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Abstract: Autophagy has been shown to antagonize the development of Lumbar disc degeneration (LDD), whereas
the molecular regulation of autophagy is unknown. We recently reported a potential role of Insulin-like growth factor
1 receptor (IGF1R)/phosphatidylinositol-3 kinase (PI3k)/Akt signaling in the initiation and progression of LDD. Here,
we studied the effects of IGF1R signaling on disc cell autophagy. We showed a correction of activation of IGF1R
and disc cell autophagy in the resected discs in LDD patients. In vitro, activation of IGF1R signaling antagonized
the decreases in cell viability of human disc cells, HNPSV, through suppression of apoptosis and enhancement of
autophagy. Suppression of IGF1R signaling or inhibition of autophagy abolished the effects of activation of IGF1R
signaling on disc cell survival upon compression. Together, our data suggest that activation of IGF1R may antagonize LDD, at least partially through enhanced autophagy.
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Introduction
More than half the population will experience
significant low back pain during their life, largely due to the occurrence of lumbar disc degeneration (LDD), which frequently results from a
degenerated disc in the spine [1-3]. The lumbar
disc consists of nucleus pulposus (NP), annulus
fibrosus and cartilage end plates. Previous
studies have highlighted excessive apoptosis
of NP cells which are capable of producing cartilage-specific extracellular matrix components
as one of the most evident cellular and biochemical changes in LDD. The decreased NP
cells caused by excessive apoptosis, leads to
that the decreases in extracellular matrix synthesis, and then LDD [4]. Therefore, excessive
apoptosis of NP cells has been believed to contribute to the degradation of ECM and plays an
important role in the process of LDD degeneration [5-9]. Disc damage caused by mechanical
injury, inflammation, or aging may modulate the
structure of the discs through regulating disc
homeostasis [10]. Consequently, inhibition of
apoptosis of NP cells may decrease the degradation of extracellular matrix and postpone the
progression of the IVD degeneration.
Autophagy was initially characterized based on
its ultrastructural features, in particular, dou-

ble-membraned structures that surrounded
cytoplasm and organelles in cells, known as
autophagosomes [11-14]. Autophagy is a catabolic program, which is activated in response to
starvation or alteration in nutrient conditions
[11-14]. Previous studies have identified a number of proteins, and elucidated several biochemical pathways, that are essential for
autophagy. Microtubule-associated protein 1A/
1B-light chain 3 (LC3) is a soluble cellular protein and a marker for autophagy. During autophagy, autophagosomes engulf cytoplasmic components, resulting in changes of the cytosolic
LC3-I into LC3-II. Thus, the ratio of LC3-II to
LC3-I has been widely used as a marker of the
autophagic activity [11-14]. Among all these
autophagy-associated proteins, autophagyrelated protein 6 (ATG6, or Beclin-1) appears to
be a critical one, which is a component of a
class III PI3-K-containing complex [15]. Recent
studies have demonstrated a role of autophagy
in antagonizing apoptosis in LDD [10, 16-19].
However, the regulation of autophagy in LDD
remains largely unknown.
Matrix metalloproteinase 3 (MMP3) is involved
in the disease initiation and progression of LDD
[20, 21]. However, only recently, we reported
that MMP3 is suppressed by insulin-like growth
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factor 1 receptor (IGF1R) signaling in disc cells
to prevent the development of LDD [22]. The
IGF1R signaling pathway initiates with binding
of Insulin-like growth factor 1 (IGFI) to its cellsurface receptor IGF1R to activate phosphatidylinositol-3 kinase (PI3K)/Akt signaling pathway, to stimulate cell growth and proliferation,
and to inhibit programmed cell death [23-25].
In our previous study, we showed that and IGF1
induced phosphorylation of IGF1R, and then
phosphorylation of Akt in the human disc cells
to inhibit MMP3 through nuclear retention of
forkhead box protein O1 (FoxO1) [22].
Nevertheless, the role of activation of IGF1R
signaling on disc cell autophagy against apoptosis has not been studied before. Here, we
showed a correction of activation of IGF1R and
disc cell autophagy in the resected discs in
LDD patients. In vitro, activation of IGF1R signaling antagonized the decreases in cell viability of human disc cells, HNPSV, through suppression of apoptosis and enhancement of
autophagy. Suppression of IGF1R signaling or
inhibition of autophagy abolished the effects of
activation of IGF1R signaling on disc cell survival upon compression.
Materials and methods
Specimens from patients
A total of 39 subjects (17 with resected LDD
discs and 22 healthy subjects with fractured
discs as controls) were included in this study.
All the subjects had no accompanying diseases
(e.g. diabetes, Crohn’s disease and Parkinson’s
disease) that may affect the IGF1 metabolism.
All specimens had been histologically and clinically diagnosed at Qingpu Branch of Zhongshan
Hospital Affiliated to Fudan University from
2009 to 2015. For the use of these clinical
materials for research purposes, prior patient’s
consents and approval from the Institutional
Research Ethics Committee were obtained.
Phosphorylated IGF1R (pIGF1R) levels were
measured by Western blot and normalized to
total IGF1R levels. LC3 levels were measured
by Western blot and the ratio of LC3 II vs I was
used as an autophagy marker.
Human disc cell line, reagents, and treatment
A human disc cell line HNPSV has been
described before [22]. The HNPSV cells were
cultured in Dulbecco’s modified Eagle medium
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(DMEM, Gibco; Life Technologies, Carlsbad, CA,
USA) with 10% fetal bovine serum (FBS, SigmaAldrich, St Louis, MO, USA), penicillin (100 μg/
ml) and streptomycin (250 ng/ml) at 37°C, in a
5% CO2 atmosphere. Recombinant human
IGF1 (100 ng/ml) and Akt inhibitor LY294002
(20 µmol/l) were also purchased from SigmaAldrich. 3-Methyladenine (3-MA, Sigma-Aldrich)
was prepared in DMSO and given to cultured
HNPSV cells at a dose of 5 mmol/l. For application of a compression apparatus on HNPSV
cells, the cells were cultured in a stainless steel
pressure vessel to mimic in vivo conditions. The
pressure apparatus (capacity, 8.2 L) was constructed to withstand up to 1×106 pa pressure.
HNPSV cells were placed on cell culture plates
or culture dishes, and subjected to a 1×106 pa
mechanical stress.
Western blot
Protein was extracted from the resected disc
cells or cultured cells by RIPA buffer (SigmaAldrich) for Western Blot. The supernatants
were collected after centrifugation at 12000×g
at 4°C for 20 min. Protein concentration was
determined using BCA protein assay, and whole
lysates were mixed with 4×SDS loading buffer
(125 mmol/l Tris-HCl, 4% SDS, 20% glycerol,
100 mmol/l DTT, and 0.2% bromophenol blue)
at a ratio of 1:3. Samples were heated at 100°C
for 5 min and were separated on SDSpolyacrylamide gels. The separated proteins
were then transferred to a PVDF membrane.
The membrane blots were first probed with a
primary antibody. After incubation with horseradish peroxidase-conjugated second antibody,
autoradiograms were prepared using the
enhanced chemiluminescent system to visualize the protein antigen. The signals were recorded using X-ray film. Primary antibodies for
Western Blot are anti-IGF1R, anti-phosphorylated-IGF1R (pIGF1R), anti-Caspase 3, anti-LC3,
anti-Beclin-1 and anti-α-tubulin (all purchased
from Cell Signaling, San Jose, CA, USA). Secondary antibody is HRP-conjugated anti-rabbit
(Jackson ImmunoResearch Labs, West Grove,
PA, USA). Images shown in the figure were representative from 5 repeats. Densitometry of
Western blots was quantified with NIH ImageJ
software. The phosphorylated protein levels
were first normalized to total protein, and then
normalized to controls. MMP3 were first normalized to α-tubulin, and then normalized to
controls.
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ed by absorbance measurements with a monochromator
microplate reader at a wavelength of 450 nm. The optical
density value was reported as
the percentage of cell viability
in relation to the control group
(set as 100%).
Apoptosis assay by flow cytometry
The cultured cells were resuspended at a density of 106
cells/ml in PBS. After double
Figure 1. Activation of IGF1R signaling correlates with autophagy levels in
LDD specimens. A. IGF1R, phosphorylated IGF1R (pIGF1R) and LC3 levels
staining with FITC-Annexin V
in the 17 LDD disc specimens by Western blot. B. A strong correlation was
and propidium iodide (PI) from
detected between pIGF1R/IGF1R and LC3II/I in LDD specimens (r=0.90; p
a FITC Annexin V Apoptosis
< 0.0001). N=17.
Detection Kit I (Becton-Dickinson Biosciences, San Jose,
CA, USA), cells were analyzed using FACScan
flow cytometer (Becton-Dickinson Biosciences)
for determination of Annexin V+ PI- apoptotic
cells, with Flowjo software (Flowjo LLC, Ashland,
OR, USA).
Statistical analysis

Figure 2. Activation of IGF1R signaling suppresses
compression-induced disc cell death. A human
disc cell line HNPSV was subjected to compression.
Then, IGF1 was given to the cultured cells to activate IGF1R signaling. Moreover, a specific Akt inhibitor LY294002 was also used to some IGF1-treated
HNPSV cells for inhibiting the activation of IGF1R
signaling by IGF1. The cell viability was analyzed in a
CCK-8 assay. *p < 0.05. N=5.

Cell counting kit-8 (CCK-8) assay
The CCK-8 detection kit (Sigma-Aldrich) was
used to measure cell viability according to the
manufacturer’s instructions. Briefly, cells were
seeded in a 96-well microplate at a density of
5×104/ml. After 24 h, cells were treated with
resveratrol. Subsequently, CCK-8 solution (20
ml/well) was added and the plate was incubated at 37°C for 2 h. The viable cells were count4348

All statistical analyses were carried out using
GraphPad prism 6.0 (GraphPad Software Inc.
La Jolla, CA, USA). All values are depicted as
mean ± SD and are considered significant if p <
0.05. All data were statistically analyzed using
one-way ANOVA with a Bonferroni correction,
followed by Fisher’s Exact Test for comparison
of two groups. Bivariate correlations were calculated by Spearman’s Rank Correlation
Coefficients.
Results
Activation of IGF1R signaling correlates with
autophagy levels in LDD specimens
We examined the IGF1R, phosphorylated IGF1R
(pIGF1R) and LC3 levels in the 17 LDD disc
specimens by Western blot (Figure 1A). The levels of pIGF1R vs IGF1R were used as an indicator for IGF1R signaling activation, while the levels of LC3 II vs I were used as a maker for
autophagy. We found a strong correlation
between pIGF1R/IGF1R and LC3 II/I in LDD
specimens (Figure 1B, r=0.90; p < 0.0001),
suggesting a causal relationship between activation of IGF1R signaling and autophagy levels
in LDD specimens.
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Figure 3. Activation of IGF1R signaling
suppresses compression-induced disc
cell apoptosis. A human disc cell line
HNPSV was subjected to compression.
Then, IGF1 was given to the cultured cells
to activate IGF1R signaling. Moreover, a
specific Akt inhibitor LY294002 was also
used to some IGF1-treated HNPSV cells
for inhibiting the activation of IGF1R signaling by IGF1. (A, B) Disc cell apoptosis
was examined in a FITC Annexin V Apoptosis Detection assay, shown by representative flow charts (A), and by quantification
(B). *p < 0.05. N=5.

Activation of IGF1R signaling suppresses compression-induced disc cell death
We further analyzed the activation of IGF1R signaling on disc cell death. Thus, a human disc
cell line HNPSV was subjected to compression.
Then, IGF1 was given to the cultured cells to
activate IGF1R signaling. Moreover, a specific
Akt inhibitor LY294002 was also used to some
IGF1-treated HNPSV cells for inhibiting the activation of IGF1R signaling by IGF1. We found
that activation of IGF1R signaling significantly
decreased the cell death by compression, and
suppression of the phosphorylation of IGF1R
signaling downstream target Akt abolished the
effects of activation of IGF1R signaling on cell
survival, in a CCK-8 assay (Figure 2). Thus, activation of IGF1R signaling suppresses compression-induced disc cell death in an Aktdependent manner.
Activation of IGF1R signaling suppresses compression-induced disc cell apoptosis
Next, we examined the effects of activation of
IGF1R signaling on disc cell apoptosis. We
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found that activation of IGF1R signaling significantly decreased the cell death by compression, and suppression of the phosphorylation of
IGF1R signaling downstream target Akt abolished the inhibitory effects of activation of
IGF1R signaling on cell apoptosis, by representative flow charts (Figure 3A), and by quantification (Figure 3B). Thus, activation of IGF1R signaling suppresses compression-induced disc
cell apoptosis in an Akt-dependent manner.
Activation of IGF1R signaling enhances disc
cell autophagy upon compression treatment
Then we examined the effects of activation of
IGF1R signaling on cell autophagy of disc cells
upon compression treatment. First, the activation of IGF1R signaling was confirmed by analyses of pIGF1R/IGF1R, shown by representative
images (Figure 4A), and by quantification
(Figure 4B). Activation of IGF1R signaling also
significantly decreased the levels of Caspase 3,
an apoptotic marker, shown by representative
images (Figure 4A), and by quantification
(Figure 4C). Moreover, the activation of IGF1R
signaling increased the ratio of LC3 II/I, shown
Am J Transl Res 2016;8(10):4346-4353
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Figure 4. Activation of IGF1R signaling enhances disc cell autophagy upon compression
treatment. A human disc cell line HNPSV was
subjected to compression. Then, IGF1 was
given to the cultured cells to activate IGF1R
signaling. Moreover, a specific Akt inhibitor
LY294002 was also used to some IGF1-treated HNPSV cells for inhibiting the activation of
IGF1R signaling by IGF1. (A) Representative
Western blot for IGF1R, Caspase 3, LC3 and
Beclin-1 in disc cells. (B-E) Quantification for
levels of pIGF1R/IGF1R (B), Caspase 3 (C),
LC3 II/I (D) and Beclin-1 (E) in disc cells. *p <
0.05. NS: non-significant. N=5.

by representative images (Figure 4A), and by
quantification (Figure 4D), possibly through its
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effects on Beclin-1, an autophagy-related protein, by representative images (Figure 4A), and
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Figure 5. Autophagy is needed for the effects of activation of IGF1R signaling on disc cell survival upon compression
treatment. The IGF1-treated cells were given an autophagy inhibitor, 3-Methyladenine (3-MA) at a dose of 5 mmol/l.
(A) Representative Western blot for IGF1R, Caspase 3, LC3 and Beclin-1 in disc cells. (B-E) Quantification for levels
of pIGF1R/IGF1R (B), Caspase 3 (C), LC3 II/I (D) and Beclin-1 (E) in disc cells. (F) The cell viability was analyzed in a
CCK-8 assay. *p < 0.05. NS: non-significant. N=5.

by quantification (Figure 4E). Furthermore, a
specific Akt inhibitor LY294002 completely
abolished the effects of IGF1 on Caspase 3,
LC3 and Beclin-1 (Figure 4A-E), without affecting IGF1R phosphorylation (Figure 4A, 4B).
These data suggest that activation of IGF1R
signaling enhances disc cell autophagy upon
compression treatment.
Autophagy is needed for the effects of activation of IGF1R signaling on disc cell survival
upon compression treatment
In order to determine whether autophagy is
critical for the protective effects of activation of
IGF1R signaling on disc cell survival upon compression treatment, we gave the IGF1-treated
cells with an autophagy inhibitor, 3-Methyladenine (3-MA) at a dose of 5 mmol/l. We
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found that blocking of cell autophagy by 3-MA
did not alter activation of IGF1R signaling,
shown by representative images (Figure 5A),
and by quantification (Figure 5B). However,
blocking of cell autophagy by 3-MA significantly
increased the levels of Caspase 3, shown by
representative images (Figure 5A), and by
quantification (Figure 5C). Moreover, blocking
of cell autophagy by 3-MA significantly decreased the ratio of LC3 II/I, shown by representative images (Figure 5A), and by quantification (Figure 5D), possibly through its effects on
Beclin-1, shown by representative images
(Figure 5A), and by quantification (Figure 5E).
Furthermore, blocking of cell autophagy by
3-MA resulted in abolishment of the protective
effects of activation of IGF1R signaling on disc
cell survival upon compression treatment
(Figure 5F).
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IGF1 antagonizes LDD via autophagy
Discussion
LDD affects the health of many people worldwide, whereas the molecular mechanisms
underlying the development of LDD have not
been elucidated [1-3]. Very recently, we reported that LDD patients had significantly lower levels of serum IGF1, and LDD discs had significantly lower levels of activated IGF1R. These
clinical data provide a clinical relevance of analyzing IGF1R signaling on the development of
LDD. In that study, we also showed that IGF1
induced phosphorylation of IGF1R and then
phosphorylation of its downstream factor Akt,
which further suppressed MMP3 in the human
disc cells. Moreover, FoxO1 nuclear retention in
human disc cells completely abolished the
effects of IGF1 on MMP3, suggesting that Aktinduced phosphorylation and nuclear exclusion
FoxO1 is responsible for the IGF1-induced
MMP3 suppression.
In the current study, we tried to connect the
disc cell survival upon compression treatment,
since excessive or inappropriate compressive
force stimulus is a demonstrative contributing
factor in LDD occurrence. Compression directly
affects the synthesis of collagen and proteoglycan in disc cells, and triggers necrosis and programmed cell death in disc cells. Thus, understanding the mechanisms of programmed cell
death and survival are crucial for treating IDD.
We showed a correction of activation of IGF1R
and disc cell autophagy in the resected discs in
LDD patients. These data provide clinical relevance of an association between activation of
IGF1R and the levels of disc cell autophagy in
the development of LDD. Since apoptosis and
autophagy are coupled molecular events that
regulate cell death and survival, it is expected
that two pathways affect each other. We analyzed the molecular mechanisms in vitro using
a compression model in human disc cells. We
found that activation of IGF1R signaling antagonized the decreases in cell viability of human
disc cells through suppression of apoptosis
and enhancement of autophagy. Suppression
of IGF1R signaling or inhibition of autophagy
abolished the effects of activation of IGF1R signaling on disc cell survival upon compression.
Combined with results from our two studies on
IGF1R/PI3k/Akt signaling in MMP3 and autophagy related development of LDD, here we proposed a model in which IGF1R/Akt controls
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LDD through FoxO1/MMP3 axis and through
regulation of autophagy vs apoptosis. IGF1R
signaling thus appears as a novel therapeutic
target for inhibiting the development of LDD.
This pathway at least has three critical control
points, one is the initial stimulator, IGF1, as a
trigger of activation of the system, and it functions mainly through induction of receptor
phosphorylation. The second control point is
FoxO1, since its cellular localization decides
the activation MMP3-associated disc cell
degeneration. The third control is autophagy,
and it is regulated by IGF1R signaling and controls the survival of disc cells through crosstalk
with apoptosis. The effects of IGF1R signaling
on autophagy may through modulation of apoptosis-associated protein, e.g. Caspase 3, and
autophagy-associate protein, e.g. Belcin-1.
Further studies may address the exact molecular regulation of these proteins that control
apoptosis and autophagy by IGF1R signaling.
Together, our data suggest that activation of
IGF1R may antagonize LDD, at least partially
through enhanced autophagy.
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