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Background: Pancreatic cancer (PC) is one of the most well-known malignancies with high
mortality, but the underlying mechanism of PC remains unknown. Keratinl7 (KRT17)
expression has been reported in many malignancies, but its functions in PC are not clear.
The aim of our study was to evaluate KRT17 expression and its potential role in PC.
Methods: The online databases GEPIA and THPA were used to identify KRT17 expression
in tissues. Quantitative real-time PCR (qRT-PCR) was used to determine KRT17 expression
in cell lines. Ki67 and ROS levels were detected by immunofluorescence assay and a 2',7'-
dichlorodihydrofluorescein diacetate (DCFH-DA) probe. KRT17 downregulation was
induced by the small interfering RNA (siRNA) technique. Proliferation function was eval-
uated by colony formation assay and RTCA. Migration and invasion were evaluated by
transwell migration assay. A Western blot assay was used to detect protein levels.

Results: KRT17 was overexpressed in PC tissues compared to that in normal tissues. The
results showed that Ki67 and ROS levels were decreased in pancreatic cancer cells after
transfection with siKRT17. After KRT17 downregulation in PC cell lines, cell viability
functions, including proliferation, migration and invasion, and mTOR/S6K1 phosphorylation
levels were attenuated.

Conclusion: KRT17 knockdown significantly inhibited proliferation, migration and inva-
sion in pancreatic cancer cells.

Keywords: KRT17, knockdown, proliferation, migration, invasion, pancreatic cancer,
mTOR/S6K1

Introduction

Pancreatic cancer (PC), with its low incidence but high mortality, is one of the most
fatal malignant neoplasms globally.'* The molecular mechanism and therapeutic
strategies of PC have been continuously studied.>* Therefore, it is of great sig-
nificance for us to determine the molecular mechanism of PC and find more novel
biomarkers for PC to contribute to the developmental, preventive and therapeutic
strategies for PC.

The mammalian target of rapamycin (mTOR) pathway is an important regulator of
cell proliferation that is activated by amino acids, insulin, and growth factors.>* mTOR
is overexpressed in breast cancer,” gallbladder cancer® and other cancers.”'® S6K1
encodes a member of the ribosomal S6 kinase family of serine/threonine kinases and
responds to mTOR signaling to promote protein synthesis, cell growth, and cell
proliferation.'" Increasing evidence suggests that mTOR pathway deregulation is
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associated with human diseases, including cancer and dia-
betes. Results from clinical trials indicate that mTOR inhibi-
tors may be used for oncology therapy and may be useful for
treating subsets of patients with certain types of cancer.'*"?

Keratin (KRT) is a protein family that is critical for hair
formation and is abundant in the outer layer of the skin, thus
protecting epithelial cells from damage. Depianto et al'* first
reported that KRT17 promoted epithelial proliferation and
tumor growth in skin. Previous studies illustrated that
KRT17 is overexpressed in many cancers, including cervical
calncer,15 gastric cancer,16 and lung cancer.!” However, the
relationship between KRT17 and pancreatic cancer is not
exactly clear.

Thus, we explored the expression and effect of KRT17 in
PC. We hypothesize that KRT17 stimulates the proliferation,
migration and invasion of PC cells, and it may be achieved by
activating the mTOR/S6K 1 pathway.

Materials and Methods

Materials

Trypsin (0.25%) and Dulbecco’s modified Eagle’s medium
(DMEM) were purchased from Gibco (Gibco Life
Technologies, Grand Island, NY, USA). Fetal bovine serum
(FBS) was purchased from BI (Biological Industries Israel
Beit Haemek LTD., Israel). Lipofectamine 3000 transfection
reagent was purchased from Invitrogen (Thermo Fisher
Scientific, USA). siRNAs were synthesized by GenePhama
(Shanghai, China). Reactive oxygen species assay kit (ROS
Assay Kit, NO. S0033) was purchased from Beyotime
Biotechnology (Shanghai, China).

Online Databases
Gene expression profiling interactive analysis (GEPIA,
http://gepia.cancer-pku.cn/index.html) provided sequencing

expression data including 9736 tumors and 8,587 normal
samples from The Cancer Genome Atlas (TCGA) and
Genotype-Tissue Expression (GTEx) projects.’’ The
Human Protein Atlas (THPA, https://www.proteinatlas.org/)
provided protein expression from the Tissue Atlas and
Pathology Atlas.*®

Cell Culture

PANC-1, CFPAC-1, MIA Paca-2 and BXPC3 cells were
obtained from the Shanghai Cell Bank of the Institute of the
Chinese Academy of Sciences (Shanghai, China) and HPNE,
L3.6 and Patu8988 were obtained from ATCC(USA). All cells
were cultured in DMEM containing 10% FBS, 100 U/mL

penicillin and 100 pg/mL streptomycin (Pen Strep, Gibco,
USA). The cells were incubated in an incubator at 37°C with

an atmosphere containing 5% carbon dioxide (CO,).

Cell Transfection

BXPC3 and L3.6 cells were transfected with the transfection
reagent as follows. Approximately 1x10° cells were plated in
6-well plates 24 h before transfection. KRT17 was silenced by
siRNA for 24 h or 48 h. The cells were transfected using 5 pL
siRNA (20 uM) and 3.75 pL Lipofectamine 3000 according to
the manufacturer’s instructions. The final concentration of
siRNA was 5nM.The KRT17 siRNA sequences were as fol-
lows: siRNA1(Si-1), sense-1 5‘-“GCCAGUACUACAGGAC
AAUTT-3' and antisense-1 5~ AUUGUCCUGUAGUACUG
GCTT-3"; siRNA2(Si-2), sense-2 5‘-CCUGCUACAGAUU
GACAAUTT-3' and antisense-2 5-AUUGUCAAUCUGUA
GCAGGTT-3"; siRNA3(Si-3), sense-3 5'-GGUGGGUGGUG
AGAUCAAUTT-3' and antisense-3 5'-AUUGAUCUCACC
ACCCACCTT-3'siNegative(NC),with no target sequence,
was also introduced in our expriment.

Colony Formation Assay

After transfected 48 h, a total of 700 BXPC3 cells and 500
L3.6 cells were plated in a 12-well plate and incubated in
media for 10 days. Colony numbers were calculated by
Visionworks 8.20. All P values were determined using
one-way ANOVA.

Real-Time Cellular Analysis (RTCA)

In this assay, 2x10* cells were plated in E-plate (ACEA
Biosciences, Inc., a division of Agilent, USA) with 150 pL
DMEM containing 10% FBS. The E-plate was placed in
an RTCA instrument (ACEA Biosciences, Inc., a division
of Agilent, USA) in a standard CO, cell culture incubator
for 100 or 60 h.

Immunofluorescence Assay

After transfection for 1 h and 24 h, cells were washed 3 times
with PBS and then fixed with 4% paraformaldehyde
(Solarbio, Beijing Solarbio Science & Technology Co. Ltd.
China) for 30 min at 4°C. Then, 0.5% Triton-X100(Biotech,
Shanghai boyun biotech Co. Ltd. China) was used to per-
meabilize the cells for 10 min, and 5% bovine serum albumin
(BAS, sigma-aldrich life science & technology CO. LTD.,
Wauxi, China) was used to block the cells for 1 h at regular
temperature. After that, the cells were incubated with
a primary antibody against Ki67 (ab16667, abcam, USA)
overnight at 4°C. Next, a 488-conjugated goat anti-rabbit
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IgG antibody (Biosharp Technology Inc. China) was incu-
bated with the cells for 1 h at 37°C. Then, DAPI(Prolong,
Invitrogen by Thermo Fisher Scientific, USA) was used to
stain the nuclei. Photos were captured by immunofluores-
cence microscopy (Leica Microsystems, CMS GmbH,
Wetzlar, Germany).

Detection of Intracellular Reactive
Oxygen Species (ROS)

Intracellular ROS were detected with the molecular probe
2'7"-dichlorodihydrofluorescein  diacetate (DCFH-DA).
After transfection, the cells were incubated with DCFH-DA
(20 uM) for 20 min and washed three times with DMEM.
Then, immunofluorescence microscopy was used to capture
the ROS reaction.

RNA Extraction and Quantitative

Real-Time PCR (qRT-PCR)

Total RNA was extracted using an RNAsimple Total RNA
Kit (TianGen, Beijing, China) in accordance with the manu-
facturer’s protocol and analyzed for quality control. Reverse
transcription was conducted with a Thermal Cycler (BioRad,
USA). qRT-PCR reactions were performed and analyzed
using a 7500 Fast System (Applied Biosystems, USA). The
data were calculated by the comparative cycle threshold (Ct)
(274%Y method, which set GAPDH as the endogenous
control. Generay (Shanghai Generay Biotech Co., Ltd.,
Shanghai, China) provided sequences of the primers used
as follows: KRT17 forward 5-GGTGGGTGGTGAGATC
AATGT-3' and reverse 5'-CGCGGTTCAGTTCCTCTGTC
-3'; GAPDH forward 5-GGACCTGACCTGCCGTCTAG
-3"and reverse 5-GTAGCCCAGGATGCCCTTGA-3'.

Western Blot Analyses

Cells lysates were prepared in protein extraction buffers com-
posed of radioimmunoprecipitation assay buffer (Beyotime
Biotechnology, Jiangsu, China), 10% phosphatase inhibitor
(Roche Diagnostics GmbH, Mannheim, Germany) and 1%
phenylmethylsulfonyl fluoride (Beyotime Biotechnology,
Jiangsu, China) for 30 min. Proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred to polyvinylidene fluoride
(PVDF) membranes (Merck Millipore Ltd, Tullareen
Carrigtwohill, Co, Cork IRL Rev.) in a Mini Trans-Blot
Electrophoretic Transfer System (BIO-RAD, Hercules, CA,
USA). After that, the membranes were blocked in 5% non-fat
milk for 1 h at room temperature and incubated overnight with

primary antibodies at 4°C. The following primary antibodies
were used: mTOR (2983, Cell Signaling Technology,
Danvers, MA, USA) and p-mTOR (2971, Cell Signaling
Technology, Danvers, MA, USA), S6K1(14485, Proteintech
Group, Inc., IL, USA) and p-S6k1 (ab32525, abcam, USA),
and GAPDH (ab-p-r001,Goodhere Biotechnology CO., LTD,
Hangzhou, China). The dilution ratio of antibodies above were
1:1000.

Cell Migration and Invasion Assays

For these assays, a total of 5x10* transfected cells (~300 L)
were placed into the upper chamber in medium with 10% FBS,
and 600 pL. medium with 20% FBS was added to the bottom
chamber. Matrigel (BD Bioscience, NJ, USA) was used for the
invasion assay. After diluted 8 times, 50 uL Matrigel was
subpackaged into upper chamber before invasion assay. After
48 h for migration and 96 h for invasion in standard atmosphere
conditions, the membranes were removed carefully, fixed with
4% paraformaldehyde for 15 min and stained with a 0.4%
crystal violet solution(C0121, Beyotime Biotechnology,
Shanghai, China) for 15 min at room temperature. The images
were captured under a light microscope at 200x magnification
(Leica DMil, Shanghai, China), and five random fields were
selected and counted.

Statistical Analysis
All statistical data were analyzed with SPSS 23.0 software
(IBM Corporation, Armonk, NY, USA) and are shown as
the mean =+ standard error. One-way ANOVA or Student’s
t-test was used for the analyses. P<0.05 was considered to
be statistically significant.

Results
KRT 17 Was Upregulated in Pancreatic

Cancer

To determine the relationship between KRT17 and PC, we
investigated the expression of KRT17 and the relationship of
KRT17 expression with clinicopathological features in online
databases. Our study found that KRT17 was upregulated in PC
compared to that in normal samples according to GEPIA
(Figure 1A); KRT17 was also associated with worse overall
survival (Figure 1E). THPA showed that KRT17 could be
detected in PC tissues but not in normal tissues (Figure 1C).
Additionally, the expression levels of KRT17 were investi-
gated in PC cell lines using gRT-PCR. We found that KRT17
was significantly higher in the CFPAC-1, BXPC3 and L3.6
cell lines than in the HPNE cell line (Figure 1B).
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Figure | KRT17 expression in PC in validated cohort and GEPIA cohort.

Notes: (A) GEPIA cohort shows KRTI7 was upregulated in PC (*P<0.05). (|log2FC| cutoff >1, p-value cutoff <0.01). Picture was downloaded from GEPIA,
Copyright © 2017 Zefang Tang, Chenwei Li, Boxi Kang. Zhang's Lab. GEPIA: http://gepia.cancer-pku.cn/index.html.>” (B) KRT |7 relative expression was examined
by qRT-PCR in normal and cancer cell lines. Compared to HPNEC, KRT17 was expressed at a higher level in CFPANC-1, BXPC3 and L3.6. ****P<0.0001. (C)
THPA shows the pathology of KRT 17 expression in PC tissure. KRT |7 was detected in cytoplasmic and membranous, which had high staining and strong intensity
(arrow indicators). Whereas, it was not detected in normal tissue. Image credit: Human Protein Atlas; pictures were obtained from https://images.proteinatlas.
orgl452/1886_A_3_3.jpg and https://images.proteinatlas.org/452/1936_B_6_| .jpg. Indicators were added by author.*® (D) The relative expression of KRT17 using
qRT-PCR (compared with the GAPDH) in the BXPC3 and L3.6 cell lines. Compared to the negative control, the expression of KRT17 was lower in the siRNA
groups. ***¥P<0.0001. (E) PC patients with high KRT 17 levels had worse overall survival. Picture was downloaded from GEPIA, Copyright © 2017 Zefang Tang,
Chenwei Li, Boxi Kang. Zhang's Lab. GEPIA: http://gepia.cancer-pku.cn/index.html. (F) The protein level of KRTI7 in BXPC3 and L3.6, compared with the
corresponding control group, was lower in the siRNA groups.

Abbreviations: PC, pancreatic cancer; qRT-PCR, quantitative reverse transcription polymerase chain reaction; KRT17, keratinl7; GEPIA, gene expression profiling
interactive analysis; THPA, the human protein atlas.
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KRT 17 Regulates Proliferation, Migration

and Invasion of PC Cell Lines

To confirm the role of KRT17 in PC and according to the
results of qRT-PCR above, we selected BXPC3 and L3.6
cells for further study. To determine whether KRT17 affects
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PC biological properties, we knocked down KRT17 expres-
sion in BXPC3 and L3.6 cells using siRNA. Figure 1D
and F show that both mRNA expression and protein levels

of KRT17 were significantly lower than those in the control
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Figure 2 Downregulation of KRT17 reduces PC cell lines proliferation and cell coloning formation.

Notes: (A) BXPC3 and L3.6 cell lines transfected with si-KRT | 7 or si-NC were cultured in 12-well plates for 6—7 days. **P<0.01, **P<0.001, **P<0.0001. (B and C) BXPC3 and L3.6
cell lines transfected with si-KRT 17 or si-NC were cultured in E-plates for 60—100 h. RTCA showed cell proliferation was significantly inhibited in transfected with si-KRT 17. (D and E)
The fluorescence intensity of Kié7(green) after culturing with Si-KRT 17 for | and 24 h was detected using Leica Microsystems (200x). Cell nuclei were stained with DAPI (blue).
Abbreviations: PC, pancreatic cancer, KRT17, keratin|7, RTCA, Real-time cellular analysis.
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As demonstrated in Figure 2A (**P<0.01, ***P<0.001,
***%P<0.000), PC cell proliferation was significantly inhib-
ited in BXPC3 and L3.6 cells by knocking down KRT17
expression (transfection with Si-1 and Si-2) compared with
that in NC cells (transfected with Si-NC). Results of RTCA
also demonstrated that BXPC3 and L3.6 cells transfected
with siKRT17 had significantly lower proliferation ability
than NC cell lines (Figure 2B and C). Moreover, we exam-
ined Ki67 protein expression, which is a biomarker of cel-
lular proliferation. Ki67 protein was more abundant in the
nuclei after 1 h of treatment with siKRT17 than after 24 h of

h - -
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NC Si-1

c
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D
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NC Si-1

Figure 3 Downregulation of KRT |17 gene expression in BXPC3 and L3.6 cells inhibited migration and invasion.
Notes: (A) In BXPC3, transwell migration assays in downregulation of KRT17 cells compared with their negative control cells. (B) In L3.6, transwell migration assays in
downregulation of KRT 17 cells compared with their negative control cells. (C) In BXPC3, transwell invasion assays in downregulation of KRT17 cells compared with their

negative control cells. (D) In L3.6, transwell invasion assays in downregulation of KRT17 cells compared with their negative control cells.

4P<0.0001 .
Abbreviation: KRT17, keratinl7.

treatment with siKRT17 in the BXPC3 and L3.6 cell lines
(Figure 2D and E). The above results showed that KRT17
indeed stimulated PC cell proliferation.

According to GEPIA, KRT17 was highly-expressed.
Therefore, we investigated the role of KRT17 in PC
through migration and invasion assays. Our study showed
that downregulation of KRT17 could reduce the migration
capacity in BXPC3 and L3.6 cells compared with the NC
conditions (****P<0.000, Figure 3A and B). The invasion
assay also demonstrated that the downregulation of

KRT17 expression effectively reduced the invasion
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capacity of BXPC3 and L3.6 cells (*P<0.05, **P<0.01,
***%P<(.000, Figure 3C and D).

Downregulation of KRT |7 Suppressed
ROS Activation

Precious studies showed that ROS generation was asso-
ciated with the proliferation of cancer cells.'®2° To deter-
mine whether KRT17 affects ROS activation, we used
DCFH-DA to detect intracellular ROS. As shown in
Figure 4, after transfection with siKRT17 for 1 and 24 h,
ROS activation increased over time. The results illustrated
that downregulation of KRT17 suppressed intracellular
ROS accumulation. Then, the proliferation of PC cell
lines was inhibited.

KRT 17 Affected Proliferation, Migration
and Invasion via the mTOR Signaling

Pathway

The mTOR pathway could play a role in cancer cell
metastasis. In previous studies, the mTOR signaling path-
way was found to regulate proliferation,>' migration®* and
invasion.”® To determine whether KRT17 regulates prolif-
eration, migration and invasion through the mTOR path-
way, we used WB. We found that knockdown of KRT17
could significantly decrease phosphorylation levels of
mTOR in PC cell lines (Figure 5A). S6K1 was also down-
stream of mTOR,** and phosphorylation levels of S6K1
were attenuated in our study (Figure 5B). Collectively,
these results suggested that downregulation of KRT17
attenuated the phosphorylation levels of mTOR to allevi-
ate PC metastasis.

A

Bright Field

Merge

Figure 4 ROS levels were lower after SiRNA transfection 24 h than | h.

Discussion

Although much research progress has been made regarding
pancreatic cancer,”>° there are still many unknown aspects
of the molecular mechanisms of PC. KRT17 is expressed in
nail tissue,?” and seems to be a certain type of “stem cells” in
complex epithelia.”® Studies have shown that the KRT17

gene plays a role in many tumors. Antonia et at*’

reported
that KRT17 was overexpressed in oral carcinogenesis.
KRT17 was also one of promotors in breast cancer.*
Hobbs found that KRT17-dependent amplification in skin
tumors.>! However, little is known about its function in PC.

Our study aimed to identify the endogenous function of
KRT17 in PC. We found that KRT17 was upregulated in
pancreatic cancer samples compared to that in normal sam-
ples according to GEPIA and THPA. The results were
further proven by measuring mRNA expression in cell
lines using qRT-PCR. In our study, KRT17 was expressed
at a higher level in CFPAC1, BXPC3 and L3.6 than that in
other pancreatic cancer cell lines. Then, cellular and mole-
cular technology was used to show that knockdown of
KRT17 led to the attenuation of ROS levels and prolifera-
tion, migration and invasion abilities in BXPC3 and L3.6
cells, which is consistent with KRT17 being associated with
pancreatic cancer.

In recent years, the mTOR signaling pathway has been
increasingly reported to promote tumor processes. Nandini
et al*? inhibited the mTOR pathway in a clinical trial for
breast cancers. Inhibiting the mTOR pathway can also have
protective effects against colorectal cancer.>® The relation-
ship between KRT17 and mTOR pathway has been reported
in many studies. Chivu-Economescu et al** demonstrated
that downregulated of KRT17 induced effects in gastric

B
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1h 24h

Bright Field
z00um 200 200 200m
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Notes: (A and B) The DCFH-DA level (green) after culturing with SiRNA for | and 24 h was detected using immunofluorescence microscopy (200%).
Abbreviations: ROS, reactive oxygen species, DCFH-DA, 2',7'-dichlorodihydrofluorescein diacetate.
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Figure 5 Downregulation of KRT 17 regulates proliferation, migration and invasion
by reducing the phosphorylation of mTOR and S6K1. (A) The influence of KRT17
expression on the phosphorylation levels of mTOR expression in BXPC3 and L3.6
cells by WB analysis. (B) The influence of KRT17 expression on the phosphoryla-
tion levels of S6KI| expression in BXPC3 and L3.6 cells by WB analysis.
Abbreviations: K5RT |7, keratinl7, WB, Western blot, mTOR, mammalian target
of rapamycin, S6K |, Ribosomal protein S6 kinase |.

cancer mainly via mTOR pathway. Khanom et al’® also
reported KRT17 stimulated mTOR pathway which facilitat-
ing oral cancer growth.

Our study proves that knocking down KRT17 could
decrease the phosphorylation levels of mTOR in PC cell
lines. As a downstream target of the mTOR complex, S6K1
plays an extensive role in growth factor signaling, amino
acids, energy levels and hypoxia.*® We found that phos-
phorylation levels of S6K1 were reduced after KRT17
knockdown. As shown above, these results indicate that
knockdown of KRT17 attenuates the biological behavior
of pancreatic cancer cell lines via the mTOR/S6K pathway.

However, this study has many deficiencies. First, gain-
of-function assays need to be carried out for further ver-
ification of the results. After knockout of KRT17 in
BXPC3 and L3.6 cell lines, gain-of-function assays should
be verified the cell function. Additionally, the role of
KRT17 in PC requires validation in animal experiments.
Overall, other omics strategies could be conducted to
provide reliable clinicopathological data.

Conclusion

Using online available gene expression data, KRT17 was
overexpressed in PC compared to normal pancreatic tissue
and its expression was associated with inferior survival of
PC patients. Then our study used several cell culture based
approaches to show that KRT17 expression is associated
with malignant traits in PC cell lines, including higher
proliferation, production of ROS and tumor cell invasion.
Finally, our research claimed that there was an association
between KRT17 expression and mTOR pathway activa-
tion, which presented as explanation for the increased
malignancy in KRT17 expressing PC.
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