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—Abstract—

Purpose : Bone morphogenetic proteins (BMPs) play an important role in the formation of
cartilage and bone, as well as regulating the growth of chondroblasts and osteoblasts. In this
study, we investigated whether recombinant human BMP adenoviruses are available for ex
vivo gene therapy, using human fibroblasts and human bone marrow stromal cells in an
animal spinal fusion model.

Materials and Methods : Human fibroblasts and human bone marrow stromal cells were
transduced with recombinant BMP-2 adenovirus (AdBMP-2) or recombinant BMP-7 adenovirus
(AdBMP-7), referred to as AdBMP-7/BMSC, AdBMP-2/BMSC, AdBMP-7/HuFb, and
AdBMP-2/HuFb. We showed that each cell secreted active BMPs by alkaline phosphatase
staining. Since AdBMP-2 or AdBMP-7 tranducing cells were injected into the paravertebral
muscle of athymic nude mice, at 4 weeks and 7 weeks, we confirmed that new bone
formation occurred by induction of spinal fusion on radiographs and histochemical staining.
Results : In the region where the AdBMP-7/BMSC was injected, new bone formation was
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observed in all cases and spinal fusion was induced in two of these. AdBMP-2/BMSC

induced bone formation and spinal fusion occurred among one of five. However, in the region

where AABMP/HuFb was injected, neither bone formation nor spinal fusion was observed.

Conclusion : The osteoinductivity of AdBMP-7 was superior to that of AABMP-2. In addition,
the human bone marrow stromal cells were more efficient than the human fibroblasts for
bone formation and spinal fusion. Therefore, the results of this study suggest that AdBMP-7/
BMSC would be the most useful approach to ex vivo gene therapy for an animal spinal

fusion model.

Key Words: Spine, Spinal fusion, BMP, Gene therapy
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1077¢} alkaline phosphatase kit(Procedure
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A BEAAAZE 244 ol Bl 3
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EE59 F FE9 6 mE Histopaque-
1077 {loll Z2A2=HA 2L o2 3000 rpmell
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Fig. 1. The region where was injected by AdBMP-2
or AABMP-7 transduced cells. Five mice in
each group were used in this study.

HuFb, Human fibroblast; BMSC, Human
bone marrow stromal cells.
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Fig. 2. Alkaline phosphatase activity staining of
AdBMP-transduced HuFbs.
(A) observation by naked eye,
(B) microscopic observation (x100).
Mock: untreated cells, AdLacZ: AdLacZ
transduced cells, AdBMP-2: AdBMP-2
transduced cells, AdBMP-7: AdBMP-7
transduced cells.

1. AdBMP-2/HuFb2} AdBMP-7/HuFbOilA &
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2. AdBMP-2/BMSC2} AdBMP-7/BMSCO{|A
£ME BMP &2H|
Al Aol zete 9 AR Z57138A
e AP FRAERE Risle AEo]
o A AdBMPE 3459 A7 & 5Y
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@ — T
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Mock AJBMP-2
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Fig. 3. Alkaline phosphatase activity staining of

AdBMP-transduced BMSCs.

(A) observation by naked eye,

(B) microscopic observation (x100).

Mock: untreated cells, AdLacZ: AdLacZ
cells, AdBMP-2: AdBMP-2
AdBMP-7:  AdBMP-7

transduced
transduced cells,

transduced cells.
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Radiographic analysis for ectopic bone
formation. AABMP transduced BMSCs were
injected into the paravertebral muscles and

ectopic bone formation was examined by
radiography in 4 and 7 weeks.

(A) 4 weeks, mouse No.l, (B) 4 weeks,
mouse No.2, (C) 7 weeks, mouse No.3, (D)
7 weeks, mouse Nod, L1: the first lumbar
vertebrates. Arrows indicate radio—opaque
density implicating ectopic bone formation.
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w5 Itk 2a 3§ vl AF A
AdBMP-2/BMSCE g #-91el IA] A=
W Z2o] A 3H AFE= AdBMP-7/

Fig. 5. Histochemical analysis for ectopic bone formation and
sections of the vertebrates were analyzed by Masson’s trichrome staining.
(A) mouse No.l (4 weeks), (B) mouse No2 (4 weeks), (C) mouse No.3 (7 weeks,
lumbar vertebrates), (D) mouse No.3 (7 weeks, thoracic vertebrates), (E) mouse No.4
(7 weeks), (F) mouse No.5 (7 weeks), T: thoracic vertebrates, L: lumber vertebrates.
Arrows indicate ectopic bone formation or spinal fusion.
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Table 1. Bone formation and spinal fusion in AABMP-2 or AdBMP-7 transducing human bone marrow

stromal cells

T A2 AdBMP-7+/BMSCt AdBMP-2% /BMSC slolsh =
ik MY AR % myy AR ew

1 + - - - 4

2 + + - - 4

3 + + + + 7

4 + - - - 7

5 + - - - 7

*

+ : bone marrow stromal cells

%
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: recombinant bone morphogenetic proteins-7 adenovirus

recombinant bone morphogenetic proteins—2 adenovirus
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