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Abstract: By using small interfering RNA (siRNA), this study investigated the expression of toll-like receptor domain-
containing adaptor protein (TIRAP) of human gliomas cell (U251) and the impact on cell proliferation, apoptosis and 
invasion. Using lipofectamine, we transferred TIRAP siRNA into the cells, and classified the cells into three groups, 
including the transfection positive group (I) negative transfection group (II) and control group (III). Then the transfec-
tion effect was evaluated by using real-time PCR (RT-PCR). MTT and EdU were performed to test the cell prolifera-
tion; cell apoptosis was evaluated by observing the expression of Bcl-2 with western blot. To explore the associated 
biological mechanism, mRNA and protein of TIRAP, NF-κB were tested by using RT-PCR or western blot, additionally, 
the expression of AKT was also been observed. Compared with groups II and III, results showed that transfection 
of TIRAP siRNA could inhibit the expression of TIRAP mRNA and protein effectively; The down-regulation of the ex-
pression of TIRAP could inhibit the expression of Bcl-2; simultaneously, the expression of NF-κB and AKT was also 
downregulated. Based on the results, we implied that the mechanism of siRNA down-regulated the expression of 
TIRAP was mediated by the down-regulation of the related pathway of AKT/NF-κB/Bcl-2, by which the proliferation 
and invasion activity of U251 was inhibited, the apoptosis was induced, implying that TIRAP could be the potential 
therapeutic target of gliomas.
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Introduction

Gliomas is the most commonest primary neo-
plasms of the central nervous system (CNS), 
35-60% of which has been reported in China, 
which takes up 1%-3% of human malignancies 
[1, 2]. The difficulty of cure for gliomas is due to 
the strong invasion activity, showing the higher 
malignancy.

The conventional methods including operation, 
chemotherapy and radiotherapy are unsatis-
factory, while the invasion activity of gliomas 
cells to the periphery normal tissues is the rea-
son why some patients quickly deteriorated, 
therefore, the invasion characteristic of glio-
mas is the main obstacle for cure gliomas [3]. 
It’s well known that the occurrence and devel-
opment of tumors are especially complicated 
process with multi-factors and multi-stages, 
and the abnormal expression or silence of sev-
eral genes was the common phenomena [3-5]. 

Nowadays, with the development of oncology 
molecular biology, many associated genes of 
genesis for gliomas were found, but the pathol-
ogy of gliomas still can’t be fully explained. On 
the basis of the previous studies, exploring the 
new therapeutic stratagem, new target is the 
major research on neurosurgery.

Small interfering RNA (siRNA) is the process  
of classic double strand inducing specific in- 
hibition of corresponding complementary base 
of gene expression, with the characteristic of 
highly specificity, small molecules and transi- 
tivity. At present, this technology has been the 
major instrument to study on genes, and alre- 
ady been applied on the gene therapy of oncol-
ogy gradually [6-8]. 

Toll-like receptor (TIR) is considered to be the 
important receptor of natural immune response, 
which could recognize the invading organism of 
various ingredient including lipopolysaccharide, 
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lipopeptides, flagella, DNA, RNA and so on. TIR 
domain-containing adaptor protein (TIRAP) has 
also been considered as MyD88-like adaptor 
(Mal), which is another adaptor receptor with 
structural domain of TIR, working as aptamer in 
the Toll-like receptor 2 (TIR-2)/TIR-4 signaling 
pathway.

TIRAP has the characteristic of importance  
and complexity in the member of TLR family sig-
nal transduction. In the process of early stage 
of natural immune system defending on the 
pathogen invading, the structural domain of 
TLR has played a key role [9, 10]. Studies have 
shown that TLR2 exists in the gliomas cells, 
while TIR-2 is the critical molecule of TIRAP, 
consequently, we hypothesis that TIRAP exists 
in the gliomas cells. With transfection siRNA 
TIRAP into U251, we screened the expression 
of TIRAP mRNA, the cell proliferation, apoptosis 
and invasion, and the associated mechanism 
was explored in order to make some gene ex- 
perimental foundation for gliomas.

Materials and methods

Dulbecco’s modified eagle medium (DMEM) 
was purchased from Gibco in the United  
States; Trypsin and A0/EB were purchased 
from Sigma in the United States; Lipofecta- 
mine 2000, Rat polyclonal antibody against 
people, HRP labeled rabbit anti-rat polyclonal 
antibody and Negative siRNA were purchased 
from Invitrogene in the United States; Protein 
extraction reagent was purchased from Novo- 
gen in the United States; Protein assay was  
purchased from Pierce in the United States; 
MTT and BCA staining kits were purchased 
from Ribobio in China.

Cell culture

The human gliomas cell line of U251 was ob- 
tained from Pathology Experimental Lab of  
our college. Then the frozen U251 cells were 
thawed quickly in water at 37°C, and cultured  
it in the DMEM with 10% fetal bovine serum 
(FBS) in incubator at 37°C, changed the medi-
um regularly; when the cells grew more than 
80% of the culture bottle, digested it with 
0.25% trypsin, cultured in the fresh medium.

Synthesis and design of the siRNA

Referred to Gene bank, the corresponding se- 
quences of TIRAP siRNA was designed. The 

positive-sense strand was 5’-GGAACUUGCC- 
AUCAAGAUCTT-3’; the antisense strand was 
5’-AAUGUCGAUAGGAACUUGCTT-3’. And the ne- 
gative siRNA sequences were 5’-CGAACGAG- 
UACCGUACACUdTdT-3’; 5’-dTdTGCUUGCUCAU- 
GGCAUGUGA-3’.

Subgroup and transfection

The cells were divided into three groups inclu- 
ding group I (TIRAP siRNA), group II (negative 
siRNA) and group III (control group). Proper cells 
were seeded into the six well plates (1×106/
plate), according to the instruction of Invitro- 
gene, TIRAP siRNA and corresponding nega- 
tive siRNA were transfected. After 48 hours, 
related detection indexes were screened.

mRNA expression of TIRAP and NF-κB tested 
by RT-PCR

48 hours after transfection, referred to the 
instruction of Invitrogene, the total RNA was 
extracted. The forward primer of TIRAP mRNA 
was 5’-CGT CAC GAC CTA CGA TA-3’, and the 
reverse primer was 5’-GCC CCG CGC CGA GGC 
AG-3’; while the forward primer of NF-κB mRNA 
was 5’-GGT GTG ATGGTG GGT ATG GGT-3’; and 
the reverse primer was 5’-CTG GGT CATCTT  
TTC ACG GTC-3’. Referred to the protocol of 
Takara, RT-PCR was performed. According to 
the 2-ΔΔCt, the expression of TIRAP and NF-κB 
was calculated.

Proliferation of U251 using MTT

The cells (1×105/ml) were seeded in the 96- 
well plate, 100 μL cell suspension was added  
in every well. When the cells grew into more 
than 70% of the total well, TIRAP siRNA was 
transfected. 48 hours later, according to the 
MTT kit instruction of Ribobio, the absorbance 
density (OD) was tested at 490 nm by ELIASA.

Proliferation of U251 using EdU

5-Ethynyl-2’-deoxyuridine (EdU) is a kind of thy-
mus pyrimidine nucleoside analogue, which 
could examine the replication activity of DNA 
directly and accurately. In order to evaluate the 
down-regulation of TIRAP impact on cell prolif-
eration, the results were analyzed under fluo-
rescence microscope referred to the EdU kit 
instruction of Ribobio.
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Cell invasion using transwell

At first, the cells were transfected with TIRAP 
siRNA in the 24-well Borden chamber (8 μm/
well). The Matrigel was diluted with serum free 
DMEM with the ratio of 1:3 in 12 hours before, 
then the medium was put upon the polycar- 
bonate of the upper Transwell chamber evenly, 
placed at the room temperature for 1 hour,  
the Matrigel would freeze into substrate mem-
brane. After that, 700 ul DMEM with 10% FBS 
was added into the underneath chamber, with 
200 ul cell suspension was seeded into the 
chamber, 18 hours later, the Transwell mem-
brane could be took out. Washed twice with 
precooling PBS, fixed with paraformaldehyde 
for 15 min, then stained with 0.1% crystal vio- 
let for 5-10 min, photographed at microscope, 
the number of cells across the Transwell mem-
brane was recorded. Additionally, the experi-
ment was performed for more than 3 times.

Expression of TIRAP, NF-κB, AKT and Bcl-2 with 
western blot

After medium of U251 was removed, RIPA  
buffer (Zhongzhi Biotechnologies, China) was 
added. Then the extract protein was conduct- 
ed electrophoresis with SDS-PAGE, transferr- 

sis of variance (ANOVA) was performed. And 
P<0.05 was considered statistical significant.

Results

Expression of TIRAP mRNA was down-regulat-
ed by using TIRAP siRNA transfection

As Figure 2A shown, compared with group II 
and III, the expression of TIRAP siRNA in group  
I was significantly down-regulated, which sh- 
owed that vector of constructed TIRAP siRNA 
could transfect U251 efficiently, laying solid 
foundation for the next experiment.

Cell proliferation was inhibited with TIRAP-
siRNA transfection

As shown in Figure 1A of growth curve, com-
pared to the cells of control, the growth rate  
of U251 was decreased obviously after TIRAP 
siRNA transfection. In order to evaluate the in- 
hibition rate of TIRAP siRNA, continuous ob- 
servation for 7 days, results show that the 
growth rate of U251 was significant deceased 
(P<0.05). Additionally, EdU was performed to 
show the S phase of the cells directly, name- 
ly the condition of proliferation. In Figure 1B, 
under the fluorescence microscope, red stands 

Figure 1. Proliferation of U251 cells transfected with TIRAP siRNA A: Growth 
curve of U251 after transfection, *P<0.05; B: Cell morphology of U251 
stained with EdU, red stands for the cells of S phase.

ed the protein onto the nitro-
cellulose membrane (NC), and 
blocked the NC with 5% skim 
milk for 2 hours. Primary anti-
body (Santa Cruz) was added 
overnight at 4°C, with PBS 
washed once, and TBST wa- 
shed twice, the second anti-
body (Santa Cruz) was add- 
ed, cultured for 2 hours at 
room temperature. Electroge- 
nerated chemilummescence 
(ECL) was performed; finally, 
x-ray film was developed, fixed 
and scanned. And the internal 
reference was β-actin.

Statistical analysis

The quantitative data was re- 
presented with mean ± stan-
dard deviation, by using SP- 
SS 17.0 software package; 
the Student’s t-test was per-
formed. For multiple compari-
son between groups, analy- 
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for the cells of S phase, compared to the cells 
of group II and III, the percentage of cells in  
S phase were decreased obviously, showing 
that down-regulation of TIRAP inhibited the  
proliferation of U251 significantly.

Expression of associated protein and mRNA 
transfected with TIRAP siRNA

As shown in Figure 2B and 2D, transfection 
with TIRAP siRNA, the expression of TIRAP was 
decreased obviously in group I (P<0.05). In 
order to explore the relative mechanism, the 
expression of NF-κB and AKT was detected, 
and results show that both the expression of 
NF-κB and AKT were down-regulated as the 
down-regulation of TIRAP (P<0.05). Further- 
more, the mRNA of NF-κB was also screened, 
showing that down-regulation of TIRAP could 
down-regulate both protein and mRNA of NF-κB.

In order to screen the apoptosis of U251 after 
transfection with TIRAP siRNA, the expression 
of Bcl-2 was observed. As shown in Figure 2C, 
compared with group II and III, the express- 
ion of Bcl-2 was down-regulated obviously (P< 
0.05), showing that the regulation of TIRAP 
could have an impact on cell apoptosis.

the common type. Gliomas is with the charac-
teristics of diffuse infiltrative growth, none ob- 
vious boundary with periphery brain tissue, 
invasion into the critical nerve tissue and diffi-
culty completely removal on operation. How- 
ever, chemistry and radiation are impossible to 
kill gliomas cells distinctively, with bad thera-
peutic effect, even toxic and side effect the 
whole body and CNS can’t endure could occur. 
Therefore, with poor prognosis and short sur-
vival time, Gliomas is with high recurrence and 
mortality. Overall mortality of 5 years is next  
to lung cancer and pancreatic cancer in all  
body system of malignancy [1-3]. Many studies 
have recorded that including gliomas, the re- 
gulation of relative genes in circulation or tis-
sues could change the biological characteris- 
tic of cancer cells [4-8]. Therefore, exploration 
the associated mechanism is critical to clinic 
for gliomas.

Toll-like receptor (TLR) plays an important part 
in the innate immunity but not adaptive immu-
nity, while innate immunity is the element 
immune system of human body [11-14]. And 
TIRAP is the critical media of TLR, which medi-
ates the innate immune in somatic cells [15-
17]. As is known to us, there hasn’t been any 

Figure 2. Expression of associated protein and mRNA after transfection. A: 
The expression of TIRAP mRNA in different groups; B: β-actin as internal ref-
erence, the protein of TIRAP, AKT, NF-κB in different groups; C: The expres-
sion of Bcl-2 in different groups; D: The protein expression of TIRAP in differ-
ent groups more than three experiments; E: The mRNA expression of NF-κB 
in different groups more than three experiments.

Results of cell invasion using 
transwell

Under microscope, the num-
ber of cells across the Trans- 
well membrane were shown 
as Figure 3A, compared with 
group II and III, the number  
of cells getting through de- 
creased obviously. After more 
than three independent ex- 
periments, the number of 
cells crossing the membrane 
decreased significantly, show-
ing the ability of inhibition in- 
vasion for TIRAP siRNA.

Discussion

Gliomas is the most common 
intracranial malignancy of hu- 
man CNS. Although the in- 
cidence was different from 
the time and region, the to- 
tal incidence occupies the 
half of the intracranial tu- 
mors, in which astrocytoma is 
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full and detail mechanism reported of TIRAP. 
Initially, some reports have implied that TIRAP 
has played important part for gliomas to avoid-
ance for the innate immunity. Furthermore, 
TIRAP upon the tumor cells surface could 
induce apoptosis of tumor specific CTL and 
inhibition the immune activity for tumor of 
human body. In lymphoid organ, TIRAP on the 
surface of antigen-presenting cell interplays 
with native T lymphocyte, inducing the inade-
quacy of T lymphocyte [18, 19]. Consequently, 
TIRAP has been reported to involve in tumor 
immune escape, which has the ability of pre-
venting itself bonding from its receptor. Overall, 
it’s possible for TIRAP to inhibit the tumor 
growth directly, prevent the tumor immune 
escape, which improves the activity of T cell 
activation and kill ability of CTL, showing its 
ability to improve the immune activity of other 
antigen.

Other researchers have shown that neutralize 
the innate immune could improve the pro- 
duction and activity of IFN-γ, simultaneously 
cytotoxic T cells of antigen-presenting cell are 
strengthened. However, in the next animal ex- 

mune system. Whereas there hasn’t any im- 
mune therapy strategy for gliomas at present, 
abolishment the immune mechanism or im- 
provement the anti-cancer immune response 
would be the possible approach for cure glio-
mas [14-17].

Studies have shown that the expression of 
TIRAP is up-regulated in gliomas, but not in  
the normal brain tissue and the adjacent can-
cer tissue, implying the possible closed rela-
tionship of such difference between the cli- 
nic pathological characteristics and progno- 
sis. Another research found that the change  
of some genes and protein correlated with the 
gliomas pathological degree, proliferation activ-
ity and prognosis of patients such as Ki-67, 
TGF-β2, EGFR, p16 and survivin. Additionally, 
studies have shown that the deletion of tumor 
suppressor gene PTEN could induce immune 
resistance, while the over-expression of TIRAP 
mediates the pathway [13-17].

AKT and NF-κB are critical factors in the cell-
mediated immunity, also play an important part 
in the innate immune activity. AKT is also called 

Figure 3. Results of cell invasion using Transwell. A: The cells across the 
Transwell membrane in different groups under microscope; B: The cell num-
ber of cells across the Transwell membrane in three independent experi-
ments of different groups, *P<0.05.

periments, TIRAP was inject-
ed into the rats model with 
melanoma, then results show 
that cytotoxic CD8+ T cells  
of anti-melanoma increased 
[20, 21]. Therefore, TIRAP is 
not only the new pathologi- 
cal element but also the new 
research topic and thought 
for the gene diagnosis and 
gene therapy for tumor in the 
future.

Recently, as the research  
of tumor molecule mecha-
nism has been deep explor- 
ed, many researchers pro-
pose that the occurrence and 
development of cancer have 
been connected with the 
series of immune avoidance. 
The point is that gliomas is a 
kind of tumor with immune 
inhibition, with the ability to 
anti-tumor immune reaction 
such as release IL-10 and 
transforming growth factor 
(TGF), to avoid the monitor- 
ing and killing for body im- 
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protein kinase B, which is a critical kinase for 
the downstream of PI3K, also as the element 
molecule to promote cell survival and function, 
and it has been prove to play an important  
role in the occurrence and development of  
liver cancer [22]. At the same time, targeting  
on AKT could improve the chemotherapy sensi-
tivity for melanoma [23], another study has 
shown that mutation of PI3K and AKT was 
found in the brain cancer tissue of patients, 
showing that targeting on PI3K could be the 
possible approach to cure for gliomas [24]. 
Therefore, in this study, we evaluated the pro-
tein expression of NF-κB and AKT quantifica-
tionally. Results have shown that as down-regu-
lation of TIRAP, the expression of NF-κB and 
AKT was also down-regulated. Consequently, 
it’s possible that TIRAP regulates the proli- 
feration, invasion and apoptosis of U251 by 
regulating NF-κB and AKT.

In summary, TIRAP is a negative regulation sig-
nal to mediate immune activity, which plays 
specific role in the process of tumorgenesis, 
virus infection and autoimmune diseases. Our 
results show that downregultion of TIRAP could 
inhibit the cell proliferation, invasion and in- 
duce cell apoptosis, showing its potential target 
molecule for cure gliomas. Base on the speci- 
fic expression of TIRAP for gliomas cells, TIRAP 
siRNA could be tried to intervene the animal 
model with gliomas in the next experiment. Al- 
though this research suggests that TIRAP has 
played an important role in gliomas, the mecha-
nism should be elusive in the following research.
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