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https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgmu.zoom.us%2Fj%2F97223323158%3Fpwd%3DhCPnYP7l0ZubWbr1SnaBTkHIzpXctH.1&data=05%7C02%7Ccryan1%40gmu.edu%7C142f42ac177c4e078f8508ded6bf8df7%7C9e857255df574c47a0c00546460380cb%7C0%7C0%7C639184315404260771%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=9jetYSrCtCN2McQyLyHTXwsAjsQe5rYztR5p8K9iIRI%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgmu.zoom.us%2Fu%2FacQtFkMYN4&data=05%7C02%7Ccryan1%40gmu.edu%7C142f42ac177c4e078f8508ded6bf8df7%7C9e857255df574c47a0c00546460380cb%7C0%7C0%7C639184315404331108%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=cvmiRGbE4FzLz0E5gMa1w6bHEtIsl10dCdGhNYP4R44%3D&reserved=0

Title: Engineering mRNA for Timed and Dosed Expression of a Retroviral
Protease to Complement Virus-like Particles (VLP)-forming mRNA
Vaccines Against Different Viral Pathogens

Abstract:

The COVID-19 pandemic underscored the central role of vaccines in global
public health and established messenger RNA (mRNA) vaccines as a
transformative immunization platform. The success of COVID-19 mRNA vaccines
is attributable to nucleoside-modified mRNA, which enables efficient and
sustained antigen expression in vivo, combined with lipid nanopatrticle (LNP)
delivery systems that protect mRNA from degradation, promote cellular uptake,
and provide intrinsic adjuvant activity. These advances have positioned mRNA
vaccines as a versatile and rapidly adaptable approach for combating infectious
diseases.

Building on this platform, mRNA vaccines encoding HIV-1 env and gag were
evaluated for their ability to drive in situ assembly of virus-like particles (VLPS)
and to induce antiviral immune responses. VLPs present viral antigens in a highly
ordered, repetitive, and membrane-associated configuration that closely mimics
native virions, enhancing immune recognition. Because VLP maturation critically
influences immunogenicity, a full-length gag—pol mRNA was incorporated to
enable temporally regulated expression of the viral protease (Pro), thereby
recapitulating key features of the HIV-1 replication cycle and promoting efficient
Gag processing and particle maturation.

Inclusion of gag—pol mMRNA resulted in the formation of mature VLPs that closely
resemble native HIV-1 virions with respect to Env spike conformation, density,
and antigenic integrity. Vaccination with this mature VLP—forming HIV-1 env-gag
mMRNA formulation led to increased titers of trimer-binding and neutralizing
antibodies in a mouse model compared with immature VLP—forming constructs.
Taken together, these findings demonstrate that controlled VLP maturation
substantially improves the immunogenicity of mRNA vaccines and support
mature VLP—based mRNA vaccination as a promising next-generation strategy
for HIV-1. More broadly, this work establishes a conceptual and technological
framework for extending maturation-optimized VLP mRNA vaccines to other
emerging and re-emerging viral pathogens.
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