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Abstract. Efficient treatment of cancer has been a subject of research by scientists for many years. Current treatments for cancer,
such as radiotherapy, chemotherapy and surgery have been used in traditional combination therapy, but they have major setbacks
like non-specificity, non-responsiveness in certain cancer types towards treatment, tumor recurrence, etc. Epidemiological data has
shown that breast cancer accounts for 14% of cancer cases occurring in Indian women. In recent years, scientists have started to
focus on the use of natural compounds like lectins obtained from various sources to counter the side effects of traditional therapy.
Lectins like Sambucus nigra Agglutinin, Maackia amurensis lectin, Okra lectins, Haliclona caerulea lectin, Sclerotium rolfsii
lectin, etc., have been discovered to have both diagnostic and therapeutic potential for breast cancer patients. Lectins have been
found to have inhibitory effects on various cancer cell activities such as neo-angiogenesis, causing cell cycle arrest at the G1 phase,
and inducing apoptosis. The major idea behind the use of lectins in cancer diagnostics and therapeutics is their capability to bind to
glycosylated proteins that are expressed on the cell surface. This review focuses on an exploration of the roles of post-translational
modification in cancer cells, especially glycosylation, and the potential of lectins in cancer diagnosis and therapeutics.
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lectins, Haliclona caerulea lectin, Sclerotium rolfsii lectin, no-angiogenesis, cell cycle, G1 phase, apoptosis, glycosylated proteins,
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1. Introduction

Cancer refers to a disease characterized by the
uncontrolled proliferation of cells and their spreading
into surrounding tissues [1]. Cancer cells are abnor-
mal cells that develop as a result of mutations in the
DNA or disruptions in the RNA processing of nor-
mal cells [2,3]. Cancer cells often closely resemble
normal cells [4] and they can evade detection by the
immune system by displaying a T-cell inflamed pheno-
type, which helps them avoid immune system suppres-
sive pathways [5], by disrupting phagocytic clearance
[6], by co-expressing CD200 which is a tolerogenic
glycoprotein with stem cell markers [7], by downreg-
ulating antigen presentation, which helps in evading
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immune surveillance and makes them undetectable
by antitumor T-cells [8], by reprogramming energy
metabolism and changing mevalonate metabolism by
activating SERBP-2 and its regulating enzymes [9], by
suppressing major histocompatibility complex class 1
antigens [9], and various other mechanisms. Various
studies suggest as cells age or become damaged due to
various stimuli, they typically undergo apoptosis. But
when this process does not take place in a controlled
manner, it leads to the accumulation of damaged cells
which proliferate and form a colony of their own which
can invade and metastasize to other regions [10].

Breast cancer is the most prevalent type of cancer
among women, affecting 1 in 29 Indian women [11].
It is alarming that an Indian woman is diagnosed with
breast cancer approximately every two minutes and
every nine minutes a woman dies [12]. The incidence
of breast cancer is increasing in both rural and urban
areas of India. According to the Globocan 2020 data,
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breast cancer constituted almost 13.5% (178,361 cases)
of all cancer cases in India and was responsible for
10.6% (90,408 cases) of all cancer-related deaths. Stud-
ies project that the worldwide burden of breast cancer
is anticipated to surpass nearly two million cases by the
year 2030 [13].

It is projected that the disease will affect 1.57 mil-
lion people in 2025, up from 1.46 million this year,
according to a bi-annual report by the Indian Council of
Medical Research (ICMR) [14]. The national average
of cancer cases for 2022 stands at 100.4 per 100,000
people, with a significant number of women (105.4 per
100,000) being diagnosed with preventable breast can-
cer [15]. However, the data analysis does not include
populous states like Uttar Pradesh and Bihar due to data
unavailability [16].

In major cities like Mumbai, Delhi, Bengaluru,
Bhopal, Kolkata, Chennai, andAhmedabad, breast can-
cer accounts for 25% to 32% of all female cancers,
representing more than a quarter of cases [17]. Glob-
ally, according to WHO data from 2020, there were 2.3
million women diagnosed with breast cancer, resulting
in 685,000 deaths. By the end of 2020, there were 7.8
million women who had been diagnosed with breast
cancer within the past 5 years, making it the most
prevalent cancer worldwide [18]. Additionally, female
breast cancer has surpassed lung cancer as the most
commonly diagnosed cancer [19]. Belgium had the
highest rate of breast cancer in women in 2020, fol-
lowed by the Netherlands. In terms of breast cancer
mortality, Barbados had the highest rate among women
in 2020, followed by Fiji [20].

Various factors like aging, late menopause, early
beginning of menstruation, family history of cancer,
and genetic mutation increase the risk of breast cancer
[21].

Breast cancer can be classified into three categories
(Fig. 1):

(1) Based on tumor type:

• Ductal Carcinoma: Cancer that begins in the
epithelial cells lining the lactiferous ducts of
the breast, which are responsible for transport-
ing milk.

• Lobular Carcinoma: Cancer that originates in
the epithelial cells of the mammary lobules,
where milk-producing alveoli are found.

• Mixed Carcinoma: Cancer characterized by a
histological combination of features from both
ductal and lobular carcinomas, often displaying

a mixture of cellular characteristics from these
two types [22].

(2) Based on hormone receptor status:

• ER-positive breast cancer: This means that
the cancer cells have receptors for the hormone
estrogen. When estrogen binds to these recep-
tors, it can promote the growth and division
of cancer cells. Breast cancers that are ER-
positive are more likely to respond to hormone
therapy, which is designed to block the effects
of estrogen on the cancer cells. This type of
breast cancer is more common among post-
menopausal women [23].

• PR-positive breast cancer: This indicates that
the cancer cells have receptors for the hormone
progesterone. Similar to ER-positive cancer,
when progesterone binds to these receptors, it
can influence the growth of cancer cells. PR-
positive breast cancer is often treated with hor-
mone therapy targeting progesterone receptors
[24].

• ER/PR-negative breast cancer: In this case,
the cancer cells lack both estrogen and pro-
gesterone receptors. This means that hor-
mones like estrogen and progesterone do not
significantly drive the growth of these can-
cer cells. Typicallly, hormone therapy is not
typically effective in treating ER/PR-negative
breast cancer. Other treatment options, such as
chemotherapy or targeted therapies, are often
considered for ER/PR-negative breast cancer
[25].

(3) Based on HER2 status:

• HER2-positive breast cancer features an abun-
dance of HER2 receptors, which can lead to
aggressive cell growth.

• HER2-negative breast cancer lacks an excess of
HER2 receptors, generally resulting in a less
aggressive cancer [26].

2. Staging of breast cancer

The TNM system, which stands for Tumor, Node,
and Metastasis, is a widely used staging approach for
breast cancer [27]. The T classification, which ranges
from Tis, T0 (no indication of a tumor), T1 (smaller
tumor size and has not spread extensively), T2 (inter-
mediate tumor size and has invaded nearby tissues),
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Fig. 1. Depicting the categories based on which breast cancer can be divided.

T3 (larger tumor size with extensive invasion in nearby
tissues compared to T1, T2 and T3) and T4 (big tumor
or substantial invasion), indicates the size and scope of
the original tumor.

Tis or tumor in situ indicates cancer that remains
localized, not spreading or invading nearby tissues. It
is typically an early stage, making early detection and
treatment crucial for better outcomes [28].

With N0 denoting no lymph node involvement, N1
denotes lymph node involvement to a limited number,
N2 denotes extensive lymph node involvement indicat-
ing spread of cancer beyond initial tumor site and N3
denoting considerable lymph node involvement, includ-
ing distant lymph nodes. The N category identifies
the involvement of neighboring lymph nodes. The M
category indicates whether distant metastasis is present
or absent; M0 implies the absence of distant metastasis,
while M1 suggests the existence of metastatic dissem-
ination [27].

Breast cancer is categorized from stage 0 (non-
invasive or in situ cancer) to stage IV (metastatic can-
cer) by combining the T, N, and M categories giving
a more thorough evaluation of the malignancy, the
staging method also considers additional elements such
as hormone receptor status, HER2/neu status, and his-
tological grade.

Breast cancers can also be classified based on the
molecular composition of the tumor cells. One of the
most widely embraced molecular classification tool in
breast cancer research is the PAM50 (Prediction Analy-
sis of Microarray 50) gene expression assay. This assay
assesses the expression levels of 50 genes in a sample
of breast tumor and assigns it to one of four intrinsic

subtypes: Luminal A, Luminal B, HER2-enriched, or
Basal-like [29].

(1) Luminal A: The PAM50 classifier identifies the
Luminal A subtype, which is linked to a more
favorable prognosis in comparison to other sub-
types. The luminal A subtype is defined by
the expression of hormone receptors, specifically
estrogen receptor (ER) and progesterone receptor
(PR), as well as low levels of human epidermal
growth factor receptor 2 (HER2) [30]. Individ-
uals with Luminal A tumors typically experi-
ence slower tumor growth and have a greater
probability of responding positively to hormonal
treatments like tamoxifen or aromatase inhibitors
[31]. Nonetheless, it is important to note that
not all Luminal A tumors exhibit identical clin-
ical characteristics, and when determining treat-
ment options, additional factors such as tumor
size, lymph node involvement, and histological
grade should also be taken into consideration. The
primary components of treatment for luminal A
breast cancer encompass surgery, radiation ther-
apy, hormonal therapy, and targeted therapy [32].

(2) Luminal B: The PAM50 classifier identifies the
Luminal B subtype, characterized by the overex-
pression of genes associated with cell prolifera-
tion and hormone signaling pathways. Luminal
B tumors typically have a higher proliferation
rate compared to other luminal subtypes and are
associated with a poorer prognosis [33]. There-
fore, patients with luminal B breast cancer may
benefit frommore aggressive treatment strategies,
such as chemotherapy, in addition to hormone
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therapy. This is because luminal B tumors have
a higher risk of recurrence and are less responsive
to hormone therapy alone [34].

(3) HER-2 enriched: The PAM50 classification sys-
tem identifies the HER-2 enriched subtype by
assessing the expression patterns of genes asso-
ciated with HER-2 amplification and activation,
rendering it a valuable tool for molecular cat-
egorization [30]. This classification assists in
the identification of individuals who may benefit
from precision therapies and provides significant
insights into the fundamental biology of HER-
2 positive breast cancer. The HER-2 enriched
subtype is characterized by the overexpression of
the human epidermal growth factor receptor 2
(HER-2) gene [35]. Breast cancers with HER-2
positivity tend to be more aggressive and carry
a higher risk of recurrence in comparison to
other subtypes. However, the introduction of tar-
geted treatments such as trastuzumab (Herceptin)
has notably improved outcomes for patients with
HER-2 positive breast cancer [36].

(4) Basal-like: The basal-like subtype, commonly
known as triple-negative breast cancer (TNBC)
because it lacks the expression of estrogen recep-
tor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2), is
associated with an elevated risk of recurrence
and metastasis. The PAM50 basal-like molecu-
lar classification not only provides insights into
the biology of basal-like breast cancer but also
has implications for personalized medicine. It
helps identify patients who are more likely to
benefit from individualized treatments such as
chemotherapy or targeted therapies [37].

3. Etiology of breast cancer

Although the cause of breast cancer is not much
of a well-understood concept [38]. With the help of
epidemiological studies, researchers have been able to
identify some key factors that increase the chances of a
person or make them more susceptible to breast cancer.
The understanding of the root cause or the factors
that contribute to the occurrence of breast cancer is
of utmost importance when a breast cancer susceptible
gene is present in an individual and preventive mea-
sures must be understood and taken by them to avoid
the occurrence of the disease.

Some of the factors which are known to cause cancer
are as follows:

(1) Genetic clustering: The evidence of genetic clus-
tering dates to 100AD in the medical scriptures
of Rome [39]. It has been suggested, after tak-
ing into consideration various medical evidence,
that a woman’s chance of getting breast cancer
increases when she has a first-degree relative who
has a history of breast cancer. This probabil-
ity of occurrence of the disease increases more
when two first-degree relatives show involvement
with breast cancer. The risk was known to be
higher when the occurrence of cancer was before
menopause and the disease was bilateral [39,40].
It has also been identified can be transmitted
through both maternal and paternal lines in an
autosomal dominant pattern. Not much has been
further studied to understand the pattern, Usually,
the risk associated with cancer is related to the
maternal line, but the paternal line inheritance is
known to elevate it [41].

(2) Intrinsic factors: A womans age at which the
integral processes took place has also known
to affect the occurrence of breast cancer [42].
Chances of getting breast cancer are known to
increase if a woman has an early menarche, has
never given birth, gave birth to a child after enter-
ing her 30s, or got her menopause late [43]. In all
these cases, the breast tissues will be exposed to
estrogen for a longer time, thus increasing the risk
[44].

(3) Obesity: Many studies have shown that obe-
sity contributes to the occurrence of breast can-
cer. In the case of obese people, the forma-
tion of 2-OH estrogenic compound is much less
that causing an increase in the effect of estro-
gen [45]. It has also been stated that the peo-
ple who have high-fat consumption and obesity
have reduced amounts of globulins (sex hormone-
binding globulin (SHBG) Corticosteroid-binding
globulin (CBG)) to which the sex hormones bind
resulting in a higher amount of sex hormones
circulating freely thus highly available to exert
their effect on tissues of the breasts [46].

(4) Radiation: Breasts are very sensitive organs to
any kind of stimuli. The high sensitivity of breast
tissue to radiation is because of its numerous
dividing cells and high metabolic rate. It is crucial
to grasp the impact of radiation on breast tissue
and the potential risks it poses. Thus, exposing



197K. Singh et al. / Lectins based treatment for breast cancer

breasts to radiation for a longer period and or
to a higher frequency can be damaging to them
and can result in mutations which can ultimately
increase the risk of breast cancer [47].

(5) Contraceptives: They are known to contain syn-
thetic forms of hormones of a female. Estrogen
and progesterone act as promotors of the growth
of cancer cells. Consuming birth control pills,
causes increased exposure to hormones in the
body thus increasing the risk of breast cancer [48].

(6) Dietary factors: Although the relationship
between diet and the incidence of breast cancer
is not well understood it has been identified that
consumption of higher amounts of fat increases
the risk of breast cancer [49]. Also, the people
who consume a good amount of omega-3 i.e.,
∼1.1g per day for adult females and ∼1.6g
for adult males have a lower risk of getting
the disease [50,51]. Consumption of reduced
carotene and fibers has been shown to increase
the chances of occurrence of cancer [52].

4. Current cancer treatments

Some of the current cancer treatments include:

(1) Chemotherapy: Certain anti-cancer agents
such as cyclophosphamide, methotrexate, 5-
fluorouracil, vinorelbine, and doxorubicin are
used to treat breast cancer [53]. They may
be used to cure the cancer using combination
therapy or to suppress the symptoms (depending
on the case). Along with the therapeutic
effects chemotherapeutics agents also exhibit
adverse side effects like immunosuppression,
myelosuppression, neutropenic enterocolitis,
diarrhea, anemia, vomiting, nausea, loss of hair,
and in some cases, development of secondary
neoplasm. [54–61]

(2) Immunotherapy: This therapy is employed to
make our immune system strong enough to fight
cancer [62]. Immunotherapy can cause some side
effects like it can cause Immune-Related Adverse
Events (irAEs) [63], Cytokine Release syndrome
[64], and allergic reactions [65]

(3) Surgery: The part where the cancer cells prolif-
erate is removed from the body [66]. It can cause
side effects like pain, swelling and bruising, scar-
ring, infection, bleeding, nerve damage, impaired

function, lymphedema, digestive problems, res-
piratory issues, blood clots, adverse reactions to
anesthesia and delayed healing [67].

(4) Stem cell transplant: The stem cells are taken
from the matching donor; the stem cell converts
into blood cells and replaces the blood cells that
were lost due to radiation or chemotherapy [68].
Some side effects of this are Graft-Versus-Host
Disease (GVHD), infection, organ damage, bone
health, and gonadal dysfunction [69].

(5) Radiation therapy:The size of the tumor shrinks
and the tumor cells are killed due to the high dose
of radiation in this therapy [70]. Some of the side
effects of radiation therapy are mucositis, xeros-
tomia, dermatitis, fatigue, and osteoradionecrosis
[71].

(6) Hormone therapy: Some cancers such as
prostate cancer and breast cancer require hor-
mones to grow, this therapy either stops the tumor
growth or slows it down [72]. The side effects
are hot flashes, loss of libido, breast tenderness
or growth, decreased muscle mass, weight gain,
memory and cognitive changes, and increased risk
of cardiovascular disease [73].

(7) Photodynamic therapy: Drugs which are sen-
sitive to light and gets activated by them to kill
the tumor cells [74]. Some of the side effects of
Photodynamic therapy are Skin Sensitivity and
sunburn, pain or discomfort, swelling and inflam-
mation, hypersensitivity reactions, and pain or
discomfort during light exposure [75].

(8) Hyperthermia treatment: In this treatment the
body tissue that has cancer is heated up to 45
degree celcius to kill the tumor cells without
effecting the function of normal cells present in
the tissue [76]. Side effects of this treatment are
redness, blistering, or burns, pain and discomfort,
nausea and vomiting, dehydration, blood pressure
changes and muscle or joint pain [77]

(9) Targeted cell therapy: In this, the changes in
the tumor cells that help them to proliferate and
mature are targeted [78]. Side effects of this treat-
ment are hair loss (alopecia), nail changes, includ-
ing nail dystrophy, paronychia, or onycholysis,
skin discoloration, and Hand-Foot Skin Reaction
(HFSR) [79].

(10) Cryoablation- The tumor cell tissue is frozen
with the help of the gas and then the tissue is
thawed, this step is done multiple times to kill
the tumor cells [80]. Some of the side effects
of this treatment are urinary symptoms, erectile
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dysfunction, pain or discomfort, and swelling and
bruising [81].

5. Protein modification and its role in cancer

Protein modification refers to the protein structure
alteration after its translation, i.e., post-translational
modification (PTM) of proteins. These modifications
are important because they help in various functions
required in regulating cell homeostasis, cell signaling,
etc. Several types of PTMs that happen in our body
are phosphorylation, glycosylation, acetylation, methy-
lation, and ubiquitination [82]. These modifications
help the cells to cope with stresses like oxidative stress
or DNA damage [83]. PTMs can modify the protein-
protein interactions by altering the existing binding
sites so that a specific molecule cannot bind to cells or
creating binding sites having affinity to some molecule
[84]. This can happen by modifying the signal trans-
duction pathway or the gene regulating the receptor
present on the cell surface [85].

(1) Ubiquitination: An important post-translational
modification which helps in maintaining the
activity of protein. In this process, ubiquitin
molecules are attached to amino acids like lysine
and degrade the damaged protein molecules. So,
it also helps in clearing the accumulated pro-
tein debris [86]. Dysregulation in ubiquitination
plays a significant role in promoting breast can-
cer by regulating the function of oncogenic pro-
teins. One such example is the oncogenic pro-
tein c-Myc (also known as cellular myc), which
can be ubiquitinated at specific lysine sites. This
ubiquitination process increases c-Myc’s stability
and activity, resulting in elevated c-Myc levels
observed in various cancer types, including breast
cancer. This increase in c-Myc levels is associ-
ated with enhanced cell proliferation, angiogene-
sis, and tumor development. Similarly, the onco-
genic protein HER2 also undergoes ubiquitina-
tion, which can enhance its activity and contribute
to the growth of cancerous tumors [83].

(2) Phosphorylation: It is the process in which a
phosphate group is added to a protein molecule
to change its structure and function with the help
of enzyme kinase. It is a reversible modification
and usually occurs in amino acids like serine,
threonine, and tyrosine. This process is very cru-
cial in signaling pathways to activate or deactivate

the cascade. Likewise, the phosphatase enzyme
is responsible for removing the phosphate group
(i.e., dephosphorylation). In almost 30% of the
cells phosphorylation occurs, so, any mutation
in a protein phosphate site can lead to cancer
and other diseases [87,88]. Many signaling path-
ways like PI3K/AKT/mTOR pathway, and tyro-
sine kinase pathway which play an important role
in maintaining the cell cycle need the phosphory-
lation process [89]. In cancer cells these pathways
are unregulated and faults in the phosphorylation
process are a reason for it. The progression and
inhibition of breast cancer are significantly related
to the phosphorylation of upstream and down-
stream regulatory factors of nitric oxide (NO)
[90].

(3) Acetylation: Acetylation is the process in which
the acetyl group is added to the amino acid
residues. Histone acetylation is one of the most
crucial processes that occur in a cell. Acetyl,
with the help of the acetyltransferase enzyme
gets attached to the lysine residue present in the
histone (binding protein) and gives a positive
charge to the molecule. The electrostatic force
between the positively charged histone and neg-
atively charged DNA helps in loosening up the
chromatin providing easier access for the DNA
repair process to occur. Acetylation dysregulation
can cause cancer because of a disrupted DNA
repair process which can lead to the accumulation
of damaged DNA and leading to genomic insta-
bility and over time it can progress into cancer.
Recent studies have shown that the use of histone
deacetylase (HDAC) can help in the re-expression
of Estrogen receptors in Triple negative breast
cancer in which there is an absence or low level
of ER due to gene alteration [91]. With the help
of this theory, the TNBC patient can be treated
with hormonal therapy by re-expressing estrogen
receptors.

(4) Glycosylation: Glycosylation is a major co- &
post-translational modification of proteins that is
primarily catalyzed by glycosyltransferases. It is
important as it leads to protein folding by acting
as molecular chaperones and preventing faulty
protein folding and degradation. Glycan protein
also helps in transferring the protein molecules
through the cell membrane and to their destined
location where they are needed- sorting of protein
[92]. Glycan protein attached to receptors present
on the cell surface helps in more specific binding
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of ligands. Protein glycosylation changes alter
the roles of proteins involved in cell-cell inter-
actions that lead to tumor cell dissemination &
local invasion, immune response regulation, and
growth regulation in a variety of organ niches. In
drug sensitivity cases, the role of glycoproteins
is very prominent as the altered glycosylation of
the ATP binding cassette transport proteins has
been linked to drug-resistant tumor cells shown
by many patients of TNBC who suffered a short
relapse due to ineffective chemotherapy [93].
Glycosylation is altered during the progression
and metastasis of breast cancer. Previous research
into the relationship between both the malignant
behavior of TNBC cells & glycosylation yielded
some intriguing results. According to Zhou and
colleagues [94], bindings of the RCA-I (Ricinus
communis agglutinin I) to TNBC cell lines were
found to correlate with their ability to metasta-
size, as well as RCA-I inhibited many processes
in TNBC cells like cell adhesion, cell migra-
tion and invasion with high metastatic capacity.
The mechanism of RCA-I lectin in the inhibi-
tion of cell adhesion, metastasis and invasion
is not fully understood. Although it has been
speculated by Zhou and colleagues that RCA-I
inhibits the motility of TNBC cells by blocking
the metastasis- associated surface glycans. It is
worth noting that the majority of previous studies
on this topic were conducted in vitro.
During glycosylation, sugars are enzymatically
attached to specific amino acid residues in the
protein sequence. The sugar moieties can be
attached to the protein either through N-linked
glycosylation, where the sugar is linked to the
nitrogen atom of an asparagine residue, or through
O-linked glycosylation, where the sugar is linked
to the oxygen atom of a serine or threonine residue
[95].
Breast cancer is a complex disease character-
ized by the uncontrolled proliferation of cells in
breast tissue. Alterations in glycosylation have
been identified as associated with breast cancer
progression and metastasis, influencing multiple
aspects of tumor biology [96].
Lectins can bind to the carbohydrate moiety
which is present in the form of glycoprotein and
glycolipids on the cell surface. As we know,
altered glycosylation of the protein molecules

Fig. 2. Binding of MAA and SNA lectin with sialic acid.

(e.g., receptors) present on the cancer cell sur-
face leads to cancer cell adhesion to extracellu-
lar matrix (ECM) or avoids immune responses
through alteration of the stability of ligands of
immune checkpoint receptors which results in
cancer progression [97]. So, understanding the
binding of lectins with different glycoproteins can
help in treating cancer.
Some lectins like SNA andMAAhave been found
to identify the glycoproteins which are present
in the breast cancer cells and agglutinate them
by forming linkage with the sialic acid (that is
the part of glycoprotein on the cancer cell sur-
face) (Fig. 2) [98,99]. Sialic acid is overexpressed
(hyper sialylation) in the tumor tissues in ovar-
ian cancer, breast cancer, colorectal cancer, and
leukemia in comparison to normal cells of these
organs [100,101]. So, if there are natural com-
pounds that can attach themselves to sialic acid
and precipitate the glycoconjugates then this phe-
nomenon can be used in targeting cancer cells.
Lectins are not only able to detect cancer cells but
also show anti-tumor effect (Table 1).

6. Role of glycosylation in breast cancer

The process of glycosylation has been known to be
an important benefactor in various processes associ-
ated with cancer progression which includes invasion,
progression, and metastasis [102]. It is interesting to
know that most biomarkers that are identified in cancer
include glycans and glycoproteins which thus show
a significant role in cancer diagnosis and prognosis
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Table 1
Summarizing the source and purpose of different lectins

No. Name Source Use References

1 Okra lectin Plant source-
Abelmoschus esculentus

inhibit cell proliferation, increase gene
expression for apoptotic proteins

[137,138]

2 Haliclona caerulea (Helilectin-3) Marine sponge-
Haliclona caerulea.

causes cell arrest of cancer cells at the G1
phase, doesn’t affect surrounding cells,
promotes autophagic death of cells, reduces
cell adhesion

[139,140]

3 Sclerotium rolfsii lectin (SRL) Pathogenic fungus inhibit neo-angiogenesis, anti-adhesive
properties, inhibit tumor proliferation

[142,143]

4 Helix pomatia Roman snail promote apoptosis, downregulate telomerase
enzyme

[145,146]

5 Maackia amurensis agglutinin (MAA) Maackia amurensis used for diagnostics-cancer marker to stage
and grade breast cancer

[147–149]

6 Viscum album var. coloratum
agglutinin
Viscum album L. coloratum agglutinin

Mistletoe Used to detect tumor stage and grade, related
to tumor aggressiveness in breast cancer.

[157,158]

7 Lebectin venom of Macrovipera
lebetina

inhibits cell migration, anti-adhesive property
inhibits invasion of cancer cell

[159,161,162]

8 Sambucus Nigra Agglutinin (SNA) Elderberry Plant Affects cell adhesion, and disrupts the
signaling pathway of cancer cells.

[163,168]

[105]. Although the exact sequential process of produc-
tion of these modified glycans (e.g., mucin integrins
and CD44) through the glycosylation process occurs
is not well understood but can be due to mutations
in genetic or epigenetics, non-regulated expressional
processes [103]. Some studies even referred to glyco-
sylation as a “hallmark of cancer” [104].

Changes in glycosylation patterns have been shown
in breast cancer cells and can contribute to tumor
growth and metastasis. These changes in glycosylation
patterns have been found in breast cancer cells.

(1) Assisting in signaling for proliferation: Cancer
cells can multiply enormously, and it has been
identified that glycosylation plays an integral role
in providing the essential signals required for
uncontrolled division of cells [106]. The manage-
ment of the proteins that have importance in cell
cycle continuation like c-MYC (Cellular myelocy-
tomatosis oncogene) is known to be controlled by
the modification of O-GlcNAc [98]. When there
is an increase in the expression of modified c-
MYC, it can affect the phosphorylation process
stabilizing the modified protein [107]. Various
growth factors like EGFR (epidermal growth fac-
tor receptor), and PDGF (platelet-derived growth

factor) have also been identified that are managed
by N- glycan modifications. Thus, glycosylation
also controls signaling for growth factors [98].
ECM acts as an interface that contains various
non- cellular components that support the various
growth-related signaling processes that are taking
place in the nearby cells. [108]. The modifica-
tion of CD44 and regulation of growth factors
dependent on integrin are also attributed to the
glycosylation process that results in uncontrolled
cell growth [109,110].

(2) Escaping suppression of growth: The two of
the most important tumor suppressors, p53 and
retinoblastoma are also known to contain regions
for glycosylation modification of O-GlcNAc or
phosphorylation that is suspected to turn on their
oncogenic activity resulting in the production and
promotion of cancer cells [105].

• p53: The p53 protein is frequently referred
to as the “guardian of the genome” because
of its critical function in preserving genomic
integrity [111]. When p53 is activated, it acts
as a transcription factor when DNA damage
occurs. It promotes the production of genes
related to apoptosis, DNA repair, and cell cycle
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arrest [112]. p53 encourages cell cycle arrest at
the G1 phase in response to DNA damage, giv-
ing time for DNA repair mechanisms to rectify
the damage before replication. To remove cells
with potentially detrimental genetic defects
where the DNA damage is too severe to be
repaired, p53 causes apoptosis. However, p53
gene alterations can result in a defective p53
protein which can cause cells with damaged
DNA to continue replication as mutated p53
is less efficient at causing cell cycle arrest or
death. These cells may develop into cancer
because of the accumulation of genetic anoma-
lies [113]. Glycosylation of p53 can either
enhance or inhibit its function, depending on
the glycan structures and attachment sites.
Numerous studies have demonstrated that gly-
cosylation can enhance p53’s stability by pro-
tecting it from degradation through ubiquitin-
proteasome pathways, resulting in increased
p53 levels that bolster its role as a tumor
suppressor. Moreover, aside from stabilizing
p53, glycosylation can influence its localiza-
tion within cells. Specifically, glycosylation at
certain sites promotes the nuclear localization
of p53, enabling more efficient regulation of
gene expression and DNA repair processes.
Conversely, alterations in glycosylation pat-
terns can lead to p53 being retained in the
cytoplasm or mis-localized in other cellular
compartments hampering its ability to carry
out its functions. Additionally, glycosylation
can affect p53’s transcriptional activity, with
certain glycans enhancing its DNA-binding
affinity and transcriptional activation poten-
tial. These modifications enable p53 to bind
more effectively to target genes and initiate
processes related to cell cycle arrest or apop-
tosis. Breast cancer often exhibits disrupted
p53 function. This disruption is frequently
attributed to mutations in the TP53 gene(one
of the most common genetic alterations associ-
ated with breast cancer). However, in addition
to genetic mutations, changes in p53 glycosy-
lation have also been linked to breast cancer
progression. Research has shown that abnor-
mal glycosylation patterns of p53 are con-
nected to the development and aggressiveness
of breast cancer. These alterations influence
p53’s stability, cellular location, and transcrip-
tional activity, resulting in disrupted cell cycle

regulation and impaired DNA repair mecha-
nisms. These changes contribute to the accu-
mulation of genetic mutations and genomic
instability, which are characteristic features of
breast cancer [114].
In conclusion, p53’s carcinogenic activity
entails the loss of its ability to repair DNA
and govern the cell cycle because of mutations,
allowing cells with damaged DNA to multiply
and accumulate more genetic abnormalities.

• Retinoblastoma (RB): The RB protein con-
trols how cells move from the G1 phase to
the S phase of the cell cycle. It suppresses the
growth of tumors by preventing the E2F fam-
ily of transcription factors from acting [115].
Genes involved in DNA synthesis and cell
division are activated by E2F proteins. When
the RB protein is in an active state act as an
inhibitor for E2F proteins. RB enables reg-
ulated progression through the cell cycle by
controlling E2F. Cells cannot reach the S phase
unless they have received the correct signals
and have replicated their DNA. E2F is no
longer properly controlled when RB protein is
inactive or under-expressed because of muta-
tions or genetic changes. Unchecked E2F activ-
ity results in uncontrolled cell cycle progres-
sion and enhanced cell proliferation, which
increases the risk of tumor development in
the afflicted cells. The loss or inactivation of
RB’s E2F inhibitory function, which results in
unchecked cell cycle progression and enhanced
cell proliferation, is what causes it to become
carcinogenic [116]. RB glycosylation primar-
ily targets specific asparagine residues, impact-
ing its stability, cellular localization, and inter-
actions with other proteins. It can enhance
RB stability by safeguarding it from degra-
dation and influencing its movement between
the nucleus and cytoplasm, affecting its role in
transcription. Moreover, glycosylation affects
RB’s interactions with proteins involved in cell
cycle control, like cyclins and cyclin-dependent
kinases. Changes in RB’s glycosylation dis-
rupts these interactions, impairing its ability
to inhibit cell cycle progression. In breast can-
cer, dysregulated RB function is linked to the
disease’s development and progression, often
involving altered glycosylation patterns. Aber-
rant enzyme expression can modify RB gly-
cosylation, leading to changes in stability and
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function. Additionally, shifts in carbohydrate
structures on RB have been observed in breast
cancer cells compared to normal tissue, impact-
ing its localization and interactions, ultimately
affecting its ability to regulate cell cycle pro-
gression and promote tumor growth [117].

(3) Reducing cell energy processes:Cancer cells are
known to exhibit the Warburg effect wherein; the
cells shift their metabolic processes from oxida-
tive phosphorylation to aerobic glycolysis [118].
As Cancer cells need to multiply rapidly and
they need to have an increased metabolism and
high energy production, this shifting is identified
by a high glucose release, thus providing cancer
cells with what they need. With the processes
like hexosamine biosynthetic pathway, the high
amount of glucose present causes an increased
glycolysis and flux. The end product of this
pathway is UDP-GlcNAc, an essential metabo-
lite for the O-GlcNAc in both N and O liked
modifications [120]. O-GlcNAc is identified as a
“nutritional sensor” that helps regulate the nutri-
tion processes and is capable of altering different
metabolic enzymes, hence resulting in changes in
metabolism [119].

• Glycolysis: O-GlcNAc modification
can enhance glycolysis. Increased O-
GlcNAcylation of glycolytic enzymes,
such as hexokinase and phosphofructokinase,
promotes their activity and facilitates the
diversion of glucose towards glycolysis rather
than oxidative phosphorylation [121].

• Pentose phosphate pathway (PPP): O-
GlcNAcylation regulates the PPP, an
alternative pathway of glucose metabolism that
generates nucleotides and reduces equivalents.
Increased O-GlcNAcylation of key enzymes
in the PPP, such as glucose-6-phosphate
dehydrogenase, enhances their activity and
promotes the diversion of glucose towards PPP
[122].

• Lipid metabolism: O-GlcNAcylation affects
lipid metabolism by regulating enzymes
involved in fatty acid synthesis and oxidation.
Increased O-GlcNAcylation of acetyl-CoA
carboxylase promotes fatty acid synthesis,
while decreased O-GlcNAcylation of carnitine
palmitoyl transferase I inhibit fatty acid
oxidation [123].

• Amino acid metabolism: O-GlcNAcylation
influences amino acid metabolism by mod-
ulating enzymes involved in the synthesis
and degradation of amino acids. For exam-
ple, increased O-GlcNAcylation of glutamine-
fructose-6-phosphate transaminase 1 enhances
glutamine metabolism, which is important for
cancer cell growth and proliferation [124].

• Signaling pathways: O-GlcNAc modifica-
tion can modulate various signaling path-
ways involved in cancer progression, such as
the PI3K/Akt/mTOR pathway and the AMP-
activated protein kinase (AMPK) pathway. O-
GlcNAcylation of key proteins in these path-
ways affects their activity and downstream sig-
naling events [125].

(4) Helping cells to escape death: Under normal
circumstances, cells are prevented from multi-
plying uncontrollably through apoptosis [126].
The intercellular signaling pathways to control the
process of apoptosis are significantly regulated
by glycans [127]. With the help of glycosylation
glycans present on the apoptosis, receptors can be
altered to become resistant to cell death signals
[127]. Below are a few examples of how glycosy-
lation helps in the regulation of apoptosis:

• Apoptosis mediated by Fas/FasL: The Fas
receptor (CD95) and its ligand (FasL) are
essential for the initiation of apoptotic signal-
ing [128]. Fas and FasL can be glycosylated to
alter their interactions and the susceptibility of
cells to apoptosis. The amplitude of the apop-
totic signal might vary depending on changes in
the binding affinity between Fas and FasL due
to changes in glycosylation patterns [129].

– Glycosylation of apoptotic receptors:
Upon ligand binding, apoptotic receptors
like as TNF receptor 1 (TNFR1) and
TRAIL receptors are responsible for
conveying apoptotic signals. The stability,
location, and signaling effectiveness of
these receptors can all be impacted by
glycosylation. Apoptosis signaling can
become dysregulated because of altered
glycosylation patterns, which can affect the
assembly of receptor complexes [130].

– Anti-apoptotic protein glycosylation: Gly-
cosylation can change the stability and func-
tion of anti-apoptotic proteins like the Bcl-2
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family of proteins. Alterations in glycosyla-
tion patterns can impact the ratio of pro- and
anti-apoptotic proteins, which in turn affects
how likely it is for cells to undergo apoptosis
[131].

– Caspases glycosylation: Caspases are pro-
teases that are crucial to the execution
of apoptosis [132]. Caspases’ capacity to
begin and spread apoptotic signaling can be
affected by glycosylation, which can alter
their activity and function [98].

(5) Activation of immortality in cells-Normally the
cells undergo senescence that happens due to
the shortening of telomeres, but cancer cells can
escape the senescence [133]. This happens due
to the transcriptional reactivation of the human
telomerase reverse transcriptase(hTERT). To date
the direct effect of glycosylation in the activation
if the telomerase has not been identified but it is
thought that glycosylation has an indirect effect
on the telomerase through c-MYC. The activation
of telomerase is known to be mediated by c-MYC
which is known to activate the hTERT gene [135].
As the c-MYC gets glycosylated and is modi-
fied, the telomerase activation is also induced
through O-GlcNAc modification which has fre-
quently been observed in many cases of cancer
[134].

7. Lectins as diagnostic and therapeutic agents

Lectins are proteins capable of binding to specific
sugar structures present on the surface of cells, thereby
influencing cell signaling, adhesion, and immune
responses [136]. Following are some of the lectins that
have been studied for their effects in cancer.

(1) Okra lectin: Abelmoschus esculentus, popularly
known as okra is a member of Malvaceae, first
originated in Africa. It is mostly used as a food
source but also has a significant role in tradi-
tional medicines for dysentery, urinary infections,
constipation, and many more disorders [137].
Although the medicinal properties of the okra
fruit have been known for a while, it is only a
recent discovery that lectins were isolated from
the seeds of this plant and notmuch has been stud-
ied about this lectin. This lectin affects the cell
proliferation of breast cancer cells by inhibiting
it (up to 63%). It also increases the expression

of pro-caspase-9 and pro-caspase-3 proteins both
of which are important in the intrinsic or mito-
chondrial pathway of apoptosis of cells. Also, it
is known to increase the BAX/BCL-2 ratio which
also plays a significant role in the apoptosis pro-
cess [138].
Thus, the effect that is produced by the lectin
isolated from okra is due to inhibition of cell
growth and apoptosis.

(2) Helilectin-3: The cancer treatment is significant
when it acts on the cancer cells and at the same
time does not cause any effect on the normal
cells. This is what is the mode of action of this
lectin which is isolated from a marine sponge
called Haliclona caerulea [139]. It is seen that
this lectin on its first encounter with the cancer
cells has been known to reduce the viability of
cells and not produce any effect on normal and
healthy cells. When this lectin is allowed to be
incubated with the cancer cells for more than 24
hours, it causes an arrest in the cell cycle at the
G1 phase. Further, there is a remarkable increase
in the expression of caspase-9 protein which is
an important part of the intrinsic or mitochon-
drial pathway of apoptosis of the cell. Helilectin-
3 has a negative effect on the adhesiveness of
the breast cancer cells which is important for cell
proliferation and their survival in the body. It is
known to impair the adhesion capability of the
cancer cells. This lectin is also known to cause
autophagic death of the cancer cell due to the
increased expression of microtubule-associated
protein light chain 3(LC3) with an observable
conversion of LC3-I to membrane-bound LC3-II
which is an autophagic death marker [140].
Thus, the effect produced by helilectin-3 on breast
cancer cells is due to contribution of both apop-
totic and autophagic death.

(3) Sclerotium rolfsiilectin:Sclerotium rolfsii lectin
(SRL) is obtained from a pathogenic fun-
gal source. SRL has been found to recog-
nize and specifically bind oncofetal Thomsen-
Friedenreich (Galβ1-3GalNAc-O-ser/thr, or TF)
related O-linked glycan on the tumor cell sur-
face [141]. For the betterment of cancer patients,
research has been going on to find an alternative
mode of action for treatment than chemother-
apy and chemoprevention. In this regard, SRL
has shown many properties that can be useful
in combating tumor cells [142]. In many cancer
therapies, we observe that along with tumor cell
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destruction, some normal cells are also affected
which might be detrimental to the patients body.
Surprisingly SRL was found to have a more apop-
totic effect on the tumor cells of benign and
metastatic cancer rather than the normal mam-
mary cells. So SRL can be used in the tar-
geted therapy, and it is obtained from a natural
source can decrease the side effects of the treat-
ment on the body [143]. It is to be noted that
although some of the chemotherapy drugs are
also obtained from natural sources it is still more
toxic than SRL. It is because of pharmacokinetics
i.e. These medications are typically given sys-
temically, either through oral ingestion or intra-
venous delivery, enabling them to travel through-
out the body. This broad dissemination enhances
the chances of them coming into contact with
normal cells and tissues. These drugs’ therapeutic
index is also very narrow so even a slight accumu-
lation of these drugs can cause lethal effects on the
body. And SRLwith its highly specific nature will
not cause this issue thereby decreasing its toxicity
level [144].
In recent studies, it has been found that SRL was
inhibiting the neo-angiogenesis which will pre-
vent cancer cells from getting sufficient nutrients
for their growth, resulting in a decrease of tumor
cell proliferation. After performing an adhesion
assay, it was found that SRL has adhesive prop-
erty that is it has significantly decreased the adhe-
sion of tumor cells to fibronectin and collagen of
ECM [145].
On amicemodel that hadMCF-7xenografts, SRL
efficacy was observed. It was found that SRL was
inhibiting tumor proliferation [142].

(4) Helix pomatia: Helix pomatia agglutinin (HPA)
obtained from the Roman snails is part of the
carbohydrate-binding protein family. It specifi-
cally binds to N- acetyl galactosamine (called
GalNAc). Glycan arrays were done to find the
lectin specificity of the compound so that its use
as a cancer marker can be explored [145].
A study was done in which HPA and c-erbB-2
oncoprotein were used to diagnose the patient and
try to make an appropriate future treatment plan.
It was seen that the levels of HPA staining, and c-
erb-2 expression were associated with the axillary
lymph node metastasis in breast cancer patients.
Their level was used to predict the incidence of
axillary lymph node metastasis as well as the
tumor size. This may help in generating a better

treatment plan in patients who did not have the
dissection of the axillary lymph node, the levels
of HPA and c-erb-2 can be checked, and they
can be put on aggressive therapy to prolong their
survival rate [146].

(5) MAA: The plant Maackia amurensis produces
a lectin called Maackia amurensis agglutinin
(MAA), which is found in its seeds. The possible
involvement of MAA in the diagnosis, prognosis,
and therapy of breast cancer has been investigated
[147]. Compared to normal cells, breast cancer
cells frequently have modifications to their glyco-
sylation patterns. A kind of glycan, sialic acids,
can change in expression or structure because of
these modifications.
The agglutination test used by MAA particu-
larly detects 2,3-linked sialic acid and aids in
the identification and characterization of these
glycan changes. Increased tumor aggressiveness
and metastatic potential have been linked to the
presence of 2,3-linked sialic acid glycans in
breast cancer cells. Increased MAA agglutina-
tion reactivity has been linked in studies to a
worse prognosis, which includes a greater tumor
grade, lymph node involvement, and lower over-
all survival rates [148,149]. MAA has also been
explored as a potential therapeutic tool in breast
cancer treatment. But the research for this is still
on going and not completely established.

(6) Mistletoe Mistletoe species like Viscum album
var. coloratum (Korean mistletoe) is one of the
most significant medicinal plants in anthropo-
sophical medicine and can treat cancer. Because
of its few adverse effects and the fact that they are
not life-threatening, mistletoe extract is advised
for the treatment of cancer, particularly breast
cancer [150]. There have been a few reports of
allergic responses. Mistletoe extract was first used
in oncology as a novel form of cancer treatment
by Rudolf Steiner, the developer of the anthropo-
sophical medical system, in 1920 [151].
Despite being one of the more debatable lectins
when it comes to cancer treatment, extracts of
lectins from mistletoe plant species have been
extensively examined due to their vast effi-
ciency on a range of neoplastic cells [152].
Numerous studies demonstrate that mistletoe
lectins can either promote or inhibit apopto-
sis depending on their concentration [153,154].
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After treatment with the lectin-containing mistle-
toe extracts ISCADOR, tumor growth in glioblas-
toma xenograft-bearing mice was inhibited, and
genes associated with glioblastoma progression
and malignancy, such as transforming growth
factor- and matrix-metalloproteinases, displayed
downregulation [155]. Mistletoe lectin I, II, and
III make up the majority of mistletoe lectin
extracts, while further research is needed to fully
understand their variances [156].
Viscum album var. coloratum agglutinin (VCA),
has been shown in tests to have beneficial effects
on human breast cancer cells. The VCA lectin
and doxorubicin (DOX) combination produced
even more potent results for programmed cell
death, but DOX’s therapeutic applications are
constrained because of its hazardous side effects,
which include cardiotoxicity and myelosuppres-
sion. The use of VCA and DOX together led
to the stimulation of apoptosis-inducing proteins
like Bax and Puma and the suppression of Bcl-2
[157].
In both SK-Hep-1 (p53-positive) and Hep 3B
(p53-negative) human hepatocarcinoma cells, the
Korean mistletoe lectin (Viscum album L. col-
oratum agglutinin) induced apoptosis through
p53- and p21-independent pathways by down-
regulating Bcl-2 and telomerase and upregulating
Bax acting upstream of caspase-3 [158].

(7) C-type lectin-Lebectin: Lebectin is the C-type
protein isolated from the venom of Macrovipera
lebetina. C-type lectin-like proteins from the
viper venom also known as the snaclecs do not
have the sugar -calcium binding loops which are
generally found in C-type lectin proteins [159].
Lebectin has 129 amino acids in the α sub-
unit and 131 amino acids in the β subunit. Sna-
clecs are known to have anticancer effects [160].
Lebectin also shows the anti-aggregation activity
on the platelets. In the MDA-MB-231, which is
a cell line of triple-negative breast cancer that
is the subtype of breast cancer, Lebectin blocks
the cell migration in a dose-dependent manner
and also blocks the fibronectin and fibrinogen-
dependent adhesion but does not affect the viabil-
ity of the cells. Lebectin can block α5β1 integrins.
Hence, Lebectin prevents the proliferation, adhe-
sion, invasion, and migration of cancer cell lines
[161,162].

(8) Sambucus nigra Agglutinin (SNA): SNA lectin
is extracted from the elderberry plant, Sambu-
cus nigra. It is isolated from the seeds or bark
through a process involving crushing and purifi-
cation [163].
In breast cancer, SNA lectin may induce changes
in glycosylation, the addition of sugar molecules
to proteins or lipids on the cell surface, potentially
leading to significant effects on cancer progres-
sion [164]. For example, Lomax-Browne et al.
conducted a study where they examined the varia-
tions in glycosylation of IgA1 in the serum of both
healthy volunteers and patients with breast can-
cer. They employed several well-established com-
mercial lectins, namely HPA, SNA, and MAL-II,
for their analysis. The study revealed a signifi-
cant alteration in N-glycosylation, particularly a
notable increase in disialo-biantennary N-glycans
of IgA1 in breast cancer patients [165]. These
alterations in glycosylation could impact various
crucial aspects of breast cancer development and
behavior [166].
Firstly, changes in cell adhesion may occur, affect-
ing how cancer cells stick to each other and the
surrounding extracellular matrix. Altered adhe-
sion properties could, in turn, influence tumor
growth, invasion, and the formation of metas-
tases [167]. Secondly, modifications in glycosyla-
tion may interfere with important signaling path-
ways within cancer cells. These disruptions could
lead to the activation of pro-cancer pathways
or the inhibition of tumor-suppressive pathways,
ultimately influencing cancer cell behavior and
survival [168]. Thirdly, the interactions between
cancer cells and the immune system could also
be affected. Changes in glycosylation patterns
caused by SNA lectin binding might allow breast
cancer cells to evade immune surveillance and
avoid destruction by immune cells, potentially
contributing to tumor immune evasion [169]. Fur-
thermore, glycosylation changes could play a role
in the metastatic process of breast cancer. The
migration and invasion of cancer cells to distant
organs are essential steps in metastasis, and alter-
ations in glycosylation may impact
these metastatic properties [170].

However, it is crucial to emphasize that the specific
role of SNA lectin in breast cancer is still an area of
active research, and much remains to be elucidated
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[171]. Researchers continue to investigate the intrica-
cies of lectin interactions in breast cancer cells and
the implications of glycosylation changes in cancer
progression [172]. A comprehensive understanding of
SNA lectins role in breast cancer may potentially open
up new avenues for targeted therapies and interventions
to combat this devastating disease [173].

8. Conclusion

Lectins have been studied recently for identification
of biomarker for prognosis and effective treatment of
choice for clinicians. Natural compounds are found
to be more beneficial in cancer treatment because of
their ability to work synergistically with other treat-
ment methods, enhancing efficacy, reducing side effects
and provide a source of novel compounds with ability
to modulate mechanisms such as apoptosis, inhibiting
proliferation and metastasis. [174–176] Lectins have
been found to have anticancer properties like promoting
apoptosis of cancerous cells, decreasing the adhesive-
ness of cancer cells, maintaining the cell proliferation
rate by triggering cell arrest in the G1 cycle. Lectin
can also be used as an efficient cancer diagnostic tool.
In short, lectins can disrupt the aberrant cell signaling
pathways involving glycosylation inhibit cancer cell
growth, or trigger the immune cells to detect and kill
the tumor cells. Recent studies are more focused on
finding treatment options for few types of aggressive
breast cancer due to the absence of ER/PR receptors or
HER2 protein. Glycoprotein-targeted lectin therapy is
more advantageous in terms of specificity as well and
may not have a problem of drug resistance in the body.
With more research on elucidating lectin’s potential in
diagnostics and novel therapies may lead to discovery
of novel target molecules for effective therapy of relapse
prone triple negative breast cancer.
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