
Abstract. Background: Epithelial protein lost in neoplasm-
α (EPLIN-α) is a cytoskeletal protein whose expression is
often lost or is aberrant in cancerous cells and tissues and
whose loss is believed to be involved in aggressive
phenotype. Our current study examined this molecule in
human oesophageal tissues and investigated the cellular
impact of EPLIN-α on oesophageal cancer cells. Materials
and Methods: Expression of the EPLIN-α transcript in
human oesophageal tissues (tumour, paratumour and
normal) was determined using the Quantitative Polymerase
Chain Reaction (Q-PCR) method. In vitro models, including
invasion, cellular migration (Electrical Cell substrate
Impedance Sensing based method), cell growth and matrix
adhesion assays were employed in order to assess the
biological influence of EPLIN-α expression on KYSE150
oesophageal cancer cells. Results: EPLIN-α expression was
lower in tumour tissues compared to normal tissue. Grade 3-
5 tumours had slightly lower levels of EPLIN-α compared with
those of grade 2. Patients who died of oesophageal cancer had
significantly lower levels of EPLIN-α compared to those who
remained disease-free (p=0.022). Lower levels of EPLIN-α
transcript were seen in advanced oesophageal cancer,
including TNM stages 2 to 4. Reduced EPLIN-α expression
was associated with lymphatic metastasis and local advanced
T-stage cancer, including T2-T4. Forced expression of EPLIN-
α in oesophageal cancer cells rendered cells less invasive and
reduced their cell growth rate in vitro. Conclusion: Our study
suggests that EPLIN-α is expressed at lower levels in
oesophageal cancer tissues. This down-regulation has a
prognostic value. Together with the findings that EPLIN-α

inhibits cellular growth and invasion, we conclude that
EPLIN-α is a tumour suppressor of oesophageal cancer.

Epithelial protein lost in neoplasm (EPLIN), first discovered
through its differential expression between normal oral
epithelial cells and Human papilloma virus (HPV)-
immortalised oral epithelial cell lines (1, 2), is a regulator
of cytoskeletal dynamics. It has been shown to influence
actin stabilization, to regulate actin turnover and to link the
cadherin-catenin complex to F-actin (4, 5). Cytoplasmic
expression of EPLIN-α has been detected in a fibrillar
pattern, similar to that of actin fibres (3). Previous
observations have indicated that EPLIN-α expression is
often down-regulated or lost in a variety of different
cancerous cell lines, including oral cancer cell, prostate
cancer cell and breast cancer cell lines (3). Research
conducted in our laboratory revealed that EPLIN-α
expression was dysregulated in clinical prostate and breast
cancer samples and lower EPLIN-α levels were associated
with more aggressive cancer and poor total survival, and
that EPLIN-α may impact on the angiogenic process (6-8).
Forced expression of EPLIN-α in PC-3 prostate cancer cells
(7), MDA-MB-231 breast cancer cells (6) and SKEMES1
pulmonary cancer cells (unpublished results) can influence
aggressive traits, such as in vitro cell invasion, adhesion,
growth, migration and in vivo tumour development. It has
also been suggested that the loss of EPLIN-α expression in
cancerous cells may contribute to genomic instability (9)
and to the enhanced motility and invasiveness of cancer
cells (4, 5, 10). All these findings indicate that EPLIN-α
may act as a tumour suppressor. 

In the present study, we investigated the clinical and
biological role of EPLIN-α in human oesophageal cancer
and discovered an aberrant expression of EPLIN-α in human
oesophageal cancer and that the expression levels were
linked to the clinical outcome of patients with oesophageal
cancer. The study provides evidence that overexpression of
EPLIN-α in oesophageal cancer cells can reduce the
aggressive nature of these cells.
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Materials and Methods

Materials. The human oesophageal cancer cell line, KYSE150, was
purchased from LGC Standards (Middlesex, UK) and maintained in
Dubecco’s modified Eagle’s medium (DMEM, Sigma, Dorset, UK)
supplemented with penicillin, streptomycin and 10% foetal calf
serum (Sigma). The cells were incubated at 37˚C, with 5% CO2 and
95% humidity.

Oesophageal tissue sample collection. Following ethical approval,
oesophageal cancer tissues and normal tissues were collected
immediately after surgery and stored at –80˚C. Clinical follow-up
was routinely performed after surgery. Tumour tissues, normal
tissues adjacent to tumour (1 cm from tumour margin, named
‘paratumoral tissue’) and normal tissues (>5 cm away from tumour
margin) were collected for each patient. The median follow-up
period was 30 (6-86) months with the last follow-up at February
2010 or when patient mortality was reported. The survival time was
calculated from the date of diagnosis to the last follow-up or to the
time of death. Ethical approval was given by the local Research
Ethics Committee. Details of histology were obtained from
pathology reports and confirmed by a pathologist (Table I). 

Generation of oesophageal cancer cell overexpressing EPLIN-α. A
plasmid containing the expression sequence for EPLIN-α was
previously designed and constructed in order to facilitate the forced
expression of this molecule in mammalian cells (6). The expression
plasmid was used to transfect the human KYSE150 oesophageal
cancer cell line, which had previously been shown to be largely
lacking in EPLIN-α expression. Cells were transfected with either
the EPLIN-α expression plasmid or a closed pEF6 plasmid to
generate empty vector control cells using electroporation. Briefly,
one million cells were combined with 5 μl of the respective plasmid
and pulsed at 310V using an Electroporator (Easyjet, Flowgene,
Surrey, UK). Following transfection, the cells were subjected to a
seven-day period of selection where they were cultured in medium
containing 5 μg/ml of blasticidin antibiotic. Once cells had
undergone the selection period they were transferred to maintenance
medium containing 0.5 μg/ml blasticidin. The cells were
subsequently tested, at the transcriptional level, for the efficacy of
the expression plasmid. Those cells containing the expression
plasmid and displaying enhanced EPLIN-α expression were
designated KYSE150EPLIN-α and those containing the pEF6 plasmid
were designated KYSE150pEF6.

RNA extraction, reverse transcription-PCR, and quantitative PCR.
RNA isolation was performed using TRI Reagent (Sigma, Dorset,
UK) and was subsequently quantified and standardised using a
spectrophotometer (WPA UV 1101, Biotech Photometer,
Cambridge, UK). Reverse transcription was completed on 500 ng
RNA using iScript™ Reverse Transcription Supermix (Bio-Rad
Laboratories, Hemel Hempstead, UK). Routine RT-PCR was carried
out with specific primers for EPLIN-α (Table II). Amplification
conditions were as follows: 94˚C for 5 min, 30 cycles of 94˚C for 
40 s, 55˚C for 40 s and 72˚C for 10 min. PCR products were
separated on a 2% agarose gel and photographed using a digital
camera mounted over a UV transilluminator. 

The level of EPLIN-α transcripts in tissue cDNA was
determined using real-time quantitative PCR as recently reported
(6). Primer sequences are given in Table II. The reaction was

carried out on an IcyclerIQ™ (Bio-Rad Laboratories) which is
equipped with an optic unit that allows real time detection of 96
reactions. The following conditions were used in the reaction: 94˚C
for 12 min, 50 cycles of 94˚C for 15 s, 55˚C for 40 s and 72˚C for
20 s. The levels of the EPLIN-α transcripts are shown here as
number of the transcript copies per 50 ng RNA, generated from an
internal standard that was simultaneously amplified during the
same quantitative real-time PCR.

In vitro cell growth assay. KYSE150 cells were seeded into 96-well
plates at a seeding density of 3,000 cells per well. Triplicate plates
were set up for incubation periods of overnight, 3 and 5 days.
Crystal violet was used to stain cells following fixation in 4%
formalin, and the absorbance was determined following extraction
of stain in acetic acid at a wavelength of 540 nm using a
spectrophotometer. Subsequently, the percentage increase in cell
numbers over the incubation period was examined to determine the
impact of EPLIN-α on the growth rate of KYSE150 cells.

In vitro invasion assay. This was set up according to a previously
established method (6). Transwell inserts with 8.0 μm pore size
were coated with 50 μg Matrigel and air dried. After rehydration,
30,000 KYSE150 cells were added to each well. After 72 h, cells
that had migrated through the matrix and adhered to the other side
of the insert were fixed and stained, and then counted under a
microscope. The number of cells invaded per field was calculated
for both KYSE150EPLIN-α and KYSE150pEF6, in order to examine
the impact of EPLIN-α on cell invasion.

In vitro matrix adhesion assay. Forty five thousand KYSE150
cells were seeded into wells of a 96-well plate, previously coated
with 5 μg/well of Matrigel. After a 40 min incubation, non-
adherent cells were washed off using Balanced salt solution (BSS)
buffer. The remaining adhered cells were fixed, stained, and then
counted under a microscope. Adherent cells per field were
calculated and used to examine differences in adhesive nature of
KYSE150EPLIN-α and KYSE150pEF6 cells.
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Table I. Patients’ clinicopathological information.

Characteristics Samples (n)

Differentiation High 29
High-medium 14
Medium 36
Medium-low 13
Low 7

T-stage T1 2
T2 17
T3 57
T4 15

N-stage Positive 49
Negative 42

TNM stage 2 42
3 45
4 3

Clinical outcome Disease free 65
Died of oesophageal cancer 63



ECIS based cellular motility assays. The Electric Cell-substrate
Impedance Sensing (ECIS) system (Applied Biophysics Inc, NJ, US)
was used to detect cell motility. The 96W1E arrays were used in the
present study. ECIS measures the interaction between cells and the
substrate to which they are attached via an electrode present on the
surface of culture arrays. Identical numbers of KYSE150EPLIN-α and
KYSE150pEF6 (120,000 per well) were seeded into each well. After
10 hours, when confluence was reached, the monolayer was
electrically wounded. Resistance of the cell layer was then recorded
for a period of up to 20 hours as cells recovered and migrated onto
the electrode. Recovery patterns of KYSE150EPLIN-α and
KYSE150pEF6, through their migration onto the electrode were
examined and compared to indicate cell motility levels.

Statistical analysis. Statistical analysis was performed using the
Minitab (Minitab Ltd, Coventry, UK) statistical software package
(version 14). Non-normally distributed data were assessed using the
Mann-Whiney test, while the two sample t-test was used for
normally distributed data. Kaplan-Meier survival analysis, Pearson
correlation and the Cox hazardous proportion analysis were
performed using the SPSS statistical software (version 11; SPSS,
Chicago, IL, USA). Differences were considered to be statistically
significant at p<0.05. All experimental procedures were repeated a
minimum of three independent times. 

Results

The expression of EPLIN-α in oesophageal cancer. The
expression of EPLIN-α was examined in an oesophageal
cancer cohort using quantitative PCR. EPLIN-α expression
was revealed to be lower in oesophageal tumours (3.91±1.08
copies/50 ng RNA) compared to the normal background
tissues (366±364 copies/50 ng RNA, p<0.001) and
paratumoral tissue (2244±1059 copies/50 ng RNA, p<0.001).

EPLIN-α and histological grade, survival status, nodal status,
and TNM stage. To assess the relationship between EPLIN-α
expression and disease progression, EPLIN-α transcript levels
in oesophageal cancer samples were analysed and compared
with clinical patient data, such as histological grade, node
status, TNM staging and survival status (Figure 1). According
to tumour differentiation, highly differentiated tumours had a
lower level of the transcript compared with all other groups,
although these differences are not statistically significant.
Interestingly, tumours of low to medium differentiation had
reduced levels of the transcripts compared with high to

medium differentiated tumours. Again, these differences are
not statistically significant. 

As squamous cancer was the main type of epithelial
oesophageal cancer in our cohort, the statistical difference
among histological types was not shown. With regard to
tumour stages, EPLIN-α was expressed at a relatively lower
level in advanced oesophageal cancer (T3-4) compared to
early-stage oesophageal cancer (T1-2) although this was not
found to be significant (p>0.05). With regard to lymph node
status, a higher level of EPLIN-α transcript was seen in
tumour samples with lymph node-negative compared to that
in tumours with lymph node metastasis (p=0.068). 

With regard to TNM stages, EPLIN-α was expressed at a
lower level in advanced oesophageal cancer (TNM stages 3
and 4) compared to early TNM stage 2 oesophageal cancer.
An obvious decrease was seen between TNM stage 2 and 3
tumours, though this did not reach significance (p=0.19),
however a substantial reduction in EPLIN-α transcript levels
was observed in the highly advanced TNM 4 tumours
compared to TNM 2 tumours, with significant reductions
apparent (p=0.018). As sample number was very small, the
statistical results of TNM1 are not shown. 

Patients were then divided into two groups, those who
died of oesophageal cancer and those who remained disease-
free. The difference of the EPLIN-α transcripts between
patients who died of their disease and those who remained
disease-free was highly significant (p=0.022), in which
patients who died of cancer had lower levels of EPLIN-α
(Table III, Figure 1e). 

Using the Kaplan-Meier survival analysis, the cumulative
survival rates over a 5-year follow-up were also noticeably
higher when patients had higher levels of EPLIN-α (mean
survival=46 months, 95% Confidence Interval=36-56
months) compared to lower levels (mean survival=33
months, 95% Confidence Interval=26-39 months), although
this did not reach statistical significance (p=0.121). 

Impact of EPLIN-α on in vitro growth, invasion, and adhesion.
In order to evaluate the biological function of EPLIN-α in
oesophageal cancer cells, forced expression of EPLIN-α was
performed in the KYSE150 oesophageal cancer cell line. RT-
PCR demonstrated substantial overexpression of EPLIN-α in the
KYSE150EPLIN-α cell line compared to KYSE150pEF6 control
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Table II. Primer sequences used in PCR and Q-PCR.

Primer set   Sense Anti-sense

GAPDH probe  ATGATATCGCCGCGCTCA CGCTCGGTGAGGATCTTCA
EPLIN probe/Q-PCR AAGCAAAAATGAAAACGAAG ACTGAACCTGACCGTACAGACACCCACCTTAGCAA
GAPDH Q-PCR  CTGAGTACGTCGTGGAGTC ACTGAACCTGACCGTACACAGAGATGATGACCCTTTTG

Z-sequence on Q-PCR primers is Z sequence- 5’ACTGAACCTGACCGTACA’3.
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Figure 1. Association between Epithelial protein lost in neoplasm-α (EPLIN-α) and histological grade, survival status, nodal status, and TNM stage.
a: Generally, a decreasing trend was seen in the levels of EPLIN-α transcript as cancer histological grade increased, although this was not found
to be significant (grade1-5 represent from highly-differentiated to poorly-differentiated) (p>0.05). b: Decreasing levels of EPLIN-α transcript were
seen with advancing oesophageal cancer stage and significant decreases in EPLIN-α levels were observed in TNM3 and TNM4 compared to TNM2.
c: Decreased EPLIN-α expression was found to be associated with lymphatic metastasis. d: EPLIN-α transcript tended to be reduced in local
advanced T-stage tumours, including T2-T4, however, this was not found to be significant. e: Decreased levels of EPLIN-α transcript were observed
in patients who died of oesophageal cancer compared to those who remained disease-free (p=0.022). f: Higher cumulative survival was seen in
patients expressing higher levels of EPLIN a transcript compared to those with relatively lower levels over a 5-year follow-up period, however, this
did not reach statistical significance (p=0.121). Mean values±standard deviations are shown.



cells (Figure 2). KYSE150EPLIN-α cells grew at a reduced rate
compared to transfection-control cells. The percentage increase
in growth of KYSE150EPLIN-α cells at days 3 and 5 was lower
than that of KYSE150pEF6, but this was not found to be
significant (d3 KYSE150EPLIN-α vs. KYSE150pEF6, p=0.26; d5
KYSE150EPLIN-α vs. KYSE150pEF6, p=0.08). Enhanced
EPLIN-α expression in the KYSE150 cell line resulted in a
significant decrease in in vitro invasiveness. KYSE150EPLIN-α

cells were much less capable of invading through the Matrigel
basement membrane than control cells and a significant
difference was seen between the number of invaded
KYSE150pEF6 and KYSE150E-(EPLIN-α) cells (KYSE150EPLIN-
α vs. KYSE150pEF6, p=0.02). Enhanced levels of EPLIN-α
expression had little impact on the adhesive nature of the
KYSE150 cell line, with both KYSE150EPLIN-α and
KYSE150pEF6 cells having similar levels of adhesiveness
(p>0.05) (Figure 3).

ECIS-based cell motility assay. Following the electrical
wounding of a confluent layer of KYSE150 cells, little
difference was seen between the recovery, through the
migration of cells onto the electrode, of KYSE150EPLIN-α

and KYSE150pEF6 cells (Figure 4). No significant difference
was seen in the change of resistance over time (p=0.37),
suggesting that overexpression of EPLIN-α in this cell line
has little effect on cell motility.

Discussion

EPLIN was initially identified as a gene demonstrating
differential expression between normal and HPV-
immortalized oral keratinocytes, which was functionally
linked with the cytoskeleton and cytokinesis. Later, EPLIN-α
was also found to be aberrantly expressed in a series of
clinical breast, and prostate tumour tissues (1, 3, 4, 6, 7, 9). In
the current study, we examined EPLIN-α levels in a cohort
of oesophageal tissues and examined the effect of EPLIN-α
overexpression in the KYSE150 human oesophageal cancer
cell line. Quantitative PCR analysis revealed a modest
decrease in EPLIN-α expression in cancerous vs. normal
tissues and paratumoral tissue (p<0.001). This data is in line
with data in the previous literature (3, 6, 7, 11), again
suggesting that decreased expression of EPLIN-α is seen in
cancerous tissue and associated with a poorer prognosis. In
the current study, an inverse correlation was seen between the
level of EPLIN-α transcript and tumour grade, nodal status,
tumour staging and whether the patient remained disease free
or died as a result of their cancer, highlighting its potential as
a prognostic indicator and that this molecule may act as a
protective factor. Decreased EPLIN-α expression was seen in
oesophageal cancer compared to normal background tissues.
This is in line with the observations in human breast and
prostate tissues (6, 7), where the expression of EPLIN-α was
also lower or undetectable compared to normal tissue. As far
as the authors are aware, this is the first study examining the
expression of EPLIN-α in human oesophageal tissue and
reporting reduced EPLIN-α expression in oesophageal cancer.

We further analysed the quantity of EPLIN-α transcript in
oesophageal cancer samples against the corresponding clinical
data. It is very interesting to note that tumours from patients
who died of oesophageal cancer related causes had a
significantly lower level of the transcript compared with
tumours from patients who remained disease free in the
present cohort (p=0.022). It is also interesting to observe that
when the survival time was considered, the difference between
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Figure 2. Forced expression of Epithelial protein lost in neoplasm-α
(EPLIN-α) in the KYSE150 oesophageal cancer cell line. Forced
expression of EPLIN-α was seen in KYSE150EPLIN-α exp cells using RT-
PCR, compared to KYSE150pEF6 control cells. Lane 1: KYSE150pEF6;
2 KYSE150EPLIN-α; 3 negative control. 

Table III. Summary of quantitative polymerase chain reaction (PCR)
results.

Clinical information EPLIN-α p-Value
transcripts 
(copies/

50 ng RNA)

Differentiation
High 1.422±0.607 vs. High differentiation
High-medium 7.16±6.65 0.41
Medium 6.84±2.67 0.055
Medium-low 3.69±1.77 0.25
Low 3.15±2.66 0.55

T-Stage
1 4.12±4.12 vs. T1
2 6.84±3.26 0.66
3 2.64±1.2 0.79
4 1.36±1.28 0.64

TNM stage
2 6.84±3.26 vs. TNM 2
3 2.64±1.2 0.19
4 1.36±1.28 0.018

Lymph node involvement
N0 5.36±2.02
N1 1.43±0.56 0.068

Clinical outcome
Disease free 6.39±2.07
Died of oesophageal cancer 1.41±0.45 0.022



those with low and high levels of the EPLIN-α transcripts was
not statistically significant (p=0.121, Figure 1f). The reason
for the discrepancy between the two analyses is most probably
due to the sample size and the length of follow-up. It is clear
from Figure 1f that the two groups of patients are beginning to
show a clear separation after 30 months. An extended follow-
up may allow a clear separation, which we hope to be able to
provide in our future studies. In the present study, there are a
number of trends indicating that EPLIN-α transcript levels
were lower in aggressive tumours, namely, in TNM4 tumours
vs. TNM2, in T3/T4 tumours vs. T1 tumours, node-positive vs.

node-negative tumours and finally low differentiated tumours
vs. high-medium differentiated tumours, although some of
these differences lack statistical significance. Collectively,
these data clearly indicate that EPLIN-α may potentially have
use as a prognostic indicator and that the molecule may act as
a protective factor in patients with oesophageal squamous
cancer. This important clinical link has potential cellular
explanations, as demonstrated in the present study and indeed
in the literature (4, 9, 12). The EPLIN-α protein has been
shown to be an actin cross-linking protein that bundles actin in
the cells and stabilizes the cytoskeletal filaments. By doing so,
the EPLIN-α protein inhibits cell motility and invasiveness.

A series of previous studies from our laboratory has
examined the impact of EPLIN-α overexpression in MDA-
MB-231 breast cancer cells, HECV endothelial cells and PC-
3 prostate cancer cells (6-8). In the present study, we
similarly demonstrated that the forced expression of EPLIN-
α was able to reduce the aggressive nature of the KYSE150
oesophageal cancer cell line resulting, in a reduced rate of
cell invasion and growth in vitro. Collectively, the present
study shows that EPLIN-α is inversely associated with the
aggressiveness of human oesophageal cancer. The data
indicates that enhanced EPLIN-α expression seems to
significantly inhibit the invasion of KYSE150EPLIN-α cells
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Figure 3. Impact of Epithelial protein lost in neoplasm-α (EPLIN-α)
overexpression on the biological functions of oesophageal cancer cells.
a: EPLIN-α did not significantly affect in vitro growth of KYSE150
oesophageal cancer cells, however a decrease of borderline significance
(p=0.08) was seen in KYSE150EPLIN-α cells compared to KYSE150pEF6

cells over a 5-day incubation period. b: Overexpression of EPLIN-α
significantly reduced the invasive nature of the KYSE150 cell line but
seemed to have little impact on cell-matrix adhesion (c). Mean
values±SEM are shown.



compared to KYSE150pEF6 and also, although to a lesser
degree, to interfere with cell growth. This is consistent with
the previous observations in our laboratory, which
demonstrated similar inhibition of breast and prostate cells
after forced EPLIN-α expression (6, 7). However, forced
expression of EPLIN-α in the KYSE150 cell line did not
influence cell matrix adhesion. 

Additionally, forced expression of EPLIN-α did not
significantly impact on the cellular motility of KYSE150 cells
as assessed using an ECIS system and its primary role in this
cell line appears to be in cell invasion. This observation is
partially in contrast to other studies identifying a role for
EPLIN-α in cellular motility (4, 6, 10) but is generally in
keeping with the hypothesis that depletion of EPLIN-α in
cancerous cells can contribute to their invasive phenotype.

In conclusion, the present study has provided evidence
that EPLIN-α negatively regulates cellular aggressiveness of
oesophageal cancer cells and has prognostic value for
patients with oesophageal cancer.
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Figure 4. No significant effect of Epithelial protein lost in neoplasm-α
(EPLIN-α) overexpression was seen on the migratory rate of the
KYSE150 oesophageal cancer cell lines, with similar rates of change in
resistance being seen between KYSE150EPLIN-α and KYSE150pEF6 cells
(p=0.37). Mean values±SEM shown.


