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Abstract

Bone marrow mesenchymal stem cells (BMSCs) deriving from the mesoderm can self-renew and
achieve a variety of different development modes. Because of its advantages of easy in vitro ex-
pansion and foreign gene introduction, it has a broad application prospect in bone defect repair.
In recent years, with the continuous progress of tissue engineering theory and technology, the ap-
plication of BMSCs in jaw defect repair has achieved excellent results and improved the healing
effect of jaw defect. Based on this, this paper reviews the application and efficacy of bone marrow
mesenchymal stem cells in stomatology, in order to provide more scientific theoretical basis for
clinicians.
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1. 518

BMSCs #iI5 RIF (9 H S it 1, FERFERIZAE T, ATUAE S 4R, WORGAAE, RRET 4R 20 i 45 A
JRATLEAT S, PR R HIE 6T [1]-[3], AR I R 75 B O B HOR SCH, ST I o VF 22
ki . BMSCs iy RAFIIFAAERETT, CRMON B BRIAME R UK E 2R 4l ia[4] [5], mI#H R M AN
697 WATHEAT P A AT IO R A AL L 0 T AT A P Sk AR GBS i
AUIE H 2t 2 B R0E . IS AEIRIR EARMTIR G0 . BB A AN A2 B 8% S 5 9 15 T 3 ol A B A [ R B
(UBRAY, LI A3 20t A B R 458 1) B AL UK SR AR 1 % T BRI R AR B AR ST 1 s AR AL 20
A2 ARSI N, B 5 i AR 2L 23K 451405, BMSCs 1 94 AR5 52 S ) 25 b T 20 i, 7E
Be 22 B AU OB SO HI[6], A SCEEL I8 BMSCs 4123 TREAE 11 = 22 AU 14 S5 B AT
LI 10 i R A 2R 2 5 P AR SR AR I B R 4R

2.BMSCs N EBIEFLEERREFS
2.1. BMSCs B9y B

RAERIL, BEEH R TARA R ERE N T400. GRS RGN 2 Mo T40M7] [8]. AFFTERM,
B 1) 78 PR T4 AE — & S50 N a0 AL R IR) 78 L UMM BE G R A . IR . T 4 i 2%,
EATER A BB AR A, RO BE RS R T4 [9]. BMSCs 78 il P & B AN o i i A% A0 R 1)
0.001%~0.01%, HAFVHHAK[10]. DKk H 5 H R4 /i 5 R 5 28 g R L . %R B 0 ik
T iR VAR [11] [12]

2.2. BMSCs B4 &5

[ FRgi B 16 7 22 22 (ISCT) T 2006 EH H 17— & 515 T BMSCs HI5 A i SUARHE[13], .45: @ BMSCs
B BN EE L E-E; @ BMSCs 413k CD73. CD105. CD90 Z&4H /5, AS3ikid A pk i
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LIS

MutRE CD45. CD34. CD14. CD11lb; (® BMSCs 1] #% S it AT iR /b gm i 45 85, it i SN AR 347
YHM 0, IXREA BT I S i TR X 43 [14] [15]. B 4N, ] LUl R AR SEERIF S BMSCs B A
Z [ L I RE F1[16] .

2.3.BMSCs R Bi%S

JICH 55 B IR AR B B L ZE K AR (Dex)  f-HMBERR B (B-GP)MIZEL 3K C (VitC), IXUEHTA] LA AL
fie ik BMSCs IR 73 L[17]. HiZEAK KA (Dex)2 — A A DL A (e s i 1E 254, H B 2k A2 i
VR RS 20 SR i R K il AR IR R, TR Tt R T P 12 240 2R S R K
[17]; p-A =B BRI RT OE I 37 AT P R, (e b5 R A OR, AT SEBIL BB A ) A 1 4. B
REfG A Rt e 2 i A A SE B AN 704k, TR 145, SR EHE. HilsKRKE 7% SR T EESs
KAEEE . R AR T M A AR 44T L BMSCs A4E AL, 755 BMSCs 7064
B CEANE, B RCEER[18]. FeE MR CURH o 25 R BUIREAT 20K [19], MER A AL [20] Ak
EITE R 2t

2.4.BMSCs BB L L E

B S B AT R RS R L R ) BMSCs BEAT TR 2ART FU[21]); B R g (ALP) 2 1 % BB
e s R 7, HIEPES ALP SLIEAHSG, @i ALP 4ettyk[22] [23] 0] 458 B R K H Gomori
R YL . Von-Kossa Yefty, #5545 545 7715 M %2 BMSCs [l 1L I RE F1[18]

3. BMSCs fE OB Em P EsiRieE PN
3.1. BMSCs AT -l E &R & B

SR B[ 24158 N9 FUAS R G0 SR, JRRE S IR 78 BT BRI A RS A 2 R A . SRS
BMSCs RIREAF Rl 75 T 8 1, IR SR RE /et ey, DU BB BB 2 5 E . Osugi [25]
LB RO, RS YA IR A R TR AR S B SR I R A 2 tH I BE 2 1) BMSCs,  HL AT {2 i $As
MBS, Hstar L, B RMERE R L. W, EWREHANAAERNE &R, UL S
TR AR MBI T SRS RN N, SRR RO, e A SR 5  F) R 4
HISK 5 IIRERIRE . A CA KK BMSCs iz FIEIRYT B SR R BE T 7T, (ER AT /5t — 2D 3 e iX
FGTT I AR AR AR AR, DA S St 1 e i AR L .

3.2. FHEE®RIR

BMSCs B HEMHAN TR L, BN IR E S, & n] DU 80 P 30 e IR .
N [26] % WA RIE 6 RIMTTH, B BMSCs 2H 7 A8 & S5 A (1) 5 % 1% (BMD) ¥ i,
TRAP & H#RIAFFAIK(P < 0.05), X UiH] BMSCs 1] LA R E 7 Fl i SR 6 1 BB 5, T4 e o 1
R VA A . Jiang [27]55 K KB B A IR S . % BMSCs-Bio-Oss-bFGF E-&#FiHE T R I[X,
SZRERTARER BMD B& & THEH, LLESTREY, BMSC-Bio-Oss-bFGF B &AM F &S B EEH
BUFRIRHER, X AV B R EH

Behnia [28]Z: 7E F Al SR B A5 AL A N BMSCs-HA-TCP & & Wi & /M fiT A= 2E K N7 (PDGF), ‘i &
Pem 2] 51.3%, HUSHCRWE R IR [29]. @it st g T LIS S5 18, &5 PDGF ¥ B B R 78 7 41
Jf1(BMSCs) R LA B i M A2 1f s B, AN T S B0 24 Al i A8 32 K280, ) T F A B B iy R B
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3.3. FRALLHEE

F R % A A R A GGRAT A, IR B R IT i . dR RiiE . BRI EIE LR RGN A
PR, XTIk BRRHAIT RORI B . F R i TR AR A i A A e . Gomez
ZE[30]4 BMSCs 1E NP T4, 7EikBME G A & B 6 M [RIE, mrAa 2k e it 4 B 2HE Fi A . Liu [31]
SR KB A, K BMSCs P51/ g 4P 28 18 (BMSC-SEVS)iE N S22 i 46 KBRS o, F 78 S
BMSC-sEV A L% EMELN fu ik, 1 TGF-p1 FIKIE, M5 OPG-RANKL-RANK JE %, £k
W TR RThRE, HE DR TR RN, AR HSAH A =k, A TEEREAR
A AT R R S 1 A AR I ORI

3.4. MEEABENEBRE

N B AT ™ B SR F R, Yamada [32]%524 % K BMSCs 5 Ifi /M L2 (PRP)E Jy 14
MU 7E, K S A BN RGO, HERRNOE 20 S8 AR, SA&ERYEHE
NFPREAR . B 78S BT BMSCs Fll PRP &4 W04 FiopeL 4 Jil Bl ) 4 FH T 51 RS v FE I AR5 5 X 184
X1V [33) 5 AF 723 X PRP G e st A A 4 F BBl i AL AR R4 T T IR N B 7T o i@ 3T Micro CT R fg 441
I F 453 BMSCs i F 5 PRP B4 F o] DL 3E B-TCP Rtk i BB 4R A, g asahe . X
DRI 2 A IR LR e 5 T B FH AR A 70 AR

35 MTAXTEIR

TMID 2R _ErHE W, HETAR BT . Jose [34]55H]H S 4eMH kLS BMSCs,  biig i th
HIEFBRRAZILSHENE - B E&K. HT7ER BMSCs mlld 7 A K K 7 B flh 45 5 TRk (i it
TMI 12, Du “5[35]9A 0y BMSCs Al ilidf H & 555 70l i)/ 7> T B e st it HAUE & .

4. &

ER PR, JLAERATIC BMSCs [ FEAN R TS ©ARKIEED , R R B RIAE, AR, A
Gy e R SN, DR I R SE B b B T R O R R T o KR I PR IRIGAE Y, 18 ) 7 Jod 14
J A — PR R 0 BB S AR BMSCs REME I A A b5 SO AR RHIERE 97 3 1 8 5 1 i 18] 78 BT T
A SR S Sl Bt A T AR T AU SR PR R P LG A L PR AR BRI A
BN GOCT R AL, A R M EE R A — 2R R, HILAARERPIE A6, U7Ffridt—
BT, RT3t IFRRIIRE T+ I AR I A IYIRE ) -

SE

[1] Casado-Diaz, A., Santiago-Mora, R., Jiménez, R., Caballero-Villarraso, J., Herrera, C., Torres, A., et al. (2008) Cryo-
preserved Human Bone Marrow Mononuclear Cells as a Source of Mesenchymal Stromal Cells: Application in Osteo-
porosis Research. Cytotherapy, 10, 460-468. https://doi.org/10.1080/14653240802192644

[2] Zzhang, X., Jiang, X., Jiang, S., Cai, X., Yu, S. and Pei, G. (2021) Schwann Cells Promote Prevascularization and Os-
teogenesis of Tissue-Engineered Bone via Bone Marrow Mesenchymal Stem Cell-Derived Endothelial Cells. Stem Cell
Research & Therapy, 12, Article No. 382. https://doi.org/10.1186/s13287-021-02433-3

[3] Pirosa, A., Gottardi, R., Alexander, P.G. and Tuan, R.S. (2018) Engineering In-Vitro Stem Cell-Based Vascularized
Bone Models for Drug Screening and Predictive Toxicology. Stem Cell Research & Therapy, 9, Article No. 112.
https://doi.org/10.1186/s13287-018-0847-8

[4] Weng, Y., Wang, Z, Sun, J,, Han, L., Li, X., Wu, B, et al. (2021) Engineering of Axially Vascularized Bone Tissue
Using Natural Coral Scaffold and Osteogenic Bone Marrow Mesenchymal Stem Cell Sheets. Journal of Stomatology,
Oral and Maxillofacial Surgery, 122, 397-404. https://doi.org/10.1016/j.jormas.2021.01.013

[5] Xian, H., Luo, D., Wang, L., Cheng, W., Zhai, W., Lian, K., et al. (2020) Platelet-Rich Plasma-Incorporated Autolo-

DOI: 10.12677/acm.2024.1482265 663 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1482265
https://doi.org/10.1080/14653240802192644
https://doi.org/10.1186/s13287-021-02433-3
https://doi.org/10.1186/s13287-018-0847-8
https://doi.org/10.1016/j.jormas.2021.01.013

s
=
S
48

(6]
(7]
(8]
(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

gous Granular Bone Grafts Improve Outcomes of Post-Traumatic Osteonecrosis of the Femoral Head. The Journal of
Arthroplasty, 35, 325-330. https://doi.org/10.1016/j.arth.2019.09.001

WA, XA, WKL, B IR 7R T 40 M A PR S A b A T S R[], R 2 CARAR AT, 2007, 11(28):
5622-5625.

Friedenstein, A.J., Piatetzky-Shapiro, I.I. and Petrakova, K.V. (1966) Osteogenesis in Transplants of Bone Marrow
Cells. Development, 16, 381-390. https://doi.org/10.1242/dev.16.3.381

Friedenstein, A.J., Petrakova, K.V., Kurolesova, A.l. and Frolova, G.P. (1968) Heterotopic Transplants of Bone Mar-
row. Transplantation, 6, 230-247. https://doi.org/10.1097/00007890-196803000-00009

Kuznetsov, S.A., Krebsbach, P.H., Satomura, K., Kerr, J., Riminucci, M., Benayahu, D., et al. (1997) Single-Colony
Derived Strains of Human Marrow Stromal Fibroblasts Form Bone After Transplantation in Vivo. Journal of Bone and
Mineral Research, 12, 1335-1347. https://doi.org/10.1359/jbmr.1997.12.9.1335

Hoch, A.l. and Leach, J.K. (2014) Concise Review: Optimizing Expansion of Bone Marrow Mesenchymal
Stem/Stromal Cells for Clinical Applications. Stem Cells Translational Medicine, 3, 643-652.
https://doi.org/10.5966/sctm.2013-0196

Nicodemou, A. and Danisovic, L. (2017) Mesenchymal Stromal/stem Cell Separation Methods: Concise Review. Cell
and Tissue Banking, 18, 443-460. https://doi.org/10.1007/s10561-017-9658-x

Deryugina, E.l. and Muller-Sieburg, C.E. (1993) Stromal Cells in Long Term Cultures to the Elucidation of Hemato-
poretic Development. Critical Reviews in Immunology, 13, 115-150.

Meppelink, A.M., Wang, X., Bradica, G., Barron, K., Hiltz, K., Liu, X., et al. (2016) Rapid Isolation of Bone Marrow
Mesenchymal Stromal Cells Using Integrated Centrifuge-Based Technology. Cytotherapy, 18, 729-739.
https://doi.org/10.1016/j.jcyt.2016.03.291

ZnRnd, WHEAR, MK, 5. SD KR F BEIA 7801400 23 B 55 97 S 45 I SRR L [9]. IR R At I,
2021, 21(13): 2410-2414, 2446.

BLEAR, BEUK, FBL, 55 3D fTENR C N ER/ANKFERIERE A B 65 S8 5 R0 78 BT 40 M i AR S A= AR 2k
[]. HFEHL TR, 2020, 24(4): 589-595.

Whatle, S2ME%E, SR, B BEIR) 70 LT 40 AR UR PR S A4 0T B 200 M 084 BB AN 20 AL R SE A [I]. P BE 2R 5T, 2019,
35(4): 401-404.

Langenbach, F. and Handschel, J. (2013) Effects of Dexamethasone, Ascorbic Acid and S-Glycerophosphate on the

Osteogenic Differentiation of Stem Cells in Vitro. Stem Cell Research & Therapy, 4, Article No. 117.
https://doi.org/10.1186/scrt328

Lin, Z., Wang, J., Lin, L., Zhang, J., Liu, Y., Shuai, M., et al. (2013) Effects of BMP2 and VEGF165 on the Osteogen-
ic Differentiation of Rat Bone Marrow-Derived Mesenchymal Stem Cells. Experimental and Therapeutic Medicine, 7,
625-629. https://doi.org/10.3892/etm.2013.1464

SRAESE, X, NI, S RS TS R R e T R A R A A R T c-fos. c-jun FIERIA[D]. 1l
A [EZ, 2008, 48(4): 63-64.

WG, AT0%, ARAK. B BESE AN S S A R T SO SR AU R 0], Hh AT RR BT AL S IR KRR, 2009,
13(1): 169-172.

BT, BT, RAMKR, & KERIGRBCE 90 3 9R LD 8 0], IR K 1 R EE 225 &, 2016, 32(4):
207-210.

Tang, X.K., Cheng, W., Xu, B., et al. (2013) Experimental Study on the Isolated Culture of Osteoeytes and Identifica-
tion of Osteoblasts in Rats. Chinese Journal of Traumatology, 26, 227-231.

Xu, L.L., Sun, X.J., Hao, X.X, et al. (2015) Osteogenic Induction of Human Bone Marrow Mesenchymal Stem Cells
Cultured in Complex Medium. Journal of Clinical Rehabilitative Tissue Engineering Research, 19, 1501-1505.
SEE, XBE, B, % FHARRTHRS B R RE S SEER T OE R BE e IR &
H LR TREFFT, 2015(14): 2138-2143.

Osugi, M., Katagiri, W., Yoshimi, R., Inukai, T., Hibi, H. and Ueda, M. (2012) Conditioned Media from Mesenchymal
Stem Cells Enhanced Bone Regeneration in Rat Calvarial Bone Defects. Tissue Engineering Part A, 18, 1479-1489.
https://doi.org/10.1089/ten.tea.2011.0325

INES, TUREE, B46E. BB 70 5 T 406 K BR T s A R[] PR AR DR R 4k A, 2022,
20(4): 193-197.

Jiang, Y.H., Shang, Y., Zou, D.H., et al. (2022) Effect of Rat Allogeneic BMSCs-Bio-Oss-bFGF Compound on Tooth
Extraction Healing: A Micro-CT Study. Shanghai Journal of Stomatology, 31, 38-43.

DOI: 10.12677/acm.2024.1482265 664 NS


https://doi.org/10.12677/acm.2024.1482265
https://doi.org/10.1016/j.arth.2019.09.001
https://doi.org/10.1242/dev.16.3.381
https://doi.org/10.1097/00007890-196803000-00009
https://doi.org/10.1359/jbmr.1997.12.9.1335
https://doi.org/10.5966/sctm.2013-0196
https://doi.org/10.1007/s10561-017-9658-x
https://doi.org/10.1016/j.jcyt.2016.03.291
https://doi.org/10.1186/scrt328
https://doi.org/10.3892/etm.2013.1464
https://doi.org/10.1089/ten.tea.2011.0325

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Behnia, H., Khojasteh, A., Soleimani, M., Tehranchi, A., Khoshzaban, A., Keshel, S.H., et al. (2009) Secondary Repair
of Alveolar Clefts Using Human Mesenchymal Stem Cells. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radi-
ology, and Endodontology, 108, e1-e6. https://doi.org/10.1016/j.triple0.2009.03.040

Behnia, H., Khojasteh, A., Soleimani, M., Tehranchi, A. and Atashi, A. (2012) Repair of Alveolar Cleft Defect with
Mesenchymal Stem Cells and Platelet Derived Growth Factors: A Preliminary Report. Journal of Cranio-Maxillofacial
Surgery, 40, 2-7. https://doi.org/10.1016/j.jcms.2011.02.003

Gomez-Florit, M., Monjo, M. and Ramis, J.M. (2015) Quercitrin for Periodontal Regeneration: Effects on Human Gin-
gival Fibroblasts and Mesenchymal Stem Cells. Scientific Reports, 5, Article No. 16593.
https://doi.org/10.1038/srep16593

Liu, L., Guo, S., Shi, W,, Liu, Q., Huo, F., Wu, Y., et al. (2021) Bone Marrow Mesenchymal Stem Cell-Derived Small
Extracellular Vesicles Promote Periodontal Regeneration. Tissue Engineering Part A, 27, 962-976.
https://doi.org/10.1089/ten.tea.2020.0141

Yamada, Y., Hara, K., Nakamura, S., Ueda, M., Ito, K. and Nagasaka, T. (2013) Minimally Invasive Approach with

Tissue Engineering for Severe Alveolar Bone Atrophy Case. International Journal of Oral and Maxillofacial Surgery,
42, 260-263. https://doi.org/10.1016/j.ijom.2012.07.003

XUEE, JIE, KRR, S B R IE) 7B M 4 R G /NS SRR R R A R A AR AT T[], S
O BE22 4408, 2018, 34(2): 206-210.
Jose, A., Coco, B.J., Milligan, S., Young, B., Lappin, D.F., Bagg, J., et al. (2010) Reducing the Incidence of Denture

Stomatitis: Are Denture Cleansers Sufficient? Journal of Prosthodontics, 19, 252-257.
https://doi.org/10.1111/j.1532-849x.2009.00561.x

Du, Z., Wei, C., Cheng, K., Han, B., Yan, J., Zhang, M., et al. (2013) Mesenchymal Stem Cell-Conditioned Medium
Reduces Liver Injury and Enhances Regeneration in Reduced-Size Rat Liver Transplantation. Journal of Surgical Re-
search, 183, 907-915. https://doi.org/10.1016/j.jss.2013.02.009

DOI: 10.12677/acm.2024.1482265 665 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.1482265
https://doi.org/10.1016/j.tripleo.2009.03.040
https://doi.org/10.1016/j.jcms.2011.02.003
https://doi.org/10.1038/srep16593
https://doi.org/10.1089/ten.tea.2020.0141
https://doi.org/10.1016/j.ijom.2012.07.003
https://doi.org/10.1111/j.1532-849x.2009.00561.x
https://doi.org/10.1016/j.jss.2013.02.009

	骨髓间充质干细胞成骨分化在口腔医学中的应用
	摘  要
	关键词
	Application of Bone Marrow Mesenchymal Stem Cells to Osteogenic Differentiation in Stomatology
	Abstract
	Keywords
	1. 引言
	2. BMSCs分离培养鉴定及成骨诱导
	2.1. BMSCs的分离培养
	2.2. BMSCs的鉴定方法
	2.3. BMSCs成骨诱导
	2.4. BMSCs成骨分化鉴定

	3. BMSCs在口腔颌面部骨缺损修复中的应用
	3.1. BMSCs治疗颌面部骨缺损
	3.2. 牙槽骨缺损
	3.3. 牙周组织再生
	3.4. 种植体周围的骨再生
	3.5. 颞下颌关节紊乱病

	4. 结语
	参考文献

