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Introduction

Esophageal  cancer  i s  one of  the most  mal ignant 
gastroenterological cancers, with a 5-year survival rate after 
surgery of 54.5% for all stages, 38.3% for cStage III, 23.6% 
for cStage IVA, and 18.2% for cStage IVB (1). Pathologically, 

squamous cell carcinoma accounts for about 90% of all 
esophageal cancers in Japan. 

To improve treatment strategies for patients with 
esophageal squamous cell carcinoma (ESCC), a biomarker 
predicting the malignant potential of cancer cell metastasis 
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to lymph nodes and distant organs and the efficacy 
of treatments including surgery, chemotherapy, and 
radiotherapy is needed. Various kinds of prognostic 
biomarkers are known to exist, including VEGF and the 
vasohibin family (angiogenesis); EGFR, cyclin D1, Ki67, 
p53 and p16 (replicative potential); E-cadherin and the 
laminin-5 gamma-2 chain (invasion and metastasis); and 
squamous cell carcinoma antigen (SCC-antigen; serum 
marker) (2-10). Since EGFR and VEGF are thought 
to be good targets for molecular targeting therapy and 
several monoclonal antibodies have actually been used for 
the treatment of lung cancer and colorectal cancer, new 
biomarkers should continue to be investigated for not only 
diagnosis, but also the development of treatments including 
molecular targeting treatments (11,12).

The human insulin-like growth factor II m-RNA-
binding protein 3 (IMP3) is a member of the RNA-binding 
protein family, which plays important roles in cell growth, 
cell migration, trafficking and stabilization during the 
early stages of embryogenesis. IMP3, which is also known 
as KOC (KH domain containing protein overexpressed 
in cancer cells), is encoded by a 4,158-nucleotide RNA 
transcript, resulting in a protein of 580 amino acids. The 
gene is located at chromosome 7p11.5, a locus frequently 
amplified in multiple cancers (13-17). IMP3 is reportedly 
overexpressed in gastrointestinal cancers including ESCC, 
urologic cancers, ovarian cancers, and lung cancers, and 
a high IMP3 expression level is associated with a poor 
prognosis in patients with those cancers (18). A phase II 
clinical trial of immune-therapy using peptides derived 
from ideal cancer-testis antigens including IMP3, LY6K, 
and CDCA1 for the treatment of esophageal squamous 
cell cancer has been performed (19). Therefore, such 
immunotherapy using the IMP3 molecule is promising (20). 
However, the clinical significance of the IMP-3 expression 
pattern in the tumor remains unclear.

To the best of our knowledge, this is the first study to 
analyze the IMP-3 expression pattern in ESCC in detail. 
The aim of this study was to investigate the relationship 
between the IMP3 expression pattern in ESCC tumors and 
the outcomes of patients with ESCC.

Methods

Patients

One hundred and seventy patients with ESCC who 
underwent radical surgery between 2003 and 2005 at 
Tokai University Hospital (Isehara, Kanagawa, Japan) were 

investigated. A transthoracic esophagectomy and three-
field lymphadenectomy were performed as standard surgical 
techniques during this period. Node-positive patients 
received adjuvant chemotherapy with cisplatin (CDDP) and 
5-fluorouracil (5-FU). We excluded patients with synchronous 
or metachronous multi-organ primary cancers and tissue 
types other than squamous cell cancer. The patients were 
followed up using endoscopy, computed tomography (CT), 
ultrasonography (US), and blood tests including tumor marker, 
SCC and CEA levels, every 6 months for 5 years after surgery. 
The esophageal cancers were mainly classified according to 
the Japanese Classification of Esophageal Cancer (21,22). This 
study was approved by the institutional review board of Tokai 
University Hospital, Isehara, Japan (registration No. 13R-058). 
The need for written informed consent was waived due to the 
retrospective, non-interventional nature of the present study.

Immunohistochemical staining

The surgically resected tumor specimens and metastatic 
lymph nodes were fixed in 10% formalin for 24 hours and 
embedded in paraffin. Four-micrometer-thick paraffin 
sections were mounted on silane-coated glass slides 
and deparaffinized in xylene (5 minutes, 3 times) and 
ethyl alcohol (3 minutes, 4 times). Antigen retrieval was 
performed using the following process. After washing 
with 0.01-M phosphate buffered saline (PBS), the slides 
were incubated in 0.01-M Tris-buffered saline at 98 ℃ for  
20 minutes and then left at room temperature for  
60 minutes. After washing with 0.01-M PBS once again, the 
endogenous peroxidase activity was abolished in 0.3% H2O2 
in methanol for 30 minutes. This reaction was then blocked 
with 10% normal sheep serum for 10 minutes, and the 
slides were incubated with a mouse monoclonal anti-human 
IMP3 antibody (Dako Cytomation, Glostrup, Denmark) 
at 4 ℃ overnight. Biotinylated anti-mouse IgG antibody 
(Vectastain ABC Kit, Burlingame, CA, USA) was used as 
the second antibody. After washing with 0.01-M PBS, the 
labeled antigen was visualized using the diaminobenzidine 
react ion.  The sect ions were counterstained with 
hematoxylin. The placenta was used as a positive control. 
Cancerous tissue from an esophageal cancer was used as a 
negative control after the addition of 0.01-M PBS instead of 
a mouse monoclonal anti-human IMP3 antibody.

Expression pattern of IMP3

The positive expression of IMP3 was detected when brown 
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Figure 1 Immunohistochemical staining for IMP3 expression in a resected ESCC specimen. Magnification, ×200 for all panels. (A) 
Representative specimen of IMP3-positive ESCC. The cytoplasm was stained at the invasive front of the ESCC tissue (invasive front-type, 
IF-type); (B) hematoxylin and eosin (H&E) staining of the ESCC tissue shown in A; (C) representative specimen of IMP3-positive ESCC. 
The cytoplasm was stained uniformly throughout the ESCC tissue (diffuse type, D-type); (D) hematoxylin and eosin (H&E) staining of the 
ESCC tissue shown in C. ESCC, esophageal squamous cell carcinoma.

granules were identified in the cytoplasm and more than 
10% of the cancer cells in each section were immunoreactive 
to IMP3. The immunohistochemical staining results 
were assessed by two independent investigators with no 
knowledge of the clinicopathological data. Although the 
interpretations of the expression patterns differed between 
the two pathologists in 21 (12.4%) of the 170 cases, a 
final decision was made after a review and discussion. The 
characteristics of the cancer cell staining pattern were 
classified into two expression patterns: an invasive front-
type (IF-type) characterized by intense staining at the tumor 
IF, and a diffuse-type (D-type) characterized by diffuse 
staining throughout the whole tumor (Figure 1). 

Statistical analysis

The differences in clinicopathological factors between 

IMP3-positive and IMP3-negative patients and between IF-
type patients and D-type patients were analyzed using a chi-
square test and an unpaired t-test. The Cox proportional 
hazard regression model was used to analyze the independent 
prognostic factors using univariate and multivariate analyses. 
Variables showing a univariate association (P<0.10) were 
included in a multivariate analysis. The survival rates were 
calculated using the Kaplan-Meier method, and the two 
groups were compared using a log-rank test. Statistical 
differences were considered significant for P<0.05. All the 
analyses were performed using the statistical software package 
IBM SPSS Statistics ver.25.0 (IBM Japan, Tokyo, Japan).

Results

Of the 170 patients, 160 patients (94%) were IMP3-positive 
in the cytoplasm of their cancer cells (IMP3-positive 
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group), and 10 patients (6%) were IMP3-negative (IMP3-
negative group) (Figure 1). The background data for the 
clinicopathological factors in both groups are shown in 
Table 1. There was no correlation between IMP3 expression 
and the clinicopathological factors (Table 1).

In the survival analysis, univariate analyses revealed that 
a deeper pT factor (HR =2.669, P<0.001), positive lymph 
node metastasis (HR =3.567, P<0.001), positive lymphatic 
invasion (HR =2.961, P=0.011), positive venous invasion (HR 
=4.362, P<0.001), and the pStage (HR =3.398, P<0.001) were 
prognostic factors (Table 2). A multivariate analysis also showed 
that positive lymph node metastasis (HR =2.426, P=0.008) and 
venous invasion (HR =3.339, P=0.001) were prognostic factors 
(Table 3). There was no significant difference in the overall 
survival curves between the IMP3-positive group and the 
IMP3-negative group (P=0.114) (Figure 2).

Most of the patients (94%) were IMP3-positive, and IMP3 
positivity was not related to the prognostic value. Therefore, 
when the survival analysis was confined to the 160 IMP3-
positive patients, the IMP3 expression pattern was IF-type in 
46 patients (29%) and D-type in 114 patients (71%).

IF-type IMP3 expression was related to a deeper pT factor 
(P=0.024), positive lymph node metastasis (P=0.012), positive 
venous invasion (P<0.001) and pStage (P=0.001) (Table 4).

Univariate analyses of overall survival revealed that a 
deeper pT factor (HR =2.933, P<0.001), positive lymph 
node metastasis (HR =3.845, P<0.001), positive lymphatic 
invasion (HR =3.840, P=0.009), positive venous invasion 
(HR =4.518, P<0.001), INFc (HR =1.621, P=0.046), pStage 
(HR =4.024, P<0.001), and an IF-type IMP3 expression 
pattern (HR =2.221, P=0.001) were prognostic factors  
(Table 5). A multivariate analysis also showed that positive lymph 
node metastasis (HR =2.489, P=0.009), positive venous invasion 
(HR =2.749, P=0.006) and an IF-type IMP3 expression pattern 
(HR =1.618, P=0.049) were prognostic factors (Table 6). The 
overall survival curve for the IF-type group was significantly 
worse than that of the D-type group (P=0.001) (Figure 3).

As for the pattern of cancer recurrence in the patients,  
62 patients died of the primary disease, 41 patients developed 
lymph node recurrence, 43 patients developed hematogenous 
metastasis, and 23 patients developed concurrent lymph 
node-hematogenous metastases. The site of hematogenous 
metastatic involvement was the liver in 21 patients, the lung 
in 18 patients, the bone in 8 patients, the pleura in 8 patients, 
the skin in 4 patients, and the brain in one patient. The 
IMP3 expression pattern was not correlated with the type of 
recurrence (lymph node recurrence, P=0.644, hematogenous 
metastasis P=0.130) (Tables 7,8). 

Table 1 IMP3 expression pattern and clinicopathological factors of 
esophageal cancer (n=170)

Factors N [%]
IMP3 

positive, 
n=160 [%]

IMP3 
negative, 
n=10 [%]

P value

Age, years 0.477

<64 92 [54] 85 [53] 7 [70]

≥64 78 [46] 75 [47] 3 [30]

Gender 0.660

Male 155 [91] 145 [91] 10 [100]

Female 15 [9] 15 [9] 0 [0]

Location of tumor 0.178 

Upper 14 [8] 14 [9] 0 [0]

Middle 92 [54] 83 [52] 9 [90]

Lower 64 [38] 63 [39] 1 [10]

Depth of tumor invasion (pT) 0.251

T1a 21 [12] 17 [11] 4 [40]

T1b 47 [28] 44 [27] 3 [30]

T2 27 [16] 27 [17] 0 [0]

T3 69 [41] 66 [41] 3 [30]

T4a 6 [3] 6 [4] 0 [0]

Lymph node metastasis [pN] 0.261

n (−) 65 [38] 59 [37] 6 [60]

n (+) 105 [62] 101 [63] 4 [40]

Lymphatic invasion 0.074

Ly (−) 26 [15] 22 [14] 4 [40]

Ly (+) 144 [85] 138 [86] 6 [60]

Venous invasion 0.770

V (−) 69 [41] 64 [40] 5 [50]

V (+) 101 [59] 96 [60] 5 [50]

Differentiation 0.707

Well 54 [32] 49 [31] 5 [50]

Mod 88 [52] 84 [52] 4 [40]

Poorly 28 [16] 27 [17] 1 [10]

INF 0.207

INFa 27 [16] 23 [14] 4 [40]

INFb 94 [55] 89 [56] 5 [50]

INFc 49 [29] 48 [30] 1 [10]

pStage 0.167

0 21 [13] 17 [11] 4 [40]

I 26 [15] 24 [15] 2 [20]

II 42 [24] 42 [26] 0 [0]

III 60 [35] 58 [36] 2 [20]

IVa 21 [13] 19 [12] 2 [20]



3780 Sakakibara et al. IMP-3 expression in esophageal cancer

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(9):3776-3784 | http://dx.doi.org/10.21037/jtd.2019.09.25

Table 3 Multivariate analysis of clinicopathological factors and 
overall survival of esophageal cancer (n=170)

Factors n [%]
Hazard 

ratio
95% confidence 

interval
P value

Depth of tumor invasion (pT) 0.552

T1a, T1b 68 [40]
1.194 0.666–2.140

T2, T3 102 [60]

Lymph node metastasis (pN) 0.008

n (−) 65 [38]
2.426 1.254–4.694

n (+) 105 [62]

Lymphatic invasion 0.295

Ly (−) 26 [15]
1.821 0.593–5.590

Ly (+) 144 [85]

Venous invasion 0.001

V (−) 69 [41]
3.339 1.641–6.792

V (+) 101 [59]

INF 0.694

INFa, b 121 [71]
1.099 0.687–1.759

INFc 49 [29]

Table 2 Univariate analysis of clinicopathological factors and 
overall survival of esophageal cancer (n=170)

Factors n [%]
Hazard 

ratio
95% confidence 

interval
P value

Age, years 0.782 

<64 92 [54]
1.063 0.688–1.645

≥64 78 [46]

Gender 0.598

Male 155 [91]
0.784 0.317–1.938

Female 15 [9]

Location of tumor 0.843

Ut 14 [8]
1.088 0.473–2.499

Mt, Lt 156 [92]

Depth of tumor invasion (pT) <0.001

T1a, T1b 68 [40]
2.669 1.620–4.397

T2, T3 102 [60]

Lymph node metastasis (pN) <0.001

n (−) 65 [38]
3.567 2.083–6.111

n (+) 105 [62]

Lymphatic invasion 0.011 

Ly (−) 26 [15]
2.961 1.288–6.809

Ly (+) 144 [85]

Venous invasion <0.001

V (−) 69 [41]
4.362 2.512–7.575

V (+) 101 [59]

Differentiation 0.361 

Well, mod. 142 [84]
0.735 0.379–1.424

Poorly 28 [16]

INF 0.053

INFa, b 121 [71]
1.572 0.994–2.487

INFc 49 [29]

pStage <0.001

0, I 47 [28]
3.398 1.795–6.432

II, III, IVa 123 [72]

IMP3 expression pattern 0.12

Negative 10 [6]
0.539 0.248–1.173

Positive 160 [94]

100

80

60

40

20

0

0 1 2 3 4 5 6 7 8 9

O
ve

ra
ll 

su
rv

iv
al

 r
at

e 
(%

)

Time after surgery (years)
10

IMP3 positive

IMP3 negative

P=0.114

No. at risk
IMP3 positive 160 132 103 89 83 75 61 33 9 1

IMP3 negative 10 9 4 4 4 3 2 2 1 0

Figure 2 Overall survival curves of all patients according to 
IMP3 expression. These curves were calculated using the Kaplan-
Meier method. The solid line is for the IMP3-positive group, and 
the dotted line is for the IMP3-negative group. The difference 
between the two groups was evaluated using a log-rank test.
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Table 4 IMP3 expression pattern and clinicopathological factors of 
esophageal cancer (n=160)

Factors n [%]
IF-type, 

n=46 [%]
D-type, 

n=114 [%]
P value

Age, years 0.370

<64 85 [53] 27 [59] 58 [51]

≥64 75 [47] 19 [41] 56 [49]

Gender 1.000

Male 145 [91] 42 [91] 103 [90]

Female 15 [9] 4 [9] 11 [10]

Location of tumor 0.702

Upper 14 [9] 3 [6] 11 [10]

Middle 83 [52] 27 [59] 56 [49]

Lower 63 [39] 16 [35] 47 [41]

Depth of tumor invasion (pT) 0.024

T1a 17 [11] 0 [0] 17 [15]

T1b 44 [27] 11 [24] 33 [29]

T2 27 [17] 5 [11] 22 [19]

T3 66 [41] 27 [59] 39 [34]

T4a 6 [4] 3 [6] 3 [3]

Lymph node metastasis (pN) 0.012

n (−) 59 [37] 10 [22] 49 [43]

n (+) 101 [63] 36 [78] 65 [57]

Lymphatic invasion 0.052

Ly (−) 22 [14] 2 [4] 20 [18]

Ly (+) 138 [86] 44 [96] 94 [82]

Venous invasion <0.001

V (−) 64 [40] 8 [17] 56 [49]

V (+) 96 [60] 38 [83] 58 [51]

Differentiation 0.116

Well 49 [31] 8 [17] 41 [36]

Mod 84 [52] 28 [61] 56 [49]

Poorly 27 [17] 10 [22] 17 [15]

INF 0.083

INFa 23 [14] 2 [4] 21 [19]

INFb 89 [56] 26 [57] 63 [55]

INFc 48 [30] 18 [39] 30 [26]

pStage 0.001

0 17 [11] 0 [0] 17 [15]

I 24 [15] 6 [13] 18 [16]

II 42 [26] 8 [17] 34 [30]

III 58 [36] 21 [46] 37 [32]

IVa 19 [12] 11 [24] 8 [7]

Table 5 Univariate analysis of clinicopathological factors and 
overall survival of esophageal cancer (n=160)

Factors n [%]
Hazard 

ratio
95% confidence 

interval
P value

Age [years] 0.869

<64 
[reference]

85 [53]

1.039 0.659–1.639

≥64 75 [47]

Gender 0.660

Male 145 [91]
0.816 0.329–2.022

Female 15 [9]

Location of tumor 0.928

Ut 14 [9]
1.039 0.451–2.395

Mt, Lt 146 [91]

Depth of tumor invasion (pT) <0.001

T1a, T1b 61 [38]
2.933 1.702–5.054

T2, T3 99 [62]

Lymph node metastasis (pN) <0.001

n (−) 59 [37]
3.845 2.142–6.904

n (+) 101 [63]

Lymphatic invasion 0.009

Ly (−) 22 [14]
3.840 1.400–10.529

Ly (+) 138 [86]

Venous invasion <0.001

V (−) 64 [40]
4.518 2.513–8.123

V (+) 96 [60]

Differentiation 0.321

Well, mod 133 [83]
0.703 0.350–1.411

Poorly 27 [17]

INF 0.046

INFa, b 112 [70]
1.621 1.009–2.605

INFc 48 [30]

pStage <0.001

0, I 41 [26]
4.024 1.927–8.403

II, III, IVa 119 [74]

IMP3 expression pattern 0.001

D-type 114 [71]
2.221 1.393–3.540

IF-type  46 [29]
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Table 6 Multivariate analysis of clinicopathological factors and 
overall survival of esophageal cancer (n=160)

Factors n [%]
Hazard 

ratio
95% confidence 

interval
P value

Depth of tumor invasion (pT) 0.415

T1a, T1b 61 [38]
1.299 0.693–2.435

T2, T3 99 [62]

Lymph node metastasis (pN) 0.009

n (−) 59 [37]
2.489 1.251–4.953

n (+) 101 [63]

Lymphatic invasion 0.582

Ly (−) 22 [14]
1.429 0.401–5.100

Ly (+) 138 [86]

Venous invasion 0.006

V (−) 64 [40]
2.749 1.328–5.688

V (+) 96 [60]

INF 0.747

INFa, b 112 [70]
1.083 0.668–1.756

INFc 48 [30]

IMP3 expression pattern 0.049

D-type 114 [71]
1.618 1.002–2.610

IF-type  46 [29]

100

80

60

40

20

0

0 1 2 3 4 5 6 7 8 9

O
ve

ra
ll 

su
rv

iv
al

 r
at

e 
(%

)

Time after surgery (years)
10

D-type 

IF-type

P=0.001

No. at risk
D-type 114 98 80 69 66 62 52 28 9 1
IF-type 46 34 23 20 17 13 9 5 0 0

Figure 3 Overall survival curves of IMP3-positive patients according 
to the IMP3 expression pattern. The curves were calculated using 
the Kaplan-Meier method. The solid line is for the D-type group, 
and the dotted line is for the IF-type group. The difference between 
the two groups was evaluated using a log-rank test.

Discussion

In this study, IMP3 was expressed in a large proportion 
(94%) of ESCC cases, and IMP3 was not expressed in only 
10 cases (6%). Therefore, no conclusions can be made 
regarding the relation between the presence or absence of 
IMP3 expression and patient outcome until a larger number 
of cases have been examined. However, when the expression 
patterns in the tumor tissue were analyzed in detail, they 
could be classified into two types of patterns: an IF-type 
(29%), and a diffuse-type (D-type) (71%). A multivariate 
analysis showed that an IF-type IMP3 expression pattern 
was a significant predictor of a poor outcome.

IMP3 is reportedly over-expressed in many cancer cells, 
including esophageal cancer (18), as well as some normal 
cells, including testicular cells in adults and placenta cells. 
Therefore, IMP-3 is considered to be an oncofetal protein. 
The IMP3 expression rate varies according to the type 
of cancer; for example, the expression rate is reportedly 
54.5–70.5% for oral cancer, 59.2% for esophageal cancer, 
74.0–81.5% for gastric cancer, 34.9–76.9% for colorectal 
cancer, 18.4–70.7% for hepatocellular carcinoma (HCC), 
53.1–63.0% for pancreatic cancer, 32.4–74.7% for lung 
cancer, 12.6–51.9% for renal cell carcinoma, 12.2–26.9% 
for urothelial carcinoma, 18.1–83.8% for prostate cancer, 
and 47.1–63.0% for ovarian cancer. Previous reports have 
suggested that IMP3 contributes to various aspects of cancer by 
promoting the expressions of target genes either by preventing 
mRNA decay or by stimulating mRNA translation (18).  
The role of IMP3 in cancer cells remains controversial; 
however, numerous reports have suggested that IMP3 promotes 
tumor cell invasion and migration by targeting epithelial-

Table 8 IMP3 expression and hematological recurrence of 
esophageal cancer (evaluable cases; n=62)

Hematological 
recurrence n [%]

IF-type, 
n=27 [%]

D-type, 
n=35 [%] P value

Negative 19 [31] 11 [41] 8 [23]
0.130

Positive 43 [69] 16 [59] 27 [77]

Table 7 IMP3 expression and lymphatic recurrence of esophageal 
cancer (evaluable cases; n=62)

Lymphatic 
recurrence 

n [%]
IF-type,

n=27 [%]
D-type, 

n=35 [%]
P value

Negative 21 [34] 10 [37] 11 [31]
0.644

Positive 41 [66] 17 [63] 24 [69]
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mesenchymal transition-associated molecular markers 
including E-cadherin, Slug and vimentin (23).

In this study, IMP3 was expressed in 94% of the 
esophageal cancers, and IMP3 expression was related to 
neither clinicopathological factors nor overall survival. The 
outcomes of patients with a high expression of IMP3 are 
poorer than those of patients without a high expression of 
IMP3 in many kinds of cancer. Various criteria for high 
IMP3 expression exist; for instance, values of more than 
0%, 5%, 10%, or 50% positivity have been reported as high 
IMP3 expression (18). A value of 0% positivity was chosen 
for this study and a value of 10% positivity was chosen for 
a previous report on esophageal cancer (24). This was the 
reason why the positive rates of IMP3 expression were 94% 
in this study and 59.2% in the previous study.

In this study, when simple criteria for positivity and negativity 
were adopted, no clinically significant difference in the IMP3 
expression status was seen. After a detailed analysis of the IMP3 
expression pattern, however, we found two types of patterns: an 
IF-type and a D-type. Based on these expression patterns, the 
patients were divided into two groups: patients with IF-type 
IMP3 expression, and those with D-type IMP3 expression.

Cancer cells in IF-type tumors seem to be more aggressive 
than cancer cells in D-type tumors. The reason for this 
phenomenon is difficult to explain. However, we were able 
to refer to a study on HCC (25). In HCC tumors, multiple 
IMP3 expression patterns have been described: diffuse 
positivity (33%), heterogeneous to focal positivity (28%), 
and positivity in a small number of tumor cells (39%). In 
tumors with heterogeneous to focal positivity and positivity 
in a small number of tumor cells, IMP3 was predominantly 
expressed at the peripheries of the tumor nest, at the IF, 
and in satellite nodules. The existence of several kinds of 
IMP3 expression patterns in HCC tumors was similar to 
that seen in esophageal cancer in the present study. The 
previous report suggested that high mobility group A2 
(HMGA2), which is an oncofetal protein involved in cell 
proliferation, neoplastic transformation, and tumor invasion, 
also tended to be expressed at the tumor periphery and IF. 
Strong staining for HMGA2 was also reportedly observed 
at the IF of gastric cancer (26) and in oral squamous cell 
carcinoma (27). Moreover, Kuwano et al. suggested that 
cancer cell proliferation of ESCC was the main mechanism 
of tumor progression at the invasive site of tumors (28). 
These reports supported our finding that IF-type tumors 
were more aggressive than D-type tumors, and patients with 
IF-type tumors might have a poor prognosis, however, these 
mechanisms have not yet been adequately investigated.

The first limitation of this study was its retrospective 
design. Second, in this study, only 6% of the examined 
cases were negative for IMP3, while 94% were IMP3-
positive; we mainly focused on the IMP3-positive cases and 
analyzed them in terms of the IMP3 expression pattern. 
In a future study, we would like to increase the sample size 
and to analyze the clinical significance of both positive and 
negative IMP3 expression patterns. Third, like the HCC 
report, a detailed study is needed to clarify which cancer 
cells in IF-type tumor have aggressive potential.

To our knowledge, this study is the first report to suggest 
that an IF-type IMP3 expression pattern is a predictor of a poor 
prognosis in patients with ESCC. The relationship between the 
IMP3 expression pattern in ESCC and the efficacy of peptide 
vaccine therapy using IMP3 should be examined in the future.
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