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Overexpression of Sox9 gene by the lentiviral vector in rabbit bone marrow mesenchymal stem cells for promoting the
repair of cartilage defect WANG Zhen,LIANG Da-chuan,BAI Jie-yu,KANG Ning, FENG Jun-yu,and YANG Zi-quan.
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ABSTRACT Objective:To study the overexpression of Sox9 gene on rabbit bone marrow mesenchymal stem cells for re-
pairing articular cartilage injury in vivo. Methods: Rabbit bone marrow mesenchymal stem cells (BMSCs) were transduced
with lentivirus vector containing Sox9 gene and then cartilage specific molecule was detected by RT-PCR in vitro. Total 48
knee joints of 24 mature New Zealand white rabbits were randomly divided into 3 groups according to different defect treatment.
After animals anesthesia,a full-thickness cylindrical cartilage defect of 4 mm diameter and 3 mm deep was created in the
patellar groove using a stainlesssteel punch. Meanwhile, the transfected cells were implanted to repair the rabbit model with full-
thickness cartilage defects. Cartilage defects tissue was observed with light microscope , electron microscope , HE and immuno-
histochemistry staining to assess the repair of defects by the complex at 6 weeks or 12 weeks after the implantation. Results; At
3 days after the transfection,Sox9 gene expression was highest and Sox9 gene expression decreased with the increase of time.
At 3 days after the transfection, the expression of collagen type Il began and reached the peak at 14 days. It showed that the
bone marrow mesenchymal stem cells went into chondrogenic differentiation after transfected by Sox9 gene. Histological obser-
vation showed that at 6 weeks after the operation, the defects in the experimental group was filled with hyaline like cartilage tis-
sue, 12 weeks after operation, the defects of cartilage and subchondral bone had satisfactory healing. Both at 6 and 12 weeks
postoperatively, the defects were filled with fibrous tissues in control groups. Meanwhile , immunohistochemical staining of sec-
tions with type Il collagen antibodies showed the proteins in the regenerated tissue stained positive for type Il collagen and
stronger than the control groups. The histological scoring system indicated that the cartilage repair of experiment groups were

better than the two control groups with statistical significances. Conclusion ; Overexpression of Sox9 gene on rabbit bone mar-
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row mesenchymal stem cells (BMSCs) promote the repair of cartilage defect.
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Fig.1 Identification of rabbit bone marrow mesenchymal stem cells by flow cytometry 1a. CD34 and CD45 belonged to the negative range  1b. CD45

belonged to the negative range, CD105 belonged to the positive range 1c. CD44 and CD105 belonged to the positive range
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Fig.4 Electrophoresis result of Sox9 on RT-PCR at 72 hours after trans-
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Fig.5 The cartilage defect healing at 6 weeks after operation in 3 groups  5a. Gross specimen of the blank control group had poor repair effect, the center

was messy , and the osteophyte formation was found at the operation area  5b. Gross specimen of the experimental control group had poor repair effect, the
center was messy ,and the osteophyte formation was found at the operation area  Se. Gross specimen of the experimental group had better repairing effect

with a glossy white surface at the operation area, but it was easy to distinguish the operation area from the normal cartilage
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Fig.6 The cartilage defect healing at 12 weeks after operation in 3 groups  6a. Gross specimen of the blank control group had poor repair effect, the cen-
ter was messy , and the osteophyte formation was found at the operation area  6b. Gross specimen of the experimental control group had poor repair effect,
the center was mess,and had a glossy white surface at the operation area  6¢. Gross specimen of the experimental group had better repairing effect with a

glossy white surface at the operation area, but it was difficult to distinguish the operation area from the normal cartilage
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Fig.7 Hematoxylin and Eosin (HE) staining of sections at 6 weeks after operation (x40) 7a. Cartilage defect in the blank control group had little or no

fibrous tissue  7b. In the experimental control group a mixture of fibrous tissue and chondroid tissue was found at the cartilage defect 7c. In the experi-

mental group, the defect was filled with chondroid cell and cartilage extracellular matrix, but the number of chondroid cells was more than normal tissue at

the operation area
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Fig.8 Hematoxylin and eosin (HE) staining of sections at 12 weeks after operation (x40) 8a. In the blank control group the defect was filled with a
small amount of fibrous tissues and new bone formation was also found at the subchondral = 8b. In the experimental group, the defect was filled with chon-
droid cell and cartilage extracellular matrix, but the number and structure of chondroid cells were the same as normal tissue ~ 8c. In the experimental con-

trol group, a large number of chondrocytes were found at the cartilage defect

o E e

B9 AR5 o6 I RSB Y A (x40)  9a, 25 X IR SV , BIPEALSS  9b. SCBRXS IR FATERSS  9c. SCORALFHVE LE ) L IE
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Fig.9 Collagen II immunohistological staining of sections at 6 weeks after operation (original magnificationx40) 9a. In the blank control group,a mess

organizational structure was found at defect with weak positive staining  9b. In the experimental control group,the weak positive staining was found at de-

fect 9c. In the experimental group, the positive staining was found , but it was lower than the surrounding normal cartilage tissue

B 10 AJF 12 JA T RBE G AR (0, (x40) - 10a. 25 POV IRZTBIPERLSS  10b. SCHXT R ANAUEEHI TR, PHIERCSS  10c. SEUO2H FHPE IR
Ji] BB L1
Fig.10 Collagen IT immunohistological staining of sections at 12 weeks after operation (original magnificationx40) 10a. In the blank control group,the

weak positive staining was found at defect 10b. In the experimental control group,the weak positive staining and a clear organizational structure were

found at defect  10c. In the experimental group, the positive staining was found , and it was close to the surrounding normal cartilage tissue
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Tab.2 Wakitani score of cartilage defect in different groups

at different time points after operation(x+s,score)
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1B A PR TR 0.80+0.35  0.6320.52
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MY 11.75£1.28  9.38+1.92°
TE AL TR, ARG 6 JE SRR 20 T 92300 B2 (u=1.00, P=0.00)
Jezs HXTIRAL (1=0.00,P=0.00), SEENTHRAE T2 AXT A (u=

0.00,P=0.00) ; R/ 12 J& , LB AR F 240 x] B4 (u=1.50,P=0.00) &
25 FOM IR 4L (u=0.00, P=0.00) , SE 3006 B AL T 25 F O IR (u=6.50,
P=0.01), SEHHAARTT 12 LT ARG 6 J& (1=6.00, P=0.01) ; S56%} I8
HARJE 12 ASARIE 6 A LZER (u=16.50,P=0.15) ;75 A X FBA AR5
12 A FARIE 6 & (1=9.50,P=0.02)

Note: The total scores in each group,at 6 weeks after operation, experi-
mental group was better than experimental control group (z=1.00,P=
0.00) and blank control group (u=0.00,P=0.00),experimental control
group was better than blank control group (1©=0.00,P=0.00) ;at 12 weeks
after operation, experimental group was better than experimental control
group (©=1.50,P=0.00) and blank control group (z=0.00,P=0.00),ex-
perimental control group was better than blank control group (u=6.50,P=
0.01) ;in experimental group at 12 weeks after operation was better than 6
weeks (1=6.00,P=0.01),in experimental control group at 12 weeks after
operation was better than 6 weeks (12=16.50,P=0.15),in blank control
group at 12 weeks after operation was better than 6 weeks (¢=9.50,P=
0.02)
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