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complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN104307045A

A naturally derived decellularized periosteum material and its preparation method

— M RAL QIR AR B IR B N H S & 75 0E

[0001]

Technical Field

ARG
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[0002]

This invention relates primarily to the biological field for tissue or organ repair and
regeneration, specifically to a decellularized periosteum material derived from natural tissue

and its preparation method.

FERAETESRATHLNREREREBENEYTE, AER—MRALANIFNAREEREM
FHREHIE 7575,
[0003]

Background Technology

BEREA

[0004]

Nonunion, delayed union, and bone defects are common and complex orthopedic conditions
that not only perplex many surgeons but also pose significant health threats and heavy

financial burdens to patients.
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FAUE. ERHSHERNFS A LERNEREEER, XPMUERNITLZINIELE, BLE
EHREREREMATENEZ 11,

Currently, traditional treatment methods for the above-mentioned diseases, such as
reconstructive surgery, autologous bone transplantation, and joint replacement, all have

many problems.

m B EmailaR L ERERRATTFE, BREEFAR. BAEEBE. XTNEREEFRETHE
BIFEEEZE,
For example, autologous bone transplantation has a series of problems such as difficulty in

obtaining materials and large surgical trauma.

BN, BESBEFEERMER, FAEHRF—RTIEE,

[0005]

In addition to being rich in blood vessels and nerves, providing nutrition and sensation, the
periosteum also contains osteoblasts, which participate in bone thickening and growth,
playing an important role in bone growth (lengthening and thickening) and proliferation

(fracture healing).
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FRFTEENE. #2, BEANXRIER, ERAEEAMNIIGE, S58/EHEK, &N
gk (KK, K#f) gL W\EES) 8EEFR.
In recent years, an increasing number of studies have used periosteal transplantation to treat

bone defects and nonunion, achieving good results.

I SRR S NI AR B IRSE A TaT 8RR e TR SIS 7 RIFNR,
However, periosteal transplantation faces challenges such as insufficient donors, damage to
the donor site's structure and function, and immune rejection, making it difficult to carry out

on a large scale.

AMBEBEFERERRE. HXEWIEREREEHIF RN FRBEEME LU 2R,

[0006]

The emergence of regenerative medicine and tissue engineering technologies has brought

new ideas to the treatment of diseases such as nonunion, delayed healing, and bone defects.

BEEFMNARTRERANHIMENGAETAUE. BERENBRREFRRHTR T 2T R.
In the field of bone tissue engineering, artificial biomimetic periosteum that simulates the

microstructure of the periosteum is attracting increasing attention. For example, Ryu YM et al.
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used a three-dimensional collagen scaffold to induce periosteal-derived cells to differentiate
into osteoblasts. In addition, Zhao L et al. also used tissue engineering techniques to culture
degenerative stem cells from the submucosa of the small intestine in an attempt to construct
an artificial periosteum to repair bone defects. However, due to the complex three-
dimensional structure of the natural periosteum and many of its components that are not yet
fully understood, the results are often unsatisfactory. For example, the application of artificial
materials is greatly limited due to problems such as biomechanics, biocompatibility, and
material properties. Therefore, finding materials that truly conform to the normal biological
and mechanical properties of the periosteum to cure diseases such as nonunion, delayed

healing, and bone defects is a medical problem that urgently needs to be solved.

FHATIRTES, RUBRHEHNATHESREREZEI AN E, #1140, Ryu YMFEAF
RA=#REXFASERKENARRAAE . kI, Zhao LEAMFIRABRTIZRARA /N
HIR TRALDFIEFEMETARZEAHNZATSRENMEE SRR, E2HTRABEARTER
MY =445 MM1F 2 BRI H RPAM R RANR D EFRREEFRUWAT. A, AIMHBTE
MAF. EYEEE. MEHERFRREECRARIEXRRG. R EENSERSRENST

MAFERRIME, NMAREARE. BRUSHERRFHRRE — N REFHREF D,

[0007]
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The extracellular matrix (ECM) contains various biochemical factors required by normal tissue

or organ cells and has a natural macroscopic and ultramicro three-dimensional structure.

MpESPER (ECM) SBERARYBEAMRFAIFNIMELRF, FEEEGRARMMIEBRH =4
EAVAY YA

ECM can regulate a range of factors required for tissue or organ development and repair,
including biophysical stimulation, biochemical and molecular signals, thereby achieving
tissue or organ recovery and regeneration. Therefore, ECM, as a novel natural biomaterial, is
being widely used in the repair and regeneration of a range of tissues and organs, such as
heart valves, trachea, muscles, tendons, and cartilage. Cell-decellularized dermal matrix has
even been used clinically (trade name AlloDerm). There are currently no reports on the

preparation of naturally derived decellularized periosteal materials.

ECMEIETTEYYIERIE. EMUFERD FESEF-RIEBLRFZELABREEMFNIMER,
MMSEIMARHFERNMENBE. FEULECMEA—TIENRAEYMEIER ZHEA T O
MR, SE. AR, g, MBEF—RVALNSFENRERBE., FHRNEREREZEAT

IEPR (B m&AlloDerm), M E AR TX T RIAKIRR B R AR & iRIE,

[0008]

Summary of the Invention
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ZBAAR

[0009]

This invention addresses the shortcomings of existing technologies by providing a method for
preparing a decellularized periosteal material that is suitable for the growth of periosteal cells
and various types of stem cells, has osteogenic induction effects, and can treat diseases such

as nonunion, delayed healing, and bone defects.

TRATHIHMERANRE, RE—MEEESEABNSLETARER. BEENEESER. 7

AT BAEE. WERANBRSFRRN SR AR SIS S %o

[0010]

A decellularized periosteum material derived from natural tissue and its preparation method,

specifically including the following steps:

— I RABLAFRIRARESEMENRERIET X, BERREUATSE:

[0011]
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(1) Take the periosteum of any mammalian limb bone, remove bone fragments, rinse three
times with sterile PBS for 20 minutes each time to remove blood, residual muscle tissue and

fat tissue; then rinse with deionized water for 4 hours.

(1) BRE—HAMYUKREEIR, BisEMEER, TEPBSIERIR, BRFR207H, KR

B FERARALRMAELALR;, BREEFKPR4NE;

[0012]

(2) In a 5% PBS buffer containing 10 KIU/ml protease inhibitor, shake at 45°C for 1 hour at 200

rpm on a shaker; then rinse with deionized water for 4 hours.

(2) TEREAS5%ELIOKIU/ml EREINFHIFIBIPBSE HiK, 8:E45 <sup> o </sup> CIEFK

200rpmEH /B ; FEEFoKohsa/\eY;

[0013]

(3) Add 10 KIU/ml and 10 g/ml mixed antibacterial solution to 5% Triton X-100 PBS buffer, with
a volume ratio of buffer to mixed antibacterial solution of 5:1, and shake at 250 rpm for 48
hours at a constant temperature of 45°C; then rinse with deionized water for 4 hours. The
mixed antibacterial solution is composed of penicillin and streptomycin, with a volume ratio

of penicillin to streptomycin of 1:1.
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(3) EREN5%RIE Triton X-100B9PBSEH&, AIALOKIU/ml, 10g/mIBVEEMER, ZHR&
MRS MERARELAS5: 1, [ER45 <sup> o </sup> CEER250rpmE#48/\8Y; BRAEEFKH

FANE, FIRARPEEMERBETERNEERAMN, SERNBBRNERLLAL: 1;

[0014]

(4) Add 10 KIU/ml and 10 g/ml mixed antibacterial solution to 10% SDS-containing PBS buffer,
with a volume ratio of buffer to mixed antibacterial solution of 5:1, and shake at 250 rpm for
48 hours at a constant temperature of 45°C; rinse with deionized water for 4 hours. The mixed
antibacterial solution is composed of penicillin and streptomycin, with a volume ratio of

penicillin to streptomycin of 1:1.

(4) TEREN10%HIESDSHIPBSE HK, MALOKIU/ml, 10g/mIBSREEMER, BHRIES
MERETREE /5. 1, 1BR45 <sup> o </sup> CIER250rpmES748/\BY; BHEBEFHKAE4/NET,

FRARRESTRRBEBTERZNMERAN, FEEMESENARLEAL: 1;

[0015]

(5) Add 10 KIU/ml and 10 g/ml mixed antibacterial solution to PBS buffer containing DNase at
a concentration of 1.5 mg/ml. The volume ratio of buffer to mixed antibacterial solution is 5:1.

Shake at 250 rpm for 12 hours at 37°C. After rinsing with deionized water for 4 hours, a whole
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intervertebral disc decellularized scaffold is obtained. The mixed antibacterial solution is
composed of penicillin and streptomycin, and the volume ratio of penicillin to streptomycin is

1:1.

(5) ERE AL 5mg/mlIBYE DNAESRIPBSE A&, MMALOKIU/ml, 10g/mIBSEESIMER, EHR
RS IMBERAFIEL A5 1, 37 <sup> o </sup> CIER250rpmESF12/M\8Y; FAEBEF K4/
EEEIeHEZRARSEE, FIRMREMERRESEENESRAN, SEXMEEENARLR

1: 1,

[0016]

The main advantages of this invention are as follows:

RPN EELRUT:

[0017]

(1) Decellularization technology can preserve the integrity of the original ECM while removing
xenogeneic cells. It has a good extracellular microenvironment, biochemical factors and
biomechanical properties, and can simulate the normal periosteum composition and

structure to the greatest extent.

20-01-2026 - Page 10



(1) BRARREATEEFSMARNERN, AIRBRIAECMNTENE, BARGFNARIMIFIR. £

KEFMENNFERTE, FTUKRAIRERNRIIER SRR DML ;

[0018]

(2) The material of the present invention can not only be used to implant various stem cells
(embryonic stem cells, bone marrow mesenchymal stem cells (MSCs), adipose mesenchymal
stem cells, etc.) and intervertebral disc cells to achieve normal intervertebral disc
reconstruction and to customize a whole intervertebral disc that is individualized and
transplantable for patients, but can also be ground into powder to dissolve the biochemical
factors contained in normal intervertebral discs for the treatment of degenerated

intervertebral discs.

(2) RREAMBARNAIUATHESMHTAR (T4, SiEznaT4a|r (MSCs) « Ashh
EFE R TAREE) MiEERARUKIIERHERER, NRATEHEEMEL. AIHBZBERNE2#E

82, ELREMERINMER, KESHRBZFSENENE AR T arRERHEE;

[0019]
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(3) The periosteum used in this invention is a naturally sourced biological material with good
biocompatibility and wide availability. The raw materials are widely available and can be

mass-produced.

(3) ZAFRFARAINBRERARRNENME, BEREFNEVREENEMZIE, BRME

FKIRIZ, AIHEER;

[0020]

(4) Periosteum materials obtained by decellularization technology do not contain antigens
such as cells, which can minimize the immune rejection reaction of the recipient. At the same
time, they do not contain harmful components such as bacteria and viruses, and have high

biological safety.

(4) RARARZAREHNEEMBASHARENENS, FIERERNZREHFRMNEFE &R

B, RNAFSAERSFEENDTENRENS,

[0021]

Attached Figure Description
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P35t e

[0022]

Figure 1 is a general appearance diagram of the decellularized periosteum material of the

present invention;

1R A& PAR B IR AR A R AR SMRE

[0023]

Figure 2 shows the HE staining of the cross section of the decellularized periosteum material,

which showed no cells and no residual cell nuclear components.

E2 2 &R AR RS ERYHES & TR K T AR R 10 T B 5

[0024]

Figure 3 shows the HE staining of the longitudinal section of the decellularized periosteum

material, which showed no cells and no residual cell nuclear components.

E3Z &R AR RN ERYHES & TR K T AR R 73 X B 5
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[0025]

Figure 4 shows the Alcian blue staining of a cross-section of the decellularized periosteum

material, which retains a large amount of glycosaminoglycans.

El42 B R AR R ER /R EREREREEREREN T E;

[0026]

Figure 5 shows the Alcian blue staining of a longitudinal section of the decellularized

periosteum material, which retains a large amount of glycosaminoglycans.

E5Z &R AR A EB /R IERBREREERBER D E;

[0027]

Figure 6 is a quantitative detection chart of collagen content in decellularized periosteum

material;

EeR B REARMHRRESSEEERNE;

[0028]
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Figure 7 shows that the DNA quantitative detection of decellularized periosteum material

contained almost no DNA component;

E7E B R AR EIDNAE £ L FF 2B DNARK T E;

[0029]

Figure 8 is a cross-sectional view of the decellularized periosteum material, showing the
complete preservation of collagen fiber arrangement and three-dimensional spatial structure

as detected by scanning electron microscopy.

B8 B IR AR AR A FHEE T fn BRI R R AT e M R B 1L (RS e B R B E;

[0030]

Figure 9 is a scanning electron microscope image of the longitudinal section of the
decellularized periosteum material, showing the complete preservation of collagen fiber

arrangement and three-dimensional spatial structure.

B9 B IR AR AR A R T BT fin BB 3R N AR R AT e M R (B 1L (RS 1 e B R B E

[0031]
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Figure 10 shows the proliferation of bone marrow mesenchymal stem cells under different

scaffold extract concentrations as detected by CCK-8 assay.

102 CCK-8tuNIREZ EZRBARE T B e 7o TARIEER R E;

[0032]

Figure 11. Growth of Live/Dead cell-stained bone marrow mesenchymal stem cells on a

decellularized periosteum scaffold.

El11 Live/Dead AR R E & BB TR T AT SRR R ENE KB RE,

[0033]

The present invention will now be described in detail with reference to the accompanying
drawings and embodiments, but the implementation of the present invention is not limited

thereto.

TEASGHE R SERGIN A LZBRHITIFRER, BALBEREENXERT L,

[0034]
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Specific Implementation Plan 1

BALERRE—

[0035]

1. Preparation of decellularized periosteum matrix

1. HIEEERARER

[0036]

(1) Material collection: Take the periosteum of the long bones of the limbs of healthy domestic
pigs (male or female), remove bone fragments, rinse thoroughly with sterile PBS to remove

blood and other impurities. The periosteum is about 6cm long, 3cm wide and 5mm thick.

(1) B BERRE (WHAIR) WERKESHNEE, HBiFE%ERs, TEPBSFHEDRALRMKRME

MEMZFR, SEKLS6cm, "AY3cm, EELY5mm,

[0037]

(2) The decellularization steps are as follows:
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(2) BAERRT RN

[0038]

Step 1: Place 200 ml of 5% PBS buffer containing 10 KIU/ml protease inhibitor at 45°C and

shake at 250 rpm for 4 hours; then rinse with deionized water for 4 hours.

FE—1E200mERE F5%B9E 10KIU/ml EBESHNHIFIBIPBSE AR, 18:R45 <sup> o </sup> Ci%

R250rpmE74/N\BY; BREBFKAIFRANT,;

[0039]

Step 2: Add 100 ml of penicillin and streptomycin (10 KIU/ml, 10 g/ml) mixed antibacterial
solution to 500 ml of 5% Triton X-100 PBS buffer and incubate at 45°C with shaking at 250 rpm

for 48 hours; rinse with deionized water for 4 hours.

ST 7T500mEREN5%HIE Triton X-100M9PBSE MK, TIAN1IOOMIBTEEMESZE (10KIU
/ml, 10g/ml) EEIMER, 185845 <sup> o </sup> CIEKR250rpmESH48/\bY; BEBEF K%k

/)\BY

[0040]
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Step 3: Add 200 ml of penicillin and streptomycin (10 KIU/ml, 10 g/ml) mixed antibacterial
solution to 1000 ml of 10% SDS-containing PBS buffer, and incubate at 45°C with shaking at

250 rpm for 48 hours; rinse with deionized water for 4 hours.

SEE=" 7£1000mIKE710%HYE SDSHPBSEAK, MIA200mIEEBHEMESE (10KIU/ml,
10g/ml) BEEHER, 187845 <sup> o </sup> CRER250rpmESH48/\8Y; FAEBE FKdik4/)

B

[0041]

Step 4: Add 50 ml of penicillin and streptomycin (10 KIU/ml, 10 g/ml) mixed antibacterial
solution to 250 ml of PBS buffer containing DNase at a concentration of 1.5 mg/ml. Shake at
250 rpm for 12 hours at 37°C. Rinse with deionized water for 4 hours to obtain a whole

intervertebral disc decellularized scaffold, as shown in Figure 1.

FBI: FE250mERENL 5mg/mIBVEDNABSRIPBSE H&, MASOMIZTEEMBESE (10KIU
/ml, 10g/ml) BEEMER, 37 <sup>o </sup>CIEK250rpmEH12/N\fE, BEBEF KAL)

FHSEI et R 2R AESZ IR, WEILFR;

[0042]

(3) Histological evaluation of the decellularized periosteal scaffold
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(3) BRI ZRRVALRF TN

[0043]

Figures 2 and 3 are 100x magnification images of the decellularized periosteal scaffold (cross
section and cross section) of the present invention stained with HE, showing no residual cells
and no cell nuclei, while retaining a large amount of collagen fiber components; Figures 4 and
5 are 100x magnification images of the decellularized periosteal scaffold (cross section and
cross section) of the present invention stained with Alcian blue, showing a large amount of

glycosaminoglycan components.

ERMERRARASERHRAMRSIZ FEYIEMMYIE) HERBBAL100ETAM R THAEIZR 57 7%
BE, RBRERRLTHENT; EIMESERARATRAMARSIE EEMMYIE) FI/RETIER
BRARLI00fERERENELENERN D E.

Figure 6 is a quantitative detection diagram of collagen content in the decellularized
periosteum material of the present invention. The collagen content of the material is not

significantly reduced compared with normal tissue.
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EeRAAAERRARMHRRENSEEENNE, MHRREQSESERARLLIRTRER

\
Do

[0044]

(4) Quantitative detection of antigen components in decellularized periosteal scaffolds

(4) BIRARAMRS IR E SR

[0045]

Figure 7 shows the DNA quantification detection of the decellularized periosteum scaffold of

the present invention, which contains almost no DNA components.

El7TR A %A EER AN Z2DNATE £ LA E B DNARK D Bl

[0046]

(5) Observation of the ultrastructure of the decellularized periosteal scaffold

(5) BRRRRARRR S SRAVEBIMIL (RSN ER

[0047]

20-01-2026 - Page 21



Figures 8 and 9 are scanning electron microscope images (cross-section and cross-section) of
the decellularized intervertebral disc scaffold of the present invention, showing the complete

preservation of collagen fiber arrangement and three-dimensional spatial structure.

ESHMER A LA HBIZAMRS IR EEMMIIE) AMBERONRRAERANTE LK

L TTRIREE,

[0048]

(6) Biocompatibility evaluation of decellularized periosteal scaffold

(6) BRI EYREMEITMN

[0049]

Figure 10 shows the proliferation of bone marrow mesenchymal stem cells under different
scaffold extract concentrations using the CCK-8 periosteum decellularized scaffold of the

present invention.

El102 74 &% PAE R AR ZRCCK-8INIA R SRR AKE N EREE A TARIEER RE.
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Figure 11 shows the growth of bone marrow mesenchymal stem cells stained with Live/Dead
cells on the decellularized periosteum scaffold of the present invention at 100x magnification

on the whole intervertebral disc decellularized scaffold.

E11R A RAEEA AR 2R ive/Dead ARER B EBEIE) T T AR 2R E M AT 22 £1001F

HEKBRE.
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