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CSN6 promotes malignant progression
of oral squamous cell carcinoma
by down-regulating TIMP-2
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Abstract. - OBJECTIVE: This study was de-
signed to investigate the expression character-
istics of CSN6 in oral squamous cell carcinoma
(OSCC), and to further explore the mechanism
of how it promotes the malignant progression
of this cancer.

PATIENTS AND METHODS: The expressions
of CSN6 and TIMP-2 in tumor tissue samples
and adjacent normal ones collected from 36 OS-
CC patients were detected via quantitative Real
Time-Polymerase Chain Reaction (qRT-PCR),
and the interplay between their expression lev-
els and the clinical indicators or prognosis of
OSCC patients was analyzed as well. Meanwhile,
the expressions of CSN6 and TIMP-2 in OSCC
cell lines were further verified via qRT-PCR. In
addition, CSN6 overexpression and knockdown
models were constructed using lentivirus in OS-
CC cell lines, CAL-27, and Tca8113. At the same
time, transwell and cell wound healing assays
were conducted to uncover the impact of CSN6
on the function of OSCC cells. Finally, the poten-
tial mechanism was explored using Luciferase
reporter gene and recovery experiments.

RESULTS: In this work, qRT-PCR results re-
vealed that the level of CSN6 in tumor tissues
of OSCC patients was remarkably higher than
that in adjacent normal ones. Compared with pa-
tients with low expression of CSN6, those with
high expression CSN6 had a higher incidence
of lymph node or distant metastasis and a lower
overall survival rate. In vitro experiments revealed
that silencing CSN6 remarkably attenuated the
invasive, as well as migration capacities of OSCC
cells while overexpression of CSN6 conversely
enhanced those. Subsequently, in OSCC cell lines
and tissues, TIMP-2 expression was remarkably
reduced, which was negatively correlated with
CSNE6 level. Bioinformatics and Luciferase report-
er genes demonstrated that CSN6 can target the
corresponding sites of TIMP-2 promoter. In ad-
dition, cell recovery experiments suggested the
existence of a mutual regulation between CSN6
and TIMP-2, which may synergistically modulate
the malignant progression of OSCC.

CONCLUSIONS: The above results indicated
that CSN6 was remarkably upregulated both in
OSCC tissues and cell lines, which is remark-
ably relevant to the incidence of lymph node or
distant metastasis and poor prognosis of OS-
CC patients. Additionally, we verified that CSN6
may promote OSCC malignant progression by
regulating TIMP-2.
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Introduction

Oral cancer is a malignant tumor occurring in
the oral cavity. The epithelial derived tumor cells are
the most common, especially squamous epithelial
cells, accounting for 80% of oral and maxillofacial
malignancies, ranking 7% in malignant tumors"?.
In China, oral squamous cell carcinoma (OSCC) is
mostly found in areas including the tongue, buccal
mucosa, gums, and palate’*. Among the traditional
treatment methods, surgery remains the first choice
for the treatment of OSCC>®. Although satisfactory
progress has been made in surgical and intraoper-
ative simultaneous repair methods, the results are
still not satisfactory due to the particularity of the
oral cavity®’. Therefore, how to prevent and treat
oral cancer is one of the hotspots of modern medi-
cal research’. With the development of gene therapy
and the application of modern medicine such as cell
and molecular biology, increasing specific tumor
markers have been found in the occurrence and pro-
gression of tumors. Therefore, these specific tumor
markers are conducive to promoting early diagnosis
and treatment of cancer and optimizing the quality
of life of cancer patients®’.
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COP9 signaling complex (CSN), first discov-
ered in Arabidopsis mutants, is a highly con-
served multi-subunit protein complex related to
the regulation of plant phytogenesis'®!". In mam-
mals, CSN consists of eight subunits, named
CSNI-CSN8'*"*. As an important subunit of
CSN, CSNG6 is involved in a variety of biological
functions such as embryonic development, cell
cycle regulation, and signal transduction'*®. In
recent years, with the deepening of the research
on CSNG6, its correlation with tumor has become
a research hotspot'®!”. CSN6 is mainly involved
in the occurrence and development of tumors via
regulating ubiquitin-mediated protein degrada-
tion, affecting protein stability'™'"®. According to
literature reports'®!8, CSN6 is highly expressed
in a variety of malignant tumors (such as breast
cancer, ovarian cancer, and colon cancer), so it is
expected to be a potential prognostic marker of
OSCC.

Currently, metalloproteinase tissue inhibitor
2(TIMP-2), matrix metalloproteinase 9(MMP9),
and MMP2 pathways have been found to play
a crucial role in progression of malignant tu-
mors'®?°, The expression of TIMP-2, as a natural
inhibitor of MMP2 and MMP9, was found to be
reduced in many tumors, including OSCC, but
the reason still remains unclear*-*. It was found
through literature reports and bioinformatics anal-
ysis that TIMP-2 may serve as one of the potential
target genes of CSN6. Since CSN6 and TIMP-2
have not been reported in OSCC, we aimed to in-
vestigate the expression of CSN6 and TIMP-2 in
OSCC cell lines and tissues and analyze the in-
terplay between CSN6 and TIMP-2. Meanwhile,
their impacts on the prognosis of OSCC patients
were also explored to further provide a reliable
basis for clinical auxiliary diagnosis and targeted
therapy of OSCC.

Patients and Methods

Patients and OSCC samples

Tumor tissue samples and adjacent ones of
36 patients with OSCC were collected. All spec-
imens were obtained from tissue samples from
oncology, stomatology, and needle biopsy. In
addition, all patients did not receive anti-tumor
treatments. The study was approved by the Eth-
ics Committee of the hospital and all patients
had signed informed consent. All patients were
followed up, for collection of general conditions,
clinical symptoms, and imaging examination.
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This research was conducted in accordance with
the Declaration of Helsinki.

Cell Lines and Reagents

Four human OSCC cells (Fadu, SCC-25, CAL-
27, Tca8113) and a normal human oral cell line
(Hs 680.Tg) were purchased from ATCC (Amer-
ican Type Culture Collection; Manassas, VA,
USA), while Dulbecco’s Modified Eagle’s Medi-
um (DMEM) and fetal bovine serum (FBS) were
purchased from Life Technologies (Gaithersburg,
MD, USA). Cells were cultured in DMEM medi-
um containing 10% FBS in a 37°C, 5% CO, in-
cubator.

Transfection

The control group (NC and Anti-NC) and the
CSN6 overexpression and knockdown groups
(CSN6 and Anti-CSN6) containing the CSN6
lentiviral sequence were purchased from Shang-
hai Jima Company, Shanghai, China. Cells were
grown to a cell density of 30-40%, and transfec-
tion was performed. After 48 h, cells were har-
vested for quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR) analysis and cell
functional assays.

Transwell Assay

After transfection for 48 h, cells were digest-
ed, centrifuged, and resuspended in medium
without FBS, and then the density was adjusted
to 5 x 10° cells/mL. 200 uL of cell suspension
(1 x 105 cells) was added to the upper chamber,
while 700 pg of a medium containing 20% FBS
was added to the lower chamber. According to
the different migration abilities of each cell line,
cells were put back into the incubator and con-
tinued to culture for a specific time. The tran-
swell chamber was clipped, washed 3 times with
1 x phosphate-buffered saline (PBS), and placed
in methanol for 15 min cell fixation. After the
chamber was stained in 0.2% crystal violet for
20 min, the cells on the upper surface of the
chamber were carefully wiped off with a cotton
swab. The perforated cells stained in the outer
layer of the basement membrane of the cham-
ber were observed under the microscope, and 5
fields of view were randomly selected.

Cell Wound Healing Assay

After the proportion of cells in the bottom of
the chamber >90%, a horizontal line is scratched
using a tip of 100 pg pipettor, with the back line
of the plate as the reference line, perpendicular to
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the ground. After the scratches were completed,
the prepared PBS solution was used for washing,
the removed and necrotic cells were taken out, the
medium containing 10% serum was added again,
and the cells were again placed in the original cell
culture incubator for culture. At 6 h and 24 h after
the test, each group of cell plates was observed
and photographed under a microscope (Olympus,
Tokyo, Japan).

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

Total RNA was extracted from tissue samples
using the TRIzol (Invitrogen, Carlsbad, CA, USA)
method. 2 pg of total RNA was added to the 20 pg
system for cDNA synthesis with reference to the
AMYV reverse transcription kit. Real Time-PCR
was performed using 2xSYBR Green PCR Master
Mix (TaKaRa, Otsu, Shiga, Japan), with cDNA as
a template, using 0.4 mol/L primer for amplifica-
tion. Each sample to be tested set up three parallel
samples. The primers were subjected to PCR am-
plification using B-actin as an internal reference.
Data analysis was performed using ABI Step
One software (Applied Biosystems, Foster City,
CA, USA). The following primers were used for
gRT-PCR reaction: CSN6: forward: 5’-ACAG-
TACAAGCAGGTGTTCAGT-3’, reverse: 5°-TG-
GCGGCTATCTGTCTTTGG-3’; TIMP-2: for-
ward: 5’-GGAAGTGGACTCTGGAAACGA-3’,
reverse: 5-CTCGGCCTTTCCTGCAATGA-3;
B-actin: forward: 5-CCTGGCACCCAGCA-
CAAT-3’, reverse: 5-TGCCGTAGGTGTC-
CCTTTG-3".

Western Blot

The transfected cells were lysed using cell
lysis buffer, shaken on ice for 30 min, and cen-
trifuged at 14,000 x g for 15 min at 4°C. Total
protein concentration was calculated by bicin-
choninic acid (BCA) Protein Assay Kit (Pierce,
Rockford, IL, USA). Western blot analysis was
performed according to standard procedures as
follows: the extracted proteins were separated
using a 10% sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) gel and
subsequently transferred to a polyvinylidene di-
fluoride (PVDF) membranes (Millipore, Billerica,
MA, USA), followed by incubation with primary
antibodies against CSN6, TIMP-2 and glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH),
and the secondary antibodies anti-mouse and an-
ti-rabbit purchased from Cell Signaling Technolo-
gy (Danvers, MA, USA).

Dual-Luciferase Reporter Assay

The wild type and mutant binding sites were
synthesized and subcloned into the CSN6 basic
plasmid vector. 293T cells were seeded on a 24-
well cell culture plate for subsequent experiment.
This study used a Dual-Luciferase reporter sys-
tem (Promega, Madison, WI, USA) to assess Lu-
ciferase activity.

Statistical Analysis

Data analysis was performed using Statistical
Product and Service Solutions (SPSS) 19.0 statis-
tical software (SPSS IBM, Armonk, NY USA).
The difference in expression between CSN6 and
TIMP-2 in tumor and adjacent tissues of OSCC
patients was analyzed by analysis of variance
followed by Post-Hoc Test (Least Significant Dif-
ference). The relationship between the expression
of CSN6 and TIMP-2 and its clinical parameters
in OSCC patients was analyzed by Chi-Square
test. The relationship between CSN6 and TIMP-2
expression and prognosis of OSCC patients was
analyzed by Kaplan-Meier method. Data were
statistically significant with mean + standard de-
viation and p< 0.05.

Results

CSN6 was Upregulated in Human OSCC
Tissues and Cell Lines

We detected by qRT-PCR that the expression
level of CSN6 in tumor tissues of OSCC patients
was remarkably higher than that in adjacent tis-
sues, and the difference was statistically signifi-
cant (Figure 1A and 1B). Consistently, CSN6 was
also found significantly higher in the OSCC cell
line than that in Hs 680.Tg, the normal human oral
cell line (Figure 1C).

CSN6 Expression was Correlated with
Metastasis and Overall Survival Rate of
OSCC Patients

Chi-square test was used to analyze the inter-
play between CSN6 expression and some clini-
cal indicators, such as age, gender, pathological
stage, and distant metastasis of OSCC patients.
As shown in Table I, CSN6 expression was mark-
edly associated with the incidence of lymph node
or distant metastasis; however, no significant
correlation was found between CSN6 expression
and age, gender, and pathological stage of OSCC
patients. In addition, to explore the interplay be-
tween CSN6 expression and the prognosis of
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Table I. Association of CSN6 and TIMP-2 expression with clinicopathologic characteristics of oral squamous cell carcinoma.

Parameters No. of cases CSNG6 expression p-value TIMP-2 expression p-value
Low (%) High (%) High (%) Low (%)
Age (years) 0.298 0.616
<60 13 8 5 4 9
>60 23 10 13 9 14
Gender 0.505 0.729
Male 18 10 8 6 12
Female 18 8 10 7 11
T stage 0.298 0.825
T1-T2 23 13 10 8 15
T3-T4 13 5 8 5 8
Lymph node metastasis 0.034 0.064
No 24 15 9 11 13
Yes 12 3 9 2 10
Distance metastasis 0.015 0.052
No 23 15 8 11 12
Yes 13 3 10 2 11

OSCC patients, we collected relevant follow-up Effects of CSN6 on Cell Invasiveness and

data and plotted Kaplan-Meier survival curves, Migration

and it was revealed that high expression of CSN6 To figure out the influence of CSN6 on OSCC
was remarkably relevant to the poor prognosis of cell migration and invasion capacity, we con-
OSCC (p<0.05; Figure 1D). structed CSN6 overexpression model in CAL-27
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Figure 1. CSNG is highly expressed in OSCC tissues and cell lines. A-B, QRT-PCR was used to detect the difference of CSN6
expression in tumor tissues and adjacent tissues of patients with OSCC. C, QRT-PCR was used to detect the expression level of
CSN6 in OSCC cell lines. D, Kaplan Meier survival curve of patients with OSCC based on CSN6 expression is shown; the higher
the expression of CSN6, the worse the prognosis of OSCC patients. Data are shown as mean = SD, *p<0.05, **p<0.01, ***p<0.001.
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cell line and knockdown model in Tca8113 cell
line, and then verified the transfection efficiency
by Western Blot and qRT-PCR experiments (Fig-
ure 2A). Subsequently, transwell invasion and cell
wound healing assays revealed that compared with
control group, overexpression of CSN6 markedly
enhanced cell ability to metastasize, which was
inhibited by CSN6 silencing (Figure 2B and 2C).

CSN6 Can Bind to TIMP-2

Western Blotand qRT-PCR experiments revealed
that TIMP-2 expression increased in CSN6-silenc-
ing group, while the opposite result was observed
in CSN6 over-expressing group (Figure 3A and 3B).
To further validate the effect of CSN6 on TIMP-2,
CSN6 and TIMP-2 were co-transfected into CAL-
27 and Tca8l113 cell lines for Luciferase reporter
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Figure 2. Effects of CSN6 on the ability of OSCC to metastasize. A, Transfection efficiency of CSN6 after transfection of
CSNG6 overexpression or knockout vector in CAL-27 and Tca8113 cell lines was detected by Western Blot and qRT-PCR. B,
Transwell invasion and migration assays were performed to show the invasion and migration of oral squamous carcinoma cells
after transfecting CSN6 vectors in CAL-27 and Tca8113 cell lines (magnification: 40%). C, Cell wound healing assay detected
the invasive ability of OSCC cells in the CAL-27 and Tca8113 cell lines (Magnification: 40x). Data are shown as mean + SD,

#%<0.01, **¥%p<0.001.
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gene experiments. The results indicated that TIMP-
2 could be bound to CSN6 through the binding site
(Figure 3C). In addition, gqRT-PCR detected that
TIMP-2 mRNA expression level was remarkably re-

duced in tumor tissues of OSCC patients compared
with adjacent ones (Figure 3D); therefore, a negative
correlation between CSN6 and TIMP-2 was discov-
ered (Figure 3E).
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Figure 3. CSNG6 can target bind to TIMP-2. A, Western Blot detected differential expression of TIMP-2 after overexpres-
sion or silencing of CSN6. B, Differential expression of TIMP-2 after overexpression or silencing of CSN6 by qRT-PCR. C,
Dual-Luciferase reporter gene assay verified the direct targeting of CSN6 and TIMP-2. The results of the Dual-Luciferase
reporter gene assay in the CAL-27 and Tca8113 cell lines indicated that overexpression of TIMP-2 significantly attenuated the
luciferase activity of the wild-type CSN6 vector without attenuating that of the mutant vector (p>0.05). D, QRT-PCR was used
to detect the expression of TIMP-2 in tumor tissues and adjacent tissues of patients with OSCC. E, There was a significant

negative correlation between the expression levels of CSN6
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and TIMP-2 in OSCC. Data are mean + SD, *p<0.05, ***p<0.001.
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Effects of TIMP-Z on Cell Migration and
Invasion Ability

To figure out the influence of TIMP-2 on OSCC
cell migration and invasion capacity, we construct-
ed TIMP-2 overexpression model in CAL-27 cell
line and knockdown model in Tca8113 cell line, and
then verified the transfection efficiency by Western
blot and qRT-PCR experiments (Figure 4A). Subse-
quently, we demonstrated through transwell and cell
wound healing assay that compared with NC group,
the ability of OSCC cells to metastasize was remark-
ably reduced after overexpression of TIMP-2, while
the opposite ability was observed after knockdown
of TIMP-2 (Figure 4B and 4C).

CSN6 Modulated TIMP-2 Expression in
Human OSCC Cells

To further explore the relationship between
CSNG6 and TIMP-2 in OSCC cells, we overexpressed
TIMP-2 in OSCC cells with CSN6 knockdown, or

downregulated TIMP-2 in OSCC cells with CSN6
overexpression, verified the transfection efficiency
by Western blot and qRT-PCR experiments (Figure
SA). Subsequently, the results of transwell invasion
and migration experiments suggested that TIMP-2
can counteract the effect of CSN6 on the migration
ability of OSCC cells (Figure 5B).

Discussion

Oral squamous cell carcinoma (OSCC) is the
most common malignant tumor among oral tu-
mors'?, At present, surgical resection is still the
main treatment method for OSCC*’. However,
most patients have been diagnosed in advanced
stage, and the high incidence of relapse and me-
tastasis results in a poor prognosis. Therefore,
effective inhibition of malignant metastasis of tu-
mor cells is the key to the treatment of OSCC®*®.
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Figure 4. Effects of TIMP-2 on OSCC metastasis. A, Western Blot and qRT-PCR validated the transfection efficiency after
transfection of TIMP-2 overexpression or silencing vector in CAL-27 and Tca8113 cell lines. B, Transwell invasion and migra-
tion assays tested the invasion and migration ability of OSCC cells in CAL-27 and Tca8113 cell lines after overexpressing or
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The occurrence and development of tumors is a
complex process in which multiple factors are
engaged. Under the combined effects of various
pathogenesis (including environmental factors
and genetic factors), the mutations of DNA in
normal human cells activate proto-oncogenes and
impair the function of tumor suppressor genes,
resulting in loss of control of normal cell growth
and division?*?*. Although sharing the same ge-
nome, malignant cells and normal cells have dif-
ferent gene activity states, resulting in different
protein synthesis, which ultimately leads to dif-
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ferent cell functions®>?%. Therefore, detection of
tumor markers may provide a more convenient,
rapid, accurate, and economical method for early
diagnosis and prognosis improvement of tumors?’.

CSNG, as a subunit of COP9, was originally
discovered from Arabidopsis mutants, which can
simulate the development of seedlings in dark en-
vironments due to light'*'>. Recent attention has
been given to the fact that CSNG6 as an indicator is
often found in esophageal squamous cell carcino-
ma, breast cancer, pancreatic cancer, and leuke-
mia'®'™®, In this study, different expression levels



CSN6 and oral squamous cell carcinoma

of CSN6 and TIMP-2 were observed in tumor
and adjacent tissue samples of 36 OSCC patients.
gRT-PCR revealed that CSN6 expression was re-
markably up-regulated while TIMP-2 was con-
versely downregulated in OSCC tumor tissues. In
addition, CSN6 was observed to be remarkably
associated with the incidence of lymph node or
distant metastasis and poor prognosis in OSCC
patients. Therefore, we concluded that CSN6 acts
as a cancer-promoting gene while TIMP-2 plays
an anti-cancer role in this cancer. Moreover, the
results of transwell invasion, migration, and cell
wound healing assays also demonstrated that
CSNG6 could promote the malignant progression
of OSCC and play a pivotal role in OSCC; howev-
er, its specific molecular mechanism still remains
elusive.

If an oncogene can completely complement its
target gene, both mRNA and protein levels will
be changed, so as to truly regulate a predicted tar-
get gene; if there is no complementary pairing,
only the protein level of the target gene will be
changed??. Metalloproteinase-tissue inhibitor 2
(TIMP-2), a natural inhibitor of MMPs, has long
been known as one of tumor suppressors®*%°, Rel-
evant literature reported that the higher the degree
of malignancy of the tumor, the lower the protein
expression level of TIMP-2, and the stronger the
malignant progression of the tumor, indicating
that TIMP-2 may play a pivotal role in the metas-
tasis of OSCC cells. We revealed that TIMP-2 was
less expressed in tumor tissues of patients with
OSCC than that in adjacent tissues, thus inhib-
iting the invasion and migration of OSCC cells.
Bioinformatics method predicted that CSN6 DNA
promoter sequence contained a TIMP-2 binding
site, and the direct binding between CSN6 and
downstream TIMP-2 was verified by Dual-Lu-
ciferase reporting assay. The above observations
suggested that CSN6 is able to cause a rapid de-
crease in TIMP-2 expression, thus promoting the
malignant progression of OSCC.

Conclusions

In summary, the expression of CSN6 in OSCC
tissues and cell lines was remarkably increased,
which was significantly correlated with the in-
cidence of lymph node or distant metastasis and
poor prognosis of OSCC patients. In addition,
this study suggested that CSN6 may promote the
malignant progression of OSCC via regulating
TIMP-2.
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