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Abstract. – OBJECTIVE: In this study, the ef-
fect of epithelial cell transformation sequence 
2 (ECT2) on the proliferation, invasion and mi-
gration of esophageal squamous cell carcinoma 
(ESCC) was investigated by interfering the ex-
pression of ECT2. 

PATIENTS AND METHODS: Interfering with 
the expression level of ECT2 in human squamous 
cell carcinomas KYSE140 and EC9706 cell lines, 
the changes of KYSE140 and EC9706 cell prolif-
eration, invasion, and migration were measured 
using the CCK-8 method, transwell test, and 
scratch test, respectively. The effects of ECT2 
on the Ras homolog gene family, member A-ex-
tracellular regulated protein kinases (RhoA-ERK) 
signaling pathway were also observed. 

RESULTS: Compared with the control group, 
the proliferation, migration, and invasion ability of 
EC9706 and KYSE140 cells after ECT2 knockout 
were significantly reduced (p <0.05). The knock-
down of ECT2 expression in ESCC cell lines sup-
pressed the activation of RhoA-ERK signaling path-
way and protein expression of VEGF and MMP9. 

CONCLUSIONS: ECT2 could regulated the ex-
pression of VEGF and MMP9 to inhibit cells pro-
liferation, invasion, migration and tumor devel-
opment through RhoA-ERK signaling pathway. 
Therefore, ECT2 could be an available marker, 
and provide a new theoretical basis for the treat-
ment of ESCC.
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ECT2, epithelial cell transformation sequence 2; ERK, 
extracellular regulated protein kinases; VEGF, vascular 
endothelial grown factor; MMP9, matrix metallopro-

teinase-9; RhoA, RAS homolog gene family, member 
A; ESCC, esophageal squamous cell carcinoma; MAPK, 
mitogen-activated protein kinase; JNK, c-Jun N-ter-
minal kinase; siRNA, small interfering RNA; shRNA, 
short hairpin RNA; GTP, guanosine triphosphate; GDP, 
guanosine diphosphate.

Introduction

Esophageal cancer (EC) is one of the most 
common malignant tumors in the world. The 
morbidity and mortality of EC rank eighth and 
sixth, respectively. China is a high incidence area 
of EC, where EC ranks fourth among all cancers 
in men and sixth among women, and more than 
half of all cases and deaths of EC worldwide 
occur in China1. The most common pathologi-
cal type of esophageal cancer in European and 
American countries is adenocarcinoma2, while in 
China, squamous cell carcinoma is the main type. 
These types of EC have different pathogenesis 
and biological characteristics. So, the diagnosis 
and treatment methods are different. Gene muta-
tion, amplification, and deletion have been widely 
observed in the occurrence and development of 
esophageal squamous cell carcinoma (ESCC)3. 
Gene targeting therapy improves the prognosis of 
patients at different stages of ESCC4. However, 
the molecular mechanism of ESCC development 
is still unclear, which prompts us to further study. 
Epithelial cell transformation sequence 2 (ECT2) 
is a guanine nucleotide exchange factor. It can 
transform inactive Rho GTPase protein fam-
ily members (CDC42-GDPase, Rac1-GDPase, 
Rho-GDPase) into active forms (CDC42-GTPase, 
Rac1-GTPase, Rho-GTPase), which mediates 
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subsequent biochemical processes by catalyzing 
GTPase activity of guanine nucleotide exchange 
factor5-7. ECT2 was initially reported to be an on-
cogene that transformed NIH-3T3 cells, while the 
absence of the N-terminal domain of ECT2 was 
reported to lead to malignant transformation of 
NIH-3T3 cells and activation of MAPK pathways, 
including JNK, p38 and ERK8. Overexpression of 
ECT2 and its downstream molecules had also been 
reported to mediate cancer proliferation or me-
tastasis in a variety of human cancers, including 
lung cancer, breast cancer, primary hepatocellular 
carcinoma, colon cancer, osteosarcoma and glio-
blastoma9-15. The molecular mechanism of ECT2 
mediating the occurrence and development of ES-
CC is less studied.

In our research, we extracted RNA from the 
ESCC tissue and adjacent tissues of 40 patients 
and confirmed by qRT-PCR that ECT2 was over 
expressed in ESCC. According to the relevant lit-
erature, we hypothesized that ECT2 promoted the 
proliferation and metastasis of ESCC through the 
RhoA-ERK signaling pathway. Next, we knocked 
down the expression of ECT2 in EC9706 and 
KYSE140 cell lines by transfection with siRNAs 
and treated each cell line with pathway inhibitors. 
The corresponding data from Western blot, cell 
proliferation, invasion, migration assays, and oth-
er experiments confirmed that ECT2 can indeed 
promote the proliferation and metastasis of ESCC 
cells through the RhoA-ERK signaling axis.

Patients and Methods

Clinical Samples 
All esophageal squamous cell carcinoma tissue 

and adjacent tissue for this study were provided 
by the Affiliated Hospital of Southwest Medical 
University. All the specimens were immediately 
snap-frozen and stored in liquid nitrogen then 
transferred to a refrigerator at -80°C until used. 
All tissues were collected with the consent of the 
patient and the patient’s family members, and the 
collection was certified by the Ethics Committee 
of the Affiliated Hospital of Southwest Medical 
University. 

Cell Lines and Culture 
Human squamous cell carcinomas KYSE140 

and EC9706 cell lines were provided by Shanghai 
Shenggong Inc. (Shanghai, China). The cells were 
grown in Dulbecco’s Modified Eagle’s Medium 
(DMEM; HyClone Laboratories, Inc., South Lo-

gan, UT, USA) containing 10% fetal bovine se-
rum (FBS; Invitrogen, Carlsbad, CA, USA), and 
the cells were maintained at 37°C in humidified 
air with 5% CO2. 

Reverse Transcription-Coupled to 
Quantitative PCR (qRT-PCR) 

Total cell RNA was extracted from all cells and 
tissues using TRIzol reagent (Tiangen Biotech 
Co, Beijing, China). A total of 800 ng of mRNA 
in 10 µl aliquots from each sample were reverse 
transcribed to generate single-stranded cDNAs 
using a random primer mix (TOYOBO, Tokyo, 
Japan). To examine the mRNA levels, Real Time-
PCR was performed, and the fluorescence sig-
nal was detected with the StepOnePlus™ Real 
Time-PCR System (Applied Biosystems, Foster 
City, CA, USA). Glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) was used as an internal 
reference to calculate the relative expression of 
ECT2. The relative expression levels of each 
mRNA were calculated using the 2-ΔΔCt (CT, cy-
cle threshold) method16. The primer sequences 
are ECT2-F: 5’-GCGTTTTCAAGATCTAGCAT-
GTG-3’; ECT2-R: 5’-CAATTTTCCCATGGTCT-
TATCC-3’; GAPDH-F: 5’-CTGACTTCAACAG-
CGACACC-3’; GAPDH-R: 5’-TGCTGTAGC-
CAAATTCGTTGT-3’. 

Western Blot Analysis 
Protein extraction was performed using radio 

immunoprecipitation assay (RIPA) lysis buffer 
(Beyotime, Guangzhou, Guangdong, China). A 
bicinchoninic acid assay (BCA) protein concen-
tration assay kit (Beyotime, Guangzhou, Guang-
dong, China) was used to determine the protein 
concentration of the samples. Extracted total 
proteins were separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluo-
ride (PVDF) membranes (Bio-Rad, Foster City, 
CA, USA). After blocking with 5% non-fat milk 
in Tris-Buffered Saline and Tween-20 (TBST) 
for 1 h, the membranes were incubated with a 
rabbit polyclonal antihuman antibody (Abcam, 
Cambridge, MA, USA) for 1 h at room tempera-
ture. Horseradish peroxidase (HRP)-conjugated 
secondary antibodies (Abcam, Cambridge, MA, 
USA) were then added for incubations at room 
temperature for 1 h. After washing with TBST 
for 3 times, the membranes were exposed to 
enhanced chemiluminescence (ECL) reagents 
(Merck KGaA, Darmstadt, Germany) for visual-
ization of immune zone. 
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Cell Transfection 
Small interfering RNA (siRNA) duplexes were 

generated against the target gene (ECT2). The 
target sequences of the synthetic oligonucleotides 
for RNA interference were as follows: control 
(scramble), chloroplast Euglena gracilis gene 
coding for 5S and 16S (rRNAs), 5’-GCGCGC-
UUUGUAGGAUUCG-3’; si-ECT2, 5’-CAGAG-
GAGAUUAAGACUAU-3’. A total of 5×104 cells 
were seeded into a 24-well plate and incubated 
for 24 h. Confluence was approximately 30% at 
the time of transfection, and the total volume of 
medium before transfection was 200 µl. Trans-
fection was performed according to the siR-
NA manufacturer’s directions (Ruibo Biotech, 
Guangzhou, Guangdong, China) at a concentra-
tion of 70 nmol/µl. SiScramble was used as a 
negative control. Cell transfection was conducted 
using Lipofectamine 2000 transfection reagent 
(Invitrogen, Carlsbad, CA, USA) and Opti-MEM 
(Invitrogen, Carlsbad, CA, USA) following the 
manufacturer’s instructions. 

Cell Proliferation Assay 
Cell proliferation after transfection was an-

alyzed using CCK-8 assays. Briefly, 1×103 cells 
were seeded into a 96-well plate and incubated 
for 24 h, 48 h, 72 h, or 96 h. At the indicated time 
point, 20 μL of CCK-8 (5 mg/mL; Sigma-Aldrich, 
St. Louis, MO, USA) was added to each well 
and incubated for 2 h. Then, the OD values of 
each well were measured at 450 nm with Vari-
oskan software (Thermo Fisher Scientific Inc., 
Waltham, MA, USA).

Wound-Healing Assay 
To examine cell migration in vitro, a 

wound-healing assay was conducted. Briefly, 
transfected cells were seeded in 6-well tissue 
culture plates and grown to a density of 70-80%. 
Cells were scratched using 200 μL pipette tips to 
create streaks in the monolayer after 12 h culture. 
The wound closure was observed, and the amount 
of closure was calculated at 24 h using a light mi-
croscope (Olympus, Tokyo, Japan) as described 
by others.

Transwell Assay 
0.8×104 cells were seeded in a transwell cham-

ber (Corning, Midland, MI, USA) with Matri-
gel coating. After the cells were incubated for 
12 h, we changed the medium in the upper 
chamber with serum-free medium, and medi-
um supplemented with 20% FBS was added to 

the lower compartment. After incubating the 
cells for 18-24 h at 37°C in 5% CO2, cells that 
invaded through the membrane were fixed with 
4% formaldehyde and stained with 0.1% crystal 
violet. Cells adhering to the lower surface were 
counted under a microscope in 5 randomly se-
lected visual fields.

ESCC Xenograft Model 
The entire animal experiment followed the 

National Institutes of Health (NIH) Animal Use 
Guidelines and passed the Animal Ethics Com-
mittee of Southwestern Medical University. Fe-
male nude mice were provided by the Animal 
Experimental Center of Southwestern Medical 
University (approximately 3 weeks in size). We 
injected approximately 1×106 EC9706 cells into 
the bilateral axilla of every mouse and measured 
the tumor size every week for 4 weeks. After 4 
weeks, the nude mice were sacrificed, and the 
tumor tissues were taken for immunohistochem-
ical analysis. All animal studies followed a blind 
randomized animal study protocol.

Immunohistochemistry 
The tissue was first fixed in 4% paraformalde-

hyde phosphate buffer, dehydrated with ethanol, 
embedded in paraffin, and sectioned. Then, an-
tibodies against ECT2 (NO. Ab51494), MMP9 
(NO. Ab38898), VEGF (NO. Ab1316), and Ki-67 
(NO. Ab15580) (Abcam, Cambridge, MA, USA) 
were incubated with the sections. A ubiquitin-per-
oxidase kit was used to detect immunoreactivity, 
followed by restaining of the sections with he-
matoxylin, sealing the slides, and examining the 
slides under a microscope.

H&E Staining
Tissues were fixed with 4% paraformalde-

hyde at room temperature for 48 h, embedded in 
paraffin and sliced into 4 μm-thick sections for 
H&E staining and immunohistochemistry. Sec-
tions were counterstained with hematoxylin and 
eosin at room temperature for 4 min to observe 
the morphological changes of cells.

Statistical Analysis 
The data were statistically analyzed with SPSS 

Statistics 23. Statistical differences among groups 
were evaluated using either Student’s t-test (for 
two groups) or chi-square test (and Fisher’s exact 
test). p-values less than 0.05 were considered sig-
nificant. Significance for statistical analysis was 
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defined as p<0.05 (*), p<0.01 (**) and p<0.001 
(***). The results are expressed as the mean ± 
standard deviation from at least three indepen-
dent experiments.

Results

ECT2 Is High Expressed In 
Esophageal Squamous Cell Carcinoma 
Tissue, and the Expression of ECT2 
Correlates With the Clinical 
Characteristics of ESCC Patients

To clarify the correlation between ECT2 and 
ESCC, we first performed HE staining in three 
pairs of ESCC cancer tissues and adjacent tissues 
(Figure 1A). Then, we compared the expression 
of ECT2 in 40 pairs of ESCC tissues and adja-
cent tissues by qRT-PCR. ECT2 expression was 
significantly higher in the ESCC tissues than in 
the adjacent tissue (p<0.05; Figure 1B). To fur-
ther clarify the correlation between high and low 
ECT2 expression groups and clinicopathological 
factors, we found that the expression level of 
ECT2 was not correlated with age, gender, tumor 
size, histological grade, and pT stage. However, 
ECT2 expression was negatively correlated with 
TNM stage (Table I). Taken together, these data 
confirmed that ECT2 may be a prognostic factor 
for ESCC.

ECT2 can Promote Proliferation, 
Invasion and Migration of ESCC In Vitro 

To confirm the mechanistic role of ECT2 in 
ESCC, we carried out related experiments with 
siRNA-targeting ECT2 for functional study. 

Knockdown of ECT2 expression in KYSE140 
and EC9706 cells by siRNA significantly attenu-
ated proliferation (p<0.05; Figure 2A). To further 
evaluate the ECT2-mediated ESCC migratory 
and invasive ability, we silenced the expression of 
ECT2 in EC9706 and KYSE140 cells by siRNA, 
and then we performed wound-healing assays 
and transwell assays. These assays showed that 
the invasive ability (p<0.05; Figure 2B) and mi-
gratory ability (p<0.05; Figure 2C) of EC9706 
and KYSE140 cells following stable knockdown 
of ECT2 was significantly attenuated compared 
with the control groups. Taken together, these 
results showed that ECT2 can promote the pro-
liferation, invasion and migration of ESCC cells 
in vitro, which suggested that ECT2 can confer a 
strong oncogenic ability to ESCC.

ECT2 can Promote the Proliferation a
nd Metastasis of ESCC Through the 
RhoA-ERK Signaling Pathway 

Figure 3A showed the RhoA-ERK signaling 
pathway in ESCC regulated by ECT2. We com-
pared the expression levels of total-RhoA, GTP-
RhoA, ERK, p-ERK, MMP9, and VEGF between 
siRNA-ECT2 and siRNA-ctrl cells with Western 
blotting after knocking down the expression of 
ECT2 in two cell lines by transfection. The results 
suggested that knocking down ECT2 expression 
in ESCC cell lines inhibited the activation of the 
RhoA-ERK signaling pathway and the protein 
expression of VEGF and MMP9 (Figure 3B). To 
further verify the integrity of the ECT2-RhoA-
ERK-VEGF/MMP9 signaling axis, which can 
promote the growth, tumorigenesis and metas-
tasis of ESCC cells, we compared the expression 

Figure 1. ECT2 is expressed at higher levels in ESCC than in adjacent tissues. A, Pathology images of cancerous and 
adjacent tissue from three patients with ESCC (×100). B, Analysis of ECT2 expression in 40 pairs of ESCC cancer tissues and 
corresponding adjacent tissues by qRT-PCR. Then, GraphPad Prism software was used to process these data.
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of downstream proteins in ESCC cells treated 
with an ERK1/2 inhibitor (VX-11e) or a RhoA 
inhibitor and DMSO (control) by Western blot. 
These results confirmed that ECT2 can indeed 
activate the RhoA-ERK-VEGF/MMP signaling 
axis (Figure 3C and F). To determine whether 
ECT2 can promote the development of ESCC by 
activating this signaling pathway, we carried out 
corresponding functional experiments. We found 
that VX-11e and Rho inhibitors inhibited the 
proliferation and invasion of ESCC cells in two 
ESCC cell lines (Figure 3D/3E/3G/3H). These 
results confirmed that ECT2 can promote the 
proliferation, metastasis and invasion of ESCC 
cells by participating in a signaling axis (ECT2-
RhoA-ERK-VEGF/MMP9) with downstream re-
lated proteins. 

ECT2 can Promote the Tumorigenic 
Ability of ESCC In Vivo 

We further conducted an in vitro experiment 
to confirm that ECT2 promotes the carcinogenic-
ity of ESCC cells. Therefore, we next conducted 
a subcutaneous tumor formation experiment in 
nude mice to determine whether in vivo experi-
ments yielded similar results. Subcutaneous in-
jection of ESCC cells in nude mice revealed that 

ESCC cells treated with an shRNA-ECT2 lenti-
virus had significantly inhibited tumor growth 
(Figure 4A-C) compared with the control groups. 
We further performed HE staining (Figure 4D). 
The level of Ki-67 and ECT2 signal determined 
by immunohistochemistry (Figure 4E and F). It 
also confirmed that tumor growth was signifi-
cantly reduced following the injection of ESCC 
cells treated with shRNA-ECT2 lentivirus com-
pared with the injection of control groups of cells. 
Similarly, in vitro, immunohistochemistry results 
confirmed that the expression of two important 
proteins downstream of the signaling axis, VEGF 
and MMP9 (Figure 4G and H), was significantly 
reduced following knockdown of ECT2 expres-
sion in ESCC; these results partly indicated that 
ECT2 action was mediated through this signaling 
pathway to promote the proliferation of ESCC.

Discussion

To promote the  clinical detection of tumors, 
surgical resection, neoadjuvant chemotherapy, 
and treatment of tumors have been improved. 
However, for esophageal squamous cell carcino-
ma, because of its distant metastasis and lymph 

Table I. Association between the expression of ECT2 in ESCC tissue and the characteristics of patients.

		  No. of	 Low expression	 High expression
	 Characteristics	 patients (%)	 of ECT2	 of ECT2	 p-value

All cases	 46	 23	 23	
Age				    0.743①

    < 60	 13 (39.39%)	   6	   7	
    ≥ 60	 33 (60.61%)	 17	 16	
Gender				    0.187②

    Male	 40 (86.96%)	 22	 18	
    Female	   6 (13.04%)	   1	   5	
Tumor size (cm3)				    0.930③

Vmean ± SD	 46	 15.86 ± 13.56	 16.95 ± 13.89	
Histological grade				    0.268④

    Low	 11 (23.91%)	   9	 2	
    Middle	 25 (54.35%)	   8	 17	
    High	 10 (21.74%)	   6	 4	
pT stage				    0.405⑤

    T1	   1 (2.17%)	   1	   0	
    T2	 21 (45.66%)	 11	 10	
    T3	 23 (50%)	 11	 12	
    T4	 1 (2.17%)	 0	   1	
TNM				    0.028*⑥

    I	 3 (6.52%)	   3	   0	
    II	 20 (43.48%)	 12	   8	
    III	 11 (23.91%)	   5	   6	
    IV	 12 (26.09%)	   3	   9	

①Chi-square test; ②Fisher’s exact test; ③, ④, ⑤, ⑥, Rank sum test; p<0.05*.
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node metastasis, its overall survival rate is still 
lower than that of other tumors. The development 
of esophageal cancer is also caused by the ab-
normal expression of oncogenes. ECT2 is a 104 
kDa protein molecule. The N-terminal region of 
ECT2 is a triple BRCT domain that regulates the 
cell cycle and DNA repair17,18. The C-terminal 
contains DH and PH domains. The DH domain 
is a functional domain, and the PH domain is a 
catalytic domain19,20. In this study, we found that 
ECT2 was overexpressed in ESCC relative ad-
jacent tissues. The expression is correlated with 
TNM stages, which can promote the malignant 
outcome of ESCC. We, then, demonstrated that 
ECT2 plays a critical regulatory role in the pro-

liferation, tumorigenesis and metastasis of esoph-
ageal cancer cell. The reason for up-regulation of 
ECT2 expression in ESCC remains unclear. ECT2 
interacts with several members of the Rho GTPase 
family and is one of the most important factors 
catalyzing guanine nucleotide exchange (GEF) of 
the small Rho GTPase5-7. We have also found in 
some studies21,22 that ECT2 can promote phosphor-
ylation of ERK and promote disease progression. 
In this study, we further discovered that ECT2 
may potentially affect multiple cellular process-
es that drive esophageal cancer progression and 
metastasis through regulation of ERK activity. 
We hypothesized that when the regulatory factors 
upstream of the Rho/ERK pathway are activated, 

Figure 2. ECT2 can promote proliferation, invasion and migration of ESCC in vitro. A, CCK8 assays were performed in EC9706 
and KYSE140 cells after 4 days. B, Transwell assays were performed in EC9706 and KYSE140 cells after 48 h (×40 and ×100). C, 
Wound-healing assays were performed in EC9706 and KYSE140 cells after 24 h (×100). p<0.05*, p<0.01**, p<0.001***.
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the number of subpopulations in the tissue that are 
affected by the Rho/ERK signaling pathway is in-
creased, making this tissue more likely to develop 
into a malignant tumor. It is likely that ECT2 is a 
tissue-dependent and multifunctional oncogenic 
driver in human cancers and participates in multi-

ple pathways to promote malignant transformation 
in different tissues. Previous studies confirm that 
ECT2 regulates the RhoA/ERK signaling axis to 
promote early recurrence in human hepatocellular 
carcinoma. This pathway is mainly composed of 
signaling proteins ECT2, GTP-RhoA, RhoA, ERK 

Figure 3. ECT2 can promote the carcinogenic ability of ESCC through the ERK-RhoA-VEGF/MMP9 signaling pathway. A, 
Diagram depicts the downstream signaling axis that may be activated by overexpressed ECT2 in ESCC. Solid arrows indicate 
direct activation, and dotted arrows indicate possible direct or indirect activation. B, Expression levels of proteins in the 
signaling axis were detected by western blot in ECT2 siRNA or scramble-treated EC9706 and KYSE140 cells. Western blot 
assays were used to determine the GTPase activity of Rho after different treatments. C, The levels of downstream signaling 
proteins were detected by Western blot assays after treatment with a Rho inhibitor or DMSO. D, G, CCK-8 assays were 
performed in two different treated cell lines. E, H, Transwell assays were performed in two different treated ESCC cell lines 
(×40 and ×100). F, The levels of downstream signaling proteins were detected by Western blot after treatment with VX-11e or 
DMSO. p<0.05*, p<0.01**, p<0.001***.
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Figure 4. ECT2 can also promote the tumorigenic ability of ESCC through the RhoA-ERK-VEGF/MMP9 signaling pathway 
in vivo. A, B, Nude mice were injected with shRNA (short hairpin RNA)-ECT2 EC9706 cells on the left side and shRNA-NC 
EC9706 NC cells on the right side. The tumor size was compared after 4 weeks. C, Measurements of tumor volume are shown 
for both groups in 4 weeks. D, E, F, G, H, ESCC xenografts were stained with H&E. Immunohistochemistry was used to 
detect Ki-67, ECT2, VEGF and MMP9 (×50). p<0.05*, p<0.01**, p<0.001***.
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and p-ERK. In this study, overexpression of ECT2 
can activate RhoA to generate GTP-RhoA protein, 
and then it can activate ERK to generate p-ERK, 
thus promoting the progression of cancer14. In ad-
dition, Xu et al23 showed that propofol inhibits the 
proliferation of ESCC cells by downregulating the 
ERK-VEGF/MMP-9 signaling axis. In NSCLC, 
ECT2 has been linked in PKC-iota Par6-alpha/
Rac1 pathway activation and transformation24. In 
ovarian cancer, ECT2 interacts with PKC-iota 
to activate a MEK/ERK signaling pathway that 
drives tumorigenesis25. In glioma, the ECT2/PS-
MD14/PTTG1 axis promotes the proliferation of 
glioma by stabilizing E2F126. Mutant p53 and 
RB genes have been reported to upregulate the 
expression of ECT227,28. In addition, by inhibiting 
the expression of ECT229 or by disrupting a domain 
of ECT2, the activation of related pathways can 
be inhibited, and the progression of cancer can be 
repressed.

In vitro, knocking down ECT2 in ESCC cells 
or treating them with a Rho inhibitor is equiva-
lent to changes in downstream effector proteins 
after treatment with ERK inhibitors. Therefore, 
ECT2, RhoA and ERK are considered linear 
components in this signaling axis. The results of 
studies using these inhibitors can be used to ex-
plain the inhibition of ERK and RhoA. However, 
kinase activation or inactivation is regulation in 
the context of a network, and the results obtained 
with these inhibitors do not fully reflect the 
effects of ERK. However, combining signaling 
axis inhibitors may increase their anticancer ef-
fects. ERK is a mitogen-activated protein kinase 
that activates ERK to phosphorylate and activate 
several important transcriptional regulators. This 
experiment demonstrates that the ECT2-RhoA-
ERK pathway plays an important role in the reg-
ulation of VEGF and MMP9, which control cell 
proliferation, survival, and migration. 

Conclusions

Our results reveal the discovery of the ECT2-
RhoA-ERK signaling pathway and provide a 
theoretical basis for clinical staging treatment of 
ESCC. These conclusions provide a theoretical 
basis for target of esophageal cancer.
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