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X‑linked inhibitor of apoptosis protein 
accelerates migration by inducing epithelial–
mesenchymal transition through TGF‑β 
signaling pathway in esophageal cancer cells
Yuxiang Jin†, Xinye Lu†, Mingdong Wang†, Xuewei Zhao*   and Lei Xue*

Abstract 

Background:  The prognosis of esophageal cancer is still dismal because of its high probability of metastasis that is 
likely related to the cellular process of epithelial–mesenchymal transition (EMT). Recent studies have shown a novel 
role of X-linked inhibitor of apoptosis protein (XIAP) in regulating the migration process of cancer cells and, therefore, 
linking to progression and poor prognosis of cancer.

Methods:  The expression of XIAP in esophageal squamous cell cancer (ESCC) tissues was determined by immuno-
histochemistry assay. Cell migration was analyzed by wound healing assay and Transwell assay. The expression of EMT 
markers (E-cadherin, N-cadherin and Vimentin) was revealed by immunofluorescence assay. Quantitative real‑time 
PCR analysis and Western blot analysis were used to detect the expression of XIAP and EMT markers as well as trans-
forming growth factor-β (TGF-β) at mRNA and protein level, respectively.

Results:  We found that the expression of XIAP closely correlated to the probability of lymphatic metastasis in 
patients and that ESCC patients with the high XIAP expression were associated with worse overall survival (OS). 
Univariate and multivariate analysis also revealed XIAP as an independent prognostic factor for overall survival in ESCC 
patients. In both EC9706 and TE13 cell lines, knockdown of XIAP decreased the migration of cancer cells by inhibit-
ing EMT process through regulating the TGF-β signaling pathway, pinpointing a regulatory role of XIAP in migratory 
process upon TGF-β activation.

Conclusions:  Taken together, our results suggest XIAP as a important prognostic and regulative factor in ESCC 
patients. XIAP may promote migration of esophageal cancer cells through the activation of TGF-β mediated EMT.

Keywords:  Esophageal cancer cells, X-linked inhibitor of apoptosis protein, Migration, Epithelial–mesenchymal 
transition, Transforming growth factor-β
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Introduction
Esophageal cancer which ranks the sixth cause of death 
among all cancers is one of the most aggressive tumors 
worldwide with high morbidity and poor prognosis [1]. 

Since esophageal cancer is asymptomatic in early stage, 
most patients are diagnosed at late stages which limit 
curative treatment [2]. Among which 70% have obvious 
local lymph node infiltration and metastasis and lose the 
chance of surgery, only 30% of patients have the oppor-
tunity to receive radical surgery, but even after surgery, 
the prognosis of this malignancy is still dismal because of 
high probability of migration and metastasis [3]. There-
fore, defining a prognostic factor for early diagnosis of 
esophageal cancer is not only important to understand 
the molecular mechanisms responsible for malignant 
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development and progression, but also provide new ther-
apeutic targets to improve the survival rate.

Inhibitor of apoptosis proteins (IAPs) are potentially 
involved in multiple cellular signaling pathways including 
cell death, cell cycle, cell migration, immunity, inflamma-
tion [4, 5]. X-linked inhibitor of apoptosis protein (XIAP) 
is a key member of the IAP family that was first identi-
fied by Rajcan-Separovic in 1996 [6]. XIAP is a 497 amino 
acid protein composed of three BIR domains, one UBA 
domain and one RING domain, whose genes are located 
in the Xq25 region of the X chromosome [7]. In addition, 
XIAP is known as a direct inhibitor of proteolytic cas-
pase activity by specifically inhibiting caspases 3, 7, and 
9 via its three BIR domains [8, 9]. High level expression 
of XIAP has been detected in various kind of cancers and 
has been shown to relate to chemoresistance, progression 
of disease and poor prognosis [10–12].

Epithelial–mesenchymal transition (EMT) is a cellular 
transformation from epithelial to mesenchymal pheno-
type, which enables cancer cells more efficiently invade 
and migrate [13]. In the progress of cancer development, 
EMT is considered as an important process in the induc-
tion of tumorigenesis, invasion, metastasis, stemness 
and resistance to therapy as well as poor clinical out-
come [14, 15]. E-cadherin is a calcium-dependent trans-
membrane glycoprotein and typically expresses in most 
epithelial cells, while N-cadherin and Vimentin have 
been consistently associated with mesenchymal transi-
tion [16, 17]. Therefore, down-regulation of E-cadherin 
and up-regulation of N-cadherin and Vimentin are con-
sidered as indication of the occurrence of EMT process 
that was found to positively correlate with cancer metas-
tasis [18].

In the current study, we examined the expression of 
XIAP in ESCC patients and its relationship with prog-
nosis. We further examined the potential mechanisms by 
which XIAP facilitates EMT process in cancer cell lines. 
These findings determined a novel role of XIAP in ESCC 
and represents a potential target for ESCC therapy.

Methods
Patients and tissue samples
Tissue samples were obtained from 185 ESCC patients 
who underwent esophagectomy at Changzheng Hospi-
tal Affiliated to Second Military Medical University. The 
patients received preoperative radiotherapy or chemo-
therapy were excluded. Overall survival (OS) was defined 
as the interval between surgery and death or the last 
observation taken. Informed consent was obtained from 
each patient and this study was approved by the Ethics 
Committee of Changzheng Hospital.

Cell lines
ESCC cell lines EC9706, TE13 were obtained from 
Shanghai Sunbio Company. All cells were cultivated in 
Dulbecco’s modified Eagle’s medium (DMEM, Gibco) 
supplemented with 10% fetal bovine serum (Gibco) at 
37 °C in 5% CO2.

Wound healing assay
Cell motility was assessed by wound-healing assay. Cells 
were seeded on 6-well dish and grown to 80% confluence. 
Monolayer was then disrupted with a 200  μL pipette 
tip, and images were captured at 0 and 48 h in a phase-
contrast microscope. All experiments were carried out in 
triplicate.

Transwell assay
Tumor cell migration assays were performed using a 
Transwell chamber with 8  µm pores in 24-well dishes. 
The cells (1 × 105) were seeded in the upper chamber 
without serum, and the medium supplemented with 5% 
FBS was added in the lower chamber as a chemoattract-
ant. The plates were incubated at 37 °C for 24 h, then the 
cells were fixed with 4% formaldehyde, stained with crys-
tal violet dye and counted under a light microscope.

Western blotting
TE13 and EC9706 cells were lysed in radio immuno-
precipitation assay (RIPA) buffer containing protease 
inhibitors. Equal amounts of proteins were separated by 
SDS-PAGE and transferred to polyvinylidene fluoride 
(PVDF) membranes. Then the membranes were sealed 
with 5% non-fat milk for 2 h at room temperature. After 
overnight incubation with primary antibody, the mem-
brane was washed and then incubated with secondary 
antibodies for 2 h. At last, the targeted blots were visual-
ized by the enhanced chemiluminescence substrate and 
detected by ECL system (Tanon, China). The primary 
antibodies used in our study including XIAP (1:1000, 
NO.14334, CST, USA), E-cadherin (1:2000, NO.ab53226 
Abcam, USA), N-cadherin (1:1000, NO.ab18203, Abcam, 
USA), Vimentin (1:1000, NO.ab92547, Abcam, USA), 
TGF-β (1:1000, NO.3711s, CST, USA), GAPDH (1:5000, 
NO.HRP-60004, Proteintech, USA). Secondary antibod-
ies were goat anti-mouse antibody (1:5000, NO.SA00001-
1, Proteintech, USA), goat anti-rabbit antibody (1:5000, 
NO.SA00001-2, Proteintech, USA).

Immunofluorescence assay
Cells were plated on a 48-well dish. After 24 h, the cells 
were washed with phosphate-buffered saline (PBS) and 
then fixed with 4% formaldehyde and permeabilized with 
0.1% Triton X-100. Thereafter, the cells were blocked 
with 1% bovine serum albumin (BSA) and incubated with 
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primary antibodies overnight at 4 °C. Next, the cells were 
washed by PBS and incubated with secondary antibody 
at room temperature for 1  h, followed by counterstain-
ing with DAPI for 10  min. All matched samples were 
observed under immunofluorescent microscopy. The pri-
mary antibodies were E-cadherin (1:500, NO.ab53226, 
Abcam, USA), N-cadherin (1:200, NO.ab18203, Abcam, 
USA), Vimentin (1:200, NO.ab92547, Abcam, USA). 
The secondary antibody was goat anti-rabbit antibody 
(1:1000, NO.A11011, Thermo Fisher Scientific, USA).

Immunohistochemistry assay
The tissues were routinely fixed, dehydrated, paraf-
fin embedded and sliced into sections (5  μm in thick-
ness). Thereafter, the slides were processed with xylene, 
rehydrated and dehydrated, heat-induced antigen 
retrieval and blocked with 5% BSA. Thereafter, the slides 
were incubated with XIAP primary antibody (1:100, 
NO.14334, CST, USA) overnight at 4  °C, followed by 
incubation with secondary antibody for 30 min. Then the 
percentage of XIAP expression were scored according to 
intensity of staining and the percentage of positive cells 
(0: no staining; 1: ≤ 10%; 2: 10% to 50%; 3: ≥ 50%). The 
expression level of XIAP was divided into two groups 
according to score: low (0, 1), and high (2, 3).

Quantitative real‑time PCR (qRT‑PCR)
Total RNAs were extracted from cells with TRizol Rea-
gent (Invitrogen). Then converted into cDNA using 
Reverse Transcription Kit (Invitrogen). Expression of 
mRNA was determined by qRT‑PCR using SYBR Green 
Master Mix (Applied Biosystems, Foster City, CA, USA). 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an internal control. The primer sequences 
used in qRT‑PCR were shown in Table 1.

Generation of stable XIAP knockdown cell lines
Recombinant lentiviral vectors was obtained from Obio 
Technology Co.Ltd. (Shanghai, China). The resultant 
plasmid was sequenced to confirm the authenticity of 
the insert. Cells were infected for 24  h with fresh lenti-
viral vectors expressing either vector control (Sh-Ctrl) 

or Sh-XIAP construct in medium. Next, cells were main-
tained in medium containing puromycin (2  μg/mL) for 
additional 72  h. The level of XIAP mRNA and protein 
expression in Sh-Ctrl and Sh-XIAP constructs was ana-
lyzed by Western blotting (Additional file 1: Figure S1).

ESCC cell lung metastatic assay
All animal experiments were approved by the Medi-
cal Experimental Animal Care Commission in Second 
Military Medical University. Mice at age of 6 weeks were 
randomly divided into two groups, EC9706 (sh-Ctrl) and 
EC9706 (sh-XIAP) were injected into nude mice via an 
I.V. lateral tail vein injection (2 × 106 cells in 200 µL Phys-
iological saline/mouse) respectively. The mice were sacri-
ficed and lung nodules were counted at indicated times.

Statistical analysis
Patient’s data were collected and analyzed by using the 
SPSS19.0 statistical software. The data were expressed 
as mean ± SD, and the comparative analysis between the 
two groups were performed by using unpaired t test. The 
categorical variables were expressed as frequencies and 
analyzed by using χ2 test. Kaplan–Meier analysis was 
used to evaluate the patient survival between two groups. 
Univariate analysis and multivariate analysis were used to 
test independent prognostic factors for overall survival. 
The difference was considered as statistically significant 
when p < 0.05.

Results
Correlation between XIAP expression and clinical 
characteristic
All 185 HCC patients were divided into two sub-groups 
according to the intensity of XIAP expression: low 
expression group (n = 115), and high expression group 
(n = 70) (Fig. 1a). To further explore the role of XIAP in 
the development and progression of ESCC, the relation-
ship between XIAP expression and clinical characteristics 
was analyzed and tabulated in Table  2. The intensity of 
XIAP expression significantly correlated to the occurence 
of lymphatic metastasis (p = 0.018), while there were no 
statistical differences between XIAP expression and other 

Table 1  Primers used for qRT-PCR

Gene Forward primer sequence (5′–3′) Reverse primer sequence (5′–3′)

XIAP AAT​AGT​GCC​ACG​CAG​TCT​ACA​ CAG​ATG​GCC​TGT​CTA​AGG​CAA​

Ecadherin ATT​TTT​CCC​TCG​ACA​CCC​GAT​ TCC​CAG​GCG​TAG​ACC​AAG​A

Ncadherin AGC​CAA​CCT​TAA​CTG​AGG​AGT​ GGC​AAG​TTG​ATT​GGA​GGG​ATG​

TGF-β CAA​TTC​CTG​GCG​ATA​CCT​CAG​ GCA​CAA​CTC​CGG​TGA​CAT​CAA​

Vimentin AGT​CCA​CTG​AGT​ACC​GGA​GAC​ CAT​TTC​ACG​CAT​CTG​GCG​TTC​

GAPDH ACA​ACT​TTG​GTA​TCG​TGG​AAGG​ GCC​ATC​ACG​CCA​CAG​TTT​C
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clinical characteristics. Kaplan–Meier analysis demon-
strated that patients with high expression of XIAP exhib-
ited worse overall survival (OS) compared with the low 
expression group (p = 0.004, Fig. 1b). In univariate analy-
sis, lymphatic metastasis and XIAP expression showed 
a significant association with poor overall survival 
(p = 0.001 and p = 0.005 respectively, Table 3). Multivari-
ate analysis also revealed that lymphatic metastasis and 
XIAP expression were independent prognostic factors for 
overall survival in ESCC patients (p = 0.007 and p = 0.028 
respectively, Table  4). The relationship between XIAP 
expression and EMT markers expression was shown 
in Table  5. The results showed a negative correlation 
between XIAP and E-cadherin expression (r = − 0.278, 
p < 0.001) and a positive correlation between XIAP and 
N-cadherin (r = 0.309, p < 0.001) and Vimentin (r = 0.209, 
p = 0.006) expression in ESCC tissues (Table 5).

XIAP knockdown inhibited migration of ESCC cells
Migration of cancer cells is a key step of cancer metasta-
sis, thus we evaluated the cell migration in EC9706 and 
TE13 cells. As shown in Fig.  2a, b, cells in the sh-Ctrl 
groups exhibited marked cell migration in the wound 
area after 48 h wounding, while the sh-XIAP cells showed 

Fig. 1  High expression of XIAP predicted poor prognosis in ESCC 
patients. a Low XIAP expression was seen in 115/185 (upper left 
×200), and high in 70/185 of ESCC tissues (upper right ×200) by 
using IHC staining. b Estimated overall survival according to the 
expression of XIAP in 185 cases of ESCC, Kaplan–Meier method 
showed that ESCC patients in the high XIAP expression group had 
poorer overall survival than those in the low XIAP expression group 
(p = 0.004)

Table 2  Correlation of  XIAP expression 
with clinicopathological features of ESCC patients

(* p < 0.05)

Variable XIAP expression (case) p-value

Low High

Gender

 Male 75 45 1.000

 Female 40 25

Age

 ≤ 60 37 24 0.872

 > 60 78 46

Differentiation

 Well and medium 105 61 0.455

 Poor 10 9

T-stage

 T1–2 43 25 0.876

 T3 72 45

N-stage

 N0 90 43 0.018*

 N1–2 25 27

p-TNM stage

 I–II 93 49 0.107

 III 22 21

Table 3  Overall survival of  ESCC patients: univariate 
analysis

(* p < 0.05)

Variable HR 95% CI p-value

Gender 0.841 0.531–1.331 0.459

Age 0.976 0.603–1.579 0.921

Differentiation 1.566 0.804–3.050 0.187

T-Stage 1.620 0.984–2.667 0.058

N-Stage 2.133 1.345–3.384 0.001*

XIAP 1.910 1.213–3.008 0.005*

Table 4  Overall survival of  ESCC patients: multivariate 
analysis

(* p < 0.05)

Variable HR 95% CI p-value

N-Stage 1.906 1.188–3.058 0.007*

XIAP 1.684 1.058–2.681 0.028*
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relative delays in wound closure (p < 0.01). By Transwell 
migration assay, the results showed an decrease in cell 
migration was observed in sh-XIAP groups compared 
with sh-Ctrl groups (Fig.  2c, d) (p < 0.01). This finding 
suggested that XIAP knockdown could effectively inhibit 
the migration ability of ESCC cells.

XIAP knockdown suppressed EMT of ESCC cells
We have demonstrated that XIAP knockdown inhibited 
the migration of ESCC cells. Many studies have showed 
that EMT plays a key role in the metastatic activity of 
cancers. In order to further investigate whether XIAP 
were exerting their migration effects through induction 
of EMT, We tested the expression levels of EMT mark-
ers including E-cadherin, N-cadherin and Vimentin in 
sh-XIAP and sh-Ctrl groups in TE13 and EC9706 cells 
respectively. As shown in Fig.  3a, b, epithelial marker 
(E-cadherin) was remarkably increased while the mes-
enchymal markers (N-cadherin and Vimentin) were 
decreased in sh-XIAP groups by immunofluorescence 
assay and also confirmed by qRT‑PCR and Western blot-
ting. As shown in Fig. 3c, d, XIAP knockdown in ESCC 
cells led to up-regulate E-Cadherin and down-regulate 
N-Cadherin and Vimentin. These results validated the 
important role of XIAP on EMT induction.

XIAP promoted lung metastasis and EMT of ESCC cells 
in vivo nude mice
The number of lung metastatic tumors in mice injected 
with EC9706 (sh-Ctrl) cells was remarkably increased 
than sh-XIAP group (Fig.  4a, b) (p < 0.01). In addition, 
as shown in Fig.  4c, epithelial marker (E-cadherin) was 
remarkably increased while the mesenchymal markers 
(N-cadherin and Vimentin) were decreased in sh-XIAP 
groups by qRT‑PCR. The results showed that XIAP is 
crucial for EC9706 cell lung metastasis and has an impor-
tant role on EMT induction in vivo.

XIAP knockdown decreased EMT through inhibiting TGF‑β 
signaling pathway in ESCC cells
XIAP knockdown led to up-regulate E-Cadherin and 
down-regulate N-Cadherin and Vimentin. TGF-β is a 
key cytokine that mediates tumor metastasis through the 
activation of EMT. We questioned whether XIAP may 
regulate TGF-β and further enhance the EMT signal-
ing pathway in ESCC cells. Firstly, we tested the expres-
sion levels of TGF-β by Western blotting and found that 
XIAP knockdown groups expressed low level of TGF-β 
(Fig.  5a). Then, XIAP knockdown groups were treated 
with exogenous TGF-β. Moreover, we used Transwell 
assay to evaluate the ability of migration in TE13 and 
EC9706 cells. The number of cells treated with exogenous 
TGF-β exhibited significantly increased compared with 
sh-XIAP groups (Fig. 5b, c). Furthermore, We examined 
effect of TGF-β in XIAP knockdown groups on EMT of 
ESCC cells by qRT‑PCR and Western blotting. As shown 
in Fig.  5d, e, TGF-β up-regulation led to down-regulate 
E-cadherin, and up-regulate Vimentin, N-cadherin com-
pared with sh-XIAP groups. These results demonstrated 
that XIAP knockdown suppressed EMT of ESCC cells 
depending on TGF-β signaling. In order to further deter-
mine the potential role of XIAP in regulating TGF-β 
induced EMT, Pirfenidone, a TGF-β inhibitor was used 
to block TGF-β signaling. Then XIAP expression in 
TE13 and EC9706 cells was examined. The results indi-
cated that XIAP had no significant change in both ESCC 
cell lines when TGF-β signaling pathway was blocked 
(Fig. 6a, b). Taken together, our results demonstrated that 
XIAP knockdown could suppress TGF-β induced EMT 
in ESCC cells.

Correlation between XIAP expression and TGF‑β 
expression in ESCC tissues
We used immunohistochemistry to detect the expres-
sion levels of XIAP and TGF-β in 185 ESCC tissues, 
and the two groups of continuous variables (IOD value) 
did not conform to the normal distribution, Spearman 
nonparametric correlation analysis was adopted. The 
results showed a positive correlation between XIAP 
and TGF-β expression in ESCC tissues (r = 0.3241, 
p < 0.001) (Fig. 7a, b). It was further verified that XIAP 
could promote invasion and metastasis of ESCC by 
upregulation of TGF-β expression.

Discussion
ESCC is one of the most aggressive tumors with a high 
probability of metastasis, which leads to unfavora-
ble prognosis after potentially curative treatment [19]. 
According to previous studies, XIAP plays a key role 
in many cancers and associated with poor prognosis 
[20, 21]. In this study, from 185 cases of human ESCC 

Table 5  Correlation between  XIAP expression levels 
and EMT markers expression in ESCC tissues

(* p < 0.05)

XIAP p-value r

Low High

E-cadherin

 Low 64 58 0.000* − 0.278

 High 51 12

N-cadherin

 Low 79 26 0.000* 0.309

 High 36 44

Vimentin

 Low 77 32 0.006* 0.209

 High 38 38
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tissue samples, we investigated the correlation of XIAP 
with clinicopathologic characteristics of ESCC patients. 
Kaplan–Meier analysis indicated that ESCC patients 
with high XIAP expression in general had worse prog-
nosis than those with low XIAP expression. Univariate 
and multivariate Cox regression analysis indicated that 
high XIAP expression was an independent risk factor 
for the prognosis of ESCC patients. The clinical data also 
showed that high level of XIAP was correlated with lym-
phatic metastasis.

We further questioned whether XIAP was related to 
migration of ESCC cells. XIAP was identified as a tumor 
activator because of its role on proliferation and apopto-
sis in cancer cells [22]. Furthermore, recent studies have 
shown a novel role of XIAP in regulating cancer cell 
motility varies upon cancer types [23]. Specifically, most 
of the discrepancy observed with respect to pro- and 
anti-migratory effects of XIAP, as many of the migration-
regulating molecules controlled by XIAP could promote 
or inhibit migration in a context-dependent manner 

Fig. 2  XIAP promoted the migration of ESCC cells. a, b The wound healing assay was employed to determine the migration of EC9706 and TE13 
cells, cells were monitored for 48 h to determine the rate of migration into the scratched area (*p < 0.05, **p < 0.01). c, d The migration capacity of 
EC9706 and TE13 cells for 24 h was determined by Transwell assay. Number of cells that migrated through the Matrigel was counted in 10 fields 
(*p < 0.05, **p < 0.01)
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[24–26]. In cervical cancer, XIAP were demonstrated to 
directly bind to C-RAF which belongs to the Ras effec-
tor proteins (part of the MAPK cascade) and resulted 

in conformational change of C-RAF. In this way, XIAP 
decreased MAPK activity and cell migration [27, 28]. 
However, recent evidences suggested that XIAP could 

Fig. 3  XIAP led EMT of ESCC cells. a E-cadherin, N-cadherin and Vimentin expression was performed by immunofluorescent staining, nuclei 
were counterstained with DAPI (×200) in TE13 cells. b E-cadherin, N-cadherin and Vimentin expression was performed by immunofluorescent 
staining, nuclei were counterstained with DAPI (×200) in EC9706 cells. c qRT-PCR was used to detect changes in expression of EMT genes in TE13 
and EC9706 cells, results presented represent mean ± SD (n = 3) (*p < 0.05, **p < 0.01). d Western blotting was used to detect the expression of 
E-cadherin, N-cadherin and Vimentin in TE13 and EC9706 cells
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increase migration of cancer cells by directly interacting 
with the Rho GDP dissociation inhibitor (RhoGDI) via its 
RING domain [24, 29]. In response to a Wnt signal, XIAP 
was recruited to mono-ubiquitinates TLE and liberated 
TCF to form transcription complexes with β-catenin to 
active Wnt signal which was a key step in activate cell 
migration [30]. Here we further defined the effect of 
XIAP on ESCC migration ability. The results showed that 
XIAP knockdown could suppress the ESCC migration 
compared with control group. Previous study suggested 
that EMT has an important role in cancer cell migration 
and metastasis [15]. We demonstrated that XIAP is a 
crucial active factor in EMT. Knockdown of XIAP could 
change the expression of several typical EMT mark-
ers, including up-regulation epithelial marker (E-cad-
herin) and down-regulation of mesenchymal markers 

(N-cadherin and Vimentin). We also found that XIAP 
could promote lung metastasis and EMT of ESCC cells 
in vivo nude mice.

TGF-β has been shown to be an important regulator of 
cellular function, such as increased tumorigenesis, inva-
siveness, and cell migration [31]. Furthermore, TGFβ is 
also a critical cytokine that mediates tumor metastasis 
through the activation of EMT [32–34]. To explore the 
potential mechanisms involved in the function of XIAP, 
we investigated whether XIAP regulates TGFβ-induced 
EMT. As expected, our results suggested that TGFβ-
induced EMT could be depressed by inhibit XIAP in 
ESCC. Furthermore, we questioned whether TGFβ might 
regulate the expression of XIAP. Our results showed that 
XIAP had no significant change in both ESCC cell lines 
when TGF-β signaling pathway was blocked.

Fig. 4  XIAP was essential for promoting EC9706 cell lung metastasis and EMT in vivo. a Representative images of the lungs and lung surface 
metastatic foci as indicated were shown in sh-Ctrl and sh-XIAP groups. b The lung metastatic tumor numbers of sh-Ctrl and sh-XIAP groups 
(*p < 0.05). c qRT-PCR was used to detect changes in expression of EMT genes in lung metastatic tumors, results presented represent mean ± SD 
(n = 3) (*p < 0.05, **p < 0.01)
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Fig. 5  XIAP induced EMT by targeting TGF-β signal pathway in ESCC cells. a Western blotting was used to detect the expression of TGF-β in TE13 
and EC9706 cells. b Microscopic pictures of Transwell assay for cell migration (×200). c Statistical chart of the number of migrated TE13 and EC9706 
cells (*p < 0.05, **p < 0.01). d Expression of EMT genes was detected by qRT-PCR (**p < 0.01 versus sh-Ctrl group; #p < 0.01 versus sh-XIAP group). e 
Western-blot was used to detect the expression of E-cadherin, N-cadherin and Vimentin with or without TGF-β
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Conclusion
In conclusion, the present study revealed that XIAP sig-
nificantly correlated with a poor prognosis of ESCC. We 
also demonstrated that the critical role of XIAP in EMT 
through regulation of TGF-β signaling pathways. There-
fore, our results may provide a new potential target for 
the treatment of ESCC.
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org/10.1186/s1357​8-019-0338-3.

Additional file 1: Figure S1. Generation of stable XIAP knockdown cell 
lines. (A) The level of mRNA expression in sh-Ctrl and sh-XIAP constructs 
was analyzed by qRT-PCR. (B) Western-blot was used to examine the 
expression of XIAP. (**p < 0.01 versus sh-Ctrl group).
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TGF-β inhibitor (Pirfenidone) treatment. Results are represented as mean ± SD

Fig. 7  XIAP and TGF-β experssion in ESCC tissues. a Scatterplots with fitting line show positive correlation between XIAP and TGF-β expression 
(IOD) in ESCC tissues. Spearman correlation provides correlation coefficient (r) and p value. b Representative image of ESCC tissues in XIAP and 
TGF-β group by IHC staining (×200)

https://doi.org/10.1186/s13578-019-0338-3
https://doi.org/10.1186/s13578-019-0338-3


Page 11 of 11Jin et al. Cell Biosci            (2019) 9:76 

Availability of data and materials
All relevant data are within this published paper.

Ethics approval and consent to participate
This study was approved by Ethics and Scientific Committees of Shanghai 
Changzheng Hospital and written informed consent was obtained from all 
patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 January 2019   Accepted: 9 September 2019

References
	1.	 Sohda M, Kuwano H. Current status and future prospects for esophageal 

cancer treatment. Ann Thorac Cardiovasc Surg. 2017;23(1):1–11.
	2.	 Fan Z, Chang Y, Cui C, Sun L, Wang DH, Pan Z, Zhang M. Near infrared 

fluorescent peptide nanoparticles for enhancing esophageal cancer 
therapeutic efficacy. Nat Commun. 2018;9(1):2605.

	3.	 Deng HY, Alai G, Luo J, Li G, Zhuo ZG, Lin YD. Cancerous esophageal 
stenosis before treatment was significantly correlated to poor progno-
sis of patients with esophageal cancer: a meta-analysis. J Thorac Dis. 
2018;10(7):4212–9.

	4.	 Galban S, Duckett CS. XIAP as a ubiquitin ligase in cellular signaling. Cell 
Death Differ. 2010;17(1):54–60.

	5.	 Prakash H, Albrecht M, Becker D, Kuhlmann T, Rudel T. Deficiency of XIAP 
leads to sensitization for Chlamydophila pneumoniae pulmonary infec-
tion and dysregulation of innate immune response in mice. J Biol Chem. 
2010;285(26):20291–302.

	6.	 Rajcan-Separovic E, Liston P, Lefebvre C, Korneluk RG. Assignment of 
human inhibitor of apoptosis protein (IAP) genes xiap, hiap-1, and hiap-2 
to chromosomes Xq25 and 11q22-q23 by fluorescence in situ hybridiza-
tion. Genomics. 1996;37(3):404–6.

	7.	 Chaudhary AK, Yadav N, Bhat TA, O’Malley J, Kumar S, Chandra D. A 
potential role of X-linked inhibitor of apoptosis protein in mitochondrial 
membrane permeabilization and its implication in cancer therapy. Drug 
Discov Today. 2016;21(1):38–47.

	8.	 Vasudevan D, Ryoo HD. Regulation of cell death by IAPs and their antago-
nists. Curr Top Dev Biol. 2015;114:185–208.

	9.	 Bergmann A, Yang AY, Srivastava M. Regulators of IAP function: coming to 
grips with the grim reaper. Curr Opin Cell Biol. 2003;15(6):717–24.

	10.	 Berezovskaya O, Schimmer AD, Glinskii AB, Pinilla C, Hoffman RM, Reed 
JC, Glinsky GV. Increased expression of apoptosis inhibitor protein XIAP 
contributes to anoikis resistance of circulating human prostate cancer 
metastasis precursor cells. Cancer Res. 2005;65(6):2378–86.

	11.	 Mizutani Y, Nakanishi H, Li YN, Matsubara H, Yamamoto K, Sato N, Shiraishi 
T, Nakamura T, Mikami K, Okihara K, et al. Overexpression of XIAP expres-
sion in renal cell carcinoma predicts a worse prognosis. Int J Oncol. 
2007;30(4):919–25.

	12.	 Nakagawa Y, Abe S, Kurata M, Hasegawa M, Yamamoto K, Inoue M, Take-
mura T, Suzuki K, Kitagawa M. IAP family protein expression correlates 
with poor outcome of multiple myeloma patients in association with 
chemotherapy-induced overexpression of multidrug resistance genes. 
Am J Hematol. 2006;81(11):824–31.

	13.	 Pastushenko I, Brisebarre A, Sifrim A, Fioramonti M, Revenco T, Boumahdi 
S, Van Keymeulen A, Brown D, Moers V, Lemaire S, et al. Identifica-
tion of the tumour transition states occurring during EMT. Nature. 
2018;556(7702):463–8.

	14.	 Brabletz T, Kalluri R, Nieto MA, Weinberg RA. EMT in cancer. Nat Rev 
Cancer. 2018;18(2):128–34.

	15.	 Nieto MA, Huang RY, Jackson RA, Thiery JP. Emt: 2016. Cell. 
2016;166(1):21–45.

	16.	 Jin H, Morohashi S, Sato F, Kudo Y, Akasaka H, Tsutsumi S, Ogasawara 
H, Miyamoto K, Wajima N, Kawasaki H, et al. Vimentin expression of 

esophageal squamous cell carcinoma and its aggressive potential for 
lymph node metastasis. Biomed Res. 2010;31(2):105–12.

	17.	 Roger L, Jullien L, Gire V, Roux P. Gain of oncogenic function of p53 
mutants regulates E-cadherin expression uncoupled from cell invasion in 
colon cancer cells. J Cell Sci. 2010;123(Pt 8):1295–305.

	18.	 Jing Y, Han Z, Liu Y, Sun K, Zhang S, Jiang G, Li R, Gao L, Zhao X, Wu 
D, et al. Mesenchymal stem cells in inflammation microenvironment 
accelerates hepatocellular carcinoma metastasis by inducing epithelial-
mesenchymal transition. PLoS ONE. 2012;7(8):e43272.

	19.	 Lagergren J, Smyth E, Cunningham D, Lagergren P. Oesophageal cancer. 
Lancet. 2017;390(10110):2383–96.

	20.	 Yang XH, Feng ZE, Yan M, Hanada S, Zuo H, Yang CZ, Han ZG, Guo W, 
Chen WT, Zhang P. XIAP is a predictor of cisplatin-based chemotherapy 
response and prognosis for patients with advanced head and neck 
cancer. PLoS ONE. 2012;7(3):e31601.

	21.	 Sung KW, Choi J, Hwang YK, Lee SJ, Kim HJ, Kim JY, Cho EJ, Yoo KH, Koo 
HH. Overexpression of X-linked inhibitor of apoptosis protein (XIAP) is an 
independent unfavorable prognostic factor in childhood de novo acute 
myeloid leukemia. J Korean Med Sci. 2009;24(4):605–13.

	22.	 Edison N, Curtz Y, Paland N, Mamriev D, Chorubczyk N, Haviv-Reingewertz 
T, Kfir N, Morgenstern D, Kupervaser M, Kagan J, et al. Degradation of 
Bcl-2 by XIAP and ARTS promotes apoptosis. Cell Rep. 2017;21(2):442–54.

	23.	 Hehlgans S, Petraki C, Reichert S, Cordes N, Rodel C, Rodel F. Double tar-
geting of Survivin and XIAP radiosensitizes 3D grown human colorectal 
tumor cells and decreases migration. Radiother Oncol. 2013;108(1):32–9.

	24.	 Liu J, Zhang D, Luo W, Yu Y, Yu J, Li J, Zhang X, Zhang B, Chen J, Wu XR, 
et al. X-linked inhibitor of apoptosis protein (XIAP) mediates cancer cell 
motility via Rho GDP dissociation inhibitor (RhoGDI)-dependent regula-
tion of the cytoskeleton. J Biol Chem. 2011;286(18):15630–40.

	25.	 Mehrotra S, Languino LR, Raskett CM, Mercurio AM, Dohi T, Altieri DC. IAP 
regulation of metastasis. Cancer Cell. 2010;17(1):53–64.

	26.	 Kim J, Ahn S, Ko YG, Boo YC, Chi SG, Ni CW, Go YM, Jo H, Park H. 
X-linked inhibitor of apoptosis protein controls alpha5-integrin-
mediated cell adhesion and migration. Am J Physiol Heart Circ Physiol. 
2010;299(2):H300–9.

	27.	 Dogan T, Harms GS, Hekman M, Karreman C, Oberoi TK, Alnemri ES, Rapp 
UR, Rajalingam K. X-linked and cellular IAPs modulate the stability of 
C-RAF kinase and cell motility. Nat Cell Biol. 2008;10(12):1447–55.

	28.	 Oberoi TK, Dogan T, Hocking JC, Scholz RP, Mooz J, Anderson CL, Karre-
man C, Meyer zu Heringdorf D, Schmidt G, Ruonala M, et al. IAPs regulate 
the plasticity of cell migration by directly targeting Rac1 for degradation. 
EMBO J. 2012;31(1):14–28.

	29.	 Yu J, Zhang D, Liu J, Li J, Yu Y, Wu XR, Huang C. RhoGDI SUMOylation at 
Lys-138 increases its binding activity to Rho GTPase and its inhibiting 
cancer cell motility. J Biol Chem. 2012;287(17):13752–60.

	30.	 Hanson AJ, Wallace HA, Freeman TJ, Beauchamp RD, Lee LA, Lee E. XIAP 
monoubiquitylates Groucho/TLE to promote canonical Wnt signaling. 
Mol Cell. 2012;45(5):619–28.

	31.	 Gasior K, Wagner NJ, Cores J, Caspar R, Wilson A, Bhattacharya S, Hauck 
ML. The role of cellular contact and TGF-beta signaling in the activa-
tion of the epithelial mesenchymal transition (EMT). Cell Adh Migr. 
2019;13(1):63–75.

	32.	 Garg M. Epithelial, mesenchymal and hybrid epithelial/mesenchymal 
phenotypes and their clinical relevance in cancer metastasis. Expert Rev 
Mol Med. 2017;19:e3.

	33.	 Koudelkova P, Costina V, Weber G, Dooley S, Findeisen P, Winter P, Agarwal 
R, Schlangen K, Mikulits W. Transforming growth factor-beta drives the 
transendothelial migration of hepatocellular carcinoma cells. Int J Mol Sci. 
2017;18(10):2119.

	34.	 Gregory PA, Bracken CP, Smith E, Bert AG, Wright JA, Roslan S, Morris M, 
Wyatt L, Farshid G, Lim YY, et al. An autocrine TGF-beta/ZEB/miR-200 sign-
aling network regulates establishment and maintenance of epithelial-
mesenchymal transition. Mol Biol Cell. 2011;22(10):1686–98.

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


	X-linked inhibitor of apoptosis protein accelerates migration by inducing epithelial–mesenchymal transition through TGF-β signaling pathway in esophageal cancer cells
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patients and tissue samples
	Cell lines
	Wound healing assay
	Transwell assay
	Western blotting
	Immunofluorescence assay
	Immunohistochemistry assay
	Quantitative real-time PCR (qRT-PCR)
	Generation of stable XIAP knockdown cell lines
	ESCC cell lung metastatic assay

	Statistical analysis

	Results
	Correlation between XIAP expression and clinical characteristic
	XIAP knockdown inhibited migration of ESCC cells
	XIAP knockdown suppressed EMT of ESCC cells
	XIAP promoted lung metastasis and EMT of ESCC cells in vivo nude mice
	XIAP knockdown decreased EMT through inhibiting TGF-β signaling pathway in ESCC cells
	Correlation between XIAP expression and TGF-β expression in ESCC tissues

	Discussion
	Conclusion
	Acknowledgements
	References




