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Abstract

CSN6 is one subunit of the highly conserved constitutive photomorphogenesis 9 (COP9)
signalosome (CSN), which is overexpressed in many types of cancers, and has received great
attention as a regulator of the degradation of cancer-related proteins, suggesting its importance in
oncogenic activity. CSN6 has been shown to be overexpressed in cervical cancer (CC) and
associated with CC development. CC remains to be one of the most aggressive cancers affecting
women. Cathepsin L (CTSL), significantly associated with the autophagy, plays a critical role in
degradation of extracellular matrix for metastasis. However, the detailed biological functions of
CSN6 on CTSL in CC metastasis have not been well clarified. Our data has shown that CSN6é and
CTSL are positively correlated. The overexpression of CSN6 and CTSL might be a strong indicator
for CC enhanced aggressiveness. CSN6 could suppress the degradation of CTSL, then facilitated the
migration and invasion of CC cells. Interestingly, our results indicated that autophagy is essential for
decreasing CTSL, while CSN6 could inhibit the autophagy ability of CC cells. In addition, blocking of
the mammalian target of rapamycin (mTOR) pathway reversed CSNé-mediated autophagy
inhibition. We further demonstrated that CSN6 positively regulated CTSL expression through an
autophagy-lysosomal system. Taken together, we concluded that CSN6é might promote the
migration and invasion of cervical cancer cells by inhibiting autophagic degradation of CTSL and
serve as a potential gene therapy target for the treatment of CC metastasis.
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Introduction

CSN, composed of nine subunits [1], is known to
regulate the ubiquitin-proteasome system (UPS) and
macroautophagy (autophagy hereafter) [2-4]. CSN6, a
critical subunit of the CSN, is found to be
overexpressed in many types of cancers [5]. More
importantly, UPS and autophagy are pivotal for
regulate protein degradation in the cell. In addition,
an increasing number of evidence suggests that CSN6
has received attention as a regulator of the
degradation of cancer-related proteins through the
UPS, suggesting its importance in cancerogenesis,

consisting of cell proliferation [6, 7], metastasis [8, 9]
and apoptosis [10, 11]. However, very little is known
about the role of CSN6 on autophagy. Autophagy is
enclosed in the double-membrane autophagosomes
and delivered to lysosomes for degradation of cell
components and the recycling of cellular construction
[12], and its dysfunction has been implicated in many
human cancer [13]. The modulation of autophagy
plays dual roles in tumor promotion and suppression
in many cancers [14]. Autophagy has emerged as a
critical role for the biological behavior of CC [15-17],
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which remains to be one of the most aggressive
cancers affecting women [18]. The activation of
invasion and metastasis are the main causes for
treatment failure and mortality in CC patients [19].
Therefore, the suppression of tumor metastasis is an
effective forms of therapy for CC.

Lysosomes and lysosomal hydrolases, including
the Cathepsin family, have been shown closely
associated with intracellular protein degradation and
processing [20]. Cathepsin family, highly expressed in
cancer cells, play a vital role in triggering tumor
proliferation, invasion, metastasis and angiogenesis
[21, 22]. Cathepsin L (CTSL), a key member of the
Cathepsin family of cysteine proteases, eventually
stored in lysosomes as mature CTSL, has been shown
to play a critical role in degradation of extracellular
matrix for metastasis [23, 24]. It has been concluded
that lysosomal proteases CTSL can be involved in the
execution of autophagy [25]. Previous study showed
that the enhancement of CTSL activity is necessary for
the progress of autophagy [26-28]. However, the
mechanism of how autophagy regulates lysosomal
cysteine protease CTSL remains unclear. Therefore,
understanding the relationship between autophagy
and CTSL is critical to develop treating strategy for
CC patients.

In this study, we verified CSN6 and CTSL levels
in CC tissues and explored the involvement of CTSL
in CSN6-mediated metastasis. We found that both
CSN6 and CTSL were positively correlated with the
aggressiveness of CC. In addition, CSN6 could
up-regulate the expression of CISL by inhibiting
autophagy, thereby promoting the migration and
invasion of CC cells. Our data provided a profound
understanding of novel CSN6-CTSLsignaling in
promoting CC metastasis.

Materials and Methods

Patients and tissue specimens

The study was conducted in accordance to local
ethical guidelines. CC tissues and paracancerous
tissues were collected from the Department of
Pathology, The Affiliated Hospital of Xuzhou Medical
University. The validation cohort tissue microarray
(TMA) included 126 cases of CC tissues and 42 cases
of paracancerous tissues. It consisted of 126 surgical
cases from 2010 to 2011, termly followed up for 8
months to 86 months to assess the survival. Detailed
clinical information of individual specimen was
pathologically confirmed. The studies using human
cervix tissue samples were approved by Xuzhou
Human Subject Committee. Informed consent from
the patients was obtained in all cases.

Immunohistochemistry of tissue microarray

After being baked at 65°C for 1h, TMA slides
were dewaxed with dimethylbenzene and then
rehydrated with graded alcohol and distilled water.
For retrieving antigen, TMA slides were performed in
a microwave oven heated at 95°C with 10 mM citrate
buffer (pH 6.0). Endogenous peroxidases were
quenched by 3% H>O; for 20min. The slides were
treated with normal goat serum to inhibit nonspecific
staining, then the sections incubated with mouse
monoclonal antibodies CSN6 and CTSL (1:50 dilution,
Santa Cruz Biotechnology, USA) at 4°C overnight and
then were incubated with a secondary antibody for
1h. Diaminobenzidine (DAB; Zhongshan biotech,
Beijing, China) was used to produce a brown
precipitate. After hematoxylin counterstain and
dehydration were completed, the sections were
sealed. The staining of the normal cervix tissues in
each microarray slide was evaluated as the quality
control of the immunostaining. Immunohistochemis-
try of TMA was assessed by microscopy (ZEISS AXIO
Scope.Al HAL100). The staining intensity and
percentage of positive tumor cells of each section was
calculated by the immunoreactive score (IRS) [29].
Staining patterns were classified as low (IRS: 0-4) and
high (IRS: 6-12) protein expression of CSN6 or CTSL.

Cell lines and growth condition

Human normal cervical epithelial cells (NCECs)
and CC cell lines MS751, Caski, HeLa, C33A and SiHa
were purchased from the Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences
(Shanghai, China). NCECs were cultured as
previously described [29]. MS751 and CaSki cells were
cultured in RPMI 1640 (Gibco, Grand Island, NY,
USA), and HelLa, C33A and SiHa cells were cultured
in DMEM/F-12 medium (Hyclone) supplemented
with 10% fetal bovine serum (FBS) (Invitrogen,
Shanghai). Cells were incubated at 37 °C in a
humidified atmosphere of 5% COs.

Transfection and stable cell lines generation

The plasmids of pcDNA3.1-Vector (Vector),
pcDNA3.1-CSN6, pcDNA3.1-CTSL and HA-ubiquitin
(Gene-Pharma Shanghai, China) were transiently
transfected into cervical cancer cells at 70% confluence
using X-tremeGENE HP DNA Transfection Reagent
(Roche, Switzerland) following the manufacturer’s
instructions. The small interfering RNA (siRNA)
control (siCtrl), CSN6 siRNA (siCSN6) were designed
and purchased from Gene-Pharma. CTSL siRNA
(siCTSL) was purchased from Santa Cruz
Biotechnology. They were transfected into cells using
siLentFect™ Lipid Reagent (Bio-Rad, Hercules, CA,
USA) according to the manufacturer’s protocol. After

http://www.ijbs.com



Int. J. Biol. Sci. 2019, Vol. 15

1312

24 h or 48 h of transfection, cells were harvested for
subsequent experiments.

Woestern blot

Cells were harvested from the plates. After
digestion and centrifugation, total cell proteins were
extracted from the cells using RIPA lysis method.
Then, 100 pg proteins were applied onto 10% SDS-
polyacrylamide gel (SDS-PAGE) for electrophoresis
and then transferred onto nitrocellulose membrane.
After blocking for 2 h, members were incubated
overnight at 4°C with the antibodies (CSN6, 1:2 000;
mTOR, 1:500 dilution, Proteintech Group, USA;
Microtubule-associated protein light-chain 3 (LC3),
1:2 000 dilution, Cell Signaling Technology, USA;
Sequestosome 1 (SQSTM1/p62), 1:2 000 dilution, Cell
Signaling Technology, USA; CTSL, 1:300 dilution,
Santa Cruz Biotechnology, USA; p-actin, 1:2 000
dilution, Zhong-shan biotech, China). After washed,
the secondary antibody was added to incubate at
room temperature for 2 h prior to ECL (Tanon,
Shanghai, China) fuorescence imaging.

Cell proliferation assay

Cells were seeded into 96-well culture plates
(Corning Incorporated, Corning, NY, USA) at a
density of 4 x 10° cells each well after transfection.
Cell proliferation was determined with the
colorimetric water-soluble tetrazolium salt (CCKS,
Vicmed, China) at time points 1d, 2d and 3d
according to the manufacturer’s instructions. 100 pl
serum-free culture medium and 10 pl CCK-8 solution
were added into per well, then incubation at 37°C for
2h. The absorbance of individual wells was measured
at 450 nm using a Multiskan Spectrum 1500 (Thermo
Labsystems, USA).

Wound-healing assay

After transfection with siCSN6 and CSN6
plasmids, the CC cells were seeded in 6-well plates
(Corning Incorporated). The cells were scratched with
a yellow pipette tip along the center of the plate when
cell culture reached about 95% confluence. The
distance between the cells bordering the wound was
measured at 0 and 24 h, and analyzed by the
microscopy (Olympus IX71, Tokyo, Japan). Images of
the wound were taken with a digital camera.

Migration assay

Transwell chambers (BD Bioscience, San Jose,
CA, USA) with a pore size of 8 pm was used to
determine cell migration. 6 x 103 CC cells were seeded
in serum-free medium in the upper chamber. The
medium containing 10% FBS was added to the lower
chamber. After incubating at 37°C for 24h, the cells
were fixed in methanol and stained with Leucocrystal

Violet. Cells in upper chamber were removed and the
number of cells which traversed the membrane was
determined by counting the Leucocrystal Violet
stained cells. Stained cells were photographed under a
microscope and calculated in the whole field.

Invasion assay

Compared to cell migration, the invasion
membrane filters were coated with 100 pl of diluted
(1:8 in serum-free medium) Matrigel (BD Biosciences,
NJ, USA). 8 x 103 CC cells were seeded in serum-free
medium in the wupper chamber. The medium
containing 10% FBS was added to the lower chamber.
Cells were cultured in a 37 °C incubator for 48 h. We
removed non-invading cells of upper chamber.
Invading cells were fixed in methanol and then
stained with Leucocrystal Violet. The CC cells of
invasion were photographed under a microscope and
the number of stained cells was counted in the whole
field.

Immunofluorescence

Transfected CC cells were seeded in glass
coverslips in 6-well plates (Corning Incorporated).
The cells were fixed in cold 4% paraformaldehyde for
15 min, permeabilized with 0.2% Triton X-100 in TBS
for 10 min, and blocked with 5% bovine serum
albumin (BSA) in phosphate-buffered saline (PBS) for
30 min, all at room temperature. Then, the cells were
incubated with anti-mTOR antibody (dilution 1: 50,
Proteintech Group, USA) overnight at 4°C, followed
by detection using the FITC-conjugated secondary
antibody for 30 min. The cell nuclei were counter-
stained with 4', 6-Diamidino-2-phenylindole (DAPI)
for 5min at room temperature in the dark. Images
were collected and photographed by fluorescence
microscope (ZEISS AXIO Scope.A1 HAL100).

Visualization and quantitative analysis of
autophagy

We used monodansylcadaverine (MDC) staining
to quantify the intracellular autophagic vacuoles. To
view the MDC-labeled vacuoles, the CC cells were
washed with PBS and then incubated with 0.05 mM
MDC at 37°C for 10 min. Cells were washed three
times with PBS and collected after incubation.
Intracellular MDC-positive dots were analyzed by
fluorescence microscopy. Autophagy flux in cells was
detected by the Adenovirus mRFP-GFP-LC3 (Hanbio
Biotechnology, Shanghai, China), which carries genes
encoding modified red fluorescent protein (mRFP)
and green fluorescent protein (GFP). The Adenovirus
mRFP-GFP-LC3 infected into Hela and SiHa cells
according to the manufacturer’s instructions. The
yellow (mRFP and GFP) color spots indicated
autophagosomes. The loss of green color spots and
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increased red spots indicated fusion of autophago-
somes and lysosomes, and the red (mRFP only) color
spots indicated formation of autolysosomes [30]. We
calculated yellow color spots and red only color spots
to assess the autophagy flux.

Inhibitor system

The cells after being seeded and incubated
pre-treated with plasmids and continuously treated
with different inhibitors: Z-Phe-Tyr-CHO (Santa Cruz
Biotechnology), E64d/Pepstatin A (Sigma Aldrich),
Rapamycin or Chloroquine diphosphate salt (Med-
Chem Express).

Co-Immunoprecipitation

Cells were seeded onto 10 cm dish and treated
with 50 pg/ml MG132 for 6 h before harvesting, then
the total cell lysates were rinsed twice with PBS. Cells
were harvested by centrifuge at low speed for 10 min
and then were lysed with lysis buffer (50mM Tris-HCl
pH 7.5 (Fisher), 0.15M NaCl (Fisher), 1% NP-40 and
1ImM EDTA), 20 pl Complete Protease Inhibitor
Cocktail (Roche Applied Science) for 20 min at 4°C.
Cells were centrifuged at 12500 rpm, at 4 °C for 10
min. The supernatant collected and the protein
amount were standardized, and a small amount of
lysate was taken for Western blot analysis, and the
remaining lysate were added 30 pl Agarose A+G
(Santa Cruz Biotechnology) per sample for pre-
clearing rotated at 4 °C for 2 h, and then were
centrifuged at 3000 rpm, at 4 °C for 5 min. The
supernatants were immunoprecipitated with the
appropriately corresponding antibody in lysis buffer
overnight at 4°C. Then the antibody was pulled down
with 30 pl Agarose A+G at 4 °C for 6 h. The samples
were centrifuged at 3000 rpm, at 4 °C for 5 min and
discard supernatant then added wash buffer NETN
up to 1 ml and inverted up and down at 4 °C for 10
min. As the same step that centrifuged at 3000 rpm, at
4 °C for 5 min and discard supernatant were
performed in triplicate. The sediment were added 30
pl 2xSample Buffer and boiled at 100 °C for 5 min then
spin down at 12000 rpm for 10 min. Lysate samples
were collected and loaded into SDS-PAGE for
Western blot.

Protein turnover assay

After transfection, cells were incubated at 37°C
with 5% CO. for 24 or 48 h. Then cycloheximide
(CHX) was added into the media to a final
concentration of 100 pg/ml. The cells were harvested
at the different time points after CHX treatment. The
protein levels were analyzed by Western blot.

Ubiquitination assay

Transfected with indicated plasmids, cells were

treated with 50 pg/ml MGI132 for 6 h before
harvesting. In order to detect the ubiquitinated
protein in vitro, we pulled down the ubiquitinated
protein with anti-mTOR antibody. The protein
complexes were then separated on SDS-PAGE and
probed with anti-Ubi or anti-HA antibody to reveal
the level of ubiquitination.

Statistical analysis

All statistical analyses were determined using
the SPSS 22.0 software. All experiments were
performed at least three times. For TMA, the differ-
ence between CC tissues and paired paracancerous
tissues was estimated by paired x2 test. The
correlation between CSN6 and CTSL was estimated
by Spearman's correlation analysis. Survival analysis
was evaluated by the Kaplan-Meier method and the
Log rank test. The association between CSN6 and
CTSL staining and the clinicopathologic parameters of
the CC patients was evaluated by y2 test. All values
were shown as means + standard deviation (SD). The
two-group comparisons were calculated using
Student’s T test. P < 0.05 was considered statistically
significant.

Results

CSN6 and CTSL serve as potential prognostic
indicators for CC patients

In order to investigate whether CSN6 and CTSL
expression are changed in human CC, we performed
an immunohistochemistry staining analysis of TMA
slide and classified the immunohistologic staining of
CSN6 and CTSL in tissue specimens as negative, weak
positive, moderate positive and strong positive via
IRS (Fig. 1A). The X2 test suggested that there was a
significantly different expression of CSN6 or CTSL in
the CC tissues compared with paired paracancerous
tissues (Table 1 and 2). CSN6 and CTSL expression
were all higher in CC tissues (Fig. 1B and C). To
further study whether CSN6 or CTSL expression in
CC patients correlates with a worse prognosis, we
performed Kaplan-Meier survival analysis and the
Log rank test and results presented that survival was
significantly lower in high expressed CSN6 CC
patients (P< 0.001) (Fig. 1D). The similar result was
got in CTSL (P< 0.001) (Fig. 1E). In addition, survival
analysis indicated that high expression of CSN6 and
CTSL all correlated with a poorer 5-year overall
survival rate (Table 3).

CSN6é is positively correlated with of CTSL
and they are all associated with the depth of
invasion in human CC

To evaluate the relationship between CSN6 and
CTSL expression in CC, we performed Spearman's
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correlation analysis. We demonstrated that there was
a positive correlation between CSN6 and CTSL
(r=0.713, P < 0.001) (Table 4). To further explore
whether the clinicopathological features, such as
depth of invasion, lymph node metastasis and HPV
infection are correlated with CSN6 and CTSL
expression, respectively. We summarized the
relationships in Table5 and 6. Statistical analysis
showed that high level of CSN6 was correlated with
depth of invasion (P= 0.030) and HPV infection (P=
0.039) (Table 5). In addition, we found the compelling
correlations of CTSL expression with depth of
invasion (P= 0.007) and lymph node metastases (P=
0.003) (Table 6). On the basis of these findings, we
hypothesized that the coordination between CSN6
and CTSL expression might have an impact on CC
invasion.

A Negative Weak positive

Table 1. Differential

paracancer tissues.

expression of CSNé6 in CC tissues and

Cervical cancer CSN6 Paracancer CSN6 Total
Low High

Low 21 0 21

High 11 10 21

Total 32 10 42

P=0.001

Table 2. Differential expression of
paracancer tissues.

CTSL in CC tissues and

Cervical cancer CTSL Paracancer CTSL Total
Low High

Low 20 0 20

High 13 9 22

Total 33 9 42

P<0.001

Moderate positive

Strong positive
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Figure 1. CSN6 and CTSL are both up-regulated in TMAs of CC, and correlated with 5-year overall survival in CC patients. (A) Representative
photographs of immunohistochemistry staining for CSN6 and CTSL in human CC. Original magnification x 400 for A. (B) High expression of CSN6é was observed in
23.8% (10 of 42 cases) paracancerous tissues, while 56.3% (71 of 126 cases) CC tissues. (C) CTSL high expression staining was observed in 21.4% (9 of 42 cases)
paracancerous tissues, and 53.2% (67 of 126 cases) CC tissues. (D) Kaplan—Meier survival analysis of the rate of overall survival according to low and high CSNé
expression of 126 patients with CC (P <0.001, Log rank test). (E) Kaplan—Meier survival analysis of 126 CC patients with high or low CTSL expression (P <0.001, Log

rank test).
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Table 3. The 1,3 and 5-year overall cumulative survival rate of
126 CC patients with low or high CSN6 and CTSL expression.

Number Number  Survival rate (%) Log P

of cases of deaths 1year 3year 5year rank-X?
CSN6 12.605 <0.001
Low 55 7 1000 96.4 87.3
High 71 29 986 789 59.2
CTSL 15.298 <0.001
Low 59 7 1000 93.2 88.1
High 67 29 985  80.6 56.7

Table 4. The correlation of CSN6 and CTSL expression in human
CC.

Cervical cancer CSN6  Cervical cancer CTSL Total
Low High

Low 48 7 55

High 11 60 71

Total 59 67 126

Spearman's correlation analysis: r=0.713, P<0.001

Table 5. The relationship between CSN6 staining and CC
patients’ clinicopathological features.

Variables Number CSN6 staining 2 P
(n=126) Low (%) High (%)

Age (years) 1.021 0312

<45 60 29(48.3)  31(51.6)

>45 66 26(39.4)  40(60.6)

Diagnostic category 1536  0.215

Squamous carcinoma 116 53(45.7)  63(54.3)

Adenocarinoma 10 2(20.0) 8(80.0)

Depth of invasion 8.937  0.030

T1 69 37(53.6)  32(46.4)

T2 30 9(30.0) 21(70.0)

T3 24 9(37.5) 15(62.5)

T4 3 0(0) 3(100.0)

Lymph node metastases 1.721  0.190

No 101 47(46.5)  54(53.5)

Yes 25 8(32.0) 17(68.0)

HPV infection 4261  0.039

Negative 28 17(60.7)  11(39.3)

Positive 98 38(38.8)  60(61.2)

CSN6 promotes CC cells migration and
invasion

Western blot results revealed that CSN6
expression was increased in CC cell lines, which is
consistent with the result of our previous study,
indicating that the levels of CSN6 expression are
predominantly higher in CC tissues. The expression
of CSN6 was significantly up-regulated in HelLa and
SiHa cells among these CC cell lines (Fig. 2A).
Western blot showed that siCSN6 and CSN6
overexpression plasmid were successfully transfected
into CC cells (Fig. 2B and C). To investigate whether
CSNG6 affects CC cell proliferation, we analyzed the
growth of HeLa and SiHa cells through CCK-8 assay.
The data revealed that the cell proliferation had no
significant difference (Fig. 2D and E). Hence, we
assessed the effect of CSN6 on motility of CC cells.

Wound healing test revealed that a significant
decrease in the wound closure of CSN6 knocked
down cells when compared with the control cells (Fig.
2F). Furthermore, our results found that up-regulation
of CSN6 increased the wound closure ability of CC
cells (Fig. 2G). To assess the metastatic effects of CSN6
in CC, we performed transwell assay and found that
down-regulation of CSN6 strongly decreased the
migration and invasion abilities of CC cells (Fig. 2H).
The contrary result was got in CSN6 over-
expressioned CC cells migration and invasion assay
(Fig. 2I).

CTSL promotes CC cells migration and
invasion

The above results indicated that CSN6 could
facilitate metastasis of CC cells. Given that there is a
positive relationship between CSN6 and CTSL in CC
tissues. We thus wanted to determine whether
overexpression of CTSL could promote the metastasis
of CC cells in vitro. Western blot showed that siCTSL
and CTSL overexpression plasmid were efficiently
transfected into CC cells (Fig. 3A and B). As expected,
transwell assay revealed that down-regulation of
CTSL strongly decreased the migration and invasion
abilities of CC cells (Fig. 3C). In addition, our results
found that up-regulation of CTSL increased the
migration and invasion ability of CC cells (Fig. 3D).

CSNé6 promotes metastasis by increasing
CTSL expression in CC cells

It has been reported that CSN6 could promote
the cancerogenesis by regulating metastasis-related
proteins [7-9]. Since CTSL plays a critical role in
degradation of extracellular matrix for metastasis,
next we wondered whether CSN6 could affect the cell
migration and invasion of CC cells via CTSL. We used
CTSL inhibitor Z-Phe-Tyr-CHO to inhibit activation
of CTSL. Transwell assay showed that after trans-
fecting CSN6 overexpression plasmid, the numbers of
migratory and invasive cells were obviously increased
versus Vector group. Furthermore, the trend of
increase could be abolished by Z-Phe-Tyr-CHO (Fig.
4A and B). Besides, we conducted three groups of
co-transfection and used western blot verified the
effectiveness of co-transfection (Fig. 4C and E).
Subsequent to transfection with CSN6 overexpression
plasmid, the migratory and invasive cells were sig-
nificantly increased versus Vector group. Moreover,
the trend of increase might be somewhat abolished by
co-transfection with siCTSL rather than with siCtrl
(Fig. 4D). Inversely, following transfection with
siCSN6, the migratory and invasive cells were
decreased in contrast to siCtrl group, whereas the
diminishing trend could be rescued by co-transfection
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with CTSL overexpression plasmid rather than with
Vector plasmids (Fig. 4F). Our results demonstrated
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Figure 2. Effects of CSN6 on proliferation, motility, migration and invasion in CC cells. (A) Western blot assays were used to detect the expression of
CSN6 in normal NCEC and CC cells (MS751, CaSki, HeLa, C33A, SiHa). B-actin served as an internal control. (B and C) Western blot analysis of CSN6 protein level
after transfection of siCtrl, siCSNé,Vector and CSN6 expression plasmids in Hela and SiHa cells. B-actin served as an internal control. (D and E) CCK-8 cell
proliferation assays after CSN6 knockdown and overexpression for 1, 2 and 3 d in Hela and SiHa cells. (F and G) Wound-healing assays were performed to examine
the effect of CSN6 knockdown and overexpression on cell motility. Original magnification % 200 for F and G. (H and I) Transwell assays were utilized to determine
the migration and invasion abilities after CSN6é knockdown and overexpression in Hela and SiHa cells, respectively. Original magnification % 400 for H and 1. All
experiments were performed in triplicate. The data are presented as mean + SD. ** P < 0.01; *¥, P < 0.001.
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Table 6. The relationship between CTSL staining and CC
patients’ clinicopathological features.

Variables Number CTSL staining 2 P
(n=126) Low (%) High (%)

Age (years) 4455  0.035

<45 60 34(56.7) 26(43.3)

>45 66 25(37.9)  41(62.1)

Diagnostic category 0.610 0435

Squamous carcinoma 116 56(48.3)  60(51.7)

Adenocarinoma 10 3(30.0) 7(70.0)

Depth of invasion 12.226  0.007

T1 69 40(58.0)  29(42.0)

T2 30 13(43.3)  17(56.7)

T3 24 6(25.0) 18(75.0)

T4 3 0(0) 3(100.0)

Lymph node metastases 9.014  0.003

No 101 54(53.5)  47(46.5)

Yes 25 5(20.0) 20(80.0)

HPYV infection 0.146  0.703

Negative 28 14(50.0)  14(50.0)

Positive 98 45(46.0)  53(54.0)

Knockdown of CSNé enhances autophagy in
CC cells

The above observation showed that CSN6
affected the CC cell migration and invasion of CC via
CTSL. Previous studies reported that autophagy is
associated with CTSL [26, 31, 32]. We wondered
whether there are potential regulation mechanisms
between CSN6 and autophagy. Western blot assay
revealed that CSN6 knockdown resulted in the
down-regulation of mTOR and the up-regulation of
LC3-II (Fig. 5A). Consistently, the observations from
immunofluorescence staining found that the mTOR
signal (green) was strikingly decreased in CSN6
knockdown cells (Fig. 5B). Besides, we used the
autofluorescent drug MDC to detect autophagic
vesicles [33]. Accumulation of MDC were found to be
markedly increased in CSN6 knockdown cells (Fig.
5C). To further monitor autolysosome formation,
HeLa and SiHa cells were infected with adenovirus
mRFP-GFP-LC3 before CSN6 knockdown. We found
that knockdown of CSN6 induced increased
fluorescent protein mRFP+-GFP+-LC3  puncta,
suggesting that CSN6 knockdown elicits autophagy
flux in CC cells (Fig. 5D). To further consolidate the
data, we added lysosomal protease inhibitors E64d
and Pepstatin A [34] into the cells that have been
transfected with CSN6 siRNA. Western blot assay
showed that the expression of LC3-II further
accumulated in the presence of E64d and Pepstatin A.
The ratio of LC3-1I/ LC3-I also increased (Fig. 5E).
Hence, knockdown of CSN6 enhanced the autophagic
flux.

CSN6 inhibits autophagy by increasing mTOR
expression in CC cells

Given that knockdown of CSNG6 effectively

reduced the expression of mTOR (Fig. 5A and B), we
thus wanted to determine whether CSN6 inhibits
autophagy by increasing mTOR expression in CC
cells. We used mTOR inhibitor Rapamycin (RAPA) to
induce autophagy in HelLa and SiHa cells and found
that Rapamycin enhanced the expressions of LC3 and
decreased the expression of CISL in a
dose-dependent manner (Fig. 6A). We conducted
three groups (Vector, CSN6, CSN6+RAPA). We
analyzed the expression levels of mTOR and LC3 by
western blot and the results showed that CSN6
up-regulated the mTOR expression and down-
regulated LC3, while the trends of LC3 and CTSL
were reversed by RAPA (Fig. 6B). Compared with
empty vector group, CSN6 overexpression group
presented that mitigated mRFP+-GFP+-LC3 fluores-
cent protein puncta in HeLa and SiHa cells. However,
RAPA  significantly reversed CSN6-mediated
inhibition of autophagy (Fig. 6C). These results
suggested that CSN6 could inhibit autophagy by
increasing mTOR expression in CC cells.
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Figure 3. Effects of CTSL on migration and invasion in CC cells. (A
and B) Western blot assays were utilized to detect the expression of CTSL after
transfection of siCtrl, siCTSL, Vector and CTSL expression plasmids in Hela
and SiHa cells. B-actin served as an internal control. (C and D) Transwell assays
were performed to determine the migration and invasion abilities after CTSL
knockdown and overexpression in Hela and SiHa cells, respectively. Original
magnification x 400 for C and D. All experiments were performed in triplicate.
The data are presented as mean + SD. ¥ P < 0.001.
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CSN6 increases mTOR stability by reducing
mTOR ubiquitination
Our aforementioned results prompted us to

investigate how CSN6 regulates mTOR expression.
The data showed that CSN6-mediated mTOR

up-regulation was enhanced by the 26S proteasome
inhibitor MG132 (Fig. 7A). This indicated that CSN6
increased mTOR stability in a proteasome-dependent
manner. Furthermore, CSN6 decreased the turnover
rate of mTOR in the presence of CHX, a de novo
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protein synthesis inhibitor (Fig. 7B). Previous study
has shown that CSN6 enhanced the autoubiquitina-
tion and degradation of FBXW7 (a subunit of SCF
ubiquitin ligase) [35], which could target mTOR and
regulate its ubiquitination and degradation processes
[36]. To validate whether ubiquitination is involved in
CSN6-mediated stabilization of mTOR, we then
performed ubiquitination assay and found that
overexpression of CSN6 decreased the ubiquitination
level of mTOR (Fig. 7C and D).

CSN6 interacts with CTSL and positively
regulates CTSL expression through an
autophagy-lysosomal system

On the basis of findings above, we hypothesized
that CSN6 and several essential proteins involved in
the regulation of autophagy (mTOR, LC3, p62 and
CTSL) might have interactive or regulatory relation-
ships. Co-immunoprecipitation experiments showed
endogenous interaction of CSN6 and CTSL in HelLa
cells (Fig. 8A and B). Knockdown of CSNG6 increase
turnover of CISL in the presence of CHX (Fig. 8C). In
contrast, overexpression of CSN6 decreased the
turnover rate of CTSL (Fig. 8D). These results suggest
that CSNG is critical for the stability of CTSL. Given
that the autophagy inducer RAPA effectively reduced
the expression of CTSL (Fig. 6A and B). To further
clarify the relationship between CTSL and autophagy,
we added autophagy inhibitor Chloroquine (CQ) into
the cells that have been transfected with indicated
siRNA or plasmids. Western blot assay demonstrated
that siCSN6-mediated down-regulation of CTSL
could be rescued by CQ (Fig. 8E). In addition,
CSN6-mediated CTSL up-regulation was enhanced by
CQ (Fig. 8F). These results suggested that CSN6
increased steady-state expression of CISL in an
autophagy-lysosomal dependent manner. Together,
these data demonstrate that siCSN6 inhibited CTSL
through an autophagic degradation pathway.

CSN6é promotes the migration and invasion of
CC cells through inhibiting autophagy

To further investigate the potential function of
autophagy in cell migration and invasion, autophagy
inducer Rapamycin and autophagy inhibitor
Chloroquine were used to detect the cell motility
when manipulating CSN6 expression. We performed
transwell assays to detect the cell migration and
invasion. Up-regulation of CSN6 significantly
strengthened the migration and invasion ability of
HelLa cells compared with Vector group, whereas this
trend of increase was abated in cells treated with
autophagy inducer Rapamycin (Fig. 9A). Further-
more, autophagy inhibitor Chloroquine reversed
siCSN6-inhibited migration and invasion in Hela

cells (Fig. 9B), indicating that autophagy could
participate in siCSN6-induced metastasis inhibition.
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Figure 6. CSN6 inhibits autophagy by increasing mTOR expression in
CC cells. (A) Western blot assays of LC3 and CTSL protein levels in Hela and
SiHa cells treated with mTOR inhibitor Rapamycin (RAPA: 0, 50, 100 nM) for 12
h. B-actin served as an internal control. (B) Western blot assays were used to
detect the expression of CSN6, mTOR, LC3 and CTSL in Hela and SiHa cells,
which were transfected of Vector and CSNé overexpression plasmids before
treating with or without autophagy inducer RAPA(100 nM, 12 h). B-actin served
as an internal control. (C) The cell autophagy flux of three groups (Vector,
CSN6, CSN6+RAPA) in Hela and SiHa cells pretreated with adenovirus
RFP-GFP-LC3 (10 MOI). The number of yellow puncta and red only puncta per
cell was quantified. Original magnification X400 for C. All experiments were
performed in triplicate. The data are presented as mean * SD. *¥, P < 0.01.
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ubiquitination. (A) Western blot assays were used to detect the expression
of CSN6 and mTOR in Hela cells, which were transfected with Vector and
CSN6 plasmids for 24 h and then treated with or without proteasome inhibitor
MG132 (50 pg/ml) for 6 h before being harvested. (B) Western blot assays of
mTOR turnover rate in CSN6 overexpressing Hela cells. B-actin served as an
internal control. Hela cells were treated with cycloheximide (CHX) (100 pg
/ml) for 0, 3, 6, 9 h after transfection. The IOD values of bands at each time point
were measured by Image ). Remaining mTOR was indicated graphically. (C)
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Discussion

In recent years, CSN6, has been reported to
exhibit important roles in cancer-related protein
degradation by modulating the E3 ubiquitin ligases,
are mainly embodied in the promoting of tumor cells
migration, diffusion and accelerating of tumor cells
proliferation [6, 7, 11, 35, 37-40]. CSN6 has been
shown to be overexpressed in CC and associated with
CC development [37]. Whereas its role in CC
autophagy remain unveiled. Autophagy is enclosed in
the double-membrane autophagosomes and delivered
to lysosomes for degradation of cell components and
the recycling of cellular construction [12], and its
dysfunction has been implicated in many human
cancer [13]. Emerging evidence have reported that
autophagy is critical for the biological behavior of CC
cells, which can regulate the proliferation and

metastasis of CC cells [17, 41, 42]. Of note, CTSL is one
of the cysteine proteases and has been implicated in
stimulating autophagy [25, 43]. CTSL, produced as
prepro CTSL, is transported by the Golgi apparatus in
the form of pro CISL and eventually stored in
lysosomes as mature CTSL. In addition to acting as
regulator of the cell cycle [44] and immune system
[45]. Once activated, CTSL not only reduces cell
adhesion through cleavage of E-cadherin [46] but also
degrades the extracellular matrix for tumor migration
and invasion [47]. In addition, CTSL has been shown
to be highly expressed in variety of human cancer
cells, particularly in invasive tumor cells [23]. The
present study is the first scientific report
demonstrating that CSN6-mediated the steady-state
expression of CTSL may significantly promote the
migration and invasion through an autophagy-
lysosomal system in HeLa and SiHa cells.

In our study, we used immunohistochemical
technique, cell proliferation assay, wound-healing
assay, migration assay, invasion assay and western
blot to investigate the role of CSN6 and CTSL in CC
cells. We first identified increased expression of CSN6
and CISL protein in CC tissues. Our results
demonstrated that the positive relationship between
CSN6 and CTSL. Furthermore, we found that high
CSN6 and CTSL expression all correlated with a
poorer 5-year overall cumulative survival for CC
patients. Together, these results suggest that CSN6
and CTSL might be considered as important
prognostic factors in CC. Our results demonstrated
that the up-regulation of CSN6 promoted the
migratory and invasive capacities of cancer cells.
Meanwhile, the down-regulation of CSN6 inhibited
the metastasis of cancer cells. Our data demonstrated
that CSN6 could promote metastasis of CC cells via
CTSL. Furthermore, knockdown of CSN6 suppressed
CTSL expression and the cell invasion ability of the
CC cells. Besides, overexpression of CTSL presented
that reversed siCSN6-inhibited CTSL protein level
and invasion.

Previous study has shown that CSN6 enhanced
the autoubiquitination and degradation of FBXW7
[35], which could target mTOR and regulate its
ubiquitination and degradation processes [36]. Our
findings showed that CSN6 could increase mTOR
stability by reducing mTOR ubiquitination. In recent
years, mTOR has been proved to be a serine-threonine
protein kinase that can be divided into two
functionally and biochemically distinct complexes,
mTORC1 and mTORC2. Specifically, mTORC1 is a
key complex that regulates the initial stage of auto-
phagy, and mTORC1 inhibition increases autophagy
[48]. Meanwhile, autophagosomal proteins have been
reported to be ubiquitinated by E3 ubiquitin ligases
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[49-52]. Our data showed that CSN6-mediated mTOR
up-regulation was enhanced by the 26S proteasome
inhibitor MG132. Ubiquitination assay indicated that
overexpression of CSN6 decreased the ubiquitination
level of mTOR. Among several essential proteins
involved in the regulation of autophagy, LC3,
homolog of Autophagy-related protein 8 (Atg8) [53],
is processed to LC3-I, and then conjugated with
phosphatidylethanolamine (PE) to generate LC3-II,
locating on the membrane of autophagosome until it
is degraded by the lysosome. Therefore, LC3 is widely
used as a marker for autophagy [54]. Knockdown of
CSN6 induced appropriate autophagy pathways and
significantly increased LC3-II accumulation in our
study.
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Image ). Remaining CTSL was indicated graphically. (E and F) CSN6-mediated
stabilization of CTSL was dependent on autophagy-lysosomal. CSNé
knockdown or overexpressing Hela cells were treated with or without
autophagy inhibitor Chloroquine (CQ, 10 pM) for 6 h before harvesting.
Western blot analysis of CSN6 and CTSL protein levels. B-actin served as an
internal control. All experiments were performed in triplicate. The data are
presented as mean + SD. *, P < 0.05.
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In recent years, autophagy has been reported to
be associated with CTSL [26, 31, 32]. We found that
Rapamycin activated autophagy of CC cells.
CSN6-mediated CTSL up-regulation was decreased
by Rapamycin. Endogenous LC3-II turnover blocked
by autophagy inhibitor Chloroquine indicated that
knockdown of CSN6 induced the normal flux of
complete autophagy. Moreover, CSN6-mediated
CTSL up-regulation was enhanced by Chloroquine.
CSN6 could increase steady-state expression of CTSL
through preventing autophagy-lysosomal system. In
addition, Chloroquine could reverse siCSN6-inhibited
migration and invasion in CC cells. Tumor cell
migration and invasion are essential steps in the
process of metastasis. On the basis of our mechanistic
studies, we developed a model of CSN6 modulating
CTSL stability and metastasis (Fig. 10).
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Figure 9. CSN6 promotes the migration and invasion of HelLa cells
through inhibiting autophagy. (A) Autophagy inducer RAPA was used to
detect cell migration and invasion when overexpressing CSN6. The cell
migration and invasion evaluated by transwell assays after three groups (Vector,
CSN6, CSN6+RAPA) in Hela cells. (B) Autophagy inhibitor CQ was used to
detect the cell migration and invasion when knocking down CSNé expression.
The cell migration and invasion evaluated by transwell assays after three groups
(siCtrl, siCSN6, siCSN6+CQ) in Hela cells. Original magnification X400 for A
and B. All experiments were performed in triplicate. The data are presented as
mean * SD. **, P < 0.001.
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In summary, our study showed that down-
regulation of CSN6 inhibits invasion via autophagic
degradation of CTSL in CC. CSN6 overexpression can
facilitate CTSL stabilization in CC. These findings
indicated that CSN6 might be a prognostic marker
and a potential therapeutic target for CC.
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