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Introduction 

Glioblastoma multiforme (GBM) is the most 
common form of malignant brain tumor1,2. Recent 
data from The Cancer Genome Atlas (TCGA) indi-
cated that GBM tumors can be genetically divided 
into 4 subtypes: classical, mesenchymal, proneu-
ral, and neural1. Among these four subtypes, mes-
enchymal tumors are the most aggressive and are 
associated with the worst survival1. Epithelial-mes-
enchymal transition (EMT) is a biological process 
through which polarized epithelial cells obtain 
mesenchymal phenotypes3. During this transition, 
the cancer cells lose cell polarity and cell-cell ad-
hesion, but acquire migratory and invasive proper-
ties3. Many studies showed that EMT is an import-
ant mechanism contributing to the invasiveness of 
high-grade GBM4,5. Therefore, understanding the 
mechanisms that drive EMT is crucial to identify 
potential therapeutic targets of GBM. 

Insulin-like growth factor binding protein-2 
(IGFBP2) is a secreted protein that binds IGF-I 
and IGF-II with high affinity6. IGFBP2 can 
also interact with many different ligands, in-
dependently of IGF binding7. Previous studies 
showed that IGFBP2 is significantly increased 
in GBM compared with low-grade gliomas and 
normal brain tissue8,9. Its upregulation directly 
promotes GBM stem cell expansion and surviv-
al10 and positively correlates with GBM progres-
sion9,11. Knockdown of IGFBP2 induces GBM 
cell apoptosis and inhibits GBM cell migration 
and invasion12,13. However, the molecular mech-
anisms underlying its regulation in GBM are not 
well understood. 

Abstract. – OBJECTIVE: In this study, we 
aimed to investigate the downstream effector of 
IGFBP2 in glioblastoma multiforme (GBM) and 
its regulative effect on epithelial-to-mesenchy-
mal transition (EMT) in GBM cells. 

MATERIALS AND METHODS: Bioinformat-
ics analysis was performed by using data in 
The Cancer Genome Atlas (TCGA)-GBM. Human 
GBM cell lines U87 and U251 cells were used as 
in vitro cell models to assess the influence of IG-
FBP2 on NF-κB activation and on SPRY1 expres-
sion. U251 cells were infected with SPRY1 shR-
NA. Then, the cells were subjected to Western 
blotting of mesenchymal markers and transwell 
assay of cell invasion. 

RESULTS: IGFBP2 is significantly upregulated 
in GBM tissues than in normal brain tissues. High 
IGFBP2 expression is associated with poor over-
all survival (OS) (p=0.019) and poor progression 
free survival (PFS) among the patients (p=0.04). 
CpG island methylation phenotype (CIMP) is as-
sociated with a higher level of IGFBP2 DNA meth-
ylation and suppressed IGFBP2 expression. 
SPRY1 is co-upregulated with IGFBP2 (Pearson’s 
r=0.51) in TCGA-GBM. IGFBP2 overexpression in-
creased the expression of p-p65 and nuclear p65, 
while IGFBP2 knockdown reduced the expression 
of p-p65 and nuclear p65. In U251 cells, SPRY1 
knockdown significantly reduced the expression 
of mesenchymal markers including N-cadherin, 
Vimentin, Snail and Twist1 and also impaired in-
vasion capability of the cells.

CONCLUSIONS: IGFBP2 can induce SPRY1 
expression via NF-κB signaling pathway in GBM 
cells. SPRY1 upregulation might be an important 
mechanism in the maintenance of mesenchymal 
phenotypes of GBM cells. 
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NF-κB family has 5 members, including p65/
RelA, RelB, c-Rel, NF-κB1/p50, and NF-κB/p5214. 
The dimer formed by p65 and p50 is the predomi-
nant form of NF-κB14. Activation of this signaling 
pathway can promote mesenchymal differentiation 
of GBM cells and is strongly associated with GBM 
progression15,16. Sprouty (Spry) proteins are involved 
in multiple receptor tyrosine kinases (RTK) mediated 
MAPK/ERK signaling pathways, thereby contribut-
ing to the regulation of cell proliferation, migration, 
differentiation and apoptosis17. Sprouty 1 is encoded 
by SPRY1 gene and has paradoxical roles in differ-
ent tumors. It has a potential tumor suppressive effect 
in prostate, ovarian and lung cancers18-20, but shows 
an oncogenic effect in triple negative breast cancer16. 
These findings suggest that the role of SPRY1 might 
be cancer specific. However, its expression profile and 
functional role in GBM is not clear. 

In this study, we found that IGFBP2 can induce 
SPRY1 expression via NF-κB signaling pathway in 
GBM cells. Knockdown of SPRY1 can reduce their 
mesenchymal properties.

Materials and Methods 

Data Analysis of TCGA-GBM
IGFBP2 and SPRY1 mRNA expression in 

GBM tissues and in normal brain tissues were 
assessed using the FireBrowse (http://firebrowse.
org/), a portal to cull and analyze data generat-
ed by TCGA. SPRY1 protein expression in GBM 
and in normal brain tissues was reviewed in the 
Human Protein Atlas (http://www.proteinatlas.
org/)21. Kaplan-Meier curves of overall survival 
(OS)/progression free survival (PFS) in GBM pa-
tients were assessed by using R2: Genomics Anal-
ysis and Visualization Platform (http://r2.amc.nl), 
using data from TCGA-GBM. The patients were 
grouped by median IGFBP2 expression. 

IGFBP2 expression, its DNA methylation sta-
tus, CpG island methylation phenotype (CIMP) 
and isocitrate dehydrogenase 1 (IDH1) mutation 
status in TCGA-GBM, were examined using the 
UCSC Xena (http://xena.ucsc.edu/). Kaplan-Mei-
er curves of OS in patients belonging to CIMP or 
non-CIMP group were generated. Log-rank test 
was used to assess the significance of difference 
between the curves.

Protein-Protein Interaction (PPI) 
Network Analysis

The genes co-upregulated with IGFBP2 (Pear-
son’s r ≥ 0.5) in TCGA-GBM were identified us-

ing the cBioPortal for Cancer Genomics (http://
cbioportal.org)22. Then, the genes were loaded 
into the Search Tool for the Retrieval of Interact-
ing Genes (STRING) (http://string-db.org/) data-
base for identifying the known PPI network.

Cell Culture and Infection 
Human GBM cell lines U87 and U251 were 

purchased from the Institute of Biochemistry 
and Cell Biology (Shanghai, China). Cells were 
cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine se-
rum (FBS, Invitrogen, Carlsbad, CA, USA) and 
antibiotics (100 U/ml penicillin and 100 μg/ml 
streptomycin) at 37°C in a humidified chamber 
with 5% CO2.

Lentiviral IGFBP2 expression particles 
(PS100071) and the negative controls were ob-
tained from OriGene (Rockville, MD, USA). 
Lentiviral IGFBP2 shRNA (sc-37195-V), 
SPRY1 shRNA (sc-41035-V) and the negative 
controls were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). U87 cells 
were infected with the expression particles for 
overexpression, while U251 cells were infected 
with the shRNA particles for knockdown. In-
fection was performed according to manufac-
turer’s instruction. 

Quantitative Real-time PCR (qPCR)
Total RNAs were extracted from cell samples 

using the RNeasy mini kit (Qiagen, Hilden, Ger-
many). The samples with a ratio of 260 nm/280 
nm absorption between 1.8 and 2.0 were used. 
Then, cDNA was synthesized by using the Pro-
toScript First Strand cDNA Synthesis kit (New 
England Biolabs, Ipswich, MA, USA). After that, 
qPCR was performed to detect the expression of 
target genes using the SYBR® Select Master Mix 
(Applied Biosystems, Foster City, CA, USA) in an 
ABI 7900HT Fast Real-time PCR System (Applied 
Biosystems). GAPDH was used as an internal ref-
erence in each reaction. The primers for IGFBP2 
were: sense, 5’- GACAATGGCGATGACCACT-
CA-3’ and antisense, 5’- GCTCCTTCATAC-
CCGACTTGA-3’ and for SPRY1 were: sense, 
5’-GCCTTCTTTGGATAGCCGTCAG-3’ and 
antisense, 5’-TCATTGCTGCCTCTTATGG-
CC-3’. The relative expression levels were calcu-
lated using the 2-ΔΔCT method.

Western Blotting 
Cultured cell samples were lysed and ho-

mogenized in a lysis buffer with phosphatase 
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inhibitor and protease inhibitor cocktail. Then, 
equal amount of protein extracts were separat-
ed by electrophoresis on 10% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and then were transferred to a 
nitrocellulose membrane. After washing, the 
membrane was blocked for 1 h in Tris-buffered 
saline containing 0.1% Tween 20 and 5% non-
fat milk and then probed with primary bodies 
against IGFBP2 (ab4244, Abcam, Cambridge, 
MA, USA), NF-κB p-65 (Ab140751), p-p65 
(s536) (ab86299, Abcam), Sprouty 1 (ab75492, 
Abcam), Vimentin (ab92547, Abcam), N-cad-
herin (ab12221, Abcam), Snail (ab53519, Ab-
cam), Twist1 (ab50581, Abcam) and β-actin 
(ab3280, Abcam). Next, the membranes were 
washed and incubated with secondary anti-
bodies conjugated to horseradish peroxidase 
(HRP). The immunoreactivity was revealed 
with Super Signal West Pico Chemilumines-
cent Substrate (Thermo Scientific, Waltham, 
MA, USA).

Transwell Assay of Cell Invasion 
Cell invasion was determined by transwell 

assay using a Matrigel invasion chamber (BD 
Biosciences, Franklin Lakes, NJ, USA) in a 24-
well cell culture plates according to the man-
ufacturer’s instruction. In brief, U251 cells (5 
× 104 cells/mL) with or without infection of 
SPRY1 shRNA were seeded into chamber in-
serts containing an 8-μm pore size membrane 
with a thin layer Matrigel matrix, with 500 μl 
serum-free Dulbecco’s Modified Eagle Me-
dium (DMEM). The bottom of the well was 
filled with 700 μl DMEM medium with 20% fe-
tal bovine serum (FBS). 48 h later, cells invad-
ed to the lower surface of the membrane were 
fixed, while the non-invading cells on the upper 
surface were removed. The invaded cells were 
stained with 0.1% crystal violet and the number 
was then determined for 3 independent fields 
under a microscope.

Statistical Analysis 
Data were presented as means and standard de-

viations (SDs). All analyses were performed with 
SPSS software package (Version 19.0, Armonk, 
NY, USA). Independent t-tests were used to com-
pare the differences between two groups. One-
way ANOVA with Bonferroni post-hoc test was 
performed to compare the differences between 
three or more groups. p<0.05 was considered sta-
tistically significant.

Results 

IGFBP2 is Upregulated in GBM and its 
Upregulation is Associated with Poor 
OS and PFS

Data mining in FireBrowse showed that IG-
FBP2 is significantly upregulated in GBM tis-
sues than in normal brain tissues (Figure 1A). 
Previous studies reported that IGFBP2 upregula-
tion is associated with aggressive phenotypes of 
GBM10,12. To investigate the prognostic value of 
IGFBP2 in GBM, we further assessed the associ-
ation between IGFBP2 expression and OS/PFS in 
TCGA-GBM. Results of the log-rank test showed 
that high IGFBP2 expression is associated with 
poor OS (p=0.019, Figure 1B) and also poor PFS 
among patients (p=0.04, Figure 1C). 

IDH1 Mutation and CIMP are Associated 
with IGFBP2 Suppression in GBM

By data mining using the UCSC Xena, we 
generated a comparable heat map indicating the 
association among IGFBP2 expression, IDH1 
mutation and CIMP in TCGA-GBM (Figure 2A). 
The results showed that CIMP is associated with 
a higher level of IGFBP2 DNA methylation and 
also suppressed IGFBP2 expression (Figure 2A). 
The correlation between CIMP and IDH1 muta-
tion was also confirmed in the heat map (Figure 
2A). IGFBP2 expression is significantly high-
er in non-Glioma-CIMP (non-G-CIMP) than in 
G-CIMP group (Figure 2B). Kaplan Meier curves 
indicated that the G-CIMP group has significantly 
better OS than the non-G-CIMP group (p<0.001, 
Figure 2C). 

SPRY1 is Co-upregulated with IGFBP2 
in GBM

IGFBP2 co-upregulated genes (Pearson’s 
r≥0.5) in TCGA-GBM were identified (Figure 
3A). PPI network did not identify any known in-
teractions between IGFBP2 and its co-upregu-
lated genes (Figure 3B). In the PPI network, we 
found that SPRY1 is co-upregulated with IGFBP2 
(Pearson’s r=0.51, Figure 3C-D).

IGFBP2 Induces SPRY1 Expression via  
NF-κB Pathway in GBM Cells

Data mining in FireBrowse showed that 
SPRY1 is significantly upregulated in GBM tis-
sues than in normal brain tissues (Figure 4A). 
IHC staining images obtained from the Human 
Protein Atlas revealed that SPRY1 expression is 
not detectable in glial cells and neuronal cells 
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in normal brain tissues (Figure 4B). However, 
the GBM tissue had moderate SPRY1 staining, 
which is expressed in both cytoplasm and mem-
brane (Figure 4B). Then, U87 cells were infect-
ed with lentiviral IGFBP2 expression particles 
or the negative control, while U251 cells were 
infected with lentiviral IGFBP2 shRNA or the 
negative control (Figure 4C). IGFBP2 overex-
pression significantly increased SPRY1 expres-
sion (Figure 4D-E), while IGFBP2 knockdown 
significantly reduced SPRY1 expression (Fig-
ure 4D-E). SPRY1 expression can be activated 
by NF-κB signaling in multiple types of can-
cer23,24. In U87 cells, enforced IGFBP2 expres-
sion increased the expression of p-p65 and nu-
clear p65 (Figure 4E). In U251 cells, IGFBP2 
knockdown reduced the expression of p-p65 

and nuclear p65 (Figure 4E). These findings 
suggest that IGFBP2 can activate NF-κB sig-
naling pathway in GBM cells. 

SPRY1 Knockdown Partly Reverses EMT 
in GBM Cells 

SPRY1 has a regulative effect on EMT in tri-
ple negative breast cancer25. In this study, we 
further investigated whether SPRY1 modulates 
EMT in GBM cells. U251 cells were firstly in-
fected with SPRY1 shRNA (Figure 5A). SPRY1 
knockdown significantly reduced the expres-
sion of mesenchymal markers including N-cad-
herin, Vimentin, Snail and Twist1 (Figure 5A). 
Following transwell assay showed that SPRY1 
knockdown impaired invasiveness of U251 
cells (Figure 5B). 

Figure 1. IGFBP2 is upregulated in GBM and its upregulation is associated with poor OS and PFS. A, IGFBP2 mRNA 
expression in some solid tumors and in corresponding normal tissues. Data mining was performed using FireBrowse. B-C, 
Kaplan-Meier curves of OS (B) and PFS (C) in patients with high or low IGFBP2 expression. The analysis was performed using 
R2 with data in TCGA-GBM. Survival curves were generated by setting median IGFBP2 expression as the cut-off.
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Figure 2. IDH1 mutation and CpG island methylation phenotype (CIMP) are associated with IGFBP2 suppression in GBM. 
A, Heat map of CIMP, IGFBP2 expression, IGFBP2 DNA methylation, and IDH1 mutation in TCGA-GBM. B, Box plots of 
IGFBP2 expression in non-G-CIMP and G-CIMP groups. C, Kaplan-Meier curves of OS in non-G-CIMP and G-CIMP pa-
tients. Data analysis was performed using the Xena Browser. 

Figure 3. IGFBP2 is co-upregulated with SPRY1 in GBM. A, The genes co-upregulated with IGFBP2 in TCGA-GBM (Pear-
son’s r >0.5). The analysis was performed using the cBioPortal for Cancer Genomics. B, Protein-Protein Interaction (PPI) 
network among IGFBP2 and its co-upregulated genes. C-D, Heap map and regression analysis of the correlation between 
IHFBP2 and SPRY1 in TCGA-GBM.
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Discussion 

In this study, by analysis of data in TCGA-GBM, 
we confirmed significantly upregulated IGFBP2 
in GBM tissues than in normal tissues. In addition, 
we also observed that high IGFBP2 expression is 
associated with poor OS and poor PFS among 
the patients. However, the mechanism of IGFBP2 
dysregulation in GBM is largely unknown. IDH1 
mutation is the molecular basis of CIMP and both 
phenotypes are favorable prognostic biomarkers 
in patients with GBM26. In fact, CIMP is closely 
related to hypermethylation of a vast number of 
genes27. Therefore, we tried to investigate whether 
the expression of IGFBP2 is related to CIMP in 
GBM. Results of the bioinformatics analysis indi-
cated that CIMP is associated with a higher lev-
el of IGFBP2 DNA methylation and suppressed 
IGFBP2 expression. These findings suggest that 
hypomethylation might be an important mech-

anism of aberrant IGFBP2 expression in GBM 
patients. Previous researches indicate that IG-
FBP2 can enhance GBM invasion by activating 
invasion-enhancing genes, including MMP28 and 
ADAMTS111. In fact, besides binding with IGF, 
IGFBP2 can also interact with many different li-
gands, thereby modulating several signaling path-
ways. For example, IGFBP2 can bind with integ-
rins12 and NF-κB28 and can also potentiate nuclear 
EGFR-STAT3 signaling7, thereby activating the 
corresponding downstream genes. To further ex-
plore the downstream regulation of IGFBP2, we 
identified its co-expressed genes in TCGA-GBM. 
By performing PPI network analysis, we found 
that the mechanisms underlying their association 
are largely unknown. In the network, we observed 
that SPRY1 is significantly co-upregulated with 
IGFBP2. SPRY1 activation in some tissues is NF-
κB dependent23,24. Inhibition of NF-κB activation 
can decrease SPRY1 expression23. Therefore, we 

Figure 4. IGFBP2 induces SPRY1 expression via NF-κB pathway in GBM cells. A, SPR1 mRNA expression in some solid 
tumors and in corresponding normal tissues. Data mining was performed using FireBrowse. B, IHC staining of SPRY1 expres-
sion in normal cerebral cortex and GBM tissues. Images were obtained from the Human Protein Atlas (http://www.proteinat-
las.org/search/SPRY1). C-D, QRT-PCR analysis of IGFBP2 (C) and SPRY1 (D) mRNA expression in U87 36 h after infection 
of IGFBP2 expression particles or the negative control or in U251 cells 36 h after infection of IGFBP2 shRNA or the negative 
control. E, Western blot analysis of IGFBP2, p-p65, total p65, nuclear p65 and Sprouty 1 expression in U87 and U251 cells 48 
h after indicated infection in Figure C. **, p<0.01.
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suggested that IGFBP2 might induce SPRY1 ex-
pression via activating NF-κB signaling pathway. 
By using GBM U87 and U251 cells, we found that 
IGFBP2 overexpression increased the expression 
of p-p65 and nuclear p65, while IGFBP2 knock-
down reduced the expression of p-p65 and nuclear 
p65. These findings have confirmed that IGFBP2 
can activate NF-κB signaling pathway in GBM 
cells. In combination with previous investiga-
tions, we infer that IGFBP2 can induce SPRY1 
expression via NF-κB signaling pathway in GBM 
cells. Previous studies reported that SPRY1 can 
inhibit neural differentiation in mouse embryonic 
stem cells, while SPRY1 inhibition can promote 
neural differentiation of mouse embryonic stem 
cells29. In addition, SPRY1, together with SPRY2, 
act as negative feedback regulators of FGF sig-
naling, thereby inhibiting neurogenesis and pro-
genitor cells maturation30. These findings suggest 
that SPRY1 is an essential gene maintaining stem 
cell properties of neural progenitor cells. In tri-
ple negative breast cancer cell line MDA-MB-231 
cells, SPRY1 knockdown increased epithelial 
phenotype of the cells and reduced cell migra-
tion, Matrigel invasion, and anchorage-dependent 
and -independent growth25. In addition, SPRY1 
knockdown also resulted in suppressed Snail and 
Slug expression25, suggesting that SPRY1 plays a 
key role in mesenchymal phenotypes of the can-
cer cells. In U251 cells, we confirmed that SPRY1 
knockdown significantly reduced the expression 

of mesenchymal markers including N-cadherin, 
Vimentin, Snail and Twist1 and impaired their in-
vasion capability. Therefore, we infer that SPRY1 
upregulation might be an important mechanism 
in the maintenance of mesenchymal phenotypes 
of GBM cells. 

Conclusions

IGFBP2 can induce SPRY1 expression via NF-
κB signaling pathway in GBM cells. SPRY1 up-
regulation might be an important mechanism in 
the maintenance of mesenchymal phenotypes of 
GBM cells. 
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