Specification

A pharmaceutical composition for treating demyelination
diseases containing a supernatant of immortalized
mesenchymal stem cells and a pharmaceutical preparation
containing thereof as an active ingredient

Technical field
[0001]

The present invention relates to a pharmaceutical composition for treating
demyelinating diseases containing a culture supernatant of immortalized mesenchymal
stem cells, and a pharmaceutical preparation containing the composition as an active
ingredient. More particularly, the invention relates to a pharmaceutical composition for
treating demyelinating diseases induced by infection or autoimmune reactions, such as
Guillain-Barré syndrome, or as a side effect of treatment of other diseases, such as
chemotherapy for cancer, and a pharmaceutical preparation containing thereof as an active
ingredient.

[0002]

In recent years, cell therapy using mesenchymal stem cells (hereafter abbreviated as
“MSC”) has been actively investigated. There, the terms “cell therapy” is defined as a
method that uses cells themselves as a means of treatment and aims to cure various diseases
using either one's own cells (autologous) or non-self-cells (derived from the third party,
namely non-autologous). With recent advances in cellular and genetic engineering
technologies, various cell therapy techniques have been developed, including (1) a method
to treat such diseases by using the administered cells themselves, and (2) the method to treat
such diseases by producing the cells for the therapy in the body to which the cells are
administrated, and (3) the method to treat such disease by using the cells being taken out
from the living body is artificially processed so as to have treatment effects. There are
mentioned as an example of (1), blood transfusion therapy, and as the example of (2), bone
marrow transplantation is mentioned. As the example of (3), there is mentioned such as

CAR-T cell therapy or iPS cell therapy and the like.



[0003]

It is known that the administered MSCs secrete various cytokines, when
administering MSCs to a damaged part of a tissue. It is also known that the secreted
cytokines give rise to restoring the damaged tissue or suppressing immune reactions
through their paracrine effects. On the other hand, by removing the cells from the cell
culture supernatant of MSCs (Conditioned Medium, hereafter abbreviated as "CM"),
immunological rejection due to histocompatibility antigens need not be considered. In
addition, since it is highly safe as described below, it is focused on (see, the non-patent
document 1, hereafter, referred to as “prior art 1”’).

[0004]

Nervous tissue is roughly divided into the central nervous system, which consists of
the brain and spinal cord, and the peripheral nerves, which extend from the brain and spinal
cord to the periphery. The nerve network consists of axons and dendrites, which are
extended from the cell bodies of neurons. The axons are covered by an insulating structure
called the myelin sheath, which allows them to rapidly transmit information to distant cells.
The cells that make up the myelin sheath are oligodendrocytes in the central nervous
system and Schwann cells in the peripheral nerves.

The myelin sheaths as described above sometimes degenerate or demyelinate due to a
variety of causes. Diseases caused by degeneration or loss of the myelin sheath are
collectively referred to as demyelinating diseases. It is known that the causes of
demyelinating diseases are diverse, such as immune origine, genetic origine, ischemic
origine, infectious origine, drug-induced origine, and the like. For example, there are
mentioned such as central nervous system demyelinating diseases, multiple sclerosis,
neuromyelitis optica, acute disseminated encephalomyelitis, atopic myelitis, progressive
multifocal leukoencephalopathy, HTLB-1-related myelopathy, HIV-related
leukoencephalopathy, subacute sclerosing panencephalitis, osmotic demyelinating
syndrome, drug-induced leukoencephalopathy and the like. As peripheral neurogenic
demyelinating diseases, there are mentioned such as, for example, Guillain-Barré
syndrome, Fisher syndrome, diabetic neuropathy, chronic inflammatory demyelinating
polyradiculoneuropathy, multifocal motor neuropathy, herpes zoster, and the like.

[0005]



It is well known that abnormalities in autoimmunity cause the above-mentioned
immune demyelinating diseases. The body has inherently an immune system as a
biological defense mechanism. When it functions normally, foreign substances (recognized
as non-self) are attacked and eliminated, whereas they do not respond against the antigens
owned by self-tissues. However, disruption of the normal function thereof may result in
induction of T cells or production of antibodies called autoantibodies which recognize the
self-tissues as foreign. This causes attacks on specific cells and tissues as the target by the
immune cells, leading to the immune response against the self-tissues as the target. It is
known to cause a neurological disorder called autoimmune neuritis (sometimes abbreviated
as "EAN"), when such autoimmune response occurs in nervous tissue. In particular,
immune abnormalities, which attack on one's own myelin sheath, cause demyelinating
disease.

[0006]

As Demyelinating diseases caused by EAN, there are mentioned such as multiple
sclerosis, acutely progressive Guillain-Barré syndrome and Fisher syndrome, chronic
inflammatory demyelinating polyradiculoneuropathy (hereinafter abbreviated as "CIDP")
which progresses chronically, MAG antibody positive neuropathy, multifocal motor
neuropathy (hereinafter abbreviated as "MMN") and the like. These are accompanied by
peripheral neuropathy.

[0007]

Among the disease described above, symptoms such as numbness and weakness in
the tips of the hands and feet appear in Guillain-Barré syndrome, and they develop rapidly
from a few days to two weeks after the onset of symptoms, reaching a peak within two to
four weeks after the onset of neurological symptoms. It is known that quadriplegia
progresses, requiring assistance in walking in severe cases, and more than 10% of patients
have paralysis of the respiratory muscles, requiring a ventilator. About half of the patients
develop cranial nerve deficits such as facial paralysis, diplopia, and dysphagia. It is
considered that severe disease is caused by axonal degeneration associated with
demyelination, and early treatment is important.

[0008]

It is said that 60% of Guillain-Barré syndrome is caused by the production of anti-



ganglioside antibodies. Therefore, transvenous immunoglobulin therapy and plasma
exchange therapy are used to attenuate the effects of anti-ganglioside antibodies (Non-
Patent Document 2, hereinafter referred to as “Prior art 2””). However, some patients do not
respond to these therapies. This is sometimes attributed to cells, for example the cells
related to cellular immunity including T cells, other than the antibodies mentioned above,
however, the details are not known.

[0009]

Peripheral neuropathy is a series of symptoms caused by damage to the nerves that
originate in the brain and spinal cord and extend to the periphery (peripheral nerves); and it
is a disease that manifests as numbness and pain in the limbs due to a variety of causes. It
is known that peripheral neuropathy is caused by infections, diabetes, and other diseases,
but it is also caused by the side effects of various medications.

[0010]

As the example of such medications, there are mentioned such as hyperlipidemia
agents, antiviral agents, anti-tuberculosis agents, and the like, and anti-cancer drugs are
especially problematic. Recently, almost half of the people in Japan have gotten cancer and
one-third of the cause of death is cancer. It is known that many patients have peripheral
neuropathy due to cancer therapy. In other words, it is known that chemotherapeutics are
often used in the cancer therapy, and peripheral neuropathy tends to be caused as a side
effect, when administering platinum-based drugs such as cisplatin, carboplatin, oxaliplatin,
and nedaplatin; vinca alkaloids such as vincristine, vinblastine, and vinorelbine; taxanes
such as paclitaxel and docexel; cytarabine, an antimetabolite; and ifosfamide, an alkylating
agent.

[0011]

For example, vinca alkaloids or taxanes as described above act on microtubules in
cancer cells, however, they also supposed to damage microtubules in nerve cells, causing
neurological symptoms. In addition, the platinum-based agents are considered to directly
damage nerve cells and give damage to the axons of the nerve cells.

Also, anti-cancer agents such as amiodarone hydrochloride, interferon-a, and
tacrolimus are said to cause peripheral neuropathy due to damage to the Schwann cells

lining the axons. In this case, axons and cell bodies are often relatively normal and good



recovery can be expected with early discontinuation of drug administration. However, as
the damage progresses, axons may degenerate secondarily, and recovery may not be
possible.

[0012]

Peripheral neuropathy described above is a side effect often seen in anti-cancer
chemotherapy and it is known as chemotherapeutic agent-induced peripheral neuropathy
(hereinafter referred to as “CIPN”). The structure of nerves, neurons, and its degeneration
are described below.

[0013]

In the case of CIPN, several means are employed to alleviate peripheral neurological
symptoms such as numbness in the hands and feet: temporarily suspending anticancer
agents, using calcium/magnesium in combination, or administering herbal medicines or
vitamin preparations (vitamin B6, vitamin B12, vitamin complex, and the like) (Non-Patent

Document 3, hereinafter referred to as the prior art 3).

Prior art documents

Non-patent documents
[0014]
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Problems to be solved by the invention
[0015]

Prior art 1 discloses highly safe and a good technique in terms of no need for
consideration of immune rejection, ethological restriction problematic in cell therapy, and
low possibility of an embolus or tumor formation, because CM of MSC without the cells is
used. However, when not-immortalized MSCs are cultured, their proliferation capability
decreases around at most the tenth passage due to cell senescence. Therefore, MSCs shall
be re-prepared from a donor, and it leads difficulty to manage the quality of the product
such as continuously providing CM containing components stably.

[0016]

Prior art 2 discloses a standard method for the treatment of Guillain-Barré syndrome
described above, and there is intravenous immunoglobulin therapy (hereinafter sometimes
referred to as “IVIg”) or plasma exchange therapy. These treatment methods are performed
to attenuate the effect given by anti-ganglioside antibodies. However, some patients do not
respond to these therapies, although the cause is not known. Therefore, there is a strong
social demand for novel therapeutic agents that provide superior effects on demyelinating
diseases including Guillain-Barré syndrome.

[0017]

As described above, chemotherapy against the cancer is the treatment of choice for
the majority of cancer patients, and it makes possible to increase the administration amount
of the agents to the maximum tolerated dose. However, increasing the administration
amount of the agent often generating CIPN as a side effect. Prior art 3 is a superior method
in terms of alleviating CIPN symptoms. However, since it is a symptomatic treatment, if
symptom relief dose not work successfully, it requires does reduction, withdrawal, or
discontinuation of medication. As a result, this leads to problems such as the progression of
cancer symptoms. Also, if CIPN is not alleviated, there is another problem such as
decreasing QOL of patients.

[0018]

From the above, there is a strong social demand for pharmaceutical compositions that

is used in cell-free therapy with high safety and fundamentally treat demyelinating diseases,

as well as pharmaceutical formulations with such compositions as active ingredients.



Means for solving the problem
[0019]

The applicants of the present invention proceeded with the development of the
present invention under the above-mentioned situation and accomplished it. The purpose
of the present invention is to provide a pharmaceutical composition that is used for the
treatment of demyelinating diseases and a pharmaceutical preparation for demyelinating
diseases, comprising a culture supernatant of immortalized mesenchymal stem cells
incorporating a specific gene as an active ingredient.

[0020]

The first embodiment of the present invention is the composition that regenerates
myelin sheath or proliferates Schwann cells, wherein the composition contains a culture
supernatant of immortalized mesenchymal stem cells to which a gene set of telomerase
reverse transcription enzyme (TERT) and two or three genes selected from a group
consisting of Bmi-1 gene, HPV16-E6 gene, and HPV16-E7 gene are introduced. Here, the
term, regeneration of the myelin sheath, indicates the re-myelination of axons that have
become bare due to the shedding of Schwann cells or the restoration of a thinned myelin
sheath to its original thickness by the Schwann cell proliferative effect of the invention.
[0021]

In addition, it is preferable that the gene set consists of Bmi-1 gene, HPVE16-E6,
HPV16-E7, and hTERT.

[0022]

Here, it is preferable that the mesenchymal stem cells are dental pulp stem cells,
which are derived from humans. Also, it is preferable that the composition contains culture
supernatant obtained from the immortalized mesenchymal stem cells, which are
immortalized by introducing said genes with a viral vector, and by culturing them for 24 to
96 hours, preferably for 48 to 80 hours. More preferably, the culture period is about 72
hours.

[0023]
Also, it is preferable that the composition contains at least a component that functions

on c-MET, a hepatocyte growth factor (HGF) receptor; more preferably, it is HGF.



[0024]

Another embodiment of the invention is a therapeutic pharmaceutical preparation for
demyelinating diseases that contains the composition as an active ingredient. Here, it is
preferable that the preparation contains from 10 to 90 % by weight of the composition,
when the total weight of the preparation is 100 %. More preferably, it contains from 25 to
75% by weight.

[0025]

It is preferable that the demyelinating disease is central nerve one, and anyone
selected from a group consisting of multiple sclerosis, neuromyelitis optica, acute
disseminated encephalomyelitis, atopic myelitis, progressive multifocal
leukoencephalopathy, HTLB-1-related myelopathy, HIV-related leukoencephalopathy,
subacute sclerosing panencephalitis, osmotic demyelinating syndrome and drug-induced
leukoencephalopathy.

Also, it is preferred that the demyelinating disease is peripheral nerve one, and
anyone selected from a group consisting of Guillain-Barré syndrome, Fisher syndrome,
diabetic neuropathy, chronic inflammatory demyelinating polyradiculoneuropathy,
multifocal motor neuropathy, chemotherapeutic agent-induced peripheral neuropathy, and
herpes zoster.

[0026]

It is preferable that the preparation has a dosage form selected from a group
consisting of powders, tablets, capsules, liquids, injectables, and plasters.
[0027]

The second embodiment of the present invention is a pharmaceutical preparation for
the treatment of chemotherapeutic agent-induced peripheral neuropathy that comprises a
composition as an active ingredient, wherein the composition contains a culture supernatant
of immortalized mesenchymal stem cells to which a gene set of telomerase reverse
transcription enzyme (TERT) and two or three genes selected from a group consisting of
Bmi-1 gene, HPV16-E6 gene, and HPV16-E7 gene are introduced. Here, it is preferable
that the chemotherapeutic agent is an anti-cancer agent, and that the anti-cancer agent is a

vinca alkaloid preparation or a taxane preparation.



Advantageous Effect of the Invention
[0028]

According to the therapeutic agent of the present invention, the therapeutic agent
comprising the culture supernatant of immortalized mesenchymal stem cells as the active
ingredient, it relieves symptoms of or promote rapid recovery from demyelinating diseases
or peripheral neuropathies, especially Guillain-Barre syndrome and CIPN. In the
immortalized mesenchymal stem cell, Bmi-1, HPV-E6, HPV-E7, and TERT genes are
incorporated.

Also, according to the therapeutic preparation for demyelinating diseases of the
present application, it promotes the proliferation of Schwann cells, thereby restoring

impaired neurological functions.

Brief Description of the Drawings
[0029]

[Figure 1] Figure 1 illustrates the myelination and neurotransmission status of
neurons in normal, Guillain-Barré syndrome, and chemotherapy-induced peripheral
neuropathy. (A) shows the status of the myelin sheath and neurotransmission of a normal
neuron. (B) shows the status of the myelin sheath and neurotransmission of neurons
developing Guillain-Barré syndrome. (C) shows the status of the myelin sheath and
neurotransmission of a neuron developing chemotherapy-induced peripheral neuropathy.

[Figure 2] Figure 2 schematically illustrates the relationship between the occurrence
of peripheral neuropathy and the immune system in the case of a patient with Guillain-
Barr¢ syndrome.

[0030]

[Figure 3] Figure 3 shows how to produce autoimmune neuritis mice, and the
changes in clinical scores when SHED-CM was administered intraperitoneally to them.
Figure 3(A) shows how to produce the autoimmune neuritis model mice by administering
P0(180-199) to C57BL/6 mice, and the administration schedule of DMEM or SHED-CM.
Also, Figure 3(B) shows the change in clinical symptom scores, when treated with the
administration schedule shown in Figure 3(A) described above.

[Figure 4] Figure 4 shows toluidine blue-stained optical microscope images (Figures
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4(A1,2) and 4(Bl1, 2)), and electron microscope images (Figures 4(A3) and 4(B3)) of the
neuron axon and myelin sheath, when either of DMEM (Figure 4(A)) or SHED-CM
(Figure 4(B)) was intraperitoneally administered to the autoimmune neuritis mice, which
are produced as shown in Figure 3. The black bars in the electron microscope image are
scales (10 um).

[0031]

[Figure 5] Figure 5 shows the results of expression analysis by quantified PCR. The
vertical axis of Figure 5(A) shows the relative ratio of the expression level of Myelin Basic
Protein (herein below, sometimes abbreviated as "MBP") divided by that of the internal
standard gene, Hypoxanthine guanine phosphoribosyltransferase (herein below, sometimes
abbreviated as "HPRT"). Figure 5(B) the results of Western blot showing the effect of
SHED-CM on expression of MBP or Actin.

[Figure 6] Figure 6 is graphs showing the expression level of TNF-a, [FN-y, and IL-
17A genes in neurons, when the SHED-CM is applied to them. Figure 6(A1) to (A3) show
the expression level of the genes in ischiatic nerve cells. Figure 6(B1) to (B3) show the
expression level of the genes in caudal nerve cells.

[0032]

[Figure 7] Figure 7 is a Western blot image showing the increase in the protein
amount of phosphorylated c-Met in ischiatic nerve cells by SHED-CM application.

[Figure 8] Figure 8 shows the therapeutic effects of each SHED-CM on EAN model
mice produced from wild-type (herein below sometimes abbreviated as “WT”) mice.
Figure 8(A) shows how to produce the model mice and the schedule of SHED-CM
applications to them. Figure 8(B) is the graph showing a tendency that the effect of SHED-
CM on the model mice decreases by co-application of anti-HGF antibody.

[0033]

[Figure 9] Figure 9 shows photographs by optical microscope images showing the
appearance changes of Schwan cell strain, IMS32, when culturing in either DMEM alone
or DMEM containing SHED-CM. Figure 9(A) shows IMS32 shape before the start of the
experiment, Fig. 9(B1) shows that in the control containing 10 % (v/v) DMEM, Fig. 9(B2)
shows that of in the control containing 30 % (v/v) DMEM, Fig. 9(C1) shows that in sample
1 containing 10 % (v/v) SCHED-CM, and Fig. 9(C2) shows that in sample 2 containing 30
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% (v/v) SHED-CM, respectively.
[0034]

[Figure 10] Figure 10 shows the graphs showing the change in proliferation of
IMS32, when it is cultured in the medium containing SHED-CM. Figure 10(A) shows a
comparison of the proliferation under 1 to 30 % (v/v) DMEM or DMEM containing
SHED-CM. Figure 10(B) shows the change in the proliferation, when they are cultured in
the medium used in Figure 10(A), to which an anti-HGF antibody or reference antibody is
added.

[Figure 11] Figure 11 shows the graphs showing cell proliferation cultured in
DMEM containing 10 to 50 % (v/v) SHED-CM, or DMEM containing 0.1 to 50 ng/mL
HGF under the presence or absence of FBS. Figures 11(A) shows the change of the cell
proliferation of IMS32 under the absence of FBS, and Fig. 11(B) shows the change thereof
under the presence of 1 % FBS, respectively.

[0036]

[Figure 12] Figure 12 shows the results of the Western blot after gel electrophoresis
showing the amount of the phosphorylated ones (c-met, ERK1/2, or AKT) or the total
proteins in IMS32, which is stimulated by either of SHED-CM or HGF.

[Figure 13] Figure 13 shows the images of the results of the Western blot showing
the protein amount both of MBP and p75, which are produced by IMS32 stimulated with
SHED-CM, HGF, NRG1, DBcAMP, or NRG1 + DBcAMP in DMEM containing 5 %
FBS.

[Figure 14] Figure 14 is the graph showing the therapeutic effect given by SHED-
CM on the chemotherapy-induced peripheral neuropathy model mice produced from WT
mice. The graph shows that the application of SHED-CM to the model mice of treatment
group to which 80 pg/200 pL paclitaxel is intraperitoneally injected every other day
mitigates neurological disorder and cures CIPN earlier than those of the control group to
which DMEM is injected as the control.

[Figure 15] Figure 15 is a table showing the filament pressure strength and
accompanying information (cited from the Dinamic Global, LLC commentary).

[Figure 16] Figure 16 is the table 1 showing k value used for calculation of von Frey

filament test.
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[Figure 17] Figure 17 is the table 2 showing k value used for calculation of von Frey

filament test.

Mode for carrying out the invention
[0036]

One embodiment of the present invention is explained below, referring to Figures 1
through 17. In the following description and drawings, identical or equivalent elements are
marked with the same symbol, and redundant explanations are omitted.

[0037]

The first embodiment of the present invention, the therapeutic composition using
conditioned medium (CM) of mesenchymal stem cells, is produced by the following
procedures: that is, (S1) generating immortalized stem cells by incorporating a specific
gene set into human dental pulp stem cells, (S2) preparing a supernatant of the culture
medium by culturing the immortalized stem cells obtained above, (S3) producing the
composition that induce regeneration of myelin sheath or proliferation of Schwann cells,
using the culture supernatant as the active ingredient.

[0038]

Here, we describe the use of dental pulp stem cells as an example of mesenchymal
stem cells. Dental pulp stem cells are defined as a type of stem cells contained in the nerves
of the tooth having regenerative capability. Since they are protected by the hard material,
the tooth, they are not exposed to ultraviolet rays or radioactive rays, they have features that
their genes are not easily damaged.

[0039]

Also, the gene set is consisted of bmi-1, HPV-E6, HPV-E7, and TERT. TERT is a
gene for the telomere regeneration enzyme. bmi-1 is a gene of a protein Bmi-1 that consists
of a polycomb complex. Here, Bmi-1 is needed for maintaining hematopoietic stem cells
and its activation leads to the proliferation of hematopoietic stem cells. E6 and E7 are early
genes of HPV-16 or HPV-18 DNA.

[0040]
Firstly, the human deciduous tooth is disinfected with a disinfectant, for example,

such as chlorhexidine, isodine solution, or others. After that, the crown section of the tooth
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is divided, and the dental pulp tissue therein is collected by using a dental reamer. The
collected dental pulp tissue is suspended in a basic medium such as Dulbecco's Modified
Eagle's medium (Dulbecco's Modified Eagle's Medium, hereinbelow referred to as
“DMEM”) containing 5 to 15% calf serum (hereinbelow, referred to as “CS”’) and 50 to
150 units/mL of antibiotic. Then, they are treated with 1 to 5 mg/mL collagenase and 1 to 5
mg/mL dispase at 37 °C for 0.5 to 2 hours.

[0041]

As the basic medium, in addition to DMEM, there are mentioned such as Iskov's
modified Dulbecco's medium (IMDM) (GIBCO, etc.), Ham F12 medium (Sigma, GIBCO,
etc.), RPMI 1640 medium, and the like. Two or more basic media may be used in
combination. An example of a mixed medium, there is mentioned such as a mixture of
equal amounts of IMDM and HamF12 (e.g., commercially available as the product name:
IMDM/HamF12 (GIBCO)).

[0042]

Also, as supplements for the basic medium, there are mentioned such as fetal calf
serum (herein below, referred to as “FCS”), human serum, sheep serum, other sera, serum
substitutes (e.g. Knockout serum replacement (KSR)), bovine serum albumin (herein
below, referred to as “BSA”), penicillin, streptomycin and other antibiotics, various
vitamins, various minerals, and the like.

The basic culture media may be also used for cell selection and for cell culture after
the selection as described later.

[0043]

After enzymatic treatment thereof, the samples are centrifuged for 3 to 10 minutes
(3,000 to 7,000 rpm) to collect the dental pulp stem cells. Depending on the necessity, the
cells are sorted by using a cell strainer. The sorted cells are resuspended in, for example, 3
to 6 mL of the basic medium and spread into adherent cell culture dishes having 4 to 8 cm
in diameter.

[0044]

Next, a culture medium such as DMEM containing 10% FCS is added therein, and

then the cells are incubated in a 5% CO; incubator at 37 °C for around 2 weeks. After

removal of the culture medium, the cells are washed one to several times with PBS or the
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like. Instead of removing the culture medium and washing the cells, the adherent dental
pulp stem cells that forms colonies may be collected. For example, the adherent dental pulp
stem cells are detached from the dish by treatment with, for example, 0.025 to 0.1% trypsin
and 0.3 to 1 mM EDTA at 37 °C for several minutes, and then the detached cells are
collected.

[0045]

Next, the adherent cells selected as above are cultured. For example, the dental pulp
stem cells obtained as described above are inoculated into adherent cell culture dishes and
cultured in an incubator under the condition of 5% CO; and 37 °C.

For example, when the cells reach subconfluent or confluent as observed by the
naked eye, cell passage is conducted by detaching them from the culture vessel, collecting
them by using trypsin and EDTA as described above, and then again inoculating them into
a culture vessel with the culture medium.

[0046]

Here, the term, subconfluent is defined as cells are attached to the culture vessel,
which is covered approximately 70% by the cells. For example, passaging culture is
conducted 1 to 8 times, and the sorted cells are grown to the required cell number, for
example, about 1 x 107 cells/mL. After culturing as described above, the cells are collected
and stored in liquid nitrogen. Cells collected from various donors may be stored in the
form of a dental pulp stem cell bank.

[0047]

Then, primary culture cells obtained from the primary culture of the stem cells are
transfected with three or four different genes to produce transgenic cells. It is preferable to
transfect two or three different genes selected from the group consisting of h\TERT, bmi-1,
E6, and E7, because they give immortalized stem cells with a higher number of population
doublings. Here, hTERT is a gene of human telomerase reverse transcription enzymes;
bmi-1 is a polycomb group gene relating to self-replication and differentiation regulation of
the stem cells; and both E6 and E7 are genes existed in an open reading frame coding early
genes that are used for self-replication by human papillomaviruses.

[0048]

Transfection of these genes is conducted as follows.
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A plasmid to incorporate the gene of the interest is prepared, and it is incorporated
into a shuttle vector such as pSuttle2 to clone the genes. The vector is used for E. coli
transformation, from which kanamycin-resistant transformants are selected. The plasmid
DNA of the selected kanamycin-resistant transformants is purified and subjected to analysis
of the restriction enzyme sites to identify the recombinants.

[0049]
1. Processes for preparation of DNA fragments and virus vectors
1.1 Preparation of DNA fragments for virus incorporation

First, sequence information on the vector used to incorporate the DNA fragments into
the virus is obtained. The virus used as a vector for gene transfer in the present invention is
preferably one selected from the group consisting of lentiviruses, adenoviruses, and
retroviruses, because the introduced gene is expressed in a non-transient manner.

[0050]

The following is an example of using a lenti-plasmid vector (pLVSIN). pLVSIN
sequence information is downloaded from, for example, the Takara Bio Web Catalog, and
the multicloning site is checked.

[0051]

Then, DNA fragments are prepared as below. In the present invention, immortalized
stem cells are generated by incorporating 2 to 4 genes into the DNA fragments. The cells
used are not limited to stem cells obtained from mammals, but porcine dental pulp tissue,
porcine adipose tissue, and human dental pulp tissue are preferred because they are easy to
obtain, and immortalized stem cells with stable phenotypes can be obtained.

[0052]

It is also preferred that the genes introduced here be a set of at least two or more
genes selected from the group consisting of two papillomavirus early genes, telomerase
reverse transcriptase (TERT), and bmi, because this may produce immortalized stem cells
with stable traits. As the early genes of papillomavirus, human papillomavirus (sometimes
abbreviated as "HPV") E6 and human papillomavirus E7 are preferable due to expression
efficiency. As TERT, human TERT (sometimes abbreviated as “hTERT”) is preferable
due to gene expression efficiency.

[0053]
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Of the genes, TERT is a gene that encodes an enzyme that elongates telomere
sequences, which become shorter with age. Both human papillomavirus E6 and E7 are
early genes of human papillomavirus, and E6 is known to reactivate TERT and degrade
proteins with PDZ domains. Bmi-1 is the polycomb group gene and known to relate the
self-replication and differentiation regulation of the stem cells.

[0054]

The following is an example for the explanation to introduce three genes into the cells
by using a lentiviral vector. In order to incorporate the human papillomavirus E6 gene,
human papillomavirus E7 gene, and telomerase reverse transcriptase (TERT), double-
strand DNA (SEQ. ID No. 1) is synthesized according to sequence information, for
example, EcoRI/KoZal/E6/T2A3/E7/T2A4/hTERT/BamHI, by standard procedures. The
DNA fragments obtained are cloned into the multicloning sites of the lentiviral plasmid
vectors (pLVSIN-CMV Neo) by conventional procedures to obtain plasmid vectors
(E6ETT) for lentiviruses in which the three genes are introduced.

[0055]

In the case of retroviruses, different from lentivirus vectors, the genes are introduced
by co-transfection of prepared vectors having one of the genes. For example, five
immortalized genes (W\TERT (SEQ. ID No. 2), human papillomavirus E6 (SEQ. ID No. 3),
human papillomavirus E7 (SEQ. ID No. 4), pigTERT (SEQ. ID No. 5), and hBmi-1 (SEQ.
ID No. 6)) with Kozak sequence (gccacc) upstream of the start codon may be prepared
according to the conventional procedure and cloned into the PmaC I-Hpa I site of pDON-5
NEO DNA (TaKaRa Code 3657) according to the conventional procedure to prepare a
retrovirus plasmid vector (pDON-5 Neo hTERT vector, pPDON-5 Neo HPV16E6 vector,
pDON-5 Neo HPV16E7 vector, pPDON-5 Neo pHTERT vector, and pDON-5 Neo hBmil
vector).

[0056]

After that, E. coli is transformed according to the conventional procedures by using
the five types of plasmid DNA prepared as described above, and the resulting transformants
are cultured in a COz incubator to obtain the plasmid DNA for the transfection grade.
[0057]

Next, G3T-hi cells are inoculated at 5.5 to 6.5 x 10° cells/dish in desired plates, and
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they are incubated in a 5 % CO> incubator at 37 °C for about 20 to 28 hours. Then, a
desirable amount of a transfection reagent (for example, 0.3 to 0.5 mL of TransIT-293) is
added to the culture dishes. Subsequently, 4 plasmid vectors including either human or pig-
derived TERT are chosen from 5 plasmid vectors obtained as described above. These are
used for co-introduction with both pGP and pE-Ampho (both are the vectors provided as
the appendix of Retrovirus Packaging Kit Ampho), and further cultured under the same
condition as that employed in the preceding conducted culture for 40 to 56 hours for
introduction of the genes into the cells.

[0058]

1.2 Preparation of vector-producing cells

In parallel with the above-mentioned work, recombinant lentiviral vector-producing
cells are prepared. As the example of the cell lines, Lenti-X 293T (Clontech, Code No.
632180) and other commercially available cell lines may be used. In order to culture of
Lenti-X 293T, medium containing both fetal bovine serum and antibiotics may be used. As
these media, there are mentioned such as, for example, minimal medium (MEM), DMEM,
and the like. For example, DMEM (Sigma, St. Louis, MO) containing 5 to 15% fetal
bovine serum (FBS, Hyclone) and 0.5 to 2% antibiotics (penicillin/streptomycin, Gibco) is
preferably used because of cell growth efficiency.

[0059]

For example, the medium, DMEM supplemented with 10 % FBS and 1 %
penicillin/streptomycin, is prepared, and it may be employed as the basic medium. Herein
below, in the specification, the medium is referred to as “293T basal medium”.

[0060]

For example, when Lenti-X 293T is used as the cell strain, the cell suspension
including the cells at 1 to 5 x 10° cells/mL is prepared, and 10 mL of the suspension is
poured into 10 cm dishes. Then, the dishes are incubated in a 5 % CO, incubator for 24
hours. After that, the cells in the dishes are passaged depending on the cell condition until
use. When using the cells, firstly, the culture supernatant of the cells experiencing several
passages are removed. Then, the cells are washed with PBS, and are detached from the
bottom surface of the dish by using commercially available detachment reagent to be

collected. The cell suspension is diluted to 1/3 or 1/5 and desirable volume of the portion is
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taken from the diluted suspension to which trypan blue solution is added to count viable
cell number with a hemacytometer.

The cell suspension at 5 x 10° cells/mL is prepared by adding the basal medium, and
then, for example, the cell suspension is inoculated into dishes so as to be the desirable
concentration and incubated under the desirable conditions. For example, the cells are
placed in the dishes having a diameter of 6 cm so as to 1 to 4 x 10° cells/4mL, and are
incubated in the 5 % CO> incubator at about 37 °C for about 24 hr. The culture supernatant
is replaced with fresh one, and then they are further cultured.

[0061]

It is preferable to use G3T-hi cells (produced by TAKARA Bio), a high expression
cell line of GnT-III as cells for retrovirus preparation, which is generated by introducing
human N-acetylglucosaminyltransferase III (GnT-III) with the hygromycin-resistant genes
into the human kidney-derived cell line 293T (G418 resistant).

[0062]

G3T-hi cells are designed to produce high titer recombinant virus promptly and
transiently by co-introducing an expression vector harboring gag-pol and env genes, and
recombinant retrovirus vector plasmid harboring objective genes with Retrovirus Packaging
Kit Eco or Ampho (both are produced by Takara Bio, product code Nos.: 6160, 6161).
Since G3T-hi cells are derived from 293T cells, it has an introduced T-antigen gene of
SV40, thereby retroviral RNAs are amplified to produce high-titer virus solutions. In
general, the transient expression by using a Retrovirus Packaging Kit gives the solutions
containing 10° to 107 cfu/mL viruses.

[0063]

In G3T-hi cells, glycans on the cell surface are modified by GnT-III. It is assumed
that the glycan on the membrane proteins of the recombinant retroviruses obtained from the
G3T-hi cells are modified by GnT-III, because budding retroviruses wear the host cell
membrane. The glycan modification enhances the affinity of the retrovirus prepared with
the G3T-hi cells to RetroNectin (recombinant human fibronectin filament). Therefore, the
use of RetroNectin as a coating agent for the culture dish highly improves the efficiency of
gene introduction into target cells. In particular, RetroNectin effectively functions for gene

introduction, targeting into hematopoietic cells.
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[0064]

When using the G3T-hi cells, it is preferable to use DMEM containing glucose (4.5
g/L), L-glutamine (584 mg/L), supplemented with 10 % FBS and 1 %
penicillin/streptomycin, instead of 293T basal medium due to the production efficiency of
the retroviruses.

[0065]
1.3 Preparation of the virus vector

Herein below, it is explained by using the lentivirus vector as an example.

The co-transfection is conducted by adding the lentivirus vector plasmids prepared as
described above into the dishes, wherein the cells are cultured as explained above. For such
a co-transfection, commercially available packaging systems, for example, Lenti-X HTX
packaging system (Clontech Laboratories Inc.) and the like may be used. Concrete
procedures may be conducted according to manuals attached to them.

[0066]

After co-transfection, the medium in the dish is replaced with fresh complete medium
and incubated at about 37 °C for 24 to 28 hours. The virus vector is titrated to decide the
harvesting time point, and the culture supernatant including the virus vector is collected
when the virus titer becomes maximal. For the titration of the virus vector, the
commercially available convenient titration kit is used. As the examples of such kits, there
are mentioned such as Lenti-X GoStix (Clontech Laboratories Inc.) and the like.

[0067]

For example, the day after the medium change, the culture supernatant in the petri
dish is collected by using the desired size of a syringe. The collected supernatant is filtrated
to obtain the virus vectors. For example, the supernatant is taken out by using 10 mL of
disposable syringe (Terumo Corporation), and then, it is filtrated by using a filter, for
example, 0.45 um of the filter (MILEX-HV, Millipore limited), attached to the syringe. By
this, the virus vector solution is collected into a tube, for example, 15 mL of a tube.

[0068]

Next, reagents included in the commercially available convenient titration kit are

used to confirm the presence of the recombinant lentivirus vector. For example, the

desirable volume of the virus vector solution, for example, 20 puL, is added to S of the
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Lenti-X GoStix, and Chase Buffer 1 is further added to the solution. Then, the solution is
reacted at the desirable temperature and time period, for example, 10 minutes. The
presence of the recombinant lentivirus vector is confirmed with/without the appearance of
bands.

[0069]

Cells harboring E6E7T plasmid obtained as described above are streaked on agar
plates. Formed colonies on the agar are picked up for plating into the desirable medium, for
example, 2 mL of LB medium containing antibiotics, and then they are vigorously cultured
in a shaker at about 37 °C for 8 hours. Next, the desired amount of cultivated solution of
the cells as described above, for example, about 100 uL, is added into LB medium, for
example, 50 mL of LB medium, supplemented with different antibiotics, for example,
ampicillin. Then, the medium is vigorously cultured in a shaker at about 37 °C for about 14
to 18 hours.

[0070]

By using the commercially available kit, for example, MN NucleoBond Xtra Mid Kit
(Clontech Laboratories Inc.), the amount of plasmid eluted with water is measured.
Together with this procedure, the plasmid is analyzed by using a desirable gel, for example,
about 1 % agarose gel for confirming that the inserted DNA is mutually different. As the
marker for the gel electrophoresis, for example, supercoil DNA ladder, A-Hind II digested
DNA, and the like may be used. As described above, the virus vector is prepared.

[0071]
2. Preparation of mammal stem cells
2.1 Preparation of the swine dental pulp stem cell

Swine jaw (lower jaw having teeth) from the swine of 5 to 6 months old is obtained.
According to the following procedure, swine dental pulp stem cells are obtained from the
swine teeth and the swine lower jaw.

[0072]

Firstly, the swine teeth and the lower jaw are disinfected using an appropriate
disinfection agent such as Isodine. Then, a crown of the tooth is cut in the horizontal
direction by using, for example, a diamond point for a dentist and the like. Then, the dental

pulp is collected from both of the dental crown and dental root portions treated as
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mentioned above by using, for example, a hand scaler for the dentist and the like.
[0073]

Obtained dental pulps are chopped, for example, by using an ophthalmic knife to be
suspended in a predetermined concentration of collagenase solution, for example, 1 to 3
mg/mL, to stand for desired time period, for example, 1 hour, in the incubator at about
37 °C to isolate the cells in a single cell. Then, they are preliminary cultured in desired
medium, for example, DMEM containing 10 % FBS and 1 % Anti-Anti (Antibiotic-
Antimyotic, Invitrogen, Carlsbad, CA) at about 37 °C in a 5 % CO; incubator to obtain the
cells for passage.

[0074]

Until the cells are cultured in the dish to reach sub-confluent, the medium is replaced
2 to 3 times per week. Then, the cells reaching sub-confluent state are detached from the
dish using a detaching agent such as Hepes solution containing 0.05 % trypsin. After that,
the cells are collected by centrifugation under the desirable conditions, for example, at
1,500 rpm for about 3 minutes at room temperature. The obtained cells are transferred into
the fresh medium. Then, desirable amount of the obtained cells, for example, entire

volume, is provided to cell passage.

[0075]
2.2 Preparation for dental pulp stem cells from human exfoliated dens deciduous teeth
Exfoliated or extracted dens deciduous teeth are obtained from healthy children.
These dens deciduous teeth are disinfected by using an appropriate disinfection agent, for
example, Isodine solution, and then the dental pulp tissues are collected in the same as those
for obtaining the swine dental pulp tissues. Obtained dental pulp tissues are digested in the
solution including the desired concentrations of collagenase and dispase, for example, about
3 mg/mL of type I collagenase and about 4 mg/mL of dispase at the desired temperature for
the desired time, for example, about 37 °C for about 1 hour. Next, the solution is filtrated
by using, for example, 70 mm of a cell strainer (Falcon) to separate cells.
[0076]

Thus, filtrated cells are re-suspended, for example, in 4 mL of above-mentioned
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medium, and spread on culture dishes for adherent cell culture with desirable diameter, for
example, 6 cm. Desirable medium, for example, DMEM supplemented with about 10 %
FCS, is added to the dishes and cultured for a desirable period, for example, around 2
weeks in the incubator under the conditions of 5% CO», at 37 °C. Adherent cells formed
colonies, the dental pulp stem cells, are treated with the desirable releasing agent, for
example, about 0.2 mM EDTA containing about 0.05 % of trypsin for a desirable time
period, for example, 5 minutes, at about 37 °C to collect the cells released from the dishes.
[0077]

Next, the adherent cells collected as described above are spread, for example, in the
dishes for the adherent cells (collagen-coat dish), and they are primarily cultured in an
incubator under the conditions of, for example, 5% CO», at 37 °C to obtain primary cultured
cells. When the cells become sub-confluent or confluent by macroscopic observation, the
cells are treated the same as those described above by using the releasing agent to collect
the cells in the dish.

[0078]

After that, the primarily cultured cells are passaged by using the medium at the
desirable concentration, for example, about 1 x 10* cells/cm?. The cells passaged 1 to 3
times are employed in experiments. As described above, human exfoliated dens deciduous
dental pulp stem cells (SHED) may be obtained.

[0079]

Depending on the necessity, the dental pulp stem cells from the swine dens deciduous
dental pulp stem cells as described above and the dental pulp stem cells from the human
exfoliated dens deciduous dental pulp stem cells may be respectively poured into vials to be
cryopreserved -80 °C.

[0080]
3. Preparation of gene-introduced cells
3.1 Gene introduction by the lentivirus vector

The swine dental pulp stem cells and the human dental pulp stem cells obtained as
described above are cultured as mentioned above, respectively. When the cells reached
about 70 to 90 % confluent, they are subjected to mycoplasma check, which is conducted

with a commercially available kit. As a such kit, for example, MycoAlert Mycoplasma
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Detection Kit (Lonza, LT07-318) and the like may be used. Next, the lentivirus vector
prepared as described above infects the cells respectively by using Polybrene reagent.
Then, the cells are selected under the selection pressure of the reagent to obtain the strains
stably expressing the target genes.

[0081]

The culture supernatants of the cells cultured as described above are removed, and
then the cells are washed, for example, with PBS (pH 7.4), respectively. After that, the
cells are detached from the dishes using a desirable releasing agent, and then collected,
respectively. As the releasing agent, for example, StemPro (Registered trademark: GIBCO)
may be used for the swine dens deciduous dental pulp stem cells; and trypsin - EDTA and
the like may be used for human dental pulp stem cells.

[0082]

Obtained cells are counted according to the conventional method, and then they are
spread into each well of the plate, for example, a 6-well plate with tissue culture treatment
(T.C. treatment) (CORNING) so as to be about 1 x 10° cells/well. They are incubated in
the CO; incubator at about 37 °C for about 24 hours to confirm even distribution of the cells
in the well.

[0083]

After that, the culture supernatants are removed. The desired volume of the desired
medium containing the desired concentration of Polybrene, for example, the desirable
amount of DMEM containing about 8 pg/mL of Polybrene and about 10 % of FBS, is
added for the dental pulp stem cell of the swine dens deciduous dental pulp stem cells at
750 pL/well. Next, the lentivirus vector solution described above is added into each cell,
for example, at about 250 puL/well.

[0084]

When the human dental pulp stem cell of the dens deciduous teeth is used, DMEM
containing the same amount of Polybrene and FBS is added into the wells at a desirable
amount, for example about 1.2 mL/well. Then, the lentivirus vector solution is added to
each well at the desirable amount, for example, about 400 puL/well.

[0085]

Each well of the plate to which the virus vectors are added as described above is
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centrifuged under the desirable conditions such as at about 1,000 x g for about 30 minutes,
at about 32 °C for virus infection to the cells. After that, they are cultured under the
desirable conditions such as at about 37 °C in a CO» incubator for about 4 to about 6 hours;
and a desirable volume of the fresh culture medium, for example, about 1 mL/well, is added
into each well. Then, they are cultured under the desirable conditions, for example, at

37 °C in the CO> incubator for about 24 hours to conduct the gene introduction.

[0086]

3.2 Selection under the presence of the agents

The culture supernatants of the cultured stem cells (namely, the swine dental pulp
stem cells and human dental pulp stem cells), which are cultured as described above, are
removed from each well of the culture plate. Then, the desirable concentration of the
agents for selection, for example, selection medium containing either about 0.4 mg/mL or
about 0.8 mg/mL of GENETICIN (G418, GIBCO) is added into each well in a desirable
volume, for example, about 2 mL/well to exchange the culture medium. After that, the
cells are cultured for a desirable period, for example, about 3 to 5 days exchanging the
culture medium for selecting the gene-introduced cells.

[0087]

A portion of the cultured cells is subjected to cloning, and the remains are
successively cultured in the selection medium as pool cells. The cloning may be conducted
as follows.

The selection medium without antibiotics, for example, the medium without
penicillin, streptomycin, and G418 is used for dilution of the cells to a desirable
concentration, for example, either about 1 x 10° cells/4 mL or about 5 x 10° cells/4 mL.
They are plated in each dish and are incubated at about 37 °C in the CO> incubator for
about 24 hours. Formed colonies are marked from the rear side of the dish until they reach
the desirable number, for example, about 100. Then, the culture supernatant in the well is
removed, followed by washing the cultured cells with PBS. Cloning rings are set in the
dishes and the cells in each colony which are detached by the releasing agent are
respectively spread at a desirable amount in each well in a 48-well plate, containing the
desirable volume of the medium, for example, about 1 mL.

[0088]
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3.3 Preparation of total RNA

In order to confirm the gene expression, total RNA is prepared with, for example,
NucleoSpin RNA I (a kit provided by MACHEREY- NAGEL). It is preferable to use the
buffers, the ring filter, and the like employed below, which are included in the kit, and to
conduct the procedure according to the manual provided in the kit due to obtaining total
RNA with high purity.

[0089]

Cell lysate is prepared by lysing a cell pellet being prepared from the desirable
number of cells, for example, about 5 x 10° cells in the collection tube. The lysate is poured
onto the ring filter with a purple color, and then, it is centrifuged under the desirable
conditions, for example, at about 11,000 x g for about 1 minute. After the centrifugation,
the filter was discarded, and then, the desirable amount of ethanol, for example, about 350
uL of about 70 % ethanol is added into the collection tube. Then, they are mixed with
pipetting in desirable numbers such as about 5 times in the tube.

[0090]

Next, the desirable amount of the obtained solution, for example about 700 pL, is
loaded on the ring column with a pale blue color set in the collection tube. Then, the tube is
centrifuged under the desirable conditions such as about 11,000 x g for about 30 seconds to
bind RNA. After the centrifugation, the column is set in the new collection tube. Then, the
desirable reagent such as about 350 uL. of MDB is added into the tube; and then it is
centrifuged under the desirable conditions such as at about 11,000 x g for about 1 minute
for desalination.

[0091]

After the centrifugation, the DNA reaction mixture is prepared by mixing lightly, for
example, the desirable amount, 10 pL. of rDNase, and the desirable amount of DNase
reaction buffer, for example, about 90 uL.. The desirable amount of the mixture, for
example, about 95 pL is added to the column, and incubated under the desirable conditions,
for example, at room temperature for about 15 minutes to digest DNA therein.
Subsequently, the desirable amount, for example, 200 pL of buffer RA2 is added to the
column and they are centrifuged under the desirable conditions such as about 11,000 x g at

about 30 seconds to wash out. Subsequently, the column is set in the new collection tube,
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and the desirable amount such as about 700 pL of buffer RA3 is added to the column for
further centrifugation under the desirable conditions such as about 11,000 x g for about 30
seconds.

[0092]

Subsequently, the eluted solution in the collection tube is discarded, and the desirable
amount, for example, about 250 uL of the buffer RA3 is again added to the column for the
centrifugation under the desirable condition, for example, at about 11,000 x g for about 2
minutes. Then, a silica membrane of the column is air-dried. The column is set in the
desirable size such as about 1.5 mL of the collection tube, and the desirable amount of
RNase-free water, for example, about 60 pL, is added to the column. Then, the column is
centrifuged under the desirable conditions such as about 11,000 x g for about 1 minute to
obtain the total RNA sample.

[0093]
3.4 Reverse transcription

The total RNA sample obtained as described above is subjected to reverse
transcription. Subsequently, it is subjected to real-time PCR to obtain PCR products. In
order to conduct the reverse transcription, for example, a commercially available kit such as
PrimeScript RT reagent Kit (Perfect Real-time, TaKaRa Bio) is used, and reverse
transcription is conducted according to the manual attached thereof.

[0094]

The real-time PCR is conducted by using the commercially available kit, for
example, SYBR Premix Ex Taq and the like. Also, as the standard genes used here, there
are mentioned, for example, swine f-actin, human p—actin and the like. As primers, there
are mentioned, for example, those listed in the SEQ ID Nos. 7 to 12 are prepared for use.
[0095]

Firstly, Premix for real-time PCR is prepared by mixing the desirable amount of
followings: for example, about 350 puL of SYBR Premix Ex Taq II (x2), about 28 puL of
Primer mix, and about 266 pL of redistilled water. Next, the desirable amount, for
example, about 23 pL. of the Premix is poured into each tube for real-time PCR, and about 2
uL of the template cDNA is added into each tube. Then, real-time PCR is conducted under

the desirable conditions, for example, at about 95 °C for about 30 seconds, about 40 cycles
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of about 95 °C for about 5 seconds and subsequent about 60 °C for about 30 seconds.
Subsequently, amplified products are denatured under the desirable conditions, for
example, at about 95 °C for about 15 seconds, at about 60 °C for about 30 seconds, and at
about 95 °C for about 15 seconds to obtain a melting curve. For the human dental pulp
stem cells, the same procedures are conducted.

[0096]

Based on the standard curve prepared as described above, the expression levels of the
genes in the cells, wherein the genes are introduced by using each virus vector, are
obtained. By calibrating with internal standard genes, accurate results are obtained.

[0097]

In each gene-introduced stem cell, it is confirmed that the introduced genes are
expressed. By the confirmation, the introduction efficiency of the genes by using each
plasmid is obtained. Next, the gene-introduced cells (hereinbelow, they are sometimes
referred to as “introduced-gene stably expressing cell population” or “pool cells”.) are
subjected to single cell cloning.

[0098]

Firstly, the pool cells are plated in the desirable size dish with the desirable numbers,
for example, into the dish having 60 mm diameter with about 1 x 10* cells/dish, and they
are cultured in a COz incubator at the desirable temperature and time period, for example, at
37 °C for 24 hours. After that, the culture supernatant is exchanged to the growth medium
containing the selection reagents described above, and further continued to culture to form
colonies. Every formed colony is individually detached using both the cloning ring and the
releasing agent, and then they are spread on a desirable plate, for example, a 24-well plate.
[0099]

After growing the spread cells, they are grown in the culture dishes and the like to
culture in larger scale. By this, the cells which express the introduced-gene stably are
obtained as single clones. Next, the obtained clone is cultured for growth as described
above to obtain total mMRNA. The obtained total RNA is used as the template for reverse
transcription by using a desirable kit, for example, PrimeScript RT reagent Kit to obtain
template cDNA.

[0100]
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After that, real-time PCR is conducted similarly to those described above; for
example, by using cDNA (the reverse transcription products) as the template, SYBR
Premix Ex Tagqll (Tli RNaseH Plus) as described above, and the primers (specific primers
for the transduced genes or the internal standard genes respectively, for example, the
primers shown as SEQ ID NO. 7 to 12).

[0101]

Ct value, which is calculated from the secondary differentiation curve of the real-time
PCR, is plotted on the X-axis, and the relative total RNA value is plotted on the Y-axis to
prepare the standard curve to determine the amounts of each gene expression. The relative
expression values of the introduced genes expressed in the swine dental pulp stem cell or
those derived from human dental pulp stem cells are obtained, when the expression
amounts thereof on pool cells are set as 1. By this, it is confirmed that whether entire
introduced genes are expressed or not, and their expression amounts, which are used for the
selection of objective clones.

[0102]

As described above, both the immortalized stem cell population and the clones
therefrom, which are cloned from the immortalized stem cells therefrom, are obtained.

A certain transformant is selected from the obtained transformants, for example,
ampicillin is used to obtain ampicillin -resistant (herein below referred to as “Amp+”)
transformant. Then, the Amp+ transformant is purified, and identified by analyzing
restricted enzyme sites. Next, the recombinant adenoviruses are digested with Pacl to
obtain their fragments, which are used to transfect to HEK293 cells for amplification
thereof; and then the viruses described above is titrated. According to the conventional
method, the virus is purified and transfected to the target cells, dental pulp stem cells.
[0103]

The virus-transfected HEK293 cell population is stained with FITC according to the
conventional method to detect STRO-1-positive cells among the population by using the
flow cytometer. STRO-1 is considered as the maker of MSCs having the pluripotent
capability in bone marrow, and it is an index of cell immortalization. By following the
protocol as described above, the immortalized stem cells derived from dental pulp are

obtained.
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[0104]

Next, the obtained immortalized stem cells are cultured in the basal medium
described above, for example, DMEM supplemented with 10 % FBS under the conditions
of 5 % COz and 37 °C for 24 to 48 hours to obtain the conditioned medium. The
conditioned medium is collected by using a pipette such as the Komagome pipette.

[0105]

The immortalized stem cells secret growth factors such as Insulin-like growth factors
(IGFs), Vascular Endothelial Growth Factor (VEGF), Tissue Metalloproteinase Protein
(TIMP), Hepatocyte Growth Factor (HGF), and the like into the culture medium. Here, the
term, “growth factor”, is a generic name of polypeptides to promote cell division, to alter
the cell morphology, or to enlarge the cells. The factors vary depending on the origin of the
production cells. They are classified into groups such as Epidermal growth factor (EGF),
fibroblast growth factor (FGF), nerve growth factor (NGF), and tumor growth factor
(TGF), and the like.

[0106]

Furthermore, the receptors on the cell membrane of each cell have tyrosine kinase
activity. Upon binding growth factors, they phosphorylate tyrosine residues in proteins,
which is a trigger of cell proliferation, differentiation, and the like. Some examples that the
growth factors function as mesoderm inducers during ontogeny are known. Also, some
examples that lymphokines, which regulates immune system, function as the mesoderm
inducers during ontogeny are known. These growth factors may be determined by using
ELISA or microarray method, both of which are publicly known.

[0107]

IGF is a polypeptide of which sequence is highly similar to that of insulin, and cause
reactions such as mitosis induction similar to those of insulin in cell culture. They are also
known to affect neuronal growth. VEGF is a member protein of glycoprotein group
relating to vasculogenesis for forming new vascular in the area without blood vessels; and
angiogenesis for forming blood vessels by branching and elongating from already existing
blood vessels in the embryonic stage. HGF has a variety of bioactivities against
hepatocytes and other cells such as promoting cytotropism, anti-apoptosis (cell death),

induction of morphogenesis, angiogenesis, protection and regeneration of other tissues and
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organs.
[0108]

The conditioned medium containing the growth factor is obtained by culturing each
stem cell described above, for example, in DMEM supplemented with 15 % FCS at 37 °C
for the desirable time period. Note that the conditioned medium of the stem cells contains
not only IGF, VEGF, and HGF, but also other many proteins.

[0109]

15 mL portion of the obtained conditioned medium are placed into an Amicon Ultra
Centrifugal Filter Units-10K (Millipore) and is concentrated to 200 pL by centrifugation at
4,000 x g for about 60 minutes. Next, equal volume of the sterilized PBS to that of the
conditioned medium is added into the tube, and then it is centrifuged at 4,000 x g for about
60 minutes again to replace the solvent to PBS. 200 pL portion of the obtained solution is
collected into a micro test tube as the concentrated stem cell conditioned medium.

[0110]

Instead of the method using the Amicon, ethanol precipitation may be used for
concentration of the medium. For example, 45 mL of 100 % ethanol is added to 5 mL of
the conditioned medium and mixed together, and then stood at -20 °C for 60 minutes. After
that, the mixture is centrifuged at 15,000 x g at 4 °C for 15 minutes, and then the
supernatant is discarded.

Next, for example, add 10 mL of 90 % ethanol to the residue in the tube, and mixed
together well, and it is centrifuged again at 15,000 x g for 5 minutes at 4 °C. The
supernatant is removed, and the resulting pellet may be dissolved in, for example, 500 pL
of sterilized water. After dissolution, the entire volume thereof is collected into the micro-
test tube as the concentrated stem cell conditioned medium. By lyophilizing the culture
supernatant obtained as described above according to the conventional method, a
composition for the treatment of demyelinating diseases and peripheral neuropathy,
prepared for use, may be obtained in a particle powder form.

[0111]

The composition is preferable to regenerate myelin sheath or to induce the

proliferation of Schwann cells, because the composition cures or alleviates demyelination

diseases and peripheral nerve disorders. Here, “Schwann cells” are cells that exist around
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peripheral nerve cell axons and cover both of the axons and axon terminals. "Myelin
(myelin)" is a structure formed by Schwann cells wrapping around the nerve cell axon and
assists the nerve cells' electrical signal transmission through an insulating effect. In
addition to the insulating effect, it is also known that cytokines secreted by Schwann cells
are involved in neuronal regeneration. Schwann cells may be obtained by primary culture
from various experimental animals or by purchasing commercially available cell lines such
as IMS32, IFRS, or the like.

[0112]

As the immortalized mesenchymal stem cells, there are mentioned such as dental
pulp stem cells, bone marrow mesenchymal stem cells, adipose mesenchymal stem cells,
umbilical cord and cord blood mesenchymal stem cells, and the like. However, dental pulp
stem cells are preferably used, because they have high capability to differentiate into
nerves. In particular, deciduous teeth are preferably used, because the large number of
undifferentiated cells are obtained from them and have high efficacy of regeneration of the
pulp sheath or Schwann cells mentioned above.

[0113]

The composition induces regeneration of myelin sheath or proliferation of Schwann
cells obtained as described above (hereinafter sometimes simply referred to as
"composition for regeneration"). Among them, it comprising at least an ingredient acting
on the receptor c-MET of hepatocyte growth factor (HGF) is preferably used, because HGF
and the like activate Schwann cells to promote regeneration of peripheral nerves.

[0114]

It is preferable that the pharmaceutical preparation for the treatment of demyelinating
diseases and peripheral neuropathy of the present invention comprises the above-mentioned
composition for regeneration as an active ingredient because of its high therapeutic effect.
It is also preferable that the content of the composition for regeneration is from 10 to 90%
by weight, when the total weight of the preparation is 100%. It is further preferable that the
content thereof is from 25 to 75% by weight, when the total weight of the formulation is
100%.

[0115]

The pharmaceutical preparations is preferably used for demyelinating diseases or
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peripheral neuropathy; demyelinating diseases is caused by autoimmune reactions, wherein
the immune cells such as the antibodies against pathogens or T cells induced from the
infection react to both of own myelin sheaths and axons, or peripheral neuropathy as a side
effect caused by the treatment for other diseases. As examples of the demyelinating
diseases, there are mentioned such as Guillain-Barré syndrome, Fisher syndrome, chronic
inflammatory demyelinating polyradiculoneuropathy, MAG antibody-positive neuropathy,
multifocal motor neuropathy, diabetic neuropathy, postherpetic neuralgia, and the like. The
pharmaceutical preparations are also preferably used for peripheral neuropathy as a side
effect of the treatment of other diseases such as those induced by chemotherapy for cancer.
[0116]

The dosage formulation of the pharmaceutical preparation is not limited. Depending
on the dosage form, the active ingredient are mixed with appropriate pharmacologically
acceptable excipients, fillers, lubricants, pH adjusters and the like, or absorption enhancers,
base materials to formulate a powder, a tablet, a capsule, a liquid, an injection, and plaster
form. To prepare such formulations, the regenerative compositions may be prepared as a
lyophilized powder. Depending on the necessity, also it may be made as a sustained-
release formulation. As describe above, the pharmaceutical formulations of the invention

may be manufactured.

Examples
[0117]
The present invention is specifically described by using Examples in below.
However, the scope of the invention is not limited to the following Examples.
[0118]
(Example 1) Preparation of virus vectors for producing immortalized SHED
1. Preparation of vectors for introducing adenovirus
(1) Reagents
(1-1) Reagents for plasmid extraction
Kanamycin (Kan), ampicillin (Amp), LB liquid medium and LB agar medium,
glycogen, agarose, sterile water, ammonium acetate, sodium acetate, sodium dodecyl

sulfate, and RNase A were used. 50 mg/mL of kanamycin (Kan) solution and ampicillin
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(Amp) solution were prepared and stored at -20 °C as stock solutions. Glycogen was
prepared at 20 mg/mL of solution; 10 mg/mL RNase A solution was prepared and stored at
-20 °C. 10 M (saturated) ammonium acetate (NH4OAc) solution and 3 M sodium acetate
(NaOAc; pH 5.2) solution were prepared.
[0119]
(1-2) Restriction enzymes and the like

All of E. coli Competent Cells (Supercharge EZ10 Electrocompetent Cells, product
code 636756), Swa I (product code 1111A, Smi I is the equivalent), Xho I (product code
1094A), T4 DNA Ligase (product code 2011A) NucleoBond Xtra Midi (product code
740410.10/.50/.100), NucleoSpin Plasmid (product code 740588 10/50/250) were
purchased from Takara Bio Inc. Pac I was purchased from New England Biolabs.
[0120]
(1-3) Bufters

1 x TE Buffer (10 mM Tris-HCI [pH 8.0] containing | mM EDTA), phenol:
chloroform: isoamyl alcohol (25:24:1), saturated with 100 mM Tris-HCI (pH 8.0,
hereinafter referred to as "PCI mixture") are prepared. Ethanol is used either at 100% or
70% concentration. The following buffers 1-4 are prepared for purification of pAdeno-X
plasmid DNA which is used in mini-scale recombination.
0121]

Buffer 1: 10 mM EDTA and 25 mM Tris-HCI (pH 8.0) including 50 mM glucose
(stored at 4 °C after autoclave)

Buffer 2: 0.2 M NaOH including 1 % SDS (prepared immediately before use, sealed
and stored at room temperature)

Buffer 3: 5 M KOACc (stored at 4 °C after autoclave)

Buffer 4: 10 mM Tris-HCl including 1 mM EDTA and 20 pg/mL RNase (pH 8.0)
(add RNase immediately before use. Store at -20 °C)
[0122]
(2) Purification of adenovirus and reagents for -gal assay

Human HEK293 cells (ATCC #CRL1573) transformed with human type 5
adenovirus are used. HEK293 cells are cultured in a complete medium. The composition

of the complete medium is Dulbecco’s Modified Eagle’s Medium (DMEM, basic medium)
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supplemented with 100 units/mL sodium penicillin G, 100 pg/mL streptomycin, 4 mM
glutamine and 10% FBS. Sodium Penicillin G solution is prepared at 10,000 units/mL, and
streptomycin sulfate solution at is prepared at 10,000 pg/mL, and then both of them are
stored as stock solutions. For culture, 60 mm diameter plates, 100 mm diameter plates, 6-
well plates, T75 and T175 flasks are used.

[0123]

Trypsin-EDTA (product code CC-5012) is purchased from Takara Bio Inc.
Phosphate buffered saline (PBS, Ca*" and Mg?" free) and Dulbecco's phosphate buffered
saline (DPBS, Ca*" and Mg®" contained) are prepared. In addition, 0.33% neutral red
staining solution and 0.4 % trypan blue staining solution are used. -gal assay is performed
by using Luminescent 3-gal Detection Kit II (product code 631712, Takara Bio Inc.).
[0124]

(3) Preliminary experiments
(3-1) Construction of a recombinant adenovirus vector containing lacZ (pAdeno-X-lacZ)

After thawing and removal of DMSO, HEK?293 cells are resuspended in 10 mL of the
complete medium described above, and then the entire volume thereof is transferred to a
100 mm diameter culture plate. After the HEK293 cells adhere to a bottom of the plate, the
culture medium is removed, and then the cells are washed once with sterile PBS. After
that, the cells are treated with 1 mL of trypsin-EDTA solution for approximately 2 minutes.
Next, 10 mL of the complete medium is added to stop the trypsin reaction, and the cells are
gently suspended. Viable counts of the solution are performed, and 10° cells are transferred
to a 100 mm diameter plate containing 10 mL of culture medium and spread evenly.

[0125]

Using pShuttle2-lacZ (a positive control vector included in Adeno-X Expression
System 1) and the Adeno-X Viral DNA (PI-Sce I and I-Ceu I digested) included in the kit,
recombinant adenovirus containing lacZ is constructed according to the protocol included
in the kit. The target cells, SHED, are infected and assayed for -galactosidase expression
to confirm that the vector is constructed.

[0126]
(3-2) Construction of recombinant pShuttle 2 plasmid

Before construction of the recombinant pShuttle 2 Vector (herein below referred to as
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“rpShuttle 2 Vector”), E. coli DH5a are transformed both with the pShuttle 2 Vector and
pShuttle 2-lacZ Vector included in the kit. Obtained transformants are selected on LB agar
plates containing 50 pg/mL kanamycin (herein below referred to as “LB/Kan”). Bacteria
cells picked up from a single colony are fractionated onto new LB/Kan, and then the plates
are incubated overnight at 37°C.

[0127]

Next, hTERT, bmi-1, HPV-E6, and HPV-E7 are cloned into pShuttle 2 by using the
following procedure. The pShuttle 2 Vector is digested with the appropriate restriction
enzyme for these genes. Referring The pShuttle 2 Vector Information Packet (PT3416-5)
provided with the kit, the multicloning sites matching the DNA to be inserted are
determined. The restriction enzyme-treated plasmid is treated by alkaline phosphatase to be
purified.

[0128]

According to the conventional method, target DNA fragments are prepared and
purified. The restriction enzyme-digested vector is ligated with the gene fragments, and
DHS5a cells (competent cells) are transformed with the ligation product. A portion of the
competent cells is taken out and transformed with the control vector pShuttle2-lacZ Vector
included in the kit to use as the positive control.

[0129]

The mixture containing transformed E. coli is inoculated onto LB/Kan agar plates to
select transformants (colonies) resistant to kanamycin (Kanr). From 5 to 10 of Kan-
resistant clones are selected; and then inoculated onto a small amount of liquid medium for
amplification thereof. After confirming that these clones harbored the rpShuttle 2 Vector,
they are incubated overnight. The constructed plasmid DNA is then purified according to
the conventional method using a commercially available silica adsorption column.

[0130]

The plasmid DNA is digested with restriction enzymes and subjected to 1% agarose
gel electrophoresis to identify the recombinant plasmid of interest. The direction and
insertion site of the inserted fragment are confirmed by sequencing, and the positive clone
is identified. Recombinant pShuttle 2 plasmid DNA (hereinbelow, referred to as “rpShuttle
2 plasmid DNA”) is directly transfected into target cells, and subjected to preliminarily
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check of the expression of the target protein by using Western blotting.
[0131]
(3-3) Double digestion of rpShuttle 2 plasmid DNA with PI-Sce I/I-Ceu I

The expression cassette of the transgene is excised from the rpShuttle2 plasmid DNA
prepared as described above by using both PI-Sce I and I-Ceu I. The excised expression
cassette is incorporated into Adeno-X Viral DNA according to the in vitro ligation method
described in the protocol provided with the kit. 30 ul of PI-Sce I/I-Ceu I-double digestion
solution of rpShuttle 2 plasmid DNA is prepared and mixed with the reagents listed in
Table 1 in a 1.5 mL sterile microcentrifuge tube.

[0132]
[Table 1]
Amount (uL)
Reagents etc., Tube 1 Tube 2 (lacZ control)
Sterilized water 19.5 19.5
10 x double digestion solution 3.0 3.0
rpShuttle 2 plasmid DNA (500 ng/uL) 2.0 -
pShuttle 2-lac Z plasmid (500 ng/uL) - 2.0
PI-Sce I (1 unit/uL) 2.0 2.0
I-Ceu I (5 unit/uL) 0.5 0.5
10 x BSA 3.0 3.0
[0133]

Next, after thorough mixing of the solution, it is poured into microcentrifuge tubes.
They are lightly centrifuged, and then incubated at 37 °C for 3 hours. After the double
digestion, the reaction solution (5 pL) is run along with 1 kb ladder (DNA size marker) on a
1% agarose/EtBr gel.
[0134]
(3-4) Phenol : Chloroform : Isoamyl alcohol extraction

70 pL of 1 x TE Buffer (pH 8.0) and 100 puL of PCI mixture are added to the
remainder of the double digestion solution described above (25 pL) in the centrifuge tube,
and thoroughly stirred by vortex. Then, the samples are centrifuged at 14,000 rpm for 5
minutes at 4 °C using a microcentrifuge. The aqueous layer is transferred to a clean 1.5-mL
microcentrifuge tube. To this, 400 pL of 95% ethanol, 25 pL of 10 M ammonium acetate,

and 1 pL of glycogen (20 mg/mL) are added and thoroughly stirred by vortex.
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[0135]

Next, the mixed solution is centrifuged at 14,000 rpm for 5 minutes at 4 °C, the
supernatant is removed by aspiration, and a pellet is obtained. To this pellet, 300 pL of
70% ethanol is added and centrifuged at 14,000 rpm for 2 minutes at room temperature.
The supernatant is carefully removed by aspiration, and the pellet is air-dried at room
temperature for approximately 15 minutes.

After the pellet is dried, it is dissolved in 10 pL of sterile 1 x TE Buffer (pH 8.0) and
stored at -20 °C until use.

[0136]
(4) Construction of recombinant Adeno-X plasmid DNA
(4-1) Subcloning of expression cassettes to Adeno-X virus genome

The reagents listed in Table 2 below are placed in 1.5-mL sterile microcentrifuge
tubes sequentially as listed, and then mixed gently, centrifuged gently, and incubated at 16
°C overnight.

[0137]
[Table 2]
Reagents etc., Amount (uL)
pShuttle 2 plasmid DNA digested by PI-Sce I/I-Ceu 2.0
pShuttle 2-lac Z plasmid DNA digested by PI-Sce I/I-Ceu | -
Sterilized water 3.0
10 x DNA Ligation Buffer 1.0
Adeno-X Viral DNA (250ng/uL) 3.0
DNA Ligase (1 unit/uL) 1.0
Total Amount 10.0
[0138]

To each sample, 90 puL of 1 x TE Buffer (pH 8.0) and 100 pL of PCI mixture are
added and gently stirred by vortex. The mixed solutions are centrifuged at 14,000 rpm for 5
minutes at 4 °C, and the aqueous layers thereof are transferred to clean 1.5-mL
microcentrifuge tubes. 400 pL of 95% ethanol, 25 pL. of 10 M ammonium acetate, and 1
uL of glycogen (20 mg/mL) are added to the tubes and gently stirred by vortex.

[0139]
The tubes are centrifuged at 14,000 rpm for 5 min at 4 °C, the supernatants are

removed by aspiration to obtain the pellet. The following ethanol precipitation procedure is



38

performed in the same manner as described above (3-4). After the pellet dried, they are
dissolved in 15 pL of sterile deionized water.
[0140]
(4-2) Digestion of recombinant Adeno-X plasmid DNA by Swa I
The digestion solution shown in Table 3 below is prepared and added to each sample

in the centrifuge tubes, and they are incubated at 25 °C for 2 hours.

[0141]
[Table 3]
Reagents etc., Amount (uL)
Ligation product 15.0
10 x Swa I Digestion Buffer 2.0
10x BSA 2.0
Swa I (10 units/uL) 1.0
Total Amount 20.0
[0142]

To each sample, both of 80 uL of 1 x TE Buffer (pH 8.0) and 100 pL. of PCI mixture
are added and gently stirred by vortex. The microcentrifuge tubes are centrifuged at 14,000
rpm for 5 minutes at 4 °C. The following ethanol precipitation procedure is performed as in
(3-4) above, and the pellet lysate is stored at -20°C until use.
[0143]
(4-3) Verification of E. coli transformation by using the recombinant Adeno-X plasmid
DNAs

Competent cells for electroporation (E. coli) are transformed with the Swa I digestion
product obtained in (4-2) described above using Supercharge EZ10Electrocompetent Cell
(product code 636756). Obtained transformation mixtures are inoculated on the agar plates
with LB medium plus ampicillin (final concentration 100 pg/mL) (herein below referred to
as “LB/Amp agar plates”) and incubated at 37 °C overnight. Approximately 10° colonies
as ampicillin-resistant (Ampr) transformants, were obtained. The obtained colonies are
checked with the Adeno-X System PCR Screening Primer Set provided with the product.
[0144]

Bacteria cells from the single colony are inoculated into 5 mL of fresh LB/Amp
liquid medium and incubated overnight. The next day, Adeno-X plasmid DNA is purified

according to the mini-scale method described below.
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[0145]
(5) Mini-scale preparation of recombinant Adeno-X plasmid DNA

5 mL of the culture medium in logarithmic growth phase in a tube is centrifuged at
14,000 rpm for 30 seconds and the supernatant is removed. The pellet is centrifuged again
at 10,000 rpm for 1 minute and the supernatant is removed using a micropipette. Here, 150
uL of the buffer 1 is added and gently pipetted to resuspend the cells. Then, 150 pL of
Buffer 2 is added into the tube, which is mixed by gentle inversion, and left on ice for 5
minutes. To the cooled cell suspension, 150 pL of Buffer 3 is added and mixed again by
inversion, and then left on ice for 5 minutes.

[0146]

The cell suspension is centrifuged at 14,000 rpm for 5 minutes at 4 °C, and the clear
supernatant is transferred to the clean 1.5-mL centrifuge tube. To the supernatant in the
tube, 450 puL of PCI mixture is added, and the mixture is inverted and then stirred. After
that, the mixture is centrifuged at 14,000 rpm for 5 minutes at 4 °C, and the aqueous layer is
transferred to the clean 1.5-mL microcentrifuge tube.

[0147]

The following ethanol precipitation procedure is performed as in (4-1) above, and the
pellet lysate is stored at -20 °C until use. The target rDNA is identified by restriction
enzyme analysis and PCR as described below.

[0148]
(6) Restriction enzyme site analysis for the obtained rAdeno-X plasmid DNA

Both of PI-Sce I and I-Ceu I are used for the analysis. Restriction enzyme treatment
is performed by adding the reagents listed in Table 4 below and 30 pL of PI-Sce I/I-Ceu I
double digestion reaction solution to the 1.5-mL sterile microcentrifuge tube, stirring
thoroughly, and then to collect the content by light rotation. After that, the tube is
incubated at 37 °C for 3 hours for restriction enzyme treatment. After this treatment, the
reaction solution is run on a 1% agarose/ethidium bromide (EtBr) gel.

[0149]
[Table 4]
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Reagents etc., Amount (uL)
Sterilized water 19.5
10 x double digestion solution 3.0
rpAdeno-X DNA (500 ng/uL) (500 ng/uL) 2.0
pShuttle 2-lac Z plasmid (500 ng/uL) -
PI-Sce I (1 unit/uL) 2.0
I-Ceu I (5 unit/uL) 0.5
10 x BSA 3.0
Total Amount 30.0

[0150]
(7) Production of recombinant adenoviruses
(7-1) Preparation of rAdeno-X plasmid DNA for HEK293 cell transfection
The reagents listed in Table 5 below are mixed in the 1.5-mL sterile centrifuge tube,
and then it is lightly centrifuged with the microcentrifuge. The tube is then incubated at 37

°C for 2 hours for Pac I restriction enzyme treatment of rAdeno-X plasmid DNA.

[0151]
[Table 5]
Reagents etc., Amount (uL)
Sterilized water 20
pAdeno-X plasmid DNA (500 ng/uL) 10
10 x Pac I Digestion Buffer 4
10 x BSA 4
Pac I (10 units/ulL) 2
Total Amount 40
[0152]

60 pL of 1 x TE Buffer (pH 8.0) and 100 pL of PCI mixture are added to the tube,
and it is gently stirred by vortex, and then centrifuged at 14,000 rpm for 5 minutes at 4 °C
with the micro centrifuge. The aqueous layer is carefully transferred to the clean 1.5-mL
sterile centrifuge tube.

[0153]

The following ethanol precipitation procedure is performed as in (3-4) above, and the
pellet solution is stored at -20 °C until use.

(7-2) Transfection of Adeno-X plasmid DNA digested by Pac I to HEK293 cells

24 hours prior to transfection of the plasmid DNA, HEK293 cells are inoculated so as
to become a cell number about 1 to 2 x 10° (approximately 100 cells/mm?) per 60-mm

diameter culture plate, and then the plates are incubated at 37°C in the presence of 5% CO>
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to reach.
[0154]

HEK293 cells in each culture plate are transfected with 10 pL. of Adeno-X plasmid
DNA digested by Pac I according to the conventional transfection method (CalPhos
Mammalian Transfection Kit product code 631312, Takara Bio Inc.). Cytopathic effect
(CPE) appearance in the plate is checked from the day after transfection. After 1 week,
cells adhering to the bottom or side wall inside the culture plate are released therefrom by
gentle agitation. The resulting cell suspension is transferred to a 15-mL sterile conical
centrifuge tube and centrifuged at 1,500 x g for 5 minutes at room temperature.

[0155]

The obtained precipitate is suspended in 500 pL of sterilized PBS in the tube. The
freeze-thaw procedure is repeated three times by freezing the suspended cells in dry
ice/ethanol and thawing them in a 37 °C thermostatic chamber to obtain a cell lysate. The
lysate is then lightly centrifuged to remove floating materials, and the supernatant is
transferred to another sterilized tube for immediate use. The portion not used immediately
is stored at -20 °C. 250 pL portion of the lysate is added to the cultured cells in a 60-mm
plate and the culture was continued. Adenovirus titer is determined using the anti-Hexon
antibody contained in the Adeno-X Rapid Titer Kit (product code 631028, Takara Bio Inc.)
according to the instruction manual for the kit (PT3651-1).

[0156]
(7-3) Amplification of viruses for preparing high titer viruses

Approximately 24 hours before starting this titer assay, HEK293 cells are inoculated
into a T75 flask and cultured overnight at 37 °C in the presence of 5% COz to 50 to 70%
confluency.

Next day, the cells are infected with MOI = 10 in a flask, by replacing the medium
with a fresh medium containing the virus. After 90 minutes of incubation at 37 °C in the
presence of 5% COz, and then, 10 mL of medium is added to the flask.

[0157]

The cells are incubated at 37 °C in the presence of 5% CO; for 3-4 days to confirm

CPE. When 50% of the cells are detached, the cell suspension is made as described above

and transferred to the 15-mL sterilized conical centrifuge tube. The cells are lysed by the
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same freeze-thaw procedure as above. By using the Adeno-X Rapid Titer Kit (product
code 631028), the determined titer was 10’ PFU/mL. Western blotting is performed to
verify that the packaged adenovirus genome has copies of the transcription unit specific for
the target gene in a functional form.

[0158]

(8) Adenovirus infection to target cells

(8-1) Infection to target cells

24 hours before infection, SHEDs are inoculated on a 6-well plate at 1 x 10° cells per
well. The day after inoculation, the medium in the well are removed and 1.0 mL of the
medium containing the virus is put on the center of each well. The medium solution is
spread evenly throughout the monolayer formed by SHEDs.

SHED:s are infected with the viruses by 4 hour incubation at 37 °C in the presence of
5% COz. Fresh medium is then added to each well and the plate is further incubated at 37
°C in the presence of 5% CO,. The expression of the transgene is time-dependently
analyzed from 24 to 48 hours after infection.

[0159]
(8-2) Expression analysis of B-galactosidase in the infected cells

Expression of B-galactosidase in AdenoX-lacZ-infected adherent cells is assayed
using the Luminescent 3-gal Detection Kit II (product code 631712, Clontech ).
[0160]

2. Preparation of retrovirus vectors
(1) Reagents etc.,

G3T-hi cells (Takara Bio, product code 6163), TransIT-293 (transfection reagent,
Takara Bio, product code MIR2704), Retrovirus Packaging Kit Ampho (Takara Bio,
product code 6161), Retrovirus Titer Set (for Real Time PCR) (Takara Bio, product code
6166), and One Step SYBR PrimeScript RT-PCR Kit (Perfect Real Time, Takara Bio,
product code RRO66A) are used. In addition, a real-time PCR system Thermal Cycler Dice
Real System (Takara Bio, format TP800) is also used.

[0161]
(2) Preparation of plasmids

In order to prepare retroviral plasmids for retroviral vector preparation, pPDON-5 Neo
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(Takara Bio, catalog No. 3657) is used. Kozak sequence (gccacc) is added upstream of the
start codon of the immortalized genes, TERT (derived from human or swine, herein below
abbreviated as “hTERT” or “pTERT”, respectively), human papillomavirus E6 and E7, and
hBmi-1 according to the conventional method.

[0162]

Five immortalized genes described above to which Kozak sequence is added is
cloned into Pmac I-Hpa I site in the pPDON-5 Neo DNA. Ten mL of recombinant retroviral
vectors (Amphotropic Envelope) harboring the pPDON-5 Neo hTERT Vector (SYN5587-1-
4), pDON-5 Neo HPV16E6 Vector (SYN5587-2 -10), pDON-5 Neo HPV16 E7 Vector
(SYN5587-3-7), pPDON-5 Neo pigTERT Vector (SYN5587-4-9), and pDON-5 Neo hBmil
Vector (SYN5587-5-1) that are produced respectively.

[0163]

The inserted gene sequences of the plasmid DNA obtained as described above are
verified by single-strand analysis. Transformants are obtained by transforming E. coli
using the plasmid DNA. After culturing the transformants, the plasmid DNA of the
transformation grade (about 50 pg) is purified according to the conventional method, and
the plasmid DNA is obtained as a DNA solution dissolved in sterilized water.

[0164]
(3) Production of recombinant retrovirus vectors

G3T-hi cells are inoculated into 5 tissue culture dishes (100 mm diameter), at 6 x 10°
cells per dish, and cultured at 37 °C for approximately 24 hours. Three plasmids for
retrovirus production (any one of the vectors selected from the group consisting of pPDON-5
Neo hTERT Vector, pPDON-5 Neo HPV16E6 Vector, pPDON-5 Neo HPV16E7 Vector,
pDON-5 Neo pigTERT Vector,

[0165]

and pDON-5 Neo hBmil Vector, pGP and pE-Ampho provided in the Retrovirus
Packaging Kit Ampho) are co-transfected into the cells using transfection reagents, and the
cells were further cultured at 37 °C for 48 hours.

After the culture termination, the culture supernatant containing the retroviral vector
is collected, and sterilized by using a 0.45 um filter (Millipore). Obtained filtrates are

dispensed 1 mL into sterile tubes.
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[0166]
(4) Calculation of titer of the recombinant retrovirus vectors
Titer of the recombinant retrovirus vectors are quantified with Retrovirus Titer Set
(for Real Time PCR) and One Step SYBR PrimeScript RT-PCR Kit (Perfect Real Time)
according to the instruction in the kit. Tables 6 and 7 below show the reaction conditions
for template processing and real time PCR, when measuring the titer of retroviral vectors.
Table 6 shows the composition of the reaction mixture employed in the template
treatment (digestion of the template with Dnase) for titer measurement of the retro virus
vector. Table 7 shows reaction conditions. That is, the solutions listed in Table 6 below are
incubated at 37°C for 30 minutes, then the temperature is raised to 70°C and hold for 10

minutes at the temperature, and rapidly decreased to 4 °C.

[0167]
[Table 6]
Dnase I treatment
Reagents Used Amount/Reaction
Recombinant retrovirus vector solution 12.5ul
10 x DNase I buffer 2.5ul
DNase 15 (5 U/uL) 2.0uL
RNase Inhibitor (40 U/uL) 0.5uL
RNase Free dH2O 7.5uL
Total 25.0ul
[0168]

Realtime PCR is performed according to the following reaction conditions using the
solutions shown in Table 7 below: (s1) 5 minutes at 42 °C, (s2) 10 seconds at 95 °C, and
then 40 cycles of (s3) 5 seconds at 95 °C and 30 seconds at 60 °C. Finally, a dissociation
curve is generated.

[0169]
[Table 7]
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Reagents Used Amount/Reaction

2 x One Step SYBR RT-PCR butffer II1 12.5uL
TaKaRa ExTaq HS (5 U/uL) 0.5uL
PrimeScript RT Enzyme Mix II 0.5uL
Forward Titer Primer FRT-1 (10 pmol/uL) 0.5uL
Reverse Titer Primer FRT-1 (10 pmol/uL) 0.5uL
RNase Free dH2O 8.5ulL
Template 2 uL

Total 25.0ul

[0170]

A calibration curve was created by plotting the copy number of the RNA Control
Template supplied with the kit on the X-axis and the Ct value calculated from the second
derivative curve (2nd Derivative) on the Y-axis. Table 8 below shows the Ct values of the
real-time PCR calibration curves. In the table below, for example, “1.00E+08” represents

“1.00 x 10%”. The same applies hereinafter.

[0171]
[Table 8]
STD | Copy numbers/uL Ct(SDM) | Ct Ave.
15.43
1 1.00E+08 1537 15.40
19.12
2 1.00E+07 912 19.12
22.72
3 1.00E+06 84 22.78
26.30
4 1.00E+05 26,35 26.33
29.85
5 1.00E+04 9,59 29.72
6 1.00E+03 33.19 33.12
[0172]

The Ct values were calculated by the 2nd1Derivative Maximum (SDM) method.
From the calculated Ct values, a slope of -3.54, an intercept of 43.88, an amplification
efficiency of 91.6 and a coefficient of determination of 0.999 were obtained. From this
standard curve, the titer of the tested sample was calculated, and the results are shown in

Table 9.
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[0173]
[Table 9]
Sample Name* Dilution |Ct(SDM) |Calculated Titer** Average Titer
factor copies (copies/mL) |(copies/mL)
(copies/ul)
100 26.85 6.45E+04 1.29E+10
R1601_pDON-5 Neo| 100 26.89 6.28E+04 1.26E+10 |1.46E+10
hTERT 500 28.96 1.63E+04 1.63E+10
500 28.94 1.66E+04 1.66E+10
100 27.16 5.27E+04 1.05E+10
R1601_pDON-5 | 100 27.15 | 530E+04 | 1.06E+10 |l.1SE+10
Neo HPVI6E6 500 29.37 1.25E+04 | 1.25E+10
500 29.39 1.24E+04 1.24E+10
100 25.06 2.06E+05 4.13E+10
R1601 _pDON-5 100 25.14 1.96E+05 3.92E+10 |4.05E+10
NeoHPV16E7 500 27.49 4.25E+04 4.25E+10
500 27.62 3.91E+04 3.91E+10
100 26.94 6.08E+04 1.22E+10
R1601 pDON 5 100 26.97 5.96E+04 1.19E+10 |1.27E+10
Neo pigTERT 500 29.26 1.35E+04 1.35E+10
500 29.30 1.31E+04 1.31E+10
R1601_pDON-5 100 25.73 1..34E+05 2.67E+10
Neo hBmil 100 25.82 1.26E+05 2.52E+10 |[2.83E+10
500 27.88 3.30E+04 3.30E+10
E.D. 1 35.92 1.77E+02 -
I 33.94 6.41E+02 - -
[0174]

In the table, E.D. represents using EAST Dilution (for Real Time PCR) as a dilution
buffer. The titer (copies/mL) was calculated as the calculated copy number (copies/uL) x 2
(dilution factor for Dnase I treatment) x dilution factor for real-time PCR reaction (100 or
500) x 1,000 (conversion from pL to mL).

[0175]

Real-time PCT results showed that pPDON-5 Neo hTERT had a titer of 1.46 x 10'°
copies/mL, pDON-5 Neo HPV16E6 had a titer of 1.15 x 10'° copies/mL, pDON-5 Neo
HPV16E7 had a titer of 4.05 x 10'° copies/mL, pDON-5 Neo pigTERT had a titer of
1.27x10' copies/mL, or pDON-5 Neo hBmil had a titer of 2.83 x 10'° copies/mL.

[0176]

(Example 2) Preparation of immortalized SHED and its culture supernatant
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A deciduous tooth obtained from a 10-year-old healthy male child was used. After
disinfection of the deciduous tooth with isodine solution, the crown was cut horizontally
using a dental diamond point, and the pulp tissue was collected using a dental reamer. The
pulp tissue was digested in a solution of 3 mg/mL type I collagenase and 4 mg/mL dispase
at 37 °C for 1 hour. The solution was then filtered through a 70 mm cell strainer (Falcon).
[0177]

The filtered cells are resuspended in 4 mL of the medium and inoculated into 60 mm
diameter dishes for adherent cell culture. After adding Dulbecco's Modified Eagle's
Medium (DMEM) containing 10 % FCS to the dish, the cells are incubated in a 5% CO»
incubator at 37 °C for about 2 weeks. Adherent cells (dental pulp stem cells) that formed
colonies are treated with 0.05 % trypsin/0.2 mM EDTA for 5 minutes at 37°C, and cells
detached from the dish are collected.

[0178]

Next, the adherent cells selected as described above are inoculated into adherent cell
culture dishes (collagen-coated dishes), and primarily cultured in an incubator adjusted to
5% COz and 37 °C. The cells are then used as primary cultured cells. When cells reached
subconfluency (approximately 70% of the surface of the culture vessel is occupied by cells)
or confluency by naked eye observation, cells are detached from the culture vessel and
collected by treatment with 0.05% trypsin/0.2 mM EDTA for 5 min at 37 °C. The obtained
cells are again inoculated into a dish containing the medium and passage several times to
grow to about 1 x 107 cells/mL. The obtained cells are stored in liquid nitrogen.

[0179]

After that, primary cultured cells are passaged at a concentration of approximately 1 x
10* cells/cm? using the medium. The cells after 1 to 3 passages are used for experiments.
Human stem cells from human exfoliated deciduous teeth (SHED) were obtained as
described above. The obtained SHEDs are sorted using FACSTARPLUS (Becton
Dickinson) with approximately 1 x 10® STRO-1 positive cells for each sample as follows.
[0180]

Bromodeoxyuridine (BrdU) is taken up for 12 hours according to the manufacturer's
(Invitrogen) instructions for the BrdU staining kit and the growth rate of SHED is evaluated

(n=3 for each group). The experiment is repeated 5 times. After one-way analysis of
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variance, the Tukey-Kramer test is performed to evaluate statistically significant
differences.
[0181]

To detect STRO-1 by immunofluorescence, SHEDs are fixed with 3%
paraformaldehyde, and then rinsed twice with PBS and treated with 100 mM glycine for 20
minutes. These cells are then permeabilized with 0.2% Triton-X (Sigma-Aldrich) for 30
minutes, followed by incubation in a mixture of 5% donkey serum and 0.5% bovine serum
albumin for 20 minutes.

[0182]

Next, the cells are incubated for 1 hour with the primary antibody, mouse anti-human
STRO-1 antibody (1:100, R&D), and for 30 minutes with the secondary antibody, goat
anti-mouse immunoglobulin M-FITC antibody (1:500, Southern Biotech) and mounted
using Vectashield DAPI (Vector Laboratories Inc.). After that, e-MEM supplemented with
15% FBS is placed in 6-well plates and sorted cells are seeded for cloning. Approximately
300 colonies from the proliferated cells were pooled for testing.

[0183]
(2) Gene transfer
(2-1) Gene transfer by adenovirus vector

As described above, four genes, bmi-1, E6, E7 and hTERT, are incorporated into
adenovirus vectors to create viral vectors expressing these gene products. As a control, a
control vector is created that was not incorporated with these genes.

[0184]

SHEDs are inoculated at 1 x 10° cells in a 100 mm diameter collagen-coated dish and
incubated with DMEM supplemented with 10% FBS until subconfluent. The medium is
aspirated off and 500 pL of virus solution diluted in the medium is added (MOI=10). The
cells are incubated at 37 °C for 1 hour in a 5% CO; incubator to infect with the virus
vectors. After 48 hours of infection, infected cells are transferred into the medium with
puromycin (1 pg/mL) and cultured for 10 days for selection, and 500 to 600 resistant clones
are pooled. SHED:s are inoculated at approximately 0.5 x 10° into 100 mm diameter culture
Petri dishes and passaged every 3 or 4 days. SHEDs with transgenes are termed as SHED-
T, and SHEDs without transgenes are termed as SHED-C.
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[0185]
(2-2) Gene transfer by retrovirus vector

The retroviral vectors obtained as described above are infected with human dental
pulp-derived cells (KA 01 W14 P5D3) or human pulp-derived cells (KA 02 W4-
6 _P4D3), and drug-resistant pooled cells (herein below simply referred to as “pooled
cells”) are obtained. The pooled cells obtained are subjected to real-time PCR for analysis
to confirm the number of inserted genes. Primers listed in Table 10 below (SEQ ID NO. 13-

16, all from Takara Bio) are used for real-time PCR.

[0186]
[Table 10]
Genes Catalog No. Nucleotide sequence SEQ ID
INo.
Target gene CHO000987 F | GCACTGCCCTCAGACTTCAAGA 13
CHO000987 R |GCGGGACTATGGTTGCTGAC 14
Control gene HA067803 F [ TGGCACCCAGCACAATGAA 15
(Human B-actin) [HA067803 R |[CTAAGTCATAGTCCGCCTAGAAGCCA |16

[0187]

The KA 01 W14 P5D3 is cultured at 37 °C in a 5% COz incubator in Corning
adherent cell culture dish (6 or 10 cm diameter Cell culture Dish, TC treated surface).
When cryopreserved cells are thawed and inoculated into the dish, the passage number of
the cell is [0] (herein below referred to as “+P0””). When 1 or 2 times passaged, referred to
as “+1” and “+2”, respectively.

When the cells in the dish reached about 80% confluence, the culture supernatant is
removed. The cells are washed 2 to 3 times with PBS, and then treated with 0.25% trypsin-
EDTA solution (1 x) (containing phenol red) (Thermo Fisher Scientific, 25200-056) as a
detaching agent for 3 minutes incubation at 37 °C in a 5% CO; incubator to detach adherent
cells from the bottom of the dish.

To this, an appropriate amount of medium is added and pipetted to prepare a single-
cell suspension. The cell suspension is diluted to an appropriate volume and transferred to
a new dish. The culture is continued in the same manner, and it is confirmed that there are
no abnormalities in cell proliferation or morphology. The culture supernatant collected at
the time of passaging is also checked for mycoplasma contamination using the MycoAlert

Mycoplasma Detection Kit (Loza, product code LT07-318).
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[0188]
(3) Examination of drug-resistance concentration

In order to select transgenic cells by drug, the G418 resistance concentration of target
cells were examined. 6-well plates provided by Corning (6 Well Clear TC-Treated
Multiple Well Plate, product code 3516) are used to inoculate 2.0 x 10* cells in logarithmic
growth phase per well. The cells are incubated in a 5% CO; incubator at 37 °C for
approximately 24 hours, after which cell adhesion to the bottom of the wells is checked.
The medium in each well is replaced with medium supplemented with different
concentrations of G418. The condition of the cells is photographed 4, 8, and 10 days after
the start of drug selection to examine the drug resistance concentration.

[0189]

4 days after the start of drug selection, cell proliferative activity was lost in wells with
a drug concentration of 250 pL/mL or higher, and 11 days later, most cells in wells with a
drug concentration of 500 pL/mL or higher were found to be dead. From the results above,
the G418 selective drug concentration for target cells was determined to be 500 puL/mL,
which shows sufficient selective effect.

[0190]

The retrovirus vector solution is used to infect target cells by polybrene method, and
immortalized gene stable expression lines are selected by medium B. In the 6-well plates,
1.40 x 10° cells in logarithmic growth phase are inoculated per well and incubated at 37 °C
in a 5% CO; incubator for approximately 24 hours. Then, polybrene (Hexadimethrine
bromide, Sigma-Aldrich, product code H9268) is added to the recombinant retrovirus
vector solution diluted 4- or 10-fold in medium A to a final concentration of 8 pg/mL, and
equal amounts are added to each well to infect cells with the virus. Approximately 4 hours
after viral infection, 1.0 mL of medium A is added to each well. The plate is incubated at
37°C in a 5% COz incubator, and the medium is replaced with medium B to initiate drug
selection after 24 hours from the incubation.

[0191]

After the 10™ day of drug selection, cells that had drug-resistance and proliferated are

collected, 1 mL of CELLBANKER 1 Plus (Nippon Zenyaku Kogyo, product code CB021)

is added to make a suspension containing 1 x 10° cells/mL, which is stored at - 80 °C as
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frozen cell stock. At the same time, a cell pellet of 5 x 10° cells/vial is prepared for real-
time PCR analysis and stored at -80 °C.

[0192]

(4) Preparation of a culture supernatant of the immortalized stem cells

2 x 10° cells/mL of immortalized dental pulp stem cells (herein below sometimes
referred to as “hSHED”) prepared above are placed in a culture dish (55 cm?) containing 10
mL of DMEM with 10% FBS and cultured at 37 °C in a 5% CO> incubator until 70%
confluent (4 to 6 days).

[0193]

The 70% confluent was confirmed under a microscope, after which the culture
supernatant in the culture flask is removed using an aspirator and the cells are washed twice
with serum-free DMEM. Then, to this culture flask, 10 mL of serum-free DMEM (herein
below sometimes referred to as "Plain DMEM") is added. The culture supernatant
collected immediately after the addition is used as a control. After the addition, the cultures
are incubated at 37 °C for 72 hours in a 5% CO; incubator. The culture supernatant is
collected in a 15 mL sterilized centrifuge tube, centrifuged at 440 x g for 3 minutes, and the
centrifuged supernatant is passed through a 0.22 mm PVDF filter (Millipore) to obtain
culture supernatant of immortalized SHED (herein below sometimes simply referred to as
"SHED-CM").

[0194]
(Example 3) Analysis of factors contained in the culture supernatant
(1) Preparation of a culture supernatant of immortalized stem cells

2 x 10° cells/mL of immortalized stem cells prepared in Examples 1 and 2 above are
placed in a culture dish (55 cm?) containing Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10 mL of 10% fetal bovine serum (FBS) and cultured at 37 °C in a 5%
CO; incubator until 70% confluent (4 to 6 days).

[0195]

The 70% confluent is confirmed under a microscope, and the culture supernatant in
the culture flask is then removed using an aspirator, and the cells are washed twice with
serum-free DMDM. Then, to this culture flask, 10 mL of serum-free DMEM (Plain
DMEM) is added. The culture supernatant collected immediately after the addition is used
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as a control. After the addition, the cultures are incubated at 37 °C for 72 hours in a 5%
COz incubator. The culture supernatant is collected in a 15 mL sterilized centrifuge tube,
centrifuged at 1,500 rpm (approximately 440 x g) for 3 minutes, and the centrifuged
supernatant is passed through a 0.22 mm PVDF filter (Millipore) to obtain SHED-CM.
[0196]
(2) Quantitative expression analysis

To identify expressed cytokines in the SHED-CM obtained as described above,
quantitative expression analysis is performed using Quantibody ™ Human Cytokine
Antibody Array 1000 (RayBiotech Inc., Catalog No. QAH-CAA-1000) according to the
instruction in the kit.
[0197]

First, the SHED-CM and the antibody immobilized on the array are contacted for 1 to
2 hours, washed, and then a cocktail of biotinylated antibodies is added to each well and
incubated for 1 to 2 hours. Labeled streptavidin is then added and incubated for 2 hours.
The signal of labeling is detected and data analysis is performed using GenePix ™ 4400A
(Molecular Dveices, LLC). As a result, 80 cytokines were detected, which are listed in
Table 11 below.
[0198]
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[Table 11]
No. |Cytokine name No. |Cytokine name No. |Cytokine name
1 |BLC/BCA-1/CXCL13 |28 |M-CSF 55 |Growth Hormone
2 |Eotaxin/CCL11 29 MIG/CXCL9 56 |HB-EGF
3 |Eotaxin-2/CCL24 30 |MIP-10/CCL3 57 |HGF
4 |G-CSF 31 |MIP-1B/CCL4 58 |IGFBP-1
5 |GM-CSF 32 |MIP-16/CCL15 59 |IGFBP-2
6 |[-309/CCLI1 33 |PDGF-BB 60 |IGFBP-3
7 |ICAM-1 34 |RANTES/CCLS 61 |IGFBP-4
8 |IFNy 35 |TIMP-1 62 |IGFBP-6
9 |IL-la 36 |TIMP-2 63 |IGF-I
10 |IL-1P 37 |TNFa 64  |Insulin(pro & mature)
11 |IL-1ra 38 |TNFpB 65 |M-CSFR
12 |IL-2 39 |sTNF RUTNFRS1A |66 |NGFR
13 |IL-4 40 [sTNF RII/TNFRS1B |67 |NT-3
14 |IL-5 41  |Amphiregulin(AR) 68 |NT-4
15 |IL-6 42  |BDNF 69 |Osteoprotegerin(OPG)
16 |IL-6sR 43 |bFGF/FGF-2 70 |PDGF-AA
17 |IL-7 44 |BMP-4 71  |PIGF
18 |IL-8/CXLS8 45 |BMP-5 72 |SCF
19 |IL-10 46 |BMP-7 73 |SCFR
20 |IL-11 47  |B-NGF 74 |TGFa
21 |IL-12p40 48 |EGF 75 |TGFpI
22 |IL-12p70 49 |EGFR 76 |TGFP3
23 |IL-13 50 |EG-VEGF 77 |VEGF
24 |IL-15 51 |FGF-4 78 |VEGF R2
25 |IL-16 52 |FGF-7/KGF 79 |VEGF R3
26 |IL-17 53 |GDF-15 80 |VEGF-D
27 |MCP-1/CCL2 54 |GDNF
[0199]

The insulin-like growth factor binding proteins, IGFBP-4, IGFBP-6 and IGFBP-2,

and the tissue inhibitors of metalloproteinases, TIMP-1 and TIMP-2, were shown to be

relatively high in the content. Insulin was excluded from the result because it was not

measured correctly this time.

[0200]

(3) Qualitative expression analysis

To identify which cytokines are expressed in the SHED-CMs obtained as described

above, qualitative expression analysis was performed using RayBio (registered trademark)

Human Cytokine Antibody Array G-Series 4000 (RayBiotech Inc., catalog no. AAH-CYT-

(G4000-4) according to the instruction in the kit.
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First, the SHED-CM or standard protein cocktail is contacted with an array of
antibodies immobilized on glass slides for 1 to 2 hours, followed by incubation with a
cocktail of biotinylated antibodies for 1 to 2 hours. Following incubation with Cy3-
equivalent labeled streptavidin for 1 hour, scanning, data extraction and data analysis are
performed using GenePix (registered trademark) 4400A (Molecular Dveices, LLC).

[0201]
264 types of cytokines (shown in Tables 12 to 16 below) were identified, of which 77

types had 1.5 times higher expression intensity compared to the control.

[0202]
[Table 12]

Cytokine name
Angiogenin  BDNF BLC BMP-4 BMP-6 CKb8-1
CNTF EGF Eotaxin Eotaxin-2 Eotaxin-3 FGF-6
FGF-7 FLT-3 Ligand Fractalkine = GCP-2 GDNF GM-CSF
1-309 INF-Gamma  IGFBP-1 IGFBP-2 IGFBP-4 IGF-1
IL-10 IL-13 IL-15 IL-16 IL-1alpha IL-1beta
IL-1ra IL-2 IL-3 IL-4 IL-5 IL-6
IL-7 Leptin LIGHT MCP-1 MCP-2 MCP-3
MCP-4 M-CSF MDC MIG MIP-1 delta MIP-3 alpha
NAP-2 NT-3 PARC PDGF-BB RANTES SCF
SDF-1 TARC TGF-betal TGF-beta3  TNF-alpha TNF-beta
[0230]
[Table 13]

Cytokine name
Acrp30 AgRP Angiopoietin-2  Amphiregulin  AxI bFGF
b-NGF BTC CCL-28 CTACK Dtk EGF-R
ENA-78 Fas/TNFRSF6 FGF-4 FGF-9 GCSF GITR-Ligand
GITR GRO GRO-alpha HCC-4 HGF ICAM-1
ICAM-3 IGFBP-3 IGFBP-6 IGF-I SR IL-1 R4/ST2 IL-1RI
IL-11 1L-12 p40 IL-12 p70 IL-17 IL-2 Rapha IL-6 R
IL-8 I-TAC Lymphotactin ~ MIF MIP-1 alpha  MIP-1 beta
MIP-3 beta MSP-alpha NT-4 Osteo . Oncostatin M PIGF

-protegerin

sgp130 sTNF RII STNF-RI TECK TIMP-1 TIMP-2
Thrombo R AILR3 TRAIL R4 uPAR VEGF VEGF-D

-poietin
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[0204]
[Table 14]
Cytokine name
Activin A ALCAM B7-1(CD80) BMP-5 BMP-7 Cardiotrophin-1
DR6 ) .
CD14 CXCL-16 (TNFRSF21) Endoglin ErbB3 E-Selectin
FAS Ligand [ICAM-2 IGF-II [L-1RII IL-10 Rbeta 1L-13 Ralpha2
IL-18 BPalpha g‘t;;tga IL-2 Ralpha |IL-2 Rbeta IL-2 Rgamma [IL-21R
IL-5 Ralpha 1L-9 IP-10 LAP Leptin R LIF
L-Selectin M-CSFR MMP-1 MMP-13 MMP-9 MPIF-1
NGF R PDGF AA PDGF-AB  PDGF Ralpha PDGF Rbeta PECAM-1
Prolactin SCF R SDF-lbeta  Siglec-5 TGF-alpha  TGF beta2
Tie-1 Tie-2 TIMP-4 VE-Cadherin VEGF R2 VEGF R3
[0205]
[Table 15]
Cytokine name
Adipsin BCAM CD30 CD40 Fcgamma RIIB/C
.. o ) Galectin-7/
Ferritin FLRG/FSTL3 Follistatin Furin LGALS?
Growth IL-28A/
GDF-15/MIC-1 Hormone(GH) IL-10 R alpha 1L-22 IFN-gamma?
Insulin
1L-29 IL-31 (pro & mature) LH LIMPII/SR-B2
LYVE-1 Marapsin/ |y g MICB MMP-2
Pancreasin
MMP-7 MMP-8 MMP-10 NCAM-1/CDs6 1 dogen-1/
Entactin
NrCAM/Bravo NRGI1 betal  Osteopontin (OPN) PAI-1 PF4
RANK/ e Serum Amyloid A
PSA(total) RAGE/AGER TNFRSF11A Resistin (SAA)

. TACE/ TRAIL R3 )
Siglec-9 CD156b TIM-1/HAVCR /TNFRSF10B Trappin-2
TREM-1 TSH TSLP VCAM-1 VEGF-C
XEDAR - - -

[0206]
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[Table 16]
Cytokine name
) D Angiostatin
4-1BB ACE-2 Alpha-fetoprotein Angiopoietin-1 (ANG)
Beta-2 Micro beta-1G-H3/
ANGPTLA4 _globulin BCMA/TNFRSF17 TGFBI CA125
CAI53  CA19-9 Carbonic Anhydrase IX Cathepsin S gg%jl_fa/
CCL21/ CD23/Fc :
6Ckine epsilon-RIT CD40 Ligand CEA/CD66e CEACAM-1
Cripto- . Dickkopf-1
1/CR1 CRP DAN/NBL1 Decorin(DCN) (Dkk-1)
Dickkopf-3 Dickkopf-4 )
(Dkk-3) (Dkk-4) DPPIV/CD26 E-Cadherin EDA-A2
Ep-CAM/ Erythropoeitin R
EG-VEGF CD326 ErbB2/HER2 (Epo R) FSH
HB-EGF  hCGa (intact) HVEM/TNFRSF14  IL-13 R alpha-1 IL-17B
Procalcitonin
IL-17C IL-17F IL-17R (PCT) PSA(free)
S100b Shh N Thyroglobulin(TG) Ubiquitint+1 -
[0207]

From the results, the relative expression intensities of NGF, IL family (IL-6, IL-8,

IL6R, IL-17C, IL-17R, etc.) and others were less than 10.
[0208]
(Example 4) Examination of the effect of SHED-CM on autoimmune neuritis

The therapeutic effect of SHED-CM prepared above is examined using experimental
autoimmune neuritis (EAN) mice that is a model mouse of Guillain-Barre syndrome. The
model mice are 6-week-old male C57BL/6 mice (purchased from Sankyo Lab Service
Corporation, Inc.), which are kept at room temperature in light and dark for 12 hours, with
free water and feed for 1 week of acclimation, and divided into a negative control group
and a treatment group (n=5).

After acclimation through rearing, a PO peptide solution is prepared by dissolving a
portion of PO (PO peptide, Biologica co.), one of the major constituent proteins of the
myelin sheath, in PBS to a concentration of 2 mg/ml. Complete Freund's adjuvant, which is
prepared by adding H37RA, a heat-killed strain of Mycobacterium tuberculosis, to
incomplete Freund's adjuvant (Difco Laboratories), to a concentration of 20 mg/ml. The

adjuvant was made (herein below referred to as “P0(180-199)/CFA”) by mixing these
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solutions in equal volumes as emulsion,
[0209]

The administration schedule of the immunizing solution and that of treatment are
shown in Figure 3(A). In Figure 3(A), the first administration date of PO(180-199)/CFA
was determined as a start of the experiment (herein below referred to as “Day 07).
Administration dates of pertussis toxin and SHED-CM obtained in Example 2 described
above are indicated as Day 3, Day 8, starting from Day 0. PT represents the date of
administration of pertussis toxin.

Each mouse in the negative control and treatment groups is injected subcutaneously
with 50 pL. of PO(180-199)/CFA dorsally between the left hindlimb and tail (day 0) and
again on day 8 at the same dose on the opposite side of the first injection. Furthermore,
EAN model mice are generated by intraperitoneal administration of pertussis toxin to the
mice at 400 ng/mouse on Day -1 and 300 ng/mouse on Day 1 and Day 3, respectively.
After immunization, the mice are scored for clinical signs every 2 to 3 days according to the
following criteria.

[0210]

Score 0: No clinical signal

Score 1: Decrease in activity

Score 2: Tail paralysis or mild hindlimb paralysis
Score 3: Mild motor impairment or hindlimb paralysis
Score 4: Severe motor impairment

[0211]

The EAN model mice prepared above are intraperitoneally injected with 200 pL of
DMEM or SHED-CM 5 times on Day 15, Day 17, Day 20, Day 22, and Day 24. Clinical
sign scores are scored according to the criteria, calculated as mean + SD, and confirmed for
significant differences by Student's t-test. * indicates p < 0.05, ** indicates p < 0.01, and
*##% indicates p < 0.001. The results are shown in Figure 3(B).

In the negative control group, there was a gradual increase in clinical symptom scores
even after the administration of DMEM (Day 15 and beyond). In contrast, the treatment
group showed a decreasing tendency in the scores on the second day (Day 17) after the

administration of SHED-CM, and a significant decrease in the scores was recorded after
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Day 5 (Day 20) compared to the negative control group (in Figure 3(B)). The results
suggest that SHED-CM has a therapeutic effect on Guillain-Barré syndrome, an
autoimmune neuritis.
[0212]
(Example 5) Examination of acting mechanisms of SHED-CM on autoimmune neuritis
treatment

The sciatic nerves of both groups above were taken and subjected to
histopathological examination using optical and electron microscopy and Western blotting
to examine the effects of SHED-CM administration in EAN mice.
(1) Histopathological examination

On Day 31, mice are euthanized and the sciatic nerve is harvested. The nerve is fixed
with Karnofsky's fixative and epoxy-embedded. After sectioning into 0.5-um-thick slices,
the slices are stained with toluidine blue and observed using optical (Figures 4(A1) and
4(B1) at x 100 magnification, Figures 4(A2) and 4(B2) at x 200 magnification, Thermo
Fisher Scientific, Catalog No. EVOS Cell Imaging Systems) and electron microscopy
(Figure 4 (A3) and (B3) at x 500 magnification, JEOL, Catalog No. JEM-1400 Flash). This
result implies that SHED-CM acts directly or indirectly on the thickness of the myelin
sheath, that is, on Schwann cells.
[0213]
(2) Quantitative PCR and Western blotting

EAN model mice are prepared in the same manner as in Example 4 above and
divided into the negative control group (4 mice) and the treatment group (5 mice). 200 pL.
of SHED-CM is administered intraperitoneally 5 times, namely on Day 13, Day 15, Day
17, Day 20, and Day 22, and clinical signs are scored every 2 to 3 days according to the
criteria. On Day 23, mice were euthanized, after which the sciatic and caudal nerves were
harvested and the obtained samples were each divided into two equal parts.

From one of the equally divided tissues, total RNA is extracted by using the RNeasy
Mini Kit (QIAGEN, performed according to the protocol provided with the kit), and then,
cDNA is prepared by using Thermo Fisher Scientific's SuperScript VI reverse transcriptase.
After that, the expression analysis by using quantitative PCR, of which target is mRNA of
each gene, Myelin Basic Protein (MBP), TNF-q, IFN-y, and IL—17A. PCR conditions are
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the same as described above. In the analysis, hypoxanthine guanine phospho-ribosyl-
transferase (HPRT) is used as an internal standard gene, and the results are expressed as
relative ratios against thereof and calculated as the mean + SD. The results are shown in
Figures 5(A) and 6. In Figure 6, the statistical results are indicated by p<0.05 as * and
p<0.001 as ***. In the graph of TNF-o/HPRT and IL-17A/HPRT in Figure 6(B) (caudate
nerve), “0.07” represents the p value resulting from the statistical process as described
above. Primer sets used for the quantitative PCR are shown in Table 17 below.

[0214]

[Table 17]

Primer Name Sequence SEQ ID No.
Mouse MBP sense TGATTTCGAGCGTGGCAGAG 17
Mouse MBP antisense ACATTTGGCGGCCACACATA 18
Mouse TNF-a sense TATGGCCCAGACCCTCACA 19
Mouse TNF-a antisense  GGAGTAGACAAGGTACAACCCATC 20
Mouse IFN-y sense CGGCACAGTCATTGAAAGCCTA 21
Mouse IFN-y antisense =~ GTTGCTGATGGCCTGATTGTC 22
Mouse IL-17A sense CTGATCAGGACGCGCAAAC 23
Mouse IL-17A antisense TCGCTGCTGCCTTCACTGTA 24
Mouse HPRT sense TTGTTGTTGGATATGCCCTTGACTA 25
Mouse HPRT antisense =~ AGGCAGATGGCCACAGGACTA 26
[0215]

From another part of the equally divided tissue, cell lysate is prepared by using a
detergent 1% Nonidet p40 solution containing a protease inhibitor (Product Name: Protease
Inhibitor Cocktail, Sigma-Aldrich) and a phosphatase inhibitor (Product Name:
Protease/Phosphatase Inhibitor Cocktail, Cell Signaling), and the protein content thereof set
certain amount by using TaKaRa BCA Protein Assay Kit (Takara Bio Inc.). After that, the
cells are subjected to electrophoresis with SDS-PAGE, and Western blot analysis by using
anti-MBP antibody, anti-Phospho-c-met antibody (Cell Signaling), and anti-actin antibody
(Santa Cruz). Results are shown in Figure 5(B) and Figure 7.

[0216]

Figure 5(A) shows that the expression level of MBP mRNA increased by SHED-CM
administration. Also, Figure 5(B) shows that the protein amount of MBP also increased
with SHED-CM administration. MBP is a major protein configuring myelin sheath, and

the result of increment of the amount is consistent with the observation results by
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microscopy (Figure 4) that the myelin sheath was getting thick.
[0217]

Furthermore, from the results of quantitative PCR shown in Figure 6, it was found
that the expression level of various types of inflammatory cytokines decreased, and the
phosphorylation level of c-Met increased from Figure 7. It is known that c-Met is a
receptor of hepatocyte growth factor (HGF) and is phosphorylated upon receiving HGF.
Therefore, the results above indicate that HGF contained in SHED-CM and the like have
anti-inflammatory effects and relates to the improvement of autoimmune neuritis (namely,
healing).

[0218]
(3) Confirmation of HGF function contained in SHED-CM

In order to investigate whether HGF in SHED-CM is involved in the healing of
autoimmune neuritis, as in Example 4 described above, EAN model mice are produced
according to the adjuvant and antigen administration schedule shown in Figure 8(A), and
divided into the negative control group, the positive control group 1, the positive control
group 2, and the test group (n =5 each). Abbreviations in Figure 8(a) are the same as those
in Figure 3(A). Statistical processing was performed as in Example 4 as described above.

For treatment, DMEM is administered to the negative control group and SHED-CM
is administered to the positive control group 1. The positive control group 2 is treated with
SHED-CM with Isotype IgG at simultaneously, and the test group is treated with SHED-
CM with anti-HGF antibody, a neutralizing antibody of HGF simultaneously. The results
are shown in Figure 8. Note that the time dependent changes in the clinical signs scores of
the positive control group 2 and the test group are shown.

[0219]

Compared to the positive control group 2, the test group did not show the
improvement in the clinical sign score by administration of SHED-CM. These results
indicate that HGF contained in SHED-CM is involved in the alleviation of symptoms of
autoimmune neuritis.

These results indicate that SHED-CM enhances myelin sheath injury repair and
regeneration and inhibits inflammation, which contribute to recovery from EAN.

[0220]
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(Example 6) Effects of SHED-CM on Schwann cells

In order to examine the effect of SHED-CM on Schwann cells in detail, IMS32 cells,
a mouse Schwann cell strain, are used for in vitro experiments. IMS32 is cultured in a
medium for IMS32 (Cosmo Bio) in the 10 cm dish at 37 °C in a 5% CO; incubator until
80% confluent. Next, the culture medium is replaced with the serum-free DMEM
supplemented with SHED-CM (1%, 3%, 10%, or 30% (v/v)) containing either anti-HGF
antibody (1 pg/mL) or isotype IgG (1 pg/mL) and incubating in a 5% CO> incubator at 37
°C for 72 hours. After that, the growth of IMS32 is observed. The results are shown in
Figure 9. As shown in the optical microscopic image, IMS32 cultured in normal serum-
free medium (DMEM) kept round shape and hardly proliferated (Figures 9(B1) and 9(B2)),
as the same as those before the experiment (Figure 9(A)). In contrast, after 72 hours of
culture in the medium supplemented with SHED-CM, the IMS32 cells had elongated
shape, indicating that they are well increased (Figure 9(C1) and (C2)).

[0221]

In order to quantitatively determine the proliferation of IMS32, ATP production in
the cultured IMS32 is measured by using CellTiter-Glo 2.0 Cell Viability Assay (Promega).
GloMaxDiscover Microplate Rreader GM3000 (Promega) was used as a measuring
instrument. The results are shown in Figure 10. In Figure 10, N/C shows the control
cultured with DMEM only. Further, statistical processing was performed using one-way
ANOVA and Dunnett test, and the results are shown with p<0.05 as *, p<0.01 as **, and
p<0.001 as ****,

Figure 10(A) shows that the proliferative capability of IMS32 was significantly
enhanced by culturing in SHED-CM-containing medium in a SHED-CM concentration-
dependent manner. Also, the proliferative capability IMS32 significantly reduced by
adding anti-HGF antibody to the medium containing SHED-CM, compared to adding the
control antibody (Figure 10(B)). By this, at least a part of the proliferative enhancement
effect of SHED-CM is due to the action of HGF.

[0222]

In order to examine whether HGF alone can enhance the proliferation of Schwann

cells, the same culture experiments as above are performed using IMS32. In this

experiment, IMS32 are cultured in DMEM medium supplemented with either SHED-CM



62

(10%, 30%, 50% (v/v)) or recombinant human (rh) HGF (0.1, 1, 10, 50 ng/mL) (R&D) for
72 hours at 37 °C in a 5% CO- incubator. Then, as described above, the amount of ATP
production by IMS32 after incubation is quantitatively determined, and by using this as an
indicator, the proliferative capability of IMS32 is examined. The results are shown in
Figure 11(A). The results of the statistical test in Figure 11 are indicated as * for p <0.05
and *** for p <0.001. SHED-CM enhanced the proliferative ability of the cells, whereas
the medium with only HGF did not (Figure 11(A)).

[0223]

In addition, the same experiment as above is performed under different conditions in
DMEM containing 1% fetal bovine serum (FBS) (Sigma-Aldrich). The results are shown
in Figure 11(B). In the absence of FBS, HGF did not enhance the proliferative capability of
IMS32, whereas in the presence of FBS, HGF alone enhanced the proliferative capability of
IMS32.

These results suggest that in addition to HGF, unidentified molecule X in SHED-CM
or serum is required to enhance the enhancement of proliferation ability of Schwann cells.
[0224]

Next, in order to understand how SHED-CM and HGF promote the proliferation of
Schwann cells, we examined the intracellular signaling pathway. Firstly, both of DMEM
for the negative control group and SHED-CM are concentrated approximately 10-fold
using an Amicon Ultra Centrifugal Filter Units-10 k (Merck Ltd.) removing substances
having a molecular weight not higher than 10,000. IMS32 (2x10° cells) are suspended in
50 pL of serum-free DMEM, and then stimulated for 5 minutes by adding 50 pL of the
concentrated medium. As the positive control, 50 uL of thHGF prepared at 50 ng/mL in
DMEM is also used. After that, each of the cells stimulated as described above is lysed
respectively, which are subjected to SDS-PAGE and Western blotting.

The following antibodies are used: anti-Phospho-c-met antibody, anti-c-met antibody
(Sigma-Aldrich), anti-Phospho-Erk1/2 antibody (Cell Signaling), anti-Erk1/2 antibody
(Cell Signaling), anti-Phospho-AKT antibody (Cell Signaling), anti-AKT antibody (Cell
Signaling), anti-Erk1/2 antibody (Cell Signaling), anti-Phospho-AKT antibody (Cell
Signaling), and anti-AKT antibody (Cell Signaling). The results are shown in Figure 12.
[0225]
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Both SHED-CM and rhHGF induced phosphorylation of ERK1/2 and AKT, which
are located downstream of the HGF receptor c-MET and are important signals for induction
of cell proliferation. This suggests that the induction of Schwann cell proliferation and/or
regeneration by HGF in SHED-CM is important for the alleviating effect of SHED-CM on
neuroinflammatory symptoms.

[0226]

Next, the proliferation and regeneration of Schwann cells by SHED-CM are
qualitatively evaluated. IMS32 is cultured in DMEM containing 50% SHED-CM, 50
ng/mL thHGF, 50 ng/mL NRG1 (BioLegend), | mM DBcMP (Sigma-Aldrich), or 50
ng/mL NRG1 + 1 mM DBcAMP and 5 % FBS, followed by Western blotting as described
above. Western blotting is performed using anti-MBP, anti-p75 (GeneTex), and anti-actin
(Santa Cruz) antibodies. The results are shown in Figure 13.

[0227]

The upper row of Figure 13 shows that the amount of MBP, a major component of
the myelin sheath, increased in IMS32 cultured in SHED-CM, HGF, and NRG1-containing
medium. On the other hand, the middle row of Figure 13 shows that the amount of p75, a
receptor for neurotrophic factor, increased only in IMS32 cultured in SHED-CM-
containing medium. These results suggest that SHED-CM has the capability to promote
Schwann cell maturation.

Since SHED-CM promotes the proliferation of Schwann cells and the regeneration of
myelin sheaths, SHED-CM is effective against demyelinating diseases in general.
Therefore, the present invention is used in pharmaceutical preparations for the treatment of
demyelinating diseases.

[0228]
(Example 7) Examination of the Mechanism of Action of SHED-CM in the Treatment of
CIPN

Finally, it was examined whether administration of SHED-CM improves symptoms
in a mouse model of CIPN, which appears peripheral neuropathy artificially induced by
chemotherapeutic agents.

(1) Behavioral Pain Test

A total of four intraperitoneal administrations of paclitaxel (80 pg/200 uL) on Days 0,
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2,4, and 6 cause the development of peripheral neuropathy. In addition, either of 200 pL of
SHED-CM or control medium DMEM is administered intraperitoneally on Days 1, 3, 5, 7
and consecutive days thereafter for treatment of CIPN. To confirm the efficacy of the
treatment, changes in escape responses to non-nociceptive stimulation by microfilaments
are compared (von Frey filament test). Changes in escape responses are compared by
stimulating hind legs by poking them with microfilaments of fixed stimulus intensity and
recording whether or not the mouse escapes by withdrawing its legs as O or X. The
average of the minimum stimulus intensity required for escape stimulation was calculated
as the 50% threshold value (g) based on the following equation and compared.
[0229]

50% threshold value described above is calculated by the following equation.
50 % threshold value = (10 [Xr +kd] )/ 10000
X : Pressure strength of Filament (Aesthesio (registered trademark); DanMic. Global,
Campbell, USA) used lastly. See Figure 15 for filament pressure strength and
accompanying information (cited from the Dinamic Global, LLC commentary).
k: It shows the value determined by the O / X sequence. See Figure 16 and Figure 17 for
the k value. (cited are cited from [”Quantitative assessment of tactile allodynia in the rat
paw”’; S.R.Chaplan et al; Journal of Neuroscience Methods; Jul;53(1):55-63.1994: doi:
10.1016/0165-0270(94)90144-9.])
0 : Filament deviation (using 0.224)
[0230]

The analyzed results are shown in Figure 14. Negative control group mice that did
not receive paclitaxel generally remained threshold range between 1.0 and 1.5 g, while
CIPN model mice treated with paclitaxel became more sensitive to low stimuli and
responded to stimuli as low as 0.5 g or less. In contrast, the SHED-CM-treated CIPN
model mice, as treatment continued, required the same stimuli as those given to the
negative control group mice to escape. These results indicate that administration of SHED-

CM is available in alleviating or treating the neurological disorder CIPN.

Industrial Applicability
[0231]
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The present invention is available in the field of pharmaceuticals, especially those
related to the treatment of neuritis.
[Sequence Listing Free Text]
[0232]
SEQ ID No. I: The nucleotide sequence of the DNA fragment containing the gene to be
introduced into the cell (1).
SEQ ID No. 2: The nucleotide sequence of the DNA fragment containing the gene to be
introduced into the cell (2).
SEQ ID No. 3: The nucleotide sequence of the DNA fragment containing the gene to be
introduced into the cell (3).
SEQ ID No. 4: The nucleotide sequence of the DNA fragment containing the gene to be
introduced into the cell (4).
SEQ ID No. 5: The nucleotide sequence of the DNA fragment containing the gene to be
introduced into the cell (5).
[0233]
SEQ ID No. 6: The nucleotide sequence of the DNA fragment containing the gene to be
introduced into the cell (6).
SEQ ID No. 7: The primer for PCR (1).
SEQ ID No.8: The primer for PCR (2).
SEQ ID No. 9: The primer for PCR (3).
SEQ ID No. 10: The primer for PCR (4).
[0234]
SEQ ID No. 11: The primer for PCR (5).
SEQ ID No. 12: The primer for PCR (6).
SEQ ID No. 13: The primer for PCR (7).
SEQ ID No. 14: The primer for PCR (8).
SEQ ID No. 15: The primer for PCR (9).
[0235]
SEQ ID No. 16: The primer for PCR (10).
SEQ ID No. 17: The primer for PCR (11).
SEQ ID No. 18: The primer for PCR (12).



SEQ ID No. 19:
SEQ ID No. 20:

[0236]

SEQ ID No. 21:
SEQ ID No. 22:
SEQ ID No. 23:
SEQ ID No. 24:
SEQ ID No. 25:
SEQ ID No. 26:

The primer for PCR (13).
The primer for PCR (14).

The primer for PCR (15).
The primer for PCR (16).
The primer for PCR (17).
The primer for PCR (18).
The primer for PCR (19).
The primer for PCR (20).

66



67

Claims

A composition that regenerates myelin sheath or proliferates Schwann cells, wherein
the composition contains a culture supernatant of immortalized mesenchymal stem
cells to which a gene set of telomerase reverse transcription enzyme (TERT) and
two or three genes selected from a group consisting of Bmi-1 gene, HPV16-E6 gene,

and HPV16-E7 gene are introduced.

The composition according to claim 1, wherein the gene set consists of Bmi-1 gene,

HPVE16-E6, HPV16-E7, and hTERT.

The composition according to claims 1 or 2, wherein the immortalized mesenchymal

stem cells are prepared from dental pulp stem cells.

The composition according to claim 3, wherein the dental pulp stem cells are dental

pulp stem cells derived from humans.

The composition according to claim 4, wherein the composition contains culture
supernatant obtained from the immortalized mesenchymal stem cells, which are
immortalized by introducing said gene set with virus vectors, and by culturing them

for 60 to 84 hours.

The composition according to claim 4, wherein the composition contains at least a

component that acts on c-MET, a hepatocyte growth factor (HGF) receptor.

A therapeutic pharmaceutical preparation for demyelinating diseases that comprises

the composition claimed in claim 4 as an active ingredient.

The pharmaceutical preparation according to claim 7, wherein the preparation
contains 10 to 90 weight % of the composition, when the total weight of the

preparation is 100 %.
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The pharmaceutical preparation according to claim 7, wherein the demyelinating
disease is central nerve one, and anyone selected from a group consisting of
multiple sclerosis, neuromyelitis optica, acute disseminated encephalomyelitis,
atopic myelitis, progressive multifocal leukoencephalopathy, HTLB-1-related
myelopathy, HIV-related leukoencephalopathy, subacute sclerosing panencephalitis,

osmotic demyelinating syndrome and drug-induced leukoencephalopathy.

The pharmaceutical preparation according to claim 7, wherein the demyelinating
disease is peripheral nerve one, and anyone selected from a group consisting of
Guillain-Barré syndrome, Fisher syndrome, diabetic neuropathy, chronic
inflammatory demyelinating polyradiculoneuropathy, multifocal motor neuropathy,

chemotherapeutic agent-induced peripheral neuropathy, and herpes zoster.

The pharmaceutical preparation according to claim 7, wherein the preparation is a
dosage form selected from a group consisting of powders, tablets, capsules, liquids,

injectables, and plasters.

A pharmaceutical preparation for the treatment of chemotherapeutic agent-induced
peripheral neuropathy that comprises a composition as an active ingredient, wherein
the composition contains a culture supernatant of immortalized mesenchymal stem
cells to which a gene set of telomerase reverse transcription enzyme (TERT) and
two or three genes selected from a group consisting of Bmi-1 gene, HPV16-E6 gene,

and HPV16-E7 gene are introduced.

The pharmaceutical preparation according to claim 12, wherein the

chemotherapeutic agent is an anti-cancer agent.

The pharmaceutical preparation according to claim 13, wherein the anti-cancer agent

is a vinca alkaloid preparation or a taxane preparation.



