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A b s t r a c t

IInnttrroodduuccttiioonn::  To explore the effect of tumor suppressor in lung cancer 1 (TSLC1)
on proliferation and apoptosis in esophageal cancer Eca109 cells.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Eca109 cells were divided into three groups: TSLC1 trans-
fected group (TTG), mock group (MG) and untransfected group (UTG). The TTG
and MG were transfected transiently with the pIRES2-EGFP-TSLC1 eukaryotic
expression vector and pIRES2-EGFP vector respectively. The UTG was a blank
control. The TSLC1 expression in TTG was analyzed with the fluorogram and 
RT-PCR method. Cell proliferation was measured with 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium (MTT) assay. Cell cycle was measured by flow cytom-
etry (FCM). Cell apoptosis was detected by Annexin-V/PI double staining FCM.
RReessuullttss::  Green color was found in TTG and MG. The band of TSLC1 mRNA of TTG
was located at about 1400 bp by RT-PCR and agarose gel electrophoresis assay.
The TSLC1 inhibited cell proliferation significantly in MTT assay, and the cell pro-
liferation was slower in TTG than MG and UTG. After TSLC1 transfection, cell
numbers increased in G0/G1 phase and decreased in S phase. Forty-eight hours
after transfection, the apoptosis rate and death rate of TTG were higher than
MG and UTG. Thus TSLC1 induced Eca109 cells to apoptosis. 
CCoonncclluussiioonnss::  The TSLC1 gene had a potent effect on cell proliferation inhibition,
G1/S cell cycle arrest and induction of cell apoptosis in Eca109 cells.

KKeeyy  wwoorrddss::  esophageal carcinoma, TSLC1 gene, transient transfection, cell cycle,
apoptosis.

Introduction

Tumor suppressor in lung cancer 1 (TSLC1) was originally isolated from
non-small cell lung cancer as a potential tumor suppressor gene [1, 2]. This
gene is mapped to human chromosome 11q23.2 and spans over 300 kb
with 10 exons, which encode a 4.4 or 1.6 kb mRNA sequence; it can be
translated into a 442 amino acid transmembrane glycoprotein. TSLC1 pro-
tein contains three domains, extracellular, transmembrane and intracel-
lular, which may correlate with its function. TSLC1 expression is down-re-
gulated in many human cancers, such as laryngeal squamous carcinoma
[3], uterine cervix cancer [4], ovarian carcinoma [5], breast cancer [6],
nasopharyngeal carcinoma [7] and neuroblastoma [8]. It has been found
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that the lack of TSLC1 expression is closely related
to the occurrence and progression of these cancers.
However, so far, the mechanism of TSLC1 gene is
not clear. It is considered that it may play its role by
inducing cancer cells to apoptosis and arresting the
cell cycle [9]. Esophageal cancer is one of the most
common cancers in the world. It has a poor response
to treatment and high mortality. Despite recent
advances in chemotherapy and radiotherapy,
esophageal cancer is still a tough problem with lit-
tle progress in adjuvant therapy. To improve this
situation, it is necessary to explore new molecular
mechanisms further. Ito et al. [10] confirmed that
the TSLC1 gene lacked expression or was lowly
expres sed in Eca109 cells. Therefore, we decided to
explore whether TSLC1 can also inhibit proliferation
and in duce apoptosis in Eca109 cells.

Material and methods

RReeaaggeennttss  aanndd  cceellll  lliinnee

Neonatal calf serum (NCS), phosphate buffered
saline (PBS), RPMI-1640 medium and DMSO were
purchased from Hangzhou Sijiqing Bio Co, Ltd (Chi-
na). Lipofectamine 2000 was bought from Invitro-
gen CO (USA). 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium (MTT) was from Shanghai
Public Health Bio-Engineering Co, Ltd (China). Anne -
xin V-fluorescein isothiocyanate (FITC)/PI reagent
Kit, RNase A and plasmid mini preparation kit were
from Beyotime Institute of Biotechnology (China).
Reverse transcript polymerase chain reaction (RT-PCR)
Reagents Kit and DL2, 000 DNA Marker were from
TaKaRa Biotech Ltd (China). Primers were synthe-
sized by TaKaRa Biotech Ltd (China). Human eso pha -
geal carcinoma Eca109 cell line was purchased from
China Center for Typical Culture Collection (China).
It was cultured in RPMI-1640 medium supplemen -
ted with 10% NCS, 100 U/ml penicillin, 100 µg/ml
streptomycin and maintained in a 5% CO2 humidi-
fied atmosphere at 37°C.

PPllaassmmiidd  aanndd  cceellll  ttrraannssffeeccttiioonn

The plasmid pIRES2-EGFP was presented as a gift
from the Biochemistry Laboratory of Guangdong
Medical College. The plasmid pIRES2-EGFP-TSLC1
eukaryotic expression vector was constructed by
our laboratory [11]. Eca109 cells were divided into
three groups: TSLC1 transfected group (TTG), mock
group (MG), and untransfected group (UTG). MG and
TTG were transiently transfected with plasmid
pIRES2-EGFP and plasmid pIRES2-EGFP-TSLC1 with
Lipofectamine 2000 respectively, according to the
manufacturer’s instructions, and UTG did not receive
any treatment. 

RRNNAA  eexxttrraaccttiioonn  aanndd  RRTT--PPCCRR  aassssaayy

Total RNA was extracted from TTG 48 h after tran-
sient transfection using the Trizol kit, according to the

manufacturer’s instructions. RT-PCR used RNA which
was from Eca109-TSLC1 clones (TTG) and primers
OUTER F 5’-GCGTGGGGTGCCCGACATGG-3’20 mers
and OUTER R 5’-AAATAGGGCCAGTTGGACAC-3’ 
20 mers. The PCR conditions were 30 cycles of 94°C 
3 min, 98°C 10 s, 55°C 15 s, and 72°C 1 min, with 
a final extension at 72°C for 10 min. The RT-PCR pro -
ducts were analyzed by 1.5% (w/v) agarose gel elec-
trophoresis.

CCeellll  pprroolliiffeerraattiioonn  aassssaayy

Morphological changes of cells were observed
under an inverted microscope 48 h after transient
transfection. The anti-proliferative effect of TSLC1
on Eca109 cells was determined by the MTT
method. Briefly, Eca109 cells were maintained in
RPMI-1640 medium until mid-log phase and plated
in a 96-well plate (1 × 103 per well), and divided into
three groups (each group had three wells). The TTG
and MG were treated as before. The plates were
cultured for 12 h, 24 h, 36 h, 48 h, 60 h and 72 h. At
each time point, MTT dye was added to each well
(5 mg/ml). After 3 h, the crystal was dissolved in
0.15 ml DMSO. Optical density (OD) value at 490 nm
was measured using an enzyme-labeled meter (Japan).
Cell proliferation was calculated according to this
formula: cell proliferation inhibition rate = ((OD val-
ue of MG – OD value of TTG)/OD value of MG) 
× 100%. This procedure was repeated three times.

CCeellll  ccyyccllee  aannaallyyssiiss

The Eca109 cell was incubated in a 6-well cell
culture cluster (1 × 106 per well), and divided into
three groups. TTG and MG were treated as before.
48 h after transfection, all cells were collected,
washed with PBS, and then suspended in 70%
ethanol at 4°C overnight. Cells were incubated with
6 µl of 1 g/l RNase A, 1 ml of 1 mg/ml PI and 400 µl
of PBS at room temperature for 15 min. DNA con-
tent was analyzed by FCM. This procedure was
repeated three times.

AAnnnneexxiinn  VV--FFIITTCC//PPII  ddoouubbllee--llaabbeelleedd  ffllooww
ccyyttoommeettrryy

The pre-processing of the three groups was the
same as cell cycle analysis. Forty-eight hours after
transfection, all cells were collected and washed
with PBS twice. Cells were incubated with Annexin-
V-FITC in the dark at room temperature for 10 min,
then PI was added and cells were incubated for
another 10 min in the dark at room temperature.
Cell apoptosis was measured by FCM. This proce-
dure was repeated three times.

SSttaattiissttiiccaall  aannaallyyssiiss

All experiments were repeated three times. All
data are expressed as mean ± standard deviation
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(x– ± s). Data were analyzed using SAS 8.0 software.
Student t-test, q test and rank sum test were applied
for comparison between two groups as necessary.
Value of p < 0.05 indicated a significant difference.

Results

EExxpprreessssiioonn  aanndd  iiddeennttiiffiiccaattiioonn  ooff  TTSSLLCC11  ggeennee

Twenty-four hours, 48 h and 72 h after being
transiently transfected with plasmid pIRES2-EGFP
and plasmid pIRES2-EGFP-TSLC1, the three groups
were observed by using a fluorescence microscope.
Green color was found in TTG and MG, but not in
UTG. Forty-eight hours after transfection, the brigh -
test fluorescence was seen in MG and TTG (Figure 1).
The expression band of TSLC1 mRNA (TTG) was loca -
ted at about 1400 bp by RT-PCR (Figure 2).

MMoorrpphhoollooggiiccaall  cchhaannggeess

Cell growth was inhibited significantly in TTG,
which showed round and oval-shaped cells, cluste -
red into a mass, scattered between cell mass and
in a poor state 48 h after transfection. Polygonal
and spindle cells, packed closely together between
cells and eugonic growth were found in MG and
UTG (Figure 3).

EEffffeecctt  ooff  TTSSLLCC11  oonn  pprroolliiffeerraattiioonn  ooff  EEccaa110099  cceellllss

The OD value of each well was obtained by mea -
suring all groups every 12 h from the first day after
transfection, for 72 h at a stretch. Cell proliferation
curves were depicted with the mean OD value of
each time point (Figure 4). The growth inhibition
rate for each time point of TTG was calculated

according to the formula given above. It indicated
that the cell proliferation was slower in TTG than
both MG and UTG (p < 0.05, Table I). The growth

FFiigguurree  11..  Fluorogram after transient transfection. AA – UTG, BB – M group 24 h after transient transfection, CC – TT group
24 h after transient transfection, DD – M group 48 h after transient transfection, EE – TT group 48 h after transient trans-
fection, FF – M group 72 h after transient transfection, GG – TT group 72 h after transient transfection (original magnifi-
cation 200×)

FFiigguurree  22..  TSLC1 mRNA expression in the TTG with 
RT-PCR. M – DL2.000 DNA. Marker 1 – TSLC1 mRNA
(about 1400 bp)

AA BB CC

EE FF GG

DD
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inhibition rate for 36 h and 72 h was 34.2% and
38.8% respectively, which demonstrated that the
cells of TTG were significantly inhibited.

CCeellll  ccyyccllee  aannaallyyssiiss

Forty-eight hours after transfection, the cells of
each group were analyzed by using FCM to analyze
alterations in cell cycle distribution. The results
showed that in G0/G1 phase, TTG (74.47 ±1.89%)
was significantly higher than MG (64.33 ±2.87%, 

p < 0.01) and UTG (63.77 ±3.06%, p < 0.01), while
in S phase, TTG (8.23 ±4.24%) was significantly lower
than MG (16.23 ±2.97%, p < 0.05) and UTG (16.20
±0.72%, p < 0.05) (Figure 5). 

EEffffeecctt  ooff  TTSSLLCC11  oonn  aappooppttoossiiss  ooff  EEccaa110099  cceellllss

Forty-eight hours after transfection, the rate of
apoptotic cells and dead cells was analyzed with
Annexin V-FITC/PI double-labeled FCM. For apop-
tosis rate, TTG (15.5 ±5.11%) was significantly high-
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FFiigguurree  44..  Inhibition of proliferation by TSLC1 in Eca109
cells. After transient transfection, the cell prolifera-
tion of TTG was slower than MG and UTG. Cell pro-
liferation inhibition was measured by MTT method
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FFiigguurree  33..  Morphological changes 48 h after transient transfection. AA – UTG and BB – MG showed polygonal and spin-
dle cells, packed closely together between cells and eugonic growth, CC – TTG showed round and oval-shaped cells,
clustered into a mass, scattered between cell mass and poor state

CCuullttuurree  GGrroouuppss
ttiimmee  [[hh]]

TTTTGG MMGG UUTTGG

12 0.427 ±0.033 0.470 ±0.032 0.466 ±0.027

24 0.479 ±0.037a,b 0.634 ±0.044 0.649 ±0.034

36 0.487 ±0.069a,b 0.742 ±0.021 0.766 ±0.051

48 0.661 ±0.020a,b 0.847 ±0.048 0.918 ±0.083

60 0.720 ±0.012a,b 1.072 ±0.102 1.070 ±0.063

72 0.815 ±0.041a,b 1.335 ±0.067 1.488 ±0.085

TTaabbllee  II..  OD values of the three groups at different time
points (x– ± s)

ap < 0.01, TTG vs. MG, bp < 0.01, TTG vs. UTG. Data are mean ± SD of
three independent experiments

FFiigguurree  55..  Flow cytometry analysis of cell cycle in Eca109 48 h after transient transfection. AA – UTG, BB – MG, CC – TTG.
The distribution of the cell cycle was analyzed with propidium iodide (PI) assay

AA BB CC

UT group

M group

TT group

AA BB CC
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er than MG (2.19 ±0.56%, p < 0.01) and UTG (1.47
±0.50%, p < 0.01). For death rate, TTG (12.77
±0.96%) was si gnificantly higher than MG (3.56
±2.24%, p < 0.01) and UTG (2.72 ±0.82%, p < 0.01)
(Figure 6). 

Discussion

The TSLC1 gene, which has been confirmed as 
a tu mor suppressor gene, shows low or loss of
expres sion in a variety of tumor cells. The TSLC1
gene encodes nectin-like protein 2 (Necl-2), which
can regulate adhesion between epithelial cells with
other nectins, helping immune cells to recognize
and kill tumor cells, or inhibit tumorgenesis. Natu-
ral killer (NK) cells and CD8+ T cells also can identi-
fy Necl-2 through class I restricted T-cell-associated
molecule (CRTAM) receptor. In vivo, the inter action
of CRTAM and Necl-2 promoted NK cells repelling
Necl-2 positive tumor cells, while in vitro, CRTAM-
Necl-2 stimulated NK cells releasing a cytotoxic
effect and CD8+ T cells excreting INF-γ to inhibit
tumor growth [12]. Therefore, TSLC1 plays an impor-
tant role in tumor immune surveillance. Low or lack
of expression of TSLC1 can make tumor cells escape
from the immune response. Mao et al. [13] trans-
fected TSLC1 expression adenovirus vector into non-
small cell lung cancer (NSCLC) A549 cell line, and
found that 60% of cells showed apoptosis as time
and TSLC1 accumulated. It also activated caspase
3 at the same time. Surace et al. [14] found that
TSLC1 could effectively inhibit malignant menin-
giomas IOMM-Lee cell line proliferation. In this stu -
dy, we transiently transfected the TSLC1 gene into
human esophageal carcinoma Eca109 cells, then
the strongest fluorescence appeared in TTG and
MG 48 h after transfection, while UTG showed no
fluorescence, which indicated expression of the EGFP
gene. In order to prove expression of the TSLC1 gene
more objectively, we analyzed the TSLC1 mRNA of
TTG with RT-PCR, and the band was located at about

1400 bp, as we expected. Thus the TSLC1 gene had
been transfected into Eca109 cells successfully. 

There is another mechanism of the TSLC1 gene
that inhibits tumor cell proliferation, arresting cell
cycle progress and inducing cell apoptosis. Sussan
et al. [15] constructed cell line 12.2 by introdu cing
a YAC derivative containing the TSLC1 gene into
non-small cell lung cancer cell line A549, and found
that the 12.2 cell line showed significant accumu-
lation in G0/G1 phase and absence in S and G2/M
phase compared with A549. Thus it suggested that
TSLC1 was a negative factor in the cell cycle, which
delayed progression into S phase and arrested the
cell cycle in G1/S phase. In the current study, Eca109
cells were inhibited by the TSLC1 gene compared
with the other two groups according to morpho-
logi cal changes. The MTT assay showed that the
proliferation rate of TTG is significantly lower than
MG and UTG; moreover, as we can see in cell pro-
liferation curves, TTG is significantly lower than the
other two groups. Cell cycle analysis showed that
the cells of TTG in G0/G1 phase were significantly
more nu me rous than MG and UTG 48 h after trans-
fection, while in S phase, the cells of TTG were the
least numerous, which indicates that the resting-
phase cells increase significantly and mitotic cells
decrease in the TTG. Thus TSLC1 could interfere with
Eca109 cells’ cell cycle progression in G1/S phase
arrest. In order to explore whether the TSLC1 gene
has an apoptotic effect on Eca109, we introduced
the Annexin-V/PI double staining method. Forty-
eight hours after transfection, the apoptosis rate
was 15.5% in TTG, which was significantly higher
than MG (2.19%) and UTG (1.47%). Our result is sim-
ilar to other studies about TSLC1 of lung cancer cells
[13], hepatocellular cancer cells [9], malignant me -
nin giomas cells [14] and prostate cancer cells [16].
Therefore TSLC1 could induce apoptosis in Eca109
cells and increase cell death.

In conclusion, the TSLC1 gene can inhibit prolif-
e ration, regulate the cell cycle, and induce apopto-

FFiigguurree  66..  Effect of TSLC1 on apoptosis rate of Eca109 cells 48 h after transient transfection. AA – cell-free control dia-
gram, BB – UTG, CC – MG, DD – TTG. Percentage of apoptotic cells was measured by flow cytometry after Annexin-V/pro-
pidium iodide (PI) staining. 2 represented cell apoptosis rate; 4 represented cell death rate

ap < 0.01, TTG VS MG, bp < 0.01, TTG VS UTG, cp < 0.01, TTG VS MG, dp < 0.01, TTG VS UTG
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sis of Eca109 cells. The TSLC1 gene may activate the
cell apoptosis process during the occurrence and
deve lopment of esophageal cancer. The potent anti-
tumor capacity of TSLC1 suggested that it could be 
a promising new experimental anticancer method
in human esophageal carcinoma treatment. In the
present study, the transient transfection method
has gene expression instability that may affect the
results to some extent. Thus, the mechanism of the
TSLC1 gene in esophageal cancer still needs further
studies, providing more adequate evidence for fea-
sibility of gene therapy.
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