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Abstract

BACKGROUND: Bone morphogenetic protein 2 possesses osteoinduction, and vascular endothelial
growth factor plays a positive regulatory role in osteogenesis and bone repair. So what will happen if both
of them are used for spinal fusion?

OBJECTIVE: To investigate the effects of fibrin glue combined with vascular endothelial growth factor 165
and recombinant human bone morphogenetic protein 2 on intertransverse process fusion.

METHODS: Thirty Japanese white rabbits were randomized into three groups (n=10 per group): rabbits
underwent intertransverse process fusion at the level of Ls.s with vascular endothelial growth factor
165/recombinant human bone morphogenetic protein 2/fibrin glue in experimental group, recombinant
human bone morphogenetic protein 2/fibrin glue in control group, and fibrin glue in blank control group,
respectively. At 6 weeks after implantation, observations of biomechanics, X-ray imaging and histology
were performed.

RESULTS AND CONCLUSION: Osteogenic fusion between transverse processes could be found in
experimental and control groups except for the blank control group, which was better in the experimental
group. The strength of osteogenic fusion in the experimental group was significantly stronger than that in
the control group (P < 0.01). Besides, abundant chondrocytes, osteocytes, mature bone tissues and
collagens could be found in the osteogenic fusion specimen of the experimental group, and numerous
chondrocytes, osteocytes and mature bone tissues observed in the osteogenic fusion specimen of the
control group. In conclusion, fibrin glue combined with vascular endothelial growth factor 165 and
recombinant human bone morphogenetic protein 2 can promote osteogenic fusion.

Subject headings: Spinal Fusion; Vascular Endothelial Growth Factors; Bone Morphogenetic Proteins;
Tissue Engineering

Cite this article: Tian Y, Zhu Y, Zhong T. Fibrin glue combined with vascular endothelial growth factor and

recombinant human bone morphogenetic protein 2 applied in spinal fusion. Zhongguo Zuzhi Gongcheng
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Table 1 Manual test of the specimen in each group
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Table 2 Comparisons of gray value and osteogenic area
during Ls.g intertransverse process fusion among groups

bl IKIEAE JE TR
A 150.6+33.8 9 078.5+5 315.8
o B 116.1+£36.0 3443.842 458.7
A X AL 21.00+8.71 0

F 25.9 9.8

P 0.00 0.00
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1 B Lo MERIE X L EM AR ELER
Figure 1 X-ray posteroanterior films of Ls.g
intertransverse process fusion in each group
BlE: Bl AR AR A, bRARERS, T
HANREE: BAXNKA, WmARERE, FiE
BEE R NG C s, MERE, fiE
e/l

et = B OUC IO
B2 FTIABMERRNAAE-FLRE
Figure 2 Hematoxylin-eosin staining of the specimen in the
experimental group
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Table 3 Biomechanics of the osteogenic fusion specimen
in the experimental and control groups

2175 1H) SEIGZH (n=7) M4 (n=4)  t P
HTE(N) 4.24+0.11 3.85+0.22 4.90 0
JEfH(N) 3.99+0.07 3.5120.17 8.34 0
LA dh(N) 4.7120.15 4.27+0.05 8.70 0
FES H(N) 4.68+0.08 4.02+0.10 16.06 0
e (N-mm) 133.35¢3.23  125.53x0.65  7.51 0
F % (N-mm) 157.45+1.32 14145102 3029 O

X HEAL A 94 br A n] UL S 21K B 1) iy 20 e A0 4
N e AR, s 1 SR AL AT o AR 24 R L 44 L Bk
7, JLE2,

3 it Discussion

ERESE B R B B SARM R SR, 4R TR
A B BT E RMIER 7T BT, B AR 3 A
£ BT AIER R R R TR
4.

B Rz Bk iy 2 B s P R
RAEE RSN SRR T, s EA =
TR AR AL AL BMA R S, 3
S FLA R T RE I A 23 4K 8] 7 4 43 A R B 4

P.O. Box 10002, Shenyang 110180 www.CRTER.org



HE, B EYPNEFBEREZA 2 KETHEE GRS M8 P L KRB THTH T H# S

@* WWW.CRTER.Org

SR AN, T SR A S A A RO i Sk
7 NPT A o 3, DU O AT
2002 4, 2 [H i 15 24 5 S PR (FDA)EYE rhBMP-2
A 1 A U TS R A R R s AR
Schimandle " Y rhBMP-2 i T 5 /M A% 52 ] 45
FEE G R R o, B rthBMP-2 214 3 100% 1% 35
FEREG, B A B R rnBMP-2 21 il A i FE At
JESERE AR AL, 2R AR R £ T R
Boden " RF TN Ny, £EAE T A R AL B AT R
Rh-G Iy, ZRERIM-T40 AT L EA AR KR
R E B, FRERAR T, KT rhBMP-2 [{i1E
FHLED, Morone “UN M 43 Tk P4 T e EME R 52 1]
BRERA R, AA rhBMP-2 38 fl 4 He b g A
RIERIFRIBIKOP, RS & Bl TR R AR 8 A
2 [f) mRNA ik, & T i R REIR &4, BIKT
BAARAIRER, AAEMILHS B REBEEEN
HIAIF, rhBMP-2 B4 A JE FEULIA 5 A 4 e, 42
IR SRR W P E AR, ARE B
A 58 AR SRR 5 23 B TOR B e 4 M. H AT
Park 2501000 R KB ih o FERE b, EShi
rhBMP2 N H T AR S SMUAE A, LB B R
FERIIRIR SES, 038 T A IR IR T 3%

M AR A R A R s A, A
o Bk IS S B SRR A i T
VEGF165 P dk 8 4 K EE A KK T, 2
/MR AL AR Py B 40 IR i 4 R 55 2k i 2
Theedm iz, HREACEEREIPBI LS B (i,
SR R T s Rs ), BE VEGF (i 2 4]
JR AT L FCAT , WD /N B I, LRI
W, Street VST T BT AL A LA, A VEGF
REAE 3 0 2 23 P (Rl 1 R Al R A7 A T B AR
VEGF165 51 T 5 A QU 4 A = B BIAE 3 AT
M. O {RHEA A g & ERS S5 REE
. VEGF165 Alifiid 52k VEGFR1-3. Wiz LEEAT
2 Wl B 20 R TR 1 R R R b0 P T 10 A B 0
A (R /N ERIRCGEE TR N, I P B 40
RO M S S AR R o A R AL A 2 P A —
B, (T /s A AR . 1o E B 0 it RO\ B g R
Y, TR PAIE IR, I N R e, K
B, OFF B35 MR E T2 58 M 504 . Wang
P 0 VEGF165 T {2 3k 10 45 1 Sz 41 i 43 b J 1 2%
FEAE KR 1 A R 1, i X e 4 it D) i Rl i 4

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

MoAt . @1 T e g s R 1 fit-1 24, 14
INE A 4H A B AN Ak Dh P22, @A I B R
BRSO N AT LU VEGF165 434, I R
MAEEA . BN, BN, A & &
CF-Run L

AR, EPNANRETURI, VEGF165 55 K&
KA 2 AR G R A A P R s i i 2T,
HRAREERN 2 BEMS I 4 f v -2, g
VEGF m45HTHAR SR e A I T, 4ERFa iufris, A
IR AR RIS AE, IR ERCRUE s, (R
T B AT E . VEGF165 1 filli A 52 4 o i B T 24
RAEEE 2, AT A 4G el B R 81 2 mRNA
WE P =P S, HRAREEA 2 AR
VEGF165 AR IEAHREN . Al skiEEn 2
PEF TR RS 40 M4t T A4 i R KS483, mI LAY
EE L E mRNA AR, R n VEGF165 [14)
Wi, i ELIMAE R AR B AN, Wi gs T VEGF165
Ui, WG B AR AR 2 PR i A s
SZBN WS, WHEESREED 2 W R
VEGF165 ()45 it b ik i 2 o A3,

SIS Ok AT 4 2 I A D rhBMP-2 il VEGF 165
(B A . £ Y8R IR T 4 2 13 i gt it g S N
TE R SEARBPIR Z5 0 ARBUR DR 73 FH k), T3k
U, FLAT RN G T At il R 2 AR 8 S R et T
R, STARBRGS it e v fn B B4l A . LA
FERSEE R, Yl aste i ESREEA 2R
UFEMA, AT DA TR A R A B R I SR T
T, e A MR R MGE, I EEESKEEASE
B AR R A G, B SIS A R %2, #E
SEE IR T 3, 4, 5, 6 FMEAWES, KRIL3 RS
TR B, 6 8 S0 20 55 % HE AL AR perd 7 1 R Sk
HES, NSRS T 6 BV NS S, VEE s
g R BN, AT & R AT 4 B R 2 rhBMP-2
BN B rhBMP-2 #it VEGF165 Bedr i ) B IF4%
ik, 6 JEJE Ik I AL AR L E
YA AEURAN N S A MR, AL AN RAE, K
HILEH W p R .

SIS TP TBUR A AL EE N A T AR A R
N S A RCE RIS R N s SEE >0 A > o TR
#H. BIIAA VEGF165. rhBMP2 Brdr &1 4k & At
PR S P AE R A A, R Sl & 8RB T 5
A rhBMP-2/£F 4 25 FEEIS,  A] A 800 B AR B

3703



2,

L BEYPNEFTEERAEZH 2 KETHE GRG0 E P L KRB TR TR S

% WWW.CRTER.Org

B, S, PRRAMIETE A IR A B AT AME
B9 TS SRR ENT, RINFRIR T AR,
R BEAR T A R RN, A TR 7 5 s KPR 3
EHT ARG, RVELE6 MRdfet, as
WRNERA AR RN DL, H525 b ArER 1 L 40
XTI A DA . AAE LT KRB
TARE KARFAT WA TN R EIL RS D), B e AR &
KPS AR, BhRAE ey iR 48 D7 K 17 47
HEs HE R HIERL, AT SRR T k. A TR
PR ARG AE Bl 77 T AT SE 0 R (R Rt

fEZ Tt Bty BEAREEA! ARt ARMLS 7!

EZZEl: |, KRBTSRI, RSk
2, bk, FIIRE A B, FAPKE A B, BRI,
RPLHFAL.

FIZEHZE: PTA VA LR 3T LERA XA A A R,

EEEE[E: FRsh IR T HAT TR 69 F R, SRR
—H A RR RS L FSR . JhEA T,

XEEE: LF R CLiE CNKI R 2% kb
AAaBTIAEE.

XEHE: LFZERDBATINEERFL, Aok
FIEABRE.

TEERER: % —tF4. BatEHaT TR 8RS ok
SO H LG R AT A ARG, X P AR REE R
(L35 IR R )L R AR O B AL AR
B REAGR, THELHE,

KB LFERATEE OSSR RBALE
T REARAR K

4 B2k References

[11 Younger EM,Chapman MW.Morbidity at bone graft
donor site.Orthorp Trauma.1989;3:192-195.

[2] Gerstenfed LC,Cullinanes DM,Barnes GL.Fracture
healing as a postnatal developmental process:
molecular,spatial,and temporal aspects of its
regulation.J Cell Biochem.2003;88:873-884.

[3] Suarez-Gonzalez D, Lee JS, Diggs A,et al. Controlled
multiple growth factor delivery from bone tissue
engineering scaffolds via designed affinity. Tissue Eng
Part A.2014; 20(15-16):2077-2087.

[4] Samee M,Kasugai S,Kondo H,et al.Bone morphogenetic
protein-2 (BMP-2) and vascular endothelial growth factor
(VEGF) transfection to human periosteal cells enhances
osteoblast differentiation and bone formation.J
Pharmacol Sci. 2008;108(1):18-31.

3704

(3]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Peng H,Wright V,Usas A,et al.Synynergistic
enhancement of bone formation and healing by stem
cell-expressed VEGF and bone morphogenetic
protein-4.J Clin Invest. 2002;110(6):751-759.
Kawamura M,Urist MR.Human fibrin is a physiological
delivery system for bone morphogenetic protein.Clin
Orthop.1988;235:302-310.

Mandracchia VJ,Nelson SL,Barp EA.Current
concepts of bone healing.Clin Podiatr Med Surg.
2001;18:55-77.

David SM,Gruber HE,Meyer RA.Lumbar spine fusion
using recombinant human bone morphogenetic protein
in the canine.Spine (Phila Pa 1976). 1999;24:
1973-1979.

Laffargue P,Hildebrand HF,Rtaimate M.Evaluation of
human recombinant bone morphogenetic
protein-2-loaded tricalcium phosphate implants in
rabbits' bone defects.Bone.1999;25(2 Suppl):55S-58S.
Irie K,Alpaslan C,Takahashi K. Osteoclast
differentiation in ectopic bone formation induced by
recombinant human bone morphogenetic protein 2
(rhBMP-2).J Bone Miner Metab. 2003;21(6):363-369.
Schimandle JH,Boden SD,Hutton WC.Experimental
spinal fusion with recombinant human bone
morphogenetic protein-2.Spine (Phila Pa 1976). 1995;
20(12):1326-337.

Boden SD,Schimandle JH,Hutton WC.1995 Volvo
Award in basic sicences:The use of an osteoinductive
growth factor for lumbar spinal fusion.Part II:Study of
dose,carrier,and species.Spine (Phila Pa 1976).1995;
20(24):2633-2644.

Morone MA,Boden SD,Hair G,et a1.Gene expression
during autograft lumbar spine fusion and the effect of
bone morphogenetic protein-2.Clin Orthop. 1998;351:
252-265.

Park DK,Kim SS,Thakur N,et al.Use of recombinant
human bone morphogenetic protein-2 with local bone
graft instead of iliac crest bone graft in posterolateral
lumbar spine arthrodesis.Spine (Phila Pa 1976). 2013;
38(12):E738-747.

Barnes B,Boden SD,Louis-Ugbo J,et al.Lower dose of
rhBMP-2 achieves spine fusion when combined with
an osteoconductive bulking agent in non-human
primates.Spine (Phila Pa 1976).2005;30(10):
1127-1133.

Glowacki J.Angiogenesis in fracture repair.Clin Orthop.
1998;355(Suppl.):S82-89.

Nakagawa M,Kaneda T,Arakawa T.Vascular
endothelial growth factor(VEGF) directly enhence
osteoclastic bone resorption and survial mature
osteoclasts.FEBS Lett.2000;4473:161-164.

P.O. Box 10002, Shenyang 110180 www.CRTER.org



HE, B EYPNEFBEREZA 2 KETHEE GRS M8 P L KRB THTH T H# S

ey peat
G:’ 0RWWW.CRTER.0rg

(18]

(19]

[20]

(21]

(22]

(23]

[24]

[25]

(26]

[27]

(28]

Gerber HP,Vu TH,Ryan AM, et al. VEGF couples
hypertrophic cartilage remodeling,ossification and
angiogenesis during endochondral bone formation.Nat
Med.1999;5:623-628.

Street J,Bao M,deGuzman L,et al.Vascular endothelial
growth factor stimulate bone repair by promoting
angiogenesis bone turnover.Proc Netl Sci USA. 2002;
99(15): 9656-9661.

Streeten EA,Brandi ML.Biology of bone endothelial
cells.Bone Miner.1990;10:85-94.

Wang S,Miura M,Demura H,et al.Anablic effects of
1,25-dihydroxyvitamin D3 on osteoblasts are
enhanced by vascular endothelial growth factor
produced by osteoblasts and by growth factors
produced by endothelial cells.Endocrinology. 1997;
138:2953-2962.

Nakagawa M,Kaneda T,Arakawa T.Vascular
endothelial growth factor(VEGF) directly enhence
osteoclastic bone resorption and survial mature
osteoclasts.FEBS Lett.2000;4473:161-164.

Niida S,Kaku M,Amano H.Vascular endothelial growth
factor can substitude for macrophage
colony-stimulating factor in the support of osteoclastic
bone resorption.J Exp Med.1999;190:293-298.

Street J,Winter D,Wang JH,Wakai A.ls human fracture
hematoma inherently angiogenic? Clin Orthop Relat
Res. 2000;(378):224-237.

Peng H,Wright V,UsasA, et al.Synynergistic
enhancement of bone formation and healing by stem
cell-expressed VEGF and bone morphogenetic
protein-4.J Clin Invest.2002; 110(6):751-759.

Xiao C,Zhou H,Liu G,et al.Bone marrow stromal cells
with a combined expression of BMP-2 and VEGF-165
enhanced bone regeneration.Biomed Mater. 2011;
6(1):015013.

Sukul M,Nguyen TB,Min YK, et al.Effect of Local
Sustainable Release of BMP2-VEGF from
Nano-Cellulose Loaded in Sponge Biphasic Calcium
Phosphate on Bone Regeneration. Tissue Eng Part
A.2015;21(11-12):1822-3186.

Hay E,Lemonnier J,Fromigue O.Bone morphogenetic
protein-2 promotes osteoblast apoptosis through a
Smad-independent,protein kinase C-dependent
signaling pathway.J Biol Chem.2001;276: 29028-
29036.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Bouletreau PJ,Warren SM,Spector JA, et al.Hypoxia and
VEGEF up-regulate BMP-2 mRNA and protein expression
in microvascular endothelial cells: implications for fracture
healing.Plast Reconstr Surg. 2002;109(7):2348.

Deckers MM,van Benzoonijen RL,van der Horst Get
al.Bone morphogenetic proteins stimulate
angiogenesis through osteoblast-derived vascular
endothelial growth factor A.Endocrinology. 2002;143(4):
1545-553.

Matsubara H,Hogan DE,Morgan EF,et al.Vascular
tissues are a primary source of BMP2 expression
during bone formation induced by distraction
osteogenesis. Bone.2012;51(1):168-180.

Zhang G,Drinnan CT,Geuss LR,et al.Vascular
differentiation of bone marrow stem cells is directed by
a tunable three-dimensional matrix.Acta Biomater.
2010;6(9):3395-403.

Ohira S,Doi K,Yaku H.Sutureless Technique to Fix the
Great Saphenous Vein along the Atrioventricular
Groove Using Fibrin Glue in Off-Pump Coronary Artery
Bypass Grafting.Heart Surg Forum. 2016;19(2):
E074-076.

Sakaguchi Y, Tsuji Y,Fujishiro M,et al.Triamcinolone
Injection and Shielding with Polyglycolic Acid Sheets
and Fibrin Glue for Postoperative Stricture Prevention
after Esophageal Endoscopic Resection: A Pilot
Study.Am J Gastroenterol.2016;111(4):581-583.

Hong KP,Kim DK,Kang KH.Staple Line Coverage with
a Polyglycolic Acid Patch and Fibrin Glue without
Pleural Abrasion after Thoracoscopic Bullectomy for
Primary Spontaneous Pneumothorax.Korean J Thorac
Cardiovasc Surg.2016;49(2):85-91.

Liu Z,Zhu Y,Zhu H,et al. Enhancement of posterolateral
lumbar spine fusion using recombinant human bone
morphogenetic protein-2 and mesenchymal stem cells
delivered in fibrin glue.J Biomater Appl.2016.pii:
0885328216643854.[Epub ahead of print]

Cho AB,Paulos RG,Bersani G,et al.A reinforcement of
the sutured microvascular anastomosis with fibrin glue
application: A retrospective comparative study with the
standard conventional technique.Microsurgery.
2016.doi:10.1002/micr.30054.[Epub ahead of print]

3705



