EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 429-434, 2015

siRNA targeting of Trop2 suppresses the proliferation
and invasion of lung adenocarcinoma H460 cells
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Abstract. The aim of the present study was to investigate the
effect of the small interfering RNA (siRNA)-induced inhibi-
tion of the Trop2 gene on the proliferation and invasion of
lung adenocarcinoma H460 cells. A recombinant adenovirus
expression vector, which contained siRNA targeting open
reading frames for Trop2 (rAd5-siTrop2), was transfected into
lung adenocarcinoma H460 cells. Three groups were included
in the study, namely the Ctrl (non-transfected control),
rAd5-siCtrl (native control) and rAd5-siTrop2 (knockdown
Trop2 gene) groups. The mRNA and protein expression levels
of Trop2 were detected using quantitative polymerase chain
reaction and western blot analysis, respectively. In addition, the
expression levels of cyclin DI and phospho-extracellular signal
regulated kinase (p-ERK)-1 were detected using western blot
analysis. The effects of Trop2 inhibition on the proliferation and
invasion of lung adenocarcinoma H460 cells were investigated
using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide and Transwell assay. Trop2-targeted siRNA recombi-
nant plasmids were successfully constructed. The recombinant
adenovirus vector, rAd5-siTrop2, significantly downregulated
the mRNA and protein expression levels of Trop2 in the lung
adenocarcinoma H460 cells, with cyclin DI and p-ERK-1
expression downregulated simultaneously. In addition,
following the silencing of Trop2, the proliferation and invasion
rates of the lung adenocarcinoma H460 cells were reduced.
Therefore, the results indicated that Trop2 serves a key func-
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tion in the proliferation and invasion of lung adenocarcinoma
H460 cells in vitro.

Introduction

Despite considerable progress in surgery, chemotherapy, radio-
therapy and biological-targeted therapy, lung cancer remains a
leading cause of cancer-associated mortality worldwide (1). A
previous study indicated that the existing therapies function
primarily to improve patient quality of life, and the overall
five-year survival rate for lung tumors is <15% (2). In addition,
lung cancer is now the priority target for cancer prevention,
early detection and therapy in China due to the increasing
rate of incidence (3). As a consequence, research into novel
prognostic biomarkers and therapeutic targets for lung cancer
is increasing.

In particular, cancer gene therapy has become a focus of
attention as an effective and specific treatment for lung cancer.
Recent developments in molecular biological techniques and
the improved understanding of the pathogenesis of lung cancer
has revealed that certain cancer-associated genes may be used
as effective targets for lung cancer gene therapy. Previous
studies have identified that the genes for epidermal growth
factor receptor (4), GA733 (5), echinoderm microtubule-asso-
ciated protein-like 4-anaplastic lymphoma kinase (6), colloid
osmotic pressure of serum, and lung fibroblast growth factor
receptor 1 (closely related to FGFR1) (7) are associated with
tumor growth and development, apoptosis, metastasis, cell
proliferation and aggressiveness. These genes are potential
intervention targets for cancer gene therapy, and a number
of the genes have exhibited beneficial therapeutic effects
following clinical application.

Trop2, also known as GA733-1, M1S1 or EGP-1, is a human
trophoblast cell-surface antigen encoded by the TACSTD2
gene, which is located on human chromosome 1p32 (8).
TACSTD?2 encodes a 35-kDa type 1 transmembrane glyco-
protein that contains a single transmembrane domain and
323 amino acids. Trop2 is a calcium channel protein that is
associated with the regulation of the intracellular calcium
concentration (9). Furthermore, Trop2 serves a key function in
the regulation of tumor proliferation by increasing the stability
of cyclin D1 or by activating the extracellular signal-regulated
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kinase (ERK)-I-mitogen-activated protein kinase (MAPK)
signaling pathway (10,11). Trop2 was originally observed to
be expressed at high levels on the surface of trophoblastic
cells (12). However, previous studies have identified elevated
expression of Trop2 in a number of human epithelial tumor
types, including colorectal cancer (13), oral squamous cell
carcinoma (14) pancreatic cancer (15) and lung cancer (5,16,17),
and elevated Trop2 expression is often associated with a poor
prognosis.

Overactivation of the Trop2 gene has also been
observed in a number of non-small cell lung cancer cell
lines, including H1975, SPCA-1 and PC-9 (18). However, to
the best of our knowledge, no prior studies in the English
language literature have investigated the correlation between
Trop2 expression and the proliferation and invasion of lung
adenocarcinoma H460 cells in vitro. In the present study,
the Trop2 gene was suppressed via RNA interference, and
the expression levels of cyclin DI and phospho (p)-ERK-1
were detected using western blot analysis. In addition, the
effects of Trop2 silencing on the proliferation and invasion
of lung adenocarcinoma H460 cells were investigated using
a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and Transwell assay.

Materials and methods

Cell lines and cell culture. An H460 human lung cancer
cell line was obtained from the American Type Culture
Collection (Manassas, VA, USA). The cells were maintained
in Dulbecco's modified Eagle's medium (DMEM; Beyotime
Institute of Biotechnology, Beijing, China), supplemented
with 10% fetal bovine serum (FBS; Gibco Life Technologies,
Carlsbad, CA, USA), 100 U/ml penicillin and 100 ug/ml
streptomycin (Beyotime Institute of Biotechnology), in a
humidified incubator with 5% CO, at 37°C.

Generation of the rAd5-siTrop2 RNA interference lentivi-
ruses. Following the evaluation of the knockdown efficiencies
of a number of small interfering RNA (siRNA) constructs,
the following siRNA oligonucleotide (rAd5-siTrop2-siRNA)
was selected to target the 21-bp interference sequence of
the Trop2 gene: 5'-CTCCAAGTGTCTGCTGCTCAA-3'.
The rAd5-siTrop2-siRNA sequences were as follows:
Sense, 5'-ACACTTGGAGGTTTTGGCCACTGACTGACT
CCAAGCTGCTGCTCAA-3', and antisense, 3'-CCTGTT
GAGCAGCAGACTTGGAGGTCAGTCAGTGGCCAAAAC
CTCCAAGTGTCTGCTGCTCAAC-5". In addition, a
non-specific sSiRNA (rAd5-siCtrl-siRNA) was synthesized
as a native control. Sequences were chemically synthesized
by Shanghai GenePharma Co., Ltd. (Shanghai, China).
H460 cells were seeded into six-well plates at a density of
2x10° cells/well, and transfection was performed using elec-
troporation (Gene Pulser MXcell™ Electroporation system;
Bio-Rad Laboratories, Inc., Munich, Germany). Three groups
were generated for the ensuing experiments, which included
the Ctrl group (non-transfected group), rAd5-siCtrl group
(cells infected with non-specific siRNA) and rAd5-siTrop2
group (cells infected with rAd5-siTrop2-siRNA). The cells
were harvested for the subsequent experiments at 72 h
post-transduction.
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Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). The sequences of the primers used for PCR
were as follows: Trop2 forward, 5'-CCTCATCGCCGTCAT
CGT-3, and reverse, 5'-CGGTTCCTTTCTCAACTCCC-3';
B-actin forward, 5'-CCTGGCACCCAGCACAAT-3', and
reverse, 5-GCCGATCCACACGGAGTACT-3'". Primers were
synthesized by Shanghai Sangon Biotechnology Co., Ltd.
(Shanghai, China). The expression levels of Trop2 were quan-
tified using fluorescence RT-qPCR. Following the termination
of each experiment, the cells were collected and the total
RNA was isolated using TRIzol® reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA). cDNA was synthesized
using a reverse transcription kit (Toyobo Co., Ltd., Osaka,
Japan), according to the manufacturer's instructions. cDNA
(2.5 ul) was subjected to qPCR using SYBR-Green (Wuhan
Boster Biological Engineering Co., Ltd., Wuhan, China) as
the fluorescent reporter and 2.5X Real Master Mix (Wuhan
Boster Biological Engineering Co., Ltd.). The specific gene
primers for Trop2 and fB-actin were amplified in separate
reaction tubes, as described previously (19). Threshold
cycle numbers of triplicate reactions were determined using
ABI 7500 software (Applied Biosystems Life Technologies,
Foster City, CA, USA) and the average was calculated. For
each reaction, (-actin was included as an internal standard
and the relative quantitative gene expression level was calcu-
lated using the 224 method.

Western blot analysis. Cells (1x10°) were lysed on ice with
100-200 ul lysis buffer (Beyotime Institute of Biotechnology)
for 5 min. Following lysis the samples were centrifuged at
400 x g for 5 min, and cell extracts from the Ctrl, rAd5-siCtrl
and rAd5-siTrop2 groups were collected. Subsequently,
50 ug protein samples were electrophoresed on 12%
SDS-polyacrylamide gels and transferred onto polyvinyli-
dene fluoride membranes (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA). The membranes were blocked in 5%
non-fat dry milk in Tris-buffered saline (TBS) for 1 h at room
temperature, followed by incubation with various primary
antibodies, including mouse monoclonal anti-human Trop2
(sc-80406; 1:1,000), mouse monoclonal anti-human cyclin DI
(sc-56302; 1:1,000) and rabbit anti-human-p-ERK-1 antibodies
(sc-16982; 1:1,000; Santa Cruz Biotechnology, Inc.), overnight
at 4°C. Following three washes with TBS-Tween-20 (TBST),
the membranes were incubated with 50 gl horseradish
peroxidase-conjugated IgG secondary antibody for 2 h at
room temperature. The secondary antibodies used included
peroxidase-labeled goat anti-rabbit IgG (BA1055) and rabbit
anti-mouse IgG (BM2002; 1:2,000; Wuhan Boster Biological
Engineering Co., Ltd.). In addition, each membrane was
incubated with a mouse monoclonal anti-GAPDH antibody
(sc-47724; Santa Cruz Biotechnology, Inc.) as a loading
control. The membranes were washed three times with TBST,
and bound antibodies were detected using enhanced chemi-
luminescence analysis (Beyotime Institute of Biotechnology,
Haimen, China). The protein expression levels were quanti-
tated via densitometry using Quantity One software (Bio-Rad
Laboratories, Inc.).

Proliferation assay. Cell proliferation was evaluated using an
MTT assay on days 1, 3 and 6. Cells from the three groups
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Figure 1. (A) Representative white field image of H460 cells and (B) corresponding fluorescence image showing the expression of green fluorescent protein in
the same cell population, indicating the efficiency of the lentivirus infection (magnification, x100).

were plated onto 96-well plates (2,000 cells/well) and incu-
bated with 20 yl MTT (5 mg/ml; Sigma-Aldrich, St. Louis,
MO, USA) for 4 h prior to collection. Subsequently, the culture
medium was removed and 150 ul dimethyl sulfoxide was
added to the wells. Following vigorous shaking for 10 min,
the absorbance at 490 nm was measured using an enzyme
immunoassay instrument (ETI-MAX3000; DiaSorin S.p.A,
Saluggia, Italy). Six wells were analyzed for each group.

Transwell assay. Cell invasion was determined using a
Transwell assay (Wuhan Boster Biological Engineering
Co., Ltd.). Oligonucleotides were transfected into the cells
according to the manufacturer's instructions. Following
incubation for 48 h, 3x10* cells were transferred onto the top
of the Matrigel-coated invasion chambers (BD Biosciences,
San Jose, CA, USA) in serum-free DMEM, while DMEM
containing 10% FBS was added to the lower chamber. After
24 h, the non-invasive cells were removed, while the invasive
cells were fixed with 95% ethanol, stained with 0.1% crystal
violet (Nanjing Search Biotech, Co., Ltd., Nanjing, China)
and photographed (magnification, x100; DM3000; Leica
Microsystems, Mannheim, Germany). Each test consisted of
three independent experiments.

Statistical analysis. Statistical analysis was performed using
SPSS software, version 13.0 (SPSS, Inc., Chicago, IL, USA).
All experiments were performed at least three times, and
representative results are presented as the mean+ standard
deviation. Statistical analyses were performed using one-way
analysis of variance, and comparisons among groups were
conducted using the independent samples t-test, where
P<0.05 was considered to indicate a statistically significant
difference.

Results

Efficiency of the infection assay for adenovirus transfection.
For viral transduction, siRNA lentiviral vectors at a multi-
plicity of infection of 50 were added to dispersed H460 cells
immediately following plating. After 3 days, green fluores-
cent protein (GFP) imaging confirmed the high efficiency
of infection, which facilitated the follow-up experiments
(Fig. 1). Subsequently, qPCR and western blot analysis assays
were performed to detect the mRNA and protein expres-
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Figure 2. Reverse transcription-quantitative polymerase chain reaction
assays indicated that the mRNA expression levels of Trop2 were significantly
reduced in the rAd5-siTrop2-siRNA group when compared with the Ctrl and
rAd5-Ctrl-siRNA groups. ‘P<0.01, vs. Ctrl and rAd5-Ctrl-siRNA groups
(n=3). siRNA, short interfering RNA; Ctrl, control.

sion levels of Trop2. The results indicated that the mRNA
and protein expression levels of Trop2 were significantly
decreased in the rAd5-siTrop2-siRNA group when compared
with the Ctrl and rAd5-Ctrl-siRNA groups (Figs. 2 and 3).
Thus, the results demonstrated the high knockdown effi-
ciency of rAd5-siTrop2-siRNA in vitro.

Cyclin DI and p-ERK-1 protein expression levels in the
Ctrl, rAd5-Ctrl-siRNA and rAdS5-siTrop2-siRNA groups.
Western blot analyses were performed to detect the protein
expression levels of cyclin DI and p-ERK-1. In these assays,
significant reductions were observed in the expression levels
of cyclin D1 and p-ERK-1 in the rAd5-siTrop2-siRNA group
when compared with the Ctrl and rAd5-Ctrl-siRNA groups
(Fig. 3).

Trop2 knockdown mitigates the proliferation of H460 cells. In
the rAdS-siTrop2-siRNA group, the cells exhibited a reduced
rate of proliferation when compared with the cells in the Ctrl
or rAd5-Ctrl-siRNA group at day 3 after seeding (P<0.01;
Fig. 4).

Trop2 knockdown inhibits the migration of H460 cells in vitro.
Transwell migration assays were used to evaluate the effect of
Trop2 knockdown on cell migration. The number of cells in
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Figure 3. Western blot analysis assays revealed that the protein expression levels of Trop2, cyclin D1 and p-ERK-1 were significantly decreased in the
rAd5-siTrop2-siRNA group when compared with the Ctrl and rAd5-Ctrl-siRNA groups. "P<0.01, vs. Ctrl and rAd5-Ctrl-siRNA groups (n=3). Ctrl, control;
siRNA, small interfering RNA; p-ERK, phospho-extracellular signal regulated kinase.

231 goul
B rAds-siCtrl
B rAd5-siTrop2

Absorbance at 490 nm

3
Days after seeding

Figure 4. Cell proliferation was assessed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay in the (A) Ctrl, (B) rAd5-Ctrl-siRNA and
(C) rAd5-siTrop2-siRNA groups. H460 cells exhibited a reduced proliferation rate at day 3 after seeding and silencing of the Trop2 gene. a, day 1 after seeding; b,
day 3 after seeding; c, day 6 after seeding (magnification, x100). "P<0.01, vs. Ctrl and rAd5-Ctrl-siRNA groups (n=3). siRNA, short interfering RNA; Ctrl, control.

the rAdS5-siTrop2-siRNA group that traversed the micropore  vs. 56+7 and 59+6, respectively; P<0.01; Fig. 5). These results
membrane was observed to be significantly reduced when indicated that the downregulation of Trop2 inhibits the migra-
compared with the rAd5-Ctrl-siRNA and Ctrl groups (27+5  tory ability of H460 cells in vitro.
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Figure 5. Transwell migration assays were used to assess the invasion ability of the cells in the (A) Ctrl, (B) rAd5-Ctrl-siRNA and (C) rAd5-siTrop2-siRNA
groups. The results revealed that the number of cells in the rAd5-siTrop2-siRNA group that traversed the micropore membrane was reduced compared with
the rAd5-Ctrl-siRNA and Ctrl groups (27+5 vs. 56+7 and 59+6, respectively; P<0.01; n=3) (magnification, x100). siRNA, short interfering RNA; Ctrl, control.

Discussion

Trop2 is a transmembrane glycoprotein that was initially
observed to be expressed at high levels on the surface
of trophoblastic cells (12). Trop2 is a human trophoblast
cell-surface antigen encoded by the TACSTD2 gene on
human chromosome 1p32 (8), and has been demonstrated to
promote the proliferation of pancreatic and intestinal tumor
cells (20). However, the function of Trop2 in the proliferation
and differentiation of human lung adenocarcinoma H460
cells is yet to be fully elucidated. In the present study, siRNA
technology was used to downregulate the expression of Trop2
in order to analyze the effects on human lung adenocarcinoma
H460 cells. Changes in the rate of cell proliferation were
detected among the Ctrl, rAd5-siCtrl and rAd5-siTrop2 groups
following the siRNA interference. The results demonstrated
that the proliferation rate and doubling time of H460 cancer
cells was reduced following the silencing of Trop2, indicating
that Trop2 promotes the proliferation of human lung adenocar-
cinoma H460 cells.

Trop2 has been demonstrated to promote the proliferation
and differentiation of pancreatic tumor and intestinal tumor
cells via regulation of the ERK signaling pathway (11). In
addition, a previous study using mouse models of pancreatic
and intestinal tumors revealed that high expression levels of
Trop2 correlated positively with the expression of cyclin D1
and cyclin E, while a negative correlation was observed with
P27 expression (20). Thus, Trop2 was shown to promote the
proliferation and differentiation of pancreatic and intestinal

tumor cells by regulating the ERK1/2 signaling pathway,
and it was hypothesized that Trop2 may exert this effect in
additional tumor types. The MAPK signal transduction
pathway is closely associated with tumor cell proliferation.
Raf/MEK/ERK is a key MAPK pathway, and among the most
extensively studied pathways in the field of signal transduc-
tion. ERK is the key factor in the determination of cell fate
following external stimulation, and is present as two forms;
ERK1 and ERK2. ERK1/2 moves from the cytoplasm to the
nucleus, where the protein phosphorylates a series of transcrip-
tion factors, including c-Jun and c-Fos. The activation signal
in the cytoplasm is subsequently transferred to the nucleus,
forming a transcriptional complex that regulates gene expres-
sion, promotes cell proliferation and determines the end-stage
differentiation or apoptosis of the cell. Cyclin D1 is highly
expressed in numerous tumor types, and ERK is a crucial
mediator of cyclin DI expression (21). In addition, cyclin D1
binds to cyclin-dependent kinases, which subsequently
promotes tumor cell proliferation (22).

The mechanisms underlying the effects of Trop2 on human
lung adenocarcinoma H460 cell proliferation have not been
previously reported. Therefore, the aim of the present study
was to compare the protein expression levels of ERK-1 and
cyclin DI in Ctrl, rAd5-siCtrl and rAd5-siTrop2 groups of
human lung adenocarcinoma H460 cells. Trop2 silencing was
shown to downregulate the expression of ERK-1 and cyclin DI,
indicating that the inhibition of human lung adenocarcinoma
H460 cell proliferation and differentiation may be associated
with the regulation of the ERK pathway.
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Invasion and metastasis are key processes in malignant
tumor development, and are the primary factors for treatment
failure and mortality in patients with cancer. The migration
and invasion of tumor cells is a multi-step, continuous and
active process. Tumor cells released from the primary site pass
through extracellular matrix barriers and blood vessel walls to
enter local and distant tissues (23). The application of siRNA
in the targeting and silencing of key genes that affect the
migration and invasion of tumor cells offers the opportunity
for lung cancer gene therapy (23).

In the present study, Transwell chambers applied with
Matrigel were used to observe the effect of inhibiting the
expression of Trop2 on the migration and invasion of human
lung adenocarcinoma H460 cells. No statistically significant
difference was detected in the number of cells that invaded
the Matrigel membrane when comparing the Ctrl group with
the rAd5-siCtrl group. By contrast, significantly fewer cells in
the rAd5-siTrop2 group were observed to traverse the Matrigel
membrane compared with the Ctrl and rAd5-siCtrl groups.
These results indicate that the suppression of Trop2 expres-
sion reduces the invasiveness of human lung adenocarcinoma
H460 cells in vitro.

In conclusion, siRNA technology was employed to down-
regulate the expression of the Trop2 gene in human lung
adenocarcinoma H460 cells. The downregulation of Trop2 was
observed to inhibit the proliferation, migration and invasion
of lung adenocarcinoma H460 cells in vitro. In addition, the
mechanisms underlying the function of Trop2 in human lung
adenocarcinoma H460 cells may involve the ERK pathway
and the subsequent interactions with cyclin D1. These results
provide novel experimental data for genetic studies investigating
the function served by Trop2 in the progression of lung cancer.
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