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Galectin-3 (Gal-3), a beta-galactoside-binding lectin, plays a pivotal role in various cellular processes, including

immune responses, inflammation, and cancer progression.
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1. Introduction

Viruses are diverse and intricate pathogens that have evolved to infect a wide range of hosts, including humans .

They are classified based on their genomic properties, dividing them into DNA and RNA viruses . To date, 219

virus species have been identified as capable of infecting humans . The yellow fever virus, an RNA virus, was the

first human virus to be described in 1901 by Reed and Carroll . Interestingly, more than two-thirds of viruses that

infect humans can also infect other animals, and many emerging viruses that infect humans have been found to

originate from mammals or birds . In the complex interplay between viruses and their hosts, Gal-3 has emerged

as a multifaceted player in host–pathogen interactions, playing a pivotal role in viral infections .

Lectins are proteins that bind to specific sugar moieties or structures and play essential roles in various cellular and

physiological regulations . Galectins, a type of S-type lectin, bind to β-galactosides, such as disaccharide N-

acetyllactosamine, found in N-linked and O-linked glycoproteins . Galectins are involved in regulating mRNA

splicing, apoptosis, cell cycle, cancer formation, metastasis, immune responses, and more . They are considered

pattern recognition receptors and are found in various immune cells and tissues, where they play potential and

significant roles in human infections caused by different types of pathogens .

Galectin-3 is a unique chimera-type galectin characterized by a C-terminal carbohydrate recognition domain (CRD)

and a large N-terminal (NT) protein-binding domain (Figure 1) . Galectin-3 is encoded by the LGALS3 gene and

is primarily expressed in the cell cytoplasm, but it can also move into the nucleus and be secreted onto the cell

surface . It is involved in various biological activities, including cell growth, pre-mRNA splicing, differentiation,

angiogenesis, inflammation, fibrosis, apoptosis, and host defense . Galectin-3 is expressed abundantly during

viral infections in various immune cells, fibroblasts, and epithelial and endothelial cells . It not only regulates viral

entry and attachment but also mediates inflammatory responses, potentially causing an imbalanced production of

pro-inflammatory cytokines .
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Figure 1. Galectin-3 Structure, Carbohydrate Binding, and Oligomerization. This figure presents an in-depth look at

the Galectin-3 (Gal-3) molecule, emphasizing its unique chimeric structure, the specificity of its carbohydrate

interactions, and the process of oligomerization. The three-dimensional representation of Gal-3 displays its

distinctive carbohydrate recognition domain (CRD) and N-terminal tail. Notably, the figure highlights the binding of

specific carbohydrate molecules, including lactose and N-acetyllactosamine (LacNAc), to the CRD of Gal-3.

Furthermore, it depicts the oligomerization of Gal-3 molecules, wherein the N-terminal tails interact with each other

to form complex higher-order structures. This interaction of Gal-3 and LacNAc within the CRD, along with its overall

structure and carbohydrate binding capability, underscores Galectin-3’s critical roles in various biological

processes.

2. The Comprehensive Impact of Galectin-3 on Viral
Infections: From Entry to Immunity, Life Cycle, and Disease
Progression

Galectin-3 is a multifaceted protein that plays a crucial role in various aspects of viral infections, with diverse and

sometimes contrasting effects depending on the virus and the host’s immune response . This section aims to

provide a comprehensive understanding of the impact of Gal-3 on viral infections, encompassing its involvement in

viral entry, modulation of immune responses, regulation of the viral life cycle, and its contribution to disease

progression (Figure 2).
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Figure 2. Galectin-3 in Viral Infections: A Comprehensive Overview. This figure depicts the intricate interplay

between Galectin-3 (Gal-3), viral particles, and host cells during viral infections, emphasizing the activation of the

Nuclear Factor Kappa B (NF-κB) signaling pathway. Viral particles interacting with Gal-3 on the host cell surface

trigger various intracellular signaling pathways, including the NF-κB pathway. Normally, the inactive NF-κB complex

—comprising RelA (p65), p50, and IκBα—is confined to the cytoplasm. The viral–Gal-3 interaction activates IκB

kinase (IKK), which then phosphorylates IκBα. This phosphorylation signals IκBα for ubiquitination and subsequent

proteasomal degradation, revealing the nuclear localization signal of the NF-κB dimer (RelA/p50), which

translocates to the nucleus. Here, the NF-κB dimer binds to κB sites on DNA, thereby regulating the transcription of

target genes with assistance from coactivators. This activity leads to diverse cellular responses, including immune

response and inflammation. Concurrently, the figure illustrates immune cells, such as macrophages and T-cells,

migrating towards the host cell in response to the Gal-3–virus interaction, underlining their essential roles in the

immune response. Key components involved in this context include Nuclear Factor-kappa B (NF-κB), Receptor

Enhancer of Nuclear Factor Kappa-B Ligand A (RelA), Inhibitor of Nuclear Factor Kappa-B Alpha (IκBα), NF-kappa-

B p50 subunit (p50), I kappa B kinase (IKK), and Galectin-3 (Gal-3).

2.1. Galectin-3 and Viral Entry

Viral entry is a crucial step in the infection process, where the virus gains entry into the host cell to replicate and

further spread the infection. This process usually involves the interaction between viral proteins and host cell

receptors . As a carbohydrate-binding protein, Gal-3 can interact with glycans present on the surface of both

host cells and viral particles, which can modulate the viral entry process .

2.1.1. Galectin-3 as a Facilitator of Viral Attachment

[15]

[16]



Galectin-3 in Viral Infection | Encyclopedia.pub

https://encyclopedia.pub/entry/45191 4/16

The initial step in the process of viral infection is viral attachment, as it enables the virus to bind to specific

receptors on the surface of host cells and initiate the process of viral replication . Galectin-3, a member of the

galectin family of proteins, has a carbohydrate recognition domain (CRD) that binds to β-galactosides found on

host cells and viral glycoproteins . In the case of human immunodeficiency virus (HIV), Gal-3 interacts with the

viral envelope glycoprotein gp120, enhancing its binding to host cell surface receptors, such as CD4, and

subsequently enhancing infection . Additionally, Gal-3 plays a vital role in the entry of severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) into host cells, and blocking it may prevent disease progression. Human

Gal-3 has significant structural and sequence similarity to the N-terminal domain (NTD) of SARS-CoV-2, important

for viral entry, suggesting that Gal-3 inhibitors targeting regions with structural overlap to the NTD may have double

binding capabilities, providing a potential strategy to inhibit viral entry .

Galectin-3 has been identified as a crucial mediator in the entry and attachment of herpes simplex virus (HSV)

during ocular infections and facilitating influenza binding to airway epithelial cells . Specifically, HSV-1 directly

binds human Gal-3, and targeted disruption of Gal-3 impairs HSV-1 infectivity in human corneal keratinocytes .

In the case of influenza, Gal-3 binds to the hemagglutinin (HA) protein of Influenza A viruses (IAVs) and

desialylated airway epithelial cells, increasing Streptococcus pneumoniae adhesion . These findings suggest

that Gal-3 plays a critical role in viral attachment and entry for HSV-1 and influenza, making it a potential target for

therapeutic intervention.

2.1.2. Galectin-3 and Viral Internalization

Following attachment, Gal-3 may also be involved in the internalization of viruses into host cells. Evidence

suggests that Gal-3 can facilitate endocytosis and macropinocytosis, two common routes for viral entry . For

example, Gal-3 has been shown to promote HIV-1 internalization through interacting with the host CD4 receptor

and the viral gp120 glycoprotein .

Overall, Galectin-3’s ability to interact with viral glycoproteins and host cell surface receptors highlights its potential

as a target for antiviral therapies. Through inhibiting Gal-3 function or blocking its interaction with viral

glycoproteins, it may be possible to disrupt viral attachment and entry, thus preventing infection and disease

progression. Further research is needed to better understand the specific molecular mechanisms underlying Gal-3-

mediated viral attachment and to develop targeted therapies to combat various viral infections.

2.2. Galectin-3 and Immune Responses

Galectin-3 modulates the immune response during viral infections. It can activate or inhibit immune signaling

pathways, depending on the virus and the cellular context . In some cases, Gal-3 promotes the production of

pro-inflammatory cytokines and chemokines, such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6),

enhancing the antiviral response .

2.2.1. Galectin-3 in Immune Cell Activation and Recruitment
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Galectin-3 influences immune cell activation and recruitment during viral infection, modulating the activation of T

cells, dendritic cells, macrophages, and neutrophils and affecting their cytokine production and chemotactic

responses . Galectin-3 promotes neutrophil migration towards infection sites via binding to specific glycan

structures on their surface and recruiting neutrophils to the lungs during influenza and Streptococcus pneumoniae

co-infection . In COVID-19, there was a strong positive correlation between Gal-3 and interleukin-1 beta (IL-

1β), as well as a moderate positive correlation between Gal-3, TNF-α, and IL-12, indicating a T-helper 1 (Th1)

immune response . Patients with severe COVID-19 had significantly higher percentages of Gal-3  T cells, which

may contribute to elevated systemic Gal-3 levels and promote inflammation .

In the context of Hepatitis B virus (HBV) infection, Gal-3 has been suggested to inhibit IL-10, possibly sustaining

HBV replication and initiating chronic HBV infection . Galectin-3 has also been linked to macrophage

polarization during dengue virus infection, which is associated with infection severity . The modulation of

macrophage polarization by Gal-3 can impact the balance between pro-inflammatory and anti-inflammatory

responses, influencing the disease outcome . The complex and context-dependent roles of Gal-3 in viral

infections highlight its potential as a therapeutic target but also underscore the need for a deeper understanding of

its functions across various infectious diseases.

2.2.2. Galectin-3 in the Regulation of Immune Signaling Pathways

Galectin-3 plays a pivotal role in modulating immune signaling pathways during viral infections, either activating or

inhibiting these pathways depending on the cellular context, which influences the immune response . One key

pathway influenced by Gal-3 is the Nuclear Factor-kappa B (NF-κB) signaling pathway, a critical transcription factor

that regulates genes involved in immune and inflammatory responses . Galectin-3 activates NF-κB, leading to

the production of pro-inflammatory cytokines and enhancing the antiviral response, which contributes to the

cytokine storm observed in severe COVID-19 cases .

In addition to NF-κB, Gal-3 modulates other signaling pathways such as Janus kinase/signal transducers and

activators of transcription (JAK/STAT), extracellular signal-regulated kinase (ERK), and protein kinase B (AKT),

which are involved in various cellular processes . During viral infections, Gal-3 can dysregulate these pathways,

leading to aberrant immune responses and contributing to disease pathogenesis . Galectin-3 is also an agonist

of Toll-like receptor 4 (TLR4) and can regulate the NOD-like receptor family pyrin domain containing 3 (NLRP3)

inflammasome, promoting inflammasome assembly and activation, which contributes to enhanced inflammation

and tissue damage in viral infections .

Galectin-3 has been implicated in the regulation of suppressor of cytokine signaling 1 (SOCS1) and retinoic acid-

inducible gene I (RIG-I) expression during influenza and Streptococcus pneumoniae co-infection . Galectin-3

modulates SOCS1 expression, which may contribute to the overall inflammatory response, and can influence RIG-I

expression during co-infection, leading to dysregulated expression and release of pro-inflammatory cytokines .

Overall, Galectin-3’s complex and context-dependent role in immune signaling pathways highlights the need for
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understanding its precise functions in various infections to identify its potential as a therapeutic target or biomarker

for disease severity.

2.2.3. Galectin-3 in Modulating Apoptosis and Autophagy

Galectin-3 can also influence host cell survival and death mechanisms, such as apoptosis and autophagy .

Although the anti-apoptotic function of Gal-3 has been widely reported in various pathological processes, its role in

virus-infected cells and its potential contribution to viral replication and persistence remain unclear .

Understanding the mechanisms through which Gal-3 impacts viral replication and persistence could lead to the

development of novel antiviral therapies targeting Gal-3, providing new options for the treatment of viral diseases.

Therefore, further research into the involvement of Gal-3 in virus–host interactions is crucial for the development of

effective antiviral treatments.

On the other hand, Gal-3 has been implicated in the regulation of autophagy, a cellular process that can promote

viral clearance through degrading viral components . Notably, in adenovirus infections, Gal-3 has been

demonstrated to suppress autophagic activation . These findings highlight the multifaceted and intricate role of

Gal-3 in host–virus interactions, particularly in the context of adenovirus infections.

2.3. Galectin-3 and Viral Life Cycle

Galectin-3, a multifunctional protein with roles in various biological processes, has emerged as an important player

in the context of viral infections . Researchers will explore the involvement of Gal-3 in the viral life cycle and its

impact on viral replication, assembly, and release. Understanding the complex interactions between Gal-3 and viral

pathogens can provide valuable insights into host–pathogen dynamics and potentially inform the development of

novel therapeutic strategies.

2.3.1. Galectin-3 in Viral Replication

Galectin-3 is known to interact with viral proteins and host factors to promote viral genome replication. For

example, Gal-3 was shown to facilitate HIV-1 replication via promoting cell fusion through fibronectin and Gal-3-

mediated mechanisms . HIV-1 Tat, an important regulatory protein for viral replication, can also induce the

expression of Gal-3, which contributes to the virus’s pathogenesis through promoting replication and modulating

immune responses . Influenza A virus replication can be inhibited through upregulating Gal-3 expression, which

enhances the expression of antiviral genes that inhibit virus replication . Galectin-3 has also been shown to

impact the replication of Enterovirus 71 (EV71) . Galectin-3 may play a role in sustaining HBV replication

through stimulating the production of cytokines and chemokines via Cluster of Differentiation 98 (CD98)

interactions with macrophages . In the context of SARS-CoV-2, Gal-3 inhibition could potentially influence viral

RNA synthesis .

2.3.2. Galectin-3 in Viral Assembly and Release
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Galectin-3 may also play a role in the assembly of viral particles and their release from infected host cells . It

has been suggested that Gal-3 can promote the budding of viral particles through interacting with viral structural

proteins and host cell membrane components . Galectin-3 has been shown to interact with the HIV-1 Gag

protein and promote viral assembly and release. It functions via interacting intracellularly with Gag and the cellular

ALG-2-interacting protein X (Alix), which are essential for viral budding and replication when new infectious virions

are generated . Additionally, Gal-3 plays a role in regulating virological synapse formation and facilitating

intercellular HIV-1 transfer among CD4  T cells, providing an alternative pathway for HIV-1 infection regulation .

Exosomes derived from HIV-1-infected dendritic cells with high Gal-3 expression have been found to facilitate HIV-

1 infection and dissemination through fibronectin and Gal-3-mediated cell fusion . These findings suggest that

Gal-3 plays a crucial role in regulating viral assembly and release, virological synapse formation, and exosome-

mediated cell-to-cell communication in HIV-1 infection. Targeting Gal-3 could represent a promising therapeutic

strategy against HIV-1 infection.

3. Galectin-3 in Specific Viral Diseases

3.1. SARS-CoV-2 Virus Infection and Galectin-3

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has affected millions of people worldwide . The

severity of the disease varies, with some individuals developing critical conditions such as acute respiratory

distress syndrome (ARDS), cytokine storm, and thromboembolic complications . Identifying reliable prognostic

markers and therapeutic targets is crucial for improving patient outcomes . One potential candidate is Gal-3, a

protein involved in inflammation, lung fibrosis, and thrombogenicity .

3.1.1. The Role of Galectin-3 in Modulating Immune Response and Inflammation in COVID-19

Galectin-3 is a multifunctional protein that plays a crucial role in various biological processes, including

inflammation, cell adhesion, and immune modulation . In the context of SARS-CoV-2 infection, Gal-3 has been

implicated in modulating the host immune response, potentially contributing to the severity of COVID-19. Gal-3’s

pro-inflammatory effects include promoting inflammation through stimulating the production and release of pro-

inflammatory cytokines, such as TNF-α, IL-1β, and IL-6 . Elevated levels of these cytokines have been

associated with severe COVID-19 cases, where patients may experience a “cytokine storm”, leading to ARDS and

multi-organ failure .

Galectin-3 has also been shown to activate the NLRP3 inflammasome, a critical component of the innate immune

response that detects and responds to pathogens . Activation of the NLRP3 inflammasome by Gal-3 results in

the production and release of pro-inflammatory cytokines, including IL-1β and IL-18, which contribute to the overall

inflammatory response during SARS-CoV-2 infection . This inflammasome activation may potentiate the severity

of COVID-19, particularly in patients with pre-existing conditions or comorbidities.
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Recent studies have shown a significant association between elevated Gal-3 levels and COVID-19 severity .

Patients with critical COVID-19 have been found to have higher serum levels of Gal-3, along with increased

proinflammatory cytokines (IL-1β, TNF-α, IL-12) and chemokine C-C chemokine receptor type 5 (CCR5)

expression in T cells . These findings suggest that Gal-3 may contribute to the acquired proinflammatory

immune response and intensify the innate pro-inflammatory immune response in the lungs, making it a valuable

marker for predicting disease severity.

3.1.2. Potential Role of Human Galectin-3 in SARS-CoV-2 Viral Adherence and Entry

The N-terminal domain of the SARS-CoV-2 spike protein plays a crucial role in viral adherence and entry into host

cells . Recent studies have revealed that the NTD of SARS-CoV-2 shares a significant degree of similarity with

human Gal-3, a lectin involved in numerous biological processes, including inflammation and cell adhesion . The

structural similarities between the NTD of SARS-CoV-2 and human Gal-3 suggest that they may share common

interaction partners or have similar functional roles, potentially facilitating SARS-CoV-2’s ability to hijack cellular

processes and enhance its infectivity .

3.1.3. Galectin-3 as a Potential Biomarker for COVID-19 Severity and Prognosis

Galectin-3 is a potential biomarker for predicting COVID-19 severity, prognosis, and treatment response .

Patients with severe COVID-19 exhibit higher levels of Gal-3, which are associated with increased inflammation,

cytokine release, ARDS, and complications such as thrombosis, organ failure, and lung fibrosis . Gal-3 levels

correlate with inflammatory markers such as CRP, IL-6, and TNF-α, and monitoring these levels can help clinicians

identify high-risk patients and guide clinical decision-making . Galectin-3 also correlates with markers of

thrombogenicity and clinical disease severity, suggesting its usefulness in assessing disease severity and

hypercoagulability in COVID-19 patients .

Galectin-3 is involved in various aspects of COVID-19 pathogenesis, including promotion of inflammation,

dysregulation of immune response, fibrosis and tissue remodeling, and endothelial dysfunction and thrombosis 

. Understanding the role of Gal-3 in COVID-19 pathogenesis can inform the development of targeted therapies

and management strategies, potentially improving patient outcomes and reducing the global burden of this

devastating pandemic.

3.1.4. Comparative Roles and Interactions of Galectin-3 and Galectin-3-Binding Protein in
SARS-CoV-2 Infection

Galectin-3 and Galectin-3-binding protein (Gal-3BP) both play significant roles in viral infections . Galectin-3-

binding protein is a multifunctional glycoprotein encoded by the LGALS3BP gene, with a wide distribution across

various cell types and biological fluids . With its three functional domains, Gal-3BP engages in intricate cell-to-

cell and cell-to-matrix interactions . It is part of a broad spectrum of biological processes, including immune

response, inflammation, and tumor progression . Gal-3BP’s relationship with Gal-3 is particularly noteworthy, as

it forms an important axis in various immune and inflammatory processes . Elevated levels of Gal-3BP are found
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in a range of pathological conditions, such as cancer, viral infections, and autoimmune disorders, often correlating

with adverse clinical outcomes .

In the context of viral infections, Gal-3 and Gal-3BP share some similarities but also exhibit important differences in

their roles . Both proteins have been associated with unfavorable outcomes in certain viral diseases, including

SARS-CoV-2 infection . They are both involved in the innate immune response to viral infections, stimulating

the production of interferon and pro-inflammatory cytokines. Their interaction is believed to modulate the

expression of IL-6, a cytokine which plays a critical role in the immune response to viral infections .

However, while Gal-3 primarily facilitates viral entry and replication, Gal-3BP appears to exhibit antiviral activities,

limiting virus expression and replication . This difference suggests that while Gal-3 enhances virus propagation,

Gal-3BP participates in the immune system’s defense against viral infections .

In the context of SARS-CoV-2 infection, the levels of both Gal-3 and Gal-3BP are elevated, with higher levels

associated with disease severity. They are both thought to contribute to the pathogenesis of COVID-19, particularly

through their involvement in the excessive inflammatory response observed in severe cases. However, Gal-3BP

has been specifically associated with worse clinical outcomes, whereas Gal-3 levels correlate with disease severity

.

Interestingly, the interaction between Gal-3 and Gal-3BP has been linked to the development of pulmonary fibrosis

in severe cases of COVID-19. This is because Gal-3, through its interaction with Gal-3BP, enhances Transforming

Growth Factor beta (TGF-β) signaling, a key driver of fibrosis. This suggests that targeting the Gal-3/Gal-3BP axis

could be a potential therapeutic approach for preventing or treating pulmonary fibrosis in severe COVID-19 cases

.

Nevertheless, the precise roles of Gal-3 and Gal-3BP in viral infections, including SARS-CoV-2, are still not fully

understood, and further research is needed to elucidate their respective contributions and the potential therapeutic

implications.

3.2. Human Immunodeficiency Virus (HIV) Infection and Galectin-3

The human immunodeficiency virus is a retrovirus that attacks the immune system, leading to a progressive

decline in its function. Over time, this decline can result in acquired immunodeficiency syndrome (AIDS), a severe

condition characterized by a weakened immune system and increased vulnerability to opportunistic infections and

malignancies .

Galectin-3 is a protein that has been implicated in various aspects of HIV infection, including viral entry, infection,

dissemination, and pathogenesis.

3.2.1. Galectin-3 in HIV-1 Entry and Infection

[14]

[14]

[55][56]

[14]

[14]

[14]

[14]

[14]

[57]



Galectin-3 in Viral Infection | Encyclopedia.pub

https://encyclopedia.pub/entry/45191 10/16

Research has demonstrated that Gal-3 can bind to HIV-1 gp120 and CD4 proteins, enhancing viral entry and

infection. The carbohydrate recognition domain of Gal-3 interacts with HIV-1 gp120 or CD4 molecules, triggering

the formation of Gal-3 oligomers, which facilitate infection . Galectin-3 has been found to enhance HIV-1 entry

and infection up to 20-fold, suggesting a critical role in the early stages of viral infection . Additionally, differences

in Gal-3 expression among various HIV-1 subtypes have been observed, implying that further investigation is

necessary to understand the specific roles of galectin-3 in different viral strains .

3.2.2. Galectin-3 Expression and HIV-1 Tat Protein

The HIV-1 Tat protein is a crucial factor in viral replication, playing a significant role in the transactivation of the

HIV-1 promoter and the efficient transcription of the viral genome . Besides regulating viral gene expression, Tat

also modulates host cell gene expression, promoting cell survival and proliferation and suppressing immune

responses . The interaction of Tat with host factors, such as specificity protein 1 (Sp1), is crucial in regulating

both viral and host gene expression and underscores its importance in the pathogenesis of HIV-1 infection .

Notably, the expression of Gal-3 is upregulated in HIV-1-infected cells, particularly during the early stages of

infection . Tat has been shown to induce Gal-3 expression through the transactivation of Sp1-rich regulatory

sequences upstream of the Gal-3 gene . The observed interaction between Sp1 and Tat in HIV-1-infected cells

suggests a potential role for Tat protein in the regulation of Gal-3 expression. Therefore, the upregulation of Gal-3

expression in Tat-expressing cells highlights the potential of viral infection to induce the expression of this protein,

which may contribute to the pathogenesis of HIV infection .

3.2.3. Galectin-3 and HIV-1 Dissemination

Galectin-3 plays a crucial role in the process of HIV-1 viral budding, which is the final stage of the viral replication

cycle . This stage involves the release of newly formed virus particles from infected host cells, contributing

significantly to the spread of HIV-1 infection within the host and the progression of the disease . Furthermore,

Gal-3 is highly expressed in exosomes derived from HIV-1-infected dendritic cells, compared to those from

uninfected cells . This finding suggests that Gal-3 may facilitate HIV-1 infection and dissemination. However, the

role of Gal-3 in exosomes derived from HIV-1 infected T cells appears to be cell-type specific, warranting further

investigation .

Cell-to-cell transmission of HIV-1 is an efficient mode of viral dissemination, allowing the virus to bypass

extracellular defenses and evade host immune responses. Galectin-3 has been implicated in facilitating this

process, contributing to the spread of the virus within the host . Virological synapses are specialized cell–cell

junctions that enable direct transfer of HIV-1 particles from infected cells to uninfected target cells . Galectin-3,

with its ability to bind glycans on cell surfaces, may promote the formation of these synapses through stabilizing

cell–cell contacts and enhancing adhesion between infected and uninfected cells . This interaction could lead to

more efficient viral transmission and faster dissemination within the host. Additionally, the presence of Gal-3 in

exosomes released from HIV-1 infected cells, particularly dendritic cells, may also contribute to cell-to-cell

transmission . The increased expression of Gal-3 in exosomes derived from infected cells may facilitate the

transfer of viral particles and promote infection in recipient cells .
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3.2.4. Galectin-3 and HIV-1-Infected Macrophage Cell Death

Galectin-3 has been shown to induce cell death in HIV-1-infected macrophages, which could potentially contribute

to the eradication of the virus . The mechanism of Gal-3-induced cell death appears to involve glycosylation

changes in the Gal-3 receptor and is caspase-independent, not relying on receptor-interacting protein kinase 1

(RIPK1)- or RIPK3-dependent necroptosis . Furthermore, the study found that Endo G levels were significantly

increased in the nucleus and decreased in the cytoplasm in Gal-3-treated cells, suggesting that Gal-3 may act as a

novel apoptosis-inducing agent in response to HIV-1 infection .

3.2.5. Galectin-3 and HIV-Associated Pathogenesis

Elevated expression of Gal-3 has been implicated in HIV-associated pathogenesis, potentially contributing to the

development of malignancies such as Kaposi’s sarcoma . Gal-3 has been associated with tumor cell growth,

and its upregulation may be linked to the proliferative response observed in HIV-infected individuals .

Therefore, understanding the intricate interplay between Gal-3 expression, HIV infection, and disease progression

is critical for developing novel therapeutic strategies to improve the management of HIV-infected patients.
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