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ABSTRACT Objective: To observe the clinical effect and safety of umbilical cord mesenchymal stem cell(UC-MSC) transplantation
in the treatment of comminuted fractures. Methods: One patient with comminuted fractures were received UC-MSC transplantation [4
times as a course of treatment which every time interval one week, cell numbers(3-7)% 107/time |by intravenous infusion and local lesion
multipoint injections. Clinical symptoms and change of iconography were observed from 1, 3 and 6 month after stem cell treatment.
Results: After one month of UCB-MSC transplantation, the patient can walk slowly without help, and X-ray rechecked show new bone
formation of fracture site. X-ray rechecked show fracture healing improved after three month of UCB-MSC transplantation. The strength
of right lower extremity of the patient strengthen, walk freely without help, continous callus formation of fracture site which hinted fract-
ure site healing was better. The patient had no severe complications and clear side effects after transplantation. Conclusions: UCB-MSC
transplantation is effective and safe method in the treatment of comminuted fracture. It can promote the healing of comminuted fracture
and improve the quality of life.
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Fig.2 The difference of X-ray between pre-treatment and post-treatment

of stem cell: Six month after stem cell transplantation

1.2 BrE e R TS & R B E A %

B SRR B @ iR L BT, LA PBS Fe43whisk , 5
BRI 3l K, AR B4 E] B ZH U B AR 2 1~ 2 mm R/
HZ1, B DMEM IR (R 10% A4 03 .25 mM A3 IBER% |
100 U/ mL H8&HE,100 pg/ mL #HZE)H, THH 5%CO,,
37°C HFIR L B FRAR T IR S 80%I 435 , LA 0.2% )i
W&/ EDTA JALIF 1.3 fLbflfe e Wediss 3 1Rani, 40
S (2~ 6)x 107 i 2R AR 00 240 Jf0 25 5 O -8 2 A e )
FERRT AN . REAR AT A A T A R TR A e

BT AMMREAR 4 WOk 1 Y7, R IRIERR 1, S — S UCR R
o , 58— DU UCR AT B SR 56 o JR AR B B
UC-MSC %} 2 mi 53 2RS35 T B v v Jd L, -4 4 R
S ZUAT e P 2R 2 ) S AR T AR 3 B o RS
NPT R W, ] X A E SR B RER SRS B
TG A SR 2 A AN T I S ARSI L LA TE &
B A ARTE
1.3 HEEMRR KR

JRR T AMS 1~ 2 K, OB IERGE I S0 kR , &R
AN IR, TR BRI IR H, oA B RO & A o

2 #R

ZREGFEIIRITT HITER @G, WM& UC-MSC iqryr)a
SR B B A5G, UC-MSCiAY PR —H . BETEATE B ST
AT BB AT A X AR BT A B A T A T
MIEIT)E = H B A X SR BT @A AT L R
HA RS2 1 A AT LA ST A RATE B A X R A
T BT OAT L ERE A, BT A R, JRYTIE
FErp BARTT G A A AL FEAR IR, B U7 AR K B Sl i A 4
.

3 Pig

KRR S B T R 1 P 28R AR R bR i T
FEFAR TR R i A A AN R [ S AN A S
JEH S ECEPTIER A BOR @A P An el 42 A e T Y
AA LB AP TG R BT IS A8 SR R TR AR 1
(T, EAFEP AR BB 20 R SR RIS e . 4K
B L e MSC REEF ML 4, TE B 2120, 8K
J5 B SR L, e e A - PN BB B AN T
B AR A TR R R MSC Bk i B 4R, T
MBS BRI R R D TR BT R R AR AR RS Y
MSC, #& i, 4531 8 BBl A7 AE MSC, {H AL e b5 i
I/ BEARIEE T I, XTI AT s A B R
ROk A [ SRR s T AR, B B 8 A /0 B 4
ARG AN, KRB AR P = R B85 I MSC., FIrLL 1)
i/ BB RS 1 MSC, A E B8 5 A RTHE 41
Je FEBL AN 2= SRl . Kumar SERECE R AN [R] 09 42 4 B 1l
C-X-C ZHafbH T2k 4 BI(CXCRA)IHI ] AMD3100 3 51
INERPR B MSC, 55 75 X6 B3 4 B A4 /N R LA 3
SPVEFT , 45 525 IGF-1 Fl AMD3100 T LA #E/N BB 85 1 21
K, e 0F 9T F W X Fhon; 2 i Akt/PI3K, MEK1/2-Erk1/2
A smad2/3 i/ T, AL SE B LB RARBAED 55 4
MSC BEATRIT IR B TR RN, JF LA B X B T i i
G ISR BB IR S5 R R SR IR e b
B HLIGTT A A A B 6 MSC #5 0T U B3 50 A 1l
B AT . McNulty 554 CXCR4 1l 5 AMD3100 7
S 3 IR R B G R /N B T S &k 8 AMD3100 7] D)5 3
TRz R, H a5 &, A2 HE BP9 & A9 754 o Burastero
SFEURESY & B MSC BkA B TEAS & A 8 1 2 -7(BMP-7) 7]
DA e 2 G i /0N B SR A /0N B3 i T3 St 88 ) A



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.7 MAR.2014

« 1345 .

Kitaori 855 it — 25 & ML o 20 MUK U A 4t it L+ -1/CXC-
R4 {55 R7E MSC LB F it fifE B e E b A
FHELEMEH. RE SN A A58 MSC AR YT U K&
Pra AR 48 ], IFMEEHIRTFROR , 45 R W] 42 () i 35 15 5]
BPEEA B YT RA I (3 58 B MSC By BT 4.7 4~ H
(B~6 M), X KB REITLRERMEIIER, RRENEK
A& MSC BARASE—FIAYT P E TB AR N & 4
Tk, BRI M E . 228 7 Wharton [l 3R HX
MR FE B3 BURAC A0 AT Gy 28 2 0 5 A0l B A0 A &
Ak, JFLL UC-MSC BAHIRYT 1 B8 T8 eS8 e K WA i
S 5], 5 SR B SR A TR S S A 4 At e, v AR e 5 57
FARHH N 23 (B 78 00 T2 M S e 3R 0, iU 15 A R 2 L o
R gL ta a3 A R A5, Von Kossa YLt A7 545 152
A, 1% B R UC-MSC iRE RSN 4 ¥, A S 4=
JHWSHIETIE AL, 12 d BTG iz 45 R 3] UC-MSC B F
1 F BRI RE T RS-V BE , BE NS ) i 4 M Ak H L AS
FEIGYT B AN F] L b 35 oA S B R o S J S T v 4
EHETARE AR 21 GlEIT ARG G LIERa &R, W
FINGRACR SRR B G 25 4, Gt 5 A~ H~2
L 6.5 A H s BITRMA S Bl A5 Jo ol s ER e K
SERPER S RAE . R E SR F IR T AR
EARRAE SR, IS A REEEAE B A R, 45 SRR A ikF
HET AN AL IR T B A A AT RS ACR T, R s E A
B TR AT A TR B8R T AR AR IR YT B AN i
30 {5 B3, VBTN PRI YT AR , 45 R RV 1B 46 T 20
YA A S S T A% A T BGA B 1054 /mL DL B R R g6
AIGVEN LEEE > 95% BT @ a 25 49, At E 5 A~ H ~2
P T ANH G RAR IR H B R SRS T AR L
R FEN BT, e — AR e m IR B AR R .
AR E G EIIRIT M2 R TFAR G FIT K EAES &
UC-MSC ity7Ja—H , BETEARHE RIEOUT AT kS 4847
A, BE X LR AGAH AN, TAHRIGTE =
A28 X & B & B aarss; FaEe, BE A T2
JI8 A TS, B AT A X R R RCE T
P73 S B Y R, B TR LA A R A, TTH R R R &
i, FEAPUE T 3 —BOARBA AT AR . (B A7
TE— B8RS JE— A WF 5, U UC-MSC B 4355 $ 4l 5537 K
edl X EE N R Y 5 EITRA SR EY; I, AN HETHE
AR F BB A E MR AR, g FEAN
YN T Ed UGN E N E B

S R FH T A B A B B P A S — A R T
%, ENANC A SCHkRE 2, (R HAm IR UL SR T R AR
BT EMN—MEL . IRIR L AIEYT M A TF IR B B AR Z 0L
Tl WG AR 8 IR, L UNEAE A R ANV BE BT I S5
PN [ 5 2GR AR e PTG 3 R B IR S L (EAR R LS
TAER 20T R T RS U B R, — 22 ™ 5 %
BIFFARIGNE; T B R RS7 A Wi ; =
SR BN TG BB TR B R A BE T ; DU TE Rk B
AR AN N LA I T B RE R AR B £ E e 28R IR TR
AFFE Y S o

£ 2 3Lk ( References )
[1] Kraus KH, Kirker-Head C. Mesenchymal stem cells and bone regener-
ation[J]. Vet Surg, 2006, 35(3): 232-242
[2] Bielby R, Jones E, McGonagle D. The role of mesenchymal stem cells
in maintenance an-d repair of bone[J]. Injury, 2007, 38(Suppl 1): S26-
32
[3] TRZAR, #R ek, FRAA. AR AR T a0 A B B %7 oo s A
SR %A EF 4 &, 2008, 24(5): 691-692
Zhang Wan-yu, Xu Hao, Cheng Jian-mei. The application progression
of bone marrow mesenchymal stem cell in the treatment of bone inju-
ry[J]. The Journal of Practical Medicine, 2008, 24(5): 691-692
[4] Kumar S, Ponnazhagan S. Mobilization of bone marrow mesenchymal
stem cells in vivo augments bone healing in a mouse model of segmen-
tal bone defect[J]. Bone, 2012, 50(4): 1012-1018
[5]1 Ai J, Ebrahimi S, Khoshzaban A. Tissue engineering using human
mineralized bone xeno-graft and bone marrow mesenchymal stem
cells allograft in healing of tibial fracture of experimental rabbit mode
[J]L Iran Red Crescent Med J, 2012, 14(2): 96-103
[6] McNulty MA, Virdi AS, Christopherson KW, et al. Adult stem cell
mobilization enhances intramembranous bone regeneration: a pilot
study[J]. Clin Orthop Relat Res, 2012, 470(9): 2503-2512
[7] Burastero G, Scarfi S, Ferraris C, et al. The association of human mes-
enchymal stem cells with BMP-7 improves bone regeneration of critic-
al-size segmental bone defects in athymic rats [J]. Bone, 2010, 47(1):
117-126
[8] Kitaori T, Ito H, Schwarz EM, et al. Stromal cell-derived factor
1/CXCR4 signaling is critical for the recruitment of mesenchymal
stem cells to the fracture site during skeletal repair in a mouse model
[J]. Arthritis Rheum, 2009, 60(3): 813-823
(9] &34 55 3 AR A 20 8 AR BE 19 LR T dm M AS AL 76 7 v i
FH R RE] F a4 4 &, 2007, 23(7): 499-501
Tong Pei-jian, Li Ju, Qu Hang-bo, et al. Transplantation of percutaneo-
us autologous mesenchymal stem cells for treatment of ununion of ext-
remity fractures[J]. Chin J Trauma, 2007, 23(7): 499-501
[10] Z4 4,k 55, Z RN, 5. 3 0 70 T fn ARG B A & 0 AR ST
FAEREA 1A PEMAR AL G REL, 2011, 15
(45): 8542-8546
Li Hua-tao, Bian Lin-fen, Wu Sheng-gang, et al. In vitro experiment
of umbilical cord mesenchymal stem cells to promote bone healing
and clinical application in one case[J]. Journal of Clinical Rehabilitat-
ive Tissue Engineering Research, 2011, 15(45): 8542-8546
BRI R, B HE, L R R G R T M ARG T R TR
AAN] P EIREF L E, 2008, 18(16): 2418-2421

[11

—

Zhang Yuan-cheng, Liu Guo-hui, Mi Shi-jun, et al. The treatment of
fracture nonunion with concentrated bone marrow[J]. Journal of chin-
ese modern medicine, 2008, 18(16): 2418-2421

FHRE R ESIETCF AREM T @SR 8 R a R
BH R ARSI FEAR TEFRLSL AR, 2010, 14
(1): 183-186

[12

—

Yuan Jin-guo, Zhou Zhi-lin, Liu Ying-fei, et al. Autologous bone m-
arrow stem cell transplant versus autologous iliac bone graft for bone
nonunion treatment. Journal of Clinical Rehabilitative Tissue Engine-

ering Research, 2010, 14(1): 183-186 (%S 1206 TT)



« 1206 -

REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll4 NO.7 MAR.2014

MR G E MBI A K AR B, T R T2 T COMST-

AT BRAFTT IR AN T M5B ) 5 B T AE WIS BB W B

B EEALE J7 AFAE AR B, vT LU IR A M B IR

PSR BEPISRERN, WAL IZE AR N 73 B A P i A 4

AR DT IEORER A I B SR P R AR BRI AL BE D5 VR A Bt

PALAZAA S W07 09 H R, 25T COMSTAT #k4F#9 73

B O7 3 K S A B DL 1 A 252 U R AR DG AF

FEBAE )2 BN IR

2% Tk (References)

[1] KimY G, Lee J H, Kim C J, et al. Antibiofilm activity of Streptomyces
sp. BFI 230 and Kribbella sp. BFI 1562 against Pseudomonas aerugin-
osa [J]. Applied microbiology and biotechnology, 2012, 96(6): 1607-
1617

[2] Stewart P S, William C J. Antibiotic resistance of bacteria in biofilms
[J]. The Lancet, 2001, 358(9276): 135-138

[3] Costerton J, Stewart P S, Greenberg E. Bacterial biofilms: a common
cause of persistent infections [J]. Science, 1999, 284(5418): 1318-1322

[4] Dalton H M, Poulsen L K, Halasz P, et al. Substratum-induced morph-
ological changes in a marine bacterium and their relevance to biofilm
structure [J]. Journal of bacteriology, 1994, 176(22): 6900-6906

[5] Cunliffe D, Smart C, Alexander C, et al. Bacterial adhesion at synthetic
surfaces [J]. Applied and environmental microbiology, 1999, 65(11):
4995-5002

[6] Nielsen A T, Tolker N T, Barken K B, et al. Role of commensal relati-
onships on the spatial structure of a surface-attached microbial consor-
tium [J]. Environmental microbiology, 2000, 2(1): 59-68

[7] Wimpenny J W, Colasanti R. A unifying hypothesis for the structure of
microbial biofilms based on cellular automaton models [J]. FEMS mi-
crobiology ecology, 1997, 22(1): 1-16

[8] O'toole G A, Kolter R. Initiation of biofilm formation in Pseudomonas
fluorescens WCS365 proceeds via multiple, convergent signalling pat-
hways: a genetic analysis [J]. Molecular microbiology, 1998, 28(3): 449
-461

[9] Stoodley P, Lewandowski Z, Boyle J D, et al. Structural deformation

of bacterial biofilms caused by short-term fluctuations in fluid shear:
An in situ investigation of biofilm rheology [J]. Biotechnology and bi-
oengineering, 1999, 65(1): 83-92
[10] Kuehn M, Hausner M, Bungartz H J, et al. Automated confocal laser
scanning microscopy and semiautomated image processing for
analysis of biofilms
1998, 64(11): 4115-4127
[11] Murga R, Stewart P S, Daly D. Quantitative analysis of biofilm

[J]. Applied and environmental microbiology,

thickness variability [J]. Biotechnology and bioengineering, 1995, 45
(6): 503-510

[12] Palmer JR R J. Microscopy flowcells: Perfusion chambers for real-ti-
me study of biofilms [J]. Methods in enzymology, 1999, 310: 160-166

[13] Lawrence J, Korber D, Hoyle B, et al. Optical sectioning of microbial
biofilms [J]. Journal of bacteriology, 1991, 173(20): 6558-6567

[14] Heydorn A, Ersbll B K, Hentzer M, et al. Experimental reproducibili-
ty in flow-chamber biofilms [J]. Microbiology, 2000, 146(10): 2409-
2415

[15] Heydorn A, Nielsen A T, Hentzer M, et al. Quantification of biofilm

=

structures by the novel computer program COMSTAT [J]. Microbiol-
ogy, 2000, 146(10): 2395-2407
[16

[}

Barbeau J, Gauthier C, Payment P. Biofilms, infectious agents, and d-
ental unit waterlines: a review [J]. Canadian journal of microbiology,
1998, 44(11): 1019-1028

[17] Costerton J W, Cheng K, Geesey G G, et al. Bacterial biofilms in

—

nature and disease [J]. Annual Reviews in Microbiology, 1987, 41
(1): 435-464
[18

=

Hentzer M, Riedel K, Rasmussen T B, et al. Inhibition of quorum
sensing in Pseudomonas aeruginosa biofilm bacteria by a halogenated
furanone compound [J]. Microbiology, 2002, 148(1): 87-102

[19] You J, Xue X, Cao L, et al. Inhibition of Vibrio biofilm formation by
a marine actinomycete strain A66

biotechnology, 2007, 76(5): 1137-1144

[J]. Applied microbiology and

[20

=

Popat R, Crusz S A, Messina M, et al. Quorum-sensing and cheating
in bacterial biofilms [J]. Proceedings of the Royal Society B: Biologi-
cal Sciences, 2012, 279(1748): 4765-4771

(E#% 1345 TT)

[13] FRZ AR, %6 K330 AR, 5. A8 T w697 B RE()].
) B M 95 B 9, 2010, 9(4): 320-322
Zhang Yuan-cheng, Ru Chang-ying, Liu Guo-hui, et al. Autologous
bone marrow stem cell transplantation in the treatment of bone non-
union[J]. Chin J Bone Tumor & Bone Disease, 2010, 9(4): 320-322

[14] Liu X, Cao L, Jiang Y, Zeng B, et al. Repair of radial segmental bone
defects by combined angiopoietin 1 gene transfected bone marrow m-
esenchymal stem cells and platelet-rich plasma tissue engineered bone
in rabbits [J]. Chinese Journal of Reparative and Reconstructive
Surgery, 2011, 25(9): 1115-1119

[15] Arvidson K, Abdallah BM, Applegate LA, et al. Bone regeneration
and stem cells[J]. J Cell Mol Med, 2011, 15(4): 718-746

[16] Beyth S, Schroeder J, Liebergall M , et al. Stem cells in bone diseases:

current clinical practice[J]. Br Med Bull, 2011, 99N(5): 199-210
[17

—

Bielby R, Jones E, McGonagle D, et al. The role of mesenchymal stem
cells in maintenance and repair of bone [J]. Injury, 2007, 38 (Suppl
IN): S26-32

[18

=

Griffin M, Igbal SA, Bayat A, et al. Exploring the application of mes-
enchymal stem cells in bone repair and regeneration [J]. J Bone Joint
Surg Br, 2011, 93(4): 427-434

[19

—

Schaefer DJ, Klemt C, Zhang XH, et al. Tissue engineering with
mesenchymal stem cells for cartilage and bone regeneration[J]. Chir-
urg, 2000, 71(9): 1001-1008

[20

=

Bagaria V, Patil N, Sapre V, et al. Stem cells in orthopedics: current
concepts and possible future applications[J]. Indian J Med Sci, 2006,
60(4): 162-216



