Journal of Contemporary Medical Practice (JCMP)

ISSN: 2006-2745

DOI 10.534697jcmp.2025.07(03).21

O-GIcNAcylation in Hepatocellular Carcinoma:
Mechanisms and Implications

Qiujin Zhang, Liang Song*

The Second Clinical Medicine College, Shaanxi University of Chinese Medicine, Xianyang 712046, Shaanxi, China
*Correspondence Author

Abstract: Hepatocellular carcinoma (HCC), a highly lethal primary liver malignancy, predominantly arises from chronic liver disease or
cirrhosis. Most patients are diagnosed at advanced stage with limited therapeutic efficacy, which are closely related to its complex
pathogenesis. O-GIcNAcylation is a dynamic post-translational modification (PTM) orchestrated by O-GIcNAc transferase (OGT) and
O-GIcNAcase (OGA), regulates protein stability, transcriptional activity, and subcellular localization, thereby exacerbating tumor
progression, immune evasion, and therapeutic resistance. Emerging evidence highlights the hyperactivation of O-GlcNAcylation in HCC,
suggesting its potential as a diagnostic biomarker and therapeutic target. This review systematically summarizes the mechanisms
underlying aberrant O-GIcNAcylation in HCC pathogenesis and explores its translational implications for precision oncology, providing a
foundation for future research aimed at developing novel therapeutic strategies.
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1. Introduction

HCC is the fourth most common malignant tumor in China
and ranks sixth in incidence and fourth in mortality worldwide
among cancers [1,2]. Its main risk factors include chronic
hepatitis B (HBV) and hepatitis C (HCV), non-alcoholic fatty
liver disease (NAFLD), alcohol addiction, and dietary toxins
such as aflatoxin and aristolochic acid [3]. Currently, radical
treatments for HCC include surgical resection, radiofrequency
ablation, and liver transplantation. However, only a small
proportion of patients are eligible for radical treatment, as
most are diagnosed at advanced stages with poor therapeutic
outcomes [4]. Additionally, patients undergoing radical
treatment face a high rate of postoperative recurrence and
metastasis, with a 3-year recurrence rate of approximately 50%
and a 5-year recurrence rate of about 70%, which is the
primary reason for the high mortality rate of HCC [5].
Therefore, in-depth research into the molecular mechanisms
of HCC pathogenesis is crucial for overcoming current
treatment challenges and improving prognosis.

O-GlcNAcylation is a dynamic and reversible PTM regulated
by OGT and OGA. It is sensitive to cellular metabolic states
and control of protein stability, transcriptional activity, and
subcellular localization, playing a significant role in
tumorigenesis, immune evasion, and therapy resistance [6].
Previous studies have shown that FOXA1 O-GlcNAcylation
enhances its binding to chromatin, suppresses adhesion-
related gene expression, and promotes breast cancer
metastasis [7]. Keratin 18 (K18) is significantly upregulated
in  cholangiocarcinoma cells, and site-specific O
-GlcNAcylation of K18 on Ser 30 stabilizes K18 promotes
cholangiocarcinoma cell proliferation by regulating the
expression of cell cycle checkpoint proteins [4].
O-GIcNAcylation of MITF on Ser 49 facilitates its nuclear
translocation, thereby promoting resistance to CDK4/6
inhibitors in breast cancer cells through the regulation of
senescence signaling [8].

In addition, O-GIcNAcylation has been shown to play an
important role in the progression of HCC, although its specific
mechanisms remain to be further elucidated. This review aims

to systematically elucidate the molecular mechanisms by
which O-GIcNAcylation promotes the development and
progression of HCC, providing new theoretical insights and
potential therapeutic targets for the prevention and treatment
of HCC.

2. Basic Functions of O-GIcNAcylation

O-GIcNAcylation is a non-canonical PTM that attaches to
serine or threonine residues of cytoplasmic, nuclear, and
mitochondrial proteins. It integrates glucose, fatty acid, amino
acid, and nucleotide metabolism to provide the material
source for O-GIcNAcylation, utilizing uridine diphosphate
N-acetylglucosamine (UDP-GIcNAC) as a substrate through
the hexosamine biosynthetic pathway (HBP). As it responds
to cellular stimuli such as hypoxia and nutrient deprivation, it
is referred to as a nutrient and stress sensor. O-GIlcNAcylation
regulates cellular  processes including transcription,
translation, signal transduction, protein interactions, and
subcellular localization, maintaining normal cellular
physiological functions [9]. Its regulation is characterized by
rapid and dynamic reversibility, with OGT installs O-GIcNAc
onto target proteins and OGA removes O-GIcNAc [10].
Additionally, O-GIcNAcylation of some substrate proteins
can exhibit crosstalk with phosphorylation [11]

Recent studies have shown that dysregulation of
O-GIcNAcylation is closely associated with the development
of HCC, involving the activation of oncogenes, mechanisms
of cell proliferation and apoptosis, inflammation-to-cancer
transformation, remodeling of the tumor microenvironment,
and tumor metabolic reprogramming. Therefore, a deeper
understanding of the specific mechanisms by which
O-GIcNAcylation contributes to the development and
progression of HCC is of significant importance for
identifying new therapeutic targets for HCC treatment.

3. O-GIcNAcylation in the Activation of HCC
3.1 O-GlcNAcylation in the Oncogene Activation of HCC

Cancer development is typically the result of multi-step
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genetic mutations. These mutations may lead to uncontrolled
cell growth, abnormal expression or dysregulation of enzyme
activity in cell differentiation pathways, or suppression of
negative cell cycle regulators, thereby promoting tumor
formation. The development of HCC is associated with the
activation of oncogenes or inactivation of tumor suppressor
genes triggered by various endogenous or exogenous stimuli.

Receptor for Activated C Kinase 1 (RACK1) is a classical
scaffold protein for multiple kinases and receptors, widely
involved in biological responses, and exists in both ribosomal
and non-ribosomal binding forms [12, 13]. O-GIcNAcylation
of RACK1 at the S122 site on ribosomes enhances the
stability of ribosomal proteins and promotes the
phosphorylation of eukaryotic initiation factor 4E (elF4E),
thereby driving the translation of oncogenes and the
development of HCC [13]. Additionally, 5-fluorouracil
upregulates the O-GIcNAcylation level of RACK1 in HCC,
while mTOR inhibitors downregulate O-GlcNAcylation level
[14]. Therefore, targeting the O-GIcNAcylation of RACK1
may suppress the activation of oncogenes and reverse HCC
progression, offering a potential strategy for HCC treatment.

3.2  O-GlcNAcylation  in
Transformation of HCC

Inflammation-to-Cancer

The inflammation-to-cancer transformation is a critical
mechanism promoting the development and progression of
HCC. Chronic hepatitis B and Chronic hepatitis C contribute
to HCC occurrence through the “hepatitis-cirrhosis-liver
cancer” pathway. Studies have shown that O-GIcNAcylation
plays a significant role in the progression of HCC induced by
chronic HBV and HCV infections. However, the molecular
mechanisms underlying their carcinogenic effects differ

Studies have shown that individuals infected with HBV have
a 200-fold higher risk of developing HCC compared to
uninfected individuals [15]. HBV infection upregulates the
expression of glucose transporter 1 (GLUT1), promoting
glucose uptake, and increases the protein stability of SAM
domain and HD domain-containing protein 1 (SAMHD1)
through O-GIcNAcylation, enhancing its anti-HBV activity
[15]. However, this protective mechanism is not long-lasting.
Persistent overexpression of the HBV X protein (HBX)
upregulates YAP in HCC and further promotes HCC
development by activating the YAP promoter [16].
Additionally, after HBV infection, O-GlcNAcylation of
YTHDF2 significantly increases, inhibiting its ubiquitination-
mediated degradation and enhancing its protein stability and
oncogenic activity. Targeting YTHDF2 can significantly
suppress tumor growth and progression by downregulating
MCM2 and MCMS5 [17].

HCYV is another significant risk factor for HCC, with a 5-year
tumor incidence rate of 7% and a 10-year incidence rate of
14%. The prognosis of HCV infection is closely related to
tumor stage and liver function, affecting tolerance to invasive
treatments [18]. HCV RNA-encoded proteins can modulate
signaling pathways such as Wnt, Ras/MAPK, p53,
JAK-STAT, and PI3K-AKT, thereby regulating cell cycle,
proliferation, and apoptosis, and influencing the development
and progression of HCC [19]. Recent studies have found that
certain microRNAS, such as miR-501-3p and miR-619-3p,

upregulate O-GIcNAcylation -related proteins by regulating
OGT expression, altering HCV morphology and infectivity,
inducing hepatocyte degeneration and necrosis, and driving
the progression of liver fibrosis to HCC [20]. However,
current research on the role of O-GIcNAcylation in HCC
development through the regulation of HCV infection is
limited, and its specific mechanisms require further
exploration.

In addition, O-GIcNAcylation plays a significant role in the
development of NASH-HCC, with its key mechanism closely
linked to metabolic disorders that activate endoplasmic
reticulum (ER) stress and induce inflammatory signaling
pathways. Overexpression of OGT in the liver increases
intracellular palmitic acid levels, activates ER stress, and
subsequently promotes HCC development by activating
oncogenic signaling cascades such as JNK/c-Jun/AP1 and
NF-kB [21]. Furthermore, OGT enhances ER stress through
the dual activation of JNK/c-Jun/AP1 and NF-«xB signaling
cascades, leading to sustained lipotoxicity and HCC
progression [22]. Additionally, O-GIcNAcylation suppresses
the expression and stability of RIPK3 protein [23], weakening
its inhibitory effects on Caspase-8 cleavage and JNK
activation, thereby removing restrictions on cell proliferation
and promoting HCC development [24].

In summary, O-GIcNAcylation plays a multifaceted and
critical role in driving the development of Chronic hepatitis B ,
Chronic hepatitis C and NASH, ultimately promoting the
formation of HCC. This further underscores that
O-GIcNAcylation serves as a crucial bridge connecting
chronic liver diseases to the onset of HCC.

3.3 O-GlcNAcylation in the Proliferation and Growth of
HCC

The proliferation of HCC cells and tumor growth are
regulated by multiple molecular pathways, including the
epidermal growth factor receptor (EGFR) pathway associated
with cell proliferation, the SIX1 pathway related to metabolic
reprogramming, the Hippo pathway, the mTOR pathway, and
the nuclear transcription factor activator protein-1 (AP-1).
These pathways are all modulated by O-GlcNAcylation.

The epidermal growth factor receptor (EGFR) maintains cell
growth, proliferation, and survival [25]. O-GIcNAcylation
enhances EGFR signaling by promoting the ubiquitination
and degradation of hepatocyte growth factor-regulated
tyrosine kinase substrate (HGS), thereby facilitating the
development and progression of HCC [26]. SIX1, a key
transcription factor in the Warburg effect of cancer, mediates
metabolic reprogramming in tumor cells by increasing
O-GIcNAcylation levels and inhibiting its ubiquitination -
dependent degradation, promoting HCC progression [27].
Additionally, a positive feedback regulatory relationship
exists between SIX1 and O-GIcNAcylation in HCC [28]. The
Hippo pathway negatively regulates tumor growth, and YAP,
a downstream oncogenic transcriptional regulator of this
pathway, undergoes O-GIcNAcylation at Thr241 under high
glucose conditions, which enhances its stability by inhibiting
phosphorylation and ubiquitin-mediated degradation, thereby
promoting HCC development [29]. Beyond its role in lipid
accumulation, fatty acid synthase (FASN) also activates
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mitogenic PI3K/AKT signaling and G protein-coupled
receptors [30]. The mTOR pathway, a central regulator
responsive to growth factors and hormones, is frequently
hyperactivated in cancer [31]. The interaction between OGT
and FASN plays a dominant role in cell proliferation, with
their regulatory mechanisms linked to the strength of their
interaction, which intensifies during the G1 phase, weakens in
the S phase, and re-intensifies in the G2 phase. Moreover,
increased OGT activity promotes mTOR pathway activation,
further enhancing FASN expression. Concurrently, FASN
accumulation and reduced OGA activity drive mTOR
activation, creating a positive feedback loop that increases
FASN protein levels, closely associated with HCC cell
adhesion, migration, and proliferation [32].

However, high levels of O-GlcNAcylation can induce
ferroptosis, which may represent a promising strategy for
HCC treatment. Ferroptosis, a tumor suppression mechanism,
can be triggered by glutathione peroxidase 4 inhibitors such as
RSL3. In HCC, O-GIcNAcylation significantly enhances the
sensitivity of HCC cells to RSL3-induced ferroptosis. This
mechanism is associated with O-GlcNAcylation promoting
the binding of YAP to the promoter region of the transferrin
receptor (TFRC), upregulating TFRC mRNA expression, and
thereby increasing iron uptake and ferroptosis sensitivity in
HCC cells [33].

In summary, O-GlcNAcylation plays a dual role in HCC,
acting both as a pro-tumor factor and a potential therapeutic
target. Therefore, in-depth research into its specific
mechanisms across different pathways will provide new
insights and strategies for the precision treatment of HCC.

4. O-GIcNAcylation in the Metastasis and

Invasion of HCC

HCC metastasis is a major cause of patient mortality and
involves multiple signaling pathways. Therefore, elucidating
the key molecular mechanisms underlying HCC metastasis is
crucial for developing new therapies, improving patient
outcomes, and advancing cancer research.

Forkhead Box Protein A2(FOXA2) is a transcriptional
repressor in the epithelial-to-mesenchymal transition (EMT)
process and can inhibit HCC metastasis [34]. However,
O-GIcNAcylation of FOXA2 promotes its ubiquitination and
degradation, downregulating FOXA2 levels and further
suppressing  E-cadherin  gene transcription, thereby
facilitating HCC metastasis [35]. Additionally, FOXAZ2 is a
direct transcriptional activator of GFPT1, the rate-limiting
enzyme of the HBP, and upregulates GFPT1 to increase
intracellular O-GIcNAcylation levels. Moreover, FOXA2
inhibits apoptosis by promoting O-GIcNAcylation of NF-xB
and STAT3, two apoptosis-related proteins [36]. Metabolic
reprogramming is a hallmark of cancer. Tumor cells enhance
aerobic glycolysis to promote HCC invasion and metastasis
[37], while gluconeogenesis exerts tumor-suppressive effects
in HCC by antagonizing glycolysis [38]. In HCC, the
downregulation of phosphoenolpyruvate carboxykinase 1
(PCK1), a key gluconeogenic enzyme, promotes
tumorigenesis by increasing O-GIcNAcylation levels. PCK1
knockdown enhances O-GIcNAcylation of CHK2 at Thr378,
promoting CHK2-dependent Rb phosphorylation and HCC
cell proliferation [39]. Furthermore, PCKZ1 depletion

increases O-GIcNAcylation, inhibits KAT5 ubiquitination,
activates TWIST1 expression, and enhances MMP9 and
MMP14 expression through c-Myc acetylation, thereby
promoting EMT and lung metastasis in HCC [40].

In summary, O-GlcNAcylation of FOXA2, CHK2, and KAT5
plays a crucial role in the metastasis and metabolic regulation
of HCC, revealing the complex mechanisms underlying tumor
progression and offering potential therapeutic targets for HCC
treatment.

5. Conclusion

This review summarizes recent advances in the molecular
mechanisms of O-GIcNAcylation in the development and
progression of HCC. O-GlcNAcylation promotes the
occurrence and progression of HCC by participating in the
activation of oncogenes, inflammation-to-cancer
transformation, multiple oncogenic pathways, metabolic
dysregulation, and metastasis-related signaling pathways.
However, targeting the activation of O-GIcNAcylation at
T241 of YAP to induce ferroptosis may represent a promising
strategy for HCC treatment. This highlights the diversity,
breadth, and multidimensionality of O-GIcNAcylation
regulation. O-GIcNAcylation plays a critical role at different
stages of HCC development and progression. However, these
stages are not independent; they interact with each other,
collectively forming a complex regulatory network that
governs the initiation and progression of HCC.

Currently, it is believed that the development of HCC
primarily results from genetic susceptibility combined with
various external and internal stimuli, which activate multiple
oncogenic signaling pathways, such as inflammation,
metabolism, and immunity, to promote HCC progression.
Recent studies have shown that metabolic reprogramming
plays a critical role in HCC, as tumor cells alter metabolic
pathways and patterns to obtain energy and biosynthetic
materials, supporting their rapid proliferation, invasion, and
metastasis [41]. Additionally, circadian rhythm disruption,
cell cycle imbalance, gut microbiota dyshiosis, and hormonal
disturbances have also been demonstrated to contribute to the
development and progression of HCC [42-44].

In recent years, immune checkpoint inhibitor (ICI) therapies
have significantly improved the prognosis of patients with
advanced HCC [45]. Among these, neoadjuvant
chemotherapy regimens have increased surgical resection
rates, reduced recurrence rates, and thereby enhanced
long-term survival rates for patients [46] However, although
approximately 30% of patients achieve a median overall
survival of over 60 months after early curative treatments
such as resection, liver transplantation, or local ablation, up to
70% of patients experience disease recurrence within 5 years
post-surgery. Given the extensive involvement and critical
role of O-GIcNAcylation in the development and progression
of HCC, targeting key proteins involved in O-GIcNAcylation
or combining such strategies with existing HCC treatments
may provide new insights and clinical value in addressing
current therapeutic challenges in HCC.
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