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Introduction

Most of head and neck cancers (HNCs) are
classified as squamous cell carcinoma (SCC), which
is the sixth most common malignancy in humans, and
approximately 600,000 people develop some form of
HNC and about 300,000 people die of this cancer each

year [1].

The larynx is a part of the head and neck,
and laryngeal carcinoma is one of the most common
malignant tumors in the upper aerodigestive tract [2]
with a total of 159.000 new cases of carcinoma per
year, more commonly affecting males [3], [4], [5],
in whom it comprises 2.4% of cases and 2.1% of
deaths [6]. The incidence of laryngeal SCC (LSCC) has
been reported to increase, with a considerably more
frequency in middle-aged and elderly men [7] with the
peak incidence in the sixth and seventh decades of life,
it accounts for 85—-95% of laryngeal malignancies [8].
In Egypt, laryngeal cancer occupied the second rank
among all the respiratory cancers [9].

Smoking, particularly of cigarettes and alcohol
consumption are the major risk factors for laryngeal
cancer. Human papilloma virus (HPV) infection, particularly
HPV16 subtype, is also associated with LSCC [10].

Abstract
BACKGROUND: IMP3 is an RNA binding protein, which is strongly expressed in malignant tumors, promoting tumor

cell proliferation.

AIM: The aim of the study was to evaluate the expression of IMP3 in laryngeal squamous cell carcinoma (SCC) and
to correlate the expression of IMP3 with available clinicopathological data.

METHODS: Sixty one total laryngectomy and laryngoscopic biopsies; collected from the Pathology Department,
Faculty of Medicine, Cairo University. Two slides were prepared from each paraffin embedded tumor block, one slide
for Hematoxylin and Eosin staining, and the other for immunohistochemical staining by IMP3 polyclonal antibody.

RESULTS: Thirty-seven cases (60.7%) showed positive IMP3 expression, and a statistically significant correlation
was found between IMP3 expressions in normal, dysplastic epithelium/in situ component, and the invasive
malignant tumor tissue. Correlations between IMP3 expression and other available clinicopathological data were
all non-significant.

CONCLUSION: This study suggests that IMP3 might play a role in laryngeal SCC carcinogenesis and progression
process from normal to dysplastic to malignant epithelium, and thus IMP3 might be targeted by gene therapy.

The pathological mechanism of LSCC is
complicated and involves genetic, epigenetic and
environmental factors [11]. DNA methylation is
significantly related to the development of LSCC [12].

There are four major types of laryngeal
carcinoma; transglottic carcinoma [13], glottic,
supraglottic, and subglottic carcinoma [8].

The overall 5-year survival rate for patients
with LSCC is almost 61% as reported by SEER 18
registries, National Cancer Institute, 2016 [14].

The mammalian IMP family (insulin-like growth
factor 2 mRNA binding protein, IGF2BP), is identified
as a modulator of mTOR signaling and IGF2ZmRNA
translation [15], and comprises three RNA- binding
proteins [16], namely, IGF2BP1 (IMP1), IGF2BP2 (IMP2),
and IGF2BP3 (IMP3) [17]. Structurally, the members
of this family have a conserved domain structure,
including two N-terminal RNA recognition motifs and
four C-terminal domains [16]. The C-terminal domains
are essential for RNA-binding and thereby determine
the subcellular localization of all three members, which
exhibit a high degree of identity and even high similarity
at the amino acid level, and are typically characterized
by a mainly cytoplasmic, granular distribution [18].
Only one report suggested that IMP3 modulates the
fate of cyclin D1, D3 and G1 encoding transcripts in
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the nucleus [19], this may be due to aberrant nuclear
staining of some commercial antibodies [18].

IMP3 is proposed to be a potent post-
transcriptional oncogene [17] that is strongly expressed
in malignant tumors [20], promoting tumor cell
proliferation by enhancing the expression of cyclins [19],
and enhancing tumor cell aggressiveness [20].

IMP3 has been correlated with an aggressive
and invasive cancer phenotype in some human
malignancies, such as Ilymphoid cancers [21],
ovarian carcinoma [22], thyroid cancers [23], oral
SCC [24], [25], osteosarcoma [26], breast cancer [27],
endometrial clear cell carcinoma [28], hepatocellular
carcinoma [29], skin cancers [30], central nervous
system cancers [17], gastrointestinal tumors [31], and
lung cancer [32].

Materials and Methods

This is a retrospective cross-sectional study
in which the material was retrieved from the paraffin
blocks of 61 LSCC patients, obtained from Pathology
department, Faculty of medicine, Cairo University,
during the time period from January 2017 till December
2017. Specimens obtained were total laryngectomies
and laryngoscopic biopsies, 24 cases of which were
associated with selective neck dissection.

Data collected from the patients sheets
included: Age, sex, tumor site and size, histological
type, tumor grade, depth of invasion, and presence of
lymph node metastasis.

Tumor paraffin blocks were sectioned at 5 um
thickness and some sections were mounted on glass
slides and stained with Hematoxylin and Eosin. Sections
with the most pronounced tumor thickness were
submitted on charged slides for immunohistochemistry.

Immunohistochemical staining for IMP3

° The staining steps and incubation times were
preprogrammed into the Autostainer Link
software (Dako autostainer link 48).

° Mouse polyclonal anti-IMP3 antibody (SNF
Medical, dilution 1: 400 to 1:800) was used.

The positive control for IMP3 was pancreatic
adenocarcinoma.

Evaluation of expression of IMP3

In normal tissues, a cell type specific distribution
of IMP3 expression was recorded, and the staining
intensity was estimated as positive (+), or negative (-).
In tumor tissues, cytoplasmic or nuclear staining was

evaluated by staining intensity (0, 1+, 2+, and 3+),
and the fraction of positive tumor cells was scored for
each tissue spot. A final score was built from these two
parameters according to the following criteria: negative
scores had a staining intensity of 0 and 1+ in <10%
of tumor cells; weak scores had a staining intensity
of 1+ in >10% and <70% of tumor cells or a staining
intensity of 2+ in <30% of tumor cells; moderate scores
had a staining intensity of 1+ in >70% of tumor cells,
a staining intensity of 2+ in >30%, and <70% of tumor
cells or a staining intensity of 3+ in <30% of tumor
cells; and strong scores had a staining intensity of 2+
in >70% of tumor cells or a staining intensity of 3+ in
>30% of tumor cells. All tumors exhibiting at least weak
expression were defined as IMP3-positive [33].

Tumor tissue sections from each sample
were examined under the microscope at high power
magnification, for the presence of cytoplasmic or
nuclear brown staining of IMP3. Normal, dysplastic
epithelium and in situ components were evaluated
for IMP3 expression as well. The results of IMP3
immunostaining in the tumors were correlated with
other clinicopathological factors included in the study.

Statistical analysis

° Microsoft Excel 2013 was used for data entry
and the Statistical Package for the Social
Science (SPSS version 24) was used for data
analysis.

° Simple descriptive statistics (arithmetic mean
and standard deviation [SD]) used for summary
of normal quantitative data and frequencies
used for qualitative data.

° Bivariate relationship was displayed in cross
tabulations and Comparison of proportions
was performed using the Chi-square and
Fisher’s exact tests where appropriate.

° Paired T-test, one-way ANNOVA, and post-
hook tests were used to compare normally
distributed quantitative data.

° The level of significance was set at probability
(p) value <0.05.

Results

This study is a retrospective cross-sectional
study, conducted on 61 cases of LSCC obtained from
laryngectomies (28 cases) and laryngoscopic biopsies
(33 cases).

Fifty nine cases were males and two cases
were females. Their ages ranged from 40 to 76 years,
with mean age of 59.21 years + 7.47 SD. Tumor location
was documented in 57 cases only, the most common
location was the glottic region, representing (57.9%),
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followed by the supraglottic region (21.1%), while the
subglottic region was the least common location (3.5%).
Maximal tumor diameter was documented in 28 cases
only; it was < 3.53 cm in 60.7% of cases. Histological
grade of tumors was documented in all cases; Grade Il
was the most commonly encountered, representing
80.3% of cases. (T) Stage could be assessed in
28 cases only, most of them (39.3%) were stage T3.
Selective neck dissection was documented in 24 cases
only; most of them (62.5%) were NO.

The pathological characteristics of the studied
cases are summarized in Table 1.

Table 1: Pathological characteristics of the studied cases

Pathological characteristics
Tumor location

Number (%)

Supraglottic 12 (21.1%)
Glottic 33 (57.9%)
Subglottic 2 (3.5%)
Transglottic 10 (17.5%)
Maximal tumor diameter
<3.53 cm 17 (60.7%)
23.53 cm 11 (39.3%)
Histological grade of tumor
Well differentiated (Grade 1) 4 (6.6%)
Moderately differentiated (Grade 49 (80.3%)
)]
Poorly differentiated (Grade IIl) 8 (13.1%)
T stage
T 4 (14.3%)
T2 8 (28.5%)
T3 11 (39.3%)
T4a 5(17.9%)
Lymph node metastasis
Positive
N1 5(20.8%)
N2 4(16.7%)
Negative 15 (62.5)

Regarding IMP3 immunostaining, 37 cases
(60.7%) showed positive IMP3 expression and
negative expression was noticed in the remaining
24 cases (39.3%), with all Grade | tumors showed
negative IMP3 expression and positive expression was
noticed to increase with increasing histological tumor
grade Figure 1.

Stromal fibroblasts, smooth muscles, and
mucous glands of the larynx were noticed to be positive
for IMP3 expression, and these were considered as
positive internal control for IMP3. Membranous staining
of IMP3 was noticed in addition to cytoplasmic or
nuclear staining.

Normal epithelium was present in 46 cases
only (38 cases of them; 82.6%) showed negative
IMP3 expression in normal tissue. Normal, dysplastic
epithelium, in situ component and malignant tissue were
all present in 26 cases only, (20 cases; 76.9%) showed
negative expression in normal tissue. Statistical analysis
using Chi-square test revealed statistically highly
significant positive correlation between IMP3 expression
in cases with normal epithelium and invasive malignancy,
and in cases with normal epithelium, dysplastic
epithelium, in situ component and invasive malignancy,
emphasizing that IMP3 plays a role in tumorogenesis.

Dysplastic epithelium or in situ component was
present in 34 cases only, 24 cases of them; (70.6%)
showed positive expression in a nearly similar percent

Figure 1: IMP3 expression in various histological grades of laryngeal
squamous cell carcinoma. (a): Invasive well differentiated laryngeal
squamous cell carcinoma, Grade I, with negative expression of
IMP3, showing no staining of tumor cells. (Low power). (b): Invasive
moderately differentiated laryngeal squamous cell carcinoma,
grade Il, with moderate positive expression of IMP3, showing
weak intensity in >70% of tumor tissue (Low power). (c): Invasive
moderately differentiated laryngeal squamous cell carcinoma,
Grade Il, with strong positive expression of IMP3, showing strong
intensity in >30% of tumor tissue (Low power). (d): Invasive poorly
differentiated laryngeal squamous cell carcinoma, Grade Ill, with
strong positive expression of IMP3, showing strong intensity in >30%
of tumor tissue (High power).

to invasive malignancy which supports the hypothesis
in the above correlation, however, with no statistically
significant relationship between IMP3 expression in
dysplastic epithelium or in situ component and invasive
malignant tissue. Correlations of IMP3 expression with
various pathological characteristics among studied
cases is summarized in Table 2.

Table 2: Correlation of IMP3 expression with various
pathological characteristics among studied cases

Pathological IMP3 positive IMP3 negative P value
characteristics Weak moderate  strong
Tumor location
Supraglottic 2(16.7%) 3 (25%) 3(25%) 4 (33.3%) 0.9210
Glottic 8(24.2%) 5(15.2%) 8(24.2%) 12(36.4%)
Subglottic 0 (0%) 1(50%) 0 (0%) 1(50%)
Transglottic 1(10%) 2 (20%) 2 (20%) 5 (50%)
Maximal tumor diameter
<3.53 cm 4(23.5%) 2(11.8%) 6(35.3%) 5(29.4%) 0.7691
23.53 cm 2(18.1%) 3(27.3%) 3(27.3%) 3(27.3%)
Histological grade
Grade | 0 (0%) 0 (0%) 0 (0%) 4 (100%) 0.1938
Grade Il 9 (18.4%) 10(20.4%) 12 (24.5%) 18 (36.7%)
Grade Il 3 (37.5%) 2 (25%) 1(12.5%) 2(25%)
T stage
T 2(50%) 0(0%) 2 (50%) 0 (0%) 0.1905
T2 1(12.5%) 2 (25%) 1(12.5%) 4 (50%)
T3 2(18.2%) 1(9.1%) 6(54.5%) 2(18.2%)
T4a 1(20%) 2 (40%) 0 (0%) 2 (40%)
Lymph node metastasis
Positive
N1 2 (40%) 0(0%) 1(20%) 2 (40%) 0.3472
N2, 1(25%) 0(0%) 3 (75%) 0 (0%)
Negative (NO) 2 (13.4%) 3 (20%) 5(33.3%) 5(33.3%)
Type of epithelium
Normal 8 (17.4%) 38 (82.6%) 0.00094"
Malignant 23 (50%) 23 (50%)
Type of epithelium
Normal 6 (23.1%) 20 (76.9%) 0.0051°
Dysplastic/In situ 17 (65.4%) 9 (34.6%)
Invasive malignancy 15 (57.7%) 11 (42.3%)
Type of epithelium
Dysplastic/In situ 24 (70.6%) 10 (29.4%) 0.79295

Invasive malignancy
“Statistically significant.

23 (67.6%) 11 (32.4%)

Regarding sensitivity and specificity of IMP-3
expression, sensitivity was 60.66% (39.34% are false
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negative results) and specificity was 60.32% (39.68%
are false positive results).

Discussion

SCC is the most common form of cancers
among the upper aero-digestive tract malignancies [34].
Itis also the most common form of laryngeal carcinomas
and accounts for about 85 to 95% of all laryngeal
cancers [8].

IMP3 is an RNA binding protein [35] that is
strongly expressed in malignant tumors enhancing
tumor cell aggressiveness [36]. The present study
evaluated the expression of IMP3 in 61 LSCC cases
and correlated the expression of IMP3 with available
clinico-pathological data of the studied cases.

The current study showed that positive IMP3
was seen in stromal fibroblasts, smooth muscles and
mucus glands of the larynx, and these were considered
as positive internal control of IMP3 expression in this
study. Membranous staining of IMP3 was noticed in
addition to cytoplasmic or nuclear staining. To the best
of our knowledge, these findings were not observed in
previous studies.

The current study showed that 60.7%
(37/61 cases) were positive for IMP3 expression, which
is close to the percent reported by Clauditz et al., 2013,
where 55.8% of LSCC cases, showed positive IMP3
expression [37]. A study was done by Burdelski et al.,
2018, on 8877 human cancers and normal tissues,
showed that 67% of LSCC cases showed positive IMP3
expression, a percent which is close to the results of
the current study [33]. While Chen et al., 2013, reported
positive IMP3 expression in 92% of the studied cases,
and Riener et al., 2017 found that only 40% of the studied
cases showed positive IMP3 expression [29], [38].
These differences may be attributed to the difference
in the method used in evaluating IMP3 expression and
different scoring systems adopted.

The current study showed that IMP3 positive
expression is more common in older ages, supra-glottic
location of the tumor, larger tumor sizes, T1 stages,
and higher N stages; however, all these relations did
not reach statistical significance. On the contrary,
Clauditz et al., 2013, found a significant correlation
between IMP3 expression and some clinic-pathologic
parameters, as N stages and proliferation activity of
LSCC (P value = 0.017 and 0.0071, respectively),
where positive IMP3 expression was found in 81.3% of
N2/N3 cases and in 56.5% of cases with proliferation
rate = 15% [37]. This is in harmony with our finding
of more expression in higher N stages in the current
study, but our inability to reach statistically significant
correlation may be attributed to the larger sample size

used by them and maybe due to the different clones of
the used IMP3. In a study done by Lu et al., 2018 on the
expression of IMP3 in ovarian carcinoma of high grade
serous, endometrioid and clear cell subtypes, a strong
positive correlation was found between IMP3 expression
and tumor size and N stages of all tumor subtypes
(P value <0.001 and < 0.05, respectively), where positive
IMP3 expression was found in 74.4% of tumors = 10 cm
and in 47.8% of N2 stages [39]. These findings suggest
that IMP3 may play a role in carcinogenesis of different
malignant tumors. The frequent finding of correlation
between its expression and higher nodal stage points to
a possible role in the process of metastasis.

In the present study, (0%), (63.3%), and (75%)
of Grades |, Il, and lll, respectively, were expressers.
A non-significant relation was found between degree of
differentiation and IMP3 expression (P value =0.1938).
These results were close to Clauditz et al., 2013,
who found that 81.2% of grade Ill LSCC cases were
IMP3 expressors; however, they reported a significant
correlation between IMP3 expression and the
histological grade of the tumor [37]. Higher percentages
of expression with non-significant differences were
reported by Chen et al., 2013 who found positive IMP3
expression in 86%, 98%, and 92% of well, moderately,
and poorly differentiated tumors, respectively [29].
Burdelski et al., 2018, found positive correlations
between IMP3 expression and high tumor grade and
advanced stage in urinary bladder cancers, esophageal
adenocarcinomas, and SCC of the lung [33]. All these
point to the alleged role of IMP3 in tumor progression,
loss of differentiation, and aggressive behavior.

Inthis study, normal epitheliumwasencountered
in 46 cases, 17.4% showed positive expression of
IMP3 in the normal epithelium, and 50% of malignant
tumor tissue showed positive IMP3 expression. There
was a statistically significant relationship between
IMP3 expression in normal epithelium and underlying
malignant tissue (p < 0.00094). This was supported
by the result of Chen et al., 2013 who found a similar
significant correlation [29]. However, he reported
negative expression in normal epithelium in 100%
of cases, this difference may be due to different
clones of the used IMP3 [29]. The current study also
revealed 34 cases that showed dysplastic epithelium
or in situ component, 70.6% of them showed positive
expression of IMP3 in the dysplastic epithelium or the
in situ component, and 67.6% of them showed positive
expression in concomitant malignant tumor tissue, with
no statistically significant correlation (p = 0.79295).
Higher percentage was reported by Chen et al., 2013,
who found positive expression of IMP3 in 92% of
cases with in situ and invasive components, however,
he reported negative expression in mild or moderate
dysplasia [29]. This difference may be attributed to the
different clones of the used IMP3.

Normal, dysplastic  epithelium/in  situ
component and invasive malignant tissue were all
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present together in 26 cases only in the current study,
23.1% of them showed positive expression of IMP3 in
the normal epithelium, 65.4% of them showed positive
expression of IMP3 in the dysplastic epithelium/in
situ component, and 57.7% of them showed positive
expression of IMP3 in the malignant tumor tissue.
A statistically significant correlation was found between
concomitant IMP3 expression in normal, dysplastic
epithelium/in situ component and invasive malignant
tissue (P value = 0.0051). This result agreed with Chen
et al., 2013, and Clauditz et al., 2013, who found a
significant correlation as well [29], [37]. These findings
suggest that IMP3 plays an important role in tumor
carcinogenesis and progression process and thus IMP3
might be targeted by gene therapy.

The current study showed that IMP3 is neither
sensitive nor specific for LSCC. The sensitivity was
60.66%, which means that 39.34% are false negative
results. The specificity was 60.32%, which means that
39.68% are false positive results. These findings were
not in harmony with Chen et al., 2013, who found that
IMP3 is a marker with high sensitivity and specificity
for LSCC [29]. This difference may be due to different
clones of the used IMP3 and tumor genetic makeup in
different geographic locations.

Burdelski et al., 2018, reported that IMP3
may help in the diagnosis of some cancers, but
without sensitivity for these tumors, as hepatocellular
carcinoma, melanoma, leiomyosarcoma, papillary, and
follicular thyroid carcinomas [33].
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