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Abstract. Trophoblast cell surface antigen  2 (TROP2), a 
single transmembrane domain protein, is often found to be 
highly expressed in various types of human cancers. However, 
the biological function and molecular mechanism of TROP2 
in glioblastoma have not been fully elucidated, particularly 
in regards to cell proliferation and metastasis of glioblastoma 
cells. In the present study, it was demonstrated that TROP2 
expression was increased in glioblastoma tissues and glioblas-
toma cell lines by immunohistochemical analysis and western 
blot analysis. High TROP2 expression was significantly corre-
lated with the poor survival of glioblastoma patients. MTT 
assay, BrdU incorporation assay, flow cytometry and Transwell 
assay were performed to demonstrate that knockdown of 
TROP2 in glioblastoma cells inhibited cell proliferation and 
metastasis. We found that the effects of TROP2‑knockdown 
on glioblastoma cells were associated with the inhibition of 
JAK2 and STAT3 phosphorylation and decreased transcrip-
tion of STAT3 target genes. In addition, blocking the activation 
of JAK2/STAT3 signaling by WP1066 negated the effects of 
TROP2 overexpression. Furthermore, exogenous IL‑6, which 
functions as a potent activator of JAK2/STAT3 signaling, was 
able to rescue the phosphorylation of JAK2 and STAT3 in 
TROP2‑silenced glioblastoma cells and regulate phenotypic 
changes in these cells. Therefore, we revealed a novel mecha-
nism by which TROP2 activates the JAK2/STAT3 pathway 
to promote the growth and metastasis of glioblastoma cells. 

These data offer insight into the function of TROP2 in glio-
blastoma and indicate that TROP2 is a promising biomarker 
and therapeutic target for glioblastoma patients.

Introduction

Malignant glioma is the most common and aggressive type of 
primary brain tumor in humans, accounting for more than 44% 
of all brain tumors in China and 50% of all primary central 
nervous system (CNS) neoplasms in the US (1). Glioblastoma, 
grade IV glioma, is notorious for its rapid proliferation, inten-
sive infiltration, genetic alteration and increased angiogenesis, 
which makes it the most malignant glioma accounting for more 
than 46% of all malignant brain cancers (2‑5). Despite enor-
mous efforts in multimodal treatment approaches including 
typical surgical tumor resection, radiotherapy and chemo-
therapy, the prognosis of glioblastoma patients is undeniably 
grim with only a median survival time of 12‑15 months (6,7). 
Perhaps the dismal prognosis is mainly due to the limited 
understanding of the molecular basis of glioblastoma develop-
ment and progression. Thus, further research of the molecular 
mechanisms underlying glioblastoma and a thorough investiga-
tion of molecular biomarkers for prognosis and targeted therapy 
are crucially needed to improve glioblastoma patient outcomes.

Human trophoblast cell surface antigen  2 (TROP2), a 
36‑kDa transmembrane protein expressed primarily in epithe-
lial cells and encoded by the TACSTD2 gene, was originally 
discovered in human placental trophoblastic tissue (8). TROP2, 
as a cell surface receptor, can recognize specific ligands and 
participate in numerous intracellular signaling pathways of 
cell proliferation, self‑renewal and survival (9‑11). Recently, it 
has received attention as a potential target for cancer therapy 
since high TROP2 expression was found to be positively 
associated with poor patient prognosis (12). Overexpression 
of TROP2 was found in several human carcinomas, including 
colorectal (13), lung cancer (14), glioma (15), gastric carci-
noma (16), cervical (17), breast (18) and pancreatic cancer (19), 
underscoring the potential role of TROP2 in tumorigenesis. 
However, the precise mechanism and biological function of 
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TROP2 expression in relation to glioblastoma have not been 
studied.

Interleukin‑6 (IL‑6), a well‑characterized proinflam-
matory cytokine, has been shown to play a crucial role in 
driving many of the ‘hallmarks’ of cancer including activa-
tion of the signaling of cell proliferation, enhancement of 
migration and invasion, resistance to cell death and induc-
tion of angiogenesis through downstream activation of the 
Janus kinase (JAK)/signal transducer and activator of tran-
scription 3 (STAT3) signaling pathway (20‑25). Persistent 
activation of JAK2/STAT3 is frequently documented in 
human carcinomas and has emerged as an ideal target for 
cancer treatment (26‑28). Therefore, tight regulation of the 
JAK2/STAT3 pathway may be effective in therapy against 
cancer.

In the present study, we found that downregulation of 
TROP2 efficiently inhibited glioblastoma cell proliferation 
and metastasis by regulating the JAK2/STAT3 pathway. These 
data offer insights into TROP2 function and suggest TROP2 as 
a potential target for glioblastoma patients.

Materials and methods

Cell culture and transfection. Human normal astroglia cells 
(SVGP12), glioblastoma cell lines [A172, LN‑229, U‑87 MG 
(cat. no. HTB‑14 of unknown origin) and U‑118 MG and a 
retroviral packaging cell line (293FT) were obtained from 
the American Type Culture Collection (ATCC; Manassas, 
VA, USA) and cultured as previously described  (29). All 
cell lines tested mycoplasma‑negative. The sequences of the 
TROP2 short hairpin RNA (shTROP2) and GFP short hairpin 
RNA (shGFP) were purchased from GenePharma Co., Ltd. 
(Shanghai, China). Sequences of shTROP2 are provided in 
Table  I. A vector encoding the human full‑length TROP2 
was cloned by PCR‑based amplification and then subcloned 
into the pCDH‑CMV‑EF1‑copGFP vector. Sequences of the 
primers used are given in Table II. The lentivirus was produced 
as previously described (30).

Reagents. Gibco™ fetal bovine serum (FBS) and Dulbecco's 
modified Eagle's medium (DMEM) were purchased from 
Thermo Fisher Scientific, Inc. (Waltham, MA, USA). Dimethyl 
sulfoxide (DMSO) and crystal violet were obtained from 
Sigma‑Aldrich/Merck KGaA (Darmstadt, Germany). WP1066 
was obtained from Selleck (Shanghai, China). The TROP2 
(cat. no. ab214488) antibody, survivin (cat. no. ab76424) anti-
body and recombinant human IL‑6 protein (cat. no. ab73197) 
were purchased from Abcam (Shanghai, China); phospho‑JAK2 
(Tyr1007/1008; cat.  no.  3771), JAK2 (cat.  no.  3230), 
phospho‑STAT3 (Tyr705; cat. no. 9145), STAT3 (cat. no. 9139), 
cyclin D1 (cat. no. 2978), MMP2 (cat. no. 40994) and VEGF 
(cat. no. 9698) antibodies were purchased from Cell Signaling 
Technology (Beverly, MA, USA). GAPDH antibody was 
purchased from BD Pharmingen (Shanghai, China). All anti-
bodies were diluted according to the instructions.

Immunohistochemical staining. Formalin‑fixed and paraf
fin‑embedded tumor specimens from patients were sliced 
into 5‑µm thick sections that were then deparaffinized and 
hydrated. The procedure of endogenous antigen retrieval 

was performed via microwave heating for 20 min in 10 mM 
citric acid buffer (pH  6.0). The sections were incubated 
sequentially with primary antibodies overnight at 4˚C and 
secondary antibodies for 30 min at room temperature followed 
by diaminobenzidine (DAB) development. All slides were 
examined and assessed from microscopic fields at x20 magni-
fication (Olympus CKX41; Olympus Corp., Tokyo, Japan). 
Immunohistochemical staining results were reviewed and 
scored as follows: 0, no staining and no background; 1+, weak 
staining in more than 30% of cells; 2+, moderately intense 
staining in more than 30% of cells but without intense staining 
in some cells; and 3+, staining in more than 30% of tumor cells 
with markedly intense staining.

Western blot analysis. Cells and fresh tissues were lysed in 
RIPA lysis buffer that contained a protease inhibitor cocktail. 
Proteins were harvested and then separated by SDS‑PAGE and 
electrotransferred onto PVDF membranes. The membranes 
were incubated sequentially with primary antibodies overnight 
at 4˚C and HRP‑linked secondary antibody for 2 h at room 
temperature, and then visualized by a detection system (Clinx 
Science Instruments Co., Ltd., Shanghai, China).

Quantitative real‑time PCR. Total RNA was extracted from 
glioblastoma cell lines using Invitrogen™ TRIzol reagent 
(Thermo Fisher Scientific) and then reverse transcribed into 
cDNA using GoScript™ Reverse Transcriptase (Promega, 
Madison, WI, USA). Real‑time PCR was performed using 
specific primer pairs, cDNA and SYBR Green PCR Master 
Mix (Toyobo Life Science, Inc., Osaka, Japan) according to 
the manufacturer's instructions. All primer pairs are listed 
in Table III and glycerol‑dehyde‑3‑phosphate dehydrogenase 
(GAPDH) served as the endogenous control. Relative quan-
tification of mRNA expression was defined based on Cq, and 
the individual values were normalized to that of the GAPDH 
control (31).

Cell proliferation analysis. Cell viability was examined using 
the MTT assay. Cells (1x103 cells/well) were seeded in 96‑well 
plates with three replicates, and then were detected from 
day 0 to 6. The purple formazan was dissolved by dimethyl 
sulfoxide, and the absorbance was measured at a wavelength 
of 560 nm. All experiments were carried out independently 
in triplicate.

BrdU incorporation assay. Cells (2x104  cells/well) were 
seeded into 24‑well plates and incubated overnight. Then 
a final concentration of 10  µg/ml BrdU (Sigma‑Aldrich; 
Merck KGaA) was added into the media and the plates were 
incubated for 30 min and then fixed for 15 min. After incuba-
tion with 1 mol/l HCl for 15 min and 5% goat serum for 2 h, 
the cells were incubated sequentially with primary antibody 
overnight at 4˚C and secondary antibody for 2  h at room 
temperature. Cell nuclei were stained with DAPI for 30 min. 
The BrdU‑positive cells were observed and calculated from 
microscopy fields at x20 magnification (Nikon 80i; Nikon 
Corp., Tokyo, Japan).

Flow cytometry. For cell cycle analysis, cells were harvested 
and then fixed in 75% ethanol at 4˚C for 24 h, and then incubated 
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with propidium iodide (PI) and RNaseA at 37˚C for 30 min. 
Cells were examined by flow cytometry (BD Biosciences, 
San Jose, CA, USA) and analyzed by FlowJo software (version 
FlowJo 7.6; FlowJo LLC, Ashland, OR, USA).

TUNEL analysis. Cells were grown on coverslips and then 
stained with Click‑iT plus TUNEL assay kit (Invitrogen; 
Thermo Fisher Scientific). After incubation with 4% parafor-
maldehyde for 20 min and 0.25% Triton X‑100 for 15 min, the 
cells were incubated sequentially with TdT reaction buffer, 
TdT reaction mixture and TUNEL reaction cocktail according 
to the manufacturer's instructions. Cell nuclei were stained 
with DAPI for 30 min. Cells were imaged and calculated from 
randomly chosen microscopic fields at x20 magnification 
(Nikon 80i; Nikon Corp.).

Migration and invasion assays. Boyden chambers (24‑well) 
(8‑µm pore size; Corning Inc., Corning, NY, USA) were used in 
the migration and invasion assays. Matrigel (BD Biosciences) 
was used to coat the membranes in the invasion assay. Medium 
with 10% FBS as a chemoattractant was added to the lower 
chamber, and cells with serum‑free media were placed in the 
upper chamber. After incubation for 48 h, the cells were fixed 
in 4% paraformaldehyde (PFA) and then stained with crystal 
violet. Cells were imaged and calculated from randomly 
chosen microscopic fields at x10 magnification (Nikon 80i; 
Nikon Corp.).

Soft agar assay. To evaluate colony‑forming ability, Gibco™ 
DMEM 2X (Thermo Fisher Scientific) containing 0.6% 
agarose (Sigma‑Aldrich; Merck KGaA) were added to 
12‑well plates as a bottom layer. Then 0.4x103 cells/well in 
medium (10% FBS and DMEM) containing 0.3% agarose 
(Sigma‑Aldrich; Merck KGaA) was added onto the bottom 
layer. After culturing for 14‑21 days, colonies were imaged by 
the scanner (Epson Perfection V700 Photo; Epson, Beijing, 
China) and counted in each well.

Xenograft assay. The detailed procedures were performed 
as described previously (7). All studies were approved by the 

Animal Care and Use Committee of Southwest University, and 
carried out in conformity to the Guide for the Care and Use of 
Laboratory Animals (Ministry of Science and Technology of 
China, 2006).

Patient data analysis and patient tumor tissues. Kaplan‑Meier 
analysis and survival curves were downloaded from the 
online database R2: microarray analysis and visualization 
platform (http://hgserver1.amc.nl/cgi‑bin/r2/main.cgi). A 
total of 8 patients (5 males and 3 females, age range, 32‑82, 
mean age 53.1) who underwent surgical resection between 
February 2015 and July 2015 at Daping Hospital, Chongqing 
were enrolled and tumor and adjacent normal tissues were 
collected. Prior approval was obtained from the Ethics 
Committee of Daping Hospital, Chongqing, China. Tissue 
analysis was approved by the Ethics Committee of Southwest 
University of China. All of the patients provided informed 
consent.

Statistical analysis. All experiments were carried out in trip-
licates, and the quantitative data are expressed as mean ± SD. 
Two‑tailed Student's t‑test was performed to calculate signifi-
cance in an interval of 95% confidence level, following normal 
distribution with different but similar SDs. A probability (P) 
value of <0.05 was considered statistically significant. *P<0.05, 
**P<0.01, ***P<0.001 indicate different degrees of statistical 
significance as noted in the figures.

Table I. Sequences of the TROP2‑specific shRNAs.

shTROP2‑1‑F	 CCGGCTACTTCGAGAGGGACATCAACTCGAGTTGATGTCCCTCTCGAAGTAGTTTTTG
shTROP2‑1‑R	 AATTCAAAAACTACTTCGAGAGGGACATCAACTCGAGTTGATGTCCCTCTCGAAGTAG
shTROP2‑2‑F	 CCGGGAGAAAGGAACCGAGCTTGTACTCGAGTACAAGCTCGGTTCCTTTCTCTTTTTG
shTROP2‑2‑R	 AATTCAAAAAGAGAAAGGAACCGAGCTTGTACTCGAGTACAAGCTCGGTTCCTTTCTC

TROP2, trophoblast cell surface antigen 2; shRNA, short hairpin RNA; F, forward; R, reverse.

Table II. Primer pairs for human full‑length TROP2.

TROP2‑F	 ATGGCTCGGGGCCCC
TROP2‑R	 CTACAAGCTCGGTTCCTTTCTCA

TROP2, trophoblast cell surface antigen 2; F, forward; R, reverse.

Table III. Primer pairs for real‑time PCR.

TROP2‑F	 ACAACGATGGCCTCTACGAC
TROP2‑R	 GTCCAGGTCTGAGTGGTTGAA
CCND1‑F	 GCTGCGAAGTGGAAACCATC
CCND1‑R	 CCTCCTTCTGCACACATTTGAA
Survivin‑F	 AGGACCACCGCATCTCTACAT
Survivin‑R	 AAGTCTGGCTCGTTCTCAGTG
MMP2‑F	 GATACCCCTTTGACGGTAAGGA
MMP2‑R	 CCTTCTCCCAAGGTCCATAGC
VEGF‑F	 AGGGCAGAATCATCACGAAGT
VEGF‑R	 AGGGTCTCGATTGGATGGCA
GAPDH‑F	 ACAACTTTGGTATCGTGGAAGG
GAPDH‑R	 GCCATCACGCCACAGTTTC

TROP2, trophoblast cell surface antigen  2; CCND1, cyclin   D1, 
MMP2, matrix metallopeptidase  2; VEGF, vascular endothelial 
growth factor; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; 
F, forward; R, reverse.

https://www.spandidos-publications.com/10.3892/or.2018.6859
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Results

TROP2 is upregulated in human glioblastoma and is a prog‑
nostic indicator for glioblastoma patients. To explore whether 
TROP2 could be a prognostic marker for glioblastoma, immu-
nohistochemical analysis (IHC) was performed. IHC revealed 
that TROP2 expression was significantly higher in glioblastoma 
tissues compared with that noted in the normal brain tissues in 
8 paired samples (Fig. 1A and B). Then, we detected TROP2 
expression at the protein level in human normal astroglial 
cells (SVGP12), glioblastoma cell lines (A172, LN‑229, U‑87 
MG and U‑118 MG), normal tissues and glioblastoma tissues. 
Compared with SVGP12 cells and normal tissues, TROP2 
expression was significantly increased in all four glioblastoma 
cell lines and tumor tissues (Fig. 1C). To determine whether 
TROP2 expression level is implicated in the clinical prognosis 

of glioblastoma patients, we evaluated the prognostic value 
of TROP2 in the Tumor Glioma Kawaguchi 50 database and 
Tumor Glioma French 284 database from the R2 platform 
(genomics analysis and visualization platform). The results 
showed that high TROP2 expression was associated with 
a poor patient outcome (Fig. 1D and E). Taken together, we 
found that TROP2 was upregulated in glioblastoma tumors 
and glioblastoma cell lines, and high TROP2 expression was 
associated with the poor prognosis of glioblastoma patients.

TROP2 promotes the migration and invasion of glioblastoma 
cells. To explore the biological role of TROP2 in glioblas-
toma cells, we knocked down TROP2 by using two shRNA 
sequences (shTROP2‑1 and ‑2) in glioblastoma cell lines U‑87 
MG and LN‑229. Quantitative RT‑PCR and western blot anal-
ysis were conducted to confirm stable knockdown of TROP2 

Figure 1. TROP2 is upregulated in human glioblastoma and is a prognostic indicator for glioblastoma patients. (A) Representative immunohistochemical 
assays of TROP2 expression in human glioblastoma (right) and adjacent normal brain tissue (left). (B) Immunohistochemical analyses of TROP2 expression 
in 8 paired samples of glioblastoma and normal brain tissue, P<0.001. (C) Western blot analyses were performed to detect TROP2 expression in human 
normal astroglial cells (SVGP12), four glioblastoma cell lines (A172, LN‑229, U‑87 MG and U‑118 MG), normal brain tissues and glioblastoma tissues. 
(D and E) Kaplan‑Meier analysis of progression‑free survival using data from the Tumor Glioma‑kawaguchi‑50 database and Tumor Glioma‑French‑284 
database with the log‑rank test P‑values indicated. TROP2, trophoblast cell surface antigen 2.
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expression in U‑87 MG and LN‑229 cells (Fig. 2A and B). 
Migration and invasion assays were performed to determine 
whether the expression of TROP2 was related to the metas-
tasis of glioblastoma cells. The results showed that TROP2 
knockdown significantly inhibited cell migration and invasion 
compared to the control cells (Fig. 2C and D). These results 
demonstrated that TROP2 expression is positively associated 
with the cell migration and invasion of glioblastoma cells.

TROP2 enhances proliferation and viability of glioblastoma 
cells. We subsequently investigated the biological role of 
TROP2 in cell proliferation and viability of glioblastoma cells 
via MTT and BrdU assays. The data demonstrated that the cell 
growth curve and DNA synthesis of TROP2‑knockdown cells 

were significantly reduced when compared to the control cells 
(Fig. 3A and B). Flow cytometry was performed to corroborate 
the data of proliferation, and the results showed that TROP2 
knockdown led to cell cycle arrest at the G1 phase (Fig. 3C). 
In addition, immunofluorescence (IF) assays of TUNEL were 
performed to validate that TROP2 knockdown significantly 
increased the cell apoptosis of both U‑87 MG and LN‑229 cells 
(Fig. 3D). Collectively, these data demonstrated that TROP2 
potently promotes proliferation and viability of glioblastoma 
cells.

TROP2 promotes self‑renewal and tumor growth of glioblas‑
toma cells in vitro and in vivo. Soft agar colony formation 
assays were performed to investigate the effects of TROP2 

Figure 2. TROP2 promotes migration and invasion of glioblastoma cells. (A) The expression of TROP2 mRNA in TROP2‑knockdown U‑87 MG and 
LN‑229 cell lines and negative controls were detected by PCR analysis. GAPDH served as endogenous control. (B) The expression of TROP2 protein in 
TROP2‑knockdown U‑87 MG and LN‑229 cell lines and negative controls were detected by western blot analysis. GAPDH served as loading control. 
(C) Migration and (D) invasion assays were performed in TROP2‑knockdown U‑87 MG and LN‑229 cells and negative controls. All data are shown as the 
means ± SD; **P<0.01, ***P<0.001. All P‑values are based on the control vs. treatment group. TROP2, trophoblast cell surface antigen 2.

https://www.spandidos-publications.com/10.3892/or.2018.6859
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expression on self‑renewal of glioblastoma cells in vitro. The 
results demonstrated that the number and size of colonies in 
the TROP2‑konckdown U‑87 MG and LN‑229 cells were 
reduced compared with the control cells (Fig. 4A). We also 
found that knockdown of TROP2 using shTROP2‑1 exhibited 
a more powerful inhibitory effect on the colony formation of 
glioblastoma cells. Therefore, the highly effective shTROP2‑1 
was used as a representative TROP2‑knockdown means for 
the following experiments. In order to confirm the effects of 

TROP2 in vivo, a subcutaneous xenograft experiment was 
performed. Consistent with the in vitro results, the growth of 
tumors derived from TROP2‑knockdown cells was signifi-
cantly retarded compared with the controls. At the study end 
point, the knockdown of TROP2 resulted in significantly 
decreased tumor weight and volume compared with the 
relevant controls (Fig. 4B and C). Taken together, these data 
suggest that TROP2 potently promotes the tumor growth of 
glioblastoma cells.

Figure 3. TROP2 enhances proliferation and viability of glioblastoma cells. (A) Glioblastoma cell proliferation was measured by MTT assay. (B) BrdU 
incorporation assay was performed to examine the percentage of cells in S‑phase. (C) Flow cytometric analysis of cell cycle distribution in U‑87 MG and 
LN‑229 cell lines. (D) Representative images of Tunnel assay for U‑87 MG and LN‑229 cell lines. All data are shown as the means ± SD; *P<0.05, **P<0.01, 
***P<0.001. All P‑values are based on control vs. treatment group. TROP2, trophoblast cell surface antigen 2.
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TROP2 mediates oncogenic effects by promoting the activa‑
tion of the JAK2/STAT3 pathway. To explore the mechanisms 
underlying changes in TROP2‑knockdown glioblastoma cells, 
we performed quantitative RT‑PCR assays to compare the 
mRNA expression pattern of TROP2‑knockdown glioblastoma 
cells with the control cells. TROP2 knockdown attenuated 
the expression of several genes involved in cell prolifera-
tion, apoptosis, migration and invasion, including cyclin D1 
(CCND1), survivin, matrix metalloproteinase 2 (MMP2) and 
vascular endothelial growth factor (VEGF), which are gener-
ally considered as downstream molecules of the JAK2/STAT3 
signaling pathway (Fig. 5A). Next, western blot analysis showed 
decreased phosphorylation of JAK2Tyr1007/1008 and STAT3Tyr705 
in the TROP2‑knockdown glioblastoma cells and xenograft 
tumors. CCND1, survivin, MMP2 and VEGF expression 

levels were observably decreased in the TROP2‑knockdown 
glioblastoma cells and xenograft tumors (Fig. 5B and C). To 
determine the clinical relevance, we carried out immunohis-
tochemical analysis for level of TROP2 and phosphorylation 
of JAK2Tyr1007/1008 and STAT3Tyr705 in human GBM specimens 
and normal brain tissues. The GBM samples had high TROP2 
expression, which correlated with high JAK2 and STAT3 acti-
vation (Fig. 5D). These results suggest that TROP2 promotes 
cell proliferation and metastasis of glioblastoma cells by acti-
vating the JAK2/STAT3 pathway.

Blocking the activation of JAK2/STAT3 signaling by WP1066 
negates the effects of TROP2 overexpression. WP1066 is a 
potent JAK2/STAT3 inhibitor that inhibits the proliferation 
and metastasis of cancer cells. To confirm whether the effects 

Figure 4. TROP2 promotes self‑renewal and tumor growth of glioblastoma cells in vitro and in vivo. (A) The effects of TROP2 on the colony formation in 
TROP2‑knockdown U‑87 MG and LN‑229 cells. (B) Xenograft assays were performed after TROP2 knockdown in U‑87 MG and LN‑229 cells. The size and 
weight of xenograft tumors were analyzed with two‑tailed Student's t‑test and P‑value is indicated. (C) The growth curve of xenograft tumors was analyzed 
with with two‑tailed Student's t‑test and P‑value is indicated. All data are shown as the means ± SD; *P<0.05, **P<0.01, ***P<0.001. All P‑values are based on 
control vs. treatment group. TROP2, trophoblast cell surface antigen 2.
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of TROP2 on glioblastoma cells were JAK2/STAT3 depen-
dent, we treated TROP2‑overexpressing glioblastoma cells 
and their controls cells with WP1066 (10 µM). Migration and 
invasion assays showed that WP1066 significantly decreased 
the accelerative effects of TROP2 on cell migration and 
invasion (Fig. 6A and B). MTT assays showed that WP1066 
significantly reduced the promotive effects of TROP2 on cell 
proliferation (Fig. 6C). Western blot analysis demonstrated that 
the levels of JAK2 and STAT3 phosphorylation (JAK2Tyr1007/1008 
and STAT3Tyr705) were altered in proportion to the alteration of 

total JAK2 and STAT3 protein levels in glioblastoma cells. 
In addition, CCND1, survivin, MMP2 and VEGF levels were 
markedly increased by TROP2 overexpression and were 
reduced by WP1066 treatment (Fig. 6D). Collectively, these 
data demonstrated that TROP2 promotes the activation of the 
JAK2/STAT3 signaling pathway.

Exogenous IL‑6 reverses phenotype changes of TROP2‑silencing 
glioblastoma cells. IL‑6, a potent activator of JAK2/STAT3, 
was used to further determine the role of TROP2 in the 

Figure 5. TROP2 mediates oncogenic effects by promoting the activation of the JAK2/STAT3 pathway. (A) Relative mRNA expression of STAT3 target 
genes in TROP2‑knockdown or control U‑87 MG cells and LN‑229 cells. Transcript levels were normalized to GAPDH. (B and C) Western blot analysis 
of JAK2Tyr1007/1008, total JAK2, STAT3Tyr705, total STAT3, CCND1, survivin, MMP2 and VEGF levels in TROP2‑silenced U‑87 MG and LN‑229 cells and 
xenograft tumors, GAPDH was used as loading control. (D) Representative IHC staining for TROP2, p‑JAK2, and p‑STAT3 in GBM samples from patients. 
All data are shown as the means ± SD; **P<0.01, ***P<0.001. All P‑values are based on control vs. treatment group. TROP2, trophoblast cell surface antigen 2; 
GBM, glioblastoma.
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regulation of the JAK2/STAT3 pathway. Western blot assays 
demonstrated that the phosphorylation of JAK2Tyr1007/1008 and 
STAT3Tyr705 were increased in TROP2‑knockdown glioblas-
toma cells after the cells were exposed to IL‑6 (Fig. 7A). The 
migration and invasion of TROP2‑knockdown cells were 
clearly increased after IL‑6 exposure (Fig. 7B and C). In addi-
tion, MTT assays showed that cell viability was increased after 
IL‑6 exposure (Fig. 7D). Furthermore, IL‑6 exposure led to 
larger and more numerous colonies formed by TROP2‑silenced 
U‑87 MG and LN‑229 cells than the colonies formed by these 

cells without exposure to IL‑6 (Fig. 7E). Collectively, these 
data strongly suggest that TROP2 functions in an oncogenic 
role in glioblastoma by activating the JAK2/STAT3 signaling 
pathway.

Discussion

Glioblastoma is the most common and aggressive malignant 
cancer, exhibiting high rates of proliferation and infiltra-
tion. Despite advances in multimodal treatments involving 

Figure 6. Blocking the activation of JAK2/STAT3 signaling by WP1066 negates the effects of TROP2 overexpression. (A and B) Migration and invasion 
assays were performed to characterize the inhibitory effects of WP1066 on the migration and invasion of TROP2‑overexpressing U‑87 MG and LN‑229 cells. 
(C) MTT assay was performed to characterize the inhibitory effects of WP1066 on the proliferation of TROP2‑overexpressing cells. (D) Protein expression 
levels of TROP2, JAK2Tyr1007/1008, JAK2, STAT3Tyr705, STAT3, CCND1, survivin, MMP2 and VEGF were analyzed by western blot analysis. All data are shown 
as the means ± SD; **P<0.01, ***P<0.001. All P‑values are based on control vs. treatment group. TROP2, trophoblast cell surface antigen 2.
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surgical resection, chemotherapy and radiotherapy, patients 
with glioblastoma have a median overall survival (OS) that 
rarely exceeds two years, and the rate of 5‑year survival is 
<5% (32). Molecular‑targeted therapy has become a promising 
method in cancer treatment, especially for gastric and lung 
cancer (33,34). However, a lack of suitable molecular‑targeted 
drugs is perhaps the key challenge for combating glioblastoma. 
TROP2, a single transmembrane domain protein, has been 
found to be highly expressed in various human carcinomas, 
including breast cancer, lung cancer, gastric cancer, cervical 
cancer, ovarian cancer and nasopharyngeal carcinoma (35). 
Previous studies concerning the biological roles of TROP2 
in human carcinomas were mainly focused on the adhesion 
between cancer cells, and were also involved in cell signal 

transduction and the growth of cancer cells (11). However, 
the biological function and molecular mechanism of TROP2 
in glioblastoma have not been fully elucidated, especially in 
regards to the cell proliferation and metastasis of glioblastoma 
cells.

In the present study, we first used immunohistochem-
istry and western blot analysis to assess the TROP2 protein 
pattern in glioblastoma tissues and glioblastoma cell lines. 
We observed that TROP2 was highly expressed in human 
glioblastoma samples and the levels of TROP2 were positively 
associated with the overall survival of glioblastoma patients. 
In addition, TROP2 was also overexpressed in glioblastoma 
cell lines compared with that noted in human normal astro-
glial cells (SVGP12). As to the biological study, we observed 

Figure 7. Exogenous IL‑6 reverses phenotype changes of TROP2‑silenced glioblastoma cells. (A) Western blot analysis of JAK2Tyr1007/1008, total JAK2, 
STAT3Tyr705 and total STAT3 levels in control cells and TROP2‑knockdown cells with or without IL‑6 exposure. GAPDH was used as loading control. 
(B and C) Qualification of the data for migration and invasion assays in control cells and TROP2‑knockdown cells with or without IL‑6 exposure. (D) MTT 
assays were performed to examine cell viability of control cells and TROP2‑knockdown cells with or without IL‑6 exposure. (E) Representative images of 
colony formation assay for control cells and TROP2‑knockdown cells with or without IL‑6 exposure. All data are shown as the means ± SD; *P<0.05, **P<0.01. 
All P‑values are based on control vs. treatment group. IL‑6, interleukin 6; TROP2, trophoblast cell surface antigen 2.



ONCOLOGY REPORTS  41:  753-764,  2019 763

that silencing of TROP2 in glioblastoma cells inhibited cell 
proliferation and metastasis of glioblastoma cells. These 
results suggest that TROP2 functions as an oncogene in glio-
blastoma cells.

The molecular mechanisms of TROP2 in carcinogenesis 
and tumor progression remain largely unknown. TROP2 has 
been shown to regulate the activation of several cancer‑related 
factors, such as retinoblastoma (RB) protein, Jun and nuclear 
factor (NF)‑κB (36). Our results demonstrated that TROP2 
knockdown attenuated the expression of various genes 
involved in cell proliferation (CCND1), apoptosis (survivin), 
metastasis (MMP2) and angiogenesis (VEGF), all of which 
are downstream molecules of the JAK2/STAT3 signaling 
pathway. We found that TROP2 knockdown was associated 
with the inhibition of JAK2 and STAT3 phosphorylation in 
glioblastoma cells. In addition, the effects of TROP2 overex-
pression on glioblastoma cells was negated by JAK2/STAT3 
inhibitor WP1066. IL‑6, as a potent activator of JAK2/STAT3 
signaling, increased the phosphorylation of JAK2 and STAT3 
in TROP2‑knockdown glioblastoma cells and regulated 
phenotypic changes in these cells. Thus, we demonstrated for 
the first time that TROP2 could promote the activation of the 
JAK2/ STAT3 signaling pathway.

In conclusion, we discovered a novel mechanism by which 
TROP2 activates the JAK2/STAT3 signaling pathway to 
promote glioblastoma growth and metastasis. These results 
provide new insights into the functions of TROP2 and indicate 
that TROP2 is a promising biomarker and therapeutic target 
for glioblastoma.
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