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FBWX/7 inhibits nucleus pulposus cells
proliferation by downregulation of cyclin E
in the intervertebral disc degeneration
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Abstract. — OBJECTIVE: TF-box and WD re-
peat domain-containing 7 (FBW7), a component
of SCF ubiquitin ligase complex, usually acts as
a tumor suppressor because it has an ability in
the inhibition of cell proliferation. Nevertheless,
the role of FBW?7 in intervertebral disc degener-
ation (IDD) is not quite understood.
MATERIALS AND METHODS: The total pro-
tein and RNA were isolated from patients’ disc
tissues. WB was carried out to analyze the col-
lagen Il and FBW?7 protein levels of different Pfir-
rmann grades disc degeneration. Reverse
scription-polymerase chain reaction (RT-
was used to test the collagen Il and FBW7 m
expression in these disc samples. NP cells w
transfected with siRNA-FWB7 to 3

phase of and inhibit-
pregulating p27 expres-

rexpression of p27 result-
of cyclin E, which promotes

SIONS: Taken together, our study un-
ht FBW7 played an essential inhibito-
ry role in NP cells proliferation, providing new
insights that FBW7 may be a potential strategy
for IDD treatments.
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m of interver-
affects millions

complex multiple factors, such
, oxidative stress, mechanical
senescence®. The main clinical
s of IDD are disc herniation, ver-
instability, and spinal stenosis. Currently,
ogenic mechanisms of IDD remain un-
known. At present, IDD is mainly treated with
surgery for symptomatic interventions, but the
outcomes are poor with proneness to recurrence’.
It is important to elucidate the exact mechanisms
of IDD, so as to identify novel treatment for this
disabling disorder.

Even though the etiology of IDD is always
multifactorial, genetic factors are considered
to be the greatest parts of them. In these years,
the molecular functions of disc degenerative
disease have got much attention in research,
which has substantially improved the under-
standing of the biology in IDD%’. F-box and WD
repeat domain-containing 7 (FBW?7) is a sub-
strate component of the evolutionary conserved
SCF-type E3 ubiquitin ligase. FBW7 targets
multiple well-known oncoproteins, including
c-Myc?, cyclin E°, and the mammalian target
of rapamycin (mTOR)" for ubiquitination-medi-
ated destruction, thus, it is a recognized tumor
suppressor'"2, In most cases, FBW7 functions
as a trigger to degrade target protein which pos-
sesses a potent in the regulation of cell prolifer-
ation, cell division, and differentiation. FBW7
complexed with SCF targets cyclin E for degra-
dation and inhibits cell cycle progression, which
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can inhibit the cell proliferation®. Cyclin E is a
key component of the cell cycle machinery that
is frequently deregulated in cancer. During the
cell cycle, cyclin E has a very important role in
S-phase entry from either G1 or quiescence by
the activation of E2F, which is quite meaningful
for cell proliferation'.

The potential association between FBW7 and
IDD is still unknown. To investigate the func-
tion of FBW7 in IDD, we isolated the nucleus
pulposus (NP) cells from surgery samples, estab-
lished the NP cell degeneration model with IL-1p
stimulation, and downregulated the expression
of FBW7 gene by siRNA transfection. What we
found showed that FBW7 targeted cyclin E and
deregulated NP cell cycle arrest, which inhibited
the proliferation of NP cells. These findings en-
able us to comprehend the FBW7 as a pro-degen-
eration molecule in NP cells during the progress
of IDD.

Materials and Methods

Patient Tissue Samples

17 degenerative disc samples were coll
from patients undergoing disc herniation o
tions (mean age: 43; age range: 33-50; 10 ma
7 females). This research project y
by the Ethics Committee of T

. We d1v1ded the
i g to the Pfir-
: Mild group

ces of the genes for RT-PCR.

Cells Culture and Drug Treatment

The tissues were washed three times with a
phosphate-buffered saline solution (PBS) be-
fore isolating the NP cells. The samples were
minced into small pieces and digested for 1
hour with 0.25% trypsin solution at 37°C. Next,
the samples were incubated in 0.15% type 11
collagenase at 37°C overnight. The cell solu-
tion was filtered with a 100 pm cell a8
resuspended with Dulbecco’s 4
Medium and Ham’s F-12 p#i
F12, 1:1, Thermo Fisher, W3
containing 10% fetal b
co, Rockville, MD,
seeded in six-wel

JA was isolated from NP tissues
Izol reagent (Invitrogen, Carls-
A) according to the manufacturer’s
tlons After the determination of the
oncentration, RNA was reverse tran-
scribed with the PrimeScript™ RT Master Mix
(Applied Biosystems, Foster City, CA, USA).
RT-PCR was performed to quantify FBW7,
type II collagen, p27, cyclin E, E2F1, E2F2,
B-Galactosidase (p-gal), and glyceraldehyde
phosphate dehydrogenase (GAPDH) mRNA
expression levels. GAPDH was used for nor-
malization. The primers used for RT-PCR are
shown in Table I. RT-PCR was conducted using
SYBR Green Master Mix (Applied Biosystems,
Foster City, CA, USA). The relative mRNA
expression levels were calculated by the 2744
methods.

Forward (5'>3’) Reverse (5>3’)
FBW7 GGCCAAAATGATTCCCAGCAA ACTGGAGTTCGTGACACTGTTA
Collagen II TGGACGATCAGGCGAAACC GCTGCGGATGCTCTCAATCT
p27 AGGAGGAGATAGAAGCGCAGA GTGCGGACTTGGTACAGGT
Cyclin E GGTGAGCTTTTTGCCTGGG TTCTCCGGCAGAAATCTGAGC
E2F1 ACGCTATGAGACCTCACTGAA TCCTGGGTCAACCCCTCAAG
E2F2 CGTCCCTGAGTTCCCAACC GCGAAGTGTCATACCGAGTCTT
B-gal TTCAGTATCACAACCTCAGCAAG TGGACCTGCAAGTTAAAATCCC
GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC

RT-PCR, quantitative reverse-transcription polymerase chain reaction.
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Western Blot (WB) Analysis

The tissues and NP cells were lysed with
radioimmunoprecipitation assay (RIPA) lysis
buffer (Beyotime, Shanghai, China). The pro-
tein was isolated using a Nuclear/Cytosol Frac-
tionation Kit (Beyotime, Shanghai, China) ac-
cording to the manufacturer’s instructions. The
concentrations of protein were measured with
the enhanced bicinchoninic acid (BCA) protein
assay kit (Beyotime, Shanghai, China). After
blocking with 5% skim milk for 1 hour at room
temperature and overnight with anti-FBW?7
(Abcam, Cambridge, MA, USA, 1:1000), an-
ti-p27 (Abcam, Cambridge, MA, USA, 1:1000),
anti-cyclin E (Abcam, Cambridge, MA, USA,
1:1000), anti-type II collagen (Millipore, Bil-
lerica, MA, USA, 1:1000), anti-E2F1 (Milli-
pore, Billerica, MA, USA, 1:1000), anti-E2F2
(Abcam, Cambridge, MA, USA, 1:1000), anti-
B-gal (Abcam, Cambridge, MA, USA, 1:3000),
and anti-f-actin (Cell Signaling Technology,
Danvers, MA, USA, 1:2000), the membrane
was washed for 3 times with Phosphate-Buff-
ered Saline and Tween-20 (PBST), followed
by incubation with the secondary antibod
(Abcam, Cambridge, MA, USA, 1:3000) §
h at room temperature. The protein bands
visualized and detected using the enhand
chemiluminescence (ECL) syste ctin
used as the controls.

Immunocytofiuoresce.
NP cells (1x10%/group

4% formaldehyde
ture, and then,

1ght at 4°C. Followed
anti-rabbit IgG antibody
A, USA, 1:200) incubated
) Chperature. Nuclei were stained
§-diamidino-2-phenylindole (DAPI; Be-
anghai, China, 1:500), and the cells
were visualized using a fluorescence microscope
(Zeiss, Oberkochen, Germany).

SiRNA Transfection

NP cells were transfected by siRNA-FBW7
or siRNA-NC (Invitrogen, Carlsbad, CA, USA).
95% of the cells were viable 12 h later. FBW7 was
downregulated via transfection of siRNA-FBW7.
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The cells were incubated for other 3 days and
passaged after transfecting. The transfection effi-
cacies were measured vie WB and RT-PCR.

Flow Cytometry

The cell cycle was detected by flow cytome-
try. Four groups of NP cells were collected and
washed three times with PBS, and then fixed 4%
formaldehyde for 15 min at room Jesiac

mg/mL, Kaiji, Nanjin
Diva software.

ical Analysis

All data were normality displayed by the
means + standard deviations. Data compared
between the two groups were analyzed using the
Student’s #-test. The comparison between multi-
ple groups was done using One-way analysis of
variance (ANOVA) test followed by a post-hoc
test (Least Significant Difference). p-values <0.05
were considered statistically significant.

Results

Expression of FBW?7 in Human NP
Tissues with Pfirrmann Grades

The total protein RT-PCR and RNA were
isolated from patients’ disc tissues. WB was
carried out to analyze the collagen Il and FBW7
protein level of different Pfirrmann grades disc
degeneration. RT-PCR was used to test the col-
lagen II and FBW7 mRNA expression of these
disc samples. We chose 4 samples of each patient
group randomly, as expected, that the collagen 11
protein was significantly decreased in the Severe
group in both protein and mRNA level (Figure
1A, 1B). Meanwhile, FBW7 gene was markedly
upregulated in the Severe group compared to
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ent NP cells in vitro were detected by Western blot. E, collagen 11, B-gal, and FBW7 in senescent
adctected by RT-PCR. (“*” means there is a statistical difference with the control group).

the Mild group in both protein and mRNA lev- FBW7 Level Overexpressed in

el (Figure 1A, 1C). The primer sequences used
for RT-PCR are listed in Table 1. Collagen II is
mainly secreted by the NP cells, and the degen-
eration of NP cells will less affect the collagen II
expression”. The results showed that the FBW7
level decreased with the disc got into much severe
degeneration.

Senescent NP Cells In Vitro

Different concentration of IL-1p (10 ng/ml and
50 ng/ml) was applied into the establishment of
NP cell degeneration model according to the pre-
vious method's. We explored the collagen I and
Sirt2 expression with WB and RT-PCR. The re-
sults showed that IL-1 significantly decreased the
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collagen II expression, especially NP cells treated
with 50 ng/ml (Figure 1D). B-gal is the maker of
cell senescence. NP cells expressed much p-gal
with a higher IL-1f stimulation. Meanwhile, the
FWB7 expression increased when the cells were
treated with IL-1f and much significant with a
higher IL-1B concentration compared with the
control (Figure 1D). The RT-PCR showed the
same results as those of WB (Figure 1E). In sum-
mary, NP cells degenerated under the stimulation
of IL-1B, and the FBW7 expression level was
upregulated at the same time.

Cyclin E Level and Cell Proliferation
Decreased in IL-13-Induced Senescent
NP Cells

We analyzed the Cyclin E expression with WB
and RT-PCR. We found that Cyclin E expression

decreased in senescent NP cells, especially in
the 50 ng/ml dose of IL-1B (Figure 2A, 2B). The
CCKS8 assay showed that compared with the con-
trol group, the cells had less viability, especially
in 50 ng/ml group (Figure 2C).

FBW7 Low-Expression Alleviated
IL-1p-Induced Human NP
Cell Senescence

We transfected NP cells with sg

function of the siRNA
analysis (Figure 3A),

model. FBW7
less FBW7,
induced gr

A

Cyclin E

Figure 2. Cyclin E level and cell proliferation decreased in IL-1B-induced senescent NP cells. A, Results of the expression
of cyclin E in three groups were shown by Western blot. B, Results of the expression of cyclin E in three groups were shown
by RT-PCR. C, Cell proliferation was detected by the CCK-8 assay (“*” means there is a statistical difference with the control

group).
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ulated in IF staining, WB, and
analysis (Figure 3A-3C). These results
t FBW7 low-expression could reverse
the senescence of NP cells caused by IL-1p.

FBW7 Low-Expression Promoted
Cell Cyclin Expression and
NP Cells Proliferation

Cyclin E, E2F1, and E2F2 were analyzed with
WB and RT-PCR. We found that the three-cell
cyclin-related genes expression decreased in the

senescent NP cells but upregulated at the condi-
tion of FBW7 low-expression (Figure 4A, 4B).
CCKS assay showed that the FBW7 low expres-
sion promoted NP cells proliferation compared
with the degenerated group (Figure 4C). Flow
cytometry result showed that compared with the
control group more cells stayed in the GO-Gl
phase and fewer cells stayed in the S phase with
the IL-1p stimulation. Downregulated FBW7
could promote more cells to go through GI to S
phase (Figure 4D).
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Discussion according to its disability of cell proliferation
via cell cycle regulation'®", From these previous
In this study, we identified FBW7 as an im- studies, we speculated that FBW7 might have a

portant mediator in the pathogenesis of inter- role in the progress of the IDD via regulating the
vertebral disc diseases. First of all, two different NP cells proliferation.

degrees of disc degeneration were divided using NP cells isolated from the disc tissue with
Pfirrmann scores. The results showed that the tis- mild degeneration were treated with different
sues in the severe group expressed less collagen concentration of IL-1p, so as to establish cell de-
IT gene which meant that they degenerated more generation model which makes the celigamore se-
seriously than the mild group. In this condition, nescent®’. We analyzed the collag R-oal
we analyzed the FBW7 level in each group and expression of each group. Aj ner

found that the severe group had a higher FBW7 concentration resulted in le
expression compared with the mild group. FBW7 and higher -gal?' level, yfpi
is a ubiquitin ligase of SCF (a complex of SKP1, i can-
CULI, and F-box protein)-type with functions in i pressed
cell growth, differentiation, and division'. The i in E. Cyclin
substrates of FBW7 contain Notch, MYC, JUN,
and cyclin E are mostly involved in human can-

(Rb) proteins

cers”!. Besides, FBW7 is also a tumor suppressor . Rb bounds
A B 4s-
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Figure 4. FBW7 low expression promoted cell cyclin expression and NP cells proliferation. A, Results of the expression of
cyclin E, E2F1 and E2F2 in three groups were shown by Western blot. B, Results of the expression of cyclin E, E2F1 and E2F2
in three groups were shown by RT-PCR. C, Results of cell proliferation level in four groups were shown by CCK-8 assay. D,
Results of cell cycle in four groups were shown by Flow Cytometry. (“*” means there is a statistical difference with the control
group and “**” means there is a statistical difference with the IL-1f3 group).
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with the transcription factor E2Fs transactiva-
tion domain and affects E2Fs lose the ability to
activate transcription”. When Rb phosphorylat-
ed, unbound E2Fs activated the transcription of
many genes which are required for G1/S, and the
inhibition of E2Fs transcriptional activity induces
cell cycle arrest?®. The results showed that the
degenerated NP cells expressed lower Cyclin E
but higher FBW7. What we followed with interest
was whether the FBW7 took part in the downreg-
ulation of Cyclin E, affected the NP cells cycle,
and acted as a negative regulator in IDD.

Then, the FBW7 gene was silenced in the de-
generated NP cells via siRNA transfection and
verified the transfection efficiency in both protein
and RNA levels.

From the expression of collagen II and -gal,
we found that the degenerated NP cells showed
severe senescent phenotype and high concen-
tration of FBW7. CCK8 assay showed that the
IL-1B treated group had fewer cell activities
than the control group. When the FBW7 gene
was silenced, the influence of IL-1p of the NP
cells also decreased. The result of the colony
formation assay revealed that the absence_of
FBW?7 played a positive role in the prolifer
of NP cells. It was reported that the FBW7
diated the Cyclin E expression to regulate
cell cycle transition. We provided th

could active E2Fs
E promoted G

7 inhibited Cyclin
er inhibited the NP

¥ cell lines QBC-939 and found
1biquitin ligase FBW7a inhibited chol-
yoma cell proliferation by downregu-
lating c-Myc and Cyclin EB. FBW7 is frequently
mutated in human cancers, however, our study
suggested that FBW7 mediated the cycle and in-
hibited the NP cells proliferation, uncovering the
role of FBW7 in IDD. What we found provided
a mechanism through which FBW7 might play a
negative role in the progress of IDD. In summary,
our study not only identified a novel target in IDD

but also provided a mechanism for explaining the
role of FBW7 in inhibiting NP cells proliferation
via regulating the expression of Cyclin E. Howev-
er, the conclusion also needs to be verified in vivo
in the future study.

Conclusions

Taken together, our study
FBW7 played an essential ind

conflict of interests.
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