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ABSTRACT

Constitutive photomorphogenesis 9 (COP9) signalosome 6 (CSN6) plays an essential role in tumor
development. The present study aims to demonstrate that CSN6 is an important biomarker and has
prognostic value for patients with pancreatic ductal adenocarcinoma (PDAC). We analyzed CSN6
expression levels in PDAC and adjacent non-cancerous tissues using immunohistochemistry (IHC) and
quantitative real-time PCR (qPCR) analysis. We found that CSN6 was highly expressed in PDAC tissues,
contrasting to adjacent non-cancerous tissues. Interestingly, CSN6 expression was positively associated
with proliferating cell nuclear antigen (PCNA) expression. Further investigation indicated that CSN6
knockdown significantly suppressed the proliferation of PDAC cells and decreased the expression levels
of PCNA, while CSN6 overexpression increased the proliferation, as well as the expression levels of PCNA
in PDAC cells. Furthermore, a x* test indicated that the expression of CSN6 in PDAC tissues was markedly
associated with tumor infiltration and serum carbohydrate antigen 19-9 levels. In addition, univariate
and multivariate analyses showed that CSN6 levels were significantly correlated with poor clinical
outcomes of patients with PDAC. Kaplan-Meier analysis showed that patients with high expression of
CSN6 had shorter overall survival. These results suggest that the expression of CSN6 correlates with the
progression of PDAC, resulting in poor prognosis. Thus, CSN6 may play a significant role in the
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development of PDAC and is a potential target to prevent and treat PDAC.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
aggressive and fatal human tumors, having a high propensity
for local invasion and distant metastasis." It is the third lead-
ing cause of cancer death in the world and is predicted to be
ranked second within a decade.””* PDAC has a median survi-
val measured in months and the overall 5-year survival rate
remains less than 6%.” Although surgery and chemotherapy
for PDAC have improved greatly, the prognosis for patients
with PDAC is still unsatisfactory.® This is because most
patients with PDAC are asymptomatic until the disease pro-
gresses to the advanced stage* and distant metastasis has
already occurred at diagnosis. Autopsy reports show that
90% cases of PDAC have complex distant metastasis.®
Therefore, there is an urgent need for specific biomarkers
related to early diagnosis and prognosis.

The fundamental cause of cancer is disordered gene
expression systems, including oncogenes, tumor suppressor
genes, and DNA damage repair related genes. When a gene
is activated or enters a silent state, the growth of the mutant
cell will become uncontrolled, and the cell will begin to end-
lessly divide and increase, thereby rapidly forming a tumor,
which is also a major reason for the rapid development of

malignant tumors.” Pancreatic cancer is a tumor with
a complex mutational landscape, which is associated with
the unusual expression of multiple proteins.” The ubiquitin-
proteasome pathway is critical to control the turnover of
various proteins and plays a vital role in maintaining normal
cellular function. Disorders of ubiquitin-mediated proteolysis
lead to the development of various human cancers.®
Constitutive photomorphogenesis 9 (COP9) signalosome
(CSN) is a protein complex involved in protein degradation,
transcriptional activation,” signal transduction,'”'* DNA
damage response,'>'” and tumorigenesis.'>'>'®!* Mammalian
CSN contains eight subunits (CSN1-CSN8). CSN6 and CSN5
are the only two subunits containing an MPN (Mprl,
Padl N-terminal) domain, which has impact on Cullin-RING
Ligases (CRL).*® CSN5 can deneddylate Cullin to regulate CRL
activity; however, the function of CSN6 remains obscure.'!
Recently, studies implicated CSN6 in cancer progression,
because it is overexpressed in a variety of cancers,”’ such as
breast cancer, lung cancer, cervical cancer, thyroid cancer,
colorectal  cancer, glioblastoma, and hepatocellular
carcinoma.'”?'”*> CSN6 is involved in ubiquitin-mediated
degradation of important proteins implicated in cell cycle
progression and signal transduction.”*?* CSN6 can induce

CONTACT Yangiao Zhang @ yangiaozhang@ems.hrbmu.edu.cn @ Department of Gastrointestinal Medical Oncology, Harbin Medical University Cancer Hospital,

150 Haping road, Harbin, Heilongjiang Province 150001, P. R. China
Jiaqi Shi and Xin Guan contributed equally to this work.

Supplemental data for this article can be accessed on the publisher’s website.

© 2019 Taylor & Francis Group, LLC


https://doi.org/10.1080/15384047.2019.1632143
https://crossmark.crossref.org/dialog/?doi=10.1080/15384047.2019.1632143&domain=pdf&date_stamp=2019-08-13

the degradation of cyclin-dependent kinase inhibitors p27 and
p57.'%1%%* In addition, CSN6 assists the degradation of p53
via stabilization of MDM2 (the human homolog of mouse
double minute 2).”7** CSN6 can stabilize several important
oncogenic proteins such as B-catenin,”"**> Myc,'*'> and the
epidermal growth factor receptor (EGFR)** to promote cancer
development. Nevertheless, the impact of CSN6 in human
PDAC remains unclear. Therefore, it remains to be deter-
mined whether CSN6 is a prognostic marker for PDAC.
Previous research showed that CSN6 overexpression led to
accelerated cell proliferation and promoted tumorigenicity.'!
Therefore, in the present study, we aimed to determine the
effect of CSN6 expression on the proliferation and prognosis
of PDAC. The results showed that the expression of CSN6
and proliferating cell nuclear antigen (PCNA), a classic and
widely using marker of cancer cell proliferation,’®" were
positively correlated in PDAC, suggesting that CSN6 might
promote the malignant proliferation of PDAC cells by influ-
encing PCNA expression. Thus, CSN6 might be a significant
prognostic marker and play a potential role in antiprolifera-
tive therapy for PDAC.

Results

CSN6 protein expression is significantly higher in PDAC
tissues than in adjacent non-cancerous

CSNG6 protein levels were examined in 10 PDAC tissues and
10 paired adjacent non-tumor tissues. The cytoplasmic and
nuclear expression levels of CSN6 were significantly higher
in PDAC tissues compared with those in adjacent non-
tumor tissues. The THC staining of CSN6 in PDAC and
adjacent non-tumor tissues was shown in Figure la. Of the
10 paired cancer and non-cancerous tissues, 7 (70%) PDAC
tissue samples were CSN6 positive, whereas all adjacent
non-cancerous tissue samples were CSN6 negative
(P < .001; Figure 1b). The mRNA expression of CSN6 (in
15 PDAC tissues and 15 paired adjacent non-tumor tissues)
agreed with the protein expression data, showing high
expression in PDAC tissues compared with that in adjacent
non-cancerous (P < .001) (Figure 1c). The Oncomine data-
base further confirmed that the CSN6 mRNA expression
levels in PDAC tissue samples were significantly higher
than those in normal pancreas controls (P < .001)*? (Fig.
S1). Subsequently, we performed IHC analysis for 94
patients with PDAC to test CSN6 expression levels and
divided them into stages 1, 2, 3, and 4 according to the
degree of tumor infiltration observed from the pathological
examination. The expression of CSN6 in the patients in
each stage was shown in Figure 1d, which showed that
the expression level of CSN6 gradually increased with
increasing T stage; however, the expression level of CSN6
was not related to the pTNM stage (Figure le). In sum-
mary, the expression level of CSN6 in PDAC tumor tissues
was higher than that in normal control tissues, and the
expression level of CSN6 was related to the degree of
tumor infiltration (tumor size). We speculated that CSN6
might affect tumor proliferation.
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CSN6 expression has a positive interdependency with
PCNA expression

An THC examination showed that CSN6 was expressed in the
cytoplasm and nucleus of PDAC. Examples of negative, weak,
moderate and strong expression of CSN6 were shown in Figure
2a. Among the 94 PDAC specimens, we found that 58 (61.7%)
cases exhibited positive CSN6 expression and 36 (38.3%) cases
exhibited negative CSN6 expression, which demonstrated that
CSN6 had a high expression in PDAC tissues. Interestingly,
CSN6 and PCNA protein expression were positively correlated.
Pearson correlation coefficient analysis was conducted to ana-
lyze the correlation between CSN6 expression and PCNA
expression, which showed that the correlation was significant
(r = 0.502, P < .001) (Figure 2b). The CSN6 and PCNA expres-
sion levels in serial sections were presented in Figure 2c. These
results further strengthened that CSN6 might promote tumor
proliferation by influencing the expression of PCNA. We also
analyzed the correlation between CSN6 expression and another
proliferative biomarker Ki67 expression were showed in Figure
S2 (r=0.317, P=.0018). Overall, these results demonstrated that
CSNG6 expression correlated positively with that of proliferative
biomarker, especially PCNA.

CSN6 expression is associated with the proliferative
ability of PDAC cells

To investigate the biological significance of CSN6, we established
CSN6 knockdown and overexpression in PDAC cells and the
expression level of the CSN6 protein was assessed using western
blotting analysis (Figure 3a,b). We then examined the effects of
CSN6 knockdown and overexpression on cellular proliferation
and colony formation in Capan-1 and PANC-1 cells. A CCK-8
assay revealed lower cell viability in Capan-1 cells transfected
with the short interfering RNA (siRNA) targeting CSN6
(siCSN6) than in those transfected with the control siRNA
(siNC) (Figure 3c), and clonal formation experiments showed
similar results in Capan-1 siCSN6 cells. CSN6 knockdown sup-
pressed the colony-forming potential of Capan-1 cells (Figure
3d). In contrast, when CSN6 was overexpressed in PANC-1 cells,
the cells’ proliferative ability and clonality were enhanced com-
pared with those of control cells (Figure 3e,f). To explore the
underlying mechanisms of this effect, we examined the expres-
sion levels of PCNA. The results demonstrated that the expres-
sion levels of CSN6 and PCNA were positive correlated (Figure
3g,h). Taken together, these results suggested that CSN6 could
evidently promote PDAC cells proliferation.

Association between CSN6 and the clinicopathological
features of PDAC

We next analyzed the association of CSN6 expression levels
with the clinicopathological characteristics of patients with
PDAC. We found that high CSN6 levels were related to
tumor infiltration and serum carbohydrate antigen 19-9
(CA19-9) levels in PDAC (P = .021 and P = .028, respec-
tively). However, CSN6 levels were not associated with sex,
age, tumor sites, tumor sizes, or serum carcino-embryonic
antigen (CEA) levels (P = .404, 0.471, 0.14, 0.689 and 0.717,
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Figure 1. CSN6 protein expression is significantly higher in PDAC tissues than in adjacent non-cancerous tissue. a CSN6 expression in cancer tissues and
adjacent non-cancerous tissue (magnification, 200x); T CSN6 expression in PDAC tissues, N CSN6 expression in adjacent non-cancerous tissues. b CSN6 IHC score in
cancer tissues and adjacent non-cancerous tissues. ¢ Fifteen representative paired samples of PDAC tissue (T) and adjacent normal tissues (N) were used for real-time
gPCR analysis, and CSN6 expression levels were higher in 15 representative paired PDAC samples (p < .001). d The expression of CSN6 in each T stage (tumor
infiltration) of PDAC patients (n = 94; T1, n = 6; T2, n = 25; T3, n = 55; T4, n = 8). e The expression of CSN6 in each pTNM stage of PDAC patients (n = 94; I, n = 24; I,
n =55 lll, n =12 IV, n = 3). Four groups of data were analyzed using ANOVA with post-test. PDAC, pancreatic ductal adenocarcinoma; CSN6, constitutive
photomorphogenesis 9 (COP9) signalosome 6; gPCR, quantitative real-time PCR; IHC, immunohistochemistry. *P < .05; **P < .01; ***P < .001.

respectively). Table 1 showed the detailed clinicopathological
characteristics of these 94 patients. The pathological grade was
determined according to the eighth edition of the American
Joint Committee on Cancer (AJCC) staging system.

High CSN6 expression is an unfavorable prognostic factor
for PDAC

As shown in Table 2, univariate analyses identified CSN6
expression (P < .001), differentiation (P = .001), pTNM
(P =.039), and serum CA19-9 levels (P = .013) as significant
prognostic predictors. The expression of CSN6 was the most
significant factor. Multivariate analysis identified that CSN6
expression (P < .001) and differentiation (P = .002) were
independent prognostic factors (Table 2). Thus, the results

indicated that positive expression of CSN6 was an adverse
prognostic factor for patients with PDAC.

Positive CSN6 expression is associated with a shorter OS

We observed these 94 patients with PDAC for 5.5 years of
follow-up to investigate the correlation between CSN6 expres-
sion and their overall survival (OS). Kaplan-Meier survival
analysis was performed to explore the association between
CSNG6 and the survival time in patients with PDAC. The median
OS of patients with positive CSN6 expression (12.10 months)
was markedly shorter than that for patients with negative CSN6
expression (16.67 months) (P < .001, n = 94; Figure 4). The
Kaplan-Meier OS curves indicated that patients with negative
CSNG6 expression would have a longer survival time than those
with positive CSN6 expression.
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Figure 2. CSN6 expression is positively associated with PCNA expression. a Representative images of CSN6 protein expression in paraffin-embedded tissues
from 94 patients with PDAC; Negative expression, low expression, moderate expression and high expression were shown (magnification, 200x and 400x). b The
positive correlation between CSN6 expression and PCNA expression as assessed using Pearson correlation coefficient analysis (r = 0.502, P < .001, n = 94). ¢ Staining
of the same cohorts of pancreatic tumor sections for analysis of the related expression of CSN6 and PCNA, positive and negative expression of CSN6 and PCNA in
cancer tissues were displayed (magnification, 100x). PCNA, proliferating cell nuclear antigen; PDAC, pancreatic ductal adenocarcinoma; CSN6, constitutive

photomorphogenesis 9 (COP9) signalosome 6.

Discussion

With a 5-year survival rate of less than 6%, PDAC is one of
the most aggressive cancers and is the third leading cause of
cancer related death.*” In spite of great efforts to understand
the etiology and pathogenesis of PDAC, the underlying mole-
cular mechanisms of PDAC development remain unclear.’
Hence, the primary mission in the field of PDAC therapy is to
identify specific prognostic molecular markers.

The ubiquitin-proteasome pathway is vital for gene expres-
sion and maintaining normal cellular function.® Ubiquitination
plays a significant role in the localization, metabolism, regula-
tion, function, and degradation of proteins.34 It is also involved
in the regulation of proliferation, differentiation, apoptosis, cell
cycle, metastasis, gene expression, transcription, signal trans-
mission, and almost all life activities.>>>® Ubiquitination is
a common endogenous protein degradation pathway.
Dysregulation of ubiquitin-mediated proteolysis leads to the
development of various cancers.

CSN6 has an MPN domain, which may influence the
Cullin-RING Ligases (CRL); however the precise function of
CSN6 remains unclear. Recent studies showed that CSN6 is
involved in ubiquitin-mediated degradation of the main pro-
teins implicated in cell cycle progression and signal
transduction.’*?® In addition, CSN6 was overexpressed in
some certain cancers;>° however, the expression and function
of CSN6 in PDAC are poorly understood.

The results of the present study revealed that CSN6 levels
in PDAC tissues were notably higher than those in adjacent
non-cancerous tissues, and the high expression of CSN6 pre-
dicted poor prognosis in PDAC. In addition, CSN6 expression

was related to tumor infiltration (T-stage). However, the
specific mechanisms by which CSN6 contributes to tumori-
genesis remain obscure. Recently, research into CSN6 has
concentrated on the signaling pathways involved in
tumorigenesis,'>'>'®!* which identifies the MDM2-p53 sig-
naling pathway as an important one, in which CSN6 plays
a vital role in modulating MDM?2 stability, p53-dependent
apoptosis, and tumorigenesis.'® Mechanistic studies indicated
that CSN6 prevented MDM2 auto-ubiquitination, leading to
stability of MDM2 and the degradation of p53. Conversely,
a lack of CSN6 resulted in decreased MDM2 levels and an
increase in p53 levels, which enhanced p53-induced apoptosis
and tumor suppression.'”** These results indicated that CSN6
is an oncogene that positively regulates MDM?2 and plays an
important role in DNA damage-related apoptosis and carci-
nogenesis via the MDM2-p53 signaling pathway.'® Moreover,
CSNG6 could decrease the levels of carboxy terminus of Hsp70-
interacting protein (CHIP) and increase those of EGFR in
tumors, identifying the CSN6-CHIP-EGFR axis as
a potential therapeutic target.”* The CSN-Cullin - F-Box
and WD repeat domain containing 7 (FBXW?7) axis regulates
the stability of Myc and provides a clue for the relevance of
CSN6 overexpression and Myc stabilization and activation
during tumorigenesis."> CSN6, via EGFR signaling, blocks
the ubiquitin-proteasome pathway to stabilize -catenin, and
in the disordered B-catenin caused by ERK2-activation, CSN6
is essential for the development of colorectal cancer.”!

Not all ubiquitination modifications lead to degradation,
some cause changes in the activity of proteins, leading to
other biological effects, such as DNA damage repair.*
Previously, human CSN6 was observed to take part in cell
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Figure 3. CSN6 expression is associated with proliferation ability of PDAC cells. a-b CSN6 knockdown in Capan-1 cells and CSN6 overexpression in PANC-1 cells
were identified by western blot analysis (CSN6, 34kD; a Tubulin, 55kD). Western blotting data were quantified by densitometric analysis with ImageJ software.
¢ Knockdown of CSN6 suppressed the viability of Capan-1 cells. d Knockdown of CSN6 inhibited colony formation of the Capan-1 cells. e Overexpression of CSN6
improved the viability of PANC-1 cells. f Overexpression of CSN6 enhanced colony formation of the PANC-1 cells. Images recorded under micro and macro view,
indicating the size and the number of colonies in each group of cells, and statistical analysis of the colony numbers (>50 cells/colony) in the Capan-1 and PANC-1
cells. Scale bar = 200um. g-h The expression levels of PCNA in CSN6 knockdown and overexpression cells were detected by western blot analysis (PCNA, 29kD).
PDAC, pancreatic ductal adenocarcinoma; CSN6, constitutive photomorphogenesis 9 (COP9) signalosome 6; PCNA, proliferating cell nuclear antigen; si, small

interfering; NC, negative control. *P < .05; **P < .01; ***P < .001.

proliferation and the G2/M phase transition of the cell cycle.**
Our results showed that CSN6 and PCNA had similarly high
expression levels in PDAC, and the expression of CSN6 was
positively correlated with that of PCNA. We also found that
high expression level of CSN6 promoted the proliferative
ability of PDAC cells. However, to date, there has been no
report of a relationship between CSN6 and PCNA.
Determining the mechanism of this relationship is beyond
the scope of the present study; therefore, identifying the
regulation between CSN6 and PCNA in tumors will require
further study.

PCNA is required for eukaryotic DNA synthesis, and its
expression may be a marker for the expression of DNA poly-
ploids and for the dysregulation of tumor cells.** The detec-
tion of PCNA can objectively evaluate the proliferation state
of tumor cells. Studies have shown that PCNA can better
reflect the proliferative activity of cells,*’ and some studies
have shown that PCNA has a certain relationship with the
diagnosis and prognosis of some tumors. In a prognostic
study of breast cancer, proliferation markers, such as Ki67

and PCNA, are listed as the second most important prognos-
tic indicators of breast cancer after hormone receptors and
histological grade, together with c-erbB-2 and p53.* PCNA
has a wide range of applications, including differentiating
benign and malignant tumors, determining the degree of
malignancy, and evaluating prognosis. PCNA plays
a significant role in DNA replication and several DNA
damage-responsive pathways.*’> Studies have shown that ubi-
quitin modification of PCNA plays an important role in DNA
damage tolerance.*> We hypothesized that CSN6 might med-
iate a post-translational ubiquitination modification of PCNA,
thereby promoting the proliferation of PDAC cells and exert-
ing malignant biological functions. Thus, further studies are
required to investigate the specific mechanism. PCNA is an
important proliferative marker in tumor. CSN6 may also
affect the expression of PCNA and endow malignant biologi-
cal behavior to tumor by affecting the growth and prolifera-
tion related pathway of tumor.

Pancreatic ductal adenocarcinoma has a high degree of
malignancy and poor prognosis. Currently, there is no effective



Table 1. Correlation between CSN6 expression and clinicopathological features
of patients with pancreatic cancer.

CSN6 expression

Variables Clinicopathological feature Low High P value

Age(years) 0.404
<50 23 32
>50 13 26

Sex 0.471
Male 19 35
Female 17 23

Tumor site 0.14
Pancreatic head 23 28
Pancreatic body and tail 13 30

Tumor size 0.689
<3cm 21 35
>3cm 15 21

Differentiation 0.696
High differentiation 19 33
Middle and low differentiation 17 25

T stage 0.021*
T1-2 17 14
13-4 19 44

N stage 1.000
NO 32 52
N1 4 6

M stage 0.556
Mo 34 57
M1 2 1

AJCC (pTNM) 0.151
-l 33 46
-1v 3 12

CEA 0.717
Normal 20 30
Abnormal 16 28

CA19-9 0.028*
Normal 18 16
Abnormal 18 42

prognostic marker or therapeutic target for PDAC. The results
of the present study showed that CSN6 is an independent risk
factor for PDAC. Patients with high CSN6 expression have
a shorter OS and poorer prognosis. The present study also
confirms that differentiation is an independent risk factor for
PDAC, which agrees with the results of previous studies,***®
confirming the credibility of our results. In addition, high
expression of CSN6 may be associated with tumor infiltration;
however, unexpectedly, the N-stage and M-stage did not corre-
late with the expression of CSN6. This contrasts with the results
of previous research.”” One explanation is that because patients
with advanced pancreatic cancer are ineligible for surgery, fewer
cases of advanced N-stage and M-stage are detected and
reported. Univariate and multivariate analyses demonstrated
that high CSN6 expression is a risk factor for PDAC.
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However, the specific mechanism resulting in the high expres-
sion of CSN6 requires further study.

This study proved that patients with PDAC with positive
CSNG6 had a higher risk of poor prognosis. For these patients,
we should evaluate whether more effective drugs should be
prescribed, such as a combination of three drugs: fluorouracil,
irinotecan and oxaliplatin, FOLFIRINOX, and combination of
anti-proliferative targeted drugs, to improve the prognosis of
these patients.

In summary, the present study identifies that CSN6 is
highly expressed in PDAC and may have clinical significance
for patients with PDAC. CSN6 activation might play a vital
role in PDAC progression and prognosis, and may be
a potential biomarker for PDAC. The CSN6 expression level
was positively correlated with that of the proliferation related
marker PCNA, indicating that CSN6 might have a key role in
cell proliferation and cancer development by preventing
PCNA degradation. However, the regulatory mechanism
involving CSN6 in PDAC remains to be determined in future
investigations.

Materials and methods

This study was approved by the Ethics Committee of Harbin
Medical University Cancer Hospital, and patients provided
signed informed consent. We used a retrospective design to
analyze PDAC samples and all patients with PDAC under-
went surgery between December 2003 and June 2010, and
were confirmed pathologically to have the disease. A total of
94 PDAC specimens were paraffin-embedded. The clinico-
pathological characteristics of the patients were derived from
their medical records (Table 1).

IHC and scoring

The expression of CSN6 in PDAC tissues and adjacent non-
cancerous tissues was detected using immunohistochemistry
(IHC). The pancreatic cancer tissues were cut into
4-um-thick sections using a microtome, fixed on a glass
slide, and deparaffinized. The slides were then heated in
citrate buffer, incubated with 0.3% H,O, for 10 minutes,
and gradually hydrated with a gradient alcohol series. The
slides were then incubated overnight at 4°C with anti-CSN6
antibodies (1:100 dilution, Origene, Rockville, MD, USA),

Table 2. Univariate and multivariate analysis of clinicopathological factors in patients with pancreatic cancer Variable.

Univariate analysis

Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Sex 1.380 (0.874-2.178) 0.167
Age(years) 1.154 (0.730-1.825) 0.540
CSN6 2.676 (1.634-4.383) <0.001* 2.561 (1.528-4.291) <0.001*
Tumor site 1.207 (0.773-1.886) 0.408
Differentiation 0.472 (0.229-0.744) 0.001* 0.473 (0.296-0.756) 0.002*
T stage 1.481 (0.915-2.399) 0.110
N stage 1.453 (0.739-2.859) 0.279
M stage 1.255 (0.394-3.988) 0.701
pTNM 1.881 (1.032-3.427) 0.039* 1.445 (0.771-2.708) 0.250
CEA 0.829 (0.530-1.296) 0.410
CA19-9 1.818 (1.135-2.912) 0.013* 1.417 (0.858-2.339) 0.173
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signalosome 6.

anti-PCNA antibodies (1:50 dilution, Arigo, Taiwan, China)
and Anti-Ki67 antibody (1:50 dilution, Arigo, Taiwan,
China). After washing several times with phosphate-
buffered saline (PBS), the sections were incubated in bioti-
nylated secondary antibodies. After extensive washing, they
were exposed to 3,3-diaminobenzidine and stained with
Gill's hematoxylin. After continuous dehydration, the slides
were mounted under a coverslip and examined under
a microscope. The blank control group and a negative con-
trol group comprised slides incubated with PBS and omit-
ting the primary antibody, respectively. The positive control
group was a positive immune-stained slide. Two patholo-
gists independently evaluated and recorded the IHC results
in all cases, without prior knowledge of the clinical data.
The intensity of CSN6 staining was scored as 0 (no signal),
1 (weak), 2 (moderate), and 3 (marked). Percentage score
was assigned as 1 (0-25%); 2 (26-50%); 3 (51-75%); and 4
(76-100%). The score of each sample was multiplied to give
a final score of 0-14. The final CSN6 expression score was
calculated as the sum of both grades (negative: total grade <
9; positive: total grade > 9).

Quantitative real-time PCR (qpcr) assay

We used the Trizol reagent (Thermo Fisher Scientific, USA)
to extract total RNA from 15 paired cancer and adjacent non-
cancerous tissues, and the M-MLV Reverse Transcriptase kit
(Invitrogen, USA) was used to perform the reverse-
transcription reactions. The SYBR Green PCR kit (Toyobo,
Osaka, Japan) was used to carry out the real-time PCR assay.
Real-time PCR was performed for CSN6 and ACTB (encoding
B-actin). The comparative cycle threshold (Ct) method was
used, with B-actin expression as a reference, to determine the
fold changes of the target gene. Primer sequence (5’ to 3')

were: CSN6-F: CTCATCTTGGAGTACGTCAAGGC, CSNé6-
R: CATGGTGTTGCACGTTTTGGT; p-actin-F: CATGTAC
GTTGCTATCCAGGC, B-actin-R: CTCCTTAATGTCAC
GCACGAT.

Cell culture, CSN6 knockdown and overexpression

Human PDAC cell lines PANC-1 and Capan-1 were pur-
chased from the American Type Culture Collection in 2017.
PANC-1 and Capan-1 were authenticated in March, 2018
using short tandem repeat (STR) profiling in an ABI Prism®
3500 Genetic Analyzer (Applied Biosystems, USA). Both of
them were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, USA) with 10% fetal bovine serum (FBS,
Gibco) at 37°C and 5% CO,.

PDAC cells were seeded in 6-well plates at a concentration
of 1 x 10° cells/well. We selected CSN6 low-expressing
PANC-1 cells for CSN6 gene overexpression and Capan-1
cells with high CSN6 expression for CSN6 gene knockdown.
Diluted siRNAs and plasmids were added to Lipofectamine®
2000 (Thermo Fisher Scientific, USA) for 20 min, and then
the cells were transfected using the mixture and incubated at
4°C for 6 h. Subsequently, the transfection efficiency was
evaluated using western blotting analysis.

Small interfering RNA (siRNA) targeting CSN6 were trans-
fected at concentration of 80 nM. siRNA transfection efficiency
was 50-70%, and siRNA duplex could persist for at least 5 days.
All' RNA oligoribonucleotides were purchased from
Genepharma (Shanghai, China), and the selected siCSN6 (from
3 kinds of RNA oligoribonucleotides) had the following
sequence: 5-GCCGAAAUAUCGAGGUGAUTTAUCACCUC
GAUAUUUCGGCTT-3'. A random sequence of RNA duplex
was used as negative control for siRNA. The overexpression
plasmid was the ORF of CSN6 in pEnter, purchased from



Vigene Biosciences (Shandong, China), and an empty pEnter
plasmid was used as control for CSN6 overexpression plasmid.

Cell viability assay

Cell viability was determined using the Cell Counting Kit-8
(Dojindo, Japan) according to the manufacturer’s instruc-
tions. Capan-1 and PANC-1 Cells (5 x 10> and 8 x 10° cells
per well, respectively) were seeded separately into 96-well
plates (at 30 to 40% confluence) and starved for 4 h. Then
they were treated with siRNAs and overexpression plasmids.
After treatment for 0, 24, 48, or 72 hours, 10 pL of CCK-8
solution was added to the cells, which were then incubated for
another 2-3 hours in the dark. The absorbance of these wells
was measured at 450 nm. All determinations were performed
in triplicate.

Western blotting

Total proteins were harvested from cultured cells using an ice-
cold lysis buffer. Proteins were separated by 10% SDS-
polyacrylamide gel electrophoresis and then transferred to
PVDF membranes. The membranes were blocked with 5%
nonfat milk and then incubated with primary antibodies
against CSN6 (Origene, Rockville, MD, USA), PCNA (Arigo,
Taiwan, China), and a Tubulin (Santa Cruz Biotechnology
Inc.,, Dallas, TX, USA), followed by horseradish peroxidase
(HRP)-conjugated secondary antibodies (Proteintech Wuhan
Sanying, Wuhan, China). Immunoreactive proteins were
detected using a chemiluminescence solution (Thermo fisher
Scientific, USA).

Colony formation assay

Following siRNA and plasmid transduction, Capan-1 (300
cells/well) and PANC-1 (500 cells/well) cells were seeded
into 6-well plates for 7 days, respectively. When the colonies
were formed, the plate was stained with crystal violet solution
for 3 min and then washed with ddH20O. These cells were
then photographed and counted under an optical microscope
(the number of colonies containing >50 cells/colony were
counted).

Database

The data of CSNG6 levels of pancreatic ductal adenocarcinoma
and pancreas tissues were obtained from Oncomine (https://
www.oncomine.org/resource/login.html).

Statistical analysis

All stained slides were scanned using an Aperio Scan Scope
scanner, and Image Scope software was used to obtain images
of representative areas. All data were analyzed using GraphPad
prism 7.0 (GraphPad Software, USA) and SPSS statistical soft-
ware 24.0 (IBM Corp., Armonk, NY, USA). The relationships
between CSN6 expression and other clinicopathological features,
including gender, age, tumor location, tumor size, pathological
grade, tumor infiltration, lymph node metastasis, distant
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metastasis, and preoperative serum CEA and CA19-9 levels,
were studied using the x> test in 94 patients with PDAC. The
Cox proportional hazard model was generated for univariate and
multivariate regression analysis to identify prognostic factors.
Kaplan-Meier survival curves were constructed using a log-
rank test. Pearson correlation coefficient analysis was conducted
to test for correlation between two quantitative measurements.
The significant difference between multiple comparisons was
analyzed by one-way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison. All data shown as mean + SD
were based on three independent experiments. All tests were
bilateral and a P value < .05 was considered statistically signifi-
cant. * means P < .05; ** means P < .01, ** means P < .001.

Abbreviations
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EGFR epidermal growth factor receptor
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