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Abstract

Introduction: With the development of cancer research, a peculiar group of proteins has become the subject of great
attention, namely the lectins. These proteins have the ability to bind reversibly to carbohydrates with high specificity.
Because of changes in cell surface glycoprotein patterns during tumor formation, lectins have an important potential
role as biomarkers of neoplastic cells. Objective: To review the literature available regarding the use of lectins as
biomarkers of premalignant and neoplastic lesions, with a focus on oral cavity tumors, and to assess which groups
of lectins and oral lesions have been most widely studied, with the final goal of providing a profile of publications in
the field. Method: Articles were searched in the Science Direct, PubMed, and BVS databases. Inclusion criteria were:
publication between 1981 and 2010; keywords “lectin® AND “binding” AND “oral” AND “tumor”; and English
abstract. A total of 108 articles were selected. Articles were assessed and classified according to predetermined categories,
especially number/types of lesion and number/types of lectin analyzed. Results were assessed using the chi-square test.
Results: An increase throughout the years was observed in the number of articles studying the use of lectins as tumor
biomarkers. Squamous cell carcinoma and Arachis hypagea (PNA) were the lesion and lectin more frequently assessed,
respectively. Conclusion: It is possible to conclude that the use of lectins as a therapeutic tool in cancer research has
been increasing in importance, probably as a result of its wide applicability, versatility, and reliability.
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INTRODUCTION

Malignant tumors of the oral cavity represent a major
public health concern, especially in view of the increasing
incidence and prevalence rates observed along the last few
years'. Parkin et al. (1999) estimated about 210,000 new
cases per year worldwide?. In Brazil, a total of 14,120 new
cases of malignant tumors of the oral cavity have been
estimated for the year 2010°.

Motivated by this scenario, several studies have been
conducted to investigate oral cavity malignancies, with
a particular focus on cell differentiation (formation
process) and cell identification methods. In particular,
some studies have shown that the process of malignancy
is associated with a variety of changes in cell surface
carbohydrate expression, not to mention the role played by
carbohydrates in determining the metastatic capabilities
of neoplastic cells**.

Nangia-Makker et al. (2002) reported that developing
cancer cells use the functional groups of carbohydrate
molecules to avoid being recognized by immune cells’.
During metastasis formation, carbohydrates are involved
in interactions between tumor cells, between tumor cells
and the extracellular membrane, or between tumor cells
and endothelial cells®. However, due to the structural
complexity of carbohydrates and the scarce knowledge
currently available in the field of glycobiology, a better
understanding of this mechanism is not yet possible®*'°.

In an attempt to overcome these difficulties and
to better understand the process of malignancy, a
unique group of proteins, namely the lectins, has
become the subject of special attention. Lectins are
proteins of nonimmune origin comprised by several
structures that have the ability to bind reversibly to
carbohydrates, recognizing and agglutinating specific
oligosaccharides or glycoconjugates®. Due to these
specific features, lectins have been widely used in
different biological and medical applications. In
immunohistochemical examinations, for example,
lectins recognizing different carbohydrates may provide
a detection system sensitive to changes in glycosylation
and carbohydrate expression at different stages of
disease onset/progression, including embryogenesis,
growth, and cellular pathology®. In addition, studies in
the field of tumor lectinology have been able to identify
differences between normal tissue and tumor cells in
brain'!, breast'?, and oral cancer®.

The high number of lectins so far submitted to
individual investigation has opened a wide variety of
possibilities of studies involving these proteins. In order to
facilitate and guide future studies designed to investigate
the role of lectins as biomarkers of oral cavity tumors, a
review of the current literature becomes extremely useful,
with a focus on which lectins have already been studied
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and which lesions have already been assessed in association
with such lectins.

The objective of this study was to review the
literature available on the use of lectins as biomarkers
of premalignant and neoplastic lesions, with a focus on
oral cavity tumors, and to assess which groups of lectins
and which groups of oral lesions have been most widely
studied, with the final goal of providing a profile of
publications in the field.

METHOD

SAMPLE DELIMITATION

The following Brazilian and international journal
databases were reviewed: Science Direct, PubMed and
BVS (Biblioteca Virtual em Satide). Selection of these
databases was based on the wide range of journals covered
by each of them and on our goal to provide an overview
of the scientific production devoted to the topic over the
long timeframe under analysis.

The following inclusion criteria were considered
during the review: a) articles published between January
1981 and June 2010; b) presence of the keywords “lectin”
AND “binding” AND “oral” AND “tumor,” entered into
the advanced search form; and c) availability of an abstract
in English. A total of 108 articles were selected.

SAMPLE CLASSIFICATION

All the 108 abstracts were read and assessed to
determine the classification of articles for subsequent
quantitative analysis. In cases where the abstract was not
enough to allow classification, the full article was read.
Each article was classified according to the following
attributes: title of article, year of publication (subcategories
[quinquenniums]: first period, 1981 to 1985; second
period, 1986 to 1990; third period, 1991 to 1995;
fourth period, 1996 to 2000; fifth period, 2001 to 2005;
sixth period, 2006 to 2010), journal name, language
of publication, number and types of lesion assessed;
and number and types of lectin analyzed in the study.
Lesions were classified according to the World Health
Organization (WHO)' classification for oral cavity
diseases; lectins were classified both in terms of kingdom
(animal vs. vegetable) and family/group, based on the
classifications of Peumans and Van Damme'® and Varki'®.

STATISTICAL ANALYSIS

Data were entered into Microsoft Excel 2007
spreadsheets and systematically transferred to the Statistical
Package for the Social Sciences (SPSS) version 17.0 for
statistical analysis. Frequency distribution calculations
were used to assess general sample characteristics, to
investigate possible spelling errors in the raw data, and



to obtain an overview of the use of lectins as biomarkers
of oral cavity tumors.

RESULTS

STUDIES DISTRIBUTION OVER THE YEARS

Analysis of the distribution of publications over the
different quinquenniums revealed a large concentration
of studies in the first period (1981 to 1985, 26 studies),
followed by a significant decrease in the second period
(1986 to 1990, 10 studies). In the fifth period (2001 to
2005), a return to early patterns was observed, with a total
of 24 publications (Table 1).

Figure 1 shows the same distribution of studies,
however divided into plant vs. animal lectins. It is
possible to observe that up to the third period assessed
(1981-1995), 100% of the publications focused on plant
lectins, whereas studies using animal lectins started to be
conducted as of 1996 and accounted for the majority of
studies in the two last periods assessed (6 animal vs. 11
plant lectins in the fourth period, 17 vs. 9 in the fifth, and
16 animal vs. 4 plant lectins in the sixth period assessed)
(Figure 1).

Lectins as Biomarkers of Oral Cavity Tumors

LANGUAGE OF PUBLICATION

Most of the articles reviewed were written in English
(91 articles, 84.3%), followed by German (7, 6.5%),
Japanese (5, 4.6%), Chinese (4, 3.7%), and French (only
1 article, 0.9%).

NUMBER OF LESIONS AND LECTINS ANALYZED

Of the total of 108 studies, 47 (43.5%) analyzed only
one lectin, 29 (26.9%) analyzed two, 15 (13.9%) analyzed
three, and only 17 studies (15.7%) analyzed four or more
lectins. In addition, 86 articles (79.6%) investigated one
type of lesion, 14 (13%) investigated two lesions, and 8
articles (7.4%) investigated three or more types of lesions.

EVALUATION OF STUDIED LESIONS AND LECTINS

The list of lectins and types of lesions analyzed and
the respective absolute and relative frequencies are shown
in Tables 2 and 3. Among the lesions assessed, there was
a predominance of malignant lesions (63.6%), followed
by benign lesions (21.4%).

Figure 2 shows the distribution of lesions in the
different quinquenniums assessed. It is possible to observe
that both malignant and benign neoplasms showed a
similar distribution, whereas premalignant lesions showed
an important decline in the sixth/last period assessed, in
which no study was found.
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Figure 1. Distribution of publications according to kingdom of the
lectin analyzed, by quinquennium

Figure 2. Distribution of the analyzed lesions according to the WHO
classification, by quinquenniumnnium

Table 1. Distribution of publications from 1981 to 2010, by quinquennium

Absolute value (n) Relative value (%) Cumulative relative frequency (%)
1981 to 1985 26 241 241
1986 to 1990 10 9.3 33.3
1991 to 1995 12 11.1 44.4
1996 to 2000 16 14.8 59.3
2001 to 2005 24 22.2 81.5
2006 t0 2010 20 18.5 100
Total 108 100
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In order to better assess the profile of publications, the
distribution of lectins analyzed was assessed in relation to
the three major groups of lesions covered by the studies
(Table 4). This analysis revealed that the two lectins most
commonly present in all three groups of lesions were
Arachis hypogea (PNA) and Ulex europaeus 1 (UEA-
1), both of vegetable origin. Moreover, in the groups
of benign and malignant neoplasms, the animal lectin
Galectin 3 ranked fourth among the most frequently
analyzed lectins, contrasting with a predominance of plant
lectins found in these groups. Conversely, in the group of

Table 2. Lectins analyzed in the articles reviewed*
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premalignant lesions, animal lectins were virtually absent
(only one study analyzing Selectin E).

Finally, the analysis of association between lectins and
the most prevalent lesions in each group (leukoplakia
among premalignant lesions, pleomorphic adenoma
among benign neoplasms, and squamous cell carcinoma
among malignant neoplasms) revealed a predominant
association between studies assessing pleomorphic
adenomas and analyzing Concanavalin A (ConA) (five
studies) rather than PNA, which belongs to the same
group; all other lesions were associated with lectins
representative of their groups of origin (Table 5).

Absolute Relative Cumulative relative

value (n) value (%) frequency (%)
Plant lectins |
Arachis hypogea (PNA) 41 16.5 16.5
Concanavalina A (ConA) 27 10.9 27.4
Dolichos biflorus (DBA) 9 3.6 31
Triticum vulgaris (WGA) 24 9.7 40.7
Glycine max (SBA) 14 5.6 46.3
Griffonia simplicifolia B4 (GS 1 B4) 3 1.2 47.5
Helix pomatia (HPA) 3 1.2 48.7
Artocarpus heterophyllus (JFL) 8 3.2 51.9
Lotus tetragonolobus (LTA) 2 0.8 52.7
Maackia amurensis (MAA) 1 0.4 53.1
Phaseolus vulgaris (PHA) 1 0.4 53.5
Pisum sativum (PSA) 0.8 54.3
Psophocarpus tetragonolobus (WBA) 0.8 55.1
Ricinus communis (RCA) 15 6 61.1
Sambucus nigra (SNA) 1 0.4 61.5
Ulex europaeus 1 (UEA-1) 40 16.1 77.6
Vicia villosa B4 (VVA-B4) 2 0.8 78.4
Animal lectins
Aggrecan 3 1.2 79.6
Galectin 1 13 5.2 84.8
Galectin 3 19 7.7 92.5
Galectin 7 8 3.2 95.7
Galectin 8 3 1.2 96.9
Galectin 9 2 0.8 97.7
Selectin E 4 1.9 99.6
Versican 1 0.4 100
Total 248 100

* More than one lectin was assessed in some articles, therefore the total number of lectins analyzed exceeds the total number of studies reviewed.
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Table 3. Lesions assessed (WHO classification) in the articles reviewed *

Lectins as Biomarkers of Oral Cavity Tumors

Low-grade adenocarcinoma 13 9.3 9.3

Adenosquamous carcinoma 1 0.7 10

Adenoid cystic carcinoma 10 7.1 17.1
Squamous cell carcinoma 57 40.7 57.8
Mucoepidermoid carcinoma 4 2.9 60.7
Verrucous carcinoma 2 1.4 62.1
Osteosarcoma 1 0.7 62.8
Kaposi's sarcoma 1 0.7 63.5

Pleomorphic adenoma 14 10 73.5
Ameloblastoma 2 1.4 74.9
Hemangioma 1 0.7 75.6
Papilloma 5 3.6 79.2
Ghost cell tumor 2 1.4 80.6
Warthin's tumor 6 4.3 84.9

Oral submucous fibrosis 2 1.4 86.3
Atypical hyperplasia 1 0.7 87
Leukoplakia 18 13 100
Total 140 100

* More than one lesion was assessed in some articles, therefore the total number of lesions assessed exceeds the total number of studies reviewed.

Table 4. Distribution of lectins according to the type of lesion assessed (WHO classification) in the articles reviewed
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Revista Brasileira de Cancerologia 2011; 57(4): 547-555 551



Silva BR, Arruda FVS, Carneiro VA, Cavalcante TTA, Aguiar ASW, Nascimento KS, Cavada BS, Teixeira EH

Table 5. Distribution of lectins according to the most prevalent lesions in each group

Lectins analyzed
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DISCUSSION conduct comparisons across studies. For example, there
p 1%

Several experimental data on different types of
malignancies have been published in recent years®®!317.
These studies have revealed that the process of malignancy
is associated with several changes in cellular glycosylation
and that tumor cells show aberrant patterns in relation to
carbohydrates attached to glycoproteins and glycolipids®.
In view of this wide range of studies devoted to the
study of malignancies and lectins, we felt the need for
conducting a review of studies published in the field along
the last decades. To the authors’ knowledge, no previous
review study has focused on lectins, and therefore we
strongly believe that our results will provide an up-to-date
overview of the topic and will better guide future efforts
to improve our understanding of the role of lectins as
tumor biomarkers.

Our review revealed a peak of studies on the use
of lectins as markers of oral cavity tumors in the years
1981-1985, when the first lectins were isolated and their
biological functions had not yet been established. Over
subsequent years, the number of publications in the field
decreased due to the belief that lectins did not have an
important biological role®!®". Then, in the second half
of the 1990s, with the discovery of animal lectins, a new
research field emerged, encouraging authors to investigate
the association between the ability of lectins to bind to
carbohydrates and the tumor cell differentiation process'®.
This historical movement is illustrated in Figure 1.

The variable characteristics of studies found in our
review, especially in terms of the numbers and types of
lesions and lectins analyzed, hinders the possibility to
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were very few studies addressing the role of multiple lectins
in one particular type of lesion, or the role of a single lectin
in different lesions. As revealed in our review, most studies
addressed the role of one lectin in one particular type of
lesion, probably as a result of limitations regarding lectin
isolation methods, as pointed out by Goto'®.

An interesting feature observed in our review was a
decrease in the number of studies assessing premalignant
lesions (Figure 2), whereas studies assessing other groups of
lesions maintained a pattern similar to the overall findings
of the study (Table 1). Caldeira' had already emphasized
that the search for biomarkers that reflect the biological
behavior of leukoplakias was necessary to identify
predictive characteristics of malignant transformation,
thus contributing to a less empirical approach to these
lesions.

Among all lesions assessed in the articles submitted
to review, the squamous cell carcinoma was the most
prevalent one. According to Oliveira et al.?’, this is the
most common type of malignancy of the oral cavity,
responsible for 55-75% of all cancers affecting this region
of the face. This finding is in line with the frequencies
observed for premalignant lesions in our review, with
leukoplakia being the most frequent lesion. Finally,
with respect to benign tumors, variable prevalence rates
were found. According to Barbosa et al.?!, for example,
pleomorphic adenomas are the most prevalent type of
benign neoplasm affecting the oral cavity.

Plant lectinology has evolved extensively in recent
decades, in great part due to technological development.
In addition, plant lectins are more easy to obtain when



compared to animal lectins, and they can be conveniently
purified using simple and efficient methods such as affinity
chromatography®'®. Our study confirmed the wide use
of plant lectins in the study of tumors, as revealed by the
high numbers obtained: 78.6% vs. only 21.4% of animal
lectins (Galectin 3 was the animal lectin most frequently
assessed). In the group of plant lectins, PNA, UEA-1, and
ConA (all leguminous) were the lectins most frequently
assessed and associated with different types of lesions.

The Leguminosae family of plant lectins has been
widely described in the literature, especially because
they contain ions Mn2+ and Ca2+, which are associated
with a series of highly conserved amino acids involved
in carbohydrate binding processes®”!'*!8. Usually the
lectins in the Leguminosae family (subfamily Papilonideae)
have similar molecular structures, however they can
produce patterns of affinity for different carbohydrates,
which directly contributes to the identification of tumor
biomarkers®'.

In the study conducted by Sobral et al.?, leguminous
lectins ConA and UEA-1 were used as histochemical
markers of neoplastic glandular tissue with low,
intermediate, and high grade dysplasia. The authors found
that ConA localization in the cytoplasm and/or plasma
membrane was significantly associated with neoplastic
cells of all three grades of severity, whereas UEA-1 was
associated with low and intermediate grade dysplasia.
Similar results were obtained by the authors in the analysis
of other cell regions.

In turn, the use of PNA as a tumor biomarker has
been the subject of several studies. Pillai et al." assessed
the patterns of PNA binding in different types of lesions,
including keratinizing and non-keratinizing epithelia
of the oral mucosa, dysplastic and non-dysplastic oral
leukoplakias, and squamous cell carcinomas. The authors
found a high intensity of lectin binding in normal
keratinizing tissue, erosive leukoplakias and squamous
cell carcinomas at all three differentiation stages assessed.

Mori et al.'” assessed the use of several lectins as
immunohistochemical markers of benign lesions affecting
the jaws, including ameloblastomas and dentinogenic
ghost cell cumors (GCT). ConA, PNA, and UEA-1 were
significantly more present in ameloblastic cells, whereas
GCT showed a high rate of binding for UEA-1 only
(ConA and PNA presented low binding rates in this type
of tissue).

Among animal lectins, galectins stand out because
they have a permanent sequence of about 130 amino
acids for the recognition of carbohydrates, in addition to
a high affinity for beta-galactosides present in both normal
and tumor cells. As a result of this lectin-cell interaction
property, galectins are involved in several biological
processes, such as cell cycle control, immune response,

cell adhesion, apoptosis, and metastasis****.

Lectins as Biomarkers of Oral Cavity Tumors

Galectin 3 can present both nuclear and cytoplasmic
immunohistochemical staining. Cytoplasmic staining
is associated with the antiapoptotic function of this
lectin, thus promoting tumor progression; however,
when expressed in the nucleus, the apoptotic function of
Galectin 3 is lost*.

Gillenwater et al.” analyzed the expression of Galectins
1 and 3 in 35 cases of primary squamous cell carcinoma of
the head and neck and found that Galectin 1 was usually
expressed in the basal layer of adjacent normal tissue,
stroma and at the periphery of invasive tumor islands.
Galectin 3, in turn, was found in superficial mucosal
layers and adjacent to keratin pearls in areas of invasion.
The authors concluded that galectins are expressed in the
tumor cell surface, where they may participate in cellular
interactions, and that the expression pattern of galectins
appears to be associated with tumor grade, suggesting a
role of galectins as biological markers in squamous cell
carcinomas of the head and neck.

The absence of studies investigating the use of
animal lectins in leukoplakias was especially interesting
(Table 5). However, this finding can be explained by the
predominance of studies assessing these lesions in the first
three time periods assessed (1981 to 1995), when animal
lectins had not yet been discovered.

CONCLUSION

A relatively high number of studies has been conducted
to investigate the role of lectins as biomarkers of oral cavity
tumors, covering a variety of lesions and lectins. In our
review, studies assessing squamous cell carcinomas and
PNA and UEA-1 lectins were the most frequent ones,
as well as studies focusing on one specific lectin and one
lesion. Further analyses of lectins as biomarkers should be
undertaken to improve our understanding of the processes
involved in malignant tumor formation.
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Lectins as Biomarkers of Oral Cavity Tumors

Resumo

Introdugao: Com o advento de novas pesquisas abordando o processo neopldsico, um grupo peculiar de proteinas
tem sido amplamente estudado, as lectinas. Estas proteinas possuem a capacidade de se ligarem de forma reversivel a
carboidratos com alta especificidade. Devido as alteragoes no padrao glicoproteico de superficie celular durante o processo
neopldsico, as lectinas se tornam uma ferramenta potencial como biomarcadores de células neopldsicas. Objetivo:
Investigar a produgio cientifica da aplicagio lectinas como biomarcadores de lesdes neopldsicas e potencialmente
neopldsicas da cavidade oral e analisar quais grupos de lectinas e lesoes orais foram mais extensamente estudados, com o
objetivo final de tracar o perfil dessas publicacoes. Método: Realizou-se uma pesquisa de artigos cientificos integrando
periddicos indexados na base de dados Science Direct, Pubmed e BVS. Os critérios de inclusio estabelecidos foram:
Tempo —de 1981 a 2010; Descritores — “lectin” AND “binding” AND “oral” AND “tumor”; Resumo/abstract — lingua
inglesa. Foi obtido um total de 108 artigos. As publicagées foram avaliadas e classificadas em categorias pré-estabelecidas,
como numero/tipos de lesdes e nimero/tipos de lectinas analisadas. As varidveis estudadas foram correlacionadas e o
teste Qui-quadrado foi aplicado. Resultados: Houve notadamente um crescimento de estudos utilizando lectinas como
biomarcadores tumorais ao longo dos anos, em que a lesao mais amplamente estudada foi o carcinoma espinocelular
e a lectina mais avaliada foi a Arachis hypogea (PNA). Conclusao: Pode-se concluir que a utilizagio de lectinas como
ferramenta de diagndstico é de crescente importincia para a pesquisa em cancerologia devido a sua aplicabilidade,
versatilidade e fidedignidade de resultados.

Palavras-chave: Oncologia; Lectinas; Neoplasias Bucais

Resumen

Introduccién: Con el desarrollo de nuevas investigaciones sobre el proceso neopldsico, un grupo peculiar de las
proteinas se ha convertido en objeto de gran atencién, a saber, las lectinas. Estas proteinas tienen la capacidad de unirse
de forma reversible a los carbohidratos con alta especificidad. Debido a los cambios en el patrén de glicoproteina de
superficie celular durante la formacién del tumor, las lectinas tienen un importante rol como marcadores biolgicos
de las células neopldsicas. Objetivo: Investigar la produccién cientifica disponible sobre el uso de lectinas como
marcadores bioldgicos de las lesiones neopldsicas y potencialmente neopldsicsa de la cavidad oral y analizar cudles
grupos de las lectinas y de las lesiones orales que han sido mds estudiadas, con el objetivo final de ofrecer un perfil
de las publicaciones en este campo. Método: Se llevd a cabo una investigacién de articulos cientificos en las bases
de datos Science Direct, PubMed, y BVS. Los criterios de inclusidn fueron: Tiempo - de 1981 a 2010; Descriptores
- "lectin" AND "binding" AND "oral' AND "tumor"; Resumen/abstract - Inglés. Un total de 108 articulos fueron
seleccionados. Las publicaciones fueron evaluadas y clasificadas en categorias predeterminadas, como niimero/tipos
de lesién y nimero/tipos de lectinas analizadas. Resultados: Hubo, a lo largo de los afios, un aumento notable en
el nimero de estudios que utilizan lectinas como marcadores biolégicos de tumores. La lesién mds ampliamente
estudiada fue el carcinoma espinocelular y la lectina mas evaluada, la Arachis hipogea (PNA). Conclusién: Es posible
concluir que el uso de lectinas como herramienta de diagnéstico ha aumentado en importancia para la investigacién
en cancerologfa debido a su aplicabilidad, versatilidad y fiabilidad de resultados.

Palabras clave: Oncologia Médica; Lectinas; Neoplasias de la Boca
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