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Original Article 
Low expression of KLF17 is associated  
with tumor invasion in esophageal carcinoma
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Abstract: Purpose: KLF17 belongs to the Sp/KLF zinc-finger protein family as a regulator in tumor development. 
However, its expression and biologic function has remained unclear in EC. Methods: The esophageal carcinoma 
tissue samples and adjacent normal tissues were obtained from the Second Hospital of Hebei Medical University. 
Immunohistochemistry, Western blot, and transfection were applied to evaluate the expression and clinical signifi-
cance of KLF17 in esophageal cancer. Results: In this study, we showed that KLF17 was overexpressed in esopha-
geal normal samples compared to the cancer. Moreover, KLF17 was upregulated at lymph node non-metastatic 
cancer tissues when compared to metastatic cancer tissues. KLF17 overexpression decreased EC cell proliferation, 
migration and invasion ability. In contrast, the knockdown of KLF17 increased EC cell proliferation, migration and 
invasion ability. Conclusion: These results suggest that KLF17 inhibits tumor development and may serve as a po-
tential therapeutic target.
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Introduction

Esophageal cancer (EC) is a highly aggressive 
digestive tract tumor. Esophageal cancer is the 
sixth leading cause of cancer-related death 
worldwide and one of the five deadliest cancers 
in China [1, 2]. Furthermore, the incidence of 
EC has been increasing in recent decades. 
Despite improvement in treatment of EC, the 
survival rates are still far from satisfactory. 
Therefore, identification of specific targets to 
prevention and treatment of cancer patients is 
important.

KLF17 is one member of the Sp/KLF zinc-finger 
protein family. This group plays a key role in 
various cell processes including tumor develop-
ment [3, 4]. KLF17 as a new tumor suppressor 
regulates the tumor progression [5]. KLF17 
overexpression overcomes increased breast 
cancer cell invasion by DJ-1 [6]. KLF17 sup-
pressed tumor growth and metastasis regula-
tion of TGF-β/S mad signaling during cancer 
progression [7]. However, little is known about 

the significance of KLF17 expression in human 
esophageal cancer.

In the present study, we tried to evaluate the 
expression and clinical significance of KLF17 in 
esophageal cancer.

Materials and methods

Patients and tissue samples

The esophageal carcinoma tissue samples and 
adjacent normal tissues were obtained from 
the Second Hospital of Hebei Medical University. 
This study was approved by the ethical commit-
tees of the Second Hospital of Hebei Medical 
and informed content was obtained from all the 
patients.

Immunohistochemistry

Paraffin sections were deparaffinized with xy- 
lene and rehydrated in graded ethanol solu-
tions. Activity of endogenous peroxidase was 
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blocked with 3% H2O2 for 15 min at room tem-
perature and then the sections were heated 
with 0.01 M citrate (pH = 6.0) at 95°C for 15 
min in microwave for antigen retrieval. The anti-
KLF17 rabbit polyclonal antibody (AbcamInc, 
dilution 1:200) was incubated for 2 h at room 
temperature. The sections were incubated wi- 
th HRP-labeled anti-rabbit IgG secondary an- 
tibody. 

Western blotting

Total proteins were extracted from frozen 
esophageal cancer tissues and cells using RIPA 
lysis buffer and quantified using Thermo Pierce 
BCA Protein Assay kit according to the manu-
facturer’s instructions. Equal quantities of pro-
tein were loaded and electrophoresed in a 10% 
SDS-PAGE gel, which was then transferred to 
nitrocellulose (NC) membrane. The membrane 
was incubated in 5% fat-free milk solution for 2 
h at room temperature followed by incubation 
at 4°C with a rabbit anti-human KLF17 poly-
clonal antibody (Abcam, dilution 1:1000) or 
GAPDH antibody (Cell Signaling Technology, 
1:1000 dilution). The membrane was washed 
three times for 10 min in PBS with 0.1% Tween-
20 and then incubated for 1 h with HRP-
conjugated bovine anti-rabbit (1:5,000 dilu-
tions) secondary antibody (Boster Biological 
Technology, Wuhan, China) at room tempera-
ture. The immumoreactive proteins were then 
detected using ECL substrate following manu-
facturer’s recommendation. GAPDH was used 
as an endogenous protein for normalization.

Cell culture and transfection

The human esophageal carcinoma cell lines 
KYSE150 was purchased from the American 
Type Culture Collection (Manassas, VA). The 
cells were cultured in RPMI-1640 (Invitrogen, 
Carlsbad, CA) medium containing 10% fetal 
bovine serum (FBS, GIBCO), 100 IU/ml penicil-
lin and 100 mg/ml streptomycin maintained at 
37°C in humidified air containing 5% CO2.

For transfection, cells were cultured to 80% 
confluence and transfected with recombinant 
eukaryotic vector or siRNA using Lipofectamine 
2000 (Invitrogen, CA, USA) according to the 
manufacturer’s recommendation.

KLF17 recombinant eukaryotic vector plasmids 
were described in our previous study [8]. 

Proliferation assay

MTT assay was used to analyze cell prolifera-
tion. Cells were seeded into 96-well plate at 
5.0×103 cells/ml and cultured. At each time 
point, 10 µl MTT (5 mg/ml, Sigma) was added 
to each well, successive incubated for 4 h at 
37°C. The supernatant was removed and 200 
µl DMSO (Invitrogen) was added to dissolve the 
formazan crystals for 30 min. Spectrometric 
absorbance at a wavelength of 490 nm was 
measured on microplate reader. Each sample 
was tested in triplicate and all experiments 
were performed three times.

Monolayer wound healing assay

Cells were grown in 10% FBS medium on 60 
mm plates. After the cells reached sub-conflu-
ence, the cells were wounded by scraping the 
monolayer and grown in medium for 24 h. The 
width of the wound was measured at different 
time points. The locations were visualized and 
photographed under a phase-contrast invert- 
ed microscope (40× objective, Leica, Solms, 
Germany).

Transwell invasion assay

Cell invasion assays were performed using 
24-well transwells (8 mm pore size, Corning Life 
Sciences) coated with matrigel (1 mg/ml, BD 
Sciences). Cells (104/well) were seeded in the 
upper chambers of the wells in 200 μl FBS-free 
medium, and the lower chambers were filled 
with 500 μl 10% FBS medium to induce cell 
migration. Following incubation for 24 h, the 
cells on the filter surface were fixed with 4% 
formaldehyde, stained with 0.5% crystal violet, 
and examined under a microscope. Cells in at 
least six random microscopic fields (200×) 
were counted. 

Statistical analysis

Data are expressed as mean ± SEM. The differ-
ence among groups was determined by ANOVA 
analysis and comparison between two groups 
was analyzed by the Student’s t-test using 
GraphPad Prism software version 4.0 (Graph- 
Pad Software, Inc., San Diego, CA). A value of  
P < 0.05 was considered statistically signi- 
ficant. 
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Results

Expression of KLF17 in EC tissue samples 

To assess the potential role of KLF17 in esoph-
ageal cancer (EC), we examined expression of 
RFT2 in 60 human EC samples and paired  
normal esophageal tissues using Immunohis- 
tochemistry. As shown in Figure 1, KLF17 was 
overexpressed in esophageal normal samples 
compared to the cancer tissues especially for 

knockdown on cell proliferation

To investigate the role of KLF17 in EC cells, we 
overexpressed KLF17 in KYSE150 cells which 
were transfected with KLF17 expression vector. 
Overexpression of KLF17 in KYSE150 cells was 
confirmed by immunoblotting (Figure 2A). We 
found that overexpression of KLF17 in KYSE150 
cells inhibited the cell proliferation by MTT 
assay (Figure 2B). To further validate the prolif-
eration-suppressing activity of KLF17, we 

Figure 1. The expressed of KLF17 in EC tissue samples. A. Immunohistochemical staining of KLF17 expression was 
observed in normal esophageal and cancer tissues (non-metastatic and metastatic esophageal cancer). (magnifi-
cation ×200). B. Western blotting analysis of KLF17 expression in esophageal cancer tissues and normal tissues. 
GAPDH was used as the internal control. 

Table 1. Correlation of KLF17 expression with clinical 
and pathological features in 50 patients

Features Number 
(n=50)

KLF17 expression
P

Negative Positive
Gender
    Male 28 21 7 0.3841
    Female 22 14 8
Age
    <50 24 18 6 0.4585
    >50 26 17 9
Tumor size (cm)
    <5 15 11 4 0.7363
    >5 35 24 11
TNM stage
    I-II 23 17 6 0.5773
    III-IV 27 18 9
Lymphatic metastasis
    No 22 12 10 0.0345
    Yes 28 23 5

lymph node metastatic cancer tissues. 
Although there was no significant differ-
ence for KLF17 expression levels grouped 
by age, gender, or, it was notable that 
KLF17 was upregulated at lymph node 
non-metastatic cancer tissues when com-
pared to metastatic cancer tissues (Table 
1), suggesting that KLF17 may be impor-
tant during EC progression.

Next we tested the expression of KLF17 
protein in EC and normal tissues by west-
ern blotting analysis (Figure 1B). Over- 
expression of KLF17 was also observed in 
normal tissues and lest in metastatic can-
cer tissues. We confirm the results of Im- 
munohistochemistry again. Taken togeth-
er, these results indicated that KLF17 was 
low expressed in EC especially in metastat-
ic tissues and may play an important role 
in the development of EC.

Effects of KLF17 overexpression and 
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silenced the expression of KLF17 in EC cells 
with the specific small interference RNA target-
ing to KLF17. The knockdown of KLF17 in 
KYSE150 cells were confirmed by Western blot 
(Figure 2C). Knockdown of KLF17 expression in 
KYSE150 cells also resulted in significant pro-
motion of cell proliferation. Growth curve analy-
sis demonstrated that growth of cells ablating 
KLF17 was significantly increased compared 
with control cells (Figure 2D). Together, these 
results indicated that KLF17 was required for 
cell proliferation in EC cells.

Effects of KLF17 overexpression and knock-
down on cell migration and invasion

Because KLF17 is a regulator in tumor metas-
tasis, next we tested the cell migration and 
invasion. Compared with the control group, 
KLF17-overexpressed cells displayed impeded 
migration in KYSE150 cells by wound healing 
assay. The migration decreased by approxi-
mately 50% (Figure 3A). Similarly, invasion of 
KYSE150 cells was reduced by % following 
overexpression of KLF17 by transwell assay 
(Figure 3C). Furthermore, we silenced the 
expression of KLF17 to assess the cell migra-
tion and invasion. Wound healing assay showed 
that the migration of cells down regulated 
KLF17 was significantly increased (Figure 3B). 
Transwell assay also showed that the cell inva-

sion ability was enhanced upon KLF17 deple-
tion (Figure 3D). EMT (epithelial-mesenchymal 
transition) has a critical role in metastasis. Next 
we tested the expression of EMT marker. The 
expression of epithelial markers E-cadherin 
and ZO-1 was increased, and the expression  
of mesenchymal markers fibronectin was 
decrease after overexpression of KLF17 in 
KYSE150 cells (Figure 3E). Subsequently 
knockdown of KLF17 led to the decrease of 
E-cadherin and ZO-1 and increase of fibronectin 
in KYSE150 cells. These suggest that KLF17 
play an important role in EC cell migration and 
invasion.

Discussion

Although KLF17 was identified as a new nega-
tive regulator of metastasis, its expression and 
biologic function was unknown in EC. The pres-
ent study showed that the expression of KLF17 
was reduced in esophageal cancer tissues. 
Moreover KLF17 protein expression was in- 
versely correlated with lymph node metastasis 
in EC. These results suggested that KLF17 may 
play an important role in esophageal cancer 
development. It was also reported that KLF17 
also was inversely related to tumor metastasis 
in other human cancer such as gastric cancer, 
lung adenocarcinoma, hepatocellular carcino-
ma [5, 9-11]. Thus, combined with the previous 

Figure 2. Effects of KLF17 overexpression and knockdown on cell proliferation. A. KLF17 overexpression in KYSE150 
cells were confirmed by Western blot analysis. B. Cell proliferation of the KYSE150 cells transfected with KLF17cD-
NA and Control separately were analyzed by MTT assay. C. KLF17 knockdown in KYSE150 cells were confirmed 
by Western blot. D. Cell proliferation of the KYSE150 cells transfected with siKLF17 and Control separately were 
analyzed by MTT assay.
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studies the function of KLF17 in EC was worthy 
being further exploited. 

Previous studies showed the function of KLF17 
in tumor proliferation and metastasis. The 
reduced expression of KLF17 promoted the 
motility and proliferation ability of papillary thy-

roid carcinoma [12]. KLF17 depletion acceler-
ates lungs cancer cells growth in response to 
chemotherapy [13]. Overexpression of KLF17 
inhibited lung adenocarcinoma cell growth [14]. 
A novel in vivo screening approach has identi-
fied KLF17 as a key metastasis suppressor 
gene [5, 15]. Our study also revealed that over-

Figure 3. Effects of KLF17 overexpression and knockdown on cell invasion. A, B. The wound healing assay was 
performed to detect the cell motility. C, D. Transwell assay was used to detect the cell invasion. E. Epithelial-mesen-
chymal markers were analyzed by Western blot.
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expression of KLF17 in EC cells inhibited the 
cell proliferation, and knockdown of KLF17 
expression in EC cells also resulted in the  
promotion of cell proliferation. KLF17-over- 
expressed EC cells displayed impeded migra-
tion and invasion, however, knockdown of 
KLF17 increased the EC cell migration/inva-
sion. EMT allows the cells which acquire migra-
tory and invasive properties to migrate through 
the extracellular matrix [16]. EMT plays crucial 
roles in tumor cell metastasis [17-19]. Next we 
test the EMT marker and found that the expres-
sion of E-cadherin and ZO-1 was increased, and 
the expression of fibronectin and vimentin was 
decrease after overexpression of KLF17 in EC 
cells. Subsequently knockdown of KLF17 led to 
the decrease of E-cadherin and ZO-1 and 
increase of fibronectin and vimentin in EC cells.

In conclusion, our study indicated that KLF17 
played an important role in EC tumorigenesis 
and development. Our results revealed an anti-
tumorigenic effect of KLF17 in EC and could be 
an important chemotherapeutic target. 
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