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Abstract

Background: Lung cancer has the highest frequency among cancers worldwide. It is the leading cause of cancer-induced death
in industrialized countries. Abnormal glycosylation of cell surface and extracellular matrix glycoconjugates are among the most
critical issues in neoplasia.
Objectives: This present study aimed to detect N – acetyl glucosamine (GlcNac) and L- fucose (L-fuc) containing glycoconjugates in
lung cancer.
Methods: In this cross-sectional study, we selected paraffin blocks belonging to 25 patients with lung cancer from their pathology
files at the Ali-Ebne Abitaleb Hospital, Zahedan, Iran. Sixµm sections were obtained from the blocks and stained with Hematoxylin-
Eosin (H-E) and lectin histochemistry (UEA and SBA lectins). Alcian Blue pH 2.5 was used as a counterstain; lectins were diluted up
to 10µg/ml, and DAB was used as a chromogen. Histochemical grading was conducted blindly according to staining intensity to
lectins (0-3). The data was collected and analyzed by the Mann-Whitney U test, using SPSS.
Results: Statistical analysis showed that there was a significant difference between inflammatory mucosa of the bronchial tree
and all types of lung cancer (i.e., adenocarcinoma and squamous cell carcinoma, as well as small and large cell lung carcinoma)
according to staining intensity to SBA and UEA lectins (P < 0.001). Our results showed that there were many different patterns of
reaction to SBA and UEA lectins between all types of lung cancer cells and epithelial cells of the bronchial tree.
Conclusions: Staining intensity and pattern of reaction to lectins were different between all types of lung cancer cells and epithelial
mucosa.
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1. Background

Lung cancer, also known as lung carcinoma, is the most
frequent cancer worldwide, and the survival rate of five
years is extremely low (15%) among the people who have
this cancer (1). The incidence rate of lung cancer is 1.2 mil-
lion people per year (2). Lung carcinoma is the most com-
mon cause of cancer-related death, accounting for 25% of
overall cancer deaths. Smoking is the most crucial lung
cancer risk factor (3). In general, this malignancy can be
categorized into Small Cell Lung Carcinoma (SCLC), Ade-
nocarcinoma (ADC), Squamous Cell Carcinoma (SCC), and
Large Cell Carcinoma (LCLC) (4). Lung carcinomas are a

group of cancers arising from any part of the bronchial
tree or pulmonary parenchyma. Thus, lung cancer is a het-
erogeneous entity both in cell types and biological behav-
ior of specific cell types (5).

ADC arises from the glandular cells of the bronchial
mucosa and represents the dominant histological subtype
among the other lung cancer types. SCLC arises from the
modified bronchial epithelial cells. SCLC is characterized
by one of the following specific differentiation features:
keratinization, keratin pearl formation, or the presence
of intercellular bridges. LCLC is a heterogeneous group
of undifferentiated malignant neoplasms that lack cyto-
logic and architectural features of small cell carcinoma
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and glandular or squamous differentiation (6).
Lung cancer is considered the fundamental cause of

death among men and the second most serious cause of
death among women (7). Cancer progression and metasta-
sis are the most important causes of cancer -related deaths.
Extracellular Matrix (ECM) components of the stroma of
the tumor play a crucial role in tumorogenesis, cancer
progression, and metastasis (8). The functional ability of
cancer cells to survive, proliferate, and extend to neigh-
boring cells and distant organs during the process of car-
cinogenesis is a consequence of altered glycosylation in
these cells (9). Glycosylation of the cell surface and ECM
components are a type of enzymatic reaction in the pro-
cess of protein synthesis, which can be catalyzed by gly-
cosyltransferase in the lumen of the endoplasmic reticu-
lum in which some sugars were added covalently to spe-
cific amino acids. The terminal sugars can determine the
biological and pathological behavior of Cell- ECM inter-
actions (10). Abnormal glycosylation of glycoconjugates
can interfere with normal cell proliferation and junctional
complexes with neighboring cells, detachments, and cell
migration. Cancer cells are continuously shed from their
surface glycoconjugates components used for cancer de-
tection in many malignancies (11). Aberrant glycosylation
mechanism is the overexpression of glycosyltransferase
and glycosidase (12). After the altered glycosylation, can-
cer progressions are involved in the loss of cell-cell adhe-
sion and initiation of the dissemination of cancer cells.
These changes, along with the changes in matrix metal-
loproteinase, can degrade the physical barrier of ECM, re-
sulting in the invasion and metastasis (13). Sialylation is
the process of adding sialic acid to glycoprotein, which
changes the half-life of many circulating glycoproteins and
has multiple roles in regulating cell-cell, cell-extracellular
interactions, and protein targeting. Reportedly, different
types of cancers (e.g., breast and cervical cancers) have
caused alterations in sialic acid sialidase (14). Fucosylation
is an enzymatic process performed by fucosyltransferase,
which is one of the most crucial steps in glycoprotein syn-
thesis. Abnormal characteristics of tumor cells include the
decreased adhesion and abnormal tumor growth, which
can be attributed to the changes in fucosylation of glyco-
protein in cancer cells. Studies have shown the importance
of monitoring fucosylation during the multistep process
of cancer initiation, prognosis, metastasis, early detection,
and management of cancer patients (15).

2. Objectives

The changes in extracellular matrix glycoconjugates
are clear in many tumors, such as glioblastoma, breast can-
cer, and colorectal carcinoma. O-Glycosylation is one of the

crucial posttranslational modifications in nuclear, cyto-
plasmic, and mitochondrial proteins, which can increase
in metastatic cells, thereby highlighting its potential role
as a biomarker in cancer (16). Therefore, the current study
aimed to detect GlcNac and Fucose containing glycoconju-
gates in lung cancer.

3. Methods

We collected formalin-fixed and paraffin-embedded
samples from 25 patients with lung cancer [squamous cell
carcinoma (n=10), adenocarcinoma (n=2), inflammatory
reaction (n=10) along with large (n=2), and small (n=1)
cell lung carcinoma] according to their pathology files at
the Ali Ebne-Abitelab Hospital, Zahedan, Iran, during 2015-
2016. Six µ sections of the samples were obtained and
stained with SBA/Alcian Blue pH 2.5, UEA/ Alcian Blue pH 2.5,
and Hematoxylin-Eosin.

Lectin histochemistry is a microscopy-based technique
to visualize cellular components of tissues except that it
uses lectin instead of antibodies. The labeled lectins in the
tissue staining procedure can limit the technique for the
detection of only glycan-conjugated components, as well
as those whose glycan moieties are being recognized, par-
ticularly by the individual lectins. Unlike immunohisto-
chemistry, which detects the presence of specific antigens
based on the specificities of antibodies, lectin histochem-
istry provides information concerning glycosylation pro-
cesses within a tissue sample as well as their intracellular
locations. This information can be very useful in the char-
acterization and/or the detection of diseases.

According to standard procedures of lectin histochem-
istry, sections were deparaffinized and hydrated in de-
scending alcohol. HRP conjugated lectins(SBA&UEA) from
Sigma (USA) company were diluted up to 10 µ gr/ml in
phosphate buffer saline (pH=6.8). Before incubating with
lectins, the sections were treated in a 2% H2O2 solution in
methanol for up to five minutes to neutralize endogenous
peroxidase. The sections were then incubated for two hour
with the mentioned lectins in the humidified chamber at
room temperature. After washing the sections carefully in
PBS for 30 min, they were immersed for another 30 min
in a 0.3% diaminobenzidine (DAB) solution as chromogen
containing 0.1% H2O2. Afterward, the sections were rinsed
again carefully for 30 min under tap water and counter-
stained using Alcian Blue pH=2.5. They were finally dehy-
drated, cleared, and mounted based on the routine lab pro-
cedure (17). Parallel control sections were used for each pa-
tient under the same protocol, except that incubation was
not performed with lectins or DAB. Histochemical grad-
ing was performed blindly based on staining reactivity in
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three microscopic fields for at least 100 cells as +3 (high re-
activity), +2 (moderate reactivity), +1 (low reactivity), and 0
(no reactivity).

The non-parametric Kruskal-Wallis and Mann-Whitney
U tests were used to analyze the data in SPSS software (v.
13). Moreover, histopathological reports were obtained,
and photomicrography was performed using the Axiphot
Zeiss photomicroscope. The ethical committee of Zahedan
University of Medical Sciences approved the study protocol
(IR.ZAUMS.REC.1396.328).

4. Results

Statistical analysis with Mann Whitney U test using UEA
lectin for staining intensity for L-glucose containing gly-
coconjugates showed a significant difference between in-
flammatory mucosa with adenocarcinoma, large cell lung
carcinoma, and squamous cell carcinoma (P < 0.001). Fig-
ure 1 shows the distribution of studied cells according to
the degree of reactivity to SBA lectin. Statistical analysis
with the Mann Whitney test and with SBA lectin for stain-
ing intensity for N-Acetyl glucose amine-containing glyco-
conjugates demonstrated a significant difference between
inflammatory mucosa and Small Cell Lung Carcinoma (P
< 0.001). Figure 2 shows the distribution of studied cells
according to the degree of reactivity to UEA lectin. Figure
3 demonstrates the pattern and severity of the reaction to
UEA, and SBA lectins were different between inflammatory
mucosa and all lung cancer types (e.g., large cell lung car-
cinoma, squamous cell carcinoma, and adenocarcinoma).

5. Discussion

Our results showed that the severity of the reaction of
cancer cells to lectins (UEA & SBA) was different between
all lung cancer types and inflammatory epithelial mucosal
cells. Furthermore, the distribution of cells within differ-
ent types of lung cancers confirmed the heterogeneous na-
ture of tumoral cells to studied lectins according to the
severity of reaction for GlcNac and Fucose containing gly-
coconjugates. Aberrant glycosylation of glycoproteins and
glycolipid is one of the most crucial changes of cancer cells,
which is the basis for uncontrolled proliferation and ob-
tains the potential for progression and metastasis in all
cancer types (18). Glycosylation is one of the most im-
portant biological and pathological actions of all eukary-
otic cells that occurs with protein synthesis or posttrans-
lationally in Golgi apparatus on greater than 50% of pro-
teins, which can alter protein function, biological fold-
ing, and physiological functions. It is assumed that al-
tered terminal glycosylation is correlated with tumor pro-
gression and metastasis. Chen et al. showed that the ex-
pression of B7H3 was significantly upregulated in tumors

of oral squamous cell carcinoma patients and correlated
with tumor size, advanced stages, and poor prognosis.
B7H3 is a glycoprotein whose N-glycans contain galactose,
which is highly fucosylated in oral cancers (19). Cell sur-
face carbohydrates change dramatically during tumoro-
genesis and affect cancer cell interactions with neighbor-
ing cells and extracellular matrix during metastatic spread
and tumor growth (20). Analyzing lectin binding in cell
surface carbohydrate profiles related to benign and ma-
lignant cells can provide a useful tool for the determina-
tion of the biological behavior of cancer cells and its po-
tential for growth and metastasis and also become a help-
ful tool for the determination of patient prognosis (21).
Studies showed that critical glycosylation changes of eu-
karyotic cells occur according to two various processes,
namely carbohydrate synthesis blockage or neosynthesis.
The analysis of cell surface glycoconjugates in tumor cells
demonstrated that the most prevalent alternations in the
glycosylation pathway of cancer cells were correlated with
the appearance of larger and more branched oligosaccha-
rides (16). Histochemical analysis showed that there were
many differences in primary and metastatic lesions in can-
cer patients. These carbohydrate changes can be a con-
tributing factor to distant metastasis. Studies showed that
the inhibition of glycosylation in tumor cells resulted in
a profound inhibition of metastasis (22). Carbohydrates
of cell surface glycolipid and glycoprotein can change ap-
preciably in all cancer types. Studies showed that specific
monoclonal antibodies against colorectal carcinoma, lung
carcinoma, and malignant melanoma could detect spe-
cific tumor-associated carbohydrates such as CA50. As a
ganglioside or sialylated glycoprotein, CA50 has been iso-
lated from primary carcinoma and metastases, and it may
be defined as a generalized carcinoma-associated antigen
(23). Our results showed that carbohydrate of cell surface
glycoconjugates changed in all lung cancer types and se-
creted carbohydrates of tumor cells at least partly might be
from these aberrant glycoconjugates. There are many dif-
ferences between glycoconjugates content of normal and
cancer cells, which may act as a valuable biochemical tool
for patient diagnosis and follow-up. Glycosylation analy-
sis showed that there are significant changes in oligosac-
charides chains of the secreted product of normal prostate
cells and cancer prostate cell lines (LNca P), especially in
GalNac, sialic acid, and Fucose content (24). Altered regu-
lation of cell cycle events due to overexpression or amplifi-
cation of cyclins and cyclin-dependent kinase are the hall-
marks of many human-related cancers, such as the esoph-
agus, breast, lung, head and neck, prostate, and colorectal
carcinomas (25). Soria et al. demonstrated that cyclin B1
overexpression in lung carcinoma, especially in squamous
cell carcinoma, may be a prognostic factor for lung squa-
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Figure 1. Comparison of the distribution of cells stained to lectin from Soya Bean Agglutinin according to degree of reactivity for GlcNac containing glycoconjugates in
inflammatory mucosa (Inf) and Small Cell Lung Carcinoma (SCLC). The horizontal axis shows the histochemical grading according to staining reactivity in three microscopic
field: 3 (high reactivity), 2 (moderate reactivity), 1 (low reactivity) and 0 (no reactivity). *P < 0.001.
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Figure 2. Comparison of the distribution of cells stained to lectin from Ulex Europaeus Agglutinin according to degree of reactivity for Fucose containing glycoconjugates in
Squamous Cell Carcinoma (SCC), Adenocarcinoma (ADC) and Large Cell Lung Carcinoma (LCLC). *P < 0.001.
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Figure 3. The moderate reaction of tumor stroma and cells of small cell lung carcinoma (a) in comparison to inflammatory mucosa and goblet cells (b) stained to lectin
from Soya bean agglutinin (SBA/Alcian Blue), mild reaction of large cell lung carcinoma (c) to lectin from Ulex Europaeus agglutinin and no any reaction of squamous cell
carcinoma (d) to lectin was shown. The reaction of inflammatory mucosa to UEA lectin for Fucose containing glycoconjugates restricted to supranuclear regions of columnar
cells and also to elastic lamina beneath the epithelium of inflammatory mucosa (e) and moderate to severe staining of adenocarcinoma cells (f) to UEA lectin was clearly
shown (magnification: 40×; Scale bar = 250 µm.).
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mous cell carcinoma. Cytoplasmic reactions of tumor cells
to lectins may result from the unscheduled expression of
glycoconjugates, which may be a result of either impaired
degradation or continued unnecessary synthesis during
the cell cycle (26).
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