IGF-I maintains endplate chondrocytes

Figure 1. Cartilaginous end plates undergo age-associated degenerative changes. A. H&E histological staining of
disc sections from young, adult, and older rats (original magnification, x40; scale bar, 200 ym). Images representa-
tive of three samples are displayed. Cartilaginous end plates (thin arrows) and nucleus pulposus (thick arrows) are
indicated. B. RT-gPCR revealed alterations in the expression levels of COL-2A, Sox9, and MMP13 in cartilaginous
end plates of the three groups. C. Expression of active caspase-3, Sox9, MMP13, and COL-2A were determined by
Western blot analysis in endplates of the three groups. GAPDH was used as an internal control for the RT-gPCR and
Western blots. Each experiment was performed in triplicate. "P<0.05, *"P<0.01. H&E, hematoxylin and eosin; M,
age of rat in months; COL-2A, collagen type lla; MMP, matrix metalloproteinase; Sox, (sex-determining region Y)-box

9; RT-gPCR, reverse-transcription quantitative polymerase chain reaction.

the cells were washed and then incubated wi-
th Texas Red®-X phalloidin (1:500 dilution; In-
vitrogen; Thermo Fisher Scientific, Inc.) for 1 h
at room temperature. Finally, the cells were
incubated with 1.5 mg/ml DAPI (Shanghai Mai
Bio Co., Shanghai, China) for 8 min and then
visualized under a confocal microscope (TC-
SSP5; Leica, Wetzlar, Germany).

Statistical analysis

Values are expressed as the mean * standard
deviation. Statistical analysis was performed
by two-tailed independent Student’s t-test
using GraphPad Prism v5.0 (GraphPad soft-
ware, Inc.). P<0.05 was considered to indi-
cate a statistically significant difference.

Results

CEPs undergo age-associated degenerative
changes

Compared with those of young rats, the IVDs
of adult rats did not display any obvious chan-
ges, but the nucleus pulposus (NP) of older
rats did, as fissures appeared. In addition, wi-
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th advancing age, the cell density in the CEP
decreased but it increased in the trabecular
bone (Figure 1A). With increasing age of the
rats, the mRNA and protein levels of Sox9 and
COL-2A decreased, while MMP13 increased in
the CEP (Figure 1B and 1C). In addition, ac-
tive caspase-3 protein was detected in the
CEPs of the adult rats and was increased in
that of the older rats (Figure 1C).

Chondrocytes undergo degeneration with
increasing passage number

Within six passages, the morphology of the
chondrocytes cultured in vitro changed from a
polygonal or round to a flattened, amoeboid-
like shape, which could be deduced from the
results of H&E staining and Texas Red®-X phal-
loidin staining. In addition, the brightness of
the extracellular matrix became weakened in
toluidine blue-stained samples. (Figure 2A).
When P2 chondrocytes were treated with IGF-I
for 24 h, the mRNA expression of COL-2A in
the rat’s endplate chondrocytes was signifi-
cantly increased if IGF-I concentrations of <10
ng/ml were used. Treatment with IGF-l at 40
ng/ml resulted in maximum COL-2A levels,
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Figure 2. IGF-I maintains the phenotype of chondrocytes during in vitro monolayer culture. A. Cellular morphology
and staining. Images of H&E and T-B representative of three samples are displayed (original magnification, x100;
scale bar, 100 um). F-actin staining revealed changes in the P6 chondrocyte cytoskeleton. Representatives of three
samples are shown; green indicates F-actin and blue indicates DAPI staining (scale bar, 20 um). B. P2 chondrocytes
were serum-starved for 12 hours and then treated with IGF-I at various concentrations for 24 h. gRT-PCR revealed
alterations in the expression levels of COL-2A in an IGF-I dose-dependent manner. C. From P2, chondrocytes were
cultured and incubated with or without IGF-I (40 ng/ml). Every third day, the confluent cells in monolayer culture
were passaged, finally reaching P6. RT-qPCR analysis of P2 and P6 chondrocytes as well as P6 chondrocytes that
had been cultured in the presence of IGF-I revealed differences in the expression levels of COL-2A, Sox9, and
MMP13 between the groups. D. Expression of active caspase-3, COL-2A, Sox9, and MMP13 protein was determined
by Western blot analysis in each group. GAPDH was used as an internal control for the gRT-PCR and Western blot
analyses. Each experiment was performed in triplicate. "P<0.05, **P<0.01 vs P2. T-B, toluidine blue; H&E, hematoxy-
lin and eosin; COL-2A, collagen type llo; MMP, matrix metalloproteinase; Sox, (sex-determining region Y)-box 9; RT-
gPCR, reverse-transcription quantitative polymerase chain reaction; P2, passage 2. IGF, insulin-like growth factor.

which were almost four times those in IGF-I- IGF-I maintains the phenotype of chondrocytes

untreated cells (Figure 2B). In subsequent
experiments, 40 ng/ml was used as the opti-
mal concentration of IGF-I to stimulate gene
expression by chondrocytes. The chondrocytes
at P2 had a high expression of COL-2A and
Sox9, which decreased with increasing pas-
sage number, while MMP13 expression was
initially low and was elevated with increasing
passage number. Furthermore, P6 chondro-
cytes contained active caspase 3, which was
not detectable in P2 chondrocytes (Figure 2C
and 2D).
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during in vitro monolayer culture

Compared with that in the control group, treat-
ment of P6 chondrocytes with IGF-I increased
the protein and mRNA expression of COL-2A
and Sox9 but decreased the protein and mRNA
expression of MMP13. However, IGF-I treat-
ment of P6 chondrocytes did not fully restore
the expression levels of these genes to those
in P2 cells (Figure 2C and 2D). Western blot
analysis was used to examine the protein le-
vels of activated caspase-3 in P2 and P6 chon-
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Figure 3. IGF-I induces activation of
ERK and AKT in chondrocytes. Fr-
om P2, chondrocytes were cultured
and incubated with or without IGF-I
(40 ng/ml). Every third day the con-
fluent cells in the monolayer culture
were passaged, finally reaching P6.
(A) Levels of T-ERK and P-ERK, T-
AKT, and P-AKT in P2 and P6 chon-
drocytes as well as P6 chondrocytes
that had been cultured in the pres-
ence of IGF-I were determined by
Western blot analysis. GAPDH was
used as an internal control. Levels
of (B) P-ERK and (C) P-AKT were
also detected by immunofluores-
cence staining in each group (scale
bar, 50 ym). Each experiment was
performed in triplicate. P2, passage
2; IGF, insulin-like growth factor; P-
AKT, phosphorylated AKT; T-ERK,
total extracellular signal-regulated
kinase.

drocytes with or without IGF-I
treatment. The IGF-I-treated ch-
ondrocytes at P6 had lower lev-
els of activated caspase-3 than
the untreated ones, just as the
same as that of P2 chondro-
cytes (Figure 2D).
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IGF-Il activates the ERK and
AKT signaling pathways in
chondrocytes

In order to investigate the sig-
naling pathways involved in the
effect of IGF-1 on chondrocytes,
the protein levels of ERK and
AKT were detected in the P2,
P6, and P6+IGF-I chondrocytes.
Overall, there appeared to be
no noticeable changes in the
protein expression levels of to-
tal ERK or AKT (Figure 3A).
However, compared with that
in P2 chondrocytes, the P6 ch-
ondrocytes displayed a decr-
ease in p-ERK1/2 and p-AKT.
Furthermore, treatment with
IGF-I markedly increased the
phosphorylation levels of ERK
and AKT proteins, and these
changes were also obvious in
the cell nuclei on immunohisto-
chemistry, which indicate nuc-
/ lear translocation of p-ERK and
MM ) AKT stimulated by IGF-I. How-
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