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CDC42EP3 promotes colorectal cancer 
through regulating cell proliferation, cell 
apoptosis and cell migration
Qiang Feng1†, Dongkui Xu2†, Mingyao Zhou1, Zijian Wu1, Zhiyuan Wu3, Zheng Wang4, Jianjun Bi1 and 
Wei Pei1*   

Abstract 

Background:  Nowadays, colorectal cancer (CRC) is one of the most commonly diagnosed malignant tumors world-
wide, the incidence rate of which is still increasing year by year. Herein, the objective of this study is to investigate 
whether CDC42EP3 has regulatory effects in CRC.

Methods:  First, CDC42EP3 knockdown cell model based on HCT116 and RKO cell lines was successfully constructed, 
which was further used for constructing mouse xenotransplantation models. Importantly, effects of CDC42EP3 knock-
down on proliferation, colony formation, apoptosis, and migration of CRC were accessed by MTT assay, EdU staining 
assay, colony formation assay, Flow cytometry, and Transwell assay.

Results:  As the results, we showed that CDC42EP3 was significantly upregulated in CRC, and its high expression 
was associated with tumor progression. Furthermore, knockdown of CDC42EP3 could inhibit proliferation, colony 
formation and migration, and promote apoptosis of CRC cells in vitro. In vivo results further confirmed knockdown of 
CDC42EP3 attenuated tumor growth in CRC. Interestingly, the regulation of CRC by CDC42EP3 involved not only the 
change of a variety of apoptosis-related proteins, but also the regulation of downstream signaling pathway.

Conclusion:  In conclusion, the role of CDC42EP3 in CRC was clarified and showed its potential as a target of innova-
tive therapeutic approaches for CRC.
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Background
Colorectal cancer (CRC) is a prevalent cancer type with a 
high incidence and mortality rate in the colon or rectum, 
and is the fourth leading cause of cancer-related death 
worldwide [1, 2]. According to statistics, approximately 
a quarter of CRC patients are diagnosed at an advanced 

disease stage, leading to miss the appropriate time for 
surgical resection [3, 4]. In the past decades, the explo-
ration of molecular mechanism and the screening of 
therapeutic targets have become the focus of colorectal 
cancer research [5, 6]. Nowadays, although the combina-
tion of targeted therapy and chemotherapy has made the 
management and treatment of metastatic colorectal can-
cer significantly improved to a certain extent, the 5-year 
survival rate of only 10–20% and the patient’s quality of 
life are still unsatisfactory [7]. Therefore, exploring more 
promising targets and their mechanistic roles in CRC not 
only could deepen the understanding of the pathogenesis 
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of CRC, but contribute to the clinical diagnosis and treat-
ment of CRC as well.

Cdc42 (cell division cycle 42) a member of Rho GTPase 
protein family, is a highly conserved protein. Cdc42 plays 
an important role in a variety of cellular activities, such 
as cell polarization, cytoskeleton remodeling, cell trans-
formation, regulation of filiform pseudopodia forma-
tion, neural development and so on [8]. Moreover, recent 
studies have further revealed that it is closely related to 
proliferation, migration and invasion of tumor cells, 
thus regulating the aggressive growth and metastasis of 
malignant tumors [9]. For example, Yang et al. reported 
that Cdc42 exhibited relatively high expression in pan-
creatic cancer, could facilitate the fast growth of tumor, 
and showed significant correlation with prognosis of 
patients [10]. Cdc42 was also described as a key mediator 
in the regulation of several types of human cancers, such 
as gastric cancer and cervical cancer, induced by micro-
RNAs [11, 12]. CDC42EP3 is a member of Cdc42 effec-
tor protein family, whose biological functions in human 
diseases were rarely reported. Some studies showed that 
CDC42EP3 plays a role in the function of cancer-associ-
ated fibroblasts and DNA damage repair, both of which 
could be adjusted Cdc42 [13–15]. Noteworthy, although 
the overexpression of Cdc42 in colorectal cancer and its 
clinical relevance have been studied to some extent [16], 
the role of CDC42EP3 in colorectal cancer has not been 
reported, which attracted our attention.

As far as we know, this study is the first one to com-
prehensively investigate the role of CDC42EP3 in colo-
rectal cancer. The silencing of CDC42EP3 in colorectal 
cancer cell lines further clarified its effects on the phe-
notype of colorectal cancer cells such as cell prolifera-
tion, apoptosis, cell cycle and cell migration. Thereafter, 
the in vivo experiments where mice xenograft model was 
constructed were performed for subsequent verification. 
Herein, this study demonstrated that CDC42EP3 may 
play a role as a tumor promotor in the development and 
progression of colorectal cancer, which provided a refer-
ence for CDC42EP3 as a novel therapeutic target in the 
treatment of colorectal cancer.

Methods
Clinical tissues and cell culture
CRC tissues and para-normal tissues microarray chip 
was obtained from Shanghai Outdo Biotech Company 
(#HColA180Su15) including 97 cancer tissues and 75 
normal tissues collected from CRC patients during Jan-
uary 2007.1 to August 2015.7. The approval and writ-
ten informed consent were obtained from all patients 
involved.

Human colorectal cancer cell line HCT116, RKO, 
SW480 and Caco2 were purchased from BeNa 

Technology (Hangzhou). HCT116, RKO and SW480 
cells were maintained in DMEM medium supplemented 
with 10% FBS and Caco2 cells were grown in RPMI-1640 
medium supplemented with 10% FBS. All cells were 
humidly cultured in a 37 °C 5% CO2 incubator with cul-
ture medium changed every three days.

shRNA design and lentivirus construction
Three target sequences of CDC42EP3 were designed 
as follow: 5′- CGG​ACT​CTG​TGT​TCA​CAG​AAA-
3′, 5′-AAG​CTC​TCA​TGT​TGC​CCT​TAT-3′, 5′- ATG​
CGA​GCT​CAT​CAA​GGG​AAA-3′. shRNAs targeting 
CDC42EP3 silence based on the above sequences were 
further designed and prepared by Shanghai Bioscienceres 
Co., Ltd. (Shanghai, China). Then the shRNA sequences 
were cloned into BR-V-108 linearized vector using Fer-
mentas T4 DNA Ligase (Thermo Fisher Scientific). 
Verified lentiviruses were transfected into Top 10 E.coli 
receptor cells for amplifying and high purity plasmid 
(EndoFree midi Plasmid Kit, TIANGEN) were extracted. 
293 T cells were used for packaging and lentiviral harvest 
was performed 72 h after transfection.

Immunohistochemistry (IHC) analysis of CDC42EP3
Slides containing CRC tissues and normal tissues were 
used for immunohistochemistry. In brief, slides were 
baked at 60  °C for 1  h. After cooling, slides were dehy-
drated in xylene and rehydrated in graded alcohol and 
the activity of endogenous antigen were revealed in boil-
ing citric acid buffer. Then slides were blocked with 3% 
H2O2 and rabbit serum successively. Anti-CDC42EP3 
primary antibody (1:50, # ab122869) were added for incu-
bating at 4  °C overnight. After washed with PBS, HRP 
Goat anti rabbit IgG (1:400, # ab6721, Abcam) was added 
and incubated for 2  h at room temperature. DAB solu-
tion and hematoxylin was used for coloring. All slides 
were pictured at 200 × and 400 × objective and then were 
viewed with ImageScope and CaseViewer. IHC scores 
were determined by staining percentage scores and stain-
ing intensity scores. Staining percentage scores were 
classified as: 1 (1%-24%), 2 (25%-49%), 3 (50%-74%), 4 
(75%-100%) and staining intensity was scored as 0 (sig-
nalless color), 1 (brown), 2 (light yellow), 3 (dark brown). 
High/low CDC42EP3 expression was defined based on 
the median of IHC score of all tissue samples.

qRT‑PCR
Total RNA from shCDC42EP3 and shCtrl RKO and 
HCT116 cells were extracted according to sigma Trizol 
instructions (Invitrogen). cDNA was obtained by RNA 
reverse transcription and the qRT-PCR was performed 
(AceQ qPCR SYBR Green Master Mix) subsequently, 
according to the instructions of Hiscript QRT supermix 
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for qPCR (Vazyme). GAPDH was used as a reference 
control. Primer sequences were as follows:

CDC42EP3 upstream primer, 5′-AGC​AGT​CTG​TTG​
GAG​AAT​GGG -3′, CDC42EP3 downstream primer, 
5′-AGG​AGG​GAA​CCT​GTA​AGG​TCAG-3′, GAPDH 
Primer, 5′-TGA​CTT​CAA​CAG​CGA​CAC​CCA-3′, 
GAPDH Primer, 5′-CAC​CCT​GTT​GCT​GTA​GCC​
AAA-3’.

Western Blotting
Total protein from shCDC42EP3 and shCtrl RKO and 
HCT116 cells were extracted by ice-cold RIPA buffer 
(Millipore) and the concentration was detected by BCA 
Protein Assay Kit (HyClone-Pierce). Next, 20  μg total 
protein was separated by 10% SDS-PAGE (Invitrogen) 
and transferred onto PVDF membranes. The mem-
branes were blocked with TBST solution containing 5% 
non-fat milk at room temperature for 1 h and then were 
incubated at 4  °C overnight with anti-CDC42EP3, anti-
N-cadherin, anti-Vimentin, anti-Snail, anti-E-cadherin, 
anti-GAPDH (Abcam). After washing, the membrane 
was further incubated with second antibody Goat anti-
rabbit IgG (1:3000, Beyotime) for 2 h at room tempera-
ture. The proteins bands were visualized by enhanced 
chemiluminescence (ECL, Amersham) and the density 
was analyzed.

MTT assay
2000 per well RKO and HCT116 cells in shCDC42EP3 
and shCtrl groups were seeded into a 96-well plate with 
100  mL culture medium. Four hours before detection 
at 1, 2, 3, 4, and 5  days after seeding, 20 μL 5  mg/mL 
MTT solution (GenView) was added for coloring. After 
formazan was dissolved by DMSO solution, the optical 
density (OD) was measured at 490 nm with a reference 
wavelength of 570 nm.

Cell apoptosis
shCDC42EP3 or shCtrl infected RKO and HCT116 cells 
were seeded in a 6-well plate until cell density reached 
85% and cultured for 5  days. Cells were harvested and 
washed with 4  °C ice-cold PBS. After cells were resus-
pended at a density of 6 × 105 and stained by Annexin 
V-APC (eBioscience) at room temperature without light 
for 15 min, binding buffer was added for measure using 
FACSCalibur (BD Biosciences).

Colony formation assay
Logarithmic growth phased shCDC42EP3 and shC-
trl RKO and HCT116 cells in were seeded into a 6-well 
plate (1000 cells/well). After photographed by fluo-
rescence microscopy, the cell clones were fixed by 4% 

paraformaldehyde and stained with 500 μL Giemsa 
(DingGuo Biotechnology). Clones was observed and 
numbers of colony was counted (a cluster including more 
than 50 cells as a colony) under microscope.

Transwell assay
shCDC42EP3 and shCtrl groups of RKO and HCT116 
cells were cultured in a 24-well plate (5 × 104 cells/well) 
with 100 μL serum-free medium in each well and put 
the plate in the upper chamber. 600 μL medium supple-
mented with 10% FBS was added into the lower cham-
ber. Cells were incubated for 24 h at 37 °C with 5% CO2. 
Next, the chamber was upside down on the blotting 
paper to remove the medium and gently remove the non-
metastatic cells. Finally, lower chamber cells were fixed 
by 4% formaldehyde and stained by Giemsa and solved 
by 10% acetic acid. Cells from five random fields were 
selected for observing and the migration ability of cells 
was analyzed.

Human apoptosis antibody array
To value the molecular changes involved in CDC42EP3 
mediated apoptosis, shCtrl or shCDC42EP3 HCT116 
cells were solubilized in ice-cold RIPA buffer (Millipore) 
and protein concentration was detected by BCA Protein 
Assay Kit (HyClone-Pierce). Then the samples were sub-
jected to Abcam’s Human Apoptosis Antibody Array-
Membrane (# ab134001) according the manufacturer’s 
instruction. Membrane intensity was acquired using 
enhanced ECL (Amersham) and signal densities were 
measured using ImageJ software (National Institute of 
Health).

Xenograft animal model experiments
10 mice (4-week-old, female BALB/c nude mice, 
weighted about 20  g) in two experimental group were 
subcutaneously injected with shCDC42EP3 and shCtrl 
RKO cells (4 × 106), respectively, for in vivo tumorigenic-
ity. All mice were obtained from Shanghai Lingchang 
Laboratory Animal Technology Co., Ltd and housed on a 
12-h dark/light cycle at 25 °C with a humidity of 60% con-
ditioned room, with free access to food and water. The 
tumor size was recorded as L and W (L: longest dimen-
sion, W: dimension perpendicular to length, volume of 
tumor = π/6 × L × W2). Before all mice were sacrificed, 
the anesthetized mice were put under the Berthold 
Technologies living imaging system for in vivo biolumi-
nescence imaging. Then mice were sacrificed by cervi-
cal dislocation and the tumor tissues were harvested. 
The animal experiments were approved by Institutional 
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Animal Care and Use Committee of National Cancer 
Center/Cancer Hospital, PUMC&CAMS.

Ki‑67 staining assay
After soaked in 10% formalin for 24 h, fresh mice tumor 
tissues were paraffin-embedded. Slides were cut and 
immersed in xylene and ethanol respectively for depar-
affinization and rehydration. Sections were incubated 
with primary antibody Ki-67 (1:200, # Ab16667, Abcam) 
at 4  °C overnight. Then were incubated with HRP goat 
anti-rabbit IgG (1:400, # Ab6721, Abcam) at room tem-
perature for 2 h. Slides were stained by Hematoxylin and 
Eosin (Baso). Stained slides were observed at 100 × and 
200 × objective lens microscopic.

Statistical analyses
Data were shown as mean ± SD. The significance of the 
differences between shCDC42EP3 and shCtrl group in 
each experiment was determined using the two-tailed 
Student’s t test using GraphPad Prism 6.01 (Graphpad 
Software) and with P value < 0.05 as statistically sig-
nificant. Mann–Whitney U analysis and Spearman rank 
correlation analysis were used while explaining the rela-
tionships between CDC42EP3 expression and tumor 
characteristics in patients. All cell experiments were per-
formed in triplicate.

Results
CDC42EP3 is upregulated in Colorectal Cancer
In order to better understand the relationship of 
CDC42EP3 in the development of colorectal cancer, 
IHC analysis was undertaken on 97 colorectal cancer 

tissues and 75 normal tissues as a means to identify 
observable CDC42EP3 expressions. CDC42EP3 was 
identified in both normal tissues and colorectal cancer 
tissues, showing obviously higher expression in colo-
rectal cancer tissues (see Fig.  1a and Table  1). Tumor 
tissues with advanced grades were also accompanied 
with upregulated expression of CDC42EP3, dem-
onstrating a potential linkage between the two (see 
Fig.  1a). CDC42EP3 expression and the connection to 
tumor characteristics of colorectal cancer patients dis-
played a correspondence between the appearance of 
CDC42EP3 and tumor grade in addition to more mes-
enteric lymph nodes (Table  2). These findings were 
verified by undertaking Spearman Rank correlation 
analysis (P < 0.05, Table  3). Additionally, western blot-
ting was used to detect the background appearance of 
CDC42EP3 in colorectal cancer cell lines and normal 
human colorectal mucosal cell line FHC. As shown in 
Fig.  1b, the expression of CDC42EP3 was distinctly 
higher in colorectal cancer cell lines than normal cell 

Fig. 1  CDC42EP3 was highly expressed in colorectal cancer. a The expression of CDC42EP3 in colorectal cancer tissues was examined by IHC 
analysis and compared with normal skin tissues. b The background expression of CDC42EP3 in colorectal cancer cell lines and normal human 
colorectal mucosal cell line FHC was detected by western blotting

Table 1  Expression patterns of CDC42EP3 in colorectal cancer 
tissues and normal tissues revealed in immunohistochemistry 
analysis

P < 0.001

CDC42EP3 
expression

Tumor tissue Normal tissue

Cases Percentage Cases Percentage

Low 63 64.9% 75 100%

High 34 35.1% 0 /
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line. CDC42EP3′s upregulation emphasizes its possible 

role in the growth of colorectal cancer.

Building of CDC42EP3 knockdown colorectal cancer cell 
lines
As part of our experimentation, we silenced CDC42EP3 
in RKO and HCT116 cells in order to better understand 
its role in development of colorectal cancer in  vitro. 
3 shRNAs targeting CDC42EP3 (shCDC42EP3), in 
combination with shCtrl as a negative control, was 
integrated into lentivirus vector and used for cell trans-
fection. Transfection efficiency, represented using a 
green fluorescent protein on a lentivirus vector, indi-
cated results of > 80%, in addition to successful trans-
fection (Fig.  2a). Figure  2b reflects that RNAi-11097 
was screened as the most effective candidate shRNA 
for silencing CDC42EP3. This approach was utilized in 
subsequent experiments. The qPCR results showed that 
the mRNA level of CDC42EP3 was lowered by 60% and 
90% in RKO and HCT116 cells, respectively (P < 0.001, 
Fig. 2c). This successful CDC42EP3 knockdown in RKO 
and HCT116 cells was also verified by using western 
blotting (Fig.  2d). In all, these conclusions indicate 
that the lentivirus expressing shCDC42EP3 could sig-
nificantly downregulate the expression of CDC42EP3 in 
colorectal cancer cells.

CDC42EP3 development in vitro
Detection in cellular function within RKO and HCT116 
cells transfected with shCtrl or shCDC42EP3 revealed 
the contribution of CDC42EP3 to colorectal cancer 
development. Viability of colorectal cancer cells were 
demonstrated to be significantly lower in the shCD-
C42EP3 group during cell culture, indicative of the 
inhibition of cell proliferation (P < 0.001, Fig. 3a). Simi-
lar results were also observed through EdU staining 
assay. The ratio of EdU-positive cells in shCDC42EP3 
was significantly reduced in comparison with shCtrl 
group (P < 0.05, Fig. 3b). The number of colonies, over 
an extended period of time, formed by cells trans-
fected with shCDC42EP3 were notably less than that 
in shCtrl group (P < 0.001, Fig.  3c). Detection of cell 
apoptosis by flow cytometry revealed the significantly 
heightened apoptotic cell percentage in shCDC42EP3 
group (P < 0.001, Fig.  3d). Additionally, through per-
forming a Human Apoptosis Antibody Array we were 
able to explore how knockdown of CDC42EP3 affects 
cell apoptosis. The comparison between RKO cells with 
or without CDC42EP3 knockdown displayed a vari-
ety of significantly downregulated proteins, including 
Bcl-2, clAP-2, HSP27, HSP60, HSP70, IGF-I, Survivin, 
TRAILR-4 and XIAP (P < 0.05, Fig. 3e).

Table 2  Relationship between CDC42EP3 expression and tumor 
characteristics in patients with colorectal cancer

Features No. of patients CDC42EP3 
expression

P value

Low high

All patients 97 63 34

Age (years) 0.200

 ≤ 71 47 27 20

 > 71 44 31 13

Gender 0.922

 Male 53 34 19

 Female 43 28 15

N stage 0.379

 N0 57 39 18

 N1 27 17 10

 N2 11 6 5

Number of mesen-
teric lymph nodes

0.022

 < 7 42 32 10

 ≥ 7 44 23 21

Grade  < 0.001

 II 50 47 3

 III 47 16 31

T Stage 0.796

 T1 1 1 0

 T2 5 4 1

 T3 74 47 27

 T4 13 9 4

AJCC stage 0.313

 1 5 4 1

 2 52 35 17

 3 36 21 15

 4 3 2 1

Tumor size 0.671

 < 5.5 cm 48 32 16

 ≥ 5.5 cm 48 30 18

Table 3  Relationship between CDC42EP3 expression and tumor 
characteristics in patients with colorectal cancer analyzed by 
Spearman rank correlation analysis

Tumor characteristics index

Number of mesenteric 
lymph nodes

Spearman correlation 0.249

Significance (two tailed) 0.021

n 86

Grade Pearson correlation 0.628

Significance (two tailed)  < 0.001

n 97
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CDC42EP3 knockdown suppressed cell motility 
through regulating EMT
It is possible that CDC42EP3 depletion could regulate 
tumor metastasis of colorectal cancer, cell migration of 
RKO and HCT116 cells transfected with correspond-
ing lentivirus was detected. Outcomes of Transwell 
assay reflected that knockdown of CDC42EP3 could 
significantly lower the cell migration capacity of RKO 
and HCT116 (P < 0.001, Fig.  4a). Additionally, easily 
recognized participations in tumor metastasis, epithe-
lial-mesenchymal transition (EMT) related proteins 
including N-cadherin, E-cadherin, Vimentin and Snail 
were detected in RKO and HCT116 cells. Figure  4b 
highlights that the expression levels of N-cadherin, 

Vimentin and Snail showed substantial downregula-
tion upon silencing of CDC42EP3, while E-cadherin 
was upregulated in shCDC42EP3 group, verifying the 
suppression of EMT as well as tumor metastasis by 
CDC42EP3 knockdown.

In vivo verification of CDC42EP3 knockdown induced 
inhibition of colorectal cancer and mechanism exploration
A mice-based xenograft model was constructed based 
on the subcutaneous injection of RKO cells with or 
without CDC42EP3 knockdown as a means to verify 
the role of CDC42EP3 in development of colorec-
tal cancer in  vivo. Measurements on the dimension 
of tumor size began at day 10 post inoculation and 

Fig. 2  Construction of colorectal cancer cell models with CDC42EP3 knockdown. a The fluorescence inside cells was observed and used to 
represent the transfection efficiency of shCDC42EP3 and shCtrl. b The efficiency of 3 shRNAs targeting CDC42EP3 was evaluated by qCPR. 
The knockdown efficiency of CDC42EP3 in RKO and HCT116 cells was evaluated by qPCR (c) and further verified by western blotting (d). The 
representative images were randomly selected from at least 3 independent experiments in duplicate. *P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 3  The effects of CDC42EP3 knockdown on cell proliferation, colony formation and cell apoptosis. a MTT was performed to estimate the effects 
of CDC42EP3 knockdown on cell proliferation. b EdU staining was performed to show the proliferative activity of RKO and HCT116 cells with or 
without CDC42EP3 knockdown. c Number of colonies formed by RKO and HCT116 cells with or without CDC42EP3 knockdown was counted. d 
Flow cytometry was employed to evaluate the cell apoptosis of RKO and HCT116 cells with or without CDC42EP3 knockdown. e Human Apoptosis 
Antibody Array was utilized to identify differentially expressed apoptosis-related proteins, by which CDC42EP3 regulated cell apoptosis. The 
representative images were randomly selected from at least 3 independent experiments in duplicate. *P < 0.05, **P < 0.01, ***P < 0.001
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lasted for 10  days, the results indicated the decreased 
rate of growth of the tumors within the shCDC42EP3 
group (Fig.  5a). The in  vivo bioluminescence imag-
ing facilitated by luciferase also displayed smaller and 
weaker tumors in shCDC42EP3 group (Fig.  5b, c). 
Upon removal of tumors from the mice, they were were 
photographed, weighted and subjected to IHC analy-
sis of Ki-67. Figure  5d, e shows the tumors formed by 
RKO cells transfected with shCDC42EP3 were smaller, 

lighter and possessed a smaller volume of Ki-67. As 
such, it can be concluded that the inhibition of colo-
rectal cancer by CDC42EP3 knockdown was proved 
in vivo. By contrast, the mechanism underlying the reg-
ulatory effects of CDC42EP3 on colorectal cancer were 
demonstrated through the detection of cancer-related 
signaling including Akt, CDK6, Cyclin D1 and PIK3CA, 
a reflection of the downregulation of Akt, p-Akt, CDK6, 
Cyclin D1 and PIK3CA (Fig. 5f ).

Fig. 4  CDC42EP3 knockdown inhibited colorectal cancer cell migration through regulating EMT. a Transwell assay was conducted to study the 
influence of CDC42EP3 knockdown on cell migration of colorectal cancer cells. b The regulatory effects of CDC42EP3 knockdown on expression 
of EMT-related proteins were detected by western blotting. The representative images were randomly selected from at least 3 independent 
experiments in duplicate. *P < 0.05, **P < 0.01, ***P < 0.001
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Discussion
Colorectal cancer is a malignant tumor with almost the 
highest morbidity and mortality worldwide [2, 17]. It 
is a malignant tumor originating from the colorectal 
mucosal epithelium [18]. So far, surgical resection is the 
only treatment that could radically cure colorectal can-
cer. However, it is limited by many factors such as tumor 
location, diagnosis time, disease classification, etc., and 
the cure rate is relatively low [19]. Recently, molecular 
targeted drug, which targets on the changes of tumor cell 
characteristics, have become one of the hottest topics in 
the field of cancer therapy. Molecular targeted drugs can 
not only exert stronger antitumor activity, but also reduce 
side effects on normal cells, which brings new hope for 
tumor treatment [20]. A variety of targeted drugs, such 
as bevacizumab (targeting VEGF), cetuximab and erlo-
tinib (targeting EGFR), have been clinically applied in the 
treatment of colorectal cancer [21, 22]. Nevertheless, the 
prognostic improvement of colorectal cancer patients is 
still far from satisfactory. Therefore, continuous explor-
ing novel therapeutic targets of colorectal cancer could 
not only benefit for the understanding the underlying 
molecular mechanism of colorectal cancer progression, 
but also facilitate the development of targeted drugs with 
better specificity and anti-cancer efficiency [23–25].

Rho protein family is an important hub of signal trans-
duction in cells, which can quickly convert between the 
activation state of GTP binding and the inactivation 
state of GDP binding, transmit the extracellular signal 
to the cells, and act as a ‘molecular signal switch’ [26]. 
So far, more than 10 proteins have been found in three 
subfamilies of Rho protein family, including Cdc42 [27, 
28]. In addition to its function in normal cell activities, 
the abnormal high expression of Cdc42 in a variety of 
malignant tumors has been closely related to the occur-
rence, development, invasion and metastasis of malig-
nant tumors [9]. For instance, Razidlo et  al. delineated 
that Cdc42 could be rapidly and robustly activated by a 
pro-inflammatory factor Interleukin-6 (IL-6), thus medi-
ating the IL-6 induced promotion of tumor growth and 
metastasis [29]. Cdc42 and its relevant signaling path-
ways were also widely studied as target of small mol-
ecules and microRNAs in cancer [30]. CDC42EP3 is a 
member of the BORG/CDC42EP family of Cdc42 effec-
tors, which includes 5 members [31, 32]. Till now, the 
studies concerning the function of CDC42EP3 mainly 
aimed on its role in cancer-associated fibroblasts (CAFs). 
Research of Fernando’s group revealed the essential role 
of CDC42EP3 in matrix remodeling, invasion, angio-
genesis and ability to promote tumor growth of CAFs, 

Fig. 5  CDC42EP3 inhibited tumor growth of colorectal cancer in vivo. a The measurement of tumor volume started from day 10 post inoculation 
and ended at day 20 post inoculation. Mice were subjected to in vivo bioluminescent imaging (b), and the bioluminescence intensity was scanned 
and used to represent the tumor burden (c). d After sacrificing the mice, implanted tumors were removed, photographed, and weighted. e The 
expression of Ki-67 in tumors was detected by IHC. f The effects of CDC42EP3 knockdown on several cancer-related signaling pathways were 
estimated by western blotting. The representative images were randomly selected from at least 3 independent experiments in duplicate. *P < 0.05, 
**P < 0.01, ***P < 0.001
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which was tightly regulated by Cdc42 [13, 15]. However, 
except for this, the association between CDC42EP3 and 
human cancer, including colorectal cancer is still largely 
unknown, the exploration of which could extend the 
understanding of CDC42EP3 in cells.

The current study aimed to exam the potential link 
between CDC42EP3 and colorectal cancer. First, we 
detected CDC42EP3 expression in colorectal cancer tis-
sues relative to normal tissues and found significantly 
upregulated CDC42EP3 in former by IHC analysis. Fur-
ther analysis revealed that high CDC42EP3 expression 
was positively linked to advanced tumor grade, indicat-
ing CDC42EP3 as a tumor promotor in colorectal can-
cer. The subsequent in  vitro experiments indicated that 
CDC42EP3 knockdown in colorectal cancer cells sig-
nificantly slowed down the growth rate, increased the 
percentage of apoptotic cells via the activation of apop-
tosis-related proteins, and hindered cell migration. At 
the same time, the data from in vivo experiments based 
on mice xenograft model were in line with those from 
in vitro experiments, consistently reflecting the suppres-
sion effects of CDC42EP3 knockdown on the develop-
ment and progression of colorectal cancer.

Tumor invasion and metastasis are inseparable from 
epithelial-mesenchymal transition (EMT) [33], which 
means that tumor cells change from epithelial pheno-
type to mesenchymal phenotype, and move from pri-
mary focus to metastatic pathway, thereby completing 
tumor invasion and metastasis [34]. Studies have shown 
that the occurrence of EMT simultaneously followed 
by the downregulation of E-cadherin and upregulation 
of N-cadherin, which might accelerate tumor invasion 
and metastasis [35]. Consistently, our study provided 
an evidence that the inhibition of cell migration caused 
by CDC42EP3 deficiency could be restored to a reason-
able level by regulating the expression of N-cadherin and 
E-cadherin. On the other hand, Vimentin also played an 
important role in mesenchymal cells and epithelial cells. 
It was presented by Zhu et  al. that CircNHSL1/miR-
1306-3p/SIX1 axis could affect the development and 
progression of gastric cancer by cooperating with Vimen-
tin and EMT [36]. Similarly, we found that CDC42EP3 
depletion in cells resulted in the down-regulation of 
Vimentin expression. Otherwise, Snail is an identified 
transcription factor that is upregulated in EMT, and in 
our study it was shown that Snail expression was sup-
pressed by CDC42EP3. Given the above all results, it 
was suggested that CDC42EP3 had the ability to regulate 
EMT in colorectal cancer.

Akt-mediated signaling is known for its involvement 
in the biological behavior of tumor cells, such as pro-
liferation, differentiation, apoptosis and migration 
[37–39]. It followed that in our study the inhibition of 

CDC42EP3 obviously down-regulated the expression 
of Akt and phosphorylated Akt. Additionally, it was 
reported that both Cyclin D1 and CDK6 were impor-
tant regulator in cell cycle and cell proliferation [40, 
41]. The prior studies have revealed that Cyclin D1 and 
CDK6 were abundantly expressed in colorectal cancer 
and have attracted much attention in multiple areas 
of cancer research and prognosis judgement [42, 43]. 
Identical results were obtained in our study in which 
both Cyclin D1 and CDK6 showed significantly down-
regulation upon knockdown of CDC42EP3. Moreover, 
PIK3CA, a well-known cancer-related protein [44], 
was also found to be downregulated by CDC42EP3 
knockdown.

Conclusions
In conclusion, our study revealed that CDC42EP3 
played a critical role in the development and progres-
sion of colorectal cancer. Knockdown of CDC42EP3 
could effectively inhibit cell proliferation through 
inducing cell apoptosis. Therefore, CDC42EP3 may be 
used as novel therapeutic target in the treatment of 
colorectal cancer.

Acknowledgements
Not applicable.

Authors’ contributions
WP designed this program. QF, DX and MZ operated the cell and animal 
experiments. ZW, ZW and ZW conducted the data collection and analysis. JB 
and QF produced the manuscript which was checked by WP. All the authors 
have confirmed the submission of this manuscript. All authors read and 
approved the final manuscript.

Funding
This study was financially supported by The National Key Research and Devel-
opment Program of China (2016YFA0201503).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
The animal experiments were approved by Institutional Animal Care and Use 
Committee of National Cancer Center/Cancer Hospital, PUMC&CAMS.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest.

Author details
1 Department of Colorectal Surgery, National Cancer Center/National Clinical 
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sci-
ences and Peking Union Medical College, Beijing 100021, China. 2 Department 
of VIP, National Cancer Center/National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union 
Medical College, Beijing, China. 3 Department of Immunology, National 
Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, 
Chinese Academy of Medical Sciences and Peking Union Medical College, 
Beijing, China. 4 State Key Laboratory of Molecular Oncology, National Cancer 
Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese 



Page 11 of 11Feng et al. Cancer Cell Int          (2021) 21:169 	

Academy of Medical Sciences and Peking Union Medical College, Beijing, 
China. 

Received: 7 January 2020   Accepted: 20 February 2021

References:
	1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA. 2020;70:7–30.
	2.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA 2018;68: 394–424.

	3.	 Roncucci L, Mariani F. Prevention of colorectal cancer: How many tools 
do we have in our basket? Eur J Intern Med. 2015;26:752–6.

	4.	 Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. 
The Lancet. 2019;394:1467–80.

	5.	 Piawah S, Venook AP. Targeted therapy for colorectal cancer metastases: 
a review of current methods of molecularly targeted therapy and the use 
of tumor biomarkers in the treatment of metastatic colorectal cancer. 
Cancer-Am Cancer Soc. 2019;125:4139–47.

	6.	 Katona BW, Weiss JM. Chemoprevention of Colorectal Cancer. Gastroen-
terology. 2020;158:368–88.

	7.	 Keum N, Giovannucci E. Global burden of colorectal cancer: emerging 
trends, risk factors and prevention strategies. Nat Rev Gastro Hepat. 
2019;16:713–32.

	8.	 Farhan H, Hsu V. Cdc42 and cellular polarity: emerging roles at the golgi. 
Trends Cell Biol. 2015;26:241–8.

	9.	 Maldonado-Montalban MDM, Dharmawardhane S. Targeting Rac and 
Cdc42 GTPases in Cancer. Cancer Res. 2018;78:3101–11.

	10.	 Yang D, Zhang Y, Cheng Y, Hong L, Wang C, Wei Z, Cai Q, Yan R. High 
Expression of cell division cycle 42 promotes pancreatic cancer growth 
and predicts poor outcome of pancreatic cancer patients. Dig Dis Sci. 
2017;62:958–67.

	11.	 Dong Z, Yu C, Rezhiya K, Gulijiahan A, Wang X. Downregulation of 
miR-146a promotes tumorigenesis of cervical cancer stem cells via 
VEGF/CDC42/PAK1 signaling pathway. Artif Cells Nanomed Biotechnol. 
2019;47:3711–9.

	12.	 Li X, Jiang M, Chen D, Xu B, Wang R, Chu Y, Wang W, Zhou L, Lei Z, Nie 
Y, Fan D, Shang Y, Wu K, Liang J. MiR-148b-3p inhibits gastric cancer 
metastasis by inhibiting the Dock6/Rac1/Cdc42 axis. J Exp Clin Canc Res. 
2018;37:71.

	13.	 Farrugia AJ, Calvo F. Cdc42 regulates Cdc42EP3 function in cancer-associ-
ated fibroblasts. Small GTPases. 2017;8:49–57.

	14.	 Eduardo Da Silva L, Russo LC, Forti FL. Overactivated Cdc42 acts 
through Cdc42EP3/Borg2 and NCK to trigger DNA damage response 
signaling and sensitize cells to DNA-damaging agents. Exp Cell Res. 
2020;395:112206.

	15.	 Calvo F, Ranftl R, Hooper S, Farrugia AJ, Moeendarbary E, Bruckbauer 
A, Batista F, Charras G, Sahai E. Cdc42EP3/BORG2 and septin network 
enables mechano-transduction and the emergence of cancer-associated 
fibroblasts. Cell Rep. 2015;13:2699–714.

	16.	 Valdésmora F, Locke WJ, Bandrés E, Gallegoortega D, Cejas P, Garcíaca-
bezas MA, Colinosanguino Y, Feliú J, Del Pulgar TG, Lacal JC. Clinical rel-
evance of the transcriptional signature regulated by CDC42 in colorectal 
cancer. Oncotarget. 2017;8:26755–70.

	17.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA. 2019;69:7–34.
	18.	 Weitz J, Koch M, Debus J, Höhler T, Galle PR, Büchler MW. Colorectal 

cancer. Lancet. 2005;365:153–65.
	19.	 Saltz LB. Value in Colorectal Cancer Treatment: Where It Is Lacking, and 

Why. Cancer J. 2016;22:232–5.
	20.	 Geng F, Wang Z, Yin H, Yu J, Cao B. Molecular targeted drugs and treat-

ment of colorectal cancer: recent progress and future perspectives. 
Cancer Biother Radiopharm. 2017;32:149.

	21.	 Mody K, Baldeo C, Bekaii-Saab T. Antiangiogenic therapy in colorectal 
cancer. Cancer J. 2018;24:165–70.

	22.	 Miyamoto Y, Suyama K, Baba H. Recent advances in targeting the EGFR 
signaling pathway for the treatment of metastatic colorectal cancer. Int J 
Mol Sci. 2017;18:752.

	23.	 Wang X, Lan Z, He J, Lai Q, Yao X, Li Q, Liu Y, Lai H, Gu C, Yan Q, Fang Y, 
Zhang Y, Li A, Liu S. LncRNA SNHG6 promotes chemoresistance through 
ULK1-induced autophagy by sponging miR-26a-5p in colorectal cancer 
cells. Cancer Cell Int. 2019;19:234.

	24.	 Chen C, Su L, Tsai H, Hwang C. ELF-1 expression in nasopharyngeal carci-
noma facilitates proliferation and metastasis of cancer cells via modula-
tion of CCL2/CCR2 signaling. Cancer Manag Res. 2019;11:5243–54.

	25.	 Wu H, Zou Q, He H, Liang Y, Lei M, Zhou Q, Fan D, Shen L. Long non-
coding RNA PCAT6 targets miR-204 to modulate the chemoresistance of 
colorectal cancer cells to 5-fluorouracil-based treatment through HMGA2 
signaling. Cancer Med. 2019;8:2484–95.

	26.	 Stankiewicz T, Linseman D. Rho family GTPases: Key players in neuronal 
development, neuronal survival, and neurodegeneration. Front Cell 
Neurosci. 2014;8:314.

	27.	 Williams MJ. Rho GTPases central regulators of cell migration. Small 
GTPases. 2012;3:1.

	28.	 Fukata M, Nakagawa M, Kaibuchi K. Roles of Rho-family GTPases in cell 
polarisation and directional migration. Curr Opin Cell Biol. 2003;15:590–7.

	29.	 Razidlo GL, Burton KM, McNiven MA. Interleukin-6 promotes pancreatic 
cancer cell migration by rapidly activating the small GTPase CDC42. J Biol 
Chem. 2018;293:11143–53.

	30.	 Xiao X, Lv L, Duan J, Wu Y, He S, Hu Z, Xiong L. Regulating Cdc42 and Its 
Signaling Pathways in Cancer: Small Molecules and MicroRNA as New 
Treatment Candidates. Molecules. 2018;23:787.

	31.	 Hirsch DS, Pirone DM, Burbelo PD. A new family of Cdc42 effector pro-
teins, CEPs, function in fibroblast and epithelial cell shape changes. J Biol 
Chem. 2001;276:875–83.

	32.	 Joberty G, Perlungher RR, Macara IG. The Borgs, a new family of Cdc42 
and TC10 GTPase-interacting proteins. Mol Cell Biol. 1999;19:6585–97.

	33.	 Diepenbruck M, Christofori G. Epithelial-mesenchymal transition (EMT) 
and metastasis: yes, no, maybe? Curr Opin Cell Biol. 2016;43:7–13.

	34.	 Samy L, Jian X, Rik D. Molecular mechanisms of epithelial-mesenchymal 
transition. Nat Rev Mol Cell Bio. 2014;15:178–96.

	35.	 Loh CY, Chai JY, Tang TF, Wong WF, Sethi G. The E-Cadherin and 
N-Cadherin switch in epithelial-to-mesenchymal transition: signaling, 
therapeutic implications, and challenges. Cells-Basel. 2019;8:1118.

	36.	 Zhu Z, Rong Z, Luo Z, Yu Z, Zhang J, Qiu Z, Huang C. Circular RNA circ-
NHSL1 promotes gastric cancer progression through the miR-1306-3p/
SIX1/vimentin axis. Mol Cancer. 2019;18:126.

	37.	 Ye Y, Huang S, Wu Y. UNBS5162 and amonafide inhibits tumor progres-
sion in human melanoma by the AKT/mTOR pathway. Cancer Manag Res. 
2019;11:2339–48.

	38.	 Wei C, Wang L, Zhu M, Deng X, Wang D, Zhang S, Ying J, Yuan X, Wang Q, 
Xuan T, He A, Qi F, Gu J. TRIM44 activates the AKT/mTOR signal pathway 
to induce melanoma progression by stabilizing TLR4. J Exp Clin Canc Res. 
2019;38:137.

	39.	 Wan G, Liu Y, Zhu J, Guo L, Li C, Yang Y, Gu X, Deng L, Lu C. SLFN5 sup-
presses cancer cell migration and invasion by inhibiting MT1-MMP 
expression via AKT/GSK-3β/β-catenin pathway. Cell Signal. 2019;59:1–12.

	40.	 Qie S, Diehl JA. Cyclin D1, cancer progression, and opportunities in 
cancer treatment. J Mol Med. 2016;94:1313–26.

	41.	 Tigan A, Bellutti F, Kollmann K, Tebb G, Sexl V. CDK6—a review of the past 
and a glimpse into the future: from cell-cycle control to transcriptional 
regulation. Oncogene. 2015;35:3083–91.

	42.	 Chen MJ, Cheng AC, Lee MF, Hsu YC. Simvastatin induces G1 arrest 
by up-regulating GSK3β and down-regulating CDK4/cyclin D1 and 
CDK2/cyclin E1 in human primary colorectal cancer cells. J Cell Physiol. 
2017;233:4618–25.

	43.	 Liu JY, Wu XY, Wu GN, Liu F, Yao X. FOXQ1 promotes cancer metastasis by 
PI3K/AKT signaling regulation in colorectal carcinoma. Am J Transl Res. 
2017;9:2207–18.

	44.	 Irvine M, Stewart A, Pedersen B, Boyd S, Kefford R, Rizos H. Oncogenic 
PI3K/AKT promotes the step-wise evolution of combination BRAF/MEK 
inhibitor resistance in melanoma. Oncogenesis. 2018;7:72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	CDC42EP3 promotes colorectal cancer through regulating cell proliferation, cell apoptosis and cell migration
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Clinical tissues and cell culture
	shRNA design and lentivirus construction
	Immunohistochemistry (IHC) analysis of CDC42EP3
	qRT-PCR
	Western Blotting
	MTT assay
	Cell apoptosis
	Colony formation assay
	Transwell assay
	Human apoptosis antibody array
	Xenograft animal model experiments
	Ki-67 staining assay
	Statistical analyses

	Results
	CDC42EP3 is upregulated in Colorectal Cancer
	Building of CDC42EP3 knockdown colorectal cancer cell lines
	CDC42EP3 development in vitro
	CDC42EP3 knockdown suppressed cell motility through regulating EMT
	In vivo verification of CDC42EP3 knockdown induced inhibition of colorectal cancer and mechanism exploration

	Discussion
	Conclusions
	Acknowledgements
	References




