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Introduction

Gliomas or malignant astrocytomas are the most 
frequent type of primary cancer, arising from the brain. 
The most malignant and aggressive type of glioma is 
glioblastoma multiforme (GBM), also known as grade-IV 
astrocytoma. This disease is recognized as a common and 
fatal brain tumor in adults, associated with high rates of 
morbidity and mortality. It accounts for about 15% of all 
intracranial tumors in 40- to 75-year-old adults (Holland, 
2001; Iacob and Dinca, 2009) . The incidence of glioma 
in the United States is about 5 in 100,000 people per year 
(Ostrom et al., 2013).

Despite major progress in chemotherapy, radiation, 
surgery, and complementary medicine in the treatment 
of tumors, prognosis remains extremely poor (Hofer and 
Herrmann, 2001; Stupp et al., 2005; Amirghofran et al., 
2007; Yamanaka and Saya, 2009; Zare Shahneh et al., 
2013). On the other hand, anatomical localization of the 
brain and suppression of antitumor immune responses in 
glioblastoma contribute to its aggressiveness (Stupp et 
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al., 2005). Overall, long-term survival of patients with 
glioma is limited. Therefore, it is necessary to recognize 
the basic molecular pathways, leading to glioma formation 
in order to develop new therapeutic strategies (Nakano 
et al., 1995).

Among different pathways, transforming growth 
factor β (TGF-β) seems to contribute to glioma initiation 
and progression owing to its major influence on cell 
proliferation (Alexandrow and Moses, 1995), tumor 
invasion (Wesolowska et al., 2008), angiogenesis (Ueki 
et al., 1992), immunosuppression (Platten et al., 2001) 
and maintenance of stemness of glioma stem cells (GSCs)
(Ikushima et al., 2009). TGF-β cytokine in glioma, due to 
the increased expression of matrix metalloproteinase and 
decreased level of tissue inhibitors of metalloproteinase, 
can improve invasion in cells (Nakano et al., 1995; Platten 
et al., 2001).

Moreover, type I receptors (TbRI) are phosphorylated 
and activated through TGF-β binding to type-II 
receptors (TbRII). Subsequently, activated TbRI initiates 
cytoplasmic signaling pathways, which phosphorylate 
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Smad proteins, Smad2 and Smad3, pairing with Smad4 
(not phosphorylated by TbRI). In addition, adaptor 
proteins are recruited by the receptor complex, and some 
signaling proteins, transmitting biological information, are 
activated through posttranslational changes (Moustakas 
and Heldin, 2009; Akhurst and Hata, 2012).

Immunohistochemical studies have shown significantly 
higher TGFβ RI and TGFβ RII expression in advanced 
malignant glioma tissues in comparison with nontumorous 
gliosis (Yamada et al., 1995). In addition, glioma cell 
proliferation is promoted by TGF-β through inducing 
the expression of platelet-derived growth factor-BB 
(PDGF-BB) in a Smad2/3-dependent pathway (Ikushima 
et al., 2008). RNA interference is a sequence-specific 
process, which is known as short/small interfering RNA 
or silencing RNA, operating by double-stranded RNA 
(Zamore et al., 2000). Synthetic RNAs, which interfere 
with the target RNA, eventually cause degradation of 
target mRNA after transcription in mammalian cells 
(Elbashir et al., 2001).

In RNAi-based treatments, cancer is recognized as 
one of the most important targets. RNAi-based therapy 
is currently cost-effective, but shows high specificity and 
no side effects in comparison with other cancer treatments 
including chemotherapy (Bora et al., 2012; Ramachandran 
and Ignacimuthu, 2012). Moreover, another advantage of 
RNAi in cancer treatment is promotion of the effects of 
standard cancer drugs (Nieth et al., 2003; Karami et al., 
2013; Li et al., 2016). Therefore, targeting TGFβ-mediated 
signaling with siRNA method may be an appropriate 
anti-GBM approach. Accordingly, we evaluated the effect 
of siRNA on the inhibition of TGF-β RII expression in 
the U-373 MG cell line.

Materials and Methods

Cell line and cell culture
The National Cell Bank of Iran (Tehran, Iran) 

supplied the human high-grade glioma cell line. The 
cells were added to RPMI-1640 medium, containing 
1% penicillin-streptomycin and 10% fetal bovine serum 
(Gibco, USA). The U-373MG cells were cultured (5% 
CO2) at a temperature of 37oC and then used in the 
logarithmic phase of the experiments.

Transfection of SiRNA
In this study, TGFβ RII siRNA, scrambled control 

(nonspecific siRNA as the negative control), and 
transfection reagent were supplied by Santa Cruz 
Biotechnology Inc. The U-373MG cells were cultured 
in a 6-well culture plate (2×105 each well) in serum 
and antibiotic-free RPMI1640 medium. On the other 
hand, untreated cells were considered as the controls. 
Transfection was carried out in line with the manufacturer’s 
guidelines.

The siRNA transfection medium (Santa Cruz 
Biotechnology, USA) was used to separately dilute the 
transfection reagent and TGFβ RII siRNA. After mixing 
the solution, it was incubated at room temperature for 30 
minutes. After rinsing the cells with PBS, the mixture 
was added to each well of transfection medium (800 μL). 

Following incubation at 37oC for 6 hours inside a CO2 
incubator, RPMI-1640 medium consisting of 20% fetal 
bovine serum was added. Under the mentioned conditions, 
the cells were incubated. Finally, cell harvest was carried 
out at 48 hours following transfection for further analysis.

RNA isolation and qRT- PCR
Using YTA Total RNA Purification Mini Kit 

(Yekta Tajhiz Azma, Tehran, Iran), total RNA isolation 
from U-373MG cells was carried out, based on the 
manufacturer’s guidelines. Afterwards, cDNA from total 
RNA (1 μg) was synthesized, using a random hexamer 
primer (1 µL), Moloney Murine Leukemia Virus Reverse 
Transcriptase (1 µL), 5X reaction buffer (4 µL), dNTPs 
(1µL; 10 mM each), and RNasin (0.6 µL; 40 U/μL) in line 
with the established guidelines. Using SYBR Green I Dye, 
quantitative real-time PCR (qRT-PCR) was carried out in a 
Light Cycler® 96 System (Roche Life Science, Germany). 
The dye binds to double-stranded (ds) DNA, producing 
a fluorescent signal, which can indicate the quantity of 
dsDNA product in PCR. The products were examined via 
melting curve analysis to confirm their specificity.  

The PCR reaction included cDNA template (1 µL), 
primers (0.4 μL), SYBR green reagent (10 μL), 50X Passive 
Reference Dye (0.4 μL), and distilled water (nuclease-free; 
7.8 μL). The primer sequences of TGFβ RII included: 
forward, 5’CACCTCCATCTGTGAGAAGCC-3’; and 
reverse, 5’GGAACACATGAAGAAAGTCTCACC 3’. On 
the other hand, the primer sequences of β-actin included: 
forward, 5’-TCCCTGGAGAAGAGCTACG-3’; and 
reverse, 5’GTAGTTTCGTGGATGCCACA-3’. The 
cycling conditions were as follows: denaturation for 60 
seconds at a temperature of 95oC, succeeded by 40 cycles 
for 30 seconds at 95oC, for 30 seconds at 59oC, and for 
30 seconds at 72°C. The size of the amplified TGFβ RII 
product was 193 bp. Finally, the relative expression levels 
in various groups were calculated using 2−(ΔΔCt) method 
by normalizing the mRNA expression level in β-actin as 
the reference gene. All PCR reactions were performed in 
triplicate.

Cell cytotoxicity assay using MTT
The cytotoxic effect of TGFβ RII siRNA on glioma 

cell line, U-373MG, was determined using the MTT assay. 
In brief, 96-well plates were used for culturing the cells 
(2×104 cells per well). The study groups included untreated 
cells, as well as cells treated with scrambled siRNA 
(negative control), pure TGFβ RII siRNA, transfection 
reagent, and different doses of TGFβ RII siRNA (40-80 
pmol). Following 2 days of incubation, MTT cytotoxicity 
kit (Sigma-Aldrich, MO, USA) was used to determine 
cytotoxicity of treatments, based on the manufacturer’s 
guidelines. The optical density (OD) was calculated in 
each well at 570 nm (reference, 650 nm), using a sunrise™ 
System microplate reader (Tecan Life Sciences, Austria)

ELISA
The U-373MG cells were cultured and incubated in 

5% CO2 at 37oC. Afterwards, the cells were divided into 
four groups including siRNA TGFβ RII treated, control 
transfected, transfection reagent and non-transfected. 
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not cause specific degradation of cellular mRNA. These 
findings demonstrated that TGFβ RII specific siRNA could 
effectively suppress TGFβ RII mRNA expression in U-373 
MG glioblastoma cells, without any nonspecific effects 
on the expression of β-actin mRNA. 

TGF-βRII suppression caused cytotoxic effect on U-373 
MG cells 

In this study, the effect of TGFβ RII downregulation 
was examined in U-373 MG cells. As presented in 
Figure 3, TGFβ RII specific siRNA treatment, in a 
dose-dependent manner, could cause cytotoxicity. 
According to the MTT results, TGFβ RII siRNA (60 and 

The concentration of PDGF-BB was measured in the 
supernatant with an ELISA kit (R and D System).

Statistical analysis
To compare the groups, ANOVA test was applied in 

GraphPad Prism. The findings are expressed as mean±SD, 
and the significance level was 0.05.

Results

SiRNA down regulated TGF-βRII mRNA expression in 
U-373 MG cell line 

The effect of siRNA on the expression of TGFβ RII 
genes was examined in U-373 MG glioblastoma cells, 
according to Figures 1 and 2. In the RT-PCR analysis, 
the quantitative data from each sample were normalized 
against β-actin and reported as relative percent knockdown 
of mRNA levels, compared to the control group (untreated 
cells; 100%). The present results indicated that treatment 
with specific siRNA could dose- and time-dependently 
reduce TGFβ RII mRNA level (P< 0.05; Figures 1 and 2). 

Our findings showed that relative expression levels of 
TGFβ RII were 34.36%, 20.67%, and 60.09% at 24, 48, 
and 72 hours after transfection, respectively (Figure 1). 
The optimal knockdown time was considered as 48 hours. 
The relative expression of different TGFβ RII siRNA 
concentrations (40, 60 and 80 pmol) was 29.04%, 19.23%, 
and 10.61%, respectively (P< 0.05; Figure 2). 

The optimal knockdown concentration was 80 pmol. 
In addition, β-actin mRNA expression (internal control 
for qRT-PCR) was similar among the groups. Based on 
the findings, treatment with NC siRNA had no major 
effects on mRNA level in comparison with the controls. In 
addition, the scrambled control was a sequence, which did 

Figure 1. The U-373 MG Tumor Cells Transfected with 
TGFβ RII siRNA. Total RNA was extracted and mRNA 
was analyzed via qRT-PCR assay at 24, 48, and 72 hours 
following transfection. The relative mRNA expression 
was quantified by 2-(ΔΔCT) formula (β-actin, internal 
control) (data presented as mean±SD; *P< 0.05 vs. 
controls).

Figure 2. The U-373 MG Tumor Cells Transfected with 
siRNA (40, 60, and 80 pmol). Total RNA was extracted 
and mRNA was analyzed via qRT-PCR at 48 hours after 
transfection. The relative expression of mRNA was 
determined with 2-(ΔΔCT) formula (β-actin, internal 
control) (data presented as mean±SD; *P< 0.05 vs. 
controls).

Figure 3. The U-373 MG Tumor Cells Transfected with 
TGFβ RII siRNA (40, 60, and 80 pmol). Cytotoxicity 
was examined using MTT assay after 48 hours (data 
presented as mean±SD; *P< 0.05 vs. controls).
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80 pmol), in comparison with the negative siRNA control, 
could significantly decrease cell survival (P< 0.05).

TGF-βRII siRNA decreased the production of PDGF-BB 
protein in U373-MG cells

GBM by increasing TGF/SMAD signaling pathway 
induces PDGF-BB expression and leads to proliferation 
of glioma cells. Therefore, we performed quantitative 
PDGF-BB ELISA assay, using the cell culture supernatant 
from the cells. In this study, U-373 MG glioma cells 
were treated with specific siRNA TGFβ RII. As shown in 
Figure 4, our results indicated that knockdown of TGFβ RII 
expression by siRNA in U-373MG cell line significantly 
reduced the PDGF-BB protein content (P< 0.05).

Discussion

In this study, the suppressive effect of siRNA TGFβ 
RII in the U-373 MG glioblastoma cell line was examined. 
GBM is among the most malignant and aggressive 
primary brain tumors in humans (Furnari et al., 2007; 
Dunn et al., 2012; Omuro and DeAngelis, 2013). At the 
present, standard methods for GBM therapy included 
surgery, radiation, and chemotherapy. Although these 
treatment methods decrease the number of proliferative 
glioblastoma cells, recurrence of this tumor is common 
(Xie et al., 2014).

As shown in the present study, evaluation of 
molecular mechanisms and genomic characterization 
could significantly improve our understanding of GBM 
proliferation and invasion; therefore, it is necessary to 
find novel methods to control and treat this cancer (Xie 
et al., 2014). Moreover, siRNA, as a molecular targeted 
cancer treatment, has been shown to be effective in the 
knockdown of cancer genes (Elbashir et al., 2001; Karami 
et al., 2013). Therefore, the suppressive effect of siRNA 
TGFβ RII on GBM (U-373 MG cell line) was investigated 
in our in vitro study.

TGF-β is a key molecule, which seems to be 
involved in the malignancy of numerous cancers (Bierie 

and Moses, 2006). TGF-β has a dual function in the 
Suppression or progression of different cancers relative 
to the condition of tumor microenvironment. On the 
other hand, the cells secrete significant amounts of 
TGF-β in the later stages of GBM for cell proliferation 
(Alexandrow and Moses, 1995), tumor invasion 
(Wesolowska et al., 2008), angiogenesis (Ueki et 
al., 1992), immunosuppression (Platten et al., 2001), 
preservation of GSC stemness (Ikushima et al., 2009), 
and stimulation of epithelial-mesenchymal transition, 
allowing migration and metastatic dissemination (Huber 
et al., 2005).

Activated TGF-β is capable of binding to TGF-β 
receptors, including type I and II receptor subtypes. Type 
II receptors phosphorylate and activate type I receptor 
kinases with a signaling cascade after binding (Massague, 
2012). Based on previous studies, TGF-β mediates glioma 
initiation and progression. It is also overexpressed in 
malignant glioma tissues, but undetectable in normal brain 
tissues. These studies suggest that TGF-β (particularly 
upregulated TGF-β2) contributes to glioma development 
(Samuels et al., 1989; Maxwell et al., 1992; Yamada et 
al., 1995).

Moreover, malignant gliomas show major expression 
of TGF-β and its receptors, while it is associated with 
lost growth inhibitory responses. These tumors show 
increased TbIR and TbIIR expression in comparison with 
normal tissues (often upregulated by TGF-β) (Yamada 
et al., 1995; DaCosta Byfield et al., 2004; Hjelmeland et 
al., 2004). TGFβ RII, as a transmembrane protein, seems 
to mitigate TGF-β signaling pathway in TGF-β binding. 
Since TGF-β signaling contributes to GBM progression, 
TGFβ RII mRNA knockdown was investigated in our in 
vitro study to determine the antitumoral effects of TGFβ 
RII with specific siRNAs.

We evaluated the expression of mRNA TGFβ RII via 
real-time PCR assay. The results confirmed that TGFβ RII 
siRNA significantly downregulated TGFβ RII mRNA in 
U-373MG cells. Wesolowska et al. showed that silencing 
of human TGFβ RII with shRNA in glioblastoma T98G 
cells eliminated glioma invasion and provided a novel tool 
for the development of glioma gene therapy (Wesolowska 
et al., 2008).

In addition, other researchers have indicated that 
TGFβ RI silencing with siRNA could majorly inhibit 
TGFβ-induced signal transduction and diminish the 
aggressiveness of bladder cancer cells (Li et al., 2010). 
Additionally, in a study by Ye et al., (2012), knockdown 
of TGFβ RII expression in glioma stem-like cells 
(GSLCs) significantly decreased the invasiveness of 
GSLCs (Ye et al., 2012). Our findings are in accordance 
with previous reports, showing that TGFβ RII siRNA 
significantly downregulated TGFβ RII mRNA in 
U-373MG glioblastoma cells; however, further studies 
on U-373MG glioma invasion are suggested.

According to the MTT assay, TGFβ RII downregulation 
significantly reduced the survival of glioblastoma cells. 
On the contrary, no major changes were found in cellular 
events or gene expression due to treatment with negative 
control siRNA. The findings showed the specific effects 
of TGFβ RII siRNA. These findings are in line with the 

Figure 4. The U-373 MG Tumor Cells Treated with 
TGFβ RII siRNA (80 pmol). PDGF-BB protein released 
into the cell culture supernatant was analyzed by ELISA 
(data presented as mean±SD; *P< 0.05 vs. controls).



Asian Pacific Journal of Cancer Prevention, Vol 19 2685

DOI:10.22034/APJCP.2018.19.9.2681
Silencing of TGFβRII and Glioblastoma 

results reported by XU et al., (2011), who demonstrated 
that TGF-β signaling is essential to the progression of 
lung adenocarcinoma. Moreover, TGFβ RII knockdown 
reduced cancer cell survival and proliferation in A549 
lung carcinoma cell line.

In the current research, TGFβ RII knockdown could 
negatively influence proliferation in U-373 MG cell line. 
However, further investigations regarding the effects of 
siRNA TGFβ RII on molecular agents, associated with 
glioblastoma proliferation and survival, are required. 
On the other hand, previous findings have demonstrated 
that TGF-β signaling is involved in tumorigenicity and 
stemness of GSCs (Ikushima et al., 2009). Moreover, 
through Smad-related induction of leukemia inhibitory 
factor (LIF), it could induce self-renewal capacity and 
stimulate JAK-STAT signaling pathway (Penuelas et al., 
2009; Hardee et al., 2012).

Moreover, other studies reported that Sox family of 
proteins could promote GSC survival. They showed that 
TGF-β could directly trigger the expression of Sox4, 
which can promote the expression of Sox2, as an essential 
factor for survival of GSCs (Ikushima et al., 2009).

Our results indicated that TGFβ RII siRNA could 
suppress TGFβ RII expression in glioblastoma cells. In 
addition, after treatment with TGFβ RII siRNA, survival 
of glioblastoma cells significantly reduced. Our findings 
may be associated with survival maintenance factors, 
such as Sox2, Sox4, and JAK-STAT signaling pathway. 
However, future studies are recommended to identify the 
main mechanism.

PDGFs are identified as growth factors, which are 
structurally or functionally related to each other. This 
family consists of 5 dimeric proteins, including PDGF-AA, 
AB, BB, CC, and DD (Andrae et al., 2008). According to 
the literature, PDGF-BB influences gliomagenesis (Dai et 
al., 2001). In a previous study, Bruna et al., (2007) showed 
that TGF-β induces glioma cell proliferation by PDGF-
BB induction in tumors. They indicated that methylation 
of PDGF-BB gene determines the ability of TGF-β to 
induce PDGF-BB. This event is an oncogenic response in 
human glioma, which causes tumor proliferation through 
hyperactivity of Smad pathway (Bruna et al., 2007).

According to ELISA findings, treatment of U-373 MG 
cell line with siRNA TGFβ RII significantly decreased 
PDGF-BB protein in the cell culture supernatant, 
compared with the negative control. In agreement with 
previous studies, reduction of PDGF-BB protein after 
treatment with siRNA TGFβ RII could be associated with 
TGF-β in the Smad pathway; nonetheless, future studies 
are suggested in this area.

According to the present findings, the proposed method 
is a potential therapeutic strategy, which can suppress 
TGFβ RII expression and control cell proliferation in 
GBM. Accordingly, blocking the signaling pathway 
through TGFβ RII downregulation with siRNA can be a 
potential treatment for GBM.
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