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Background: Glioblastoma multiforme is one of the most deadly forms of brain cancer. We 

investigated the regulatory effects of microRNA-100 (miR-100) on cell proliferation, migration, 

and chemosensitivity in human glioblastoma.

Methods: miR-100 expression was assessed by quantitative real-time polymerase chain reaction 

in both glioblastoma cells and human tumors. Lentiviruses of miR-100 mimics and inhibitors 

were transfected into U251 and T98G cells. The regulatory effects of either overexpressing or 

downregulating miR-100 on glioblastoma were evaluated by a viability assay, growth assay, 

migration assay, chemosensitivity assay, and an in vivo tumor transplantation assay. Expression 

of fibroblast growth factor receptor 3 (FGFR3), the bioinformatically predicted target of miR-100, 

was examined by Western blot in glioblastoma. FGFR3 was then ectopically overexpressed in 

U251 and T98G cells, and its effects on miR-100-mediated cancer regulation were evaluated 

by growth, migration, and chemosensitivity assays.

Results: MiR-100 was markedly downregulated in both glioblastoma cell lines and human 

tumors. Overexpressing miR-100 through lentiviral transfection in U251 and T98G cells 

significantly inhibited cancer growth (both in vitro and in vivo) and migration and increased 

chemosensitivity to cisplatin and 1, 3-bis (2-chloroethyl)-l-nitrosourea, whereas downregulation 

of miR-100 had no effects on development of cancer. FGFR3 was directly regulated by miR-100 

in glioblastoma. Ectopically overexpressing FGFR3 was able to ameliorate the anticancer effects 

of upregulation of miR-100 on glioblastoma growth, migration, and chemosensitivity.

Conclusion: MiR-100 was generally downregulated in glioblastoma. Overexpressing 

miR-100 had anticancer effects on glioblastoma, likely through regulation of FGFR3. The 

MiR-100/FGFR3 signaling pathway might be a biochemical target for treatment in patients 

with glioblastoma.
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Introduction
Glioblastoma multiforme is one of the most deadly forms of brain cancer.1 Every year, 

more than 15,000 new patients are diagnosed with glioblastoma, and most have a very 

poor prognosis, with median survival predicted to be 15 months or less.1,2 Although 

great strides had been made in providing patients with the best available treatments, 

including advanced surgery, radiotherapy or immunotherapy, and combinational or 

targeted chemotherapy,3–6 the underlying neoplastic characteristics of glioblastoma, 

including resistance to apoptosis or chemotherapy, as well as rapid metastasis to the 

surrounding brain tissues, are major obstacles to overcome in order to achieve a better 

prognosis or survival in patients with glioblastoma.6,7 Thus, it is critical to understand 
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the underlying molecular mechanisms involved in growth, 

metastasis, or chemosensitivity in glioblastoma.

MicroRNAs (miRNAs) are a group of noncoding, 

short-sequence RNA molecules that posttranscriptionally 

suppress gene expression by binding to the 3ꞌ-untranslated 

region (UTR) of the targeted genes to induce gene or protein 

degradation.8,9 In recent decades, miRNAs have been shown 

to be involved in almost every aspect of cancer regula-

tion, including cell proliferation, apoptosis, metastasis, and 

chemosensitivity.10–13 Among the many cancer-regulating 

miRNAs, microRNA-100 (miR-100) has been shown to be a 

critical factor in the development, diagnosis, and treatment of 

cancer.14 In glioblastoma, miR-100 has been shown to be dif-

ferentially expressed in radiosensitive and radioresistant glio-

blastoma cells.15 However, only limited functions of miR-100 

in regulating human glioblastoma have been revealed.16

In this work, we systemically evaluated miR-100 

expression levels in glioblastoma cell lines and human glio-

blastoma tumors. We then examined the regulatory mecha-

nisms of miR-100 in glioblastoma, including cancer growth 

(both in vitro and in vivo), migration, and sensitivity to che-

motherapy reagents, by either upregulating or downregulating 

miR-100 using lentiviral infection in glioblastoma cell lines. 

Moreover, we investigated the possible downstream target of 

miR-100 in glioblastoma, by assessing the expression profile 

of fibroblast growth factor receptor 3 (FGFR3), as well as the 

effects of ectopically upregulating FGFR3 in glioblastoma. 

The results of our work would help to elaborate the regulatory 

mechanisms of miRNA in human glioblastoma.

Materials and methods
cell culture
Seven commonly used human glioblastoma cell lines or 

glioblastoma stem cell lines (U251, U89, LN229, U373, 

A172, HS682, and T98G) and two normal control cell lines 

(human astrocytes and HEK293T cells) were purchased 

from the Chinese Academy of Sciences Shanghai Branch, 

Shanghai Institute of Cell Biology, People’s Republic of 

China, for this study. All cells were maintained in Dulbecco’s 

Modified Eagle’s Medium (Invitrogen) supplemented with 

10% fetal bovine serum (Invitrogen), 100 U/mL penicillin, 

and 100 mg/mL streptomycin, in a humidified tissue culture 

incubator with 95% O
2
/5% CO

2
 at 37°C. Fresh culturing 

medium was added every 3 or 4 days.

Patients
Tissue samples of glioblastoma as well as adjacent normal 

brain tissues were surgically isolated from patients during 

their surgical procedures at the Department of Neurosurgery, 

First Bethune Hospital of Jilin University in Changchun, 

People’s Republic of China. All clinical protocols were 

reviewed and approved by the Human Research and Ethics 

Committee at the First Bethune Hospital of Jilin University. 

All procedures were performed in accordance with state 

laws of the People’s Republic of China and commonwealth 

regulations of Jilin Province. All patients participating in the 

study signed written consent forms.

Quantitative real-time Pcr
Total RNA was extracted from the glioblastoma cells and 

clinical tissue samples using TRIzol reagent (Invitrogen). To 

obtain cDNA, reverse transcription was performed with a kit 

from TaKaRa Biotechnology, and polymerase chain reaction 

(PCR) amplification was conducted using an ABI Prism 

7500 cycler (Applied Biosystems). For mature miR-100 

gene quantification, a Hairpin-it™ miRNA PCR quantita-

tion kit (GenePharma) was used as per the manufacturer’s 

protocol. The ratios of real-time PCR results were calculated 

using the 2-∆∆CT method with U6 transcripts as the internal 

control. For FGFR3 gene quantification, a SYBR Premix 

Ex Taq gene detection kit (TaKaRa Biotechnology) was 

used as per the manufacturer’s protocol and glyceraldehyde-

3-phosphate dehydrogenase transcripts were used as the 

internal control.

lentivirus transfection
To overexpress or downregulate miR-100, lentivirus of 

human mature miR-100 mimic (lv-miR-100), miR-100 

inhibitor (lv-miR100-In), and a nonspecific control len-

tivirus (lv-miRC) were purchased from SunBio Medical 

Biotechnology. The glioblastoma cell lines were then trans-

fected with lentiviruses by a Lipofectamine™ 2000 reagent 

(Invitrogen) as per the manufacturer’s protocol, followed by 

exchanging fresh culture medium at 24 hours.

cell viability assay
U251 and T98G glioblastoma cells were cultured in 96-well 

plates (5×104 cells/well). Five days after lentiviral transfec-

tion, a CellTiter-Glo™ luminescence cell viability assay 

(Promega) was applied as per the manufacturer’s protocol 

to assess the health of the glioblastoma cells.

growth assay
Twenty-four hours after transfection, the U251 and T98G 

cells were washed in free medium. The viable cells were 

resuspended, replated in 96-well plates (5×104 cells/
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well), and maintained for 5 consecutive days. On day 

6, 3-(4,5-dimethylthazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT, 5 mg/mL) was added to the culture for 4 

hours. The cells were then lysed with dimethyl sulfoxide. 

Cell growth was assessed by measuring relative optical 

densities at 570 nm for each well, then normalizing to the 

control condition.

Migration assay
Migration of human glioblastoma cells was assessed using 

a QCMi-FN quantitative cell migration assay (ECM500, 

Chemicon). First, transwell filters were coated with 

Matrigel (Invitrogen) for 1 hour. U251 and T98G cells 

were then cultured in the upper chamber (5×104 cells/well) 

with 200 µL of serum-free Dulbecco’s Modified Eagle’s 

Medium for 2 hours, followed by resuspension in 200 µL of 

L-Dulbecco’s Modified Eagle’s Medium for another hour. 

In the lower chamber, the migration medium was mixed 

with various treatment reagents, such as lentiviruses. The 

transwell was then cultured with 5% CO
2
 for 48 hours at 

37°C, followed by immunostaining of the upper chamber  

(30 minutes, 10% acetic acid). Optical absorbance at 

570–690 nm was measured using a VersaMax tunable 

microplate reader (Molecular Devices) for each well and 

normalized to the control.

chemosensitivity assay
Human U251 and T98G glioblastoma cells were transfected 

with lentiviruses for 24 hours, followed by another 24 hours 

of culture in fresh medium. Chemotherapy reagents, includ-

ing 1,3-bis (2-chloroethyl)-l-nitrosourea (BCNU, 25 µg/mL) 

and various concentrations of cisplatin (0, 1, 1.5, 2.5, and 

5 µM) were then added to the culture for 3 days. Cell sur-

vival, represented as relative optical density at 570 nm, was 

estimated by viability assay and normalized to the optical 

density value under the control condition of 25 µg/mL BCNU 

plus 0 µM cisplatin.

in vivo assay
After lentiviral transfection for 24 hours, the T98G cells were 

resuspended in fresh culture medium (200 µL, 1 million cells) 

and subcutaneously inoculated into 2-month-old adult female 

athymic NCr (nu/nu) nude mice. Growth of the inoculated 

tumors was monitored weekly for 5 consecutive weeks. 

Tumor size was quantified as (length × width2)/2, and nor-

malized to tumor size with lv-miRC transfection at week 1.  

At the end of the 5-week in vivo assay, the tumors were 

extracted and assessed by Ki67 immunohistochemistry.

Dual-luciferase reporter assays
The 3′-UTR of human FGFR3, including the possible binding 

site for hsa-miR-100, was cloned into a dual-luciferase 

reporter plasmid pMIR-REPORT (Ambion) to produce a 

wild-type FGFR3 reporter. A mutated sequence of FGFR3 

3′-UTR at the hsa-miR-100 binding site was also cloned into 

the luciferase plasmid. In HEK293T cells, cotransfection of 

lv-miRC, lv-miR-100, and either wild-type FGFR3 or mutant 

FGFR3 was performed by Lipofectamine 2000 reagent, 

followed by examination of luciferase activity using a dual-

luciferase reporter assay (Promega) in 24 hours.

Western blot assay
Human U251 and T98G glioblastoma cells were lysed in RIPA 

buffer (50 mM Tris-HCl, Invitrogen). The extracted proteins 

were electroseparated using 10% sodium dodecyl sulfate poly-

acrylamide gel electrophoresis, and then transferred to polyvi-

nylidene difluoride membranes (Amersham Biosciences). The 

primary antibody against human FGFR3 (1:200, Santa Cruz 

Biotechnology) was applied overnight at 4°C. Horseradish 

peroxidase-linked secondary antibody was applied for 2 hours 

at room temperature. Glyceraldehyde-3-phosphate dehydroge-

nase was used as the internal control and blots were visualized 

by an enhanced chemiluminesence system (Amersham Biosci-

ences) as per the manufacturer’s protocol.

FgFr3 overexpression assay
The DNA sequence of FGFR3 was amplified from the 

human cDNA library and cloned into a recombinant eukary-

otic expression plasmid pcDNA3.1 (pcDNA3.1-FGFR3).  

A negative control, ie, an empty plasmid, was also gener-

ated. The U251 and T98G cells were then transfected with 

overexpression plasmids using Lipofectamine 2000 reagent 

for 24 hours. The efficiency of overexpression transfection 

was assessed by quantitative real-time PCR.

statistical analysis
All data are expressed as the mean ± standard error of the mean. 

The statistical analysis was performed with the Student’s t-test 

using Statistical Package for the Social Sciences version 11.0 

software. Statistical difference was marked at P,0.05. All 

experiments were performed in triplicate.

Results
Mir-100 was downregulated in 
glioblastoma cells and human tumors
The gene expression levels of miR-100 in seven human 

glioblastoma cell lines (U251, U89, LN229, U373, A172, 
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HS683, and T98G) were compared against the expression 

level of miR-100 in normal human astrocytes. The results of 

quantitative real-time PCR demonstrated that miR-100 was 

significantly downregulated in all tested glioblastoma cells 

(Figure 1A; P,0.05). Next, we assessed the gene expression 

levels of miR-100 in human patients with glioblastoma. The 

extracted brain tissue included tumors and adjacent non-

tumor brain tissues. We examined paired tumor samples of 

glioblastoma and adjacent normal brain tissue samples in 

13 patients, and found that miR-100 was significantly down-

regulated in glioblastoma tumors when compared with non-

tumor brain tissues in all patients (Figure 1B; P,0.05).

ectopically overexpressing or  
downregulating mir-100 did not  
induce cytotoxicity in glioblastoma cells
Having discovered that miR-100 was downregulated in 

human glioblastoma cells, we then investigated its possible 

mechanistic role in regulation of glioblastoma. To do so, we 

used lentiviral vectors to ectopically manipulate the miR-100  

gene expression level. We transfected human U251 and 

T98G glioblastoma cells with lentiviral vector containing 

miR-100 mimics to overexpress miR-100 (lv-miR-100) or 

lentiviral vector containing miR-100 inhibitor to downregu-

late miR-100 (lv-miR100-In). Quantitative real-time PCR 

demonstrated that, in both U251 and T98G cells, miR-100 

gene expression levels were significantly upregulated by 

lv-miR-100 and significantly downregulated by lv-miR100-In 

when compared with miR-100 gene expression levels in 

cells transfected with a nonspecific control lentiviral vector  

(lv-miRC), as shown in Figure 2A and B (P,0.05 vs  

lv-miRC). We then examined whether ectopically manipu-

lating the gene expression level of miR-100 would induce 

toxicity or apoptosis in glioblastoma cells. To do so, we trans-

fected U251 and T98G cells with lv-miRC, lv-miR-100, and 

lv-miR100-In, and then performed a viability assay in 48 hours. 

This showed that overexpressing or downregulating miR-100 

did not induce cytotoxicity in either cell line (Figure 2C  

and D; P.0.05 vs lv-miRC).

Mir-100 overexpression inhibited cancer 
growth and migration of glioblastoma 
cells
We then investigated whether overexpressing or down-

regulating miR-100 affected growth and migration of glio-

blastoma cells. We transfected U251 and T98G cells with 

lv-miR-100 or lv-miR100-In to upregulate or downregulate 

miR-100. Transfection of lv-miRC as served as nonspecific 

control. Glioblastoma growth was then monitored by a 

growth assay for 5 days. The results showed that, in both 

U251 and T98G cells, overexpression of miR-100 (lentiviral 

transfection of lv-miR-100) significantly reduced cancer 

Figure 1 Mir-100 was expressed at low levels in glioblastoma cells and human tumors.
Notes: (A) Quantitative real-time polymerase chain reaction was used to compare mir-100 gene expression levels between seven glioblastoma (U251, U89, ln229, U373, 
a172, hs683, and T98g) cell lines and normal human astrocytes (*P,0.05). (B) mir-100 gene expression levels were also compared by quantitative real-time polymerase 
chain reaction between T and anT in 13 patients (*P,0.05).
Abbreviations: T, human glioblastoma tumor tissue; anT, adjacent non-tumor brain tissue.
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cell growth rates (Figure 3A and B; P,0.05 vs lv-miRC), 

whereas downregulation of miR-100 (lentiviral transfection 

of lv-miR100-In) had no effect on cell growth (Figure 3A 

and B; P.0.05 vs lv-miRC).

We then investigated the effects of miR-100 upregulation 

or downregulation on migration of glioblastoma cells. The 

results of the MTT migration assay demonstrated that, in 

both U251 and T98G cells, overexpression of miR-100 sig-

nificantly reduced the number of migrating (MTT-positive) 

cancer cells in the culture chambers, whereas downregula-

tion of miR-100 had little effect on migration of cancer cells 

(Figure 3C and E). Quantitative measurement demonstrated 

that overexpression of miR-100 reduced migration capability 

by ~70% in U251 cells (Figure 3D; P,0.05) and ~80% in 

T98G cells (Figure 3F; P,0.05). On the other hand, down-

regulation of miR-100 did not alter migration capability in 

either cell line (Figure 3D and F; P.0.05).

Overexpression of Mir-100 increased 
chemosensitivity in glioblastoma cells
We then speculated if overexpressing or downregulating  

miR-100 might also affect the chemosensitivity of glioblastoma 

cells. U251 and T98G cells were transfected with lv-miR-100 

to ectopically overexpress miR-100 or with lv-miR100-In to 

downregulate miR-100 for 24 hours. The control cells were 

transfected with lv-miRC. After washing out the lentiviruses 

with fresh culture medium, human glioblastoma cells were 

cultured for 24 hours, followed by another 24 hours of in vitro 

culture with chemoreagents, including 25 µg/mL BCNU and 

various concentrations of cisplatin (0, 1, 1.5, 2.5, and 5 µM). 

A growth assay was then used to assess the chemosensitivity 

of the cells over 72 hours. The results demonstrated that, in 

both U251 and T98G cells, overexpression of miR-100 signifi-

cantly increased chemosensitivity in glioblastoma cells (Figure 

4A and B; P,0.05 vs lv-miRC), whereas downregulation 

of miR-100 had no effect on glioblastoma chemosensitivity 

(Figure 4A and B, P.0.05 vs lv-miRC).

Mir-100 overexpression inhibited growth 
of glioblastoma tumors in vivo
We then investigated whether overexpressing or down-

regulating miR-100 affected growth of glioblastoma cells in 

vivo. To do so, we transfected T98G cells with lv-miR-100, 

lv-miR100-In, or lv-miRC for 24 hours. After changing with 

fresh medium, the viable cells were resuspended and disso-

ciated with 0.25% trypsin to form a single cell suspension. 

Lentivirus-infected T98G cells (1 million per mouse) were 

then subcutaneously inoculated into female athymic NCr  

(nu/nu) nude mice. Tumor size was monitored for 5 weeks 

after inoculation, and quantitative measurements demon-

strated that overexpression of miR-100 significantly inhibited 

glioblastoma tumor growth in vivo (Figure 4C; P,0.05), 

whereas downregulation of miR-100 had little effect on 

in vivo tumor growth (Figure 4C; P.0.05). Furthermore, 
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Figure 2 lentiviral transfection to upregulate or downregulate mir-100 in glioblastoma cells.
Notes: U251 and T98g cells were transfected with lentiviruses to either upregulate mir-100 (lv-mir-100) or downregulate mir-100 (lv-mir100-in). The control cells 
were transfected with lv-mirc. One day after transfection, quantitative real-time polymerase chain reaction was used to examine the gene expression levels of mir-100 in 
U251 cells (A) and T98g cells (B). (*P,0.05 vs lv-mirc). Two days after transfection, a viability assay was performed on U251 cells (C) and T98g cells (D) to examine the 
cytotoxic effect of lentiviral infections on glioblastoma cells (∆P.0.05 vs lv-mirc).
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at the end of the 5-week in vivo tumor growth assay, we 

extracted the tumor tissues from mice and immunolabelled 

them with Ki-67. The immunohistochemistry results showed 

less Ki-67 staining in tumor cells transfected with lv-miR-

100 ( Figure 4D), further confirming that overexpression of 

miR-100 inhibited growth of glioblastoma in vivo.

FgFr3 was the molecular target of  
mir-100 in glioblastoma
After discovering that miR-100 plays a critical role in 

regulating both in vitro and in vivo growth migration, and 

chemosensitivity of human glioblastoma cells, we sought 

to evaluate the possible molecular target of miR-100 in 

glioblastoma. We used online miRNA targeting software 

(TargetScan, www.targetscan.org) as well as a literature 

search to determine if FGFR3 was a possible candidate 

for direct regulation by miR-100 in human glioblastoma 

(Figure 5A). Using a dual-luciferase reporter assay in 

HEK293T cells, we found that wild-type FGFR3 (Figure 

5B; P,0.05) but not mutant FGFR3 (Figure 5B; P.0.05) 

was differentially regulated by exogenously introduced 

miR-100, thus confirming that FGFR3 was directly regulated 
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Figure 3 The effects of mir-100 upregulation or downregulation on growth and migration of glioblastoma cells.
Notes: U251 and T98g cells were transfected with lentiviruses to either upregulate mir-100 (lv-mir-100) or downregulate mir-100 (lv-mir100-in). The control cells 
were transfected with lv-mirc. a cell growth assay was performed from day 1 to day 5 after lentiviral transfection to evaluate proliferation of U251 (A) and T98g (B) cells 
(*P,0.05 vs lv-mirc). Forty-eight hours after lentiviral transfection, an MTT assay was performed to immunolabel the migrating U251 cells (C) and T98g cells (E). The 
effects of mir-100 overexpression (lentiviral transfection of lv-mir-100) and mir-100 downregulation (lentiviral transfection of lv-mir100-in) on migration capability were 
quantitatively assessed in U251 cells (D) and T98g cells (F). (*P,0.05 and ∆P.0.05 vs lv-mirc).
Abbreviation: OD, optical density.
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by miR-100. Moreover, we investigated whether direct 

regulation of miR-100 on FGFR3 was the case in glioblas-

toma cells. Western blotting assay results demonstrated 

that FGFR3 protein expression levels were significantly 

downregulated in U251 and T98G glioblastoma cells over-

expressing miR-100 (Figure 5C and D).

FgFr3 overexpression reversed the  
antitumor effects of mir-100 in 
glioblastoma cells
Finally, we investigated whether overexpressing FGFR3 

might change the effects of miR-100 on the growth, migra-

tion, and chemosensitivity of human glioblastoma cells. We 
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Figure 4 The effects of mir-100 upregulation or downregulation on glioblastoma chemosensitivity and in vivo tumor growth.
Notes: U251 and T98g cells were transfected with lentiviruses to either upregulate mir-100 (lv-mir-100) or downregulate mir-100 (lv-mir100-in). The control cells were 
transfected with lv-mirc. after lentiviral infection, (A) U251 cells and (B) T98g cells were treated with BcnU 25 µg/mL plus five different concentrations of cisplatin  
(0, 1, 1.5, 2.5, and 5 µM) for 24 hours. chemosensitivity was assessed by a cell growth assay in 72 hours (*P,0.05 vs lv-mirc). (C) after lentiviral infection, T98g cells were 
subcutaneously inoculated into nude mice (200 µl, 1 million cells per mouse). The in vivo growth of tumors was assessed weekly for 5 weeks (*P,0.05 vs lv-mirc). (D) at 
the end of the in vivo assay, immunohistochemistry of Ki67 staining was performed.
Abbreviations: BcnU, 1,3-bis (2-chloroethyl)-l-nitrosourea; w, weeks; OD, optical density.
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took advantage of a eukaryotic expression system to create a 

plasmid overexpressing FGFR3 (pcDNA3.1-FGFR3), as well as 

a nonspecific plasmid (pcDNA3.1-FGFR3) to be used as a con-

trol. After transfecting the plasmids into both U251 and T98G 

cells, quantitative real-time PCR confirmed that endogenous 

gene expression levels of FGFR3 were significantly upregulated 

by the overexpression plasmid (Figure 6A and B; P,0.05).

Twenty-four hours after the U251 and T98G cells were 

transfected with the overexpression plasmid, miR-100 was 

upregulated by lentivirus in both cell lines to assess the effects 

of FGFR3 and miR-100 in human glioblastoma. First, the 

growth assay showed that proliferation of U251 and T98G 

cells, initially inhibited by upregulation of miR-100, were 

significantly restored by overexpressing FGFR3 3 or 4 days 

after double-transfection (Figure 6C and D; P,0.05). Second, 

the migration assay demonstrated that the inhibited migrating 

ability of human glioblastoma cells (induced by upregulation 

of miR-100) was significantly reversed by overexpressing 

FGFR3 (Figure 6E and F; P,0.05). Finally, the chemosensitiv-

ity assay demonstrated that, while FGFR3 was overexpressed, 

upregulation of miR-100-induced chemosensitivity to cisplatin 

was significantly reduced in U251 and T98G cells (Figure 6G 

and H; P,0.05). Taken together, the results of our growth, 

migration, and chemosensitivity assays suggested that the 

antitumor effects of miR-100 upregulation were reversed by 

overexpressing FGFR3 in human glioblastoma cells.

Discussion
In this work, we evaluated miR-100 gene expression levels in 

seven human glioblastoma cell lines, as well as in 13 human 

patients with matched tumor tissue and non-tumor brain 

tissue. We found that miR-100 was significantly downregu-

lated in both glioblastoma cell lines and in human tumors. 

In a previous study, miR-100 was shown to be differentially 

expressed in radiosensitive vs radioinsensitive glioblastoma 

cells.15 miR-100 was also found to be expressed in glioma 

cells in another study.17 However, miR-100 expression levels 

were not characterized between carcinoma and non-carcinoma 

tissues in either report, and nor were the functional roles of 

miR-100 in glioblastoma. Just recently, a further study showed 

that miR-100 modulated the growth of glioblastoma by regula-

tion of SMRT/NCOR2.16 However, the full molecular profile 

of miR-100 in regulating glioblastoma is largely unknown.

A

B

C DU251 T98G

*
∆

20

0

40

60

80

100

120

Hsa-miR-100 3′...GUGUUCAAGCCUAGAUGCCCAA...5’ 

5′...CUCAGAGACUGAAAUUACGGGUA...3’

5′...CUCAGAGACUGAAAUUCAUAAGA...3’

FGFR3 3′-UTR (WT)

FGFR3 3′-UTR (MU)

R
el

at
iv

e 
lu

ci
fe

ra
se

ac
tiv

ity

Iv-miRC Iv-miR-100

FGFR3 (WT) FGFR3 (MU)

FGFR3 FGFR3

GAPDH GAPDH

Iv-miRC Iv-miR-100

Iv-miRC
Iv-miR-100

Figure 5 Mir-100 modulated FgFr3 in glioblastoma.
Notes: (A) The speculated targeting of human mir-100 on wild-type FgFr3 3ꞌ-UTr gene is shown (red). a negative control sequence with mutations of the FgFr3 3ꞌ-UTr 
binding site were also generated (green). (B) heK293T cells were transfected with a luciferase reporter vector containing wild-type FgFr3 or mutant FgFr3 as well as 
lv-mir-100 or lv-mirc. relative luciferase activity was measured 1 day after transfection (*P,0.05, ∆P.0.05). after lentiviral transfection of lv-mir-100 and lv-mirc, FgFr3 
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Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; FGFR3, fibroblast growth factor receptor 3; MU, mutant; UTR, untranslated region; WT, wild-type.
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Figure 6 FgFr3 overexpression reversed the effects of mir-100 glioblastoma.
Notes: U251 and T98G cells were transfected with overexpression plasmid (pcDNA3.1-FGFR3), as well as a nonspecific control (pcDNA3.1-NC) for 24 hours. Quantitative 
real-time polymerase chain reaction was used to assess FgFr3 gene expression levels in U251 (A) and T98g (B) cells (*P,0.05). after transfection of the overexpression 
plasmids, U251 and T98g cells were transfected with lv-mir-100 for another 24 hours. The 5-day growth assay was then performed in both U251 (C) and T98g (D) cells 
(*P,0.05). Two days after lentiviral transfection, a migration assay was performed in both U251 (E) and T98g (F) cells (*P,0.05). Three days after lentiviral transfection, a 
cisplatin chemosensitivity assay was performed in both U251 (G) and T98g (H) cells (*P,0.05).
Abbreviations: FGFR3, fibroblast growth factor receptor 3; BCNU, 1,3-bis (2-chloroethyl)-l-nitrosourea.
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We demonstrated that overexpression of miR-100 in 

human glioblastoma inhibited cancer cell growth (both in vitro 

and in vivo) and migration, and increased sensitivity to che-

motherapy reagents. On the other hand, we demonstrated that 

downregulating miR-100 had little effect on growth, migra-

tion, or chemosensitivity of glioblastoma. The mechanism 

of miR-100 in glioblastoma revealed here is consistent with 

a previous report that overexpressing miR-100 suppressed 

tumor development and increased sensitivity to chemothera-

peutics in breast cancer and ovarian cancer.18 Thus, miR-100 

seems to be generally acting as an anticancer miRNA in vari-

ous forms of cancers, including glioblastoma.

Another important finding in our work is that FGFR3 

is the downstream target of miR-100 in regulating human 

glioblastoma. We showed that FGFR3 protein levels were 

substantially downregulated while miR-100 was upregulated 

in U251 and T98G glioblastoma cells. We also revealed that 

while FGFR3 was ectopically upregulated in U251 and T98G 

cells, the anticancer effects of miR-100 overexpression were 

ameliorated. These results are in line with previous studies 

demonstrating that the FGF signaling pathway is a critical 

oncogenic regulator in human glioblastoma.19,20 Interestingly, 

a recent report demonstrated that FGFR3 was also directly 

associated with miR-100 regulation of tumor growth and 

chemosensitivity in pancreatic cancer.21 Thus, it is very likely 

that the association between miR-100 regulation and FGF 

signaling pathways plays an important role in regulating 

various cancers, including glioblastoma.

Conclusion
Our work demonstrates that miR-100 is downregulated 

in glioblastoma and that overexpression of miR-100 had 

significant anticancer effects on the growth, migration, and 

chemosensitivity of glioblastoma. It is the first study to char-

acterize miR-100 as a tumor-suppressing miRNA in glioblas-

toma, possible via disruption of the FGF signaling pathway. 

Therefore, targeting the miR-100/FGFR3 pathway may lead 

to an effective therapy for patients with glioblastoma.
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