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DESCRIPTION

TITLE
ALLEVIATION AND TREATMENT OF ISCHEMIA REPERFUSION-INDUCED LUNG
INJURY USING PLURIPOTENT STEM CELLS

FIELD
[0001]
The present invention relates to a cell preparation in regenerative medicine. More
specifically, it relates to an effective cell preparation for treatment of ischemia reperfusion-

induced lung injury containing pluripotent stem cells, and to a novel treatment method.

BACKGROUND
[0002]

In general, tissue ischemia is caused by oxygen deficiency in tissue and induction of
inflammation-inducing cytokines, in particular, TNF-a, IL-1, IL-6 and IL-10, and it yields
several kinds of chemical events which have a potential of causing cell dysfunction and necrosis.
Once the blood flow is recovered (reperfusion), other series of events yielding further injuries,
which occur mostly by forming of free radicals and are considered to be caused by neutrophils
activated in a reperfusion site, occur. In most cases, the reperfusion injury is more dangerous
than ischemic injury if the ischemia occurs within a short time, in particular.

[0003]

Ischemia reperfusion-induced injury in lung may possibly occur whenever there is
stoppage of blood flow followed by subsequent recovery. As for the time point at which
ischemia reperfusion-induced lung injury occurs, reinitiation of blood flow after having organ
transplantation, after having artificial cardiopulmonary circulation during heart surgery, after
having thoracic surgery of lung cancer or the like accompanying forming of blood vessels or
blocking of blood flow, after dissolving blood clots or removing blood clots in pulmonary
thromboembolism, or the like, can be mentioned. Currently, for a treatment of ischemia
reperfusion-induced injury, administration of adrenocortical steroids or prostacyclin, inhalation
of nitrogen monoxide (NO>»), improvement of lung preservation solution, and the like are carried
out. However, ischemia reperfusion-induced lung injury occurs in 15 to 30% or so of lung
transplantation and is related with a rejection in acute phase after lung transplantation and
subsequent death (Non Patent Literatures 1 and 2).

[0004]
In recent years, studies based on cell therapy using stem cells are carried out on various
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diseases and also a clinical application is made in the field of regenerative medicine. For
example, the bone marrow mesenchymal cellular fraction (MSC) is isolated from an adult and is
known to have an ability of differentiating into bone, cartilage, adipose cells, nerve cells, skeletal
muscle, or the like (Non Patent Literatures 3 and 4). However, MSC is a group of cells in which
various kinds of cells are included and the differentiation ability is not entirely clear, and thus
there is a huge variation in therapeutic effect. Furthermore, although iPS cells as pluripotent stem
cells derived from an adult have been reported (Patent Literature 1), since iPS cells have a high
tumor forming ability in addition to that very complex operations like introducing a specific gene
to dermal fibroblast cells as mesenchymal cells or a specific compound to somatic cells is
required for establishment of iPS cells, a very high hurdle is present in terms of the clinical
application.

[0005]

Research by Prof. Dezawa, one of the inventors, has demonstrated that the pluripotency
of the mesenchymal cells fraction is exhibited by pluripotent stem cells (Multilineage-
differentiating Stress Enduring cells, or Muse cells) that express SSEA-3 (Stage-Specific
Embryonic Antigen-3) as a surface antigen, which are present in mesenchymal cell fraction and
can be obtained without operation of induction and that this holds potential for application in
treatment of diseases bytissue regeneration. It has also been found that Muse cells can be
enriched by treating the mesenchymal cells fraction with one or more of different types of stress
treatments (Patent Literature 2; Non Patent Literature 5). However, it has not yet been
demonstrated that the expected therapeutic effect can be obtained using Muse cells for

amelioration and/or treatment of ischemia reperfusion-induced lung injury.
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SUMMARY
[TECHNICAL PROBLEM]
[0008]

It is an object of the present invention is to provide a novel medical use for pluripotent
stem cells (i.e., Muse cells) in regenerative medicine. More specifically, it is an object of the
present invention is to provide a cell preparation and pharmaceutical composition that include
Muse cells and are effective for treatment of ischemia reperfusion-induced lung injury, and a

novel treatment method.

[SOLUTION TO PROBLEM]
[0009]

The present inventors have found that preparing a rat model of ischemia reperfusion-
induced lung injury, and administering Muse cells by pulmonary artery injection, alleviates
ischemia reperfusion-induced lung injury, and the present invention has been completed.

[0010]

Specifically, the present invention provides as follows.

[1] A cell preparation for alleviation and/or treatment of ischemia reperfusion-induced
lung injury, comprising pluripotent stem cells positive for SSEA-3 isolated from mesenchymal
tissue of a body or cultured mesenchymal cells.

[2] The cell preparation according to [1] above, comprising a cell fraction wherein the
pluripotent stem cells positive for SSEA-3 have been concentrated by external stress treatment.

[3] The cell preparation according to [1] or [2] above, wherein the pluripotent stem cells
are CD105-positive.

[4] The cell preparation according to any one of [1] to [3] above, wherein the pluripotent
stem cells are CD117-negative and CD146-negative.

[5] The cell preparation according to any one of [1] to [4] above, wherein the pluripotent
stem cells are CD117-negative, CD146-negative, NG2-negative, CD34-negative, vVWF-negative,
and CD271-negative.

[6] The cell preparation according to any one of [1] to [5] above, wherein the pluripotent
stem cells are CD34-negative, CD117-negative, CD146-negative, CD271-negative, NG2-
negative, VWF-negative, Sox10-negative, Snail-negative, Slug-negative, Tyrpl-negative, and
Dct negative.

[7] The cell preparation according to any one of [1] to [6] above, wherein the pluripotent
stem cells have all of the following properties:

(i) low or non-existent telomerase activity;

(i1) having the ability to differentiate into any of three germ layers;
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(iii) exhibiting no neoplastic proliferation; and

(iv) having self-renewal ability.

[8] The cell preparation described in any one of [1] to [7] above, wherein the ischemia
reperfusion-induced lung injury is lung injury occurring at reinitiation of blood flow after having
organ transplantation, after having artificial cardiopulmonary circulation during heart surgery,
after having thoracic surgery of lung cancer or the like accompanying forming of blood vessels
or blocking of blood flow, and/or after dissolving blood clots or removing blood clots in
pulmonary thromboembolism.

[9] The cell preparation according to any one of [1] to [8] above, wherein the pluripotent
stem cells have the ability to engraft into lung tissue.

[ADVANTAGEOUS EFFECTS OF INVENTION]
[0011]

According to the present invention, by administering Muse cells to a subject suffering
from ischemia reperfusion-induced lung injury, Muse cells are selectively integrated in the
disease part of lung tissues and cytokines or tissue protecting factors, or the like are continuously

secreted in the tissues by Muse cells, and thus normal lung tissues can be constructed.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1 illustrates the result of functional evaluation of lung (P/F ratio) by using Muse
cells in rat model of ischemia reperfusion-induced lung injury.

FIG. 2 illustrates the result of functional evaluation of lung (A-aDO>) by using Muse
cells in rat model of ischemia reperfusion-induced lung injury.

FIG. 3 illustrates the result of functional evaluation of lung (left lung compliance) by
using Muse cells in rat model of ischemia reperfusion-induced lung injury.

FIG. 4 illustrates the result of histological evaluation of lung (pathological evaluation
after hematoxylin - eosin staining) by using Muse cells in rat model of ischemia reperfusion-
induced lung injury.

FIG. 5 illustrates the result of histological evaluation of lung (the number of TUNEL
positive cells) by using Muse cells in rat model of ischemia reperfusion-induced lung injury.

FIG. 6 illustrates the result of counting the number of human golgi positive cells in lung
tissue section of a rat model of ischemia reperfusion-induced lung injury.

FIG. 7A illustrates the expression amount of mMRNA of various cytokines in lung tissues
of a rat model of ischemia reperfusion-induced lung injury.

FIG. 7B illustrates the expression amount of mMRNA of various cytokines in lung tissues
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of a rat model of ischemia reperfusion-induced lung injury.
FIG. 8 illustrates the result of measuring the proliferation property of alveolar epithelium
by using a frozen section of lung tissues from a rat model of ischemia reperfusion-induced lung

injury.

DESCRIPTION OF EMBODIMENTS
[0013]

The present invention relates to a cell preparation and a pharmaceutical composition for
alleviation and/or treatment of ischemia reperfusion-induced lung injury containing SSEA-3-
positive pluripotent stem cells (Muse cells), and a novel treatment method. The present invention
will be now explained in greater detail.

[0014]
1. Applicable diseases and their diagnosis

The present invention is directed toward alleviation and treatment of ischemia
reperfusion-induced lung injury using a cell preparation or pharmaceutical composition
containing SSEA-3-positive pluripotent stem cells (Muse cells). It is considered that the
“ischemia reperfusion-induced lung injury” is a main cause of having functional failure of
transplanted lung after lung transplantation, and it is ischemia reperfusion-induced injury
occurring in lung after ischemia reperfusion which is also related with chronic rejection
happening 3 months after the lung transplantation.

[0015]

In general, the “ischemia reperfusion-induced injury” indicates an injury which occurs in
accordance with generation of various toxic materials in micro circulation within an organ or
tissues when blood reperfusion occurs in the organ or tissues in ischemic state. The ischemia -
reperfusion theory reported by McCord is the first theory (N.Engl.J.Med., 312, 159-163 (1985)).
Degree of the injury varies depending on time and degree of ischemia, type of an organ, or the
like. It is also possible that a more severe injury occurs in incomplete ischemia. It is believed
that, scratches on vascular endothelial cells and a problem in micro circulation are caused by
reperfusion and they are developed into an organ injury. As a mechanism of having the injury,
mechanisms like an injury caused by generation of active oxygen such as super oxide (O5 ) or
hydroxyl radial (HO-) or free radicals such as nitrogen monoxide (NO), an injury caused by
generation of various chemical mediators such as various cytokines, endothelin, or arachidonic
acid, an injury based on interaction between activated neutrophils and vascular endothelial cells
are considered. The injury is caused not only topically but also, secondarily, in major organs of a
whole body (remote organ injury). In particular, multiple organ failure is caused by having brain,

lung, liver, kidney, or the like as a target organ. The injury is frequently observed after



10

15

20

25

30

35

reperfusion therapy for myocardial infarction, brain infarction, mesenteric vascular occlusion, or
the like, or after organ transplantation.
[0016]

The applicable disease to which the cell preparation or pharmaceutical of the present
invention can be applied is ischemia reperfusion-induced injury, and examples of the disease
include, although not limited thereto, a lung injury occurring at reinitiation of blood flow after
having lung transplantation, after having artificial cardiopulmonary circulation during heart
surgery, after having thoracic surgery of lung cancer or the like accompanying forming of blood
vessels or blocking of blood flow, or after dissolving blood clots or removing blood clots in
pulmonary thromboembolism.

[0017]

According to the present invention, to treat the above applicable disease, by
administering (hereinbelow, it may be also generally referred to as “transplant™) to a subject the
cell preparation and pharmaceutical composition which will be described later, alleviation and/or
treatment of the applicable disease can be achieved. As described herein, the “alleviation” means
amelioration of various symptoms accompanying the ischemia reperfusion-induced lung injury
and suppression of their progress, and it preferably means the amelioration of symptoms to the
extent that no significant problem is caused in daily life. Furthermore, the “treatment” indicates
suppression or complete removal of various symptoms accompanying the ischemia reperfusion-
induced lung injury.

[0018]
2. Cell preparation and pharmaceutical composition
(1) Pluripotent stem cells

The pluripotent stem cells to be used in the cell preparation and pharmaceutical
composition of the present invention are typically cells whose existence in the human body was
discovered by Prof. Dezawa, one of the present inventors, and which are named “Muse
(Multilineage-differentiating Stress Enduring) cells”. Muse cells can be obtained from bone
marrow fluid and adipose tissue (Ogura, F., et al., Stem Cells Dev., Nov 20, 2013 (Epub)
(published on Jan 17, 2014)) or from skin tissue such as dermal connective tissue, and they are
widely dispersed throughout the connective tissue of various organs. The cells have the
properties of both pluripotent stem cells and mesenchymal stem cells, and are identified as being
double-positive for the cell surface markers “SSEA-3 (Stage-specific embryonic antigen-3)” and
“CD105”. Therefore, Muse cells or cell populations containing Muse cells, for example, can be
isolated from body tissue using these antigen markers. Muse cells are also stress-tolerant, and
can be concentrated from mesenchymal tissue or cultured mesenchymal cells by different types

of stress treatments. A cell fraction with Muse cells enriched by stress treatment may be used as
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the cell preparation of the present invention. The methods of separation and identification of
Muse cells, and their features, are disclosed in detail in International Patent Publication No.
WQ02011/007900. Also, as reported by Wakao et al. (2011, ibid.), when mesenchymal cells are
cultured from the bone marrow or skin and used as a parent population of Muse cells, all of the
SSEA-3 positive cells are also CD105-positive. Consequently, when Muse cells are isolated
from mesenchymal tissue of a body or cultured mesenchymal stem cells for the cell preparation
and pharmaceutical composition of the present invention, the Muse cells may be used after
purification with SSEA-3 alone as the antigen marker. Throughout the present specification,
pluripotent stem cells (Muse cells) or a cell population containing Muse cells, isolated from
mesenchymal tissue of a body or cultured mesenchymal tissue using SSEA-3 as the antigen
marker, and which can be used in a cell preparation and pharmaceutical composition for
amelioration and/or treatment of perinatal brain damage, may be referred to simply as “SSEA-3
positive cells”. Also throughout the present specification, “non-Muse cells” refers to cells that
are present in mesenchymal tissue of a body or cultured mesenchymal tissue, and are the
remainder of “SSEA-3 positive cells”.

[0019]

In brief, Muse cells or a cell population containing Muse cells can be isolated from body
tissue (for example, mesenchymal tissue) using only antibody for the cell surface marker SSEA-
3, or using antibodies for both SSEA-3 and CD105. The term “body” here means “mammalian
body”. According to the present invention, the “body” does not include a fertilized ovum or an
embryo at a developmental stage before the blastocyst stage, but it does include an embryo at the
developmental stage from the blastocyst stage onward, including the fetus or blastocyst. The
mammal is not limited and may be a primate such as human or monkey, a rodent such as a
mouse, rat, rabbit or guinea pig, or a cat, dog, sheep, pig, cow, horse, donkey, goat or ferret. The
Muse cells to be used in the cell preparation and pharmaceutical composition of the present
invention are clearly distinguished from embryonic stem cells (ES cells) or iPS cells based on
separation from body tissue using a direct marker. The term “mesenchymal tissue” refers to
tissue from the bone, synovial membrane, fat, blood, bone marrow, skeletal muscle, dermis,
ligament, tendon, dental pulp, umbilical cord or umbilical cord blood, or tissues present in
various organs. For example, the Muse cells may be obtained from the bone marrow or skin or
adipose tissue. Preferably, mesenchymal tissue of a body is harvested and the Muse cells are
isolated from the tissue and used. The separating means mentioned above may be used to
separate Muse cells from cultured mesenchymal cells such as fibroblasts or bone marrow-derived
MSCs. The Muse cells to be used for the cell preparation and pharmaceutical composition of the
present invention may be either autologous or allogenic with respect to the recipient.

[0020]
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As mentioned above, Muse cells or a cell population containing Muse cells can be
isolated from body tissue using SSEA-3 positivity, or double positivity for SSEA-3 and CD105,
as indicators, but human adult skin is known to include various types of stem cells and
progenitor cells. However, Muse cells are not identical to these cells. Such stem cells and
progenitor cells include skin-derived precursors (SKP), neural crest stem cells (NCSC),
melanoblasts (MB), perivascular cells (PC), endothelial precursor cells (EP) and adipose-derived
stem cells (ADSC). Muse cells can be separated out as being “non-expressing” for the markers
unique to these cells. More specifically, Muse cells can be separated by using non-expression for
at least one, and for example, 2, 3,4, 5,6, 7, 8,9, 10 or 11 among 11 markers selected from the
group consisting of CD34 (EP and ADSC marker), CD117 (c-kit) (MB marker), CD146 (PC and
ADSC marker), CD271 (NGFR) (NCSC marker), NG2 (PC marker), VWF factor (von
Willebrand factor) (EP marker), Sox10 (NCSC marker), Snail (SKP marker), Slug (SKP
marker), Tyrpl (MB marker) and Dct (MB marker). As a non-limitative example, non-
expression of CD117 and CD146 may be used as the indicator for separation, non-expression of
CD117, CD146, NG2, CD34, vVWF and CD271 may be used as the indicator, or non-expression
of all of the aforementioned 11 markers may be used as the indicator for separation.

[0021]

The Muse cells having the aforementioned features to be used for the cell preparation and
pharmaceutical composition of the present invention may have at least one property selected
from the group consisting of the following:

(i) low or non-existent telomerase activity;

(i) having the ability to differentiate into any of the three germ layers;

(iii) exhibiting no neoplastic prolidration; and

(iv) having self-renewal ability.

According to one aspect of the present invention, the Muse cells to be used for the cell
preparation and pharmaceutical composition of the present invention have all of these properties.
As regards (i), “low or non-existent telomerase activity”, this refers to low or non-detectable
telomerase activity when using a TRAPEZE XL telomerase detection kit (Millipore), for
example. “Low” telomerase activity is, for example, either telomerase activity on the same level
as human fibroblasts, which are somatic cells, or telomerase activity of 1/5 and preferably no
greater than 1/10 of that of Hela cells. In regard to (ii), the Muse cells have the ability to
differentiate into the three germ layers (endoderm, mesoderm and ectoderm) in vitro and in vivo,
and by induction culturing in vitro, for example, they can differentiate into hepatocytes, neurons,
skeletal muscle cells, smooth muscle cells, osteocytes or adipocytes. They may also exhibit the
ability to differentiate into the three germ layers in the case of transplanting in vivo into the

testes. They also have the ability to migrate and engraft onto damaged organs (heart, skin, spine,
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liver, muscle, etc.), by administration into the body via intravenous injection, and differentiate
into specific cells of the corresponding tissue. In regard to (iii), the Muse cells have the property
of proliferating at a rate of about every 1.3 days in suspension culture, and growing in
suspension culture from a single cell to form an embryoid-like cell mass, slow down the growth
at about 14 days; however, when the embryoid-like cell mass is carried into adhesion culture,
cell growth resumes and the proliferated cells spread out from the cell mass. They also have the
property of not generating teratomas at least for 6 months after transplantation into the testes. In
regard to (iv), Muse cells have self-renewal (auto-replicating) ability. The term “self-renewal”
means that cells in the embryoid-like cell mass obtained by culturing a single Muse cell in
suspension culture can be confirmed to differentiate into cells of all 3 germ layers, and also that
when a single cell from the embryoid-like cell mass is again carried into a suspension culture, it
forms a next generation embryoid-like cell mass, and reproduce differentiation into three germ
layers as well as embryoid-like cell mass in the suspension culture can be confirmed. Self-
renewal may be observed once or as several repeated cycles.

[0022]

In addition, a cell fraction containing Muse cells to be used in the cell preparation of the
present invention may be a cell fraction having the SSEA-3 positive and CD105-positive
pluripotent stem cells concentrated, obtained by a method of applying external stress treatment to
mesenchymal tissue of a body or cultured mesenchymal cells, causing the cells other than the
external stress-resistant cells to die, and recovering the surviving cells, the cell fraction having at
least one and preferably all of the following properties.

(i) SSEA-3 positivity;

(ii) CD105-positivity;

(iii) low or non-existent telomerase activity;

(iv) having the ability to differentiate into any of the three germ layers;

(v) exhibiting no neoplastic proliferation; and

(vi) having self-renewal ability.

[0023]

The external stress may be any one or a combination of: protease treatment, culturing in a
low oxygen concentration, culturing under low-phosphate conditions, culturing with low serum
concentration, culturing under low nutritive conditions, culturing under exposure to heat shock,
culturing at low temperature, freezing treatment, culturing in the presence of a hazardous
substance, culturing in the presence of active oxygen, culturing under mechanical stimulation,
culturing with agitating treatment, culturing with pressure treatment, or physical impact. For
example, the treatment time with a protease is preferably a total of 0.5 to 36 hours to apply

external stress to the cells. The protease concentration may be the concentration used when the
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cells adhering to a culture vessel are detached, when the cell mass is dispersed into individual
cells, or when individual cells are recovered from tissue. The protease is preferably a serine
protease, aspartic acid protease, cysteine protease, metalloprotease, glutamic acid protease or N-
terminal threonine protease. The protease is also preferably trypsin, collagenase or dispase.
[0024]

Furthermore, it is believed that Muse cells having the above characteristics, which are
used for the cell preparation of the present invention, can engraft in lung tissues having ischemia
reperfusion-induced lung injury after being administered to a living body by intravascular
injection or the like, and thereafter, as the Muse cells exhibit an anti-inflammatory activity or a
tissue protecting activity and differentiate at the same time to cells constituting the corresponding
tissues, ischemia reperfusion-induced lung injury is alleviated and/or treated by them.

[0025]
(2) Preparation and use of cell preparation and pharmaceutical composition

Although not limited thereto, the cell preparation and pharmaceutical composition of the
present invention may be obtained by suspending the Muse cells or a cell population containing
Muse cells obtained by (1) above, in physiological saline or an appropriate buffer (for example,
phosphate-buffered physiological saline, HBSS). In this case, when the number of Muse cells
isolated from autologous or allogenic tissue is low, the cells may be cultured before
administration for growth until the prescribed cell density is obtained. As already reported
(International Patent Publication No. W02011/007900), Muse cells do not undergo neoplastic
transformation, and therefore even if the cells recovered from body tissue are in undifferentiated
form, they have low tumorigenicity and are safe. There are no particular restrictions on culturing
of the recovered Muse cells, and it may be carried out in ordinary growth medium (for example,
a-Minimal Essential Medium (a-MEM) containing 10% newborn calf serum). More
specifically, referring to International Patent Publication No. W02011/007900, suitable medium
and additives (for example, antibiotics and serum) may be selected for culturing and growth of
the Muse cells, and a solution containing the prescribed density of Muse cells may be prepared.
When a cell preparation or pharmaceutical composition of the present invention is to be
administered to a human patient, roughly several milliliters of bone marrow fluid may be
harvested from human iliac bone, and for example, the bone marrow-derived MSCs may be
cultured as adherent cells from the bone marrow fluid to increase them to a number of cells
allowing separation of an effective therapeutic amount of Muse cells, after which the Muse cells
may be separated out with SSEA-3 antigen marker as the indicator, and autologous or allogenic
Muse cells prepared as a cell preparation. As an alternative example, Muse cells that have been
separated using SSEA-3 antigen marker as the indicator, and the cells cultured to increase them

to an effective therapeutic amount, may then be prepared as a cell preparation of autologous or
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allogenic Muse cells.
[0026]

For use of the Muse cells in a cell preparation or pharmaceutical composition, dimethyl
sulfoxide (DMSQO) or serum albumin may be added to the cell preparation or pharmaceutical
composition to protect the cells, and an antibiotic or the like may be added to prevent infiltration
and growth of bacteria. In addition, other pharmaceutically acceptable components (for example,
carriers, excipients, disintegrators, buffering agents, emulsifying agents, suspending agents,
soothing agents, stabilizers, preservatives, antiseptic agents, physiological saline and the like), or
cells or components other than Muse cells that are present among MSCs, may be added to the
cell preparation or pharmaceutical composition. A person skilled in the art may add such factors
and chemical agents to the cell preparation and pharmaceutical composition in appropriate
concentrations.

[0027]

The number of Muse cells to be contained in the cell preparation and pharmaceutical
composition prepared above can be suitably adjusted in consideration of sex, age, body weight of
a subject, state of lesion, state of cells to be used, or the like such that the effect desired by
alleviation and/or treatment of ischemia reperfusion-induced lung injury (e.g., having P/F ratio,
A-aDO», lung compliance, and respiration index in normal state) can be obtained. In Examples 3
to 8 that will be described later, various effects of transplanting Muse cells were examined by
using a rat model of ischemia reperfusion-induced lung injury. For the rat model with body
weight of about 290 to 340 g, a very excellent effect was obtained by administering SSEA3-
positive cells at 1><1O5 cells/200 ul of PBS (per single animal). From this result, it is expected
that an excellent effect is obtained by administering a body weight-based cell amount of about
1><105 cells/kg to about 1><106 cells/kg (e.g., 3><1O5 cells/kg) to a single individual of mammals
(including human). Meanwhile, in order to prevent clogging caused by injection of cells to blood
vessel, as a single dosage, it is preferable to contain SSEA-3-positive cells at 1><108
cells/individual or less, preferably 5><107 cells/individual or less, and more preferably 1.8><107
cells/individual or less in the cell preparation. Herein, the individual includes a rat and a human,
but not limited thereto. Furthermore, it is also possible that, till to have a desired therapeutic
effect, the cell preparation and pharmaceutical composition of the present invention are
administered several times (e.g., 2 to 10 times) with a suitable interval (e.g., twice a day, once a
day, twice a week, once a week, or once in 2 weeks). Thus, even though it also depends on the
state of a subject, the therapeutically effective amount is preferably an administration amount of
about 1><1O4 cells to about 1><1O8 cells per single individual in 1 to 10 administrations, for
example. The total administration amount for single individual can be, although not limited
thereto, 1><1O4 cells to 1><109 cells, 1><104 cells to 5><1O8 cells, 1><104 cellsto 1><1O8 cells, 1><104

11
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cells to 1><106
cells, 1><105
cells to 1><107

cells to 5><1O6 cells, 1x10
cells, 1><105 cells to 1x10
cells to 5><107 cells, 1x10
cells, 1><106 cells to 1x10™ cells, 1><106
cells to 5><1O7 cells, 1x10 " cells to 1><107
cells, 1><1O7 cells to 1x10" cells, or the

cells to 1><1O7 cells, 1x10
cells, 1><104 cells to 1x10
cells to 1><108 cells, 1x10
cells, 1><105 cells to 1x10
cells to 1><1O8 cells, 1x10
cells, 1><1O7 cells to 5x10

cells to 5><1O7 cells, 1x10
cells, 1><1O4 cells to 5x10
cells to 5><1O8 cells, 1x10
cells, 1><1O5 cells to 5x10
cells to 5><1O8 cells, 1x10
cells, 1><1O7 cells to 1x10
like.

[0028]

© o o o1 o b~
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Although the cell preparation and pharmaceutical composition of the present invention
have, as a subject for the alleviation and treatment, ischemia reperfusion-induced lung injury, for
example, lung injury occurring at reinitiation of blood flow after having organ transplantation,
after having artificial cardiopulmonary circulation during heart surgery, after having thoracic
surgery of lung cancer or the like accompanying forming of blood vessels or blocking of blood
flow, or after dissolving blood clots or removing blood clots in pulmonary thromboembolism,
the time for administration is after having diagnosis of ischemia reperfusion-induced lung injury
according to pulmonary and internal medicinal findings, thoracic ultrasound image diagnosis,
MRI or the like after ischemia reperfusion, and it can be also within several months immediately
after the diagnosis. For example, the cell preparation or the like is preferably administered
immediately after receiving the injury, but, even at later time after receiving the injury, e.g., 1
hour, 1 day, 1 week, 1 month, 3 months, or 6 months after receiving the injury, it is expected to
have the effect of the cell preparation of the present invention. Furthermore, as it has been
confirmed according to the experiment by the inventors of the present invention that Muse cells
to be used do not cause an immune response even in a case in which they have a heterologous
origin, Muse cells can be suitably administered till to have the effect that is desired for
alleviation and treatment of ischemia reperfusion-induced lung injury.

[0029]
3. Preparation of rat model of ischemia reperfusion-induced lung injury

In the present specification, in order to determine the effect of alleviating and treating
ischemia reperfusion-induced lung injury by the cell preparation of the present invention, a rat
model of ischemia reperfusion-induced lung injury can be prepared and used. As for the rat to be
used as a model, Sprague Dawley (SD) strain rat and Wistar/ST strain rat can be generally
mentioned, although it is not limited thereto. The method for preparing a rat model of ischemia
reperfusion-induced lung injury is well known, and a rat model of ischemia reperfusion-induced
lung injury can be prepared according to the method of Manning, E. et al., (Hum.Gene Ther., 21,
p.713-727 (2010)). Furthermore, according to an evaluation of pulmonary function to be

described later, it can be determined whether a rat model, which has been prepared by the above
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method, has ischemia reperfusion-induced lung injury.
[0030]

Muse cells that are used for the cell preparation and pharmaceutical composition of the
present invention have a property of integrating in disease part. Accordingly, with regard to
administration of the cell preparation or pharmaceutical composition, the administration site
(e.g., intraperitoneal, intramuscular, disease part), type of blood vessels for their administration
(vein and artery), and the like are not limited. Furthermore, as a method for confirming the
engraftment of administered Muse cell after their arrival to a disease part, by preparing in
advance Muse cell having incorporated gene to express a fluorescent protein (e.g., green
fluorescent protein (GFP)) and, after administering to a living body, by observing with a system
capable of detecting fluorescence, behavior of Muse cells can be determined. Furthermore, since
Muse cells used for the cell preparation and pharmaceutical composition of the present invention
are derived from human, they are in heterogeneous relationship with rat. In an experiment in
which heterogeneous cells or the like are administered to a model animal, to suppress the
rejection response to heterogeneous cells in a living body, an immunosuppressive agent
(cyclosporin or the like) can be administered before or simultaneously with the administration of
heterogeneous cells.

[0031]
4. Effect of alleviation and treatment by Muse cells in rat model of ischemia reperfusion-induced
lung injury

In an embodiment of the present invention, the cell preparation and pharmaceutical
composition of the present invention can alleviate and/or treat ischemia reperfusion-induced lung
injury and various accompanying symptoms in mammals including human. According to the
present invention, by using the rat model of ischemia reperfusion-induced lung injury prepared
in the above and experimentally determining the alleviation or the like of symptoms by Muse
cells, effect of the Muse cells can be evaluated. The evaluation method can be performed by
using a general measurement system for evaluating pulmonary function using rat.

[0032]
(1) Functional evaluation

According to the present invention, functional evaluation of lung can be carried out by a
general means accepted by a person who is skilled in the pertinent art, and it can be carried out
by measuring P/F ratio, A-aDO> (alveolo-arterial difference of oxygen partial pressure), and lung
compliance, for example.

(@) P/F ratio
P/F ratio is an oxygenation index that is generally used for functional evaluation of lung,

and the ratio is calculated as PaO» (arterial oxygen partial pressure)/FiO» (inspired oxygen
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partial pressure). In the case of a healthy person, the normal ratio is 400 to 500. When the ratio is
lower than those values, it is considered as a low oxygen state. The oxygen partial pressure can
be measured by a blood gas analyzer (e.g., GASTAT-navi (Techno Medica, Yokohama, Japan)),
although it is not limited thereto. As it is illustrated in Example 3 which will be described later,
P/F ratio is 500 or so for a normal rat, and it is less than 100 for a rat model of ischemia
reperfusion-induced lung injury. According to administration of Muse cells, P/F ratio can be
recovered close to the normal value.

[0033]

(b) A-aDO> (Alveolo-arterial difference of oxygen partial pressure)

A-aDO, means a difference between alveolar oxygen partial pressure (PAO2) and arterial
oxygen partial pressure (PaO>), and, by obtaining A-aDO», it can be determined whether or not
normal gas exchange occurs within alveoli. Although PaO, can be measured by collecting
arterial blood and performing a measurement by using blood gas analyzer, PAO» cannot be
directly measured due to the partial pressure of oxygen contained in alveoli. Due to this reason,
as for the PAOo, a theoretical value is obtained by using an equation (PAO> = (760 - 47) x 0.21 -
PaC0O»/0.8). In the case of a healthy person, the normal value is between 5 and 15. When the
value is higher than those values, it is considered that the gas exchange is abnormal. As it is
illustrated in Example 3 which will be described later, A-aDO> is 150 mmHg or so for a normal
rat, and it is 500 mmHg or more for a rat model of ischemia reperfusion-induced lung injury.
According to administration of Muse cells, A-aDO> can be recovered close to the normal value.
[0034]

(c) Lung compliance

As an index representing flexibility of lung, lung compliance is represented by a
reciprocal of a shrinking property (elasticity) of lung. When pressure for stretching lung (AP) is
plotted on a horizontal axis and volume change of lung (AV) is plotted on a vertical axis, a
pressure-volume curve is obtained, and slope of the curve (AV/AP) corresponds to static lung
compliance. In the present study, in order to measure and calculate the lung compliance more
conveniently, dynamic lung compliance obtained as a tidal volume (ml)/respiratory pressure (cm
H-0) is used. Furthermore, because the rats used for the study are on their growth process and
have growing lung, to calibrate the size among individual animals, comparison was made for the
value which is obtained by dividing the dynamic lung compliance by bodyweight of an animal
(kg) (value in ml/cm H,O/Kg). When the lung compliance is high, it can be said that the lung is
in easily stretchable state. On the other hand, when the lung compliance is low, it can be said that
the lung is in hard state. As it is illustrated in Example 4 which will be described later, the lung
compliance is 1 or so for a normal rat, and it is 0.6 for a rat model of ischemia reperfusion-

induced lung injury. According to administration of Muse cells, lung compliance can be
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recovered close to the normal value. Although it is different from the measurement method using
a rat, the normal value is 200 ml/cm H5O in human.
[0035]
(2) Histological evaluation

According to the present invention, histological evaluation can be carried out by a general
means accepted by a person who is skilled in the pertinent art, and it can be carried out by
hematoxylin - eosin (HE) staining or TUNEL staining, for example.
(a) Hematoxylin - eosin staining

For histological staining, hematoxylin - eosin staining is frequently used, and it is well
known to a person who is skilled in the pertinent art. According to the present invention, for
histological evaluation of lung, lung tissues are collected, and after the staining, 5-level grading
of 0 to 4+ of acute lung injury is carried out based on the level of four pathological items (edema
in alveolar cavity, bleeding in alveolar cavity, blood congestion in alveoli - alveolar septum, and
infiltration of inflammatory cells) followed by comparison in each animal test group to perform
the evaluation. More specifically, for the evaluation, two people carry out 5-level evaluation for
each of the pathological items described above in blind manner, i.e., scoring using the
followings; score 0: 0% of lesion, score 1: 1 to 25% of lesion, score 2: 26 to 50% of lesion, score
3: 51 to 75% of lesion, and score 4: 76 to 100% of lesion. As it is illustrated in Example 5 which
will be described later, compared to control group to which only PBS has been administered, the
treatment group administered with Muse cells shows a decreased average score for any of the
above pathological items.
[0036]
(b) TUNEL staining

According to the present invention, apoptosis in a lung with injury can be evaluated by
using TUNEL (TdT-mediated dUTP nick end labeling) method. It is a method in which
fragmented DNA in tissue slices, which occurs during the process of apoptosis, is labeled with
biotin-labeled nucleotide, and then reacted with HRP-labeled streptavidin for staining. As a
reagent for detection, any of FITC, DAB, and Blue Label can be used. After the staining, by
counting the number of TUNEL positive cells under a microscope, comparison can be made for
each test group. For example, as it is illustrated in Example 6, when the number of TUNEL
positive cells in 10 viewing areas is compared under a microscope, the number of TUNEL
positive cells caused by apoptosis can be dramatically reduced in the treatment group using
Muse cells compared to a control administered with PBS.
[0037]

The present invention is more specifically described with the following examples, but the

present invention is not limited by those examples at all.
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EXAMPLES

[0038]
Example 1: Preparation of various cells

(1) Preparation of mesenchymal stem cells

Human mesenchymal stem cells (MSC) purchased from Lonza, Japan were used.
According to previous reports, by using DMEM containing low glucose and L-glutamine (Life
Technologies, Carlsbad, U.S.A.) to which 10% fetal bovine serum (FBS) (Sigma-Aidrich,
St.Louis, U.S.A.) and kanamycin are added, culture was carried out in a 10 cm dish at conditions
including 37°C, 5% CO». When the cells reach the cell density of 90% confluency, the cells
were released by using 0.25% trypsin-EDTA (Life Technologies, Carlsbad, U.S.A.) followed by
1 : 2 passaging. After repeating similarly the culture and passaging, cells at the 7th to 8th passage
were used for the experiment.
[0039]
(2) Preparation of Muse cells

Human MSCs were cultured and passaged, and cells at the 7th to 8th passage were used.
First, 5 ml of 5% bovine serum albumin (Sigma-Aidrich, St.Louis, U.S.A.) and 1 ml of 100 mM
EDTA were added to 44 ml of FluoroBrite DMEM (Life Technologies, Carlsbad, U.S.A.) to
prepare a buffer. By using rat IgM anti Stage-Specific Embryonic Antigen-3 (SSEA-3) antibody
(1:1000, BioLegend, San Diego, U.S.A.) as a primary antibody, the reaction was carried out for
1 hour on ice in buffer prepared with MSC. After that, centrifuge was carried out for 5 minutes at
400 g, and the supernatant was removed and added with 900 ul of buffer followed by washing
with gentle pipetting. After repeating this washing operation 3 times, the reaction was carried out
for 1 hour on ice by using FITC-conjugated anti rat IgM antibody (1 : 100, Jackson
Immunoresearch, Baltimore, U.S.A.) as a secondary antibody. After the reaction with a
secondary antibody, the aforementioned washing was repeated 3 times. Subsequently, anti FITC
micro beads (1 : 10, Miltenyibiotec, Germany) were allowed to react for 15 minutes on ice, and
after washing 2 times, SSEA-3-positive cells were isolated as Muse cells by using MACS
(magnetic-activated cell sorting). After separating the cells, part of the cells isolated by MACS
were analyzed by using BD FACS Aria (BD Biosciences, Franklin Lakes, U.S.A.) and ratio of
the number of SSEA-3-positive cells contained in the isolated cell group was determined. For the
experiment, cells showing SSEA-3-positive ratio of 70% or higher according to the analysis by
FACS were used. The “Muse cells” that are used for the experiments described below indicate
the cells which contain SSEA-3-positive cells at 70% or higher and have been isolated by
MACS.
[0040]
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Example 2: Preparation of rat model of ischemia reperfusion-induced lung injury and

administration of various cells

In the present study, four groups in total: PBS group in which PBS is administered to a
rat model of ischemia reperfusion-induced lung injury; MSC group in which human MSC is
administered thereto; Muse group in which Muse cells are administered thereto; and normal
group to which no surgical operation is carried out were prepared. Evaluation of the pulmonary
function after ischemia reperfusion-induced lung injury was made with n = 8 for each group. For
the PBS group, 200 ul of PBS, for the MSC group, 1.5><105 MSC cells/200 ul of PBS, and for
the Muse group, 1.5><105 Muse cells/200 ul of PBS were respectively administered over 1
minute, after piercing left pulmonary artery with 30 G needle immediately after reperfusion.
[0041]

A male Sprague-Dawley rat with body weight of 290 to 340 g, which is 9 weeks after
birth, was used. According to isoflurane inhalation, anesthetization was carried out. When
sufficient stabilization is obtained, endobronchial intubation was carried out using 14 G vascular
catheter and connected to an artificial respirator for rats. During the anesthetization, the animal
was managed to have a tidal volume of 1 ml/100 g, breathing number of 80 times/minute,
positive end-expiratory pressure of 2 cm H»O, and inhaled anesthetic concentration of 1%. The
rat was laid on right side, and chest of the rat was opened at the fifth intercostal space by having
a cut on the left rear side. Lung tendon was cut off and the left lung was pushed around to
sufficiently open the left hilar. After that, 50 units of heparin were administered from left azygos
vein. Five minutes after administering the heparin, during the inspiratory end period, left
pulmonary artery, left pulmonary vein, and left principal bronchi were blocked with a vascular
clip for micro surgery. During the blockage, the lung was covered with a wet gauze and the
temperature inside the chest cavity was maintained at 37°C by using a warming mat. Time for
the blockage was set at 2 hours according to the report by van der Kaaji NP (Eur J Cardiothorac
Surg 2005; 27: 774-782). Immediately after removing the blockage, each of PBS, MSC, and
Muse cells was administered through the left pulmonary artery. After that, the lung was closed
by suturing the intercostal space, muscular layer, and skin with 3-0 silk thread. After the closure,
air ventilation was continued in a state in which inhalation of isoflurane is halted, and after
confirming the reinitiation of voluntary breathing, 14 G catheter was removed.

[0042]
Example 3: Evaluation of oxygenation property and respiratory function of lung

On Day 3 and Day 5 of the reperfusion, trachea of a rat was cut under systemic
anesthetization with isoflurane, and 14 G vascular catheter was inserted to the trachea. Ligation
was carried out with 3-0 silk thread and the catheter and trachea were fixed followed by

connection between the catheter and an artificial respirator. Chest was opened by median
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sternotomy. Diaphragms at left and right sides were cut, and, by using a gauze, an overflow of
abdominal organs into chest cavity was prevented. After removing the right hilar under a
microscope, the right pulmonary artery was ligated. After that, air ventilation was carried out for
5 minutes with inhaling oxygen concentration of 100%, single respiratory volume of 1 mI/100 g
of bodyweight, breathing number of 80 times/minute, and positive end-expiratory pressure of 2
cm H»O, and then blood was collected from ascending aorta. Blood gas analysis was carried out,
and arterial oxygen partial pressure/inspired oxygen partial pressure (P/F ratio) and also A-aDO»
(A-aDOy = 713 - arterial carbon dioxide partial pressure/0.8 - arterial oxygen partial pressure)
calculated from the following equation were compared among each group. As for the blood gas
analysis, the measurement was carried out by using GASTAT-navi (Techno Medica, Yokohama,
Japan). Evaluation was made with n = 8 for each group.

[0043]

On day 3 from the reperfusion (Day 3) and on day 5 from the reperfusion (Day 5), arterial
blood gas analysis was carried out, and P/F ratio and A-aDO» were measured and compared.
With regard to the P/F ratio, a statistically significant difference was recognized from, on Day 3,
the Muse group and the PBS group (p < 0.001), and the Muse group and the MSC group (p <
0.01), and also, on Day 5, from the Muse group and the PBS group (p < 0.001), the Muse group
and the MSC group (p < 0.001), and the MSC group and the PBS group (p < 0.01) (Fig. 1). With
regard to the A-aDO», a statistically significant difference was recognized from, on Day 3, the
Muse group and the PBS group (p < 0.01), and the Muse group and the MSC group (p < 0.05),
and also, on Day 5, from the Muse group and the PBS group (p < 0.001), the Muse group and the
MSC group (p < 0.001), and the MSC group and the PBS group (p < 0.01) (Fig. 2). From the
above results, as the pulmonary function in a rat model of ischemia reperfusion-induced lung
injury is improved according to the administration of Muse cells, it was able to confirm the
therapeutic effectiveness of Muse cells in ischemia reperfusion-induced lung injury.

[0044]
Example 4: Evaluation of left lung compliance

After the blood gas analysis, the right hilar was blocked with mosquito pean forceps. The
respiration number was set at 80 times/minute and minute respiratory volume was increased
gradually from 40 ml to 200 ml, and then the respiratory pressure at each respiratory volume was
measured. After adjustment by dividing single respiratory volume by bodyweight of the animal,
respiratory volume/respiratory pressure (ml/kg/cm HoO) was obtained and, as lung compliance,
it was compared among each group. Evaluation was made with n = 8 for each group.

[0045]
On day 3 from the reperfusion (Day 3) and on day 5 from the reperfusion (Day 5), left

lung compliance was measured and compared. A statistically significant difference was
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recognized from, on Day 3, the Muse group and the PBS group (p < 0.001), the Muse group and
the MSC group (p < 0.05), and the MSC group and the PBS group (p < 0.05), and also, on Day 5,
from the Muse group and the PBS group (p < 0.001), and the MSC group and the PBS group (p
< 0.05) (Fig. 3). Similar to Example 3, it was able to confirm the therapeutic effectiveness of
Muse cells in ischemia reperfusion-induced lung injury.

[0046]

Example 5: Histological evaluation

After measuring the left lung compliance, a cardiopulmonary block was collected and
injected with 4% paraformaldehyde at pressure of 10 cm H2O from bronchi. The left lung was
fixed for 24 hours in 4% paraformaldehyde. After the fixing, the lung tissues were dissected and
half of them was embedded in paraffin while the other half was embedded in O.C.T compound,
thus preparing each of the paraffin section and frozen section. Thinly sliced sections were
prepared such that the paraffin section is 3 um and the frozen section is 8 um, respectively.
[0047]

(1) Pathological determination of ischemia reperfusion-induced lung injury

By using the paraffin section, hematoxylin - eosin staining was carried out, and 5-level
grading of 0 to 4+ of acute lung injury based on the level of four pathological items (edema in
alveolar cavity, bleeding in alveolar cavity, blood congestion in alveoli - alveolar septum, and
infiltration of inflammatory cells) was carried out on the basis of the report by Okada Y
(Transplantation 1997; 64: 801-806), and comparison was made among each group. On Day 3
and Day 5, the evaluation was made with n = 8 for each group.

[0048]

On Day 3 and Day 5, HE staining was carried out, and 5-level evaluation of 0 to 4 was
made for the above four pathological items. On Day 3, a statistically significant difference was
recognized from the Muse group and the PBS group (p < 0.01), and the Muse group and the
MSC group (p < 0.01) with regard to edema in alveoli, the Muse group and the PBS group (p <
0.01), and the Muse group and the MSC group (p < 0.01) with regard to bleeding inside alveoli,
while the statistically significant difference is recognized from the Muse group and the PBS
group (p <0.01), and the Muse group and the MSC group (p < 0.05) with regard to blood
congestion in peripheral blood vessels, and from the Muse group and the PBS group (p < 0.01),
the Muse group and the MSC group (p < 0.01) with regard to neutrophil infiltration (Fig. 4). On
Day 5, a statistically significant difference was recognized from the Muse group and the PBS
group (p <0.01), and the Muse group and the MSC group (p < 0.05) with regard to neutrophil
infiltration (data not shown). Accordingly, compared to the control group administered with PBS
only, since the average score for any of the pathological items is lower in the treatment group

administered with Muse cells, it was able to confirm that the Muse cells are effective for a
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treatment of ischemia reperfusion-induced lung injury.
[0049]
(2) Evaluation of apoptosis in injured lung of rat

In order to evaluate apoptosis in injured lung, TUNEL (TdT-mediated dUTP nick end
labeling) method was carried out. For TUNEL method, staining was carried out by using
DeadEnd (trademark) Fluorometric TUNEL System (Promega, Wisconsin, U.S.A.) according to
the protocols enclosed therewith. Observation was made for 10 viewing areas at x200
enlargement, and the total number of TUNEL positive cells in 10 viewing areas was counted and
compared among each group. On Day 3 and Day 5, the evaluation was made with n = 4 for each
group.

[0050]

On Day 3 and Day 5, cells with apoptosis were detected by using the left lung section
from the PBS group, the MSC group, and the Muse group, and by carrying out TUNEL method.
According to the observation of 10 viewing areas at X200 enlargement, the number of TUNEL
positive cells was compared (Fig. 5). On Day 3, a decrease in significant sense was observed
from the Muse group compared to the PBS group (p < 0.01) and the MSC group (p < 0.05), and,
on Day 5, a decrease in significant sense was observed from the Muse group compared to the
PBS group (p < 0.001), the MSC group (p < 0.01). From those results, it was found that the
number of the cells which eventually have apoptosis as caused by ischemia reperfusion-induced
lung injury can be dramatically reduced in the treatment group in which Muse cells are used.
[0051]

Example 6: Evaluation of number of human cells in injured lung of rat

By using the frozen section, a reaction with rabbit anti human golgi antibody (1 : 50,
Abcam, Cambridge, UK) as a primary antibody was carried out overnight at 4°C. A reaction
with Cy3-conjugated donkey anti rabbit IgG antibody (1 : 500, Jackson Immunoresearch,
Baltimore, U.S.A.) as a secondary antibody was carried out for 2 hours at room temperature. By
performing immunohistochemistry, the number of the anti human golgi antibody positive cells in
the MSC group and the Muse group was counted. Three sections were prepared for each animal
of both 2 groups. By measuring the area of the section and counting the total number of positive
cells for each section, the number of the anti human golgi antibody positive cells per unit area
was compared between the 2 groups. On Day 3 and Day 5, the evaluation was made withn =4
for each group.

[0052]

On Day 3 and Day 5, immunohistochemistry using anti human golgi antibody was

carried out for left lung tissues, and the number of the human golgi positive cells was counted for

each section, three sections for each individual animal. On Day 3, from the group in which Muse
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cells are administered to a rat model with ischemia reperfusion-induced lung injury, more human
cells have remained in significant sense compared to the group in which MSC is administered to
a normal rat (p < 0.05), the group in which Muse cells are administered to a normal rat (p <
0.05), and the group in which MSC is administered to a rat model of ischemia reperfusion-
induced lung injury (p < 0.05). Furthermore, on Day 5, from the group in which Muse cells are
administered to a rat model of ischemia reperfusion-induced lung injury, more human cells have
remained in significant sense compared to the group in which MSC is administered to a rat
model with ischemia reperfusion-induced lung injury (p < 0.01) (Fig. 6). Namely, it can be said
that the Muse cells can more efficiently and continuously act on injured lung than MSC.

[0053]

Example 7: Evaluation of protein expressed in injured lung of rat

To compare the protein expressed in injured lung, proteins were extracted from injured
lung and subjected to Western blot. On Day 3 after reperfusion, left lung tissues were collected
from the PBS group, the MSC group, and the Muse group, and, after homogenization using a
biomasher, reacted in Lysis Buffer (20 mM Tris-HCI,150 mM NaCl,1% Triton X-100) added
with a protease inhibitor cocktail (Roche, Mannheim, Germany) for 15 minutes on ice. Amount
of the extracted protein was quantified by Bradford method. Subsequently, x2 Sample Buffer
(30% glycerol, 4% sodium dodecyl sulfate, 125 mM Tris-HCI (pH 6.8), 100 mM dithiothreitol,
10 mM EDTA, 10% B-mercaptomethanol, and 0.1% bromophenol blue) in the same volume as
Lysis Buffer was added thereto followed by incubation for 10 minutes at 100°C. Each sample
was electrophoresed, in an amount of 50 pg, by using 10%, 15% SuperSep Ace (Wako, Osaka,
Japan), and then transferred onto an Immobilon-P transfer membrane (Merck Millipore,
Billerica, U.S.A.). After blocking with 5% skim milk (Nakarai Tesque, Kyoto, Japan) for 1 hour
at 4°C, the reaction was carried out overnight at 4°C by using rabbit anti IL-10 antibody (1 :
2500, Abcam, Cambridge, UK), rabbit anti IL-1f3 antibody (1 : 5000, Merck Millipore Billerica,
U.S.A), mouse anti IL-6 antibody (1 : 2000, Abcam, Cambridge, UK), goat anti KGF antibody
(1: 2000, R&D systems, Minneapolis, U.S.A.), rabbit anti PGE2 antibody (1 : 1000, Bioss,
Boston, U.S.A.), rabbit anti SDF (Stem cell derived factor)-1 antibody, rabbit anti epithelial
sodium channel (ENaC) antibody (1 : 500, Thermo Fisher Scientific, Waltham, U.S.A.), rabbit
anti Akt antibody (1 : 2000, Cell Signaling Technology, Danvers, U.S.A.), rabbit anti Bcl-2
antibody (1 : 500 Abcam, Cambridge, UK), or mouse anti -actin antibody (1 : 10000, Abcam,
Cambridge, UK), diluted with 5% skim milk, as a primary antibody. Then, a reaction was carried
out for 1 hour at room temperature by using peroxidase-conjugated goat anti mouse 19G
antibody (1 : 10000), peroxidase-conjugated goat anti rabbit 1gG antibody (1 : 15000), or
peroxidase-conjugated donkey anti goat IgG antibody (1 : 5000) as a secondary antibody. For

color development, Piece Western Blotting Substrate Plus (Thermo Fisher Scientific, Waltham,
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U.S.A.) was used and color development was allowed to occur for 5 minutes. Photographic
image was taken by using LAS-4000 IR Multi Color (Fuji Film, Tokyo, Japan), and expression
level of each protein relative to $-actin was calculated and compared among each group.
[0054]

On Day 3, proteins were extracted from left lung tissues of the PBS group, the MSC
group, and the Muse group and subjected to Western blot. The result of comparing the band
density among each group is shown in Fig. 7. The expression was higher in statistically
significant sense in the Muse group and the MSC group, as PGE2 (p < 0.01), SDF-1 (p < 0.05),
IL-6 (p <0.05), ENaC (p < 0.05), Bcl-2 (p < 0.05), and Akt (p < 0.01), and also in the Muse
group and the PBS group, PGE2 (p <0.01), SDF-1 (p <0.01), IL-6 (p <0.05), ENaC (p <0.05),
Bcl-2 (p < 0.05), and Akt (p < 0.01). Although a difference in statistical significant sense was not
recognized, the expression of KGF, 11-10, MMP2, and IGF-1 was high in the Muse group while
the expression of IL-1b was low in the Muse group.

[0055]

By administering Muse cells to a rat model of ischemia reperfusion-induced lung injury,
more excellent function-improving effect was obtained than administration of MSC. According
to Western blot of injured lung, KGF, PGE2, IL-10, SDF-1, IL-6, MMP-2, IGF-1, ENaC, Bcl-2,
and Akt are expressed at high level while IL-1f is expressed at low level in the Muse group. In
sodium ion channels expressed in type | alveolar epithelial cells and type Il alveolar epithelial
cells, ENaC plays an important role in fluid clearance in alveolar cavity based on absorption of
sodium ions, and it is also involved with an occurrence of pulmonary edema in acute lung injury
including ischemia reperfusion-induced lung injury. KGF induces the expression of ENaC to
augment alveolar fluid clearance. It is considered that, as the expression of ENaC is promoted,
alveolar fluid clearance is augmented to contribute to the amelioration of alveolar edema in
pathological tissues, and thus being involved with an improvement of the pulmonary function.
[0056]

IL-6, IGF-1, and SDF-1 achieve tissue restoration by promoting cell proliferation. In the
Muse group in which those cytokines are expressed at high level, the number of the cells all in
division period is higher in significant sense in the evaluation of proliferation property of type |
alveolar epithelial cells and type 11 alveolar epithelial cells using PCNA. Furthermore, apoptosis
is largely involved with an occurrence of pulmonary dysfunction in ischemia reperfusion-
induced lung injury, and Bcl-2 and Akt are the proteins which have an activity of suppressing
apoptosis during apoptosis pathway. As is evident from the results that the expression of those
proteins has increased in the Muse group and the number of the cells that are positive under
TUNEL method has decreased in the Muse group, apoptosis is more strongly suppressed in the

Muse group. Namely, it can be said that, in the Muse group, there is a large amount of the type |
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and type Il alveolar epithelial cells which survive after ischemia reperfusion-induced injury.
Survival or proliferation of a large amount of the type I and type Il alveolar epithelial cells
means an increase in effective gas exchange area and production of lung surfactant protein,
respectively, and it is considered that each of them directly contributes to an improvement of the
oxygenation property and lung compliance. Furthermore, the increase in the number of the type I
and type Il alveolar epithelial cells in injured lung means an increase in ENaC which is
expressed in alveolar epithelial cells, and it is considered that this increase also contributes to the
improvement of edema in alveoli.

[0057]

Other than direct activities like immunosuppressive effect and effect of protecting
vascular endothelial cells by suppressing the proliferation of T cells, PGE2 has an anti-
inflammatory activity through 1L-10. In the Muse group in which PGEZ2 is expressed at high
level, IL-10 having a potent anti-inflammatory activity and immunosuppressive activity is also
expressed at high level, and it is considered that, in the Muse group, it is involved with a
decrease in IL-1b as an inflammatory cytokine and a decrease in infiltration of neutrophils in
pathological tissues, and thus contributing to the improvement of pulmonary function.

[0058]
Example 8: Evaluation of alveolar epithelium proliferation property in injured lung of rat

After carrying out antigen retrieval by using the frozen section and microwave for 20
minutes at 80°C in Tris-EDTA (pH 9.0), the reaction was carried out overnight at 4°C by using,
as a primary antibody, mouse anti PCNA (Proliferating cell nuclear antigen) antibody (1 : 500,
Abcam, Cambridge, UK) as a cell marker of proliferation period, rabbit anti Pro Surfactant
protein C antibody (1 : 1000, Merck Millipore, Billerica, U.S.A.) as a marker for type 2 alveolar
epithelial cells, and rabbit anti Aquaporin 5 antibody (1 : 250, Abcam, Cambridge, UK) as a
marker for type 1 alveolar epithelial cells. Then, the reaction was carried out for 2 hours at room
temperature by using each of FITC-conjugated goat anti mouse 1gG antibody (1 : 500, Jackson
Immunoresearch, Baltimore, U.S.A.) and Cy3-conjugated donkey anti rabbit 1gG antibody (1 :
500, Jackson Immunoresearch, Baltimore, U.S.A.) as a secondary antibody. Observation of
viewing areas at x200 enlargement was made and double positive cells for PCNA and Pro
Surfactant protein C, PCNA and Aquaporin 5, respectively, were counted for 10 viewing areas.
Each of them was compared, as the number of type 2 alveolar epithelial cells and the number of
type 1 alveolar epithelial cells in proliferation period, among the PBS group, the MSC group,
and the Muse group. On Day 3 and Day 5 after the reperfusion, the evaluation was made with n
= 4 for each group.

[0059]
On Day 3 and Day 5, the number of the cells in division period was counted by using anti
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PCNA antibody. Co-staining was carried out with aquaporin 5 as a type | alveolar epithelial cell
marker and pro SPC antibody as a type Il alveolar epithelial cell marker, and the number of the
double positive cells observed in 10 viewing areas at x200 enlargement was counted. The results
are shown in Fig. 8. On Day 3, the number of the double positive cells for PCNA and aquaporin
5 was higher in statistically significant sense in the Muse group compared to the MSC group (p <
0.01) and the PBS group (p < 0.01). On Day 5, the number of the double positive cells was high
in the Muse group although a statistically significant difference was not recognized. On Day 3,
the number of the double positive cells for PCNA and pro SPC was higher in significant sense in
the Muse group compared to the MSC group (p < 0.05) and the PBS group (p < 0.05). On Day 5,
the number of the double positive cells was higher in the Muse group compared to other two
groups. A statistically significant difference was recognized particularly from the comparison
with the PBS group (p < 0.05).

INDUSTRIAL APPLICABILITY
[0060]

The cell preparation and pharmaceutical composition of the present invention can be
applied for alleviation and treatment of ischemia reperfusion-induced lung injury.
[0061]

All of the publications and patent literatures cited herein are incorporated into the present
specification in their entirety as reference. The specific embodiments of the present invention
were explained in the present specification for the purpose of example, and it will be easily
appreciated by a person skilled in the art that various modifications may be employed such as are

not outside of the spirit and scope of the present invention.
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CLAIMS
1. A cell preparation for alleviation and/or treatment of ischemia reperfusion-
induced lung injury, comprising pluripotent stem cells positive for SSEA-3 isolated from
mesenchymal tissue of a body or cultured mesenchymal cells.

2. The cell preparation according to claim 1, comprising a cell fraction wherein the

pluripotent stem cells positive for SSEA-3 have been concentrated by external stress treatment.

3. The cell preparation according to claim 1 or 2, wherein the pluripotent stem cells
are CD105-positive.

4. The cell preparation according to any one of claims 1 to 3, wherein the pluripotent

stem cells are CD117-negative and CD146-negative.

5. The cell preparation according to any one of claims 1 to 4, wherein the pluripotent
stem cells are CD117-negative, CD146-negative, NG2-negative, CD34-negative, VWF-negative,
and CD271-negative.

6. The cell preparation according to any one of claims 1 to 5, wherein the pluripotent
stem cells are CD34-negative, CD117-negative, CD146-negative, CD271-negative, NG2-
negative, VWF-negative, Sox10-negative, Snail-negative, Slug-negative, Tyrpl-negative, and
Dct negative.

7. The cell preparation according to any one of claims 1 to 6, wherein the pluripotent
stem cells have all of the following properties:
(1) low or non-existent telomerase activity;
(i) having the ability to differentiate into any of three germ layers;
(ili)  exhibiting no neoplastic proliferation; and

(iv)  having self-renewal ability.

8. The cell preparation described in any one of claims 1 to 7 above, wherein the
ischemia reperfusion-induced lung injury is lung injury occurring at reinitiation of blood flow
after having organ transplantation, after having artificial cardiopulmonary circulation during
heart surgery, after having thoracic surgery of lung cancer or the like accompanying forming of
blood vessels or blocking of blood flow, and/or after dissolving blood clots or removing blood

clots in pulmonary thromboembolism.
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9. The cell preparation according to any one of claims 1 to 8, wherein the pluripotent
stem cells have the ability to engraft into lung tissue.
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