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Background

Gastric cancer (GC) is the fourth most common malignancy 
and is the third leading cause of cancer death in the world [1]. 
Surgery significantly contributes to fighting GC, but it is only 
curative in the early stage, and a large proportion of GC pa-
tients have entered advanced stages at initial diagnosis [2]. 
Chemotherapy is widely used to improve quality of life and 
to extend the survival time of GC patients with unresectable 
disease. However, multidrug resistance (MDR) is still a major 
obstacle to the treatment of gastric cancer despite chemo-
therapeutic advances.

Trophoblast cell-surface antigen 2 (Trop2), also known as hu-
man tumor-associated calcium signal transducer 2 (TACSTD2), 
is a 36-kDa cell-surface glycoprotein originally identified in hu-
man placental trophoblastic tissue [3]. It has been demonstrated 
that GC tissues expressed higher levels of Trop2 compared with 
matched pericarcinomatous tissues, and GC patients with high 
Trop2 expression tended to have poor prognosis [4]. Trop2 is 
correlated with CREB and P27 in function, which may influence 
the therapeutic effects of tamoxifen and gemcitabine [5–7], but 
little is known about the role of Trop2 in GC chemotherapy re-
sistance and the underlying molecular mechanism.

The aim of this study was to determine the function of Trop2 
on GC chemoresistance and to explain the molecular mech-
anism by which it occurs. Our findings provide new insights 
into the role of Trop2 in MDR, and further studies are needed 
to confirm Trop2 as a potential therapeutic target for GC pa-
tients with drug resistance.

Material and Methods

Cell lines and cell culture

The human gastric cancer cell lines MGC803, BGC823, MKN45, 
MKN28, and HGC27 and the gastric epithelial cell line GES-1 
were purchased from KeyGEN Biotechnology. Cell lines were 
maintained in RPMI 1640 medium (#61870044, Gibco, USA) 
containing 10% fetal bovine serum (#10099141, Invitrogen, 
USA), 100 units/mL penicillin, and 100 μg/ml streptomycin sul-
fate (#15070063, Invitrogen, USA). All cells were incubated in 
a humidified atmosphere containing 5% CO2 at 37°C.

Protein extraction and Western blot analysis

Total proteins were extracted using RIPA Lysis Buffer (#P0013C, 
Beyotime, China) based on the manufacturer’s protocol. Protein 
concentrations were determined by BCA Protein Assay Kit 
(#23227, Pierce, USA). Equal amounts of protein were resolved 
by polyacrylamide gel for electrophoresis and transferred onto 

a PVDF membrane. The membrane was blocked with 5% milk 
for 2 h at room temperature and then incubated with goat an-
ti-human TROP2 polyclonal antibody (1: 1000, #AF650, R&D 
Systems, USA), rabbit anti-human MRP1/ABCC1 polyclonal an-
tibody (1: 500, #14685, Cell Signaling Technology, USA), or rab-
bit anti-human Notch1 polyclonal antibody (1;1000, #3608, Cell 
Signaling technology, USA) overnight at 4°C. The membrane 
was washed 3 times with PBST and then incubated with sec-
ondary antibodies for 1 h at room temperature. The mem-
brane was subsequently incubated with SuperSignal West Dura 
Extended Duration Substrate (#37071, Thermo, USA) and ex-
posed to the ChemiDoc XRS+ System (Bio-Rad, USA). The ex-
pression of GAPDH was used as the internal control.

Stable cell lines

The scrambled shRNA lentivirus and the lentivirus encoding 
shRNA against Trop2 (GeneCopoeia, China) were transfected 
into BGC823 cells. Lentivirus-mediated Trop2-cDNA and empty 
vector were transfected into HGC27 cells. After 48 h, cells were 
exposed to 0.5 μg/ml puromycin dihydrochloride (#A1113803, 
Gibco, USA) for 1 week. Puromycin-resistant clones were main-
tained with 0.25 μg/ml puromycin for 2 weeks. The stable 
BGC823 cells were named as BGC823-shTrop2 and BGC823-NC, 
respectively. The stable HGC27 cells were named as HGC27-
ovTrop2 and HGC27-NC, respectively.

CCK-8 cell viability assay

Stable cells were plated at a density of 8×103 cells per well in 
96-well tissue culture plates. After adhering, cells were treated 
with different concentrations of DDP or 5-Fluorouracil (5-FU) for 
48 h, and cell viability was detected by use of Cell Counting Kit-8 
(CCK-8) reagent (# ck04-500, Dojindo, Japan). The absorbance at 
450 nm was measured by Multiskan Spectrum (Thermo, USA).

Flow cytometric detection of apoptosis

Cells were plated in 6-well plates at a density of 5×104 per 
well. After adhering, BGC823-shTrop2 and BGC823-NC cells 
were treated with DDP (0.5 µg/ml) or 5-FU (0.5 µg/ml), and 
HGC27-ovTrop2 and HGC27-NC cells were treated with DDP 
(1 µg/ml) or 5-FU (0.5 µg/ml) for 48 h. Cells were harvested, 
washed with PBS, and incubated with the AnnexinV Alexa 
Fluor647/PI/Apoptosis detection kit (# FMSAV647-050, Fcmacs, 
China). Results were collected and analyzed using FACS Aria 
II SORP (BD, USA).

Animal experiments

BGC823-NC or BGC823-shTrop2 (1×106 in 100 µl serum-free 
RPMI-1640) was injected subcutaneously in female BALB/c 
mice (4 weeks old) in the oxters. DDP (10 mg/kg) was injected 
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into the tail vein as soon as the average tumor diameter was 
5–6 mm. Tumors were measured every 3 days and tumor 
volume was estimated according to the formula: V=largest 
diameter×smallest diameter2×0.5 [8]. This study was approved 
and supervised by the Animal Research Ethics Committees of 
Nanjing Medical University.

Statistical analysis

All statistical analyses were conducted using the SPSS 19.0 sta-
tistical software package (SPSS Inc., USA). Quantitative data 
are shown as mean values±SD. The t test was used for com-
parison of 2 groups and one-way ANOVA was used to calcu-
late differences between groups. P<0.05 represents a statisti-
cally significant difference.

Results

Knockdown of Trop2 in BGC823 and overexpression of 
Trop2 in HGC27

To examine expression levels of Trop2 in different GC cells, 
Western bolt was performed using the human gastric epithelial 

cell line GES-1 and gastric cancer cell lines HGC27, BGC823, 
MKN45, MKN28, and MGC803. Trop2 expressions in HGC27 
cells were lower than in other cancer cells, and BGC823 showed 
a relatively higher Trop2 level (Figure 1A, 1B). To determine 
the effect of Trop2 on chemotherapy resistance, a lentivirus 
encoding shRNA against Trop2 was transfected into BGC823 
cells, and Trop2 was overexpressed by lentivirus-mediated 
Trop2-cDNA transfection in HGC27 cells. Western blot anal-
ysis confirmed efficient transfection in BGC823 and HGC27 
cells (Figure 1C, 1D).

Trop2 promoted proliferation of GC cells treated with 
anticancer drugs

To determine if the expression of Trop2 affects the tolerance 
of cancer cells to chemotherapeutics, CCK-8 cell proliferation 
assay was used to detect responses of BGC823-shTrop2 and 
HGC27-ovTrop2 cells treated with DDP or 5-FU. Compared with 
control groups, the drug response curves in BGC823-shTrop2 
cells were down-shifted (Figure 2A, 2B), and the drug response 
curves in HGC27-ovTrop2 were up-shifted (Figure 2C, 2D). 
Results showed that BGC823-shTrop2 cells had a distinct-
ly lower survival rate than BGC823-NC cells, while HGC27-
ovTrop2 showed less proliferation inhibition than HGC27-NC 
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Figure 1. �Trop2 expression in gastric cells and the constructions of stable cell lines. (A, B) Western blot analysis showed that 
HGC27 cells had relatively low Trop2 expression, and Trop2 protein level in BGC823 cells was higher than in other cell 
lines. (C, D) BGC823-shTrop2 cells expressed less Trop2 protein than BGC823-NC cells, and HGC27-ovTrop2 cells showed 
significantly more expression of Trop2 than HGC27-NC cells.
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cells after treatments with the same drug concentration, in-
dicating that Trop2 decreased the cell proliferation inhibition 
induced by chemotherapeutic treatments.

Trop2 inhibited chemotherapy-induced cell apoptosis

Flow cytometry was performed to determine whether Trop2 
knockdown promotes cell apoptosis following treatment with 
chemotherapeutic drugs. BGC823-shTrop2 and HGC27-ovTrop2 
cells were treated with DDP or 5-FU for 48 h. Trop2 knockdown 
induced slightly more apoptosis, and BGC823-shTrop2 cells 
showed a significantly higher DDP-induced apoptosis rate than 
in BGC823-NC cells (Figure 3A, 3B). Trop2 overexpression did 
not induce less apoptosis when cells were not exposed to the 
drugs, but HGC27-ovTrop2 cells showed a lower DDP-induced 
apoptosis rate than that in HGC27-NC cells (Figure 3C, 3D). 
These results showed that Trop2 not only inhibited cell apop-
tosis, but also decreased the cell apoptosis induced by che-
motherapeutic drugs.

Knockdown of Trop2 improved the therapeutic effect of 
DDP in xenograft mice model

To further explore if Trop2 could influence the curative effect 
of DDP to GC in vivo, subcutaneous xenograft models were 
generated. The knockdown of Trop2 suppressed the growth of 
tumors, and neoplasms in both the control and Trop2 knock-
down groups were smaller after chemotherapy (Figure 4A, 4B). 
However, tumors in the Trop2 knockdown group exhibited more 
obvious growth inhibition (Figure 4B).

H&E staining showed that the DDP effect on BGC823-shTrop2 
tumors was stronger than that on BGC823-NC xenograft tumors, 
with more obvious morphologic change of cells and greater de-
gree of vacuolar formation (Figure 4C). These results demon-
strated the conclusion we get from in vitro experiments that 
Trop2 enhanced GC cells tolerance to chemotherapy.
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Figure 2. �Trop2 dysregulation affected GC cell proliferation inhibition induced by drugs. (A) The IC50 value of DDP in BGC823-shTrop2 
cells was 0.355±0.033 µg/ml, lower than that of BGC823-NC (0.701±0.083µg/ml) (P=0.002). (B) BGC823-shTrop2 treated with 
5-FU showed a lower IC50 value(0.338±0.253µg/ml) than that of BGC823-NC (1.101±0.470/ml) (P=0.011). (C) The IC50 value 
of DDP in HGC27-ovTrop2 cells was 2.102±0.274µg/ml, higher than that of HGC27-NC cells (0.749±0.163µg/ml) (P=0.002). 
(D) HGC27-ovTrop2 cells treated with 5-FU showed a higher IC50 value (0.172±0.038µg/ml) than that of HGC27-NC cells 
(0.069±0.007/ml) (P=0.01).
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Trop2 promoted expression of MRP1 by Notch1 signaling 
pathway

To further explore the molecular mechanism by which Trop2 reg-
ulates drug resistance of GC, we assessed the mRNA variation 
of some drug resistance genes (Supplementary Figure 1), and 
found the multidrug resistance protein 1 (MRP1) was probably 
related to Trop2-induced multidrug resistance. Western blot 
analysis showed that the expression of MRP1 was decreased 
after Trop2 inhibition, and overexpression of Trop2 promoted 
the expression of MRP1 (Figure 5). The results suggested that 

Trop2 enhanced drug resistance in gastric cells by promoting 
the expression of MRP1.

To elucidate the signaling mechanism by which Trop2 pro-
motes the expression of MRP1, Western blot analysis was ap-
plied to examine variations of the Notch1 signaling pathway 
upstream of MRP1 [9]. As shown in Figure 5, Trop2 had a pos-
itive correlation with the expression of Notch1. These results 
indicate that Trop2 can stimulate the activation of Notch1, and 
then alter the downstream protein MRP1.
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Figure 3. �Trop2 variation regulated GC cell apoptosis after chemotherapy. (A, B) The apoptosis rates of BGC823-NC and BGC823-
shTrop2 cells were 3.84±0.635% and 6.31±2.13%, respectively. The apoptosis rates of BGC823-NC and BGC823-shTrop2 
exposed to DDP were 11.907±1.571% and 26.407±2.784%, respectively. The apoptosis rates of BGC823-NC and BGC823-
shTrop2 exposed to 5-FU were 17.707±2.479% and 22.227±3.822%, respectively. (C, D) The apoptosis rates of HGC27-NC and 
HGC27-ovTrop2 were 5.533±1.854% and 5.503±2.340%, respectively. The apoptosis rates of HGC27-NC and HGC27-ovTrop2 
exposed to DDP were 24.533±1.512% and 16.687±3.222%, respectively. The apoptosis rates of HGC27-NC and HGC27-
ovTrop2 exposed to 5-FU were 21.157±2.486% and 12.830±2.923%, respectively. * P<0.05
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Discussion

Chemotherapy is a common and important method for peri-
operative and palliative treatment of GC, but chemoresistance 
often negatively affects the prognoses of GC patients. The GC 
drug resistance mechanism includes increasing drug efflux 
pumps, enhanced metabolism of drugs, intensive DNA damage 
repair, and variations of drug targets [10]. Comprehensive in-
vestigations of the chemoresistance mechanism will undoubt-
edly contribute to development of anticancer drugs and opti-
mization of chemotherapy regiments.

As a promising prognostic biomarker, Trop2 is reported to be 
highly expressed in various solid tumors, such as lung can-
cer [11], cervical cancer [12], pancreatic cancer [13], gallblad-
der cancer [14], ovarian carcinoma [15], and breast cancer [16]. 
Mounting evidence suggests that the expression of Trop2 is 
associated with cancer cell proliferation, migration, and inva-
sion [11,17–20]. Trop2 can alter the level of intracellular cal-
cium, affecting expression of numerous protein and signal-
ing pathways [21]. Trop2 is known to interact with CREB and 
P27, which are related to resistance to tamoxifen, trastuzum-
ab, and gemcitabine, and may thus be a cause of resistance 
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Figure 4. �Downregulation of Trop2 increased drug response to DDP in the xenograft mouse model. (A, B) The growth rate of tumors in 
mouse models were inhibited after DDP treatment in vivo. The efficacy of chemotherapy was higher in the Trop2-knockdown 
group. (C) H&E staining of tumor samples showed that morphologic change of cells and more foci of hemorrhage and 
necrosis appeared after chemotherapy. Especially in the Trop2 knockdown group, greater degrees of vacuolar formation 
indicated more chemotherapeutic effect. Original widow is ×200, magnified window is ×800.
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to these drugs [6,22]. Wang et al. [23] found that Trop2 inhibi-
tion could reverse chemotherapy agents-induced immunoresis-
tance in lung cancer cells by the MAPK signaling pathway, but 
little is known about the role of Trop2 in GC drug resistance.

In this study, in vitro experiments showed that knockdown of 
the Trop2 expression in BGC823 cells decreased IC50 values of 
DDP and 5-FU, while overexpression of Trop2 in HGC27 promot-
ed cell proliferation after chemotherapy treatment. A stronger 
apoptotic response to chemotherapeutic agents was observed 
in the BGC823-shTrop2 group, and HGC27-ovTrop2 cells treat-
ed with DDP or 5-FU showed less apoptosis than in the con-
trol group. In vivo experiments showed that DDP had more ob-
vious proliferation inhibition and harmful effect on tumors in 
the BGC823-shTrop2 group. These results suggest that Trop2 
promoted chemoresistance in GC cells.

In assessment of the mechanism by which Trop2 regulates 
drug resistance, we found that the protein expression of 
MRP1decreased in BGC823-shTrop2 cells and increased in 
HGC27-ovTrop2 cells compared with the control group. MRP1 
is a member of ATP-binding cassette (ABC) transporter super-
family. MRP1 is widely distributed in normal tissues and or-
ganelles, and it can pump out drugs to reduce the intracellu-
lar drug concentration, interfering with treatments of epilepsy, 

depression, and cancer [24–26]. Overexpression of MRP1 in 
cancer cells is a common mechanism resulting in MDR, and al-
ways results in poor prognosis [27–29]. Our results show that 
Trop2 enhanced the tolerance cancer cells to chemotherapeu-
tics by increasing the expression of MRP1.

To elucidate the signaling pathway regulated by Trop2 in drug 
resistance, Notch1, the upstream pathway of MRP1, was de-
tected by Western blot, showing that silencing Trop2 inhibited 
the expression of Notch1, and overexpression of Trop2 showed 
the opposite results. Human Notch is a transmembrane recep-
tor protein encoded by one of the Notch1–4 genes. The Notch 
pathway plays a central role in cell differentiation [30], prolif-
eration [31,32], apoptosis [33], metastasis [34], and stem cell 
maintenance [35]. Knockdown of Notch1 is reported to de-
crease chemotherapy resistance in cancer [36,37], and Notch1 
can increase the expression of MRP1 to promote cancer che-
moresistance [38]. In this study, we showed that Trop2 regu-
lated Notch1 signaling to increase the level of MRP1, furtherly 
reducing cancer cell sensitivity to antitumor drugs.
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Conclusions

In summary, our study showed that Trop2 promotes drug resis-
tance of GC by regulating the expression of MRP1. The Notch 
1 pathway was involved in Trop2-induced cancer cell drug re-
sistance. Drug resistance is an urgent problem in the clinical 
treatment of GC. Our findings provided new insight into the role 
of Trop2 in GC, and targeting Trop2 may be a potential way to 
overcome MDR when combined with other effective measures.
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