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Abstract

Cancer remains one of the most formidable health challenges worldwide, necessitating the
discovery of novel therapeutic agents with high specificity and minimal side effects. Fish-derived
lectins, a diverse group of pattern recognition molecules, have emerged as promising candidates
owing to their unique carbohydrate-binding specificity and ability to modulate tumor progression.
These lectins, including C-type lectins, galectins, rhamnose-binding lectins, and others, exhibit
anticancer activity through mechanisms such as apoptosis induction, autophagy, inhibition of
angiogenesis, and suppression of metastasis. Several studies have demonstrated their effectiveness
against a wide range of cancer cell lines, including breast, liver, ovarian, and lung cancers, with
potential applications in both diagnosis and therapy. Furthermore, the synergistic effect of fish
lectins when conjugated with other compounds enhances their therapeutic potential, positioning
them as innovative tools in oncology. However, despite compelling preclinical evidence, further
mechanistic insights and translational studies are needed to fully realize their role in clinical
applications.
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INTRODUCTION

Cancer is the second-deadliest and most dreaded disease leading to death universally, and fighting it is a necessity
for humanity. Several studies have been conducted all around the globe over decades, and numerous natural
metabolites and molecules have been discovered to be capable of fighting this nagging disease. Of these, the
impressive anti-tumour activity of pattern recognition molecules has attracted the attention of researchers across
the world and remains a hot cake topic among them. Lectins are an important group of pattern recognition
molecules that bind to the carbohydrate moieties present on the cell surfaces and have been reported widely to
possess anti-cancer activity.

Anti-Cancer Activity of Fish Lectins

Lectins are ubiquitous in all living organisms [1, 2, 3], and fish lectins with a wide spectrum of anti-cancer activity
have been derived from various tissues and organs of a variety of fish and shell fishes [3, 4, 5, 6, 7, 8]. They differ
in their molecular weight, glycosylation, sugar binding specificity, amino acid sequences, and number of subunits,
and in their biological characteristics like anticancer, antimicrobial, immune regulatory, and developmental
functions [3, 7, 8], and are able to induce the mechanisms of apoptosis and autophagy, inhibiting angiogenesis [9,
10]. Fish lectins are structurally and functionally classified as C-type lectins, Galectins, Rhamnose-binding lectins,
lily type, tectonin type, collectins, selectins, etc [3,8] and are non-immunogenic glycoproteins, specifically
binding to the carbohydrate molecules present on the surface of cancer cells, acts as surface markers for cell
adhesion, cytotoxicity, and initiate the recognition of tumor cells and apoptosis or cell death pathways and also
inhibit the growth and proliferation of cancer cells [11,12] and hence are used for diagnosis and treatment tool for
cancer [13] (Fig.1).

Galectins are able to bind glycoconjugates of intravasation of tumor cells into blood cells and the extracellular
matrix and favor the process of metastasis [14] and further, various Carcinomas like, colon, breast and thyroid
tumors, express two types of Galectins 1 & 3, has been recommended and emphasized the application of Galectin-
3 as a metastasis marker [15]. It has been reported that the action of oncogenes on -1, 6-N-Acetyl Glucosamine
branched with N-Glycans is involved in the early stages of carcinogenesis [16].Rhamnose-binding lectin isolated
from Chinook Salmon Roe, C-type lectins from Etroplus suratensis exhibited cytotoxicity against human breast
cancer MCF-7 and Hematoma HepG2 cells [17, 6]. Similarly, Gb3 specific lectin from Catfish egg which binds
specifically to globotriose, was reported to bind to the surfaces of Burkitts Lymphoma cells and initiate cell size
reduction [18]. GANL is another homomultimeric glycoprotein from Big head Carp, which cause tumor-
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dependent cell death, and these lectins are involved in the proliferation of HeLa cells, HepG2 cells and Ovarian
cancer cells (SKOV3) [19]. Furthermore, Galactosidase-binding Lectins-3 (Gb3) isolated from Chum Salmon Egg
(CSEL) and Catfish Silurus asutus (SAL) have antitumor activity as well as the ability to induce apoptosis and
cell shrinkage [20].Anguilla japonica Lectin-1 (AJL-1) and Dicentrarchus labrax Fucose binding Lectin-1
(DIFBL-1) was reported to have activity against some of the lung cancer and liver cancer cell lines [21]. Fish
lectins are effectively used as diagnostic tool and for prognosis of cancer in animal and human kidney tissues and
to identify prostate cancerous cells from benign hyperplasia [22,23]. Interestingly, the functional activity of these
fish lectins can be enhanced by conjugating it with other compounds and this synergistic activity has improved its
application as a therapeutic agent [24,25,26].

In a nutshell, Fish lectins are a repertoire of pattern recognition molecules that are yet to be explored to reveal the
mechanism behind their role in anticancer activity, programmed cell death, apoptosis, inhibition of neo-
angiogenesis, and the cell cycle. Further, these molecules alone and in combination with other molecules can be
applied to improve the efficiency of antitumor drugs, and their peculiar characteristics like, selectivity and
cytotoxicity, make fish lectins as an ideal anticancer therapeutic agents. However, though several fish lectins are
reported to have antitumor activities against various cancers, their role in oncology is yet to be explored, and
hence the research addressing this knowledge gap is to be supported and further investigations in this regard
should be encouraged.
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Fig. 1. Applications of Fish lectins against various cancers.

Lectin Type/Name | Source Cancer Cell Reported Reference
(Fish/Organ) Line/Target Activity/Mechanism
Galectin-1 & 3 Colon, breast, Tumor Promotes or regulates [14,15]
thyroid tumor tissues | metastasis metastasis; Galectin-3 used as
marker biomarker
Rhamnose-binding Chinook Salmon roe | Breast cancer Cytotoxicity; induces apoptosis | [6,17]
lectin (MCF-7), Liver
cancer (HepG2)
C-type lectin Etroplus suratensis Breast cancer Cytotoxicity and growth [6,17]
(MCF-7), HepG2 | inhibition
Gb3-specific lectin | Catfish egg Burkitt’s Binds globotriose; induces cell | [18]
Lymphoma cells | shrinkage and apoptosis
GANL Bighead Carp HeLa, HepG2, Tumor-dependent cell death [19]
(homomultimeric Ovarian cancer
glycoprotein) (SKOV3)
Galactosidase- Chum Salmon egg, Multiple cancer Antitumor activity, apoptosis, [20]
binding lectins Silurus asutus cell lines cell shrinkage
(Gb3, CSEL, SAL)
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AJL-1 (Anguilla Anguilla japonica Lung cancer, Apoptosis and cytotoxicity [21]
japonica lectin-1) liver cancer
DIFBL-1 (Fucose- Dicentrarchus Lung cancer, Growth inhibition and [21]
binding lectin) labrax liver cancer apoptosis
Fish lectins Kidney, prostate Prostate and Diagnostic biomarker for [22,23]
(general) tissues (diagnostic kidney cancers distinguishing malignant vs.
use) benign tissues
Conjugated lectins Modified/engineered | Broad-spectrum | Enhanced therapeutic effect via | [24-26]
forms cancer types synergistic activity

Table 1. summarizes various fish-derived lectins, their sources, targeted cancer cell lines, and mechanisms of
anticancer action. These lectins exhibit apoptosis induction, cytotoxicity, and diagnostic potential, highlighting
their therapeutic value in oncology.
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