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Introduction
In recent years, the fight against cancer has seen significant advancements 

with the advent of immunotherapy. Despite these developments, tumor 
progression and resistance remain major challenges in improving patient 
outcomes. Myeloid-Derived Suppressor Cells (MDSCs) are a prominent factor 
hindering immunotherapy's effectiveness by promoting immunosuppression 
within the Tumor Microenvironment (TME). This makes them a crucial 
target for innovative cancer treatments. Mesoporous Silica Nanoparticles 
(MSNs) loaded with therapeutic agents have emerged as a promising tool 
in the targeted delivery of drugs, showing potential to modulate the tumor 
microenvironment and improve immune response. MSNs’ unique properties—
including high surface area, tunable pore sizes, and biocompatibility—
make them ideal candidates for drug delivery systems, particularly in 
cancer treatment. This article explores how MSNs loaded with drugs can 
improve antitumor immunotherapy by controlling MDSCs, emphasizing the 
mechanisms, benefits, and current research in this domain [1]. 

MDSCs are a heterogeneous population of immune cells that contribute 
significantly to immunosuppression in cancer. Originating from immature 
myeloid cells, MDSCs proliferate and expand in response to the pro-
inflammatory signals present in the TME. These cells inhibit T-cell activation, 
reduce Natural Killer (NK) cell function, and promote regulatory T-cell (Treg) 
proliferation, creating an environment that allows tumor cells to evade immune 
detection and destruction. In particular, MDSCs produce immunosuppressive 
molecules like arginase-1 (ARG1), inducible Nitric Oxide Synthase (iNOS), 
and Reactive Oxygen Species (ROS), all of which contribute to T-cell 
suppression and tumor progression [2].

Description
The accumulation of MDSCs in the TME has been correlated with poor 

clinical outcomes, underscoring the importance of targeting these cells to 
improve immunotherapy responses. While traditional chemotherapy and 
radiotherapy can affect MDSC levels, these treatments lack specificity, 
affecting normal immune cells and leading to adverse side effects. This 
limitation has driven research toward nanoparticle-based drug delivery 
systems that can selectively target and modulate MDSCs, offering a more 
focused and efficient approach to reducing immunosuppression in tumors. 
Mesoporous Silica Nanoparticles (MSNs) possess a unique structure, 
comprising a silica matrix with a network of uniform and adjustable pores. This 
highly ordered mesoporous structure endows MSNs with a high surface area 
and pore volume, enabling them to carry substantial quantities of therapeutic 

agents. The pore sizes of MSNs can be modified between 2 and 10 nm, 
accommodating a variety of drug molecules and ensuring controlled release 
within the target site [3]. 

MSNs’ surface properties also enable functionalization with specific 
targeting ligands and surface modifications, improving selectivity and 
binding efficiency to target cells. Functionalizing MSNs with antibodies, 
peptides, or small molecules that bind MDSCs enables these nanoparticles 
to localize within the TME, minimizing off-target effects and delivering a 
higher concentration of drugs where needed. Biocompatibility is another key 
benefit of MSNs, as silica is generally well-tolerated by the body and degrades 
into nontoxic byproducts. This makes MSNs a safer alternative compared to 
other nanoparticle-based drug carriers, which may induce unwanted immune 
responses or accumulate in tissues. MSNs offer several advantages that make 
them particularly suitable for antitumor immunotherapy. First, their ability to 
improve drug bioavailability and reduce systemic toxicity makes MSNs safer 
and more effective than traditional drug delivery systems. The controlled 
release property of MSNs ensures that drugs remain active within the TME 
over extended periods, maximizing their impact on MDSCs and minimizing 
adverse effects on non-target tissues [4].

Recent studies have demonstrated the effectiveness of MSN-based 
therapies in preclinical cancer models, with promising results showing 
improved survival rates and reduced tumor growth. In mouse models of 
melanoma and breast cancer, MSNs loaded with ARG1 inhibitors and 
chemotherapeutic agents led to a marked reduction in MDSC populations 
within the TME and an increase in T-cell infiltration. These findings suggest 
that MSNs not only reduce immunosuppression but also enhance the efficacy 
of immunotherapy by reactivating immune cells within the tumor. Additionally, 
MSNs have been evaluated for their potential to enhance checkpoint blockade 
therapies, which have revolutionized cancer treatment but are often hindered 
by immunosuppressive mechanisms in the TME. By reducing MDSC 
populations, MSNs can create a more favorable environment for checkpoint 
inhibitors, increasing their efficacy and allowing a broader range of patients to 
benefit from immunotherapy [5]. 

Conclusion
Mesoporous Silica Nanoparticles (MSNs) have demonstrated immense 

potential in cancer immunotherapy, particularly in targeting and controlling 
MDSCs to improve antitumor immune responses. By inhibiting MDSC-
mediated immunosuppression, MSNs create a more favorable environment 
within the TME, enhancing the effectiveness of both traditional and modern 
cancer therapies. The versatility of MSNs allows for functionalization and 
targeted delivery, ensuring drugs are concentrated at the tumor site with 
minimal off-target effects. Although challenges remain in translating these 
findings to clinical practice, ongoing research continues to reveal promising 
applications and advances in MSN-based immunotherapy. The future of 
cancer treatment may well lie in harnessing the capabilities of MSNs to 
modulate the immune system, providing hope for more effective, personalized 
therapies in the fight against cancer.
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