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Cancer immunotherapy has progressed through the development of engineered T-cell ap-

proaches known as adoptive cell therapy (ACT). Standard ACT protocols using chimeric anti-

gen receptor (CAR)-T cells along with T-cell receptor (TCR)-T cells pose major safety risks 

due to unwanted side effects coupled with cytokine release syndrome. To address these con-

cerns, researchers have devised an innovative strategy involving the transient expression of 

TCRs via mRNA to target the nearly universal cancer antigen telomerase. 

This mRNA-based telomerase-specific T-cell therapy involves modifying T lymphocytes 

to recognize telomerase, an enzyme that is predominant in most cancerous cells but rarely pre-

sent in healthy somatic cells. This technique facilitates the accurate identification and elimina-

tion of cancerous cells by the administration of synthetic mRNA that encodes telomerase-

TCRs, while sparing normal tissues. Compared to viral vector-based techniques, mRNA trans-

fection offers a transient receptor expression, reducing the risk of long-term detrimental impacts 

and insertional mutagenesis (Bulcha et al., 2021, Gómez-Aguado et al., 2020). Furthermore, 

the flexibility of mRNA systems enables rapid adaptation to tackle tumor heterogeneity and 

immune evasion (Chen et al., 2024). Initial investigations have shown promising anticancer 

effectiveness and safety, highlighting the promise of mRNA-based telomerase-specific T-cell 

therapy as a versatile and non-viral approach to personalized cancer treatment (Hager et al., 

2020). 

This approach has been validated by the successful cloning and production of telomerase-

specific TCRs, followed by their transient implementation in both CD4⁺ and CD8⁺ T-cell sub-

sets. The technique provides T-cells with accurate tumor cell detection while avoiding perma-

nent genomic alterations associated with viral vector-based TCR methods (Kyte et al., 2019, 

Philip et al., 2014). The targeting of T helper (Th) cells against telomerase leads to amplified 
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anti-tumor immunity, allowing the immune system to overcome cancer defenses and sustain 

therapeutic response (Samadani et al., 2021). 

Radium-4, a promising TCR isolated from the blood of a pancreatic cancer patient vac-

cinated with the hTERT peptide 611–626, has shown notable results. Research shows that in-

troducing Radium-4 TCR through mRNA electroporation into T-cells demonstrated effective 

tumor cell killing, particularly against melanoma and patient-derived ascites cells, without 

harming healthy tissues. Preclinical studies using mouse xenograft models revealed that Ra-

dium-4 TCR treatment resulted in tumor regression and improved survival outcomes, thus in-

dicating its potential as a solid tumor immunotherapeutic agent (Dillard et al., 2021). 

Research have yielded encouraging results in Phase 1 studies evaluating the safety profile 

of Radium-4-based T-cell therapy in patients with metastatic non-small cell lung cancer. This 

strategy, which employs mRNA electroporation to activate MHC class II-restricted TCRs, sup-

ports transient antigen expression across diverse HLA backgrounds. It minimizes toxicity while 

preserving potent antitumor activity (Maggadóttir et al., 2022). These findings provide a strong 

foundation for advancing the clinical development of mRNA-based telomerase-specific TCR 

therapies, offering a potentially safer and effective immunotherapeutic option for cancer treat-

ment. 

 

Future Perspectives and Conclusion 

mRNA-based telomerase-specific T-cell therapy offers a promising advancement in cancer 

immunotherapy by combining targeted antitumor activity with a favorable safety profile. The 

transient expression of TCRs via mRNA enables precise recognition of telomerase-expressing 

cancer cells while minimizing the risks associated with permanent genetic modification. The 

successful preclinical and early clinical results of Radium-4 TCR further highlight its potential 

as a non-viral, adaptable, and effective therapeutic strategy for solid tumors. Continued clinical 

development and optimization of this approach may pave the way for a new generation of per-

sonalized and safer cancer treatments. 
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