
Description 

Title of Invention: THERAPEUTIC AGENT FOR CARTILAGE 

DISORDER 

Technical Field 

[0001] 

The present application relates to a pharmaceutical 

composition for preventing and/or treating a cartilage 

disorder, containing a fragment peptide of a high 

mobility group box 1 (HMGB1) protein. This application 

claims priority to Japanese Patent Application No. 2018-

200866, filed on October 25, 2018, the entire contents of 

which are incorporated herein by reference. 

Background Art 

[0002] 

Cartilage tissue such as articular cartilage is less 

repairable, and almost impossible to naturally regenerate 

once it is damaged. For example, therapies for traumatic 

articular cartilage defect are mainly symptomatic 

therapies such as oral administration of analgesics and 

intraarticular injection of hyaluronic acid, and no 

curative therapy for traumatic articular cartilage defect 

has yet been established. In addition, there are 

surgical treatment methods such as autologous 

osteochondral column transplantation for traumatic 



articular cartilage defect, but they have problems such 

as the inability to cope with large defects because of 

the need to collect normal tissues of the patient. Thus, 

it is desired to develop a more effective and less 

invasive therapeutic agent for cartilage disorders. 
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Summary of Invention 

Technical Problem 

[0004] 

An object of the present application is to provide a 

novel medicament effective for treating a cartilage 

disorder. 

Solution to Problem 

[0005] 

The present inventors have searched for a substance 

effective for treating a cartilage disorder, and 

consequently have found that an HMGB1 fragment peptide 



having a particular amino acid sequence have an effect of 

regenerating normal cartilage tissue including hyaline 

cartilage in an animal model with articular cartilage 

defect. Based on this finding, the present application 

provides a pharmaceutical composition for preventing 

and/or treating a cartilage disorder, containing the 

specific HMGB1 fragment peptide. 

[0006] 

That is, the present application provides the 

following: 

[1] A pharmaceutical composition for preventing and/or 

treating a cartilage disorder, comprising any one 

substance of (a) to (c) (hereinafter referred to as 

substance A): 

(a) an HMGB1 fragment peptide comprising an amino 

acid sequence set forth in SEQ ID NO: 1; 

(b) a peptide comprising an amino acid sequence set 

forth in SEQ ID NO: 1 with one or more amino acids 

substituted, deleted, inserted, or added; and 

(c) a peptide comprising an amino acid sequence 

having a sequence identity of about 80% or more to the 

amino acid sequence set forth in SEQ ID NO: 1. 

[2] The pharmaceutical composition according to [1], 

wherein the cartilage disorder is traumatic cartilage 

defect, osteoarthritis, or osteochondritis dissecans. 
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[3] A pharmaceutical composition for regenerating hyaline 

cartilage in a patient with a cartilage disorder, 

comprising a substance A. 

[4] The pharmaceutical composition according to [3], 

wherein the cartilage disorder is traumatic cartilage 

defect, osteoarthritis, or osteochondritis dissecans. 

[Al] A method for preventing and/or treating a cartilage 

disorder, comprising administering to a subject an 

effective amount of a substance A. 

[A2] The method according to [A1], wherein the cartilage 

disorder is traumatic cartilage defect, osteoarthritis, 

or osteochondritis dissecans. 

[A3] A method for regenerating hyaline cartilage in a 

patient with a cartilage disorder, comprising 

administering to a subject an effective amount of a 

substance A. 

[A4] The method according to [A3], wherein the cartilage 

disorder is traumatic cartilage defect, osteoarthritis, 

or osteochondritis dissecans. 

[B1] A substance A for use in preventing and/or treating 

a cartilage disorder. 

[B2] The substance A according to [B1], wherein the 

cartilage disorder is traumatic cartilage defect, 

osteoarthritis, or osteochondritis dissecans. 

[B3] A substance A for use in regenerating hyaline 

cartilage in a patient with a cartilage disorder. 



[B4] The substance A according to [B3], wherein the 

cartilage disorder is traumatic cartilage defect, 

osteoarthritis, or osteochondritis dissecans. 

[01] A use of a substance A in the manufacture of a 

medicament for preventing and/or treating a cartilage 

disorder. 

[C2] The use according to [C1], wherein the cartilage 

disorder is traumatic cartilage defect, osteoarthritis, 

or osteochondritis dissecans. 

[C3] A use of a substance A in the manufacture of a 

medicament for regenerating hyaline cartilage in a 

patient with a cartilage disorder. 

[C4] The use according to [C3], wherein the cartilage 

disorder is traumatic cartilage defect, osteoarthritis, 

or osteochondritis dissecans. 

Brief Description of Drawings 

[0007] 

[Figure 1] Figure 1 is photographs showing the results of 

microscopic observations at and around the cartilage 

defect sites of knee joints at 2, 4, 8 and 12 weeks post-

operative ("Vehicle" indicates the control group and "1-

44" indicates the HMGB1 peptide (1-44) administration 

group, respectively). 

[Figure 2] Figure 2 is a graph showing the scores of 

gross appearance by the Wayne scoring system of the 

cartilage defect sites of knee joints at 2, 4, 8 and 12 
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weeks post-operative ("Vehicle" shows the control group 

and "1-44" shows the HMGB1 peptide (1-44) administration 

group, respectively). The vertical axis shows the score 

and the horizontal axis shows the number of weeks after 

creation of the cartilage defect. * p<0.05 (Two-tailed 

unpaired t-test), t p<0.05 (Two-way ANOVA with post-hoc 

Tukey's test) 

[Figure 3] Figure 3 is photographs showing the results of 

safranin 0 staining of the cartilage tissue sections of 

knee joints at 2, 4, 8 and 12 weeks post-operative 

("Vehicle" indicates the control group and "1-44" 

indicates the HMGB1 peptide (1-44) administration group, 

respectively). 

[Figure 4] Figure 4 is a graph showing the Wakitani 

scores of the cartilage tissues of knee joints at 2, 4, 8 

and 12 weeks post-operative ("Vehicle" indicates the 

control group and "1-44" indicates the HMGB1 peptide (1-

44) administration group, respectively). The vertical 

axis shows the score and the horizontal axis shows the 

number of weeks after creation of the cartilage defect. 

* p<0.05 (Two-tailed unpaired t-test), t p<0.05 (Two-way 

ANOVA with post-hoc Tukey's test) 

[Figure 5] Figure 5 is photographs showing the results by 

individual of safranin 0 staining of the cartilage tissue 

sections of knee joints at 12 weeks post-operative 

("Vehicle" indicates the control group and "1-44" 



indicates the HMGB1 peptide (1-44) administration group, 

respectively). 

[Figure 6] Figure 6 is a graph showing the Wakitani 

scores by item of the cartilage tissues of knee joints at 

12 weeks post-operative ("Vehicle" indicates the control 

group and "1-44" indicates the HMGB1 peptide (1-44) 

administration group, respectively). The vertical axis 

shows the score and the horizontal axis shows the items 

that constitute the Wakitani score. * p<0.05 (Two-tailed 

unpaired t-test) 

[Figure 7] Figure 7 is photographs showing staining 

results of the cartilage tissue sections of knee joints 

at 12 weeks post-operative in the cartilage defect model 

mice. Left shows the result of safranin 0 staining, and 

right shows the result of immunostaining of type II 

collagen. 

[Figure 8] Figure 8 is photographs showing staining 

results of the cartilage tissue sections of knee joints 

of normal mice. Left shows the result of safranin 0 

staining, and right shows the result of immunostaining of 

type II collagen. 

Description of Embodiments 

[0008] 

The present application provides a pharmaceutical 

composition for preventing and/or treating a cartilage 



disorder, containing an HMGB1 fragment peptide comprising 

an amino acid sequence set forth in SEQ ID NO: 1. 

[0009] 

The cartilage disorder refers to a disorder 

involving abnormalities of cartilage tissue. Examples of 

the abnormalities of cartilage tissue include damage, 

wear, defects, and degeneration of cartilage. 

[0010] 

Examples of the cartilage disorder in the present 

application include, but are not limited to, traumatic 

cartilage defect, osteoarthritis, osteochondritis 

dissecans, meniscal damage, traumatic arthritis, 

inflammatory arthritis (e.g., rheumatoid arthritis), and 

infectious arthritis (e.g., suppurative arthritis). 

Osteoarthritis includes primary osteoarthritis for which 

the cause is unclear and secondary osteoarthritis for 

which the cause is clear. Examples of the secondary 

osteoarthritis include, but are not limited to, 

osteoarthritis caused by ligament damage, cartilage 

damage, meniscal damage, or the like. 

[0011] 

In one preferred aspect, the cartilage disorder 

treated with the HMGB1 fragment peptide of the present 

application is traumatic cartilage defect, 

osteoarthritis, or osteochondritis dissecans. In another 

preferred aspect, the cartilage disorder treated with the 

HMGB1 fragment peptide of the present application is 
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traumatic cartilage defect or osteoarthritis. In a 

further aspect, the cartilage disorder treated with the 

HMGB1 fragment peptide of the present application is 

traumatic cartilage defect. In another aspect, the 

cartilage disorder treated with the HMGB1 fragment 

peptide of the present application is osteoarthritis. 

[0012] 

Examples of the type (site) of cartilage treated 

with the HMGB1 fragment peptide of the present 

application include, but are not limited to, cartilage of 

joint. Examples of the joint include, but are not 

limited to, extremity joint (shoulder joint, elbow joint, 

hand joint, hip joint, knee joint, ankle joint), jaw 

joint, and intervertebral joint. 

[0013] 

In one aspect, the cartilage disorder treated with 

the HMGB1 fragment peptide of the present application is 

a cartilage disorder of extremity joint. In another 

aspect, the cartilage disorder treated with the HMGB1 

fragment peptide of the present application is a 

cartilage disorder of elbow joint or knee joint. In a 

further aspect, the cartilage disorder treated with the 

HMGB1 fragment peptide of the present application is a 

cartilage disorder of knee joint. 

[0014] 

Further examples of the cartilage disorder treated 

with the HMGB1 fragment peptide of the present 
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application can include traumatic cartilage defect of 

joint, traumatic cartilage defect of elbow joint, 

traumatic cartilage defect of knee joint, elbow 

osteoarthritis, knee osteoarthritis, osteochondritis 

dissecans of joint, osteochondritis dissecans of elbow 

joint, and osteochondritis dissecans of knee joint. In 

one aspect, the cartilage disorder treated with the HMGB1 

fragment peptide of the present application is traumatic 

cartilage defect of knee joint. In another aspect, the 

cartilage disorder treated with the HMGB1 fragment 

peptide of the present application is knee 

osteoarthritis. 

[0015] 

In the present application, the term "pharmaceutical 

composition" is used interchangeably with the term 

"medicament", "agent" or "medical composition". 

[0016] 

The present application also provides a 

pharmaceutical composition for regenerating hyaline 

cartilage in a patient with a cartilage disorder, 

containing an HMGB1 fragment peptide comprising the amino 

acid sequence set forth in SEQ ID NO: 1. In one aspect, 

the pharmaceutical composition of the present application 

is for use in regenerating hyaline cartilage in a patient 

with traumatic cartilage defect, osteoarthritis, or 

osteochondritis dissecans. 

[0017] 



In the present application, the HMGB1 fragment 

peptide comprising an amino acid sequence set forth in 

SEQ ID NO: 1 means a peptide consisting of a portion of 

an HMGB1 protein, wherein the peptide comprises the amino 

acid sequence set forth in SEQ ID NO: 1. Such a peptide 

can be obtained by incorporating a DNA encoding the 

peptide into an appropriate expression system to prepare 

a recombinant, or can be synthesized artificially. 

[0018] 

Examples of the HMGB1 protein in the present 

application include, but are not limited to, a protein 

comprising an amino acid sequence set forth in SEQ ID NO: 

2 and a protein encoded by a DNA containing a nucleotide 

sequence set forth in SEQ ID NO: 3. 

[0019] 

Examples of the HMGB1 fragment peptide comprising 

the amino acid sequence set forth in SEQ ID NO: 1 in the 

present application include, but are not limited to, an 

HMGB1 fragment peptide consisting of the amino acid 

sequence set forth in SEQ ID NO: 1. 

[0020] 

In the pharmaceutical composition of the present 

application, alternatively or additionally to the HMGB1 

fragment peptide comprising the amino acid sequence set 

forth in SEQ ID NO: 1, a peptide comprising an amino acid 

sequence set forth in SEQ ID NO: 1 with one or more amino 

acid residues modified (substituted, deleted, inserted or 
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added), wherein the peptide is functionally equivalent to 

the HMGB1 fragment peptide comprising the amino acid 

sequence set forth in SEQ ID NO: 1, can be used. 

Examples of such peptide include, but are not limited to, 

the following: 

i) a peptide comprising an amino acid sequence set 

forth in SEQ ID NO: 1 with one or more (e.g., 1 to 10, 1 

to 9, 1 to 8, 1 to 7, 1 to 6, 1 to 5, 1 to 4, 1 to 3, or 

1 to 2) amino acids substituted, deleted, inserted, or 

added; 

ii) a peptide consisting of an amino acid sequence 

set forth in SEQ ID NO: 1 with one or more (e.g., 1 to 

10, 1 to 9, 1 to 8, 1 to 7, 1 to 6, 1 to 5, 1 to 4, 1 to 

3, or 1 to 2) amino acids substituted, deleted, inserted, 

or added; 

iii) a peptide comprising an amino acid sequence 

having a sequence identity of about 80% or more, e.g., 

about 85% or more, about 90% or more, about 91% or more, 

about 92% or more, about 93% or more, about 94% or more, 

about 95% or more, about 96% or more, about 97% or more, 

or about 98% or more to the amino acid sequence set forth 

in SEQ ID NO: 1; 

iv) a peptide consisting of an amino acid sequence 

having a sequence identity of about 80% or more, e.g., 

about 85% or more, about 90% or more, about 91% or more, 

about 92% or more, about 93% or more, about 94% or more, 

about 95% or more, about 96% or more, about 97% or more, 



- 13 - 

or about 98% or more to the amino acid sequence set forth 

in SEQ ID NO: 1. 

[0021] 

An effective amount of the peptide or a 

pharmaceutical composition containing the same 

(hereinafter referred to as the peptide or the like) of 

the present application is administered to a subject for 

the treatment or prevention of a disorder or symptom 

described herein. 

[0022] 

An effective amount in the present application 

refers to an amount sufficient to treat or prevent the 

disorder or symptom described herein. Examples of the 

treatment in the present application include, but are not 

limited to, alleviation, delay, arrest, amelioration, 

remission, cure, and complete remission. Examples of the 

prevention in the present application include, but are 

not limited to, alleviation, delay, and arrest. 

[0023] 

The subject in the present application is not 

particularly limited, and examples thereof include a 

mammal, a bird, and a fish. Examples of the mammal 

include, but are not limited to, human and a non-human 

animal, e.g., human, mouse, rat, monkey, pig, dog, 

rabbit, hamster, guinea pig, horse, sheep, or whale. In 

the present application, the term "subject" is used 
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interchangeably with the term "patient", "individual", or 

"animal." 

[0024] 

The administration site of the peptide or the like 

of the present application is not limited, and the 

peptide or the like of the present application can exert 

its effect at wherever site it is administered, such as a 

site where a symptom of a cartilage disorder appears or a 

vicinity thereof, a site different from these (a site 

other than these), a site remote from a site where a 

symptom of a cartilage disorder appears, a site distal 

from a site where a symptom of a cartilage disorder 

appears, or a site distal and ectopic from a site where a 

symptom of a cartilage disorder appears. 

[0025] 

The peptide or the like of the present application 

can also exert its effect at whichever tissue it is 

administered, such as a tissue different from a tissue in 

which a symptom of a cartilage disorder appears (e.g., a 

joint), a tissue remote from a tissue in which a symptom 

of a cartilage disorder appears, a tissue distal from a 

tissue in which a symptom of a cartilage disorder 

appears, or a tissue distal and ectopic from a tissue in 

which a symptom of a cartilage disorder appears. 

[0026] 

Examples of the administration method of the peptide 

or the like of the present application include oral 



- 15 - 

administration and parenteral administration, and 

examples of the parenteral administration method include, 

but are not limited to, intravascular administration 

(intraarterial administration, intravenous 

administration, and the like), intramuscular 

administration, subcutaneous administration, intradermal 

administration, intraperitoneal administration, 

transnasal administration, transpulmonary administration, 

and transdermal administration. The peptide or the like 

of the present application can also be administered 

systemically or topically (e.g., subcutaneously, 

intradermally, on the surface of the skin, to the eyeball 

or eyelid conjunctiva, nasal mucosa, intraorally, and to 

gastrointestinal mucosa, vaginal/intrauterine mucosa, or 

an injury site) by injection, e.g., intravenous 

injection, intramuscular injection, intraperitoneal 

injection, or subcutaneous injection. 

[0027] 

Alternatively to the peptide or the like of the 

present application, a cell that secretes the peptide of 

the present application, a DNA encoding the peptide, a 

vector having the DNA inserted therein, a cell containing 

the vector, and a pharmaceutical composition containing 

the same can be used. 

[0028] 

The administration method can be appropriately 

selected depending on the age and symptoms of the 
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patient. When the peptide of the present application is 

administered, the administration amount can be selected, 

for example, in the range of about 0.0000001 mg to about 

1000 mg per kg of body weight per administration. 

Alternatively, the administration amount can be selected, 

for example, in the range of about 0.00001 to about 

100000 mg/body per patient. When a cell secreting the 

peptide of the present application or a gene therapy 

vector having a DNA encoding the peptide inserted therein 

is administered, the cell or the vector can be 

administered such that the amount of the peptide is 

within the above range. However, the pharmaceutical 

composition of the present application is not limited to 

these administration amounts. 

[0029] 

The pharmaceutical composition of the present 

application can be formulated according to conventional 

methods (e.g., Remington's Pharmaceutical Science, latest 

edition, Mark Publishing Company, Easton, U.S.A), and may 

contain a pharmaceutically acceptable carrier or an 

additive in addition to the peptide. Examples of the 

carrier and the additive include a surfactant, an 

excipient, a colorant, a fragrance, a preservative, a 

stabilizer, a buffer, a suspending agent, an isotonic 

agent, a binder, a disintegrant, a lubricant, a fluidity 

promoter, and a flavor modifier, but are not limited to 

these, and other conventional carriers and additives can 
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be used as appropriate. Specific examples thereof 

include light anhydrous silicic acid, lactose, 

crystalline cellulose, mannitol, starch, carmellose 

calcium, carmellose sodium, hydroxypropyl cellulose, 

hydroxypropyl methyl cellulose, polyvinyl acetal 

diethylamino acetate, polyvinylpyrrolidone, gelatin, 

medium chain fatty acid triglyceride, polyoxyethylene 

cured castor oil 60, white sugar, carboxymethyl 

cellulose, corn starch, inorganic salts, purified water, 

physiological saline, and glycerin. 

[0030] 

It should be noted that all the prior art 

literatures cited herein are incorporated herein as 

references. 

[0031] 

The present invention is further illustrated by the 

following Examples, but the present invention is not 

limited thereto. 

Examples 

[0032] 

Example 1 

Evaluation of efficacy of HMGB1 fragment peptide on 

articular cartilage defect 

[0033] 

(1) Materials and Methods 

i) Preparation of agent 
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A peptide consisting of amino acid residues 1-44 

(SEQ ID NO: 1) of human-derived HMGB1 protein was 

chemically synthesized by a solid-phase method. 

Hereinafter, the HMGB1 fragment peptide is referred to as 

HMGB1 peptide (1-44), and in the drawings corresponding 

to Examples, the peptide is simply indicated as "1-44". 

[0034] 

ii) Creation of cartilage defect model mouse 

C57BL/6J mice (6-7 weeks old, male, wild type) were 

purchased from CLEA Japan, Inc., and then acclimated to 

animal facilities until they were 8 weeks old (weighing 

approximately 25 g at 8 weeks old). While the mice were 

under 1.5-2.0% (v/v) isoflurane inhalation anesthesia, 

shaving was performed on the lower extremity of the side 

to create a cartilage defect, and a longitudinal skin 

incision of approximately 1 cm was applied with scissors 

to the middle of the knee joint. An articular dissection 

of approximately 1 cm was performed under the microscope 

with a sharp blade (#11) in the parapatellar medial 

approach to dislocate the patella laterally. The femoral 

pulley was confirmed, and a 0.5 x 0.5 x 0.5 mm cartilage 

defect was created at the center of the pulley using a 

0.5 mm diameter hand-turned drill (manufactured by 

MEISINGER USA, L.L.C.). Inside of the joint was washed 

with saline, then the articular capsule was continuously 

sutured with 8-0 vicryl to prevent patellar dislocation, 

and the skin was sutured with 5-0 nylon thread. 
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[0035] 

iii) Administration of peptide 

Cartilage defect model mice created as described 

above were divided into an HMGB1 peptide (1-44) 

administration group (n = 16) and a control group (n --

16). To the HMGB1 peptide (1-44) administration group, a 

solution of HMGB1 peptide (1-44) adjusted to a 

concentration of 1 µg/µL with saline as solvent was 

administered from the tail vein in an amount of 100 

µL/mouse (4 mg/kg as the dose of peptide) immediately 

after the cartilage defect was created, and thereafter, 

the same dose was administered twice a week until 4 weeks 

after the cartilage defect was created (hereinafter also 

referred to simply as "post-operative"). To the control 

group, saline was administered from the tail vein in an 

amount of 100 µL to each mouse on the same schedule as in 

the HMGB1 peptide (1-44) administration group. 

[0036] 

iv) Evaluation of effects by administration of peptide 

In both the HMGB1 peptide (1-44) administration 

group and the control group, four mice were sacrificed at 

each time point of 2, 4, 8 and 12 weeks post-operative, 

and the cartilage defect creation sites of knee joints 

were removed for microscopic observation and tissue 

staining. For microscopic observation, the status of 

cartilage tissue was evaluated by scoring the gross 

appearance according to the criteria shown in Table 1 
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below using the Wayne scoring system. In addition, 

sections of cartilage tissue were created for 

histological evaluation and subjected to safranin 0 

staining, and the status of cartilage tissue was 

evaluated by calculating the Wakitani score from the 

tissue images according to the criteria shown in Table 2 

below. 
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[0037] 

[Table 1] 

Wayne score 
Gross appearance 	 Grade 
Coverage 
>75% filled 	 4 
50-75% filled 	 3 

25-50% filled 	 2 
<25% filled 	 1 
No filling 	 0 

Neocartilage color 
Normal 	 4 
25% yellow/brown 	 3 
50% yellow/brown 	 2 
75% yellow/brown 	 1 
100% yellow/brown 	 0 

Defect margins 
Invisible 	 4 
25% circumference visible 	 3 
50% circumference visible 	 2 
75% circumference visible 	 1 
Entire circumference visible 	 0 

Surface 
Smooth/level with normal 	 4 
Smooth but raised 	 3 
Irregular 25-50% 	 2 
Irregular 50-75% 	 1 
Irregular 75% 	 0 
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[0038] 

[Table 2] 

Wakitani score 

Category  

Cell morphology 

Hyaline cartilage 

Mostly hyaline cartilage 

Mostly fibrocartilage 

Mostly non-cartilage 

Only non-cartilage 

Score 

0 
1 
2 
1 

0 

Matrix staining (metachromasia) 

Normal 	 0 

(compared with adjacent host cartilage) 

Slightly reduced 	 1 

Markedly reduced 	 2 

No metachromatic stain 	 3 

Surface regularityt 

Smooth(>3/4) 	 0 

Moderate(>1/2-3/4) 	 1 

Irregular(1/4-1/2) 	 2 

Severely irregular(<1/4) 	 3 

Thickness of cartilage 

>2/3 	 0 

1/3-2/3 	 1 

<1/3 	 2 

Integration of donor with adjacent host cartilage 

Both edges integrated 	 0 

One edge integrated 	 1 

Neither edge integrated 	 2 

Total maximum 	 14  

tTotal smooth region of regenerated cartilage compared 

with entire region of cartilage defect 
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[0039] 

(2) Results 

i) Microscopic observation (gross appearance) 

Figure 1 shows the results of microscopic 

observations at and around the cartilage defect sites of 

knee joints at 2, 4, 8 and 12 weeks post-operative. It 

was observed that the cartilage defect sites of the HMGB1 

peptide (1-44) administration group were recovered to a 

state closer to normal than those of the control group. 

Also in the Wayne scores, the HMGB1 peptide (1-44) 

administration group was higher than the control group 

(Figure 2). 

[0040] 

ii) Histological evaluation 

As a result of the safranin 0 staining of cartilage 

tissue sections, regions strongly stained with red 

(considered hyaline cartilage) were observed throughout 

the cartilage defect creation sites in the HMGB1 peptide 

(1-44) administration group, confirming that the 

defective cartilage tissue was fully regenerated (Figures 

3 and 5). Evaluation by the Wakitani score also showed 

that the value of the HMGB1 peptide (1-44) administration 

group was significantly lower compared to that of the 

control group, showing the therapeutic effect of the 

HMGB1 peptide on cartilage defects of joints (Figures 4 

and 6). 

[0041] 
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Example 2 

Tissue staining of articular cartilage 

[0042] 

Methods 

Cartilage defect model mice were created in the same 

manner as in Example 1 and were bred continuously. 

Tissues containing the cartilage defect creation sites of 

knee joints were removed from the mice at 12 weeks post-

operative to create paraffin sections, and the sections 

were subjected to immunostaining with anti-type II 

collagen antibodies and safranin 0 staining. In 

addition, cartilage tissues of knee joints were removed 

from normal mice of the same strain to create paraffin 

sections, and the sections were subjected to 

immunostaining of type II collagen and safranin 0 

staining in the same way. 

[0043] 

Results 

Tissues of cartilage defect creation sites of knee 

joints at 12 weeks post-operative in the cartilage defect 

model mice (i.e., tissues left to natural recovery after 

creation of cartilage defects) showed little positive 

response in either safranin 0 staining or immunostaining 

of type II collagen, thus confirming that they were not 

hyaline cartilage (Figure 7). 

In contrast, cartilage tissues of knee joints of 

normal mice (known to be hyaline cartilage) showed a 
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significantly stronger positive response in both safranin 

0 staining and immunostaining of type II collagen 

compared to the cartilage defect creation sites at 12 

weeks post-operative in the cartilage defect model mice 

described above (Figure 8). It was also confirmed that 

the positive regions in the safranin 0 staining and the 

positive regions in the type II collagen immunostaining 

corresponded well. 

[0044] 

Discussion 

Cartilage tissues of knee joints (Figures 3 and 5) 

at 12 weeks post-operative in the HMGB1 peptide (1-44) 

administration group described in Example 1 show a strong 

positive response similar to cartilage tissues of knee 

joints of normal mice (Figure 8, left) in safranin 0 

staining. Accordingly, the cartilage tissue regenerated 

by administration of the HMGB1 peptide (1-44) is believed 

to be a tissue equivalent to the normal articular 

cartilage tissue composed of hyaline cartilage. 

Industrial applicability 

[0045] 

Since the pharmaceutical composition containing the 

peptide of the present application can regenerate a 

complete form of articular cartilage that cannot be 

regenerated naturally, it is expected that the 

pharmaceutical composition provides significant benefits 
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for patients with cartilage disorders who don't have 

sufficient effects with existing therapeutic agents. 
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Claims 

[Claim 1] 

A pharmaceutical composition for preventing and/or 

treating a cartilage disorder, comprising any one 

substance of (a) to (c): 

(a) an HMGB1 fragment peptide comprising an amino 

acid sequence set forth in SEQ ID NO: 1; 

(b) a peptide comprising an amino acid sequence set 

forth in SEQ ID NO: 1 with one or more amino acids 

substituted, deleted, inserted, or added; and 

(c) a peptide comprising an amino acid sequence 

having a sequence identity of about 80% or more to the 

amino acid sequence set forth in SEQ ID NO: 1. 

[Claim 2] 

The pharmaceutical composition according to claim 1, 

wherein the cartilage disorder is traumatic cartilage 

defect, osteoarthritis, or osteochondritis dissecans. 

[Claim 3] 

A pharmaceutical composition for regenerating 

hyaline cartilage in a patient with a cartilage disorder, 

comprising any one substance of (a) to (c): 

(a) an HMGB1 fragment peptide comprising an amino 

acid sequence set forth in SEQ ID NO: 1; 

(b) a peptide comprising an amino acid sequence set 

forth in SEQ ID NO: 1 with one or more amino acids 

substituted, deleted, inserted, or added; and 
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(c) a peptide comprising an amino acid sequence 

having a sequence identity of about 80% or more to the 

amino acid sequence set forth in SEQ ID NO: 1. 

[Claim 4] 

The pharmaceutical composition according to claim 3, 

wherein the cartilage disorder is traumatic cartilage 

defect, osteoarthritis, or osteochondritis dissecans. 




