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INJECTABLE COMPOSITION FOR PREVENTING HAIR LOSS OR
STIMULATING HAIR GROWTH
[Technical Field]
[1] This application claims priority to and the benefit of Korean Patent Application
No. 10-2017-0014047 filed in the Korean Intellectual Property Office on January 31,
2017, the entire contents of which are incorporated herein by reference.
[2] The present invention relates to an injectable composition containing keratin
for preventing hair loss or stimulating hair growth.
[Background Art]
[3] Hair loss refers to a state in which there is no hair in a place where hair
should be normally present, and genetic factors are known to be the main cause.
Recently, due to environmental pollution, westernized eating habits such as instant
foods, frequent perms and dyeing, and incorrect scalp cares as well as the increase
of social stress, the population of hair loss is gradually increasing. However, the
definite cause of hair loss has not yet been clarified. Recently, more and more
people are suffering from alopecia, and the age group is lowering.
[4] Even in the treatment of alopecia, there is still no clear effect, there are
several taking prescriptions related to hair loss, such as Sineungyangjindan in
Donguibogam, and there are methods of massaging sesame oil (sesame) in a hair
loss area, applying a specific herbal medicine prescription by primary precipitate, and
stimulating a specific acupoint, but it is known that there are many individual
differences in the effect. In addition, there is still no report of a new drug substance

that can be generally applied.
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[5] As a method for treating alopecia in the related art, there is a preparation
using female hormone as a main material in relation to hormonal theory, but there is
a report of occurrence of skin inflammation and adverse effects due to administration
of hormone, and its use is being stopped at present. As a representative hair
growth agent currently in use, there are minoxidil (6-amino-1,2-dihydro-1-hydroxy-2-
imino-4-phenoxypyrimidine) in US Patent Registration NO. 3,382,247 and finasteride
from Merck mentioned in US Patent Registration NO. 5,215,894, which have been
first developed and used for stimulating blood circulation, have been known to
patients using the hair growth agent to have a hair growth effect as side effects, and
then have been approved by the US Food and Drug Administration (FDA) as a raw
material for hair growth to be used as a hair growth treating agent.
[6] However, the minoxidil has been reported to have a sticky feel and side
effects that cause irritation to the skin, and the finasteride has been currently used as
a preparation for oral administration, but adverse effects such as sexual dysfunction
have been reported depending on its consumption, and there is a side effect to be
taken steadily for hair loss.
[7] Thus, it is necessary to develop a new therapeutic agent that can replace the
existing hair growth agent and has an excellent effect of preventing hair loss and
stimulating hair growth.
[8] [Prior Art Documents]
[9] [Patent Document]
[10] (Patent Document 1) U.S. Patent No. 3,382,247
[11] (Patent Document 2) U.S. Patent No. 5,215,894

[Disclosurel

[Technical Problem]
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[12] In order to solve the problems, the present inventors confirmed that keratin
may stimulate hair growth and prevent hair loss while continuing a research about a
new therapeutic agent that can replace existing hair growth agents and furthermore
confirmed that when the keratin was injected into the skin tissue, it was more
effective in stimulating hair growth or preventing hair loss than when keratin was
applied to skin, and thus the inventors completed the present invention.

[13] Therefore, an object of the present invention is to provide an injectable
pharmaceutical composition containing keratin for preventing hair loss or stimulating
hair growth.

[Technical Solution]

[14] In order to achieve the object, according to an aspect of the present invention,
there is provided an injectable pharmaceutical composition containing keratin for
preventing hair loss or stimulating hair growth.

[15] In one embodiment of the present invention, the keratin may be hydrolyzed
keratin or keratin linked to a water-soluble polymer.

[16] The hydrolyzed keratin may have a molecular weight of 500 to 10,000
Daltons.

[17] The water-soluble polymer may be at least one selected from the group
consisting of hyaluronic acid, polyethylene glycol (PEG), alginic acid, pectin,
carrageenan, chondroitin sulfate, dextran sulfate, chitosan, polylysine, collagen,
gelatin, carboxymethyl chitin, fibrin, dextran, agarose, pullulan, polyacrylamide
(PAAmM), poly(N-isopropylacrylamide) (P(NIPAAm-co-AAc)), poly(N-
isopropylacrylamide-co-ethylmethacrylate) (P(NIPAAm-co-EMA)), polyvinyl
acetate/polyvinyl alcohol (PVAc/PVA), poly(N-vinylpyrrolidone) (PVP), poly(methyl

methacrylate-co-hydroxyethyl methacrylate) (P(MMA-co-HEMA)),
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poly(polyethyleneglycol-co-peptide  (P(PEG-co-peptide)), alginate-g-(polyethylene
oxide-polypropylene  oxide-polyethylene  oxide) (alginate-g-(PEOPPO-PEQ)),
poly(polylactic acid-co-glycolic acid)-co-serine) (P(PLGA-co-serine)), collagenacrylate,
alginate-acrylate, poly(hydroxypropyl methacrylamide-g-peptide) (P (HPMA-g-
peptide)), poly(hydroxyethyl methacrylate/matrigel) (P(HEMA/Matrigel)), hyaluronic
acid-g-N-isopropylacrylamide (HA-g-NIPAAm), polyethylene oxide (PEO), a
polyethylene oxide-polypropylene oxide copolymer (PEO-PPO, Pluronic series), a
polyethylene oxide-polylactic acid copolymer (PEO-PLA), a polyethylene oxide-
polylactic glycolic acid copolymer (PEO-PLGA), a polyethylene oxide-
polycaprolactone copolymer (PEO-PCL), polyoxyethylene alkyl ethers (Brij Series),
polyoxyethylene castor oil derivatives (Cremophores), polyoxyethylene sorbitan fatty
acid esters (Tween Series), and polyoxyethylene stearates.

[18] The keratin may stimulate hair regeneration.

[19] The pharmaceutical composition may increase an expression level of at least
one selected from the group consisting of beta-catenin, Sox-9, Sox-2, alkaline
phosphatase, CD133, FGF7, FGF10, BMP6, P-cadherin, E-cadherin, MSX2, FOXN1

and CD10.

[20] The pharmaceutical composition may be administered to the dermal layer or
the subcutaneous tissue.

[21]  The pharmaceutical composition may further include a penetration enhancer.

[22] The penetration enhancer may be at least one selected from the group
consisting of sulphoxide, azone, pyrrolidone, fatty acids, lower alcohols having 1 to 4
carbon atoms, higher fatty alcohols having 6 or more carbon atoms, glycols, urea,
terpene, terpenoid, and phospholipid.

[23] The hydrolyzed keratin may be prepared by a preparation method of
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hydrolyzed keratin, including S1) reacting keratin with hydrolase; and S2) removing
the hydrolase.
[24] The hydrolase may be proteinase-K.
[25] The hydrolase may be immobilized on beads.
[26] The preparation method of hydrolyzed keratin may further include S3)
removing the activity of the hydrolase after step S2).
[Advantageous Effects]
[27]  The injectable pharmaceutical composition containing keratin of the present
invention stimulates hair growth and formation of hair follicles.
[28] Further, when the injectable pharmaceutical composition containing keratin of
the present invention is injected into the skin tissue, it is more effective to stimulate
hair growth or prevent hair loss than when the pharmaceutical composition is applied
to the skin.
[29] Therefore, the pharmaceutical composition of the present invention can be
used as a therapeutic agent for preventing hair loss or stimulating hair growth.
[Description of Drawings]
[30] FIG. 1 illustrates data obtained by NMR analysis of PEGylated keratin.
[31] FIG. 2 is a diagram illustrating a hair growth effect after 2 weeks after
injecting Examples 1 to 6 into hair-removed mice.
[32] FIG. 3 is a photograph illustrating the degree of hair follicle formation by
injecting Examples 1 to 6 into hair-removed mice and then staining the injected mice
with hematoxylin-eosin after 2 weeks.
[33] FIG. 4 is a graph illustrating the number of hair follicles formed in each stage
of hair growth after 2 weeks after injecting Examples 1 to 6 into hair-removed mice.

[34] FIG. 5 is a graph illustrating sizes of hair follicles formed after 2 weeks after
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injecting Examples 1 to 6 into hair-removed mice.

[35] FIG. 6 is a photograph of a result of SDS-PAGE analysis for confirming that
hydrolyzed keratin having a different molecular weight from natural keratin may be
prepared.

[36] FIG. 7 is a diagram of confirming that cell proliferation is inhibited when
human dermal papilla cells are treated with keratin.

[37] FIG. 8 is a photograph of confirming that keratin is attached to the cell
surface by analyzing interaction with cells and then formation of cell aggregates is
induced by keratin, when human dermal papilla cells are treated with keratin.

[38] FIG. 9 is a diagram illustrating that expression of mRNA associated with cell
proliferation is suppressed and expression of mMRNA associated with cell migration,
induction of cell aggregates, and synthesis of an extracellular matrix is increased,
when human dermal papilla cells are treated with keratin.

[39] FIG. 10 is a diagram illustrating that molecular expression of FGF7, FGF10
and BMP6, which are known as factors inducing hair growth, is increased when
human dermal papilla cells are treated with keratin.

[40] FIG. 11 is a graph of confirming that expression of beta-catenin and P-
cadherin as factors related with cell migration and differentiation into matrix cells is
increased and expression of CD34 as a molecule that reduces expression at
differentiation is decreased, when human outer root sheath cells are with keratin.

[41] FIG. 12 is a graph of confirming that gene expression of MSX2, FOXN1, and
CD10 as factors related with differentiation into matrix cells is increased and gene
expression of KRT5 and ITGA6 as molecules with reduced expression at
differentiation is decreased, when human outer root sheath cells are with keratin.

[42] FIG. 13 is a diagram of confirming that expression of a beta-catenin molecule
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as a factor related with cell migration and activity of clone and a Sox-9 molecule
involved in stemness is increased, when outer root sheath cells are treated with
hydrolyzed keratin.
[43] FIG. 14 is a graph illustrating that expression of a Sox-9 gene and a beta-
catenin gene involved with stemness is increased when outer root sheath cells are
treated with hydrolyzed keratin.
[44] FIG. 15 is a graph of confirming that a beta-catenin molecule is expressed
four times or more when outer root sheath cells are treated with hydrolyzed keratin.
[45] FIG. 16 is a diagram of confirming that formation of cell aggregates involved
with hair regeneration and stemness is increased five times or more when human
dermal papilla cells are treated with hydrolyzed keratin.
[46] FIG.17 is a photograph of confirming that activity of hydrolase (alkaline
phosphatase) by which alkaline phosphate cells are expressed is increased when
human dermal papilla cells are treated with hydrolyzed keratin.
[47] FIG. 18 is a photograph of confirming that expression of beta-catenin, Sox-2,
hydrolase (alkaline phosphatase, ALPase), and CD133, FGF-7 and FGF-10
molecules as factors of hair regeneration and stemness is increased when human
dermal papilla cells are treated with hydrolyzed keratin.

[Mode for Invention]
[48] The present invention provides an injectable pharmaceutical composition
containing keratin for preventing hair loss or stimulating hair growth.
[49] The keratin may be a true keratin constituting hair, fleece, feather, horn, nail,
horseshoe, or the like, and may be keratin existing in the skin, nervous tissue or the
like.

[50] In addition, the keratin includes amino acids such as glutamic acid, arginine,
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and cystine, and particularly may contain a high content of cystine.

[61] The keratin may be any commercially available keratin, may be processed to
be soluble in water or a water-soluble solvent, and preferably may be human hair-
derived keratin, and the molecular weight thereof may be 40,000 to 70,000 Daltons.
[52] The keratin may be hydrolyzed keratin or keratin linked to a water-soluble
polymer.

[63] The hydrolyzed keratin is a protein that exhibits water solubility by
decomposing insoluble natural keratin while retaining the properties of keratin, and
may be used in combination with keratin-derived peptides. The hydrolyzed keratin
may be prepared by hydrolyzing keratin with acid, alkali, oxygen, or hydrolase, but is
not limited thereto, and may be obtained by a general method of preparing a
hydrolyzed keratin having a molecular weight of 500 to 10,000 Daltons from natural
keratin.

[54] The hydrolyzed keratin may be prepared by a preparation method of
hydrolyzed keratin, including S1) reacting keratin with a hydrolase; and S2) removing
the hydrolase.

[65] The step S1) is a step of preparing keratin hydrolyzed from keratin using the
hydrolase.

[56] Here, the hydrolase is classified into 9 groups according to their action
targets, as groups classified into enzymes that catalyze hydrolysis reactions when
enzymes are classified systematically.

[67] The hydrolase is an enzyme which may hydrolyze natural keratin because
the keratin is a protein, and preferably an enzyme that acts on peptide bonds.
Specifically, the enzyme that acts on the peptide bonds may be any one selected

from proteases including Leucyl aminopeptidase, carboxypeptidase, pepsin, trypsin,
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and chymotrypsin. More preferably, the enzyme is a proteinase-K, but is not limited
thereto.

[58] In the method for preparing the hydrolyzed keratin, if the step S1) is absent
or is not properly performed, the yield of the hydrolyzed keratin exhibiting an effect of
preventing hair loss or stimulating hair growth may be insufficient.

[59] Next, the step S2) is a step of obtaining only the hydrolyzed keratin from a
mixture of the hydrolase and the hydrolyzed keratin. The hydrolase may be
immobilized on beads. The hydrolase may be separated from the hydrolyzed
keratin according to the physical/chemical properties of the bead using a difference in
magnetism of the bead, a difference in weight, a difference in adsorption, or the like.
[60] The beads may be at least one selected from the group consisting of poly-L-
lactic acid (PLLA), a poly-lactic acid-glycolic acid copolymer (PLGA), polyglycolic acid
(PGA), polyurethane (PU), polymethylmethacrylate (PMMA), polyethylene (PE), and
ferromagnetite, but the present invention is not limited thereto. Specifically, the
beads may be agarose beads.

[61] In the method for preparing the hydrolyzed keratin, if the step S2) is absent
or is not properly performed, the purity of only the hydrolyzed keratin exhibiting an
effect of preventing hair loss or stimulating hair growth may be lowered.

[62] In addition, the method for preparing the hydrolyzed keratin may further
include S3) removing the activity of the hydrolase, after the step S2).

[63] The step S3) is for stopping the hydrolysis reaction of the keratin by removing
the activity of the hydrolase, and may be left at a high temperature for several hours
so that the hydrolase does not react with the keratin.

[64] In the method for preparing the hydrolyzed keratin, if the step S3) is included,

the purity of the hydrolyzed keratin may be increased and the hydrolyzed keratin
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having a uniform molecular weight may be obtained.

[65]

[66] For example, the hydrolyzed keratin may be obtained by mixing human hair
with a mixture of chloroform and methanol in a ratio of 2:1 to remove lipid, stirring the
mixture in a 2% peracetic acid solution for 12 hours, and then adding 5% 2-
mercaptoethanol, 5 M urea, 2.6 M thiourea, and 25 mM Tris-HCI (pH 8.5), and
reacting at 50 to 72 hours, but the present invention is not limited thereto.

[67]

[68] In the present invention, the water-soluble polymer may be at least one
selected from the group consisting of hyaluronic acid, polyethylene glycol (PEG),
alginic acid, pectin, carrageenan, chondroitin sulfate, dextran sulfate, chitosan,
polylysine, collagen, gelatin, carboxymethyl chitin, fibrin, dextran, agarose, pullulan,
polyacrylamide (PAAm), poly(N-isopropylacrylamide) (P(NIPAAm-co-AAc)), poly(N-
isopropylacrylamide-co-ethylmethacrylate) (P(NIPAAm-co-EMA)), polyvinyl
acetate/polyvinyl alcohol (PVAc/PVA), poly(N-vinylpyrrolidone) (PVP), poly(methyl
methacrylate-co-hydroxyethyl methacrylate) (P(MMA-co-HEMA)),
poly(polyethyleneglycol-co-peptide  (P(PEG-co-peptide)), alginate-g-(polyethylene
oxide-polypropylene  oxide-polyethylene  oxide) (alginate-g-(PEOPPO-PEQ)),
poly(polylactic acid-co-glycolic acid)-co-serine) (P(PLGA-co-serine)), collagenacrylate,
alginate-acrylate, poly(hydroxypropyl methacrylamide-g-peptide) (P (HPMA-g-
peptide)), poly(hydroxyethyl methacrylate/matrigel) (P(HEMA/Matrigel)), hyaluronic
acid-g-N-isopropylacrylamide (HA-g-NIPAAm), polyethylene oxide (PEO), a
polyethylene oxide-polypropylene oxide copolymer (PEO-PPO, Pluronic series), a
polyethylene oxide-polylactic acid copolymer (PEO-PLA), a polyethylene oxide-

polylactic glycolic acid copolymer (PEO-PLGA), a polyethylene oxide-
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polycaprolactone copolymer (PEO-PCL), polyoxyethylene alkyl ethers (Brij Series),
polyoxyethylene castor oil derivatives (Cremophores), polyoxyethylene sorbitan fatty
acid esters (Tween Series), and polyoxyethylene stearates. Preferably, the water-
soluble polymer may be polyethylene glycol or hyaluronic acid, but the present
invention is not limited thereto.

[69] In the present invention, the polyethylene glycol may be, for example, O-
methyl-O’-succinylpolyethylene glycol, dibasic acid polyethylene glycol, a,w-bis(2-
carboxyethyl-polyethylene glycol, O,0’-bis(2-bromoethyl) polyethylene glycol, O,0’-
bis(2-chloroethyl)  polyethylene  glycol, polyethylene glycol dimethylate,
methoxypolyethylene glycol acetic acid, O-[2-(3-succinylamino)ethyl]-O’-methyl-
polyethylene  glycol,  O-(2-bromoethyl)-O’-methylpolyethylene  glycol, O-(2-
chloroethyl)-O’-methylpolyethylene glycol, polyethylene glycol monomethyl ether
mesylate, aldehyde-functionalized polyethylene glycol, glycidyl ether functionalized
polyethylene glycol, nitrophenyl carbonate functionalized polyethylene glycol, mesyl
functionalized polyethylene glycol, or tosyl functionalized polyethylene glycol, and
preferably O-methyl-O’-succinylpolyethylene glycol.

[70] The molecular weight of the water-soluble polymer may be 1000 Da to 4000
kDa, preferably 2000 Da to 3000 kDa. As a preferable example, hyaluronic acid of
1000 kDa to 4000 kDa or polyethylene glycol of 1000 Da to 20000 Da may be used.
[71]  The keratin may stimulate hair regeneration.

[72] Specifically, the keratin may induce the growth of human outer root sheath
cells or dermal papilla cells and the aggregation of cells to stimulate hair regeneration.
[73] The “stimulation of hair growth” mentioned in the present invention means
stimulating “hair growth” and/or “hair regeneration”, the “hair regeneration” means

inducing growth of human outer root sheath cells or dermal papilla cells or cell
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aggregation to ultimately prevent hair from falling out easily, and means inducing the
formation of hair follicles by stimulating formation of hair follicles at an anagen stage
which is an initial stage of hair growth to regenerate the hair. Further, the
“stimulation of hair growth” includes increasing expression factors involved to
migration of human outer root sheath cells and activity of clones or stemness.

[74]

[75] In addition, the pharmaceutical composition according to the present
invention may increase the expression levels of genes for inducing hair regeneration
and hair growth contained in human outer root sheath cells or dermal papilla cells.
[76] The gene may be at least one selected from the group consisting of beta-
catenin, Sox-9, Sox-2, alkaline phosphatase, CD133, FGF7, FGF10, BMP6, P-
cadherin, E-cadherin, MSX2, FOXN1 and CD10.

[77] The beta-catenin means a signaling substance that receives a signal of a
Whnt protein to migrate into the cell nucleus and regulates the expression of a target
gene involved in cell proliferation and differentiation, a substance which is contained
in stem cells to be grown to hair, and a substance related with cell migration and
clonal activity.

[78] The Sox-9 is a substance involved in stemness and means a gene
expressed in the nucleus of outer root sheath (ORS) and sebaceous gland cells of
hair.

[79] The Sox-2 means a substance which is highly expressed in embryonic stem
cells, plays an important role not only in maintaining the pluripotency of embryonic
stem cells but also in making inducing pluripotent stem cells, and has an important
function for maintaining stem cell characteristics.

[80] The alkaline phosphatase as a kind of enzyme is a substance which exists in



10

15

20

25

13

various part of body as several isoenzymes, a substance involved in angiogenesis in
a hair matrix during hair growth, and means a substance of which activity is
increased when hair growth occurs.

[81] The CD133 is known as a protein which exists in the extracellular membrane
and is induced to be expressed when the cells grow, corresponds to a cluster of
differentiation (CD)-based protein, and means a substance which may have
immunological properties of hair follicle stem cells.

[82] The FGF7 is a keratinocyte growth factor, and means a substance that
penetrates into the dermis below the epidermis to strongly stimulate the growth and
proliferation of keratinocytes.

[83] The FGF10 is a fibroblast growth factor, and means a substance that
penetrates into the dermis below the epidermis to strongly stimulate the growth and
proliferation of fibroblasts.

[84] The BMP6 is a protein that regulates biological activity in various kinds of
cells including nerve cells and means a factor for inducing the formation of
aggregates of human dermal papilla cells to induce hair growth.

[85] The P-cadherin and E-cadherin as cadgerin-based proteins mean proteins
which are used to attach cells, are linked to the actin cytoskeleton to have a function
of help in assembling the proteins, and acts as signaling molecules that change gene
expression in cells, and mean factors involved in migration of human outer root
sheath cells and differentiation into matrix cells.

[86] The MSX2, FOXN1, and CD10 mean factors involved in the differentiation of
human outer root sheath cells into matrix cells.

[87] The pharmaceutical composition may increase beta-catenin or Sox-9 in

human outer root sheath cells to induce migration of outer root sheath cells and
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activity of clones.

[88] The pharmaceutical composition may stimulate the formation of cell
aggregates of human dermal papilla cells, and increase the formation of cell
aggregates to induce hair growth and improve a hair regeneration effect.

[89] The pharmaceutical composition may increase the expression of beta-
catenin, Sox-2, alkaline phosphatase, CD133, FGF7, and FGF10 in human dermal
papilla cells, thereby increasing the stemness of human dermal papilla cells.

[90] In one specific embodiment of the present invention, the hair of the dorsal
part of the elderly mouse with reduced physical functions was shaved and then a
keratin solution was injected into the dorsal part to analyze the density of the growing
hair and the formation of hair follicles. As a result, it was confirmed that the keratin
stimulated the formation of hair follicles and hair regeneration. Thus, it has been
seen that the keratin may be used in the injectable pharmaceutical composition for
preventing hair loss or stimulating hair growth.

[91] In the present invention, the term "injection” refers to the injection of a drug
solution intradermally, subcutaneously, intramuscularly or intraarterially using a
syringe. Specifically, since the pharmaceutical composition of the present invention
has the effect of preventing hair loss or stimulating hair growth, the injection may be a
subcutaneous injection, but is not limited thereto. The syringe can be used not only
as a general syringe capable of administering a drug solution through a needle but
also as a syringe used for subcutaneous administration of the pharmaceutical
composition of the present invention.

[92] In the present invention, the injectable pharmaceutical composition may be in
the form of a liquid or dry powder. The dry powder for injection may be reconstituted

with at least one selected from the group consisting of water for injection, a
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physiological saline solution, a glucose solution, and an amino acid solution to be
administered to a subject.

[98] The amount of an active ingredient contained in the composition of the
present invention depends on a condition of a subject to be administered, a desired
degree of treatment, and the like. Specifically, the keratin of the present invention
may be contained in a concentration of 0.001 to 10 (w/v)%, specifically 0.01 (w/v)%
to 5 (w/v)%, and more specifically 0.05 to 2 (w/v)% based on the injectable
pharmaceutical composition.

[94] When the concentration of the keratin is less than 0.001 (w/v)%, the effect of
preventing hair loss or stimulating hair growth may be insufficient, and if the
concentration of keratin is more than 10 (w/v)%, there is a problem that side effects in
the body may be shown.

[95] In the present invention, the composition may further include a penetration
enhancer.

[96] The pharmaceutical composition may be administered locally to a hair loss
site or a site where hair growth is to be stimulated, preferably may be administered to
the dermal layer or subcutaneous tissue. At this time, the dermal layer is the
thickest layer below the epidermis, which means a layer where a vascular system, a
nervous system, a lymphatic system, etc. are intricately intertwined, hair follicles are
generated and grow, and hair follicles are contained.

[97] The subcutaneous tissue is a portion between the muscle and the bone
below the dermal layer, which has fat cells containing a large amount of fat to give
the softness to the body softness, have the contour, and be used as energy. It also
means that arteries and lymph are circulating.

[98] The penetration enhancer may be at least one selected from the group
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consisting of sulphoxide, azone, pyrrolidone, fatty acids, lower alcohols having 1 to 4
carbon atoms, higher fatty alcohols having 6 or more carbon atoms, glycols, urea,
terpene, terpenoid, and phospholipid. However, the penetration enhancer is not
limited thereto and may include general stimulators that are used in the injectable
pharmaceutical composition to stimulate transdermal penetration of an active
ingredient.

[99] The sulphoxide may be at least one selected from the group consisting of
dimethyl sulfoxide (DMSO), dimethyl acetamide (DMAC), dimethyl formamide (DMF),
and decylmethyl sulfoxide (DCMS), but is not limited thereto.

[100] The pyrrolidione may be at least one selected from the group consisting of N-
methyl-2-pyrrolidone (NMP) and 2-pyrrolidone (2P), but is not limited thereto.

[101] The azone may be 1-dodecylazacycloheptan-2-one or laurocapram.

[102] The penetration enhancer may be contained in a generally acceptable
amount to the injectable composition depending on a kind to be used.

[103] The pharmaceutical composition of the present invention may be used alone
or in combination with hormonal therapy, chemotherapy, and methods using a
biological response modifier for preventing hair loss or stimulating hair growth.

[104] The present invention provides a method for preventing hair loss or
stimulating hair growth including preparing an injectable pharmaceutical composition
containing keratin; and administering the injectable pharmaceutical composition to a
subject.

[105] The “administration” means introducing a desired substance into the subject
in an appropriate manner. In the present invention, the composition may be
administered to the dermal layer or the subcutaneous tissue because of its

characteristic of preventing hair loss or stimulating hair growth by injecting into the
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subject.

[106] The pharmaceutical composition of the present invention varies depending
on various factors including the activity of a specific compound used, age, weight,
general health, gender, diet, time of administration, route of administration, rate of
excretion, drug combination, and the severity of a specific disease to be prevented or
treated. The dose of the pharmaceutical composition may vary depending on a
condition of the patient, a body weight, the degree of disease, a type of drug, and
route and period of administration, but may be suitably selected by those skilled in
the art, and may be administered in an amount of 0.0001 to 100 mg/kg or 0.001 to
100 mg/kg. The administration may be performed once a day or several times a day.
The dose does not limit the scope of the present invention in any aspect. In addition,
the dose and concentration may vary depending on the human hair growth area, and
the concentration of the composition is preferably 0.1 to 100 mg/ml, but is not limited
thereto.

[107] The “subject” means all animals such as mice, rats, and livestock, including
humans that have or may develop hair loss symptoms. Specifically, the subject may
be mammals including humans.

[108]

[109] Hereinafter, preferred Preparation Examples or Examples are presented in
order to assist understanding of the present invention. However, the following
Preparation Examples or Examples are just provided to more easily understand the
present invention and contents of the present invention are not limited by the
embodiment.

[110]

[111] Preparation Example 1: Obtainment of keratin
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[112] Human hair was cleanly washed with a weak detergent and rinsed several
times with distilled water. For lipid removal, the hair was placed in a beaker and
added with a mixture of chloroform and methanol at a ratio of 2:1 until the hair sank.
After 24 hours, the solution used for lipid removal was washed several times with
distilled water until the solution was not left in the hair, and then the hair was air-dried.
20 g of the hair which had been air-dried was added in 800 mL of 2% acetic acid
(Sigma aldrich), and the mixture was stirred at 37 °C for 12 hours at 300 rpm. After
12 hours, the hair was sieved and washed with distilled water to remove remaining
oxides. The hair was added in a 400 mL Shindai solution (5% 2-mercaptoethanol, 5
M of urea, 2.6 M of thiourea (Sigma aldrich) and 25 mM Tris-HCI (pH 8.5)) and
reacted for 72 hours under conditions of 50 °C and 400 rpm. Thereafter, the hair
solution was added in a 50 mL tube and centrifuged at 3500 rpm for 20 minutes.
The supernatant was collected and dialyzed using a 12-14 kDa cut-off Spectra/Por ®
4 dialysis membrane (Spectrum). The dialyzed keratin liquid sample was
lyophilized to prepare a keratin powder.

[113]

[114] Preparation Example 2: Preparation of Hydrolyzed keratin

[115] First, dH20 was added to a brown vial (10 ml, 22 * 48) made of polyethylene
terephthalate having a screw cap and 20 mg of Tritirachium album-derived
proteinase K (immobilized to Eupergit®, Sigma-Aldrich) was added and dissolved at
a concentration of 2 mg/ml. The proteinase-K was fully dissolved and then 400 mg
of the keratin powder prepared according to Preparation Example 1 was weighed
using an electronic balance for measurement of fine part unit count (0.001 g to 620 g,
AJ-620E) and added into the vial. The vial was placed in a digital drying oven and

then stirred at 37 °C at rate of 300 rpm for 1 hour using an egg-white, 5 x 2 mm
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magnetic stir bar (BOOC3ME4ZA, 1572500 IKAFLON 40, IKA) and a mobile MS-H-
S10 10-Channel magnetic stirrer. The fully hydrolyzed keratin solution was placed
in a centrifuge and operated at 250 g for 10 min to precipitate Proteinase-K
immobilized Eupergit C and then the precipitate was removed. Only the supernatant
was obtained and was added to an Eppendorf® PCR tube by 10 pul. The tube was
boiled for 1 hour at 99 °C in CFX96 Touch™ Real-Time PCR detection system
equipment to remove the activity of the proteinase-K. The hydrolyzed keratin liquid
sample was lyophilized to prepare a hydrolyzed keratin powder.

[116]

[117] Preparation Example 3: Preparation of PEGylated Keratin

[118] Preparation Example 3-1: Synthesis of PEGylated keratin

[119] First, 0.5 g of the keratin powder obtained in Preparation Example 1 was
weighed using an electronic balance (0.001 g to 620 g, AJ-620E) for measurement of
fine part unit count and placed in a 500 mL Pyrex beaker (ISOLAB, YLS, Germany).
100 mL of tertiary water was added to a beaker and stirred at a rate of 300 rpm for 24
hours using a 40 x 8 mm magnetic stir bar (BOOC3ME4ZA, 1572500 IKAFLON 40,
IKA) and an MS-H-S10 10-Channel magnetic stirrer.

[120] 300 mg of O-methyl-O’-succinyl polyethylene glycol 5000 (mPEG, 17929-5G-
F, Lot#R063737/2V Sigma aldrich) modified with methoxypolyethylene glycol was
dissolved in 20 mL of tertiary water for 1 hour. 16 mg of 4-(4,6-dimethoxy-1,3,5-
triazin-2-yl)-4-methoxy moluronium chloride (DMTMM) n-hydrate (327-53752, wako
chemical) was added to an mPEG solution and then stirred for 1 hour. The keratin
solution and a binding solution of mMPEG and DMTMM were placed in a 500 mL
beaker and stirred at a rate of 500 rpm at room temperature for 3 days using a 40 x 8

mm magnetic stir bar (1572500 IKAFLON 40, IKA) and an MS-H-S10 10-Channel
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magnetic stirrer.

[121] Preparation Example 3-2: Purification of PEGylated keratin

[122] After the reaction of Preparation Example 3-1 was completed, the PEGylated
keratin solution was added to a Spectra/Por permeable membrane tube (diameter of
16 mm, 25 mm of flat width, MW10000, Spectrum) by 100 mL per tube and packed
using a Spectra/Por RC dialysis tubing closure (maximum width of 55 mm, Orange,
Spectrum). A 5 L plastic beaker (197 mm in diameter, 265 mm in height) was filled
with 4 L of tertiary water, added with the tube containing the PEGylated keratin
solution, added with a magnetic bar, and stirred to perform dialysis. At this time,
new tertiary water was changed every 12 hours and the dialysis was performed while
the tertiary water was changing a total of 6 times at room temperature for 3 days.
The final PEGylated keratin solution was placed in a 50 mL centrifuge tube (17 x 120
mm, BD Falcon) to be divided by 40 mL, and then completely frozen at -70 °C for 24
hours in a cryogenic refrigerator (Nihon freezer, Upright type, Single cooling type,
5421). The lid of the centrifuge tube was opened and the PEGylated keratin solution
was placed in a freeze dryer (ALPHA 2-4 LSC PLUS, Laboratory freeze dryers,
Christ) and dried for 3 days in a vacuum state at -85 °C to be completely powdered.
Next, the PEGylated keratin was analyzed by NMR. As a result, as illustrated in FIG.
1, it was confirmed that the PEGylated keratin had peaks at the same time, which
were specifically expressed in keratin and PEG, respectively.

[123] Preparation Example 3-3: Preparation of PEGylated keratin solution
containing hydrogen peroxide

[124] 20 mg of the PEGylated keratin obtained in Preparation Example 3-2 was
measured using an electronic balance ((0.001 g to 620 g) AJ-620E) for measurement

of fine part unit count. 102 ul of H202 (hydrogen peroxide 30%, molecular weight



10

15

20

25

21

34.01, JUNSEI CHEMICAL, 7722-84-1) was added to 898 ul of tertiary distilled water
to make 1 mL of 1 M concentration, and then serial dilution was performed with
distilled water 100 times and 20 times to prepare a final 500 uM of H202 solution.
The prepared 500 uM of H202 solution was added with 20 mg of the PEGylated
keratin and vortexed for 5 minutes to prepare a PEGylated keratin solution containing
500 uM H202. A glass bottle containing the prepared solution was sealed with a
nylon vacuum packing machine 150 x 200 mm (NY / PELLDPE) (80 um) using a
pneumatic vacuum packing machine and then stored.

[125]

[126] Experimental Example 1: Hair Growth Effect in Animal Experiment

[127] Experimental Example 1-1: Preparation of animal model

[128] Twenty-four C57BL/6J aged mice (Charles River Corp. Inc., Barcelona,
Spain) weighing 20 to 25 g, aged 12 weeks, were used as an animal model to verify a
hair growth effect of keratin. After the mice were anesthetized with isoflurane, the
dorsal parts of the mice were shaved with a clipper, and the hair and root were
shaved while leaving a telogen stage hair root. The skin was disinfected with a
povidone-iodine solution and then wiped with 60% alcohol.

[129]

[130] Experimental Example 1-2: Hair growth effect of keratin

[131] The dorsal parts of the mice prepared according to Experimental Example 1-
1 were administered and prepared as illustrated in Table 1 below. A normal control
group was a mouse that had not been subjected to any treatment after hair cutting.
All mice were bred for 2 weeks, and at 2 weeks, hair cut areas were observed with a
stereomicroscope (SZX16, Olympus). The results were illustrated in FIG. 2.

[132] [Table 1]
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Classifica

. Ingredient Administration method
tion
Normal
control - -
group
Positive Apply on the skin daily
control | 3% minoxidil for 2 weeks (application
group amount 100 pl/cm?)
Example | 0.5 w/v% of keratin-containing solution | Subcutaneous  single
1 obtained from Preparation Example 1 injection (300 ul)
Example | 1 w/v% of keratin-containing solution | Subcutaneous  single
2 obtained from Preparation Example 1 injection (300 ul)
0.5 w~N% of hydrolyzed Kkeratin- _
Example . . _ Subcutaneous  single
containing solution obtained from|
3 . injection (300 pl)
Preparation Example 2
1 wN% of hydrolyzed keratin- _
Example o . _ Subcutaneous  single
containing solution obtained from|
4 . injection (300 [Jul)
Preparation Example 2
0.5 w/v% of PEGylated keratin- _
Example . . _ Subcutaneous  single
containing solution obtained from|
5 . injection (300 [1ul)
Preparation Example 3-2
0.5 w/v% of PEGylated keratin- _
Example o _ _ Subcutaneous  single
containing solution obtained from|
6 . injection (300 [Jul)
Preparation Example 3-2
Compara .
_ _ o Apply on the skin
tive 1 w/v% of keratin-containing solution o
_ _ (application amount
Example | obtained from Preparation Example 1
100 pl/cm?)

1

[133]




10

15

20

25

23

[134] As a result, it was shown that in Examples 1 to 6, a hair growth effect was
remarkably superior to that in the normal control group, and in Examples 1 to 6, hair
was uniformly grown and in Examples 1, 2 and 4, the hair was very densely grown.
Accordingly, it was confirmed that when the keratin was subcutaneously injected, the
hair growth effect was better than that when the keratin was applied on the skin, it
was confirmed that the injectable pharmaceutical composition containing keratin
according to the present invention had effects of preventing hair loss and stimulating
hair growth, and it was confirmed that the effects of preventing hair loss and
stimulating hair growth were fast.

[135] In addition, the injectable pharmaceutical composition containing the keratin
of the present invention had a remarkably high effect of preventing hair loss and
stimulating hair growth than when a formulation was applied to the skin as a
conventional external preparation for skin, and the subcutaneous injection using the
formulation as an injectable product had a higher bioavailability.

[136] On the other hand, when the formulation was converted into an injection
other than the external preparation for skin, side effects such as toxicity were also
increased due to an increase in bioavailability when used as an injection as
compared with when used as an external preparation for skin, and thus it is also
important to solve the side effects. Therefore, it was confirmed through FIG. 2 that
the injectable pharmaceutical composition containing the keratin of the present
invention had no toxicity at the time of subcutaneous injection of the injectable
pharmaceutical composition containing keratin, and after subcutaneous injection of
the pharmaceutical composition, there were no side effects that occurred by reacting
with blood or moisture in the body.

[137]
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[138] Experimental Example 1-3: Histological analysis of hair growth effect of
keratin

[139] After completion of Experimental Example 1-2, tissue specimens were
obtained by sacrificing the mice to which the solutions of Examples 1 to 6 were
administered, a normal control and a positive control, respectively. The tissue
specimens were stained with hematoxylin and eosin (H & E), observed, and analyzed
and the results are illustrated in FIGS. 3 to 5.

[140] As a result, it was confirmed that formation of hair follicles occurred in mice
administered with the keratin solutions of Examples 1 to 6 at a much higher
frequency than the normal control (FIG. 3). In particular, it was confirmed that in the
mice administered with the keratin and hydrolyzed keratin solutions of Examples 1 to
4, the hair follicle size was increased as compared with the mice to which the
PEGylated keratin solutions of Examples 5 to 6 was administered. Specifically, as
illustrated in FIG. 4, as a result of the analysis of each stage of hair growth, it was
confirmed that the formation of hair follicles was stimulated in an anagen stage,
which is an early stage of hair growth, and as a result, formation of new hair follicles
was induced (FIG. 4). In addition, as the concentration of the keratin solution
administered to the mice increased, the diameter of hair follicles tended to increase
(FIG. 5).

[141]

[142] Experimental Example 2: Identification of hydrolyzed keratin

[143] Whether the hydrolyzed keratin was prepared according to Preparation
Example 2 was identified by SDS-PAGE and illustrated in FIG. 6.

[144] Specifically, a SeeBlue® plus 2 Pre-Stained Standard (novex) size marker

was taken out at room temperature and the solution was vortexed to be completely
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mixed. A total of 40 ul of a sample obtained by mixing 10 ul of Bolt™ LDS Sample
Buffer (4x), 4 ul of Bolt™ LDS Reducing Agent (10x), and 26 ul of 4% hydrolyzed
keratin was vortexed. A hydrolyzed keratin sample was prepared by setting the
temperature of a heating block (HYSC_Introduction_Heating Block_2014) at 100 °C
and heating for 10 minutes. After a comb portion of a Bolt Bis-Tris 4-12% gradient
mini gel (Invitrogen) was removed, wells were washed with a 1x MES running buffer
and a cover tape at the end of a cassette was removed. Before loading the sample,
a chamber of the cassette was filled with the 1 x MES running buffer and locked with
a cassette clamp to prevent the buffer from being removed. The wells to which the
sample was to be loaded were filled with the 1 x MES running buffer. 30 ul of a 4%
hydrolyzed keratin sample and 10 pl of a SeeBlue® plus2 Pre-Stained Standard
(novex) size marker were loaded, respectively. 0.012, 0.015, and 0.020 mg/600 ul
PAA keratin samples were used as a control. The cassette was filled with the 1 x
MES running buffer by an outer scale, loaded with the size marker and the 4%
hydrolyzed keratin sample, and then run at 165V for 40 minutes with a PowerPac ™
Basic Power Supply (Bio-rad). After running, the cassette clamp was released and
only the loaded gel was obtained and stained with Comassie brilliant blue G-250
(Sigma) for 24 hours. The size marker and the protein were identified after washing
with a destain solution (10 %(v/v) acetic acid, 40 %(v/v) methanol) until the band was
visible.

[145] As aresult, as illustrated in FIG. 6, it was confirmed that in the case of natural
keratin extracted from the SDS-PAGE analysis result, a protein band was shown at a
molecular weight level of about 50 k Daltons, but in the case of hydrolyzed keratin, a
band was smearly shown at a molecular weight level of 3 to 6 k Daltons. As a result,

it can be seen that the hydrolyzed keratin is constituted by various molecular weights
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of degraded peptides.

[146]

[147] Experimental Example 3: Induction of cell aggregates and expression
induction of hair growth-related factors of keratin for human dermal papilla cells in
vitro

[148] In order to confirm a hair regeneration effect of keratin, expression of factors
related to hair growth and induction of aggregation and hair growth was confirmed.
[149] It was confirmed whether a keratin solution prepared using human dermal
papilla cells showed efficacy in cell proliferation.

[150] Specifically, human dermal papilla cells were inoculated on a 24-well plate by
2 x 10* cells, and after 24 hours, the medium was replaced with a DMEM normal
medium at a high concentration or a DMEM normal medium containing 1 %(w/v) of
keratin at a high concentration. After 1, 3, and 5 days of culture, cell proliferation
assay was performed. After the wells were washed with DPBS, a Cell Counting Kit-
8 solution (Dojindo laboratory) 10-fold diluted with the high-concentration DMEM
normal medium was added to each well, light was blocked with aluminum foil, and
then the cells were incubated for 1 hour 30 minutes at 37 °C. After incubation, 100
ul of each well was transferred to a 96-well plate and absorbance was measured at
450 nm wavelength (O.D 450 nm) using a 96-well format plate reader (ELX 800
universal microplate reader, BioTek, Inc.). The results were illustrated in FIG. 7.
[151] As a result, it was found that the proliferation of human dermal papilla cells
was inhibited during treatment of keratin (FIG. 7). In addition, after treatment of
keratin complexed with a fluorescent substance, as a result of analyzing interaction
with cells, it was confirmed that keratin was adhered to the cell surface, and

formation of cell aggregates according to cell migration was induced by keratin over
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time (FIG. 8).

[152] To further confirm these results by mRNA expression analysis, first, human
dermal papilla cells were inoculated in a 6-well plate by 2 x 105 cells and after 24
hours, the medium was replaced with a DMEM normal medium at a high
concentration or a DMEM normal medium containing 1 %(w/v) of keratin at a high
concentration. After keratin treatment for 24 hours, for RNA sequencing analysis,
the culture medium of the cells cultured on the 6-well plate was removed and washed
with DPBS. A hybrid-R kit (Gene All) was used for extracting RNA, and extracted
RNA was quantified using a nano drop (MICROP UV-Vis Spectrophotometer M600).
RNA sequencing analysis was performed by requesting 1 ug of RNA to Macrogen.
[153] As aresult, it was confirmed that expression of mMRNA related to synthesis of
an extracellular matrix and cell interactions involved in cell migration and induction of
cell aggregates in keratin-treated human dermal papilla cells was greatly increased,
and mRNA expression associated with cell proliferation was inhibited (FIG. 9).

[154]

[155] Further, the human dermal papilla cells were inoculated on a 6-well plate by 2
x 10° cells, and after 24 hours, the medium was replaced with a DMEM normal
medium at a high concentration or a DMEM normal medium containing 1 %(w/v) of
keratin at a high concentration. After 3 and 5 days of culture, the expression level of
the factors for inducing hair growth was measured by immunochemical staining.

[156] After the human dermal papilla cells were cultured as described above, the
medium was removed and the cells were washed with DPBS. The cells were
immobilized by treating 4% paraformaldehyde for 10 minutes and then washed again
with DPBS. After immobilization, 0.1 % triton X-100 was treated for 30 minutes to

be permeabilized and 10 % (w/v) normal goat serum (NGS) was treated for 1 hour.
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Thereafter, a rabbit anti-human beta-catenin antibody diluted at 1:200, a mouse anti-
human FGF7 antibody, rabbit anti-human FGF7 antibody, a rabbit anti-human FGF10
antibody, and a rabbit anti-human BMP6 antibody were treated and reacted at 4 °C
for 24 hours. After 24 hours of reaction, the cells were washed three times with
DPBS, and a secondary Alexa Fluor 546 conjugated antibody and a secondary Alexa
Fluor 488-conjugated antibody were treated at room temperature for 1 hour.
Thereafter, the cells were washed three times with DPBS and treated with 4’,6-
diamidino-2-phenylindole (DAPI). The stained cells were then observed with a
fluorescence microscope (Olympus | x 71).  As a result, formation of cell aggregates
was induced in keratin-treated human dermal papilla cells, and the molecular
expression of FGF7, FGF10 and BMP6, which were known as factors inducing hair
growth, was greatly increased (FIG. 10).

[157]

[158] Experimental Example 4: Expression induction of hair growth-related factors
of keratin for human outer root sheath (ORS) in vitro

[159] In order to confirm a hair regeneration effect of keratin, expression of factors
related to hair growth and induction of hair growth was confirmed.

[160] It was confirmed whether a keratin solution prepared using human outer root
sheath cells showed the expression of factors associated with hair growth and hair
growth induction.

[161] Specifically, the human outer root sheath cells were inoculated on a 6-well
plate by 5 x 10* cells, and after 24 hours, the medium was replaced with an ORS
medium or a 1 %(w/v) keratin-containing ORS medium. After 3 days of incubation,
the expression levels of beta-catenin, CD34, P-cadherin, and E-cadherin and the

expression levels for transcription factors were measured by immunochemical
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staining and RT-PCR analysis.

[162] After the human outer root sheath (ORS) cells were cultured as described
above, the medium was removed and the cells were washed with DPBS. The cells
were immobilized by treating 4% paraformaldehyde for 10 minutes and then washed
again with DPBS. After immobilization, 0.1 % triton X-100 was treated for 30
minutes to be permeabilized and 10 % (w/v) normal goat serum (NGS) was treated
for 1 hour. Thereafter, a rabbit anti-human beta-catenin antibody diluted at 1:200, a
rabbit anti-human CD34 antibody, a rabbit anti-human P-cadherin antibody, a rabbit
anti-human E-cadherin antibody, and a mouse anti-human integrin betal antibody
were treated and reacted at 4 °C for 24 hours. After 24 hours of reaction, the cells
were washed three times with DPBS, and a secondary Alexa Fluor 546 conjugated
antibody, a secondary Alexa Fluor 488-conjugated antibody, and a PE-conjugated
Palloidin antibody were treated at room temperature for 1 hour. Thereafter, the cells
were washed three times with DPBS and treated with 4’,6-diamidino-2-phenylindole
(DAPI). The stained cells were then observed with a fluorescence microscope
(Olympus | x 71). For RT-PCR analysis, the culture medium of the cells cultured in
the 6-well plate was removed and the cells were washed with DPBS. A hybrid-R kit
(Gene All) was used for extracting RNA, and extracted RNA was quantified using a
nano drop (MICROP UV-Vis Spectrophotometer M600). 1 ug of RNA was added to
AccuPower Cycle Script RT Premix (Bioneer, Daejeon, Korea) and cDNA was
prepared using a thermal cycler (T106, Bio-Rad). The sequences of primers used
are illustrated in Table 2 below.

[163] [Table 2]

Sense(5’-3) Antisense(5’-3)

beta- TGCAGTTCGCCTTCACTAT | CTGCACAAACAATGGAATG
catenin | G(SEQ ID NO: 1) G(SEQ ID NO: 2)
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KRT5 ACCAGTACCCGCATCTGCA | TGTTCCGTGGCCTCTTCG(
(SEQ ID NO: 3) SEQ ID NO: 4)
MSX2 CCGCCAAGACATATGAGCC | ACCTGGGTCTCTGTGAGGT
C(SEQID NO: 5) T(SEQ ID NO: 6)
TGAG AGCTGTGCTTGCTCTACCT | CCGGGGTCTCCATATTTCC
G(SEQ ID NO: 7) G(SEQ ID NO: 8)
FOXN1 AGTGGTGCTGGGATGTTCT | ATAGTGTGAGGAGCCCAG
G(SEQ ID NO: 9) GT(SEQ ID NO: 10)
cD10 CTTTAGTGCCCAGCAGTCC | GAGTCCACCAGTCAACGA
A(SEQ ID NO: 11) GG(SEQ ID NO: 12)
beta-actin GTCAGGCAGCTCGTAGCT | TCGTGCGTGACATTAAGGA
CT(SEQ ID NO: 13) G(SEQ ID NO: 14)
[164]
[165] To each reaction, 10 ul of SYBR Green PCR Mix, 0.5 pm of primers (sense

and antisense) and 50 nm of a template were added. RT-PCR was performed using
RG6000 5plex HRM (Corbett Research) instrument and 40 cycles were set at 95 °C
for 15 seconds and annealing temperature of 57 °C for 45 seconds. A comparative
quantification (Ct(2-22Ct)) method was used to measure a threshold cycle (Ct) value.
[166] As a result, in the case of the human outer root sheath (ORS) cells, in the
treatment of keratin, it was confirmed that the expression of beta-catenin and P-
cadherin, which were factors involved in migration of outer root sheath cells and
differentiation into matrix cells in relation with hair regeneration, was increased, and
the expression of CD34 known as a molecule of which expression was decreased in
differentiation was reduced (FIG. 11).

[167] In addition, it was confirmed that the expression of MSX2, FOXN1 and CD10
genes associated with the differentiation of human outer root sheath (ORS) cells into

matrix cells during keratin treatment was increased (FIG. 12), and the expression of
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KRT5 and ITGA6 genes known to be decreased in expression upon differentiation
was decreased (FIG. 12).

[168]

[169] Experimental Example 5: Expression induction of hair growth-related factors
of hydrolyzed keratin for human outer root sheath cells in vitro

[170] In order to confirm a hair regeneration effect of hydrolyzed keratin, the
expression of factors related to hair growth and stemness was confirmed.

[171] The human outer root sheath (ORS) cells were inoculated on a 6-well plate
by 5 x 10# cells, and after 24 hours, the medium was replaced with an ORS medium
or a 1 %(w/v) hydrolyzed keratin-containing ORS medium. After 1, 3 and 5 days of
culture, expression levels of beta-catenin, Sox-9, and CD44 were measured by
immunochemical staining and RT-PCR analysis.

[172] After the human outer root sheath (ORS) cells were cultured as described
above, the medium was removed and the cells were washed with DPBS. The cells
were immobilized by treating 4% paraformaldehyde for 10 minutes and then washed
again with DPBS. After immobilization, 0.1 % triton X-100 was treated for 30
minutes to be permeabilized and 10 % (w/v) normal goat serum (NGS) was treated
for 1 hour. Thereafter, a rabbit anti-human beta-catenin antibody diluted at 1:200, a
rabbit anti-human Sox-9 antibody, and a rabbit anti-human CD44 antibody were
treated and reacted at 4 °C for 24 hours. After 24 hours of reaction, the cells were
washed three times with DPBS, and a secondary Alexa Fluor 546 conjugated
antibody and a secondary Alexa Fluor 488-conjugated antibody were treated at room
temperature for 1 hour. Thereafter, the cells were washed three times with DPBS
and treated with 4’,6-diamidino-2-phenylindole (DAPI). The stained cells were then

observed with a fluorescence microscope (Olympus | x 71). For RT-PCR analysis,
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the culture medium of the cells cultured in the 6-well plate was removed and the cells
were washed with DPBS. A hybrid-R kit (Gene All) was used for extracting RNA,
and extracted RNA was quantified using a nano drop (MICROP UV-Vis
Spectrophotometer M600). 1 ug of RNA was added to AccuPower Cycle Script RT
Premix (Bioneer, Daejeon, Korea) and cDNA was prepared using a thermal cycler
(T106, Bio-Rad). The sequences of primers used are illustrated in Table 3 below.

[173] [Table 3]

Sense(5’-3’) Antisense(5’-3)
beta- TGCAGTTCGCCTTCACTAT | CTGCACAAACAATGGAATG
catenin | G(SEQ ID NO: 1) G(SEQ ID NO: 2)
Sox.9 ACCAGTACCCGCATCTGC | TGTTCCGTGGCCTCTTCG(
ASEQ ID NO: 15) SEQ ID NO: 16)
betaactin GTCAGGCAGCTCGTAGCT | TCGTGCGTGACATTAAGGA
CT(SEQ ID NO: 13) G(SEQ ID NO: 14)
[174]

[175] To each reaction, 10 wl of SYBR Green PCR Mix, 0.5 pm of primers (sense
and antisense) and 50 nm of a template were added.

[176] RT-PCR was performed using RG6000 5plex HRM (Corbett Research)
instrument and 40 cycles were set at 95 °C for 15 seconds and annealing
temperature of 57 °C for 45 seconds. A comparative quantification (Ct(2-2ACt))
method was used to measure a threshold cycle (Ct) value.

[177] After the human outer root sheath (ORS) cells were cultured as described
above, the medium was removed and the cells were washed with DPBS. 0.3 to 1
ml of a protein lysis buffer (Cell Lysis Buffer (10X): RiPA buffer (biorad-89901) and
Phosphatase Inhibitor Cocktail (thermofisher (100X), 78440) was added and cells

were collected with a scraper and transferred to an e-tube. A protein-containing
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supernatant was obtained by centrifuging the cells at 4 °C for 30 minutes using a
centrifuge (Centrifuge 5427 R, effendorf 10,000xg). Protein quantification was
performed using a Bio Rad Protein Assay reagent. 30 ug of a protein sample was
added with a 6xsample dye (DTT, sigma 43815, bromophenol blue sigma, BR0222,
Glycerl, bioshop, GLY001) and mixed to become 1x, and the sample was added to a
heating block (HYSC_Introduction_Heating Block _2014) and heated at 95 °C for 10
minutes. PROTEAN® Tetra Handcast Systems (Bio-rad) were prepared by lightly
spinning-down and vortexing (Stuart Scientific SA8 vortex mixer AC input 90/230 V,
50-60 Hz) the sample, and then leaving the sample in the ice. In order to prepare a
gel, short glass and long glass were assembled in plates for hand casting, and a
glass plate was washed with 70% ethanol (merk) and distilled water and then put in a
frame, and a grease was applied to the bottom of the plate which hardened the gel to
prevent the gel from leaking. A final 22 ml of separating gel (containing 6 ml of 30%
acrylamide (30% Acrylamide/Bis Solution, 19:1 #1610154), 5 ml of dH20, 3.75 ml of
1.5 M Tris-HCI (Sigma, T1503), 150 ul of SDS (sigma, sodium dodecyl sulfite, L3771),
7.5 w of TEMED (USB, 76230), and 75 ul of 10% ammonium persulfate (sigma,
215589)) was prepared and placed in a glass plate, and then added with 70%
ethanol to be leveled. After about 30 minutes, the glass plate was tilted to remove
ethanol, and then a final 10 ml of stacking gel (containing 1.3 ml of 30% acrylamide
(30% Acrylamide/Bis Solution, 19:1 #1610154), 6.1 ml of dH20, 2.5 ml of 1.0 M Tris-
HCI (Sigma, T1503), 100 ul of HCI (sigma, T1503), 10 ul of TEMED (USB, 76230),
and 60 pl of 10% ammonium persulfate (sigma, 215589)) was prepared. The
stacking gel was added, a 1.0 mm comb was inserted, and then the gel plate was set
in an electrophoretic tank. A sample was loaded into each well and 5 pl of a size

marker (ladder) (protein molecular weight marker 10 to 245 kDa ab116028-Abcam)
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was also added. A mini gel was reacted at 50V for 20 minutes and electrophoresed
for 1 hour to 1.5 hours while increasing to 100V when passing through the stacking
gel. After the electrophoresis was completed, the gel was separated from the gel
plate and placed in a transfer buffer. Meanwhile, the transfer buffer was prepared
using 14.4 g of Glycine (Sigma), 3 g of Trizma base (Sigma, T1503), 200 mL of
methanol, and 800 mL of dH20. A PVDF transfer membrane (millipore cat No ISEQ
10100 10 cm x 10 cm PVDF) was immersed in methanol for 5 minutes, in tertiary
H20 for 3 minutes and in a transfer buffer for 3 minutes and shaken, and then a
cassette sandwich was made in the following order: (-) Black plate - Sponge - 3M
paper - Transparent plate transfer device (Bio-rad). The cassette was placed in a
water bath and transferred at 200 V for 90 minutes on a stirrer. After the transfer
was completed, the band was confirmed by dying the gel and the membrane. 2.5¢
of ponceau S and 5 ml of acetic acid were added to dH20 to prepare a reagent
solution having a volume of 500 ml, and then the entire membrane was shaken in the
reagent solution for about 5 minutes and then washed with H20 2 to 3 times, and as
a result, the band was confirmed and the ladder size was displayed. A blocking
solution was prepared with 10 g of skim milk (BD, 2322100) and 200 ml of TBS (Tris
12 g, NaCl 9 g in dH20), the membrane was placed in a plastic bowl, and then cells
were incubated in 10 ml of the blocking solution for 1 hour. A B-catenin primary
antibody (B-catenin antibody [E247] (ab32572)) and a B-Actin primary antibody (B-
Actin Antibody (C4)) diluted at 1:1000 were added to 10 ml of the blocking solution
and incubated in a Santa Cruz incubator at 4 °C for 24 hours. The cells were
washed three times for 5 min each with TBST (Tris 12 g, NaCl 9 g in dH20, 1% tween
20) and a B-catenin secondary antibody (goat anti-rabbit IgG-HRP: sc-2004) and a

B-Actin secondary antibody (mouse anti-rabbit IgG-HRP) diluted at 1:10000 were
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incubated in 10 ml of the blocking solution for 2 hours. The cells were washed three
times for 5 min each with TBST (Tris 12 g, NaCl 9 g in dH20, 1% tween 20) and then
ECL Substrate (Daemyung Science) was added and incubated for 5 minutes. In a
dark room, a membrane was placed on a development cassette (Daemyung Science,
High-Sensitivity Screen), an X-ray film (Daemyung Science 8 x 10 inch) was
incubated for 5 minutes, and the film was taken out and developed on an automatic
developing machine (SAEKI, P & C, ATL-1500).

[178] As a result, it was confirmed that in the case of human outer root sheath
(ORS) cells, the expression of a beta-catenin molecule which is a factor related with
migration of outer root sheath cells and activity of clone and a Sox-9 molecule
involved in stemness was increased in relation with hair regeneration in the treatment
of hydrolyzed keratin (FIG. 13). In addition, it was confirmed that the expression of a
Sox-9 gene and a beta-catenin gene involved in stemness was increased (FIG. 14).
In particular, it was confirmed that beta-catenin was expressed four times or more
when treated with hydrolyzed keratin (FIG. 15).

[179]

[180] Experimental Example 6: Expression induction of hair growth-related factors
of hydrolyzed keratin for human dermal papilla cells in vitro

[181] Human dermal papilla (DP) cells were inoculated by 2 x 105 cells in a 6-well
plate without any treatment. After 24 hours, the medium was replaced with a DP
medium or a DP medium containing 1 %(w/v) of hydrolyzed keratin. After 1, 2, and
3 days of incubation, the formation degree of cell aggregates and the activity degree
of alkaline phosphatase were analyzed, and expression levels of beta-catenin, Sox-2,
CD133, alkaline phosphatase, FGF7, and FGF10 were measured through

immunohistochemical staining.
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[182] During the culturing of dermal papilla (DP) cells as described above, the
number of cell aggregates produced during the treatment of hydrolyzed keratin was
measured by an optical microscope.

[183] In addition, after the culturing of dermal papilla (DP) cells as described above,
the cells were immobilized by treating 4% paraformaldehyde for 1 to 2 minutes,
washed with a rinse buffer contained in an alkaline phosphatase detection kit (Merk
Millipore SCR004), added with 1 ml of a reaction solution in which Naphthol AS-BI
phosphate solution: Fast Red Violet solution: distilled were mixed at 2:1:1, and then
reacted at room temperature under a dark condition for 15 minutes. After the
reaction, the cells stained by the activity of the hydrolase (alkaline phosphatase)
expressed by the alkaline phosphate cells were observed with a fluorescence
microscope (Olympus | x 71).

[184] After the human dermal papilla (DP) cells were cultured as described above,
the medium was removed and the cells were washed with DPBS. The cells were
immobilized by treating 4% paraformaldehyde for 10 minutes and then washed again
with DPBS. After immobilization, 0.1 % triton X-100 was treated for 30 minutes to
be permeabilized and 10 % (w/v) normal goat serum was treated for 1 hour.
Thereafter, a rabbit anti-human beta-catenin antibody diluted at 1:200, a mouse anti-
human Sox-2 antibody, a mouse anti-human ALPase antibody, a rabbit anti-human
CD133 antibody, a mouse anti-human FGF-7 antibody, and a rabbit anti-human FGF-
10 antibody were treated and reacted for 4 °C for 24 hours. After 24 hours of
reaction, the cells were washed three times with DPBS, and a secondary Alexa Fluor
546 conjugated antibody and a secondary Alexa Fluor 488-conjugated antibody were
treated at room temperature for 1 hour. Thereafter, the cells were washed three

times with DPBS and treated with 4’,6-diamidino-2-phenylindole (DAPI). The



10

37

stained cells were observed with a fluorescence microscope (Olympus | x 71).

[185] As a result, it was confirmed that in the case of dermal papilla (DP) cells, in
the treatment of hydrolyzed keratin, the formation of cell aggregates involved in hair
regeneration of dermal papilla cells and stemness was increased 5 times or more
(FIG. 16), and the activity of the hydrolase expressed by alkaline phosphate cells was
increased (FIG. 17). Furthermore, it was confirmed that the expression of beta-
catenin, Sox-2, alkaline phosphatase, CD133, FGF-7, and FGF-10 molecules as
factors for the hair regeneration of dermal papilla cells and stemness was increased
(FIG. 18).

[186] Through Experimental Examples 1 and 6, it was found that keratin increased
the stemness of stem cells involved in hair regeneration and induced cell migration
and differentiation to generate cell aggregates, thereby effectively inducing

regeneration of hair.
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CLAIMS

1. An injectable pharmaceutical composition comprising keratin for stimulating
hairgrowth and regenerating dermal papilla,

wherein the keratin has a molecular weight of 500 to 10,000 or 40,000 to
70,000 Daltons by disulfide bond degradation or peptide degradation.

2. The injectable pharmaceutical composition of claim 1, wherein the
pharmaceutical composition increases an expression level of at least one selected
from the group consisting of beta-catenin, Sox-9, Sox-2, alkaline phosphatase,
CD133, FGF7, FGF10, BMP6, P-cadherin, E-cadherin, MSX2, FOXN1 and CD10.

3. The injectable pharmaceutical composition of claim 1, further comprising:

a penetration enhancer.

4, The injectable pharmaceutical composition of claim 3, wherein the
penetration enhancer is at least one selected from the group consisting of
sulphoxide, azone, pyrrolidone, fatty acids, lower alcohols having 1 to 4 carbon
atoms, higher fatty alcohols having 6 or more carbon atoms, glycols, urea,
terpene, terpenoid, and phospholipid.

5. The injectable pharmaceutical composition of claim 1, wherein the keratin
is the keratin by the peptide degradation prepared by a preparation method,
including i) reacting keratin with hydrolase; and ii) removing the hydrolase.

6. The injectable pharmaceutical composition of claim 5, wherein the
hydrolase is at least one selected from the group consisting of Proteinase-K,

Leucyl aminopeptidase, carboxypeptidase, pepsin, trypsin, and chymotrypsin.

7. The injectable pharmaceutical composition of claim 5, wherein the

hydrolase is immobilized on beads.



39

8. The injectable pharmaceutical composition of claim 5, wherein the
preparation method further includes iii) removing the activity of the hydrolase after
step ii).





