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IGFBP-3 may trigger osteoarthritis by inducing apoptosis
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Abstract: Osteoarthritis is not an uncommon disease worldwide and it is characterized by chondrocytes apoptosis in
articular cartilages. Previous researches had discovered that insulin-like growth factor binding protein-3 (IGFBP-3)
was abundant inside the osteoarthritic cartilages and the more IGFBP-3, the worse of osteoarthritis. However, there
is still little knowledge of the association between the onset of osteoarthritis and the yield of IGFBP-3 in cartilages.
In consideration of the apoptotic effect of IGFBP-3 on other types of cells, we had hypothesized that IGFBP-3 may
induce the chondrocytes apoptosis, which was highly considered as the origin of the osteoarthritis. Exposing the
cultured chondrocytes to exogenous recombinant IGFBP-3, we were able to observed the apoptotic chondrocytes
under microscope and figured out an increased proportion (P<0.05) of them by both CCK-8 assay and flow cytom-
etry. Under laser confocal microscope, we also found that the apoptosis of chondrocytes induced by IGFBP-3 were
committed to the nucleus-mitochondria translocation of Nur77, which is nuclear protein, and this phenomena was
similar as the one described in malignant cells only. In conclusion, our work suggested that IGFBP-3 may trigger
osteoarthritis by inducing the chondrocytes apoptotic through nucleus-mitochondria translocation of Nur77.

Keywords: Insulin-like growth factor binding protein-3, IGFBP-3, chondrocytes, Nur77, nucleus-mitochondria trans-
location

Introduction factors together damage joint cartilage then
causally induce both chondrocyte apoptosis
and extracellular matrix degeneration [2].
Insulin-like growth factor binding protein-3
(IGFBP-3), especially its IGF independent effect,

has been provoked as a novel way to study the

Osteoarthritis (OA) is a common joint disease,
which is characterized by cartilage loss, osteo-
phyte formation, subchondral sclerosis and
periarticular weakness. It not only damages

knees, hips and interphalangeal joints mainly,
but also causes pain and stiff in those joints.
Chondrocyte apoptosis and extracellular matrix
degradation, as known as cartilage degenera-
tion, are both believed as the onset of OA. As
the only cell inside the joint cartilage, chondro-
cyte maintain the balance of anabolism and
catabolism of cartilage. Based on the up-to-
date researches, there is a correlation between
the chondrocyte apoptosis and the onset of OA
[1]: (1) a much more ratio of apoptotic chondro-
cytes could be observed in the OA cartilage
rather than the normal one; (2) a positive cor-
relation could be calculated between the
remaining alive chondrocytes and severity of
OA. Now, a consensus is achieved that multiple

onset of OA [3].

IGFBP-3 is one of the insulin-like growth factor
binding proteins family. Insulin like growth fac-
tor 1 (IGF-1), the other half of the IGF/IGFBPs
system, is the most important protein in this
system. The free IGF-1, which is activated by
conjugating to IGF-1 receptor (IGF-1R), is not
only able to stimulate cell proliferation by acti-
vating MAPK and PI3K pathway, but also able to
prevent cell apoptosis through blocking the
Caspase pathway with PI3K activation [4].
However, most of IGF-1 is deactivated because
of the conjugation of IGFBP-3. As the most pro-
tein of IGFBPs family and the major carrier of
the IGF, IGFBP-3 can be secreted by various
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Figure 1. The morphological observation of the cultured chondrocytes under bright field microscope. The 1st gen-
eration chondrocytes (A) were irregular polygon shape and were stone road like when they got confluent in the flask.
When they underwent 2 times or more passage (B), the polygon chondrocytes transformed into fibroblast-like shape.

types of cell, prolonging the half-time of IGF.
IGFBP-3 possesses a higher conjugation to
IGF-1 than that of IGF-1R. It means that IGFBP-
3 can competitively conjugate free IGF-1 with
IGF-1R and block IGF-1's cell proliferation effect
by deactivating MAPK and PI3K pathway, both
of which can be initiated by combination of
IGF-1 and IGF-1R (16, 17). This is known as the
IGF-dependent effect of IGFBP-3.

IGFBP-3 had come into the horizon of OA
researchers. Tavera et al had reported that [5],
in primary OA joint cartilages, despite there was
more IGF-1R than those in the normal cartilag-
es, chondrocytes from the OA joints did not
respond to the stimulus of IGF-1 correlatively.
Meantime, those researchers also found an
elevated express of IGFBPs in OA cartilage,
including IGFBP-2, IGFBP-3, IGFBP-4, especially
the middle one elevated significantly. Factors
which could reduce the proteolysis of IGFBP-3
were observed by Whellams in the OA synovial
fluid [6] and he thought maybe there were a
relationship between those factors he and OA.
Beside the latent relationship of IGFBP-3 and
OA based on the tissue, it is possible that they
may be linked genetically: a study suggested
that a low IGFBP-3 level in serum had a positive
correlation with a low prevalence of OA [7].
When combining the studies above, some
researchers had supposed that [9] overexpress
IGFBP-3 in cartilage could induce chondrocyte
apoptosis through its IGF-dependent effect,
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and then the chondrocyte proliferation and its
proteoglycan secretion could also be inter-
fered, and causally extracellular matrix may be
degraded. Those factors may be the causes of
the OA onset.

When the studies of OA and IGFBP-3 went fur-
ther, more researchers found that IGFBP-3
could induce cell apoptosis by exerting its IGF-
independent effect [10, 11], which is RXRa-
Nur77 dependent [12, 13]. RXR« is a member
of RXRs family (the other two are RXR and vy),
which is nuclei receptor and exerts their biologi-
cal effect by homodimerizing or heterodimeriz-
ing other nuclei receptors [26]. Nur77 which is
also known as TR3 or nerve growth factor-
induced clone B (NGFI-B) is an orphan receptor
and combines to RXRa [26]. IGFBP-3 possess-
es nucleus location sequence (NLS) and RXRa
binding domain, transporting into cell nucleus
and combining RXRa-Nur77 heterodimer. Then
Nur77 is induced into cytoplasm from nuclear
and co-locates to mitochondria [13], initiating
intrinsic Caspase pathway: (1) Nur77 enhances
the permeability of mitochondrial membrane;
(2) cytochrome c leaks into cytoplasm from
mitochondrial matrix [13] and compound into
Apaf-1 by heterodimerizing with dATP; (3) Apaf-1
cleaves pro-Caspase-9 into Caspase-9 and the
activated Caspase-9 then cleaves pro-Cas-
pase-3, which is the precursor of Caspase-3
the activated Caspase-3 induces apoptotic
effect.

Int J Clin Exp Pathol 2015;8(12):15599-15610
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Figure 2. The morphological analysis of the chondrocytes in different groups. The viable chondrocytes of blank
and negative groups were just the same as the ones cultured in complete culture medium (Figure 1), which were
polygon shape or fibroblast-like and indicated by green arrows. They could be induced to apoptosis when exposed
to IGFBP-3 (0.5 pg/ml~2.0 ug/ml), because the shrinking morphologic change of cells (red arrow) and the apoptotic
bodies (black arrow) were both captured by us. The proportion of apoptotic chondrocytes correlated with the con-
centration of IGFBP-3. (the scale bar was 100 pm).
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Figure 3. Hoechst 33342 stain of the nuclei of chondrocytes. The green arrows indicated the nuclei of the viable
chondrocytes, which were round or stain in homogeneous blue color under fluorescence microscope, while the red
arrows showed the apoptotic chondrocytes whose nuclei were shrinking and stained in high intensity fluorescence.
The apoptotic cells in blank and negative groups were little. Nevertheless, when exposed to IGFBP-3 (0.5 ug/ml~2.0
pug/mil), the viable cells could be induced into apoptotic and this percentage was positive associated with the con-
centration of IGFBP-3. (The scale bar was set as 50 ym).
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Table 1. Absorbance of viable cells exposed
to exogenous IGFBP-3 (mean + SD, n=3)

Groups Values of absorbance
Blank 1.43+£0.03A
Negative 1.44+0.05A
0.5 pg/mi 1.31+0.03""#
1.0 yg/ml 1.06+0.07"#
2.0 yg/ml 0.82+0.10™"#

**petween IGFBP-3 subgroups, P<0.05; #between
IGFBP-3 subgroups and blank group or negative, P<0.05;
Abetween blank and negative groups (P>0.05).

The onset of OA is tight link with the elevated
permeability of mitochondrial membrane,
which had been suggested by previous
researches [14]. After reviewing the results
announced by the researchers above, which
were overexpress IGFBP-3 level inside the OA
cartilage or synovial fluid as well as the
announcement that IGFBP-3 could induce cell
apoptosis by elevating the permeability of mito-
chondrial membrane with IGF-1 independent
effect, we have speculated that the chondro-
cyte apoptosis observed in the OA cartilage
may be exerted by IGFBP-3. Up to date, no simi-
lar articles were published.

Materials and methods
Animals

Sprague-Dawley rats certificated and provided
by animal experiment center of Wuhan
University, class SPF.

Harvest and primary culture of chondrocytes

Rats were executed by cervical dislocation, and
were disinfected by 75% alcohol. The cartilage
of knee and elbow in both sides were obtained
in sterile conditions. We carefully scraped the
soft tissue on the cartilage and fragmented the
cartilage into 1 mm?® size. These fragments
were rinsed by sterile PBS solution in tubes and
centrifuged for 5 min at 2000 rpm. Trypsin with
EDTA was mixed with residue after removing
the supernatants, and then a digestion was
performed by shaker for 80 rpm at 60 min,
37°C. When this program was done, we rinsed
this mixture with sterile PBS solution and after-
wards centrifuged again for removing the
supernatant. Next, we added 0.2% type Il col-
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lagenase solution and shake under 80 rpm at 4
hrs, 37°C. When the shake done, we centri-
fuged again and discarded the supernatants
then mixed DMEM/F-12 medium with the resi-
due as suspension. This suspension was fil-
tered 3 times with sterile stainless net and was
centrifuged once more for discarding the
DMEM/F-12 medium. At last, we suspended
the residue by complete culture medium (with
10% FBS and 1% Penicillin-Streptomycin). The
chondrocyte intensity was adjusted as 1x10°
per milliliter then was seeded into 25 cm? flask
at 5% CO, wet incubator. We changed the com-
plete medium every 24 h at the first three days.
The primary cultured chondrocyte was marked
as PO.

Passage

When the chondrocyte reached an 80~90%
aggregation observed under microscope, the
complete medium was pipetted out and the
internals of culture flask were rinsed by sterile
PBS solution. After PBS rinse, 1 ml trypsin with
EDTA was pipetted into flask, and the cultured
chondrocytes was observed carefully under
microscope. When the adherent polygonal
chondrocytes became round, 2 ml complete
medium was added into flask for neutralizing
trypsin. This chondrocyte suspension was
pipetted and transferred into new tubes then
was centrifuged for 1000 rpm at 5 min. We dis-
carded the supernatants and suspended the
chondrocytes with new complete medium and
counted those cells as 1~2x10%/ml then trans-
ferred into new flasks. The first passage was
marked as P1. P1 to P4 was used throughout
our works.

IGFBP-3 compound and controls

As direction from manual, IGFBP-3 lipid was
dissolved into sterile ddH,O, compounding an
IGFBP-3 solution at 1 mg/ml. This solution was
mixed with sterile 0.1% BSA solution for a 20
pg/ml IGFBP-3 stock solution. DMEM/F-12
serum-free medium plus chondrocytes as blank
group, DMEM/F-12 plus 0.1% BSA solution as
negative group, and IGFBP-3 stock solution
mixed with DMEM/F-12 serum-free medium
compounding three concentrations, 0.5 ug/ml,
1.0 pg/ml, and 2 ug/ml, as positive group
respectively, we had set five groups.

Int J Clin Exp Pathol 2015;8(12):15599-15610
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CCK-8 cell viability assay
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Figure 4. Absorbance values of CCK-8 assays. IGFBP-3 caused the decrease of
absorbance value of CCK-8 of chondrocytes: blank vs. negative, P>0.05%; 0.5
pg/mlvs. 1.0 ug/ml vs. 2.0 yg/ml, respectively, P<0.05**; blank or negative
vs. 0.5 yg/mlor 1.0 uyg/ml or 2.0 pg/ml, P<0O.05***.

IGFBP-3 assay

Chondrocytes (1x10%/well) were seeded in 6
well plate and adhered for 24 hrs. We discard-
ed the complete culture medium and washed
the adherent chondrocytes with sterile PBS to
eliminate the IGF-1 from the complete culture
medium. The blank, negative and positive
group was set as previously description. The
morphological changes of chondrocytes were
examined under bright field of microscope.

Hoechst33342 stain assay

Chondrocytes (1x10° cells per well) was seed-
ed into the 6 well plate which contained a ster-
ile coverslip inside each well and adhered for
24 hrs. After this period, we rinsed each well
with sterile PBS solution, and set blank, nega-
tive and positive groups, incubating another 24
hrs period. Discarding the medium of all groups,
fixing the chondrocytes with 4% paraformalde-
hyde at room temperature for 15 min. Rinsing
the fixed cells with PBS solution for 3 times,
each time with 5 min. Then 10 pg/ml Hoe-
chst33342 dye was added to stain chondro-
cytes for 15 min at room temperature. The
excess was finally discarded and the coverslips
were washed with PBS and were mounted. The
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drocyte. After another 24
hrs, the complete culture
medium of each well was
removed, and 10 pl of
CCK-8 was added into each
well. The chondrocytes was
then incubated at 37°C in
dark for 1 h. Finally, we measured the absor-
bance of each well at 450 nm.

Annexin V-FITC/propidium iodide dual staining
assay

Chondrocytes (1x10%/well) were seed into 6
well plate and adhered for 24 hrs. Rinsed by
sterile PBS solution 3 times, we set blank, neg-
ative and positive groups and incubated for 24
hrs. The chondrocytes were washed with cold
binding buffer of Annexin-V/PI cell apoptosis kit
and then cells were collected and suspended
by the same binding buffer at a concentration
of 1x10° cells per mL and incubated with
Annexin V-FITC and PI for 15 min in dark on ice.
Then these samples were analyzed by BD flow
cytometry. 1x10* chondrocytes of each sample
were analyzed.

Immunofluorescence staining assay

Chondrocytes (2x10* cells per well) were seed-
ed on 12 well plate which contained a sterile
coverslip in each well. When chondrocytes
adhered for 24 hrs, the three groups were set
as previous ones. After 24 hrs later, we pipet-
ted out the medium and rinsed the chondro-
cytes with sterile PBS solution for 3 times.
MitoTracker® Deep Red FM stock solution was

Int J Clin Exp Pathol 2015;8(12):15599-15610
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Figure 5. Percentage of viable cells was examined by flow cytometry. IGFBP-3 caused the reduction of this percent-
age: blank vs. negative, P>0.05%*; 0.5 pg/ml vs. 1.0 ug/ml vs. 2.0 ug/ml, respectively, P<0.05**; blank or negative
vs. 0.5 yg/mlor 1.0 yg/ml or 2.0 pg/ml, P<0.05%**,
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Hoechst Nur77 MitoTracker Merged

Figure 6. Nucleus-mitochondria translocation of Nur77 induced by IGFBP-3. (A-C) Represented the nuclei of chondrocytes stained by Hoechst 33342. Without
IGFBP-3, the nuclear protein, Nur77 was located in the nuclei (D, E), and was not translocated to mitochondria (G-H). IGFBP-3 could caused Nur77 translocated to
mitochondria in cytoplasm (C, F, I, L). (The scale bar was set as 20 ym).
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compounded with complete culture medium at
the concentration of 0.5 yM and was incubated
with chondrocytes in dark at room temperature
for 45 minutes. Then we discarded them and
fixed cells with 4% paraformaldehyde for 15
min. After fixation, the 15 min permeation with
0.5% Tritox-X100 and the 30 min blockage with
2% BSA was performed step by step. Next,
Nur77 conjugated primary antibody (rabbit anti-
rat antibody, 1:50 dilution) was added to chon-
drocytes and was incubated in dark at 37°C for
2 h. Then we removed the antibody and washed
with PBST for 3 times (5 min each). At last,
cells were counter stained with 10 pg/mi
Hoechst33342 solutions for 15 min and were
mounted by mounting medium. These cells
were observed and captured under laser confo-
cal microscope.

Statistical analysis

All the assays were performed at least three
times independently. The data were presented
as a mean = SD and were analyzed with ANOVA
test with SPSS(ver. 17.0). A P-value less than
0.05 was considered statistically significant.

Results
Chondrocytes culture

The shape of primary and the 1t passage chon-
drocytes were both irregular polygon and
adhered in flasks as stone road like (the left of
Figure 1). After several passages (2~4 genera-
tions), their appearances extended and trans-
form into fibroblast-like shape (the right of
Figure 1).

Morphological analysis

The morphological changes of chondrocytes
exposed with IGFBP-3 were shown as Figure 2.
The chondrocytes in blank group and negative
group remained fibroblast-like and the propor-
tion of apoptotic cells were rare. The apoptotic
chondrocytes, which were indicated by shrink-
age of cytoplasm and cell volume as well as
apoptotic bodies, were observed in the all sub-
groups of positive one (0.5 pyg/mi~2.0 ug/ml)
and the percentage of them were dose-depen-
dent with the concentration.

Hoechst33342 staining analysis

As shown on Figure 3, the viable chondrocytes
nucleus (green arrow) in blank group and nega-
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tive group were round were stained equally,
while the apoptotic ones (red arrow) in positive
group were shrinking and stained with high
intensive blue fluorescence, indicating apop-
totic cells. Additionally, the proportion of chon-
drocytes was correlated with the concentration
of exogenous IGFBP-3.

CCK-8 cell viability analysis

The chondrocytes viability was shown as Table
1 and Figure 4. No statistical differences
(P>0.05) between blank group (1.43+0.03) or
negative group (1.44+0.05), while the sub-
groups of positive (1.31+0.03, 1.06+0.07,
0.824+0.10) got statistical differences with
each other (P<0.05) and with the blank one or
the negative one respectively (P<0.05). The
absorbance values were negatively correlated
with the concentration of exogenous IGFBP-3.

Flow cytometry analysis

The apoptotic chondrocytes measured by flow
cytometry were shown as Figure 5. The viable
chondrocytes proportion in blank group and
negative group were similar, which was
97.57+1.17% and 97.63+1.18% respectively,
and no significant difference (P>0.05) was
observed. The significant statistical differences
(P<0.05) were not only observed among sub-
groups of positive one, which was 90.03+0.65%,
80.03+£2.18% and 67.33+3.13% respectively,
but also between each subgroups and blank or
negative one. The proportion of viable cells was
dose-dependent decreased with the concen-
tration of exogenous IGFBP-3.

Immunofluorescence analysis

As observed under laser confocal microscope
(Figure 6), in the blank group and the negative
group, Nur77 signal (yellow) co-located with
Hoechst33342 signal (blue) and separated
with mitochondrial signal (red), indicating that
Nur77 expressed in chondrocyte nucleus only
when unexposed to IGFBP-3. However, in posi-
tive group, Nur77 signal in nucleus decreased
while the counter one increased in cytoplasm,
and it co-located with the mitochondrial signal.
These suggested the Nur77 translocated from
nucleus to mitochondria, when exposed to
IGFBP-3.

Int J Clin Exp Pathol 2015;8(12):15599-15610
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Discussion

Despite these study groups reviewed by this
article all announced the result that IGFBP-3
exerted cell apoptosis by IGF-1 independent
effect, those announcements were all based
on malignant cell [10-13]. Yet, some other arti-
cles reported IGFBP-3 may inhibit apoptosis in
normal cell rather than stimulated that [15, 16].
Differ from the malignant cell, which is a rapidly
mitotic cell, chondrocyte is a quiescent cell
type [17], and it possesses a lower mitochon-
drial mass than other types of normal cell and
malignant cell [18]. So, it is necessary to
restudy whether IGFBP-3 could exert chondro-
cyte apoptosis as well as the mechanism.

Only after an autocrine or a paracrine release
from cell and retake, can IGFBP-3 act on cell
[19]: IGFBP-3 firstly synthesized inside cell and
afterwards autocrine or paracrine release into
extracellular matrix, and next it integrates with
transferrin-transferrin-receptor, which is locat-
ed onto cell membrane, to form a trimer, then
IGFBP-3 is internalized into cell again by medi-
tation of transferrin-transferrin-receptor [20].
Alternately, it can be retaken into cell through
endocytosis meditated by caveolae [20]. When
transmitted into the cell, IGFBP-3 integrates
with importin through nuclear localization
sequence (NLS), and importin will meditate it
into cell nucleus [19]. Maybe the mechanism
which IGFBP-3 is absorbed by cell varies depen-
dent on cell types, but Daniela et al had report-
ed IGFBP-3 could combine onto the chondro-
cyte membrane [21]. After referring the above
works, we believed the steps of IGFBP-3 trans-
portation into cell from extracellular matrix may
be simulated by adding exogenous IGFBP-3.

Exogenous IGFBP-3 protein was purchased
from Perprotech Inc. (catalog number: 100-08),
which is classified as recombinant human cyto-
kines and formed by 264 amino acids. We had
ran a BLAST program on the website UniProt
(http://www.uniprot.org/), comparing this exog-
enous IGFBP-3 and the counterpart of rat.
We found our exogenous IGFBP-3 is homoge-
neous high enough with the one in rat that the
differences just located in signal sequence
because this recombinant human IGFBP-3
removed signal sequence (1MHPARPALWA-
AALTALTLLRGPPVARA2T). We believed it is rea-
sonable to replace the original IGFBP-3 protein
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generated in rat chondrocyte by exogenous
recombinant human IGFBP-3.

The IGF-1 independent effect of IGFBP-3 is
plausibly explained by two existent theories: (1)
IGFBP-3 integrates the death receptors (TGF-
BRV, LRP-1 and Statl) directly, activating
Caspase-8 then the Caspase-3 pathway, also
known as the exogenous apoptosis pathway
and inducing cell apoptosis [6]; (2) IGFBP-3
internalized by cell, it induces a nucleus-to-
mitochondria translocation of Nur77 and this
translocated protein exerts an escalated per-
meability of mitochondria membrane, leading a
leak of cytochrome ¢ from mitochondrial matrix
to cytoplasm and causally inducing cell apopto-
sis by activating Caspase-9/Caspase-3 path-
way, which is called endogenous apoptosis
pathway [22]. The second one preferred by
most researchers [12, 13, 23], however, they
transfected the recombinant IGFBP-3 plasmids
and overexpressed this protein into various
types of cell, instead of simulating the program
which IGFBP-3 autocrine or paracrine released
to extracellular matrix and was retook by cell.
Therefore, those works did not analyze whether
IGFBP-3 could activate exogenous apoptosis
pathway technically. Therefore, after referring
this article [21], our work concluded that exog-
enous IGFBP-3 may induce a nucleus-to-mito-
chondria translocation of Nur77 and exerted
chondrocyte apoptosis probably through acti-
vated endogenous Caspase pathway which
was initiated by increased permeability of mito-
chondria membrane.

IGF-1 is worldwide in FBS which is one of the
components of complete medium. It can bond
to IGFBP-3 rather than IGF-1R because the for-
mer one has a higher affinity so that the cell
proliferation meditated by MAPK and PI3SK/AKT
pathways both of which are activated by conju-
gation of IGF-1 and IGF-1R is inhibited [4]. This
is called the IGF-1 dependent effect of IGFBP-3.
It will interfere our results because both IGF-1
dependent and independent effect induce cell
apoptosis. To neutralize the interference, an
IGFBP-3 working solution in concentration gra-
dient was compounded by IGFBP-3 stock solu-
tion and serum-free DMEM/F-12 then we
applied the working solution to cultured chon-
drocyte. Although mass chondrocyte apoptosis
was not detected respectively in the blank
group (DMEM/F-12 only) and negative group

Int J Clin Exp Pathol 2015;8(12):15599-15610
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(0.1% BSA & DMEM/F12) because of the lack
of FBS which contained lots of IGF-1, this
results may be explained by the phenomenon
that IGF-1 could be autocrine or paracrine
secretion from cultured chondrocyte [24].
Concerning this phenomenon, chondrocyte
apoptosis induced by IGF-1 dependent effect of
IGFBP-3 was not yet neutralized and this pro-
portion was not able to exactly detect or ana-
lyze, despite the result did suggest chondrocyte
apoptosis was induced by IGF-1 independent
effect which initiated Nur77 translocated from
nucleus to mitochondria and increased the
permeability of mitochondrial membrane and
finally activated the endogenous Caspase
pathways.

This flaw could be removed in further studies by
biosynthesizing the IGFBP-3 protein which lack
the ability to integrate with free IGF-1. Zhang et
al had offered the needed method [25]:
Leul106, Leul09, Leu110, Gly245 and GIn251
on rat IGFBP-3 respectively mutated into
GIn106, GIn109, GIn110, Ser245 and Ala251,
a new recombinant IGFBP-3 which was not able
to integrate IGF-1 could be made.

Our works showed that exogenous IGFBP-3
could be imported into chondrocyte and exert-
ed IGF-1 independent effect, meditating a
translocation of Nur77 from nucleus to mito-
chondria and causally inducing chondrocyte
apoptosis. This result accorded with previous
study [14], which had suggested that correla-
tions between the onset of OA and an increased
chondrocyte mitochondria membrane permea-
bility. Based on our works and the previous
ones, which had reported an overexpression of
IGFBP-3 in OA joint cartilage, IGFBP-3 may be
one of factor that triggers OA.

Acknowledgements

This work was funded by National Natural
Science Foundation of China (NSFC), and the
project number was 81171760, which could be
checked on this website (http://isisn.nsfc.gov.
cn/egrantindex/funcindex/prjsearch-list).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Hao-Huan Li, De-
partment of Orthopedics, Renmin Hospital of Wuhan

15609

University, 99, Zhang-Zhi-Dong Road, Wuhan, Hubei
Province, China. Tel: +86-138-7150-2833; E-mail:
lihaohuan@139.com

References

[1] Intekhab-Alam NY, White OB, Getting SJ, Petsa
A, Knight RA, Chowdrey HS, Townsend PA, Law-
rence KM, Locke IC. Urocortin protects chon-
drocytes from NO-induced apoptosis: a future
therapy for osteoarthritis? Cell Death Dis
2013; 4: e717.

[2] Lee AS, Ellman MB, Yan D, Kroin JS, Cole BJ,
van Wijnen AJ, Im HJ. A current review of mo-
lecular mechanisms regarding osteoarthritis
and pain. Gene 2013; 527: 440-447.

[3] Hunziker EB, Kapfinger E, Martin J, Buckwalter
J, Morales TI. Insulin-like growth factor (IGF)-
binding protein-3 (IGFBP-3) is closely associat-
ed with the chondrocyte nucleus in human ar-
ticular cartilage. Osteoarthritis and cartilage/
OARS. Osteoarthritis Cartilage 2008; 16: 185-
194.

[4] Butt AJ, Firth SM, Baxter RC. The IGF axis and
programmed cell death. Immunol Cell Biol
1999; 77: 256-262.

[5] Tavera C, Abribat T, Reboul P, Dore S, Brazeau
P, Pelletier JP, Martel-Pelletier J. IGF and IGF-
binding protein system in the synovial fluid of
osteoarthritic and rheumatoid arthritic pa-
tients. Osteoarthritis and cartilage/OARS. Os-
teoarthritis Cartilage 1996; 4: 263-74.

[6] Whellams EJ, Maile LA, Fernihough JK, Billing-
ham ME, Holly JM. Alterations in insulin-like
growth factor binding protein-3 proteolysis and
complex formation in the arthritic joint. J Endo-
crinol 2000; 165: 545-556.

[7] Evans DS, Cailotto F, Parimi N, Valdes AM,
Castano-Betancourt MC, Liu YF, Kaplan RC,
Bidlingmaier M, Vasan RS, Teumer A, Tranah
GJ, Nevitt MC, Cummings SR, Orwoll ES, Bar-
rett-Connor E, Renner JB, Jordan JM, Doherty
M, Doherty SA, Uitterlinden AG, van Meurs JB,
Spector TD, Lories RJ, Lane NE. Genome-wide
association and functional studies identify a
role for IGFBP3 in hip osteoarthritis. Ann
Rheum Dis 2015; 74: 1861-7.

[8] Ekenstedt KJ, Sonntag WE, Loeser RF, Lind-
gren BR, Carlson CS. Effects of chronic growth
hormone and insulin-like growth factor 1 defi-
ciency on osteoarthritis severity in rat knee
joints. Arthritis Rheum 2006; 54: 3850-3858.

[9] Trippel SB. Growth factor inhibition: potential
role in the etiopathogenesis of osteoarthritis.
Clin Orthop Relat Res 2004; 427 Suppl: S47-
52.

[10] Ho L, Stojanovski A, Whetstone H, Wei QX, Mau
E, Wunder JS, Alman B. Gli2 and p53 Cooper-
ate to Regulate IGFBP-3- Mediated Chondro-

Int J Clin Exp Pathol 2015;8(12):15599-15610


mailto:lihaohuan@139.com

(11]

[12]

[13]

[14]

(15]

(16]

(18]

IGFBP3 induces chondrocytes apoptosis

cyte Apoptosis in the Progression from Benign
to Malignant Cartilage Tumors. Cancer Cell
2009; 16: 126-136.

Williams AC, Smartt H, H-Zadeh AM, MacFar-
lane M, Paraskeva C, Collard TJ. Insulin-like
growth factor binding protein 3 (IGFBP-3) po-
tentiates TRAIL-induced apoptosis of human
colorectal carcinoma cells through inhibition of
NF-kB. Cell Death Differ 2006; 14: 137-145.
Lee KW, Ma LQ, Yan XM, Liu BR, Zhang XK, Co-
hen P. Rapid apoptosis induction by IGFBP-3
involves an insulin-like growth factor-indepen-
dent nucleomitochondrial translocation of
RXRalpha/Nur77. J Biol Chem 2005; 280:
16942-16948.

Paharkova-Vatchkova V, Lee KW. Nuclear ex-
port and mitochondrial and endoplasmic re-
ticulum localization of IGF-binding protein 3
regulate its apoptotic properties. Endocr Relat
Cancer 2010; 17: 293-302.

Blanco FJ, Rego |, Ruiz-Romero C. The role of
mitochondria in osteoarthritis. Nat Rev Rheu-
matol 2011; 7: 161-169.

Zhang Q, Steinle JJ. DNA-PK phosphorylation
of IGFBP-3 is required to prevent apoptosis in
retinal endothelial cells cultured in high glu-
cose. Invest Ophthalmol Vis Sci 2013; 54:
3052-3057.

Granata R, Trovato L, Garbarino G, Taliano M,
Ponti R, Sala G, Ghidoni R, Ghigo E. Dual ef-
fects of IGFBP-3 on endothelial cell apoptosis
and survival: involvement of the sphingolipid
signaling pathways. FASEB J 2004; 18: 1456-
1458.

lwamoto M, Ohta Y, Larmour C, Enomoto-lwa-
moto M. Towards Regeneration of Articular
Cartilage. Birth Defects Res C Embryo Today
2013; 99: 192-202.

Mignotte F, Champagne AM, Froger-Gaillard B,
Benel L, Gueride M, Adolphe M, Mounolou JC.
Mitochondrial biogenesis in rabbit articular
chondrocytes transferred to culture. Biol Cell
1991; 71: 67-72.

15610

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Baxter RC. IGF binding proteins in cancer:
mechanistic and clinical insights. Nat Rev Can-
cer 2014; 14: 329-341.

Lee KW, Liu BR, Ma LQ, Li HJ, Bang P, Koeffler
HP, Cohen P. Cellular internalization of insulin-
like growth factor binding protein-3 distinct en-
docytic pathways facilitate re-uptake and nu-
clear localization. J Biol Chem 2004; 279:
469-476.

Kiepe D, Ulinski T, Powell DR, Durham SK,
Mehls O, Ténshoff B. Differential effects of in-
sulin-like growth factor binding proteins-1, -2,
-3, and -6 on cultured growth plate chondro-
cytes. Kidney Int 2002; 62: 1591-1600.

Moll UM, Marchenko N, Zhang XK. p53 and
Nur77/TR3-transcription factors that directly
target mitochondria for cell death induction.
Oncogene 2006; 25: 4725-4743.

Santer FR, Bacher N, Moser B, Morandell D,
Ressler S, Firth SM, Spoden GA, Sergi C, Bax-
ter RC, Jansen-Durr P, Zwerschke W. Nuclear
Insulin-Like Growth Factor Binding Protein-3
Induces Apoptosis and Is Targeted to Ubiqui-
tin/Proteasome-Dependent Proteolysis. Can-
cer Res 2006; 66: 3024-3033.

Guntur AR, Rosen CJ. IGF-1 regulation of key
signaling pathways in bone. Bonekey Rep
2013; 2: 437.

Zhang Q, Jiang Y, Steinle JJ. IGFBP-3 reduces
eNOS and PKCzeta phosphorylation, leading to
lowered VEGF levels. Mol Vis 2015; 21: 604-
611.

Lin XF, Zhao BX, Chen HZ, Ye XF, Yang CY, Zhou
HY, Zhang MQ, Lin SC, Wu Q. RXRa acts as a
carrier for TR3 nuclear export in a 9-cis retinoic
acid-dependent manner in gastric cancer cells.
J Cell Sci 2004; 117: 5609-5621.

Int J Clin Exp Pathol 2015;8(12):15599-15610



