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Abstract

LGALSI is a protein belonging to the lectin family, widely distributed across
immune and non-immune tissues. Characterized by high evolutionary con-
servation, LGALS1 specifically binds S-galactosides and functions as a multi-
functional bioactive protein. It plays pivotal roles in immune regulation, cell
migration, and tumor microenvironment remodeling. In malignant tumors,
LGALS]1 exhibits complex and context-dependent activities. This review system-
atically examines the downstream signaling pathways modulated by LGALS1—
including NF-«B, PI3K/AKT/mTOR, MAPK, Hedgehog, TGF-4, and Wnt—
highlighting its dual regulatory roles (promoting or inhibiting tumorigenesis)
across cancer types. By synthesizing recent findings, we elucidate the molecu-
lar mechanisms underlying LGALS1’s context-specific effects and its influence
on key signaling cascades. These insights aim to provide a theoretical frame-
work and research directions for future studies targeting LGALS1 in cancer
therapy.
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1. Introduction

Malignant tumors, commonly referred to as cancer, pose a significant global
threat to human life and health. The incidence and mortality rates of malignant
tumors have been steadily increasing each year. According to statistics, in 2020,
there were 19.3 million new cancer cases worldwide, resulting in nearly 10 million

deaths. Projections indicate that by 2040, the number of new cancer cases will rise
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to 28.4 million, reflecting a rapid escalation in both the global incidence and mor-
tality rates of cancer [1]-[4]. In China, the incidence and mortality rates of malig-
nant tumors are also rising annually, with cancer now being the leading cause of
death among the population [2] [5]. Currently, approximately 80% of cancer pa-
tients require surgical intervention for either curative treatment or palliative care.
However, only 25% of cancer patients worldwide have access to safe, affordable,
and timely surgical treatment [4].

Signal pathways play a critical role in fundamental cellular processes such as
growth, differentiation, and apoptosis. Dysregulation of these pathways is a key
factor contributing to the survival and progression of tumor cells [6]. In recent
years, extensive research has highlighted LGALS1, a multifunctional bioactive
protein, as an emerging focus in the study of malignant tumors. A growing body
of evidence demonstrates that LGALS] is intimately involved in regulating multiple
key signaling pathways and is closely associated with tumor cell proliferation, inva-
sion, metastasis, and immune evasion. This review aims to comprehensively sum-
marize recent advances in understanding the downstream signaling pathways
linked to LGALSI and to elucidate the mechanisms through which LGALS1 in-
fluences various cancers. These insights provide a foundation for future studies.

2. Structure and Molecular Functions of LGALS1

LGALS]I is the first identified member of the galectin family and exhibits a high
affinity for B-galactosides. Encoded by the LGALS1 gene located on chromosome
22ql3.1, it is a 14.5 kDa homodimeric protein composed of four exons. This pro-
tein generates a 0.6 kb transcript capable of encoding a 135-amino acid protein
[7]-[11]. In humans, LGALS1 exists as a dimer, with its structure stabilized by
hydrophobic interactions at the monomer interface and a central hydrophobic
core. The dimer features two carbohydrate recognition domains (CRDs) located
at opposite ends of the quaternary structure, approximately 5 nm apart. Each CRD
can bind a tetrasaccharide, facilitating cell recognition and signal transduction
[12]. The LGALS1 sequence contains six cysteine residues, which are sensitive to
oxidation. This oxidation sensitivity limits its physiological activity but does not
impair its S-galactoside binding capacity [8]. LGALSI1 synthesized on ribosomes
can be processed for storage within the cell membrane or secreted extracellularly.
Inside the cell, it receives regulatory signals through non-carbohydrate binding
interactions and participates in mRNA splicing [9]. Extracellularly, LGALSI binds
to glycoproteins in the extracellular matrix or cell surface receptors (e.g., laminin,
fibronectin, and integrins), influencing various cellular activities and promoting
tumor cell metastasis [8].

LGALSI is overexpressed in various human cancers, including lung cancer [13],
gastric cancer [14]-[16], esophageal cancer [17], cervical cancer [18], bladder cancer
[19] where it exerts its multifunctional biological activities. As a glycoprotein,
LGALSI regulates key signaling pathways—including NF-«B, PI3K/AKT/mTOR,
MAPK, Hedgehog, TGF-f, and Wnt/f-catenin—by binding S-galactoside ligands

DOI: 10.4236/jbm.2025.136013

143 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.136013

C.Fengetal.

on the cell surface or in the extracellular matrix. This regulation influences tumor
cell proliferation, invasion, metastasis, and immune evasion.

Additionally, LGALS1 modulates immune cell infiltration and angiogenesis
within the tumor microenvironment, creating conditions favorable for tumor
growth. Its overexpression is often associated with tumor malignancy and poor
prognosis, making it a valuable biomarker for cancer diagnosis and prognosis as-
sessment [20] [21]. These findings highlight LGALS1 as both a potential bi-
omarker for malignant tumors and a promising therapeutic target. Strategies tar-
geting LGALS] or its related pathways may offer new directions for cancer treat-
ment (Table 1).

Table 1. Signaling pathways related to malignant tumors regulated by LGALS1.

Signalin, Examples of Related
gnating Role of LGALS! in Tumors P
Pathway Tumors
Promotes progression in epithelial ovarian cancer [22];
prog ] p o [22] Epithelial ovarian
acts as a negative regulator and inhibits cell
. . cancer [22];
proliferation in colorectal cancer; regulates the tumor
NEF-«B ] ] ] ) colorectal cancer [24];
. X microenvironment in pancreatic ductal .
Signaling . . . pancreatic ductal
adenocarcinoma [12]; promoting growth, metastasis, .
Pathway o ) adenocarcinoma [12];
and exacerbating inflammation; and promotes cell
D esophageal squamous
cycle progression in esophageal squamous cell .
. cell carcinoma [23].
carcinoma [23].
PI3K/AKT/ Enhances cell migration in bladder cancer [25]; mediates Bladder cancer [25],
TOR tumor metastasis and invasion in urothelial carcinoma urothelial carcinoma
m
. . [26]; inhibits cell proliferation in intrahepatic [26], intrahepatic
Signaling . ] ] ] ) .
cholangiocarcinoma [27]; where metformin alleviates  cholangiocarcinoma
Pathway

pathway activation by suppressing LGALSI. [27]

Mediates cancer cell metastasis in oral cancer [28];

inhibits cell growth, invasion, and induces apoptosis in
. Oral cancer [28],
osteosarcoma [29]; promotes metastasis and
o o . . osteosarcoma [29],
MAPK epithelial-mesenchymal transition (EMT) in ovarian

Signaling cancer [30]; promotes metastasis and
Pathway  epithelial-mesenchymal transition (EMT) in ovarian

ovarian cancer [30],
cervical cancer [31],
lung adenocarcinoma

(7]

cancer [31]; and suppresses cell proliferation, migration,
and invasion while promoting apoptosis in lung
adenocarcinoma [7]

Wnt/ . L.
. Enhances the immune complex characteristics of cancer
[F-catenin ] .
Sienali cells in colorectal cancer [32], thereby promoting Colorectal cancer [32]
ignalin
& J metastasis, tumor dissemination, and clinical recurrence
Pathway
Promotes cell invasion and epithelial-mesenchymal .
Hedgehog L . . . Gastric cancer [14],
. . transition (EMT) in gastric cancer [14] and induces .
Signaling L . ) o pancreatic ductal
vascular mimicry; facilitates signal transduction in .
Pathway adenocarcinoma [33]

pancreatic ductal adenocarcinoma [33]
TGF-f  Promotes cell migration and invasion in gastric cancer .
Gastric cancer [34],

Signalin, 34], Promotes cell migration and invasion in gastric
& g 34 & & breast cancer [35]

Pathway cancer [35] inhibits cancer metastasis
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3. Relationship between LGALS1 and the NF-xB Signaling
Pathway

Nuclear factor kappa B (NF-«B) is a crucial transcriptional regulatory factor, first
discovered in the nuclear extract of B lymphocytes in 1986 [36]. The activation of
NF-«B primarily occurs through two pathways: the classical signaling pathway
and the non-classical signaling pathway [37]-[40]. In the classical pathway, exter-
nal stimuli—such as growth factors and cytokines—bind to cell surface receptors,
activating the IxB kinase (IKK) complex. This leads to the phosphorylation and
degradation of inhibitory IxB proteins, allowing the NF-«B dimer to translocate
into the nucleus and activate the transcription of target genes [22]. In the non-
classical pathway, specific receptor-induced kinases phosphorylate IKKa, which
processes p100 into p52, thereby promoting gene transcription [41]. NF-«B plays
a pivotal role in inflammatory responses, immune regulation, and tumorigenesis,
and its dysregulation is implicated in various diseases. Therefore, a comprehen-
sive understanding of NF-«B’s regulatory mechanisms is essential for elucidating
disease pathogenesis and developing effective therapeutic strategies.

The NF-«B signaling pathway is an important intracellular signal transduction
pathway closely related to cell growth and differentiation, inflammatory responses,
apoptosis, immune response regulation, and stress responses [36]. In various tu-
mors, the abnormal activation of the NF-xB pathway and the oncogenic activities
driven by NF-#B components are widely recognized as playing important roles in
tumorigenesis and development, serving as key players in many steps [42].

LGALS] exerts various biological functions in cells and participates in the regu-
lation of multiple signaling pathways, among which the NF- B signaling pathway is
particularly prominent. In epithelial ovarian cancer, Le Chen ef al [22] downregu-
lated LGALS] in epithelial ovarian cancer cells and detected a significant decrease
in the levels of p65, p-IKKa/ 4, MMP-2, and MMP-9, indicating that galectin-1 pro-
motes the progression of epithelial ovarian cancer (EOC) through the activation of
the NF-«B pathway. However, in colorectal cancer, LGALS1 affects the NF-«B sig-
naling pathway in a way that interferes with cell proliferation. Its expression leads
to the loss of activated IKKa/fand p65, acting as a negative regulator of NF-«B [24].
In pancreatic ductal adenocarcinoma, LGALS1 mainly enhances the production of
chemokines such as monocyte chemoattractant protein-1 and cytokine-induced
neutrophil chemoattractant-1 through the NF- B signaling pathway, thereby regu-
lating the tumor microenvironment, promoting tumor growth and metastasis, and
exacerbating the degree of inflammation [12]. Previous studies have elucidated that
the abnormal activation of the NF-«B signal is related to the progression of esopha-
geal squamous cell carcinoma. The study by Yuanbo Cui et al. [23] showed that
esophageal squamous cell carcinoma-specific associated fragment non-coding RNA
transcript 1 may promote the cell cycle progression of esophageal squamous cell
carcinoma cells through LGALS1-dependent NF-«B activation.

In-depth analysis reveals that the bidirectional effects of LGALS1 may be influ-

enced by cytokines and metabolic products in the tumor microenvironment. In the
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ovarian cancer microenvironment, high concentrations of pro-inflammatory cyto-
kines may promote LGALS1 binding to specific receptors, thereby activating the
NF-«B pathway and driving tumor cell proliferation and metastasis. Conversely, in
colorectal cancer, local metabolic changes in the tumor microenvironment may al-
ter the glycosylation state of LGALS], impairing its ability to effectively activate the
NF-«B pathway. Instead, LGALSI exerts a negative regulatory effect through inter-
actions with other factors. Additionally, differences in the expression or activity of
upstream and downstream molecules within the NF-«B signaling pathway may vary

across tumor types, further modulating LGALS1’s regulatory role in this context.

4. Relationship between LGALS1 and the PI3K/AKT/mTOR
Pathway

The PI3K/AKT/mTOR signaling pathway plays a critical role in cellular responses
and adaptations by integrating extracellular and intracellular signals [43]. This
pathway primarily involves three key components: phosphatidylinositol-3-kinase
(PI3K), protein kinase B (AKT), and mammalian target of rapamycin (mTOR).
PI3K is typically activated by receptor tyrosine kinases (RTKs) and G-protein-
coupled receptors (GPCRs), driving processes such as autophagy, cell migration,
and angiogenesis, in addition to initiating this signaling cascade [43]-[48]. mTOR
is a family of serine/threonine protein kinases that exist in two distinct complexes:
mTOR complex 1 (mTORC1) and mTOR complex 2 (mTORC2). mTORCI reg-
ulates cell metabolism, controlling protein synthesis and autophagy, and promot-
ing cell growth when energy is abundant; whereas mTORC2 is involved in cell
proliferation, cytoskeletal organization, and cell survival. This signaling pathway
(Figure 1) is primarily negatively regulated by the tumor suppressor protein
PTEN, which inhibits downstream signaling mediated by AKT [44].

Growth factor

Growth factor
GPCR S

PIPs 4—PIP2 Receptor tyrosine

kinase (RTK)
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o

13
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| =
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mTORC2
TSC1/2
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Schematic diagram of PI3K/
AKT/mTOR signaling
pathway
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B0

Protein synthesis
Cell growth
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Figure 1. Schematic diagram of the PI3K/Akt/mTOR signaling pathway.
Created in https://BioRender.com (Accessed on March 18, 2025).
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The PI3K/AKT/mTOR signaling pathway plays a pivotal role in cell differenti-
ation, proliferation, energy and glucose metabolism, apoptosis, the cellular re-
sponse to oxidative stress, and angiogenesis [43]. This pathway has also been im-
plicated in various human cancers, where it contributes to cancer progression,
angiogenesis, chemotaxis, and invasiveness [44].

Bladder cancer, a common malignancy in the urogenital system, has seen lim-
ited research on the mechanisms and signaling pathways involving LGALS1. Wu
Longxiang et al. [25] demonstrated that LGALS1 may enhance the migration abil-
ity of bladder cancer cells by promoting AKT signaling pathway phosphorylation,
providing initial insights into the relationship between LGALS1 and bladder can-
cer, as well as the AKT signaling pathway. Yu-Li Su ef a/. [26], in a study of 86
patients with urothelial carcinoma, identified multiple key signaling pathways as-
sociated with LGALS1 expression changes. Their findings revealed that LGALS1
regulates downstream proteins in the FAK/PI3K/AKT/mTOR signaling pathway,
mediating tumor metastasis and invasion, thus elucidating the connection be-
tween LGALS1 and UTUC (urothelial carcinoma) pathways. Intrahepatic cholan-
giocarcinoma, a highly aggressive tumor, has also been studied in the context of
LGALSI. Bioinformatics and molecular biology techniques have been employed
to explore metformin’s role in inhibiting intrahepatic cholangiocarcinoma cell
proliferation. These studies showed that metformin reduces LGALSI expression,
thereby decreasing PI3K/AKT signaling pathway activation and suppressing tu-
mor cell proliferation [27].

Further research indicates that LGALS1 may directly bind to the regulatory sub-
unit of PI3K, stabilizing its activity and promoting AKT phosphorylation. Addi-
tionally, LGALS1 regulates the assembly and activity of mTORC1 and mTORC2
complexes, influencing cell metabolism and proliferation. In certain tumor cells,
LGALSI enhances protein synthesis and cell growth by activating mTORCI, while
in others, it modulates cell survival and migration by inhibiting mTORC2 activity.
This bidirectional effect is thought to be influenced by factors such as the tumor
microenvironment’s nutritional status, growth factor levels, and intracellular sig-

naling molecule interactions.

5. Relationship between LGALS1 and MAPK and
Wnt/p-Catenin Signaling Pathways

The mitogen-activated protein kinase (MAPK) signaling pathway is a crucial eu-
karyotic pathway for transmitting extracellular signals into cells and regulating
gene expression. This pathway comprises four main cascade phosphorylation re-
actions: extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase
(JNK), p38, and ERKS5 [49]. It primarily involves a series of three-tier phosphory-
lation-dependent kinases: MAPK kinase kinase (MAPKKK), MAPK kinase
(MAPKK), and MAPK [50]. Among these, the JNK and p38 MAPK signaling
pathways are associated with cellular stress responses and apoptosis, whereas the

ERK/MAPK signaling pathway is closely linked to cell proliferation and differen-
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tiation [51]. ERK, a serine/threonine protein kinase located in the cytoplasm, pri-
marily consists of ERK1 (p42) and ERK2 (p44) and is tightly connected to growth
factor activation [49]. The MAPK signaling pathway collectively regulates a wide
range of biological and pathological processes, including cell growth, differentia-
tion, environmental stress adaptation, and inflammatory responses. Additionally,
it plays a pivotal role in vascular endothelial cell proliferation and angiogenesis.

The Wnt signaling pathway is an ancient and evolutionarily conserved pathway
comprising four key components: extracellular signaling, membrane components,
cytoplasmic components, and nuclear components. Based on its characteristics,
the Wnt pathway can be categorized into at least three distinct types: the canonical
pathway, the planar cell polarity pathway, and the Wnt/Ca®" pathway [52]. The
Whnt signaling pathway is essential for cell differentiation and embryonic devel-
opment and also regulates various other processes, such as cell proliferation, po-
larization, migration, apoptosis, asymmetric cell division, and the renewal and
maintenance of stem cells [52]-[54].

LGALSI is expressed in various human malignant tumors and influences these
cancers through the MAPK signaling pathway. Ji-Min Li ef a/ [28] demonstrated
that secretory LGALS1 mediates oral cancer cell metastasis by activating the p38
MAPK pathway. In osteosarcoma, LGALSI is highly expressed in human osteosar-
coma and is associated with distant metastasis in OS patients. Knocking down
LGALSI inhibits the growth and invasion of OS cells and induces apoptosis via the
MAPK/ERK signaling pathway [29]. In ovarian cancer, studies have shown that
LGALS1 promotes metastasis and enhances epithelial-mesenchymal transition
(EMT) by activating the MAPK JNK/p38 signaling pathway [30]. In cervical can-
cer, LGALS1 has been reported to promote cell proliferation by activating the
ERK/MAPK pathway, with its expression and that of vascular endothelial growth
factor (VEGF) in cervical squamous cell carcinoma correlating with tumor malig-
nancy and metastasis [31]. Research on lung adenocarcinoma suggests that LGALS1
may inhibit the proliferation, migration, and invasion of lung adenocarcinoma
cells while promoting apoptosis through the ERK pathway [7]. In colorectal cancer,
the Wnt/S-catenin signaling pathway is central to the disease’s pathogenesis. Fi-
broblast-secreted LGALS1 enhances the immunocomplex characteristics of colo-
rectal cancer cells in vitro, simultaneously promoting EMT and activating f-
catenin. This leads to in vivo metastasis, tumor spread, and clinical recurrence [32].

The regulation of the MAPK signaling pathway by LGALS1 varies across dif-
ferent cancers, influenced by interactions among multiple molecules in the tumor
microenvironment. For instance, in oral cancer, specific growth factors activate
p38 MAPK, and LGALS] interacts with these signaling molecules to further en-
hance p38 MAPK activity, thereby promoting cancer cell metastasis. In lung ade-
nocarcinoma, LGALSI may inhibit ERK activation by regulating upstream signal-
ing molecules of ERK, thereby exerting an anti-cancer effect. Additionally, the
binding modes of LGALS1 with MAPK pathway components differ, affecting its
regulatory effects. Regarding the Wnt signaling pathway, LGALS1 binds to core
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molecules such as Frizzled and LRP5/6, stabilizes S-catenin, and promotes its nu-
clear translocation, thereby activating the transcription of downstream target
genes. LGALSI also modulates the intracellular signal transduction network to
influence Wnt pathway activity. Due to variations in cytokine and growth factor
levels and states across different tumor cells, the regulatory effects of LGALS1 on

the Wnt signaling pathway differ among cancers.

6. Relationship between LGALS1 and Hedgehog and TGF-£
Signaling Pathways

The Hedgehog signaling pathway was initially discovered in Drosophila melano-
gaster and later confirmed in vertebrates. It represents a highly conserved evolu-
tionary pathway responsible for signal transduction from the cell membrane to
the nucleus and serves as a classic regulator of embryonic development [55] [56].
This pathway exerts its biological effects through a cascade of signals, governing
cell growth, proliferation, and differentiation. Aberrant activation of the Hedge-
hog signaling pathway has been implicated in tumor onset and progression.

Transforming growth factor-B (TGF-p) is a pivotal cytokine ubiquitously pre-
sent in cells, primarily orchestrating various cell behavior processes. The TGF-f
superfamily encompasses key members such as TGF-p proteins, activins, bone
morphogenetic proteins (BMPs), and growth differentiation factors (GDFs) [57].
The TGF-fsignaling pathway constitutes a complex network comprising ligands,
receptors, SMAD proteins, and transcription factors, which regulate target gene
transcription through interactions with other pathways [58]. This pathway oper-
ates through two main routes: the canonical SMAD-dependent pathway and the
non-SMAD-dependent pathway. TGE-fplays a critical role in regulating cell pro-
liferation and differentiation, wound healing, immune responses, development,
tissue repair, and the pathogenesis of numerous diseases [58]. Given its intimate
association with tumorigenesis and immune system disorders, investigating the
TGF-fsignaling pathway holds significant scientific importance.

Yang Chong et al. [10] conducted in vivo and in vitro experiments using 162
gastric cancer tissue specimens and demonstrated that LGALS1 promotes the in-
vasion and epithelial-mesenchymal transition (EMT) of gastric cancer cells by ac-
tivating the non-canonical Hedgehog (Hh) pathway. Their findings also revealed
that LGALSI upregulates glioma-associated oncogene 1 (GLI1) signaling in gas-
tric cancer, thereby inducing EMT. Additional studies have reported that LGALS1
facilitates angiogenesis mimicry in gastric adenocarcinoma through the Hedge-
hog/GLI signaling pathway [14]. In pancreatic ductal adenocarcinoma (PDAC),
Neus Martinez-Bosch et al [33] demonstrated that LGALS1 enhances Hedgehog
signal transduction in PDAC cells, stromal fibroblasts, and tumor tissues within
pancreatic cancer model. Furthermore, elevated LGALS1 expression in the gastric
cancer microenvironment promotes cancer cell migration and invasion via EMT
through the TGF-f1/Smad signaling pathway, correlating with a poor prognosis

for gastric cancer patients [34]. In breast cancer, TGF-fsignaling has been estab-
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lished as a promoter of metastasis. LGALS] serves as a marker for cancer-associ-
ated fibroblasts (CAFs). Xue Zhu et al. [35] demonstrated that TGF-/ signaling
drives metastasis, and silencing LGALS1 in CAFs reverses fibroblast activation,
potentially inhibiting cancer metastasis.

Hedgehog Signaling Pathway: LGALS] is thought to interact with Smoothened
and Gli transcription factors to modulate Hedgehog signal transduction, thereby
influencing tumor cell growth and invasion. However, these interactions are
highly susceptible to modulation by other signaling molecules within the tumor
microenvironment. Consequently, the regulatory effects of LGALS1 on the
Hedgehog pathway vary across different tumor cells due to differential molecular
interactions. TGF- 3 Signaling Pathway: LGALS] likely binds to TGF- S receptors
and Smad proteins to regulate TGF- S signaling, thereby affecting tumor cell mi-
gration and invasion. Similar to its role in the Hedgehog pathway, LGALS1’s reg-
ulatory effects on TGF-p signaling are influenced by the tumor microenviron-
ment, including varying levels and states of cytokines and growth factors, which

result in context-dependent regulatory outcomes.

7. Exploration of the Bidirectional Effects of LGALS1 in
Different Cancers

LGALS] exhibits bidirectional effects in different cancers, which may be influenced
by multiple factors. One key factor is differential glycosylation. The varying activi-
ties of glycosyltransferases in different tumor cells can alter the glycosylation status
of LGALS], thereby affecting its function. In some tumor cells, specific glycosylation
modifications enable LGALS] to readily bind to signaling pathway components and
activate relevant pathways. Conversely, in other cells, changes in the glycosylation
status may impair its normal function or even produce inhibitory effects.

The tumor microenvironment (TME) also plays a crucial role. The TME con-
tains various cytokines, chemokines, and metabolic products that can interact
with LGALS1 to regulate its activity and function. For instance, in an inflammatory
microenvironment, high concentrations of pro-inflammatory cytokines prompt
LGALSI to bind to specific receptors, activate signaling pathways, and promote
tumor cell proliferation and metastasis. In contrast, in an immunosuppressive mi-
croenvironment, certain immunosuppressive factors may interfere with the inter-
actions between LGALSI and other molecules, causing LGALSI to exert an inhib-
itory effect.

Additionally, the states of upstream and downstream molecules in the signaling
pathways vary among different tumor cells, which can also influence the regula-
tory effects of LGALSI on these pathways.

8. Therapeutic Potential and Challenges of Targeting LGALS1

Given the critical role of LGALS1 in malignant tumors, therapeutic strategies tar-
geting LGALS1 hold significant promise. Currently, several studies have focused

on developing inhibitors or antibodies to block LGALS1 function in tumor cells.
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However, targeted therapy for LGALSI faces several challenges. For instance, en-
suring the specificity and efficacy of inhibitors or antibodies is crucial to avoid off-
target effects and minimize damage to normal cells. Additionally, overcoming tu-
mor cell drug resistance and enhancing treatment efficacy remain key hurdles.

Although clinical trials targeting LGALS1 are ongoing, substantial results have
yet to be achieved. Moving forward, it is imperative to further elucidate the mech-
anisms underlying LGALS1 function and develop more efficient and specific tar-
geted therapeutic approaches.

9. Summary and Outlook

LGALS]I, a multifunctional bioactive protein, plays a pivotal role in tumor pro-
gression by regulating signaling pathways across multiple dimensions in malig-
nant tumors. Its mechanism of action is both complex and context-specific. Given
its critical involvement in tumor initiation and development, therapeutic strate-
gies targeting LGALS1 hold significant promise.

Currently, research efforts are focused on developing inhibitors or antibodies
to block LGALSI function in tumor cells. These studies not only enhance our un-
derstanding of LGALS1’s mechanism of action but also elucidate its interactions
with related signaling pathways in tumors. Future research should prioritize three
key directions: Developing single-cell technology dynamic expression atlases to
more precisely map LGALS1 expression patterns. Exploring interaction networks
to design more effective inhibitors. Conducting organoid model precision medi-
cine research to provide robust evidence for clinical applications. However, tar-
geted LGALS]1 therapy faces significant challenges. To ensure that inhibitors or
antibodies are highly specific and effective while minimizing damage to normal
cells, it is essential to thoroughly investigate the expression differences and mech-
anisms of action of LGALS1 in tumor versus normal cells. Additionally, the issue
of tumor cell drug resistance must be addressed to improve therapeutic outcomes.
Although relevant clinical trials have been conducted, no substantial results have
been achieved thus far.

Moving forward, it is imperative to further explore the mechanism of action of
LGALSI and comprehensively analyze its characteristics across different tumor
types and microenvironments. Based on these findings, the development of effi-
cient and specific targeted therapies should be prioritized. With continued in-
depth research, it is anticipated that new breakthroughs will emerge, offering re-

newed hope for the treatment of cancers and other diseases.
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