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ABSTRACT

Mannose, a fundamental monosaccharide, plays a critical role in glycosylation, attaching sugar molecules to proteins and
lipids in cellular processes. Abundant in dietary sources like cranberries, blueberries, and broccoli, mannose serves as an
energy source through glycolysis. In cancer, altered glycosylation patterns contribute to tumor growth, metastasis, immune
evasion, and angiogenesis. Mannose uptake mechanisms in cancer cells involve upregulated transporters, altered
glycosylation, increased energy needs, and mannose receptor expression. Mannose emerges as a potential immunomodulator,
enhancing dendritic cell maturation and T cell activation, fostering anti-tumor immune responses. Specific cancer types, solid
tumors, and hematological malignancies respond differently to mannose treatment, influenced by cancer cell characteristics
and the tumor microenvironment. Moreover, mannose shows promise as a radiosensitizer, heightening cancer cell
susceptibility to radiation therapy through its impact on glucose metabolism, oxidative stress, and DNA repair. Challenges
include potential resistance, dosing optimization, and monitoring of adverse effects. Biomarkers aid patient selection for
personalized treatments, predicting responsiveness and tailoring therapy. Despite promising preclinical results, further
research, including clinical trials, is essential to unravel mannose's full potential, address challenges, and establish its role in
personalized cancer therapy. In essence, mannose holds immense promise as a multifaceted cancer treatment, necessitating
rigorous exploration for safe and effective clinical integration.
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INTRODUCTION glycosylation. In N-linked glycosylation, a mannose-based
oligosaccharide is initially attached to a protein in the
endoplasmic reticulum [2]. This precursor is then further
modified in the Golgi apparatus to form complex and diverse
glycan structures. Glycosylation impacts various cellular
processes, including protein folding and stability, cell-cell
recognition, signal transduction, pathogen recognition [3].

Mannose is a simple sugar, a monosaccharide, that plays a
vital role in various cellular processes, especially in
glycosylation, which is the process of attaching sugar
molecules to proteins and lipids. It is an essential component
of many glycoconjugates, which are molecules formed by
linking carbohydrates to proteins or lipids [1]. Mannose can
be found in several dietary sources, including fruits, Corresponding guthor: Sharmila} Nirojini Palanisamy, Department of
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ALTERED GLYCOSYLATION IN CANCER

In cancer cells, glycosylation patterns can become aberrant,
leading to significant changes in glycan structures on the cell
surface and secreted glycoproteins. These alterations in
glycosylation have been implicated in several aspects of
cancer progression. In tumor growth and proliferation,
altered glycosylation patterns can affect the activity of cell
surface receptors and signaling molecules, leading to
dysregulated growth signals [4]. Additionally, abnormal
glycosylation of growth factors and their receptors can
promote enhanced mitogenic signaling, thereby contributing
to uncontrolled cell proliferation and tumor growth. This
enhance the ability of cancer cells to interact with specific
tissues, facilitating their migration and invasion to distant
sites, a process known as metastasis [5]. In metastasis,
glycosylation changes on cell surface proteins can influence
cell adhesion, motility, and invasion. In Immune Evasion,
Abnormal glycosylation on the surface of cancer cells can
help them evade immune surveillance. Certain glycan
structures on tumor cells act as "don't eat me" signals,
preventing recognition and attack by immune cells, such as
natural Killer (NK) cells and cytotoxic T cells. This allows
cancer cells to escape immune destruction and promote
tumor survival [4,5]. Angiogenesis, altered glycosylation can
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also influence the secretion of pro-angiogenic factors,
promoting the formation of new blood vessels
(angiogenesis) to supply nutrients and oxygen to growing
tumors. This process is crucial for tumor growth and
metastasis [6].

MECHANISMS OF MANNOSE

The uptake of mannose is essential for cancer cells as it
serves as a source of energy and can also impact
glycosylation processes, which play a crucial role in cancer
progression. The uptake of mannose in cancer cells may
differ from normal cells due to upregulation of GLUTSs,
altered glycosylation, increased energy demands, increased
mannose receptor expression [7]. As mannose and glucose
share some common transporters, such as GLUT1 and
GLUTS3, cancer cells can utilize these transporters to take up
mannose [8]. This uptake can competitively interfere with
glucose metabolism and glycosylation pathways in cancer
cells. In addition to GLUTSs, certain mannose-specific
transporters have been identified in various cancer cells.
These transporters, such as the mannose transporter
SLC5A8, facilitate the uptake of mannose specifically,
allowing cancer cells to utilize mannose as an alternative
energy source or for glycosylation [9] (Figure 1).
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Figure 1. Mechanisms of Mannose.

Cancer cells can internalize extracellular molecules,
including mannose, through processes like pinocytosis and
receptor-mediated endocytosis [10]. In these mechanisms,
cancer cells form vesicles to engulf and internalize mannose
molecules from the surrounding environment. Abnormal
glycosylation patterns on the surface of cancer cells can
create unique binding sites for lectins or glycan-binding

proteins. These lectins may facilitate the uptake of mannose
into cancer cells by binding to specific glycan structures [11]
and reduce the ERK activation and then increase the GSK-3
B phosphorylation which will reduce the nuclear
translocation of B-catenin in turn down regulates SNAIL
expression leads to E- cadherin expression. Thus, overall
inhibit the tumor EMT.
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Mannose as a Sensitizer to Immune Responses

Mannose can enhance antitumor immune responses,
primarily through its effects on immune cell functions by
promote dendritic cell maturation and increase T cell
activation. Dendritic cells (DC) are critical antigen-
presenting cells that play a central role in initiating and
regulating immune responses. Immature DCs capture
antigens from their surroundings but are less efficient in
presenting these antigens to T cells and activating an
immune response [12]. Studies have shown that mannose
treatment can promote the maturation of dendritic cells.
Mannose, when presented to DCs, can activate specific
signaling pathways that lead to the upregulation of co-
stimulatory molecules such as CD80, CD86 and major
histocompatibility complex (MHC) molecules on the DC
surface [13]. This, in turn, enhances the presentation of
tumor antigens to T cells and primes T cells for an effective
antitumor immune response. T cells are a crucial component
of the adaptive immune system and play a central role in
recognizing and eliminating cancer cells. Mannose has been
found to enhance T cell activation, leading to a more robust
antitumor immune response [1].

Targeting Specific Cancer Types

The response to mannose treatment in solid tumors and
hematological malignancies and depend on several factors,
including the specific type of cancer, the expression levels of
mannose transporters and receptors, and the tumor
microenvironment [10]. The expression levels of glucose
transporters (GLUTS) and mannose-specific transporters on
the surface of solid tumor cells can influence the uptake of
mannose. The tumor microenvironment, including the
presence of immune cells, fibroblasts, and blood vessels, can
significantly impact the response to mannose treatment [14].
Tumors with an immunosuppressive microenvironment may
be less susceptible to the immunomodulatory effects of
mannose. In hematological malignancies, such as leukemia
and lymphoma, mannose treatment has shown promising
potential in preclinical studies. Mannose has been found to
enhance the antitumor immune response and induce
apoptosis in certain hematological cancer cell lines [15]. The
efficacy of mannose treatment in hematological
malignancies may be influenced by factors such as the
subtype of cancer, the glycosylation patterns of cancer cells,
and the interplay between malignant cells and the immune
system [14].

Mannose as a Radiosensitizer

Mannose shows promise as a radiosensitizer that enhance
the efficacy of radiation therapy in cancer treatment. A
radiosensitizer is a substance that makes cancer cells more
susceptible to the damaging effects of radiation, thereby
increasing the effectiveness of radiotherapy while potentially
sparing normal tissues [16,17]. Mannose competes with
glucose in glycolysis, a metabolic process that provides
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cancer cells with energy and helps protect them from
radiation-induced damage. By limiting glucose availability
and promoting mannose uptake, cancer cells may become
more vulnerable to radiation-induced cell death. Mannose
treatment has been shown to increase reactive oxygen
species (ROS) production in cancer cells [18]. This
heightened oxidative stress can lead to DNA damage,
amplifying the effects of radiation therapy. Mannose-
induced changes in glycosylation may affect the DNA repair
capacity of cancer cells, making them more sensitive to
radiation-induced DNA damage. Preclinical studies using in
vitro and animal models have demonstrated encouraging
results regarding the potential of mannose as a
radiosensitizer [19]. These studies have shown that mannose
treatment before radiation exposure can increase cancer cell
death, inhibit tumor growth, and improve survival rates in
animal models [18].

CHALLENGES AND LIMITATIONS

Mannose-based face several challenges and limitations that
need to be addressed for successful clinical translation and
implementation. Cancer cells are known for their ability to
develop resistance to various treatments, including targeted
therapies. Mannose-based therapies may also face challenges
related to the development of resistance mechanisms [20].
Cancer cells might adapt to the altered glycosylation patterns
induced by mannose treatment, leading to reduced efficacy
over time. The effective concentration of mannose required
to induce the desired therapeutic effects while minimizing
potential side effects must be carefully determined through
preclinical and clinical studies. Additionally, the frequency
and duration of treatment should be optimized to achieve the
best treatment outcomes. The response to mannose-based
therapies may vary depending on the specific characteristics
of the cancer cells and tumor microenvironment [21].
Tailoring mannose-based treatments to individual patients or
specific cancer subtypes may be necessary to achieve
optimal results. While mannose is generally considered safe
and well-tolerated, high doses or prolonged exposure may
lead to adverse effects. It is essential to carefully monitor
patients undergoing mannose-based therapies for any signs
of toxicity or unexpected side effects [22]. Understanding
potential interactions combination with other cancer
treatments, such as radiation therapy, chemotherapy, or
immunotherapy and optimizing the sequencing and timing of
combination treatments is critical to maximize the
therapeutic benefits and minimize potential adverse effects
[23].

Biomarkers and Patient Selection

By incorporating biomarkers to predict responsiveness to
mannose treatment, personalized cancer therapy approaches
can be designed. Patients who are more likely to benefit
from mannose-based therapies can be identified, and
treatment strategies can be optimized to improve outcomes
and patient responses. This approach has the potential to
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revolutionize cancer treatment by tailoring therapies to
individual patients' characteristics and tumor biology. The
expression levels of mannose-specific transporters and
receptors on cancer cells can indicate the extent of mannose
uptake and utilization by the tumor. Higher expression levels
of these transporters and receptors may indicate that the
cancer cells are more susceptible to mannose treatment [24].
Biomarkers related to specific glycan structures or
glycosylation-related enzymes can provide insights into how
cancer cells will interact with mannose and how the therapy
will impact glycosylation pathways within the tumor.
Biomarkers related to immune cell activation, such as T cell
activation markers or cytokine profiles, may indicate a
patient's potential responsiveness to mannose treatment,
especially in combination with immunotherapies [25].
Mannose treatment may influence DNA repair and apoptosis
pathways in cancer cells. Biomarkers associated with these
processes may help predict how cancer cells will respond to
mannose-induced changes in DNA repair and apoptosis [26].
Biomarkers related to glucose metabolism or specific
metabolic pathways in cancer cells may provide insights into
the impact of mannose treatment on cancer cell energy
metabolism. The tumor microenvironment can impact cancer
cell response to treatment. Biomarkers related to immune
cell infiltration, angiogenesis, or stromal components may
help identify patients whose tumors are more likely to
respond to mannose-based therapies [27]. As a
radiosensitizer, mannose can enhance the efficacy of
radiation therapy. Biomarkers related to cellular responses to
radiation, such as DNA damage repair or oxidative stress
markers, may indicate whether a patient could benefit from
combining mannose with radiation therapy.

Toxicity in Normal Cells

Supplement or therapeutic agent, mannose can have
potential toxicity if consumed or administered in excessive
amounts or under certain conditions. Studies assessing the
impact of mannose supplementation on non-cancerous cells
and tissues have provided insights into its safety profile.
Animal Studies: Several animal studies have investigated the
safety of mannose supplementation on non-cancerous
tissues. In these studies, animals were given mannose orally
or through intravenous administration, and various
parameters were assessed, including general health, organ
function, and histological examinations [28]. The majority of
these studies have reported no significant toxicity or adverse
effects on normal tissues at the tested doses. In a systematic
review and meta-analysis of randomized controlled trials,
the safety of mannose supplementation was assessed in
healthy volunteers. The review concluded that mannose was
generally safe, with no significant differences in adverse
events between mannose supplementation and placebo
groups. Studies have suggested that high-dose mannose
supplementation might potentially impact renal function.
However, the clinical relevance of this finding remains
uncertain, and the significance may depend on the specific
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context and individual patient characteristics. In some cases,
high doses of mannose supplementation have been
associated with gastrointestinal disturbances, such as
diarrhea and bloating [29]. These effects are typically
transient and resolve once the mannose supplementation is
discontinued or reduced. Mannose is structurally similar to
glucose, and high doses of mannose can affect blood glucose
levels. In individuals with diabetes or impaired glucose
metabolism, close monitoring of blood glucose levels is
necessary when taking mannose supplements to prevent any
potential adverse effects [30].

CONCLUSION

Mannose holds significant promise as a potential cancer
treatment due to its crucial role in cellular processes,
especially glycosylation. It impacts various aspects of cancer
progression, including tumor growth, metastasis, immune
evasion, and angiogenesis. Mannose-based therapies have
shown potential as immunomodulatory agents, radio
sensitizers, and can enhance antitumor immune responses.
Challenges such as potential resistance mechanisms, optimal
dosing, and safety considerations need to be addressed.
Additionally, identifying biomarkers to predict patient
responsiveness and understanding the complex interplay
between mannose and cancer cells' characteristics and
microenvironment are crucial for successful clinical
implementation. Further research, including well-designed
clinical trials and translational studies, is necessary to fully
explore the efficacy, safety, and potential combination
therapies involving mannose. This will aid in understanding
the optimal use of mannose-based treatments and its
potential role in personalized cancer therapy approaches. In
conclusion, mannose offers promising potential as a cancer
treatment, and its multifaceted mechanisms of action make it
an intriguing therapeutic approach. However, more
comprehensive research is needed to harness its full
potential and to establish mannose-based therapies as safe,
effective, and transformative options for cancer patients.
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