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Abstract : Objective The different concentrations of hyaluronic acid hydrogel ( HAH) encapsulated carry-
ing bone morphogenetic protein-2 ( BMP-2) adenovirus vector transfection of rabbit bone marrow mesenchy-
mal stem cells ( BMSCs) and surveyed the effect on cell morphology, proliferation and protein expression.
Methods BMSCs were extracted and cultured and identified by the use of osteogenesis and fat cell differenti-
ation and cell surface antigen detection method. The different concentrations of HAH had been preparation in
vitro. Adenovirus vector carrying BMP-2 gene were built and transfected into the BMSCs. The experiment was
divided into five groups:0g/L HAH + Ad-BMP-2 BMSCs group;2g/L HAH + Ad-BMP-2 BMSCs group;4g/L
HAH + Ad-BMP-2 BMSCs group;8g/L HAH + Ad-BMP-2 BMSCs group;12g/L HAH + Ad-BMP-2 BMSCs group.
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Laser scanning confocal microscopy at different concentrations HAH encapsulating observed the morphologi-
cal characteristics Ad-BMP-2 BMSCs and the cells were been three-dimensional reconstruction. Ad-BMP-2
BMSCs proliferation activity was detected by CCK-8 assay method and ELISA method were used to detect the
expression of BMP-2 in each group at 1,2,4,6,8,10,12,14d. Results Cell morphology was built by the
Three-dimensional reconstruction under the laser confocal microscopy and was different in different concen-
trations HAH ;: Ad-BMP-2 BMSCs spread out in multiple directions and had plenty of growth space in the 2,4
and 8 g/L HAH, and cells gathered into a round shape in the 12 g/L HAH. The difference was significant sta-
tistically with comparison of the cell proliferation activity (P <0.05) ;4g/L HAH + Ad-BMP-2 BMSCs and 8g/
L HAH + Ad-BMP-2 BMSCs had the best proliferation activity. ELISA method was used to detect the expres-
sion of BMP-2. BMP-2 could be expressed in each groups. 8g/L HAH + Ad-BMP-2 BMSCs was the highest ex-
pression of BMP-2 and compared with the other four groups,and the difference was statistically significant
(P <0.05). Conclusion The different concentrations of HAH in the Ad-BMP-2 BMSC cell morphology, prolif-
eration activity and the expression of BMP-2 had differences. Cell proliferation activity under the 8g/L HAH +
Ad-BMP-2 BMSCs was the best.

Keywords : Hyaluronic acid hydrogel; Bone marrow mesenchymal stem cells; Bone morphogenetic pro-

tein-2 ; Tissue engineering

% B 5 2 /K #E ¢ ( hyaluronic acid hydrogel
HAH) 237 B 50 R -5 AH I S8 B 32 Bk, T8 i BAT —
FE AW AR 25 P AT R A DL R TG S 88 i v 1 7K i
JBE, EFRA B 2 U iz S E5E . HAH R4
SR, AT LA 0 B 4k = A T AR KSR, e
Wi ZHEPA BT B R kA TR e B —
FOBLBREE B2, P55 40 M AR B, W T2 T
PRI KR I S 8 o TR A ) 6 A v, S T
JBE ) HAH 743, 355 200 Ji Bf %k 200 1 T8 285 B 16 5 0 1
ErmrVE R RA U 225 Rl et B 4
15 HAH 42355 FiF 28 50 8 5k A 3 A (An % e s 75
kL .mRNA 85 ), 1R 200, d5 i B 1Y) S 9 435 2R
FERTRE S WA S, 225 INPLE RHE CAE# . T
HAEE 5 KT BAO b, B #6585 T 40
(bone marrow mesenchymal stem cells, BMSCs) {1 F
Dy PRI ARG U 2 ) A T B SE B R A
RS B & & 4% 1 2 (bone morphogenetic
protein 2, BMP-2) J& M — 28 FDA L F T & #8 A
BACE KR 72 IR A1 4 HAH BMP-2 &5
BMSCs = #4338 — F T 04140 T bR, 5 3L
X BMSCs G520 o B A, AR EE HAH X4
B AL AL FL Y BMSCs (19 %0 L LR IE ™, {0
R TH HAH A3 35 %) i — 22 4b B BMSCs ff
FERD o AR AR MR HAH (2 4.8 12¢/1)
B 45T BMP-2 5 [R] 119 Ji 5 75 80 4 5 IR 4 i
BMSCs( Ad-BMP-2 BMSCs) #Zi R [FlHe ¥ HAH F

Xf Ad-BMP-2 BMSCs 4 ifg ~4ESE A 14 58 6 1 S H:
ik BMP-2 B2

1 #MR5ET=%

1.1 ##t

L1.1 Smah¥y (@B 2 iate 4 2, HEmEA
1,1 %, A ELZ 0. Ske, 19 T IIARE G HTEL K
AR A g s bt .

1.1.2 E0RE G 4FI7E . DMEM/F12 3557
( %[ Gibeo A H]) s KEHZW (LR RKEL
A]) s /NPT CD14-APC (5[ Miltenyi 24w ) 5718
FRPT4 CD31-PE( 2 [ Novus Biologicals 23] ) ; /)
Pt CD90-PE ( f# [F antibodies-online /2] ) 5 /)N
RPT % CD105-FITC (£ [E GeneTex 2] ) ;75 BH 5T
MR 7K B IR & ( 32 [E] BioTime 24 H]) ; CCK-8 2l
& ( HZ Dojindo 24 7] ) 5 Ad-BMP-2 (| i PUIE A= 1)
5] ) 5 N BMP2 I Gy 1) & (DL 1 AR
YWiswl) o

1.2 7%

1.2.1 BMSCs R#2HC 558 e v 2 ik
SHGRIKZSHET 1% KB ZH( 3.5 ml /
kg) , BZZY Lml/min, AL I | F RS2 S 1] 7 R
TR o SR UMM , XU B8 17 e B2 H 75
Bl s 220 MR BB B BRI 3 ~ 5 ml MK
IS — . KB REW S PBS A5 LU GITR & , B A
T B B B YA A i N A 5 A Percoll 73 B IR



i

Bi2edi 2017 4E 4 45 40 %454 ) Jining Med Univ, April 2017, Vol. 40, No. 2 - 89 -

75, 7K 550 30min (2500r/min) |, VAT 4 )2, ]
TBCL o BAAZ A0 B )2, o B2 B9 48 i ) DMEM/
F12 8533k (& 1% H-5E 8 R . 10% {4 M) &
BB EREFIN(25em® ) B, W ad v R T AL
EFTALAR, 0 [R) 30 A0 3] 5 2 e AH 22 B A A TR
BMSCs A KR A, 8597 258 =M1 0| iR
S, Rl o5 BOE = AR A0 42 BRI BB 45 43
BIMAPLG% CD14 CD31, CD90, CD105 ik ift4T
T 2SBS0 ;5 S B[ e 40 e 4 S0 0 A7 ) TRt L
1.2.2  HAEREYE & % ( multiplicity of infection,
MOD) fE R HER =48 BMSCs, 401405 , 5%
B NFLMR (10°/4L) , 12h J5 e, B FL A 1/2
TRFRAG B 9% 3, R )5 #42 B MO {543 1]l 50 .80,
100,120,200 1y Ad-BMP-2 it A 7S fLk H, 25
MOI B 3 15 fL,4 ~6h J5#ik ,24h J5 [ i =Ca
LSRG T JR e 355 6 LA B AR B A A% 0 e fE MO
fHo

1.2.3 R[EVREE HAH (il St HAH 5
EAUIE A H A 35 PR BR (HyStem™) (R 2
TN R R R ( Extralink™ ) RS 258 Tk 3
A3 5 0 IR 25 B8 K e IR G U B B A
HyStem“1 Extralink™ g A RE R 2 4.8 A2¢/L 1
HAH ; S8 J5 43 3R 4 1T 1 5% 45 1Y) Ad-BMP-2 BMSCs
o FK BE R T A

1.2.4 RFEWE T Ad-BMP-2 BMSCs 4 ifs = 4: T
AL b A B S [F R BE 9 HAH 5 Ad-
BMP-2 BMSCs T & Ji7, #4112 1l S5 48 2 R i 2 TR
Y s b HAH SBE [ 5 i A 4 i B 57 5
Big% 240 JE A g A A R 4% 2 R B R4 T
[ , PBS Phik TH G , W E i, B PO LR £
WA R X AN S TR .

1.2.5 i gm i v % R [H ik BE HAH
£} Ad-BMP-2 BMSCs J& RS, TEBEIE Z i 43
A 8 He 96 fLakH (100pl/fL) , BEFP . HAH
B3 AL X R WA 3 HAH (1) Ad-BMP-2
BMSCs,, [R] Ep X6 3 R B 1) HAH 43331 3% B %A
{3 $F Ad-BMP-2 BMSCs f4E kB B, B FLINA
200l H5 3R IL G A CO, e 5 40 i 15 77 46 Ks 7%
AT 1.2.4.6.8.10 12 14 KAS[R] A a] SAR P8

CCK-8 Ll kil Ad-BMP-2 BMSCs (R 5H T 1k
1.2.6 ELISA £l BMP-2 )%k {58 F F—
A TEREASI ] S ARG CCK-8 1T, 5 20 . 1 35 ik
Wb 2 EP 48P, - 20°CIRAT, 15 14d W 52 40 Y
LU , AR 3 ELISA 32050 & A d W 45 %5 20 iy L
IHWH I BMP-2 (958 PEA TR o
1.3 %itrF75k

BlER A SPSS 19. 0 ZEit kA7 e it ik
PR x £ 5 FOR AR HLBCR B R 5 22
O3, O 22 FF IR 6 I 2 18] R A L BT LSD- A
%, LL P <0.05 AZEAGIE L.

2 HR

2.1 BMSCs #9354 R %%

{51 B 0 R T WL i A KB A T 285 2 Y
WRIEE K 2 80% ~90% Fifi 4 I 52 & XURE 43 A o
P RE N (M7 i g A= N R ) O
i A ML S 20 B 2 1 A A AR 25 R R - BMSCs
Kk #iA CD31 .CD14, &5 %34 CD90 .CD105, 4T
A R AR A T hR R A R B FF A BM-
SCs ¢tk WK 1,

2.2 Ad-BMP-2 # MOI

DIASTA] 9 MOT {i ) Ad-BMP-2 %% %t BMSCs,
24h Ji5 i =X 20 B 1SR T 40 e 3 Gk a6 0 L B A
(green fluorescent protein, GFP) It 5 19 EL 454 Fr %
YR | 2k JL I R MOI {24 50 .80 .100 120,200
I, 5 e 4 B 69. 68% (70. 87% .75.21% 85.
69% .85. 21% ; 2 M A= 77 2 43 5l hy 98. 87% 97.
43% 95.24% 75.85% .55.23% ., 4 MOI {H#81d
100 B}, YR 8 AN B &g, {0 BMSCs A /7R B g
TR, Tt BMSCs fiefE MOL {E >4 100( & 1 D)

2.3 RFE#kE HAH &3 F % Ad-BMP-2 BMSCs
ML= YT S

WO R A BT T =4 F ] I Ad-BMP-2
BMSCs 7EA Rk B HAH o 52 UK [F] T 25 Ad-
BMP-2 BMSC & 0g/L HAH f 3t F £ K%K, 2/
L. 4g/L 1 8g/L HAH fE [0 24~ J7 [l 4l g , L
A FE R RAS ] TR 12¢/L HAH fud T 228 RIE
DL 2,



.90 -

50 8 100 120 200
MO

A KRR BMSCs( x50) ;B 4 BMSCs T @i A m B (#Eai e, x200);
C 34 BMSCs R @5 AR mpe (a4 &, x200) ;D 4 Ad-BMP-2 3% 4% &% 4 £ 4 (MOI)
B 1 BMSCs 4§35 B % Z

% :A-E 25 5 R FIRE HAH(0.2 4.8 .12g/1) &4 F Ad-BMP-2 BMSCs % 2 ( x200)
B2 BObARERMEL =4 E R FIRE HAH @4 T 89 Ad-BMP-2 BMSCs % &

2.4 R E#E HAH &4 F# Ad-BMP-2 BMSCs
on e, 3G 78

CCK-8 M2 R 1 ~3d WA K El, WE
4 KIGik AT EA K, 2 )5 B AR 22 57,
ST 6 K 8 RIGkATFEM. K24l
WAFHRE SR T AR, 2 A G4 L (P <.
05) ; s 8g/L 415 0g/L 41 .2¢/L 41 12g/L 414
b, HEEAE 1B 25 (P <0.05) {H Y 4g/L 414H
R TG 22 E L (P >0.05) ;8g/L 41 iy 5
e, IR T A A% 20, FXH R K 0 s
B . DL 3.
2.5 BMP-2 #§ &k

ELISA £ 1 21 ffg |- 3 7 BMP-2 [y 363k, 45 It
TRA LI AT IE B ik BMP-2 #5401 ] Le 4 22 5 L
Aot E X (P<0.05),4 ¢/LA58 o/L 4

BMP-2 (i 32k 5 T 0 o/L 41.2 o/L 411 12 ¢/L
4, Hrp 2 g/L 2 BMP-2 Kikit i fil, % 1§ 5 HAH
W S AR, BMSCs AR RE A 2B M ZEAH R R £, K
245 BMSCs {35 BE A=K T 96 FLARIEHRA L. L
4.

-e 0g/L HAH+AG-BMP-2 BMSCs
-# 2g/L HAH+AG-BMP-2 BMSCs
- 4g/L HAH+AG-BMP-2 BMSCs
- - 8g/L HAH+AJ-BMP-2 BMSCs
‘8' 29 - 12g/L HAH+Ad-BMP-2 BMSCs

0 2 4 6 8 10 12 14
Bt 8] /d
B3 FRE®Z HAH 6,3 T4 Ad-BMP-2 BMSCs
4m oL 38 78



BT EZEBEER 2017 4F 4 A 5540 5554 ] ] Jining Med Univ, April 2017, Vol. 40, No. 2 - 91 -

E3 Og/L HAH+Ad-BMP-2 BMSCs
2g/L HAH+Ad-BMP-2 BMSCs
B 4g/L HAH+Ad-BMP-2 BMSCs
D 8g/L HAH+Ad-BMP-2 BMSCs
12g/L HAH+Ad-BMP-2 BMSCs

BMP-2/}> #% 4t (pg/ml)

7E:%5 8g/LHAH + Ad-BMP-2 BMSCs @A, « P<0.05
B4 RE®E HAH 04T BMP2 85t %

3 itig
175 B T R A A A B i 2o 2 —

F TG A 10 A A 2 T AR G e S |
T B BILAAR AR K 4 B T S, e P A
S AR RN IZ N o T B R R A 1) K B
I8 S 28 S FEVACA L A K R P06 5 114 L B
I ARG TR A AN —Fh AR B p R

HAH %543 2 7 W R R, AN (7)1 325 1
JR R M 25 ARG 6 4 T A B W
MR BA PR UM B s AR > T
{9375 1 B R EAT A S8 R F L AR I A 2 FR P
FI7 . e L HAH | SR SR ST 1 2 R A ik
JER) HAH 4 345 47 BMP-2 [l 05 5 2R A4 % Yt
BMSCs J5 xT 41 Ha T 25 %% 44 58 B J1 B9 5%, BMP-2
JB T HAAE KN TR A, 75 25 [ E gt v i T
R B s A R A0S, BMP-2 H
A 755 BMSCs 236 88 20 BB 40, 7 1S Ak
ot 4, B BMP-2 J& i 26kb /NI B A
AH R BLAARAA ) SRR 20, B AR N R
Jry R N, AR W R B A A B, PR T
Hrz i Mk, BFFE & 10X 07 HEAT T 2 s
%, Liu 2 7EfF 58 BMP-2 il BMSCs 431k J2 i,
it & B, BMP-2 Al g 45 A Z BY L9 E IR
VFA] 8 BRI, (0SB0 0 B 45 BMP-2 1Y & A B,
Xu 200 BMP-2 25 45 1) 75 W 57 12 7K J6E e 48 Kt
Tt AT SEBUAT R (L R TR R T 48Kk T
ZELA IR BMP-2 (RIS 4Rk, W% LR L
L TR R T 4 A DRl 3o 2 AR e 3 o 1
i p R A SR A Gk, B A M S M A s —
FlT O 4L T RRARE, 07 T P P 2 B e sk
T —F#a$4, BMSCs SR T B #E0M T, A
IR 7 (8 AR M KRGk | 22 [m] AT RE A A0, Bl
HAEA ST R P By — Fh AR 5 A Ji S 1 Fh T
Yif ., 3 AMEH Bl & i BMP-2 7E BM-

SCs k" ZE M ELRE |, T ATHS Ad-BMP-=2 {3
BT M ) HAH b, F5E HAH XTI 45
B HE I LA K BMP-2 25K 540

AL, (R SRR U BMSCs, 15 5% % € L
KO YAR R R L A 45 BMP-2 1) s 75 204K
FEHIEE T 4 RO IR (19 HAH, 40 £ #5717 BMP-2
JG FE R AR s Y BMSCs, TEAHRIEZS I, 58 5
WO IR = A R A1 R BE 2.4 . 8g/L HAH
BT Al 1) 22 A 05 A, A A R 2R KA T A
12¢/L HAH f1 3 T 2 8. Ui WA [ o B i
HAH, A 40 42 (i g B FL K/ AR TR, BMSCs S 3R
[e (0 ASRRAE o 20 MRS B 335 7 AR [l vk 32 19 HAH
WET,8¢/L 1 HAH HEFHAE 1 B 47, B A T 4L
452, WU K 22 i ) B K (P < 0..05)
Y AHME 8g/LHAH f1 % T ) BMP-2 ik &8 { T 4
14540 (P <0.05) .

2 LT EAN R M HAH 44T 4547 BMP-
2 JiE B B AR L YL % BMSCs J5, 7F 8g/L 1y HAH
WET Ad-BMP-2 BMSCs 1EAF R ] 78434 2 L 40
NS TS Ve JF T 65k A . (HAS2 I R
Xt HAH f93e B 305 AT 5 40 A4 82 DI o ok R [l
WeRE HAH (2 345 47 BMP-2 i g 75 20 4 5% Y
BMSCs J& BEAT42 K5 18] ( 41 20 ,30d ) 9 8F 58 3 A
P, 76 HAH 45T 56 T2 5 3 PR B i iy BMSCs
AT S SERE P R F A8 1 23k 07 T A A 5
— I

SE Lk

[1] Lei Y,Gojgini S,Lam J,et al. The spreading, migration
and proliferation of mouse mesenchymal stem cells cul-
tured inside hyaluronic acid hydrogels[ J |. Biomaterials,
2011,32 (1):3947. DOI. 10. 1016/]. biomaterials.
2010. 08. 103.

[2] Huang YC,Leung VY,Lu WW et al. The effects of mi-
croenvironment in mesenchymal stem cell-based regener-
ation of intervertebral disc[ J]. Spine J,2013,13(3):
352-362. DOI;10. 1016/j. spinee. 2012. 12. 005.

[3] Belykh E,Giers M,Bardonova L, et al. The role of hone
morphogenetic proteins 2,7 ,and 14 in approaches for in-
tervertebral disk restoration[ J ]. World Neurosurg,2015,
84(4) :871-873.DOI:10. 1016/j. wneu. 2015.08. 011.

(4] 9, 80—, AL, % RRREZEP R R KERIR
gmieAa s [ 1], B4R AR, 2013,17
(16) :2927-2934. DOI: 10. 3969/j. issn. 2095-4344.



.92 .

(5]

(6]

(7]

(8]

FrT E2EBE2EHR 2017 45 4 H 55 40 555 2 T Jining Med Univ, April 2017, Vol. 40, No. 2

2013.16.011.

Day AJ, de la Motte CA. Hyaluronan cross-linking: a
protective mechanism in inflammation [ J ]. Trends Im-
munol,2005, 26 (12) : 637-643. DOI: 10. 1016/j. it.
2005.09. 009.

West DC, Kumar S. Hyaluronan and angiogenesis [ J ].
Ciba Found Symp,1989,143:187-201 ; discussion 201-
7,281-285. DOI:10. 1002/9780470513774. ch12.

West DC, Hampson IN, Arnold F,et al. Angiogenesis in-
duced by degradation products of hyaluronic acid[J].
Science, 1985,228 (4705 ) : 1324-1326. DOI; 10. 1126/
science. 2408340.

Liu HW,Chen CH,Tsai CL, et al. Heterobifunctional po-
ly (ethylene glycol) -tethered bone morphogenetic pro-

tein-2-stimulated bone marrow mesenchymal stromal cell

differentiation and osteogenesis [ J ]. Tissue Eng, 2007,
13(5) :1113-1124. DOI:10. 1089/ ten. 2006. 0209.
Xu X,Jha AK,Duncan RL, et al. Heparin-decorated , hy-
aluronic acid-based hydrogel particles for the controlled
release of bone morphogenetic protein 2[ J]. Acta Bio-
mater,2011,7(8) :3050-3059. DOI . 10. 1016/]. actbio.
2011.04.018.
Zhang C,Liu HM,Li QW , et al. Construction of recombi-
nant adenovirus vector containing hBMP2  and
hVEGF165 genes and its expression in rabbit Bone mar-
row mesenchymal stem cells[ J]. Tissue Cell,2014,46
(5):311-317. DOI: 10. 1016/]. tice. 2014. 06. 001.
(KFmBE 2016-12-13)

(RERE  ARRE)

(E#% 81 )

(23]

[24]

Allen DB, Backeljauw P, Bidlingmaier M, et al. GH safe-
ty workshop position paper:a critical appraisal of recom-
binant human GH therapy in children and adults[J].
Eur J Endocrinol ,2016,174(2) :P1-P9. DOI; 10. 1530/
EJE-15-0873.

FEE S EEF TAAE RS A BT ARY
FHZ g )LE 5] K S A8 K 4G Meta 547 [J]. &

[25]

ELE 44 2 E,2017,25(1) :55-58. DOI; 10. 11852/
zgthjzz 2017-25-01-06.
Bell J, Parker KL, Swinford RD, et al. Long-term safety
of recombinant human growth hormone in children[ J].J
Clin Endocrinol Metab,2010,95(1) :167-177. DOI;10.
1210/jc. 2009-0178.
(WFEH 2017-04-11)
(REHRLE M)

(LE4% 86 W)

[26]

[27]

[28]

[29]

[30]

Folsom JJ,Begcy K, Hao X, et al. Rice fertilization-Inde-
pendent Endosperml regulates seed size under heat
stress by controlling early endosperm development[ J].
Plant Physiol,,2014,165 (1) :238-248. DOI; 10. 1104/
pp- 113.232413.

Eckert C,Offenborn JN,Heinz T, et al. The vacuolar cal-
cium sensors CBL2 and CBL3 affect seed size and em-
bryonic development in Arabidopsis thaliana[ J]. Plant
J,2014,78(1) :146-156. DOI ;. 10. 1111/1tpj. 12456.
Hirsch CN, Flint-Garcia SA, Beissinger TM, et al. In-
sights into the effects of long-term artificial selection on
seed size in maize[ J ]. Genetics,2014,198 (1) :409-
421. DOI;10. 1534/ genetics. 114. 167155.

Yu F,Li J, Huang Y, et al. FERONIA receptor kinase
controls seed size in Arabidopsis thaliana [ J ]. Mol
Plant,2014,7(5) :920-922. DOI;10. 1093/ mp/ssu010.
Li N,Li Y. Maternal control of seed size in plants[ J].J
Exp Bot,2015,66(4) :1087-1097. DOI; 10. 1093/ jxb/
eru549.

[31]

[32]

[33]

[34]

Kou C,Gao X, Li LQ,et al. Composition and Selection of
TaGW2-6A Alleles for Wheat Kernel Weight[ J]. Acta
Agronomica Sinica,2015,41(11) :1640. DOI;10. 3724/
sp. j. 1006.2015. 01640.
Qin L,Hao C,Hou J, et al. Homologous haplotypes, ex-
pression, genetic effects and geographic distribution of
the wheat yield gene TaGW2 [ J]. BMC Plant Biol,
2014,14:107. DOI:10. 1186/1471-2229-14-107.
Hong Y, Chen L,Du LP,et al. Transcript suppression of
TaGW2 increased grain width and weight in bread wheat
[J]. Funct Integr Genomics, 2014, 14 (2) :341-349.
DOI:10. 1007/s10142-014-0380-5.
Kim K H,Shin S H,Lee HS, et al. Relationship between
pre-harvest sprouting and functional markers,TaVp-1A,
TaSdr-B1 and TaPHSI in Korean wheat cultivars|[]J].
Research on Crops,2014,15(3) :604. DOI. 10. 5958/
2348-7542.2014.01384.9.

(W5 HE 2016-12-09)

( REHE  #RH)



