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DESCRIPTION CN112618797A

A method for preparing a specific demineralized extracellular matrix scaffold for cross-linked

antibiotics

— MBI E RS E R BRSNS SRR E S A

[0001]

Technical Field
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ARG

[n0001]

This invention relates to the field of bone infection treatment technology, and more
specifically to a method for preparing a specific demineralized extracellular matrix scaffold for

cross-linked antibiotics.

KBRS BRIETr AT, BRI R ME RS ERY AN Bz 2289

73750

[0003]

Background Technology

BREEA

[n0002]

Despite continuous improvements in medical standards, bone infection remains a significant
challenge in clinical practice, with nearly 40% of patients facing recurrence and prolonged

illness.
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REBEFKFRRS, SRFERARLEPRAR—TERBMER, FiT40%HEEEIHE KT
NEAZSTERT,

In the pathological process of bone infection, bacteria multiply in large numbers, forming
abscesses at the site of infection. These abscesses evade the immune system and protect the
viable bacteria at their core. The factors and acidic metabolites secreted by the bacteria in the
abscess not only promote the differentiation of osteoclasts and reduce the activity of
osteoblasts, but also help bacteria adhere to collagen or cell membranes, promoting the

formation of biofilms and leading to persistent bone infection.

EERRIRIEIIET, ARARERTE, TRREEAMREM, FERERIERARIFEZOBE
HEE, KAHEDEDPHEF UK Y, AMUBHRSARD L, BRERESHARE
%, FRNEMTFHAERMRRIAMEL, (EEEMRNTN, SEERRIERT,

Among the five key factors that make infections difficult to cure and cause them to turn from
acute to chronic—abscess, bacterial adhesion and colonization, biofilm formation, dormant
bacteria, and materials without antibacterial activity—surgical methods can only address
abscesses and some biofilms; a complete cure still requires the implantation of antibacterial

materials.
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TERRpR. AEFMEE. EMRCR. RIRAE. RENEEERIMEX SN SEBURAXE LU H
[ERNBENXERRDR, IMIFRNXERREM A D EMREFER, REARINFERIRE

MEMEHEN.

[n0003]

However, implanted biomaterials are "foreign objects" to the body. Materials with poor
biocompatibility will fail to implant due to foreign body reaction (FBR) or bacterial adhesion.
The encapsulation and fibrosis formed in the body not only hinder the integration between
the implant and the host and facilitate bacterial adhesion, but also consume a large number
of neutrophils and reduce the local tissue's resistance to infection. Both of these factors

contribute to the progression of infection.

PAMD, EANBNEYMETFIUERRZ—M “MREY” , EVEREENMETEARFE TR
7 (foreign body reaction, FBR)SXAAEALMISEEAKRK, EEARAFKRNEEMT LN, RXE
RENYMSEXZENES, B THAEMN, FINEERENPIERAMR, FRALDFBISRITURR
BE71, MEBHREEH T RRHHEE,

Therefore, improving the biocompatibility of implants while possessing anti-infection

capabilities is crucial for antimicrobial materials.

Eit, FRESNBRENNENHEANYNEYREYE, HTFREMERRTIEE.
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The following material design may be the best solution: 1) Modify the material to increase
biocompatibility while minimizing bacterial adhesion; 2) Design smart antibacterial materials
that respond to release and release on demand, so as to achieve sterilization while minimizing
tissue and cell toxicity, and release antibacterial agents again as the environment changes to

prevent infection recurrence.

NI K PTRE B RIIRAE A R 1) I YRS N E R AIEE R DA R ARSI
BE77; 2N BERARFERNEENEMH, EXREARENRNRAREERDHAQNARNES

%, HEBESFRNNEBRBERETUBLERRER,

[n0004]

Current biodegradable antibacterial materials are mainly composed of inorganic materials
such as hydroxyapatite and tricalcium phosphate, or synthetic materials such as polylactic-co-
glycolic acid (PLGA), which are combined with different antibiotics, antimicrobial peptides, or

metal ions.

BRINAIFEFENEME, TERBRITVMENZES KA. BER=158ESHRMEINRILER- RS
ERHE¥)(poly-lactic-co-glycolic acid, PLGA)FEESAREMINER. MEKNEEEFAHM.
Inorganic materials are often modified with organic matter on their surface to improve their

biocompatibility. To avoid cross-linking affecting drug activity, antibiotics, antimicrobial

20-01-2026 - Page 5



peptides and other biological agents are mostly added to the material in a mixed manner to
release them and kill airborne bacteria. This hybrid approach includes electrostatic
adsorption drug delivery, nano-encapsulation, gel-based drug delivery, liposome
encapsulation, microsphere encapsulation, and so on. Metal ions can be processed into
nanoparticles and adsorbed into materials to kill airborne bacteria, or they can be cross-
linked on the surface of materials to prevent bacterial adhesion. The application number is
201510882167. Patent X discloses an anti-infective calcium phosphate composite bone
cement material and its preparation method, which achieves a broad-spectrum antibacterial
effect; Patent application number 201210027387.0 discloses a method for preparing anti-
infective medical materials using plasma technology, which can apply a wide range of
antibacterial coatings to medical materials. Although the design of such materials has
developed rapidly in recent decades and some have achieved ideal antibacterial functions,
there are still many defects that need to be overcome. First, due to the difference in surface
free energy between inorganic and organic media, this modification is not simple. The
unstable coating will inevitably fall off over time and with changes in the internal
environment, leading to a decrease in the biocompatibility of the material. Second, with the
complete release of antibiotics or antimicrobial peptides, the material itself no longer has
antibacterial properties, becomes a target for bacterial adhesion, and cannot prevent
reinfection by "latent" bacteria. Finally, metal ions have cytotoxicity, which is not conducive

to tissue repair and bone formation.
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AWM SEEREHTENERUCHEEYERE, MABERERNAYEE~ERm, E
=, MERFEVFFIARZLUEGH A TVIMAMARUBRRERRICEFAE. XMESHIAH
EBIRMEZ. PREE. BRUEED. BREAE. BEkEEES, BB FEIAIINIRARM
RIRMFEM B R LR T AR, WAl URBREMRREE AR, F15579201510882167. X
HNEFMAF T —MRRBRRBRERISE B KM REREEE, JEITIIERENR; FiESH

201210027387.0M LM AF T —MRAFEFERAHTSNBREERMENTGE, NERMER#HT
[TZEERRE, RETE/LTFESR, XEMHSHSURERR, 882R8% TERREDEE,
BEADRBFERR. %, TIWSENIRMATRZ BB TREBHEES, XMEMRHTE
B, TRENFEHENEHBNERFENTL, BUESEMENEYRSETRE; 2R, i
EMERTNMERNTEREN, MRS FTEASNEERE, RAARMMNTR, BRETD &

N BENBRER; &a, TREFEEARSNE, FRFHRBENRSE,

[n0005]

Numerous studies have shown that naturally derived extracellular matrix (ECM) scaffolds have

advantages that artificial materials cannot match.

AKENHREKAE, RAFBENAINEFREZZE (extracellular matrix, ECM)EE ATHETELLIARY

o
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First, its perfect porosity and good biocompatibility, in addition to inducing the growth and
differentiation of mesenchymal stem cells, can also induce chemotaxis of various progenitor
cells and macrophages, and participate in immune regulation; second, the extracellular
matrix scaffold contains a variety of endogenous proteins and factors, which can actively
induce macrophage polarization and enhance the antibacterial ability of the immune system;
third, these abilities will not weaken with time and environmental changes, unlike inorganic

and synthetic materials modified with organic coatings.

B/, HEERIBNREFNEMRRY, RTIEFERRTARNERSLLUSN, ERAIESEKS
METAAREN ERAR, 25%FFT; ER, ARIMELRXRSSHRNREEAREF, PTEHE
SERARERY, HEERESRERANTERS; F=. XEENDHFIWENFERENT

MR SRR —, SRR E WIS

[n0006]

In the field of intelligent antibacterial research, the protonation of carboxylate groups is
considered an effective strategy for acid-sensitive release. The decellularized extracellular
matrix contains a large number of active carboxyl groups, which can not only adsorb
positively charged antibacterial agents through electrostatic interactions, but also crosslink

with the free amino groups of other molecules in the form of amide bonds.
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BREMEMR TR, RERRNRF RN SRBBRERN— AR, RARLRIARRINER
BRENEMRE, NMEFTURBEFERARMNEERFNNER, MESEMS FaFEE R
A TUAZE,

Many types of antibiotics carry a positive charge due to the presence of amino groups, and

can cross-link with the carboxyl groups of various substances without affecting their

antibacterial properties.

ZHENNERRSESEMTERR, RNAUSZSMYIRVREE, FREMETEERE.

[n0007]

Therefore, providing a method for preparing a specific demineralized extracellular matrix
scaffold for cross-linked antibiotics is a problem that urgently needs to be solved by those

skilled in the art.

Eit, RE—MZEMERIITERT ARIPELIRAHIEF AR A TIARAAN R R FEF R

o

[0010]

Summary of the Invention
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REAAE

[n0008]

In view of this, the present invention provides a method for preparing a specific demineralized
extracellular matrix scaffold for cross-linked antibiotics, which uses a specific demineralized
extracellular matrix as a biocompatible scaffold and combines antibiotics in two forms:

electrostatic adsorption and chemical cross-linking.

BETIE, RARRMT —MRENERIFERN ARMESRNGESZE, B ERYT 4k

SNERIFAEYREMSZIR, FURBBRIMAMCFERZERMHEAE SNER,

[n0009]

To achieve the above objectives, the present invention adopts the following technical

solution:

NTEMERER, NERBAXRBUTRALGER:

[n0010]
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Cancellous bone particles are obtained from cancellous bone-rich parts of animals, and
decellularization is performed using an optimized decellularization protocol to prepare a
specific demineralized cancellous bone extracellular scaffold. Antibiotics are then
compounded in two forms: electrostatic adsorption and chemical cross-linking. The
antibiotics are released through sustained release and pH response to achieve long-term anti-

infection and repair-promoting effects.

M) E SRR B ERAEREA R B FRL, ARG =& ThAMR, HESERN B EA
REINZER, HLUBBRRMANERBERMEAESHESR, BIERNRpHENRBMESR, FEK

BRI EER,

[n0011]

A method for preparing a specific demineralized extracellular matrix scaffold for cross-linked

antibiotics, the specific steps of which are as follows:

— MR E RN RN AN R RIGIES A, BESENT:

[n0012]

(1) Obtain cancellous bone particles with a diameter of 4-8 mm from the cancellous bone-rich

parts of animals;
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(1) NEh¥) & BB B BB AIIREXE 12 4-8mmATHA B & F0KL ;

[n0013]

(2) Decellularization:

(2) B £HRE

[n0014]

(D Cut the cancellous bone particles obtained in step (1) into cylinders with a thickness of 2-4

mm to obtain cancellous bone blocks;

ORPZ (1) R ETRL, TI2-4mmEERNERE, RIGILREIR;

[n0015]

@ Rinse the cancellous bone blocks obtained in step @ with tap water for 1 hour, package
them in an embedding box, and then soak them in 0.6% (v/v) peracetic acid ultrapure water

for 1 hour;
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QOB FBRORFHMRBFRABERKKREKLL, BEEFTEIESH, AFRBE0.6%(v/v)ITREIEREA

7kH1h;

[n0016]

® Transfer the embedding cassette to a flask containing 1% (v/v) Triton-X100 solution after

filtration and sterilization, and shake at 100 rpm and 4°C for 12-48 hours;

QB EEEEBELERERI1%(v/V) Triton-X1003 RS, 100rpm, 4°CERN12-48h;

[n0017]

@ Rinse the embedding cassette with 500ml of sterile water and stir continuously for 1 hour.

Repeat twice.

@HR500mIKE/KBREIER, HIFEMH1Lh, EERX;

[n0018]

(® Add the cancellous bone block to a 1% (w/v) sodium dodecyl sulfate (SDS) aqueous
solution, shake at 100 rpm and 4°C for 12-48 h, wash the embedding cassette, and obtain the

cancellous bone ECM;
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OBMBBERIMAL% (wW/v)+ZEEMEREH(SDS) KA KRS, 100rpm, 4°CERf12-48h, FREE

2, RISMBEFECM;

[n0019]

(® Soak the cancellous bone ECM in 10% EDTA decalcification solution, then place it in the
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine and decalcify at 4°C for 2-6

hours;

ER IR BFECMIR AT 10%EDTARR TSR, MAVCare( LBF8) RiEEBAERIGHF, T4 C TS

[n0020]

(@ Rinse the ECM bone blocks with tap water, sterilize them by radiation, and freeze-dry them

to obtain the extracellular scaffold of cancellous bone cells.

@OFECMBEIRA BHRARTE, BIPHES, HATRET, RENREARIINEE;

[n0021]

(3) Extracellular scaffold of cancellous bone combined with antibiotics:
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Q)ME BRI REGIER:

[n0022]

30 mg of the material powder was added to the antibiotic solution and soaked for 1 hour to
ensure thorough mixing. An equal volume of EDC (1-ethyl-3-(3-dimethyl aminopropyl, 1-ethyl-
3-(3-dimethylaminopropyl))-NHS (N-hydroxysuccinimide, N-hydroxysuccinimide) mixed
solution was added, wherein the EDC concentration in the EDC-NHS mixed solution was 16
mM and the NHS concentration was 4 mM. The reacted material was washed three times with
deionized water, centrifuged at 9000 rpm/min for 5 min, the supernatant was discarded, and
the material was lyophilized and stored to obtain a specific demineralized extracellular matrix

scaffold for cross-linked antibiotics.

B30mgt R RINAZIMERARF, RiElh, EFMERDES,; MAFEFIREDC(1-ethyl-3-(3-
dimethyl aminopropyl, 1-Z£&-3-3-ZRESERE))-NHS(N-hydroxysuccinimide, N-ZEIEIH
BAIRR) R & AR, FTREDC-NHSEEARPEDCKRENL6MM, NHSIRERIMM; RESERAI L
REBFKEX=ZIE, 9000rpm/minE05min, FELER, HTRE, REIBKNERNEER

W AREIMNE RIS SR,

[n0023]
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The antibiotic solution is a vancomycin solution of 2-20 mg/ml, or a ceftriaxone solution of 2-

20 mg/ml, or a cefepime solution of 2-20 mg/ml.

PR ERBRA2-20mg/mIBNAEERAR, 2-20mg/mIBySkBEIAR, 2-20mg/mlAysk

LA R,

[n0024]

Furthermore, the animal mentioned in step (1) is a large mammal, including cattle and pigs.

H—%, SRR AREBINY), BiEF. o

[n0025]

Furthermore, the cancellous bone-rich areas mentioned in step (1) include the spine, ribs,

scapula, and pelvis.

i

H—%, SRO1)FMAEESMEEBUBEEE. E. B, 88

[n0026]

20-01-2026 - Page 16



Furthermore, the 1% (v/v) Triton-X100 described in step (2)® is sterilized by filtration with a

0.22 um filter head.

w—, $BQ)FR1%(v/v)Triton-X100/0.22umiEkiT =R E,

[n0027]

Furthermore, the radiation dose described in step (2) @ is 250 kGy.

H—%, TRQ)OFAESTIEI250kGy,

[n0028]

As can be seen from the above technical solution, compared with the prior art, the present
invention discloses a method for preparing a specific demineralized extracellular matrix
scaffold for cross-linked antibiotics. The antibiotics are compounded in two forms:
electrostatic adsorption and chemical cross-linking. The antibiotics are released through
sustained release and pH response, providing a new idea and method for long-term anti-

infection and repair promotion of bone implants.
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ZH ERBIRARB RN, SMERAEL, SRAATFRME T —MRERERNEERY 4R &
Pz RmHIE 75, UMM ECERBERMAESNER, BIEBERpHBNERNER,
AN BSENYRRN (S E R RN %o

Compared to existing bone implants containing anti-infection and repair-promoting drugs or

materials, the advantages of this invention are as follows:

BLEIE BEANYNBRRNEEENAYTME, FLRBENEINRET:

[n0029]

1) It uses naturally derived extracellular matrix materials, which have good biocompatibility

and bioactivity;

1)RARARBHBIINERHK, BE RIFWEWIIEUREYIEN;

[n0030]

2) Specific demineralization of cancellous bone decellularized materials enhances bioactivity

while preserving porosity and mechanical strength;

2) 3R B BB R T E R, ISR EYIEE R REFLIRRAMERRE ;
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[n0031]

3) Antibiotics are combined with electrostatic adsorption and covalent cross-linking methods
respectively to achieve acid-sensitive release and long-term degradation-induced release

effects;

3) D AIRENFR BRI RN A NEGNER, XREIRSUREERAKEIRIREMES R BRB

xR

[n0032]

4) In vitro experiments verified its significant free bactericidal and contact bactericidal effects,
and it had a clear inhibitory effect on the number of airborne bacteria, bacterial adhesion, and

total bacterial count.

A)ASNRINIIEE B EZREBERENZEMARENR, WFRAERE. AEMN. AESEERE

BRHRRYHDEIVER ;

[n0033]
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5) The in vitro experiments verified significant anti-infection and osteogenic effects, and it has
a clear effect on improving bacterial inflammation and infection in bone tissue and bone

repair mediated by osteoclast-osteogenetic balance.

5)TERINSERINIE R ZNMRBRRMEREIER, MNEALMAES|I R RIERBRIE RN E-E T

BN SNBEEYEPRMIEER;

[n0034]

6) As an antibiotic modification material based on the extracellular matrix, the modified
extracellular matrix groups and antibiotics or other bioactive molecules can be replaced, and

it has sufficient reference value.

6)EA—METARIIMNERBINEREIHME, FMEMINARMNERERRNERIEMEYE LD

FIRIE#R, BARENAEEM.

[n0035]

The cross-linked antibiotic-specific demineralized extracellular matrix scaffold of the present
invention can be used to prevent and treat bone infections, promote bone repair, and has a

clear therapeutic effect.
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KRR ERITER ARRIPESIRAINA T AT, A58, BABHRIETH

FRo

[0039]

Attached Figure Description

P35t e

[n0036]

To more clearly illustrate the technical solutions in the embodiments of the present invention
or the prior art, the drawings used in the description of the embodiments or the prior art will

be briefly introduced below. Obviously, the drawings described below are only embodiments
of the present invention. For those skilled in the art, other drawings can be obtained based on

the provided drawings without creative effort.

AT BB AT LALEHNNMERAFRIRATL SR, TERFILEFININE KAERFAAIFE
ERNMEFESMNE, EMSHH, TEmRFHINERMNEARLZRIIKLRES, TN E

RARANGEKMH, EAMTHEISHSEIRIREIRT, KA LURERHRIMERSHEMAIMNE.
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[n0037]

Figure 1 is a schematic diagram illustrating the principle of Van-SDECM stent synthesis and

release according to the present invention;

El1ME A% FAVan-SDECMZ R E 5B RIETREE;

[n0038]

Figure 2 shows the zeta potentials of SDECM, Van, ECM and SDECM+Van (SDECM adsorbed

with Van) of the present invention.

E2KiE A< &BASDECM. Van. ECMFISDECM+Van(SDECM5Vanikit)a9ZetatEqiL;

[n0039]

Figure 3 is a schematic diagram of the electrostatic interaction between the SDECM carboxyl

group and vancomycin amino group under different pH conditions.

EBMENAABSDECMRES HFHBRRATARPpHF M4 THF#EBEEEERTEE;

[n0040]
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Figure 4 shows the infrared spectrum of Van-SDECM during synthesis (blue arrows indicate NH
stretching bands, red arrows indicate C=0 stretching bands, and black curves indicate
synthesized Van-SDECM) and the infrared spectrum of Van-SDECM after 6 weeks of

degradation (Van-SDECM, red curve; original material, black curve).

El4HE Sy A ZBAVan-SDECM & B BT IMEE] (I B 5T kR RNHIRGE T, A BFIARRC=0F4E
w, BEHLIESHRIVan-SDECM)FVan-SDECMPEAZ6E [GRIZIIMEE (Van-SDECM, fIfEpiLk;

[RiarEl, REELk);

[n0041]

Figure 5 shows the amount of vancomycin in SDECM prepared by the present invention using
different EDC and NHS concentrations (30 mg SDECM powder, initial vancomycin

concentration 5 mg/mL);

E5HE A& BR A EIMEDCHMINHSAKRE (SDECM#37R30mg, #iehaERERESmg/mL)HI&ERN

SDECMAR A EERERE;

[n0042]

Figure 6 shows the amount of vancomycin in SDECM prepared by the present invention with

different EDC/NHS ratios;
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El6MIE Sy A & BALAAREEDC/NHSLEBIFIZRISDECMAR A R B ENE;

[n0043]

Figure 7 shows the residual amount of vancomycin in Van-SDECM prepared with different EDC
/NHS concentrations and ratios after ultrasonic cleaning according to the present invention;
line c represents the approximate amount of covalently loaded vancomycin; line d represents

the total amount of vancomycin in the SDECM EDC = 32mM.

BT B A A A BREEE B AN ERIEDC/NHSREMELAIFI&ERIVan-SDECM/E, MARAEEERN

HREE; ZRTHNAHHAEERENANE;, ZdRRSDECM EDCHRAHERENEE=32mM;

il

[n0044]

Figure 8 shows the cumulative amount of vancomycin released from the material prepared by
electrostatic adsorption of the present invention; the dashed line represents the initial

amount of vancomycin loaded in different materials.

EI8ME AN & B R ALFF BB IR MIHI ERIMPIRRN A LB RNRRE; BEARTENRMFEHMER

FaBENVRE;
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[n0045]

Figure 9 shows the cumulative amount of vancomycin released from the material prepared
under the conditions of electrostatic adsorption and chemical crosslinking according to the
present invention; the dashed line represents the initial amount of vancomycin loaded in

different materials;

EIOMEI A AL RERBERMMAFERERFH THENMHRRN SR BRENRERE; EARTES

EMERMEN S HESRMVRE;

[n0046]

Figure 10 shows the amount of vancomycin released from Van-SDECM when the scaffold is

cultured with osteoclasts for 5 days according to the present invention.

E10ME A4 R H KRS EMRIETFRSKES, MVan-SDECMEBERINAGEEENE;

[n0047]

Figure 11 shows the inhibition zone test of the Van-SDECM (experimental group) and SDECM

(control group) of the present invention against Staphylococcus aureus and Enterococcus.
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E11ME 4% BAVan-SDECM(if384R) F1SDECM (X EBLH ) X £ = & B B IKE M AIKE N E IR

It

[n0048]

Figure 12 shows the bacterial count of Staphylococcus aureus suspension determined by the
plate method after co-culturing different materials for 24 hours according to the present

invention; scale bar=10 mm;

E12ME N A LZBAREMRRER 24NN E, BFRFNEEHZBHERESRIVARTLL; LEHIR

=10mm;

[n0049]

Figure 13 shows the quantitative analysis of the number of Staphylococcus aureus bacteria in
suspension determined by the plate method after co-culturing different materials for 24 hours

according to the present invention.

EI13ME A LZBAREMAHRER24NNE, BFRAZNEEHZEHERESRAEHNEESD

#r;

[n0050]
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Figure 14 shows the materials after ultrasonic cleaning of the present invention, co-cultured
with Staphylococcus aureus for 24 hours, and the bacteria adhering to the surface of each
group of samples observed by scanning electron microscopy; the bacterial outlines were
processed with Photoshop for pseudo-color; it can be seen that the cross-linked samples have

significantly increased anti-adhesion bacterial ability; scale bar =5 um;

E14ME N AL BRER B AENMH S TR BHEXERIER 24/, ARBRIESEFSKRE
RUREMAIE ; AE%CE A photoshopfEmF MR ; BTN AZEXRIAE A FTrG R BE/IBR 218 0

EbffIR =5um;

[n0051]

Figure 15 shows the quantitative analysis of the adhering bacteria on the surface of each
group of samples after ultrasonic cleaning of the material of the present invention and co-

culture with Staphylococcus aureus for 24 hours.

EISHE A LZBRERE B AGIMHS SR aEEXERIEF 24NN, SEFARERMARERY

EED;

[n0052]
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Figure 16 shows a confocal microscope image of the adhesive bacteria of the present

invention after live/dead staining; scale bar =1 mm.

El16MiE A4 R BBt AE L live/dead B FHHREERHIEEISG; LLHIR=1mm;

[n0053]

Figure 17 shows the quantitative analysis of the adhesive bacteria of the present invention

after live/dead staining; significant differences are * (P<0.05), ** (P<0.01), and *** (P<0.001).

E17THE N LB A RESZ live/deadRBENEEDHT; BEEERN*(P<0.05), **(P<0.01);

***(P<0.001);

[n0054]

Figure 18 shows the toxicity of different concentrations of vancomycin to MSCs as determined

by the CCK-8 assay of this invention;

B 18HIE S A A BHCCK-SHMAREIRE H i B HEFMSCsHIE 14 ;

[n0055]
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Figure 19 shows the toxicity of Van-SDECM leachate to MSCs determined by the CCK-8 test of

this invention;

E| 19/ E S92 & BHCCK-8iR 38 M EVan-SDECM;Z2 R X MSCsBIE 4 ;

[n0056]

Figure 20 shows the live/dead staining results of MSCs after co-culturing Van-SDECM scaffolds
prepared with different concentrations of vancomycin (1 mg/mL, 5 mg/mL, 10 mg/mL) with

MSCs for 48 h; scale bar =100 um;

E20ME AR EBREIRELEEER(Img/mL. 5mg/mL. 10mg/mL)&HI&BIVan-SDECMZ RS

MSCsiE#48hjg, MSCsHilive/dead LR ; ELHIR =100um;

[n0057]

Figure 21 shows the ALP staining results of the Van-SDECM scaffold prepared by the present
invention with initial vancomycin =5 mg, EDC = NHS = 16 mM, and its extract co-cultured with

osteoblasts for 4 days; scale bar =100 um.
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ER21ME A AU A EEE=5mg. EDC=NHS=16mM#l&Van-SDECMZZR, FREREZIR

BERBHABILIEFAR, ALPREBER; LEHIR=100um;

[n0058]

Figure 22 shows typical bacterial images of soft tissue homogenized and spread on plates
from the defect area of each group at 1 week and 6 weeks after the establishment of the
experimental model of infected bone defect according to this invention; Group I: simple
defect group; Group ll: defect + infection group; Group Ill: defect + infection + SDECM group;
Group IV: defect + infection + vancomycin group; Group V: defect + infection + van-SDECM

group; Scale bar =10 mm;

E22ME A& BT R BRI SRR BRI F1E. 68, 79 5I3RENE AR R X FIRA LR ¢
7%, AT IEREMNAEHREER; Group|: B4ifRIALH (Defect); Group Il FRIF+RRZLA
(Defect+infection); Group Ill: ER#5i+EZ+SDECM4A (Defect+infection+SDECM); Group IV: &#
B+ R+ B R4 (Defect+infection+Van); Group V: f#5i+Ri+Van-SDECM4H

(Defect+infection+Van-SDECM); bR =10mm:;

[n0059]
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Figure 23 shows the quantitative statistical analysis of bacteria on plates at 1 week and 6
weeks after the establishment of the experimental model of infectious bone defect of the

present invention.

E23ME N A LR BARR M B RIGHISRIREE T F1E. 6/, FE TR LENAREESITIF;

[n0060]

Figure 24 shows typical images of Micro-CT scans performed on each group at 1 week and 6
weeks after the establishment of the experimental model of infectious bone defect according

to this invention; scale bar=1 mm;

ER4MMENA REANRR M FRIFHSLERRZETFIE. 6/, 23178 AEFMicro-CTIERIHE

EF; LEHIR=1mm;

[n0061]

Figure 25 shows the semi-quantitative statistical analysis of Micro-CT examinations
performed on each group at 1 week and 6 weeks after the establishment of the experimental

model of infectious bone defects according to the present invention.
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E25ME A4 & B R B RIRASRIOER T F1E. 6/, D3ITRAFIMicro-CTIRERNFE

BRI O

[n0062]

Figure 26 shows the anti-infection performance of the H&E observation material at 6 weeks
post-surgery according to the present invention; scale bar =1 mm (4X), 250 um (25X), 100 pm

(40X);

E26 M E N7 R BAARF6 A HEEE MBI FTURSRMERE; LEAHIR=1mm(4X). 250pum(25X). 100pm

(40X),;

[n0063]

Figure 27 shows the osteogenic properties of the material observed by Masson staining 6

weeks post-surgery; scale bar =1 mm (4X), 250 um (25X), 100 um (40X);

ERTHE AR ABEAGE6EMassonFBIMRMEIBIREMEE; EHIR=1mm(4X). 250um(25X).

100pm(40X);

[n0064]
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Figure 28 shows the flow cytometry results of this invention, which confirmed that more
osteoblasts apoptotic at pH 6.0 than at pH 7.4. The horizontal axis represents AV-FITC, and the

vertical axis represents PI.

E128KE v A R BTN T #OESSEpH 6.0 FLETEpH T AN AT BARES, KTHNAV-

FITC, EEMAPI;

[n0065]

Figure 29 shows that TRAP staining in this invention indicates that more osteoclasts

differentiate and fuse in RANKL+M-CSF medium at pH 6.0 than in medium at pH 7.4;

E29MiE 9 Zs & BB TRAPR & R BB S 4R 7EpH 6.089RANKL+M-CSFIgFE P L EpH 7.4 1L RS

BNEZ;

[n0066]

Figure 30 shows the sporadic microenvironment between osteoclasts and Van-SDECM that
can be observed in red fluorescence according to the present invention. The outline of

osteoclasts can be seen in blue by using the AIE pH probe.
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EI30ME N2 R BRTE AL & R Al AR B B 4RI Van-SDECMZ BINZ E/IFIR, @TAIE pH

BRI U EARNICEANER;

[n0067]

Figure 31 shows Giemsa staining at 1 week and 6 weeks post-surgery, indicating that bacterial
infiltration (red dots) was significantly increased in groups Il and Ill compared to groups IV and

V (red arrows); scale bar =10 um.

E31MIE AR AKBEARE1IEMGAE, Giemsafk@® R, SIVAFMVAHELL, IBFINEAMAER ST (L

R)BEEEM(IEEK); R =10um;

[n0068]

Figure 32 shows TRAP staining results from one to six weeks post-surgery, indicating that
groups Il and Il had more activated osteoclasts (red dots) than group IV, followed by group V

(green arrows); scale bar =50 pum.

E32ME AR LBFAE—EIRAE, TRAPREER, IHAMIIAFRELIREME(IR)LIVATS

%, HREVA(EEBFIK); EHIR=50um;

[n0069]
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Figure 33 shows the quantitative analysis of bacterial counts in each field of view according to

the present invention;

EI33ME AT LZBAEEN T E NMIE VAR TG

[n0070]

Figure 34 shows the quantitative analysis of osteoclast counts in each field of view according

to the present invention.

EI34ME N A L BAEE D E MNMIEF R S AT

[n0071]

Figure 35 shows the protein mass spectrum of the present invention;

E35ME N R BIE A R RiE;

[n0072]

Figure 36 shows the protein function enrichment analysis performed using the KEGG database

in this invention.
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El36ME N7~ % BRI AKEGGE R EHITEA RN EE D1 ;

[n0073]

Figure 37 shows the pathway interaction network of the enriched proteins of this invention.

E37THE N A R BAE S EQRIGREEERML,

[0078]

Detailed Implementation

BiALER

[n0074]

The technical solutions of the present invention will be clearly and completely described
below with reference to the accompanying drawings of the embodiments of the present
invention. Obviously, the described embodiments are only some embodiments of the present

invention, and not all embodiments.
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TERESARALLHFIFRIME, WAREZALEHFNRALRZHITER. TEMER, B4, A
R HEGIINE A R EA—EB 5 Lk, TAE 2 ERRISEHEG,

Based on the embodiments of the present invention, all other embodiments obtained by
those skilled in the art without creative effort are within the scope of protection of the present

invention.

BT ARRPAFRILHES, SMAEERARARERE ML LNERGEIAE TARISHIFRTE EfthSthE

51, #BETALKBRBRIPEVEE,

[n0075]

Example 1

SEhEf1

[n0076]

The preparation method of cross-linked vancomycin-specific demineralized extracellular

matrix scaffold (Van-SDECM) is as follows:

KA S BRER AiRSNE RS 5 (Van-SDECM)BYHI&E 7574, RESRINT:
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[n0077]

(1) Fresh pig scapulae are used to obtain cancellous bone with a hollow bone drill with a

diameter of 6mm, and then cut into cylinders with a thickness of 3mm.

(1)3FHERERBIRE LER6mMmNZE OB HREMARE, BYIA3mmEENEIEE;

[n0078]

(2) Rinse the cancellous bone blocks with tap water for 1 hour, package them in embedding
cassettes, and then soak them in 0.6% (v/v) peracetic acid ultrapure water; after sterilization
by filtration with a 0.22 um filter of 1% (v/v) Triton-X100, transfer the embedding cassettes to
flasks containing Triton-X100 solution, and shake at 100 rpm and 4°C for 24 hours; wash the
embedding cassettes with 500 ml of sterile water and stir continuously for 1 hour, repeating
twice; then add the cancellous bone blocks to 1% (w/v) sodium dodecyl sulfate (SDS) aqueous

solution, shake at 100 rpm and 4°C for 36 hours, and wash the embedding cassettes again;

Q)R ERARRKARELh, BEFERESPR, AERETE0.6%(v/NV)EEIEBLAIKPL; 1%(v
/V)Triton-X100FH0.22umiEk2 IEbREfE, BREESEBETriton-X1007aKEGR A,
100rpm, 4°CEnf24h; FAS00mIKEKEXABIESR, FFEMELL, EEFR; MEBREREHRM

AN1% (w/v)+ ke EmiERsh (SDS) /KB & H, 100rpm, 4°CExh36h, BRBEREIER;
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[n0079]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 4
hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(3) R BECMIZ BT 10%EDTARSS &K, MATEVCare( LB REERMIENLF, HE4CT

Bis54h; LbfE, BECMEBRABBERNHRGE, TENHE(FIE250kGyY), FHET;

[n0080]

(4) Add 30 mg of material powder to a 10 mg/ml vancomycin solution and soak for 1 h to
ensure thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of
vancomycin at this pointis 5 mg/ml. React at room temperature for 12 h. After the reaction is
complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)3F30mgMEHIRIAZ1I0mg/mINAHERART, =8lh, FRERDES; MARFIRE

EDCAREL6MM, NHSKEAMMBIEDC-NHSEEAR, LR AHEERLRENSmg/ml, & TF
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RM12h; RNFEREMEIUESFKELZE, 9000rpm/minE.05min, FELEFR, FTFHF
%o
Figure 1 shows a schematic diagram illustrating the principle of Van-SDECM stent synthesis

and release.

Van-SDECMZZRE M SBERNRIEREELE],

Van and SDECM are combined in two ways: electrostatic adsorption and chemical cross-
linking. In an acidic environment, the adsorbed vancomycin can be released rapidly, and the
material can still release vancomycin molecules with bactericidal activity when it degrades in

Vivo.

Van5SDECMZ Bl AR B IRIFIL FREARMEZRE S, TERIEIMRH, RIEYAEGEERALIRE
B, BRMETEREENRHR DA BRREEREEENAEE RS Fo
Due to its unique mechanism of action, vancomycin cross-linked on the scaffold does not lose

its bactericidal activity.

ATFEIRGRERNE, KEKEXRENAHERATRREREE.

[n0081]
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Example 2

SEEf12

[n0082]

The preparation method of cross-linked vancomycin-specific demineralized extracellular

matrix scaffold (Van-SDECM) is as follows:

RO BRNSERY MRRIMNEFS 53R (Van-SDECM)BIRI&E S 7%, BAESERINT:

[n0083]

(1) Use a hollow bone drill with a diameter of 4mm to obtain cancellous bone from fresh pig

scapulae, and then cut it into cylinders with a thickness of 2mm.

(1)FHERERB RS LERAMmNZE OB HREMARE, BYIA2mmEENEEE;

[n0084]

(2) Rinse the cancellous bone blocks with tap water for 1 hour, package them in embedding

cassettes, and then soak them in 0.6% (v/v) peracetic acid ultrapure water; after sterilization
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by filtration with 1% (v/v) Triton-X100 using a 0.22 um filter, transfer the embedding cassettes
to a flask containing Triton-X100 solution, and shake at 100 rpm and 4°C for 12 hours; wash
the embedding cassettes with 500 ml of sterile water and stir continuously for 1 hour,
repeating twice; then add the cancellous bone blocks to 1% (w/v) sodium dodecyl sulfate
(SDS) aqueous solution, shake at 100 rpm and 4°C for 12 hours, and wash the embedding

cassettes again;

)M EERABRKHELh, BRFERESH, AERETE0.6%(v/V)FEIEBLAIKPL; 1%(v
/v)Triton-X100AH0.22umiEk S IEkRE G, BREEREE ETriton-X1007AKA G,
100rpm, 4°CEnf12h; FAS00mIKEKEXEIESR, FFEMFLh, EEWR; BEBREEHRM

N1%(w/v)+ Iz BRER TR (SDS) K AR H, 100rpm, 4°CEDNI2h, BRBEREIESR;

[n0085]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 2
hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(BRI BECMIZIET10%EDTARI SRR, MNTEVCare( LiBfig)RFBAER ISR, HE4CT

Bis52h; LbfE, BECMEBRABERNHRGE, TENHEEF(FIE250kGyY), HAET;
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[n0086]

(4) Add 30 mg of material powder to a 2 mg/ml vancomycin solution and soak for 1 h to ensure
thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of
vancomycin at this point is 1 mg/ml. React at room temperature for 18 h. After the reaction is
complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)RE30mg RN ZR2mg/ MW EEERARF, Riflh, FREZDES,; MARGERN
EDCEREL6MM, NHSKEAMMBIEDC-NHSEEBR, N AEEELZRENImg/ml, EET
RE18h; RRESEMRMMEILEBRFKEX=IE, 9000rpm/minZE.\5min, FELEER, HTHF

7.

[n0087]

Example 3

L3

[n0088]
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The preparation method of cross-linked vancomycin-specific demineralized extracellular

matrix scaffold (Van-SDECM) is as follows:

R EEBRNSELRY ARRIME iS58 (Van-SDECM)BIRI&E TS %, BAESEINT:

[n0089]

(1) Fresh pig shoulder blades are drilled with a hollow bone drill with a diameter of 8mm to

obtain cancellous bone, and then cut into cylinders with a thickness of 4mm.

(e BB IRE LUERSmmI = OB R E, BYIR4mmEERNREEE;

[n0090]

(2) Rinse the cancellous bone blocks with tap water for 1 hour, package them in embedding
cassettes, and then soak them in 0.6% (v/v) peracetic acid ultrapure water; after sterilization
by filtration with a 0.22 um filter of 1% (v/v) Triton-X100, transfer the embedding cassettes to
flasks containing Triton-X100 solution, and shake at 100 rpm and 4°C for 48 hours; wash the
embedding cassettes with 500 ml of sterile water and stir continuously for 1 hour, repeating
twice; then add the cancellous bone blocks to 1% (w/v) sodium dodecyl sulfate (SDS) aqueous

solution, shake at 100 rpm and 4°C for 48 hours, and wash the embedding cassettes again;
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Q)M ERERRKHELh, BRFERESPR, AERETE0.6%(v/V)EEIEBLAIKPL; 1%(v
/V)Triton-X100FH0.22umiEsk 2 iSRRG, BREIEEEZETriton-X1008 &V,
100rpm, 4°CEnh48h; FES00mIKEKEXEIRE, FHIFEMFLIh, EEWR; MEBRERERM

N1%(w/v)+ Iz BB TA(SDS) AR H, 100rpm, 4°CEDN48h, BRBXREIESR;

[n0091]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 6
hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(3B BECMIZ BT 10%EDTARSSRH, MATEVCare( L) RFEBEMIESHLR, FHE4°CT

Bis5eh; LbfE, BECMBRABERKHRGE, BENEEF(FIE250kGy), HET;

[n0092]

(4) Add 30 mg of material powder to a 20 mg/ml vancomycin solution and soak for 1 h to
ensure thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of

vancomycin at this point is 10 mg/ml. React at room temperature for 24 h. After the reaction is
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complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)330mgM B RIMAEI20mg/mIN A EERB KT, 2/81h, FHRETDES; MANEEFIR
EDCRE16mM, NHSREAMMBYEDC-NHSESAR, R AEERLRENLIOMg/ml, BETF
R24h; RNFERMFEIAEE FKEEZIE, 9000rpm/minE5min, FEEER, FTFR

%o

[n0093]

Example 4

SEhtEfl4

[n0094]

The specific steps for preparing a cross-linked ceftriaxone-specific demineralized extracellular

matrix scaffold are as follows:

R BYSTE i AR NE S SRRV RIE 5 0%, BT ERIT:

[n0095]
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(1) Fresh pig scapulae are used to obtain cancellous bone with a hollow bone drill with a

diameter of 6mm, and then cut into cylinders with a thickness of 3mm.

(e R RE LUER6mmB= OB RIS, BYIR3mmEERREEE;

[n0096]

(2) The cancellous bone blocks were rinsed with tap water for 1 hour, packaged in embedding
cassettes, and then soaked in 0.6% (v/v) peracetic acid ultrapure water for 1 hour; after
sterilization by filtration with 1% (v/v) Triton-X100 through a 0.22 pm filter, the embedding
cassettes were transferred to a flask containing Triton-X100 solution and shaken at 100 rpm
and 4°C for 24 hours; the embedding cassettes were washed with 500 ml of sterile water and
stirred continuously for 1 hour, and this process was repeated twice; then the cancellous bone
blocks were added to 1% (w/v) sodium dodecyl sulfate (SDS) aqueous solution and shaken at

100 rpm and 4°C for 36 hours, and the embedding cassettes were washed again;

2R ERABRAKAELh, BERFEREEHR, ARREE0.6%(v/v)IHZERBELKF1h; 1%(v
/v)Triton-X100L£0.22umiEkdiEFE R, BREUEREBETriton-X1007ARAVEMRT
100rpm, 4°CEzh24h; FAS00mIREKEREIER, FHEMHLIh, EERR; BERKLRRERM

AN1% (w/v)+Z kBB 38 (SDS) AR, 100rpm, 4°CEnh36h, BRBXEIESR;
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[n0097]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 4
hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(3) R BECMIZ BT 10%EDTARSS &K, MATEVCare( LB REERMIENLF, HE4CT

Bis54h; LbfE, BECMEBRABBERNHRGE, TENHE(FIE250kGyY), FHET;

[n0098]

(4) Add 30 mg of material powder to 5 mg/ml of ceftriaxone and soak for 1 h to ensure
thorough mixing. Add the same volume of EDC-NHS mixed solution with EDC concentration of
16 mM and NHS concentration of 4 mM. The final concentration of ceftriaxone at this point is
2.5 mg/ml. React at room temperature for 24 h. After the reaction is complete, wash the
material three times with deionized water, centrifuge at 9000 rpm/min for 5 min, discard the

supernatant, and freeze dry for storage.
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(4)¥30mg EHY RIS mg/mlBYk IR, RE1h, FHERDES; MABEKFRBIEDCK
E16mM, NHSKREAMMBIEDC-NHSEEAR, LEBTHISLIBHAMRZREH2.5mg/ml, &8 RN

24h; REFERBIMEILAER FKEX=E, 9000rpm/miE5min, FELER, FHT &R F.

[n0099]

Example 5

SEhEf515

[n0100]

The specific steps for preparing a cross-linked ceftriaxone-specific demineralized extracellular

matrix scaffold are as follows:

RECKBRIM B E Bt RSN B SRV & 7505, BARSBRIT:

[n0101]

(1) Use a hollow bone drill with a diameter of 4mm to obtain cancellous bone from fresh pig

scapulae, and then cut it into cylinders with a thickness of 2mm.
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(1)RErpv RIS UERIAMMNZE OB HRBARE, BYIR2mmEENEREE;

[n0102]

(2) Rinse the cancellous bone blocks with tap water for 1 hour, package them in embedding
cassettes, and then soak them in 0.6% (v/v) peracetic acid ultrapure water; after sterilization
by filtration with 1% (v/v) Triton-X100 using a 0.22 um filter, transfer the embedding cassettes
to a flask containing Triton-X100 solution, and shake at 100 rpm and 4°C for 12 hours; wash
the embedding cassettes with 500 ml of sterile water and stir continuously for 1 hour,
repeating twice; then add the cancellous bone blocks to 1% (w/v) sodium dodecyl sulfate
(SDS) aqueous solution, shake at 100 rpm and 4°C for 12 hours, and wash the embedding

cassettes again;

Q)EMERERABRKFRLh, BREFEEIEER, AFERETE0.6%(v/v)EEIERBAKAL; 1%(v
/V)Triton-X100F80.22umiEsk S iSRRG, BREIEEEZETriton-X1008 &KV,
100rpm, 4°CEZzfl2h; AS00mIKEKFABIESR, FHIFEMHF1Lh, EEFR; BERLREREHM

A1% (w/v)+ Ik EhERsh(SDS)/KE®H, 100rpm, 4°CExhl2h, BRBEREIER;

[n0103]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in

VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 2
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hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(3) BB ECMIZ BT 10%EDTARSS &R, MATEVCare( LE52)REERMIENLF, HE4ACT

Bis52h; LbfE, HECMERABBERNKHGE, TENHE(FIE250kGyY), FHiET;

[n0104]

(4) Add 30 mg of material powder to a 2 mg/ml ceftriaxone solution and soak for 1 h to ensure
thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of
ceftriaxone at this point is 1 mg/ml. React at room temperature for 18 h. After the reaction is
complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)R30mgit BRI EI2mg/mIBY L FEIAR P, Ri8lh, FREZDRES,; MARERN
EDCREL16MM, NHSKREAMMBIEDC-NHS)ESARK, LERIKAMERENImg/ml, EE T
RRE18h; REFEMRBIMEIEBFKEX=IE, 9000rpm/minEC\5min, FELER, HTRF

%o

[n0105]
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Example 6

SEhtEf16

[n0106]

The specific steps for preparing a cross-linked ceftriaxone-specific demineralized extracellular

matrix scaffold are as follows:

BB E R ARG ESE, BERTRIOT:

[n0107]

(1) Fresh pig shoulder blades are drilled with a hollow bone drill with a diameter of 8mm to

obtain cancellous bone, and then cut into cylinders with a thickness of 4mm.

(1)3FHERERB RS L ERSMMNE OB RS, BYIA4mmEENEEE;

[n0108]

(2) Rinse the cancellous bone blocks with tap water for 1 hour, package them in embedding

cassettes, and then soak them in 0.6% (v/v) peracetic acid ultrapure water; after sterilization
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by filtration with a 0.22 um filter of 1% (v/v) Triton-X100, transfer the embedding cassettes to
flasks containing Triton-X100 solution, and shake at 100 rpm and 4°C for 48 hours; wash the
embedding cassettes with 500 ml of sterile water and stir continuously for 1 hour, repeating
twice; then add the cancellous bone blocks to 1% (w/v) sodium dodecyl sulfate (SDS) aqueous

solution, shake at 100 rpm and 4°C for 48 hours, and wash the embedding cassettes again;

QMR ERABFRKRRLh, BRFERESH, AERETE0.6%(v/v) IEIEEBHKFL; 1%(v
/v)Triton-X100/0.22umiEkdiEFEE, BREIEZEIBEETriton-X1007ARAEMRT,
100rpm, 4°CEzh48h; FAS00mIKE/KBREIESR, HEFENHLh, EERR; MERKIRREHRM

AN1%(w/v)+ B RERSh (SDS) K ARS, 100rpm, 4°CERp4s8h, BXRFREIESR;

[n0109]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 6
hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(3B ECMIZ BT 10%EDTAR SRR, MNTEVCare(LiBfig)REBAEM ISR, HEACT

fiSeh; LthfE, BECMBRABERKRE, BIES(FIE250kGy), HET;
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[n0110]

(4) Add 30 mg of material powder to a 20 mg/ml ceftriaxone solution and soak for 1 h to
ensure thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of
ceftriaxone at this point is 10 mg/ml. React at room temperature for 24 h. After the reaction is
complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)30mgM R ERIIAEI20mg/mIBYSLIEAAR R, Z81h, FEREFTDES; MAREATR
EDCKRE16mM, NHSKEAMMBEDC-NHSESAR, LLBTRYSKIMLLRE H10mg/ml, BE T
RR24h; RRESERMFEILEBRFKEX=IE, 9000rpm/minZE.(\5min, FEXLEER, HTH

7.

[n0111]

Example 7

SEHEf 7

[n0112]
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The specific steps for preparing a cross-linked cefepime-specific demineralized extracellular

matrix scaffold are as follows:

BN ISR E il ABRRSNE B SRRV RIE 505, BT ERIT:

[n0113]

(1) Fresh pig scapulae are used to obtain cancellous bone with a hollow bone drill with a

diameter of 6mm, and then cut into cylinders with a thickness of 3mm.

(e BB IRE LUER6mmI= OB RIS, BYIR3mmEERREEE;

[n0114]

(2) The cancellous bone blocks were rinsed with tap water for 1 hour, packaged in embedding
cassettes, and then soaked in 0.6% (v/v) peracetic acid ultrapure water for 1 hour; after
sterilization by filtration with 1% (v/v) Triton-X100 through a 0.22 pm filter, the embedding
cassettes were transferred to a flask containing Triton-X100 solution and shaken at 100 rpm
and 4°C for 24 hours; the embedding cassettes were washed with 500 ml of sterile water and
stirred continuously for 1 hour, and this process was repeated twice; then the cancellous bone
blocks were added to 1% (w/v) sodium dodecyl sulfate (SDS) aqueous solution and shaken at

100 rpm and 4°C for 36 hours, and the embedding cassettes were washed again;
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)R EHRABRKAKLh, BREGIEETF, AERETE0.6%(v/v)EEIERBAKF1h; 1%(v
/V)Triton-X100L40.22umiEkSIEkRE G, BREEREE ETriton-X1007AKA G,
100rpm, 4°CEnh24h; FAS00mIKEKEXEIESR, FFEMEFLh, EEFR; BEBREREHRM

N1%(w/v)+ Iz BREL TR (SDS) AR H, 100rpm, 4°CEDN36h, BRBEXAEIESR;

[n0115]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 4
hours; thereafter, the ECM bone block was rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(BB BECMIZIET10%EDTARISS R, MNTEVCare( LiBfig)RFBAEM ISR, HE4CT

Bis54h; LbfE, BECMBIRABERKFGE, BEUES(TIE250kGy), FHEHTFo

[n0116]

(4) Add 30 mg of material powder to a 4 mg/ml cefepime solution and soak for 1 h to ensure
thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of

cefepime at this pointis 2 mg/ml. React at room temperature for 12 h. After the reaction is
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complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)3F30mg BRI Z4mg/mIBYSKAMASART, 281lh, ERETES; MARFRRY
EDCREL16mM, NHSREAMMBIEDC-NHSEGAR, LASRISKAMASLIREN2mg/ml, EET
Ri12h; RNFEABIMEHAEBEFKEER=E, 9000rpm/minE.05minaFELER, HT&E

%o

[n0117]

Example 8

K18

[n0118]

The specific steps for preparing a cross-linked cefepime-specific demineralized extracellular

matrix scaffold are as follows:

BN ASRYSE e AR NE B SRRV RIE 5 0%, BT ERIT:

[n0119]
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(1) Use a hollow bone drill with a diameter of 4mm to obtain cancellous bone from fresh pig

scapulae, and then cut it into cylinders with a thickness of 2mm.

() EFhernERIRE LUER4AmmBZ= OB R EE, BYIR2mmEERREEE;

[n0120]

(2) Rinse the cancellous bone blocks with tap water for 1 hour, package them in embedding
cassettes, and then soak them in 0.6% (v/v) peracetic acid ultrapure water; after sterilization
by filtration with 1% (v/v) Triton-X100 using a 0.22 um filter, transfer the embedding cassettes
to a flask containing Triton-X100 solution, and shake at 100 rpm and 4°C for 12 hours; wash
the embedding cassettes with 500 ml of sterile water and stir continuously for 1 hour,
repeating twice; then add the cancellous bone blocks to 1% (w/v) sodium dodecyl sulfate
(SDS) aqueous solution, shake at 100 rpm and 4°C for 12 hours, and wash the embedding

cassettes again;

QB ERAERKFELh, BRFEREEH, AEREE0.6%(v/v)IRIERBHKFL; 1%(v
/v)Triton-X100/0.22umiEkdiEFE R, BREUERRBETriton-X1007ARAVEMRT
100rpm, 4°CEzhl2h; FAS00mIREKEXREIER, FHFEMH1Ih, EERR; BERBLRERM

AN1%(w/v)+Z ke BEiEL 38 (SDS) AR, 100rpm, 4°CEDh12h, BRBREIESR;
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[n0121]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 2
hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.

(3) R BECMIZ BT 10%EDTARSS &K, MATEVCare( LB REERMIENLF, HE4CT

Bis52h; LbfE, BECMERABERNHGE, TENHE(FIE250KkGyY), FHET;

[n0122]

(4) Add 30 mg of material powder to a 2 mg/ml cefepime solution and soak for 1 h to ensure
thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of
cefepime at this point is 1 mg/ml. React at room temperature for 18 h. After the reaction is
complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)3F30mgMEHIRIANE2mg/mIBYkAMASART, 281lh, ERETDES; MAEFR

EDCAREL6MM, NHSKEAMMBIEDC-NHSESAR, LERIKBIIBLRENIMmg/ml, E&TF
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[RRz18h; KRZFERRIMEIAEE FKEERZIE, 9000rpm/minE05min, FELER, HAFR

%o

[n0123]

Example 9

SEhEf19

[n0124]

The specific steps for preparing a cross-linked cefepime-specific demineralized extracellular

matrix scaffold are as follows:

BRSNS E i ABRRSNE B SRRV RIE 0%, BT ERINT:

[n0125]

(1) Use a hollow bone drill with a diameter of 8mm to obtain cancellous bone from fresh pig

scapulae, and then cut it into cylinders with a thickness of 4mm.

(e R IRE UIERSmmIZ= OB R E, BYIR4mmEERREEE;
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[n0126]

(2) Rinse the cancellous bone blocks with tap water for 1 hour, package them in embedding
cassettes, and then soak them in 0.6% (v/v) peracetic acid ultrapure water; after sterilization
by filtration with a 0.22 um filter of 1% (v/v) Triton-X100, transfer the embedding cassettes to
flasks containing Triton-X100 solution, and shake at 100 rpm and 4°C for 48 hours; wash the
embedding cassettes with 500 ml of sterile water and stir continuously for 1 hour, repeating
twice; then add the cancellous bone blocks to 1% (w/v) sodium dodecyl sulfate (SDS) aqueous

solution, shake at 100 rpm and 4°C for 48 hours, and wash the embedding cassettes again;

QMR ERABRKFRLh, BRFEEESH, AERETE0.6%(v/v) IEIEEBHKFL; 1%(v
/v)Triton-X100/0.22umiEkdiEFEE, BREIEZEIBETriton-X1007ARAVGEMRT,
100rpm, 4°CEnp48h; AS00mIKEAERENER, HIFEHH1h, EEMR; KEERFLRERI

A1%(w/v)+ ke EhERsh(SDS) /KB ®H, 100rpm, 4°CExh48h, BRBREIER;

[n0127]

(3) The cancellous bone ECM was soaked in 10% EDTA decalcification solution, placed in
VCare (Shanghai Yingmu) rapid ultrasonic decalcification machine, and decalcified at 4°C for 6
hours; thereafter, the ECM bone blocks were rinsed with tap water, irradiated (dose 250kGy),

and freeze-dried.
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(BRI BECMIZIET10%EDTARISS R, MANTEVCare( LiBfig)RFBAEM ISR, HE4CT

Bisseh; LbfE, BECMEBRAERNHRGE, TENHE(FIE250kGyY), HAET;

[n0128]

(4) Add 30 mg of material powder to a 20 mg/ml cefepime solution and soak for 1 h to ensure
thorough mixing. Add the same volume of an EDC-NHS mixed solution with an EDC
concentration of 16 mM and an NHS concentration of 4 mM. The final concentration of
cefepime at this pointis 10 mg/ml. React at room temperature for 24 h. After the reaction is
complete, wash the material three times with deionized water, centrifuge at 9000 rpm/min for

5 min, discard the supernatant, and freeze dry for storage.

(4)RF30mgiA B RIAFI20mg/ mIBV LIS AR+, iRiElh, EREFTDRES,; MARGEIRR
EDCREL6MM, NHSKREAMMBIEDC-NHSESARK, LEIRYSKIEMASLRE10mg/ml, E:E T
RR24h; RESERBIMEHAESE FKEFRZE, 9000rpm/minE05min, FEEEBER, HFTFHR

%o

[n0129]

The Van-SDECM obtained in Example 1 was evaluated for its synthesis, drug loading and

release efficiency, anti-plankton and anti-adhesive bacterial properties, cytotoxicity and
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osteogenic properties, anti-infective and osteogenic properties, osteoclast inhibition

properties, and protein function.

Xt SEREGI LIRS BIVan-SDECM 3 5 # 1T S R I E. HAERBREPCRRTL. FUF RN AR
BUPEY. RSB SR, TURRMAEEETN . RIS AT . EQREE

il

[n0130]

Evaluation of the synthesis of Van-SDECM in Experimental Example 1

R I8FI1Van-SDECMBY & BTG

[n0131]

(1) The charge of the stent and vancomycin was detected by the Zeta potential method, and

the results are shown in Figure 2.

(1)ZZRM A LB RBAE U ZetaB LA, ERILE2,

[n0132]
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The results in Figure 2 show that the stent (SDECM) exhibits a significant negative charge
(-28.17%3.59mV), while vancomycin (Van) shows a weak positive charge (0.54+0.08mV),

indicating a strong electrostatic interaction between vancomycin and the stent.

B4R SR, H22(SDECM) 2R AR MM EBR(-28.17+13.59mV), MABEEE (Van) &I 1455
RYIEEE(0.5410.08mV), BEREEASHERMZIRZEFERIIAIFREFER,

Compared to undemineralized samples (ECM), bone ECM scaffolds (SDECM) that underwent
specific demineralization showed a significant increase in negative charge (-28.17+3.59 mV
vs.-14.53+1.94 mV, P=0.0003), which decreased with the adsorption of vancomycin

(SDECM+Van) (-19.5+1.47 mV, P=0.0078).

ML TF R BB (ECM), S35 ERT BB ECMZZE(SDECM) fa BB =B Z1EIN(-28.17£3.
59mV VS.-14.53+£1.94mV, P=0.0003), 3 EkEE A HEEMRM(SDECM+Van)fim55(-19.5+1.

47TmV, P=0.0078).

[n0133]

(2) The interaction mechanism between the carboxyl group in SDECM and the amino group in

vancomycin under different pH environments is illustrated in Figure 3.
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(2) MBI NER T SDECMARREN A A BZFREZ BIIEARpHIMERRERNH, WE3,
Since the pKa of the carboxyl and amino groups are approximately ~5 and ~8 respectively, in a
physiological environment (pH 7.4), most of the carboxyl groups are in a deprotonated
anionic state (-COO-) with a negative charge, while vancomycin is in a positively charged

cationic state. The two are bonded together by hydrogen bonds.

HTFRENSENpKazY~5M~8, TEIEIMEHR(pHT.4), KEDHREANERTFHHBEF
&(-CO0-), wmiEf, MAGBREANFTERANMARETFS, MEZEBUSBIAES,
This electrostatic attraction results in a high loading and slow release of the drug within the

material.

XMERERSINA, ST AMEMERNAREREHFEIEREL.

When the material is in an acidic environment with a pH of around 6.0, the number of
protonated carboxylic acids (-COOH, which are positively charged) on the surface of the
SDECM material increases, leading to rapid drug release. This phenomenon was also

confirmed in subsequent experiments.

HMREETpH6.0EARERMEIFR R, SDECMMELREFRFLAVRER(-COOH, HIERM)EM,

T AYRIRERN, X—IREERLEKREPFENER,
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[n0134]

(3) The infrared spectral detection results during the synthesis of Van-SDECM are shown in
Figure 4. The formation of amide bonds can be confirmed by the appearance of the new NH
stretching band (2910 cm NER1) and the relative decrease of the peak of the C=0 stretching
band (1640 cm NER2) (blue arrows represent NH stretching bands, red arrows represent C=0

stretching bands, and black curves indicate the synthesized Van-SDECM).

(3)Van-SDECM & RBILISMCIBHMEE R IME4, BiRZHRIIAZEPT OB FBINHERSE

(2910cm<sup>-1</sup>)BHINFIC = Off4EH (1640cm<sup>-1</sup>) BIIEE RIS T FEIESE (1
BEIARTANHR AT, ABFARRC=0M4EH, RBHLIESHVan-SDECM),
Infrared spectroscopy revealed that the typical C=0 and NH stretching bands of the amide

bond are located at 1640 cm'NER and 2910 cm'NER, respectively.

B LTIMEIBHQ BT AR, Bz B A C=OMNHER4ES 53 31 F1640cm<sup>-1</sup>#l
2910cm<sup>-1</sup>4t,
The appearance of the new NH stretching band and the reduction of the C=0 stretching band

confirm the formation of amide bonds.
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FINHERZE B I C = OfR4a T AV M IESE T ERAZ BERYAZ o

The infrared spectrum of Van-SDECM after 6 weeks of degradation is shown in Figure 4. As Van-
SDECM degrades (red curve), its NH stretching band disappears compared to the original
material (black curve), and the relative peak height of the C=0 stretching band decreases even

further.

Van-SDECMf#6 B G IMEEI ILE4, FEVan-SDECMBIBEAR(LIERELE), X TFREME (RE

BhL%), ENHERGEHIEK, C=OfgEHEMIEEREEER.

[n0135]

Evaluation of drug loading and release efficiency of Van-SDECM in Experiment Example 2

18 391512Van-SDECMAYEL 25 8 e B =R 1T 4h

[n0136]

(1) When the SDECM powder is 30 mg, EDC/NHS = 1:1, and vancomycin is 5 mg, the maximum
vancomycin loading content (about 85%) can be obtained when the EDC concentration is 32
mM, as shown in Figure 5; and the ratio between EDC and NHS has little effect on the

vancomycin loading, as shown in Figure 6.
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(1)Z4SDECM#=* 397930mg, EDC/NHS=1: 1, FEEZENSmghY, EDCRETEI2MMAIIREME
HNBRAHAEEESE(485%), WES; MEEDC/NHSZEIML RN FAGBSEHAEXMTEER

BAEZ, NE6.

[n0137]

(2) After continuous ultrasonic cleaning, record the amount of vancomycin remaining on the

material after different cleaning times (horizontal axis).

2)ERBTRVERERG, BRARE R (ELIT) M EREN T EERSE.

In the group with simple electrostatic adsorption, the amount of vancomycin residue on the
material was the least. However, with the increase of EDC concentration, the amount of
vancomycin residue on the material gradually increased. After three washes, the vancomycin
content in each group stabilized at a near-linear level, as shown in Figure 7. The crosslinking
amount was expressed as the difference in vancomycin content between each group and the
simple adsorption group, and the crosslinking rate was calculated by dividing ¢ by d. It can be
seen that at EDC = 16 mM and 32 mM, the two crosslinking rates were 37.5 £ 5.6% and 65.5 =

7.8%, respectively (P =0.0074).

20-01-2026 - Page 68



BPAFRREILMRAR T, M EERBLEER&), MESEDCRERIEM, MHLAENAEER
ZAEI, RAFYEIRFRUGE, TEBRSERETHEELZKT, ERIET; UKH75
BALMENTOHERSEEERTREKE, HTEHIIERE, KEERITHEACPRLU; AILRH

ZEDC=16mMHM32mMBY, PRMIZEXER 3 77937.515.6%7F165.517.8%(P=0.0074),

[n0138]

(3) After 6 weeks of preparation by simple electrostatic adsorption, the cumulative release of
vancomycin in Van-SDECM under acidic environment (pH 6.0) was significantly increased
compared with that under physiological state (pH 7.4) (2285.0£105.6ug vs. 686.3+43.6ug,

P<0.0001).

()R AFFERILMIBIFHMEOERE, SHEERE(pHT.4)LLER, BEMIFIE T (pH6.0)Van-SDECMA
EEEMNEIBRREAKEN, EREEEE14(2285.01105.6ugVS.686.3143.6ug, P<0.0001),
Undemineralized ECM has poor acid-sensitive release capacity, while tricalcium phosphate

(TCP) has no acid-sensitive release capacity, as shown in Figure 8.

moRARE BYECMERBURRRINBENIRE , BHER=15(TCP) NI TTEREURREINEES], TEI8,

[n0139]
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As the degree of cross-linking increases, the ability of the stent to release this acid-sensitive

drug gradually weakens.

FEE REXIZERVIEMN, ERPXMEREURIYIREIRBIRET I A5,
The uncrosslinked group exhibited the most pronounced acid sensitivity, while the
EDC=32mM group lost this characteristic, and the EDC=16mM group exhibited moderate acid-

sensitive release capacity.

RRRBXA R L EREA R VERBUR M, MEDC=32mMAZINFKLT X—45%, EDC=16mMBIAZINY
R H P FRIER BRI INEES o

When the initial vancomycin concentration was 5 mg/mL and the EDC was 16 mM, the total
time for vancomycin release by Van-SDECM exceeded 6 weeks, and the final release
concentrations reached 101.1 + 13.8 pyg/mL and 72.2 + 10.3 ug/mL in acidic and alkaline
environments, respectively, both exceeding the minimum therapeutic dose of vancomycin (20

ug/mL), as shown in Figure 9.

TR R EEERNSmg/mL. EDCHI6MMAVEHE, Van-SDECMBERA SEEN S EEE T6/E,
M B RABRBCREERBIMES 25382 7101.1£13.8ug/mLFI72.2+10.3ug/mL, HBIHHE

ENRILETTE(20ug/mL), WE9,
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[n0140]

(4) After 5 days of culture, the amount of vancomycin released from the osteoclast group (Van-
SDECM+0C) was significantly higher than that of the cell-free co-culture control group (Van-
SDECM) (4.0£0.5pug/mL VS.2.3+0.5ug/mL, P=0.0109), as shown in Figure 10, which confirms

its good acid-sensitive release ability in the infection simulation environment.

(4)15575R A SR B 4BAELE (Van-SDECM+OC) MR A S B RS ERES T AR AR
#8%H(Van-SDECM)(4.0£0.5pug/mL VS.2.3+0.5ug/mL, P=0.0109), LEI10, JESET HIERFAEM

R R RIFERBURRRIRBE ST,

[n0141]

Example 3: Evaluation of the anti-planktonic and anti-adhesive bacterial properties of Van-

SDECM

1139f5I3Van-SDECM#UF e M HAb M AR S £ B

[n0142]

(1) The inhibition zone test and the material/bacteria co-culture test are used to verify the

ability of the scaffold to kill free bacteria.
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(1)¥NEIM R I/ AR HIE TN AR 2 R R F = AR EE .

Different samples were placed on MH plates containing Staphylococcus aureus and
Enterococcus. After 48 hours, the inhibition zones around Van-SDECM were observed to be 8
mm (Staphylococcus aureus) and 2 mm (Enterococcus), respectively, which were significantly

larger than the 2 mm and 0 mm of the control group (Figure 11).

BAREFEAHREFEKEHRHEREMPIKERIMHFIR L, 48/\/ERILARERE], Van-SDECM
BEINEE 23 A8mm(ERBHFHIKE)M2mm(i73XE), BBEXTFXRAR2MmA0Omm, IE

11,

[n0143]

(2) The residual bacterial content in the supernatant after co-culturing the bacterial
suspension with the material was quantitatively determined by the spread-plate method, and

the antibacterial rate of each sample against airborne bacteria was calculated.

QAFRRRSMHEHLIEFEE LBRPABHAR S E LU THRIE(spread-plate method) EET

E, RARHESREEANTFERIENNER,
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Compared to SDECM, which has almost no bactericidal effect, Van-SDECM exhibits excellent

bactericidal performance (over 98%), as shown in Figures 12 and 13.

LR TP EREERMBISDECM, Van-SDECMERILHERHIREMRE(98% L L), RMEI12FE
13,

EDC=0, 16,32 mM indicates that the material was prepared under the conditions of initial
vancomycin 5 mg/mL, EDC = NHS =0, 16, 32 mM; SDECM without vancomycin was selected as

the control group.

EDC=0. 16. 32mMERRMEEMIA T HEZ5mg/mL, EDC=NHS=0. 16, 32mMMIZHETH

%; EBAES LS EMNSDECMIEANTIEAA,

[n0144]

(3) Scanning electron microscopy showed that when the initial vancomycin concentration of
the prepared material was 5 mg/mL and the EDC was 32 mM (Vanini =5 mg/mL + EDC = 32
mM), the amount of bacteria on the sample surface was the least, and the anti-adhesion
bacterial rate reached almost 98% compared with the control group. However, there seemed
to be no significant difference between the sample group with EDC of 16 mM (Vanini=5mg

/mL+EDC =16 mM), as shown in Figures 14 and 15.
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R)HEBRRETR, HHEEMENG A EERREN5mg/mL, EDCAH32MMAEF(Vanini=5mg
/mL+EDC=32mM), EFEXRKXEANAREER]L, SHRAMELL, JLFEEI98% LR ER, BS

EDCH16mMES(Vanini=5mg/mL+EDC=16mM)AHF A ER N FTAEETE M, WE14FE15,

[n0145]

(4) Laser confocal microscopy reveals the relationship between crosslinking agents and the

material's ability to resist bacterial adhesion.

(4) RN HBRE B TR S EHRS AR E X Ro

The sample prepared with EDC of 32mM showed the highest red fluorescence (dead bacteria)
and the lowest green fluorescence (live bacteria) on its surface, indicating that this group of
samples had the strongest anti-adhesive bacterial ability. The sample group prepared with
EDC of 16mM was the second strongest, while the uncrosslinked sample group had no contact

sterilization ability.

EDCA32mMBSHl &R ARE Al M RESNA BRI SEAR) MRRFE K CEAR), RM4A

EEAIRE RBIIMAMAEEES, EDCHI6MMETHIEIERERZ, MARRKAFARTIEMAE

éﬂ

7o
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The ratio of live to dead bacteria on the surface of each sample showed that the ratios were
7.8 for the simple material group SDECM, 6.0 for the drug direct mixing group (EDC = 0 mM),
1.8 for the medium concentration EDC crosslinking group (EDC = 16 mM), and 0.3 for the high
concentration EDC crosslinking group (EDC =32 mM). This indicates that the anti-adhesive
bacterial ability of the Van-SDECM scaffold increases with the increase of crosslinking agent

concentration, as shown in Figures 16 and 17.

BHAREE/AARNLHE R, B4ittkl4ASDECM. A EEERS4H(EDC=0mM), FREEDC
RELLA(EDC=16mM). BEiREEDCRELA(EDC=32mM)ME/FEE LI 31A7.8, 6.0, 1.8510.3,
REAPEE RCEAFREAIIE NN, Van-SDECMSZZRAYisbMIAEAE o 2 1858, DEI16F1E17,

Calculate the ratio between the two using the red and green pixel values in Photoshop.

FiphotoshopRHAI G EEITRERE LG,

[n0146]

Example 4: Evaluation of the cytotoxicity and osteogenic properties of Van-SDECM

1#34f514Van-SDECMRVARE S 4 M B & £ AE AN

[n0147]
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(1) Toxicity tests of vancomycin solution alone showed that concentrations above 3 mg/ml
could produce significant toxicity to bone marrow mesenchymal stem cells (MSCs), as shown

in Figure 18.

()R HEERIRNFERNRAST T 3mg/mIAI X & BB T RTA(MSCs) =R NAENS

£, WEI1S,

[n0148]

(2) Van-SDECM materials prepared with initial vancomycin concentrations of 1 mg/mland 5
mg/ml were immersed in culture medium to obtain 20%, 50%, and 100% extracts for

cytotoxicity analysis.

QUM A EEEREAIME/ml. 5mg/mlHElEZHIVan-SDECMMELZNEARE S, FREX20%.
50%. 100%HVRIER, (FANABMREMSED .
Both the CCK-8 test and live/dead staining indicated that different concentrations of extracts

from the two materials had no significant effect on MSC proliferation (see Figures 19 and 20).

CCK-8MixAlive/dead REINIR TR MMM EI R EIRERZIRR, W FMSCSIEETAER M, WE1L9

FE20,
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[n0149]

(3) Take Van =5 mg/mL + EDC = 16 mM group and obtain its extract to test osteogenic
capacity. It can be found that ALP staining indicates that it has no significant adverse effect on

osteoblast activity, as shown in Figure 21.

(3)BXVan=5mg/mL+EDC=16mM%H, FREXNEZIRMIXKEFEEST, ALK, ALPRBIRTEXNF

R B AREEE TR AFIR A, WE21,

[n0150]

Example 5: Evaluation of the in vivo antibacterial and osteogenic properties of Van-SDECM

iH38f5I5Van-SDECMBYARIE 5 B & 14 BT

[n0151]

(1) The plating method at week 1 and week 6 of the skull infection model showed that the
number of bacteria in the infected bone defect group (Defect+infection, group Il) and the
infection+SDECM group (Defect+infection+SDECM, group Ill) was much higher than that in the
blank group (Defect, group I), while the infection+Van-SDECM group (Defect+infection+Van-

SDECM, group V) had almost no obvious bacteria at both time points.
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(1) Pl RARRPERF 1 AMEANFRAENREE R, BREMEIR4H (Defect+infection, [1£8)F0
R%4e+SDECM4H (Defect+infection+SDECM, II4A)MAESHEinE T B4 (Defect, 1£H), THREER
+Van-SDECM4H (Defect+infection+Van-SDECM, VZR)JLF1ER B8] = &R PR R AR 1E1E-
Conversely, the number of residual colonies in the infection+Van group
(Defecttinfection+Van, IV group) was between that in the SDECM group and the Van-SDECM

group, as shown in Figures 22 and 23.

Mk, B+Vand(Defect+infection+Van, V)RR EEEIHE/NFSDECMLEFIVan-SDECMEH

zial, WE22ME23,

[n0152]

(2) Compared with the simple defect group 1 week after surgery, the infection group, infection
+ SDECM group and infection + Van group all had a large number of insect bite-like bone
erosion areas around the defect, while the degree of erosion in the Van-SDECM group was

slightly lower than that in the other groups.

(2)5ARFLAMNRARIRAMLL, RIH, EF+SDECMAFRER+VanB IR B EIIA K2 RRF

FIRTRX, MMVan-SDECMARRMIZERETFHtbZA,
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After 6 weeks, new bone formation was significantly greater in the Van-SDECM group than in
the control group, with a bone regeneration rate (BV/TV) of over 90%, followed by the

vancomycin group (approximately 60%).

6/8/5, Van-SDECMAARVFHEAZALLLXERARAE, SEHFER(BV/TV)IERI0% UL, HRABAHER
£H(£960%).

The osteogenic capacity of the infection + SDECM group was similar to that of the blank group
(Group 1) (23.0£2.4% vs. 20.5+3.1%, P=0.9055), and both groups were superior to the

infection-only group (Group 1) (10.91+1.4%), as shown in Figures 24 and 25.

RZ+SDECMAN R B aEN 5= B4H(14H) 814 (23.0£2.4%VS.20.5+3.1%, P=0.9055), FLHIIM

F R ge4a (1140)(10.911.4%), DLEI24F1[E 25,

[n0153]

Example 6: Evaluation of the anti-infection and osteogenic properties of Van-SDECM

iR38fI6Van-SDECMBIHURFA A B I BE

[n0154]
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(1) The anti-infection performance of the H&E observation materials at 6 weeks post-
operation is shown in Figure 26. A large number of neutrophil infiltrations were observed in

groups Il, Il and IV, while group V showed a significant reduction, similar to group I.

(1) RF6AHKEME MR TURIEENE26, 11, I, IVARPYRI WAER MRS, mV A

)QUEHE)E‘&, —% | éﬂ*ﬁﬂ*‘*o

[n0155]

(2) Masson staining showed that new bone formation in infected skull defects treated with

Van-SDECM was significantly higher than in the four control groups.

(2)MassonZ & E/R1EVan-SDECM/aTT BYRZ M A SRR P E M E S T R4,
In addition, most of the new bone formed after Van-SDECM treatment is mature, fully

mineralized cancellous bone (blue staining).

Ib4h, 22Van-SDECMAMIESRZARRYFE REB D NARAN T2 Wi RE (EaRE),
No mature bone formation was observed at the defect sites in the infection group and the
infection + SDECM group, while only a small amount of blue bone tissue was observed in the

infection + van group (see Figure 27).
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REFRAB M RS+ SDECMAARTERIO RINREILAB AL, MRER+vanB (AR DERBFHR,

[n0156]

Evaluation of the osteoclast-inhibiting performance of Van-SDECM in Experiment 7

1839151 7Van-SDECMAVHNHIRK & BRI REIT

[n0157]

(1) TRAP staining showed that osteoclast differentiation and fusion were more obvious in
RANKL+M-CSF medium at pH 6.0 (73.7£5.0/well VS. 45.3+5.0/well, P=0.0162), while flow
cytometry analysis confirmed that apoptosis of osteoblast population was significantly
increased in this environment (89.9+0.6% VS. 78.6 £ 1.6%, P=0.0026), as shown in Figures 28

and 29.

(1) TRAPZ &I Il pH6.0BRANKL+M-CSFiEFE IR SRR 7 (LB S EANBRE (73.7X5.0/well VS.
45.3%£5.0/well,P=0.0162), TEARTVARDANBESRTEZIMET, EMARREARAT EZEM

(89.9+0.6%VS.78.611.6%, P=0.0026), TE28FE?29,
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(2) One week after surgery, Giemsa staining showed a significant increase in bacterial

infiltration at the bone defect site in the infection group and the infection + SDECM group.

(2Q)ARF1RE, GiemsaZt B RRERAMBA+SDECMAFTHRIRANAEZIHAZ LM,

Meanwhile, TRAP staining showed a similar trend.

[EIEY, TRAPZREZRHERMRIES,
However, no bacteria or activated osteoclasts were found in the Van-SDECM group at 1 week
and 6 weeks, indicating a linear trend between bacterial infection and osteoclast activity

(Figures 30-34).

7AT, Van-SDECMABTE1AM6EEHIRAMARNELRIREMAE, RATHRBRESREME

Mz EIZIEThiEES, WE30-E34,

[n0159]

Protein function analysis of Van-SDECM in Experiment Example 8
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1#34f518Van-SDECMRYE B FZhae 734

[n0160]

(1) Protein mass spectrometry showed that the scaffold contained a large number of factors
that contribute to M2 polarization, such as type I, Il, V and Xll collagen, coagulation factors I,
IX and X, vitamin K-dependent protein C, etc., and also contained factors that synergistically

fight bacteria, such as vitronectin, fibronectin I, decorin and tenascin, etc. (See Figure 35).

(1)EHRREETEZRFRIEAREG TMAURANEATF, 1B, 1, VAR, XIZRR(collagen
I 1. Ve X, BRIOEFIL IX. X(coagulation factor Il IX. X)#EEZEKEKHIEEEC(Vatimin K-
dependent protein C)%, HEXEZBWMERMENEF, WIFEEH (vitronectin). FEFZERI
(fibronectin I). #ZOZEBAERHE(decorin) 1EBEE A (tenascin) &%, WE35,

The red bars on the left represent proteins in the material that have auxiliary antibacterial
effects, and the blue bars on the right represent proteins that promote regeneration; the

horizontal axis represents the percentage of each type of protein.

EORNABZFRTMHTERRBNEFANERR, AUNEEFRRT EEBERNINERAR; &

SRS MEBRRIA DL,

[n0161]
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(2) Protein function enrichment analysis was performed using the KEGG database.

(2)FFAKEGGEIEEHITEARINEEEE D1,

Downstream analysis was conducted using functional categories with p-values < 0.05.

EEP{E<0.0589ThEE D FHIT FilFA 1o
Gene ratios represent the frequency of a protein detected by mass spectrometry relative to

the total number of protein items in a particular functional class.

ERAERRRENZINEQREN FRE—IENSEBTH IR,

Several early-stage inflammation-related pathways are found in the ECM protein library, such
as complement and coagulation cascade (corrected P-value 9.27E-17; all subsequent
responses use corrected P-value), platelet activation (P-value 1.05E-4), and pathogenic
infection response (P-values 1.18E-4 and 5.13E-3), which promote the differentiation of
monocytes into M1 immune cells orimmunosuppressive macrophages (M2) to defend against

microorganisms through the first-level response.
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FEECMERRERB L OREVHAEXRIER, N MATRMREX R M (FRIEP-value/y9.27E-17; It/g
#RFARIEP-value). M/MRSE(P-value1.05E-4), LAKEmiE RS/ N (P-valuey1.18E-4%05.13
E-3), BEE—RRMN{E#HBEZARDEAREREYNZRAEM1s R & INEIE ERRARR(M2).
For example, we found that many clotting factors, including F2, F7B, F9, and F10, were

detected in the proteomic dataset and were shown to be stimulators of M2 polarization.

fian, FHVEKMAEEZELRASIEETRNEIFZRMEAF, BEF2. F7TB. FOMF10, EIHIERZ
M2IR AL BIRIEE 2o

This process promotes a cascade of tissue repair and bone regeneration.

X—d 2 e THRBEMEBERRIKR N,

Functional groups involved in ECM-cell membrane interactions, including the PI3K-Akt
signaling pathway (P-value 4.74E-5), ECM-receptor interaction (P-value 1.47E-10), focal
adhesion (P-value 1.04E-6), and phagosomes (P-value 0.01), were significantly enriched in the

ECM proteome (Figure 36).

BRECMSAARAE/RE (EAMIhEELRS, BFEPI3K-AKtE5i&1R(P-valued.T4E-5). ECM-Z{FHEE
EA(P-value 1.47E-10). F)L1E#5Mt(P-value 1.04E-6)F1&EME(A(P-value 0.01), FEECMEHRASF

BEEE, IE36,
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[n0162]

(3) Enriched protein pathway interaction network, orange circles represent functional
pathways, labeled with the corresponding classification title in bold; blue to red circles
represent protein items stained by log-transfer mass spectrometry intensity and labeled with

their corresponding gene symbols.

Q) EEEHNEZBEFRANS, HEEBRTRIEER, RENNSErEBEETFRE; &
T aRBEFREINEEERIERERENEARDER, FREBNNERRF SIS,

Gene functional pathway interaction analysis showed that functional clusters were closely
clustered together and contained many proteins with strong mass spectrometry signals,
suggesting that cytokine matrix factors may trigger intracellular reprogramming processes in

macrophages (Figure 37).

EREEREFIITRA, MERRIEEERE, G8FZRAGESHELAR, RAMRERE

FrRIgeft % ERRARAARAERIZIE, WE3T,

[n0163]

The cross-linked antibiotic-specific demineralized extracellular matrix scaffolds obtained in

Examples 2-9 were evaluated for synthesis, drug loading and release efficiency, anti-plankton
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and anti-adhesive bacterial properties, cytotoxicity and osteogenic properties, anti-infection
and osteogenic properties, osteoclast inhibition properties, and protein function. The results
were similar to those of the Van-SDECM material in Examples 1-8. This indicates that by
adjusting the scaffold type, antibiotic, and preparation conditions determined after the above
optimization, it is possible to prepare cross-linked antibiotic-specific demineralized

extracellular matrix scaffolds with similar effects.

Xt SEREI2-OFF 1S R B INE RS E R ARSI FSZ IR AHITE TG, BB ERBEBEIERIT
fa. FUFENTREHMARESERITN . ARESENREIEEITN. MBRNEEEEITN. MFIKE
HEEEREITMN. ERRTIEED T, SER5IHIHFI1-8HVan-SDECMMAILERBM, XRFALET LR
RAEHER I RLBMMER LG EFHIAE, KIBREMNRETERNERT AN

sz EREVHIE

[n0164]

The above description of the disclosed embodiments enables those skilled in the art to

implement or use the present invention.
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Various modifications to these embodiments will be readily apparent to those skilled in the
art, and the general principles defined herein may be implemented in other embodiments

without departing from the spirit or scope of the invention.

XX £ SEREHI A ZAME L AR B W IR AR A GRG R EEMB W, RXFAE X —RRER]
UERRE AL AREHICEENER T, THESHFIPSEM,

Therefore, the present invention is not to be limited to the embodiments shown herein, but is
to be accorded the widest scope consistent with the principles and novel features disclosed

herein.

Eib, FRBEARAIWRETAFIRAXELES, MERENSSAXAAFRIREMNHHUS =8

—HHRZEEE,
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