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A B S T R A C T

Core fucosylation, catalyzed by α1,6-fucosyltransferase (FUT8), is an important N-glycosylation modification
process that attaches a fucose residue via an α1,6-linkage to the core N-acetylglucosamine of N-glycans in
mammals. Research over the past three decades has revealed the critical role of FUT8-mediated core fucosylation
modification in various physiological and pathological processes, including cell growth, adhesion, receptor
activation, antibody-dependent cellular cytotoxicity (ADCC), tumor metastasis and infections. This review dis-
cusses the immune system function involving FUT8 and the mechanisms by which core fucosylation regulates
immunity and contributes to disease. A deeper understanding of these mechanisms can provide insights into
cellular biology and suggest new therapeutic approaches and targets for related diseases.
Protein glycosylation is a common and crucial post-translational
modification that plays central roles in various physiological and path-
ological processes, including cell signaling and communication, tumor
angiogenesis, immune system function, tumor cell migration and inva-
sion, and cell-matrix interactions (Costa, 2017; Jones & Aplin, 2009;
Moran, Gupta et al., 2011). Based on the glycosylation sites of peptides,
protein glycosylation can be broadly classified into two main types in
mammals: N-glycosylation (sequence: Asn-X-Ser/Thr, where X can be
any amino acid except Pro) and O-glycosylation (sequence: Ser/Thr)
(Dutta, Mandal et al., 2017). Fucosylation is an important subtype of
N-glycosylation catalyzed by eleven fucosyltransferases (FUT1-11),
which form α1,2-, α1,3-/4-, or α1,6-linked fucose residues, and two
specialized protein O-fucosyltransferases (poFUT1-2) (Schneider,
Al-Shareffi et al., 2017). Among these enzymes, mammalian α-1,6-fuco-
syltransferase (FUT8) is the sole enzyme responsible for core fucosyla-
tion, which adds α1,6-linked fucose to N-glycans (Wilson, Williams et al.,
1976). Many glycoproteins undergo α1,6-fucosylation, and their bio-
logical functions are regulated by core fucosylation in numerous physi-
ological processes and diseases. This review discusses the pivotal role of
FUT8 in immune system and disease mechanisms, as well as its potential
applications as a novel diagnostic marker and exploration of new ther-
apeutic targets, aiming to advance host-directed therapies for relevant
diseases.
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1. Overview of FUT8 and core fucosylation

FUT8 is a type II membrane protein encoded by the FUT8 gene in
humans (Wilson, Williams et al., 1976). It transfers a fucose residue from
GDP-fucose to the inner GlcNAc portion of N-glycans, forming an α1-6
linkage (Wang, Inoue et al., 2005). Human FUT8 consists of 575 amino
acids and is located on chromosome 14. Structurally and genetically,
FUT8 differs from other α1,2, α1,3, and α1,4 fucosyltransferases
(Yamaguchi, Fujii et al., 1999; Yamaguchi, Ikeda et al., 2000). The
three-dimensional structure of human FUT8 was elucidated in 2007
using recombinant protein expressed in Sf21 cells infected with baculo-
virus (Ihara, Ikeda et al., 2007). According to their studies, FUT8 com-
prises three domains: an N-terminal helical domain, a catalytic domain,
and a C-terminal SH3 domain.

FUT8 is biologically significant, and loss of core fucosylation modi-
fication can lead to growth retardation, emphysema, schizophrenia-like
behaviors, and even death (Fukuda, Hashimoto et al., 2011; Wang,
Inoue et al., 2005). Loss of core fucosylation in brain tissue may also
contribute to cognitive deficits by affecting hippocampal long-term
potentiation (LTP) (Gu, Fukuda et al., 2015). Furthermore, core fucosy-
lation is involved in regulating the function of many glycoproteins. For
example, loss of N-glycan core fucosylation in human IgG1 enhances
ADCC (Ihara, Ikeda et al., 2006; Imai-Nishiya, Mori et al., 2007; Shields,
Lai et al., 2002). Core fucosylation also modulates the function of
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immunoglobulins; for instance, it is essential for antigen recognition in
humoral immune responses through IgG B-cell receptors (Li, Yu et al.,
2015; Okazaki, Shoji-Hosaka et al., 2004), and stability of IgG (Sun, Xu
et al., 2024).

2. The regulatory role of FUT8 and core fucosylation
modification in the immune system

The immune system is a complex network of cells and proteins crucial
for combating internal infections. Vertebrate immune defense systems
consist of two subsystems-innate immunity and adaptive immunity.
When antigens bind to specific receptors on immune system cells, a series
of processes are triggered in the body. Immune receptors, typically
located on cell membranes, recognize pathogens and activate immune
responses. Major immune receptors include pattern recognition receptors
(PRRs), Toll-like receptors (TLRs), killer activation and killer inhibition
receptors (KARs and KIRs), complement receptors, Fc receptors, B-cell
receptors (BCRs), and T-cell receptors (TCRs) (Williams;Wilkins 2007).

Cell surface glycans mediate many receptor-ligand interactions
(Parker & Kohler, 2010). In the immune system, specific cell surface
glycans are crucial for triggering signaling pathways that activate BCRs,
TCRs, and TLRs (Dyken, Green et al., 2007; Grewal, Boton et al., 2006;
Van; Leifer & Medvedev, 2016). Hereafter, we review the critical role of
core fucosylation in these immune receptors and adhesion molecules.
2.1. Core fucosylation modification and BCR

B cells are central to the adaptive humoral immune system, respon-
sible for antigen (Ag) recognition and antibody (Ab) production. The BCR
triggers signaling upon antigen recognition, ultimately leading to B-cell
activation (Hagman, 2009). Blocking FUT8 has been reported to reduce
pre-B cell generation in the bonemarrow, particularly affecting responses
to stromal cells (Li, Ishihara et al., 2008; Li, Liu et al., 2012), highlighting
the critical biological function of FUT8 and core fucosylation in B-cell
development. Further investigation is warranted to determine whether
core fucosylation affects the biological functions of BCR (Fig. 1). Wen
et al. found that core fucosylation mediates antigen recognition by
IgG-BCR and its association with lipid raft drift, facilitating cellular
signaling through BCR and antibody production (Li, Yu et al., 2015).
FUT8mediates early B cell development and functions since the B lineage
genes, such as CD79a, CD79b, Ebf1, and Tcfe2a, were downregulated in
Fut8KO pre-B cells (Li, Ishihara et al., 2008). It is well-known that IgG is
highly core fucosylated, and loss of core fucosylation in IgG enhances
affinity for Fcγ receptors in the Fc region, increasing ADCC mediated by
NK cells (Fig. 1) (Shields, Lai et al., 2002). A recent study indicated that
core fucosylated oligosaccharides in breast milk promote colonization by
specific gut microbes, activating neonatal B cells via BCR-mediated
Fig. 1. Regulation of immune system by FUT8 and core f
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signaling pathways, crucially supporting early gut microbiota forma-
tion and immune system development (Li, Bai et al., 2019). These studies
suggest that core fucosylation regulates humoral immune responses
mediated by BCR, offering new insights into immune system regulation
and potential directions for developing interventions based on core
fucosylation.
2.2. Core fucosylation modification and TCR

T cells play a critical role in defending against intracellular pathogens
such as viruses, parasites, and intracellular bacteria, as well as in assisting
antibody responses against extracellular pathogens. The primary medi-
ator of T-cell activation is the TCR, which consists of two distinct protein
chains (α and β) and recognizes antigen peptides only when presented by
MHC I or MHC II molecules on the cell surface.

Reduced N-glycosylation of TCR chains has been reported to enhance
functional affinity (FA) and T-cell recognition capabilities (Kuball,
Hauptrock et al., 2009), suggesting a unique role for TCR N-glycosylation
in regulating T-cell activation. Notably, TCRs are highly core fucosylated
glycoproteins (Fujii, Shinzaki et al., 2016), and core fucosylation of TCRs
is crucial for T-cell signaling (Fig. 1). For instance, Fut8KO mice develop
milder colitis compared to wild-type (WT) mice, with lower levels of
T-helper cell 1/T-helper cell 2 (Th1/Th2) cytokines produced by Fut8KO
T cells (Fujii, Shinzaki et al., 2016). Researchers have also observed that
TCR complexes from Fut8KO mice fail to signal properly on CD4þ T cells
and do not transfer to lipid raft drifts after activation (Fujii, Shinzaki
et al., 2016). These findings indicate an increased core fucosylation of
TCRs in T cells from intestinal tissues of patients with inflammatory
bowel disease (IBD), suggesting that blocking this process could serve as
a therapeutic strategy. Interestingly, core fucosylation of CD4þ T cells is
significantly increased in patients with systemic lupus erythematosus
(SLE), and Fut8KO OT-II CD4þ T cells show significantly reduced acti-
vation upon major histocompatibility complex II (pMHC-II) presentation
of OVA323-339 on B cells compared to Fut8 WT OT-II CD4þ T cells (Liang,
Mao et al., 2019). While this study suggests a role for core fucosylation of
TCRs in the pathogenesis of SLE, further research is needed to determine
whether core fucosylation serves as a potential novel biomarker with
clinical and therapeutic implications for SLE patients.

Additionally, Wei et al. found that core fucosylation is significantly
upregulated during thymic development from CD4�CD8� (double
negative, DN) to CD4þCD8þ (double positive, DP) transition. Further-
more, they observed that loss of core fucosylation of TCRs in Fut8KO DP
cells leads to reduced phosphorylation of ZAP70 (pZAP70), a cytoplasmic
protein tyrosine kinase critical for initiating antigen receptor-mediated
T-cell responses (Liang, Mao et al., 2019). These studies provide
compelling evidence that core fucosylation regulates TCR development,
response, and signaling in T cells.
ucosylation. The diagram was created using BioRender.
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2.3. Core fucosylation modification and TLRs

The innate immune system provides immediate and effective defense
mechanisms against microbial infections. It promotes inflammatory re-
sponses and plays a role in activating the adaptive immune system to
detect specific antigens. In vertebrates, TLRs are essential components of
the innate immune response and belong to a type I transmembrane
glycoprotein family (Gay & Gangloff, 2007). To date, 13 members of the
mammalian TLR family have been described, categorized into six sub-
families based on functional and sequence characteristics (Roach, Glus-
man et al., 2005).

Fut8KO mice exhibit a lung emphysema-like phenotype similar to
that seen in aged TLR4-deficient mice, suggesting that loss of core
fucosylation affects the TLR4 signaling pathway (Iijima, Kobayashi et al.,
2017). In vivo and in vitro experiments with Fut8KO macrophages stim-
ulated with lipopolysaccharide (LPS) show inhibited production of in-
flammatory cytokines (Nakayama, Wakamatsu et al., 2019). The LPS
receptor complex consists of two interacting receptors, CD14 and TLR4,
along with an associated protein, MD-2 (Calvano, Agnese et al., 2003). As
a member of the TLR family, TLR4 plays a crucial role in the innate
immune response against microbial pathogens and serves as the receptor
for LPS (Beutler, Du et al., 2001; Plociennikowska, Hromada-Judycka
et al., 2015). CD14 is a binding protein for LPS (Wright, Ramos et al.,
1990) and is essential for internalization of TLR4 (Zanoni, Ostuni et al.,
2011). MD-2 binds to the extracellular domain of TLR4 and is considered
part of the TLR4-MD-2 complex that interacts with LPS (Shimazu, Akashi
et al., 1999). Studies indicate that core fucosylation levels of CD14 are
elevated in this LPS receptor complex, and loss of core fucosylation leads
to inadequate binding with the TLR4/MD-2 complex, resulting in
impaired internalization (Iijima, Kobayashi et al., 2017; Nakayama,
Wakamatsu et al., 2019). Since CD14 is essential for TLR2 signaling,
immune responses mediated by TLR2 are also affected in Fut8KO mac-
rophages (Nakayama, Wakamatsu et al., 2019). These findings suggest
that core fucosylation is crucial for CD14-dependent TLR4 and TLR2
signaling in mouse macrophage activity (Fig. 1). However, the mecha-
nisms by which core fucosylation regulates CD14-dependent mem-
brane-bound receptor internalization need further clarification, and
whether core fucosylation affects other TLR signaling pathways remains
unclear.
2.4. Core fucosylation modification and other adhesion molecules

Cell surface antigens, also known as cell markers, serve as unique
identifiers that help classify and identify cells. They are mostly molecules
within the cell membrane. These molecules not only act as markers but
also play crucial functional roles, such as in diagnosing diseases or
guiding treatments. Glycosylation of cell surface proteins is associated
with various important physiological processes, including cell prolifera-
tion, differentiation, migration, intercellular integrity and recognition,
cell-matrix and host-pathogen interactions, immune regulation, and
signal transduction (Varki, 1993).

Extensive research indicate that altered glycosylation patterns on
cancer cell surfaces disrupt cell functions, ultimately leading to their
metastatic and invasive behaviors (Hoja-Lukowicz, Link-Lenczowski
et al., 2013; Julien, Ivetic et al., 2011; Kim, Ahn et al., 2012; Liu, Lin
et al., 2010; Wei, Liu et al., 2012). Increased levels of core fucosylation
and associated FUT8 gene expression appear to be critical factors in most
cancers (Abbott, Nairn et al., 2008; Chrostek & Cylwik, 2011; Hutch-
inson, Du et al., 1991; Osumi, Takahashi et al., 2009; Potapenko, Haa-
kensen et al., 2010). Various studies have identified the role of core
fucosylation in E-cadherin-dependent adhesion, as both are increased in
cancer tissues (Hanski, Klussmann et al., 1996; Osumi, Takahashi et al.,
2009). E-cadherin is one of the most important molecules for intercel-
lular adhesion in epithelial tissues. It is located on the surface of
epithelial cells and is a crucial component of tight junctions essential for
3

cell adhesion and maintaining epithelial phenotype (Gumbiner, 1996).
Research by Hu et al. suggests that core fucosylation of E-cadherin reg-
ulates the accumulation of nuclear β-catenin in lung cancer cells (Hu, Shi
et al., 2008). Nuclear accumulation of β-catenin increases the transcrip-
tion of many oncogenes including c-Myc and cyclin D-1, leading to
various diseases including cancer (Morin, 1999). Transfection of Fut8
into Fut8KO mouse renal epithelial cells restores the expression of
E-cadherin and E-cadherin-dependent intercellular adhesion (Osumi,
Takahashi et al., 2009), indicating that core fucosylation plays a crucial
role in regulating intercellular adhesion in cancer (Fig. 1).

A recent study showed that FUT8 deficiency inhibited migration of
MCF-7 cells through modulation of core fucosylation of E-cadherin and
downstream FAK/integrin signaling pathways (Liu, Gao et al., 2019).
FAK regulates breast cancer stem cells and breast cancer through integrin
signaling (Guan, 2010). Thus, FUT8 serves as a potential biomarker for
cancer detection and treatment. FUT8 deficiency not only inhibits
adhesion, migration, and invasion of cancer cells but also enhances
anti-tumor immune responses. For instance, loss of core fucosylation
downregulates cell surface expression of PD-1 (programmed cell death 1)
and promotes T cell activation, leading to more effective tumor clearance
(Okada, Chikuma et al., 2017). PD-1 is highly expressed on exhausted T
cells and inhibits T cell activation (Fig. 1) (Ahmadzadeh, Johnson et al.,
2009). Core fucosylation of PD-1 is necessary for its proper surface
expression, stability, and ligand binding (Okada, Chikuma et al., 2017),
although the precise biochemical mechanisms by which core fucosyla-
tion affects PD-1 structure and function require further study for
clarification.
2.5. Core fucosylation modification and IgG

Recent advances in the study of glycosylation have highlighted the
crucial role of IgG glycosylation (such as core fucosylation, gal-
actosylation and sialylation) in modulating the function of IgG and its
impact on immune responses, particularly in the context of viral and
bacterial infections (Fig. 2). Core fucosylation is a key regulator of IgG-
mediated immune responses, and its alteration has significant implica-
tions for both disease progression and therapeutic interventions. Several
studies have demonstrated that the absence of core fucosylation (afuco-
sylation) enhances IgG's binding affinity to the FcγRIIIa receptor, a key
receptor involved in ADCC.

Wang et al. (2017) provided evidence linking afucosylated IgG with
increased disease severity in Dengue viral infection, showing that
enhanced FcγRIIIa binding leads to more robust immune activation and
tissue damage (Wang, Sewatanon et al., 2017). Similarly, studies on
COVID-19 have highlighted that the IgG antibodies from patients with
severe COVID-19 exhibited proinflammatory Fc structures, with reduced
fucosylation contributing to increased inflammation and disease severity
(Chakraborty, Gonzalez et al., 2021; Hoepel, Chen et al., 2021). Larsen
et al. further confirmed that afucosylated IgG is a marker of severe
COVID-19, highlighting its role in modulating viral immune responses
(Larsen, de Graaf et al., 2021). These findings underline the importance
of core fucosylation in regulating the immune response during viral
infections.

In the context of COVID-19, altered glycosylation at the time of
diagnosis has been found to predict disease severity, suggesting a po-
tential role of glycosylation as a biomarker for disease progression
(Vicente, Alves et al., 2022). Furthermore, novel synthetic nanobodies
have been developed to distinguish different IgG Fc glycoforms,
providing a valuable tool for future research on antibody glycosylation
(Kao, Gupta et al., 2022).

Mechanistic and structural insights are crucial for understanding how
alterations in core-fucosylation impact protein functions, especially in
the immune system. Continued research into the mechanistic and
structural impacts of fucosylation on IgG function will be critical for
developing targeted treatments and vaccines for viral infections.



Fig. 2. Role of IgG glycosylation (such as core fucosylation or galactosylation modification) in modulating the function of IgG and its impact on immune
responses. ADCP: antibody-dependent cellular phagocytosis. ADCC: antibody-dependent cell-mediated cytotoxicity; CDC: complement-dependent cytotoxicity.
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3. Core fucosylation modification and diseases

3.1. Core fucosylation modification and cancer

Aberrant fucosylation is one of the most important oligosaccharide
modifications in cancer and inflammation, often dysregulated by altered
expression of fucosyltransferases (Dube & Bertozzi, 2005; Miyoshi,
Moriwaki et al., 2008; Pinho & Reis, 2015; Reily, Stewart et al., 2019;
Scott, Elliott et al., 2020). FUT8 has been shown to be upregulated in
various cancers, including lung cancer (Chen, Jan et al., 2013; Wang,
Inoue et al., 2005), hepatocellular carcinoma (Cheng, Gao et al., 2016;
Noda, Miyoshi et al., 1998; Noda, Okayama et al., 2018), colorectal
cancer (Osumi, Takahashi et al., 2009), ovarian cancer (Lv, Song et al.,
2019), prostate cancer (Wang, Chen et al., 2014), breast cancer (Tu, Wu
et al., 2017), melanoma (Agrawal, Fontanals-Cirera et al., 2017), thyroid
cancer (Ito, Miyauchi et al., 2003), and pancreatic cancer (Tada, Ohta
et al., 2020). Moreover, FUT8 correlates with patient prognosis and is
considered a prognostic biomarker for lung cancer (Honma, Kinoshita
et al., 2015), colorectal cancer (Noda, Okayama et al., 2018), and pros-
tate cancer (Scott & Munkley, 2019). Regulatory mechanisms for the
upregulation of FUT8 across multiple cancer types include several
pathways: (1) modulation of PD-1 expression (Okada, Chikuma et al.,
2017), (2) alteration of ADCC (Pereira, Chan et al., 2018), and (3)
regulation of transforming growth factor β1 receptor (TGF-β), epidermal
growth factor receptor (EGFR) (Matsumoto, Yokote et al., 2008), α3β1
integrin (Zhao, Itoh et al., 2006), and E-cadherin (Hu, Shi et al., 2008).
Based on these findings, FUT8 is considered a promising drug target for
various cancer types. Additionally, highly core fucosylated glycoproteins
such as α-fetoprotein show significant potential as cancer biomarkers but
are less pronounced in other liver diseases (Aoyagi, Isokawa et al., 1998;
Aoyagi, Suzuki et al., 1988; Miyoshi, Moriwaki et al., 2012). Other core
fucosylated glycoproteins, such as E-cadherin and Cancer antigen 125
(CA-125), have also been identified as potential cancer biomarkers based
on their levels of core fucosylation (Geng, Shi et al., 2004; Shao, Sokolik
et al., 1994).

3.2. Core fucosylation modification and infectious diseases

As intracellular parasites dependent on host cell protein synthesis
machinery, viruses' survival is closely linked to host cell processes
essential for regulating virus replication. It has been reported that in-
fections from various virus families lead to modifications in host cell
glycosylation profiles, involving mechanisms that activate host cell gly-
cosyltransferase transcription (Cebulla, Miller et al., 2000; Norden,
Nystrom et al., 2013; Nystrom, Grahn et al., 2007; Nystrom, Norden
et al., 2009; Papic, Maxwell et al., 2012). Increasing evidence suggests
that various virus infections alter the glycosylation profile of infected
cells by upregulating specific host cell FUT8 expression, such as hepatitis
C virus (HCV) (Xiang, Yang et al., 2017, Li, Liu et al., 2019), hepatitis B
4

virus (HBV) (Takamatsu, Shimomura et al., 2016), and human papillo-
mavirus (HPV) (Xu, Shi et al., 2024). Recently we found that
HCV-induced FUT8 causes 5-FU drug resistance in human hepatoma
Huh7.5.1 cells (Li, Liu, et al., 2019), and EGFR core fucosylation, induced
by HCV, promotes TRIM40-mediated-RIG-I ubiquitination and sup-
presses interferon-I antiviral defenses (Pan, Xie et al., 2024). Further-
more, elevated FUT8 expression enhances cellular susceptibility to HBV,
sustaining long-term infection states (Takamatsu, Shimomura et al.,
2016). A genetic variation (SNP rs4131564) in FUT8 is associated with
accelerated HIV-1 disease progression, indicating the significance of
N-glycan fucosylation despite no clear in vitro effects on the immune
system or HIV-1 replication (van Pul, Maurer et al., 2023).

These findings provide new perspectives on the mechanisms of viral
infection, and FUT8 may serve as a potential target for developing novel
therapeutic strategies against viral infections. Understanding the inter-
action between viral infection and host cell FUT8 could improve our
understanding of viral pathogenic mechanisms and potentially lead to
new interventions to control the occurrence and progression of viral
infections.

3.3. FUT8 and neurological disorders

Mutations in human FUT8 lead to a rare genetic metabolic disorder
known as FUT8-CDG (FUT8-Congenital Disorder of Glycosylation) (Ng,
Xu et al., 2018). FUT8-CDG is a severe disease primarily affecting the
nervous system: common symptoms include seizures, hypotonia, devel-
opmental delay, and intellectual disabilities. Difficulty feedingmay result
in failure to thrive, and patients often exhibit slow growth rates (Ng, Xu
et al., 2018). Some patients are severely affected by the disease and may
die in early childhood, similar to symptoms observed in Fut8 gene
knockout mice (Ng, Xu et al., 2018). To date, there are no FDA-approved
treatment options for FUT8-CDG. Treatment aims to manage symptoms
and prevent complications. Oral supplementation with dietary sugar
L-fucose has led to clinical symptom improvement in severely affected
twins with FUT8-CDG, although this has not been formally studied in
clinical trials (Park, Reunert et al., 2020). Recent study also showed that
exogenous L-fucose suppressed neuroinflammation (Xu, Fukuda et al.,
2024), which might be closely related to mental disorder. Studies have
shown that core fucosylation and FUT8 expression are significantly
increased in serum samples from epilepsy and refractory epilepsy pa-
tients. Serum FUT8 has been found to have potential value in predicting
refractory epilepsy (Tudor, Nedic Erjavec et al., 2023). Additionally,
research has found that Fut8 deficiency affects the proliferation and
neuronal differentiation of adult neural stem/progenitor cells (aNSPCs)
and impairs learning and memory in mice. Furthermore, Fut8 regulates
adult neurogenesis through the PI3K/Akt signaling pathway (Guo, Sun
et al., 2024). Elevated serum FUT8 levels are significantly associatedwith
an increased risk of early Parkinson's disease-related symptoms, sug-
gesting that serum FUT8 could serve as a potential biomarker for the
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early detection of Parkinson's disease (Wang, Yu et al., 2024). These
findings provide new perspectives for understanding adult neurogenesis.

3.4. FUT8 and autoimmune diseases

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease
affecting various organs, particularly the skin, joints, blood, kidneys, and
central nervous system. Studies have found significantly increased core
fucosylation of CD4þ T cells in SLE patients (Liang, Mao et al., 2018).
Through Fut8 deficiency, CD4þ T cell activation is reduced, and experi-
mental autoimmune encephalomyelitis induction syndrome in Fut8KO
mice improves (Liang, Mao et al., 2018). Moreover, Fut8KO CD4þ T cells
exhibit significantly reduced T cell activation, and phosphorylation of
ZAP-70 in Fut8 WT CD4þ T cells is influenced by core fucosylation levels
(Liang, Mao et al., 2018). These results suggest that core fucosylation is
crucial for efficient TCR-pMHC-II contact in CD4þ T cell activation and
excessive core fucosylation may serve as a potential new biomarker in
serum of SLE patients.

Ulcerative colitis (UC) is considered an autoimmune and inflamma-
tory bowel disease. Recent research indicates that core fucosylation of
mucins increases mucin viscosity and resistance to shear stress, with
elevated mucin levels and FUT8 levels in UC patients (Cantero-Recasens,
Burballa et al., 2022). The study demonstrates that FUT8 overexpression
increases secretion of specific mucins (MUC1, MUC2, and MUC5AC) and
makes these mucins more difficult to remove from the cell surface. Fut8
deficiency leads to intracellular accumulation of MUC1 and alters the
secretion ratio of MUC2 to MUC5AC (Cantero-Recasens, Burballa et al.,
2022). These findings align with phenotypes observed in Fut8KO mice,
which are protected from UC effects (Fujii, Shinzaki et al., 2016). The
study reveals that FUT8 changes the biophysical properties of mucin by
regulating cell surface levels of MUC1 and secretion of MUC2 and
MUC5AC, suggesting these changes may promote interactions between
bacteria and epithelial cells, leading to inflammation and progression of
UC.
Fig. 3. GDP-Fucose biosynthesis, FUT8 catalytic reaction and inhibition of core
mechanisms by which 2FF, FDW028, and Compound 15 inhibit core fucosylation. The
and salvage pathways, as well as the catalytic reaction of FUT8. 2FF interferes with th
of FUT8. The chemical structures of the inhibitors are displayed, highlighting their r
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4. FUT8 inhibitors

2-Fluoro-L-fucose (2FF) is a specific fucose analog that acts by dis-
rupting fucosylation processes (Fig. 3) (Okeley, Alley et al., 2013). It can
easily enter cells and is metabolically converted into the corresponding
donor substrate mimic GDP-2FF. Accumulation of GDP-2FF in cells in-
hibits the formation of natural GDP-Fucose, thereby blocking the de novo
pathway of GDP-Fucose synthesis (Rillahan, Antonopoulos et al., 2012).
Due to the accumulation of GDP-2FF, fucosylation on the cell surface is
significantly inhibited (Dumont, Lehner et al., 2015). Therefore, 2FF has
been used to reduce cell surface fucosylation, such as Lewis antigens in
colon cancer cells and core fucosylation blockade in HL-60 cells.

FDW028 is a potent and selective inhibitor targeting FUT8 (Fig. 3)
(Wang, Zhang et al., 2023). It interacts with specific sites on the FUT8
protein through hydrogen bonds and π-cation/π-anion interactions,
thereby inhibiting FUT8 activity. In vitro experiments have demon-
strated that FDW028 interacts with FUT8 in a dose-dependent manner
with high ligand binding affinity, showing promising inhibitory effects
(Wang, Zhang et al., 2023). Further research indicates that FDW028
stabilizes the structure of the FUT8 protein, increases its melting tem-
perature, and thereby sustainably inhibits FUT8 activity in cells (Wang,
Zhang et al., 2023). Pull-down experiments have confirmed the specific
binding capacity of FDW028 to FUT8, highlighting its selective action on
FUT8 (Wang, Zhang et al., 2023).

Recently, researchers used virtual screening and chemical optimiza-
tion to identify novel FUT8 inhibitors, leading to the discovery of com-
pound 15, which has a unique chemical structure and demonstrated in
vitro antitumor activity (Lv, Zhang et al., 2024). Chemical pulldown
experiments and binding assays confirmed that compound 15 selectively
binds to FUT8. In vivo studies showed that compound 15 has promising
anti-colorectal cancer (CRC) effects in SW480 xenografts, supporting its
potential for CRC treatment (Lv, Zhang et al., 2024).

In summary, small molecule inhibitors of core fucosylation such as
2FF, FDW028 and compound 15 have been shown to inhibit proliferation
fucosylation by 2FF, FDW028 and compound 15. This figure illustrates the
figure also shows the biosynthetic pathways of GDP-fucose through the de novo
e salvage pathway, while FDW028 and Compound 15 block the catalytic activity
oles in disrupting core fucosylation. The diagram was created using BioRender.
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of tumor cells in liver cancer (Zhou, Fukuda et al., 2017), pancreatic
cancer (Liang, Fukuda et al., 2021), colorectal cancer (Lv, Zhang et al.,
2024)., and others (Wang, Zhang et al., 2023). However, further research
and clinical validation are needed to determine their successful appli-
cation in the treatment of FUT8-related diseases. As understanding of
their mechanisms of action in vivo deepens and comprehensive evalua-
tions of their safety and efficacy are conducted, their potential uses in
FUT8-related therapies can be established.

5. Conclusion and perspectives

Core fucosylation is an essential form of glycosylation that involves
the addition and modification of sugar chains, playing a crucial role in
the function and stability of proteins. Within cells, core fucosylation
functions by regulating the activation of various signaling pathways and
the binding affinity of glycoprotein ligands.

This article explores the role of core fucosylation in the regulation of
immune system function, disease progression, and treatment. However,
the precise structural changes induced by the presence or absence of core
fucosylation, and how these changes affect downstream processes, are
still not fully understood. Gaining a deeper understanding of these
structural and mechanistic insights will be crucial for developing thera-
peutic strategies targeting core fucosylation. For example, therapies that
modulate core fucosylation in glycoproteins could potentially be used to
enhance immune responses in diseases like cancer and viral infections.
Additionally, investigating how core fucosylation affects glycoprotein
stability, trafficking, and degradation could provide valuable information
for designing new biopharmaceuticals.

In summary, core fucosylation plays an important role in cellular
signal regulation and immune responses. Through in-depth research and
exploration, we can better understand the mechanisms of core fucosy-
lation, providing new ideas and methods for disease prevention, diag-
nosis, and treatment, thereby contributing more significantly to human
health.
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