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Mucin Production Correlates with Dual
Expression of Epidermal Growth Factor
Receptor and Its Ligand the Epidermal
Growth Factor in Non-Small Cell Lung
Cancer

Abstract

Introduction: Mucoproduction plays an important role in the processes of tumor progression, invasion
and metastasis. In non-small cell lung cancer (NSCLC), mucins hypersecretion has been associated with
alterations in the epidermal growth factor receptor (EGFR) expression. However, the relation of mucins with
EGFR in these tumors is not completely clarified.

Aims: To evaluate the relation between mucoproduction, the expression of EGFR and its ligand the
epidermal growth factor (EGF) in NSCLC samples.

Materials and Methods: A number of 71 routinely processed formalin-fixed and paraffin-embedded
archival samples with diagnosis of NSCLC were used. Mucoproduction was considered when periodic acid-
Schiffreaction (PAS) positiveand/oralcianblue positive substances were observed. Theimmunolocalization
of EGFR and EGF molecules were detected by mean ofimmunohistochemical methods. Chi-square test was
applied to compare two or three different parameters. In all cases, the criterion for statistical significance
was p < 0.05.

Results: The production of mucins was related with the occurrence of metastasis (p = 0.0151) as well
as, with a more advanced stage of NSCLC disease (p = 0.0409). The presence of mucin was statistically
significant associated to histology (p < 0.0001) and degree of cytological atypia (p = 0.0325). The expression
of EGFR was associated with mucin hyperproduction (p = 0.0205). The levels of mucin production was
statistical significant increase in NSCLC samples displaying double expression of EGFR and EGF (p =
0.0297) when compared with EGFR-/EGF+ and EGFR-/EGF-.

Conclusions: The results obtained in the present work could support the role of uncontrolled EGFR
system activation mediated by the ligand EGF in NSCLC mucins hyperproduction as well as its relation with
tumor progression and metastasis processes.

Abbreviations Introduction

AB: Alcian Blue Stain; ABC: Avidin Biotin Complex; BAC: Lung cancer remains one of the leading causes of death
Bronchioloalveolar Carcinoma; DAB: 3,3-Diaminobenzidine; from cancer worldwide [1]. There are two main variant of the
EGF: Epidermal Growth Factor; EGFR: Epidermal Growth; disease, non-small-cell lung cancer (NSCLC) and small-cell

Factor Receptor; HE: Hematoxylin And Eosin Staining; HRP:
Horse-Radish Peroxidase; Mab: Monoclonal Antibody; MAPK:
Mitogen-Activated Protein Kinase; L MUC: Mucin; NSCLC:
Non-Small-Cell Lung Cancer; PAS: Periodic Acid-Schiff Stain;

SCLC: Small-Cell Lung Cancer

lung cancer (SCLC), but, NSCLC constitute about 80-85% cases
of all lung carcinomas [2,3]. Most of NSCLC patients have a
poor prognosis because most of them present with advanced
or metastatic disease at the time of diagnosis. It has been
estimated that only 10-15% of the patients will ultimately be
cured [4]).
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Mucins constitute a heterogeneous group of highly
0-glycosylated macromolecules synthesized by epithelial cells
[5]. Airway mucins are major components of the soluble layer
and/or viscoelastic gel that comprise lung mucus in healthy
airways and contribute to the mucociliary defense system
that protects the lungs against pathogens and environmental
toxins [6]. Particularly, increased hyperproduction of secretory
mucins usually occurs in lung tumors [5,7]. Nevertheless,
their cellular localization and variations along the respiratory
tract or occurring in respiratory diseases have received little
attention.

Mucoproduction plays an important role in the processes
of tumor progression, invasion and metastasis. In addition,
mucins are engaged in malignant cells survival and protection
against the host immune response [8], contributing to the
aggressive potential of tumors. Airway obstruction from
mucus accumulation is one of the major pathological changes
in NSCLC [9]. In line with this, chronic mucus hypersecretion
has been considered a significant predictor of death from
these tumors [10]. However, further investigations in order to
elucidate the biological significance of mucins in carcinomas
have been suggested [11].

Previously, the epidermal growth factor receptor (EGFR)
mutation was considered a critical event in the pathogenesis of
nonmucinous bronchioloalveolar carcinoma (BAC) [12] while,
invasive mucinous pattern and extracellular mucin have been
associated with KRAS mutation in lung adenocarcinoma [13].
Moreover, the lepidic-predominant group was associated
with EGFR mutation compared with nonlepidic-predominant
tumors [13]. Furthermore, one preliminary study demonstrated
a significant correlation between nonmucinous BAC histology
and EGFR expression [14]. Nevertheless, the relation of mucins
with EGFR expression in lung cancer is not complete clarified

[71.

In this study, it was evaluated the relation between
mucoproduction and the expression of EGFR in NSCLC patients.
Additionally, it was assessed the role of the double expression
of EGFR and its ligand the EGF in mucins hyperproduction.

Materials and Methods

Tissue specimens. A number of 71 routinely processed
formalin-fixed and paraffin-embedded archival samples
with diagnosis of NSCLC were received from the pathology
department of both Hermanos Ameijeiras General Hospital
and the National Institute of Oncology and Radiobiology, after
approved consent by the institutional ethical committees. Five
micrometer serial sections from each block were obtained in a
micrometer (Leitz 1512) and they were mounted on plus slides
(Dako S2024). All sections were attached to the slide by heating
in a 60°C oven for 1h. Afterwards, the slides were dewaxed in
xylene and rehydrated in graded ethanol series in the usual
way. The samples were maintained in tap water until they were
stained.

Pathological features. The evaluation of some pathological
features was performed for each tumor tissues using the
hematoxylin and eosin (HE) staining. Morphologic parameters

such as histopathological classification and degree of
histologic differentiation were evaluated. In addition, some
cytomorphologic characteristics such as cell and nuclear size,
cellular shape, chromatin pattern, nucleoli, and amount of
cytoplasm were assessed. This measured was considered as the
degree of cytological atypia and it was subjectively expressed
as low, moderate and high.

Mucoproduction detection. The Alcian blue pH 2.5-P.A.S.
acc. Mowry kit (DiaPath 010209) according to the manufacturer
instructions was used. Briefly, the slides were stained with
Alcian Blue (pH 2.5) for 30 minutes at room temperature. The
samples were drained and treated with a saturated solution
of sodium tetraborate for 10 minutes. After two rinse in
running tap and distilled water, the tissues were oxidized for
5 minutes in 1% periodic acid solution. Then, the slides were
rinsed in several changes of distilled water and immersed
in Schiff reagent acc. Hotchkiss-McManus for 30 minutes.
Afterward, sections were dipped in a solution containing 90
mL of destilled water and 10 drops of metabisolfite potassium
acc. Hotchkiss-McManus and 10 drops of 10% hydrochloric
acid for 10 minutes. The sections were washed for 1 minute in
distilled water. Finally, the tissues were counterstained with
Mayer Hematoxylin, dehydrated in ethanol, cleared in xylene
and mounted with a synthetic medium.

Immunohistochemical staining. The immunolocalization
of the epidermal growth factor receptor (EGFR) and its ligand
the epidermal growth factor (EGF) was performed as it was
previously described in [15]. Briefly, the slides were pre-treated
with 0.4% pepsin in 0.1N hydrochloric acid solution at 37°C for
30 minutes. Afterward, the tissues were incubated with ior egf/
r3 Mab (anti-EGFR) and CB-EGF1 (anti-EGF ligand) in a humid
chamber for 1h at room temperature followed by a rabbit anti-
mouse biotinylated secondary antibody (Dako E0354) and ABC/
HRP (Dako E0355) both for 30 minutes at room temperature
dilution 1:100. The enzymatic activity was visualized with DAB
substrate chromogenic solution (Dako K3465) and the tissues
were counterstained with Mayer’s Hematoxylin (Dako $S2020).
Finally, the samples were dehydrated in ethanol, cleared in
xylene and mounted with a synthetic medium.

Histochemical and immunohistochemical evaluation.
The Alcian blue pH 2.5-PAS acc. Mowry kit supplies reagents
for Alcian blue (pH 2.5) and periodic acid-Schiff stains (AB-
PAS) to identify on the same histological section acid and
neutral mucins, glycogen and glycoprotein. In this study,
the appearance of blue-turquoise and/or purple staining in
both extra and intra-cellular locations was considered as
histochemical detection of mucins.

Concerning to the immunohistochemistry, the tissue
expression of the EGFR and EGF was evaluated for percentage
of positive cells (0-100%) and the intensity of reaction (0-
3+). The final results were considered according with two
observers agreement (ChER and RB). Afterward, the H-score
was calculated for each specimen by multiplication of the
intensity of reaction and the grade of positive cells, resulting
in a score ranging from 0 to 300. Subsequently, these scores
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were grouped as follow: low expression (scores < 150) and high
expression (scores = 150) as it was previously described in [16]
(Table 1).

Table 1: Clinicopathological characteristics of NSCLC patients.

Features

(n=71)

Gender

Statistical analysis. PopTools version 3.0.5 software Female 25(35.2)
(Available on: http://www.cse.csiro.au/poptools) was used Male 46 (64.8)
for data analysis. Chi-square test was applied to compare two Age (years)
or three different parameters. In all cases, the criterion for <60 46 (64.8)
statistical significance was p < 0.05. 2 60 25(35.2)

Tumor size (cms)
Results <3 23 (32.4)
>3 48 (67.6)

Patients characteristics. Table 1 shows a summary of patient Regional lymph node metastasis
characteristics and some pathological features. In general, the No 48 (67.6)
gender ratio was to 2:1 in favor of males, with a mean age of Yes 23 (32.4)
57.2 + 10.3 years. In addition, mostly patients in stages I-II Distant metastasis
(78.9%) and samples showing histological features of well and No 64 (90.1)
moderately differentiated tumors (67.6%) were included. Yes 7(9.9)

. . . . . Tumor stage

Mucins expression is associated with both occurrence | 43 (60.6)
of distant metastasis and advanced disease. In general, the I 13(18.3)
mucin expression was observed in 35/71 (49.3%) of NSCLC. " 9(12.7)
The mucoproduction was mainly detected in acinar structures v 6 (8.4)
formed by many tumor cells; although vacuoles in the Histology
interior of individual epithelial cells were also visualized. The Squamous carcinoma 21 (29.6)
production of mucins was significantly increased in patients Adenocarcinoma 27 (38.0)
displaying distant metastasis 7/7 (100%) when compared with Large cell carcinoma 10 (14.1)
no metastatic disease 28/64 (43.7%) (p = 0.0151, Chi-Square Carcinoid tumor 8(11.3)
test). Similarity, the presence of mucoproduction was mostly Other histological subtypes* 5(7.0)
evidenced in advanced stages of NSCLC disease 11/15 (73.3%) Degree of histological differentiation
when compared with early stages 24/56 (42.9%) (p = 0.0409, Well 21 (29.6)
Chi-Square test). Moderate 27 (38.0)

Mucins expression is also related with histology and degree Poor/ Undlffergn“ated . 23(32.4)

. ) . . . Degree of cytological atypia

of cytological atypia. The distribution of mucin production Low 36 (50.7)
according to the histopathological classification of NSCLC Moderate 23 (32.4)
is shown in Table 2. The presence of mucin was statistically High 12 (16.9)

No. of cases (%)

significant increased in adenocarcinomas and other minor
represented subtypes when compared with the rest of
histological subtypes of NSCLC (p < 0.0001, Chi-Square test).
In addition, the mucoproduction was significantly increased
in samples with higher degree of cytological atypia (p =
0.0325, Chi-Square test) (Figure 1). No association between
mucin hyperproduction and the rest of clinicopathological
characteristics of patients were evidenced.

Legend: No,number; %, percentages; cm, centimeters; * 2 adenosquamous
carcinoma, 1 pleomorphic carcinoma, 2 mucoepidermoid carcinoma.

Table 2: Mucin production according to histopathological characteristic
of tumors.

Pathological features Mucin production| Positive/total
¢ Negative Positive (%)

Histological classification

Squamous cell carcinoma 20 1 4.8
Mucin hyperproduction is related with EGFR expression. Adenocarcinoma 4 23 85.2
The expression of EGFR was detected in 42/71 (59.1%) of NSCLC Large cell carcinoma 6 4 40.0
samples no taking into account the histological classification of Carcinoid tumor 5 3 375 0 0301
tumors. Regarding the histological classification of tumors, the Other histological subtypes* 1 4 80.0
EGFR expression was evidenced in 10/21 (47.6%) of squamous Degree of histological
carcinoma, 18/27 (66.7%) of adenocarcinoma, 4/10 (40.0%) of differentiation
large cell carcinoma, 5/8 (62.5%) of carcinoid tumor and 5/5 Well 4 8 66.7
(100%) of other histological subtypes minor represented. No Moderate 18 13 4.9 ns
association between EGFR expression and histological subtype Poor 14 14 50.0
of tumors were detected. Of interest, the mucin production was Degree of cytological atypia
evidenced in 26/42 (61.9%) of these EGFR positive cases Table Low 20 16 44.4
3. Consequently, the expression of EGFR was associated with MOd_erate 14 o 39.1 0.0325
High 2 10 83.3

mucin hyperproduction (p = 0.0205, Chi-Square test) (Figure

2) Legend: %, percentages; * 2 adenosquamous carcinoma, 1 pleomorphic

carcinoma, 2 mucoepidermoid carcinoma.
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Mucoproduction is more accentuated in EGFR*‘/EGF*
immunophenotype. On the other hand, the tissue expression
EGF ligand was evidenced in 61/71 (85.9%) of NSCLC while, the
presence of this molecule was detected in 42/42 (100%) of EGFR
positive tissues. The simple expression of EGF was no related
with mucoproduction. The mucin production was evidenced in

Table 3: Mucin production according to EGFR and EGF expression.

EGFR
Negative 20 9 31.0
Positive 16 26 61.9 0.0205
EGF
Negative 6 4 40.0 ns
Positive 30 31 50.8
Immunophenotype
EGFR/EGF 6 4 40.0
EGFR/EGF* 14 5 26.3 0.0297
EGFR*/EGF* 16 26 61.9

Legend: No, number; %, percentages; ns, no significant.

Fohm P /e = 100 e

Figure 1: Histochemical detection of mucin in non-small cell lung cancer. A and
B: hematoxylin and eosin staining of large cell carcinoma and adenocarcinoma,
respectively. Observe the lack of staining in large cell carcinoma (C) and the
hyperproduction of mucin in adenocarcinoma (D) (dark blue). Black bar = 100 ym.

A: presence of mucin hyperproduction (dark blue). B: Observe a moderate
expression of EGFR in the plasmatic membrane of malignant cells (brown color).
C: Mucoproduction in lung adenocarcinoma (not the same as the sample shown
in Fig. 2A). D: Intense expression of EGFR in malignant cells. Counterstaining with
Mayers hematoxylin. Black bar = 100 pm.

s o | Postia/otal () prlue

26/42 (61.9%) of EGFR*/EGF*, 5/19 (26.3%) of EGFR-/EGF*and
£4/10 (40.0%) of EGFR-/EGF- samples Table 3. Consequently, the
levels of mucin production was statistical significant increased
in NSCLC samples displaying double expression of EGFR and its
ligand the EGF (p = 0.0297, Chi-Square test) (Figure 3).

Discussion

Mucins have been implicated in the pathogenesis of
epithelial cell malignancies [17]. Alterations of the expression
pattern of mucins have been described in carcinomas as
well as in their precursor lesions [18,19]. Airway obstruction
from mucus accumulation or from a tumor projecting into
a bronchus is one of the major pathological changes in lung
cancer [9]. Specifically, chronic mucus hypersecretion has been
considered a significant predictor of death from lung cancer
[10]. Mucinous carcinoma has been known to have a propensity
for higher incidence of lymph node metastasis, venous and
lymphatic invasions, local recurrence and distant metastasis
compared with nonmucinous tumors [20].

The detection of certain type of mucins (MUC) by means
of immunohistochemical methods has been reported to be
associated with the progression of lung adenocarcinoma
[21]. In a previous work, our group demonstrated that PAS-
positive substances correlated with the appearance of distant
metastasis in NSCLC patients [22]. Here, the occurrence
of mucin production was related with the appearance of
distant metastasis but also with a more advanced disease. In
line with this, Yu et al., reported that MUC5B and MUC5AC
overexpressing tumors tended to increase the risk of distant
metastasis and decrease overall survival from lung cancer,
compared with nonexpressing tumors [23]. Moreover, aberrant
MUC1 expression was associated with disease progression
[24] and with a poor prognosis [25,26] while, up-regulation
of MUC6 expression was related with tumor size in NSCLC
patients [21].

In the present study, the mucin production was mostly
evidenced in adenocarcinomas as compared with the rest of lung
tumors, similar to previous reports [22,27,28]. Interestingly,
the presence of mucin was significantly higher in NSCLC
samples displaying increased degree of cytological atypia.
Previously, it was published that transmembrane mucins (e.g
MUC1 and MUC4), can signal the disruption of tight junctions
and adherens junctions affecting polarity as well as both cell-
cell and cell-extracellular matrix interactions [19,29]. It have
been also reported that overexpression of MUC1 in cancer
cells alter the function of B-catenin/E-cadherin pathway in
adherens junctions [30] inducing actin cytoskeleton alterations
[31]. In this sense, the loss of polarity and cell-cell interactions
could alter the cell morphology allowing to an increased cell
pleomorfism and also favors the development of metastasis
[32].

EGFR cascade is involved in mucin production as well as
in the repair of damaged airway epithelium by a wide variety
of stimuli [33]. Changes that occur during lung carcinogenesis
usually conduce to dys-regulation of both mucin and EGFR
expressions [5,34]. In this study, the expression of EGFR was
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Figure 3: Mucin production in a lung adenocarcinoma displaying the EGFR+/
EGF+ immunophenotype. A: hematoxylin and eosin staining. B: mucin production
(dark blue). C and D: overexpression of EGFR and EGF, respectively (brown color).
Observe the high expression of EGFR in the plasmatic membrane of malignant cells,
while the presence of EGF ligand was mainly detected in the cytoplasm of these
cells. Counterstaining with Mayers hematoxylin. Black bar = 100 pm.

associated with mucoproduction measured by means of AB-
PAS histochemical technique in NSCLC samples. Mao et al.,
reported a positive correlation between the expression of EGFR
and MUC5AC in patients with chronic obstructive pulmonary
disease [35]. However, in previous studies the EGFR mutation
was related with nonmucinous bronchioloalveolar carcinoma
[12,14] as well as with the lepidic-predominant form of this
tumor [13].

On the other hand, the contribution of EGFR and its ligands
in mucin production in normal airway epithelium using AB-
PAS reaction was previously reported [36]. Co-expression
of EGFR and its ligands results in activation of an autocrine
system leading to dysregulated EGFR action and uncontrolled
both tumor growth [37] and secretion [38]. It is known that
mucins expression (e.g. MUC2 and MUC5AC) is controlled by
EGF family and mitogen-activated protein kinase (MAPK)
cascade [38]. Moreover, it has been reported that upregulated
expression of mucins, such as MUC2 and MUC5AC, bind with
EGFR and activate the Ras/Raf pathway [38,39]. In line with
this, our group previously reported that the dual expression
of EGFR and its ligand the EGF is related with increased cell
proliferation and with a more aggressive behavior of NSCLC
[16].

Interestingly, using selective inhibitors of EGFR tyrosine
kinase phosphorylation, it was reported that EGFR ligand
induced mucin MUC5AC synthesis is dependent on EGFR
activation [36]. In this work, NSCLC samples displaying the
phenotype EGFR*/EGF*were associated with a more accentuated
production of mucins as compared with EGFR*/EGF-and EGFR-/
EGF- tumors. In line with this, EGFR phosphorylation upon
binding to EGF and TGF-a resulted in a remarkable increase
of MUC2 and MUC5AC mRNAs levels, promoter activity, and
apomucin expression in the mucoepidermoid NCI-H292 lung
cancer cell line [38]. In this sense, our results could support the
role of uncontrolled EGFR system activation mediated by the
ligand EGF in NSCLC mucins hyperproduction.

In view of that, it was suggested that disrupting the
EGFR cascade that leads to mucus production is beneficial
in airway hypersecretory diseases [40]. Interestingly, there
are two different immunotherapeutic approaches registered
in Cuba targeting the EGFR/EGF system. The first one
is a molecular vaccine that induces anti-EGF antibodies
neutralizing endogenous EGF (CIMAVax-EGF) [41]. The
other one is a humanized monoclonal antibody that directly
binds the extracellular domain of the EGFR (nimotuzumab)
[42]. Interestingly, promising results in advanced NSCLC
patients treated with CIMAVax-EGF [43,44] or nimotuzumab
[45,46] has been obtained. In this way, the evaluation of
mucin production in NSCLC patients after CIMAVax-EGF or
nimotuzumab treatment seems to be of utmost importance.

Conclusions

The association between mucin hyperproduction and a
more advanced state of NSCLC disease was demonstrated.
Interestingly, mucoproduction was also related with the EGFR
as well as with the double expression of EGFR and its ligand the
EGF. Our results could suggest the role of mucins production
mediated by EGFR/EGF stimulation in the aggressiveness
of NSCLC. However, to confirm the results obtained in the
present work, further studies eliminating differences in the
proportion of histological subtypes and disease stages are
needed. Remarkably, promising results were obtained in
unresectable stage III NSCLC patients treated with an anti-
MUC1 immunotherapeutic [47]. In this sense, our data permit
to consider that immunotherapeutic strategies targeting
EGFR and/or EGF could be a useful tools in the treatment of
hypersecretory NSCLC.
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