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Background: The clinical significance of insulin-like growth factor-Il mRNA-binding protein-3
(IGF2BP3) in esophageal high-grade intraepithelial neoplasia (HGIN) is not clear. This study
was designed to characterize the expression of IGF2BP3 in HGIN.

Patients and methods: IGF2BP3 expression was evaluated by Western blot analyses in
12 cases and by immunohistochemistry (IHC) in 112 cases. The associations between IGF2BP3
expression in HGIN and the clinicopathological parameters were examined.

Results: Moderate to strong IGF2BP3 expression was present in HGIN samples. Using I[HC,
it was found that IGF2BP3 was positive in 68 (60.71%) cases. Intense IHC of IGF2BP3 in
HGIN was associated with a deeper lesion depth, and the lesion depth was the only predictor
of the positive expression of IGF2BP3.

Conclusion: Our results suggested that IGF2BP3 may be a supplementary tissue marker for
preoperative diagnosis of HGIN.

Keywords: esophageal squamous cell carcinoma, precancerous lesion, immunohistochemistry
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Introduction
Esophageal squamous cell carcinoma (ESCC) is the predominant histological form
of esophageal cancer and is one of the most lethal digestive tract malignancies in
eastern Asia.! Most cases of ESCC are diagnosed at an advanced stage and are with
a poor prognosis.! However, ESCC diagnosed at an early stage has a satisfactory
5-year survival after resection,! so the early detection of ESCC is important. Currently
available biomarkers, such as serum squamous cell carcinoma antigen, carcinoembry-
onic antigen, and cytokeratin-19 fragment, have limited use in the early detection of
ESCC because of a lack of sufficiently high diagnostic sensitivity and specificity.?
During the formation of ESCC, an atypical proliferation is observed, initially
confined to the lower part of the squamous epithelium, then extending to the entire
epithelium and the lamina propria.’> High-grade intraepithelial neoplasia (HGIN) is
characterized by noninvasive neoplastic epithelial proliferation* during the tumorigen-
esis of ESCC. HGIN is a precursor lesion of ESCC, and an HGIN >15 mm’ is one of
the indications for endoscopic submucosal dissection (ESD) and is indicative of a high
risk of developing invasive ESCC.¢ The diagnosis of HGIN depends on histological
evaluations; however, small tissue specimens from biopsies often present a challenge
for pathologists. A reliable tissue marker for the diagnosis of HGIN will therefore
assist in the histological diagnoses.
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The insulin-like growth factor-II mRNA-binding
protein-3 (IGF2BP3), also known as IMP3, was first reported
in pancreatic cancer and was identified as a novel K homology
domain-containing protein.” In human beings, IGF2BP3 is
expressed in the developing epithelium, muscle, and placenta
during embryogenesis, while low levels of IGF2BP3 are
detected in normal adult tissues.® IGF2BP3 overexpression is
detected in some cancers, including pancreatic, esophageal,
lung, and gastric cancers.””!! IGF2BP3 is also involved in
the regulation of cell proliferation by targeting IGF-2.'> The
overexpression of IGF2BP3 has been detected in ESCC and
esophageal adenocarcinoma and its precancerous lesion.”!?
However, the status of IGF2BP3 in HGIN is unknown. The
aim of this study was therefore to investigate the expression
of IGF2BP3 in HGIN.

Patients and methods

Ethics and patients

This study was approved by the ethics committees of the
First Affiliated Hospital of Nanjing Medical University
and Zhongda Hospital. Patients newly diagnosed with
HGIN >15 mm and who received ESD at the First Affili-
ated Hospital with Nanjing Medical University and Zhongda
Hospital between January 2011 and June 2014 were enrolled.
Written informed consent was obtained from each patient.
Final pathological diagnoses of all specimens, including neo-
plastic lesions confined to the squamous epithelium, HGIN,
the pathological T (pT) stage, and the RO resection without
lateral or basal residence, were confirmed by two patholo-
gists. In total, 112 patients (74 cases from the First Affiliated
Hospital with Nanjing Medical University and 38 cases
from Zhongda Hospital) were included, with 44 females and
68 males, aged 37-82 years. There were 21 cases of in situ
carcinoma (pT1a-EP [M1]), 38 cases of tumor invasion of the
lamina propria mucosa (pT1a-LPM [M2]), and 53 cases of
tumor invasion of the entire mucosa layer (pT1a-MM [M3]).
The clinicopathological features are listed in Table 1.

Western blotting

Specimens after ESD were subjected to Lugol’s iodine
staining,'* and HGIN tissues were taken from the nonstaining
areas with a biopsy forceps. Total protein was extracted
from the HGIN tissues. Approximately 40 ug of protein was
separated by 10%—15% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis and transferred to polyvinylidene
difluoride membranes (Pierce™; Thermo Fisher Scientific,
Waltham, MA, USA). The membranes were incubated with
a monoclonal rabbit antibody against IGF2BP3 (ab109521;

Table | The clinicopathological features of enrolled patients

Characteristics N=I112
Gender
Male 68
Female 44
Age (years), range; mean + SD 37-82; 61.28+10.76
Location
Upper 32
Middle 31
Lower 49
Length
<5cm 82
>5cm 30
Circumferential extent
<12 30
1/12-2/3 46
>2/3 36
pT stage
pTla-EP 21
pTla-LPM 38
pTla-MM 53

Notes: pT stage: pathological T stage; pTla-EP: M1, carcinoma in situ; pTla-LPM:
M2, tumor-invaded lamina propria mucosa; pT la-MM: M3, tumor invaded the whole
layer of mucosa.

Abcam, Cambridge, MA, USA). After washing with a mixture
of tris-buffered saline and Tween 20 the blots were incubated
with horseradish peroxidase-conjugated secondary antibody,
and the bands were detected using an enhanced chemilumines-
cence detection system (Pierce, Thermo Fisher Scientific).

Immunohistochemistry (IHC)

IHC was performed on 5 um sections of formalin-fixed,
paraffin-embedded tissue specimens from ESD. [HC was per-
formed according to a standard protocol using a monoclonal
rabbit anti-human IGF2BP3 antibody (ab109521; Abcam).
The procedures of IHC targeting IGF2BP3 in this study were
similar with those in previous studies.™"* All sections were
deparaffinized in xylene, rehydrated through a graded ethanol
series, and then incubated in 3% H,0O, solution for 10 min
at room temperature. Antigen retrieval was performed with
0.01 M citrate buffer (pH 6.0) at 100°C for 20 min. Endog-
enous peroxidase activity was blocked with 0.3% H,0O, in
methanol for 20 min, and nonspecific binding was blocked
with 10% normal serum for 20 min followed by a buffer
wash. The sections were incubated with the primary antibody
at a dilution of 1:50 overnight at 4°C. The sections were then
incubated with secondary goat anti-rabbit IgG (Santa Cruz
Biotechnology Inc., Dallas, TX, USA) at a dilution of 1:200
at 37°C for 30 min. Finally, the sections were treated with
diaminobenzidine, counterstained with 0.1% hematoxylin,
and coverslipped. Staining of IGF2BP3 was positive when at
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least 10% or more of the neoplastic cells in the section were
immunoreactive with the anti-IGF2BP3 antibody. Intensity
was scored as 0 (negative), 1+ (weak), 2+ (moderate), and
3+ (strong). The status of IGF2BP3 expression was assessed
by two pathologists.

Statistical analysis

All data were expressed as mean * standard deviation.
SPSS statistical software for Windows, version 20.0 (SPSS
Inc., Chicago, IL, USA), was used for analyses using the
chi-squared test, one-way analysis of variance, and linear
regression analyses. A value of P<<0.05 was considered to
be statistically significant.

Results
Expression of IGF2BP3 in HGIN

A total of 12 samples of HGIN tissues were used for the eval-
uation of IGF2BP3 expression by Western blotting. Seven
samples showed moderate to strong expression, and five cases
showed negative to weak expression (Figure 1). IHC staining
of IGF2BP3 was performed to validate the results of Western
blotting. In the 112 samples, 68 (60.71%) cases showed
positive expression of IGF2BP3, which was characterized by
dark brown staining in the cytoplasm of the neoplastic cells
(Figure 2). The positive staining was homogeneous in differ-
ent areas of the neoplastic lesions. The remaining 44 cases
showed negative expression of IGF2BP3. In noncancerous
areas, the IGF2BP3 expression was negative. The staining
intensity of IGF2BP3 was higher in pT1a-MM than that in
pTla-EP and pT1a-LPM (Table 2).

Correlation between IGF2BP3
expression and clinicopathological

param eters
The positive expression of IGF2BP3 in HGIN was associated
with deeper lesion depth (P=0.042; Table 3). No significant

=—== Bw» &0
GAPDH s e i v D e b S w— = w w 37 kDa
1.2 3 4 5 6 7 8 9 10 11 12

IGF2BP3 = —

Figure | Analyses of IGF2BP3 expression in HGIN by Western blotting.

Notes: A total of 12 samples were analyzed. According to the final pathological
diagnosis of 12 samples, the first, second, and fifth were MI; the third, sixth, seventh,
and ninth were M2; and the remaining were M3. Seven cases showed moderate to
strong IGF2BP3 expression, and five cases showed negative to weak expression.
The relative expression of proteins was normalized to GAPDH.

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HGIN, high-
grade intraepithelial neoplasia; IGF2BP3, insulin-like growth factor-Il mMRNA-binding
protein-3.

difference of IGF2BP3 expression was observed in other
parameters such as age, gender, location, and the extent and
length of the neoplasm.

Predictors of IGF2BP3 expression in
HGIN

The results of the univariate and multiple linear regression
analyses of the correlation between the positive expression
of IGF2BP3 and the predictors are provided in Table 4. The
lesion depth was the only predictor of the positive expression
of IGF2BP3 in HGIN. Other parameters, such as age, gender,
location, and the extent and length of the neoplasm, were not
correlated with the positive expression of IGF2BP3.

Discussion
The accurate preoperative diagnosis of HGIN is very impor-
tant for patient management.® The histological diagnosis of
HGIN is usually straightforward when substantial neoplastic
tissue is present in the resection or biopsy specimens. How-
ever, the diagnosis of HGIN may be challenging in routine
biopsy because few neoplastic tissue is available. Such
diagnosis in difficult cases is vital because HGIN may need
esophageal resection and carry significant patient morbidity
and mortality.>® New tissue markers may provide a supple-
ment to histological diagnosis for HGIN in difficult cases.
The overexpression of IGF2BP3 has been reported in
some tumors,’ >3 including ESCC, and has been reported
to be involved in cell proliferation, invasion, and the advanced
disease stage. In squamous epithelial tumors,*!*'* IGF2BP3
has been claimed as a potential marker for diagnosis. But, to
the best of our knowledge, IGF2BP3 expression in HGIN has
not been investigated. In this study, we evaluated the expres-
sion of IGF2BP3 in HGIN, which is the precursor lesion of
ESCC. We showed the expression pattern of IGF2BP3 in
HGIN. The negative expression of IGF2BP3 was present in
noncancerous areas, and the positive expression was present
only in neoplastic lesions. The expression pattern of IGF2BP3
in HGIN was consistent with it in previous studies.”!316-1
The positive expression of IGF2BP3 in HGIN, which was
featured as cytoplasmic staining pattern, was similar with its
expression in other squamous epithelial tumors, such as the
esophagus,’ the skin, !¢ the head and neck,'’ the tongue,'® and
the uterine cervix.'” In pTla-EP and pTla-LPM, the posi-
tive expression of IGF2BP3 was predominantly located at
the basal layer of the epithelium. In pT1a-MM, the positive
expression of IGF2BP3 was characterized by immunore-
active staining in the whole epithelial layer of neoplastic
lesions. This is consistent with the tumorigenesis of ESCC
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Figure 2 Analysis of IGF2BP3 expression in HGIN by IHC.
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Notes: All images were captured at 200x magnification. Positive (A) and negative (B) staining of IGF2BP3 in pT la-EP (MI). Positive (C) and negative (D) staining of IGF2BP3
in pTla-LPM (M2). Positive (E) and negative (F) staining of IGF2BP3 in pTla-MM (M3). Positive staining of IGF2BP3 was characterized by a dark brown staining in the

cytoplasm of the neoplastic cells.

Abbreviations: HGIN, high-grade intraepithelial neoplasia; IGF2BP3, insulin-like growth factor-Il mMRNA-binding protein-3; IHC, immunohistochemistry.

Table 2 Immunohistochemical intensity data on IGF2BP3
expression

pT stage N Intensity P-value
group Negative Weak Moderate Strong

pT stage 112 44 20 24 24 0.038
pTla-EP 21 13 5 3 0

pTla-LPM 38 |5 8 8 7

pTla-MM 53 16 7 13 17

Notes: pT stage: pathological T stage; pTla-EP: M1, carcinoma in situ; pTla-LPM:
M2, tumor-invaded lamina propria mucosa; pT [a-MM: M3, tumor invaded the whole
layer of mucosa.

that ESCC derives from the basal layer of the squamous
epithelium.? Based on the results of Western blot and IHC
analyses, it was found that IGF2BP3 was positive in approxi-
mately 60% of HGIN cases. The positive rate in HGIN was
similar with that in advanced ESCC,? which was 59.2%.
The positive rate of IGF2BP3 in squamous cell carcinoma
of the skin,!¢ the head and neck,'” and the tongue'® were
57%, 61%, and 77%, respectively. According to the study by
Kazeminezhad et al,' the positive rate of IGF2BP3 was about
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Table 3 Correlation between IGF2BP3 expression and the
patient demographics and endoscopic findings in HGIN

Characteristics IGF2BP3 expression P-value
Positive (n=68) Negative (n=44)

Gender 0.282
Male 44 24
Female 24 20

Age (years) 0.754
=50 14 8
>50 54 36

Location 0.294
Upper 16 16
Middle 19 12
Lower 33 16

Length 0.731
=5cm 49 33
>5cm 19 Il

Circumferential extent 0.370
<I/2 15 15
1/2-2/3 30 16
>2/3 23 13

pT stage 0.042
pTla-EP 8 13
pTla-LPM 23 15
pTla-MM 37 16

Notes: pT stage: pathological T stage; pTla-EP: M1, carcinoma in situ; pTla-LPM:
M2, tumor-invaded lamina propria mucosa; pT la-MM: M3, tumor invaded the whole
layer of mucosa.

Abbreviations: HGIN, high-grade intraepithelial neoplasia; IGF2BP3, insulin-like
growth factor-lIl mMRNA-binding protein-3.

91% in advanced esophageal adenocarcinoma. In the study
by Yantiss et al,! IGF2BP3 was with a 97% positive rate in
pancreatic adenocarcinoma. The positive rate of IGF2BP3 is
also similar in esophageal adenocarcinoma and its precursor
lesions. Using IHC analyses, Lu et al'® showed 94% positive
expression of IGF2BP3 in the high-grade dysplasia/malig-
nant glands. According to the available data, the positive
rate of IGF2BP3 in adenocarcinomas seems higher than
that in squamous cell malignancies. Compared with ESCC
and HGIN, esophageal adenocarcinoma and its precursor

lesion are with a higher positive rate of IGF2BP3. This dif-
ference may be due to different disease types. In malignant
tumors, the overexpression of IGF2BP3 is associated with
a worse prognosis or more advanced disease.”?** In ESCC,
IGF2BP3 overexpression may be associated with radiore-
sistence.”* Furthermore, IGF2BP3 has been considered as
a potential therapeutic target for ESCC.* Although the
functions of IGF2BP3 have been reported in ESCC, further
studies will be performed to characterize the status of
IGF2BP3 in HGIN.

In the cervical epithelium!' and the pancreatic ductal
epithelium,?! IGF2BP3 expression increases with the degree
of dysplasia. In this study, IGF2BP3 expression showed higher
immunostaining in more advanced pT stage. Stronger staining
intensity of IGF2BP3 was associated with the HGIN sever-
ity. The positive expression of IGF2BP3 was correlated with
lesion depth, and this lesion depth was the only predictor of the
positive expression of IGF2BP3. Our results were similar with
previous reports.'**' In our study, because all patients were
free of lymph node lesions, the effect of pathological N stage
and pathological stage (pStage) was not evaluated. Patients
with IGF2BP3-positive ESCC experienced a poorer 5-year
survival rate compared with those with IGF2BP3-negative
tumors.” However, in this study, data on survival were not
analyzed since no patients died in 2-year follow-up periods.

Conclusion

The current study found that IHC of IGF2BP3 was repro-
ducible and could be easily performed on HGIN tissues.
The simplicity of the IHC assay will enable a preoperative
diagnosis of biopsy tissues. The overexpression of IGF2BP3
may therefore be a supplement to the diagnosis of HGIN,
especially in challenging cases.!*> Overall, our results suggest a
potential tissue marker for the diagnosis of HGIN and provide
a complementary strategy to histopathologic examination.
A large sample will be enrolled for further test validation.

Table 4 Univariate and multiple linear regression analysis for the correlations between the positive expression of IGF2BP3 and predictors

Predictors Univariate Multiple
B Wald P-value B Wald P-value

Gender (male/female) 0411 0.967 0.326 0.429 0.991 0.319
Age (=50/>50 years) —0.11 0.000 0.983 0.021 0.001 0.969
Location (upper/middle/lower) —-0.329 1.340 0.247 —0.635 1.281 0.258
Length (=5 cm/>5 cm) 0.133 0.073 0.787 0.091 0.034 0.854
Circumferential extent (<1/2/1/2-2/3/>2/3) —-0.102 0.133 0.715 —-0.023 0.002 0.969
pT (pTla-EP/pT la-LPM/pT la-MM) —0.647 5.508 0.019 —-1.343 5.257 0.022

Notes: pT: pathological T; pTla-EP: M1, carcinoma in situ; pT la-LPM: M2, tumor-invaded lamina propria mucosa; pTla-MM: M3, tumor invaded the whole layer of mucosa.

Abbreviation: IGF2BP3, insulin-like growth factor-Il mMRNA-binding protein-3.
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