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Abstract

Human T-cell Lymphotropic Virus (HTLV) is a retrovirus associated with various diseases, including adult T-cell
leukemia/lymphoma, uveitis, dermatitis, polymyositis, arthritis, alveolitis, and Sjogren’s syndrome. Despite its
prevalence, especially in certain regions of the world, such as Japan, parts of Africa, and the Caribbean, there
is a substantial gap in preventive measures such as vaccination. Therefore, the development of an effective
vaccine against HTLV not only holds the promise of reducing the incidence of associated diseases but also
aims to alleviate the economic burden on healthcare systems. For the first time, the present study employed
in silico approaches to predict various epitopes to design a multiepitope vaccine against the HTLV Gag poly-
protein. Our vaccine coverage analysis revealed that the vaccine construct was highly effective, making it a
potential candidate for worldwide use. Furthermore, the vaccine construct was able to interact effectively with
immune receptors such as TLRs. Molecular dynamic (MD) simulations revealed that the vaccine attained its
stable conformation within the biological environment after a brief temporal interval, thereby indicating stabi-
lized behavior in practical settings. Finally, the vaccine construct was also able to induce immune responses,
such as the activation of B cells and T cells and increase antibody and cytokine responses. To the best of our
knowledge, this is the first study that has focused on HTLV Gag epitopes to design a multiepitope vaccine in
silico, which needs in-vitro/in-vivo experimental validation.
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B cell BCL

CTL Cytotoxic T lymphocyte
Helper T lymphocyte HTL

Human T-cell Lymphotropic Virus HTLV
Interferon-gamma IFN-y

Interleukin IL
Pan-HLA-DR-binding epitope PADRE
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C-termini of the codon-optimized sequence for in silico cloning in the pGen 2.1 vector. For prokaryotic expres-
sion, the pET-30a (+) plasmid was used. The codon-optimized nucleotide sequence of the vaccine construct was
cloned and inserted into the aforementioned vector via the BamHI and Xhol restriction enzymes in the SnapGene
software program.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1038/
s41598-026-64039-0.

Acknowledgements The authors would like to thank Shiraz University of Medical Sciences, Shiraz, Iran, and also Center
for Development of Clinical Research of Nemazee Hospital and Dr. Nasrin Shokrpour for editorial assistance. We also would
like to express our gratitude to Dr. Shirin Farjadian and Dr. Nasim Kheshtchin, the esteemed faculty members of the Depart-
ment of Medical Immunology at Shiraz University of Medical Sciences in Shiraz, Iran, for their generous cooperation.

Author contributions A .H. designed the work; M.Z., MMKAN, A.Z., K.S., and A.H. retrieved and analyzed the data; M.Z.,
MMKAN and A.H. wrote; and M.Z. and A.H. revised the manuscript.

Funding The proposal has been confirmed with the code of 33033 and the ethics number of IR.SUMS.MED.REC.1404.422
from the ethics committee at Shiraz University of Medical Sciences; we received no funding for this study.

Data availability Data will be available upon request.

Declaration
Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you
will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

References

1. Wang, T. T. et al. Current State of Therapeutics for HTLV-1. Viruses https://doi.org/10.3390/v16101616 (2024).

2. Eusebio-Ponce, E., Anguita, E., Paulino-Ramirez, R. & Candel, F. J. HTLV-1 infection: An emerging risk. Pathogenesis,
epidemiology, diagnosis and associated diseases. Revista Esp. de quimioterapia: publicacion oficial de la. Sociedad Esp.
de Quimioterapia. 32, 485-496 (2019).

3. Yamada, A. et al. Anti-HTLV-1 immunity combined with proviral load as predictive biomarkers for adult T-cell leukemia-
lymphoma. Cancer Sci. 115, 310-320. https://doi.org/10.1111/cas.15997 (2024).

4.Fenizia, C. et al. Human T-cell leukemia/lymphoma virus type 1 p30, but not p12/p8, counteracts toll-like receptor 3
(TLR3) and TLR4 signaling in human monocytes and dendritic cells. J. Virol. 88, 393—402. https://doi.org/10.1128/jvi.0
1788-13 (2014).

5. Colisson, R. et al. Free HTLV-1 induces TLR7-dependent innate immune response and TRAIL relocalization in killer
plasmacytoid dendritic cells. Blood 115, 2177-2185. https://doi.org/10.1182/blood-2009-06-224741 (2010).

6.Rapin, N., Lund, O., Bernaschi, M. & Castiglione, F. Computational immunology meets bioinformatics: the use of
prediction tools for molecular binding in the simulation of the immune system. PLoS ONE 5, €9862. https://doi.org/10.1
371/journal.pone.0009862 (2010).

7.Ratner, L. A role for an HTLV-1 vaccine? Front. Immunol. 13, 953650. https://doi.org/10.3389/fimmu.2022.953650
(2022).

8. Letafati, A. et al. HTLV-1 vaccination Landscape: Current developments and challenges. Vaccine: X. 19, 100525. https:/
/doi.org/10.1016/j.jvacx.2024.100525 (2024).

scientific reports Scientific Reports


https://doi.org/10.1038/s41598-026-64039-0
https://doi.org/10.1038/s41598-026-64039-0
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3390/v16101616
https://doi.org/10.1111/cas.15997
https://doi.org/10.1128/jvi.01788-13
https://doi.org/10.1128/jvi.01788-13
https://doi.org/10.1182/blood-2009-06-224741
https://doi.org/10.1371/journal.pone.0009862
https://doi.org/10.1371/journal.pone.0009862
https://doi.org/10.3389/fimmu.2022.953650
https://doi.org/10.1016/j.jvacx.2024.100525
https://doi.org/10.1016/j.jvacx.2024.100525
2420064828
Highlight

2420064828
Highlight


