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Background: Tanshinone IIA (TIIA) is one of the active constituents derived from the 
rhizome of Danshen, a traditional Chinese herbal. Recently, microRNAs (miRNAs) have 
been suggested to be associated with the anticancer role of TIIA. However, it remains vague 
of the interaction between miRNAs and TIIA in glioma, a common aggressive brain tumor in 
humans.
Methods: Expression of miRNA (miR)-16-5p and talin-1 (TLN1) was detected using 
reverse transcription-quantitative polymerase chain reaction and Western blotting. Cell pro-
liferation, migration and invasion were assessed with cell viability assay, transwell assay, 
Western blotting, and xenograft tumor experiment. The target binding between miR-16-5p 
and TLN1 was confirmed by dual-luciferase reporter assay and RNA pull-down assay.
Results: TIIA treatment inhibited cell viability, migration and invasion, and decreased 
Cyclin D1, matrix metalloproteinase (MMP)-9 and Vimentin expression in glioma T98G 
and A172 cells both in vitro and in vivo. Thus, TIIA induced anti-glioma role, wherein miR- 
16-5p was upregulated and TLN1 was downregulated. Moreover, silencing miR-16-5p could 
abate TIIA-mediated suppression on glioma cell proliferation, migration and invasion in vitro 
and in vivo. TLN1 overexpression also exerted tumor-promoting effect in TIIA-treated T98G 
and A172 cells. Mechanically, miR-16-5p could regulate TLN1 expression via target bind-
ing, and depleting TLN1 could counteract the inhibitory effect of miR-16-5p knockdown on 
the curative effect of TIIA in T98G and A172 cells.
Conclusion: TIIA exerted the anti-proliferation, anti-migration and anti-invasion role in 
glioma cells both in vitro and in vivo partially through regulating miR-16-5p/TLN1 axis.
Keywords: tanshinone IIA, TIIA, miR-16-5p, TLN1, glioma

Introduction
Tanshinone IIA is an important compound existing in the rhizome of Salvia 
miltiorrhiza Bunge (also called Danshen).1 Naturally, TIIA is a lipophilic diterpene. 
As a commonly used Chinese herbal medicine, TIIA exerts a good pharmacological 
activity on nervous system disease, endocrine system disease, and cardiovascular, 
and cerebrovascular disease, as well as cancer.2,3 Recently, it has been well 
annotated that TIIA could function a serious of anti-cancer activities in different 
human cancer cells.4 However, the molecular mechanism of TIIA is not wholly 
clear yet.
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Glioma is one of the most prevalent and aggressive pri-
mary tumors in human central nervous system.5 The outcome 
of glioma patients varies with the tumor stages, and the median 
survival time of glioblastoma (grade IV) is about one year in 
spite of receiving effective treatments.6 Chemoradiotherapy 
combined with surgery has been a standard approach for 
glioma.7 However, poor curative effects of chemotherapeutic 
agents always happen due to the blood-brain barrier (BBB) in 
the brain.8 Luckily, TIIA has been previously announced to be 
capable to ameliorate BBB permeability and penetrated this 
barrier.9,10 Therefore, TIIA probably could be a superior anti- 
glioma drug in clinic.1 Nevertheless, the molecular mechan-
ism of TIIA exerting anti-tumor role remains to be fully 
disclosed in glioma, especially in glioblastoma.

MicroRNAs (miRNAs) are a class of single-stranded 
noncoding RNAs with less than 25 nucleotides. Enormous 
evidences have demonstrated that miRNAs play a critical 
role in glioma initiation and progression.11,12 It has also 
been suggested that miRNAs might mediate biosynthesis 
of tanshinones (including TIIA, tanshinone IIB, tanshinone 
I, and cryptotanshinone) in the root of Danshen.13 

Recently, the regulation of tanshinones on miRNAs has 
been discovered in different diseases, including cancer.14 

Even so, the association between miRNAs and TIIA in 
many tumors including glioma has been undiscovered yet.

MiRNA (miR)-16-5p, belonging to the miR-15/miR-16 
cluster, is a well-known tumor suppressor.15 In glioma, 
miR-16-5p participates in almost all cell events, such as 
proliferation, metastasis, apoptosis, radiosensitivity and 
chemoresistance.16,17 Thus, this miRNA has been sug-
gested as a potential biomarker in the diagnosis and treat-
ment of glioma.18,19 In this study, we intended to 
investigate the contribution of miR-16-5p to the role of 
TIIA in malignant behaviors of human glioma cells, as 
well as its functional downstream target.

Materials and Methods
Cells and Cell Culture
Human glioblastoma cell lines T98G and A172 were pur-
chased from European Collection of Authenticated Cell 
Cultures (Public health England). Human astrocyte cell 
line (NHA) was originally from National Infrastructure 
of Cell Line Resource (Shanghai, China). These cells 
were cultivated in high-glucose of Dulbecco’s Modified 
Eagle Medium (DMEM; HyClone, Logan, UT, USA) con-
taining 10% fetal bovine serum. The sterile environment 
of cell culture was 37°C and 5% CO2.

Cell Transfection
The oligonucleotides miR-16-5p mimic, miR-16-5p inhibitor 
(anti-miR-16-5p), and siRNA against talin-1 (si-TLN1) were 
provided by Genepharma (Shanghai, China), as well as their 
negative controls (miR-NC, anti-miR-NC and si-NC). The 
overexpression vector pcDNA3.1 (pcDNA) was purchased 
from Addgene (Cambridge, MA, USA) to construct pcDNA- 
TLN1 vector. The T98G and A172 cells were seeded in 6-well 
plate till to 80% confluence prior to cell transfection. And, 50 
nM of oligonucleotides or 2 μg of vectors were mixed with 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) follow-
ing to the manufacturer’s protocols. When co-transfection, 
half nucleotides were utilized. The sequences of si-TLN1 
were 5ʹ-UGUUAUUUCCUCCUUUUUCUC-3ʹ (sense) and 
5ʹ-GAAAAAGGAGGAAAUAACAGG-3ʹ (antisense), and 
si-NC was 5ʹ-UUCUCCGAACGUGUCACGUTT-3ʹ (sense) 
and 5ʹ-ACGUGACACGUUCGGAGAATT-3ʹ (antisense).

TIIA Treatment
TIIA (T4952) was from Sigma-Aldrich (Louis, MO, 
USA), and was dissolved in dimethylsulfoxide (DMSO; 
Sigma-Aldrich) for 3 mg/mL stock solution. The T98G 
and A172 cells (80% confluence) were subjected with 
TIIA treatment to a final concentration of 0, 3, 6 and 9 
μg/mL. The control cells were treated with 0.3% DMSO.

Cell Viability Assay
Cell viability of T98G and A172 cells was measured by 
methyl thiazolyl tetrazolium (MTT) assay. The cells and 
transfected cells (1×104) were re-seeded in 96-well plates 
overnight, followed with TIIA treatment. A total of 5 wells 
were utilized for each concentration (3, 6 and 9 μg/mL), 
and cells in DMEM containing 0.3% DMSO were used as 
control group (0 μg/mL). The blank wells were also set up 
by adding DMEM without cells. After 48 h, the adherent 
cells were incubated with 5 mg/mL of MTT (in DMEM) 
for 4 h, and then 100 μL of DMSO for 10 min. The 
absorbance at 490 nm (A490) was measured with 
a microplate reader. The data were presented as percentage 
of A490 values normalized to control groups.

Transwell Migration and Invasion Assays
The cell migration and invasion of TIIA-treated T98G and 
A172 cells were evaluated by transwell chamber (BD 
Biosciences, Franklin Lakes, NJ, USA). After TIIA treat-
ment for 24 h, transwell assays were performed. For inva-
sion assay, the chamber was pre-coated with matrigel (BD 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 11310

You et al                                                                                                                                                              Dovepress

http://www.dovepress.com
http://www.dovepress.com


Biosciences). In brief, the matrigel together with DMEM 
(1:9) was placed on the upper of each chamber in 24-well 
plates, and this invasion transwell chamber was incubated 
for 6 h at 37°C. The serum-free cells (5×104) were loaded 
in the upper vertically and dropwise, while 10% serum- 
supplemented DMEM was added in the bottom. This 
transwell invasion system was incubated in 37°C and at 
5% CO2 for 48 h. The lower surface of chamber was fixed 
by methanol, stained with 0.1% crystal violet (in metha-
nol) for 2 h. The invaded cells were photographed in three 
independent fields (100×) for each well. For migration 
assay, the chamber was matrigel-free, and the other opera-
tions were the same to invasion assay.

Western Blotting
The total cellular proteins from cultured cells and tumor 
tissues were isolated by radioimmunoprecipitation assay 
buffer supplemented with protease inhibitor cocktail. 
Subsequently, 20 μg of protein sample was separated on 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
and polyvinylidene difluoride membranes (Millipore, 
Billerica, MA, USA). After with 5% non-fat milk block-
ing, primary antibody incubation, and secondary antibody 
incubation, membranes carrying protein blots were visua-
lized by Enhanced Chemiluminescent reagents (Millipore). 
The band density was quantified using image J software 
and normalized to glyceraldehyde-phosphate dehydrogen-
ase (GAPDH) and indicated control groups. The primary 
antibodies included anti-Cyclin D1 (#55,506, 1:1000 dilu-
tion), anti-MMP-9 (#3852, 1:1000 dilution), anti-Vimentin 
(#3932, 1:1000 dilution), anti-TLN1 (#4021, 1:1000 dilu-
tion) and anti-GAPDH (#97,166, 1:1000 dilution) were 
provided by Cell Signaling Technology (Beverly, 
MA, USA).

Reverse Transcription-Quantitative 
Polymerase Chain Reaction (RT-qPCR)
The total cellular RNA in cultured cells and tumor tissues was 
extracted using an E.Z.N.A. Total RNA Kit (Omega, Norcross, 
GA, USA). With SuperScript First-strand Synthesis System 
(Invitrogen) and SYBR Green qPCR Master Mix (Invitrogen), 
the RNAs were amplified and analyzed on ABI 7500 PCR 
instrument (Applied Biosystems, Foster City, CA, USA) with 
special primers. Each sample was tested in triplicate. Every 
rection was repeated for 4 times. The primers were designed 
and synthesized by GENEWIZ (Beijing, China). 
The primers were listed as follows: miR-16-5p, 5ʹ- 

GCCCCTTCGTCGTTAGA-3ʹ forward and 5ʹ-GTGCAG 
GGTCCGAGGT-3ʹ reverse; U6, 5ʹ-CTGGTTAGTACTTG 
GACGGGAGAC-3ʹ forward and 5ʹ-GTGCAGGGTCC 
GAGGT-3ʹ reverse. The relative miR-16-5p expression was 
normalized to U6.

Dual-Luciferase Reporter Assay
According to the predicted result, the putative binding 
nucleotides of miR-16-5p on the 3ʹ untranslated region of 
TLN1 (TLN1-3ʹUTR) were mutated into the complemen-
tary sites using QuikChange Lightning Site-Directed 
Mutagenesis Kit from Agilent Technologies (Stratagene, 
La Jolla, CA, USA). Next, the wild type and mutant of 
TLN1-3ʹUTR (TLN1-3ʹUTR-WT/MUT) were inserted 
into the luciferase reporter vector pGL4, respectively. 
After that, T98G and A172 cells were co-transfected 
with TLN1-3ʹUTR-WT/MUT and miR-16-5p mimic or 
miR-NC mimic for 48 h. Every transfection group was 
performed in three wells. The luciferase activities of 
Renilla and firefly were assessed by Luciferase Assay 
System Kit System (Promega, Madison, WI, USA).

RNA Pull-Down Assay
MiR-16-5p and miR-NC were labeled with biotin using 
Biotin RNA Labeling Mix (Roche, Indianapolis, IN, 
USA), and transcribed with T7/SP6 RN polymerase 
(Roche); then, biotin-labelled miR-16-5p (bio-miR-16- 
5p) and bio-miR-NC were treated with RNase-free 
DNase I (Promega) and RNeasy Mini Kit (Qiagen, 
Redwood City, CA, USA). After that, M-280 streptavidin 
magnetic beads were incubated with bio-miR-16-5p or 
bio-miR-NC for 4 h at room temperature, followed with 
incubation of cell lysates of T98 and A172 cells. The 
RNAs bound by bio-miR-16-5p or bio-miR-NC were 
extracted by E.Z.N.A. Total RNA Kit (Omega) and ana-
lyzed by RT-qPCR.

Xenograft Tumor Models
T98G cells were stably transfected with antagomiR-16-5p 
or antagomiR-NC (Genepharma). Then, T98G cells 
(5×105) and transfected T98G cells (5×105) were sepa-
rately subcutaneously injected into the back of NOD- 
SCID mice (n=4; Vital River Laboratories, Beijing, 
China). After injection for 7 days, the mice were intraper-
itoneally injected with TIIA (30 mg/kg) or saline for every 
two days. During xenograft experiments, the size of tumor 
was measured every 7 days after cell transplantation, and 
tumor weight was examined on day 35 after the mice were 
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sacrificed by CO2 asphyxiation. The volume of tumor was 
calculated using 0.5×Length×Wideth2. The experiment 
was approved by the Institutional Animal Care and Use 
Committee of Qingdao Fuwai Cardiovascular Hospital, 
and carried out following the Institute of Laboratory 
Animal Resources. Animal studies were performed in 
compliance with the Guidelines for Care and Use of 
Laboratory Animals of National Institutes of Health and 
the Basel Declaration.

Statistical Analysis
Quantitative variables were presented as mean ± standard 
deviations. The statistical analysis was performed using 
Student’s t-test (for comparison in two groups) or one-way 
analysis of variance (ANOVA; for comparison in multiple 
groups) on GraphPad prism 5 (GraphPad Software, La 
Jolla, CA, USA). Turkey’s post hoc test was performed 
after ANOVA. The accepted level of significance was 
P value <0.05.

Figure 1 TIIA suppressed glioma cell proliferation, migration and invasion in vitro. Human glioma cell lines T98G and A172 were disposed with TIIA (0, 3, 6 and 9 μg/mL). 
(A and B) MTT assay measured cell viability at 48 h. Transwell assays evaluated (C and D) cell migration and (E and F) invasion at 24 h. (G and H) Western blotting detected 
expression of Cyclin D1, MMP-9 and Vimentin at 24 h. *P<0.05. 
Abbreviations: MMP-9, matrix metalloproteinase 9; MTT, methyl thiazolyl tetrazolium; TIIA, Tanshinone IIA.
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Results
TIIA Suppressed Glioma Cell Proliferation, 
Migration and Invasion in vitro
n order to figure out the mechanism of TIIA in glioma 
progression, T98G and A172 cells were challenged with 
various doses of TIIA, followed with cell functions analysis. 
MTT assay illustrated that cell viability of T98G and A172 
cells was gradually but significantly attenuated after 3–9 μg/ 
mL of TIIA treatment for 48 h (Figure 1A and B); mean-
while, expression of Cyclin D1 (a key biomarker of cell cycle 
progression) was decreased in TIIA-disposed T98G and 
A172 cells (Figure 1G and H). Transwell assays illuminated 
that migrated cells (Figure 1C and D) and invaded cells 
(Figure 1E and F) were diminished with the treatment of 
TIIA ranging from 3 μg/mL to 9 μg/mL for 24 h. Besides, 
cell metastasis-related proteins MMP-9 and Vimentin were 
lowly expressed in TIIA-disposed T98G and A172 cells, as 
well (Figure 1G and H). These outcomes demonstrated TIIA 
could suppress glioma cell proliferation, migration and inva-
sion in vitro, suggesting a therapeutic effect of TIIA in 
glioma.

TIIA Induced miR-16-5p Upregulation and 
TLN1 Downregulation in Glioma Cells
Next, we sought to detect the dysregulation of informative 
genes induced by TIIA in glioma. According to RT-qPCR 
and Western blotting analysis, expression of miR-16-5p 
was lower, and TLN1 was higher in glioma T98G and 
A172 cells comparing to that in NHA cells (Figure 2A and 
D). In response to TIIA stimulation, miR-16-5p was dis-
tinctively upregulated in T98G and A172 cells in a certain 
of dose-dependent manner (Figure 2B and C); in the same 
time, TLN1 was apparently inhibited in TIIA-disposed 
T98G and A172 cells (Figure 2E and F). These data 
indicated that miR-16-5p and TLN1 might participate in 
the pharmacology of TIIA in glioma.

Silencing of miR-16-5p Improved Cell 
Proliferation, Migration and Invasion in 
Glioma Cells in vitro Under TIIA 
Treatment
To further validate the role of miR-16-5p in TIIA-treated 
glioma cells, oligomers anti-miR-16-5p and anti-NC were 

Figure 2 The expression of miR-16-5p and TLN1 in TIIA-disposed glioma cells. RT-qPCR detected miR-16-5p expression level in (A) glioma cell lines T98G and A172, and 
normal cell line NHA, (B and C) T98G and A172 cells treated with TIIA (0–9 μg/mL) for 24 h. Western blotting detected TLN1 protein expression level in (D) T98G, A172 
and NHA cells, (E and F) T98G and A172 cells treated with TIIA (0–9 μg/mL) for 24 h. *P<0.05. 
Abbreviations: miR, miRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; TIIA, Tanshinone IIA; TLN1, talin-1.
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transfected into T98G and A172 cells, followed with TIIA 
treatment. As shown, miR-16-5p expression was markedly 
silenced in anti-miR-16-5p-transfected cells (Figure 3A 
and B). Due to miR-16-5p silencing, a recovery of cell 
proliferation was noticed in TIIA-disposed T98G and 
A172 cells, as evidenced by increased cell viability 
(Figure 3C and D) and Cyclin D1 expression (Figure 3K 
and L). Moreover, the depressed cell migration and inva-
sion of TIIA-disposed T98G and A172 cells were 
improved in the presence of anti-miR-16-5p, as depicted 
by the increase of transwell migrated and invaded cells 
(Figure 3E–J), as well as elevated MMP-9 and Vimentin 
expression (Figure 3K and L). These results showed 

downregulation of miR-16-5p could hinder the tumor- 
suppressive role of TIIA in glioma in vitro.

Overexpression of TLN1 Rescued Cell 
Proliferation, Migration and Invasion in 
Glioma Cells in vitro Under TIIA 
Treatment
Similarly, the influence of TLN1 on TIIA-mediated role in 
malignant behaviors of glioma cells was further confirmed. 
T98G and A172 cells were transfected with 
pcDNA3.1-TLN1 vectors or the empty pcDNA vectors 
prior to 9 μg/mL of TIIA treatment. After then, we identified 

Figure 3 Silencing of miR-16-5p improved cell proliferation, migration and invasion in glioma cells in vitro under TIIA treatment. T98G and A172 cells were transfected with 
anti-miR-16-5p or anti-NC prior to 9 μg/mL of TIIA treatment. (A and B) RT-qPCR detected miR-16-5p level at 24 h. (C and D) MTT assay measured cell viability at 48 
h. Transwell assays evaluated (E–G) cell migration and (H–J) invasion at 24 h. (K and L) Western blotting detected Cyclin D1, MMP-9 and Vimentin levels at 24 h. *P<0.05. 
Abbreviations: anti-miR-16-5p, miR-16-5p inhibitor; anti-NC, negative control inhibitor; miR, miRNA; MMP-9, matrix metalloproteinase 9; MTT, methyl thiazolyl 
tetrazolium; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; TIIA, Tanshinone IIA.
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a high transfection efficiency of TLN1 in TIIA-disposed cells 
(Figure 4A and B). Cell viability was inhibited by TIIA 
treatment at 48 h, and this effect was restored by pre- 
transfection of TLN1 (Figure 4C and D). Cell migration 
and invasion were suppressed in TIIA-disposed T98G and 
A172 cells at 24 h, which was improved when TLN1 was 
pre-overexpressed (Figure 4E–J). TIIA-induced inhibition on 
Cyclin D1, MMP-9 and Vimentin expression was rescued 
due to pcDNA3.1-TLN1 transfection (Figure 4K and L). 
These results also showed that knockdown of TLN1 could 
impair TIIA role in glioma cells in vitro by inhibiting pro-
liferation, migration and invasion.

There Was a Direct Binding Relationship 
Between miR-16-5p and TLN1 in Glioma 
Cells
Herewith, we further identified the interaction between miR- 
16-5p and cytoskeleton protein TLN1. TLN1 had been 
known as a molecule involved in cell-cell adhesion and cell 
motility.20 Bioinformatics algorithms of starbase (http://star 
base/hsa_miR-16-5p-TLN1) predicted a potential binding 
sequence of miR-16-5p on TLN1 3ʹUTR, as presented in 
Figure 5A. Dual-luciferase reporter assay was conducted to 
confirm this hypothesis. As a result, the normalized lucifer-
ase activity of vectors containing TLN1-3ʹUTR-WT was 
attenuated in T98G and A172 cells introduced with miR- 
16-5p mimic (Figure 5B and C). Moreover, RNA pull-down 
assay indicated an enrichment of TLN1 by bio-miR-16-5p in 

both T98G and A172 cells (Figure 5D). Western blotting 
assay monitored TLN1 expression, and manifested that 
TLN1 protein level was higher in anti-miR-16-5p- 
transfected T98G and A172 cells, and was lower in miR- 
16-5p mimic-transfected T98G and A172 cells (Figure 5E 
and F). These data suggested a direct binding relationship 
between these two genes in glioma cells.

TLN1 Downregulation Abrogated the 
Tumor-Promoting Role of miR-16-5p 
Silencing in TIIA-Disposed Glioma Cells 
in vitro
To test whether TIIA exerted anti-glioma role via miR-16- 
5p/TLN1 axis, we carried out a series of rescue experiments 
in glioma cells. T98G and A172 cells were treated with 9 
μg/mL of TIIA following the transfection of anti-miR-16- 
5p alone or together with si-TLN1 or si-NC. RT-qPCR 
identified the high knockdown efficiency of si-TLN1 in 
both T98G and A172 cells (Figure 6A and B). TLN1 
expression was highly induced when miR-16-5p was forc-
edly silenced via transfection, and this upregulation was 
further neutralized in the presence of si-TLN1 (Figure 6C 
and D). Expectedly, the recovery functions of miR-16-5p 
downregulation on cell viability (Figure 6E and F), migra-
tion and invasion (Figure 6G–L) and expression of Cyclin 
D1, MMP-9 and Vimentin (Figure 6M and N) in TIIA- 
disposed cells were relieved by si-TLN1 transfection. 
Thus, we concluded that there might be a miR-16-5p/ 

Figure 4 Identification of the direct binding between miR-16-5p and TLN1. (A) Bioinformatics algorithms predicted the binding sequence of miR-16-5p on TLN1-3ʹUTR. 
The TLN1-3ʹUTR-WT and TLN1-3ʹUTR-MUT were presented. (B and C) Dual-luciferase reporter assay determined the normalized luciferase activity of vectors containing 
TLN1-3ʹUTR-WT or TLN1-3ʹUTR-MUT in T98G and A172 cells transfected with miR-16-5p mimic or miR-NC mimic. (D) RNA pull-down assay examined TLN1 
expression in bio-miR-16-5p-mediated pull-down contents or bio-miR-NC-mediated pull-down contents in T98G and A172 cells. (E and F) Western blotting measured 
TLN1 level in T98G and A172 cells transfected with miR-16-5p mimic, anti-miR-16-5p or their controls. *P<0.05. 
Abbreviations: bio-miR-NC, biotin-labelled miR-NC; bio-miR-16-5p, biotin-labelled miR-16-5p; chr9; chromosome 9; miR, miRNA; miR-16-5p; miR-NC, negative control 
of miRNA; TLN1, talin-1; TLN1-3ʹUTR, the 3ʹ untranslated region of TLN1; TLN1-3ʹUTR-MUT, mutant of TLN1-3ʹUTR; TLN1-3ʹUTR-WT, wild type of TLN1-3ʹUTR.
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TLN1 regulatory axis underlying TIIA suppressing glioma 
in vitro.

Silencing miR-16-5p Attenuated the 
Suppression of TIIA on Glioma Tumor 
Growth, Migration and Invasion in vivo 
via Upregulating TLN1
The xenograft tumor experiment was further launched to 
explore the TIIA/miR-16-5p/TLN1 route in gliomagenesis 

in vivo. As shown in Figure 7A and B, T98G cells exhib-
ited a tumorigenicity in NOD-SCID mice, and TIIA treat-
ment dramatically decreased the size and weight of 
xenograft tumors, whereas pre-transfection of 
antagomiR-16-5p promoted the growth of TIIA-treated 
neoplasm (Figure 7A and B). Meanwhile, TIIA upregu-
lated miR-16-5p expression, and downregulated TLN1 
expression in T98G-induced neoplasm tissues, which 
were partially reversed by miR-16-5p stable knockdown 
(Figure 7C and D). Furthermore, Cyclin D1, MMP-9 and 

Figure 5 Overexpression of TLN1 rescued cell proliferation, migration and invasion in glioma cells in vitro under TIIA treatment. T98G and A172 cells were transfected 
with pcDNA-TLN1 or pcDNA prior to 9 μg/mL of TIIA treatment. (A and B) Western blotting detected TLN1 level at 24 h. (C and D) MTT assay measured cell viability at 
48 h. Transwell assays evaluated (E–G) cell migration and (H–J) invasion at 24 h. (K and L) Western blotting detected Cyclin D1, MMP-9 and Vimentin levels at 24 
h. *P<0.05. 
Abbreviations: MMP-9, matrix metalloproteinase 9; MTT, methyl thiazolyl tetrazolium; TIIA, Tanshinone IIA; TLN1, talin-1; pcDNA-TLN1, TLN1 overexpression vector; 
pcDNA, the empty overexpression vector.
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Vimentin expression levels were also suppressed by TIIA 
treatment in xenograft tumors, and this suppression was 
attenuated with antagomiR-16-5p transfection (Figure 
7E). These findings demonstrated an anti-glioma role of 
TIIA in glioma cells in vivo by modulating miR-16-5p and 
TLN1.

Discussion
TIIA was one of the effective compounds derived from the 
root of Danshen. Di Cesare Mannelli et al21 noticed that 
Danshen, TIIA and cryptotanshinone could separately 
attenuate chemotherapy-induced neuropathic pain in ani-
mal model, and TIIA could also reveal anti-proliferation 
/cytotoxicity activity in glioblastoma LN-229 and U-87 
MG cells. It had been reported that TIIA exerted its 

anticancer activity in glioma through modulating growth, 
differentiation, migration, apoptosis, and autophagy via 
signaling pathways.22–24 Moreover, Yang et al25 discov-
ered that its anticancer activity in glioma stem cells as 
well, which was attributed to inhibiting cell growth and 
stemness, and enhancing apoptosis and differentiation both 
in vitro and in vivo. Whereas the field of miRNAs regula-
tion in TIIA role was barren in glioma. In this study, we 
attempted to figure out the role of miR-16-5p and TLN1 in 
cell proliferation, migration and invasion of TIIA-treated 
glioblastoma T98 and A172 cells both in vitro and in vivo.

There were quite a few of researches demonstrating 
miR-16-5p as tumor suppressor in glioma. Consistent with 
previous studies,16,17 we observed a downregulation of 
miR-16-5p in human glioblastoma cells. While miR-16-5p 

Figure 6 The impact of TLN1 on the suppressive role of miR-16-5p silencing in TIIA-disposed glioma cells in vitro. (A and B) Western blotting detected TLN1 level in T98G 
and A172 cells transfected with si-TLN1 or si-NC. (C–N) T98G and A172 cells were transfected with anti-miR-16-5p or anti-NC, and co-transfected with anti-miR-16-5p 
and si-TLN1 or si-NC prior to 9 μg/mL of TIIA treatment. (C and D) Western blotting detected TLN1 level. (E and F) Cell viability, (G–I) cell migration and (J–L) invasion, 
and (M and N) expression of Cyclin D1, MMP-9 and Vimentin were assessed by MTT assay, Transwell assay and Western blotting, respectively. *P<0.05. 
Abbreviations: anti-miR-16-5p, miR-16-5p inhibitor; anti-NC, negative control inhibitor; miR, miRNA; MMP-9, matrix metalloproteinase 9; MTT, methyl thiazolyl 
tetrazolium; si-NC, negative control siRNA; si-TLN1, siRNA target TLN1; TIIA, Tanshinone IIA; TLN1, talin-1.
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level began to be upregulated in response to TIIA treatment, 
which suggested that TIIA exerting anti-glioma role was 
partially attributed to miR-16-5p upregulation. In addition, 
several other miRNAs had been recommended to partici-
pate in the anticancer role of TIIA, such as miR-155, miR- 
122 and miR-30b.26–28 Here, we showed that knockdown of 
miR-16-5p could counterbalance the suppression of TIIA 
on cell viability, migration, invasion, and tumor growth, as 
well as expression of biomarkers of cell proliferation, 
migration and invasion (Cyclin D1, MMP-9 and 
Vimentin). The effect of miR-16-5p on Cyclin D1, MMP- 
9 and Vimentin expression was in accordance with other 
findings.17,29,30 Besides, miR-16-5p had been implicated 
with radioresistance and chemoresistance in glioma. For 
example, Chaudhry et al31 examined the miRNAs expres-
sion pattern in carcinogenesis of glioblastoma cells under 

ionizing radiation therapy and found that miR-16-5p was 
deregulated in irradiated M059J and M059K cells. Han 
et al32 validated that miR-16 level was even lower in temo-
zolomide-resistant U251MG cells (U251MG/TR) than the 
parent cells, and overexpressing miR-16-5p via transfection 
could sensitize U251MG/TR cells to temozolomide.

Multiple downstream functional genes were directly 
modulated by miR-16-5p, including Cyclin D1 and 
Cyclin E1,29 Bmi1,33 Bcl2 and the NF-κB1.17 Herewith, 
we confirmed TLN1 to be a novel target gene of miR-16- 
5p in glioma. By the way, TLN1 was correlated with 
a metastatic phenotype of malignant tumors, such as breast 
cancer, hepatocellular carcinoma, and prostate cancer.34–36 

In glioma, TLN1 had been declared to be highly expressed 
in bevacizumab-resistant orthotopic xenograft glioma 
tumor.37 However, TLN1 expression in glioma cells 

Figure 7 TIIA restrained tumor growth via promoting miR-16-5p/TLN1 axis in vivo. The NOD-SCID mice were randomly divided into four groups (n=4): Control (injected 
with T98G cells, and treated with saline), TIIA (injected with T98G cells, and treated with TIIA), TIIA+antagomiR-16-5p (injected with antagomiR-16-5p-transfected T98G 
cells, and treated with TIIA) and TIIA+antagomiR-NC (injected with antagomiR-NC-transfected T98G cells, and treated with TIIA). (A) The tumor volume was measured 
every 7 days. (B) Tumor weight was determined on day 35 after cell inoculation. (C) RT-qPCR detected miR-16-5p level and (D and E) Western blotting measured TLN1, 
Cyclin D1, MMP-9 and Vimentin in xenograft tumor tissues. *P<0.05. 
Abbreviations: antagomiR-16-5p, chemically modified miRNA antagonists; antagomiR-NC, negative control miRNA antagonists; miR, miRNA; RT-qPCR, reverse 
transcription-quantitative polymerase chain reaction; TIIA, Tanshinone IIA; TLN1, talin-1.
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remained unclear comparing to normal brain cells. Here, 
our data indicated that TLN1 was highly expressed in 
human glioblastoma T98 and A172 cells, and this upregu-
lation was decreased due to TIIA treatment. Previous 
findings had also clarified the role of TLN1 in maintaining 
tensional homeostasis and reversing bevacizumab 
resistance.20,37 In cellular functions, loss of TLN1 could 
diminish acquired malignant progressions of glioma cells, 
such as clonogenic growth, invasion, migration, epithelial– 
mesenchymal transition, and cancer stem cell properties.37 

TLN1-deficient glioma cells were impaired in the spread-
ing and motility. 20 In this study, overexpression of TLN1 
could promote cell viability, migration, invasion and 
expression of Cyclin D1, MMP-9 and Vimentinin glioma 
cells in spite of TIIA treatment in vitro; on the contrary, 
TLN1 silencing attenuated above cell behaviors of TIIA- 
treated T98 and A172 cells with miR-16-5p downregula-
tion. Thus, we might conclude a TIIA/miR-16-5p/TLN1 
pathway underlying anti-proliferation, anti-migration and 
anti-invasion role of TIIA in glioma. By the way, the 
signaling pathways such as AP-1, integrin, and ERK1/2 
signals35,38,39 behind this axis remained unknown.

Taken together, we explored that miR-16-5p upregulation 
and TLN1 downregulation were accompanied with TIIA treat-
ment in T98 and A172 cells. Downregulation of miR-16-5p 
and overexpression of TLN1 could separately counterbalance 
the suppressive role of TIIA in cell proliferation, migration 
and invasion in glioblastoma cells in vitro and in vivo. TLN1 
was identified as one novel target gene of miR-16-5p via 
directly binding. These data suggested a potential miR-16- 
5p/TLN1 axis underlying the anti-glioma role of TIIA.
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