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Introduction

Hepatocellular carcinoma (HCC) stands among the deadliest
cancers worldwide, and part of its resilience lies in its ability
to manipulate the immune system. Within the tumour
microenvironment (TME), regulatory T cells (Tregs) characterized
by the markers CD4+CD25+FoxP3+ play a paradoxical role. While
they are vital for maintaining immune balance under normal
conditions, in the context of HCC, they suppress anti-tumour
responses, helping the cancer evade immune detection. Tregs show
significant potential as both diagnostic and prognostic markers.
However, targeting them for therapy remains a complex endeavour.
In this piece, I explore how a deeper understanding of Tregs could
reshape the clinical management of HCC, while acknowledging
the challenges posed by their dual roles

The Role of Treg Cells in HCC: Immunosuppression at the
Core

Tregs compromise the body’s anti-tumour defences by inhibiting
cytotoxic T lymphocytes (especially CD8+ cells) and releasing
immunosuppressive cytokines such as IL-10 and TGF-p. In patients
with HCC, increased infiltration of Tregs within tumours has
been associated with more advanced disease and poorer survival
outcomes [1]. Their presence, marked by high FoxP3 expression,
facilitates immune escape mechanisms that allow tumours to grow
unchecked. This duality being protective in autoimmune diseases
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but harmful in cancer makes them a difficult yet intriguing target
for therapy. I believe that a detailed understanding of Treg function
is essential for leveraging their potential in HCC treatment

Tregs as Diagnostic Biomarkers: Unlocking Non-Invasive
Detection

Tregs may serve as early indicators of HCC. Research shows
that Treg levels in peripheral blood can help distinguish HCC
patients from those suffering from chronic liver conditions [2].
Moreover, the identification of Treg-associated gene signatures
and cytokines, like IL-10, might offer non-invasive tools for early
diagnosis especially in high-risk groups such as individuals with
hepatitis B or liver cirrhosis. While techniques like flow cytometry
and immunohistochemistry remain standard for measuring Tregs,
emerging liquid biopsy methods may pave the way for routine
clinical use. I propose that incorporating Treg-based markers into
regular screening protocols could significantly improve early HCC
detection, though ensuring their specificity remains a key hurdle.

Prognostic Relevance: A Window into Patient Outcomes

Treg levels don’t just assist in diagnosis they also offer valuable
prognostic insight. High numbers of Tregs within the tumour are
associated with reduced overall survival and disease-free survival
[3]. Even more telling is the ratio of Tregs to CD8+ T cells: a high
ratio strongly predicts poor outcomes [4]. Treg levels may also
signal resistance to immunotherapies like checkpoint inhibitors,
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adding another layer of complexity to treatment planning. I
suggest that routinely assessing Treg levels alongside traditional
markers like AFP could help stratify patients more effectively and
tailor therapies although further research is needed to account for
variations in HCC caused by different underlying liver diseases.

Therapeutic Potential and Limitations: Walking a Tightrope
There’s growing interest in therapies that aim to reduce or modulate
Treg activity to restore effective immune responses. Preclinical
studies suggest that drugs like low-dose cyclophosphamide or anti-
CD25antibodies can suppress Tregs and enhance tumour immunity
[5]. Combining such approaches with checkpoint inhibitors or
localized treatments like TACE (trans arterial chemoembolization)
may improve therapeutic outcomes. However, these strategies are
not without risk broad Treg depletion could provoke autoimmune
reactions, and the diverse nature of Treg subsets complicates
selective targeting. I argue that future therapies should focus on
modulating Tregs rather than eliminating them entirely, aiming for
precision and minimizing side effects.

Looking Ahead: The Future of Treg Research in HCC

Emerging technologies, including single-cell RNA sequencing
and multi-omics profiling, may soon allow researchers to identify
distinct subtypes of Tregs with different roles in HCC. Machine
learning could help integrate Treg data with clinical and genomic
information, enabling more personalized and precise cancer care.
For these advancements to reach the clinic, we need large, multi-
centre trials that validate Treg-based biomarkers and therapies. I
believe that continued investment in Treg research is essential to
bridging the gap between lab-based discoveries and real-world
applications in HCC management [6,7].

Conclusion
Treg cells present both opportunities and challenges in the fight
against HCC. They have the potential to improve early diagnosis and
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predict patient outcomes, yet they also complicate treatment due
to their immunosuppressive functions. If we can learn to navigate
their dual nature harnessing their diagnostic and prognostic power
while carefully modulating their activity, we may be able to shift
the landscape of HCC care from reactive to proactive. The key lies
in using our growing understanding of Treg biology to develop
smarter, safer, and more effective interventions.
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