





Effects of GGCX overexpression on chondrocytes

Control

Figure 1. Morphologic changes of chondrocytes after GGCX overexpression.

GGCX overexpression

GGCX overexpression prohib-
its apoptosis of chondrocytes

As shown in Figure 2, viral
encoding GGCX could pro-
mote GGCX expression in
chondrocytes after 48 h incu-
bation in both mRNA and pro-
tein levels. As shown in Figure
3, apoptotic rate in control
group was about 26%. GGCX
overexpression but not vehi-
cle could apparently decrease
the apoptosis (GGCX overex-
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post-hoc Bonferroni test for multiple compari-
sons was performed. Differences were consid-
ered significant at P<0.05.

Results

Structural changes of the chondrocytes after
GGCX overexpression

Chondrocytes were identified by Alizarin red
staining. As shown in Figure 1, the cells in con-
trol group adhered to the wells in a fibroblast-
like pattern, and in spindle, triangular and
squamelliform shapes. Among them, spindle
and triangular shapes were typical. Nuclei were
oval and located in central with clear boundary.
One or two nucleoli were visible and no calcium
salt deposition was observable. However, the
transfected cells displayed classical cell nod-
ules stained in orange red with blurry cell
boundaries.
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overexpression significantly

decreased the expression of
MMP13, type X collagen, TNF and IL-13 in pro-
tein level (P<0.05), while promoted the expres-
sion of type Il collagen in protein level (P<0.05)
(Figure 5).

Discussion

Chondrocytes could secret extensive type Il col-
lagen to support their survival or differentiation
[17]. However, abnormal chondrocytes in osteo-
arthritis patients were in hypertrophic pheno-
type and the ability to secret type Il collagen
was reduced. By contrast, the ability to secret
type X collagen was facilitated in that type of
cells [18]. As reported, type X collagen is rarely
observed in normal cartilage tissue, but exten-
sively detected in OA tissue [19]. In this study,
we isolated chondrocytes from OA cartilage tis-
sues. Genetic method was applied to overex-
press GGCX expression.
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Lenti-virus encoding GGCX could apparently
facilitate GGCX expression. After transfection
with GGCX vector, morphologic of chondrocytes
remarkably recovered to normal condition.
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Figure 4. GGCX overexpression pro-
motes type X collagen, decreases
MMP-13, type Il collagen, TNF and
IL-1B expression in mRNA level.

Phenotype of chondrocytes was also distin-
guished by staining type Il collagen and type X
collagen. Our data displayed that GGCX overex-
pression significantly increased type Il colla-
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Figure 5. GGCX overexpression promotes type X collagen, decreases MMP-
13, type Il collagen, TNF and IL-13 expression in protein level.

gen, while decreased type X collagen. These
results implicate that OA chondrocytes tend to
recover to normal chondrocytes.

In addition, studies have shown that the syn-
thesis and secretion of type X collagen may
lead to chondrocyte apoptosis in articular carti-
lage [20]. Chondrocytes encountering patho-
logical stimuli in osteoarthritis would become
hypertrophic phenotype. Cellular redox state
was altered and signaling pathway for apopto-
sis was activated, finally contributing to apopto-
sis of chondrocyte [21]. Amling et al demon-
strated that reduction of type X collagen could
prohibit the apoptosis of chondrocytes [22]. In
our study, apoptosis was detected after GGCX
overexpression in OA chondrocytes. After trans-
fection with GGCX, apoptotic rate was signifi-
cantly reduced. As type X collagen is also
decreased after GGCX overexpression, the
apoptosis-inhibition is likely through inhibiting
the synthesis of type X collagen [23].

The stability of extracellular matrix in cartilage
is important for chondrocyte survival, and
matrix metalloproteinases (MMPs) are impor-
tant elements to stabilize cell matrix. Des-
truction of cartilage is also due to the abnor-
mality of MMPs. MMPs in osteoarthritis were
significantly promoted as reported [24]. The
degradation of collagen type Il in the matrix
leads to the destruction of MMPs, while
MMP13 is one of the typical MMPs. Therefore,
MMP13 has become one of the most common-
ly detected indicators in the pathogenesis of
osteoarthritis [25]. Our study also examined
MMP13 expression using real-time PCR and
Western blot. We found that overexpression of
GGCX significantly decreased MMP13 expres-
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sion, revealing that GGCX
overexpression likely impro-
ves chondrocyte survival by
down-regulating MMP13 ex-
pression.

Studies have shown that IL-13
can affect the synthesis of
extracellular matrix compo-
nents and structural proteins,
such as proteoglycans and
type Il collagen [26, 27]. In
addition to the effect on
structural protein synthesis,
IL-1B can also affect MMPs,
especially MMP13, resulting in the destruc-
tion of chondrocytes [28, 29]. In addition to
the induction by MMPs family enzymes, MMP5
could be regulated by IL-1B and TNF, to promo-
te the expression of nitric oxide and production
of nitric oxide synthase, reduce proteoglycan
synthesis, thereby inducing apoptosis of chon-
drocytes [30, 31]. The results of this study also
demonstrated that the expressions of IL-1f3
and TNF were down-regulated after GGCX
overexpression.

In normal cartilage tissue, extracellular matrix
are decomposed and synthesized in a dynamic
balance. By contrast, type Il collagen was
reduced, while type X collagen was facilitated in
the abnormal chondrocytes. Meanwhile, the
amount of MMPs was also increased, as well as
IL-1B and TNF. Kamekura et al [32, 33] found
that expressions of MMP13 and type X collagen
were significantly increased in the osteoarthri-
tis model [34]. Overexpression of IL-13 and TNF
would decrease proteoglycan synthesis, there-
by inducing cell apoptosis and destruction of
cartilage, and contributing to osteoarthritis.

In conclusion, lenti-viral encoding GGCX could
improve the balance of extracellular matrix,
promote proteoglycan synthesis in chondro-
cytes, which might be related to the decreas-
ed apoptosis. This study implicates that
GGCX could serve a therapeutic target for
osteoarthritis.
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