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[DEScrIPTION]

[Tnvention Titlel

PHARMACEUTICAL COMPOSITION FOR PREVENTING OR TREATING

OSTEOARTHRITIS

[Technical Field]

[1] The present invention relates to a pharmaceutical
composition for prevention or treatment of osteocarthritis

and a manufacturing method.

[2]

[Background Art]

[3] Osteoarthritis, also called degenerative arthritis,
is a chronic disease that causes a damage to joint cartilage,
underlying bone and ligaments, and inflammation and pain due
to cartilage damage or degenerative changes. The

osteocarthritis occurs in almost all Jjoints in the Dbody,

including fingers, knees (knee Jjoints, patella), hips (hip
joints, coxa), backs (lumbar Jjoints), and neck (cervical
joints) . It has been thought that the osteoarthritis is

associated with age in a view of an occurrence thereof, and
is caused by overuse of the joints and cartilage wear due to
aging. However, as a mechanism for occurrence of the
osteocarthritis and responses to diverse stimuli of

chondrocytes have recently disclosed, it has been understood
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that the osteoarthritis is not an inevitable phenomenon
associated with aging but is a joint damage due to different
causes such as abnormality of chondrocyte metabolism balance
or the 1like, as well as a Jjoint disease caused by
interaction between different systemic and/or local factors
due to the above joint damage.

[4] Major symptoms of the osteocarthritis include
repeated pains, joint stiffness, reduced mobility and a loss
of function. In general, the symptoms progress gradually
over years. As the disease progresses to some extent, a
surface of the joint becomes irregular due to the loss and
degeneration of articular cartilage, thereby causing an
increase 1in a degree of pain, and progressive movement
disorder may lead to significant disruption to daily 1life.
Further, joint deformation may also be caused.

[5] Currently, studies to target modulators and
biochemical factors associated with cartilage growth are
underway. These factors include, for example, bone
morphogenic protein (BMP), which is an effective stimulant
of bone formation, and a transforming growth factor beta
(TGF-R), which stimulates cell growth and extracellular

matrix (ECM) formation.

[6] In particular, the TGF-B is known to be involved in
proteoglycan synthesis, chondrocyte growth and tissue
regeneration. Further, the TGF-f 1s also known to have
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immunosuppressive and anti-inflammatory functions. Indeed,
other growth factors such as epidermal growth factor (EGF),
insulin-like growth factor I (IGF-I), and basic fibroblast
growth factor (bFGF) also stimulate cartilage regeneration,
but these growth factors have no effect on cartilage damage.
[7] Such growth factors as described above entail
difficulties in determining a concentration, release rate,
delivery method, or the like at the time of administration.
The researchers have continued to make efforts to deliver
these factors through liposomes or by dissolving in a medium,
based on the results proved in animal experiments. However,
application of these factors to a human being has yet to be
greatly improved.

[8] The use of genetically modified chondrocytes is a
novel technique that has successfully established cartilage
regeneration in combination with cell-mediated gene therapy
(Lee KH et al., Hum Gene Ther 2001; 12: 1805-1813, SUN U.
SONG et al. Tissue Engineering 2005; 11: 1516-1526). This
method uses a combination of allogeneic human chondrocytes
transduced by a retroviral vector having TGF-f gene and
allogeneic normal chondrocytes. This method can induce
cartilage regeneration while minimizing surgical procedures.
[9] Mature chondrocytes have a spherical shape, and may
synthesize Type IT collagen fibers and condensed

proteoglycan and non-collagenous fibers having very high
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molecular weight.

[10] Efforts to transplant chondrocytes in osteocarthritis
have been continuously made in order to treat the damaged
joint. In particular, techniques to apply chondrocytes as a
tissue engineering support for cartilage damage have been
disclosed. For instance, Korean Patent Laid-Open
Publication No. 10-2015-0014369 discloses a technique for
production of a bead-shaped chondrocyte therapeutic agent,

including inoculating chondrocytes or cell with chondrogenic
differentiation capability in a V-shaped deep well plate,

centrifuging and culturing in a three-dimension culture.

The above document describes that, since the cartilage
damaged area is filled with the bead-shaped chondrocytes, a
defect site may Dbe repaired regardless of the shape and
thickness of the cartilage damaged area.

[11] In addition, U.S. Patent Application Publication No.
2005-0152882 describes a composition for promoting growth of
cartilage, which includes a combination of a matrix and
cartilages in a form of particles having a particle diameter
of 1 to 27 mm.

[12] Further, U.S. Patent Application Publication No.

2016-0038544 discloses formation of a high density
chondroblast population to produce cartilage-like tissues
for replacing the cartilage in osteocarthritis.

[13] As described above, in a case of known therapeutic
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compositions using chondrocytes, 1t was common to use
aggregates such as small-sized tissues or high-density
populations, whereas therapeutic effects of the chondrocyte
compositions without tissues or cell mass are still unknown.
Meanwhile, a small difference may bring or make completely
different results in case of biological products. In fact,
it has not been demonstrated that chondrocytes not forming
aggregates may have therapeutic effects.

[14] In addition, there remains a need for identifying
and selecting cells with regard to what size and type of
cells are required, so as to provide a cell therapeutic
agent with ensured effectiveness (i.e., therapeutic efficacy)
at a level practically applicable to a patient.

[15]

[Disclosure]

[Technical Problem]

[16] Under these <circumstances, the present inventors
have made efforts to develop a cell therapeutic agent for
specific diseases, 1n particular, osteocarthritis. As a
result, the present inventors have found that selection of
cells having specific sizes, for example, transformed cells
so as to express a target gene, for example, TGF-3, and
untransformed normal cells, respectively, may minimize

aggregation between chondrocytes, while having effective
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therapeutic effects.

[17] In addition, the present inventors have found that,
when mixed cells having a selected specific size or smaller
are administered to a patient, patient compliance may be
improved while maintaining excellent therapeutic effects,
and the mixed cells enable easy to quality control in
therapeutic agent manufacturing facilities or hospitals for
administration to patients actually. On the basis of the
finding, the present invention has been completed.

[18] Accordingly, an object of the present invention 1is
to provide a pharmaceutical composition for prevention or
treatment of osteocarthritis.

[19] In addition, another object of the present
invention 1is to provide a kit for preparation of a cell
therapeutic agent.

[20] Further, another object of the present invention is
to provide a method for manufacturing a therapeutic agent
for osteocarthritis.

[21]

[Technical solutionl]

[22] Hereinafter, the present invention will be
described in more detail.

[23] According to one aspect of the present invention,

there is provided a pharmaceutical composition for
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prevention or treatment of ostecarthritis, which includes
transformed mammalian cell population, wherein cells or cell
groups included in the population have a particle diameter
Dgg of less than 200 um.

[24] The most important characteristic of the present
invention 1is to establish a <criterion for specifying
transformed mammalian cells (cell groups or cell population)
with a target gene [for example, TGF-Bl among TGF-Bs], and
is to wuse the transformed mammalian cells as a cell
therapeutic composition by selecting the cells under the
criterion Dbased on a particle size, e.g., the particle
diameter Dog of less than 200 um, and identifying
effectiveness of the cells.

[25] The term “transformation” used herein is synonymous
with and interchangeably used with transduction or
transfection.

[26] The cells or cell groups included in the mammalian
cell population are an active ingredient of the inventive
composition and are defined as a single cell or a combined
form of cells.

[27] In the present invention, the classification
criterion of the <cells or cell groups included in the
mammalian cell population is a particle size, in particular,
Dy of a particle diameter distribution.

[28] In the present disclosure, the term “Dy of a
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particle diameter distribution”, which is used to mention
the criterion for the mammalian cell population, represents
xth  percentile of the distribution, and in the present
invention, for example, Dgg represents 90th percentile. In a
case of Dgp, this may often be recorded as D (0.90), D [0.9]
or in a similar way. With respect to a median particle size
and Dy, a capital letter ‘D’ or a small letter ‘d’ may be
interchangeable and have the same meaning as each other.

[29] The cells or cell groups included in the
transformed mammalian cell population preferably have a
particle diameter Dgg of less than 200 um. The particle
diameter of the «cells or <cell groups included 1in the
transformed mammalian cell population may range, for example,
from 1 to 199 um, from 1 to 150 um, from 1 to 100 um, from 1
to 90 um, from 1 to 80 um, from 1 to 70 um, from 1 to 60 um,
from 1 to 50 um, or from 1 to 40 um.

[30] Meanwhile, 1in a case of the transformed mammalian
cell population having a particle diameter Dgy of more than
200 um, irregular and large aggregates do not disappear but
remain, which are not suitable for application to a
pharmaceutical composition for treatment of osteocarthritis.
[31] In the present invention, a cell or cell group
included in the transformed mammalian cell population 1is
preferably a cell or cell group expressing TGF-f, and most

preferably a cell or cell group expressing TGF-B1.



10

15

20

25

According to the present invention, the cell population is
preferably inactivated.

[32] The inactivation may be performed by irradiation,
wherein the irradiation includes a gamma-ray, Xx-ray or
electron ray.

[33] Further, according to a preferred embodiment of the

present invention, the cell population may be mixed with

untransformed mammalian cell population and then
administered.
[34] The cells or cell groups included in the

untransformed mammalian cell population preferably have a
particle diameter Dgy of less than 300 um. More particularly,
the cells or cell groups included in the untransformed
mammalian cell population preferably may have a particle
diameter Dgg, for example, in a range of 1 to 299 um, 1 to
240 pym, 1 to 230 um, 1 to 220 pm, 1 to 210 um, 1 to 200 um,
1 to 190 ym, 1 to 180 pym, 1 to 170 um, 1 to 160 um, 1 to 150
pum, 1 to 140 um, 1 to 130 pm, 1 to 120 um, 1 to 110 um, 1 to
100 ym, 1 to 90 um, 1 to 80 um, 1 to 70 um, 1 to 60 um, 1 to
50 ym, or 1 to 40 um.

[35] On the other hand, in a case of the untransformed
mammalian cell population having a particle diameter Dgy of
300 um or more, irregular and large aggregates may still
remain without disappearance, hence being undesirable for

application to a pharmaceutical composition for treatment of
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osteoarthritis.

[36] In one embodiment of the present invention, it was
found that the transformed cells so as to express TGF-B and
the untransformed mammalian cells are advantageously
separated to have different specific sizes, respectively, in
order to minimize aggregation Dbetween chondrocytes and
achieve beneficial therapeutic effects. Further, when some
selected cells having a specific size or less are
administered to a patient, patient compliance may Dbe
improved, and it 1is easy to manage quality in therapeutic
agent manufacturing facilities or hospitals.

[37] Further, according to one embodiment, it was
confirmed that screening chondrocytes, which express TGF-3,
as well as untransformed mammalian cells, that is, normal
cells through filtration or other methods so as to obtain
cells or cell groups having a specific size may inhibit
aggregates between cells (‘intercellular aggregates’).

[38] In other words, 1f Dgy value of cells or cell
groups included in the transformed mammalian cell population
is less than 200 um, e.g., exactly 100 um, while Dgg value
of cells or cell groups included 1in the untransformed
mammalian cell population is less than 300 um, for example,
200 um, intercellular aggregates may be effectively
inhibited.

[39] Further, the cells or cell groups with the specific

10
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size may be 1in a single cell state, a colony state, a
cluster state or a mixture thereof.

[40] According to a preferred embodiment of the present
invention, a ratio of the untransformed mammalian cell
population to the transformed mammalian cell population may
range from 0.1 to 10 : 1, preferably from 1 to 10 : 1, more
preferably from 1 to 3 : 1, and most preferably 3 : 1, based
on the number of cells.

[41] In the present invention, the mammalian cell may be
a chondrocyte or chondroprogenitor cell.

[42] As used herein, the term "chondrocyte" refers to a
discrete chondrocyte population regardless of whether the
cell 1is de-differentiated or re-differentiated. After
several hours of in vitro culture, it was observed that the
chondrocytes are de-differentiated into other cell types
such as fibroblasts. However, when performing induction,
these cells may be re-differentiated into chondrocytes. For
the purposes of the present invention, the "chondrocyte"
refers to a sample including original start-up chondrocyte
culture, optionally containing chondrocytes which are
differentiated over time.

[43] In the present invention, the chondrocytes are
preferably allogenic cells. It will be appreciated that the
present invention may also be practiced with not only single

cells but also mixed culture of connective tissue cells. It

11
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will be appreciated that the connective tissue cells may be
treated with a compound or radioactively to allow the cells
to stably express the gene of interest, preferably, TGF-j.
Preferably, the connective tissue cells do not occur an
immune response to a host organism injected with the cells.
In this regard, in a case of cell-mediated gene treatment or
somatic cell treatment, allogeneic cells as well as
autologous cells may be used.

[44] Further, the mammalian cells may be derived from a
human being.

[45] As used herein, the term "prevention" refers to
inhibiting development of a disease or disorder in an animal,
such as a mammal, that has never been diagnosed as having a

disease or disorder, but 1is subject to such a disease or

disorder.
[46] As used herein, the term "treatment" means (i)
inhibiting development of a disease or disorder; (ii)

alleviation of the disease or disorder; and (iii) removal of
the disease or disorder, preferably the disease or disorder
to be treated is osteoarthritis.

[47] In addition, the composition of the present
invention may further include a pharmaceutically acceptable
carrier.

[48] The pharmaceutically acceptable carriers included

in the pharmaceutical composition of the present invention

12
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are those conventionally wused in a formulation, which
include lactose, dextrose, sucrose, sorbitol, mannitol,

starch, acacia rubber, calcium phosphate, alginate, gelatin,

calcium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water, Syrups,
methylcellulose, methylhydroxybenzoate,

propylhydroxybenzoate, talc, magnesium stearate and mineral
oil, but it 1is not 1limited thereto. The pharmaceutical
composition of the present invention may further include a
lubricant, a wetting agent, a sweetening agent, a flavoring
agent, an emulsifying agent, a suspending agent, a
preservative, etc. in addition to the above components, but
it is not 1limited thereto. Desired pharmaceutically
acceptable carriers and formulations are described in detail
in Remington's Pharmaceutical Sciences (19th ed., 1995).

[49] An appropriate dosage of the pharmaceutical
composition of the present invention may vary and prescribed
depending on factors such as a formulation method,
administration method, age, body weight, gender,
pathological condition, food, administration time, route of
administration, excretion rate and responsiveness of the
patient.

[50] Meanwhile, the dosage of the pharmaceutical
composition of the present invention is preferably 1.0 x 10°

to 3 x 107 cells per time.

13
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[51] The pharmaceutical composition of the ©present
invention may be administered parenterally, and when
parenterally administering, may be administered through
intraarticular, intravenous, subcutaneous, intramuscular,
intraperitoneal injection or transdermal route. Preferably,
the pharmaceutical composition of the present invention may
be injected into a joint cavity region. With respect to the
pharmaceutical composition of the present invention,
administration routes are preferably determined depending on
types of diseases to which the inventive composition 1is
applied.

[52] A concentration of the active ingredient contained
in the composition according to the present invention may be
determined in consideration of the purpose of treatment,
condition of a patient, period of time required, severity of
a disease, and the like.

[53] The pharmaceutical composition of the ©present
invention may be formulated into a unit dosage form using a
pharmaceutically acceptable carrier and/or excipient
according to a method easily implemented by those having
ordinary skill in the art to which the present invention
pertains (‘“those skilled in the art’), otherwise, by
introducing the composition into a multi-dose container. 1In
this case, the formulation may be in the form of solutions,

suspensions or emulsions in oils or agqueous media or in the

14
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form of excipients, powders, granules, tablets or capsules,
and may additionally contain dispersing or stabilizing
agents.

[54] According to another aspect of the present
invention, there is also provided a kit for preparation of a
cell therapeutic agent for treating or preventing
osteocarthritis, which includes a mammalian cell population
transformed with TGF-p, wherein «cells or cell groups
included 1in the ©population preferably have a particle
diameter Dgy of less than 200 um.

[55] The kit may further include an untransformed
mammalian cell population, wherein cells or cell groups
included 1in the untransformed mammalian cell population
preferably have a particle diameter Dgg of less than 300 um.

[56] The kit may include not only the mammalian cell
population as a cell therapeutic agent but also a tool, a
reagent and the like commonly used in the art.

[57] Examples of the tool or reagent include suitable
carriers, markers capable of generating detectable signals,
chromophores, solubilizing agents, cleaning agents, buffers,
stabilizers, and the like, but it is not limited thereto.
When the marker is an enzyme, a substrate capable of
measuring enzyme activity and a reaction terminator may be
included. The carriers may include a soluble carrier and an

insoluble carrier, and the soluble carrier may include, for

15



10

15

20

25

example, a physiologically acceptable carrier known in the
related art, for example, PBS. Further, the insoluble
carrier may include, for example, polystyrene, polyethylene,
polypropylene, polyester, polyacrylonitrile, fluorine resin,
cross—linked dextran, polysaccharide, polymer such as
magnetic fine particles plated with metal on latex, other
substances such as paper, glass, metal, agarose and a
combination thereof.

[58] According to another aspect of the present
invention, there 1is provided a method for manufacturing a
therapeutic agent for osteoarthritis, including steps of:
[59] (1) preparing a transformed mammalian cell
population with TGF-f and an untransformed mammalian cell
population, respectively;

[60] (2) selecting <cells or <cell groups having a
particle diameter Dgy of less than 200 um included in the
mammalian cell population transformed with TGF-f in the
above step (1); and cells or cell groups having a particle
diameter Dgg ©0f less than 300 mum included 1in the

untransformed mammalian cell population, respectively;

[61] (3) filling a separate vial with both of the
selected cell populations in step (2), respectively; and
[62] (4) mixing the selected cell populations in the

vial in step (3).

[63] That 1s, with regard to the therapeutic agent for

16
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osteocarthritis, the mammalian cell population transformed
with TGF-f and the untransformed mammalian cell population
may be mixed and then administered. Further, the cell or
cell group included in the transformed mammalian cell
population with TGF-f may have a particle diameter Dgg of
less than 200 pm while the cell or cell group included in
the untransformed mammalian cell population preferably has a
particle diameter Dgy of less than 300 um.

[64] The selection as described above may be physical,
chemical or electronic selecting. As a physical selecting
method, a mesh having a predetermined size or use of a cell
strainer or a filter may be applied. In addition to such
physical selecting, a cell selecting process using
fluorescence, magnetic properties and/or electric charge of
cells may be applied without limitation thereof.

[65]

[66] Since the kit and the method for manufacturing a
therapeutic agent of the present invention include the
above-described configurations, redundant contents will not
be described in order to avoid excessive complexity of the
present disclosure.

[67]

[Advantageous effects]

[68] The mixed cell-based composition including the

17
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selected mammalian cells having a specific size or less
transformed with TGF-f as well as untransformed mammalian
cells as active ingredients of the composition according to
the present invention exhibits excellent therapeutic effects
without including cell masses, that is, aggregates, and
therefore, can be easily distinguished from foreign
substances in an aspect of pharmaceutical quality control,
thereby achieving advantages of easy management in
therapeutic agent manufacturing facilities or hospitals. 1In
addition, the selected <cells do not exhibit additional
aggregation between chondrocytes, thereby it 1is beneficial
for storage. Furthermore, when administering the selected
mixed cells having the specific size or less to a patient,
patient compliance may be improved.

[69]

[Description of drawings]

[70] FIG. 1 is views illustrating vials before and after
chondrocytes passed through a cell strainer.

[71] FIG. 2A 1is photographs illustrating microscopic
observation results before and after untransformed cells
passed through the cell strainer; and FIG. 2B is photographs
illustrating microscopic observation results before and
after transformed cells passed through the cell strainer.

[72] FIG. 3A 1is photographs illustrating microscopic

18
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observation results Dbefore and after untransformed cells
passed through the cell strainer over time, respectively;
and FIG. 3B is photographs illustrating microscopic
observation results Dbefore and after transformed cells
passed through the cell strainer over time, respectively.
[73] FIG. 4A 1is a graph illustrating results of von Frey
filament tests when an MIA-induced ostecarthritis animal
model was treated with the selected mixed cells; and FIG. 4B
a graph illustrating results of von Frey filament tests in
an area under the curve (AUC) when treating the MIA-induced
osteoarthritis animal model with the selected mixed cells.
[74] FIG. 5 is photographs illustrating results of H & E
staining analysis of cartilage tissues when treating the
MIA-induced osteocarthritis animal model with the selected
mixed cells.

[75]

[Best mode]

[76] Hereinafter, the following embodiments are provided
to more concretely describe the present invention. It will
be apparent to those skilled in the art that the scope of
the present invention in regard to the objects of invention
is not limited by these embodiments.

[77]

[78] Example 1. Preparation of cell therapeutic agent

19
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[79] The cell therapeutic agent used in this example of
the present invention is a transformed cell population so as
to express TGF-P1 (NCBI Reference Sequence: NM_000660.6)
(first population; hereinafter referred to as TC) and a
normal cell population without transformation using the

above gene (second population; hereinafter referred to as

HC) .
[80] The TC could be prepared by injecting cDNA of TGF-
Bl into cells according to a known method. For instance,

the c¢cDNA of TGF-Bl is inserted into a known vector having a
resistant gene such as ampicillin or neomycin (for example,
pPCI (containing ampicillin resistant gene) from Promega Co.)
to construct a vector containing cDNA of TGF-R1l, followed by
injecting the same into chondrocytes according to a known
method such as a calcium phosphate method or a lipofectin
method, thus to prepare TC. Otherwise, the TC may be
prepared using a gene delivery vehicle such as retroviral
vectors, lentiviral vectors, and the like.

[81] The HC and TC are human-derived chondrocytes,
wherein HC is a normal chondrocyte while TC is a transformed
chondrocyte to secrete TGF-f1. A method for construction of
HC and TC has been disclosed in known documents [Cytotherapy,
2012 Feb; 14 (2): 247-256) and U.S. Patent Nos. 7,005,127
and 7,282,200.

[82] A mixing ratio of HC and TC was 3 : 1 based on the

20
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number of cells and was applied to the following examples.

[83] The prepared TC and HC were filled in a vial,
respectively, then frozen and prepared/stored for use as a
mixed cell-based therapeutic agent. At this time, the TC

was inactivated by irradiation before or after freezing.

[84]

[85] Example 2. Selection of cell types having
efficiency

[86] The present inventors have intended to identify

effectiveness of the mixed cell, which is the cell
therapeutic agent prepared in Example 1, according to the
cell aggregates type and size.

[87] For this purpose, a cell strainer was prepared for
each pore size, and then subjected to a series of quality
control (QC) for determining whether HC cells and TC cells
were aggregated.

[88]

[89] 2-1. Identification of cell aggregation in HC cells

depending upon the pore size of cell strainer

[90] The present inventors have cultured HC cells and
collect a cell suspension. Some of the cells were not
filtered using a cell strainer, and the cells were filled in
a vial and inspected for foreign substance. The remaining
cell suspension was sieved with cell strainers having pore

sizes of 200 and 300 um, respectively, followed Dby
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inspection of foreign substances after cell filtration using

the cell strainers.

[91] The results are shown in Table 1 below.
[92]
[93] [Table 1]
HC cell Non-use of cell| .44 o 300 um
Strainer
Ce;l aggregation qfter Yes No Yes
using a cell strainer
[94] That is, in order to determine whether or not the

cell aggregation phenomenon of HC cells depending upon the
pore size of the cell strainer, after passing the cell
suspension through the cell strainer to completely remove
cell aggregates, whether or not the cell aggregate was
reduced has been checked. For the HC cells, the cells
passing through 200 um cell strainer were all filtered out
of the cell aggregate as shown in FIG. 1, and therefore,
were passed for foreign substance inspection after filling.
[95] Further, as shown in FIG. 2A, it was observed under
a microscope that the <cell aggregate disappeared after
application of 200 um cell strainer.

[96] On the other hand, after application of 300 um cell
strainer, 1t was visibly confirmed that irregular and large
aggregate as shown in FIG. 1 were not removed but remained.

[97] Accordingly, in a case of HC cell, it could be seen

22
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that cells having a particle diameter Dgy of less than 300
um, which can pass through the 300 pum cell strainer, in
particular, cells having a particle diameter Dgg of less
than 200 um are preferable.

[98]

[99] 2-2. Identification of cell aggregation in TC cells

depending upon the pore size of cell strainer

[100] The present inventors have cultured TC cells and
collect a cell suspension. Some of the cells were not
filtered using a cell strainer, and the cells were charged
in a wvial and inspected for foreign substance. The
remaining cell suspension was sieved with cell strainers
having pore sizes of 70, 100 and 200 um, respectively,
followed by inspection of foreign substance after cell
filtration using the cell strainers.

[101] The results are shown in Table 2 below.

[102]

[103] [Table 2]

Non—-use of cell
TC cell strainer 70 pm 100 pym | 200 um

Cell aggregation
after using a Yes No No Yes
cell strainer

[104] That is, 1in order to determine whether or not the

cell aggregation phenomenon of TC cells depending upon the
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pore size of the cell strainer, after passing the cell
suspension through the cell strainer to completely remove
cell aggregation, whether or not the cell aggregation was
reduced has been checked. For TC cells, the cells passing
through 70 pm and 200 um cell strainers were all filtered
out of the cell aggregate as shown in FIG. 1, and therefore,
were passed for foreign substance inspection after filling.
[105] Further, as shown in FIG. 2B, i1t was observed under
a microscope that the «cell aggregate disappeared after
application of 100 um cell strainer.

[106] On the other hand, after application of 200 um cell
strainer, it was visibly confirmed that irregular and large
aggregate shown in FIG. 1 were not removed but remained.
[107] Accordingly, in a case of TC cell, it could be seen
that cells having a particle diameter Dgg of less than 200
um, which can pass through the 200 um cell strainer, in
particular, cells having a particle diameter Dgg of less
than 100 um are preferable.

[108]

[109] Example 3. Identification of further aggregation
prevention after application of cell strainer

[110] The present inventors have determined whether or
not the cells before and after passing through the cell
strainer prepared in Example 2 have a change 1in cell

aggregation type and size over time, and whether or not the
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application of the strainer has been helpful to prevent
further aggregation.

[111] For this purpose, a cell strainer was prepared for
each pore size and used for filtration. Then, the vial was
left at room temperature to determine whether or not the
aggregation of HC and TC cells was changed over time.

[112]

[113] 3-1. Identification of cell aggregation in HC cells

over time after application of cell strainer

[114] The present inventors have cultured HC cells and
collect a cell suspension. Some cells were filled in a vial
without application of a cell strainer and observed cell
aggregation over time. The remaining cell suspension was
sieved with a cell strainer having a pore size of 200 um and
the cells were filled in the vial, followed by determining
cell aggregation phenomenon over time.

[115] In order to determine whether or not the cell
aggregation phenomenon of HC cells depending upon the pore
size of the cell strainer, after passing the cell suspension
through the cell strainer to completely remove cell
aggregates, whether or not the cell aggregate was reduced
has been checked.

[116] According to the results, as shown in FIG. 3A, it
was observed under a microscope that, after application of

the 200 pum cell strainer at 0 hour, the cell aggregate was
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removed. Further, it was also observed under a microscope
that the cell aggregates was no longer generated even after
3 hours has elapsed.

[117] On the other hand, when the cell strainer was not
applied, it was observed under a microscope that irregular
and large aggregates —remained without being removed.
Furthermore, the agglomerates still remained even after the
time has elapsed.

[118]

[119] 3-2. Identification of cell aggregation in TC cells

over time after application of cell strainer

[120] The present inventors have cultured TC cells
andcollect a cell suspension. Some cells were filled in a
vial without application of a cell strainer and observated
cell flocculation over time. The remaining cell suspension
was sieved with a cell strainer having a pore size of 100 um,
and the cells were filled in the wvial, followed Dby
determining cell aggregation phenomenon over time.

[121] In order to determine whether or not the cell
aggregation phenomenon of TC cells depending upon the pore
size of the cell strainer, after passing the cell suspension
through the cell strainer to completely remove cell
aggregate, whether or not the cell aggregate was reduced has
been checked.

[122] According to the results, as shown in FIG. 3B, it
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was observed under a microscope that, after application of
the 100 pm cell strainer at 0 hour, the cell aggregate was
removed. Further, it was also observed under a microscope
that the cell aggregate was no longer generated even after 3
hours has elapsed.

[123] On the other hand, as shown in FIG. 3B, when the
cell strainer was not applied, it was observed under a
microscope that irregular and large aggregates remained
without being removed. Furthermore, the aggregates still
remained even after the time has elapsed.

[124]

[125] Example 4. Identification of osteoarthritis
therapeutic effects by treatment using selected mixed cells
in MIA osteoarthritis model

[126] 4-1. Confirmation of the effect of pain relief

[127] The present inventors have intended to determine
effectiveness of the mixed cell therapeutic agent according
to the present invention by: administering the selected
mixed cells having a specific size or less defined in
Example 2, that is, the mixed cells, which include HC cells
having a particle diameter Dgg of less than 300 um and TC
cells having a particle diameter Dgg of less than 200 um in
a ratio of 3 : 1, to a rat animal model with osteocarthritis
induced by MIA administration; and comparing analgesic

effects therein.
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[128] In other words, in order to examine therapeutic
effects of the selected mixed cells, the present inventors
have prepared an MIA-induced osteoarthritis animal model,
and then treated the model with the selected mixed cells, in
order to observe a change in pain.

[129] First, 6-week-old male rats (Spargue-Dawley, 200 to
225 g, Nara Biotech, Korea) were used for animal modeling.
Animal experiments were conducted under approval by
Institutional Animal Care and Use Committee in Kolon Life
Science (IACUC No. KLS TIACUC 2013-04) and under the
supervision of a veterinary surgeon.

[130] In order to induce arthritis, 50 pl of MIA
(monosodium iodoacetate, Sigma, USA) solution with a
concentration of 60 mg/mL was administered into the Jjoint
cavity in the left knee of a rat using a 31 G syringe.

[131] 2 weeks after the MIA administration, objects with
developed osteoarthritis were subjected to administration of
a vehicle (CS-10) and the mixed cells, respectively, into

the joint cavity in the left knees.

[132] [Table 3]
Dosage of
Number Animal MIA Administered
Group | Gender of code administrat substance
animals ion (50 uL/knee)
(mg/knee)
1481- Vehicle (CS-
Gl M 6 1486 3 10)
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1505- 2.8 x 10°
G2 M 6 1510 3 cells

[133] Thereafter, von Frey filament test was performed.
This test was conducted using 50% up & down threshold method
which was established in 1980 by Dixon (Chaplan SR et al.,
Quantitative assessment of tactile allodynia in the rat paw,
Journal of Neuroscience Methods, 1994, 53: 55-63; and Dixon
wW.J., Efficient analysis of experimental observations,
Annual Reviews Pharmacology Toxicology, 1980, 20: 441-62).
Using a total of nine (9) von Frey filaments with N values
of 0.4, 0.6, 1, 2, 4, 6, 8, and 15 grams (g), respectively,
pain response was examined and a threshold value was
calculated according to predetermined patterns.

[134] A certain period of time (0, 7, 14, 21, 28, 35, 42,
49 and 56 days) passing after the administration of the
mixed cells and the control substance, von Frey-filament
test values were measured.

[135] According to the results, as shown in FIGS. 4A and
4B, the von Frey filament measurement values at the certain
period of time (0, 7, 14, 21, 28, 35, 42, 49 and 56 days)
after the administration of the mixed cells have
demonstrated that the mixed «cell administration group
exhibited statistically significant analgesic effects,
compared to the control group, that is, the CS-10

administration group (p < 0.05). When these von Frey
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filament results were expressed as AUC value (area under the
curve), which is used as a performance evaluation index, the
mixed cell administration group showed statistically
significant results, as compared to the control group, that
is, the CS-10 administration group (p < 0.05).

[136]

[137] 4-2. Identification of cartilage structural
improvement effects

[138] The present inventors have implemented comparison
of cartilage structural improvement between a control group
(vehicle) and the selected mixed cells having a specific
size or less as prepared 1in Example 2, which were
administered to a rat model with osteoarthritis induced by
MIA administration, respectively, thereby determining
effectiveness of the mixed cell therapeutic agent.

[139] For this purpose, the animal model prepared as in
Example 4-1 was sacrificed 56 days after the experiment, and
then H & E staining analysis was implemented.

[140] According to the result, as shown in FIG. 5, no
cartilage structural improvement was observed in the control
group (vehicle), that 1is, the CS-10 administration group,
whereas cartilage structural improvement was observed in the
mixed cell administration group.

[141]
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[Industrial Applicability]

[142] Consequently, the mixed cells selected according to
the present invention, wherein HC cells having a particle
diameter Dgg of less than 300 um and TC cells having a
particle diameter Dgg of less than 200 um are mixed in a
ratio of 3 : 1, may exhibit excellent pain alleviation and
cartilage formation effects even 1n the absence of
aggregated cells. Therefore, the mixed cells may be used as

an excellent therapeutic agent for osteocarthritis.
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[crLaTMs]

1. A pharmaceutical composition for prevention or
treatment of osteocarthritis, comprising a transformed
mammalian cell population, wherein cells or cell groups
included in the population have a particle diameter Dgg of

less than 200 um.

2. The composition according to claim 1, wherein the
transformed mammalian cell population is further treated by

irradiation.

3. The composition according to claim 1, further
comprising an untransformed mammalian cell population in

addition to the untransformed mammalian cell population.

4. The composition according to claim 3, wherein the
cells or <cell groups included in the untransformed
mammalian cell population have a particle diameter Dgg of

less than 300 pm.

5. The composition according to <claim 3, wherein the
untransformed mammalian cell population and the transformed
mammalian cell population are mixed in a mixing ratio of 1

to 10 : 1 based on the number of cells.
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6. The composition according to «claim 1, wherein the

mammalian cell is a chondrocyte or a chondroprogenitor cell.

7. The composition according to claim 1, wherein the
mammalian cell 1is transformed with a transforming growth

factor beta (TGF-p).

8. A kit for preparation of a cell therapeutic agent,
comprising a mammalian cell population transformed with a
transforming growth factor beta (TGF-), wherein cells or
cell groups included 1in the population have a particle

diameter Dgy of less than 200 um.

9. The kit according to claim 8, further comprising an
untransformed mammalian cell population in addition to the

untransformed mammalian cell population.

10. The kit according to claim 9, wherein the cells or
cell groups included in the untransformed mammalian cell

population have a particle diameter Dgg of less than 300 um.

11. The composition according to claim 9, wherein the

untransformed mammalian cell population and the transformed

mammalian cell population are mixed in a mixing ratio of 1
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to 10 : 1 based on the number of cells.

12. A method for manufacturing an ostecarthritis
therapeutic agent, comprising the steps of:

(1) preparing a transformed mammalian cell population
with TGF-B and an untransformed mammalian cell population,
respectively;

(2) selecting cells or cell groups having a particle
diameter Dgg of less than 200 um included in the transformed
mammalian cell population with TGF-f in the above step (1);
and cells or cell groups having a particle diameter Dyy of
less than 300 um included in the untransformed mammalian
cell population, respectively;

(3) filling a separate vial with both of the selected
cell populations in step (2), respectively; and

(4) mixing the selected cell populations in the vial in

step (3).

13. The method according to claim 12, wherein the mixing in
step (4) is to mix the transformed mammalian cell population

and the untransformed mammalian cell population in step (2)

in a mixing ratio or 1 to 10 : 1 based on the number of
cells.
14. The method according to claim 12, wherein the
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transformed mammalian cell population with TGF-$ in step (1)

is further irradiated.
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