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INTRODUCTION  
 

According to the 2018 global cancer statistics report, 

esophageal carcinoma (EC) is the seventh and sixth 

leading cause of worldwide cancer-related morbidity 

and mortality, respectively [1]. EC death rates remain 

high primarily because of tumor lymphatic metastasis 

and hematogenous dissemination [2]. EC is typically 

categorized as one of two pathological types; eso-

phageal squamous cell carcinoma (ESCC) accounts for 

80% of cases, while the rest are esophageal 

adenocarcinoma (EAC) [3]. EC is particularly common 

in Asia and southern Africa. In China, where EC 

incidence and mortality rates are highest, the incidence 

rate is 10 times higher than the world average, and ESCC 

 

ESCC is the most common pathological type [4, 5]. 

According to the Global Cancer Survival Trend 

Statistics Report 2010-14 (CONCORD-3), the 5-year 

survival rate of EC patients in China is lower than in 

neighboring Japan and South Korea [6]. In addition, 

most ESCC patients have advanced-stage disease at the 

time of diagnosis. Despite continuous advances in 

surgery and radiochemotherapy, tumor metastasis and 

recurrence, which are the primary causes of death in 

ESCC patients, remain relatively common [7ï9]. 

However, the mechanisms underlying ESCC cell 

migration and invasion, the main causes of recurrence 

and metastasis, remain unclear, and additional studies 

are needed to examine the mechanisms underlying 

ESCC mobility. 
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ABSTRACT 
 

Qigesan (QGS) has been used to effectively treat esophageal cancer (EC) for decades in China, but the 
mechanism by which it  suppresses EC metastasis remains unknown. In this study, we examined the effects of 
QGS on EC cell mobility. Using immunohistochemistry and immunofluorescence, expression of Gas6 and Axl, 
which promote tumor cell migration and invasion, was examined in carcinoma tissues and adjacent normal 
tissues from EC patients. Levels of Gas6, Axl, and the Gas6/Axl complex were also examined in ECA109 and 
TE13 EC cells treated with QGS. In addition, immunofluorescent staining and quantitative protein analysis were 
used to examine E-cadherin, N-cadherin, and Snail levels in ECA109 and TE13 EC cells after QSG administration, 
and cell mobility was assessed. The results demonstrated that levels of Gas6 and Axl expression are higher in EC 
tissues than in adjacent normal tissues. Moreover, QGS decreased Gas6/Axl levels, increased E-cadherin 
expression, decreased Snail and N-cadherin expression, and inhibited epithelial-mesenchymal transition (EMT) 
in EC cells. QGS thus suppresses EMT in EC by inhibiting Gas6/Axl binding. 
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Studies have shown that Gas6 and Axl are highly 

expressed in hepatocellular carcinoma (HCC) and breast 

cancer. Stimulation of Axl by the ligand Gas6 enhances 

tumor cell invasion and migration, and Gas6/Axl 

complexes enhance the expression of transcription 

factors that promote epithelial-mesenchymal transition 

(EMT) [10ï12]. EMT in tumor cells is closely 

associated with the expression of E-cadherin (E-ca), the 

transcription factor Snail (SNAI1), and N-cadherin  

(N-ca) [13, 14]. Axl is also an important marker of  

EMT in ESCC cells. The Gas6/Axl axis affects various 

cell functions, including invasion, migration, and 

proliferation. However, the molecular mechanisms of 

Gas6-mediated cell migration have not been fully  

elucidated [15, 16]. 

 

Qigesan (QGS) was first described in the book Yi Xue 

Xin Wu written by the Chinese doctor Zhongling Cheng 

during the Qing Dynasty. In Traditional Chinese 

Medicine (TCM), QGS is mainly used to treat dys-

phagia, or YeGe, which includes EC [17]. Studies have 

shown that QGS inhibits metastasis in EC patients more 

effectively than other standard prescription medications 

[18]. Clinical observations following the treatment of 

many EC patients in Henan and Hebei provinces, 

areas of China where EC incidence is particularly high, 

indicate that QGS can reduce recurrence and metastasis 

rates in patients with radical EC after disease 

eradication, prolong disease-free survival (DFS), and 

improve quality of life [19]. Studies have confirmed that 

Gas6 can promote EC development, and we previously 

found that QGS can regulate nuclear localization and 

expression of NF-əB by decreasing Gas6 expression [17, 

20]. We therefore hypothesized that QGS inhibits EC 

cell invasion and subsequent EMT and migration by 

inhibiting Gas6 protein functions and the Gas6/Axl 

pathway. In this study, we explored the effects of QGS 

on the Gas6/Axl signaling pathway, EMT, and mobility 

in EC cells. 
 

RESULTS 
 

Gas6 and Axl expression in normal and carcinoma 

tissues from ESCC patients 
 

HE staining was used to examine morphology and 

positioning differences between normal esophageal  

and ESCC tissues. Cancer cells had large, irregular 

nuclei and low cytoplasmic ratios (Figure 1A). 

Immunohistochemistry showed that Gas6 was highly 

 

 
 

Figure 1. Gas6 and Axl expression in ESCC tissues. (A) HE staining; NC: nontumor esophageal tissue, ESCC: esophageal squamous cell 
carcinoma tissue. (B) Immunohistochemical assessment of Gas6 expression in NC and ESCC tissues. (C) Immunofluorescence assessment of 
Axl expression in NC and ESCC tissues; DAPI-labeled nuclei are in blue, and the merge imaged shows Axl and nuclear overlap. Scale bars 
ƛƴŘƛŎŀǘŜ рл ˃ƳΦ 
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expressed in ESCC carcinoma tissues, but minimally 

expressed in adjacent normal tissues (Figure 1B), which 

is consistent with findings in other tumor tissues. 

Similarly, immunofluorescence indicated that Axl was 

highly expressed in ESCC carcinoma tissues and 

minimally expressed in adjacent ESCC tissues (Figure 

1C). These results confirmed that Gas6 and Axl are 

highly expressed in EC tissues. 

 

QGS inhibits Gas6/Axl binding 
 

In order to examine the effects of QGS on cellular 

localization and expression of Gas6, Axl, and Gas6/Axl 

complexes, immunofluorescence assays were performed 

using the ESCC cell lines ECA109 and TE13. Gas6, 

Axl, and Gas6/Axl complexes were highly expressed on 

the cell membranes of control group cells. In 

comparison, cell membrane Gas6/Axl complex expres-

sion was significantly reduced in QGS-stimulated cells; 

Gas6 and Axl expression also decreased in these cells in 

a concentration-dependent manner. These effects were 

observed to a similar degree in both cell lines (Figure 

2A, 2B). Western blotting was used to examine the 

effects of QGS on Gas6 and Axl protein expression. 

Again, QGS treatment significantly reduced the 

expression of Gas6 and Axl in a concentration-

dependent manner, and this effect was similar in both 

cell types (Figure 2C, 2D). 

 

 
 

 
 

Figure 2. QGS regulates the localization and expression of Gas6/Axl. Cells were stimulated with QGS (0, 100, or 200 ˃ƎκƳ[) for 24 h. 
(A, B) Immunofluorescence images of Gas6, Axl, and Gas6/Axl channels in ECA109 and TE13 cells. Scale bars indicate 10 m˃. (C, D) Western 
immunoblots of Gas6 and Axl. Bar graphs show significant dose-dependent inhibition of relative Gas6 and Axl protein density (normalized to 
-̡act) after QSG stimulation compared to the unstimulated control group. Results are from three independent experiments. *p<0.05, 

**p<0.01, Gas6 relative protein density compared to control; &p<0.05, &&p<0.01, Axl relative protein density compared to control. 
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Figure 3. QGS inhibits EMT in esophageal cancer cells. (AςC) Immunofluorescence images showing E-ca, N-ca, and Snail1 localization in 
ECA109 cells. QSG dose-dependently increased E-ca expression and inhibited N-ca and Snail1 expression. (DςF) Immunofluorescence images 
of E-ca, N-ca, and Snail1 in TE13 showing the same trend after QSG stimulation. Scale bars indicate 10 m˃. (G, H) Representative Western 
immunoblots. Bar graphs show significant dose-dependent increases in E-ca and decreases in N-ca and Snail1 relative protein density 
όƴƻǊƳŀƭƛȊŜŘ ǘƻ ʲ-act) after QSG stimulation compared to the unstimulated control group. Results are from three independent experiments. 
**p<0.01, E-ca relative protein density compared to control; &p<0.05, &&p<0.01, N-ca relative protein density compared to control; #p<0.05, 
##p<0.01, Snail relative protein density compared to control. 

 

QGS inhibits EMT in ESCC cells 

 

Immunofluorescence assays and confocal laser micro-

scopy showed that E-ca was mainly expressed at 

relatively low levels on cell membranes and in the 

cytoplasm in the control group. QGS treatment 

increased E-ca expression on the cell membrane in a 

concentration-dependent manner to a similar degree in 

both ECA109 and TE13 cells (Figure 3A, 3D). N-ca 

and Snail were also mainly expressed on the cell 

membrane and in the cytoplasm. However, N-ca and 

Snail were highly expressed in the control group, and 

membrane expression of both gradually decreased with 

increasing concentrations of QGS in both ESCC cell 

lines (Figure 3B, 3C, 3E, 3F). 

 

Western blotting was used to examine the effects of 

QGS on E-ca, N-ca, and Snail protein expression. As 

QGS concentrations increased, E-ca protein expression 

increased and N-ca and Snail decreased in a dose-

dependent manner. Although QGS-induced inhibition of 

N-ca was stronger in TE13 cells than in ECA109 cells, 

the direction of the effects was similar in both cell lines 

(Figure 3G, 3H). This indicates that QGS regulates the 

expression of three important EMT-associated proteins 

in EC. 

 

Effects of QGS on microfilament arrangement in 

ESCC cells 
 

The effects of QGS on microfilament arrangement in 

ESCC cells were observed using a laser confocal 

microscope. Microfilaments were arranged more 

regularly in ESCC cells stimulated with QGS; as QGS 

concentration increased, the cellular microfilament 

skeletons became more isotropic and cell morphology 
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became increasingly regular. In contrast, microfilament 

arrangement was more irregular in the control group, 

especially in the cell membrane, where small outward-

protruding pseudopods were common (Figure 4). 

 

QGS inhibits ESCC cell migration 

 

A cell scratch test was performed to determine whether 

QGS inhibited migration of ECA109 and TE13 ESCC 

cells. In both cell lines, increasing QGS concentrations 

inhibited rates of cell migration into the scratch area in a 

time- and concentration-dependent manner; 200 µg/mL 

QGS resulted in significantly stronger inhibition than the 

100 µg/mL dose (Figure 5). These results show that 

QGS can significantly inhibit the migration of ESCC 

cells. 

 
QGS inhibits invasion of ESCC cells 

 
Next, cell invasion experiments were performed with 

ECA109 and TE13 cells to examine whether QGS 

inhibited ESCC cell invasion. Compared to the control 

group, the QGS groups in both cell lines exhibited a 

gradual concentration-dependent decrease in the number 

of ESCC cells passing through the transwell mem-

branes; this effect was significantly stronger in the high-

dose group (200 µg/mL) than in the low-dose group 

(100 µg/mL) (Figure 6). These results showed that QGS 

inhibited the invasive ability of ESCC cells. 

 

DISCUSSION 
 

Poor tolerance of radiotherapy and chemotherapy after 

surgery, as well as tumor invasion and metastasis, can 

lead to death in EC patients. Tumor metastasis is mainly 

caused by tumor cell migration and invasion [25ï27]. 

Studies have shown that Gas6 and Axl are highly 

expressed in gastric, ovarian, and liver cancers, among 

many others, and patient prognosis is negatively 

correlated with Gas6/Axl complex levels [10, 28, 29]. 

Gas6/Axl can promote bone marrow and lung cancer 

metastasis and invasion as well as prostate cancer cell 

survival [30, 31]. In this study, we found that Gas6 and 

Axl expression was significantly higher in pathological 

carcinoma tissues from human EC patients than in 

adjacent normal tissues. This is consistent with findings 

from studies of gastric cancer. ESCC cell line 

experiments also showed that Gas6 and Axl were highly 

expressed in the control group and formed Gas6/Axl 

complexes on the cell membrane. 

 

According to TCM, ñinsufficiency of Yinò is the central 

cause of EC development and progression, and 

treatments that ñnourish Yinò are recommended [17]. 

 

 
 

Figure 4. ECA109 and TE13 cytoskeleton and microfilament structures. After QGS stimulation, isotropic arrangement  
of microfilaments was enhanced in ECA109 and TE13 cells; microfilament arrangement was disordered in the control group. In  
addition, microfilament arrangements were more regular and numbers of pseudopods were reduced after 200 ˃ ƎκƳ[ ƻŦ vD{. Scale 
bars indicate 10 ˃m. 
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Figure 5. QGS inhibits ESCC cell migration. Scratch areas were analyzed after ECA109 and TE13 cells were stimulated with QGS (0, 100, 
or 200 ˃ ƎκƳ[). (A) Representative photomicrographs of unstimulated and QGS-stimulated cells at 0 h and 24 h. Red lines indicate migrating 
edges. (B) Bar graphs showing the percentage relative wound density (RWD) in stimulated cells compared to controls. Results are from three 
independent experiments; *p<0.05. 

 

 
 

Figure 6. QGS inhibits ESCC cell invasion. (A) Invasion assays were performed by placing ECA109 and TE13 cells treated with QGS (0, 100, 
or 200 ˃ ƎκƳ[) in the transwell system for 24 h; the control is shown on the left. (B) Bar graphs showing number of invading cells for each cell 
line after 0, 100, or 200 µg/mL QGS. Combined results from three independent experiments are shown. *p<0.05, **p<0.01, compared to 
control. 


