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Epithelial-mesenchymal transition in colorectal
carcinoma cells is mediated by DEK/IMP3
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Abstract. To investigate the inhibitory effects of
DEK/insulin-like growth factor II mRNA binding
protein 3 (IMP3) on epithelial-mesenchymal transition (EMT)
in colorectal carcinoma cells. SW620 and SW480 cell lines
were selected. DEK-interfering lentivirus was transfected to
knockdown DEK expression. Subsequently, MTT assays and
flow cytometry were utilized to measure cell viability, and apop-
tosis, respectively. Cell invasion was detected using a Transwell
assay. Quantitative polymerase chain reaction and western blot
analysis were used to detect the expression of E-cadherin,
vimentin, and matrix metalloproteinase (MMP)-9. Compared
with the blank control, cells transfected with DEK-interfering
lentivirus demonstrated a remarkable reduction in cell
viability (P<0.05). The apoptotic rate in the DEK-interfering
lentivirus group was significantly enhanced compared with the
blank control group (P<0.05). In the DEK-interfering lentivirus
group, the expression of E-cadherin was significantly elevated
(P<0.05), while the expression of vimentin and MMP-9 were
significantly reduced in both cell lines (P<0.05). The results
of the present study demonstrated that EMT of colorectal
carcinoma cells was partially mediated by DEK, which likely
affected the invasive ability of colorectal carcinoma cells. In
addition, cell proliferation and apoptosis were susceptible to
DEK silencing. The current study has provided experimental
evidence for the treatment of colorectal carcinoma using DEK
silencing.

Introduction

Colorectal carcinoma is one of the most common malignant
tumors (1) with obviously increased metastasis and mortality
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in its advanced stage (2). Insulin-like growth factor Il mRNA
binding protein 3 (IMP3) is a kind of binding protein, which
can specifically recognize mRNA sequence. It is also an
oncofetal protein and expressed in a number of malignant
tumors, related to the advances in tumor invasion. Invasion
and metastasis of tumor cells might be modulated by the
expression of IMP3 (3-5). Indeed, the members of IMPs
family-IMP3 and IMP1 are applied as vital biological invasion
markers for pancreatic cancer (6). Moreover, IMP3 expression
in different stages of colorectal carcinoma was discrepant
and IMP3 was expected to be a new target in the treatment of
colorectal carcinoma (7).

As a pro-oncogene, DEK not only regulates cell senescence
and apoptosis (8) but also the transcriptional regulator of
retinoblastoma tumor suppressor protein (Rb)/E2F, which
is often disturbed in colorectal carcinoma (9). DEK protein
is highly-expressed in tumors and can be easily detected by
commercial antibodies. Therefore, it holds great promise
to be utilized as a tumor diagnostic marker. Benign and
malignant melanoma could be easily identified according to
the expression level of DEK (10). Moreover, DEK expression
in undifferentiated cells was much higher than that in mature
cells (11), which could be used to assess the differentiative
capacity of tumor cells. In the present study, colorectal
carcinoma cell lines SW620 and SW480 were selected.
The cells were transfected with DEK interfering lentivirus
and empty carrier, respectively. Consequently, effects of
DEK silence on the cell viability, apoptosis, invasion and
epithelial-mesenchymal transition (EMT) were detected.

Materials and methods

Cell culture and transfection. Colorectal carcinoma cell lines
SW620 and SW480 (Shanghai Cell Bank of Chinese Academy
of Science, China) were cultured in dulbecco minimum
essential medium (DMEM) (Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS) (Hyclone;
GE Healthcare Life Sciences, Logan, UT, USA) and 100 U/ml
penicillin-streptomycin (Sigma, Ronkonkoma, NY, USA) in
5% CO, at 37°C.

The experiment was divided into three groups: blank
control, lentivirus encoding NC-siRNA, and lentivirus
encoding DEK siRNA. The cells at 70% confluence were
transfected with empty carrier and DEK interfering lentivirus
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Figure 1. Expression level of DEK and IMP3 in cells of different groups. (A) mRNA expression; (B) Protein expression. ‘P<0.05 compared with control.

(GenePharma, Shanghai, China), respectively. After 6 h, the
medium were replaced with fresh DMEM medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing
10% FBS. The cells were incubated in CO, incubator at 37°C
for 48 h. Finally, the expression levels of DEK and IMP3
in mRNA and protein levels were detected by quantitative
real-time polymerase chain reaction (QRT-PCR) and western
blot, respectively.

MTT assay.Colorectal carcinoma SW620 cells were seeded in
96-well plates. After transfection of 24, 48,72 and 96 h, 20 ul
medium with MTT (final concentration: 5 mg/ml) (Gibco;
Thermo Fisher Scientific, Inc.) was added. After additional
4-h incubation in CO, incubator at 37°C, the medium were
discarded. DMSO (150 ul) (Sigma, USA) was added into
each well and the plates were shaken to dissolve formazan
sufficiently. The absorbance at 560 nm was recorded by a
microplate reader (Thermo Fisher Scientific, Inc.). The
optical density (OD) values represented cell viability.

Flow cytometry. Colorectal carcinoma SW620 cells were
seeded in 6-well plates. After transfection of 48 h, the cells
were collected after digestion by trypsin (Gibco; Thermo
Fisher Scientific, Inc.). Under the protection from light,
the cells were incubated with Annexin V-FITC/PI (C1062,
Beyotime, Ningbo, China) for 30 min. Next, apoptosis was
detected by flow cytometry (BD Company, Franklin Lakes,
NJ, USA) within 1 h.

Transwell assay. After 48 h transfection, the cells were
digested and seeded into the upper chamber of transwell. The
lower chamber only contained DMEM medium. After 48 h
incubation in CO, incubator at 37°C, the down chamber was
taken out and fixed with polyformaldehyde. After staining
with crystal violet, inverted microscopy was used to count the
cell numbers in five fields. The average number represented
the capacity of cell invasion.

Quantitative real-time polymerase chain reaction
(ORT-PCR). After viral transfection, mRNA in different

groups was extracted using a TRIzol assay kit (Baosheng
Science & Technology Innovation Co, Ltd., Shanghai,
China). mRNA was transcribed into cDNA according to
the reverse transcription kit (639522, Takara Biotechnology
Co., Ltd., Dalian, China) and fluorescence quantitative PCR
was utilized to detect the expression level of the targeted
genes using cDNA as template. The relevant expression level
of E-cadherin, Vimentin and MMP-9 were normalized to
B-actin. The primer sequences were listed as follows:

DEK-F: AAACCTAGCCAGCTTCACGA; DEK-R: AGG
CCCAACTGCAGAGAAAC; E-cadherin-F: CGCCGAGAG
CTACACGTTCA,; E-cadherin-R: TGTCGACCGGTGCAA
TCTTC; Vimentin-F: TGCGTGAAATGGAAGAGAACT;
Vimentin-R: TGCGTGAAATGGAAGAGAACT; IMP3-F:
GCGCTGCTGGACAAGCTGTATG; IMP3-R: AGGACG
AGGCCGTGACGAA; MMP-9-F: CATCTTCCAAGGCCA
ATCC; MMP-9-R: CCATCACCGTCGAGTCAGC; B-actin-F:
ACTCTTCCAGCCTTCCTTC, p-actin-R: ATCTCCTTC
TGCATCCTGTC.

Western blot analysis. Cell lysis solution was added into each
group of cells. After 30 min dissociation at 4°C, the solutions
were centrifuged at 11,670 g for 10 min. The supernatant was
collected, which contained total protein. The protein concen-
tration was measured by BCA kit (Beyotime). 20 ug protein
in each group was loaded for gel electrophoresis and the
membrane was transferred by wet methods. The antibodies,
including anti-DEK (1:1,000, catalogue no. ab221545),
anti-IMP3 (1:1,000, catalogue no. ab177477), anti-E-cadherin
(1:1,000, catalogue no. abl416), anti-Vimentin (1:1,000, cata-
logue no. ab8978; Abcam, Cambridge, UK), anti-MMP-9
(catalogue no. ab73734; 1:1,000; Abcam) and f-actin (1:1,000;
catalogue no. AF0003, Beyotime Institute of Biotechnology,
Shanghai, China) were incubated with nitrocellulose
membranes overnight at 4°C. Next, the secondary antibody
(1:100; catalogue nos. ab131368; Abcam) was added and
co-incubated for 1-2 h at room temperature. ECL exposure
liquid droplet (catalogue no. RPN2133; GE Healthcare Life
Sciences, Chalfont, UK) was added on the membrane. In



SPANDIDOS
PUBLICATIONS

b

E3A Control
1.0, B NCsiRNA
§ Y] =2 DEK siRNA
w
® 084
o
3
§° 0.6
[ -
L 04
S 02
g °
@
x® 0.0 —

E-cadherin

MOLECULAR MEDICINE REPORTS 17: 1065-1070, 2018

1067

Control NCsiRNA DEKsiRNA
E-cadherin
Vimentin
MMP-9
— — — (-actin
ExA Control
c 1.0 = NCSsiRNA
-g : ES1 DEK siRNA
2 0.8 *
o
3
c 0.6
=
2 0.4-
o
@
Z 0.2
L]
& 0.0-

MMP-9

E-cadherin  Vimentin

Figure 2. Effects of DEK silence on EMT of SW620 cells. (A) mRNA expression; (B) Protein expression. "P<0.05 compared with control.
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Figure 3. Effects of DEK silence on EMT of SW480 cells. (A) mRNA expression of DEK and IMP3; (B) mRNA expression of E-cadherin, MMP-9 and
vimentin; (C) Protein expression of E-cadherin, MMP-9 and vimentin. "P<0.05 compared with control.

the end, the membrane was used for exposure utilizing gel
imaging system (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Grey density was analyzed using Quantity One analysis
software v1.4.6 (Bio-Rad Laboratories, Inc.).

Statistical analysis. The data were presented as mean + standard
deviation (SD), and analyzed using SPPSS 17.0. Significant
differences were calculated by t-test, where P<0.05 was
considered to indicate a statistically significant difference.

Results

DEK silence down-regulates IMP3 expression and influences
EMT. As shown in Fig. 1, the expression of DEK and IMP3 in
mRNA and protein levels in DEK interfering lentivirus group
was reduced significantly compared to the blank control group
(P<0.05). By contrast, empty virus did not affect DEK and
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Figure 4. Effects of DEK silence on cell viability of colorectal carcinoma
cells. "P<0.05 compared with control.
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Figure 5. Effects of DEK silence on apoptosis of colorectal carcinoma cells. (A) Representative images and (B) quantification of apoptosis. “P<0.05 compared

with control.
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Figure 6. Effects of DEK silence on cell invasion of colorectal carcinoma cells. (A) Representative images and (B) quantification of cell invasion. "P<0.05

compared with control.

IMP3 expression in SW620 cells. Later, we assessed the effects
of DEK silence on EMT. As shown in Fig. 2A, there was a
significant enhancement in the mRNA level of E-cadherin and
decrease in the mRNA level of Vimentin and MMP-9 when
SW620 cells were treated with DEK interfering lentivirus (vs.
blank control, P<0.05). Consistently, DEK silence also affected
E-cadherin, Vimentin and MMP-9 protein expression in the
similar trend (Fig. 2B). We also confirmed the effects of DEK

silence on EMT in SW480 cells. DEK interfering lentivirus
also decreased DEK and IMP3 mRNA expression (Fig. 3A).
Interestingly, DEK silence also elevated E-cadherin and miti-
gated Vimentin and MMP-9 expression in both mRNA and
protein levels (Fig. 3B and C).

DEK silence inhibits proliferation of colorectal carcinoma
cells. As shown in Fig. 4, transfection of DEK interfering virus



for 24, 48,72, 96 h caused a drastic decrease in the percentage
of the cell viability of SW620 cells in DEK interfering lenti-
virus group (vs. blank control, P<0.05).

DEK silence promotes apoptosis of colorectal carci-
noma cells. Compared with the blank control group,
the apoptotic rate of cells in DEK interfering lentivirus
group was significantly elevated (vs. blank control,
P<0.05, Fig. 5).

DEK silence inhibits cell invasion of colorectal carcinoma
cells. As shown in Fig. 6, transfection of DEK interfering
lentivirus significantly decreased the cell invasion ability (vs.
blank control, P<0.05).

Discussion

IMP3 is a major component involved in epithelial-mesen-
chymal transition (7). Since IMP3 is a highly-conserved
protein with the potential to bind to mRNA sequence. It is a
main contributor in promoting embryonic development as a
member of IMP family. Moreover, the expression level of IMP3
is obviously higher in embryonic period (6). In pathological
conditions, the expression of IMP3 is elevated in various
malignant tumors (7). In addition, there were researches
demonstrating that the possibility of distant carcinoma metas-
tasis was associated with unfavorable prognosis (12-15). DEK
is a new member of DNA topology adjustment factors (10).
The expression level of DEK is not only apparently related to
cell proliferation and apoptosis but also affects the migration
and invasion of colorectal carcinoma cells (16,17).

In this study, we applied colorectal carcinoma SW620
and SW480 cells as the cell models and constructed DEK
interfering lentivirus. Once DEK was silenced, IMP3 expres-
sion was also reduced remarkably. These data indicated that
DEK and IMP3 were associated in colorectal carcinoma.
EMT is featured by the decrease of E-cadherin and increase
of Vimentin (18). The up-regulation of E-cadherin expres-
sion can inhibit the invasion and metastasis of tumors, while
down-regulation of E-cadherin is related to enhancement of
invasion and metastasis (19,20). The invasion ability of tumor
cells was inhibited after vimentin silence (21). Considering
its high expression in various epithelial tumors, vimentin
was thought to affect malignant degree of tumor cells (22).
The aim of our study was to explore the regulatory effect of
DEK/IMP3 pathway on EMT. The expression level of DEK
protein was decreased by transfecting with DEK interfering
lentivirus. Our data showed that cell invasion of colorectal
carcinoma cells could be inhibited as a result of transfec-
tion of DEK interfering lentivirus. Cell morphology changed
from interstitial-like spindle cells to epithelioid cells.
Compared to the blank control group, the expression level of
EMT-related markers E-cadherin was enhanced obviously,
while the expression level of vimentin and MMP-9 were
apparently down-regulated. It is possible that the expres-
sion of DEK was positively associated with vimentin and
MMP-9 expression, while it was negatively correlated with
E-cadherin expression. This result indicated that DEK played
important roles in the regulation of epithelial mesenchymal
transition in colorectal carcinoma. Consistently, interference
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of IMP3 could also significantly up-regulate the expression
of E-cadherin in hepatocellular carcinoma (23).

Silence of DEK also decreased the invasion ability,
reduced the cell viability and triggered apoptosis. Therefore,
DEK played a vital role in regulating the invasion, viability
and apoptosis of colorectal carcinoma cells. As demonstrated
previously, DEK knockout could also cause apoptosis of
cervical cancer cells. The possible mechanism was through
p53 dependent apoptosis (24). In addition to the regulation of
anti-apoptotic protein myeloid cell leukemia 1 (Mcl-1), DEK
also regulates apoptosis (10). Liu er al demonstrated that
silence of DEK contributed to apoptosis and senescence of
cervical cancer cells (18).

In conclusion, our research demonstrated a regulatory
mechanism of DEK on EMT of colorectal carcinoma cells
which would finally influence the invasion of colorectal carci-
noma cells. Our research provided theoretical guidance for the
treatment of colorectal carcinoma.
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