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Introduction

Although substantial progress was achieved in the un-
derstanding of lung cancer genetics, etiology, risk factors, 
management and treatments, the incidence of lung cancer 
is still rising throughout the world, causing the highest 
number of deaths (1.8 million) among all cancers (1-3). 
The cancer statistics 2021 showed that in the United States 
nearly a quarter of cancer-related mortality was attributed 
to lung cancer, which was 2.0-fold and 1.47-fold higher 
than the second-highest cancer deaths in men (prostate 
cancer) and women (breast cancer), respectively (4). One 
of the reasons behind this high mortality rate is that lung 
cancer is usually diagnosed at advanced metastatic stag-
es, in which the migration of tumor cells plays an initial 
and critical role (5). Thus, targeting the migration of lung 
cancer cells at early stages is believed to be a promising 
therapeutic strategy to improve the prognosis and survival 

of patients (6). 
The migration of cancer cells involves a number of 

pathophysiological molecular signatures, among which 
epithelial cadherin (E-cadherin), a well-characterized 
tumor-suppressor, draws a significant amount of atten-
tion (7). E-cadherin is a single-pass transmembrane gly-
coprotein mediating the interactions and connections be-
tween the epithelial cells at adherens junctions. Because 
many solid tumors originated from the epithelial tissue, a 
decreased expression of E-cadherin and loss of function 
were suggested to be highly associated with cancer pro-
gression, metastasis and poor prognosis in the patients (8). 
For instance, the expression of E-cadherin was decreased 
in adenocarcinoma and small-cell lung cancer, and re-
duced E-cadherin level was demonstrated to increase the 
risk of brain metastasis in the non-small-cell lung cancer 
mouse model (9-11). Therefore, E-cadherin may impact 
cell functions in the context of carcinogenesis and have 
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Recent studies demonstrated that the progression and metastasis of lung cancer were associated with human 
antigen R (HuR), a post-transcriptional RNA-binding protein that stabilizes and regulates the expression 
of many tumor-related genes. Although HuR was shown to affect the expressions of epithelial cadherin (E-
cadherin), a tumor migration suppressor, in airway epithelial cells, esophageal squamous and colon cancer 
cells, direct evaluation of the effect and mechanism of HuR on the migration and invasion of lung cancer cells 
is not documented. In this study, HuR was knocked down via RNA interference and overexpressed using 
recombinant plasmid in adenocarcinomic human alveolar basal epithelial A549 cells. No apparent inhibi-
tion of cell viability was observed. HuR knockdown significantly suppressed A549 migration and invasion 
in scratch wound healing and transwell assays, with an increase in E-cadherin expression and a decrease in 
N-cadherin expression, while the overexpression of HuR notably facilitated A549 migration and invasion, 
with a decrease in E-cadherin level and an increase in N-cadherin level. In addition, immunoprecipitation 
study showed that HuR directly interacted with Snail, a repressor of E-cadherin, and upregulated the expres-
sion of Snail in A549 cells. These combined results suggested that the effect of HuR on A549 migration and 
invasion might be realized by stabilizing and increasing the expression of Snail, which in-turn interfered 
with the expressions of E-cadherin and N-cadherin. The finding of this study revealed direct evidence that 
HuR affected the migration and invasion of lung cancer cells and regulated E-cadherin, N-cadherin and Snail 
expressions, providing an additional reference and mechanistic clue for further researches and therapeutic 
strategies in treating lung cancer.
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potential clinical implications in the diagnosis, treatment 
and prognosis of lung cancer.

The expression of E-cadherin can be modulated at mul-
tiple levels, including transcription regulations via repres-
sors and promoter hypermethylation, post-transcriptional 
regulations via RNA-binding proteins (RBPs) and non-
coding RNAs, and other epigenetic modifications (12). 
In the characterized repressors of E-cadherin, Snail, a key 
zinc finger transcriptional factor, is suggested to serve as a 
convergence bridge in a myriad of molecules controlling 
cell movement and the epithelial-mesenchymal transition 
(EMT), featured by alterations in E-cadherin and N-cad-
herin expressions (13). Recently, a ubiquitously expressed 
post-transcriptional RBP human antigen R (HuR) was 
found to affect E-cadherin expression and EMT in ciga-
rette smoke extract-treated human airway epithelial cells 
(14,15). In addition, HuR was demonstrated to influence 
the expression of E-cadherin in esophageal squamous cell 
carcinoma and human colon carcinoma cells (16-18). As 
an RNA stabilizing protein, HuR was also shown to im-
pact on Snail expressions in gastric cancer and pancreatic 
cancer cells (19,20). However, whether HuR could direct-
ly stabilize Snail to affect EMT marker expression in lung 
cancer cells is currently not documented. 

Despite that many previous studies have reported that 
a wide variety of factors could influence the progression, 
metastasis and stemness of lung cancer cells via regulat-
ing HuR expression (21-27), and a number of nanoparti-
cle-based drug delivery approaches involving or targeting 
HuR were proposed to treat lung cancer (28), reports re-
garding the direct effect of HuR on the migration of lung 
cancer cells as well as the mechanistic regulation by E-
cadherin, N-cadherin and Snail is absent. Accordingly, the 
aim of this study was to investigate whether the knock-
down and overexpression of HuR could directly interfere 
with the migration and invasion of adenocarcinomic hu-
man alveolar basal epithelial cells A549 and whether HuR 
could directly interact with Snail to affect EMT marker 
expression in lung cancer cells.

Materials and Methods

Chemicals and reagents
Fetal bovine serum (FBS), penicillin-streptomycin, 

trypsin and RPMI-1640 medium were purchased from Hy-
clone (Logan UT). Anti-E-cadherin, anti-Snail and anti-N-
cadherin antibodies were from Cell Signaling Technology 
(Danvers, MA). Anti-β-actin antibody, vanadyl-ribonucle-
oside complex (VRCS), ethylenediaminetetraacetic acid 
(EDTA), dithiothreitol (DTT), sodium dodecyl sulfate 
(SDS), proteinase K and Protein A sepharose beads (CL-
4B) were bought from Sigma Aldrich (MO. USA). The 
anti-HuR antibody was obtained from Santa Cruz (Santa 
Cruz, CA). Anti-rabbit IgG and anti-mouse IgG secondary 
antibodies (horseradish peroxidase) were purchased from 
Zhongshan Goldenbridge Biotechnology (Beijing, China). 
RNase inhibitor was acquired from ABclonal Technol-
ogy (Wuhan, China). The protease inhibitor cocktail was 
bought from MCE (NJ, USA). Mouse IgG1 isotype con-
trol was purchased from R & D systems (Minneapolis, 
MN, USA). Trizol, lipofectamine-3000 and yeast tRNA 
were obtained from Invitrogen (Carlsbad, CA). Enhanced 
chemiluminescence (ECL) reagent was acquired from 
EMD Millipore (Billerica, MA). ReverTra Ace qPCR RT 

master mix kit was bought from Toyobo life science (Osa-
ka, Japan) and the SYBR Green PCR kit was purchased 
from Qiagen (German). RIPA lysis buffer, bovine serum 
albumin (BSA), bicinchoninic acid assay (BCA) protein 
assay kit and loading buffer for SDS-polyacrylamide 
gel electrophoresis (SDS-PAGE) were from Beyotime 
Biotechnology (Shanghai, China). Cell Counting Kit-8 
(CCK8) was bought from Dojindo Molecular Technolo-
gies (Kumamoto, Japan). Oligonucleotide primers were 
from Sangon Biotech (Shanghai, China) and siRNAs were 
from General Biotech (Anhui, China).

Cell cultures and viability
A549 cells were purchased from ATCC and maintained 

in RPMI 1640 medium containing 10% FBS in humidified 
5% CO2 at 37℃. CCK-8 assay was utilized to determine 
cell viability based on the manufacturer's instructions. 
Briefly, cells were seeded in 96-well plates and incubated 
with 10 μL CCK-8 for 2 h at 37 °C. Optical density (OD) at 
450 nm was determined using an auto-microplate reader.

RNA interference (RNAi)
Specific small interfering RNAs (siRNA) target-

ing human HuR mRNA (si-HuR) were as follows: sense 
(5′-GAGGCAAUUACCAGUUUCATT-3′), antisense 
(5′-UGAAACUGGUAAUUGCCUCTT-3′). The negative 
control siRNA (si-NC) sequences were: sense (5′-UUCUC-
CGAACGUGUCACGUTT-3′), antisense (5′-ACGU-
GACACGUUCGGAGAATT-3′). siRNA transfection in 
A549 cells was performed by lipofectamine-3000 accord-
ing to the manufacturer’s instructions.

HuR overexpression
To generate HuR expression vector pcDNA3.1-HuR, 

the HuR coding region was synthesized by Shanghai Gen-
eray biotech Co. Ltd and inserted into a pcDNA3.1 vector. 
A549 cells were transfected with either pcDNA3.1 vector 
or pcDNA3.1-HuR with lipofectamine-3000 according to 
the manufacturer’s instructions.

Scratch assay  
After seeding in 24-well plates for 24 h, 1×105 A549 

cells were respectively transfected with target si-RNAs 
(50 pmol) or pcDNA3.1-HuR (500 ng). When 100% 
confluence was reached and a monolayer was formed, a 
scratch on the cell monolayer was generated by a sterile 
10-µL pipette tip after different treatments. Photographs 
of the wounds were taken by a phase-contrast microscope 
(Olympus, Japan) at 0, 24, and 48 h after the scratch.

Transwell assay  
After the cells were transfected with si-RNAs or 

pcDNA3.1-HuR for 24 h, 5×103 A549 cells were resus-
pended in 200 µL serum-free RPMI-1640 medium in the 
upper chamber, and 600 µL medium was placed in the bot-
tom chamber. Cell migration was induced by adding a se-
rum to the bottom chambers. The 24-well 8 µm transwell 
system (Corning, NY, USA) was then incubated for 6 h 
at 37°C in the presence of 5% CO2. Cotton swabs were 
used to gently remove non-migrated cells in the membrane 
from the upper chamber. Paraformaldehyde (4%) was used 
to fix the cells that migrated through the pores onto the 
lower chamber membrane for 30 min. Finally, crystal vio-
let (Beyotime) was used to stain the cells. A phase-contrast 
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16,000 g for 10 min at 4 °C. 100 μL of supernatant was 
immediately removed and stored on ice until use. Then 
20 μL of supernatant was removed to purify total cellular 
RNA. The antibody-coated beads were washed with ice-
cold NT2 buffer four times and resuspended in 360 μL 
binding buffer (NT2 buffer with 100 U/ml RNasin, 2 mM 
VRCS, 1 mM DTT, and 15 mM EDTA). Beads were then 
added to 40 μL of the mRNP-containing lysate. The IP re-
actions were mixed at room temperature for 2 h to ensure 
maximal antibody-antigen association. Beads were then 
washed six times with ice-cold NT2 buffer. Washed beads 
were resuspended in 100 μL NT2 buffer supplemented 
with 0.1% SDS and 30 μg of proteinase K and incubated 
for 30 min at 55 °C. The bound RNA was extracted with 
TRIzol. qRT-PCR was utilized to determine the abundance 
of HuR-associated E-cadherin, Snail, JunB and GAPDH 
mRNAs as described above.

Statistical analysis
Three or more separate experiments were per-

formed for each analysis. All data were expressed as the 
mean±standard error of mean (SEM). Differences were 
analyzed with Student’s t-test by GraphPad Prism soft-
ware. Statistical significance was defined when P<0.05.

Results

HuR knockdown and overexpression
In order to directly investigate the effect of HuR on 

the migration of A549 cells, HuR knockdown and overex-
pression cells were constructed by transfection of specific 
siRNA and overexpression vector, respectively. The cell 

microscope (Olympus) was used to count the cell number 
in five random fields and expressed as the average number 
of cells per field.

Quantitative reverse-transcription PCR (qRT-PCR) 
analysis

After the cells were transfected with si-RNAs or 
pcDNA3.1-HuR for 24 h, total RNA was extracted from 
the cells with TRIzol. Reverse transcription was conduct-
ed with ReverTra Ace qPCR RT master mix kit based on 
the manufacturer's instructions. CFX96 Touch Real-Time 
PCR Detection System (Bio-Rad, USA) and the SYBR 
Green PCR kit were utilized to perform qRT-PCR. Primer 
sequence information is listed in Table 1. The mRNA level 
of the house-keeping gene glyceraldehyde 3-phosphate 
dehydrogenase (GADPH) was used as the internal control. 
Experiments were performed in triplicate.

Western-blotting analysis
After 5×105 A549 cells were seeded in 6-well plates 

and transfected with si-RNAs (200 pmol) or pcDNA3.1-
HuR (2500 ng) for 24 h, cells were lysed with ice-cold 
RIPA buffer containing 1% protease inhibitor cocktail. 
BCA kit was used to determine the total protein concentra-
tions. Total proteins (40 µg) were separated by SDS-PAGE 
and then transferred onto PVDF membranes (Millipore, 
MA, USA). After blocking the membranes with 5% milk 
at room temperature for 1 h, primary antibodies against 
GAPDH, E-cadherin, Snail and HuR were respectively ap-
plied onto the membrane and incubated overnight at 4°C. 
Tris-buffered saline containing 0.1% Tween-20 (TBST) 
was used to conduct three 10-min washes, and the mem-
branes were incubated with secondary antibodies conju-
gated with HRP. An iBright image system (Invitrogen, 
USA) and ECL reagents were used to detect and analyze 
the signals. The protein level of β-actin was used as the 
internal control. Experiments were performed in triplicate. 
Western-blotting data were quantified using Image J soft-
ware.

Immunoprecipitation (IP) of ribonucleoprotein com-
plexes

IP of mRNP complexes was performed with a previ-
ously described protocol with slight modification (29). 
Swollen protein-A Sepharose CL-4B bead slurry (20 μL) 
was used for each IP reaction, which was resuspended in 
100 μL NT2 buffer (50 mM Tris-HCl [pH 7.4], 150 mM 
NaCl, and 1 mM MgCl2, 0.05% Nonidet P-40) with 5% 
BSA then incubated with 2 μg anti-HuR or IgG1 isotype 
control at 4 °C for 1 h. For IP, 5×106 A549 cells were 
harvested, pelleted, and resuspended in 200 μL polysome 
lysis buffer (100 mM KCl, 5 mM MgCl2, 10 mM Hepes 
[pH 7.0], 0.5% Nonidet P-40 with 1 mM DTT, 100 U/ml 
RNasin [Promega], 2 mM VRCS, 5 μL protease inhibi-
tor cocktail added fresh immediately before use). After 
10 min incubation on ice, cell lysates were centrifuged at 

Gene Forward Reverse
GADPH GGTGGTCTCCTCTGACTTCAACA GTTGCTGTAGCCAAATTCGTTGT
E-cadherin CCACCAAAGTCACGCTGAAT GGAGTTGGGAAATGTGAGC
N-cadherin GAGAACTTTGCCGTTGAAGC CTCAATGTCAAGGGCCATCT
Snail ATCCAGAGTTTACCTTCCAG AGTCCCAGATGAGCATTG
JunB ACAAACTCCTGAAACCGAGCC CGAGCCCTGACCAGAAAAGTA

Figure 1. The viability and HuR expressions in A549 cells trans-
fected with si-HuR or HuR overexpression vectors. A, after trans-
fecting A549 cells with 50 pmol si-HuR or si-NC for 24 h, the pro-
tein levels of HuR and β-actin were analyzed to determine the rela-
tive expression of HuR. B, after transfecting the cells with 500 ng 
pcDNA3.1-HuR or pcDNA3.1 for 24 h, the protein levels of HuR and 
β-actin were analyzed to determine the relative expression of HuR. 
C-D, after transfecting the cells for 24, 48 and 72 h, the cytotoxicity 
was determined with CCK-8 kit. Statistical significance was repre-
sented by * where p<0.05.

Table 1. Sequences of PCR primer pairs.
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viability and HuR expression were verified by CCK-8 and 
Western-blotting (Figure 1). 24 h after transfection with 
si-HuR, HuR protein level decreased by 85% compared to 
the cells transfected with RNAi control si-NC (Figure 1A). 
When the cells were transfected with pcDNA3.1-HuR for 
24 h, HuR protein level increased by 40% compared to 
the cells transfected with control pcDNA3.1 (Figure 1B). 
After the cells were transfected for 24, 48 and 72 h, the 
relative cell viability was not significantly different from 
the control (Figure 1C-D). These results showed that HuR 
was knocked down or overexpressed successfully in A549 
cells without apparently affecting the cell viability.

HuR affects A549 migration
HuR knockdown or overexpression A549 cells were 

subjected to scratch assays in order to determine the ef-
fect of HuR on cell migration (Figure 2). For the cells 
transfected with si-NC control, distinct wound healing 
was observed after transfection for 24 h and the scratch 
was almost absent after transfection for 48 h. For the cells 
transfected with si-HuR for 24 and 48 h, modest wound 

healing was observed, and the wound healing width was 
respectively 50% and 40% smaller than the control. For 
the cells transfected with HuR overexpression vector, the 
wound healing width was respectively 50% and 35% larg-
er after 24 and 48 h transfection than the control. These 
results demonstrated that HuR was associated with the mi-
gration of A549 cells.

HuR affects A549 invasion
Cells transfected with si-HuR or overexpression vector 

were subjected to transwell assays in order to determine 
the effect of HuR on A549 invasion (Figure 3). For HuR 
knockdown cells, the average number of cells per field de-
creased by 29% compared to the control. For HuR over-
expression cells, the number of cells per field increased by 
27% compared to the control. These results showed that 
HuR was associated with the invasion of A549 cells.

HuR affects E-cadherin and N-cadherin expressions
In order to investigate the effect of HuR on E-cadherin 

transcription and translation, qRT-PCR and Western-blot-

Figure 4. qRT-PCR and Western-blotting analyses on E-cadherin 
and N-cadherin. A, the relative transcription of E-cadherin versus 
GADPH after A549 cells were transfected with si-HuR or si-NC, and 
after A549 cells were transfected with pcDNA3.1-HuR or pcDNA3.1 
for 24 h. B, the relative transcription of N-cadherin versus GADPH 
after A549 cells were transfected with si-HuR or si-NC, and after 
A549 cells were transfected with pcDNA3.1-HuR or pcDNA3.1 for 
24 h. C, the relative protein expressions of E-cadherin and N-cadherin 
versus β-actin were determined after A549 cells were transfected with 
si-HuR or si-NC for 24 h. D, the relative protein expressions of E-
cadherin and N-cadherin versus β-actin were determined after A549 
cells were transfected with pcDNA3.1-HuR or pcDNA3.1 for 24 h. 
Data were means ± SEM from three different experiments. Compared 
to control, * represents statistical significance where p<0.05.

Figure 3. Effect of HuR knockdown or overexpression on A549 
invasion. A, for cells transfected with si-HuR/si-NC or pcDNA3.1-
HuR/pcDNA3.1 for 24 h, photographs were taken 6 h after the trans-
well assay using the 24-well 8 µm transwell system. B, the average 
number of cells per field was counted to determine the relative fold 
change compared to the control. The scale bar represents 100 µm. 
Significance was represented by * where p<0.05.

Figure 2. Effect of HuR knockdown or overexpression on A549 
migration. A, for cells transfected with 50 pmol si-HuR/si-NC or 
pcDNA3.1-HuR/pcDNA3.1, photographs were taken 24 and 48 h 
after the scratch assay with a sterile 10-µL pipette tip. B, the wound 
width for each photograph was measured to determine the relative 
fold change compared to the control. Significance was represented by 
* where p<0.05.
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ting were performed (Figure 4). In the qRT-PCT analysis, 
the levels of E-cadherin and N-cadherin mRNA were not 
significantly altered when comparing the cells transfected 
with si-HuR or overexpression vector (Figure 4A-B) with 
the control, suggesting that HuR did not influence E-cad-
herin and N-cadherin transcription. In the Western-blot-
ting analysis, the expression of E-cadherin increased by 
1.5-fold while the expression of N-cadherin decreased by 
50% comparing the cells transfected with si-HuR to the si-
NC control (Figure 4C), and the expression of E-cadherin 
decreased by 51% while the expression of N-cadherin in-
creased by 1.8-fold in HuR overexpression cells compared 
to the control (Figure 4D), demonstrating that HuR affect-
ed E-cadherin and N-cadherin expressions in A549 cells.

HuR affects Snail expression and interacts with E-cad-
herin and Snail mRNA

In order to investigate the effect of HuR on Snail ex-
pression and to determine the interactions of HuR with E-
cadherin, N-cadherin and Snail mRNA, qRT-PCR, West-
ern-blotting and IP analyses were conducted (Figure 5). 
In the qRT-PCT analysis, Snail mRNA level in the cells 
transfected with si-HuR (Figure 5A) or HuR overexpres-
sion vector (Figure 5B) was not significantly different 
from the control, suggesting that HuR did not influence 
Snail transcription. In the Western-blotting analysis, the 
expression of Snail was reduced by 38% when comparing 
the cells transfected with si-HuR to si-NC (Figure 5C) and 
increased by 83% when comparing HuR overexpression 
cells with the control (Figure 5D), demonstrating that HuR 
affected Snail expression in A549 cells. In IP analysis, the 
mRNA fold enrichment for positive control JunB, E-cad-
herin and Snail mRNA in HuR containing ribonuclear pro-
tein complex was approximately 200, 95 and 15, respec-
tively, while the enrichment for negative control GADPH 
was 0.008 (Figure 5E), and N-cadherin mRNA was not 
detected in the HuR mRNP complex. These results sup-
ported that HuR could directly interact with E-cadherin 
and Snail mRNA in A549 cells.

Discussion

In the present study, we have validated that HuR 
knockdown or overexpression reduced or increased HuR 
expression, respectively, and did not affect the viability of 
A549 cells. In the HuR knockdown cells, the migration 
of A549 cells was apparently inhibited and the number of 
invasive cells was significantly decreased, whereas, in the 
HuR overexpression cells, opposite effects were observed, 
substantiating the effect of HuR on A549 migration and 
invasion. E-cadherin expression was upregulated and N-
cadherin expression was downregulated when HuR was 
knockdown, while E-cadherin expression was downregu-
lated and N-cadherin expression was upregulated when 
HuR was overexpressed, suggesting that HuR affected 
A549 migration by modulating the expressions of EMT 
markers. In addition, we have also demonstrated that HuR 
directly interacted with the E-cadherin repressor Snail, 
and influenced its expression in A549 cells, indicating 
that HuR stabilizes Snail expression to downregulate E-
cadherin level, which in turn facilitates the migration and 
invasion of lung cancer cells.

HuR is a multifaceted post-transcriptional regulator 
involved in a wide range of both physiological and patho-

logical processes. Under normal physiological conditions, 
HuR is typically located inside the nucleus to fulfill its 
regulatory functions. Genetic deletion of HuR gene was 
found to inhibit growth and skeletal development and sup-
press immune and hematopoietic progenitor cell survival 
in mice (30,31). In addition, HuR was also demonstrated 
to influence adipogenesis, myogenesis, spermatogenesis 
as well as atherosclerosis (32-35). These normal physi-
ological processes are highly dependent on cell prolifera-
tion and migration, which to a certain degree support our 
finding that HuR is involved in A549 migration.

In the context of pathological and stressful conditions 
(oxidations, inflammations, radiations, viral infections, 
chemical and hormone disturbances, etc.) or with the 
cues from cancerous proliferative signals, HuR is relo-
cated from the nucleus to the cytoplasm to stabilize target 
mRNAs and affect the processing of corresponding tran-
scripts. Accordingly, HuR is reported to be highly associ-
ated with the pathogenesis of the inflammatory disorder, 
multiple sclerosis, diabetic nephropathy, and especially 
malignancies (36-39). Due to the critical role in cell pro-
liferation, abnormal overexpression of HuR was identified 

Figure 5. qRT-PCR, Western-blotting and IP analyses on Snail in 
A549 cells. A, the relative transcription of Snail mRNA versus GA-
DPH was determined after A549 cells were transfected with si-HuR 
or si-NC for 24 h. B, the relative transcription of Snail mRNA ver-
sus GADPH was determined after A549 cells were transfected with 
pcDNA3.1-HuR or pcDNA3.1 for 24 h. C, the relative protein level 
of Snail versus β-actin was determined after A549 cells were trans-
fected with si-HuR or si-NC for 24 h. D, the relative protein level of 
Snail versus β-actin was determined after A549 cells were transfected 
with pcDNA3.1-HuR or pcDNA3.1 for 24 h. E, the fold enrichment 
for JunB, E-cadherin, Snail and GADPH mRNA in HuR containing 
ribonuclear protein complex. Data were means ± SEM from three 
different experiments. Compared to control, * represents statistical 
significance where p<0.05.
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in a number of solid tumorous tissues, including lung, liv-
er, breast and colon (40-43). However, direct evidence in 
A549 cells was not previously documented. In the present 
study, by knocking-down or overexpressing HuR directly, 
our results showed that HuR could promote the migration 
and invasion of A549 cells, highlighting the important role 
of HuR in lung cancer progression and metastasis.

The progression of cancer and the effectiveness of me-
tastasis are tightly associated with EMT, in which E-cad-
herin downregulation and N-cadherin upregulation play an 
essential role due to their primary function in maintain-
ing the epithelial cell-to-cell interactions. In gastric cancer 
cell lines, interleukin (IL)-17a and methyltransferase-like 
3 were shown to promote EMT and repress E-cadherin 
expression via HuR pathway (19,44). In human colorec-
tal adenocarcinoma Caco-2 cells, HuR overexpression 
was shown to prevent CUG-binding protein 1-induced 
E-cadherin repression, while HuR deletion was found to 
increase the miR-675 level, which in turn suppressed the 
expression of E-cadherin (17,18). In esophageal squamous 
cancer cells, HuR knockdown was reported to inhibit cell 
proliferation, disturb cell cycle, increase E-cadherin ex-
pression and suppress metastasis, possibly via IL-18, a 
HuR-binding target (16). In agreement, findings from the 
present study showed that HuR facilitated the migration 
and invasion of A549 cells by decreasing E-cadherin ex-
pression and increasing N-cadherin expression. Interest-
ingly, unlike esophageal cancer cells, the viability of A549 
cells was not significantly altered when HuR was knocked 
down or overexpressed, possibly due to the heterogene-
ity and varying competency of different cancer cell lines, 
indicating that it would be informative to independently 
explore the effect of HuR in various types of cancer. Al-
though the relationship between HuR and E-cadherin was 
elaborated in a number of cancerous cell lines, to our 
knowledge, this study provides the first preliminary evi-
dence in lung cancer A549 cells, and limited studies were 
performed in normal bronchial epithelial BEAS-2B cells, 
aiming to evaluate the effect of cigarette smoke extract on 
chronic obstructive pulmonary disease (14,15). Thus, our 
results would provide an additional reference for studying 
the pathogenesis of lung cancer.      

HuR is a post-transcriptional RBP that typically binds 
and stabilizes target transcripts, resulting in an elevated 
translation. Accordingly, the observed downregulation 
of E-cadherin expression might not be the direct conse-
quence of HuR overexpression, but likely via an E-cadher-
in repressor upregulated by HuR. In human gastric cancer 
AGS cells, an increased level of HuR was associated with 
promoted Snail translation, leading to reduced E-cadherin 
expression and enhanced EMT, while these effects were 
reversed in HuR knockdown cells (19). Similarly, HuR 
was shown to directly interact with the 3'-UTR of the Snail 
mRNA, stabilizing Snail expression and promoting EMT 
in pancreatic cancer MIA PaCa-2 cells (20). In our study, 
IP analysis demonstrated that HuR could bind to Snail 
mRNA in lung cancer A549 cells, and the stabilization and 
upregulation of Snail induced by HuR were accompanied 
by a reduced E-cadherin level, suggesting that the effect of 
HuR on E-cadherin expression and A549 migration might 
be realized via Snail. In fact, a recent impactful report 
showed that the association of HuR with SNAI1 mRNA 
was inhibited by uridine diphosphate (UPD)-glucose, and 
phosphorylated UDP-glucose 6-dehydrogenase, a UDP-

glucose metabolizing enzyme, strengthened the binding of 
HuR to Snail in lung cancer cells, thereby promoting lung 
cancer metastasis (23). Interactions between HuR and 
Snail mRNA were also observed in human small airway 
epithelium, well-differentiated and poorly-differentiated 
breast cancer cells (15,45,46). In addition, HuR and Snail 
were shown to play a critical role in Scribble-mediated 
cancer drug resistance (47). These findings together with 
our observation would strongly support the current ongo-
ing drug development and delivery strategy explorations 
targeting HuR (28).

In conclusion, this study provided direct evidence that 
HuR influenced the migration and invasion of lung cancer 
A549 cells and regulated the expressions of E-cadherin, 
N-cadherin and Snail. Future investigations should focus 
on identifying factors affecting HuR expression in various 
cancers, and developing HuR-related anti-cancer strate-
gies.

Acknowledgments
This work was funded by the Department of Science and 
Technology of Sichuan Province (2021YJ0156) and the 
National Nature Science Foundation of China (81402642).

Conflict of interest 
The authors declare that there is no conflict of interest. 

Author’s contribution
Shufang Shan and Qixue Bao: investigation, data analyz-
ing, and manuscript writing. Guochen Ma and Yuqin Yao: 
data analysis, technical support and manuscript reviewing. 
Jingyuan Xiong and Jia You: conceptualization, funding 
acquisition, and manuscript writing, editing and review-
ing.

References 

1. Bade BC, Dela Cruz CS. Lung Cancer 2020: Epidemiology, etio-
logy, and prevention. Clin Chest Med 2020; 41(1):1-24.

2. Mao Y, Yang D, He J, Krasna MJ. Epidemiology of lung cancer. 
Surg Oncol Clin N Am 2016; 25(3):439-445.

3. Schwartz AG, Cote ML. Epidemiology of lung cancer. Adv Exp 
Med Biol 2016; 893:21-41.

4. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 
2021. CA Cancer J Clin 2021; 71(1):7-33.

5. Popper HH. Progression and metastasis of lung cancer. Cancer 
Metastasis Rev 2016; 35(1):75-91.

6. Millar FR, Janes SM, Giangreco A. Epithelial cell migration as a 
potential therapeutic target in early lung cancer. Eur Respir Rev 
2017; 26(143):160069.

7. Na TY, Schecterson L, Mendonsa AM, Gumbiner BM. The func-
tional activity of E-cadherin controls tumor cell metastasis at 
multiple steps. Proc Natl Acad Sci U S A 2020; 117(11):5931-
5937.

8. Wong SHM, Fang CM, Chuah LH, Leong CO, Ngai SC. E-cadhe-
rin: its dysregulation in carcinogenesis and clinical implications. 
Crit Rev Oncol Hematol 2018; 121:11-22.

9. Wood SL, Pernemalm M, Crosbie PA, Whetton AD. The role of 
the tumor-microenvironment in lung cancer-metastasis and its 
relationship to potential therapeutic targets. Cancer Treat Rev 
2014; 40(4):558-566.

10. Kafka A, Tomas D, Beroš V, Pećina HI, Zeljko M, Pećina-Šlaus 
N. Brain metastases from lung cancer show increased expression 
of DVL1, DVL3 and beta-catenin and down-regulation of E-



15

Shufang Shan et al. / HuR affects A549 migration and invasion and Snail expression, 2022, 68(6): 9-16

cadherin. Int J Mol Sci 2014; 15(6):10635-10651.
11. Yoo JY, Yang SH, Lee JE, Cho DG, Kim HK, Kim SH, et al. E-

cadherin as a predictive marker of brain metastasis in non-small-
cell lung cancer, and its regulation by pioglitazone in a preclinical 
model. J Neurooncol 2012; 109(2):219-227.

12. Strathdee G. Epigenetic versus genetic alterations in the inacti-
vation of E-cadherin. Semin Cancer Biol 2002; 12(5):373-379.

13. Wang Y, Shi J, Chai K, Ying X, Zhou BP. The role of Snail 
in EMT and tumorigenesis. Curr Cancer Drug Targets 2013; 
13(9):963-972.

14. Sun J, Gu X, Wu N, Zhang P, Liu Y, Jiang S. Human antigen 
R enhances the epithelial-mesenchymal transition via regulation 
of ZEB-1 in the human airway epithelium. Respir Res 2018; 
19(1):109.

15. Gu XM, Wang XG, Sun J, Wang N, Jiang SJ. [The role of HuR 
in mediating snail expression in human small airway epithelium 
induced by cigarette smoke extract]. Zhonghua Jie He He Hu Xi 
Za Zhi 2017; 40(7):515-519.

16. Xu X, Song C, Chen Z, Yu C, Wang Y, Tang Y, et al. Downre-
gulation of HuR inhibits the progression of esophageal cancer 
through interleukin-18. Cancer Res Treat 2018; 50(1):71-87.

17. Zou T, Jaladanki SK, Liu L, Xiao L, Chung HK, Wang JY, et al. 
H19 long noncoding RNA regulates intestinal epithelial barrier 
function via microRNA 675 by interacting with RNA-binding 
protein HuR. Mol Cell Biol 2016; 36(9):1332-1341.

18. Yu TX, Gu BL, Yan JK, Zhu J, Yan WH, Chen J, et al. CUGBP1 
and HuR regulate E-cadherin translation by altering recruit-
ment of E-cadherin mRNA to processing bodies and modulate 
epithelial barrier function. Am J Physiol Cell Physiol 2016; 
310(1):C54-65.

19. Liu N, Jiang F, Ye M, Wang B, Ge D, Chang S. HuR confers 
IL-17a-induced migration and invasion of gastric cancer cells via 
upregulation of Snail translation. Cytokine 2022; 153:155830.

20. Dong R, Chen P, Polireddy K, Wu X, Wang T, Ramesh R, et al. 
An RNA-binding protein, Hu-antigen R, in pancreatic cancer epi-
thelial to mesenchymal transition, metastasis, and cancer stem 
cells. Mol Cancer Ther 2020; 19(11):2267-2277.

21. Zhang X, Lian T, Fan W, Zhang G, Chen Z, Gou X, et al. Long-
noncoding RNA CASC9 promotes progression of non-small cell 
lung cancer by promoting the expression of CDC6 through bin-
ding to HuR. Cancer Manag Res 2020; 12:9033-9043.

22. Liang Y, Wang H, Chen B, Mao Q, Xia W, Zhang T, et al. circ-
DCUN1D4 suppresses tumor metastasis and glycolysis in lung 
adenocarcinoma by stabilizing TXNIP expression. Mol Ther 
Nucleic Acids 2020; 23:355-368.

23. Wang X, Liu R, Zhu W, Chu H, Yu H, Wei P, et al. UDP-glucose 
accelerates SNAI1 mRNA decay and impairs lung cancer metas-
tasis. Nature 2019; 571(7763):127-131.

24. Wu JI, Lin YP, Tseng CW, Chen HJ, Wang LH. Crabp2 promotes 
metastasis of lung cancer cells via HuR and integrin ¦Â1/FAK/
ERK signaling. Sci Rep 2019; 9(1):845.

25. Li YJ, Wang CH, Zhou Y, Liao ZY, Zhu SF, Hu Y, et al. TLR9 
signaling repressed tumor suppressor miR-7 expression through 
up-regulation of HuR in human lung cancer cells. Cancer Cell Int 
2013; 13(1):90.

26. Gong F, Dong D, Zhang T, Xu W. Long non-coding RNA FEN-
DRR attenuates the stemness of non-small cell lung cancer cells 
via decreasing multidrug resistance gene 1 (MDR1) expression 
through competitively binding with RNA binding protein HuR. 
Eur J Pharmacol 2019; 853:345-352.

27. Zhang Y, Yang L, Ling C, Heng W. HuR facilitates cancer stem-
ness of lung cancer cells via regulating miR-873/CDK3 and miR-
125a-3p/CDK3 axis. Biotechnol Lett 2018; 40(4):623-631.

28. Raguraman R, Shanmugarama S, Mehta M, Elle Peterson J, Zhao 

YD, Munshi A, et al. Drug delivery approaches for HuR-targeted 
therapy for lung cancer. Adv Drug Deliv Rev 2022; 180:114068.

29. Mou Z, You J, Xiao Q, Wei Y, Yuan J, Liu Y, et al. HuR post-
transcriptionally regulates early growth response-1 (Egr-1) ex-
pression at the early stage of T cell activation. FEBS Lett 2012; 
586(24):4319-4325.

30. Katsanou V, Milatos S, Yiakouvaki A, Sgantzis N, Kotsoni A, 
Alexiou M, et al. The RNA-binding protein Elavl1/HuR is essen-
tial for placental branching morphogenesis and embryonic deve-
lopment. Mol Cell Biol 2009; 29(10):2762-2776.

31. Ghosh M, Aguila HL, Michaud J, Ai Y, Wu MT, Hemmes A, et al. 
Essential role of the RNA-binding protein HuR in progenitor cell 
survival in mice. J Clin Invest 2009; 119(12):3530-3543.

32. Siang DTC, Lim YC, Kyaw AMM, Win KN, Chia SY, Degirmen-
ci U, et al. The RNA-binding protein HuR is a negative regulator 
in adipogenesis. Nat Commun 2020; 11(1):213.

33. von Roretz C, Beauchamp P, Di Marco S, Gallouzi IE. HuR and 
myogenesis: being in the right place at the right time. Biochim 
Biophys Acta 2011; 1813(9):1663-1667.

34. Chi MN, Auriol J, J¨¦gou B, Kontoyiannis DL, Turner JM, de 
Rooij DG, at al. The RNA-binding protein ELAVL1/HuR is 
essential for mouse spermatogenesis, acting both at meiotic and 
postmeiotic stages. Mol Biol Cell 2011; 22(16):2875-2885.

35. Liu S, Jiang X, Cui X, Wang J, Liu S, Li H, et al. Smooth muscle-
specific HuR knockout induces defective autophagy and atheros-
clerosis. Cell Death Dis 2021; 12(4):385.

36. Shang J, Zhao Z. Emerging role of HuR in inflammatory res-
ponse in kidney diseases. Acta Biochim Biophys Sin (Shanghai) 
2017; 49(9):753-763.

37. Pistono C, Monti MC, Marchesi N, Boiocchi C, Campagnoli 
LIM, Morlotti D, et al. Unraveling a new player in multiple scle-
rosis pathogenesis: The RNA-binding protein HuR. Mult Scler 
Relat Disord 2020; 41:102048.

38. Shang J, Wan Q, Wang X, Duan Y, Wang Z, Wei X, Zhang Y, et al. 
Identification of NOD2 as a novel target of RNA-binding protein 
HuR: evidence from NADPH oxidase-mediated HuR signaling 
in diabetic nephropathy. Free Radic Biol Med 2015; 79:217-227.

39. Wang J, Guo Y, Chu H, Guan Y, Bi J, Wang B. Multiple functions 
of the RNA-binding protein HuR in cancer progression, treatment 
responses and prognosis. Int J Mol Sci 2013; 14(5):10015-10041.

40. Wang J, Zhao W, Guo Y, Zhang B, Xie Q, Xiang D, et al. The 
expression of RNA-binding protein HuR in non-small cell lung 
cancer correlates with vascular endothelial growth factor-C ex-
pression and lymph node metastasis. Oncology 2009; 76(6):420-
429.

41. Papatheofani V, Levidou G, Sarantis P, Koustas E, Karamouzis 
MV, Pergaris A, et al. HuR protein in hepatocellular carcinoma: 
implications in development, prognosis and treatment. Biomedi-
cines 2021; 9(2):119.

42. Kotta-Loizou I, Vasilopoulos SN, Coutts RH, Theocharis S. 
Current evidence and future perspectives on HuR and breast 
cancer development, prognosis, and treatment. Neoplasia 2016; 
18(11):674-688.

43. L¨®pez de Silanes I, Fan J, Yang X, Zonderman AB, Potapova O, 
Pizer ES, at al. Role of the RNA-binding protein HuR in colon 
carcinogenesis. Oncogene 2003; 22(46):7146-7154.

44. Yue B, Song C, Yang L, Cui R, Cheng X, Zhang Z, et al. 
METTL3-mediated N6-methyladenosine modification is critical 
for epithelial-mesenchymal transition and metastasis of gastric 
cancer. Mol Cancer 2019; 18(1):142.

45. Dong R et al. (2007) Stabilization of Snail by HuR in the process 
of hydrogen peroxide induced cell migration. Biochem Biophys 
Res Commun 356:318-321.

46. D'Uva G et al. (2013) Beta-catenin/HuR post-transcriptional ma-



16

Shufang Shan et al. / HuR affects A549 migration and invasion and Snail expression, 2022, 68(6): 9-16

chinery governs cancer stem cell features in response to hypoxia. 
PLoS One 8:e80742.

47. Zhou Y et al. (2016) Loss of Scribble promotes Snail translation 

through translocation of HuR and enhances cancer drug resis-
tance. J Biol Chem 291:291-302.


