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Abstract. Background/Aim: Na(+)/H(+) exchanger
regulatory factor 1 (NHERF1) has been reported to interact
with many cancer-related proteins and plays an important
role in cancer progression. However, little is known about the
biological functions of NHERF I in lung cancer cells. The aim
of the current study was to explore whether NHERFI is
involved in transforming growth factor (TGF)-f1-induced
epithelial-mesenchymal transition (EMT) in non-small-cell
lung cancer cells. Materials and Methods: The expression of
NHERF] and EMT-associated markers including E-cadherin,
N-cadherin, snail family transcriptional repressor 1 (SNAII)
and snail family transcriptional repressor 2 (SLUG) were
analyzed by reverse transcription polymerase chain reaction
(RT-PCR) and western blotting. The migratory properties of
cells were assessed using a wound-healing assay. Results:
TGF-f1-induced a pro-migratory response in the A549 lung
cancer cell line, that was consistently associated with
corresponding changes in the expression levels of EMT-
related genes. The expression of NHERFI significantly
decreased in the TGF-f1-induced A549 cells. Overexpression
of NHERF'] significantly inhibited the migratory ability of
cells and reversed the TGF-f1-induced mesenchymal
phenotype of A549 cells. Conclusion: These data showed an
important role of NHERF1 in the EMT of non-small-cell lung
cancer cells, as well as migration.

Lung cancer is one of the most prevalent and lethal cancers
worldwide (1). Non-small-cell lung cancer (NSCLC)
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accounts for approximately 80-85% of all lung cancers (1,
2). Successful treatment of this disease depends today on
early diagnosis followed by surgical resection. It is difficult
to reach this goal, although various new diagnostic and
therapeutic methods have been developed. The prognosis of
NSCLC is poor and it is estimated that the 5-year survival
rate for NSCLC is less than 15% (3, 4). Thus, more sensitive
and specific approaches need to be established. Identifying
and characterizing molecular mechanisms that are relative to
lung cancer may allow for identification of diagnostic and
prognostic markers, as well as candidate therapeutic targets.
Na*/H* exchanger regulatory factor 1 (NHERF1) or ezrin-
radixin-moesin (ERM) binding phosphoprotein of 50 kDa
(EBP50) plays a great role in ion transport, signal
transduction and has a close relation to human cancers (5).
NHERF1 was initially recognized as a scaffolding protein
that can mediate specific protein-protein interactions (1).
NHERFI1 has been shown to regulate several G protein-
coupled receptors, including receptors for parathyroid
hormone, «x-opioid, and P2-adrenergic receptors (2).
NHERF]I has also been reported to interact with specific
growth factor receptors such as the epidermal growth factor
receptor (8-10), and platelet-derived growth factor receptor
(11, 12) and to modulate mitogenic signaling by these
receptor tyrosine kinases. NHERF1 is involved in
tumorigenesis and is an important player in cancer
progression. Previous studies have shown NHERF1 to be up-
regulated in tumor tissue relative to its corresponding normal
tissue in breast cancer (3), schwannoma, hepatocellular
carcinomas (14), and malignant gliomas (4). Other studies
report NHERF]1 is a tumor suppressor (5). It was reported
that intragenic mutation of the NHERF1 gene accompanied
by loss of heterozygosity (LOH) occurs in 3% (3/85) of
breast cancer cell lines and primary breast tumors (6). The
human NHERF1 gene is located on chromosome 17q25.1, a
region that is frequently mutated in human breast and
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ovarian cancers (GenBank accession #NM_004252) (18, 19).
In lung cancer, only a recent report showed, cytoplasmic and
nuclear NHERF1 expression was significantly higher than
membranous expression in fine needle aspirates of cytology
and surgical NSCLC samples, suggesting that NHERF1
could contribute to lung carcinogenesis (7). However, the
function of NHERF1 in lung cancer cells has not been
described.

In the present study, we found that transforming growth
factor (TGF)-1 can inhibit NHERF1 expression in non-
small-cell lung cancer cells. Ectopic expression of NHERF1
inhibited the acquisition of epithelial mesenchymal transition
(EMT) phenotypic features and migratory properties. These
findings indicate that NHERF1 could be involved in TGF-
B1-induced EMT in non-small-cell lung cancer cells and
regulate the malignant phenotypes of lung cancer cells by the
modulation of EMT.

Materials and Methods

The dataset collection. The gene expression profiling of NSCLC
cell lines upon TGF-B1-induced EMT was downloaded from the
GEO. The datasets GSE49644 consisted of 3 TGF-f31-induced lung
cancer cell lines (A549, HCC827, H358) and its parental cells.

Expression vectors and small interfering RNAs. The 3flag-tagged
NHERF]1 construct was cloned by our laboratory previously (8).
Small interfering RNA (siRNA) duplexes directed against NHERF1
(siNHERF1-1: 5-GCUAUGGCUUCAACCUGCATT-3; siNHERF1-
2: 5-GAAGGAGAACAGUCGUGAATT-3) and the scrambled
control RNA (5-UUCUUCGAACGUGUCACGUTT-3) were
synthesized by Gene-Pharma (Su Zhou, China).

Cell culture and transfection. The human lung cancer cell line, A549,
was obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were maintained in Dulbecco’s modified
Eagle medium (DMEM) supplemented with 10% fetal calf serum,
penicillin and streptomycin (Gibco BRC, Paisley, Scotland) and were
cultured at 37°C in a 5% CO,, 95% humidified atmosphere. Cells
were transiently transfected with Flag-NHERF1 plasmid or
NHERF1-siRNA respectively by using Lipofectamine® 2000
Transfection Reagent (Invitrogen, Paisley, Scotland, UK).

RNA preparation and reverse transcription polymerase chain reaction.
RNA extraction and reverse transcription polymerase chain reaction
(RT-PCR) were performed as described previously (9). Conditions for
PCR were 10 s at 95°C for denaturation, 20 s at 55°C for annealing
and 30 s at 72°C for elongation (35 cycles). RT-PCR primers were as
follows: NHERF1 sense: 5-AGGGAAA CTGACGAGTTCTT-3;
antisense: 5-ACTGAACCTGACCGTACA TTCACGACTGTTCT
CCTT-3; E-cadherin sense: 5-TGCCCAGAA AATGAAAAAGG-3;
antisense: 5-GTGTATGTGGCAATGCGTTC-3; N-cadherin sense: 5-
GACAATGCCCCTCAAGTGTT-3; antisense: 5-CCATTAAGCCG
AGTGATGGT-3; snail family transcriptional repressor 2 (SLUG)
sense: 5-TGATGAAGAGGA AAGACTACAG-3; antisense: 5-
GCTCACATATTCCTTGTCAC AG-3; snail family transcriptional
repressor 1 (SNAI1) sense: 5-TACAGCGAGCTGCAGGACTCTA
AT-3; antisense: 5-AGGA CAGAGTCCCAGATGAGCA TT-3;
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GAPDH sense: 5-GGGAAG GTGAAGGTCGGAGT-3; antisense: 5-
TTGAGGTCAATGAAGG GGTCA-3.

Western blotting. The protein expression was assessed in the human
lung cancer cell line lysates through standard sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
western blotting analysis. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) expression was used as an internal control. Anti-
NHERF1 was purchased from Becton, Dickinson and Company
(Franklin, USA). SLUG, and GAPDH antibodies were purchased
from Santa Cruz (California, USA). E-Cadherin, N-Cadherin and
SNAIIl antibodies were from Abcam (Cambridge, UK). Protein
expression was assessed and quantified using Image J 2x analysis
software (Rawak Software, Inc. Germany).

Wound-healing assay. The migratory properties of cells were
assessed using a wound-healing assay. Cells were seeded at a
density of 1.5x106 cells/well into a 6-well plate and allowed to
reach confluence. The layer of cells was then scraped with a fine
gauge needle to create a wound of approximately 1,500 um. Images
of the wound were recorded under a phase contrast microscope at
different times (0, 24 h). Wound closure/cell migration was
evaluated with motion analysis and line morphometry software
(Image J 2x).

Statistical analysis. SPSS version 16.0 (SPSS, Inc., Chicago, IL,
USA) was used for statistical analyses. The 2-sample #-test was used
for normally distributed data. Differences were considered
statistically significant at p<0.05.

Results

NHERFI down-regulation correlated with TGF-f1-induced
EMT in lung cancer cells. To identify genes which are
differentially expressed in lung cancer cells, we compared
the gene expression profiles of TGF-f1-treated lung cancer
cells and their parental cells through a GEO dataset (GEO
number: GSE49644). E-cadherin gene, the typical EMT
molecular marker, was significantly down-regulated in TGF-
p1-treated lung cancer cell lines (A549, HCC827, H358).
Accordingly, five other typical EMT molecular markers
(SNAI1, SLUG, ZEBI1, Fibronectin, Vimentin) were up-
regulated in the TGF-f1-induced EMT-cells. Interestingly,
NHERF]1 exhibited a significant decrease in transcriptional
level in the EMT lung cancer cells (A549, HCC827, H358),
compared to untreated parental cells (Figure 1A). These
results indicated that NHERF1 could play an important role
in the EMT of lung cancer.

To confirm these findings, we treated A549 with TGF-{31.
A549 cells cultured in the absence of TGF-1 and it was
found that cells maintained the classic cobblestone epithelial
morphology and growth pattern, but after treatment with 5
ng/ml TGF-f1 for 24 h, the cells showed a more fibroblast-
like morphology (Figure 1B). Following stimulation with
TGF-f1 (5 ng/ml) for 24 h, we tested the levels of
expression of four typical molecular markers for A549 cells
using RT-PCR and western blotting. Results showed that E-
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Figure 1. Nat/H* exchanger regulatory factor 1 (NHERFI1) down-regulation correlated with transforming growth factor (TGF)-f1-induced
epithelial-mesenchymal transition (EMT) in lung cancer cells. (A) EMT markers and NHERF1 mRNA levels of lung cells A549, HCC827 and H358
were obtained from GSE database (GEO number: GSE49644). The results represent mean values+SD of three independent experiments. (B)
Morphology of A549 cells cultured with or without 5 ng/ml TGF-1 for 24 h. (C) The expression of NHERF1 and EMT typical markers (E-cadherin,
N-cadherin, SLUG, and SNAII) were detected by reverse transcription polymerase chain reaction (RT-PCR) (left) and western blotting (right).

cadherin was markedly down-regulated, and the markers, N-  Ectopic expression of NHERF 1 inhibited the acquisition of
cadherin, SLUG and SNAIl were markedly up-regulated  EMT phenotypic features in A549 cells after stimulation by
compared to the untreated A549 parental cells (Figure 1C).  TGF-f1. To further investigate how TGF-B1 induces A549
Moreover, the significant decline in NHERF1 expression was  cell EMT, we focused on the role of NHERFI in this
confirmed in the TGF-B1-treated A549 cells (Figure 1C). transition. A549 cells displayed a more fibroblast-like
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Figure 2. Ectopic overexpression of NHERF I inhibited the acquisition of EMT phenotypic features in A549 cells after stimulation by TGF-f1. (A)
Morphology of A549 cells, transfected with NHERF1 expression plasmid or vector, with or without the treatment with 5 ngiml TGF-f1 for 24 h.
(B) The expression of NHERF 1 and EMT typical markers (E-cadherin, N-cadherin, SLUG, and SNAII) were detected by RT-PCR (left) and western

blotting (right).

morphology after treatment of 5 ng/ml TGF-f1 for 24 h
(Figure 2A). While, overexpression of NHERF1 (Figure
2B) inhibited the cellular morphological changes induced
by TGF-f1 (Figure 2A). TGF-f1-stimulated A549 lung
cancer cells displayed the corresponding changes in the
expression levels of EMT-related genes including the
down-regulation of E-cadherin and up-regulation of N-
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cadherin, SLUG and SNAII (Figure 2B). While
overexpression of NHERF1 reversed the TGF-B1-induced
down-regulation of E-cadherin and up-regulation of N-
cadherin, SLUG and SNAII compared to control cells
transfected with vector (Figure 2B). These results indicated
that NHERF1 protein is possibly involved in regulating
TGF-B1 induced EMT process.
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Figure 3. NHERF1 knockdown promoted the EMT of A549 cells after stimulation with TGF-B1. (A) Morphology of A549 cells, transfected with
NHERF | targeting siRNA or scramble RNA, before and after the treatment with 5 ng/ml TGF-f31 for 24 h. (B) The expression of NHERFI and EMT
typical markers (E-cadherin, N-cadherin, SLUG, and SNAII) were detected by RT-PCR (upper) and western blotting (lower).
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Figure 4. NHERF I significantly suppressed TGF-f1-induced migration in A549 cells. (A) Validation of ectopic overexpression of NHERFI in A549
cells by western blotting. (B) NHERF1 overexpression inhibited TGF-f1-induced cell migration in A549 cells. The results represent mean values+SD
of three independent experiments. *p<0.05, **p<0.01, ***p<0.001.

NHERF1 knockdown promoted the EMT of A549 cells after  cellular morphological changes from classic cobblestone
stimulation with TGF-f31. The expression level of NHERF1  epithelial morphology to a more fibroblast-like morphology
was markedly reduced in the NHERFI-knockdown A549  induced by TGF-f1 (Figure 3A). Accordingly, knockdown
cells (Figure 3B). Knockdown of NHERF1 promoted the of NHERF]I potentiated the changes in the expression levels
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Figure 5. Migration capability of A549 cells was enhanced after knockdown of NHERF1 in A549 cells. (A) Knockdown of NHERF1 in A549 cells
as shown by western blotting. (B) NHERF | knockdown significantly promoted the migration capability in TGF-f1-induced A549 cells. The results
represent mean values+SD of three independent experiments. *p<0.05, **p<0.01, ***p<0.001.

of EMT-related genes induced by TGF-f1 including the  Overexpression of NHERF 1 significantly suppressed TGF-
down-regulation of E-cadherin and the up-regulation of N-  f1-induced migration of A549 cells. Studies have
cadherin, SLUG and SNAI1, compared with the control cells ~ demonstrated that tumor cells show enhanced migration
transfected with scrambled siRNA (Figure 3B). capability following EMT. In this study, we compared the
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migration capability of A549 cells transfected with
NHERF1 expression plasmid or the vector before and after
exposure to TGF-B1 using a wound healing assay. After
exposure to TGF-B1 (5 ng/ml) for 24 h, the A549-EMT
cells exhibited increased migration capability in
comparison with A549 parental cells (p<0.01). Moreover,
overexpression of NHERFI significantly suppressed the
migration capability both of A549 and A549 parental cells
(Figure 4). The results showed that the A549 cells have a
greater capacity to migrate while NHERF1 expression
significantly inhibited the TGF-f1-induced cell migration
in A549 cells, suggesting that NHERF1 could inhibit the
migration capability in non-small cell lung cancer cells
through the regulation of EMT.

Migration capability of A549 cells was enhanced after the
knockdown of NHERFI. Compared to control groups,
TGF-B1 significantly increased the migratory ability of
A549 cells. Knockdown of NHERFI remarkably
promoted the migratory ability both in A549 and parental
cells (Figure 5) (p<0.01). These results confirmed the
effects of NHERF1 on the migration capability in non-
small cell lung cancer cells which could be through the
regulation of EMT.

Discussion

Lung cancer emerges as the most common malignancy
worldwide (10), ranking first in cancer mortality and
incidence. Although chemotherapy has improved the survival
of patients with NSCLC, most patients die because of cancer
invasion and metastasis (11). EMT plays an important role
in invasion and metastasis of lung cancers (24, 25). There is
evidence to suggest that EMT shortens overall survival of
the patients (26).

The developmental program of EMT can be activated in
tumor cells by TGF-p1 (27, 28). EMT leads to loss of cell
adhesion and increases motility of cells (29). EMT can be
detected by down-regulation of epithelial makers such as E-
cadherin and gain of mesenchymal makers such as vimentin
and fibronectin (12). The expression of a large number of
genes is changed during this process. The analysis of gene
expression profiles through a GEO dataset (GEO number:
GSE49644) showed that NHERF1 was significantly
decreased at the transcriptional level in the EMT lung cancer
cells (A549, HCC827, H358). The results were confirmed by
the detection of the protein expression levels in the TGF-f31-
induced A549-EMT cells. These results suggested that
NHERF1 could play an important role in the EMT in lung
cancer. Further research showed ectopic expression of
NHERF1 inhibited the acquisition of EMT phenotypic
features and migration capability in A549 cells following
stimulation by TGF-f31. While the knockdown of NHERF1
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promoted EMT and the migratory capability of A549-EMT
cells. These results suggested NHERF1 could inhibit the
malignant phenotypes including the migratory ability of lung
cancer cells through the regulation of EMT, which
implicated a role for NHERF1 in lung cancer.

NHERFI1 possesses two PSD-95/Dlg/Zonula occludens-
1(PDZ) protein-interacting domains and a C-terminal
binding domain for ERM proteins that interact with the
actin cytoskeleton (31). Through its binding domains,
NHERFI exerts anchoring functions at the interface of the
plasma membrane and cytoplasm. NHERF1 has emerged
as a major regulator of cancer signaling networks by
assembling cancer-related proteins. It has been reported
that advanced colorectal cancer exhibited a higher
NHERF]1 expression in tumor cell cytoplasm and nucleus
than the membranes (32). Herein we provide evidence to
suggest a negative role of NHERF1 in the aggressiveness
of lung cancer cells. There seems to be some contradiction
between the clinical perspectives and results from cell
assays. However, it has been showed that the PDZ-scaffold
NHERFI carries either anti-tumor or pro-tumor functions,
two antinomic functions dictated by NHERF1 expression
or subcellular localization (1). The dual function of
NHERF! encompasses the regulation of several major
signaling pathways engaged in cancer, including the
receptor tyrosine kinases platelet-derived growth factor
receptor (PDGFR) and epidermal growth factor receptor
(EGFR), phosphatidylinositol 3 kinase (PI3K)/ phosphate
and tensin homolog (PTEN)/protein kinase B (AKT) and
Whnt/f-catenin pathways (6, 33). Moreover, the existence
of compensatory expression mechanisms has been proven
for many anti-oncogenes. It has been suggested that a
dynamic interplay between NHERF1 and vascular
endothelial growth factor receptor 2 (VEGFR2) signaling
exists in colon cancer cells (8). Hypoxia conditions
induced NHERF1 expression by the activation of VEGF
signaling, NHERF1 in turn inhibited the activation of
VEGFR?2 signal pathway, resulting in the reduction of the
migration and invasion of colon cancer cells. Overall,
NHERF1 downstream signaling pathways involved in the
underlying activation mechanisms are indeed complicated
and require further thorough investigation, especially in
lung cancer.

In conclusion, our study demonstrated that reduced
expression of NHERF1 was correlated with TGF-f1-
induced EMT in lung cancer cells. Ectopic expression of
NHERF1 inhibited the acquisition of EMT phenotypic
features and migration capability in A549 cells after
stimulation by TGF-B1. These results suggest NHERF1
could inhibit malignant phenotypes, including the migratory
ability of lung cancer cells, through regulation of EMT,
which indicates that NHERF1 could play an important role
in the EMT of lung cancer.
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