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Keratin 17 (K17), a member of type | acidic epithelial keratin family, has been reported
to be upregulated in many malignant tumors and to be involved in promoting the
development of tumors. However, the precise role of K17 in progression of pancreatic
cancer is still unknown. In this study, we found that K17 expression was highly
expressed in pancreatic cancer tissues and cell lines and that upregulated expression
was associated with the pathological grade and poor prognosis. K17 expression
served as an independent predictor of pancreatic cancer survival. Meanwhile, we
showed that knocking down K17 induced pancreatic cancer cell proliferation, colony
formation and tumor growth in xenografts in mice. However, K17 upregulation inhibited
pancreatic cancer cell proliferation and colony formation. Further mechanistic study
revealed that K17 knockdown promoted cell cycle progression by upregulating CyclinD1
expression and repressed cell apoptosis. However, K17 upregulation suppressed cell
cycle progression by decreasing CyclinD1 expression, and induced apoptosis by
increasing the levels of cleaved Caspase3. In addition, K17 knockdown promoted
pancreatic cancer cell migration and invasion, but K17 upregulation suppressed cell
migration and invasion. Moreover, knocking down K17 promoted epithelial-mesenchymal
transition (EMT) in pancreatic cancer cell by inhibiting E-cadherin expression and inducing
Vimentin expression, and the effects of K17 upregulation were opposite to that of
K17downregulation. Taken together, our findings suggest that K17 functions as a
potential tumor suppressor, even though it is upregulated in pancreatic cancer.

Keywords: K17, epithelial-mesenchymal transition, pancreatic cancer, keratins, carcinogenesis

INTRODUCTION

Pancreatic cancer is a highly lethal malignancy with a median survival of <6 months, and it is the
fourth leading cause of cancer-related death in Western societies (1-3). Although diagnosis and
treatments for most cancers have witnessed immense progress over recent decades, only 9.7% of
pancreatic cancer patients are diagnosed at an early stage, and the 5-year survival rate of patients
with pancreatic cancer is only 8% (3). Therefore, it is of great importance to clarify the molecular
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org/) (D). *P< 0.05.

FIGURE 1 | The expression of K17 mRNA and its correlation with overall survival in pancreatic cancer. (A) K17 mRNA expression in human pancreatic cancer tissues
and matched adjacent normal tissues (n = 45 pairs) from a GEO cDNA microarray database (series GSE62452) was analyzed. (B) K17 mRNA expression in human
pancreatic cancer tissues (T) and adjacent normal tissues (N) was analyzed by gene expression profiling interactive analysis (GEPIA) (C,D) The relationship between
K17 mRNA expression and overall survival of pancreatic cancer patients was analyzed using the GEPIA database (C) and the Human Protein Atlas (www.proteinatlas.

shorter survival than patients with low K17 protein levels (P <
0.001, Figure 1C).

K17 Protein Was Upregulated in Pancreatic

Cancer Cell Lines

The expression levels of K17 protein in four pancreatic cancer
cell lines (CFPAC-1, MIA PaCa-2, PANC-1 and SW990) and
one normal pancreatic cell line (HPDE6-C7) were determined
by western blot analysis. The results showed that K17 protein
expression was significantly increased in pancreatic cancer
cell lines compared with that of HPDE6-C7 cells (P < 0.01,
Figure 3A). Then, SW1990 and CFPAC-1 cells were infected
with LV-K17 RNAi and LV-NC at an MOI of 20, and then
were selected by puromycin treatment to establish stable K17

konckdown cell lines (Figure 3B). HPDE6-C7 and PANC-1 cells
were infected with LV-K17 ov and LV-con at an MOI of 30,
and then were selected by puromycin treatment to establish
stable K17 overexpressing cell lines (Figure 3B). As shown in
Figure 3C, K17 protein expression in SW1990 and CFPAC-1
cells infected with LV-K17 RNAi was significantly decreased.
Compared with the LV-con group, K17 protein expression in
HPDE6-C7 and PANC-1 cells infected with LV-K17 ov was
significantly increased (Figure 3C).

K17 Repressed Pancreatic Cancer Cell

Growth in vitro and in vivo
To determine the effect of K17 on pancreatic cancer cell
proliferation, CCK-8 and colony formation assays were
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FIGURE 2 | K17 protein expression was associated with poor clinical outcome in pancreatic cancer patients. (A) Representative immunohistochemical staining of
K17 in pancreatic cancer tissues and adjacent normal tissues; x 100, scale bar = 100 um; x 200, scale bar = 50 um. (B) Comparison of total scores of K17 protein
in pancreatic cancer tissues and their matched adjacent normal pancreatic tissues (n = 51 pairs). (C) The overall survival rate of patients with pancreatic cancer was
evaluated based on K17 expression and determined using Kaplan-Meier analysis (n = 94).
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TABLE 2 | Cox proportional hazard models for prognostic factors.

Univariate analysis

Multivariate analysis

HR (95% CI) P-value HR (95% ClI) P-value
Age (> 60 vs. <60) 1.247 (0.756-2.057) 0.388
Gender (female vs. male) 1.282 (0.761-2.159) 0.351
Tumor size (>4 vs. <4) 0.729 (0.430-1.235) 0.240
Pathological grading (Il + IV vs. | + 1I) 2.494 (1.384-4.495) 0.002** 2.441 (1.372-4.343) 0.002**
TNM stage (IB-IV vs. -IIA) 0.642 (0.121-3.411) 0.603
Tumor stage (T3 + T4 vs. T1 + T2) 1.092 (0.578-2.063) 0.787
Lymph node metastasis (positive vs. 3.520 (0.648-19.130) 0.145 2.222 (1.340-3.685) 0.002**
negative)
Distant metastasis (M1 vs. MO) - -
K17 expression (high vs. low) 2.766 (1.576-4.855) 0.000** 2.650 (1.534-4.577) 0.000*

*Statistically significant (P < 0.05);
**Statistically significant (P < 0.01).
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FIGURE 3 | K17 protein was upregulated in pancreatic cancer cell lines. (A) The expression levels of K17 protein in four pancreatic cancer cell lines (CFPAC-1, MIA
PaCa-2, PANC-1, and SW990) and one normal pancreatic cell line (HPDEB-C7) were determined by western blot analysis. (B) SW1990 and CFPAC-1 cells were
infected with LV-K17 RNAi and LV-NC at an MOI of 20, and then were selected by puromycin treatment to establish stable K17 konckdown cell lines. HPDE6-C7 and
PANC-1 cells were infected with LV-K17 ov and LV-con at an MOI of 30, and then were selected by puromycin treatment to establish stable K17 overexpressing cell
lines. x 100, Scale Bar = 100 wm. (C) Western blot analysis was used to determine K17 protein expression in SW1990 and CFPAC-1 cells infected with LV-K17 RNAI
and in HPDEB-C7 and PANC-1 cells infected with LV-K17. *P < 0.05, and **P < 0.01.

performed. As shown in Figure 4A, K17 inhibition significantly
elevated cell proliferation ability, while K17 upregulation
significantly repressed cell proliferation ability. A similar trend
was observed in colony formation assays (Figure4B). To
confirm the role of K17 in vivo, xenograft tumor models were
used. Our results showed that K17 inhibition significantly
increased tumor growth, producing larger tumor volumes than
what was observed in the LV-NC group (Figure 4C). In addition,
more Ki67-positive cells were found in the LV-K17 RNAi group
than in the LV-NC group (Figure 4D).

K17 Induced Cell Cycle Arrest and Cell
Apoptosis in Pancreatic Cancer Cells

in vitro

As shown in Figure 5A, knocking down K17 in SW1990 and
CFPAC-1 cells increased the number of cells in G1 and G2
phase and decreased the number of cells in S phase; however,
K17 upregulation in HPDE6-C7 and PANC-1 cells decreased the
number of cells in G1 and G2 phase and increased the number of
cells in S phase. In addition, we explored the role of K17 in the
apoptosis of SW1990, CFPAC-1, HPDE6-C7, and PANC-1 cells.
Our results showed that downregulating K17 in SW1990 and
CFPAC-1 cells resulted in a significant decrease in apoptotic cell
death, while K17 overexpression in HPDE6-C7 and PANC-1 cells

caused an increase in apoptotic cell death (Figure 5B). Because
an inhibition of proliferation was observed in HPDE6-C7 and
PANC-1 cells after K17 upregulation, the associated cell cycle
regulators and apoptosis markers were analyzed by western blot.
As shown in Figure 5C, increased CyclinD1 was observed in LV-
K17 RNAIi infected SW1990 and CFPAC-1 cells, while decreased
CyclinD1 was observed in LV-K17 ov infected HPDE6-C7 and
PANC-1 cells. In addition, overexpression of K17 significantly
induced the expression of cleaved Caspase3, while there was
no difference between LV-K17 RNAI infected SW1990 cells and
LV-NC infected SW1990 cells (Figure 5C).

K17 Inhibited Cell Migration and Invasion

in Pancreatic Cancer Cells in vitro

To determine whether K17 regulated pancreatic cancer cell
migration and invasion, wound healing and Transwell invasion
experiments were performed. As shown in Figure 6A, the
migration distance of SW1990 and CFPAC-1 cells in the LV-
K17 RNAIi group was significantly larger than that of the LV-
NC group, while migration distance of HPDE6-C7 and PANC-1
cells in the LV-K17 ov group was significantly lower than that of
the LV-con group. Furthermore, the results from the Transwell
invasion experiment demonstrated that the number of invasive
SW1990 and CFPAC-1 cells in the LV-K17 RNAi group was
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FIGURE 4 | K17 inhibited pancreatic cancer cell growth in vitro and in vivo. (A,B) The proliferation ability of stable K17 silenced SW1990 and CFPAC-1 cells and
stable K17 upregulated HPDEG-C7 and PANC-1 cells was determined by CCK-8 assays (A) and colony formation assays (B). (C) K17 inhibition significantly elevated
tumor growth yielding larger tumor volumes than those of the LV-NC group. (D) Ki67 IHC analysis of tumors from nude mice. x 200 Scale Bar =

LV-NC

LV-K17 RNAi

50pum. *P < 0.05,

significantly greater than the number in the LV-NC group, while
the number of invasive HPDE6-C7 and PANC-1 cells in the LV-
K17 ov group was significantly less than those in the LV-con
group (Figure 6B).

K17 Inhibited the Epithelial-Mesenchymal

Transition (EMT) in Pancreatic Cancer Cells
Epithelial-mesenchymal transition (EMT) plays an important
role in in situ infiltration and distant metastasis of many types of
cancer, including pancreatic cancer (21). To further investigate
the molecular mechanism mediating the aggressive effects of K17
on pancreatic cancer cells, we determined whether K17 regulated
EMT in pancreatic cancer cells. As shown in Figure 7A, knocking

down K17 significantly repressed the expression levels of E-
cadherin mRNA, and induced the expression levels of Vimentin
mRNA. However, K17 upregulation significantly increased the
expression levels of E-cadherin mRNA, and decreased the
expression levels of Vimentin mRNA (Figure 7A). A similar
trend was observed in immunofluorescence assays (Figure 7B).

DISCUSSION

The present study showed that K17 was significantly upregulated
in pancreatic cancer, and elevated K17 expression was an
independent adverse prognostic factor for the overall survival of
patients with pancreatic cancer. In addition, we initially found
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FIGURE 5 | K17 induced cell cycle arrest and cell apoptosis in pancreatic cance
apoptotic cells in stable K17-silenced SW1990 and CFPAC-1 cells and in stable

HPDEG-C7 and PANC-1 cells. *P < 0.05, and **P< 0.01.
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silenced SW1990 and CFPAC-1 cells and stable K17 upregulated HPDEG-C7 and PANC-1 cells. (B) Flow cytometry was used to determine the percentage of

performed to determine the expression of CyclinD1 and cleaved Caspase3 protein in stable K17-silenced SW1990 and CFPAC-1 cells and in stable K17 upregulated

r cells in vitro. (A) Cell cycle distribution was analyzed by flow cytometry in stable K17

K17 upregulated HPDEB-C7 and PANC-1 cells. (C) Western blot analysis was

that K17 knockdown induced pancreatic cancer cell proliferation,
migration, invasion and EMT, and K17 overexpression inhibited
pancreatic cancer cell proliferation, migration, invasion, and
EMT. Thus, K17 functions as a potential tumor suppressor, even
though it is upregulated in pancreatic cancer.

Upregulated K17 has been reported in many human cancers,
including oral cancer, non-small cell lung cancer, basal cell
carcinoma and cervical cancer, as well as in pancreatic cancer
(8-14). In addition, Roa-Pefia et al. demonstrated that increased
K17 protein expression is associated with decreased survival of
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FIGURE 6 | K17 inhibited cell migration and invasion in pancreatic cancer cells in vitro. (A) A wound healing assay was used to determine the cell migration ability of
stable K17-silenced SW1990 and CFPAC-1 cells and of stable K17 upregulated HPDE6-C7 and PANC-1 cells. (B) Cell invasion of stable K17-silenced SW1990 and
CFPAC-1 cells and stable K17 upregulated HPDEB-C7 and PANC-1 cells was tested with a Transwell assay. *P < 0.05, and **P < 0.01.

patients with PDAC (14). In this study, we analyzed K17 gene
expression in two published databases (a GEO cDNA microarray
database and a GEPIA database). Our results showed that
K17 gene expression was significantly upregulated in pancreatic
cancer (Figures 1A,B). Furthermore, the results from the GEPIA
database and from Human Protein Atlas analyses indicated
that upregulated K17 mRNA levels were associated with a poor
prognosis in pancreatic cancer (Figures 1C,D). THC analysis
showed that K17 protein levels were increased in pancreatic
cancer tissues compared with that in their matched adjacent
normal pancreatic tissues (Figures 2A,B), and upregulated K17
protein levels were significantly correlated with pathological
grade and shorter overall survival (Figure2C and Table 1).
Thus, K17 may be a useful prognostic factor for patients with
pancreatic cancer.

Previous studies have revealed that K17 promotes tumor
progression in numerous cancer types, including gastric cancer,
non-small cell lung cancer, oral squamous cell carcinomas and
Ewing sarcoma (8, 9, 22-25). For example, K17 induced tumor
growth and invasion in gastric cancer (22). In oral cancer,

K17 induced cell proliferation and migration by stimulating
the Akt/mTOR pathway and promoting glucose uptake (8).
In addition, K17 was involved in GLI-mediated oncogenic
transformation and cellular adhesion in Ewing sarcoma (25).
In non-small cell lung cancer, K17 promoted cell proliferation,
invasion and EMT (9). Thus, these findings imply that K17 has
an oncogenic role in tumor progression. Based on recent reports
and our above results, we hypothesize that K17 functions as
an oncogene in pancreatic cancer. In contrast, our functional
studies first showed that K17 knockdown induced pancreatic
cancer cell proliferation and colony formation (Figures 4A,B).
However, K17 upregulation inhibited pancreatic cancer cell
proliferation and colony formation (Figures4A,B). Next, to
determine whether the suppression of cell proliferation was due
to the inhibition of the cell cycle or the increased apoptosis
by K17, cell cycle and apoptosis assays were performed in
vitro (Figure 5). Our results showed that knocking down K17
accelerated the cell cycle and decreased cell apoptosis, while
K17 overexpression caused cell cycle arrest and cell apoptosis
(Figure 5). Meanwhile, we also found that knocking down
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FIGURE 7 | K17 inhibited the EMT in pancreatic cancer cells. (A) gRT-PCR analysis of E-cadherin and Vimentin mRNA expression in stable K17-silenced SW1990
and CFPAC-1 cells and in stable K17 upregulated HPDEG-C7 and PANC-1 cells. (B) Immunofluorescence staining of E-cadherin and Vimentin protein expression in
stable K17-silenced SW1990 and CFPAC-1 cells and in stable K17 upregulated HPDEG-C7 and PANC-1 cells. **P < 0.01.
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K17 down-regulation promotes the proliferation and EMT of pancreatic cancer cells.
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FIGURE 8 | Schematic model of K17-regulated pancreatic cancer progression. K17 up-regulation inhibits the proliferation and EMT of pancreatic cancer cells, while

K17 induced pancreatic cancer cell migration and invasion,
while overexpressing K17 repressed cell migration and invasion
(Figure 6). EMT, a well-characterized embryological process, is
one of the mechanisms by which cancer cells acquire metastatic
potential through gaining enhanced mobility and invasiveness
(26, 27). Our results showed that K17 knockdown induced
EMT through reducing E-cadherin expression and increasing
Vimentin expression (Figure 7). However, K17 upregulation
repressed EMT through increasing E-cadherin expression and
decreasing Vimentin expression (Figure7). Thus, the anti-
migration and invasion function of K17 may be mediated by
suppressing EMT. These results suggested that elevated K17 may
play a tumor suppressor function in pancreatic cancer.

It has been reported that several tumor suppressors are
overexpressed in cancer (28, 29). For example, p16™k4 was
upregulated in many human tumors and functioned as a tumor
suppressor (28). Accumulating evidence shows that oncogene-
induced senescence can occur in response to oncogenic insults
and is considered an important tumor suppressor mechanism
(30). Interestingly, p16""42-mediated senescent-like arrest was
reported in response to oncogenic Ras mediated stimulation in
normal primary cells (31). In addition, p16!™%4? was upregulated
in human naevi, and elevated pl6"k4 involved in
senescence-associated growth arrest, protecting the cell from
malignant transformation (32, 33). This pattern of pl6™k4
overexpression suggests that p16!"%42 inhibition is the main step
in bypassing senescence. Montes et al. (33) found that p16 k%
was mutated or homozygously deleted in ~40% of melanoma
cases. However, we found that K17 was upregulated in pancreatic
cancer when compared with matched adjacent normal pancreatic
tissues. Thus, our results suggest that other mechanisms are
needed to induce K17 upregulation in pancreatic cancer. A recent
study showed that oncogene was also downregulated in cancer
(34). Ma et al. (34) found that carbonic anhydrase-related protein
VIII (CA8) was downregulated in renal cell carcinoma and
that CA8 upregulation induced cell proliferation and migration.
Thus, we speculate that the low expression or loss of activity
of oncogenes such as CA8 is one of the reasons for the high
expression of tumor suppressor genes such as K17, GATA4
and p16!nkie,

was

In conclusion, our study showed that K17 was upregulated
in pancreatic cancer, and upregulated K17 was associated with a
poorer outcome in patients with pancreatic cancer. In addition,
we initially found that K17 inhibited pancreatic cancer cell
proliferation, migration, invasion and EMT, although it was
upregulated in pancreatic cancer (Figure 8).
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