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Abstract
Background: The most malignant form of infiltrating astrocytoma, glioblastoma
multiforme (GBM), is one of the most aggressive human cancers. Foretinib diminished
GBM cell invasion by downregulating the expression of matrix metalloproteinase 2
(MMP2).
The study aimed to examine the anti-tumor activity of foretinib and to test its effect on
MMP2 expression in T98 cells.
Materials and Methods: T98 cells were used as an experimental model of glioblas-
toma. The effect of foretinib on the expression of MMP2 was evaluated using
quantitative real-time polymerase chain reaction. Thereafter, the effect of foretinib on
the enzyme levels of MMP was examined by zymography. Statistical analyses were
performed with GraphPad Prism software.
Results: A reduction in the expression of MMP2 was observed with an increase in the
concentration of foretinib.
Conclusion: Foretinib treatment leads to downregulation of MMP-2 and has a positive
effect on T98 cells. We believe that foretinib can be subjected to further clinical
investigation to develop a treatment for GBM.

Keywords: Glioblastoma, foretinib, MMP2, T98.

1. Introduction

Glioblastoma multiforme (GBM) is a common and invasive form of brain cancer. It is a
highly malignant tumor of the central nervous system (CNS) and is resistant to radiation
therapy and chemotherapy [1]. GBM accounts for 45.2% of primary malignant brain and
CNS tumors, 54% of all gliomas, and 16% of all primary brain and CNS tumors in the
United States [2]. GBM is the most aggressive diffuse glioma of astrocytic lineage and
corresponds to grade IV based on WHO classification [3]. Differences in the incidence
and death rates for specific cancers based on race and ethnic groups as well as gender
suggest potential identifiable biological and environmental variables. A higher incidence
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of GBM has been reported in men as compared to women [4-5]. Factors associated with
GBM risk are prior therapeutic radiation, decreased susceptibility to allergy, immune
factors, and immune genes [6]. GBM has a poor prognosis accompanied by very low
relative survival estimates; only a few patients reaching long-term survival status of 2.5
years and less than 5% of patients survive for 5 years post-diagnosis [2]. Treatment
of GBM includes maximal surgical resection followed by radiotherapy with concurrent
and adjuvant chemotherapy. Regardless of the initial response, all patients experience
disease relapse. Therefore, there is a pressing need to develop improved therapeutic
options for GBM patients [7]. Foretinib is a multi-kinase inhibitor that targets MET, RON,
AXL, TIE-2, andVEGFR2 receptors. Foretinib binds to the adenosine triphosphatemoiety
of its targets, resulting in kinase inhibition. Foretinib has been shown to inhibit tumor cell
proliferation, invasion, and angiogenesis [8]. Foretinib is a potent inhibitor of ROS1 fusion
kinases, which act as oncogenes in glioblastoma [9]. Matrix metalloproteinases (MMPs)
are a family of proteolytic enzymes that are capable of degrading various components
of the extracellular matrix. They are involved in virtually all stages of cancer progression.
For example, they are involved not only in the process of tumor invasion and metastasis
but also in processes such as proliferation, adhesion, migration, differentiation, and
apoptosis [10]. The overexpression of MMP-2, MMP-3, and MMP-9 has been detected
in various types of human cancers, such as esophageal cancer, gastric carcinoma, and
ovarian and lung cancer, and has been closely associated with tumor progression and
reduced survival [11]. Some pieces of evidence have indicated that MMP-2 expression
and activation, in particular, is upregulated in glioblastoma and is associated with its
rapid progression and malignancy [12]. Cancer cell lines are important tools to study
genetic aberrations and molecular pathways in cancer. In this study, we used the T98
GBM cell line, which is widely used as a model for GBM studies. We thus examined
whether foretinib influences MMP2 expression in T98 cells.

2. Materials and Methods

2.1. Cell culture

The T98 cell line was purchased from National Cell Bank of Iran (NCBI, Tehran, Iran)
and cells were maintained at 37ºC with 5% CO2 in Dulbecco’s Modified Eagle Medium
(DMEM, Gibco, USA) supplemented according to NCBI recommendations. Foretinib was
purchased from ChemieTek (ChemieTek, USA). To investigate the effects of foretinib on
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T98 cells, the cultured cells were exposed to different concentrations of foretinib (5 µM,
10 µM, 20 µM, and 0 µM as a control) for 24 h.

2.2. RNA isolation and Complementary DNA synthesis

Total RNA was extracted from treated samples using TRizol reagent (Invitrogen, USA)
according to themanufacturer’s instructions. The quality of the extracted RNAwas deter-
mined bymeasuring A260/A280 ratio using NanoDrop spectrophotometer (Thermo Sci-
entific, Waltham, MA, USA). Complementary DNA (cDNA) synthesis was performed using
a commercial kit (TaKaRa, Kusatsu, Shiga Prefecture, Japan) according to the manufac-
turer’s protocol.

2.3. Quantitative real-time polymerase chain reaction

Primers were designed using the National Center for Biotechnology Information (NCBI)
website and gene runner software (Table 1). The specificity of the primers was confirmed
by the BLAST program. The quantitative real-time PCR reactions were performed in
triplicates using an ABI PRISM 7500 instrument (Applied Biosystems, USA). Briefly, 20
ng μl−1 of cDNA product was added to 10 μl of master mix composed of 0.5 µl of forward
primer, 0.5 µl of reverse primer, 3 µl of DEPC-treated water, and 5 μl of SYBR premix
ExTaq II (TaKaRa, Kusatsu, Shiga Prefecture, Japan). The reaction conditions were set at
95∘C for 10 min followed by 40 cycles of 95∘C for 15 s, 60∘C for 10 s and 72∘C for 20 s.
Real-time data were evaluated and represented based on the 2-ΔΔ𝐶𝑇 method [13].

Table 1: Sequences of the primers.

Gene Forward Primer Reverse Primer Size (bp)

MMP2 CTTCCAAGTCTGGAGCGATGT TACCGTCAAAGGGGTATCCAT 119

GAPDH CCACTCCTCCACCTTTGACG CCACCACCCTGTTGCTGTAG 107

2.4. Zymography

Zymography is a technique that employs electrophoretic separation of proteins through
a polyacrylamide gel containing a proteolytic substrate [14]. Equal amounts of protein
were applied to polyacrylamide gels copolymerized with gelatin A (Sigma). After elec-
trophoresis, the gels were stained with Coomassie Brilliant Blue. Areas of enzymatic
activity appeared as clear bands over the dark background.

DOI 10.18502/rmm.v6i4.4800 Page 22



Research in Molecular Medicine (RMM) Maryam Fotoohi et al

2.5. Statistical analysis

The statistical analyses were carried out using GraphPad Prism, version 6.0 (GraphPad,
San Diego, CA, USA). Normality was evaluated by the Kolmogorov–Smirnov test. The
one-way ANOVA was used to compare the data. Data were expressed as the mean ±
SD. P<0.05 was considered to be statistically significant.

3. Results

3.1. MMP2 expression

The effect of foretinib onMMP2 expression was investigated. Real-time PCR results indi-
cate that expression of MMP2was decreased by foretinib in a concentration-dependent
manner. We observed the highest decrease at 20 µM of foretinib. In addition, the expres-
sion of MMP2 was significantly reduced at various concentrations of foretinib. MMP2

expression at 5 µM of foretinib was significantly higher than that at 10 µM and 20 µM of
foretinib (P <0.05 and P <0.004 respectively). These data suggest that foretinib reduced
the mRNA levels of MMP2 (Figure 1).

Figure 1: Decrease in MMP2 expression by increasing foretinib concentration. T98 cells were treated with
increasing concentrations of foretinib (0 μM, 5 μM, 10 μM, and 20 μM) and its effect on the expression of
MMP-2 was determined as compared to control (*: <0.05 and **:<0.004, respectively).
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3.2. Zymography

MMP-2 is a putative therapeutic target to inhibit GBM invasion. According to the zymog-
raphy results, foretinib reduced the enzyme levels of MMP-2 in a dose-dependent man-
ner (Figure 2).

0                           5                         10                         20 

 

Figure 2: MMP-2 protein was purified and separated on a non-reducing polyacrylamide gel containing
gelatin A. Gelatinolytic activities were visualized as clear bands against the blue background of stained
gelatin. Foretinib (concentrations written in µM) reduced the enzyme levels of MMP in a dose-dependent
manner.

4. Discussion

In this study, we investigated the effect of foretinib as an oral multi-kinase inhibitor devel-
oped to primarily target the HGF/Met signaling pathway. Previously, foretinib has shown
anti-cancer effects against some cancers in previous clinical researches. To explore
the mechanism of anti-cancer properties of foretinib, the impact of this drug on the
expression of MMP2 in GBM was assessed by qRT-PCR. We observed significant reduc-
tion in the expression of MMP2 by increasing the concentration of foretinib. It can be
concluded that foretinib reduced the mRNA levels of MMP2. Based on the above find-
ings, foretinib can be used as an effective drug for the treatment of GBM. However,
it still requires further studies. Glioblastoma is a lethal malignant brain tumor and the
current standard treatment of glioblastoma consists of surgical resection followed by
concomitant chemoradiation therapy [15]. Foretinib is an oral drugwhich inhibits receptor
tyrosine kinases c-Met and vascular endothelial growth factor receptor-2 (VEGFR-2).
Both receptors have been implicated in the development and progression of cancer.
Since foretinib is a multi-kinase c-Met/VEGFR-2 inhibitor, it targets c-Met and VEGFR-2
with high affinity but also inhibits platelet-derived growth factor-β (PDGFRβ), Tie-2, RON,
c-Kit, and FLT3 kinases in vitro with low affinity [16]. Zillhardt et al. (2011) have investigated
the effect of foretinib on metastasis in several ovarian cancer cell lines (CaOV3, CaOV-4,
SKOV-3, and OVCAR-5) in a mouse model. This study has shown that foretinib blocks
tumorigenesis and reduces invasive tumor growth in different models of ovarian cancer
by affecting several critical tumor functions [16]. Nelson et al. (2013) suggested that
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adding foretinib to GBM treatment modes such as surgery and radiation may improve
clinical outcomes by inhibiting the ability of glioblastoma cells to attack the normal brain
tissue [17]. Human cancer cells might inherit numerous chromosomal aberrations and
epigenetic alterations. Based on the interim integrative analysis of DNA copy number,
gene expression, and DNA methylation aberrations in 206 GBM samples, the most
common type of adult brain cancer, it has been observed that nucleotide sequence
aberrations were present in 91 of the 206 GBMs [18]. On the other hand, one of the
main challenges in GBM investigation is the identification of mechanisms used by GBM
cells to invade the brain. With a variety of new pathway inhibitors and MMP inhibitors
being recently introduced into clinical trials, the importance of discovering mechanisms
of invasion that can be pharmacologically targeted is apparent. Overexpression of MMP-

2 is strongly correlatedwith astrocytic tumor grade andmalignancy [12]. The extracellular
proteases like MMP-2 allow the aggressive infiltration by degradation of the extracellular
matrix (ECM) components and promoting GBM cell invasion. MMP2 expression levels
correlate with malignant progression. Conversely, inhibition of MMP-2 activity reduces
GBM invasion.[19-21] In conclusion, our data demonstrated that treatment with foretinib
leads to downregulation of MMP2 in GBM cell line and has a positive effect on T98 cells
. These findings suggest that foretinib has potential anti-glioma effects and can probably
be used in chemotherapies as a treatment of GBM.
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