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Abstract: Objective: Primary ovarian mucinous tumors progress from benign adenoma to borderline tumors to in-
vasive mucinous carcinoma. A proper differential diagnosis is crucial to discriminate malignancies at the early 
stages of disease. However, few biomarkers are clinically available. We designed this study to analyze the clinical 
application of the oncogene IMP3 in monitoring early malignancies in ovarian primary mucinous tumors. Methods: 
We collected 250 samples of ovarian primary mucinous tumors along with the corresponding clinicopathological 
information between 2009 and 2015 at the Gynecology and Obstetrics Hospital of Fudan University and performed 
immunochemical assays. Statistical analysis of the correlation between expression of IMP3 and clinic-pathological 
parameters as well as the survivals of these patients was carried out. Finally, wound-healing and transwell assays 
were performed in SKOV3 and CAOV3 cells. Results: The expression rate and intensity of IMP3 were much higher 
in invasive carcinoma than those in benign adenoma and classic borderline adenoma (p<0.05). The expression 
rate and intensity of IMP3 were also higher in cases with mucinous intraepithelial carcinoma than those in cases 
with classic borderline tumors (p<0.05). Among the malignant cases, the expression rate and intensity of IMP3 
increased with advancing FIGO staging (p<0.05). The expression rate and intensity of IMP3 were much higher in 
cases with involved fallopian tubes, uterine and omentum than those in cases without the involvement of these tis-
sues (p<0.05). The expression rate and intensity of IMP3 were much higher in cases with lymph node metastasis 
than those in cases without lymph node metastasis (p<0.05). Elevated expression of IMP3 significantly deteriorated 
the disease-free survival (DFS) and overall survival (OS) of mucinous carcinoma (p<0.05). IMP3 was an indepen-
dent risk factor of DFS but not OS. Further in vitro experiments indicated that IMP3 promoted the proliferation, motil-
ity and invasive potential of ovarian tumor cells. Conclusions: IMP3 is highly expressed in ovarian mucinous tumors 
and is positively correlated with malignancy. IMP3 could be used in the differential diagnosis of ovarian mucinous 
tumors and might be applicable in monitoring tumor initiation and progression.
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Introduction

Ovarian epithelial cancer is the leading malig-
nancy in the female genital tract system with 
highly invasiveness and metastatic features. 
The 5-year survival for ovarian epithelial cancer 
is reported to be only 37% [1], suggesting that 
early screening and preventing the develop-
ment of malignancies are crucial.

The primary mucinous tumor is one of the major 
histological subtypes of ovarian epithelial can-
cer [2-4] and accounts for approximately 3% of 

all ovarian epithelial cancers [2-4]. It is currently 
believed that the mucinous tumor belongs to 
the type I ovarian tumors, which progresses 
from benign to borderline to carcinoma [2]. 
Although most infiltrative mucinous carcinomas 
are stage I (based on the FIGO system), the 
recurrence rate is 20%, and overall survival is 
14% once the tumor recurs and advances to 
higher stages [4]. It is of clinical significance  
to identify tumors with increased risk of malig-
nancy. In contrast to other techniques for 
detecting tumors [5], immunochemistry is a 
more common tool in the differential diagnosis 
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in daily practice. However, few biomarkers have 
been used to monitor early malignancies in pri-
mary mucinous tumors.

The insulin-like growth factor mRNA-binding 
protein 3 (IMP3) is a member of an evolution-
arily conserved mRNA-binding protein family 
that regulates mRNA transport, translation and 
turnover [6]. Along with its family members 
IMP1 and IMP2, IMP3 is primarily expressed 
during the early stages of embryogenesis [7] 
and contributes to RNA trafficking and stabiliza-
tion, cell growth, and cell migration. Growing 
evidence has demonstrated that IMP3 is an 
oncofetal protein that enhances the invasive 
abilities of tumor cells. IMP3 has been reported 
to be overexpressed in a variety of human 
malignancies, including ovarian, lung and gas-
trointestinal carcinomas [8-10], which makes 
this protein a reliable biomarker to distinguish 
some cancers from their benign mimetic 
lesions [11-13]. Previous studies have reported 
that IMP3 is abnormally expressed in other 
subtypes of ovarian carcinomas such as serous 
and clear cell. However, no studies have con-
centrated on IMP3 expression in primary ovari-
an mucinous tumors, raising the question of 
whether IMP3 can be used to identify malig-
nancies in ovarian mucinous tumors. In this 
study, we used the immunohistochemistry to 
determine whether IMP3 is detectable and  
can be used to trace the early malignancy of 
mucinous tumors.

Methods

Patients and tissue handling

A total of 250 patients who underwent radical 
surgical resection for primary ovarian mucinous 
tumor at the Obstetrics and Gynecology 
Hospital of Fudan University between January 
2009 and March 2015 were retrospectively 
evaluated. The study group included 100 cases 
of ovarian primary mucinous adenoma, 100 
cases of borderline mucinous adenoma (clas-
sic and intraepithelial carcinoma) and 50 cases 
of malignant ovarian primary mucinous carci-
noma. All the patients were diagnosed accord-
ing to WHO classifications of the female genital 
system of 2014. All the cases were revised 
again by two pathologists who were blinded to 
the cancer status of the cases. We collected 
paraffin-embedded blocks containing the most 
obvious lesions to obtain consecutive tissue 
slides. This study was approved by the Clinical 

Research Ethics Committee of Obstetrics and 
Gynecology Hospital of Fudan University. 
Written informed consent was obtained from 
each participant involved in this study.

Clinical and demographic data including, 
patient age, tumor size, involved organs (in- 
cluding uterus, appendix and omentum), the 
lymph node status and the FIGO stage were 
extracted from the medical records, pathology 
report or discharge summary.

Immunohistochemistry and scoring

Tissue sections (3-4 μm thickness) were depar-
affinized in xylene, rehydrated in a graded 
series of alcohol solutions and washed three 
times with PBS (pH=7.4, Gibco, Thermo Fisher, 
Massachusetts, USA). After antigen retrieval 
was performed (6 min in 100°C boiling water 
with 0.01 M citrate, pH 6.0), the slides were 
incubated in a solution of 0.3% hydrogen  
peroxide in phosphate-buffered saline for 15 
min to block endogenous peroxidase activity. 
Next, the slides were incubated with a primary 
antibody targeting IMP3 (ab111072, Abcam, 
Hong Kong, China) at a 1:100 dilution overnight 
at 4°C and followed by EnVision secondary  
antibody system (Dako, Agilent, USA) at room 
temperature for 30 min. Visualization was 
achieved using diamino-benzidine. Validation 
of the IMP3 antibody has been previously 
described [9]. Adjacent normal bronchial epi-
thelium within each tissue section served as  
an internal reference.

The staining results were evaluated by two 
independent experienced pathologists special-
ized in gynecology. IMP3 expression was scored 
using a combined system described in previous 
studies [9, 13, 14]: the staining intensity of 
IMP3 was categorized as none, weak, moder-
ate or strong. Then, the scores were calculated 
by the following formula: 3 × percentage of 
strongly staining cells + 2 × percentage of mod-
erately staining cells + percentage of weakly 
staining cells, which ranged from 0-300. Cases 
with scores between 0 and 49 were inter- 
preted as negative (0), 50 and 99 as mildly  
positive (low), and 100 and 300 as moderate  
to strongly positive (high).

Cell lines and culture conditions

The human ovarian cell lines SKOV3 and CAOV3 
were purchased from the Fudan University IBS 
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Cell Bank (Shanghai, China). All cell lines were 
cultured in RPMI 1640 (Gibco, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine 
serum (FBS) (Gibco), 50 U/mL penicillin and 50 
μg/mL streptomycin (Gibco) at 37°C in a humid-
ified atmosphere containing 5% CO2.

Plasmids

The full-length IMP3 sequence was amplified 
using PCR from cDNA obtained from HEK293T 
cells provided by the NIH and subcloned into 
the pcDNA3.1 (+) vector (Transheep, Shanghai, 
China).

Antibodies and reagents

The following antibodies were used: IMP3 
(#57145) and GAPDH (D16H11, #5174) from 
Cell Signaling Technology (Boston, Massa- 
chusetts, USA). The following reagents were 
used: Lipofectamine 3000 transfection reagent 
(Lot. 11668-027, Invitrogen, Carlsbad, CA, USA) 
and RIPA lysis buffer (Lot. 89901, Thermo 
Scientific, USA). 

Western blot

The western blot analysis was performed as 
previously described [14]. The cell lysates were 
boiled in loading buffer at 95°C for 5 min, sepa-
rated on SDS-PAGE gels at 80 V for 2 h and 
then transferred to PVDF membranes for 2 h. 
Next, the membranes were blocked in 5% BSA 
for 30 min followed by incubation with primary 
antibodies at 4°C overnight. The membranes 
were then washed in 1% TBST three times and 
incubated with secondary antibodies for 1 h. 
Detection of the substrates was achieved using 
an ECL system (#32209, Thermo Fisher, USA). 

RNA preparation, reverse transcription, and 
quantitative real-time polymerase chain reac-
tion (RT-qPCR) 

Total RNA was extracted from the gastric can-
cer cell lines using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s protocol. Real-time (RT) and quantitative 
polymerase chain reaction (qPCR) kits were 
used to evaluate IMP3 expression in those cell 
lines. The RT-qPCR experiments were per-
formed as previously described [15]. Relative 
gene expression levels were calculated using 
the comparative cycle threshold (CT) (2-ΔΔCT) 

method, and glyceraldehyde-3-phosphate de- 
hydrogenase (GAPDH) was used as an endoge-
nous control to normalize the data. The follow-
ing primers were used in this study: IMP3, for-
ward AGACACCTGATGAGAATGACC and reverse 
GTTTCCTGAGCCTTTACTTCC; and GAPDH, for-
ward GAGTCAACGGATTTGGTCGT and reverse 
GATCTCGCTCCTGGAAGATG.

Cell mobility and invasive assays

Cell mobility was assessed using wound-heal-
ing assays. SKOV3 and CAOV3 cells were trans-
fected with either pcDNA3.1-IMP3 or pcDNA3.1 
vectors using Lipofectamine 3000 transfection 
reagent (Invitrogen, Carlsbad, CA, USA). The 
cells were seeded into 6-well plates and grown 
to 100% confluence. Wounds were made by 
scratching the cell monolayer with a sterile 
pipette tip. The cells were then washed with 
PBS and maintained in serum-free culture 
medium. Wound closing progression was 
observed after the initial scratch and once 
every 24 h, and images were captured at 100 × 
magnification under a microscope (Olympus, 
Japan).

A transwell assay was used to assess the inva-
sive potential of the cells. A total of 3 × 104 
cells in serum-free medium was seeded into 
the upper insert of a Transwell system (Corning, 
USA), and 500 μL of culture medium containing 
20% FBS was loaded into the lower chamber. 
After a 24-h incubation at 37°C, the cells that 
had migrated through the filters were fixed with 
ethanol, stained with crystal violet, photo-
graphed at 200 ×, and counted at 400 × under 
a microscope (Olympus).

Statistical analysis

All statistical analyses were performed using 
SPSS 20.0 (IBM, SPSS, Chicago, IL, USA). 
Associations between the expression levels of 
IMP3 and the clinicopathological parameters 
were examined using the Spearman rank order 
analysis. DFS and OS curves were calculated 
using the Kaplan-Meier method and were ana-
lyzed with the log-rank test. DFS was calculated 
from the date of surgery to the date of disease 
progression (local and/or distal tumor recur-
rence) or to the date of death. The OS rate was 
defined as the length of time between the diag-
nosis and either death or last follow-up. A mul-
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tivariate analysis was performed using the Cox 
proportional hazards model to evaluate the 
independent prognostic factors for survival in 
ovarian mucinous carcinoma. Variables with a 

value of p<0.05 in the univariate analysis were 
used in the multivariate analysis. All p values 
were 2-sided, and statistical significance was 
established at p<0.05.

Figure 1. The morphology and immunochemical measurements of IMP3 expression in ovarian mucinous tumors. 
A: Representative Hematoxylin-Eosin staining of a series of ovarian mucinous tumors: benign mucinous cystoad-
enoma, classic borderline mucinous tumor, borderline mucinous tumor of intraepithelial carcinoma and invasive 
mucinous carcinoma. All the images were captured under a microscope at 200 × (Scale bar =50 μm, Top) and 400 
× (Scale bar =20 μm, Bottom) magnification. B: The staining intensities of IMP3 expression based on our scoring 
system. a: None. b: Weak. c: Moderate. d: Strong. All the images were captured under a microscope at 400 × mag-
nification (Scale bar =20 μm).
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Results

Patient characteristics

A total of 250 patients from 2009-2015 were 
recruited in our study. The ages of the patients 
ranged from 17 to 77 years, with an average 
age of 46.1±7.13. Among them, 100 (40%) had 
mucinous adenoma, 100 (40%) had borderline 
mucinous tumor (including classic and intraepi-
thelial carcinoma), and 50 (20%) had invasive 
mucinous carcinoma (Figure 1A). In addition, 
the borderline mucinous tumors were subdi-
vided into 70 (70%) classic borderline muci-
nous tumors and 30 (30%) intraepithelial carci-
nomas (Figure 1A). All the borderline tumors 
were of the intestinal type, and all the mucinous 
carcinomas were of the intestinal type. The 
average tumor size was 11.29±4.37 cm. We 
also collected the survival data from the muci-
nous carcinoma group (n=50). The median fol-
low-up time for the surviving patients at the 
endpoint for analysis was 45 months. Five of 
the 50 patients died during follow-up.

Different IMP3 immunostaining patterns in 
ovarian mucinous tumors.

The staining of IMP3 in the ovarian mucinous 
tumors was localized to the cytoplasm, which 
was consistent with that in previous studies 
analyzing other tissues [15, 16]. Then, we divid-
ed the intensity of the IMP immunostaining into 
none, weak, moderate and strong expression 
groups (Figure 1B). Based on this, we further 
scored all the cases according to the scoring 
system mentioned in the Methods section  
and in previous studies [9, 13, 14]. Patients 
with benign mucinous cystoadenoma (n=100)  
mainly presented negative IMP3 expression 

sion than the benign cystoadenoma cohort 
(55/70, 78.57%, p<0.05, Figure 2A), and 9 
cases of classic borderline tumor exhibited 
moderate staining for IMP3 (scores 100-300, 
9/70, 12.86%). The moderate positive areas in 
these cases were focally distributed, and the 
percentage of positive areas was below 20%. In 
contrast, in the mucinous intraepithelial carci-
noma cohort (n=30), more cases showed mod-
erately positive staining and the percentage  
of the area stained positive was between 
50-75% (score 100-300, 14/30, 46.67%). The 
expression rate and intensity of IMP3 were 
much higher in cases of mucinous intraepithe-
lial carcinoma than those in cases of classic 
borderline tumor (p<0.05, Table 1; Figure 2A, 
2B). As expected, the highest rate of IMP3 
expression was seen in mucinous carcinoma 
(n=50), as 64% of the cases (32/50) showed 
strong and diffuse staining for IMP3 (score 
100-300) that was significantly higher than 
that in either classic borderline mucinous 
tumors or benign mucinous tumors (p<0.05, 
Table 1; Figure 2A, 2B). Interestingly, the 
expression of IMP3 failed to show a significant 
difference between intraepithelial carcinoma 
and invasive mucinous carcinoma. However, 
when compared with carcinomas of FIGO stage 
II-III, the expression of IMP3 was significantly 
higher in invasive carcinoma than that in 
intraepithelial carcinoma (p<0.05). Taken to- 
gether, these results suggested that the expres-
sion rate and intensity of IMP3 increased as 
tumors progressed toward malignancy.

Correlation between the expression level of 
IMP3 and clinicopathological characteristics

We analyzed the association between IMP3 
expression and clinicopathological features. As 
shown in Table 1, IMP3 expression levels were 

Table 1. The correlation between IMP3 and the clinicopathological param-
eters of ovarian mucinous tumors

Variables Total  
IMP3

Rho P value
Negative Low High

Age <50 143 59 49 35 0.022 0.734
≥50 107 36 51 20

Histology Benign 100 88 12 0 0.824 <0.001*
Borderline 70 6 55 9
Intraepithelial carcinoma 30 1 15 14
Invasive carcinoma 50 0 18 32

Size ≥10 cm 167 73 67 27 0.213 0.001*
<10 cm 83 22 33 28

*: p<0.01. 

(88/100, 88%), while 
12 cases exhibited 
weakly positive stain-
ing as indicated by 
the low final scores 
(scores 49-99, 12/ 
100, 12%, Table 1). 
None of the cases 
presented either mo- 
derate or strong sta- 
ining for IMP3. The 
cohort of classic bor-
derline adenoma (n= 
100) cases presented 
more samples with 
weak IMP3 expres-



IMP3 promotes ovarian mucinous tumor progression

3392	 Am J Transl Res 2017;9(7):3387-3398

significantly correlated with the tumor size 
(p<0.001, Table 1) in all cases, suggesting that 
IMP3 might be involved in the growth of ovarian 

mucinous tumors. Interestingly, when limiting 
the samples to malignant cases (mucinous car-
cinoma, n=50), the expression of IMP3 was not 

Figure 2. The expression of IMP3 in a series of ovarian mucinous tumors. A: Representative immunochemistry re-
sults of IMP3 in a series of ovarian mucinous tumors: benign mucinous cystoadenoma, classic borderline mucinous 
tumor, borderline mucinous tumor of intraepithelial carcinoma and invasive mucinous carcinoma. All the images 
were captured under a microscope at 200 × (Scale bar =50 mm, Top) and 400 × (Scale bar =20 mm, Bottom) mag-
nification. B: The graph of percentage of different IMP3 expression levels in a series of ovarian mucinous tumors: 
benign mucinous cystoadenoma, classic borderline mucinous tumor, borderline mucinous tumor of intraepithelial 
carcinoma and invasive mucinous carcinoma. IMP3 expression was measured using immunochemistry and then 
classified as negative, low or high according to our scoring system.  
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correlated to tumor size (Table 2). Next, in 50 
cases with primary ovarian mucinous carcino-
ma, we found that IMP3 was significantly cor-
related with FIGO staging (p=0.005, Table 2). In 
detail, the expression rate and intensity of 
IMP3 were much higher in cases with fallopian 
(p=0.047) and uterine (p=0.020) involvement. 
Moreover, IMP3 expression was tightly corre-
lated with lymph node metastasis (p=0.047) 
and recurrence (p=0.015) (Table 2). Taken 
together, the correlations between IMP3 
expression and these clinicopathological index-
es suggested that IMP3 might be associated 
with tumor invasion in ovarian mucinous 
malignancies.

Correlation between the expression levels of 
IMP3 and survival in malignant mucinous car-
cinoma patients

To explore the potential correlation between 
IMP3 and the prognosis of patients with ovari-
an mucinous carcinoma, we conducted a 
Kaplan-Meier analysis in the subgroup of 50 
malignant cases. The results showed that high 
levels of IMP3 expression were significantly 
associated with a worse DFS (p=0.004; Figure 
3A) and OS (p=0.009; Figure 3B). Moreover, 

cell lines and selected SKOV3 and CAOV3 for 
the experiments (Figure 4A, 4B). Then, we con-
structed the IMP3 plasmid, transfected it into 
SKOV3 and CAOV3 cells and tested the trans-
fection efficiency at the mRNA and protein lev-
els (Figure 4C, 4D). We found that overexpres-
sion of IMP3 caused significantly accumulation 
of live SKOV3 and CAOV3 cells (Figure 4E, 4F, 
p<0.01). In addition, overexpression of IMP3 
prompted the invasion of SKOV3 and CAOV3 
cells in the transwell assays (Figure 5A, 5B, 
p<0.05). Similarly, overexpression of IMP3 also 
enhanced cell migration in the wound-healing 
assays in both cell lines (Figure 5C, 5D, 
p<0.05). These results suggested that IMP3 
promotes cell proliferation, migration and inva-
sion in ovarian tumor cells. 

Discussion

To the best of our knowledge, this is the first 
study to investigate the expression of IMP3 in 
ovarian mucinous tumors and its relationship 
with clinicopathological variables and patient 
prognosis. We found that the expression rate 
and intensity of IMP3 gradually increased along 
with the progression of ovarian mucinous 
tumors in a stepwise manner. Elevated expres-

Table 2. The correlation between IMP3 and the clinicopatho-
logic parameters of ovarian mucinous carcinoma

Variables
IMP3

X2 P value
Low High

FIGO staging I 16 17 10.627b 0.005*
II 2 6
III and IV 0 9

Tumor size ≥10 cm 10 14 0.257a 0.557
<10 cm 8 18

Fallopian involvement - 16 21 3.950a 0.047*
+ 1 12

Uterine involvement - 17 22 5.452a   0.020*
+ 0 11

Omental involvement - 17 27 2.002a 0.157
+ 0 6

Appendix involvement - 17 29 0.896a 0.344
+ 0 4

Lymph node metastasis - 17 24 3.957a 0.047*
+ 0 9

Recurrence - 15 16 5.932a 0.015*
+ 2 17

*: p<0.05. a: continuous correction. b: likelihood ratio, LR.

the Cox univariate analysis revealed 
that IMP3 levels were the risk fac-
tor for DFS (p<0.001) and OS 
(p<0.001) along with FIGO staging 
and lymph node metastasis (Tab- 
les 3, 4). The multivariate analysis 
showed that IMP3 levels were an 
independent risk factor for DFS but 
not for OS. Taken together, these 
results identified that high levels of 
IMP3 predicted poor survival of 
malignant mucinous carcinoma 
patients.

Overexpression of IMP3 promotes 
the proliferation, mobility and inva-
sion of ovarian tumor cells

Since high expression of IMP3 was 
correlated with tumor size and inva-
siveness in earlier analyses, we 
performed in vitro experiments to 
identify its effect on cell function in 
ovarian tumor cells. We first detect-
ed the baseline IMP3 mRNA and 
protein levels in 5 ovarian tumor 
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sion of IMP3 was significantly associated with a 
worse DFS and OS in cases of mucinous carci-
noma. Moreover, IMP3 overexpression promot-
ed cell proliferation and invasion in ovarian 
tumor cells. Thus, we identified IMP3 as a diag-
nostic and prognostic biomarker for ovarian 
mucinous tumors.

Ovarian borderline mucinous tumors were origi-
nally divided into two histological subtypes: the 
gastrointestinal type and the seromucinous 
type. The seromucinous type was independent-
ly categorized according to the WHO 2014 crite-
ria; thus, only borderline mucinous tumors of 
the intestinal type were included in our study. 

Figure 3. IMP3 predicts a poor prognosis in invasive ovarian mucinous carcinoma. A: Kaplan-Meier disease-free sur-
vival (DFS) curves for cases of invasive ovarian mucinous carcinoma with different IMP3 levels (low, n=18 vs. high, 
n=32). B: Kaplan-Meier overall-survival (OS) curves for cases of invasive ovarian mucinous carcinoma with different 
IMP3 levels (low, n=18 vs. high, n=32). 

Table 3. Univariate and multivariate analyses of the clinicopathological factors for DFS

Variable
Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI P value
Age 1.459 0.576-3.698 0.425
Tumor size 1.084 0.439-2.676 0.861
Lymph node metastasis 14.844 4.874-45.208 <0.001* -- -- --
FIGO staging 6.359 3.066-13.190 <0.001* 3.375 1.163-9.799 0.025*
IMP3 6.706 2.779-16.182 <0.001* 2.909 1.143-7.406 0.025*
*: p<0.05. HR: hazard ratio.

Table 4. Univariate and multivariate analyses of the clinicopathological factors for OS

Variable
Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI P value
Age 1.486 0.547-4.039 0.438
Tumor size 2.408 0.845-6.866 0.100
Lymph node metastasis 16.077 4.829-53.531 <0.001* -- -- --
FIGO staging 6.902 3.092-15.407 <0.001* 4.234 1.431-12.527 0.009*
IMP3 4.809 2.158-10.719 <0.001* -- -- --
*: p<0.05. HR: hazard ratio.
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Borderline mucinous tumors from the ovary are 
microscopically identified as cysts lined by 
stratified, proliferative gastrointestinal-type 
mucinous epithelium exhibiting papillary intrag-
landular growth patterns without stromal inva-
sion [17]. The difference between classic bor-
derline mucinous tumors and intraepithelial 
carcinoma is the severe nuclear atypia. 

significantly as the cancer progressed from a 
benign to malignant state and was significantly 
correlated with FIGO staging. The distinctive 
expression of IMP3 in classic borderline and 
intraepithelial carcinoma suggested that IMP3 
accumulates with the increasing malignancy  
of ovarian mucinous tumors. Interestingly, we 
found no significant differences in IMP3 expres-

Figure 4. Overexpression of IMP3 induces tumor cell proliferation in ovarian 
tumor cell lines. A: Graph showing the statistical analysis of the baseline 
IMP3 mRNA levels in the 5 ovarian tumor cell lines as detected by RT-qP-
CR. B: Results of the western blot analysis showing baseline IMP3 levels in  
5 ovarian tumor cell lines. GAPDH was used as an endogenous control.  
C: Graph showing the statistical analysis of IMP3 mRNA levels in SKOV3 and 
CAOV3 cells transfected with pcDNA3.1-IMP3 as detected using RT-qPCR. 
*: p<0.01. D: Results of the western blot analysis showing IMP3 levels in 
SKOV3 and CAOV3 cell lines transfected with pcDNA3.1-IMP3. GAPDH was 
used as an endogenous control. E: The CCK8 cell counting assays indicate 
the cell growth curves of SKOV3 cells transfected with either pcDNA3.1 
or pcDNA3.1-IMP3 at the indicated time points. Error bars are shown. *: 
p<0.01. F: The CCK8 cell counting assays indicate the cell growth curves 
of CAOV3 cells transfected with either pcDNA3.1 or pcDNA3.1-IMP3 at the 
indicated time points. Error bars are shown. *: p<0.01. 

Meanwhile, only intraepithelial 
carcinoma with stromal inva-
sion measuring more than 5 
mm at the longest diameter 
would be considered muci-
nous carcinoma [17-19]. The 
group with stromal invasive 
lesions smaller than 5 mm at 
the longest diameter is sepa-
rately identified as intraepithe-
lial carcinoma with microinva-
sion because its behavior has 
not been well documented to 
date [17]. Thus, this group was 
not included in our study 
because of its ambiguous 
identity between typical in- 
traepithelial carcinoma and 
well-defined mucinous carci- 
noma.

IMP3 is not expressed in most 
mature normal tissues but is 
abnormally regulated in a vari-
ety of cancers, which supports 
its identity as an oncogene [2, 
8, 13]. IMP3 was reported to 
be significantly associated 
with invasive progression of 
various tumor types [20-22]. 
In the gynecological system, 
IMP3 has been used as a 
novel biomarker to distinguish 
cancer (especially borderline 
cases) from normal tissues 
within the cervix and endome-
trium [23, 24]. Yiying Wang’s 
research group reported that 
IMP3 was involved in the initial 
process of early serous tubal 
carcinogenesis and was more 
often abnormally increased  
in patients with high-grade 
serous carcinoma [13]. Simi- 
larly, we also found that the 
expression of IMP3 increased 
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sion between intraepithelial carcinoma and 
invasive mucinous carcinoma. Since IMP3 
expression was significantly correlated with 
FIGO staging and invasion-related indexes  
and we observed that IMP3 overexpression 
promoted cell invasion in the in vitro experi-
ments, future studies should focus on the 
innate differences in IMP3 expression between 

tistical results might not reflect the innate con-
nection of IMP3 and the prognosis of mucinous 
carcinoma. Future studies should be estab-
lished with a larger cohort and identical num-
bers of early and advanced stage cases to 
more precisely elucidate the link between IMP3 
and the clinical consequences of invasive ovar-
ian mucinous carcinoma.

Figure 5. IMP3 promotes tumor cell migration and invasion in ovarian tumor 
cells. (A, B) Representative images (A) and quantification (B) of the transwell 
assays performed using SKOV3 and CAOV3 cells transfected with either 
pcDNA3.1 or pcDNA3.1-IMP3. Images were captured under a microscope 
at 200 × magnification (scale bars =50 μm, p<0.05). (C, D) Representative 
quantification (C) and images (D) of wound-healing assays using SKOV3 and 
CAOV3 cells transfected with either pcDNA3.1 or pcDNA3.1-IMP3. Images 
were captured under a microscope at 40 × magnification (scale bars =200 
μm, p<0.05).

invasive mucinous carcinoma 
and intraepithelial carcinoma 
with a larger cohort.

It was previously suggested 
that IMP3 expression might 
be histological subtype-spe-
cific because high expression 
levels were observed in 
serous and clear cell carcino-
ma compared with those in 
endometrioid carcinomas [2, 
11]. Our study found that 
IMP3 was also expressed in 
primary mucinous carcinoma 
and was correlated with FIGO 
staging. Further statistical 
analyses also suggested that 
IMP3 expression was highly 
correlated with tumor size, 
tumor invasion-related index-
es and lymph node metasta-
sis. Since a big percentage of 
endometrioid and mucinous 
carcinomas are of FIGO stage 
I, it is more likely that IMP3 
expression is correlated with 
the progression toward malig-
nancy rather than the specific-
ity of histological subtypes.

In the present study, patients 
with high levels of IMP3 
expression had a poor progno-
sis, which is consistent with 
findings on ovarian clear cell 
carcinoma [11]. We demon-
strated that IMP3 could serve 
as an independent risk mark-
er for DFS but not for OS in 
mucinous carcinoma. Con- 
sidering that the sample size 
was limited and there were 
fewer cases of advanced 
stage disease than those of 
early stage disease, the sta-
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It has been reported that IMP3 could stimulate 
tumor proliferation and invasion in somatic 
malignancies [21, 26]. Our clinical data and in 
vitro experiment results also suggested that 
IMP3 was correlated with tumor size in all types 
of ovarian mucinous tumors and promoted cell 
proliferation in ovarian tumor cells. On the 
other hand, high levels of IMP3 expression 
were correlated with tumor invasion in the  
clinical data analysis, and we identified that 
overexpression of IMP3 could stimulate tumor 
cell migration and invasion in vitro. A previous 
study reported that EGF could regulate IMP3 to 
enhance tumor invasion [20]. Future studies 
should focus on the underlying molecular 
mechanisms. 

In summary, we found that IMP3 is detectable 
throughout the entire spectrum of ovarian 
mucinous tumors. IMP3 is highly expressed 
with increasing malignancy of ovarian muci-
nous tumors. IMP3 expression is also an indi-
cator of poor prognostic significance. Clinical 
practices should consider IMP3 as a biomarker 
in diagnosing ovarian mucinous tumors and 
monitoring patient prognosis.

Conclusions

IMP3 is highly expressed with increasing malig-
nancy in ovarian mucinous tumors. IMP3 could 
be used in the differential diagnosis of ovarian 
mucinous tumors and might be applicable in 
monitoring tumor initiation and progression.
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