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Expression of migfilin is increased in esophageal cancer 
and represses the Akt-β-catenin activation
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Abstract: Cell adhesion proteins that connect each cell to neighboring cells and the extracellular matrix are an 
important determinant of cell morphology and metastasis. Migfilin is a member of LIM-containing protein family, 
mediated the linkage between cytoskeleton and focal adhesion through interacting with other proteins and involved 
in cell adhesion and motility. The present study used immunohistochemistry and Western blot analysis of migfilin 
in clinical specimens of esophageal squamous cell carcinoma (ESCC) to identify that the expression of migfilin 
was significantly upregulated in ESCC in concomitance with a nuclear-cytoplasm translocation compared to normal 
adjacent tissue. Alternately, using the published datasets we identified that the expression of β-catenin was upregu-
lated in esophageal cancer cells with focal invasion, while inversely correlated with migfilin in esophageal cancer 
cell lines. We demonstrated that the reduced expression of β-catenin by migfilin was through the inhibition of Akt 
activation. In conclusion, these results illustrated that migfilin upregulated in ESCCs and repressed β-catenin in an 
Akt-GSK3β signaling dependent manner. 
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Introduction

Esophageal cancer is one of the most aggres-
sive cancers occurring with the eighth of inci-
dence and sixth of cancer-related mortality 
worldwide [1]. The focal invasion and distant 
metastasis are the cardinal cause of death in 
esophageal cancer and more than 50 percent 
of patients have either unresectable tumors or 
radiographically visible metastases at the time 
of the diagnosis [2]. In China and other Asian 
countries, esophageal squamous cell carcino-
ma (ESCC) is the most prevalent distribution 
[1]. Cumulative evidences illustrated that a vari-
ety of genetic and molecular abnormalities in- 
cluding gene dysregulation, biochemical modifi-
cations and aberrant signaling pathways under-
lying the development and progression of ESC- 
Cs [3]. Among them, particular attention has 
been attracted to LIM domain containing pro-
tein as the expression of them altered and invol- 
ved in pathogenesis or represented properties 
specific to ESCC [4-8]. 

LIM domains are cysteine-rich sequences of 
approximately 50 residues that fold into a zinc-

finger structure serving as modular protein-
binding interfaces [9]. Zyxin family is one group 
of the LIM domain proteins which are indenti-
fied in the cytoplasm, and can translocate into 
the nucleus and facilitate transcription of target 
genes, involved in tissue-specific gene regula-
tion, cell fate determination and cytoskeleton 
organization [10]. Migfilin is an adaptor protein 
of the zyxin family, regulates cell physiology and 
drives carcinogenesis. Previous study had defi- 
ned that migfilin mediated a connection bet- 
ween focal adhesion and the actin cytoskeleton 
through interacting with mig-2 and filamin, par-
ticipated in the orchestration of actin assembly 
and cell shape modulation [11]. Migfilin com-
peted with integrin-β tails for common binding 
sites on filamin provided a mechanism for swi- 
tching between different integrin-cytoskeleton 
linkages [12-16]. Besides, migfilin regulated 
cell migration and anoikis resistance through 
interacting with VASP and Src [17, 18]. Alter- 
natively, migfilin could also shuttle form cyto-
plasm to nuclear to induce cardiomyocyte dif-
ferentiation through associating with cardiac 
transcriptional factor CSX/NKX2-5 [19]. These 
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findings provided additional support for the role 
of migfilin in tumorigenesis and implicated that 
the function of migfilin was in a genetic and tis-
sues context specific dependent manner. 

Our previous study had exhibited that migfilin 
inhibited esophageal cancer cell motility th- 
rough elevating GSK3β-mediated degradation 
of β-catenin [20]. Although the important role 
of migfilin and β-catenin in cell adhesion, cyto-
skeleton organization and migration via cul-
tured cells has been delineated, the expression 
and functional roles of migfilin and β-catenin in 
esophageal tissue, either in normal or diseased 
conditions and the relationship between migfi-
lin, β-catenin levels and the clinicopathologic 
parameters or survival in ESCCs needs to be 
further elucidated. In the present study, we 
evaluated the expression of migfilin in clinical 

ESCC samples and their matched adjacent nor-
mal esophageal epithelia and analyzed the 
relationships between migfilin, β-catenin expre- 
ssion and the clinicopathologic parameters of 
ESCCs. Additionally, we verified that the expres-
sion of β-catenin was inversely correlated with 
migfilin in esophageal cancer cells and provid-
ed a new perspective about the underlying 
mechanism of migfilin-mediated repression of 
β-catenin.

Materials and methods

Tissue specimens

Tissue microarray comprised of 105 patients 
with ESCCs was obtained at the First Affiliated 
Hospital of Anhui Medical University (Anhui 
province, China). Patients received no treat-

Figure 1. The protein expression of migfilin in esophageal cancer samples. A. Representative immunohistochemical 
staining showing the expression and localization of migfilin in four cases of paired esophageal normal and cancer 
tissues. B. Western blot analysis showing the expression of migfilin in paired esophageal normal and cancer tissues. 
β-actin served as an internal control. T: ESCC tissue, N: corresponding normal adjacent mucosa.



Migfilin overexpressed in ESCC and negatively regulated Akt-β-catenin

272 Am J Cancer Res 2014;4(3):270-278

ment before surgery and signed informed con-
sents in accordance with Institutional Review 
Board of the Chinese Academy of Medical 
Sciences Cancer Institute and Anhui Medical 
University standards and guidelines. Repre- 
sentative primary tumor regions and the corre-
sponding histologically normal esophageal 
mucosa from each patient were snap-frozen in 
liquid nitrogen and stored at -80°C [21]. 
Additional sections were collected and embed-
ded in paraffin for histological examination [20, 
22]. 

Cell culture

Human ESCC cell lines (KYSE series) were gen-
erous gifts from Dr. Shimada Y of Kyoto Uni- 
versity (Kyoto, Japan; [23]). Cells were main-
tained in RPMI-1640 supplemented with 10% 
FBS, 100 U/mL streptomycin, and 100 U/mL 
penicillin.

Antibodies

Monoclonal anti-migfilin Ab (clone 43) was 
kindly provided by Prof. Wu C as described pre-
viously [11]. Antibodies against β-catenin, 

p-Ser473-Akt (Santa Cruz), p-β-catenin, p-Ser9-
GSK3β, GSK3β, Akt (Cell Signaling), FLAG, 
β-actin (Sigma) and cyclin D1 (Protein innova-
tion) were also used. 

Immunohistochemistry

The human ESCC tissue microarray was sub-
jected to immunohistochemistry using mono-
clonal antibody to migfilin. Briefly, deparaf-
finized tissue sections were treated by 3% 
hydrogen peroxide and processed for antigen 
retrieval (by heating in a microwave oven at 
96°C, in 0.01 M citrate buffer, at pH 6, for 15 
min), after cooled at room temperature, they 
were blocked by normal goat serum for 30 min 
and incubated with anti-migfilin antibody at 4°C 
overnight. The reaction products were colorized 
with PV9003 immunohistochemistry (IHC) kit 
(Zhong Shan Goldenbridge) and DAB substrate-
chromogen kit (Zhong Shan Goldenbridge), 
resulting in a brown signal. The evaluation of 
immunohistochemical staining was described 
as previously [24]. Briefly, specimens were 
reviewed with staining intensity and staining 
extent. Staining intensity was rated as follows: 
0, negative; 1, faint; 2, moderate; 3, strong. The 
expression extent were graded on a scale from 
0 to 3 as follows: 0, no positive staining or only 
a few scattered positive cells; 1, cluster(s) of 
positively stained cells, but accounting for < 
25% of the cells within a visual field; 2, cluster(s) 
of positively stained cells that accounted for 
25% to 50% of the cells within a visual field; 3, 
cluster(s) of positively stained cells that 
accounted for > 50% of the cells within a visual 
field. The results of intensity and extent gave an 
overall score. The samples of staining where 
the score was less than 3 were marked as low 
expression; those scored more than 3 (includ-
ing 3) were marked as high expression.

Western blot analysis

Proteins were separated by SDS-PAGE, trans-
ferred to PVDF membranes (Amersham), 
blocked with milk, and then probed with anti-
bodies as indicated. Protein bands were detect-
ed by chemiluminescence using the ECL sys-
tem (Vigorous) according to the manufacture’s 
protocol. 

SiRNA transfection and generation of stable 
cell lines

SiRNA transfection and establishment of stable 
cell lines were performed as previously des- 
cribed [20]. 

Table 1. The different expression of migfilin be-
tween ESCCs and normal adjacent tissues
Characteristics Low (%) High (%) Total P
Normal 94 (98.9) 1 (1.1) 95 < 0.001***

Tumor 52 (54.7) 43 (45.3) 95
NOTE: The result was analyzed by the Pearson χ2 test. P values 
with significance are shown as superscripts. ***, p < 0.001.

Figure 2. The mRNA levels of migfilin in esopha-
geal cancer samples. Scatter plot displaying migfilin 
mRNA levels between ESCCs and matched adjacent 
normal esophageal mucosa in published microarray 
data sets (GSE23400).
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Statistical analysis

Association of migfilin expression level with 
clinicopathologic features of ESCCs and the 
statistical difference of migfilin expression in 
ESCC and its corresponding normal epithelium 
were validated by χ2 test and 2-tailed paired 
Student t test with the SPSS17.0 statistical pro-
gram for windows. A value of P < 0.05 was con-
sidered to be statistically significant.

Results

Increased expression and nuclear-to-cytoplas-
mic translocation of migfilin in human esopha-
geal squamous cell carcinoma

Our previously results showed that the expres-
sion of migfilin in ESCCs is potentially relevant 
for the clinical outcome in patients and played 
a role in suppressing esophageal cancer cells 
malignant phenotype and nodal metastasis 
[20]. To determine the significance of migfilin in 
esophageal squamous cell carcinoma progres-
sion, we conducted immunohistochemistry 
analysis for migfilin in 95 pairs of human ESCC 
tissue specimens and their normal counter-
parts from the 105 ESCCs tissue array which 
lost 10 adjacent normal tissue specimens. As 
shown in Figure 1A, the staining of migfilin pro-
tein was predominantly localized in the nucleus 
of normal esophageal epithelial cells, while in 
neoplastic cells, the immunoreactivity shifted 

to the cytoplasm of the tumor nest. A statisti-
cally significant overexpression of migfilin was 
observed in ESCC samples (Table 1). Western 
blot analysis on eight pairs of ESCC and their 
matched normal esophageal adjacent tissues 
validated the increased expression of migfilin in 
ESCC (Figure 1B). To further confirm this result, 
we analyzed a public data set in ESCC [25] and 
found migfilin mRNA was significantly overex-
pressed in ESCCs as compared to matched 
adjacent normal esophageal mucosa (Figure 
2). These results showed that the expression of 
migfilin was upregulated in concomitance with 
a dynamic intracellular shuttling in ESCCs.

The association between migfilin expression 
and ESCC clinicopathologic parameters

To further validate the alteration of migfilin 
expression in ESCCs and analyze the relation-
ship between migfilin and clinicopathologic fea-
tures, we assessed the correlation between 
migfilin protein levels and clinicopathologic 
parameters in the tissue microarray comprised 
of 105 esophageal cancer by IHC analysis. The 
immunostaining results for migfilin in ESCCs 
showed that the protein expression of migfilin 
was not correlated with ESCC depth of tumor 
invasion, differentiation or clinical stage (Table 
2). 

Inverse correlation between β-catenin and 
migfilin mRNA expression in esophageal can-
cer cells

Since our previous results demonstrated that 
the inhibition of cell motility by migfilin was con-
ferred partially by β-catenin-mediated signaling 
pathway [20], invigorated us to further investi-
gate the difference of β-catenin level in esoph-
ageal cancer cells with clear invasion status 
and statistic result showed that in the pub-
lished data sets [26], β-catenin mRNA was sig-
nificantly overexpressed in invading cells grown 
in organotypic culture, as compared to nonin-
vading cells (Figure 3A). To confirm the repres-
sive effect of migfilin on β-catenin expression in 
cell lines, we examined their mRNA levels in a 
subset of esophageal cancer cell lines [27]. 
Pairwise correlation analysis indicated that a 
statistically significant inverse correlation 
between migfilin and β-catenin (Figure 3B). The 
negative correlation between migfilin and 

Table 2. The correlation between migfilin expres-
sion and clinicopathologic features in ESCCs
Characteristics Low (%) High (%) Total P
Overall 17 88 105
TNM classification
    pT
    pT1 1 (33.3) 2 (66.7) 3 0.684
    pT2 5 (13.5) 32 (86.5) 37
    pT3 11 (16.9) 54 (83.1) 65
Clinical stage
    I 1 (50) 1 (50) 2 0.723
    II 11 (15.9) 58 (84.1) 69
    III 1 (12.5) 7 (87.5) 8
    IV 4 (15.4) 22 (84.6) 26
Differentiation
    Well 1 (4.8) 20 (95.2) 21 0.201
    Moderately 12 (18.5) 53 (81.5) 65
    Poorly 4 (21.1) 15 (78.9) 19
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β-catenin suggested that migfilin participated 
in regulating the transcription of β-catenin.

Migfilin-induced reduction of β-catenin is 
mediated through PI3K/Akt/GSK3β signaling 
pathway

Since we have recently reported that GSK3β is 
required for migfilin-mediated β-catenin degra-

dominant site for Akt activation) and its down-
stream target GSK3β in migfilin stable trans-
fectants, although the total protein levels of 
each protein remained unchanged compared 
with the vector control. Conversely, transfec-
tion of KYSE150 cells with migfilin siRNA sub-
stantially increased the activity of Akt and 
phosphorylation of GSK3β as well as the 
expression of cyclinD1, a classic downstream 

Figure 3. The expression of β-catenin was upregualted in invading esophageal cancer cells and inversely correlated 
with migfilin in esophageal cancer cell lines. A. Scatter plot displaying β-catenin mRNA levels in 35 esophageal car-
cinoma cell samples (GSE21293) with (12 cases) or without (23 cases) invasion. B. Scatter plot displaying migfilin 
and β-catenin mRNA levels in 20 esophageal cancer cell lines (GSE9982) with pairwise correlation analysis. 

Figure 4. Migfilin regulated β-catenin expression via the PI3K/Akt/GSK3β pathway. A. 
Lysates of KYSE450 stable transfectants (T1 and T2) were prepared and immunoblots 
were performed with antibodies as indicated. K1 and K2 denote stable transfectants 
with vector controls. B. KYSE150 cells were transiently transfected with migfilin siRNAs 
(seq1 and seq2) or non-targeting siRNA (con). LY294002 (50 µM) or dimethyl sulfoxide 
(DMSO) was added to the cell culture medium 1 hour prior to harvesting the cells. Cells 
were lysed and immunoblotting analysis was performed with antibodies as indicated. 

dation [20], and it 
has been demon-
strated that phos-
phorylation of GSK- 
3β at Ser9 by Akt/
PKB results in its 
inactivation and su- 
bsequently accumu-
lation of cytoplas-
mic β-catenin [28], 
we hypothesized 
that the PI3K/Akt 
signaling pathway 
might be involved in 
the destabilization 
of β-catenin induced 
by migfilin. Results 
in Figure 4A showed 
that overexpression 
of migfilin was ac- 
companied with a 
decreased phosph- 
orylation of Akt at 
Ser473 (the pre-
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target of β-catenin, compared with the control 
cells transfected with an irrelevant siRNA, but 
treatment with the LY294002, a reversible 
PI3K inhibitor, attenuated knockdown of migfi-
lin induced phosphorylation of Akt and GSK3β 
(Figure 4B). Taken together, these observations 
suggested that migfilin functions as an up- 
stream regulator of β-catenin through modula-
tion of the PI3K/Akt signaling pathway.

Discussion

Cell-extra cellular matrix and cell-cell adhesion 
maintain tissue integrity and orchestrate cell 
morphology and involve in accumulate funda-
mental cellular processes. Consequently, aber-
ration of the expression or subcellular distribu-
tion of cell adhesion molecules is frequently 
amenable to dissociation of cells from the origi-
nal tumor and invasion of surrounding tissues. 
Migfilin, the adhesion protein connects the 
focal adhesion with the actin cytoskeleton, are 
associated with a number of proteins that can 
serve as a docking sites for protein-protein 
interactions [29, 30]. Distinctively, a recent 
publication by Moik and colleagues considered 
that loss of migfilin expression has no overt 
consequences on murine development and 
homeostasis [31]. However, another study with 
migfilin-knockout mice model identified migfilin 
as an important modulator of bone homeosta-
sis through regulating both the intrinsic proper-
ties of bone marrow stromal cells and the com-
munication between osteoblast and bone 
marrow monocytes which controls osteoclasto-
genesis [32]. One possible explanation for the 
contradictory evidence acquired by using the 
same animal model and experiment in vivo is 
that the tissue and genetic context have a deci-
sive role in switching migfilin between its multi-
ple functions. In carcinogenesis, it had been 
reported that migfilin was significantly reduced 
in the majority of the breast cancer tissues 
compared to normal tissues [33]. However, in 
human leiomyosarcoma, the cytoplasmic level 
of migfilin was strongly associated with higher 
tumor grades [34]. Our immunohistochemical 
and Western blot analysis using clinical ESCC 
samples revealed an increased expression of 
migfilin in ESCC (Figure 1A and 1B). The result 
was verified by detecting the migfilin levels in 
ESCCs through using an independent published 
dataset (Figure 2). Whereas we previously 
observed that migfilin overexpression was 

associated with a less aggressive biological 
behavior and promoted the GSK3β-mediated 
degradation of β-catenin [20], which remi-
nisced us that migfilin played a negative regula-
tory role in ESCC metastasis. The contrary 
results mentioned above are compatible with 
the expression of migfilin was upregulated in 
osteoarthritis, but silencing of migfilin rather 
exacerbated than ameliorated the osteoarthrit-
ic phenotype via inducing β-catenin expression 
[35]. Hence, we extrapolated that migfilin may 
facilitate tumorgenicity of early-stage cancers, 
whereas it acted cytostatically in more malig-
nant lesions, which was conceivably related to 
changes in its genetic context during tumor pro-
gressions. Recently, an increasing amount of 
evidences indicated that migfilin could translo-
cate to the nucleus and facilitate transcription 
of tissue-specific gene and determination of 
cell fate [10, 29]. In myocardial cells, migfilin 
could shuttle from the cytoplasm to the nucle-
us in response to calcium and induce cardio-
myocyte differentiation [19]. Migfilin also con-
tained a nuclear export sequence in its 
proline-rich domain, which mediated its dynam-
ic intracellular shuttling [19, 36]. Our present 
study observed that migfilin was restricted to 
the nucleus in the adjacent normal epithelium, 
whereas increased levels of migfilin were 
observed in both the cytoplasm and the nucle-
us in ESCC. The mechanism for nuclear translo-
cation of migfilin in ESCC is currently unknown 
and requires further investigation.

The different functions of migfilin in the specific 
tissue context not only depend on its different 
subcellular localization but also effect on differ-
ent signal pathways. It had been reported that 
migfilin acted as a key regulator in sensitizing 
glioma cells to cisplatin-induced apoptosis 
through modulation of apoptosis-related pro-
teins, such as PARP, caspase-3 and Bcl-xL [37]. 
Reciprocally, upregulation of migfilin was asso-
ciated with poor prognosis of glioma and medi-
ated metastasis depended on activating the 
epithermal growth factor receptor-induced 
PLC-γ and STAT3-signaling pathways [38]. Our 
previous study revealed that migfilin promoted 
GSK3β-mediated phosphorylation and degra-
dation of β-catenin by enhancing the interac-
tion between β-catenin and GSK3β [20]. In the 
present study, we further substantiated that 
the expression of β-catenin was dramatically 
negative correlated with migfilin in esophageal 
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cancer cell lines by using the existing GEO data-
base (Figure 3B). Besides, overexpression of 
migfilin significantly abrogated the function of 
β-catenin by decreasing phosphosrylation of 
Akt and GSK3β (Figure 4A) and inhibition of 
PI3K-Akt signaling by LY294002 blunted the 
increase of β-catenin protein expression 
induced by migfilin knockdown (Figure 4B). 
GSK-3β had been reported to be inactivated by 
phosphorylation at Ser9 by serine/ threonine 
kinases [28], here we showed that the phos-
phorylation and activity of GSK-3β regulated by 
migfilin via the PI3K/Akt pathway and the 
increased GSK-3β activity leading to phoshpor-
ylation of β-catenin at sites which are critical 
for its recognition and degradation by β-Trcp 
[39, 40]. We also found that down-regulation of 
migfilin promoted the activation of Akt which 
resulted in the up-regulation of β-catenin and 
augmentation in TCF activity by inhibiting GSK-
3β (Figure 4B). Since the regulation of Akt activ-
ity is PI3K dependent, we have shown, with the 
use of pharmacologic PI3K inhibitor LY294002, 
that knockdown of migfilin-induced Akt activa-
tion is PI3K dependent (Figure 4B). 

Currently, the precise mechanism by which 
PI3K is targeted by migfilin action remains to be 
determined. Ras, one of the PI3K upstream 
regulators can directly bind and stimulate 
p110, which is the catalytic subunit of PI3K 
[41]. And another recent paper validated that 
active Ras co-localized with Filamin A (FLNa) 
coordinately increased cell migration by 
enhancing integrin activation and fibronectin 
matrix assembly [42]. Previous studies had 
revealed that FLNa is a migfilin-binding protein 
[11]. Therefore we speculate that the competi-
tion between migfilin and Ras, both of which 
can bind FLNa, may dissociate FLNa from Ras, 
thereby regulate Ras activity, inhibit the activa-
tion of PI3K/Akt signaling pathway, and facili-
tate β-catenin phosphorylation by GSK3β. 
Clearly, future studies are required to test this 
hypothesis.

In conclusion, we have shown that the expres-
sion of migfilin significantly increased in the 
majority of the ESCCs compared to adjacent 
normal tissues regardless of differentiation 
and disease stage and illuminated that migfilin 
modulated β-catenin levels by affecting the 
activity/phosphorylation of GSK-3β through the 
PI3K/Akt pathway. Identification of the underly-

ing molecular mechanisms will shed light on 
the understanding of cell adhesion-mediated 
carcinogenesis and spread to target organs.
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