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Abstract Objective To study the biological behavior of peripheral blood mesenchymal stem cells
(PBMSCs) in 3D composite scaffolds. Methods The proliferation and chondrogenesis of rabbit PBMSCs

seeded on porcine cancellous bone (DCB) scaffolds were evaluated, and bone marrow mesenchymal
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stem cells (BMMSCs) and articular chondrocytes (ACCs) were used as controls. Cell morphology and
distribution in scaffolds were observed using scanning electron microscopy (SEM). Live/Dead staining
was employed to detect cell viability, Hoechst 33258 method to measure DNA content, dimethylmeth-
ylene blue (DMMB) assay to detect glycosaminoglycan (GAG) , enzyme—linked immunosorbent assay
(ELISA) and immunofluorescence to detect the content of type 2 collagen (COL 2),and RT-PCR to
analyze chondrogenesis—related gene expression. Results SEM showed that three kinds of cells uniformly
adhered and evenly distributed in DCB scaffolds. Live/Dead staining observed the similar viability of
the three kinds of cells three days after seeding (P>0.05). There was no significant difference in the
proliferation ability and DNA content among three kinds of cells after seven days of in vitro culture.
After 21 days of chondrogenic culture, both PBMSCs and BMMSCs secreted more GAGs than ACCs,
while the secretion of COL 2 was similar to that of ACCs. Moreover,the gene expression of AGC,COL
2 and alkaline phosphatase (ALP) were significantly up-regulated (P<0.05) in PBMSCs and BMMSCs
but significantly down—regulated in ACCs (P<0.05). The expression of COL 1 in MSCs groups dis-
played an increasing trend but a decreasing trend in ACCs group (P>0.05). The gene expression of
COL 2 and ALP, but not of AGC and COL 1,in PBMSCs and BMMSCs was higher than those in
ACCs (P<0.05). Conclusions PBMSCs and BMMSCs have similarly excellent proliferation and chondro-

genesis potential in 3D porous DCB scaffolds. However, hypertrophic gene expression is still observed

under in vitro culturing condition, suggesting the need to further optimize the culture system.
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it 40 Mg (bone marrow mesenchymal stem cells,
BMMSCs ) /& H Fif e i F 1 MSCs , {H AT 3R 45 1) B e A
/0 QAR . ZERTAT IS, AT MR
EUNE L DN O] =B Far Dl B
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S 1) , Hoechst 33258 A JK# 11 i (Sigma, K [H) ,
CCK -8 (Cell Counting Kit-8,CCK-8)i®7] £ (Dojin-
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1.2.1 #ME I MSC B30 5, 0B g

HESE S KA 50 we/kg M7 AE G K T R SHRLA i
AE V% J1) 4 H F (granulocyte  colony—stimulating factor,
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FIAMD3100, 7513 5T AMD3100 —/NiF , B2 kL
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DNA & 5 « (RSB 5 2R 3R 14 21 KA,
BUH S 20 AR T, B KPR R o SRR
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1,5 mM L-2PEFREE R ,0.05 M EDTA; pH=6.0),
HRBH B S BB A | 60°C /K 1S 400 48 /1N 5 B S e
fR I, 18 3 Hoechst—33258(2 wg/ml.)37°C kLI 1
hA51E DNA, BEAR AR E 4K 360 nm, & FHEIH K 460
nm P 78 R DR BE 5 AR PR AR i 2 15 2 1
DNA Fri o B R S22 i DL 1, 9- — I 3L Y iff
(dimethylmethyleneblue , DMMB ) ¥l 2 I 4 525 nm [
I TR B 5 R AR R 0B R AR 1 (Sigma) 1 H VR B2
IR RE AR i S s AR PR AR A T S R R S e
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ST 1T AU B S AR 4°C 1L I F , PBS h135t 5 Alexa
594 FRic B FE BTN R U= WIEE 2 h, PBS ik,
Hoechst—33258 TA/E# 500 pL, %5 min; BOGILE
FE 0 SN e S M 3 IR 2 BB e )i (collagen type 2,
COL 2),
1.5.3 ELISAJlI%E COL 2&&

TER S BB 5 3 55 55 05 14 R0 21 KA
Cloud—clone Collagen Type 2 ELISA #6371 & %F 52

QAR COL 2 HEATRE B AN , B4R U W] P f
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1.6 RT-PCRIEE HUAHREFFA

L RT-PCR A 3% IR e S P e DR SR A
F b (aggrecan, AGC) , COL 2, £F 5 R A 1 AR R
(collagen type 1,COL 1), Jilg By 35 DS B P4 s 1% it (alka-
line phosphatase, ALP) . H|JH Trizol $#£HL RNA , % Pro-
mega 390 5 SR B0 B 5 E AT mRINA 86 55 SR 4
i, LA H i i 28 (GAPDH) A N2 IR, 51 W) 7
FIWLFR 1, PCR B %A% :95°C 721 10 min, 95°C15s,
60°C 1min, 40 G , mRNA A XF Fe ikt 2704 3%
No

#1 RT-PCR3|¥15 5

Forward primers (5°-3")

Reverse primers (5°-3)

COL 1 TGGCAAGAACGGAGATGACG

COL 2 CCACGCTCAAGTCCCTCAAC
ACG CGTGGTCTGGACAGGTGCTA
ALP CGACACGGACAAGAAACCCT

GAPDH CCATCACCATCTTCCAGGAG

GCACCATCCAAACCACTGAA
AGTCACCGCTCTTCCACTCG
GGTTGGGGTAGAGGTAGACG
TGTTGTGAGCGTAGTCCACC
GATGATGACCCTTTTGGCTC

1.7 G254

K GraphPad Prism 6.0 B ThRifERR 7 2247
M (= 2B AL | Student— 46 56 (79 2H Bicd Hh A ) 45
Geib2EAr T, 24 PAE/INT 0.05 B, 25 5 Ffy
2 e
2.1 DCB SZZR5HIAE K FARM E

HIL B A] WL DCB B R KSR 1 v FE B IE 11 22
LG5, FLARTE R 137.9~558.1 wm (& 1A),FH1L
#3323 £ 136.7 pm, FHILPRE 77.9% + 0.03%
(E1B),

Smm & s

(A)DCB £ WM (4FR=5 mm); (B)DCBXE 2 T5
B AARBREN S5LEM (FFR= 500 wm).
B1 ZZEKREHEEMEIRITHEE THUESR

2.2 #iffi#E DCB %28 b WATE , WEFE 4T
AMEFE 24 h)5, SEM WSS % B 3 Fi 2 i 15 78

DCB 7 B i LA Kz LB B e 1 85 i o, 3 40 IX
B AT UL AR 5K 23 A . PBMSCs 5 BMMSCs i K AR
W2 ML, M ACCs RPURSIN AR Z M (K2 A-
C)o WRAMNEFR 72 WG, Ko 40 M i v B4 (& 3A-
C)o WK 47~ , CCK-8 BAs i & BLES 1 K MSCs £ i
% T ACCs, (H55 5 KW 3 41 40 fg 59 B I B 25 X 3
(P>0.05) , 55 7 K PBMSCs 41 it £ % BMMSCs W& 38 111,
{83 20 AN A4S 5 R JE g 48 i (P>0.05) .

A:BMMSCs,B:PBMSCs, C: ACCs(##R=50 pm)
F2 A#EBEERRAEHAMEDCB X3 FEIMES
24 /NEHEFEDCB X ZE R TS

C

A:BMMSCs, B: PBMSCs, C: ACCs, (40 &, . s oL ; 4R &, . 7%
40 g, A2 R 500 pum)
B3 Bt AR EBRER R DCB Z 42 kb ESE
72 /N IS R AR A 1
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15 00 % B 3 Foh 41 B S B e 3L 557 3 S A2 P COL 24>
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“P<0.05, 5 ] — Bt 8] & ACCs Z848 1 ;"P<0.05, " P<0.01
E 5 DNA S EE (A)F1DMMB ;547 GAG &2 (B) (n=3)

A:BMMSCs,B:PBMSCs, C: ACCs(4#&R=10 pum)
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o BEAN, 3 FRAN AL 2 [A] i L PR Skt A 3 DX
1E M CE %S 14 K, PBMSCs F1 BMMSCs %% 3% COL
2,AGC,COL 1 F1ALP /KA W L F ACCs (P<
0.05), 7E21 KA}, MSCs 41/ COL 2 Fl ALP [ JE K &
K T ACCs 2H (P<0.05) ; MSCs 2H AGC 3k B
Hain, {HA7355 T ACCs(P<0.05) ; MSCs ) COL 1 2ik7K
PRI ACCs o i 35 25 55 (P>0.05) .
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P<0.05, 5 B — Bt i) & ACCs ZE48 1 ;" P<0.01
E 8 RT-PCR £ 3 F4HA COL 2,AGC,COL 1 AR ALP ERERIEEE (n=3)

3 e

AHFSE L # T PBMSCs . BMMSCs Fll ACCs = Fh 4
MI7E DCB 2 4811 3D T A58 Hh i 14 58 LA K ki 3
A 71 KB PBMSCs 7£ DCB P ZE 538 51 , L4015 7%
R 4f; PBMSCs 7£ DCB H ] LA 6 A 8 2 B 431k
K FOT R e A A5 78 3D 15 3R 45 F T, PBM-
SCs HA 5 BMMSCs HHLL 114 34 58 LA K 1) 515 40 it 4k
MIRE S . HRTRET PBMSCs 1 24E W20 47 W98 2 80
BT 2D P B TR R AR5 PBMSCs FE441 3D
TR v () B A 2 e A TR R 5T, LA A
PEo

SEM WL & B, 3 i 240 Jifd 34 13 0% U B #E DCB SZ 42
{1 e AL RO BE RO 3R 3 KT, dh B AR
WL K% B PBMSCs 78 DCB I B9/ A 447, L4 3 rh
A K & 20 M, A6 40 I B 2>, PRk PBMSCs H A
BMMSCs 1 ACCs FH AL B 20 i 3% 14 o b Ah , CCK-8 Fil
DNA & 6 % P8 PBMSCs Bt 7 8 fin, | it 5 8
S5 PBMSCs HA KA1 19 4= Wy 34 58 Ak o34k
AEJ1, RIRPRRRIR Y DCB S EA RAF IR AE P 2

DMMB 1 ELISA 6 25 5 3 B 78 s 01575 S5 57
3 JE )G , PBMSCs Fl1 BMMSCs ;= i) GAG 1 COL 2 14 #ff
B, #E 21 KBS, GAG % &2 W I8 & T ACCs; 26k
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I 30 3 A A T4 4306 1) COL 2 7KSF-AHBL (B 6) L 15
ELISA 5E A8 I 25 J 6 1 MSCs 41/ COL 2 B 2 117K
AR T ACCs 4L, BLAN, 4t ) 5B 20 B o3 fb 1
Bt — R INECE R PE L R R 046 COL 2,AGC
Ao 3D I RSN RS SR 9E 3 LS, AN E LA
B R R 1) MSCs #BBE 35 AGC F1 COL 2, H AGC #
IKIKOE5 ACCs HABL, 1B COL 2 (3 R ik AKSF 13 T
ACCs. I GAG 1 COL 2 2401 F o v i) B 5 &2
W) J RN 3 BB, FRATT AT LATA S PBMSCs 7 3D i34
52 VA B A 75 5 R I SR AR s oA ey
YA, 4SS 21 K PBMSCs il BMMSCs (9 COL 2 %
Ik H 50 T ACCs 41, {H ELISA 25 545 78 MSCs
f) COL 2 £ IR IRIKFABER 55 T ACCs 41, FER KA
TR 2635 1R —B00T BB BLATHE 19 mRNA 5 55
PET A S, BN, miRNAs A DL 5 %) mRNA 1 B i
SCE TR PR 1 51 S R DA B i o R v 1) 2
FBURE S AN, ARG H ACCs 7E 21 KIHTESR 4310
B Z COL 2 ] g 5 31 4 FACEL ) ACCs (P3) A
Ko A ST K IRAE B R RS IR B9 MSCs 3 WA Y COL 2
H AGC 5 ACCs FHIEL 2 20 s S5 b iy
SR B B A M DT R ) ACCs BE RSN 3 £
I ACCs.

RT-PCR Z5 5428 ALP I COL 1 7EARSN 3% 3 G
Fhi, X —E5 5 MSCs i [ & B RE 1A 0, (HEF4E
CE P COL 1A 2 R ALP 1 2 1k K - i I T
FEUACE RN COL 2 F1AGC, 5L K (55 3 K )4
Lt , 7E DCB H AR 15 3G 72 45 T MSCs FITACCs X
AIRACER ALP I COL 1 KRR, LAk, £ 44
FEP COL 1 RS BL ) ALP (33510 5 A0S B 11
TG Ko FWFTE R RIS B 52 M 4R AR ARG B A A
AN, COL 12 E LA ML 2, 22T 4
BOR 0 BN, WA AT DI T, DRk AT R
5 DCB 274 il 2635 COL 1 F1 ALP A 561
oAb AL R RIAE A S ARt R BT 3 P IR g T
MRS T HERE MSCs 50 ACCs IR 4
JL A b 0 A0 % A BB K sk 3 o3 Ak A
AT 2L Z IR AIRIESE .

WA I U ) MSCs 76 DCB 248 h b 4T B 5
B R s B s E R PR 22 5, iX 1T BB PBMSCs
2 H B R Y MSCs 3 D3R, 17 H. 3D Y435 57 45
14 LT T 15 57 B BRSO > G . AN
(1) 3D TSR X MSCs 1 B RE A RE ™, I8 T
B Z 00 A 5T i — A PR FE R A AY 3D S 4R,
PBMSCs 458 Fl AR B RE 1 1284k .

DCB J&H FH B 0 220 TR G 3D 85 37 S 4uen,
FEOGEF R S A T 5, SR IR DCB BB i1z # )

FAREL, WA AT RER A IR, L, ZEAR 5T 3R
TR EC T #4385 09 DCB, DCB % 32 B A4 & COL 1,
Zah WO B 1 A B LT R R e BRI IR, A
F e K2V, 3 Fh 4 A DCB 22 6] B 41 A= W AR 2 1k
$2R DCB JE—Fp 2 e L G v R, B R r 4
2T R N AT .

AHFFE T B AE K IRATRE DCB AT, iR A7 AE— 1
ANEZAL . PBMSCs FE AT R £ 19 48, s o+
A A R R T B — AR IR E

4 45

A LA R B[] 585 20 A S M B AT A o S
2R rb HAT 5 R ) S R AR R R A 6 B
BB REST (AR IR 26 1F T HOORAT AR I R 4 i
HENRIIR , T5 EX R — 2. T
SMA MRz, ATRBIZRER, PRI AP sk I ) 52
JoF A R A S — Aol 5 R P S ) R A 2
MTHRATRREE.
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