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Abstract. The aim of the present study was to investigate 
the expression and clinical significance of oncofetal protein 
insulin-like growth factor (IGF) II mRNA-binding protein 
3 (IMP3) in the differentiation of gastroenteropancreatic 
neuroendocrine neoplasm (GEP-NEN). A total of 162 patients 
who were diagnosed with GEP-NEN, and who underwent 
surgical or endoscopic resection from January 2006 to March 
2013, were enrolled in the study, including 85 cases of grade 
(G)1 neuroendocrine tumors, 40 cases of G2 neuroendocrine 
tumors, 28 cases of G3 neuroendocrine carcinomas and 9 cases 
of mixed stage adenoneuroendocrine carcinomas. The clinical 
and pathological data were recorded for analysis. The expres-
sion of IMP3, cluster of differentiation (CD)44, IGF1 receptor 
(IGF1R) and matrix metalloproteinase (MMP)2 was deter-
mined by immunohistochemistry. SPSS 13.0 software was 
used for data processing and analyses, and P<0.05 was used 
to determine significance. Oncofetal protein IMP3 exhibited 
a high expression rate (74.69%) in GEP-NEN. IMP3-positive 
cases demonstrated significantly decreased overall and 
disease-free survival times, as compared with IMP3-negative 
cases (P=0.012). Overexpression of IMP3 was correlated with 
tumor grade, clinical stage, tumor size and poor prognosis 
(all P<0.05). Therefore, patients with overexpressed IMP3 
had a poorer prognosis (P<0.01); COX regression analysis 
revealed that the overexpression of IMP3, the tumor grade, 
tumor size and metastasis of GEP-NEN were each associated 
with the clinical outcomes. The results also indicated that the 
expression rates of CD44, IGF1R and MMP2 in GEP-NEN 
were 19.75, 53.7 and 55.56%, respectively. While it was 
negatively associated with the expression of CD44 (r=-0.131; 
P=0.096), the expression of IMP3 was positively correlated 

with the expression of IGF1R and MMP2 (r=0.288, P<0.01; 
r=0.208, P=0.008). In addition, the expression levels of IGF1R 
and MMP2 were positively associated (r=0.687; P<0.01). In 
conclusion, high IMP3 expression levels were determined 
to be associated with a high disease stage in patients with 
GEP-NEN, thus it may serve as a predictor for metastasis and 
poor clinical outcomes in GEP-NEN.

Introduction

The incidence of gastroenteropancreatic neuroendocrine 
neoplasms (GEP-NENs) has increased over the last few 
decades (1,2). The clinical course of the disease is almost 
indolent (3). Although ≤2/3 of patients are diagnosed with 
GEP‑NEN and distant metastases, the five‑year survival rate 
exceeds 60% (4). For this reason, the incidence of GEP-NEN 
is higher than that of pancreatic, gastric and esophageal 
adenocarcinomas, making it the second most prevalent type 
of cancer of the gastrointestinal (GI) tract (5). Early detection 
and subsequent effective therapy may improve the prognosis 
of GEP-NEN.

Insulin-like growth factor (IGF) II mRNA-binding protein 
3 (IMP3) is a member of the IMP family, which consists of 
IMP1, IMP2 and IMP3 (6). IMPs bind to and influence the 
transportation, localization and stability of target mRNA, 
particularly during the early stages of human and mouse 
embryogenesis (7). IMP3 is located on chromosome 7p11.5 
and encodes a 4,350 bp mRNA (8). IMP3 is expressed in the 
developing epithelium, muscle and placenta during the early 
stages of human and mouse embryogenesis, and low or unde-
tectable levels of IMP3 are present in adult tissues (9). IMP3 
has been demonstrated to be overexpressed in gastric cancer, 
colon cancer and adenocarcinoma of the lung (10-12). The 
expression of IMP3 was identified to correlate with aggressive 
tumor progression, suggesting that IMP3 may have a role in 
tumor invasion and metastasis.

Previous studies reported that the oncogenic effects of 
are mediated through IGF-II, an mRNA that is activated 
by IMP3 (13,14). IGF2 ligands activate a common receptor, 
the IGF1 receptor (IGF1R), which signals mitogenic, 
anti-apoptotic and transforming activities (15). The IGF1R is a 
cell-surface tyrosine kinase receptor coupled to several intra-
cellular secondary messenger signaling pathways, including 
the rat sarcoma/rapidly accelerated fibrosarcoma/mitogen 
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activated protein kinase and the phosphatidylinositol-3 
kinase/protein kinase B signaling cascades (16). The IGF1R 
is vital for cell survival, as illustrated by the development of a 
malignant phenotype in which the IGF1R gene is disrupted in 
mice (17). A recent study reported that deletion of the mouse 
IMP3 gene, leads to cluster of differentiation (CD) 44 mRNA 
downregulation (18). CD44 is a cell adhesion molecule that is 
able to promote the degradation of type IV collagen fibers and 
combine with the cytoskeletal protein Ezrin/radixin/moesin; 
the downregulation of CD44 may reduce the adhesion between 
the cell and the matrix (18).

To date, and to the best of our knowledge, no study into 
the independent prognostic value of IMP3 in GEP-NEN has 
been reported. To determine the involvement of IMP3 in the 
prognosis of GEP-NEN, 162 cases of GEP-NEN were retro-
spectively evaluated by detecting the expression of IMP3 in 
a series of GEP-NENs, in addition to the correlation between 
the invasion-associated proteins matrix metalloproteinase 
(MMP) 2, IGF1R, CD44 and clinical outcomes.

Materials and methods

Patients. The current study enrolled 162 patients with diag-
nosed GEP-NEN, who had undergone endoscopic or surgical 
resection at The Fourth Hospital of Hebei Medical University 
(Shijiazhuang, China) from September 2006 to March 2013. 
The patients had no evidence of any other malignancies, and 
those who had received preoperative chemotherapy or radio-
therapy were excluded. The clinical data on gender, age, depth 
of tumor invasion, location and tumor size were obtained from 
the medical records, and the data on histological differentia-
tion and the extent of lymph node involvement were obtained 
from the pathological reports. The Ethical Committee of The 
Fourth Hospital of Hebei Medical University approved the 
study protocol, and all patients, prior to surgical gastrectomy 
or endoscopic resection, provided written informed consent 
regarding surgical specimens. Immunohistochemical staining 
was performed in order to analyze the expression of IMP3 
in primary GEP-NEN tissues. Follow-up data were recorded 
from all the patients until December 2014. The mean follow-up 
time was 35.15 months and the methods of follow-up included 
telephone calls, e-mail and outpatient visiting.

GEP‑NEN diagnosis and classification. According to the 
recent World Health Organization (WHO) classification (18), 
the tumors were classified as grade (G)1 neuroendocrine 
tumors (G1 NETs), G2 NETs and G3 neuroendocrine carci-
noma, large-cell (G3 NEC-LC) or small-cell (G3 NEC-SC) 
subtypes. Certain features, including the mitotic index, Ki-67 
labeling index, tumor size and the presence of necrosis or 
blood vessel invasion were required for tumor classification 
(Table I) (19).

Immunohistochemical staining. The surgically resected 
tissue samples were formaldehyde-fixed (10%) and 
paraffin‑embedded. The paraffin blocks were cut serially into 
4‑µm thick sections. The sections were deparaffinized with 
xylene and rehydrated in a series of alcohols. The samples 
were incubated at room temperature in 3% H2O2 for 15 min 
to quench any endogenous peroxidase activity, prior to being 

washed with PBS. Citrate buffer (0.01 M, pH 6.0) was used for 
antigen retrieval, and normal goat serum (5%) was used to block 
the samples at room temperature for 30 min to. For antigen 
retrieval, the slides were autoclaved at 110˚C in citrate buffer 
(cat. no. MVS-0066; Fuzhou Maxim Biotech, Ltd., Fujian, 
China) for 2 min, then cooled at room temperature for 10 min 
and washed with PBS twice. The sections were incubated 
overnight at 4˚C with the following primary antibodies: Mouse 
anti-human IMP3 monoclonal antibody (cat. no. YM0374; 
1:200), rabbit anti-human IGF1R (cat. no. YT2282; 1:400), 
anti-MMP2 polyclonal antibody (cat. no. YT2798; 1:100) (all 
ImmunoWay Biotechnology Company, DE, USA) and rabbit 
anti-human CD44 polyclonal antibody (cat. no. ZA-0537; 1:60; 
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, 
China). Following washing in PBS, the sections were incubated 
with a secondary horseradish-peroxidase labelled polymer 
antibody (cat. no. PV8000-D; 1:100; Zhongshan Golden Bridge 
Biotechnology Co., Ltd) at room temperature for 30 min and 
then washed with PBS once more. Subsequently, the sections 
were washed with PBS, stained with diaminobenzidine (DAB) 
and counterstained with hematoxylin. For the negative control, 
the primary antibody was substituted with PBS.

Two pathologists blinded to the patient outcomes indepen-
dently evaluated immunoreactivity. The evaluation was based 
on the staining intensity and the extent of staining. Positive 
staining for IMP3 was defined as a dark brown cytoplasmic 
staining pattern in the tumor cells observed at low-power 
magnification (x10); Tumors were regarded as immune‑posi-
tive if >30% of tumor cells showed immunoreactivity. Samples 
were considered positive for CD44 and IGF1R if brown 
granules appeared in the plasma membrane, and positive for 
MMP2 if brown granules appeared in the cytoplasm. Tumors 
were regarded as immune-positive if >10% of tumor cells 
showed immunoreactivity.

Statistical analysis. The χ2, Wilcoxon signed rank tests and 
Spearman's correlation were used to analyze the data. For the 
analysis of prognosis, the Kaplan-Meier method was employed 
to calculate the survival rate, and the Cox proportional hazards 
regression model was used for multivariate analysis. All data 
were processed using SPSS version 13.0 statistical software 
(SPSS Inc., Chicago, IL, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Clinicopathological features. In total, 162 patients with histo-
logically confirmed sporadic GEP‑NEN were retrospectively 
analyzed. The clinicopathological features are summarized 
in Table I. A total of 91 (56.2%) patients were male and 71 
(43.8%) were female. The mean age at initial diagnosis was 
54.0±12.2 years (range, 19-79 years). Of these, 125 cases were 
NET (G1 and G2), 28 cases were NEC (G3) and 9 cases were 
mixed adenoneuroendocrine carcinomas (MANEC). At least 
one neuroendocrine marker (synaptophysin, chromogranin 
A or CD56) was positive in each tumor. According to the 
European Neuroendocrine Tumor Society and American Joint 
Committee on Cancer tumor-node-metastasis (TNM) staging 
criteria (20). 60 patients (37.0%) were stage I, 21 (13.0%) were 
stage II, 7 (4.3%) were stage III and 30 (18.5%) were stage IV, 
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A total of 19 (42.1%) patients had distant metastases at the time 
of diagnosis, Of these, 17 (17/19, 89.5%) were liver metastases. 
Of the 162 patients, 148 received long-term follow-up from the 

time of diagnosis to February 2015; the median follow-up time 
was 30 months (range, 1-99 months). Kaplan-Meier analysis 
was used to analyze the association between the tumor grade 
and prognosis, and the survival curve is presented in Fig. 1.

Expression of IMP3, IGF1R, MMP2 and CD44 in GEP‑NEN. 
IMP3 was primarily expressed in the cell cytoplasm. The 
overall expression rate of IMP3 was 74.69% in the tumor tissue 
of 162 patients with GEP-NEN. A total of 41 cases (26.31%) 
exhibited negative IMP3 expression. The positive expression 
rate of IMP3 in NEC and MANEC tissues was 91.9% (34/37), 
which was significantly higher than in NET tissues (69.6%; 
87/125; P<0.001). The positive expression rate of IGF1R, 
MMP2 and CD44 in GEP-NEN tissue was 56.79% (92/162), 
53.70% (87/162) and 20.99% (34/162), respectively (Fig. 2).

Association between IMP3 expression and the clinicopatho‑
logical characteristics of GEP‑NEN. There was no correlation 
between the expression of IMP3 and the gender (P=0.150) and 
age (P=0.569) of the patients. The expression of IMP3 was 
correlated with the tumor grade, tumor stage and tumor size; 
IMP3 expression levels increased with increases in tumor 
grade and stage (P=0.039). The positive expression rate of 
IMP3 in NET (G1 and G2) tissues was 69.6% (87/125), which 
was significantly lower compared with that in poorly‑differ-
entiated GEP-NEN samples (91.9%; 34/37; P=0.005). The 
IMP3 expression levels in patients with tumor invasion limited 
to stages T1/T2 (70.6%; 84/121) were significantly lower, as 
compared with in patients with tumor invasion of stages T3/T4 
(86.0%; 37/43; P=0.046). The positive expression rate of IMP3 
in patients with GEP‑NEN and a tumor size ≤2 cm was lower 
than in patients with a tumor size >2 cm (P=0.024). The results 
of immunohistochemical studies into IMP3 expression in 
GEP-NEN tissues are summarized in Table II.

Significance of IMP3 expression in the prognosis of GEP‑NEN. 
Kaplan-Meier analysis was used to analyze the association 
between IMP3 expression and prognosis; the survival curve is 
presented in Fig. 3. The survival rate in patients with positive 
expression of IMP3 was low, as compared with in patients with 

Figure 1. Kaplan-Meier survival curve of patients with gastroenteropancre-
atic neuroendocrine neoplasm with different tumor grade.

Figure 2. Immunohistochemical staining for IMP3, IGF1R, MMP2 and 
CD44 in GEP-NET and GEP-NEC. Positive IMP3 staining in (A) GEP-NET 
and (B) GEP-NEC. Positive IGF1R staining in (C) GEP-NET and (D) 
GEP-NEC. Positive MMP-2 staining in (E) GEP-NET and (F) GEP-NEC. 
Positive CD44 staining in (G) GEP-NET and (H) GEP-NEC. Negative IMP3, 
IGF1R, MMP2 and CD44 staining in (I) GEP-NET and (J) GEP-NEC. 
Magnification, x400. IMP3, insulin‑like growth factor II mRNA‑binding 
protein 3; IGF1R, insulin-like growth factor 1 receptor; MMP2, matrix 
metalloproteinase 2; CD44, cluster of differentiation 33; GEP-NET, gastro-
enteropancreatic neuroendocrine tumor; GEP-NEC, gastroenteropancreatic 
neuroendocrine carcinoma.

Figure 3. Kaplan-Meier survival curves of patients with gastroenteropancre-
atic neuroendocrine neoplasm in association with IMP3 expression.
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negative IMP3 expression (P<0.001). In order to determine the 
independent risk factors affecting the prognosis of GEP-NEN, 
Cox risk regression analysis was performed using six indica-
tors as follows: IMP3 expression, tumor grade, lymphatic 
metastasis, metastasis, tumor size and tumor stage. The results 
demonstrated that positive IMP3 expression, tumor grade and 
tumor stage were all independent risk factors affecting the 
prognosis of patients with GEP-NEN (all Ps<0.05; Table III).

Association between the expression of IMP3 and IGF1R, 
MMP2, and CD44 in GEP‑NEN. Spearman's correlation anal-
ysis demonstrated that IMP3 protein expression was positively 
associated with IGFR1 and MMP2 expression (r=-0.288, 

Table II. Correlation between clinicopathological factors and the expression of IMP3 in GEP-NEN (n=162).

 IMP3
 -------------------------------------------------------
Characteristics Positive Negative Positive rate (%) χ2 P-value

Gender     
  Male 72 19 79.1 2.155 0.150
  Female 49 22 69.0  
Age (years)     
  <60 81 25 66.9 0.482 0.569
  ≥60 40 16 61.0  
Tumor grade     
  G1+G2 87 38 69.6 7.505 0.005a

  G3+M 34   3 91.9  
Tumor stage     
  T1+T2 84 35 70.6 3.993 0.046a

  T3+T4 37   6 86.0  
Lymphatic metastasis     
  Negative 90 35 72.0  
  Positive 31   6 83.8 2.097 0.148
Metastasis     
  Negative 93 36 72.1  
  Positive 28   5 84.8 2.262 0.179
Tumor size     
  <2 cm 88 35 71.5 5.072 0.024a

  ≥2 cm 43   6 87.8  

IMP3, insulin-like growth factor (IGF) II mRNA-binding protein 3; GEP-NEN, gastroenteropancreatic neuroendocrine neoplasm; G, grade; 
M, metastasis.

Table III. Results of the Cox risk analysis model of gastroen-
teropancreatic neuroendocrine neoplasms.

Clinicopathological factor P-value OR 95.0% CI 

Tumor grade 0.006a 0.139 0.034~0.572
Lymphatic metastasis 0.101 0.332 0.089~1.239
Metastasis 0.002a 0.193 0.068~0.551
IMP3 expression 0.019a 0.076 0.009~0.649
Tumor size 0.040a 2.757 1.048~7.250
Tumor stage 0.876 0.790 0.041~15.204

aP<0.05. OR, odds ratio; CI, confidence interval.

Table I. The World Health Organization 2010 classification system of GEP‑NEN.

Grade Lung, thymus GEP-NEN

Low (G1) Carcinoid tumor  Neuroendocrine tumor grade 1
Intermediate (G2) Atypical carcinoid tumor Neuroendocrine tumor grade 2
High (G3) Small cell carcinoma Neuroendocrine carcinoma grade 3, small-cell carcinoma
  Neuroendocrine carcinoma grade 3, large-cell neuroendocrine carcinoma
  Large cell neuroendocrine carcinoma  

GEP-NEN, gastroenteropancreatic neuroendocrine neoplasm; G, grade.
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P<0.001; r=0.208, P=0.008), but not with CD44 expression 
(r=-0.131; P=0.096). The expression of IGF1R and MMP2 
were positively correlated (r=0.687; P<0.001). In addition, the 
expression of IGFR1 and MMP2 demonstrated no significant 
association with CD44.

Discussion

The  IMP3 gene, also known as the K homology 
domain-containing gene or L523S, encodes the IMP3 
protein (7). It is regarded as a novel oncofetal protein that may 
be re-expressed in various malignant tissues, including pancre-
atic, lung, kidney and ovarian cancer among others (21-24). 
The expression of IMP3 was identified to correlate with 
aggressive tumor progression, suggesting that IMP3 may have 
a role in tumor invasion and metastasis (25). To the best of our 
knowledge, the only previous study regarding IMP3 protein 
expression in adult lung NEC suggests that it is a marker of poor 
outcome in lung NET; its correlation with NANOG expression 
suggests the implication of IMP3 in stem cell processes and 
its association with a Ki67 labeling index of ≥4% stratifies a 
subset of atypical carcinoids with a higher risk of recurrence 
and mortality (26). However, to the best of our knowledge, 
the clinicopathological and prognostic significance of IMP3 
expression in GEP-NEN has not previously been reported. 
Our study systematically examined the expression of IMP3 in 
162 cases of GEP-NEN tissues and analyzed its association 
with the clinical features and prognosis.

The results of the present study demonstrated that IMP3 
was highly expressed in GEP-NEN tissues. The survival 
rate of patients with positive expression of IMP3 was low, as 
compared with in patients with negative expression. In addi-
tion, the overexpression of IMP3 was associated with a high 
tumor grade, late clinical stage and deep invasion. Further-
more, tumor size was identified to contribute to high IMP3 
expression levels, indicating that IMP3 is associated with the 
development of GEP-NEN and the degree of malignancy; the 
IMP3 gene was further enhanced during tumor progression 
and may contribute to the progress of GEP-NEN. The prog-
nostic analysis demonstrated that the three-year survival rate 
of patients with positive IMP3 expression was significantly 
lower than for patients with negative expression; therefore, 
IMP3 is an independent risk factor affecting the prognosis of 
patients with GEP-NEN. These results demonstrate that IMP3 
may have an important role as an oncogene in the development 
of GEP-NEN, and may be considered as a potential tumor 
marker and a predictor of prognosis in the diagnosis and treat-
ment of GEP-NEN.

Pasiliao et al (27) identified that the observed impairment 
of pancreatic cancer cell behavior following IMP3 depletion is 
likely due to inhibition of the CD44-RhoA signaling cascade. 
IMP3 belongs to the family of IGFII-mRNA binding proteins 
that affect RNA stability and influence cell growth and migra-
tion during embryonic development (28). Recently, there has 
been increased attention of the IGF signaling pathway from a 
therapeutic perspective, as monoclonal antibodies and small 
molecules targeting the IGF1R became available in the last 
few years (29). It was previously reported that the majority of 
mantle cell lymphoma cell lines and primary cases exhibited 
elevated IMP3 mRNA expression levels, and a that subset also 

expressed IGF1R (30). In order to determine the underlying 
mechanisms of IMP3 in GEP-NEN progression, the association 
between the expression of IMP3 and IGF1R was analyzed, as 
well as for the invasion-associated proteins MMP2 and CD44. 
The results demonstrated that IMP3 expression was positively 
correlated with IGFR1 and MMP2, indicating that IMP3 may 
activate the IGF1R signaling pathway and promote the prolif-
eration of tumor cells by enhancing the expression of IGFII, 
and that it may also participate in the invasion and metastasis 
of GEP-NEN by MMP2 indirectly. IMP3 and CD44 were 
negatively correlated, but this was not statistically significant, 
which indicates that CD44 may not be a key molecule involved 
in GEP-NET invasion and metastasis.

In conclusion, in the present study, IMP3 was demonstrated 
to be frequently expressed in GEP-NEN. IMP3 staining may 
increase the accuracy of a histological diagnosis and of tumor 
grading, and may facilitate the identification of patients with 
a poor prognosis and who may be at higher risk of recurrence 
in high-grade GEP-NEN. IMP3 may be a potential immuno-
histochemical biomarker able to be used to evaluate the tumor 
progression and prognosis of GEP‑NEN. However, identifica-
tion of the underlying mechanisms of IMP3 in GEP-NEN 
requires further investigation.
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