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Abstract
Dendritic cells (DCs) are crucial components of the immune system, playing an essential role in regulating immune 

responses, including those against tumors. In the tumor microenvironment (TME), DCs act as both tumor suppressors 
and facilitators of tumor progression, depending on their activation state and interaction with other immune cells. This 
duality reflects their complex role in either promoting antitumor immunity or contributing to immune evasion. DCs 
initiate immune responses by presenting antigens to T cells, but in tumors, they often become tolerogenic, supporting 
tumor survival. Strategies to modulate DC function within the TME have emerged as promising avenues for cancer 
immunotherapy. This review explores the role of DCs in the TME, their mechanisms of immune modulation, and how 
therapeutic strategies aimed at restoring DC function may improve the efficacy of immunotherapies.
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Introduction
Dendritic cells (DCs) are pivotal for initiating and regulating 

immune responses, functioning as antigen-presenting cells that 
bridge innate and adaptive immunity. By capturing, processing, and 
presenting antigens to T cells, DCs are essential for mounting effective 
immune responses, particularly in the context of infections and tumors 
[1,2]. In the tumor microenvironment (TME), however, the functions 
of DCs become dysregulated, often contributing to the immune evasion 
mechanisms employed by tumors. Rather than stimulating an effective 
antitumor immune response, DCs in the TME may adopt a tolerogenic 
phenotype, which suppresses immune activation and promotes tumor 
progression [3,4]. The complexity of DC function in the TME arises 
from the heterogeneous nature of DCs themselves, which can take on 
distinct roles depending on their maturation state, receptor expression, 
and the cytokines present in the TME. In the presence of tumor-derived 
factors such as cytokines, metabolites, and exosomes, DCs can become 
dysfunctional or tolerogenic, which allows tumors to evade immune 
surveillance [5]. This shift in DC behavior is linked to the secretion 
of immune-suppressive cytokines like IL-10 and TGF-β, which further 
perpetuate tumor immune tolerance. Importantly, recent studies have 
revealed that DCs can be reprogrammed or targeted therapeutically 
to restore their immunostimulatory function, offering a promising 
strategy for cancer immunotherapy [6]. Several approaches are 
under investigation to either recruit and activate DCs in the TME or 
enhance their ability to present tumor-associated antigens to T cells. 
This approach aims to enhance the body's natural immune response 
to cancer and complement other immunotherapeutic strategies such 
as immune checkpoint inhibitors. In this review, we will examine the 
role of DCs in the TME, their contributions to tumor progression, and 
the therapeutic potential of modulating their function in the context of 
cancer immunotherapy [7,8].

Results
Research has shown that the state of dendritic cells in the tumor 

microenvironment (TME) plays a critical role in determining the 
overall immune response against cancer. DCs in the TME often display 
dysfunctional characteristics, including reduced antigen presentation, 
impaired T cell activation, and an inability to effectively stimulate 
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antitumor immunity. In contrast to their normal function, where they 
activate naïve T cells to mount an immune response, DCs in tumors 
frequently adopt a tolerogenic phenotype, which promotes immune 
evasion. This phenomenon is often triggered by tumor-derived 
factors, such as soluble mediators (e.g., TGF-β), metabolic changes, 
and exosomes that directly influence DC maturation and function. 
Evidence from several preclinical and clinical studies has shown that 
DCs can become functionally compromised in the TME, leading to the 
induction of immunosuppressive mechanisms. For example, IL-10 and 
TGF-β are cytokines commonly found in the TME that contribute to 
the inhibition of DC function and the promotion of T regulatory cells 
(Tregs), which suppress effector T cell activity. In addition to cytokine-
driven mechanisms, tumors can alter the metabolic environment, 
leading to oxidative stress and nutrient deprivation, further impairing 
DCs’ ability to activate T cells effectively. On the positive side, strategies 
aimed at enhancing DC function in the TME have shown promise in 
preclinical models. Approaches such as DC vaccination, ex vivo DC 
maturation, and targeted delivery of tumor antigens to DCs have 
demonstrated the potential to overcome DC dysfunction and stimulate 
potent antitumor responses. Clinical trials investigating the use of DC-
based vaccines have reported encouraging results, although challenges 
remain regarding the optimal methods for DC activation and tumor 
antigen targeting.

Discussion
Dendritic cells (DCs) are central to both the induction and 

regulation of immune responses, but their function within the 
tumor microenvironment (TME) is often subverted by tumor cells. 
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This immunosuppressive shift is characterized by the impairment of 
antigen-presenting capabilities and the induction of tolerogenic signals 
that contribute to immune evasion. Several mechanisms contribute to 
this dysfunctional state of DCs in tumors, including exposure to tumor-
derived cytokines (e.g., IL-10, TGF-β), altered metabolic conditions, 
and the presence of immunosuppressive cells such as T regulatory cells 
(Tregs). Together, these factors alter the phenotype of DCs, leading 
to the induction of an immune-suppressive microenvironment that 
supports tumor growth. Targeting DCs within the TME has emerged as 
a promising strategy for improving cancer immunotherapy outcomes. 
There are several approaches under investigation to reverse DC 
dysfunction, including the use of DC vaccines, which aim to enhance 
the capacity of DCs to present tumor-associated antigens and stimulate 
antitumor T cell responses. Another promising strategy involves the 
use of immune checkpoint inhibitors that target inhibitory receptors 
on DCs, such as PD-L1, to restore their antigen-presenting function 
and reinvigorate T cell responses. Despite these advances, several 
challenges remain. One of the major obstacles is the heterogeneity of 
DCs within the TME, which may require tailored therapeutic strategies. 
Additionally, the complex interplay between tumor cells, immune cells, 
and the TME must be better understood to identify the most effective 
ways to modulate DC function. Nevertheless, the potential of DC-
based immunotherapy to augment current cancer treatments, such 
as immune checkpoint inhibitors and adoptive T cell therapy, offers 
exciting opportunities for improving cancer patient outcomes.

Conclusion
Dendritic cells (DCs) are essential mediators of immune responses, 

and their dysfunction in the tumor microenvironment (TME) plays a 
pivotal role in tumor immune evasion. While tumors often hijack DCs 
to create an immunosuppressive environment, strategies to restore or 
enhance DC function offer promising avenues for immunotherapy. 
Various therapeutic approaches, such as DC vaccines, immune 

checkpoint inhibitors, and reprogramming of the TME, are being 
explored to reinstate the immunostimulatory capabilities of DCs. 
However, challenges persist in optimizing these therapies, including 
the need to address DC heterogeneity and the complexity of the TME. 
Further research is crucial to refine DC-targeted therapies and to 
better understand the intricate interactions between DCs and other 
components of the immune system. As immunotherapy continues 
to evolve, the role of DCs as key regulators in the TME will remain 
a critical area of focus, with the potential to significantly enhance the 
efficacy of cancer immunotherapy and improve patient outcomes.
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