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Clinicopathological Implication of Insulin-like Growth Factor-II
mRNA-Binding Protein 3 (IMP3) Expression in Gastric Cancer
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Abstract. Background: The clinicopathological significance
of oncofetal mRNA-binding protein, human insulin-like
growth factor I mRNA-binding protein 3 (IMP3), in gastric
carcinoma (GC) is not fully understood. Materials and
Methods: Tissue microarray blocks with specimens from 346
patients with GC were constructed to evaluate the
clinicopathological role of IMP3 expression in GC. These
results were validated with an online dataset of 876 patients
from the Kaplan-Meier Plotter. Sera from 15 controls and 57
patients with GC were collected in order to compare the
levels of serum IMP3 between groups. Results: High
expression of IMP3 was significantly associated with poor
prognosis. Survival curves from the Kaplan-Meier Plotter
showed that high IMP3 expression was significantly related
to worse disease-free survival and overall survival.
Conclusion: Tissue overexpression of IMP3 might be used as
a predictor of advanced disease or lymph node metastasis,
and is associated with poorer prognosis in GCs.

Currently, gastric carcinoma (GC) is the fifth most common
malignancy and the third leading cause of cancer-related
deaths worldwide (1, 2). With improved diagnostic
surveillance, the proportion of patients diagnosed with early-
stage disease is increasing and GC is becoming curable in
many such patients. However, patients with advanced disease
continue to show poor prognosis even after curative surgery
and adjuvant chemotherapy (3, 4). In particular, the initial
response rate to multi-agent chemotherapy is 50% or greater;
however, nearly all patients develop resistance to
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chemotherapy, and the median survival is extended by only
up to 9-11 months with such therapy (5, 6). Thus,
identification of new biomarkers for early detection and
prediction of outcome is required to improve the
management of patients with GC.

Human insulin-like growth factor (IGF)-II mRNA-binding
protein 3 (IMP3, also known as IGF2BP3) is an oncofetal
mRNA-binding protein (7). IMP3 binds to the 5-untranslated
region of the IGF-II leader-3 mRNA as a translational
activator encoding the IGF-II protein, which regulates cell
proliferation (8). IMP3 is expressed in developing epithelia,
myocytes, and the placenta during the early stage of human
embryogenesis, but is expressed at very low or undetectable
levels in normal human adult tissues (9). IMP3
overexpression has been described in many malignant
tumors, with promising diagnostic utility; IMP3 expression
has been shown to be associated with poor prognosis in
several types of cancer, including GC, colorectal, lung, and
prostatic (10-14). However, the prognostic significance of
IMP3 in GC was evaluated only in a small number of
patients (13, 14). Furthermore, although correlation between
prognosis and serum IMP3 levels was reported in patients
with prostate cancer, the circulating levels of IMP3 have not
been investigated in patients with GC.

In the present study, we investigated the protein
expression of IMP3 by immunohistochemistry (IHC) in GC
tissues and assessed the serum concentration of IMP3 using
enzyme-linked immunosorbent assay (ELISA). We finally
evaluated the correlation of clinicopathological features and
prognostic values with tissue and serum IMP3 levels in a
large cohort of patients with GC after curative surgery.

Materials and Methods

Patient selection and data collection. In total, 346 patients with GC
who had undergone curative surgical resection with standard
lymphadenectomy from January 2005 to December 2006 at the Ajou
University Hospital were enrolled in this study. Hematoxylin and
eosin (H&E) -stained sections were reviewed and appropriate
histological diagnoses were made. The tumors were classified into
differentiated-type (well-differentiated and moderately differentiated
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adenocarcinoma) and undifferentiated-type (poorly differentiated
adenocarcinoma, signet ring cell carcinoma, and mucinous
adenocarcinoma) for statistical analysis. The pathological stages
were adjusted based on the seventh edition of the American Joint
Committee on Cancer staging manual (15). Patients who were
pathologically diagnosed with stage II or higher stages of GC were
recommended treatment with adjuvant chemotherapeutic regimens
including 5-fluorouracil. In addition, we planned to follow-up these
patients for at least 5 years after surgery, with assessment of
computed tomography, tumor markers, and gastroscopy around two
to four times per year. Clinical data were retrieved from the
patients’ medical records. The median follow-up duration was 71
months. For external validation, an online database
(http://kmplot.com/analysis) was used to determine the impact of
IMP3 mRNA expression on overall (OS) and disease-free (DFS)
survival. The database included microarray data from 1,065 patients
with GC, with a mean follow-up period of 33 months (16).

The serum cohort consisted of 15 healthy controls and 57
patients with GC who underwent curative surgical resection with
standard lymphadenectomy from January 2005 to June 2007 at the
Ajou University Hospital. For patients, sera were collected at the
Ajou Human Bio-Resource Bank before surgery, and then frozen at
—80°C until use.

This study was conducted in accordance with the ethics code of
the World Medical Association (Declaration of Helsinki), and was
approved by the Institutional Review Board of Ajou University
Hospital (AJIRB-BMR-OBS-16-133).

Tissue microarray construction. Tissue microarray (TMA) blocks
were constructed for 346 cases of gastric adenocarcinoma using a
tissue array (UNITMA, Seoul, Korea). The H&E sections of each
case were reviewed by a gastrointestinal pathologist (DL) and
representative areas were selected for TMA construction. Each
individual case was represented by two tumor cores of 2.0 mm taken
from the corresponding formalin-fixed, paraffin-embedded blocks.

Immunohistochemistry (IHC). Rabbit polyclonal antibody to IMP3
was purchased from the Human Protein (Atlas, Stockholm, Sweden)
(diluted 1:200), and immunostaining was performed on formalin-
fixed, paraffin-embedded, 4-pm-thick tissue sections using a Ventana
BenchMark XT® autoimmunostainer (Ventana Medical Systems,
Tucson, AZ, USA) with a cell conditioner for 60 min. The slides
were incubated with primary antibody at 37°C for 32 min, followed
by standard Ventana signal amplification, counterstaining with
hematoxylin for 4 min, and staining with a bluing reagent for 4 min.
The slides were then removed from the immunostainer, mounted, and
examined by light microscopy. Slides processed without the primary
antibody were used as negative controls. Moderate to strong
cytoplasmic staining in more than 10% of the tumor cells was
classified as IMP3-high, whereas the remaining cases (including
weak or negative staining) were classified as IMP3-low.

Measurement of serum IMP3 level. The serum IMP3 level was
quantified using a sandwich ELISA kit from Elabscience
Biotechnology Co. (Wuhan, China), according to the manufacturer’s
instructions [limit of detection (LOD)=0.19 ng/ml, limit of
quantification (LOQ)=0.57 ng/ml] . All samples were examined in
duplicate and mean values were used for statistical analysis.

Statistical analysis. Statistical analyses were performed using SPSS
for Windows (version 22.0, IBM Corp., Armonk, NY, USA).
Associations between IMP3 protein expression and clinicopathological
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parameters were examined by Pearson’s %2. Serum IMP3 levels were
compared by an unpaired r-test. OS was defined as the time between
the day of surgery and the date of death. DFS was defined as the day
of surgery and the date of relapse or death. OS and DFS were
determined using the Kaplan—-Meier method, and survival curves were
compared using the log-rank test. Multivariate analyses for survival
were performed using a Cox proportional hazards regression model.
A p-value less than 0.05 was considered statistically significant. All
reported p-values are two-sided.

Results

Patient characteristics. Among the 346 patients, 240 (69.3%)
were male and 106 (30.7%) were female. Approximately half
the patients (185 patients, 53.4%) were over 60 years old
(median=62 years; range=23-85 years). Tumors were
frequently located in the lower third (184 cases, 53.1%) of
the stomach, followed by the mid-third (94 cases, 27.2%)
and the upper-third (68 cases, 19.7%). The most common
depth of invasion was T4 (134 cases, 38.7%), and 240 cases
(69.3%) showed metastatic disease in regional lymph nodes.
In total, 261 patients (75.4%) were treated with adjuvant
chemotherapy including a fluorouracil-based regimen with
DNA-damaging agents such as cisplatin, oxaliplatin, and
mitomycin.

Relationship between IMP3 expression and clinicopathological
parameters. The normal gastric mucosa showed non-specific
and faint staining for IMP3, as reported previously (15). IMP3
was expressed with moderate to strong intensity in 238 out of
346 GC samples (68.8%), and these were therefore classified
as IMP3-high, whereas 108 cases (31.2%) were classified as
IMP3-low. Representative photomicrographs of IMP3
expression in normal gastric epithelium and GC tissue are
shown in Figure 1.

Overexpression of IMP3 (IMP3-high) in GC tissues was
identified significantly more in specimens with large tumor
size (p<0.001), higher T stage (p=0.001), higher N stage
(»<0.001), and neural/perineural invasion (p=0.009) (Table
I). IMP3-high status was also more frequent in cases with
lymphovascular invasion (p=0.079), although not reaching
statistical significance. The expression status of IMP3 was
not associated with other clinicopathological parameters such
as age (p=0.862), gender (p=0.216), tumor location
(p=0.777), and histology (p=0.127).

Prognostic significance of tissue IMP3 expression. In
univariate analyses, older age (>60 years), large tumor size
(>5 cm), and undifferentiated histology were all closely
associated with a worse DFS and OS. A higher T stage (T3-
4), higher N stage (N2-3), the presence of lymphovascular
invasion, and the presence of neural/perineural invasion also
predicted significantly shorter DFS and OS (Table II). The
expression status of IMP3 was correlated with patient
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Figure 1. Representative photomicrographs of immunohistochemical expression of insulin-like growth factor-Il mRNA-binding protein 3 (IMP3)
showing normal gastric epithelium (A), and negative (B), weak (C), moderate (D) and strong (E) staining intensity; bar=100 um.
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Figure 2. Kaplan—Meier curves for disease-free (A) and overall (B) survival of enrolled patients according to insulin-like growth factor-Il mRNA-
binding protein 3 (IMP3) expression status.
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Table 1. Clinicopathological characteristics of gastric cancer patients
according to human insulin-like growth factor (IGF)-II mRNA-binding
protein 3 (IMP3) expression status.

Tissue IMP3
expression (%)

Characteristic n Low High p-Value
Age 0.862
<60 Years 161 51 (31.7) 110 (68.3)
>60 Years 185 57 (30.8) 128 (69.2)
Gender 0.216
Male 240 70 (29.2) 170 (70.8)
Female 106 38 (35.8) 68 (64.2)
Tumor size <0.001
<5 cm 164 69 (42.1) 95 (57.9)
>5 cm 182 39 (21.4) 143 (78.6)
Tumor location 0.777
Upper 68  20(294) 48 (70.6)
Mid 94 32 (34) 62 (66)
Lower 184 56 (304) 128 (69.6)
Histology 0.127
Well-differentiated 37 15 (40.5) 22 (59.5)
Moderately differentiated 107 27 (25.2) 80 (74.8)
Poorly differentiated 108 29 (26.9) 79 (73.1)
Signet ring cell 78  31(39.7) 47 (60.3)
Mucinous 16 6 (37.5) 10 (62.5)
Lauren classification 0.08
Intestinal 210 63 (30) 147 (70)
Diffuse 110 41 (37.3) 69 (62.7)
Mixed 26 4 (154) 22 (84.6)
T Stage 0.001
Tlb 63 30 (47.6) 33 (52.4)
T2 53  23(434) 30 (56.6)
T3 96 25 (26) 71 (74)
T4 134 30 (224) 104 (77.6)
N Stage <0.001
NO 106 52 (49.1) 54 (50.9)
N1 69 17 (24.6) 52 (754)
N2 60 13 (21.7) 47 (78.3)
N3a 64 16 (25) 48 (75)
N3b 47 10 (21.3) 37 (78.7)
Lymphovascular invasion 0.079
Absent 168 60 (35.7) 108 (64.3)
Present 178 48 (27) 130 (73)
Neural/perineural invasion 0.009
Absent 232 83 (35.8) 149 (64.2)
Present 114 25(21.9) 89 (78.1)

survival, and IMP3-high cases had significantly worse mean
DFS than the IMP3-low cases (68.1 vs. 85.4 months,
p=0.001) (Figure 2A). This group of patients also exhibited
significantly shorter mean OS (72.4 vs. 93.6 months,
p<0.001) (Figure 2B). Multivariate analysis identified age,
tumor size, histology, and N stage as significant independent
prognostic factors, whereas IMP3 overexpression was not an
independent prognostic factor predicting worse DFS [hazard
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ratio (HR)=1.446, p=0.083] and OS (HR=1.514, p=0.055)
in patients with GC (Table III).

Independent validation. The IMP3 gene was found in the GC
dataset at www.kmplot.com. The desired Affymetrix IDs for
IMP3 were 203819_s_at and 216494_s_at. The survival
curves for DFS were plotted with 876 patients and those for
OS was created with 641 patients. Patients with high
expression of IMP3 in GC had significantly worse DFS
(HR=1.41-1.77) and OS (HR=1.26-1.59) as compared to
those with low IMP3 expression (Figure 3).

Detection of serum IMP3 in patients with GC and healthy
controls. The serum cohort consisted of 15 young healthy
controls (mean age=31.6 years, range=26-39 years) and 57
patients with GC (mean age=61.4 years, range=33-80 years).
Unexpectedly, serum IMP3 levels were significantly higher
in the controls [meanzstandard deviation (SD)=3.796+6.452
ng/ml] compared to those in patients with GC
(mean+SD=0.387+0.629 ng/ml) (p<0.0001). The range for
serum IMP3 level in controls was LOQ-25.47 ng/ml
(median=2.255 ng/ml), whereas that in patients with GC was
<LOQ-3.228 ng/ml. We found that serum IMP3 was below
the LOQ in the majority of patients with GC. There were no
clinicopathological correlations associated with serum IMP3
levels in patients with GC (data not shown).

Discussion

The IGF-II mRNA binding protein family consists of IMP1,
IMP2, and IMP3 (7). In the early stage of embryogenesis,
IMP3 plays an important role in RNA trafficking,
stabilization, cell growth, and cell migration (7, 17). The
gene encoding the IMP3 protein is located on chromosome
7p11.2 (within 11cm from this location) (18) and is identical
to the KH-domain-containing protein overexpressed in
cancer protein (KOC) that was originally cloned from a
pancreatic cancer cDNA screen (19). IMP3 is expressed at
low or undetectable levels in healthy adult tissues (7, 17),
whereas re-expression of IMP3 has been found in a number
of human malignant neoplasms. In addition, IMP3
overexpression determined by IHC, has been recognized as
an indicator for cancer progression and metastasis, and a
predictor of poor prognosis in a variety of cancer types
including GC (10-14, 20).

Two IHC studies have assessed the prognostic implications
of tissue IMP3 expression in GC. Lin et al. identified positive
IMP3 staining in 75 out of 92 cases (82%) of GC, and that
high IMP3 expression was associated with lymph node
metastasis and TNM stage (14). In that study, IMP3 was an
independent poor prognostic factor. Another study also used
a similarly sized GC cohort (96 patients) and found positive
IMP3 staining in 74% of GC samples. IMP3 expression was
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Table II. Univariate analysis for survival according to the clinicopathological features of 346 cases of gastric cancer.

Variable Disease-free survival Overall survival

HR (95% CI) p-Value HR (95% CI) p-Value
Age: >60 vs. <60 years 1.613 (1.154-2.255) 0.005 1.508 (1.076-2.114) 0.017
Gender: male vs. female 1.2 (0.829-1.739) 0.334 1.258 (0.864-1.83) 0.231
Tumor size: >5 vs. <5 cm 3.135 (2.176-4.518) <0.001 3.412 (2.349-4.956) <0.001
Histology: undifferentiated vs. differentiated 1.686 (1.19-2.389) 0.003 1.739 (1.222-2.473) 0.002
Lauren: diffuse/mixed vs. intestinal 1.378 (0.993-1.913) 0.055 1.378 (0.989-1.919) 0.058
T Stage: T3/4 vs. T1b/T2 3.132 (2.004-4.893) <0.001 3.376 (2.158-5.282) <0.001
N Stage: N2/3 vs. NO/N1 4.531 (3.092-6.638) <0.001 5.006 (3.383-7.408) <0.001
Lymphovascular invasion: present vs. absent 2.019 (1.437-2.837) <0.001 2.155 (1.525-3.045) <0.001
Neural/perineural invasion: present vs. absent 1.52 (1.091-2.117) 0.013 1.625 (1.167-2.274) 0.005
IMP3: high vs. low 2.03 (1.35-3.051) 0.001 2.196 (1.452-3.323) <0.001

HR, Hazard ratio; CI, confidence interval; IMP3, insulin-like growth factor-Il mRNA-binding protein 3. Differentiated includes well- and moderately
differentiated adenocarcinomas. Undifferentiated includes poorly differentiated, signet ring cell, and mucinous adenocarcinomas. Significant

differences are shown in bold.

Table I1I. Multivariate analysis by the Cox proportional hazard regression model for disease-free and overall survival in patients with gastric cancer.

Variable Disease-free survival Overall survival

HR (95% CI) p-Value HR (95% CI) p-Value
Age: >60 vs. <60 years 1.839 (1.297-2.607) 0.001 1.708 (1.205-2.420) 0.003
Tumor size: >5 vs. <5 cm 2.191 (1.467-3.271) <0.001 2.300 (1.530-3.457) <0.001
Histology: undifferentiated vs. differentiated 1.511 (1.053-2.169) 0.025 1.521 (1.057-2.190) 0.024
T Stage: T3/4 vs. T1b/T2 1.305 (0.771-2.211) 0.322 1.319 (0.776-2.242) 0.307
N Stage: N2/3 vs. NO/N1 3.576 (2.320-5.511) <0.001 3.856 (2.480-5.995) <0.001
Lymphovascular invasion: present vs. absent 1.059 (0.732-1.533) 0.760 1.117 (0.771-1.619) 0.557
Neural/perineural invasion: present vs. absent 0.892 (0.624-1.277) 0.533 0.870 (0.606-1.250) 0.557
IMP3: high vs. low 1.446 (0.953-2.195) 0.083 1.514 (0.991-2.315) 0.055

HR, Hazard ratio; CI, confidence interval; IMP3, insulin-like growth factor-II mRNA-binding protein 3. Differentiated includes well and moderately
differentiated adenocarcinomas. Undifferentiated includes poorly differentiated, signet ring cell, and mucinous adenocarcinomas. Significant

differences are shown in bold.

not correlated with any clinicopathological parameters, but
tissue IMP3 expression correlated significantly with worse
recurrence-free survival and OS. IMP3 was a significant
independent prognostic factor only for DFS (13). We
investigated tissue IMP3 expression in a large cohort of
patients with GC (346 patients), and found high IMP3
expression in 238 out of 346 GC cases (68.8%), which is
similar to that observed in previous studies (13, 14). In the
present study, we demonstrated that IMP3 overexpression
was significantly correlated with large tumor size, higher T
stages, higher N stages, and the presence of neural/perineural
invasion. Tissue IMP3 expression was associated with worse
DFS and OS. Moreover, analysis of an online public database
from the Kaplan—Meier Plotter for the mRNA expression of
IMP3 also supported the present results of IHC for IMP3

protein expression in GC. However, in contrast to these
studies, IMP3 was not found to be an independent prognostic
indicator in our study, probably due to its tight correlation
with well-established powerful prognostic factors such as T
and N stage. In this context, high IMP3 expression in biopsy
samples can be used as a predictor of advanced disease or
lymph node metastasis in GC. In fact, Wei et al. demonstrated
that high IMP3 expression in biopsy specimens of colorectal
cancer predicted lymph node metastasis and TNM stage (21).
In renal cell carcinomas, IMP3 was greatly increased, not
only in metastatic tumors but also in a subset of primary
tumors that were likely to develop metastases (20).
Recently, a few attempts have been made to identify IMP3
in various human samples. Okada et al. assessed IMP3 mRNA
expression by reverse transcription polymerase chain reaction
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Figure 3. Prognostic value of insulin-like growth factor-Il mRNA-binding protein 3 (IMP3) mRNA level in patients with gastric cancer. Disease-
free (A) and overall (B) survival rate for gastric cancer datasets 203819_s_at and 216494 _s_at. Data were analyzed using Kaplan-Meier Plotter
(http://www.kmplot.com). HR: Hazard ratio; confidence interval, confidence interval.

in 36 cytologically negative peritoneal lavage samples and
found eight cases (28%) of IMP3 expression, which was
correlated with worse OS (13). Szarvas et al. found that serum
IMP3 concentrations were significantly higher in patients with
prostate cancer compared to those with benign prostate
hyperplasia and controls (11). A high serum IMP3 level was
independently associated with poor cancer-specific survival
(11). Since the circulating IMP3 level has never been
investigated in patients with GC as far as we are aware, we
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assessed the serum IMP3 level using ELISA to determine its
diagnostic or prognostic role in GC. Unexpectedly, the serum
IMP3 level was very low in patients with GC, and practically,
IMP3 was not detected in the majority of these patients, even
in those with advanced disease. In contrast, the serum IMP3
concentration was significantly higher in control samples.
Considering the role of IMP3 in developing tissues, we suppose
that this discrepancy might be attributed to the younger age of
the controls compared to the patients. In addition, we confirmed
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that serum IMP3 is practically undetectable in patients with GC,
and thus has no diagnostic or prognostic value. On the other
hand, a previous study reported a high serum IMP3 level in
patients with prostate cancer (mean=20.7 ng/ml, range=1.3-
147.2 ng/ml), suggesting that a high serum IMP3 level might
be a consequence of disturbed normal tissue structure rather
than of secretion by tumor cells (11).

Only a few studies have previously investigated the role
of IMP3 in tumorigenesis or tumor progression. IMP3 was
reported to promote cell proliferation, adhesion, and
invadopodia formation during cancer progression (22).
Knockout of IMP3 resulted in reduced migration and
invasion in cervical and lung cancer cell lines (10, 23).
Recently, Samanta et al. demonstrated that IMP3 contributes
to self-renewal and tumor initiation, which are properties
associated with cancer stem cells, by regulating Slug
expression in triple-negative breast cancer (24). However,
the functional role of IMP3 in GC remains poorly understood
and needs to be further investigated.

In conclusion, IMP3 is a promising tumor biomarker in
GC, since its tissue expression was found to be well
correlated with large tumor size and higher T and N stages.
Thus, it might be used as a predictor of advanced disease or
lymph node metastasis in GC. Tissue IMP3 overexpression
was associated with poorer prognosis, but only in univariate
analysis. The serum IMP3 level has no diagnostic utility
because IMP3 was barely detected in patients with GC.
Further studies are required to elucidate the molecular
mechanisms and pathways by which IMP3 affects the
biological phenotype of GC cells.
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