OPEN @ ACCESS Freely available online

Immunological Disorders and Immunotherapy

Opinion Article

Revitalizing mRNA Vaccines: Polyplexes Deserve a Second Look
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DESCRIPTION
The global success of mRNA vaccines during the COVID-19

pandemic has forever altered the landscape of vaccine
development. In record time, we saw mRNA-based platforms
move from theory to clinical triumph, offering a lifeline against a
novel virus. While Lipid Nanoparticles (LNPs) quickly became
the gold standard for mRNA delivery, their limitations are now
more apparent than ever especially in terms of safety,
distribution and long-term immune balance. It's time to consider
alternatives and among them, polyplex-based mRNA delivery
systems stand out as highly promising, yet underexplored,
candidates.

Polyplexes: A tunable alternative to LNPs with
emerging vaccine potential

Polyplexes complexes of cationic polymers and negatively
charged mRNA have long held theoretical advantages over
LNPs. They are highly tunable, synthetically accessible and show
reduced risk of offtarget distribution, particularly to sensitive
organs like the liver. However, until recently, they have struggled
to match LNPs in the performance metrics that matter most in
vaccines: robust antibody production and cellular immune
activation.

A recent breakthrough suggests that this gap might finally be
closing. Researchers have developed a new class of polyplexes
using amphiphilic polyaspartamide derivatives, optimized with
varying degrees of hydrophobic side chains specifically, 2-
Cyclohexylethyl (CHE) moieties. The logic behind this
innovation is compelling: by tweaking the hydrophobicity of the
polymer, it's possible to fine-tune not only the physical stability
and biodistribution of the polyplex but also its
immunostimulatory power.

innate

The key insight here is that mRNA vaccine effectiveness isn’t
just about delivering mRNA it’s also about how the immune
system interprets the delivery event. Polyplexes with higher

hydrophobicity were found to the NLRP3
inflammasome pathway, a critical part of the innate immune

activate

system’s early warning machinery. This inflammasome activation

led to improved dendritic cell engagement and more effective
downstream adaptive immune responses.

The results in mice were striking. Polyplexes with higher CHE
content showed improved delivery of mRNA to the draining
lymph nodes, the immunological hubs where vaccines really do
their work. This localized expression not only enhances immune
targeting but also avoids a major safety concern: systemic protein
expression that can occur with LNPs due to their strong liver
tropism.

Optimized polyplexes: Strong antibody and t-cell
responses

Beyond simple protein expression, these optimized polyplexes
delivered on the two fronts that matter most: humoral and
cellular immunity. They induced robust antibody responses to
both a model antigen and the SARS-CoV-2 spike protein. Just as
critically, they elicited CD4+ and CD8+ T-cell responses skewed
toward a Thl phenotype a profile associated with antiviral
efficacy and long-lasting protection.

This dual action is especially important for vaccines targeting
infectious diseases, where antibodies alone often aren’t enough.
For example, protection against viruses like HIV, influenza, or
SARS-CoV-2 requires not just neutralizing antibodies but also
the clearance of infected cells by cytotoxic T lymphocytes.
Polyplexes, with their improved capacity to activate both arms of
the adaptive immune system, may finally be able to fill the gap
left by traditional mRNA vaccine delivery platforms.

One of the most compelling aspects of this approach is its safety
profile. The biodegradable nature of the polyaspartamide
backbone ensures that the polymers won’t accumulate or persist
in tissues. Additionally, the targeted nature of mRNA expression
localized to the injection site and relevant lymph nodes reduces
the likelihood of adverse effects stemming from off-target protein
production, a concern that has dogged LNPs.

Polyplexes been overlooked much of it comes down to timing
and perception. LNPs had a head start and rode the wave of
pandemic urgency. Their industrial scalability and proven
efficacy made them an obvious choice in a time of crisis. But
now that the dust has settled, it’s worth revisiting whether LNDPs
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are truly the best longterm vehicle for mRNA therapeutics
especially in contexts where safety, specificity and immune
nuance are paramount.

The modularity of polyplexes offers a unique opportunity for
future innovation. By varying the polymer's hydrophobicity,
charge density, or degradability, developers can create tailored
vaccines for different pathogens or patient populations. Need a
stronger cellular response adjust the polymer composition. Want
to minimize inflammation for chronic conditions tweak the
adjuvanticity. Polyplexes provide a flexibility that LNPs,
constrained by lipid chemistry, simply can’t match.

CONCLUSION

In conclusion, the resurgence of polyplexes as a delivery
platform for mRNA vaccines powered by hydrophobic tuning
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and smart polymer design is a scientific development that
deserves broader attention. These systems now show clear
promise in overcoming the historical limitations of polymer-

based mRNA delivery. With continued

refinement, polyplexes could redefine what is possible in vaccine

research and

science, not just for pandemics but for the next generation of
infectious disease threats.

As we look beyond COVID-19, we must prioritize platforms that
offer not just efficacy, but also safety, adaptability and immune
precision. Polyplexes once considered the underdog in mRNA
vaccine delivery may very well be the future we’ve been waiting
for.
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