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Insulin-like growth factor II mRNA binding protein 3  
regulates proliferation, invasion and migration of  
neuroendocrine cancer cells
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Abstract: This study aimed to investigate the role of insulin-like growth factor II mRNA binding protein 3 (IMP3) in 
neuroendocrine tumor (NET). Mouse NET STC-1 cell line was chosen as the experimental model and three IMP3-
targeting siRNAs and a non-specific scramble siRNA were transfected into STC-1 cells. The efficiency of IMP3 siRNA 
to knockdown IMP3 was evaluated by immunocytochemical staining. Cell proliferation was detected by MTT as-
say. Cell migration and invasion was analyzed with Transwell chamber assay. Protein expression was detected by 
Western blot analysis. We found that IMP3 silencing inhibited the proliferation of STC-1 cells potentially by down-
regulating the expression of cell proliferation associated proteins EGFR and Ki67. Furthermore, IMP3 silencing 
inhibited the migration and invasion of STC-1 cells potentially by downregulating the expression of metastasis as-
sociated proteins IGF1R, MMP2 and MMP9. In conclusion, this study provides the first evidence that IMP3 plays an 
oncogenic role in Net and is a promising therapeutic target for NET.

Keywords: IMP3, neuroendocrine tumor, STC-1

Introduction

Neuroendocrine tumor (NET) is a relatively  
rare tumor arising from diffuse neuroendocrine 
system. NET has a low incidence, accounting 
for only 2% of all gastroenteropancreatic malig-
nancies [1, 2]. Due to technological advances 
in the diagnosis, such as pathological diagno-
sis and classification, tumor imaging tech-
niques with endoscopic ultrasound and soma-
tostatin receptor fusing imaging, the incidence 
of NEN has gradually increased in the last  
three decades [3-5]. The incidence of gast- 
roenteropancreatic neuroendocrine neoplasm 
(GEP-NEN) was increased by 380%, rising to 
5.25/10 million from 1.09/100,000 between 
1973 and 2004 in USA [6]. The clinical treat-
ment option is still surgical resection, and tar-
geted chemotherapy, radiotherapy, interven-
tional therapy and biological target therapy are 
under developing.

Currently, the pathogenesis of GEP-NEN is 
poorly understood. Further study on the factors 
related to the occurrence, development, pro- 
liferation and invasion of GEP-NEN is important 

to identify molecular targets for prevention  
and therapy of GEP-NEN. Insulin-like growth 
factor II mRNA binding protein3 (IMP3), a newly 
identified mRNA binding protein, is a kind of 
carcinoembryonic protein. Recent studies have 
shown that IMP3 is expressed in many malig-
nancies, and its expression is closely associat-
ed with the expression of tumor-associated 
molecules (ki67 and P53) and clinic pathologi-
cal features and postoperative tumor recur-
rence and metastasis [7, 8]. However, the role 
of IMP3 in GEP-NEN remains elusive. In this 
study we aimed to investigate the role of IMP3 
genes in neuroendocrine tumor using loss-of-
function approach. NET cell line STC-1 was 
transfected with IMP3-targeting small interfer-
ing RNA (siRNA) to examine the effects of IMP3 
knockdown on the proliferation and invasion of 
NET cells.

Materials and methods

Cell culture and transfection

Murine small intestinal NET cell line STC-1  
was purchased from American Typical Cell 
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Collection (USA), and cultured in RPMI 1640 
medium containing 1% non-essential amino 
acids and 10% fetal bovine serum (FBS) at 
37°C with 5% CO2. IMP3-siRNA and negative 
control NS-siRNA were synthesized in RiboBio 
Co. Ltd (Guangzhou, China). Cells were trans-
fected with siRNAs using RiboFECTTM CP 
Reagent (RiboBio Co. Ltd). After transfection, 
cells were divided into three groups: transfect-
ed with IMP3-SiRNA (IMP3-siRNA group), trans-
fected with NS-siRNA (NS-siRNA group) and 
blank control group without any siRNA transfec-
tion (Con group).

RT-PCR analysis

Total RNA was extracted from the cells using 
TRIzol reagent (Invitrogen, USA) following the 
manufacturer’s protocol, and subjected to 
reverse transcription for synthesis of cDNA. 
The primers were as follows: IMP3 upstream: 5’- 
GATGTCCTATTTCTTGCCTTCTCTA-3’, and down-
stream: 5’-GTTTCTCCTTCCTACTCTCCTGTTC-3’; 
GAPDH upstream: 5’-CGCTGAGTACGTCGTGGA- 
GTC-3’ and downstream: 5’-GCTGATGATCTT- 
GAGGCTGTTGTC-3’. PCR reaction was initiated 
with a cycle of 95°C for 30 s, followed by 40 
cycles consisting of 95°C for 5 s and 72°C for 
20 s. The relative mRNA expression of target 
genes was calculated using 2-ΔΔCt method. Each 
experiment was replicated for three times.

Western blot analysis 

Total protein was extracted from the cells for 
quantification, and polyacrylamide gel electro-
phoresis was used to separate proteins in the 
lysates. The proteins were transferred to polyvi-
nylidene fluoride membranes, blocked in skim 
milk solution for 1 h, and incubated with anti-
body for IMP3, IGF1R, MMP2, MMP9, ki67, p27, 
CyclinDl, EGFR or GAPDH antibody (ImmunoWay 
Biotech, USA) overnight. The blots were washed, 
incubated with horseradish peroxidase-cou-
pled secondary antibody, and developed using 
enhanced chemiluminescence kit. GAPDH se- 
rved as an internal reference. The automated 
electrophoresis gel image analyzer was used  
to calculate relative protein expression. Each 
experiment was performed three times.

Immunocytochemical analysis

After being trypsinized, cells from IMP3-siRNA 
group, NS-SiRNA group and CON group were 

seeded in 6-well plates on 5 mm × 5 mm cover-
slips. When cells adhering to coverslips grew to 
70% confluency at 37°C in 5% CO2, they were 
washed with phosphate-buffered saline (PBS; 
20 mM NaH2PO4, 80 mM Na2HPO4, 65 mM 
NaCl, pH 7.4), and fixed in 4% paraformalde-
hyde for 30 min. Cells were washed with PBS 
and incubated with IMP3 antibody overnight  
at 4°C. Cells were then washed with PBS and 
incubated with the appropriate secondary  
antibodies for 1 h at room temperature. Finally, 
cells were incubated with diaminobenzidine 
and observed under microscope.

Cell proliferation assay

STC-1 cells in each group were cultured in 
96-well plates for 0 h, 12 h, 24 h, 36 h and 48 
h, then the medium was discarded and the 
cells were incubated with 20 μl MTT (5 mg/mL) 
at 37°C for 4 h, then 150 μL dimethyl sulfoxide 
was added to each well and the plates were 
incubated at room temperature for 10 min. 
Absorbance value (OD) at 490 nm wavelength 
was measured with a microplate reader. Six 
replicate wells were made in each group to 
obtain the average OD value.

Migration and invasion assays

Migration and invasion assays were performed 
as described previously [9]. For migration 
assay, STC-1 cells were cultured in serum-free 
medium for 6 h, and then 0.5 m1 cell suspen-
sion (1 × 105 cells/ml) were seeded in the upper 
Transwell chamber. The lower chamber was 
added with 1640 medium supplemented with 
10% FBS. The cells were incubated at 37°C for 
24 h. Cells that did not penetrate to the lower 
chamber were carefully wiped with cot- 
ton swabs, and the number of cells in each 
visual field in the lower chamber was counted 
and averaged. For invasion assay, Transwell 
chambers were added with 100 μl pre-diluted 
Matrigel gel and incubated at 37°C for 30 min. 
The prepared chambers were sterilized with 
ultraviolet radiation for 2 h for full polymeriza-
tion of Matrigel. 200 μl cell suspension in each 
group were seeded in the upper chamber. The 
lower chamber was added with RPMI 1640 
supplemented with 10% FBS. The cells were 
incubated at 37°C for 24 h. A cotton swab was 
used to wipe Matrigel gel and cells on the sur-
face of the chamber. The membranes were 
fixed with methanol for 10 min. After crystal  
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Figure 1. IMP3-siRNA inhibited the expression of IMP3 in STC-1 cells. A. STC-1 cells were transfected with the in-
dicated siRNAs, 24 h later IMP3 mRNA expression levels were detected by PCR. B. Quantitative analysis of IMP3 
mRNA levels relative to GAPDH (n=3). C. STC-1 cells were transfected with the indicated siRNAs, 24 h later IMP3 
protein expression levels were detected by Western blot analysis. D. Quantitative analysis of IMP3 protein levels 
relative to GAPDH (n=3). *P<0.05 versus control (untransfected).

violet staining; the number of cells in five vi- 
sual fields of the membranes were counted  
and averaged.

Statistical analysis

SPSS16.0 software was used for statistical 
analysis. The data were tested with normality 
and homogeneity of variance test. One-Way-
ANOVA method was used for comparison, and 
Mann-Whitney U test was performed to an- 
alyze non-normal variables. Unpaired t-test  
was applied to normally distributed variables. 
P<0.05 was considered statistically signi- 
ficant.

Results

Knockdown of IMP3 in STC-1 cells

STC-1 cells were transfected with three spe- 
cific IMP3-siRNAs. qRT-PCR and Western blot 
analysis showed that compared with the Con 
group and NS-siRNA group, IMP3-siRNA-1, 
IMP3-siRNA-2 and IMP3-siRNA-3 reduced IMP3 
mRNA and protein levels significantly (Figure 
1). Among the three IMP3-siRNAs, IMP3-siRNA-
1showed the highest silencing efficiency 
(Figure 1). Therefore, we used IMP3-siRNA-1 
for the following experiments.

Immunocytochemistry of IMP3 expression in 
three cell lines from IMP3-siRNA-1 group, Con 
group and NS-siRNA group revealed that IMP3-
siRNA-1 significantly inhibited IMP3 expression 
(Figure 2).

IMP3 knockdown inhibited the proliferation of 
STC-1 cells

MTT assay demonstrated that cell prolife- 
ration was decreased significantly in IMP3-
siRNA-1 group compared to CON group and 
NS-siRNA group (P<0.05) (Figure 3A). Further- 
more, we detected cell proliferation related  
proteins and found that EGFR and Ki67 protein 
expression levels were significantly reduced 
while CyclinD1 and p27 protein expression  
levels showed no obvious change in IMP3-
siRNA-1 group compared to CON group and 
NS-siRNA group (Figure 3B, 3C).

IMP3 knockdown inhibited the migration and 
invasion of STC-1 cells

Transwell cell migration and invasion assay 
showed that cell migration and invasion ability 
was decreased in IMP3-siRNA-1 group, com-
pared with NS-siRNA group and Con group 
(P<0.05) (Figure 4). Compared with Con group, 
cell migration and invasion in NS-siRNA group 
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Figure 2. Immunocytochemical staining of IMP3 in STC-1 cells. A: NS-siRNA; B: Con; C: IMP3-siRNA-1. Scale bar: 20 
μm.

showed no significant difference (Figure 4). 
Furthermore, we detected cell invasion related 
proteins and found that IGF1R, MMP2, and 
MMP9 protein expression levels were signifi-
cantly reduced compared to CON group and 
NS-siRNA group (Figure 5A, 5B).

Discussion

IMP3 is one member of IMPs (IMP1, IMP2 and 
IMP3) in mRNA binding protein family, its gene 

is located in the 2nd sub-band of the first band 
in zone 1 on short arm of human chromosome 
7, which belongs to KOC (Khomology domain 
containing protein overexpressed in cancer) 
gene [10]. IMP3 is currently recognized as a 
carcinoembryonic protein with high expression 
in various malignancies, including uterine can-
cer and pancreatic cancer. In addition, IMP3 
expression is associated with tumor progres-
sion, indicating the important role of IMP3 in 

Figure 3. IMP3-siRNA inhibited the 
proliferation of STC-1 cells. A. MTT 
assay of cell proliferation. B. STC-1 
cells were transfected with the in-
dicated siRNAs, 24 h later protein 
expression levels were detected 
by Western blot analysis. C. Quan-
titative analysis of protein levels 
relative to GAPDH (n=3). *P<0.05 
versus control (untransfected).
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Figure 4. IMP3-siRNA inhibited the migration and invasion of STC-1 cells. Magnification: 200 ×.

Figure 5. IMP3-siRNA regulated the ex-
pression of migration and invasion relat-
ed proteins in STC-1 cells. A. STC-1 cells 
were transfected with the indicated siR-
NAs, 24 h later protein expression levels 
were detected by Western blot analysis. 
B. Quantitative analysis of protein levels 
relative to GAPDH (n=3). *P<0.05 ver-
sus control (untransfected).

tumor invasion and metastasis [11-
14]. In present study, we confirmed 
that silencing STC-1 effectively in- 
hibited the proliferation, invasion 
and migration of NET cells.

siRNA technology is an effective 
approach to investigate the function 
of gene [15]. Using specific siRNA 
targeting IMP3, we depleted IMP3 
expression at mRNA and protein lev-
els in STC-1 cells. To explore the role 
of IMP3 in NET, MTT assay was per-
formed to examine the effect of 
IMP3 knockdown on the prolifera-
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tion of STC-1 cells. The results revealed that  
the inhibition of IMP3expression suppressed 
the proliferation of STC-1 cells. Next we ex- 
plored molecular mechanisms and confirmed 
that IMP3 silencing downregulated the ex- 
pression of Ki67 and EGFR. Ki67, an indicator 
of cell proliferation, is an antigen of non-histone 
nuclear protein present in the nuclear matrix of 
the proliferating cells. Ki67 level is highly cor-
related with the progression, metastasis and 
prognosis of malignancies [16, 17]. EGFR can 
regulate cell mitosis and proliferation. Previous 
study reported that IMP3 indirectly regulated 
EGFR signaling pathway, thereby promoting the 
occurrence and development of breast can- 
cer [18].

Moreover, we conducted Transwell assay to 
examine migration and invasion ability of NET 
cells after IMP3 knockdown. The results dem-
onstrated that the numbers of cells migrated 
and invaded across the membrane were signi- 
ficantly lower in IMP3-siRNA group than in con-
trol group. These data suggest that migration 
and invasion ability of NET cells was markedly 
reduced after IMP3 knockdown. We further 
investigated molecular mechanism underlying 
the changes in invasion and metastasis of  
NET cells. Insulin-like growth factor 1 receptor 
(IGFlR), a transmembrane receptor, is a mem-
ber of insulin-like growth factor system (IGFs) 
family [19]. IGF1R may promote metastasis of 
tumor cells mainly by upregulating the expres-
sion levels of metalloproteinases (MMP) and 
urokinase-type plasminogen activator (uPA) 
and accelerating the degradation of extracel- 
lular matrix [20]. As expected, IMP3 knock- 
down led to significantly reduced protein ex- 
pression levels of IGF1R, MMP2, and MMP9, 
which may contribute to the inhibition of NET 
cell migration and invasion.

In summary, our data demonstrated that the 
depletion of IMP3 expression in NET cells inhib-
ited cell proliferation, migration and invasion, 
and this is related to the downregulation of 
EGFR, Ki67, IGF1R, MMP9 and MMP2 expres-
sion. Therefore, IMP3 is a promising therapeu-
tic target for NET.

Acknowledgements

This study was supported by National Natural 
Science Foundation of China (No. 81072033 
and 81372580); Natural Science Foundation  

of Hebei Province (No. C2010000619); and  
Key Medical Research Program of Hebei (No. 
20160620).

Disclosure of conflict of interest

None.

Address correspondence to: Yong Li, Department  
of General Surgery, The Fourth Hospital of Hebei 
Medical University, 12 Jiankang Road, Shijia- 
zhuang 050011, Hebei Province, China. E-mail: li_
yong_hbth@126.com

References

[1] Pape UF, Berndt U, Müller-Nordhorn J, Böhmig 
M, Roll S, Koch M, Willich SN, Wiedenmann B. 
Prognostic factors of long-term outcome in 
gastroenteropancreatic neuroendocrine tu-
mours. Endocr Relat Cancer 2008; 15: 1083-
1097.

[2] Garcia-Carbonero R, Capdevila J, Crespo-
Herrero G, Díaz-Pérez JA, Martínez Del Prado 
MP, Alonso Orduña V, Sevilla-García I, 
Villabona-Artero C, Beguiristain-Gómez A, 
Llanos-Muñoz M, Marazuela M, Alvarez-Escola 
C, Castellano D, Vilar E, Jiménez-Fonseca P, 
Teulé A, Sastre-Valera J, Benavent-Viñuelas M, 
Monleon A, Salazar R. Incidence patterns of 
care and prognostic factors for outcome of 
gastroenteropancreatic neuroendocrine tu-
mors (GEP-NETs): results from the National 
Cancer Registry of Spain (RGETNE). Ann Oncol 
2010; 21: 1794-1803. 

[3] Nielsen J, Christiansen J, Lykke-Andersen J, 
Johnsen AH, Wewer UM, Nielsen FC. A family of 
insulin-like growth factor II mRNA-binding pro-
teins represses translation in late develop-
ment. Mol Cell Biol 1999; 19: 1262-1270.

[4] Mueller-Pillasch F, Pohl B, Wilda M, Lacher U, 
Beil M, Wallrapp C, Hameister H, Knöchel W, 
Adler G, Gress TM. Expression of the highly 
conserved RNA binding protein KOC in embryo-
genesis. Mech Dev 1999; 88: 95-99.

[5] Vikesaa J, Hansen TV, Jønson L, Borup R, 
Wewer UM, Christiansen J, Nielsen FC. RNA-
binding IMPs promote cell adhesion and inva-
dopodia formation. EMBO J 2006; 25: 1456-
1468.

[6] Suvasini R, Shruti B, Thota B, Shinde SV, 
Friedmann-Morvinski D, Nawaz Z, Prasanna 
KV, Thennarasu K, Hegde AS, Arivazhagan A, 
Chandramouli BA, Santosh V, Somasundaram 
K. Insulin growth factor-2 binding protein 3 
(IGF2BP3) is a glioblastoma-specific marker 
that activates phosphatidylinositol 3-kinase/
mitogen-activated protein kinase (PI3K/MAPK) 



IMP3 and neuroendocrine cancer

10275 Int J Clin Exp Pathol 2017;10(10):10269-10275

pathways by modulating IGF-2. J Biol Chem 
2011; 286: 25882-25890.

[7] Delektorskaia VV, Kushliskiĭ NE. Neuroen- 
docrine tumors of digestive system: morpho-
logic spectrum and cell proliferation (Ki67 in-
dex). Vestn Ross Akad Med Nauk 2013; 28-37. 

[8] Briest F, Grabowski P. The p53 network as ther-
apeutic target in gastroenteropancreatic neu-
roendocrine neoplasms. Cancer Treat Rev 
2015; 41: 423-430.

[9] Huang Y, Zhao M, Xu H, Wang K, Fu Z, Jiang Y, 
Yao Z. RASAL2 down-regulation in ovarian can-
cer promotes epithelial-mesenchymal transi-
tion and metastasis. Oncotarget 2014; 5: 
6734-6745.

[10] Wächter K, Köhn M, Stöhr N, Hüttelmaier S. 
Subcellular localization and RNP formation of 
IGF2BPs (IGF2 mRNA-binding proteins) is mod-
ulated by distinct RNA-binding domains. Biol 
Chem 2013; 394: 1077-1090.

[11] Wang L, Li HG, Xia ZS, Lü J, Peng TS. IMP3 is a 
novel biomarker to predict metastasis and 
prognosis of gastric adenocarcinoma: a retro-
spective study. Chin Med J 2010; 123: 3554-
3558. 

[12] Li HG, Han JJ, Huang ZQ, Wang L, Chen WL, 
Shen XM. IMP3 is a novel biomarker to predict 
metastasis and prognosis of tongue squamous 
cell carcinoma. J Craniofac Surg 2011; 22: 
2022-2025. 

[13] Beljan Perak R, Durdov MG, Capkun V, Ivcevic 
V, Pavlovic A, Soljic V, Peric M. IMP3 can pre-
dict aggressive behaviour of lung adenocarci-
noma. Diagn Pathol 2012; 7: 165.

[14] Lu D, Yang X, Jiang NY, Woda BA, Liu Q, Dresser 
K, Mercurio AM, Rock KL, Jiang Z. IMP3, a new 
biomarker to predict progression of cervical 
intraepithelial neoplasia into invasive cancer. 
Am J Surg Pathol 2011; 35: 1638-1645.

[15] Amarzguioui M, Rossi JJ, Kim D. Approaches 
for chemically synthesized siRNA and vector-
mediated RNAi. FEBS Lett 2005; 579: 5974-
5981.

[16] Salama A, Badawy O, Mokhtar N. Ki-67 is a 
powerful tool for grading neuroendocrine tu-
mors among Egyptian patients: a 10-year expe-
rience. J Cancer Res Clin Oncol 2014; 140: 
653-661. 

[17] Niederle MB, Hackl M, Kaserer K, Niederle B. 
Gastroenteropancreatic neuroendocrine tu-
mours: the current incidence and staging 
based on the WHO and European Neuroen- 
docrine Tumour Society classification: an anal-
ysis based on prospectively collected parame-
ters. Endocr Relat Cancer 2010; 17: 909-918.

[18] Samanta S, Sharma VM, Khan A, Mercurio AM. 
Regulation of IMP3 by EGFR signaling and re-
pression by ERβ: implications for triple-nega-
tive breast cancer. Oncogene 2012; 31: 4689-
4697.

[19] Höpfner M, Baradari V, Huether A, Schöfl C, 
Scherübl H. The insulin-like growth factor re-
ceptor 1 is a promising target for novel treat-
ment approaches in neuroendocrine gastroin-
testinal tumours. Endocr Relat Cancer 2006; 
13: 135-149.

[20] Singh P, Alex JM, Bast F. Insulin receptor (IR) 
and insulin-like growth factor receptor 1 (IGF-
1R) signaling systems: novel treatment strate-
gies for cancer. Med Oncol 2014; 31: 805.


