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Enhancement of meniscal tearing damage repairing in the avascular zone using connective tissue growth factor (CT-
GF) in the rabbit model HE Wei,LIU Ming* ,QING Zu-hong,GAO Wei,LIU Yu-jie ™™ ,and HUANG Xiao-nan. *Depart-
ment of Orthopaedics ,the 305th Hospital of People’s Liberation Army , Beijing 100017, China; **Department of Orthopaedics ,
General Hospital of People s Liberation Army , Beijing 100853, China

ABSTRACT Objective: To investigate effect of connective tissue growth factors (CTGF) on secretion of extracellular matrix
synthesis of meniscal fibrochondrocytes, expression of vascular endothelial growth factors (VEGF),and angiogenesis during
the repair of meniscal tearing damage. Methods: Meniscal fibrochondrocytes were isolated from the inner—1/2 of rabbits”
meniscus by collagenase enzymatic digestion, centrifugal separation,and treated with 100 ng/ml CTGF in vitro. Characteriza-
tion of fibrochondrocytes was identified by flow cytometry analysising CD31,CD44,CD45 and CD105,and was further tested
by type Il collagen immunocytochemistry. Changes in gene expression of meniscal fibrochondrocytes were monitored by quanti-
tative real-time polymerase chain reaction. In vitro, the sections of the 3 mm of the longitudinal teared in the middle of the rab-
bit’s meniscus, and then the defects were dealed with simple suture,suture and implanting with PBS—fibrin glue, sutured and
implanting with 1.5 g CTGF respectively. Expression and distribution of type I and Il collagen and VEGF , the tearing healing
were observed by fluorescence —immunohistochemisty analysis on the 1st week,the 4th week and the 10th week. Results:
Quantitative RT-PCR assays showed that type I and type II collagen,and VEGF mRNA expression in the 100 ng/ml CTGF
group had been remarkably enhanced than in the PBS group on the 14th day. Consistent with these effects in vitro, fluores-
cence—immunohistochemical analysis revealed that in the group implanted with CTGF-fibrin glue, type I collagen, type II col-
lagen and capillaries completely filled the defect on the 10th week postoperatively. In contrast, only soft tissue repair occurred
after the PBS—fibrin glue was implanted. Conclusion : CTGF can significantly promote extracellular matrix ( I collagen, II col-
lagen) of the meniscal avascular zone synthesis,and CTGF can greatly heighten the expression of VEGF activity at the same

time in vitro, so that it can further enhance the repair of meniscal tearing damage in the avascular zone.
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Fig.1 Appearance of fibrochondrocytes by light microscope

herent and fibroblast-like morphology of fibrochondrocytes were dyed by hematoxylin

cytochemistric staining 1e. Fibroblasts were negative for it

[51E3

1a. Identification of fibrochondrocytes (Light microscope , magnification 100 times) ; Ad-

1b. Fibrochondrocytes were positive for type II collagen Immuno-
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] =] & | @
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Fig. 2 Flow cytometric histograms of fibrochondrocytes (Flow cytometric analysis shows that fibrochondrocytes were negative for CD31 and CD45,but

positive for CD44 and CD105)
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Fig. 3 Three genes expression were quantified by quantitative real-llme RT-PCR in fibrochondrocytes. Type I collagen gene expression (3a),type Il

collagen gene expression(3b), VEGF gene expression (3c) were quantified by quantitative real-time RT-PCR in fibrochondrocytes at the 3rd day (white

bar) and the 14th day (gray bar) of treatment without CTGF or 100 ng/ml CTGF after isolation(compared with control group, *P<0.05)
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Fig. 4 At the 1st week postoperatively , fluorescence-immunohistochemicry stain (x100) : type
I collagen (red fluorescence,4a,4b,4c) ,type Il collagen (green fluorescence,4d,4e,4f) and
VEGF  (red fluorescence,4g,4h,4i). The 3 mm longitudinal tearing defects were respectively
dealed with simple suture (4a,4d,4g),suture composite of PBS—fibrin glue (4b,4e,4h) and
suture composite of 1.5 wg CTGF —fibrin glue (4c,4f,4i). The suture group (4a,4d,4g)
demonstrated that the edge of the incision was sharp. The fibrin glue group (4b,4e,4h) showed
that part of the incision was filled with fibrin glue,but a clear fissure in the glue was apparent.
In the CTGF-treated group (4c,4f),types I and Il collagen staining revealed that the incision
was filled with more fibrin glue, as compared with the fibrin glue group (4b,4e). Compared to
the other two groups (4g,4h),the CTGF -treated group
VEGF

(4i) showed enhanced staining for
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Fig. 5 At the 4th week postoperatively, fluorescence - immunohistochemicry stain (x100) ;
type I collagen (red fluorescence,5a,5b,5¢c),type Il collagen (green fluorescence,3d, 5e, 5f)
and VEGF  (red fluorescence,5g,5h,5i). The 3 mm longitudinal tearing defects were respec-
tively dealed with simple suture (5a,5d,5g) ,suture composite of PBS—fibrin glue (5b,5e,5h)
and suture composite of 1.5 g CTGF—fibrin glue (5¢,5f,5i). Types | and II collagen staining
in the suture group (5a,5d,5g) and in the fibrin glue group (5b,5e,5h) were enhanced as
compared to staining at 1 week (Fig.4),and the incision was significantly smaller. However,in
the CTGF~treated group(5c,5f) ,the magnitude of types I and Il collagen staining on the sides
of the incision was more obvious,and the area of collagen staining was the largest. In the CT-
GF-treated group (5i),the magnitude and the area of VEGF staining on the sides of the inci-

sion were larger at 4 weeks than at 1 week (4i)
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Fig. 6 At the 10th week postoperatively, fluorescence - immunohistochemicry stain (x100)
type 1 collagen (red fluorescence,6a,6b,6¢) ,type Il collagen (green fluorescence,6d,6e, 6f)
and VEGF  (red fluorescence, 6g,6h,6i). The 3 mm longitudinal tearing defects were respec-
tively dealed with simple suture (6a,6d,6g) ,suture composite of PBS—fibrin glue (6b,6e,6h)
and suture composite of 1.5 pg CTGF—fibrin glue (6c,6f,6i). The incision in the CTGF treated
group (6¢,6f) was completely filled with types | and Il collagen,unlike the other two groups
(6a,6d,6b,6e),and the collagen was stained strongly positive. In comparison with the other
two groups (6g,6h),the VEGF staining in the CTGF —treated group (6i) demonstrated that
VEGF almost completely filled the incision
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