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Abstract

Objectives: Degenerative disc disease is characterized by an enhanced breakdown of
its existing nucleus pulposus (NP) matrix due to the dysregulation of matrix enzymes
and factors. Ubiquitin-specific protease 15 (USP15) is reported to be abnormal in cer-
tain human diseases. However, its role in NP degeneration remains unclear. Therefore,
we aimed to explore the function of USP15 in degenerative NP cell specimens.
Methods: We induced gene silencing and overexpression of USP15 in degenerative
NP cells using RNA interference (RNAI) and a lentiviral vector, respectively. gRT-PCR
and Western blotting were used to determine gene and protein expression levels.
Cell apoptosis was analysed via flow cytometry. Protein interaction was examined
by performing a co-immunoprecipitation assay. Furthermore, the PI3K inhibitor
LY294002 and agonist IGF-1 were used to investigate the link between USP15 and
AKT in NP degeneration.

Results: We found that USP15 was up-regulated in degenerative NP cells and that
its overexpression accelerated the process of apoptosis. Moreover, USP15 expres-
sion levels negatively correlated with AKT phosphorylation in degenerative NP cells.
Furthermore, targeting and silencing USP15 with miR-338-3p and studying its in-
teraction with FK506-binding protein 5 (FKBP5) revealed enhancement of FKBP5
ubiquitination, indicating that USP15 is a component of the FKBP5/AKT signalling
pathway in degenerative NP cells.

Conclusions: Our results show that USP15 exacerbates NP degradation by deu-
biquitinating and stabilizing FKBP5. This in turn results in the suppression of AKT
phosphorylation in degenerative NP cells. Therefore, our study provides insights into
the understanding of USP15 function as a potential molecule in the network of NP

degeneration.
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1 | INTRODUCTION

The nucleus pulposus (NP) is a critical, central portion of the inter-
vertebral disc that contains a soft, gelatinous (mucoid) substance
comprising proteoglycans (mainly aggrecan) and type Il collagen,’
both of which are often down-regulated in degenerative NP cells.>4
Furthermore, the abnormal breakdown of NP is closely associated
with the progression of intervertebral disc degeneration (IDD).”
Therefore, suppressing NP degradation has provided new insights
into IDD treatment. However, the underlying molecular mechanism
of NP degeneration has not yet been fully understood.

Ubiquitin-specific carboxyl-terminal protease 15 (USP15) is a
member of ubiquitin-specific proteases (USPs). USPs are cysteine
protease deubiquitinase (DUB) enzymes that contain two highly
conserved cysteine and histidine boxes in their structures. These
boxes signify the catalytic core for proteasomal degradation,® which
include a polyubiquitin chain disassembly as well as the hydrolysis
of ubiquitin-substrate bonds. As a result, these DUBs play pivotal
roles in protein homeostasis by regulating their turnover. These pro-
cesses are critical in a broad range of regulatory pathways, including
signal transduction, DNA damage and repair, cell-cycle progression,
apoptosis, receptor-mediated endocytosis and signal transduction.
A previous study has demonstrated that USP15, as expected, is
vital for regulating the degradation of viral and cellular proteins.7
Moreover, USP15 overexpression inhibits the apoptosis of multiple
myeloma cells.® Furthermore, it has been reported that the AKT sig-
nalling pathway is a critical player in IDD. Activation of the AKT
axis has been shown to contribute in alleviating NP degradation and
accelerating USP15 translation as well as in activating the PIBK/AKT
pathway.’®! However, the biological function of USP15 and its re-
lationship with AKT remain unclear in human degenerative NP cells.

MicroRNAs (miRNAs) are a class of RNA 18-22 nucleotides in
length. They play multiple roles in various cell biological processes.
It has been reported that miR-338-3p suppresses the migration and
proliferation of gastric cancer cells.*? In addition, it inhibits AKT
phosphorylation (p-AKT) in gastric cancer cells.*®* More importantly,
the Targetscan database (http://www.targetscan.org) has predicted
USP15 to be a target gene of miR-338-3p. However, the precise as-
sociation between miR-338-3p and USP15 in human degenerative
NP cells remains uninvestigated.

FK506-binding protein 5 (FKBP5/FKBP51) is a critical regulator
of stress responses, leading to the presumption of its role as a tu-
mour suppressor.’* Moreover, accumulating evidence has indicated
that FKBP5 down-regulates AKT activation in vitro.*>!¢ In contrast,
activation of the AKT pathway has had been shown to suppress
the apoptosis of human disc NP cells.}” Therefore, it is plausible
to postulate that the negative effect of FKBP5 on AKT could lead
to enhanced apoptosis of NP cells. Moreover, FKBP5 exacerbates
impairments in cerebral ischaemic stroke by regulating the AKT/
FOXO3 pathway.'® Additionally, it has been confirmed that USP49
deubiquitination stabilizes FKBP51, which in turn enhances the
capability of pleckstrin homology domain leucine-rich repeat pro-
tein phosphatases (PHLPPs) to dephosphorylate AKT,Y thereby,

promoting apoptosis. PHLPPs are intracellular signalling molecules
that have emerged as essential regulators of cellular homeostasis;
their dysregulation has been associated with various pathophysiol-
ogies, including cardiovascular and degenerative diseases as well as
cancer and diabetes.

USP15 is identified as a deubiquitinating enzyme and plays an es-
sential role in dynamic protein-protein interactions.?’ However, the
precise connection between USP15 and FKBP5 in human degenera-
tive NP cells remains unclear.

The present study aimed to explore the role of USP15 and its
potential signalling pathway in human degenerative NP cells. Our
findings not only deepen the understanding of the role of USP15
but also indicate its potential signalling role in human degenerative
NP cells.

2 | MATERIALS AND METHODS
2.1 | Human NP tissues

We conducted a research study using NP tissue specimens that were
collected from a total of 18 patients admitted to the Shanghai East
Hospital, Shanghai, China, from February 2015 to August 2015, who
underwent lumbar spine surgery. Of them, 10 had degenerative disc
disease (DDD) during discectomy and intervertebral fusion surgery
[referred (mean age: 43, range: 33-50; 6 males, 4 females)] and had
donated their NP tissue samples for the study. Additionally, a total
of eight age-matched patients with lumbar vertebral fractures who
underwent posterior discectomy, spinal fusion, decompression and
stability procedures within 24 hours of trauma and with mild-degen-
erative NP (mean age, 42; age range, 34-48; 3 males, 5 females) also
donated samples. These latter patients did not have a documented
clinical history of lower back pain; therefore, their tissue samples

were used as controls (named normal) in the study.

2.2 | Ethical considerations

All participants who donated specimens for the study provided writ-
ten informed consent. This study was approved by the Institutional
Research Ethical Committee of Shanghai East Hospital (Approval
112). All procedures performed in the study involving human par-
ticipants were in accordance with the ethical standards of the
Institutional and/or National Research Committee of Shanghai East
Hospital and the 1964 Helsinki Declaration and its later amend-
ments in 2008.

2.3 | Immunohistochemistry staining

Each of the tissue sections was flash-frozen in liquid nitrogen
and stored at -80°C until analysis. The frozen tissues were cryo-

sectioned (7-um thick sections) and fixed in methanol (4%) for
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30 minutes. Then, endogenous peroxidase activity was eliminated
by incubating the sections with 3% H,0, for 10 minutes. The slides
were treated with Triton X-100 and 5% goat serum for cell permea-
bilization and blocking, respectively. Thereafter, the tissue sections
were incubated with primary anti-collagen Il (ab34712, Abcam,
UK) and Aggrecan (ab36861, Abcam) antibodies for 1 hour at room
temperature, followed by incubation with the anti-goat horserad-
ish peroxidase (HRP)-3,3’-diaminobenzidine secondary antibody for
30 minutes. The samples were counterstained with haematoxylin for
3 mins, and brown stained-positive cells were visualized under a light

microscope.

2.4 | Cellculture

The primary NP cells used in this study were isolated from normal
or degenerative NP tissues (n = 6) and cultured in Dulbecco's modi-
fied Eagle medium supplemented with foetal bovine serum (10%;
16000-044, GIBCO, USA) and penicillin-streptomycin mixture (1%,
P1400-100, Solarbio, China) at 37°C with 5% CO,. The AKT agonist
IGF-1 (20 ng/mL; 100-11, Peprotech, USA), PI3K inhibitor LY294002
(10 pM, S1105, Selleck, USA) and MG132 (10 pmol/L; Selleck, USA)
were dissolved in DMSO (D2650, Sigma, USA) and used for cell cul-
turing. The sequences of the microRNA negative control (NC) and
miR-338-3p mimic and inhibitor are listed in Supplementary File S1.

2.5 | Silencing and overexpression of USP15

Three small interfering RNAs (siRNAs) targeting the different re-
gions of human USP15 (NM_001252078.1) and a non-specific
siRNA (siNC) were each linked to the lentiviral vector (pLKO.1) and
were used to prepare recombinant constructs. Each construct was
transiently transfected into degenerative or normal NP cells using
Lipofectamine 2000 (Invitrogen, USA). The sequence information of
siUSP15s is listed in Supplementary Table S1.

The pLVX-puro vector containing the full-length USP15
(NM_001252078.1) cDNA sequence (0eUSP15) was transiently
transfected into degenerative NP cells. The mock plasmid (oeNC)
was transfected to act as an NC (0eNC). Analyses were conducted at

48 hours post-transfection.

2.6 | RNA extraction and quantitative real-time
polymerase chain reaction (qRT-PCR)

Total RNA was extracted from degenerative and control NP tissues
using the TRIzol Reagent kit (1596-026, Invitrogen, USA) and con-
verted to complementary DNA (cDNA) via gRT-PCR using a cDNA
synthesis kit (Fermentas, Canada). Then, real-time detection (ABI-
7300, ABI, USA) was performed using the SYBR Green master mix
(# KO223, Thermo, USA). GAPDH was used as a control for mRNAs,

whereas the RNU6B (U6) gene was used as a control for miRNAs.

Three replications were performed for all reactions. The primer se-
quences are listed in Supplementary File S2.

2.7 | Western blotting

Total protein was extracted from degenerative and control NP tis-
sues using the RIPA lysis buffer (JRDUN, Shanghai, China). The
bicinchoninic acid assay kit (Thermo Fisher, USA) was used to meas-
ure total protein concentration. An amount of 25 pg of protein of
each sample was separated using 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE), followed by trans-
ferring the gels onto PVDF nitrocellulose membranes (Millipore,
USA) for 12 hours. Then, the membranes were probed with the
respective primary antibodies at 4°C overnight, followed by addi-
tion of appropriate HRP-conjugated goat anti-rabbit IgG (Beyotime,
China) at 37°C for 60 minutes. Protein signals were detected using a
chemiluminescence system (Tanon, China). GAPDH was used as an
endogenous reference. Protein expression was quantified as gene
grey value/GAPDH grey value. Each analysis was performed in trip-
licate. The product information of the primary antibodies is listed in
Supplementary Table S2.

2.8 | Flow cytometry

Briefly, the apoptosis rate of the cells prepared from the degen-
erative and control NP tissues was determined using the Annexin
(FITC) detection kit
(Beyotime, China) according to the manufacturer's instructions.

V-fluorescein isothiocyanate apoptosis

2.9 | Co-immunoprecipitation (Co-IP)

In brief, whole-cell extracts were isolated after transfection or
stimulation with the appropriate ligands. Then, all samples were
initially precleaned with 25 pL of protein A/G-agarose (50% v/v).
Subsequently, the supernatants were immunoprecipitated by incu-
bating with the appropriate antibodies plus protein A/G beads (Santa
Cruz Biotechnology, USA) overnight at 4°C. Protein A/G-agarose-
antigen-antibody complexes were collected via centrifugation at
12 000 rpm for 60 seconds at 4°C. Beads were washed five times
and treated with an IP lysis buffer and separated via SDS-PAGE for
Western blot analysis as indicated above.

2.10 | Ubiquitination analyses

Degenerative or control NP cells that were transfected with siNC
or siUSP15 were lysed by sonication with 1% SDS-containing radio-
immunoprecipitation assay (RIPA) buffer on ice. Then, the lysates
were treated with Protein A/G PLUS-Agarose (sc-2003, Santa Cruz

Biotechnology) for 1 hour at 4°C. Thereafter, each sample was
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incubated with 1gG (sc-2027, Santa Cruz Biotechnology) overnight
at 4°C. The anti-ubiquitin antibody (ab7780, Abcam) was used for

immunoblotting.

2.11 | Statistical analysis

Statistical analyses were performed using the GraphPad Prism
software version 7.0 (CA, USA). All data were represented as
means + SEM from three independent experiments. Statistical sig-
nificance was assessed via one-way analysis of variance. Differences
between the degenerative and control NP samples were accepted
as statistically significant at P < .05 for all the variables compared.

3 | RESULTS

3.1 | USP15 was up-regulated in degenerative NP
tissues or cells

We examined the relative mRNA levels of nine members of the DUB
family, namely USP4, USP5, USP7, USP8, USP9X, USP14, USP15,
USP18 and USP20, in normal (n = 8) and degenerative (n = 10) NP
tissues. Interestingly, only USP15 was up-regulated in degenerative
NP tissues compared with in normal tissues. The remaining USP fam-
ily members showed no significant difference between normal and
degenerative NP tissues (Figure 1A).

Immunohistochemical staining was performed to determine the
protein levels of aggrecan and collagen Il in normal and degenerative
NP cells after primary NP cells were isolated from normal and de-
generative NP tissues (n = 6). As shown in Figure 1B, both aggrecan
and collagen Il were expressed in normal and degenerative NP cells.
However, the apoptosis rate of degenerative NP cells was much
higher than that of normal NP cells (Figure 1C).

Next, we quantified the level of USP15 in normal and degenera-
tive NP cells. Our analyses suggested that the level of USP15 was el-
evated in degenerative NP cells (Figure 1D,E). Moreover, the protein
expression level of FKBP5 was significantly up-regulated in degen-
erative NP tissues, whereas p-AKT at three different sites (Ser473,
Thr308 and Ser129) was markedly down-regulated in degenerative

NP tissues compared with in control (Figure 1F).

3.2 | Silencing and overexpression of USP15 in
degenerative NP cells

To further assess the function of USP15, we induced the silencing
and overexpression of USP15 in degenerative NP cells. For silencing,
siRNAs targeting human USP15 (NM_001252078.1) were synthe-
sized (siUSP15-1/-2/-3) and were used to prepare pLKO.1 constructs.
A prepared non-specific RNA functioned as the NC (siNC). All these
constructs were independently transfected into degenerative NP

cells. Undoubtedly, both the relative mRNA and protein expression

levels of USP15 were markedly suppressed in siUSP15-transfected
cells (Figure S1A,B).

Moreover, significant overexpression at both the mRNA and
protein levels was noticeable when the full-length USP15 cDNA
inserted into a lentiviral vector was transiently transfected into de-
generative NP cells compared with transfection of the mock recom-
binant vector NC (0eNC) (Figure S1A,B).

3.3 | LY294002 reversed the effect of USP15
siRNAs in degenerative NP cells

First, we analysed the morphology of degenerative NP cells trans-
fected with siNC or siUSP15-1 (siUSP15-2) with or without LY294002
treatment. As shown in Figure 2A, the morphology of degenerative
NP cells transfected with siNC or siUSP15-1 (siUSP15-2) showed no
significant differences with or without LY294002 treatment.

Then, we examined the apoptosis rate of siUSP15-1- and
siUSP15-2-transfected cells. As shown in Figure 2B, the apoptosis
rate of siUSP15-1- and siUSP15-2-transfected cells was remarkably
down-regulated than that of siNC-transfected controls. However,
the PI3K inhibitor LY294002 significantly rescued USP15 function
in degenerative NP cells.

Next, we examined the expression levels of the anti-apop-
totic marker Bcl2 and pro-apoptotic factor Bax in siUSP15-1- and
siUSP15-2-transfected NP cells. We observed that USP15 knock-
down significantly up-regulated Bcl2 expression and down-regu-
lated Bax expression in degenerative NP cells. However, the inhibitor
LY294002 disrupted these effects.

ACAN and SOX9 are re-identified as master chondrogenic tran-
scription factors.?! Inthe present study, USP15 silencing significantly
improved the expression levels of ACAN and SOX9 in degenerative
NP cells. Meanwhile, these effects were markedly suppressed in the
presence of the PI3K inhibitor LY294002 (Figure 2C). Interestingly,
USP15 knockdown promoted p-AKT and Foxo3a phosphorylation
(p-Foxo3a) in degenerative NP cells (Figure 2D).

3.4 | USP15 function was abolished by the AKT
agonist IGF-1

To further analyse the association between USP15 and AKT,
oeUSP15-transfected cells were cultured in the presence of the AKT
agonist IGF-1 (20 ng/mL). The apoptosis rate of oeUSP15-transfected
cells was markedly increased compared with that of oeNC-transfected
cells. However, the AKT agonist IGF-1 markedly suppressed the apop-
tosis rate of oeUSP15-transfected cells (Figure 3A).

Evidently, 0eUSP15 significantly improved USP14 expression
in degenerative NP cells, while the AKT agonist IGF-1 markedly in-
hibited this function. Moreover, the protein levels of aggrecan and
collagen Il were substantially reduced in oeUSP15-transfected cells.
However, the AKT agonist IGF-1 significantly abolished oeUSP15

function in degenerative NP cells (Figure 3B).
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FIGURE 1 USP15 was up-regulated in degenerative NP tissues. A, The relative mRNA levels of USP4, USP5, USP7, USP8, USP9X,
USP14, USP15, USP18 and USP20 detected in normal and degenerative NP tissues. ***P < .001 vs normal. B, Inmunohistochemical
analysis was performed to determine the protein levels of aggrecan and collagen Il in normal and degenerative NP cells. C, The apoptosis
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***P <.001 vs normal
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Furthermore, USP15 overexpression considerably decreased Bcl2 3.5 | miR-338-3p mimic suppressed the effects of
expression, whereas the AKT agonist IGF-1 significantly improved 0eUSP15 in degenerative NP cells
Bcl2 expression in oeUSP15-transfected cells. Meanwhile, the oppo-
site trend was observed for Bax expression in oeUSP15-transfected USP15 has been reported to be a target gene of miR-338-3p (www.
cells. Importantly, USP15 overexpression markedly suppressed p-AKT targetscan.org). To analyse the role of miR-338-3p in USP15 regu-
expression. However, this effect was abrogated by the AKT agonist lation, we transfected miR-338-3p mimic and corresponding miNC

IGF-1 in degenerative NP cells (Figure 3C). into degenerative NP cells transfected with 0eNC or oeUSP15,
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respectively. As shown in Figure 4A, the mimic did not damage the our results indicate that the miR-338-3p mimic enhances p-AKT in

morphology of 0eNC- or oeUSP15-1-transfected degenerative NP degenerative NP cells (Figure 5D).

cells. Moreover, USP15 overexpression promoted the apoptosis of

degenerative NP cells, which was markedly decreased in the pres-

ence of the mimic (Figure 4B). 3.7 | USP15 knockdown reduced the function of the

Furthermore, the protein level of Bcl2 was decreased in miR-338-3P inhibitor in degenerative NP cells

oeUSP15-transfected cells and induced with mimic treatment,

which was contrary to that observed for Bax. Interestingly, USP15 siUSP15-transfected cells were co-cultured with an miR-338-3p

overexpression suppressed the expression of ACAN and SOX9 in inhibitor. Undoubtedly, the miR-338-3p inhibitor significantly up-

degenerative NP cells, while this effect was markedly inhibited regulated the apoptosis of degenerative NP cells, whereas siUSP15

by the mimic (Figure 4C). Our analyses suggest that USP15 over- markedly abolished this function. Therefore, miR-338-3p might pro-

expression suppresses p-AKT and p-Foxo3a. Importantly, our mote the apoptosis of degenerative NP cells by inhibiting USP15

data imply that the mimic contributes to p-AKT and p-Foxo3a, (Figure 5E).

its downstream factor, in oeUSP15-transfected cells (Figure 4D). Furthermore, we assessed the connection between USP15 and
miR-338-3p by inserting the full length of the USP15 3’-UTR into

the luciferase reporter gene vector. Then, degenerative NP cells

3.6 | miR-338-3p binds to the 3'- untranslated were transfected with miR-338-3p mimics or inhibitor in addi-
regions (UTR) of USP15 in degenerative NP cells tion to the recombined luciferase reporter vector. Obviously, the

fluorescence activity of the recombinant vector was significantly
Next, we discovered that the level of miR-338-3p decreased in down-regulated in miR-338-3p mimic-transfected cells, whereas it
degenerative NP tissues (Figure 5A). To further analyse the role was remarkably improved in miR-338-3p inhibitor-transfected cells

of miR-338-3p, we transfected miR-338-3p mimic and the corre- (Figure 5F).

sponding NC into degenerative NP cells. As shown in Figure 5B, the Furthermore, we found the miR-338-3p inhibitor markedly in-
miR-338-3p mimic significantly suppressed the apoptosis of degen- hibited p-AKT. More importantly, siUSP15 significantly up-regulated
erative NP cells. Interestingly, both the mRNA and protein expres- p-AKT in miR-338-3p inhibitor-transfected cells. (Figure 5G).

sion levels of USP15 were markedly decreased in degenerative NP

cells after miR-338-3p mimic treatment (Figure 5C,D). Significantly,
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3.8 | USP15 interacted with FKBP5 and inhibited its
ubiquitination in degenerative NP cells

Next, we quantified the relative mRNA and protein levels of FKBP5
in siUSP15- and oeUSP15-transfected cells. As shown in Figure 6A,
neither siUSP15 nor oeUSP15 disrupted FKBP5 transcription of
degenerative NP cells. However, FKBP5 expression was decreased
in siUSP15-transfected cells, whereas it was up-regulated in
oeUSP15-transfected cells (Figure 6B).

Then, we examined FKBP5 expression in siUSP15-transfected
cells in the presence of the proteasome inhibitor MG132 (10 uM).
We found that MG132 significantly promoted FKBP5 expression in
siUSP15-transfected cells (Figure 6C,D).

Finally, the co-immunoprecipitation (Co-IP) assay was per-
formed to determine the interaction between FKBP5 and USP15
in degenerative NP cells. Our results demonstrated that there
was a stronger interaction between FKBP5 and USP15 in de-

generative NP cells (Figure 6E). Moreover, USP15 knockdown
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enhanced FKBP5 ubiquitination (Ub-FKBP5) in degenerative NP
cells (Figure 6F).

We further explored the relationship between FKBP5 and AKT
activity by inducing FKBP5 overexpressionin degenerative NP cells
(Figure S1C,D) and compared it with mock-transfected oeFKBP5
counterpart in siUSP15 cells. As shown in Figure S2, both p-AKT
and p-Foxo3a were significantly improved in siUSP15-transfected
cells, whereas 0eFKBP5 transfection markedly suppressed the ef-
fect of siUSP15. More importantly, MG132 markedly suppressed
p-AKT and p-Foxo3a in degenerative cells, as indicated. Therefore,
these data suggest that USP15 regulates the activity of the AKT
pathway by deubiquitinating and stabilizing FKBP5 in degenera-
tive NP cells.

4 | DISCUSSION

DDD is a chronic deterioration condition that is mainly initiated
within the NP.?2 The dysfunction of NP cells accelerates the pro-
gression of NP degeneration.® However, the underlying molecular
mechanism remains unexplored. In the present study, we identified
that USP15 was up-regulated in human degenerative NP tissues and
cells. Moreover, our results indicated that USP15 positively corre-
lates with the apoptosis of degenerative NP cells. Therefore, USP15
might be a promising diagnostic marker and therapeutic target of
DDD. Our findings not only enhance the understanding of USP15
but also indicate its potential value as a therapeutic target in the
prevention of NP degeneration.
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It is well-known that miRNAs binds to the 3'-UTR to inhibit the
transcription of target genes.?® Previous studies have demonstrated
that miR-338-3p can induce the apoptosis of lung cancer and col-
orectal cancer cells.?*?*> Furthermore, miR-338-3p targets AKT
to suppress the proliferation and invasion of lung cancer cells.?
In the present study, our findings suggested that miR-338-3p was
down-regulated in degenerative NP cells. Meaningfully, our results
provided pieces of evidence to indicate that USP15 is the target gene
for miR-338-3p in degenerative NP cells. Therefore, miR-338-3p
might suppress the enhanced apoptosis that occurs in degenerative
NP cells by targeting USP15.

Collectively, our study is the first to demonstrate that miR-
338-3p has an anti-apoptotic function in degenerative NP cells.
However, our results showed a discrepancy in the established
function of miR-338-3p as a tumour suppressor in many types of
cancers.'?'3 Therefore, miR-338-3p might present different roles
in different tissues. Moreover, our data suggest that miR-338-3P
inhibitor represses p-AKT even in the presence of USP15 siRNA,
suggesting that miR-338-3p regulates p-AKT at least, in part, in-
dependent of USP15 in degenerative NP cells. Therefore, other
targets involved in this network are valuable to explore in the fol-
lowing studies.

A previous report has shown that activation of the AKT pathway
inhibits the apoptosis of human degenerative disc NP cells.!” In this
research, our findings suggest that the level of USP15 negatively
correlates with the level of p-AKT. This result indicates that the
pro-apoptosis property of USP15 is attributable to the suppression
of the PIBK/AKT pathway in degenerative NP cells. Moreover, the
expression of USP15 was suppressed by the PISBK/AKT agonist IGF1
and induced by the inhibitor LY294002 in degenerative NP cells.
Therefore, these data illustrate that USP15 mediates the activity of
the PIBK/AKT pathway in degenerative NP cells in a negative feed-
back manner.

In this study, we identified that USP15 interacts with FKBP5 in
degenerative NP cells. Additionally, we found that Ub-FKBP5 is en-
hanced in siUSP15-transfected cells. Therefore, USP15 might stabi-
lize FKBP5 expressions in degenerative NP cells via deubiquitination.
Furthermore, growing pieces of evidence have demonstrated that
FKBP5 down-regulates p-AKT and acts as a tumour suppressor.?”28
Therefore, USP15 might be a novel component in the FKBP5/AKT

signalling pathway in degenerative NP cells.
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