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ABSTRACT
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related 

mortality globally. Therefore, it is quite essential to identify novel HCC-related 
molecules for the discovery of new prognostic markers and therapeutic targets. As 
an oncogene, DEK plays an important role in cell processes and participates in a 
variety of cellular metabolic functions, and its altered expression is associated with 
several human malignancies. However, the functional significance of DEK and the 
involved complex biological events in HCC development and progression are poorly 
understood. Here, combing the results from clinical specimens and cultured cell lines, 
we uncover a critical oncogenic role of DEK, which is highly expressed in HCC cells. 
DEK protein encompasses two isoforms (isoforms 1 and 2) and isoform 1 is the 
most frequently expressed DEK isoform in HCC cells. DEK depletion by using shRNA 
inhibited the cell proliferation and migration in vitro and suppressed tumorigenesis 
and metastasis in mouse models. Consistently, DEK overexpression regardless of 
which isoform produced the opposite effects. Further studies showed that DEK 
induced cell proliferation through upregulating cell cycle related CDK signaling, 
and promoted cell migration and EMT, at least in part, through the repression of 
β-catenin/E-cadherin axis. Interestingly, isoform 1 induced cell proliferation more 
efficiently than isoform 2, however, no functional differences existed between these 
two isoforms in cell migration. Together, our study indicates that DEK expression is 
required for tumorigenesis and metastasis of HCC, providing molecular insights for 
DEK-related pathogenesis and a basis for developing new strategies against HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the 
most prevalent malignancies and the third most leading 
cause of cancer associated mortality in the world [1]. 
Given hepatocarcinogenesis is a complex and multi-step 
process which associates with various genetic changes 
[2, 3], it is of great significance to reveal the complicated 
molecular and cellular mechanisms of HCC development 
and progression in order to identify potential therapeutic 
targets for improving overall survival of HCC patients.

The DEK gene was originally discovered as 
a fusion partner in the (6;9)(p23;q34) chromosomal 
translocation in a subset of acute myelogenous leukemias 

[4]. The DEK gene encodes a nuclear protein that binds 
chromatin and is involved in various fundamental 
nuclear processes, including DNA damage repair [5], 
DNA replication [6], mRNA splicing [7], transcriptional 
regulation [8], differentiation [9], cell viability and 
motility [10]. The function of DEK has also been 
implicated in apoptosis, although with differing roles 
depending on the cellular context [11–13]. Upregulation 
of DEK may occur through copy gains [14] and its 
transcriptional activation is regulated by upstream 
regulators such as ERα [15], E2F [16], and NF-Y [17]. 
Emerging evidence suggests DEK has a dual role in 
repressing and activating transcription of target genes as 
a cofactor for transcriptional regulation [18–21].
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High expression levels of DEK have been correlated 
with numerous human malignancies [22]. In high-grade 
neuroendocrine carcinoma of lung, overexpression of 
DEK is associated with tumor initiation activity and poor 
prognosis [23, 24]. In melanoma, inhibition of DEK is 
sufficient to drive melanoma cells into senescence whereas 
overexpression prolongs cellular lifespan [25, 26]. 
Moreover, DEK expression in gastric cancer correlates 
to tumor size, differentiation, clinical stage, disease-
free survival, and overall survival rates [27]. Recent 
study has shown DEK promotes cellular proliferation 
through paracrine Wnt signaling in Ron receptor-positive 
breast cancer [28]. DEK also plays a significant role in 
hepatocyte differentiation and may serve as a useful 
prognostic marker for the staging of HCC [29–31]. 
However, its influence on HCC remains largely unknown.

Here, we report that elevated expression of DEK is 
critical for HCC progression. The loss of DEK inhibited 
cell proliferation and migration in vitro, delayed tumor 
growth in xenograft mouse model and suppressed mouse 
splenic vein metastasis. We identified that isoform 1 was 
predominantly expressed in HCC cells and the absence of 
amino acids 49-82 in DEK protein was required for cell 
proliferation, but not for cell motility. We also present 
new evidence that DEK facilitated HCC cell proliferation 
through modulating cell cycle related genes. In addition, 
DEK promoted HCC cell migration and EMT probably, 
at least in part, through the regulation of β-catenin/E-
cadherin signaling. Our study provides new insights 
into the downstream molecular events of DEK signaling 
and unveils the function of DEK in tumorigenesis and 
metastasis of HCC.

RESULTS

DEK is highly expressed in HCC cells and tissue 
samples

To explore the role of DEK in human HCC, we 
assessed the DEK gene expression in HCC clinical 
samples using microarray data from Gene Expression 
Omnibus (GEO), which showed that the expression 
levels of DEK in tumor tissues were elevated compared 
with the adjacent non-tumor tissues (Figure 1A). We 
then determined DEK expression in HCC cell lines and 
clinical specimens using RT-qPCR assays. mRNA levels 
of DEK in HCC cell lines (SMMC7721, HepG2, Hep3B, 
MHCC97L and MHCC97H) were noticeably higher than 
those in immortalized liver cells HL7702 (Figure 1B). 
Similarly, higher expression levels of DEK were observed 
in 19 pairs of HCC tissue samples compared with those in 
corresponding adjacent non-tumor tissue samples (Figure 
1C). We analyzed survival with gene expression data 
using the annotated GEO dataset. Kaplan-Meier estimate 
showed high DEK expression levels were strongly 
associated with the low patient survival in the carcinomas 

(Figure 1D), which supports a notion that DEK plays a 
critical role in HCC progression.

DEK depletion inhibits cell proliferation and 
migration in HCC cells in vitro

To investigate the impact of DEK in HCC, we 
knocked down DEK in high-invasive HCC cell line 
SMMC7721. The cells were transduced with non-targeting 
shRNA (shCTRL) or two different DEK-specific lentiviral 
shRNA (shDEK1 and shDEK2), and the knockdown effect 
was confirmed by western blotting (Figure 2A). We found 
that DEK knockdown led to a remarkable inhibition 
in cell proliferation as determined by MTS (Figure 
2B). Depletion of DEK in these cells also resulted in a 
significant decrease in colony-forming capacity compared 
with those in the knockdown control cells (Figure 2C). 
SMMC7721 cells are typically mesenchymal-like. 
Interestingly, when DEK was knocked down, these cells 
rendered an epithelial morphology (Figure 2D) and lost 
migratory capability (Figure 2E). These results suggest 
that DEK depletion suppresses cell migration may through 
diminishing EMT traits in HCC cells.

DEK depletion suppresses tumorigenesis and 
metastasis in HCC cells in vivo

Having mechanistically deciphered the oncogenic 
properties of DEK in vitro, we next examined whether 
silencing DEK affects tumorigenesis and metastasis in 
vivo. In mouse xenograft model, DEK-depleted xenografts 
were significantly smaller in volume and weight (Figure 
3A–3C). The nude mice splenic vein metastasis models 
showed that mice injected with the DEK knockdown 
SMMC7721 cells had less metastatic nodules on the liver 
surface than mice injected with the knockdown control 
cells (Figure 3D and 3E). Histological analysis further 
showed that reduced DEK expression in SMMC7221 
resulted in fewer and smaller tumor foci in liver section 
compared to the knockdown control (Figure 3F).

DEK promotes cell proliferation and migration 
in HCC cells

DEK gene encodes two distinct proteins, produced 
by alternative splicing of the DEK gene transcript [32]. 
Isoform 1 is a full-length DEK form, while isoform 2 
is a truncated short form (missing amino acids 49-82, 
Supplementary Figure S1A) results from an alternative 
splicing of encoding mRNA, which gives rise to a deletion 
in its fragment shown to be necessary for the positive 
DNA supercoiling activity of DEK. The role of these two 
isoforms in HCC progression is unclear, therefore, we 
sought to determine their presence in HCC cells and tissue 
samples using isoform-specific primers. DEK isoform 1 
was found in all HCC cell lines examined in our study as 
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well as HeLa cells and breast cancer MCF7 and MDA-
MB-231 cells (Supplementary Figure S1B and S1C), 
whereas isoform 2 cannot be detected in any of tested cell 
lines. We then examined DEK isoforms 1 and 2 in HCC 
clinical samples. DEK isoform 2 was only observed in 
1 out of 19 patients with HCC (5.26%) (Supplementary 
Figure S1D), suggesting isoform 1 is predominantly 
expressed in HCC.

We individually introduced exogenous isoforms 1 and 
2 into low-invasive MHCC97L cells and the effect of DEK 
overexpression was confirmed by RT-qPCR (Supplementary 
Figure S2) and western blotting (Figure 4A). Interestingly, 
increased cell proliferation and colony-forming units was 
observed regardless of which isoform overexpressed (Figure 
4B and 4C). However, isoform 1 overexpression promoted 
cell proliferation and colony formation more efficiently than 
overexpression of isoform 2 (Figure 4B and 4C). We next 
determined the cell morphological change and migration 
when DEK was overexpressed. Forced expression of either 
isoforms 1 or 2 in MHCC97L cells facilitated epithelial 
cells to revert to a mesenchymal phenotype and enhanced 
the migration potential (Figure 4D and 4E). There was no 
difference between these two isoforms in cell migration 

and EMT (Figure 4D and 4E). These findings indicate that 
the absence of amino acids 49-82 in DEK protein limits its 
function in cell proliferation but not cell motility.

DEK promotes cell proliferation through the 
regulation of cell cycle related genes

To explore a potential mechanism underlying the 
role of DEK in cancer cell proliferation, we assessed the 
proportion of cells in each phase of the cell cycle when 
DEK expression was depleted or overexpressed. Flow 
cytometry analysis showed that DEK depletion inhibited 
SMMC7721 cell growth by causing progressive cell cycle 
arrest (Figure 5A). In contrast, ectopically expressing 
DEK isoform 1 or 2 induced cell cycle progression in 
MHCC97L cells (Figure 5B). These observation promoted 
us to analyze gene expression correlation using HCC 
database from the Cancer Genome Atlas (TCGA). Pearson 
correlation coefficient analysis by cBioPortal showed that 
the expression levels between DEK and several cell cycle 
related genes were in a strongly positive linear association 
(Supplementary Figure S3). To validate above bio-statistical 
analysis, CDK1, CDK2, CDK4 and PCNA were selected 

Figure 1: DEK expression is elevated in HCC tissues and cell lines. A. Gene expression data obtained from GSE25097 dataset 
were used to analyze DEK expression in tumor and adjacent samples. Units for Y-axis are absolute expression value from microarray data. 
B. RT-qPCR was used to determine the DEK expression in HCC cells and liver normal cells. C. Tumor and adjacent non-tumor tissue 
pairs from patients with HCC were collected and RT-qPCR was performed to measure the DEK expression. D. Kaplan-Meier analysis 
was performed to determine the correlation between the DEK expression and overall survival of HCC patients. Units for Y-axis are 
survival percentages of HCC patients. Data are represented as mean ± SEM, Results of RT-qPCR presented represent the mean of triplicate 
experiments ± SEM. *P<0.05; **P<0.01.
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for RT-qPCR assays. DEK knockdown in SMMC7721 cells 
led to a remarkable reduction in their expression (Figure 
5C), and an opposite effect was observed when DEK was 
overexpressed in MHCC97L cells (Figure 5D). However, 
isoform 1 enhanced the expression levels of these genes 
and facilitated the entrance into mitosis (the M phase) more 
significantly than isoform 2 (Figure 5B and 5D).

DEK promotes cell migration through the down-
regulation of E-cadherin

We next asked if DEK regulates the expression 
of genes involved in cell motility. Pearson correlation 
coefficient analysis by cBioPortal showed that the 
expression levels of DEK and E-cadherin/CDH1 were in 

Figure 2: DEK knockdown inhibits cell proliferation and migration in SMMC7721 cells. A. Western blotting was performed 
to detect the knockdown effect by shRNA against DEK (shDEK-1 and shDEK-2). The non-target shRNA-expressing cells (shCTRL) 
were the knockdown control cells. B. MTS assay was performed to determine the cell proliferation when DEK was knocked down in 
SMMC7721 cells. C. Clonogenic assay was performed to measure the capacity of colony formation when DEK was depleted. 1×103 
SMMC7721 cells were seeded in 6-well-plate to form colonies in 3 weeks and colonies with no less than 50 cells/colony were counted. 
Quantitation of colony number was shown in the right panel. D. Morphology showing knockdown of DEK in SMMC7721 cells reverts 
typically mesenchymal morphology to epithelial characteristics. E. Wound-healing assay was employed to determine the migration of 
SMMC7721 cells in response to DEK depletion. Cells were monitored within 24 hours to evaluate the rate of migration into the scratched 
area. Results presented represent the mean of triplicate experiments ± SEM. *P<0.05; **P<0.01.
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a negative linear association (Supplementary Figure S4). 
E-cadherin is an epithelial cell adhesion molecule and 
loss of its expression prominently associates with tumor 
invasiveness, metastatic dissemination and poor patient 
prognosis [33–35]. Knockdown of DEK in SMMC7721 
cells led to dramatically increased E-cadherin expression 
compared with the knockdown control cells (Figure 6A 
and 6C), whereas, overexpression of DEK decreased 
E-cadherin levels in MHCC97L cells (Figure 6B and 6D). 
We did not identify that the suppression effect of isoform1 
on E-cadherin expression differed from isoform 2, which 
may explain the results of cell migration (Figure 4E). 
The amount of active β-catenin leads to a transcriptional 
repression of E-cadherin [36, 37]. We then determine the 
active β-catenin in DEK knockdown SMMC7721 cells, 
which showed lower levels than that in the knockdown 
control cells (Figure 6C). Conversely, elevated active 
β-Catenin were detected in DEK-overexpressing 
MHCC97L cells (Figure 6D), demonstrating DEK 
promotes EMT and migration of HCC cells through 
activating β-catenin to repress E-cadherin expression.

DISCUSSION

DEK has been implicated in two possibly related 
functions: alterations in the topology of DNA and 
chromatin for affecting DNA replication and RNA 

processing [6, 38]. Recent studies indicate that DEK 
plays crucial roles in numerous cancers [22–31], while 
its function in HCC is rarely elucidated. We found that 
knockdown of DEK in MHCC97H and HepG2 cells also 
inhibited cell proliferation and migration (Supplementary 
Figure S5), although the suppression effects were more 
efficient in SMCC7721 when DEK was depleted. Our 
in vitro and in vivo studies were performed with the 
established HCC cell lines, but the observations together 
with the previous clinical report [29–31] that high DEK 
abundance in HCC was strongly correlated with poor 
overall survival of HCC patients, suggesting a general 
oncogenic role of DEK in HCC development and 
progression.

Cyclin/cyclin-dependent kinases (CDKs) bind 
to cyclin to form active CDK-cyclin protein complexes 
(CDKC), controlling cell division cycle and proliferation 
[39]. DEK expression has been shown to correlate 
with cyclinD1 expression [28]. Here, we showed that 
knockdown of DEK in high-invasive HCC cells inhibited 
cell proliferation through promoting cell cycle arrest. 
These findings are not surprised because the expression 
levels of CDK1, 2 and 4, the three members of CDKs 
directly involved in cell cycle regulation [40,  41], 
dramatically decreased when DEK was knocked down. 
PCNA is one of DEK coexpressed genes in HCC. PCNA 
protein presents in quaternary complexes with CDKs 

Figure 3: Knockdown of DEK suppresses tumor growth and metastasis in vivo. A. Representative images showing xenograft 
tumors at day 42 post subcutaneous injection (n=5). B, C. Tumor sizes measured and depicted as tumor volume (B) or tumor weight (C). 
D. Representative images showing metastatic liver nodules in nude mice by splenic-vein injection of DEK knockdown SMMC7721 cells 
and the knockdown control cells. The arrows indicate the metastatic tumor on the surface of the liver. E. The numbers of nodules were 
quantified on nude mice livers (n=5). F. H&E staining was performed on serial sections of metastatic tumors and normal liver (×200). The 
arrows show the tumor foci in mouse liver section. Data are represented as mean ± SEM. **P<0.01.
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and involves in cell cycle regulatory network [42]. 
In this study, PCNA was also downregulated in DEK 
depletion cells. Therefore, DEK may facilitate HCC cell 
proliferation through upregulation of CDKs signaling.

We also report the novel association of DEK with 
EMT through suppressing the E-cadherin expression. 
Evidence including changes in cell morphology, reversal 
of EMT characteristics, loss of clonogenecity and 

migration potential upon DEK knockdown suggests the 
positive role of DEK in tumorigenesis and metastasis 
of HCC. It is well-established that loss of E-cadherin 
expression is a hallmark of EMT and its transcription is 
negatively regulated by active β-catenin [43, 44]. DEK 
has been shown to promote breast cancer cell invasion 
by inducing β-catenin activity [10]. The data shown 
here further demonstrate that DEK-dependent migration 

Figure 4: DEK overexpression promotes cell proliferation and migration in MHCC97L cells. A. Western blotting was 
performed to determine the effect of DEK overexpression. B. MTS assay was performed to determine the cell proliferation when DEK 
isoform 1 (Iso1) or isoform 2 (Iso2) was ectopically expressed in MHCC97L cells. Cells overexpressing empty vector (EV) were the control 
cells. C. Clonogenic assay was performed to measure the capacity of colony formation when DEK was overexpressed. 1×103 MHCC97L 
cells were seeded in 6-well-plate to form colonies in 2 weeks and colonies with no less than 50 cells/colony were counted. Quantitation of 
colony number was shown in the right panel. D. Morphology showing DEK overexpression facilitates EMT in MHCC97L cells E. Wound-
healing assay was employed to determine the migration of MHCC97L cells in response to DEK overexpression. Cells were monitored 
within 24 hours to evaluate the rate of migration into the scratched area. Results presented represent the mean of triplicate experiments ± 
SEM. *P<0.05; **P<0.01.
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and EMT occurs at least partly via β-catenin/E-cadherin 
signaling in HCC cells.

DEK protein encompasses two isoforms (isoforms 
1 and 2). In humans, isoforms 1 and 2 represent splice 
variants of DEK that are encoded by a DEK gene 
[32]. A number of investigations have mostly focused 
on understanding the role of isoform 1 in cancer 
development. The first report revealing DEK isoform 2 

was in urine of humans who suffered from bladder cancer 
disorder [45]. The underlying mechanistic basis for this 
finding is unclear but it is unlikely that only isoform 2 
can be secreted or released during the pathogenesis of 
bladder cancer. Our study represents the first time for the 
existence of isoform 2 in HCC cells, although isoform 1 is 
predominantly expressed. Interestingly, isoform 2 can also 
induce HCC cell proliferation, but its effect is less potent 

Figure 5: DEK promotes cell proliferation through the regulation of cell cycle related genes. A, B. Flow cytometry analysis 
was performed to determine the cell cycle progression when DEK was depleted (A) or overexpressed (B). C, D. RT-qPCR was performed to 
determine the expression of CDK1, CDK2, CDK4 and PCNA genes when DEK was depleted (C) or overexpressed (D). Results presented 
represent the mean of triplicate experiments ± SEM. *P<0.05; **P<0.01.
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when compared with isoform 1. No functional differences 
exist between these two isoforms in cell migration. These 
phenotypes may rely on the function of the deletion region 
(49-82aa) in isoform 2. Since immunosuppressive agents, 
such as dexamethasone and cyclosporine A, can block the 
secretion of DEK by monocyte-derived macrophages [46], 
our results suggest that targeting DEK may be a potential 
approach to combat HCC.

MATERIALS AND METHODS

Human HCC specimens and cell lines

Nineteen primary HCC tissues with paired adjacent 
normal liver tissues were from Third Affiliated Hospital 
of Third Military Medical University (Chongqing, China). 
Informed consent was given by all of the patients and all 
samples were histologically confirmed before analysis. 
HL7702, HepG2, MHCC97L, MHCC97H, Hep3B, 
SMMC7721, Hela, MCF7 and MDA-MB-231 cells were 
directly obtained from the Cell Bank of Type Culture 
Collection of Chinese Academy of Sciences (Shanghai, 
China) and passage <5 were used in this study. All the 
cell lines are maintained according to the supplier’s 
instructions.

RT-PCR, RT-qPCR and western blotting 
analysis

Total RNA was extracted from cells and tissues 
using Trizol (Life technologies, NY) according to the 
manufacturer’s instructions. Upon isolating RNA, 
DNase I was treated to eliminate contaminating genomic 
DNA. RevertAid First Strand cDNA Synthesis Kit (Life 
technologies) was used for cDNA synthesis.

The mRNA expression levels of DEK isoform in 
the tumor cells and tissues were detected with RT-PCR. 
The primer sequences were: DEK-forward 5’-AGG AGG 
AGG AGG AGG AAA-3’, DEK-reverse 5’- CAC TGA 
ACT GAC CCA CAT T-3’; GAPDH-forward 5’-GTG 
AAG GTC GGT GTC AAC GGA TTT-3’ and GAPDH-
reverse 5’-CAC AGT CTT CTG AGT GGC AGT GAT-
3’. Quantification of mRNA using qPCR performed 
using GoTaq qPCR Master Mix (Promega) on a BioRad 
CFX96 (Bio-Rad, CA). Gene expression levels were 
analyzed using the delta Ct method and normalized 
against β-actin. The gene-specific primers used in RT-
qPCR were listed in Table 1. Western blotting assays 
were performed according to a standard protocol and 
densitometric volume of the target bands was quantified 
using Fiji software.

Figure 6: DEK negatively regulates E-cadherin through enhancing active β-catenin. A, B. RT-qPCR was performed to 
determine the E-cadherin expression at mRNA levels when DEK was depleted (A) or overexpressed (B) in HCC cells. C, D. Western blotting 
was performed to measure the protein levels of E-cadherin and enhances active β-catenin when DEK was depleted (C) or overexpressed (D) 
in HCC cells. Data are represented as mean ± SEM. *P<0.05; **P<0.01.
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Antibodies and constructs

DEK and β-Actin antibodies were purchased from 
Abcam (Cambridge, MA) and Sigma (St Louis, MO), 
respectively. Antibodies against E-cadherin and non-
phospho β-Catenin (active) were from Cell Signaling 
(Beverly, MA). The following primers were used to 
amplify the full-length of DEK isoform 1: forward 5’-
GGG GTA CCC CAT GTC CGC CTC GGC CCC TGC 
TGC-3’; reverse 5’-GCT CTA GAG CTC AAG AAA 
TTA GCT CTT TTA CAG-3’. Overlap extension PCR 
was used to amplify DEK isoform 2 . Briefly, the segment 
1 (1-144nt) and segment 2 (145-1026nt) were amplified 
respectively using the following primers: segment 
1-forward 5’-GGG GTA CCC CAT GTC CGC CTC 
GGC CCC TGC TGC-3’; segment 1-reverse 5’-GCC 
CCT TTC CTT TTT CCT CCT CCT CCT CCT CCT-3’; 
segment 2-forward 5’-GCT CTA GAG CTC AAG AAA 
TTA GCT CTT TTA CAG-3’; segment 2-reverse 5’-
GGA GGA AAA AGG AAA GGG GCA GAA ACT TTG 
TGA-3’. The full-length of isoform 2 was then amplified 
from mixed templates of segment 1 and 2 using the same 
primers for isoform 1. The isoforms 1 and 2 were cloned 
into pcDNA3.1 (+) expression vector (Invitrogen, USA) 
using KpnI and XbaI sites. To knock down DEK, lentiviral 
vectors harboring shRNAs targeting DEK (shDEK1 and 
shDEK2) were obtained from GeneCopoeia (Rockville, 
MD) and packaging of the DEK constructs in pseudoviral 
particles was performed in 293T cells using Lenti-Pac™ 
FIV Expression Packaging Kit (GeneCopoeia). Non-target 
shRNA (shCTRL) was used as a negative control in this 
study.

Cell proliferation and clonogenic assays

For cell proliferation, 1×104 cells were seeded in 
96-well-plate supplied in triplicates and the CellTiter 
96® AQueous One Solution Cell Proliferation Assay kit 
(Promega, WI) was used to monitor the cell proliferation 
rate continuously until 96 hours. For clonogenic assay, 
1×103 cells were seeded in 6-well-plate to form colonies in 
2-3 weeks. Colonies were fixed with glutaraldehyde (6.0% 

v/v), stained with crystal violet (0.5% w/v) and counted 
using a stereomicroscope. Colonies with no less than 50 
cells/colony were counted.

Cell cycle analysis

DNA content in cells was quantitated by flow 
cytometry of cells stained with propidium iodide (PI). 
Briefly, cancer cells were collected and washed twice 
with ice-cold PBS followed by fixed with 70% alcohol 
overnight. The cells were stained with 1mg/mL PI 
(Promega) in the presence of 1% RNase A (Promega) for 
30 min and cell populations in the G0/G1, S, and G2/M 
phases were measured by a flow cytometry (Becton 
Dickinson, CA). Data were analyzed with the Mod-FitLT 
software (Becton Dickinson).

Wound-healing assay

For this assay, confluent monolayers were starved 
overnight and a single scratch wound was created by 
dragging a 10 μl plastic pipette tip across the cell surface. 
The area of a defined region within the scratch was measured 
using ImageJ software. The extent to which the wound had 
closed over 24 hours was calculated and expressed as a 
percentage of the difference between times 0 and 24 h.

In vivo tumorigenesis and splenic vein metastasis 
assay

Six-week-old nude mice were inoculated 
subcutaneously in the right hind flank with 5×106 cells per 
100 μl suspended in dilute Matrigel 1:1 in ice cold PBS. 
Tumor development was monitored over a period of 6 weeks 
before the mice were euthanized for further analysis. Tumor 
volume (mm3) is measured with calipers and calculated as 
(W2 ×L)/2, where W is width and L is length. For splenic vein 
metastasis assay, cells were injected into the splenic vein of 
8-week-old nude mice at 2×106 cells per injection site. The 
mice were sacrificed after 6 weeks and the numbers of surface 
liver metastases were counted. Liver was then removed and 
harvested for histological analysis by hematoxylin and eosin 

Table 1: Primers for RT-qPCR in this study

Gene name Forward (5’-3’) Reverse (5’-3’)

DEK GGAGATCCGCCCAGATGGCTAC GGCCTCCAGTCCGGTGACAAGC

E-cadherin TGAAGGTGACAGAGCCTCTGGAT TGAAGGTGACAGAGCCTCTGGAT

CDK1 GGATGTGCTTATGCAGGATTCC CATGTACTGACCAGGAGGGATAG

CDK2 CCAGGAGTTACTTCTATGCCTGA TTCATCCAGGGGAGGTACAAC

CDK4 TCAGCACAGTTCGTGAGGTG GTCCATCAGCCGGACAACAT

PCNA CCTGCTGGGATATTAGCTCCA CAGCGGTAGGTGTCGAAGC

β-actin ATAGCACAGCCTGGATAGCAACGTAC CACCTTCTACAATGAGCTGCGTGTG
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(H&E) staining. All procedures involving animals were 
performed in accordance with the institutional animal welfare 
guidelines of Chongqing University.

Statistical analysis

Statistical analyses were performed using Student’s 
t test and one-way ANOVA by SPSS18.0 for Windows. 
Data were presented as mean ± SEM of at least three 
independent experiments. DEK gene expression data 
were obtained from GEO database. Pearson’s correlation 
coefficient was used to determine the correlation between 
DEK and other interested genes calculated from TCGA 
data by cBioportal (www.cbioportal.org) [47, 48]. A 
P-value of 0.05 or less was considered to be significant.
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