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[(FZE] BW ST BIEE L EHE T 2(bone morphogenetic protein 2, BMP-2) J [ 1 Ji 5 5 4% Yy & 4 7] 78
[T 40/ (bone marrow mesenchymal stem cells,BMSCs) J& i H % B 5 g 7K %€ (hyaluronic acid hydrogel ,
HAH) £ X BMSCs 3 1 fiE 77 X 335 H AR 4 BMP-2 WS4 IR . 7735 40 B B HL 5 2 BMSCs, JFK 42
HIF #4719 Ad-BMP-2 % 4 BMSCs JF i Jl HAH SEA7 408, o6t 245 WA F W& Ad-BMP-2 ¥ 4L iy
BMSCs 7 HAH i F A =465, LK N 4 A (S ABEFR LB LT ) A 4l R BMP-2 £ BMSCs ) ;B
ZH (HAH+A 55 4% BMP-2 i BMSCs) ; C 41 (544 BMP-2 #J BMSCs) ;D 40 (HAH+%: 4 BMP-2 i) BMSCs), 4351
— A TE A5 (1d2d 3d -+ 7d) fifi T CCK=8 32 K 1 4% 4 OD i 3k -4 201 it 6 42 7% 1 s ELISA 36 46 0 4% 21
BMP-2 i (pg/ml) KITH HARE A FRERI, SR Hob LR A B S =48 5 2@ 0] W45 8] BMSCs 1] 4
HAH J T2 F i R, A 70 2 AR K 25 18], BMSCs A58 58 1 4 4G 0 J08 7% Bl 5 335 75 I6F ) B 400 38 408 0% 1 740
Wit A 2 .C 4 4d R OD {E 5 1d i W] 2 38 K (P<0.05) ;B 41F1 D 40 5d J5 /9 OD i 4% 1d B B 5 38 K (P<
0.05); % 7d B, A £0 OD {fi 7 1.283+0.061,B 414 1.8440.075;C 414 1.570+0.099;D #1Jy 1.976+0.142, f1 £}
HAH #) B.D 41 OD fH ¥ {k T34 fudt HAH # A .C 41 (P<0.05), BMP-2 f %A 7E A B 41555 , AN ] i i) 45 )
TG . M 2% 5 (P>0.05) ;€.\ D 41 /) BMP-2 3 ik 25 i 7] sS40 5 F A (B 41 (P<0.05) ; A\ 4d B2, C.D P4l i)
BMP-2 3k @ 31N (5 1d 0 L #% P<0.05), H D 418 R8T C 41, 22 534 B 1 (P<0.05) &8 . — 4B~
(BN HAH J5 ), Ad-BMP-2 % 44 (1) BMSCs AN XA 258 i34 58 06 M 5 1fii FLXT BMP-2 (1 23k B — & 19 fi ik
YEH
[S58IR ) 3 WA S MR K BRI ;i3 T 25 2 A B 1 21 i 1) 70 0 400 M 5 o 2 40
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Bone marrow —derived mesenchymal stem cells transfected with adenovirus vector containing bone
morphogenetic protein 2 encapsulated by hyaluronic acid hydrogel and its effect on proliferation and
expression of target protein/MA Fengyu, WU Bin, ZHANG Xu, et al/Chinese Journal of Spine and
Spinal Cord, 2016, 26(10): 926-932

[Abstract] Objectives: To observe the proliferative ability of bone marrow—derived mesenchymal stem cells
(BMSCs) transfected with the adenovirus vector containing bone morphogenetic protein 2(BMP-2) in the three—
dimensional condition of hyaluronic acid hydrogel(HAH) and its effect on the expresseion of BMP-2 originated
from BMSCs. Methods: BMSCs were isolated, extracted, identified in vitro and transfected with the construct-
ed adenovirus vector containing BMP-2(Ad-BMP-2) in advance, then BMSCs were encapsulated by HAH; the
three—dimensional shape of Ad-BMP-2 BMSCs in HAH was observed by laser scanning confocal microscope.
Four groups in the experiments (all groups no difference in culture conditions) were classified as followings:
group A, untransfected BMSCs; group B, HAH+untransfected BMSCs; group C, transfected BMSCs; group D,
HAH+transfected BMSCs. CCK-8 method was used to detect each OD value for evaluating cell proliferation
of transfected cells encapsulated by HAH at different time point(ld, 2d, 3d------ 7d). ELISA method was used
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Results: In HAH by used confocal laser 3d

reconstruction of BMSCs morphology could be observed that BMSCs rendered arbitrary planar spreading with

to detect the quantity of each BMP-2 expression (pg/ml) .

plenty of growth space. BMSCs proliferation activitis detection showed the extension of incubation time as, cell
proliferation activities increased, OD value of group A and group C after 4d was obviously higher than that in
1d(P<0.05); OD value of group B and group D after 5d was obviously higher than that in 1d(P<0.05). At 7d,
the OD value of group A was 1.283+0.061, group B was 1.844+0.075, group C was 1.570+0.099,
was 1.976£0.142 and encapsulated HAH OD value of group B and group D were better than that in group A

group D

and group C without encapsulated HAH(P<0.05). Weak expression of BMP-2 were in group A and group B,
there were no significant difference between different time points (P>0.05). At various time points, the
expression of BMP-2 in both group C and group D were obviously higher than that in group A and group B
(P<0.05). Since 4d, group C and group D of BMP-2 expression significantly increased(compared to 1d, P<

0.05); the expression of BMP-2 in group D was significantly better than that in group C, and the difference

between the two group was statistically significant (P<0.05).

strong proliferationpotency,

(encapsulated by HAH).

Conclusions: Ad-BMP-2 BMSCs not only have

but also can promote the expression of BMP-2 in three—dimensional environment

[Key words] Hyaluronic acid hydrogels; BMP-2; BMSCs; Tissue engineering nucleus pulp
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Z— TP S A AR Y AR TR s A AT
U8 0 L 2 30 M () 3 190 3R 728 S X i R R AR i A
RERIR R o A A PR A ME 1B) B A8 02 STl ) 2 F
5%, HIEE KA HE M 2(bone morphogenetic pro-
tein 2, BMP-2)J2 AL E K 1 XN 1 2 —
AAHERE RN, 16 B IRT RO A
AR H BT R, Kim 500 BMP-2 13 JH Al
[ BB, K AU A B VR, BN A 23 i i
LT i PR AN A 69 AT 22532 ; Rl BMP-2 ] LI i e
20 i — Y R I e B IR R A, 341 Hou
SFN B 75 A S BMP-2 (Ad-BMP-2) ¥ e % &
6 8] 78 5+ 40 ie (bone marrow —derived mes-
enchymal stem cells, BMSCs) & 0] LLi75 -4
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i BMP-2 FE P4 i 9k 15 4% Y« & BMSCs Jf-fiff ]
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1 Me5FE
L1 G5 (AR

Jift 4 1M DMEM/F12 359738 | 7 -85 % |
10x B 1% 5 2 W (PBS) .0.25% JFE & 11 i (Gib-
co), ELH Z 8 Percoll 73 B (solarbio) \/IN AT
% CD14—APC (Miltenyi Biotec) , /N f#T % CD31-
PE (Novus Biologicals) , /N F#T %2 CD90-PE (anti-
bodies—online), /DN B $1T % CD105 -PerCP (Gene-
Tex), /N Bl TgG1 K (PE,ebioscience) | /) Fl TgG1
(PE, Abbiotec) . /N i 1eG1 (APC, Abbexa Ltd) /)
il IgG1 (PerCP, enzolifesciences ) [7] 7Y X BE 4T {4 |
4" 6 "R FE-2-JRILmNE (4", 6-diamidino-2—
phenylindole , DAPI, Sigma ) , i#5 B Jit fif 7K #5E i 18 71
& (BioTime Inc) CCK-8 i 7l & (Dojindo) .Ad-
BMP-2 (BUEA#)) . A BMP-2 I Gy 15 &
(R M IR B E S (thermo fisher
Scientific),CO, 10 Ji& 41 M 3% 2 48 (thermo fisher
Scientific) , 8] 8 9¢ Y6 AH 22 W f B2 (OLYMPUS) , ¥
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AL (BD) , B 1A% (Awareness) .
1.2 LY
B2 R R 2 H3~4 WY MERE R HY 4R

H ) 0.5kg, FH T 43 % BMSCs, H 1L A& Gl 2y
JBe 5y A3 BR 2 ) S 55 sh iy rhoo B2 4L (Bh i/ T E S
SCXK £ 20130001),
1.3 BMSCs M4H %5

19%)% B 244 (3.5ml/kg ) 28 B 45 6 ok 2818 7
CIA b NS R B D RE =W Uk~ N = RN
W LA K f1 S 5 o A JRR IR T8 B T LA BB MG, 3T
A% T E A B THEE BT 5 16 5 i A R A
20ml 3 55 2 28 20 OB T e IR A BT 2 3~
Sml M7 — 0, 45 E#EW S PBS 4 LU iR
B, SRR R B R R R N A S R
Percoll 43 & W I 77 ,2500r/min 7K *F %5 .{» 30min,
U =S G R S W N L L [ =
DMEM/F12 535 5 (&% 1975 -5 % % 10% K4 1M1
TH)TE 25cm? B FR M H #EAT 5 5%, B 2~3d i, 151
BOCOGAHZE U WS A RO A B = A At
AT LR IG5 oAk, RIS o5 BUSS — AR 40 g 4
HECUE B A5 43 i A 4T A CD14 .CD31,.CD90
CD105 HriA 47 i 2 4 A AR
1.4 Ad-BMP-2 ¥4 BMSCs

BMSCs 4% 7 56 e , A KR A RAFr9 5 =
& BMSCs R 525 %t 4, 145, 300 T 6 FLAR A (2%
10°4~/4L) o BFLIA 172 BLAGRE 55 58 (E R
10% 54 1.7 DMEN-F12 53738 ) | SR )5 4 18 &
e 52 K0 (multiply of infection, MOI){H 43 % A 50
80,100,120 .200 Y Ad-BMP-2 M A % 6 fLAzH,
- Fh MOI {H % 3 4~ & fL ,4~6h J5 ¥ ,24h 5 L
Tt 2K 20 PR ASCRS: D JBR G Bk R DA R A RLAE AR R B
Ak MOI % YL J5 12 24h J5 WL %¢ GFP ik JF
g,
1.5 HAH fJ#} Ad-BMP-2 BMSCs

VB IR . AR R L B T K- &
TR FH IR S g ) 37 W) 5 9 A5 T O R A2 3k 7
(EBI3 L A | R = o) N L = 51 ) €
Vaon b, K2 30min J& BB R 1298 75 0 1A T
TV WS ORI ik LR 37 W O TR 1 VR 5 A k7
R A, K EE R W SN 5 (K2 10min J5 ) , 435
BT G B 0 49 Ad-BMP-2 BMSCs 5%, BMSCs
DUVE , T2 A M, (8 48 i 75 K 358 e v 35 50 43 A

LI R A (BUEREFRMTLER) A D

(K%Y BMP-2 ) BMSCs) ;B 41 (HAH+ A %% Y
BMP -2 iy BMSCs);C 40 ( % 4« BMP -2 (¥
BMSCs) ;D 41 (HAH+#% 4 BMP-2 1) BMSCs) .
1.6 Ad-BMP-2 BMSCs 345 % 14 460

e HAH BERR R Z R, 47K 5 IR & Wl
WA E 8 B 96 fLikN, HAEEAE 3 NEAL,
L 100l B ECK 10* /9L R 5 B TR
$37°.5% CO, A MIBRF= 4 N . F HAH & [
Mg, BEFLEEER N 100wl DMEM/F12 40 i 55 37 3k
(% 109164 03 ) , Ak 235 3% . SR )5 4% B CCK-8
VI 76 1d .2d . 3d .4d .5d .6d . 7d £ fa] 5
17 CCK -8 A M, 4 Jfd 34 5 1% 1 fff O %
(optical density,OD)fHZE7~
1.7 ELISA 0% BMP-2 )31k

&8 b —4 e T CCK-8 K I iy , K B 4
A 00 B T A5 P 240 L 0 R AR O A EP B
fifi I BMP-2 B¢ o328 1055 G % BMP-2 1) 43 06 3¢
IREAT RGN ELARERAE 2D B e RE UG U 5 247 s 1
i ASCI 75 B4 5 4 AR 91 s v i 2% 55 R BMP-2 43
1.8 Guil2#orr

K HI SPSS 19.0 Ge it 4 b B, 5tk 1340 %+
PRl 22 (s ) R , 22 SRR AR 5 55 LU 3R B 1) T
NN ZUREA B Y 2 8 L3R . 4 255
SNK—q ¥ 4% , # 77 22 A 5%, ffi 1 Dunnett’s T3 £
55, UA P<0.05 WA G255,

2 &R
2.1 BMSCs MBS ML S S0

3] B AH 22 85U T~ %8¢, BMSCs £ 24h J5 2
A HR S AT LR W RE AR K 2 2R s NMRIE | 48
DR S R 47, 48h J5 1 ARk, Bl 3% SR I ) A2
Y AR TE | SV T 4 0 IR EL R 3 K, A i A 2
ERFEHES , 4B 1 J8 22 A7 B AT 3K 2] 80% il
(B 1a), BACAH A AE KA AR M, 2 3d B4R
— W (E 1b), =AML B R = o Ak 2
(B Lo d) s o2 20 H S0 4 Jf 2% 1o it i A6 ) 4 &4
BMSCs [ 41 i & %! .CD90 93.67% ;CD105
92.03% ;CD14 0.11% ;CD31 1.08% (¥ 2), Ad-
BMP-2 % Yt BMSCs, 12h J& % L 50K Al 3k 70% ,
H 5 K44 BMP-2 2 [F 9 B 9k 45 % J BMSCs
(Ad BMSCs) oA 2 22 5 (18 3a.b) . AR5 #4540
ML G 253 RN A A R 8 E Ad-BMP-2 fefE MOI
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1 a J5Uft BMSCs 4 MUB5 R385 7 Kom 40 M 3 2 e KU
HEZ 4t it Al A % B 3K B 90% L) I ( x50) b 5 4L BM-
SCs /R AL A KRB R BB — B, SRR ( x50) ¢
BMSCs AU V5 7 (6 R ZLA (0 x200) 718 He IR £L 1 O
T IX 8 kA8 7R MBI A5 4515 d BMSCs IR 175 5 (il
L x200) UL HLAR RN SRR LR B 2
Tt X 40 A A 40 M 2 T R 4 E (CD90:93.67% ;CD105
92.03%;CD14:0.11%;CD31:1.08%)

Figure 1 a Pprimary BMSCs cells culture 7 day, Cells
were arranged in the cyclone, the cells’ density reached
fusion by 90% or up( x50) b BMSCs of third generation,
the BMSCs is growing good conditions and consistent in
¢ BMSCs’

osteoblasts induction (Alizarin Red staining x200)  the

morphology and high in purity ( Xx50)

mineralized zone was stained dark red in the cell culture

plate,  the arrow indicates the formation of calcium

nodules d BMSCs' adipogenic induce, red lipid droplets of various sizes can be seen in the intracellular(oil red staining,

x200) Figure 2 Identification of cell surface antigens via Flow Cyto Meter(CD90: 93.67%; CD105: 92.03%; CDI14:

0.11%; CD31: 1.08%)

50 100( & 3¢),
2.2 Ad-BMP-2 BMSCs 7£ HAH 1 f9 B 25 & 4%
i

Ad-BMP-2 54t BMSCs 24h J , B n] W4 %)
B @ A Sk (e 8 HAH 4 35  DAPT e 4%,
O I IR A I e — 4k T A T 2K F] BMSCs 1J

TE HAH "% 2P T Al R A 5t e 1 A2 K 3 el (A
3d).
2.3 2 AR S PRSI 45

Bifi 5 55 % B [A) JE K, 45 2 200 i 48 B i 2 % 47
HoR A 41 .C 4 4d S5 OD A% 1d B BH i 3 K
(P<0.05);B 41 F1 D 41 5d J5 9 OD fH# 1d K} B
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@ =~ Ad-BWP-I BMECE —&— Mi}-BWF.2 EMECE I

3 a 906 EE T LEE Ad—-BMP—2 BMSCs GFP # k158 (12h,x50) b % 5 45 F M 2E Ad BMSCs GFP ik {%
B (12h,%x50) ¢ A B YL &2 K0 (MOT) F % 3 5 Y R WL L AN A7 36 R d BO6 I B 42 B 85 T Ad-BMP-2 BMSCs 7

HAH " i =48 25 ( x200)

Figure 3 a Ad-BMP-2 BMSCs green fluorescent protein’s(GFP's) expression under the fluorescence microscope(12h, x

50) b Ad BMSCs GFP's expression under the fluorescence microscope(12h, x50) ¢ Virus transfection efficiency under

different multiplicity of infection(MOI) and the cells’ survival rate d Under the laser scanning confocal microscope, three—

dimensional shape of Ad-BMP-2 MSCs in the HAH( x200)

4K (P<0.05); & 7d B, 418 HAH (9 B D 4
OD fH¥ME T %A HAH 19 A .C 41 (P<0.05,
#£1),
2.4 BMP-2 Fik kil 25 R

ELISA #:45 3 B /8, Ad-BMP-2 ¥ 4 BMSCs
J& ,BMP-2 ¥ymr ik, L& g s 225 5
H G125 L (P<0.05) , BMP-2 123k 7F A B 4
255 , AN B[] A5 1] G f 35 P 22 5 (P>0.05) ;€D
1) BMP-2 Kk & B E B B & T A B4
(P<0.05) ; M\ 4d Bf2 ,C.D PH4H ) BMP-2 ik 2
FHam (5 1d B P<0.05), H D 410 BAL T
CHl,25%40 M (P<0.05,%2),

3 it
A ] 5818 72 2 S T IR A LD I 22—

RS A R B AR TE R, M) SR AR IR YT
T — LS SR N R s A= KRR A T I A Bk
i, BEEA LT R T AR R, i
KL R VA 7 A ] 8518 A8 B3R T T A 2k B
HISC AR YT REMES, BIFSE R I A ] 48 7 1R A2 3
P I 5 A% A0 R ) 25 4 LA % 400 i b 35 R 3 06 1) DL
/b A 0 O A T AR AR R e R R Ao
T v 473 0 ) 000 AR R | AN [ ke U Y A
200 6L AN AR P R A A ) 2Rk E S T DA A
[E) 45 A AR 00 (EURE B T /D s B R A, NS
ZH 25 G AR /D B Y B A A A X BRI T A
AR AZ 40 1 I

Wit 5 41 20T R 2R F 98 RN & SR AOR B TR A, 4]
ZUT LR 40 ok Bk 52 31 F 0, BMSCs J& £ 1E
Tau, BA7 210 kg g, vl LL a6 - 4
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x1 A EEHESBMSCs B OD &

(n=4,xxs)

Table 1 OD values of BMSCs at different time points

A4 (Group A)

B (Group B)

C# (Group C) D4 (Group D)

1d 0.490+0.049 0.807+0.105 0.819+0.057 0.888+0.036
2d 0.506+0.008 0.788+0.012 0.839+0.041 0.896+0.014
3d 0.556+0.027 0.866+0.008 0.932+0.023 1.002+0.038
4d 1.045+0.074% 1.032+0.078 1.16120.0457 1.2330.118
5d 1.257+0.005% 1.310+0.0227 1.494+0.013% 1.761+0.072%
6d 1.421£0.023% 1.538+0.070% 1.549£0.054% 1.974£0.047%
7d 1.283£0.0617 1.844£0.07512 1.570£0.099% 1.976+0.14202

HO5FA 1d B P<0.05;25 A C 415 P<0.05

Note: (DCompared with 1d of same group, P<0.05; @Compared with group A or C, P<0.05

®2 AEKESBMP-2 WRIEE

(pg/ml)

Table 2 The expression of BMP-2 at different time points

A4 (Group A)

B4 (Group B)

C# (Group C) D4 (Group D)

1d 31.42+1.69 30.19+4.08 72.89+12.707 75.69+8.26"
2d 27.48+7.80 29.73+4.47 93.52+11.70% 75.10£21.80%
3d 32.54+0.97 28.04+1.69 66.74+11.617 74.56+7.557
4d 33.10+1.68 30.85+5.43 119.56+31.17%2 186.77+19.7942%
5d 34.79+1.68 26.34+7.37 182.83+47.3102 252.58+26.862%
6d 31.98+0.97 30.85+5.43 140.61£20.98"2 294.60+21.7312%
7d 33.10+1.68 33.6743.51 167.60+14.40%2 267.15£28.7312%

D4 A B 4L P<0.05:@ 5 M4l 1d 1 4k P<0.05:3)% C 4l P<0.05
Note: (DCompared with group A or B, P<0.05; @Compared with 1d of same group, P<0.05; (3)Compared with group C, P<0.05

L O e N O O o R i R eesy
MR BMSCs i AT L34k ok B A2 20 a2 4 7
A% 7750 1 BMSCs K5 TR 88 B, HA kI
o WMD) Sy B SRR AR TR
I ,BMSCs & 28 Al LA B 42 0 0 i 5 S 2R 4 ) 7
— R S R AR AT S Ak A A ] 25 4
FEAE E 20 R A0 J 51 43S BT LA A X A ) 23R
5 BMSCs B A & — A 3F 5 A W e i IR I7 SRS .

Az K R A Sy 21 BT 43 20 A 3G R 2]
LR VAR R T EWEGRTEN.
FEMENR] SR AR (B oE 400, B KT — EHh s
HEE A, BIEASKAE A 2(BMP-2)H Urist
HFZT 1965 - K B, 2 1 A A K DR 8 S0 Il
AN 1=4 47 A L/ N N T Wi i 7 TR = o
B W U R 22 41 41 Li SEUOE (R AMIE S
BMP-2 W] LA 32F HE (] 4% 20 Jif 58 5 49 43 0 DL &
BMP-7 TGF-B1 Wik, fEAMIF T, CCK-8 K
N 8 7R 45 A 400 i 2 B T R T B 5 LA 4 C A
4d J5 1 OD fH# 1d B B 3 K (P<0.05) ; B 21 Al

D 4 5d J5 i OD {E % 1d B B3k (P<0.05),
F IR HAH A 56, & 7d 8F, 3 HAH
1 B.D 4l OD HIE T A I HAH 19 A .C 4
(P<0.05),

EU R —FE A2, WE 2R
AV A A FE T, 2 A0 R A1 35 S 1) 2 B 2
— o375 W BT R 5 R A R R A Bk T AT —
A= I RH A AT A Aif B TG B 8 I P B K B R L R A
S5 LIS, AT LA 20 Rt = ST AR A RO
IR T 4 AT LAY A B RS B —
Y BILAR R 52, 1 FH T A 20 TR 14 K O e S R0
FEME ] SR AR R YT L K BE IS IR B AR A, 7T
DI 1 8 4 s 2 s s 414, RE A
SCAT LA A A ) S AR A O A HLARR B, AT R A
) 48552 2 i AR BRAE A . (EARDFSE 8 HAH &2
H Y D 475 55 5% )5 1) BMSCs %35 BMP-2 it &
AR TR H HAH 19 C 41, #/5 HAH 7]
i BMSCs MAE K 3G 42 At R 4F 19 = 4E A 55 1 [F)
Bf, i 7] {2 #F BMSCs % i& BMP -2, 5 4b
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Maturavongsadit 55817 175 5 BMSCs A 1B 4 id i)
W AE S HAH % BMSCs &1k BMP-2 HA7 — & 1)
PEIEVE

gk L Frid , f1$ HAH J5 ,Ad-BMP-2 BMSCs
AL AT A3 1 HLd AT g 2F BMSCs 14 58 16 1 f 3%
ik BMP-2 g 77 ; [Al B L B GE BMP-2 X% BMSCs
(R34 5 T M AT — AR HEVE L AR SE 5K HAH
fuE Ad-BMP-2 BMSCs J& % BMSCs #E17IE & 2%
WL, LLK AR HAH il 386 7 1% vk R H B 25
0w A7 7R, A4 )5 HAH &8 Ad-
BMP-2 BMSCs #& A8 i J7 46 £k — 7 9 3548 1 52 5
Soat, AR S R X HAH 3 Ad-BMP-2
BMSCs 193 58 1 1 Je H bR 25 A R IB#EAT IR K
WL SE (2 J& .3 ), KWL %€ HAH X BMSCs
LA EE BT o WA 52, A A P 3 B R E — 4
45 R X Ad-BMP-2 BMSCs #E47%F L ITH (Ut
T AT E JEAT R PR, R T R A A1 4
AR B HERM B R A 1F T i — 2 LR IT
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