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ABSTRACT

Objective: To investigate the influence and possible mechanism of ERBB2 expression on the
invasiveness of glioma cells. Methods: Glioma TJ905 cells were separated and cultured. ERBB2
shRNA and overexpressing vectors were constructed, which were then transfected. The ERBB2
expression was up-regulated or down-regulated. Changes of invasiveness of TJ905 cells were
detected by Transwell assay, and the expressions of matrix metalloprotease (MMP)—2 and MMP—-9
were measured by Western blot. Results: ERBB2 shRNA transfection vector could effectively
inhibit expression of ERBB2; while ERBB2 overexpressing vector transfection could significantly
improve the expression of ERBB2 in TJ905 cells. Transwell assay showed that when ERBB2
expression was down-regulated, the invasiveness of TJ905 cells was notably decreased; when
ERBB2 expression was up-regulated, the invasiveness of TJ905 cells was markedly increased.
Meanwhile, Western blot indicated that down—regulating ERBB2 inhibited the expression of
MMP-2 and MMP-9, while up—-regulating ERBB2 enhanced their expressions. Conclusions:

ERBB2 expression is closely related to the invasiveness of glioma TJ905 cells.

1. Introduction

Glioma is a multi—gene abnormality featured with
over—proliferation of cancer cells which is caused by
the activation and overexpression of cancer genes or the
mutation and deficiency of cancer suppressor genes[l.2].
Recent researches have revealed that RBB2 is over—
expressed in many cancers and closely related to the
proliferation and invasion of cancer(3-5]. Our previous
research also indicated that ERBB2 is over—expressed and
is positively related to the grade of glioma. However, there
is no report about the function of ERBB2 in glioma home
and abroad. In this study, we will explore the mechanism by

up— and down— regulating the ERBB2 expression.
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2. Materials and methods
2.1. Materials

Glioma TJ905 cell lines were purchased from the Cell
Bank of Xi’an Jiaotong University. The transfection reagent
Fugene HD was from Roche. MMP-2 (Catalog: sc—13595)
first antibody and MMP-9 (Catalog: sc—58389) first antibody
were from Santa Cruz Biotechnology. Transwell chamber
was from Corning Costar. ERBB2 shRNA and ERBB2

overexpresion vectors were from ABI.
2.2. Cell culture and experimental groups

Glioma TJ905 cells were incubated in 5% CO, at 37 °C, and
cells grown at logarithmic growth period were separated and
divided into different groups: ERBB2 blank control group,
ERBB2 shRNA group and ERBB2 over—expression group.
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2.3. Cell transfection

Glioma TJ905 cells (1X10°/mL) were cultured in 12-hole
culture plate. When cell density reached 70%-80%, the cells
were mixed with vectors at the ratio of 3:1 using Fugene
HD6. After incubatlON for 15 min, the cells were put in the
culture plate. Six hours later, 2/3 of the culture medium was
changed and the cells were cultured for 24 h.

2.4. Detection of ERBB2 expression BY Western blot

After glioma TJ905 cells were transfected with ERBB2
and expression vectors were expressed for 24 h, the total
protein was extracted; sample buffer was added in SDS—
PAGE gel electrophoresis at 100 V for 1.5 h, which were
then confined for 1 h with confining liquid. After washing,
ERBB2 antibody (1:300) was added and it was incubated at
37 °C for 1.5 h. Then the mixture was washed for 3 times,
each time for 5 min. The second antibody was incubated
for 1.5 h and washed, then developed with hypersensitive
chemiluminescent solution, and observed under gel
transilluminator. GAPDH served as internal control.

2.5. Changes of cell invasiveness in Transwell assay

After glioma TJ905 cells were transfected with ERBB2 and
expression vectors were expressed for 24 h, the cells were
washed 3 times with serum—free medium, digested and
suspended in medium containing 1% calf bovine serum.
Then 1x10"/mL cells were taken out and put in the upper
chamber of the Transwell chamber paved with Matrigel
gel. Medium containing 20% calf bovine serum was added
the lower chamber. After 24 h incubation, the Transwell
chamber was taken out, washed, fixed and dyed. When cells
on the upper surface were wiped off with cotton balls, the
chamber was observed under microscope (>X200). The cell
transit rate was calculated as follows:

Cell transit rate = number of transited cells/mumber of

transited cells + number of un—transited cells) X 100.
2.6. Expressions of MMP-2 and MMP-9 in Western blot

After glioma TJ905 cells were transfected with ERBB2 and
expression vectors were expressed for 24 h, the total protein
was extracted, sample buffer was added in SDS—PAGE gel
electrophoresis at 100 V for 1.5 h, transferred at 300 mA for
1 h, and confined for 1 h. After the mixture was washed,
MMP-2 and MMP-9 antibodies were added and incubated
at 37 °C for 1.5 h, then the mixture was washed for 3 times,
each time for 5 min. The second antibody was incubated
for 1.5 h and washed, then developed with hypersensitive

chemiluminescent solution, and observed with gel
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transilluminator. GAPDH served as internal control.
2.7. Statistical method

All results were analyzed with SPSS 11.0 software, and
variance analysis was adopted. P<0.05 was regarded as

statistically significant.

3. Results
3.1. ERBB?2 expression before and afier transfection

As shown in Figure 1, Western blot revealed that after
ERBB2 over—expressing vectors were transfected, ERBB2
expression in TJ905 cells were significantly increased.
On the other hand, After ERBB2 shRNA vectors were
transfected, ERBB2 expression in TJ905 cells were notably
decreased.

Blank control ERBB2 shRNA vector
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Figure 1. ERBB2 expression.
(A) ERBB2 expression before ERBB2 over—expressing vectors were
transfected; (B) ERBB2 expression after ERBB2 shRNA vectors were

transfected.

3.2. Effect of increased ERBB2 expression on invasiveness of
glioma TJ905 cells

As indicated in Figure 2, when the ERBB2 over—expressing
vectors were transfected for 48 h, the cell transit rate of
TJ905 cells were notably increased compared to that of the
blank control (P<0.01).
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Figure 2. Influence of ERBB2 over—expressing vectors on the
invasiveness of TJ905 cells.

A) Blank control; (B) Over—expression vector.
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3.3. Effect of decreased ERBB2 expression on the invasiveness
of glioma TJ905 cells

After ERBB2 shRNA vectors were transfected for 48 h, the
cell transit rate of TJ905 cells was remarkably reduced.
As demonstrated in Figure 3, the cell transit rate of the

transfected group was approximately 1/3 of that of the blank

control, with statistical significance (P<0.01) (Figure 3).

Figure 3. Influence of ERBB2 shRNA vector on the invasiveness of
TJ905 cells.
(A) Blank control; (B) ERBB2 shRNA vector vector.

3.4. Effect of increased ERBB2 on MMP-2 and MMP-9

({X/)I’(’.\'.\'[t()/l.s'

Western Blot showed that upregulated ERBB2 expression
could distinetly increase the MMP-2 and MMP-9 expressions
in TJ905 cells. Figure 4 showed after the ERBB2 over—
expressing vectors were transfected for 48 h, the MMP-2 and
MMP-9 expressions were significantly increased compared
with those of the blank control (P<0.01).

Blank control Over—expression vector

Figure 4. Influence of ERBB2 over—expressing vectors on the
expressions of MMP-2 and MMP-9.

3.5. Effect of reduced ERBB2 expression on MMP-2 and

MMP-9 expressions

As shown in Figure 5, after ERBB2 shRNA vectors were
transfected for 48 h, Western blot indicted that MMP-2 and
MMP-9 expressions were significantly reduced compared
with those of the blank control (P<0.01).
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Figure 5. Influence of ERBB2 shRNA vectors on MMP-2 and MMP-9

expressions.

4. Discussion

Although distant metastasis seldom occurs in glioma cells,
they have strong invasiveness. Moreover, the higher the
malignancy of the glioma is, the stronger the invasion will
be, which directly leads to the low rate of radical surgery,
high rate of recurrence and poor prognosis of gliomal6-8l.
Therefore, it’s meaningful to target the invasion in treatment
of gliomal9-12]. Previous researches have found that ERBB2,
as an epidermal growth factor receptor, overexpresses
in many malignant cancer tissuesl13.14]. Latest findings
show that ERBB2 is highly expressed in glioma. However,
there is few reports about the influence of ERBB2 on the
invasiveness of glioma home and abroad(15-18]. In this study,
we explored the influence of ERBB2 on glioma TJ905 cells
by upregulating and downregulating the ERBB2 expression,
and investigated the correlation between the invasiveness of
glioma TJ905 cells and MMP-2 and MMP-9.

Firstly we constructed upregulation and downregulation
vectors of ERBB2, transfected glioma TJ905 cells, and
observed the effect of ERBB2 expression on the invasiveness
of TJ905 cells with Transwell blot. Our findings showed that,
when ERBB2 expression was upregulated, the cell transit
rate of TJ905 cells was significantly increased, indicating the
cell invasiveness was enhanced; when ERBB2 expression
was downregulated, the cell transit rate of TJ905 cells was
remarkably decreased, showing the cell invasiveness was
inhibited. This also verified that ERBB2 expression in TJ905
cells was closely related to the invasiveness of glioma.

It has been reported the mechanism of ERBB2 is that
the proliferation and invasion of cancer cells is related to
FAK signal pathwayl19-21]. Activated ERBB2 could activate
downstream FAK protein phosphorylation, whose Tyr—
397 once combined with Src kinase, would further activate
downstream MAPK pathway and boost cell proliferation
and invasion. Our research showed that the invasiveness
of glioma TJ905 cells regulated with ERBB2 was closely
correlated to MMP-2 and MMP-9, which are principal
members of matrix metalloproteinases (MMPs), and can
mediate extracellular matrix degradation and facilitatie
cancer cell invasion22-24]. Highly—expressed MMP-2 and
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MMP-9 in glioma could markedly destroy the intactness
of basement membrane, furthering the invasion and
metastasis of glioma, which led to the invasion of cancer25].
Our research indicated that ERBB2 overexpression could
remarkably upregulate the MMP-2 and MMP-9 expressions,
while downregulating ERBB2 expression by ERBB2
shRNA vectors could notably inhibit MMP-2 and MMP-9
expressions. It indicates that invasiveness of TJ905 cells
regulated by ERBB2 expression is correlated to the MMP-2
and MMP-9 expressions.

To conclude, we believe that ERBB2 expression is closely
related to the invasiveness of glioma TJ905 cells, which may
provide evidence for the gene therapy of glioma targeted at
ERBB2.

Conlflict of interest statement
We declare that we have no conflict of interest.
References

[1] Altaner C, Altanerova V. Stem cell based glioblastoma gene
therapy. Neoplasma 2012; 59(6): 756-760.

[2] Lefranc F, Mathieu V, Kiss R. Galectin—1-mediated biochemical
controls of melanoma and glioma aggressive behavior. World J
Biol Chem 2011; 2(9): 193-201.

[3] Ruiz I, Altaba A, Nguyén V, Palma V. The emergent design of the
neural tube: prepattern, SHH morphogen and GLI code. Curr Opin
Genet Dev 2011; 13(5): 513-521.

[4] Gustafsson MK, Pan H, Pinney DF. Myf5 is a direct target of long—
range Shh signaling and Gli regulation for muscle specification.
Genes Dev 2010; 16(1): 114-126.

[5] Testaz S, Jarov A, Williams KP. Sonic hedgehog restricts adhesion
and migration of neural crest cells independently of the Patched—
Smoothened—Gli signaling pathway. Proc Natl Acad Sci USA
2001; 98(22): 12521-12526.

[6] Lote K, Egeland T, Hager B. Survival, prognostic factors, and
therapeutic efficacy in low—grade glioma: a retrospective study in
379 patients. J Clin Oncol 2010; 15(9): 3129-3140.

[7] Cataldn-Uribarrena G, Bilbao—Barandica G, Pomposo—Gaztelu
I. Prognostic factors and survival in a prospective cohort of
patients with high—grade glioma treated with carmustine wafers
or temozolomide on an intention—to—treat basis. Acta Neurochir
(Wien) 2012; 154(2): 211-222;

[8] Stupp R, Baumert BG. Promises and controversies in the
management of low—grade glioma. Ann Oncol 2009; 14(12): 1695—
1696.

[9] Stupp R, Tonn JC, Brada M, Pentheroudakis G. Highgrade
malignant glioma: ESMO clinical practice guidelines for diagnosis,
treatment and follow—up. Ann Oncol 2010; 21: v190 — v193.

[10]Gao L, Zhang L, Hu J. Down—regulation of signal transducer and
activator of transcription 3 expression using vector—based small
interfering RNAs suppresses growth of human prostate tumor in

vivo. Clin Cancer Res 2008; 11(17): 6333-6341.

967

[11]Stamataki D, Ulloa F, Tsoni SV. A gradient of Gli activity
mediates graded Sonic Hedgehog signaling in the neural tube.
Genes Dev 2009; 19(5): 626—641.

[12]Sanchez P, Clement V, Ruiz I, Altaba A. Therapeutic targeting of
the Hedgehog—GLI pathway in prostate cancer. Cancer Res 2005;
65(8): 2990-2992.

[13]Xia H, Qi Y, Ng SS. MicroRNA-15b regulates cell cycle
progression by targeting cyclins in glioma cells. Biochem Biophys
Res Commun 2009; 380(2): 205-210.

[14]Garside R, Pitt M, Anderson R. The effectiveness and cost—
effectiveness of carmustine implants and temozolomide for the
treatment of newly diagnosed high—grade glioma: a systematic
review and economic evaluation. Health Technol Assess 2007;
11(45): iii-iv, ix—221.

[15]Gao L, Li F, Dong B, Zhang J, Rao Y, Cong Y, et al. Inhibition
of STAT3 and ErbB2 suppresses tumor growth, enhances
radiosensitivity, and induces mitochondria—dependent apoptosis
in glioma cells. Int J Radiat Oncol Biol Phys 2010; 77(4): 1223—
1231.

[16]Chen F, Xu Y, Luo Y, Zheng D. Down-regulation of Stat3
decreases invasion activity and induces apoptosis of human glioma
cells. J Mol Neurosci 2010; 40(3): 353-359.

[17]Li X, Wang H, Lu X, Di B. STAT3 blockade with shRNA
enhances radiosensitivity in Hep—2 human laryngeal squamous
carcinoma cells. Oncol Rep 2010; 23(2): 345-353.

[18]Aloy MT, Hadchity E, Bionda C. Protective role of Hsp27 protein
against gamma radiation—induced apoptosis and radiosensitization
effects of Hsp27 gene silencing in different human tumor cells. Inz
J Radiat Oncol Biol Phys 2008; 70(2): 543-553. Epub 2007 Nov
5.

[19]He Q, Liang LJ, Peng BG, Li SQ, Tang D, A LY. ErbB2 by FAK
Src—MAPK signaling pathways induced cell transformation and
mobile. 2008; 24(12): 2363-2365.

[20]Garside R, Pitt M, Anderson R, The effectiveness and cost—
effectiveness of carmustine implants and temozolomide for the
treatment of newly diagnosed high—grade glioma: a systematic
review and economic evaluation. Health Technol Assess 2012;
11(45): iii-iv, ix-221.

[21]Lin SH, Kleinberg LR. Carmustine wafers: localized delivery
of chemotherapeutic agents in CNS malignancies. Expert Rev
Anticancer Ther 2008; 8(3): 343-359.

[22]Cayuso J, Ulloa F, Briscoe J. The sonic hedgehog pathway
independently controls the patterning. proliferation and survival of
neuroepithelial cells by regulating Gli activity. Development 2006;
133(3): 517-528.

[23]Chansriwong P, Sirisinha T. Clinical features, management and
outcomes of high—grade glioma patients in Ramathibodi Hospital.
J Med Assoc Thai 2010; 93(Suppl 2): S68—S73.

[24]Laigle-Donadey F, Sanson M. ESMO Guidelines Working Group,
Malignant glioma: ESMO clinical recommendations for diagnosis,
treatment and follow—up. Stupp R Ann Oncol 2011; 18 (Suppl 2):
1169-ii70.

[25]Xia H, Qi Y, Ng SS, Chen X, Li D, Chen S, et al. microRNA-
146b inhibits glioma cell migration and invasion by targeting

MMPs. Brain Res 2009; 1269: 158-165.





