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Abstract

Background: To investigate the expression and clinical significance of zinc finger protein 217 (ZNF217)
in human colorectal carcinoma (CRC). Materials and Methods: The expression of ZNF217 in 60 CRC
tissues and matched tumor adjacent tissues, collected between January 2013 and June 2014, was assessed
immunohistochemically. The relationship between the expression of ZNF217 and clinicopathlogical features was
analyzed by Pearson chi-square test. In addition, siRNA was used to down-regulate the expression of ZNF217 in
CRC cells. The effects of ZNF217 for cell migration and invasion were measured by wound healing assay and
transwell assay, respectively. Results: The expression level of ZNF217 was significantly higher in CRC tissues
than in tumor adjacent tissues (p<0.05), positively correlating with tumor size, lymphatic metastasis and advanced
TNM stage (p<0.05). Down-regulation of ZNF217 in CRC cells could significantly suppress cell migration and
invasion. Conclusions: ZNF217 is overexpressed in colorectal carcinoma tissues and is associated with tumor
malignant clinicopathological features. ZNF217 may promote CRC progression by inducing cell migration and

invasion.
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Introduction

Colorectal carcinoma (CRC) is one of the most
common digestive cancers in human (Mahmoud et al.,
2014). Metastases, especially lymphatic metastasis
and liver metastasis, are the main risk factors to
restrict the survival of CRC patients. Recently, the
monoclonal antibodies against EGFR and VEGF, such as
cetuximab, panitumumab and bevacizumab, are in clinical
development and have shown clinical benefit in metastatic
CRC patients (Zhang et al., 2014; Han et al., 2014). The
investigation of effective biomarkers and therapeutic
molecular targets has been a significant hotspot of CRC
throughout the world.

Zinc finger protein 217 (ZNF217) is located in the
human chromosomes of 20q13.2 (Rahman et al.,2012) and
has been demonstrated as a crucial oncogene in numerous
human cancers. As a role of nuclear transcriptional
regulatory factor, ZNF217 obtains a special located signal
and combines with DNA to impede the transcription
of some genes, such as TGF-f} (Thillainadesan et al.,
2012) and P53 (Thillainadesan et al., 2012). In breast
cancer, ZNF217 had been demonstrated significantly
overexpressed and associated with tumor growth(Frietze,
et al., 2014) and metastases (Vendrell et al., 2012),
Kaplan-Meier survival analysis revealed that eptopic
expression of ZNF217 indicated a worse OS and DFS

time after operation (Letessier et al., 2006). Moreover,
the tumor-promoting action of ZNF217 was also reported
in pancreatic cancer (Letessier et al., 2006), oesophageal
adenocarcinoma (Geppert et al., 2014) and malignant
glioma (Mao et al., 2011). However, the expression and
functions of ZNF217 in human colorectal carcinoma were
still absent of study.

In this study, we demonstrated that the expression of
ZNF217 was overexpressed in CRC tissues and associated
with tumor malignant clinicopathologic features. Down-
regulated the expression of ZNF217 could impair the
ability of cell migration and invasion in vitro. Our results
suggest that ZNF217 may promote tumor progression by
promoting cell metastasis in CRC.

Materials and Methods

Ethical review

All protocols were approved by the First Affiliated
Hospital of Tsinghua University Ethics Committee
according to the 1975 Declaration of Helsinki. Informed
consent was obtained and signed by each patient.

Patients and samples

A total of 60 patients including 32 males and 28
females were enrolled in our study from January 2013 to
June 2014. The range of age was from 34 to 68 year, and
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the average age was 49 year. All patients didn’t accept
chemotherapy and radiotherapy before surgery. The CRC
tissues and tumor adjacent tissues (>2 cm distance of the
surgical boundary) were stored in 4% paraformaldehyde
solution for immunohistochemistry (IHC) or liquid
nitrogen for qRT-PCR and western blot.

RNA isolation and gRT-PCR

Total RNA was isolated from CRC tissues and CRC
cells using TRIZOL® reagent (Invitrogen, USA) according
to its manufacturer. The value of OD260/280 for RNA
located in 1.9~2.1 was qualified. cDNA was synthetized
using the RevertidTM First Strand cDNA Synthesis Kit
(Fermentas, USA) as the follow system: 70°C for Smin,
37°C for 1h and 85°C for Smin. 2pL. cNDA was served
as a template to be amplified by Real-time PCR using
SYBR® Premix Ex TaqTM II (T1li RNaseH Plus, Takara,
Japan) using the conditions as the manufacture instructed.
The human f-actin gene was served as a control gene.
The primers were synthesized by ShengGong Co, Ltd and
the sequences were displayed in Tablel. Relative mRNA
expression was calculated with the 22T method. Every
sample was duplicate detected for three times.

Immumohistochemical staining

Immunohistochemistry was performed on
paraformaldehyde-fixed paraffin sections. Sections were
processed with xylene, alcohol and PBS, sequentially.
Tissues were incubated with ZNF217 (sc-67223,
Santa Cruz, USA) (1:100) antibodies at 4°C overnight.
Biotinylated secondary antibodies were used to combine
ZNF217 antibodies, detected by HRP-streptavidin
conjugates and visualized by DAB. The staining results
for the ZNF217 protein was semi-quantitatively calculated
by multiplying the staining intensity and the percentage
of positive normal cells as the reference (Li et al., 2014)
reported.

Cell culture

The human normal colorectal cell line FHC and four
CRC cell lines HCT116, HT29, SW480, SW620 were
obtained from the Institute of Biochemistry and Cell
Biology, Chinese Academy of Sciences (Shanghai, China).
Cells were maintained under recommended culture
conditions and cultured in a 37°C humidified incubator
with 5% CO,. The logarithmic growth phase cells were
harvested for further assays.

Protein isolation and western blot

Cells were washed with PBS for twice and cleaved
with RIPA reagent on the ice. Lysate was centrifuge at
15000r/min for 15min. The supernate was obtained and
detected the protein content via BCA Kit (Milipore, USA).
Proteins were separated by vertical electrophoresis and
transfered to PVDF membrane (Milipore, USA). ZNF217
(1:1000) and p-actin (sc-4778, Santa Cruz, USA) (1:5000)
antibodies were used to detected the expression of ZNF217
and [(-actin, respectively. Secondary HRP-conjugated
goat anti-rabbit or anti-mouse antibody (Abgent, USA)
were used at a 1:5000 dilution and developed by the ECL
Regent (Millipore, USA).
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SiRNA transfection

Both the mRNA and protein levels of ZNF217 in FHC,
HCT116, HT29, SW480, SW620 cells were measured
by qRT-PCR and western blot. The highest ZNF217
expression cell line was selected to transfect the specific
siRNA against ZNF217 (sc-63249, Santa Cruz, USA) or
scrambled siRNA (sc-37007, Santa Cruz, USA). Cells
were seeded in 6-well plates at the concentration of
2x10%/well, and divided into two groups (ZNF217 siRNA
group and scrambled siRNA group). SuL. Lipofectamine
2000 (Invitrogen, USA) was used as an to transfect the
siRNA into cells according to the manufacturer. Cells
were cultured in a 37°C humidified incubator with 5%
CO,.Reduced serum medium was changed into complete
medium after 6h transfection. Cells were harvest after
48h transfection, and then used for further experiments.

Wound healing assay

Cells were seeded in 6-well plates at high density
and allowed to form cell monolayer overnight. A 200uL
sterile plastic tip was used to create a wound line across
the surface of plates, then scouring off the suspension cells
with PBS. Cells were cultured in reduced serum medium
in a 37°C humidified incubator with 5% CO, for 4h. The
experiments were performed in triplicate.

Cell invasion assay

The 8um pore-sized transwell inserts (Nalge Nunc,
IL) were coated with matrigel (BD Biosciences, USA) at
1 mg/ml on the inner layer. ZNF217 siRNA or scrambled
siRNA transfected CRC cells were resuspended with
reduced serum DMEM medium and adjusted the density
to 2.5x10%ml. 200uL cell suspension was added into
upper-well, and 750pL DMEM medium with 10% FBS
was added into the lower-well. After completion, cells
were incubated in a 37°C humidified incubator with 5%
CO, for 24 hours. Membranes were removed, wiped on the
side facing the upper well, and stained with crystal violet.
At least 6 representative images of each well were taken
and cell numbers were counted using ImageJ software.
The experiments were performed in triplicate.

Statistical analysis

Measurement date are presented as (Mean + SD).
The SPSS version 13.0 (SPSS, Chicago, USA) was used
for Pearson chi-square test, two-tailed Student-t test and
ANOVA. p<0.05 was considered statistically significant.

Results

The eptopic expression of ZNF217 in CRC tissues
qRT-PCR results revealed that, the relative mRNA
expression of ZNF217 in CRC tissues was (5.093+0.359),
while that in tumor adjacent tissues was (1.875+0.133).
Two-tailed student-t analysis demonstrated that the
expression of ZNF217 mRNA was significantly up-
regulated in CRC tissues than in tumor adjacent
tissues(t=8.421, p<0.001, FigurelA). Furthermore,
we detected the protein of ZN217 in both tumor and
non-tumor tissues. As shown in figure 1B, the positive
expression of ZNF217 in CRC tissues was 28.33%(17/60),
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by contrast, only 28.33% (17/60) of tumor adjacent tissues
could be detected the positive expression. Pearson chi-
square test convinced that the expression of ZNF217
protein in tumor and non-tumor tissues had a statistical
difference (¥>=34.478, p<0.001, Figure1C, Table2).

Clinical significance of ZNF217 expression in CRC

In order to notarize the clinical significance of ZNF217
expression. We analyzed the relationship between
ZNF217 expression and the clinicopathlogical features
of CRC patients. The statistical data demonstrated that
the expression of ZNF217 was correlated with larger
tumor volume(=5cm), lymphatic metastasis and advanced
TNM stage (p<0.05). We may infer that high expression
of ZNF217 in CRC tissues indicated a worse survival.

Expression of ZNF217 in mCRC and nmCRC tissues

In this enrolled group, 42 patients were diagnosed
metastatic CRC, who existed lymphatic and (or) distant
metastases. We detected the mRNA and protein of
ZNF217 in metastatic CRC (mCRC) and non-metastatic
CRC(nmCRC) tissues. Compared to nmCRC tissues,
both mRNA (Figure 2A) and protein (Figure 2B&2C)
expression of ZNF217 was extremely overexpressed in
mCRC tissues (p<0.05).

SiIRNA down-regulated ZNF217 expression in SW620 cells
We detected the expression of ZNF217 in four CRC

Table 1. Real-time PCR Primer Sequences

Gene primer sequences

ZNF217 Sense 5’-GAGAAGCGAATGGTGAAAGC-3’
Anti-sense 5’-CAGCGCTCAAGTATGCAAAA-3’

[-actin Sense 5’-CTCCATCCTGGCCTCGCTGT-3’
Anti-sense  5’-GCTGTCACCTTCACCGTTCC-3’

Table 2. The Expression of ZNF217 in CRC and Tumor
Adjacent Tissues (n=60)

ZNF217  ZNF217 x2 p
Positive  Negative
CRC tissues 49 11 34478 <0.001*
Tumor adjacent 17 43
tissues
%p<0.05

cell lines HCT116, HT29, SW480, SW620 and normal
colorectal cell line FHC. We found the expression of
ZNF217 in CRC cells, especially SW620 cells were
marked up-regulated than in FHC cells (p<0.05, Figure
3A&3B). Consequently, we transfected the siRNA into
SW620 cells to specifically down-regulate the expression
of ZNF217. qRT-PCR and western blot were applied to
confirm the effect of interference(Figure 3C&3D).

Down-regulation of ZNF217 inhibits cell migration and
invasion in SW620 cells
To determine whether eptopic expression of ZNF217
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Figure 1. Different Expression of ZNF217 in CRC
and Tumor Adjacent Tissues. A: The relative mRNA
expression of ZNF217 was higher in CRC tissues than in tumor
adjacent tissues(5.093+£0.359 vs 1.875+0.133, *p<0.05). B:
[HC staining in CRC and tumor adjacent tissues(x400), a: The
positive expression of ZNF217 in CRC tissues; b: The negative
expression of ZNF217 in CRC tissues; ¢: The positive expression
of ZNF217 in tumor adjacent tissues; d: The negative expression
of ZNF217 in tumor adjacent tissues. C: ZNF217 obtained an
epotic expression

Table 3. Clinical Correlation of ZNF217 Expression in CRC (n=60)

Clinicopathologic Features Classification ZNF217 Negative ZNF217 Positive x2 )4
(n=11) (n=49)

Age <50 year 5 32 0.776 0.379
=50 year 6 17

Gender Male 7 25 0.574 0.448
Female 4 24

Tumor volume <5Scm 7 12 4.681 0.030%*
=5cm 4 37

Number of nodules 1 6 13 2092 0.148
=2 5 36

Histopathological grade G1~G2 8 21 3210 0.073
G3 3 28

Lymphatic metastasis No 8 16 4457 0.035*
Yes 3 33

TNM stage I~1 7 11 5428 0.020*
oI~V 4 38

#p<0.05
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Figure 2. ZNF217 Expression in mCRC and nmCRC
Tissues. A: The relative mRNA expression of ZNF217 was
higher in mCRC tissues than in nmCRC tissues (7.133+0.209 vs
2.691+0.142, *p<0.05). B: IHC staining in mCRC and nmCRC
tissues(x400), a: The expression of ZNF217 in nmCRC tissues;
b: The expression of ZNF217 in mCRC tissues. C: ZNF217
showed an extremely epotic expression in mCRC tissues,
*p<0.05
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Figure 3. ZNF217 is Knocked Down by siRNA in
SW620cells. A: The mRNA level in five cell lines,*p<0.05.
B: The protein level in five cell lines. Data were representative
of multiple repeats with similar results. C: ZNF217 mRNA
expression was down-regulated in SW620 cells, *p<0.05. D:
ZNF217 mRNA expression was down-regulated in SW620 cells.
Data were representative of multiple repeats with similar results

can influence cell migration and invasion in SW620
cells. We designed wound healing assay to measure
the changes of cell migration after knocking down the
ZNF217 expression by siRNA. As shown in figure4A,
we demonstrated that down-regulation of ZNF217 could
significantly inhibit the relative migration distance in
SW620 cells (83.18+10.42 vs 34.26+6.79, p<0.05, Figure
4B). In addition, we indicated that the number of invaded
SW620 cells could also be impaired by knocking down
ZNF217 via transwell assay (37.45+5.38 vs 14.73+3.17,
p<0.05, Figure 4C&4D).

Discussion

Colorectal cancer is the third most commonly diagnosed
cancer in the world, and it is more prevalent in developed
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Figure 4. ZNF217 Regulates Cell Migration and
Invasion in SW620 Cells. A&B: ZNF217 knockdown
inhibited cell migration in SW620 cells, 83.18+10.42 vs
34.26+6.79, *p<0.05; C&D: Down-regulation of ZNF217
impaired cell invasion in sw620 cells, 37.45+5.38 vs 14.73+£3.17,
*p<0.05

countries. According to the newest survival survey report,
the CRC five-year survival rate was only 47.2% (Zeng
et al., 2014). Contemporarily, radical hemicolectomy
and normative chemotherapy and radiotherapy are the
main therapies for CRC patients(Bozkurt, et al., 2014).
However, hardly can any CRC patients be early diagnosed
and easily arise lymphatic and distant metastases,
consequently, identifying more effect biomarkers and
therapeutic targets will become a key way to improve the
survival rate of CRC patients.

Recently, in ovarian cancer, researchers found that high
expression of ZNF217 could activate PI3K/Akt signal and
enhance cell proliferation (Huang et al.,2014). Moreover,
ZNF217 also could promote a crucial kinase, Aurora-A,
for regulation of karyokinesis in breast caner cells. It could
inhibit the paclitaxel-leading apoptosis which was caused
by the degradation of Bcl-2 (Thollet et al., 2010). In our
study, we demonstrated that the expression of ZNF217
was overexpressed in CRC tissues and associated with
larger tumor volume. We may infer that ZNF217 play a
tumor growth effect in CRC.

Statistical analysis certified that epotic expression of
ZNF217 was positive correlated with tumor lymphatic
metastasis and advanced TNM stage. In accordance
with AJCC staging, both III and IV stages CRC patients
lymphatic and distant metastasis, therefore, ZNF217 could
enhance invasion and metastasis in CRC cells. We divided
60 CRC patients into mCRC and nmCRC groups, and
demonstrated that ZNF217 obtained a higher expression
in metastatic CRC tissues. ZNF217 is one of the most
important gene in chromosome of 20q13.2. Hidaka et
al. (2000) reported that the copy number of 20q13.2 was
increased in colorectal cancers with liver metastasis. These
evidence reminded that high expression of ZNF217 in CRC
tissues could facilitate liver metastasis. Cell migration and
invasion are the micro-expression of tumor metastasis. In
vitro, we proved that knockdown of ZNF217 suppressed
cell migration and invasion in SW620 cells. Nowadays,
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in vivo experiments demonstrated that Triciribine could
inhibit kinases, such as Akt and MAPK could impede
cell growth and induce drug resistant (Littlepage et al.,
2012). Epithelial-mesenchymal transition (EMT) is an
important mechanism for tumor metastasis, and it often
appear a lack of E-cadherin expression in tumor cells
(Wang et al.,2013). ZNF217 could impair the expression
of E-cadherin during its mRNA transcription, then induce
cell occurs EMT,and eventually, enhance the ability of
tumor metastasis (Bai et al., 2014).

In conclusion, the expression of ZNF217 is significantly
higher in colorectal carcinoma tissues than in tumor
adjacent tissues, and the up-regulation of ZNF217 is
associated with malignant clinicopathological features.
ZNF217 may promote CRC progression by inducing cell
migration and invasion.
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