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Background/Aims: Recently, the insulin-like growth factor mRNA-binding protein 3

(IMP3) has been reported to be involved in tumorigenesis. We aimed to study the expression

and role of IMP3 in human glioblastoma.

Methods: We analyzed the expression of IMP3 in 70 cases of glioma tissues, normal brain

tissues and 5 kinds of cell lines using western blot. Immunohistochemistry (IHC) was used to

evaluate the expression and distribution of IMP3 in glioma tissues. Colony formation, wound

healing, migration and invasion assays and tumorigenesis in nude mice were used to explore

the function of IMP3 in vitro and in vivo. The epithelial-mesenchymal transition (EMT)-

related biomarkers were detected by western blot.

Results: We found that the expression level of IMP3 was obviously higher in glioma tissues

than that in normal brain tissues, and associated with glioma grade. In-vitro assays revealed

that IMP3 overexpression significantly induced cell proliferation, migration, and invasion.

Mechanically, IMP3 over-expression downregulated the expression of E-cadherin, but upre-

gulated the expressions of N-cadherin, vimentin, snail, slug and MMP9. However, the

inhibition of IMP3 impaired these oncogenic effects. In vivo assay also demonstrated that

silencing of IMP3 inhibited tumor growth and improved survival of tumor-bearing xenograft

nude mice.

Conclusion: IMP3 can promote cell proliferation, migration and invasion by inducing EMT

in glioblastoma. Thus, targeting IMP3 pathway may be a novel way to treat patients with

glioblastoma.
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Introduction
Glioblastomas multiforme (GBM) or grade IV astrocytomas are the most common

common and aggressive type of primary brain tumors due to highly infiltrative

features.1 World Health Organization (WHO) divided all gliomas into grades I-IV

through histopathologic evaluation, among which GBM (grade IV) is the most

aggressive and malignant.2,3 GBM treatment mainly consists of surgical resection,

as well as radio and/or chemotherapy. However, only 15%–20% of patients survive

5 years after diagnosis, and no other therapies have demonstrated a robust survival

benefit in recurrent disease.4,5 Therefore, it is critical to investigate the molecular

mechanisms underlying the development and progression of GBM.

The insulin-like growth factor mRNA-binding protein 3 (IMP3) is a member of

an evolutionarily conserved mRNA-binding protein family, which modulates
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transport and translation of mRNAs.6 As reported, IMP3

expression primarily occurs in the early stages of

embryogenesis7 and contributes to cell growth, migration

and invasion. In recent decades, emerging evidence sug-

gests that IMP3 serves as an oncogenic protein and pro-

motes invasive potentials of cancer cells.8 IMP3

expression was found to be increased in different malig-

nancies, such as ovarian cancer, lung cancer and gastro-

intestinal cancers.9,10 However, the expression and role of

IMP3 in patients with gliomas is unclear.

In this study, we detected the expression of IMP3 in

glioma tissues and cell lines, and investigated whether

IMP3 was involved in the tumorigenesis of GBM. And

then we used in-vivo and in-vitro assays to identify the

involvement of IMP3 in the progression of GBM. Finally,

we demonstrated that IMP3 can induce EMT and tumor

growth in GBM.

Material and methods
Tissues samples
Our study received the approval of Ethics Committee of

the Tengzhou Central People’s Hospital. The normal tis-

sues were provided by individuals who did not have can-

cer but had suffered a traumatic brain injury and

undergone subsequent surgical resection. 70 cases of par-

affin-embedded tissues were collected from Department of

Neurosurgery, Tengzhou Central People’s Hospital

(Tengzhou, Shandong, China) between June 2011 and

June 2016. All tissue samples were immediately snap-

frozen, and stored in liquid nitrogen until further use.

None of patients had received chemotherapy, immunother-

apy or radiotherapy prior to the surgery. All patients pro-

vided written informed consent, and that this was

conducted in accordance with the Declaration of Helsinki.

IHC
Immunohistochemical analysis was performed by using an

EliVision™ Plus Kit (KIT-9902; Boster Biological

Technology, Pleasanton, CA, USA). Glioma or normal

tissues were cryo-sectioned at 8 µm thickness. Sodium

citrate buffer (pH 6.0) was used for antigen retrieval.

Slides were incubated with 3% H2O2 to clear endogenous

peroxidase. Then the sections were blocked for 1 h at

room temperature and incubated with primary antibodies.

3,3′-diaminobenzidine tetrahydrochloride developer was

used for slide development. After doubled staining with

hematoxylin, dehydration with gradient ethanol, and

mounting with neutral resins, tissue sections were

observed under a microscope.

Tissue sections stained by IHC were analyzed by two

pathologists blinded to the clinical parameters. Under

a microscope (original magnification: 400×, 100×), 10

viewing fields were randomly chosen. The staining was

scored as “0” (no staining), “1” (weakly positive), “2”

(moderately positive), and “3” (strongly positive). The

percentage of positively stained cells was scored as:

0=0%, 1=1%–25%, 2=26%–50%, 3=51%–75%, and

4=76%–100%. The best predictive cutoff value of IMP3

expression was determined to be 6 analyzed by X-tile

software. The score ≥ 6 was defined as high IMP3 expres-

sion, otherwise was defined as low IMP3 expression.

Cell culture
Neuroglioma cell lines U373, U251, LN-18, U87 and

SHG-44 and the normal astrocyte cell line NHA were

purchased from iCell Bioscience Inc. (Shanghai, China).

Cells were cultured following the manufacturer’s proto-

cols. In brief, the cells were grown in Roswell Park

Memorial Institute (RPMI)-1640 (Hyclone, Pittsburgh,

PA, USA) supplemented with 10% (v/v) FBS. All cells

were cultured at 37 °C in a humidified incubator under 5%

CO2.

Cell transfection
The downregulation of IMP3 in cells was performed using

small-interfering RNAs (siRNAs). The upregulation of

IMP3 was performed using pcDNA3.1-IMP3 overexpres-

sion plasmid. The si-IMP3, si-control, pcDNA3.1-IMP3

plasmid, and control plasmid were designed and synthe-

sized at Thermo Fisher. The scramble siRNAwas used: 5′-

CCUACGCCACCAAUUUCGU-3′. The siRNAs and

plasmids were transfected to cells using Lipofectamine

2000 (Invitrogen, Carlsbad, CA, USA) according to the

manufacturer’s instructions. G418 screened stable trans-

fected cell lines and expanded them. Indicated cells were

harvested after 72 h of transfection and analyzed as indi-

cated. Quantitative real-time PCR (qRT-PCR) and western

blot was used to identify the expression of IMP3.

qRT-PCR
Total RNA from the transfected cells was extracted using

TransZol Up (Transgen Biotech, Beijing, China) according

to the manufacturer’s recommendation. cDNAwas synthe-

sized from 2 μg of total RNA using SuperScript™ IV

First-Strand Synthesis System (cat. no. 18091050; Thermo
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Fisher Scientific) following the manufacturer’s protocols.

Then cDNA was used to perform qRT-PCR on the

StepOne Plus PCR system with TransStart Green qPCR

SuperMix (Transgen Biotech). GAPDH served as an inter-

nal reference. The 2-ΔΔCt method was used to quantify the

relative expression level of transcripts. The following pri-

mers were used in this study: IMP3, forward 5ʹ-

TCCAGAGTTTATCAAGTGCTG-3ʹ and reverse 5ʹ-CTT

CCCTTAGGTTATCCATG-3ʹ; and GAPDH, forward 5ʹ-

GAGTCAACGGATTTGGTCGT-3ʹ and reverse 5ʹ-GATC

TCGCTCCTGGAAGATG-3ʹ.

Western blot
Total proteins were extracted using RIPA buffer

(Beyotime, Shanghai, China) and quantified using a BCA

protein assay kit (Pierce). Equal amounts of proteins (50 g)

were separated on a 10% sodium dodecyl sulfate-

polyacrylamide gel and transferred to polyvinylidene

fluoride membranes (PVDF, Millipore, Bedford, MA,

USA). Then, the membranes were blocked with 5% nonfat

milk in PBS-Tween-20 for 1 h and incubated with primary

antibodies against IMP3 (1: 500, ab176685, Abcam,

Cambridge, MA, USA) or GAPDH (1: 500, #2118, Cell

Signaling Technology, Beverly, MA, USA) at 4 °C over-

night. Next, the membranes were incubated with horse-

radish peroxidase (HRP)-conjugated secondary antibody

(1: 500, #7074, Cell Signaling Technology, Beverly, MA,

USA) at room temperature for 2 h. The protein signals

were visualized using an enhanced chemiluminescence

(ECL) detection reagent (Pierce, Rockford, IL, USA).

MTT assay
Exponentially growing cells were trypsinized and seeded into

96-well plates at 2×103 cells/well. Cells were respectively

incubated for 6, 12, 24, and 48 hrs. Following the operation

manual, 20 µL MTT reagent was added into the cell culture

medium, and cells were incubated for another 4 hrs at 37 °C.

Then the formazan was solubilized with 150 µL dimethyl

sulfoxide. The absorbance value was measured at 490 nm by

a microplate reader. The experiment was repeated three times.

Colony formation assays
Cells were seeded into 6-well plates at adensity of 1000 cells/

mL, 2 mL/well. The cells were incubated in the aforemen-

tioned conditions for 14 days and washed with PBS, then

stained with 0.1% crystal violet for 30 min at 37 °C. Images

of the colonies were captured by Quantity One (Bio-Rad

Laboratories, Inc., Hercules, CA, USA).

Wound-healing assay
Cell migration was evaluated by wound-healing assays per-

formed 24 hrs after transfection. Cells were seeded at

1×106 cells per well into six well plate. Cells were washed

with serum free media and treated with mitomycin C (10 µg/

ml for 30 min). After incubation, cells were again washed

thrice with serum free media. Scratch was made by 200 µl

micro tip; then cell debris was removed, and cells continued

to be cultured with serum-free RPMI-1640 medium for 24 h.

Cells migrating into wound areas were visualized and photo-

graphed. All experiments were repeated at least three times.

Transwell invasion assay
For the transwell assay, transwell chambers with 8-μm
porous membranes (Corning, NY, USA) were used.

A total of 5 × 104 transfected cells were added with

200 μL serum-free medium to the upper chambers,

the membranes of which were pre-coated with

Matrigel (BD Bioscience, San Jose, CA, USA) for

invasion assays. GBM cells were seeded on the RPMI

1640 medium and the invading cells in the lower

chamber were stained by 0.1% crystal violet. The

cells were observed under the phase contrast micro-

scope (×200) (Nikon). Cell counts were completed

with at least five random visual fields conducted per

membrane under a light microscope. The assays were

performed in triplicate.

In vivo tumor xenograft assays
All animal procedures were performed in accordance with

the Care and Use of Laboratory Animals and protocols

approved by the Animal Care Committee of Tengzhou

Central People’s Hospital. We constructed IMP3 over-

expression vector (pCDH-EF1-IMP3-copGFP) and IMP3

silencing vector (pGPU6/GFP/Neo IMP3 siRNA), and co-

transfected with recombinant lentivirus vectors into U87

cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,

USA). Twenty nude mice were selected and randomly

divided into four groups with 5 mice in each group.

2×106 cells were separately subcutaneously inoculated

into the left and right flank in the dorsal of the nude

mice for in vivo xenograft assay. Tumor growth after

subcutaneous injection was monitored every 3 days for

21 days, and tumor size was measured by a digital caliper.

Tumor volume was calculated as follows: Volume (mm3)

= 0.52 × (short axis [mm])2 × long axis (mm). The growth

curves were constructed accordingly. After 21 days of
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treatment, tumor xenografts were excised and weighed to

assess tumor weight. For survival analysis, 40 nude mice

were selected and randomly divided into four groups with

10 mice in each group. Intracranial injection of cells (100

000–150 000 cells per animal) were performed as

described previously using stereotactic frame.11 Peri-

operative care included approved anesthesia and analgesia.

Survival duration was determined as follows: Survival

rate: 100%×(number of survivors)/(number of challenged

mice) and the data was analyzed by Kaplan-Meier curve

using GraphPad 5.0. software (GraphPad software, Inc.,

La Jolla, CA, USA).

Statistical analysis
Statistical analyses between groups were calculated by

Student’s t-test and one-way ANOVA. P< 0.05 was con-

sidered statistically significant. Statistical analyses were

conducted using SPSS 17.0 (SPSS, Inc., Chicago, IL,

USA) and GraphPad Prism 5.0 (GraphPad software, San

Diego, CA. USA). All data were presented as the

mean ± standard deviation (SD).

Results
IMP3 is highly expressed in glioma tissues

and cells
To figure out the relationship between IMP3 and GBM,

the expression level of IMP3 in 70 cases of patients with

GBM was analyzed by IHC. We found that IMP3 immu-

nostaining can be observed in glioma cells (Figure 1A).

As shown in Table 1, the expression score of IMP3 in

patients with high grade III-IV glioma was significantly

higher compared with that in patients with low grade I–II

or normal brain tissues (P<0.01; Figure 1A). Further, we

testified the expression of IMP3 using western blot, and

found that the expression of IMP3 in glioma tissues was

obviously higher than that in normal brain tissues

(P<0.001) (Figure 1B). Afterwards, we performed wes-

tern blot to analyze the expression level of IMP3 protein

in cell lines U251, U87, U373, SHG-44, LN-18 and

normal NHA. Our findings revealed that the expression

of IMP3 was obviously up-regulated in all GBM cell

lines compared with the normal NHA cells (Figure 1C).

It should be noted that U87 and U251 cells showed the
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Figure 1 IMP3 expression in glioma tissues and cells. (A) Representative IHC images showed IMP3 expression was decreased in normal brain tissues compared with

primary glioma samples; original magnification: 400×. Western blot was performed to measure the expression of IMP3 protein in representative glioma tissues, and normal

brain tissues (B), normal NHA cell, LN-18, U87, SHG-44, U251, and U373 cells (C). The expression levels of IMP3 proteins were normalized to GAPDH in each sample.

Data are presented as mean ± SD of at least three independent experiments or 3 cases of representative samples. *P<0.01 vs N.T. or NHA;**P<0.01 vs low grade; “N.

T.”=normal tissues; “C.T.”=cancer tissues.
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highest IMP3 expression. Thus, U87 and U251 cells were

selected for further studies.

Ectopic expression of IMP3 promotes

tumourigenic properties
We used U87 and U251 cell lines to investigate the effect

of over-expression of IMP3 on GBM. IMP3 plasmids were

transfected into U87 and U251 cells, and then the over-

expression of IMP3 protein was identified by western blot

(Figure 2A). MTT assay revealed that over-expression of

IMP3 caused a significant increase in cell proliferation of

U87 and U251 cells (P<0.01, Figure 2B). As expected, the

colony formation assay confirmed that the over-expression

of IMP3 protein significantly elevated the number of cell

colonies and clonogenicity of U87 and U251 cells com-

pared with vector control (P<0.01, Figure 2C). Further, we

used nude mice model to explore the effect of IMP3 on the

growth of U87 cells. Following post-inoculation 21 days,

we found that the mean volume of tumor mass with IMP3

plasmids was approximately 2-fold larger than that con-

trol. The tumor growth curves revealed that compared with

U87-control group, U87-IMP3 cells had an obvious

increase in tumor growth rate in the xenograft model

(P<0.01; Figure 2D). In addition, after 21 days of treat-

ment, we found the average tumor weight in the U87-IMP

3 group was obviously increased than that in the control

group (P<0.01; Figure 2E).

Table 1 The expression of IMP3 in gliomas with different grades

Grade Case Positive rate (%) IMP3 protein χ2/P

(n) (-) (+) (+ +) (+ + +)

I 6 0 6 0 0 0 χ2=43.773

P<0.001II 22 18.2 18 4 0 0

III 24 91.7 2 7 12 3

IV 18 94.4 1 0 2 15
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Figure 2 Ectopic expression of IMP3 promotes tumourigenic properties. (A) IMP3 plasmids or vector control were transfected into U87 and U251 cell lines to overexpress

IMP3, and then IMP3 expression was confirmed by western blot. (B) Cell proliferation was determined in U87 and U251 cells by MTTassay. (C) Colony formation assay was

used to determine the proliferation capacity of U87 and U251 cells. (D and E) We used 10 nude mice (5 for each group) to investigate the role of IMP3 over-expression in

the growth of U87 cells. Following post-inoculation 21 days, we measured the mean volume and weight of xenograft tumors. The data were represented by mean ± SD.

*P<0.01, vs their respective controls.
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Inhibition of IMP3 expression affects

tumourigenic properties
To further investigate the role of IMP3 in the proliferation

of GBM, we used IMP3 siRNAs to silence the expression

of IMP3 protein, which was validated by western blot

(Figure 3A). MTT assay exhibited that inhibition of

IMP3 in U87 cells inhibited cell proliferation (P<0.01,

Figure 3B). The colony formation assay showed si-IMP3-

infected cells had fewer cell colonies than si-control

(P<0.01, Figure 3C). In-vivo assay demonstrated that U87-

si-IMP3 exhibited significantly decreased tumor growth

rate and tumor weight in the xenograft model compared

with U87-control group (Figure 3D and E). Overall, these

findings suggested that IMP3 exhibited obvious tumori-

genic effects in GBM cells.

IMP3 silencing increases survival rates in

tumor-bearing xenograft nude mice
In order to further define the potential efficacy of IMP3,

a lentiviral vector of IMP3 siRNA was used to evaluate its

role in the survival of nude mice containing U87 cells with

IMP3 over-expression or IMP3 silencing. We found that the

survival rate of nude mice with IMP3 silencing was signifi-

cantly increased, as compared with the si-control group

(χ2=11.49, P=0.009; Figure 4A). However, the survival rate

of nude mice with IMP3 overexpression was significantly

lower that than with vector control (χ2=4.870, P=0.027;

Figure 4A). Therefore, these results further demonstrated

that IMP3 silencing increased survival rates in tumor-bearing

xenograft nude mice, and suggested that knockdown of IMP3

expression significantly inhibited the proliferation of U87 cells

in vivo.

IMP3 induces EMT
In this work, we used western blot to detect the expressions

of EMT biomarkers induced by IMP3 over-expression in

U87 and U251 cells. We found that the expression level of

E-cadherin was markedly reduced in U87-IMP3 cells com-

pared with control cells. The expressions of N-cadherin,

vimentin, snail, slug and MMP9 were also increased by

IMP3 over-expression in U87 cells (Figure 4B). Consistent

with U87-IMP3 cells, U251-IMP3 cells also exhibited the

same changes (data not shown). All these changes in
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Figure 3 Inhibition of IMP3 expression affects tumourigenic properties. (A) IMP3 siRNA or si-control were transfected into U87 and U251 cell lines to inhibit IMP3

expression, and then IMP3 expression was confirmed by western blot. (B) Cell proliferation was determined in U87 and U251 cells by MTT assay. (C) Colony formation

assay was used to determine the proliferation capacity of U87 and U251 cells. Upper: images of colony formation assay (200× magnification); Lower: quantification data.

(D and E) We used 10 nude mice (5 for each group) to investigate the role of si-IMP3 in the growth of U87 cells. Tumor volumes were measured with calipers every 3 days.

Following post-inoculation 21 days, we measured the mean volume and weight of xenograft tumors. The data were represented by mean ± SD.*P<0.01, vs their respective
controls.
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biomarkers suggested a transition of epithelial cells to

mesenchymal cells. Then, we knocked down IMP3 to inves-

tigate whether IMP3 inhibition could reverse these changes

of EMT biomarkers. As shown in Figure 4C, western blot

revealed that the expression level of E-cadherin was upre-

gulated, while the expressions of N-cadherin, vimentin,

snail, slug and MMP9 were downregulated by silencing of

IMP3 compared with si-control. Consistent with U87-si-

IMP3 cells, U251-si-IMP3 cells also exhibited the same

changes (data not shown). These results indicated IMP3

had an important role in induction of EMT.

IMP3 promotes the migration and

invasion of U87 and U251 cells
Firstly, the wound healing assay revealed that U87-IMP3 or

U251-IMP3 cells exhibited 1-fold faster wound-healing ability

than control (P<0.01, Figure 5A). However, U87-si-IMP3 or

U251-si-IMP3 has a slower ability in the migration than their

controls (P<0.01, Figure 5B). Secondly, we conducted

Matrigel invasion assays to analyze the invasion ability, and

found that more U87-IMP3 or U251-IMP3 cells invaded into

lower chambers throughMatrigel compared with their respec-

tive controls (P<0.01, Figure 5C). By contrast, U87-si-IMP3

or U251-si-IMP3 cells showed less invasion number through

Matrigel than their respective controls (P<0.01, Figure 5D).

Overall, our findings suggested that IMP3 promoted the

migration and invasion of U87 and U251 cells.

Discussion
IMP3, also called IGF2BP3, is a member of the insulin-like

growth factor II mRNA-binding proteins.12 In recent years,

IMP3 has been found in most of cancer tissues and human

embryogenesis, but rarely observed in normal human tissues.

Functionally, IMP3 is involved in regulating mRNA stability

and localization, and enhances cancer cell proliferation, migra-

tion and invasion. Several studies showed that IMP1 and

IMP3 may function collaboratively and were the prognostic

markers of various types of cancer including breast, ovarian,
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N-cadherin, vimentin, snail, slug and MMP9 in U87 cells with over-expression of IMP3. (C) Western blot analysis was used to assess the levels of E-cadherin, N-cadherin,

vimentin, snail, slug and MMP9 in U87 cells with IMP3 siRNAs. Data are presented as Mean ± SD of at least three independent experiments or 3 cases of representative

samples. *P<0.01 vs their respective controls.

Dovepress Wu et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
3667

Powered by TCPDF (www.tcpdf.org)

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


melanoma and colon cancers.13–15 However, to date, little

information has been reported about the expression and role

of IMP3 in GBM. In the present study, we found that high

IMP3 expression was significantly correlated with high grade

of glioma patients, and validated its high expression in glioma

cells. Consistent with our data, Del Gobbo A et al suggested

that IMP3 staining could identify a subgroup of patients with

poor prognosis and at risk of recurrence in high-grade gliomas,

indicating that IMP3 may act as a novel grading tool and

predictor of poor clinical outcome in human gliomas.16

In previous studies, IMP3 expression predicted

a propensity for metastasis in renal-cell carcinoma

patients.17 IMP3 also promotes tumor invasion and predicts

early recurrence and poor prognosis in hepatocellular

carcinoma.18 IMP3 is an important aggressive factor in the

migration and invasion of HeLa cells.19 In the present study,

in vitro and in vivo assays revealed that over-expression of

IMP3 contributed to cancer cell proliferation, migration and

invasion as confirmed by MTT assay, colony formation

assay, wound healing and Transwell invasion assay. The

IMP3-induced cancer cell growth and tumor formation

were further demonstrated in subcutaneous xenograft tumor

model. However, the inhibition of IMP3 impaired these

oncogenic effects. In vivo assay also demonstrated that silen-

cing of IMP3 inhibited tumor growth and improved survival

of tumor-bearing xenograft nude mice.
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Figure 5 IMP3 expression promotes migration and invasion in vitro. Mitomycin C pretreated (10 µg/ml for 30 min) U87 (A) and U251 cells (B) were incubated with serum

scarce media for 24 h, scratch was made and multiple images were collected in different time interval. Cell invasion assay was determined in U87 and U251 cells (C and D)

by Transwell assay. All cells were transfected with IMP3 plasmids, IMP3 siRNAs, or their controls. The data were represented by mean ± SD. *P<0.01, vs their respective
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EMT is an important step in tumor migration and inva-

sion, and enhances glioma patient resistance to radio-/che-

motherapeutic drugs. We further elucidated molecular

changes induced by over-expression or knockdown of

IMP3 in GBM cells. We found that over-expression of

IMP3 in U87 and U251 cells resulted in decreased

E-cadherin expression and increased N-cadherin, vimentin,

snail, slug and MMP9 expressions. Conversely, the knock-

down of IMP3 promoted the expression of E-cadherin, and

down-regulated the expressions of N-cadherin, snail, slug

and MMP9. These results suggested a transition of epithelial

cells to mesenchymal cells. In addition, IMP3 is a crucial

transcriptional regulator, which binds a couple of mRNAs

and modulates their expressions.20–22 IMP-3 binds to and

positively regulates the expressions of cyclins D1, D3 and

G1 in a number of human cancer cell lines.20,21 IMP3 also

binds avidly to SNAI2 mRNA and regulates its expression

by binding to the 5‘ UTR.22 Thus, we thought that EMT

biomarkers may also be transcriptionally and posttranslation-

ally regulated by IMP3 in the tumorigenesis of GBM.

In conclusion, IMP3 was demonstrated to be frequently

and highly expressed in glioma tissues, and promoted

GBM cell proliferation, migration and invasion by activat-

ing EMT processes. These findings suggest that IMP3 may

be a useful therapeutic target for patients with GBM in the

future.
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