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[(# ZE] B Wihk&AERKEF (CGF) X E#Ea 7 40 (BMSCs) BERPERER Zm, If
WS CGFEGAMMM R (CS) FEFBEEhrEM. k. RIMEE, 2 H3HiI SD KK,
B RSR RS BMSCs, 95 R L0 A AT O Ye {6 % 5 BMSCs B FIRLIR AE J1 . BEH 3 H 3 A #k SD KR,
fil & CGF AR (CGFe), Al xR . 5 CS (BMSC-CS) #HA#EH CGFE A CS (CGF/
BMSC-CS) @4, HEJ: (W% 240 CSTE AR, R MBIMERERR IS (ALP) Y @il 25 20 CS 7k 5h
BCE IO, 20 MR S 6 T A A M AR BB BE T, SRR A it PCR (RT-qPCR) 4G 45 41 48 it v
ALP. S [ A (COL-1). RuntMIEFEIN T2 (RUNX2) FIEMEH (OCN) mRNA kK.
N S2E, EHL15 2 SD R BBENL 2> I XF I . BMSC-CS 4 M CGF/BMSC-CS 4, Wity 2
FHi (Micro-CT) Kl #5 21 K BUUR Abi Ab B TP 280, HE % {4 1 Masson 44 €6 X 58 45 21 R /i1 ik
PG RN, GF: F3MBMSCs WRIE, HH K%, RiemBERARK; HEOREEHUE
FIEG LS AR, TLT O Je oA 20 R i, TESCAN M HA KA 09 B0 E A ig /b RE T . CS M G2
HR, BERMEH, FEENCSEMBEA AR, 5 BMSC-CSH L, CGF/BMSC-CS4
CSHEBEN, HWHRRERAN, 785 AE R AR, NS, Az, HEQE
ML, H5BMSC-CSALE, CGF/BMSC-CSA CSYEEusEm, Hs %4, MMsbFi (ECM) F 3
W, AEGE R NIE B — AR B R R . BERLAMALP QRN , 534 %, BMSC-CSH
CSHALP G AL FHEYI W B FHE  (P<C0.05); SXTRA M BMSC-CS4L LA, CGF/BMSC-CS4
CS L M e e m b 25 B W £, Y@l BomiR, BAvEmENE K, ALPIGHER® L3R THE L I &
T (P<<0.05), YRR ST, K24 h, SXPBEAHE, BMSC-CSH M CGF/BMSC-CS 4
TR R BT (P<<0.05); 5 BMSC-CS4 4, CGF/BMSC-CS 41 40 i i # B % T+ &5
(P<<0.01); $53:48h, SXHME4ILE, CGF/BMSC-CS 40T W ItE (P<<0.05), RT-qPCR%
K, S5xF R4l A, BMSC-CS 4140 fiih COL-1 1 OCN mRNA 2 1k /K ¥ 0 8 7k & (P<<0.01),
CGF/BMSC-CS#H 40 Mih ALP. COL-1. OCNF RUNX2 mRNA £k A FEHI IR (P<0.01); 5
BMSC-CS# b, CGF/BMSC-CSA4IfgH ALP, COL-1fTOCN mRNA ik /KFEH I 8T E (P<
0.01) . Micro-CT &l , X H8 25 K BB ke 461 DX Sk iy 98 07, JL-F T8 i 2B s BMSC-CS 41K B i
FAHE B B G A D wOEE R R, B XK B B s ;. CGF/BMSC-CS 21 KBRS 8T B T o
SR 0 2 ) b DI A G, B S R B B S R BRAE A, BMISC-CS 4R BLUSE B AR B 20 2
[EEBL (BV) /HLUAR (TV) ] FHE/NEREIEE (Th. N) 8T8 (P<<0.05), CGF/BMSC-CS4]
KEBE BV, BV/TV., B/NEEH (Th. Th) M Tbh. N¥HETE (P<<0.05); 5BMSC-CS# i, CGE/
BMSC-CSH KB SH BV, BV/TV., Tb. Th#1 Tbh. N¥ B & 7+ (P<<0.01), HE Fl Masson 4 {4 ¥
£, Ok B2 BRI B R 20 ZULF 0B B AR B, AU R i T A 5 R R g ;s BMISC-CS 41K
R0 B R A 2 A B G D iR T B, TP O O R A A R 0 S 0 R A R
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Biological properties of concentrated growth factor combined
with bone marrow mesenchymal stem cell sheet and its effect
on bone defect repairment

SHI Jianhong'?, TIAN Yuanye', CHEN Kai', SUN Gao', WU Guomin'
(1. Department of Oral and Maxillofacial Surgery and oral Plastic Surgery, Stomatology Hospital, Jilin
University, Changchun 130021, China;2. Jilin Provincal Key Laboratory of Tooth Development and Bone
Remodeling and Regeneration, Stomatology Hospital, Jilin University, Changchun 130021, China)

ABSTRACT Obijective: To discuss the effect of concentrated growth factor (CGF) on the performance
of bone marrow mesenchymal stem cells (BMSCs) sheets, and to clarify the role of CGF-containing
composite cell sheets ( CS) in the bone defect repairment. Methods: In in vitro experiments, the
BMSCs were isolated and cultured from two 3-week-old SD rats; Alizarin Red S and Oil Red O staining
were used to identify the osteogenic and adipogenic capabilities of BMSCs; CGF liquid extracts (CGFe)
was prepared from three 3-week-old SD rats. The cells were divided into control group, traditional CS
(BMSC-CS) group, and CGF-containing composite CS (CGF/BMSC-CS) group. The morphology of
the CS in two groups was observed by HE staining. Alizarin Red and alkaline phosphatase (ALP)
staining were used to detect the osteogenic differentiation of the CS in various groups; cell scratch assay
was used to detect the migration abilities of the cells in various groups; real-time fluorescence
quantitative PCR (RT-qPCR) method was used to detect the mRNA expression levels of ALP,
collagen are type 1 (COL-1), Runt-related transcription factor 2 (RUNXZ2), and osteocalcin (OCN) in
the cells in various groups. In i vivo experiments, 15 SD rats were randomly divided into control group,
BMSC-CS group, and CGF/BMSC-CS group; micro computed tomography (Micro-CT) was used to
detect the bone formation parameters in skull defects of the rats in various groups; HE staining and
Masson staining were used to observe the morphology of skull defect tissue of the rats in various groups.
Results: The third-generation BMSCs were spindle-shaped, closely arranged, and grew in a vortex
cluster. The Alizarin red staining results showed obvious calcium nodules, and the Oil red O staining
showed red lipid droplets, confirming the cells’ ability to undergo osteogenic and adipogenic
differentiation. The CS were white and semi-transparent, with slightly curled edges. The peeled CS were
irregularly curled and wrinkled. Compared with BMSC-CS group, the CS in CGF/BMSC-CS group were
whiter, less transparent, significantly increased in thickness and extensibility, less prone to breakage, and
had a certain degree of stickiness and plasticity. The HE staining results showed that compared with
BMSC-CS group, the number of the cells of CS in CGF/BMSC-CS group was increased, with denser
arrangement and more abundant extracellular matrix (ECM), which wrapped and connected the cells to
form an integral sheet-like structure. The Alizarin red and ALP staining results showed that compared

with control group, the ALP activity and mineralization uplift value of CS in BMSC-CS group were
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significantly increased (P<C0.05) ; compared with control group and BMSC-CS group, the number of
osteoblasts and red mineralized nodules in the CS in CGF/BMSC-CS group was significantly increased,
with obvious deepening of the staining, increased positive area, and the ALP activity and mineralization
uplift value were significantly increased (P<Z0.05). Compared with BMSC-CS group, the ALP activity
and mineralization uplif value of the CS in CGF/DMSC-CS group were increased (P<C0.05). The cell
scratch assay results showed that after 24 of culture, compared with control group, the migration rates of
the cells in BMSC-CS group and CGF/BMSC-CS group were significantly increased (P<C0.05).
Compared with BMSC-CS group, the migration rate of the cells in CGF/BMSC-CS group was
significantly increased (P<C0.01). After 48 h of culture, compared with control group, the migration rate
of the cells in CGF/BMSC-CS group was significantly increased ( P<C0.05). The RT-qPCR results
showed that compared with control group, the expression levels of COL-1 and OCN mRNA in the cells
in BMSC-CS group were significantly increased (P<C0.01), and the expression levels of ALP, COL-1,
OCN, and RUNX2 mRNA in the cells in CGF/BMSC-CS group were significantly increased (P<C0.01).
Compared with BMSC-CS group, the expression levels of ALP, COL-1, and OCN mRNA in the cells in
CGF/BMSC-CS group were significantly increased(P<C0.01). The Micro-CT detection results showed
that in control group, the boundary of the rat skull defect area was clear, with almost no new bone
formation. In BMSC-CS group, a small amount of new bone formed only at the edge of the bone defect in
skull of the rats, with a significant gap in the central area of the defect. In CGF/BMSC-CS group, new
bone formed along the edge of the bone defect towards the central area in skull of the rats, repairing most
of the bone defect. Compared with control group, the bone volume (BV) and trabecular number (Th.N) of
the rats in BMSC-CS group were significantly increased (P<C0.05); the bone volume (BV), bone
volume fraction [BV/tissue volume (TV)], trabecular thickness (Tb.Th), and trabecular number (Tbh.N)
in skull of the rats in CGF/BMSC-CS group, were significantly increased (P<C0.05). Compared with
BMSC-CS group, the BV, BV/TV, Tb.Th, and Tb.N in skull of the rats in CGF/BMSC-CS group
were significantly increased (P<C0.01). The HE and Masson staining observation showed that in control
group, almost no new bone formed in the skull defect tissue of the rats, with only a large amount of
collagen fibers connecting the two sides of the bone ends. In BMSC-CS group, a small amount of new bone
formed only at the edge of the bone defect in skull tissue of the rats, with the central area of the defect
containing dense collagen fibers connected to the newly formed bone at the defect edge. In CGF/BMSC-
CS group, new bone tissue could be seen at the edge of the bone defect, and bone islands formed in the
central area of the defect, surrounded by osteocytes and a large amount of collagen fibers. The Masson
staining observation results showed that the cytoplasm and osteoid were red, and the collagen was blue. In
CGF/BMSC-CS group, newly formed osteoid was observed in skull defect tissue of the rats, with the
highest amount of new bone formation. Conclusion: CGF can promote the osteogenic differentiation and
increase the richness of ECM in BMSCs sheets. CGF-containing composite CS can efficiently repair skull
defects of the rats and serve as an ideal and safe material for promoting the bone regeneration.
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Bone defect regeneration and repairment
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cells, BMSCs) [HH 5 Jefsth . 4 56 fiE 7 98 A
BRI, R R Az —
AKAHANE % " i ) #4488 K L BMSCs i f, #
AR T EA 6 8 J5, TERS A Ab e 3™ Ak 4k Jox A
BRI L A, UESE CS B TEfE R 4F .

AR A TR R A R E OCBAE T, KA
KR F 80N 3 1 B A 2 B R AT AR
HRET . QUEF VK /N I 3K (platelet-rich
plasma, PRP) /#§f2%5 (calcium phosphate, CaP)
HAEWIEMT CS, ESEH BEA 09k 19 {2 i & 64
B he S, He4s 4 KA T (concentrated growth
factor, CGF) J&4k PRP I & i /) AR £F 4 & 1
(platelet rich fibrin, PRF) 2 J&5 &5 =A% i/t ik 45
Y, RESEEEARKE ARG EA A,
AHAT T4 E . CGF Al i i 48 B0 ik
(I 17 A Rl £ B N v R e 37 NP B o
I ) 2% ol 200 L 53, PR B 8 R A Ve B A oy 1Y
HRAERKKF, FEGBEELERKRKEFBL
(transforming growth factor-gl, TGF-pl). 4
£ HF (epidermal growth factor, EGF) . BIE&K
4% 1 (bone morphogenetic proteins, BMPs) . Il
BN KA KFATF (vascular endothelial growth factor,
VEGF) FlESEFAKFF 1 (insulin like growth
factor-1, IGF-1) 4%, AW HEMEA KK T HA P
(7] 2040 07 R BRI, T A0 5 i) 4 L P 1S B L 3 AR
TR AW E 4 R C i S BMSCs JE AL
CS, B4 CS (BMSC-CS), [l i 7 B i 5 5
BHIMA CGE, #E A CS (CGF/BMSC-CS),
BT 2 CS B 240 BTG M L 4 SUEE AL AR I A B
A& 1, 1T CGF X BMSCs i J 2k 4 2 1 6 1) 5%
We, I I HC A k400 A 48 A T P P E

1 MBR57FE

1.1 2%sHH . 22XMNFME 5H 23K
SD KB, & 50~100 g, 15 H 7~8 H#: SD X
B, M 200~250 g, W A KB L5 8
ARERFTAEAA, LR HF T IES . SYXK
(%) 2023-0010, 556 39 1] 3% T35 bRk 2 H il 12
RSP b, IBEIE T, RN, I A
R, SR HT BT R RS R R 1R . AR &
b T AROR 2 B B A B Sh R B 2 s Hib e (R B
WALS . 2022450), LR BT E LR EHY
& FLHEN o R4 s (fetal bovine serum, FBS)
W BN U 2 A\, B R R 9% sh (phosphate

buffered saline, PBS) I H3E GibcoAH], «-MEM
Br % Bk M DMEM 5 B 55 % 3 A € [E HyClone
oy, PUIRIMER W A 3¢ [# Sigma A F], TRIzol 24 f#
W F H A TaKaRa /Al . CGF 28 ¥ g0 WL F b
AR EARA A, B T/EGWAH A
AIRTECH /A #], PCRAYIA A %i-t: Roche /A ] .
1.2 KA BMSCs4 & 3&ff s M2H3JM
W5 SD KB, SAE D FI IR AR BE, 7590 £ BV R
10 min, R [E, BN RE MR, T#ss
b R SRR O, 1 mL R RS A RS 1%
AL 10% FBS 1 o -MEM }; 38 5, 2 & ok
3, HEFMEZE, BESHEMNK, kIR
FIEE RS . F37°C. 5% CO,M100%
TR0 B B0 A0 8 R A T R R G SR, KR 48 hA
20 B0 B 5E A2 JE IR, AR B 2~3 d . 4
6~8 d o A K ERFFR L 80%~90% , #EATAEAL
gt BUR AR BMSCs, LA2X 10" mL i 40 i %
R T 6 LA IR, & 102 FBS B o-MEM 1%
FEB IR, B K ESOY B AR, 8 IR
BN E 50 mg L' 4EA: % C. 10 mmol-L ' B-H il
W R 44 . 10 nmol-L ' Hi ZE K # Fl 10%FBS
DMEM miflisFEN B AW, NEHEF21d)5,
PBS 2% whifg vh ¥k, 4% 2 5 W B ¥ W &1 %€ 30 min,
1% P65 % 20 Y Wk Y4 {5 3~5 min, 58 5 T W
oM CE T SLIR I . SR S W, AR
3JE, PBSZE i whvk, 4% 2 WA W E
30 min, VML O 40 3~5 min, 13 & W ilE T Wt
Ji T I8 B LI 40 IE

1.3 CGF#& A# 34 (CFG liguid extracts, CGFe)
#& SHIJERSD KRR, 1% KM L ZamEE, W
F KR i BT AR B O ML B, I 30 s,
2700 r'min ', 2 min; 2400 r min ',
2700 rrmin~", 4 min; 3000 r'min ', 3 min, % #E
36 sk, BORMBAEAS 3R, L2EN
PRP, 2R & & 4 K 7 1R 5 @5 KA CGF,
T2 N 4M (red blood cell, RBC) 2. B HH
B, PBSZE ol vk, —80°C¥ ¥k 1h, fi#
HET4°CF, 230 g&.0 5 min, RJFMAS5mL
a-MEM K5 383k, 37 CFH 24 h, 400 g #.0> 5 min,
WS mL FiE®, 0.22 pum ik IE RS T U8, fEN
CGFe™ . M HONDA & " iy #f 58 r vk, wE#%
& #F BMSCs B 40 A6 19 S AE W B 10% CGFe AT

4 min;
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1.4 @mpoafdi EHEH 3L BMSCs, L
210" mL " A 20 i 8 B 3 F T 6 FL AR B B TR AR
A5 40 M 5 R Xt IR 4] . BMSC-CS 41 Al CGF/BMSC-
CSHL . T4 M % k8 70%~80% if, X HR 41X
FH & DMEM 35 35 5215 5%, BMSC-CS 41 5 4y
£ 100 mg- L 44 % C M110% FBS 7 # DMEM
B g% B V5 & Wi, CGF/BMSC-CS 4 A &
10 CGF W5 S, B 2~3 d#e i, & 285
Fr14d, FLEA W@ R IE R, AR & T /N0
RN T IR 855 .

1.5 HE#EMKR2LCSHIAA CSMARS,
W ST R, RIGE R R, PBS Pl v Uk 31Kk,
4% 2 B W R [ E 4 h, PBS 2% 0 R sk 31K,
FHC SR KR A . M58 BUBK, A s
MY R, HEQ, TR BiMeE T g 24
CSHEBEIMIFICTE.

1.6 % % 4 #= %tk 5% 82 8 (alkaline phosphatase,
ALP) % & m & 28 CSHRIL R B WA RHLCS,
PBS & thl wh ¥k 3k, 4% £ B W A 2 30 min,
PBS % vp Wi P W vp Uk 3k, gy A E AT 9E a0
ALP e a8 G058 B UL EE 25 41 CS IR S i 15 1L
K M Image JEAF - BTG BE (A) B, HHAE&H
CSH LR THE M ALP W& ¥ . oL $E T =96 %
LIYe (O St FLAE /PG R e X AL AE; ALP
W =ALP 4% 52 50 fL A {H/ALP 3¢ 8 X} I8 1L
AfH.

1.7 @mRRERENZE@mCTEHBES 1E61L
21 55 75 ARG 3 45 ) B I 3 AR AT ELZR L o PR
BMSCsiHfba, 58 & 6 fLAU R I, REfL
5X10°A>, B T UM FRAE N IR 21 40 K AL
JEEE, 200 pL KB H K VAR IC R B2, PBS %&b
W/ PR S O R IR, 0L 24 M148 h R
B AR, SR Tmage J 324046 0 20 B i 7% i AR
IR AT, RRSAMMTREET . A
MiER K= (O hKJRTHE A —24 ha 48 hRIJRHE ) /
O h R T AL X 100 %6 o

1.8 % 8 % & & ¥ PCR (real-time fluorescence
quantitative PCR, RT-qPCR) # #& 7| & 42 @ je F
ALP. & R B T #& (collegenase type 1, COL-1) .
Runt 48 X # % B F 2 (runt-related transcription
factor 2, RUNXZ2) #= & 45 & & (osteocalcin, OCN)
mRNA & & K-F 5 42 B 4% 40 28 B &5 RNA,
DEPC /K #% f#, Nanodrop ll 52 RNA ¥ i, 38 5% 5%

J cDNA, SYBREV ¥, N GAPDHAE RN Z,
SR 27500k O A% AL A0 B v BB A G IR ALP
COL-1. RUNX2 #il OCN mRNA kK, /W
ST EE g . BIMIFHIILE L,

£1 REMXERZIWFI]

Tab.1 Primer sequences of osteogenic related gene

Gene Primer sequence

GAPDH F 5“AAGTTCAACGGCACAGTCAAGG-3'

R 5-GACATACTCAGCACCAGCATCAC-3
ALP F 5“AGACTCTCAGGAGGCATAGACTTC-3'
R 5-GCACAGGTTGGCGGCTTC-3'
F 5-TCGTCAGCGTCCTATCAGTTCCR-3'
R5-CTTCCATCAGCGTCAACACCATC-3'
OCN F 5-GACCCTCTCTCTGCTCACTCTG-3'

R 5-CACCACCTTACTGCCCTCCTG-3'

RUNX2

COL-1 F5-TGGTCCTGCTGGCAAGAATGG-3'

R5-TCTGTCACCTTGTTCGCCTGTG-3'

LY XAARFTHRBEEMNEFBEIHEAN 151
7~8JA i SPF it SD KRB, & Fi# (250+25)g,
BEHL XTIRLL . BMSC-CSAIMCGF/BMSC-CS4L,
TS5 H o WA E SR, AR mmoK, &
WM. RS 2% CE e Z AR EE K B, A
BMOL ] R BRI e, Sk B A, T B Sk JH
B, B sE s, fETCE AT AT AR T) R i
BERKA2emYIEYI O, VIFFEK . K TFH8
WUZ R REZ, Btk e g ma gk, @Eez
B JE Sl At AN 4 A8 i 5 . FH AR L 2 25 0 BB T
i 4 HAR N S mm, JEEEN 1 mm 422 BUE &
By, VR R R A KRR v vk . X R
KBS B AT AT A R, A 2 2 K RS 45 &
BMSC-CS fl CGF/BMSC-CS, M7t 84 7 JE 5 B
WX, XA EEG 1.

1.10 2 #% 3 F # % & 32 # (micro-computed
tomography, Micro-CT) # #| &-48 X & /A B # | &
FHARSE ALK, 10% £ EEHE
T 48 ho HEAT Micro-CT H14H, =4t T . HPEr
il 25 B9 5 mm > 1 mm A5 Sl Xk IR % R X
(region of interest, ROI) #EATHH, KA H K
S B A R L (bone volume, BV) . H K FL 5%
[BV/#HZUAR (tissue volume, TV) . H/NEHK
H (trabecular number, Tb. N) H1 8 /N % ] #5
(trabecular thickness, Th. Th),
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1.11 HE % & # Masson £ ENEE A XX AT
BRALRHBESEARL K REBEFAMSEHEDTA
WS 50d, ARSEME, HIES5 pm BRI . HE 4
o, 6 WA TSI R EIE, WESH A B A
AU SR, Masson Je 4, U] )7 4% B Masson J4 i
RV I T EAE, B, BUE A2 B T 0
F HBUL BRI REEL

1.12 %# %% RH GraphPad Prism 9. 04t i1
AT G240 . 241 CSHLEETHEM ALP 7
P, FAANMTR R BMSC-CS X CGF/BMSC-CS
BCEAH G BE P mRNA RGE7KF, 4 21 K B di

BB S B AIESM M, UatsEmr, £
A REA R R R R 7 22900, Rl AE A
B0 R A Student’s e/ 5 . L P<<0. 05K
EZRAGIFE X,

2 5 R

2.1 XKABMSCs%& {58 B HEE T 0l WLEE 348
BMSCs B #%, HEF B %, 2 AR E K
PERLAY AR A R, A O A AL
CRRTH I A, UE S 40 M HL AT B A ) BB i 43 1k
faE . WIE 1,

A': Third generation cells(X4); B: Alizarin red staining( X4); C: Oil red O staining( Arrows showed red lipid droplets, X 10)
E1 BMSCsHI%E
Fig. 1 Identification of BMSCs

2.2 24CSHEERA CSHAGEEWIR, B
Grip i, BB A CS 5 i 48 45 9 A B0
5 BMSC-CS 4 It # , CGF/BMSC-CS4 CS 11
FVR, IR R RAIG, A R RN AE S M v v

L, ARG wet, A FrEM A 8 . HE Je 45
RE/R: 5BMSC-CS4 4, CGF/BMSC-CS4
CSHNMaghysm, HEF %4, ECMEFH, wEE
T2 40 T B — B AR 1 R &5 . DL IET 2 R0 3,

A': Edge of cell sheet; B: Gross observation of CGF/BMSC-CS; C: Gross observation of BMSC-CS.
B2 24 CSKEBEESE
Fig. 2 Gross morphology of CS in two groups

2.3 BACSHASARTHAL TxH ALK,
BMSC-CS 41 CS B ALP 1% M A {42 7+ 5 35 0 &
T (P<<0.05). 5% HE 4 M BMSC-CS 41 L #%2,
CGF/BMSC-CS 4 CS Y W& 240 A S 21 0™ fb 45715

B2, @B R, HAMmEE R, ALPIE
PER AP FHE Y W B (P<<0.05), DL 4~7
k2,

2.4 BumpEAE WFE24h, SXFMEALE,
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A: CGF/BMSC-CS group; B: BMSC-CS group.

B3 HEZRGWE2H CSHBERHA(X20)
Fig. 3 Morphology of CS in two groups observed by
HE staining( X 20)

BMSC-CS 4 Al CGF/BMSC-CS 41 4 Jitd i 7% =R 4 BH
IR (P<<0.05); 5 BMSC-CS# 4, CGF/
BMSC-CS H 41 it % A B B Ik (P<<0.01).

F# 48 h, G4 AL, BMSC-CS@E@H}H@E@%
FhE, HERTLSIF¥E XL (P>0.05), CGF/
BMSC-CSH A it B F B R I (P<<0.05); 5
BMSC-CS 4Lt #, CGF/BMSC-CS 41 4 Jfi 1T £ %
FE, BESIGEI¥E X (P>0.05) . WHS
M3,

A': Control group; B: BMSC-CS group; C: CGF/BMSC-CS group.
B4 ALPREMHELHCS KEBERNA
Fig. 4 Gross morphology of CS in various groups observed by ALP staining

A': Control group; B: BMSC-CS group; C: CGF/BMSC-CS group.
E5 ALPREWEKHACSEEIRA(KLD)
Fig. 5 Morphology of CS in various groups observed by ALP staining( <4)

A': Control group; B: BMSC-CS group; C: CGF/BMSC-CS group.
Bl6 WRAPREMESHCSKEBERNR

Fig. 6 Gross morphology of CS in various groups observed by Alizarin red staining
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A': Control group; B: BMSC-CS group; C: CGF/BMSC-CS group.
B7 ERAPEWESACSHERA(X4)
Fig. 7 Morphology of CS in various groups observed by Alizarin red staining( X 4)
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Tab. 2 Activities of ALP and mineralisation uplift values of

CS in various groups (n=3,x%s)

Group Activity of ALP Mineralisation uplift value
Control 1.00-0.02 1.0040.06
BMSC-CS 1.1440.03" 1.3740.05"
CGF/BMSC-CS 1.424+0.10" 2.004+0.17"

"P<C0.05 compared with control group;“P<0.05 compared with
BMSC-CS group.

2.5 % 44 ¥ ALP, COL-1, Runx2 # OCN
mRNA & & K+ 5% B4 i, BMSC-CS 4
4 ffg h COL-1 A1 OCN mRNA £ ik /K F 35 0] &
F+ i (P<<0.01), ALP A RUNX-2 mRNA # ik K

Control

24 h

48 h

BMSC-CS

FIE, AES¥ LG EE L (P>0.05);
CGF/BMSC-CS @ 4 ffi i ALP, COL-1. OCN #1
RUNX-2 mRNA % ik K F ¥ 8 8 7 & (P<
0.01). 5 BMSC-CS4l %, CGF/BMSC-CS 4
4 i Ff ALP . COL-1 il OCN mRNA % ik 7K F 1
B @ Tk e (P<<0.01), RUNX-2 mRNA % ik K
F I E, HEREGEIF¥E X (P>0.05,
W4,
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Fig. 8 Migration of cells in various groups(X4)
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Tab.3 Migration rates of cells in various groups
(n=3, x+s5,9/%)

Migration rate

Group

(¢/h) 24 48
Control 19.29+1.40 91.56+2.00
BMSC-CS 36.90+1.94" 95.39+1.28

CGF/BMSC-CS 47.61+3.15" 96.84+1.56"

"P<<0.05 compared with control group;“P<20.01 compared with
BMSC-CS group.

B KB B . SXF A A, BMSC-CS4
KESH BV/TV H Th. NS BT E (P<<0.05),
BV #1 Tb. ThFt i, HESF Tgit¥E L (P>
0.05), CGF/BMSC-CSH KM BV, BV/TV,
Th. Th il Tb. N ¥ 8] & J+ & (P<<0.05). 5
BMSC-CS 4 It %, CGF/BMSC-CS #H K B /i &
BV, BV/TV. Tb. Th#l Tb. N & Fh 5 (P<
0.01). WE9MFES,

F4 BHEPMEDEEHAEER mRNA REKF

Tab.4 Expression levels of osteogenic-related genes mRNA in cells in various groups (n=3,x7%s)
Group ALP COL-1 RUNX-2 OCN
Control 1.004+0.11 1.00+£0.07 1.00+0.11 1.00+0.10
BMSC-CS 1.0940.17 1.25+0.06" 1.07+0.11 1.23+0.16
CGF/BMSC-CS 2.8240.67" 1.81+0.19 1.214+0.12 1.77+0.23""

"P<C0.01 compared with control group ; “P<C0.01 compared with BMSC-CS group.
A C
Red circle represented margin of skull defect. A : Control group; B:BMSC-CS group; C: CGF/BMSC-CS group.
B9 2K RTE e AL BB BB (< 6)
Fig. 9 Bone formations at cranial defects of rats in various groups( X 6)
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Tab.5 Parameters of bone formation at cranial defects of rats in various groups (n=3,x7+s)

Group BV(V/mm?) BV/TV (y/%) Tb.Th (//mm) Th.N(//mm)
Control 0.20+0.08 2.0941.06 0.15+0.04 0.13+0.05
BMSC-CS 3.1140.95 11.71+2.80 0.1740.04 0.70+0.09"
CGF/BMSC-CS 17.23+£1.20" 35.80+1.81" 0.53+0.02"* 1.16£0.03"*

"P<0.05 compared with control group;“P<0.01 compared with BMSC-CS group.

27T BAXRAAFTHRRARHBIANL EHH
S8 0 Sk W S T R R AT R, AN A R Gk
W%, don R B X . HE et g n i,
Xof BB 2H KRR SR 2L R o e AR, UL
K 3 JE It 4 4 3% 42 P A i W i 5 BMISC-CS 41 K R
i R A 2 2N A R A AT D R R,
Hh R Shy SO 1 I D 2R A 5 A A 0 B AR O

CGF/BMSC-CS 41 K B fii B il i 20 29 5% 76 1 ik it
AT LLF BB A A4, B e R
TR, B 5 R B AT DL A R K I R AR 4
Masson 4 (o 0] LN A R A ZE B R 2R a6, KR
B, CGF/BMSC-CS 41 Kk Bl i i 151 2 41
IR TR ST | Wil = g iGN S = [0 =T
L 10 A1,



1544 TMRR A2 (BE2E M)

$(50% 6 20244E 11 A

Control

10 HERENREFHKRFEHBMALESEA

BMSC-CS

/ =\
e e

CGF/BMSC-CS

Fig. 10 Morphology of cranial defects of rats in various groups observed by HE staining

A : Control group; B:BMSC-CS group; C:CGF/BMSC-CS group.
B 11 Masson B LA H K RSUE St H USRI ( < 10)

Fig. 11 Morphology of cranial defects of rats in various groups observed by Masson staining ( X 10)
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