- 1616 -

Acta Universitatis Medicinalis Anhui 2017 Nov; 52( 11)

12017 -9 -8 12:37

1 2
4
( BMP4)
24 BMP4
( TACS @ EG-HBC/pBMP4/G ) .
BMP4 ( TACS/pBMP4/G )
18 mm
TACS@ EG-HBC/pBMP4  TACS/pBMP4
2.4.8.12
X JHE . . 0 24
: TACS@ EG-HBC/pBMP4/G
TACS/pBMP4/G (P
<0.05); X : 12
;. HE : )
: BMP4
TACS@ EG-HBC/pBMP4/G
) ) 4,
R 33; R 31833
A 1000 — 1492(2017) 11 —1616 —07

doi: 10. 19405 /j. enki. issn1000 — 1492.2017. 11. 008

2017 -07 - 17
( :81171829)

. 230022

230031

mail: zhaoyuzj@ aliyun. com

> http: / /kns. cnki. net/kems/detail /34. 1065. R. 20170908. 1237. 008. html

( bone morphogenetic protein BMP)

> BMP4
BMP
6-7
BMP4
1
1.1 BMP4 pBMP4-EGFP

; ( thiolated
and N-alkylated chitosan TACS)
hydroxybutyl chitosan grafted with poly
( ethylene glycol) EG-HBC

1.2
1.2.1
o7 1:20 o
TACS 100 ng pBMP4 PBS
30 min TACS/pBMP4 ., TACS
EG-HBC 30 min EG-HBC
TACS/pBMP4 TACS @ EG-
HBC/pBMP4.
1.2.2 2.0 cm
x3.0 em x0.5 c¢m
2 cm 0.5 ¢cm
-20 C o
1.2.3 3~4
24 3.0~3.5(3.26 £0.24) kg
TACS@ EG-HBC/pBMP4/G . TACS/pBMP4/G

o

1.2.4 3% 1 ml/kg



Acta Universitatis Medicinalis Anhui 2017 Nov; 52( 11) * 1617 -

3 cm
18 mm
1 o
3d 40
1.2.5
8.12 3%
X (
) o
1.2.6 X 2.4.8.12
DR ( GE )
1.2.7 20 ml
1.2.8
4%
24 h 20% EDTA 2~3d
5 mm
HE
BMP4
1.2.9 12
(
)
1.3 SPSS 17.0

o

P <0.05

A: 18 mm

2.4,

;B

2
2.1 24 . 2 d
3
2.2 2
8
12 . TACS/
pBMP4/G 2 4 8
12
TACS
@EGHBC/pBMP4/G 2 4
8
12 . 2,
2.3 2.4.8
12
12 TACS @ EGHBC/pBMP4/G .
TACS/pBMP4/G .
(115.97 £7.89) .(90.83 +7.58) .(47.30 = 6. 48)
mg; (242.37 =8.27) .(198.63 =

12.20) .( 131. 23 + 10.95) mg/cc; TACS@ EG-HBC/
pBMP4/G ~ TACS/pBMP4/G
(F=72.89.83.65 P<

0.05)  TACS@ EG-HBC/pBMP4/G TACS/
pBMP4 /G (P <0.05) .
3.
2.4 X 2 ~4
8 12

. TACS /pBMP4/G




is Medicinalis Anhui 2017 Nov; 52( 11)

cta Universitat

- 1618 -

i
4

=

S -
g

& 4

om

s g & = = =8 -°
o (o] —

2 (B 5 15

; B: TACS/pBMP4/G  ; C: TACS@ EG-HBC/pBMP4/G

A:

=
<
=
s s s & -

Aor

(Bun) g 100 I 4

BMP4
12

12
TACS @ EG-
6 o

TACS@ EG-HBC/pBMP4/G

68.32 +2.13) MPa

TACS/pBMP4/G

TACS /pBMP4/G 8

MPa

)

2

;2. TACS/pBMP4 /G ;3: TACS@ EG-HBC/pBMP4/G
1

(

72.06 +2.48
. TACS@EG-HBC/pBMP4/G

HBC/pBMP4/G 2
7
TACS@ EG-HBC/pBMP4/G

i1
2.6
2.

(

2

:*P<0.05
- TACS @ EG-HBC/

12
. TACS@ EG-HBC/pBMP4/G

TACS/pBMP4/G

2" P<0.05;
2
12
HE

A: 2.4.8
pBMP4/G
TACS/pBMP4/G 2
12

4.
2.



Acta Universitatis Medicinalis Anhui 2017 Nov; 52( 11) * 1619 -

8

4 X
A: ; B: TACS/pBMP4/G ; C: TACS@ EG-HBC/pBMP4/G
(P <0.05) BMSCs
TACS@ EG-HBC/pBMP4/G TACS/pBMP4/G BMSCs
(P<0.05) . 7o .
3
8 7
BMP
o ’ 37 C
6
10
BMP ( BMSCs) R

; 20 mm



2017 Nov; 52( 11)

Acta Universitatis Medicinalis Anhui

* 1620 -

%200

HE

; LB:

; NB:

; CC:

; C: TACS@ EG-HBC/pBMP4/G

; B: TACS/pBMP4/G

A:

‘_

] e, w"

7

—m—mm————iii__i_i777777777

x 200

IHC

; C: TACS@ EG-HBC/pBMP4 /G

-

; B: TACS/pBMP4/G



Acta Unwversitatis Medicinalis Anhui

2017 Nov; 52( 11) * 1621

80
ol —
60} T
3
2 0 -
2 40
E 30 L
ke
20F
10
0
1 2 3 4
7 12
1: ;28 ; 3: TACS/pBMP4/G  ; 4: TACS@ EG-
HBC/pBMP4/G ;" P<0.05; TACS/pBMP4 /G
:*P<0.05
18 mm
TACS@ EG-HBC/pBMP4/G
. TACS /pBMP4/G
. TACS@ EG-HBC/pBMP4/
G ( 18 mm
5 mm)

10

11

McMahon R E Wang L Skoracki R et al. Development of nanoma—
terials for bone repair and regeneration J . J Biomed Mater Res B
Appl Biomater 2013 101(2) : 387 -97.

Buschmann M D Merzouki A Lavertu M et al.
Adv Drug Deliv Rev 2013 65(9):

Chitosans for de—
livery of nucleic acids J .
1234 -70.

Raftery R O“Brien F J Cryan S A. Chitosan for gene delivery and
orthopedic tissue engineering applications J . Molecules 2013 18
(5):5611 -47.

Wang Y Lin F X Zhao Y et al. The sustained—release behavior
and in vitro and in vivo transfection of pEGFP-oaded core-shell—-
structured chitosan-based composite particles J . Int J Nanomedi—
cine 2014 9:4965 -78.

Atkinson P J Wise A K Flynn B O et al. Viability of long-term
gene therapy in the cochlea J .Sci Rep 2014 4:4733.

Lin F Rong ] Wang M et al. Chitosan-based core-shell structured

particles for in wvivo sustainable gene transfection J . ] Mater
Chem B 2016 4(5) :893 -901.
J. 2016 51(3):358 -62.

Liu H Peng H Wu Y et al. The promotion of bone regeneration
by nanofibrous hydroxyapatite/ chitosan scaffolds by effects on inte—
grin-BMP/Smad signaling pathway in BMSCs J . Biomaterials
2013 34( 18) :4404 - 17.

Hosseinkhani H He W J Chiang C H et al. Biodegradable nan—
opar-ticles for gene therapy technology J . J Nanopart Res 2013
15(7) 1 1794.

Prosecka E  Rampichova M Litvinec A et al. Collagen/
hydroxyapatite scaffold enriched with polycaprolactone nanofibers
thrombocyte—rich solution and mesenchymal stem cells promotes re—
generation in large bone defect in vivo J . ] Biomed Mater Res A
2015 103(2):671 -82.

Cao L. Wang J Hou J et al. Vascularization and bone regeneration
in a critical sized defect using 2-N 6-O sulfated chitosan nanopar—
ticles incorporating BMP2 J . Biomaterials 2014 35(2) : 684 —

98.

Bone regeneration in a critical sized defect
using pBMP4-doaded TACS@ EG-HBC particles

Rong Jielin'

Lin Fuxing® Wang Mozhen® et al

( 'Dept of Plastic Surgery The First Affiliated Hospital of Anhui Medical University Hefei 230022;
*Division of Chemistry and Materials University of Science and Technology of China Hefei 230031)

Abstract Objective 'To evaluate the core-shell nanoparticles ecapsulated with bone morphogenetic protein 4 plas—

mids ability of bone regeneration in a critical sized radius defect. Methods

24 New Zealand white rabbits were ran—

domly divided into two group: experimental groups and control group. Prepared 18 mm complete bone defect model

at the

bilateral radius

the experimental groups were implanted with TACS @ EG-HBC/pBMP4/G and TACS/

pBMP4 /G While control groups implanted with only gelatin sponge. The radius bone defect were observed by bone

mineral density and bone mineral content anatomy X ray HE staining immunohistochemistry and biomechanical
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testing at 2 4 8 12 weeks. Results  All the 24 rabbits were in analysis and no injection and diapyesis was found
around the incision. At 12 weeks after operation new bone formation significantly increased in the TACS@ EG-
HBC/pBMP4 /G treatment. It demonstrated significant increase in BMC and BMD values( P <0. 05) compared to
the other two groups at 2 4 8 and 12 weeks. X—ay also showed the reunion of bone marrow cavity at 12 weeks.

HE staining: new bone trabecula interconnected turnedinto lamellar bone. Immunohistochemistry: protein BMP4
staining with brown color was apparent. It also showed the bending stiffness of regenerated new bones at 12 weeks
have no statistical differences compared with the normal radius. Conclusion TACS@ EG-HBC/pBMP4 /G is biose—
curity and can be used to repair bone defect.

Key words chitosan; gene therapy; bone morphogenetic protein 4; critical bone defects; repair



