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IMP3 protein is an independent 
prognostic factor of clinical stage II 
rectal cancer
Daniela Bevanda Glibo1, Danijel Bevanda1, Katarina Vukojević  2,3* & Snježana Tomić4

Immunohistochemical level of IMP3-protein in patients with rectal cancer in clinical stage II (141), 
were correlated with sociodemographic, pathohistological and clinical indicators and duration of 
overall-survival and progression-free-survival. Vascular invasion was associated with IMP3-positive 
immunostaining (p < 0.001). Vascular invasion ratio in the group of poorly-differentiated-tumors was 
21 times higher than in the group of well-differentiated-tumors. IMP3-positive patients lived 2.2 times 
shorter than negative (p < 0.001). Patients with well-differentiated-tumors lived 1.7 times longer than 
the subjects with poorly-differentiated-tumors (p < 0.001). Patients without vascular invasion lived 2.7 
times longer than the subjects with vascular invasion (p < 0.001). The risk of mortality was 2.3 times 
higher for IMP3 positive patients (p = 0.027) and 10.4 higher for the patients with vascular invasion 
(p < 0.001). IMP3-negative participants had 2.3 times longer free interval without disease (p < 0.001). 
The free interval without disease was 3.6 times longer in the group without vascular invasion 
(p < 0.001). The risk of disease relapse in the IMP3 positive group was 5.3 times higher (p < 0.001) and 
with vascular invasion was 8 times longer (p < 0.001). The risk of disease relapse was 6.8 times higher 
in the group with vascular invasion (p < 0.001). Patients with rectal cancer and high IMP3-protein level 
will have a shorter overall survival relative to patients without or with low levels of IMP3. The analysis 
of IMP3 expression by immunohistochemistry pointed IMP3 as an independent prognostic factor of 
clinical stage II rectal cancer.

Colorectal cancer (CRC) is one of the most common malignant tumors worldwide, ranked as third malignancy 
in men (746,000 new cases per year), and as second in women (614,000 new cancer cases per year)1. A particu-
larly high incidence was found in Western Europe, the United States and Australia, while the lowest incidence 
was in West Africa.

Due to high incidence and mortality, CRC represents a significant public health issue. Epidemiological and 
experimental studies as well as migration studies clearly point out the fact that environmental factors play a 
crucial role in the emergence of this disease.

Surgical treatment provides the only possibility of cure. Chemotherapy and radiotherapy are used to treat 
locally advanced and metastatic diseases. In assessing the use of adjuvant therapy, the most important parameter 
is the clinical stage of the disease2.

In patients with clinical stage II, chemotherapy is indicated individually. A large number of researchers are 
trying to find additional indicators that would select subgroup of patients in stage II colorectal cancer which 
could have benefit from the chemotherapy3, 4. Tumor invasiveness and its metastatic potential are the main 
determinants of outcomes of CRC, and factors involved in these processes are obvious candidates for new 
prognostic indicators5. One of these is IMP3 protein. IMP3 belongs to the family of insulin-like growth factor 
II mRNA binding proteins (IMPs) that play a key role in the transmission and stabilization of RNA, cell growth 
and migration during embryogenesis6. IMP3 also plays an important role in carcinogenesis and progression of 
colon cancer and can serve as a prognostic biomarker to identify patients with a risk of developing metastasis or 
recurrence of cancer after the colectomy. So far, IMP3 has been investigated in various malignant tumors. Studies 
have shown that IMP3 expression is negative in healthy mature tissue and is positive in malignant neoplasms of 
the colon, kidney, bladder, pancreas, stomach, breast and lung, and is associated with an advanced clinical stage 
with distant metastases and shorter overall survival7–10.
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There are only five published studies in which IMP3 immunoexpression in colorectal cancer were analysed4, 

11, 12. In this study, IMP3 expression was analyzed for the first time in tumor samples of a selected population 
with rectal cancer in clinical stage II.

Materials and methods
Data collection.  The Ethical Committee of University Hospital Center (UHC) Split approved the study. The 
study was conducted according to the guidelines of the Declaration of Helsinki, Patient Rights Protection Act 
(NN 169/04), Law on the Implementation of the General Regulation on Data Protection (NN42/18), Croatian 
Code of Medical Ethics and Deontology (NN55/08, 139/15). All patients have agreed to participate and have 
signed Informed Consent. The study was conducted on samples of paraffin-embedded tumor tissue, taken from 
patients diagnosed with clinical stage II rectal cancer during the period from 1 January 2005 to 31 December 
2007. All patients were operated at the Department of Surgery of UHC Split. The exclusion criteria were: patients 
who had only a palliative surgical procedure, patients who received radiotherapy or/and chemotherapy before 
surgery, patients with less than 12 lymph nodes examined in the pathohistological report, patients who did not 
had paraffin blocks of CRC in the archives of the Department of Pathology and patients who were not monitored 
at Department of Oncology and Radiotherapy of UHC Split.

Socio-demographic and clinical data have been collected from the initial operating protocol and the history 
of the disease: age, gender, operation date, tumor size and clinical stage. Patients with CRC were divided into 
age groups in four categories: younger than 25, 25 to 44, 45 to 64 and over 65.

Pathohistological data were collected from the pathohistological report: pathological stage, tumor size, 
histological type, degree of differentiation, vascular invasion. The clinical stage of the tumor was determined 
according to the TNM classification. Tumor stage II is classified as T3 N0 M013, 14. The degree of differentiation 
was determined by the percentage of glandular and solid components. Tumors with less than 50% of the solid 
component were classified in the low-grade group and more than 50% of the solid component in the high-grade 
group15. Positive vascular invasion was defined as finding a tumor embolus within the endothelium lined spaces 
on the invasive edges of the tumor.

Data on survival, recurrence and duration of disease free survival were obtained from files of patients treated 
at the Department of Oncology and Radiotherapy and Department of Surgery of UHC Split. The period of dis-
ease length monitoring was considered as the time interval between the date of surgery and the date of the last 
clinical checkup or death of the patient (until 31/12/2012). The free interval without recurrence of the disease 
was considered as the time interval between the date of surgery and the date of the recurrence of diagnosis (until 
31/12/2012).

Immunohistochemistry.  Representative tumor tissue sections were stained using the method of immu-
nohistochemistry in the Laboratory for Immunohistochemistry of the Department of Pathology, Forensic Medi-
cine and Cytology, UHC Split. Immunohistochemical analysis was performed on 5 μm sections using primary 
monoclonal mouse antibodies against IMP3 (dilution 1:100, M3626, clone 69.1), EnVision/HRP and chromogen 
3,3’-diaminobenzidine (all reagents DAKO, Glostrup), on DAKO automatic immunostainer. Two experienced 
pathologist analysed the slides with light microscope Olympus 51BX. Diffuse cytoplasmic staining for IMP3 
with more than 10% of positive cells were considered as positive (Fig. 1).

Statistical analysis.  The data were processed in the SPSS 17 software and descriptive statistics methods 
were used. The data were tested by Kolgomorov-Smirnov test. The correlation of qualitative variables with the 
investigated groups was determined by χ2 test and binary logistic regression (OR). The Mann–Whitney test 

Figure 1.   Immunohistochemical staining with IMP3 in patients with rectal cancer in clinical stage II. Positive 
cells display brown cytoplasmic staining.
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and the Kruskal–Wallis test were used to test the differences in quantitative variables between the investigated 
groups. In the analysis of survival and disease recurrence, the Log rank test, Kaplan Meier survival curves and 
Cox regression analysis were used. The results were interpreted at the significance level p < 0.05.

Ethics approval and consent to participate.  The Ethical Committee of University Hospital Center 
(UHC) Split approved the study.

Results
The study included 141 subjects with diagnosis of clinical stage II rectal cancer with median of 62 years of age 
(min–max 39–79 years) (Table 1). In the group of patients that died of rectal cancer there were 3.9 times more 
IMP3 positive expression than in the group of survived patients (p < 0.001). In the group of patients that died of 
cancer there were 7 times more poorly differentiated carcinoma than in the group of survived patients (p < 0.001). 
In the group of patients that died of cancer there were 27 times more findings of vascular invasion than in the 
group of survived patients (p < 0.001) (Table 1).

Based on the median age we divided the subjects into two categories (≤ 62 years, > 62 years). However, we 
did not demonstrate a statistically significant difference in the distribution of subjects by age groups relative to 
the outcome of the disease (χ2 = 5.4, p = 0.68).

Based on the median tumor size we divided the subjects into two groups (≤ 5 cm, > 5 cm). There was 1.9 times 
higher tumor size (more than 5 cm) in the group of patients who died of other causes compared to survived group 
of patients. Additionally, there was 2.4 times higher rate of tumor size more than 5 cm, in the group of patients 
that died of cancer compared to survived group of patients (p = 0.010) (Table 1). There was no statistically sig-
nificant gender correlation with IMP3 expression (p = 0.075). We have not demonstrated statistically significant 
association of age groups with IMP3 expression (p = 0.971). There was no statistically significant association of 
tumor size with IMP3 expression (p = 0.146). In the group of patients with IMP3 positive expression there were 
2.5 times more the poorly differentiated tumors compared to group of patients with IMP3 negative expression 
(p = 0.008).

In the group of patients with IMP3 positive expression there were 4.2 times more vascular invasion than in 
the group of patients with IMP3 negative expression (p < 0.001) (Table 2).

Table 3 showed the survival analysis of the log rank disease free survival (DFS) test according to the investi-
gated indicators. We did not find a statistically significant difference for the disease free survival (DFS) among a 
group of patients with a tumor size of ≤ 5 cm and a group of subjects with a tumor size > 5 cm (p = 0.435) (Table 4).

Disease free survival (DFS) in the group of subjects with negative IMP3 expression was 52.5 months longer 
than in the group of subjects with positive IMP3 expression (Fig. 2). Disease free survival (DFS) in the group 
of patients with well-differentiated tumor was 38 months longer than in the group of patients with poorly dif-
ferentiated tumors. Disease free survival (DFS) was 67 months longer in the group of subjects without vascular 
invasion than in the group of subjects with vascular invasion (Table 2).

Table 1.   The number (%) of patients with CRC and clinical stage II compared to the investigated parameters 
or median (min–max) of the patients compared to the outcome of the disease. *χ2 test; †Mann–Whitney U 
test; ** Kruskal–Wallis test.

Total

Outbreak of illness

P*Died from cancer Another cause Alive

Gender

Male 85 (62) 46 (70) 9 30 (52) 0.103*

Female 52 (38) 20 (30) 4 28 (48)

Age 62 (39–79) 65 (45–79) 70 (39–75) 60 (42–74) 0.005**

Tumor size (cm) 5 (2–17) 4.5 (2–10) 6 (4–17) 5 (2–12)  < 0.001**

IMP3

Negative 63 (46) 12 (18) 5 46 (79)  < 0.001*

Positive 74 (54) 54 (82) 8 12 (21)

Degree of differentiation

Well 99 (72) 34 (519) 11 54 (93)  < 0.001*

Poor 38 (28) 32 (49) 2 4 (7)

Vascular invasion

No 79 (589) 12 (18) 11 56 (97)  < 0.001*

Yes 58 (42) 54 (82) 2 2 (3)

Age

 ≤ 62 68 (50) 29 (44) 4 35 (60) 0.007*

 > 62 69 (50) 37 (56) 9 23 (40)

Tumor size (cm)

 ≤ 5 82 (60) 45 (68) 3 34 (59) 0.10*

 > 5 55 (40) 21 (32) 10 24 (41)
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Multinomial regression Cox’s analysis revealed that the risk of disease recurrence was 2.7 times higher in the 
group of subjects with positive IMP3 expression than in subjects with negative IMP3 expression (p = 0.003), and 
that the risk of disease recurrence was 6.8 times higher in the group of subjects with vascular invasion vs. group 
of subjects without vascular invasion (p < 0.001) (Table 3).

The overall survival rate of women was 16 months longer than in men (p = 0.041). There was no statistically 
significant difference in survival among age group ≤ 62 and > 62 years (p = 0.136), nor in the survival length 
between subjects with tumor size ≤ 5 cm and > 5 cm (p = 0.166). Subjects with positive IMP3 expression lived 2.2 
times shorter than subjects with negative IMP3 expression (p < 0.001) (Fig. 3). Subjects with well-differentiated 
tumors lived 1.7 times longer than subjects with poorly differentiated tumors (p < 0.001), while subjects without 
vascular invasion lived 2.7 times longer than subjects with vascular invasion (p < 0.001) (Table 5, Fig. 2).

Multinominal regression Cox’s analysis showed that the risk of death in CRC patients was 2.3 times higher 
in patients with IMP3 positive expression than in patients with IMP3 negative expression (p = 0.027), also there 
was 10.4 times higher mortality rate in subjects with vascular invasion compared to patients without vascular 
invasion (p < 0.001). We also found that risk of death for men was 1.7 times higher than for women at level of 
significance of 93% (p = 0.073) (Table 6).

Table 2.   The number (%) of patients according to the examined variables and logistic regression results in 
relation to IMP3. *χ2test; †Logistic regression.

IMP3

OR 95%CI P†Negative Positive P*

Gender

Male 34 (52) 52 (68) 0.075

Female 31 (48) 24 (32)

Age

 ≤ 62 34 (52) 38 (50) 0.971

 > 62 31 (48) 38 (50)

Tumor size

 ≤ 5 43 (66) 40 (53) 0.146

 > 5 22 (34) 36 (47)

Degree of differentiation

Well 55 (85) 48 (63) 0.008 3.2(1.4–7.3) 0.005

Poor 10 (15) 28 (37)

Vascular invasion

No 55 (85) 28 (37)  < 0.001 9.4 (4–21)  < 0.001

Yes 10 (15) 48 (63)

Table 3.   Results of Cox’s regression multinomial analysis for disease free survival (DFS). *Reference level.

RR 95% CI P

Gender

Male 0.694 0.42–1.24 0.177

Female*

Age

 ≤ 62* 1.2 0.74–2.1 0.415

 > 62

Tumor size

 ≤ 5

 > 5* 0.79 0.5–1.3 0.334

IMP3

Negative* 2.7 1.4–5.1 0.003

Positive

Degree of differentiation

Well* 0.575 0.326–1.0 0.057

Poor

Vascular invasion

No* 6.8 3.5–13  < 0.001

Yes
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Table 4.   Results of the Log rank test for the disease-free interval (DFS) according to the examined indicators. 
*Log rank test.

Average DFS (months) 95%CI Median (SE) (months) 95%CI LR* P

Gender

Male 58 (5) 48–68 44 (7) 30–58 5.2 0.022

Female 77 (6) 64–89

Age

 ≤ 62 74 (5.5) 63–85 5.8 0.016

 > 62 56 (5.6) 45–67 44 (7) 30–57

Tumor size

 ≤ 5 62 (5) 52–73 50 (4.5) 41–59 0.61 0.435

 > 5 82 (6) 70–94

IMP3

Negative 94(5) 84–104

Positive 41.5 (4.5) 33–50 24 (5) 14–34 44  < 0.001

Degree of differentiation

Poor 76 (5) 66–85

Well 38 (5) 28–48 28 (9) 9.8–46 21.5  < 0.001

Vascular invasion

No 93 (4.5) 84–102

Yes 26 (3) 20–32 17 (4) 8.5–26 86  < 0.001

Figure 2.   Kaplan–Meier disease free interval (DFS) curves relative to different indicators. (a) degree of 
differentiation: well differentiated carcinomas (blue line); poorly differentiated carcinomas (green line). (b) age 
groups: ≤ 62 (blue line); > 62 (green line). (c) expression of IMP 3: IMP 3 negative expression (blue line); IMP 3 
positive expression (green line). (d) vascular invasion: no vascular invasion (blue line); vascular invasion present 
(green line). (e) gender: female (green line); male (blue line).
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Figure 3.   Kaplan–Meier’s overall survival (OS) curve relative to different indicators. (a) degree of 
differentiation: well differentiated cancer (blue line); poorly differentiated cancer (green line). (b) age 
groups: ≤ 62 (blue line); > 62 (green line). (c) expression of IMP 3: IMP 3 negative expression (blue line); IMP 3 
positive expression (green line). (d) vascular invasion: no vascular invasion (blue line); vascular invasion present 
(green line). (e) gender: female (green line); men (blue line). (f) tumor size: ≤ 5 cm (green line); > 5 cm (blue 
line).

Table 5.   Results of analysis overall survival of respondents compared to researched variables. *Log rank test.

Average OS (SE) (months) 95%CI Median(SE) (months) 95%CI LR* P

Gender

Male 69 (5) 59–78 53 (6) 41–65 4.2 0.041

Female 85 (6) 74–96

Age

 ≤ 62 80 (5) 69–90 2.2 0.136

 > 62 70 (5) 60–80 61 (6) 49–73

Tumor size

 ≤ 5 71 (5) 62–80 60 (12) 36–84 1.9 0.166

 > 5 82 (6) 70–94

IMP3

Negative 100.6 (4) 92–109

Positive 52 (4.5) 43–61 48 (7) 34–61 43  < 0.001

Degree of differentiation

Well 86 (4) 77–94

Poor 50 (5) 39–60 48 (5) 37–58 24  < 0.001

Vascular invasion

No 104 (3.5) 97–111

Yes 38 (3.3) 31–44 32 (5) 22–42 92  < 0.001
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The analysis of IMP3 immunohistochemical expression pointed IMP3 as an independent prognostic factor 
of clinical stage II rectal cancer.

Discussion
Although colorectal cancer is one of the few cancers with early detection capability that allows for proper surgi-
cal removal, it is still among the malignant neoplasms in the third place by frequency, behind prostate and lung 
cancer in men, and secondly, behind breast cancer, in woman13, 15. Significant progress has been made over the 
last few years in understanding the molecular pathways of colorectal carcinogenesis, which enabled more specific 
targeting of colorectal cancer and improved screening programs for hereditary colorectal cancer. The treatment 
of this type of cancer is mostly surgical, and the decision on the use of adjuvant therapy depends primarily on 
the clinical stage of the disease13, 15. Although in most studies of colorectal cancer the clinical stage has proved to 
be the most important prognostic indicator, its clinical use is often insufficient to assess the need for additional 
treatment methods, especially in patients at clinical stage II13. Therefore, in this study, the expression of IMP3 
protein in tissue samples of patients with rectal carcinomas was investigated in this prognostically and thera-
peutically the least defined clinical stage II.

In this study, using the method of immunohistochemistry, we investigated the expression of IMP3 pro-
tein, which plays a key role in the transmission and stabilization of RNA, cell growth and migration during 
embryogenesis. IMP3 has not been expressed in normal adult human cells. However, this cancer-specific gene is 
associated with different types of malignant tumors16. IMP3 is an mRNA-binding protein that function in RNA 
localization, stabilization and trafficking17. This protein exhibits the properties of an oncofetal protein, and its 
expression correlates with the aggressive behaviour of many tumors (lung cancer, renal cell cancer, oral cancer, 
urothelial carcinoma, hepatocellular carcinoma, pancreatic cancer, gastric cancer, and intrahepatic cholangio-
carcinoma, as well as in the colorectal cancer) with adverse survival. Namely, it has been previously reported 
that IMP3 shows a positive correlation with clinical stage and degree of differentiation, increased number of 
local lymph nodes and distant metastases in advanced kidney, colon, bladder, pancreas, stomach, breast and 
lung cancer4, 11. Additionally, IMP3 was expressed in the reactivated stroma, in the prostate cancer, suggest-
ing that IMP3 has influence in stromal‑epithelial interaction and fibroblast‑to‑myofibroblast differentiation18. 
Huang et al. observed IMP3 expression in tumor stroma cells in CRC associated with TNM stage, lymph node 
metastasis, lympho‑vascular invasion and tumor border19. This might indicate involvement of IMP3 in malignant 
progression and metastasis due to certain correlation between IMP3 expression and vascular invasion that we 
observed in our study. Prognostic value of IMP3 was investigated in relation to age, gender, histological type of 
tumor, degree of differentiation, vascular invasion, duration of overall survival (OS) and progression free survival 
(PFS). Our study included 141 patients with rectal cancer in clinical stage II with median age of 62 years. The 
median age of males is 8 years greater than in females, which is in accordance with other published study4, 11, 19.

Lockhead et al. analysed IMP3 immunoexpression in 212 patients with colorectal cancer in clinical stage II, 
but unlike our study, they used microarray technique and include patients with colon and rectal cancer4.

Huang et al. analysed IMP3 immunoexpression in 47 subjects in stage II, but in statistical analysis they 
merged the clinical stages I and II and concluded that IMP3 was mostly positive in the cells (62%) in relation 
to the stroma19.

Table 6.   Results of Cox’s regression multinomial analysis for overall survival of CRC clinical stage II. 
*Reference level.

RR 95% CI P

Gender

Male 1.7 0.95–3.14 0.073

Female*

Age

 ≤ 62* 1.3 0.71–2.26 0.434

 > 62

Tumor size

 ≤ 5

 > 5* 1.2 0.72–2.1 0.463

IMP3

Negative* 2.26 1.1–4.6 0.027

Positive

Degree of differentiation

Well* 0.786 0.439–1.4 0.418

Poor

Vascular invasion

No* 10.4 4.6–2.3  < 0.001

Yes
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Our results did not confirm the statistically significant association of sex, age groups and tumor size with 
IMP3. Contrary, to this finding Schulze et al. reported survival advantage of women for most, but not all cancer 
types20.

The difference in survival in relation to gender was found in only two studies. Prees et al. explained these 
differences by the fact that the colon mucosa has both estrogen and androgen receptors and that high expression 
of epidermal growth factor is associated (EGFR) with a worse prognosis especially in relation to both receptor 
types. Prees states that the EGFR activation pathway may be activated in a sexually specific manner, via andro-
genic and estrogenic receptors.

More than 50% of the survivors had a well-differentiated carcinoma, and in about 70% of the survivors 
there was no vascular invasion. Vascular invasion is also statistically significantly associated with expression 
of IMP3 and indicates greater invasiveness and metastatic ability of tumor cells by increasing cellular mobility 
and transendothelial migration in subjects with higher expression of IMP3. The correlation between vascular 
invasion and positive IMP3 expression was also found in other studies4, 8, 11, 21.

According to the results of the published studies, the high level of IMP3 immunoexpression of the IMP3 
protein is associated with advanced clinical stage, distant metastasis and shorter overall survival and disease 
free survival (DFS)11, 12, 19, 21.

Contemporary oncology therapy should be tailored to the patient and molecular targeting of cancer. In addi-
tion, there is a possibility of immunotherapy in which vaccination against tumor-specific antigens and stimula-
tion of a specific cellular response could contribute to a better survival of the patient. IMP3 has characteristics 
suitable for the development of such carcinoma vaccine because it is highly immunogenic, often expressed in 
carcinomas, particularly in malignant cells22. First clinical studies show that vaccination with IMP3 stimulates 
cytotoxic response in advanced opioid patients and has a beneficial effect on overall survival22.

Therefore, one of the challenges is the detection of molecules that predict the metastatic potential of the tumor. 
To date, there are a small number of papers analyzing the expression of IMP3 in the whole tissue samples of 
rectal cancer. In one of the published studies only colon cancers were analyzed11, and in the remaining 4 studies 
CRC were analysed4, 12, 19, 23. In all five studies, patients in all clinical stages were analyzed, and the immunohis-
tochemical level of IMP3 protein in one study was performed on microarray (10).

Therefore, our research, which expand existing knowledge on the role of IMP3 protein in rectal cancer, can 
contribute to the understanding of the IMP3 cellular pathway involved in invasion and metastasis in the rectum 
carcinomas. This is particularly important for patients in clinical stage II where defining additional prognostic 
factors can help assess the need for additional oncological treatment after primary surgical tumor resection. IMP3 
protein could represent such an additional prognostic factor in these patients contributing to development of 
new diagnostic and treatment strategies.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.

Received: 11 January 2021; Accepted: 12 May 2021

References
	 1.	 Bray, F. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 

countries. CA Cancer J. Clin. 68, 394–424. https://​doi.​org/​10.​3322/​caac.​21492 (2018).
	 2.	 Vrdoljak, E., Pleština, S. & Dintinjan, R. Clinical recomendation for diagnosis, treatment and monitoring of patients with colorectal 

cancer. Liječnički Vjesnik 133, 11–12 (2011).
	 3.	 Lyall, M. S., Dundas, S. R., Curran, S. & Murray, G. I. Profiling markers of prognosis in colorectal cancer. Clin. Cancer Res. 12, 

1184–1191. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​05-​1864 (2006).
	 4.	 Lochhead, P. et al. Insulin-like growth factor 2 messenger RNA binding protein 3 (IGF2BP3) is a marker of unfavourable prognosis 

in colorectal cancer. Eur. J. Cancer 48, 3405–3413. https://​doi.​org/​10.​1016/j.​ejca.​2012.​06.​021 (2012).
	 5.	 Bhangu, A. et al. Epithelial mesenchymal transition in colorectal cancer: Seminal role in promoting disease progression and resist-

ance to neoadjuvant therapy. Surg. Oncol. 21, 316–323. https://​doi.​org/​10.​1016/j.​suronc.​2012.​08.​003 (2012).
	 6.	 Muller-Pillasch, F., Lacher, U. & Wallrapp, C. in Onkogene 2729–2733 (1997).
	 7.	 Jiang, Z. et al. Analysis of RNA-binding protein IMP3 to predict metastasis and prognosis of renal-cell carcinoma: A retrospective 

study. Lancet Oncol. 7, 556–564. https://​doi.​org/​10.​1016/​S1470-​2045(06)​70732-X (2006).
	 8.	 Wang, L., Li, H. G., Xia, Z. S., Lu, J. & Peng, T. S. IMP3 is a novel biomarker to predict metastasis and prognosis of gastric adeno-

carcinoma: A retrospective study. Chin. Med. J. (Engl.) 123, 3554–3558 (2010).
	 9.	 Findeis-Hosey, J. J. & Xu, H. The use of insulin like-growth factor II messenger RNA binding protein-3 in diagnostic pathology. 

Hum. Pathol. 42, 303–314. https://​doi.​org/​10.​1016/j.​humpa​th.​2010.​06.​003 (2011).
	10.	 Kono, K. et al. Vaccination with multiple peptides derived from novel cancer-testis antigens can induce specific T-cell responses 

and clinical responses in advanced esophageal cancer. Cancer Sci. 100, 1502–1509. https://​doi.​org/​10.​1111/j.​1349-​7006.​2009.​
01200.x (2009).

	11.	 Li, D. et al. IMP3 is a novel prognostic marker that correlates with colon cancer progression and pathogenesis. Ann. Surg. Oncol. 
16, 3499–3506. https://​doi.​org/​10.​1245/​s10434-​009-​0648-5 (2009).

	12.	 Yuan, R. H. et al. Diffuse expression of RNA-binding protein IMP3 predicts high-stage lymph node metastasis and poor prognosis 
in colorectal adenocarcinoma. Ann. Surg. Oncol. 16, 1711–1719. https://​doi.​org/​10.​1245/​s10434-​009-​0446-0 (2009).

	13.	 Taylor, I., Garcia-Aguilar, J. & Ward, R. Fast Facts: Colorectal Cancer (Health Press, 2010).
	14.	 Edge, S. B., Compton, C. C., Fritz, A. G., Greene, F. L. & Trotti, A. AJCC cancer staging manual 7th edn. (Springer, 2010).
	15.	 Aune, D. et al. Dietary fibre, whole grains, and risk of colorectal cancer: Systematic review and dose response meta analysis of 

prospective studies. BMJ 343, 6617 (2011).
	16.	 Wei, Q. et al. IMP3 expression is associated with poor survival in cervical squamous cell carcinoma. Hum. Pathol. 45, 2218–2224. 

https://​doi.​org/​10.​1016/j.​humpa​th.​2014.​07.​006 (2014).

https://doi.org/10.3322/caac.21492
https://doi.org/10.1158/1078-0432.CCR-05-1864
https://doi.org/10.1016/j.ejca.2012.06.021
https://doi.org/10.1016/j.suronc.2012.08.003
https://doi.org/10.1016/S1470-2045(06)70732-X
https://doi.org/10.1016/j.humpath.2010.06.003
https://doi.org/10.1111/j.1349-7006.2009.01200.x
https://doi.org/10.1111/j.1349-7006.2009.01200.x
https://doi.org/10.1245/s10434-009-0648-5
https://doi.org/10.1245/s10434-009-0446-0
https://doi.org/10.1016/j.humpath.2014.07.006


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:10844  | https://doi.org/10.1038/s41598-021-90513-y

www.nature.com/scientificreports/

	17.	 Samanta, S. et al. IMP3 stabilization of WNT5B mRNA facilitates TAZ activation in breast cancer. Cell Rep. 23, 2559–2567. https://​
doi.​org/​10.​1016/j.​celrep.​2018.​04.​113 (2018).

	18.	 Massoner, P. et al. Insulin-like growth factor binding protein-3 (IGFBP-3) in the prostate and in prostate cancer: Local production, 
distribution and secretion pattern indicate a role in stromal-epithelial interaction. Prostate 68, 1165–1178. https://​doi.​org/​10.​1002/​
pros.​20785 (2008).

	19.	 Huang, X. et al. Analysis of IMP3 expression in primary tumor and stromal cells in patients with colorectal cancer. Oncol. Lett. 
14, 7304–7310. https://​doi.​org/​10.​3892/​ol.​2017.​7161 (2017).

	20.	 Schulze, S. & Petersen, I. Gender and ploidy in cancer survival. Cell Oncol. (Dordr) 34, 199–208. https://​doi.​org/​10.​1007/​s13402-​
011-​0013-0 (2011).

	21.	 Chen, L. et al. Prognostic value of high IMP3 expression in solid tumors: A meta-analysis. Onco Targets Ther. 10, 2849–2863. 
https://​doi.​org/​10.​2147/​OTT.​S1288​10 (2017).

	22.	 Kono, K. et al. Multicenter, phase II clinical trial of cancer vaccination for advanced esophageal cancer with three peptides derived 
from novel cancer-testis antigens. J. Transl. Med. 10, 141. https://​doi.​org/​10.​1186/​1479-​5876-​10-​141 (2012).

	23.	 Lin, L. et al. Insulin-like growth factor-II mRNA-binding protein 3 predicts a poor prognosis for colorectal adenocarcinoma. 
Oncol. Lett. 6, 740–744. https://​doi.​org/​10.​3892/​ol.​2013.​1458 (2013).

Author contributions
D.B.G.: data curation; formal analysis; investigation; methodology; validation; visualization; roles/writing—origi-
nal draft; writing—review & editing; D.B.: formal analysis; supervision; writing—original draft; writing—review 
& editing; K.V.: formal analysis; supervision; writing—original draft; writing—review & editing; S.T.: data cura-
tion; formal analysis; funding acquisition; investigation; methodology; supervision; validation; visualization; 
roles/writing—original draft; writing—review & editing.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.V.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

https://doi.org/10.1016/j.celrep.2018.04.113
https://doi.org/10.1016/j.celrep.2018.04.113
https://doi.org/10.1002/pros.20785
https://doi.org/10.1002/pros.20785
https://doi.org/10.3892/ol.2017.7161
https://doi.org/10.1007/s13402-011-0013-0
https://doi.org/10.1007/s13402-011-0013-0
https://doi.org/10.2147/OTT.S128810
https://doi.org/10.1186/1479-5876-10-141
https://doi.org/10.3892/ol.2013.1458
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	IMP3 protein is an independent prognostic factor of clinical stage II rectal cancer
	Materials and methods
	Data collection. 
	Immunohistochemistry. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Discussion
	References


