp His Pro Pro Lys Ser Asp

210 215 220
210> 32
211> 660
212> DHA

<213> Artificial

220>
223> An artificially synthesized nucleotide sequence

<400> 32

atgtocceta tactaggita ttgeasaatt saggecctity igcaacccac togactictt
ttggaatatec tipaagaaaa atatgaagag catlistatg agogogatgs aggtgataaa
tggogaaaca aaaagtitea attggsttte gagtitcocca atoticotta ttatatigat
ggtgatgtta aattaacaca gtotategoec atoatacgtt atatagetga caagoacaac
atgtteeetes ghigtoczaa agagogigea gagatitcaa tecttgaagg ascgptttip
gatattagat acggietttc sageattgca tatagtaaag acttigaaac tetcaaagtt
gattttetta goaagetace tgaaatgete aaaatgiteg aagategitt atgtcataza
acatatttaz atggteatca tgtaacecat cotgacttca tghtgtatga ceotettigat
gttettttat acatggacce aatgtgoctg gatgesttoc caaaattagt ttetttiaaa
aaacgtattg aagolatccc acaaatigat aagtactiga aatccageaa gtatatagca
tgpcctitee aggsctesca agecacgitt getestepcy accatoctoe aaaatcgeat

60
120
180
240
300

1360

420
480
540
600
660



