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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
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 CN104511052A

A method for culturing a composite of periosteal bioscaffold and allogeneic seed cells.

—MEREVXRERAMTFARE GREFTT A

[0001]

Technical Field

ARG
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[0002]

This invention belongs to the field of bioengineering technology, specifically relating to a

method for culturing a combination of periosteal biological scaffold and allogeneic seed cells.

FEBBTEYIRREAIE, BETR—MEBREVZRER FFARE SRIEFRTSE.

[0003]

Background Technology

BHREA

[0004]

The periosteum has a strong osteogenic capacity and plays an important role in fracture
healing and repair. The periosteum is also considered to be the initiating factor that promotes

the repair function of bone graft materials in the transplantation area.

BRAGREBENAEENESTUSEBETEMEEEER &, SRUKINANZEHBSBEMEITT

BEKEAIFEE FRNRE BX.
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However, autologous periosteum transplantation has problems such as insufficient donors
and damage to the structure and function of the donor site, while allogeneic periosteum

transplantation has problems such as severe immune rejection.

AMERERBEFTTHERTRE. HXEWINERESFRE, MerAERSENGEE™ENREH
Fr = R a] .
Therefore, addressing the issue of immune rejection in allogeneic periosteum will be a crucial

step in achieving periosteum transplantation.

FItFRR AT RPN REHF R SE N B RBERERIF T,
Cells are the main immunogenic component of tissues, and removing cells also means
removing the immunogenic component. Currently, the main methods for removing cells

include physical methods, chemical methods, and enzymatic methods.

PAPEFTE FRFENROH AR, EERARNENBEREREREENE K. Bal=kR4A

B ETEEEYIER A, WFEHRENEEE.

[0005]
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While the periosteum can effectively remove immunogenic cellular components through
physical, chemical, and related enzymatic processes, the treatment inevitably damages the
composition and structure of the extracellular matrix, thereby affecting the biocompatibility

of the scaffold and making it difficult for cells to integrate with it.

FREALBIYIE. KFEREXBNERRERATUENERE AR RENAMRAG, JATmLE
WEPE RSN AEIMERRI A NSNS FERRT, #HMmZZRNEYESE, €
MR EUSHE S,

Therefore, the ideal immunogenic-free periosteal bioscaffold obtained through optimized
deimmunogenic treatment should remove cellular components while preserving as
completely as possible the main bioactive components and structures of the scaffold's
extracellular matrix, providing a suitable and natural growth space for the ingrowth of
allogeneic seed cells. On the other hand, scaffold materials and seed cells are two essential
core components in bone tissue engineering. The combination of scaffold materials with seed
cells in vitro can ensure that they have a stronger repair and reconstruction capacity after

being implanted at the target site.

Eit, @ Ui kR IE R IRFTRENAVIEBRITE SRRt BRI RN R E AR RY

[EI X R A RESTEE M (RE X RAMRINE TR E B EYEM N RGN, AREMF AR KR M
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— P REN. RANEKTE,. 5—FHH, XEMENMTF ARIEHRTREPLARTDIRE ML

DHT, XEMEHEERINE S MFARA URIEEBENENEGREBERINIESEEZMRET.

[0006]

Summary of the Invention

RPRE

[0007]

This invention provides a method for culturing a composite periosteal biological scaffold with
allogeneic seed cells, with the aim of preparing a tissue engineering scaffold composed of
composite periosteal cells, providing a biocomposite scaffold material for tissue engineering

research on bone defects and non-union.

KRERRBIRMT —MEBREVZRSZEMTFARESHIEFRT %, BNETHEESSRARNA

ATIEZR, AFRK. BFAU WAL TREMRRRHEYE ST ML

[0008]

This invention is specifically achieved through the following technical solutions:
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RFARRES LU T RASGFERI:

[0009]

A method for culturing a composite of periosteal bioscaffold and allogeneic seed cells,

comprising the following steps:

—MEREMSZREREMTFARESIIESRGE, ZHEEE UTTE:

[0010]

1) Preparation and identification of non-immunogenic periosteal bioscaffolds;

1) EERZREBREYZRIFIEMETE;

[0011]

2) After the preserved non-immunogenic periosteal biological scaffold is dried at low

temperature, it is sealed and sterilized with gamma rays;

QFFREFNVERERMEEEEYRMETIREEER, Ry FLHE;

[0012]
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3) Take allogeneic periosteum tissue, cut it into small pieces, digest it with collagenase for 4
hours, centrifuge the supernatant, collect the cells, and culture them in a culture flask to

obtain seed periosteum cells;

)R ABIRALTIMIFIR, BREREIAh, R EBRED FWEMARR, RFEFRFIES, R

ST ERAR;

[0013]

4) Drop seed periosteal cells at a concentration of 1 X 10" NER'/ml onto the surface of a
sterilized scaffold. After the periosteal cells gradually infiltrate into the non-immunogenic
periosteal biological scaffold with the suspension, add culture medium and change the

medium every 2-3 days for 1 week.

)BT EEAMRLUREN1X 10 <sup>6 </sup>/ml, FATHENZERE, FEEARZHMES

RRENERZEREBEEYMRANEERIN 157E, §2~3XIK, HF1E.

[0014]

further:
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H—:

[0015]

Step (1) specifically includes the following steps:

TR1)BENBEUATIR:

[0016]

The periosteum was rinsed, frozen at -80°C for 24-48 hours, and then thawed at 37°C. This

process was repeated 3-5 times.

RBEERALRAE, T-80°CHRMHETRHR24~48h, BHE37°CHK B TRk, EE3~5X;

[0017]
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b.
The cell-decellularizing solution was shaken for 12 h in 3% Triton-X100 and 3.5 X 10> mol/L
benzyl xanthyl fluoride (PMSF), repeatedly washed with PBS, and then placed in 1% sodium

dodecyl sulfate (SDS) and shaken for another 6 h.

7E3%HhH0LEB-X100(Triton-X100)#13.5X 10 <sup> -5 </sup> mol/LZF B E = Ei&(PMSF) B AR

E%12h, PBSREMAHBAL%+_kx BEHRELTH(SDS)F4r4:E%6h;

[0018]

After rinsing, place the periosteum tissue in a mixed digestive enzyme solution containing

0.001 U/L RNase and 0.1 U/L DNase for 30-40 minutes;

HRERERALRT EAF0.001U/L RNAESH0.1U/L DNAES BYE &R 1LES R 30~40min;

[0019]
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The periosteal bioscaffold was sterilized by immersion in 1% peracetic acid solution for 4
hours to obtain an immunogenic bioscaffold. It was then stored in PBS containing 0.1 U/L

penicillin and streptomycin at 4°C for later use.

TR L% TR BB R EHES4h, BBRTRERYE BREYRR, ETS0.1U/LHNEHEE

ZHIPBSKRHA°CIFE TR F& o

[0020]

In step (2), gamma rays are used for disinfection, with a total irradiation dose of 15 KGray.

FRQ)PERYVEILHES, R ZFIEN1I5KGray,

[0021]

The collagenase mentioned in step (3) is type | collagenase at 2 g/L, and the culture flask
contains DMEM/F12 medium containing 10% fetal bovine serum and 1% penicillin and

streptomycin.
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TR)FrRpRIREE2g/LNIEKRIRES, PRARIEFFRAN 210%M4MmEM1%S5ESZMIDMEM

[F121B57 5

[0022]

The culture medium described in step (4) is DMEM/F12 medium containing 10% fetal bovine

serum and 1% penicillin and streptomycin.

TR (4) FmRRIEFTE N R 10%MF MEN 1% S HEE R DMEM/F12155 &

[0023]

The beneficial effects of this invention are that the immunogenic cell structures in the
periosteum bioscaffold obtained by methods such as physical freeze-thaw, detergent elution
and enzyme digestion are thoroughly removed, while the main structure and components of
the extracellular matrix are well preserved, and the allogeneic periosteum cells used can be

effectively combined with the periosteum bioscaffold.

FERPNBEmBXRAIEAYEAR. E5TARMNEELSE A RN BREYXRFERER
MERVARRRE AR, ARRINE BRRNEBREMRMSRETY, FRANSEEEARUSZE

REMERBUES.
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[0024]

Attached Figure Description

LRSS

[0025]

Figure 1 shows the histological staining of normal periosteum; a) DAPI staining; b) HE staining;

c) Masson staining.

ElREEBRALZLEMERE; aIDAPIRE; bAHE #f; clMassonk;

[0026]

Figure 2 shows histological staining of non-immunogenic periosteum; a) DAPI staining; b) HE

staining; c) Masson staining.

ERR TR R ERARFRENEE; aDAPIZE; b AHERE; c/yMassonF;

[0027]
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Figure 3 shows the scanning electron microscope (SEM) images of the periosteum; a is the

SEM image of normal periosteum; b is the SEM image of periosteum without immunogenicity.

B3R BEAMERENREE; an EEBEAHERENEE; b AR RIEESRAEBRIEE;

[0028]

Figure 4 shows the histological examination of the composite scaffold; a) HE staining to
observe the co-culture of cells and scaffold; b) fluorescence observation of cell co-culture on

the scaffold.

FARE G RPANFINER; aAHERBMRMAESZIRE SIETEN; bARIETURMARES

[0029]

Detailed Implementation

BiALER

[0030]
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The present invention will be further described below with reference to the embodiments.
The following description is only a preferred embodiment of the present invention and is not
intended to limit the present invention in other ways. Any person skilled in the art may make
changes to the above-disclosed technical content to create equivalent embodiments with the

same changes.

THESEMAIXN A LRME PRI, UTFR, (NEXA ZEANBRESMFIME, HIFxAE
A BRMEMAZIUBIIRE], EEFE ST WHERARA G RERN A LRGSR AR B IMUZEEARF
T B FR Lo

Any simple modifications or equivalent changes made to the above embodiments without
departing from the scope of the present invention and based on the technical essence of the

present invention shall fall within the protection scope of the present invention.

RB2RBEBALRLRAR, KIEEABRRIRASE Bt ESKhEGIFrMEavE AR B E R F R R

£, WERAERLRIR IFEERN.

[0031]

Example 1: A method for culturing rabbit tibia non-immunogenic periosteal bioscaffold

combined with seed cells.
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SEHEfIREELTREREEREYSREMFARESHIE 75 E

[0032]

1. Materials

1. ¥

[0033]

Laboratory animals: Healthy New Zealand White rabbits, provided by the Animal Experiment
Center of Wenzhou Medical University, 3-4 months old, weighing approximately 2.0-2.5 kg,

male or female, fed with regular diet and water, and housed in separate cages.

LY. NERFA=AAR, BRMNERAKFHYSERRSO RHE, 3~48E, FRELN2.0

~2.5kg, UEMEARLR, EMIXRIXK, DEEFT

[0034]

Main reagents and instruments: Triton X100 (Sigma-Aldrich), sodium dodecyl sulfate (SDS,
Sigma-Aldrich), PMSF (Sigma-Aldrich), RNase, DNase (Sigma-Aldrich), type | collagenase

(GIBCO), DNA extraction kit (TAKARA, Dalian), hydroxyproline (Hyp) test kit (Nanjing Kaiji
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Biotechnology), DAPI staining solution (Sigma-Aldrich), CCK-8 (Dojin, Japan), fetal bovine
serum (GIBCO, USA), penicillin, streptomycin (Shanghai Boyun Biotechnology Co., Ltd.), DMEM
/F-12 culture medium (GIBCO, USA), constant temperature shaker (Heidolph, Germany),
micro-volume UV spectrophotometer (NanoDrop, USA), CX31-32RFL fluorescence microscope
(OLYMPUS, Japan). The equipment included: an S-3000N scanning electron microscope
(Hitachi, Japan), an MRX-HD fully automated microplate reader (Biotek, USA), and a CO2

incubator (Hera-cell, Germany).

FEIRXFIRINEFEE . HALE-X100(Triton-X100, Sigmaa &), +IzEmMERM(SDS, EE
SigmarE]), FRERAEBHE(PMSF, EESigmalEl), RNAES. DNAES(EESigmansE), | B
[ B8(32EGIBCORE]), DNAREURFIZE(KRETAKARALT]), FREERER(Hyp)WiXiE(RRIEE
¥), DAPIZR(EESigma AF]), CCK-8(BAREZ), BBFME(EEGIBCORA), BEE. HBBEER
(EBEEEYMBRAR), DMEM/F-121%5+8(EEGIBCO 7)), 1EREZV(EEHeidolphAFE).
HELRINMIFCHEN (3 EINanoDropAF]). CX31-32RFLIGHE MR (B ZA<OLYMPUSA ).
3000NE B F EHME(HAHitachiRB)). MRX-HDZ B &hEEIR DY (EEBiotek AF]). CO21E

FrHE (fBEHera-cell 2F])o

[0035]

2. Preparation of non-immunogenic periosteal bioscaffold materials
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2. BREREEEREYSZEMEIGIE

[0036]

2.1 Separation and sampling of rabbit tibial periosteum

21REREE BRI B

[0037]

After anesthesia with 1 ml/kg sodium pentobarbital (3% by volume) via the marginal ear vein,

the periosteum was dissected on the medial side of the proximal tibia on both sides.

FARTR D A3%RIK B Z s Iml/ kg BESERkMEEfE, TN B&ELimEAN D B &R,

During the procedure, the soft tissues such as muscles on the surface of the periosteum are
carefully removed. A 1.5cm X 1.5cm section of the full-thickness periosteum is then cut off
with a sterile scalpel and a periosteal elevator is used to slowly peel off the periosteum close

to the surface of the bone cortex.

AP FAZREREENREFRAR, AL EFATIATELScmXL5cmEENEBReEEERE

REBEER LB RAREEIEX T B,
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Throughout the entire separation and sampling process, the surgical field should be kept as

clean as possible, and the periosteum should be kept intact.

BT BEMIBRERITATFE, BRAFKRFTSTE.

[0038]

2.2 Removal process of periosteal immunogenic components

2 28R RERIER N ERFIIE

[0039]

The extracted free periosteum was rinsed repeatedly with PBS 3-4 times to remove residual
blood and other impurities. After freezing at -80°C for 24-48 hours, it was thawed at 37°C
(repeated 5 times). Then, it was placed in a decellularization solution containing 3% Triton-
X100 and 3.5X 10° mol/L PMSF and shaken at 37°C for 12 hours. After that, it was rinsed

repeatedly with PBS and then placed in 1% SDS and shaken for another 6 hours.

REX S FRAPBSREMiE3-4R, EFRALN EFABRIM KR HE M, BN-80°CKERNL

HR24-48/ N EERHEE37°CE Y TR(RESTMEIR) G, BMAE3%Triton-X100F13.5X 10 <sup>
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-5 </sup> mol/L PMSFEYRZAAE&R P E T I7°CIEREFN LEH12/N\B, FFPBS REMEHBA

1%SDSHR4FERE 76/ B,

After rinsing, the periosteum is placed in a mixed digestive enzyme solution containing 0.001 U
/L RNase and 0.1 U/L DNase for 30-40 minutes, then soaked in 1% peracetic acid solution for 4
hours for disinfection. After rinsing thoroughly with PBS 3 times, it is stored in PBS solution

containing 0.1 U/L penicillin and streptomycin at 4°C for later use.

MEEREEKT RS 0.001U/L RNAESHIO0.1U/L DNABSRYE & HLESR30~400 $f5, TR
H1% IR ZERBRZEESVNE, PBSTHEDFA3ER BT S0.1U/LNEHESHENPBSKRF4°CIF

BTREER.

[0040]

3. Identification of non-immunogenic periosteal bioscaffolds

3. TRZRIEBEREYSTIRIERE

[0041]

3.1 General observation
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3. 1KRAENE

[0042]

Fresh periosteal tissue and tissue treated with physical freeze-thaw cycles, Triton-X100, SDS
shaking, and mixed digestive enzyme solutions including RNase and DNase showed that the

periosteal tissue exhibited a white, loose, spongy structure.

MR S IRALNREYIRERR, Triton-X100. SDSEZ1ERA & RNAES. DNAESZERSHILEERAL

BE, BRAAZIBBINE BIREH,

[0043]

3.2 Histological examination

32BRFHE

[0044]

The periosteum of the normal group and after deimmunogenic treatment was fixed with 4%
paraformaldehyde, dehydrated with alcohol gradient, cleared with xylene, embedded in
paraffin, sectioned, and routinely stained with HE, DAPI and Masson stains for observation. As

shown in Figures 1 and 2, the immunogenic cells in the periosteum tissue were completely
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removed after treatment, while the main components of the extracellular matrix (collagen)

were effectively preserved.

ERANERERELIZENEE, K4%ZRPEEE, B BERK, —RXEHR, =15 €
2B, Y1h, BMITHERFHERE. DAPIREBHMMassonREFWER, WELIME2FR, SAIEEE

RAR[PEBFRERENARE T2 AN, MARPERFHEER 7 (KRR WERRE.

[0045]

3.3 Quantitative detection of collagen

3. 3RIREEHM

[0046]

The hydroxyproline measurement method was used to estimate the change in collagen
content before and after deimmunogenic treatment, based on the fact that hydroxyproline

accounts for 13.4% of collagen.

KARFBRKRNEZE, REZHREERERFEEATSESH13.4% LEEREZRIELENERIRS
BT,
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The specific procedure for the hydroxyproline test kit (Kaiji Biotechnology) is as follows:
Accurately weigh 30-100 mg of normal periosteal tissue (n=6) and processed periosteal tissue
(n=6) into a test tube and add hydrolysis solution. After boiling in a water bath for 20 minutes,
adjust the pH to approximately 6.0-6.8. After repeated centrifugation and purification, the
sample and standard solution are tested for absorbance at 550 nm using an ELISA reader. The
Hyp content per milligram of tissue is then calculated to further determine the collagen

content of the periosteal tissue.

Bk BAREBRERNL 2 (ENELEY) BiRATRFIRHHNT BIEE:. BHRITIEEERASR (n=6)F4
BEERALR (Nn=6)RE30~100mgMANIRNERHMN KEER, #HKAB200%/E, FETPHEZEGE.0
~6.8%EhH, EREB L. ANENRER—REFTS50nmBVEBIRGC NI EHITREESEZERA KHyp
BEUH—DBHERALSHRFESE.

The results showed no statistically significant difference in collagen content between the non-
immunogenic periosteal bioscaffold (34.72+1.29 ug/mg) and normal periosteal tissue (35.95

+1.65 pug/mg) (P>0.05).

SRR RTRER EEBEEYRER(34.7221.29ug/mg) SIEE B RELH4D(35.95+1.65 ug/mg) RIR S

Z7 TG FRX(P>0.05)0

el

[0047]
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3.4 Qualitative and quantitative analysis of DNA

3. ADNAEMEE D

[0048]

The weight of the normal periosteum and the deimmunogenic periosteum was approximately
2-25 mg. After hydrolysis with proteinase K and RNase in a 56 °C water bath, genomic DNA
was extracted (following the instructions of the Takara DNA kit). The concentration was
determined by a micro-ultraviolet spectrophotometer, and the DNA content per milligram of

tissue was calculated.

HIEEBEREEREMIEEHEERENN2~25mg, E56 C/KAFTPEERHKIIRNAEEKAZ
5, {RENEFEHADNA((ZER Takara DNAIKFIZIHERIRIE), MERMDINHAENNERRE, HITES
2 nHLDNABE,

The results showed that the DNA content of the non-immunogenic periosteal biological
scaffold (32.4 £ 8.5 ng/mg) was significantly lower than that of normal periosteal tissue

(1281.6 £ 631.6 ng/mg).
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GBS R R R B ZEDNAS B (32.4 +8.5ng/mg) i E & B4 (1281.6+631.6ng

/mg)BA 2R

[0049]

3.5 Scanning electron microscopy observation

3.5 EEIR SR

[0050]

Normal group and periosteal tissue afterimmunogenic de-immunogenic treatment were fixed
with 3% glutaraldehyde for 24 hours, washed with PBS, and dehydrated with a gradient of
ethanol (volume fractions of 50%, 70%, 80%, 90%, 95%, and 100%) for more than 15 minutes
each time. After vacuum drying and surface gold sputtering, the tissues were observed under
a scanning electron microscope, as shown in Figure 3. The surface of the non-immunogenic
periosteal bioscaffold showed a loose and porous structure, which is more conducive to cell

aggregation.
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IEBEANEREREREMIEEINEIEALSE3%X _EEE24/) NG, PBSHWE, JEHE (RO
7350%. 70%. 80%. 90%. 95%. 100%)R#7K, B MEE/KISMIinLl L, BEXFIE, KEBEL E
EEAERFEMBETMER, B3R, TR EREEBREY) SRRAESMNESFLEN, E5F

THRES

[0051]

4. Isolation and culture of periosteal cells

4. BIRABRERY BALEST

[0052]

Under aseptic conditions, the free periosteum was removed, repeatedly rinsed with PBS, and
then cut into approximately 1 mm pieces using ophthalmic scissors on a laminar flow hood.
The pieces were digested with 2 g/L collagenase in a 37°C incubator containing 5% CO2 for 4
hours. The supernatant was collected, and the cells were collected by centrifugation at 1200
rpm for 5 minutes. The cells were then cultured in DMEM/F12 flasks containing 10% fetal
bovine serum and 1% DMEM. When the cells reached the bottom of the flask, they were
passaged, and the second-generation periosteum cells were collected for subsequent

recombination.
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TEFHTRHEEEE, REFPBSHREERES:E EAR MEREEEEIKIMmm <sup> 3 </sup>
AR, FI2g/LABRIEBEIT37°C. &5 %CO2MIEFME{eh, BLEER, 1200r/minEily
SminBIOUR 4R, TS 10%BFMEF1%ADMEM/F121EF- R EFr, X 4R/ #

1718, BEF—ABBRARAITEEES,

[0053]

5. Periosteal cells and scaffold composite

5. BRRARESXERES

[0054]

Non-immunogenic periosteal biological scaffolds were dried at low temperature, sealed in a

package, and sterilized using gamma rays (15KGray).

DR R EREMI MU TIREEH 6 EAVHE (15KGray) BE

After sterilization, place the culture dish in a dry culture dish. Add the isolated second-
generation periosteal cells at a concentration of 1 X10 NER/ml to the surface of the scaffold.
After the periosteal cells gradually infiltrate into the non-immunogenic periosteal biological
scaffold with the suspension (3 hours), add culture medium. Change the medium every 2-3

days and culture for 1 week.
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HERETTIRESRIF, BoBrIE _ERA ELUREA1X10 <sup>6 </sup>/ml, #HFZ5
xE, FEBRARZHESESRE A\TRERIEEREYZRAER (3N ERNERE, §2-3X

R, 1EFR1E.

[0055]

6. Histological examination of composite scaffolds

[0056]

After 7 days of culture, the composite scaffold was washed with PBS and then Live-dead
staining solution was added. The cell aggregation on the scaffold was observed under
fluorescence. After fixation with 4% paraformaldehyde, dehydration with alcohol gradient,
clearing with xylene, paraffin embedding, sectioning, and routine histological HE staining, the
cell-scaffold aggregation culture was observed, as shown in Figure 4. The results showed that

allogeneic periosteal cells could effectively aggregate and proliferate on the scaffold.
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BRI RENE SR FPBS/FELERLive-deadRiK, KA TUERABREZRLNESER;
ZANZRPEEE, BHEEE Bk, —REHER, =6 %, U1k, EMTARFHERENR

M5 HRESERER, NEAFT, LRUSTSESRANT ERRLERE SHEHE,
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