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Use of adjuvants to increase the afficacy of mRNA vaccines.
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Background and aim:

Viral diseases cause a major challenge in Atlantic salmon aquaculture, with current vaccines providing incomplete protection. mRNA-based
vaccines offer a promising alternative, with the potential for enhanced immune activation. The use of adjuvants may further imrove vaccine
efficacy by strengthening innate immune responses. This study aims to evaluate how different adjuvants influence mRNA-driven immune
responses in fish cells, with the goal of supporting the development of more effective vaccines for aquaculture.
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signal was observed in adjuvant 2 and 4 (figure 2).

Western blot analysis of cell lysate showed strong intracellular protein expression, with adjuvant 3 displaying the highest signal intensity
(figure 3).

Western blot analysis of the cell culture supernatant revealed protein signals in adjuvant 1 and 4, while adjuvant 3 showed no signal (figure
6). gPCR analysis demonstrated upregulation of immune-related genes across all treatment groups (figure 5). Adjuvant 4 induced the
highest expression levels of IL-1B, TNFa1 and TNFaz2.
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Figure 3: SDS-PAGE and Western blot of proteins from transfected CHSE cells. Cells were transfected with adjuvant Figure 6: FLAG detect{on in CHSE cells. A). Dot biot fayout. B) Do.t blet of cel{ culture S.u pernatant (S). and
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Figure 1: Agarose gel electrophoresis analysis of mRNA formulated with different adjuvants construct using Lipofectamine 3000 and analyzed in RIPA buffer. A) Coomassie-stained SDS-PAGE showing total . . .
) , ) . . . . . . . ) : mouse secondary antibody. D) SDS-PAGE of total protein extract prior to transfer. Strongest dot-blot
before (-) and after (+) incubation with E.Coli poly(A) polymerase (ePAP). RNA Millennium protein. B) Western blot using FLAG primary antibody and anti-mouse secondary antibody. A band was detected for . . , ; . .
. . L . ; . ) | signals: adjuvant 1S, adjuvant 3 L and adjuvant 4 S. Western blot bands: adjuvant 1 S, adjuvant 3 L and
Marker (M) was used as a molecular size marker. adjuvants 1 and 3, indicating target protein expression. M: Molecular weight marker, Kaleidoscope. adjuvant4 s
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Figur 4: 1% agarose gel electrophoresis of RNA samples before (-) and
DNase treatment. L 1 contai Tkb+ DNA ladder. L . , . o . .
o ) ) after (+) DNase trea men . ane Fon aines a 1ko a er' anes Figure 5: Relative gene expression of IL-1B, TNF-a2, and TNF-a1 analyzed by gPCR. Gene expression is presented as fold upregulation relative to the
3000. Images show brightfield, DAPI (nuclei), Alexa Fluor 555, and overlay channels. Different 2-7 represent three biological replicates of control samples, while ) . - o .
) ) ) control group (AACt), normalized to the reference gene RPS20. Data are presented as mean + SD. Different letters indicate significant differences
passages (Adju 1, 2, 4 and 4) were compared with an untransfected control- Alexa Fluor 555 signal lanes 8-9 represent a FLAG-transfected sample. DNase treatment between eroups
was detected in Adjuvant 1 and 3. reduces three to two bands, indicating genomicDNA removal. group

Discussion and future work:

This study shows that different adjuvants influence both mRNA-driven protein expression and immune activation in fish cells. Adjuvant 3
resulted in the strongest intracellular protein expression, while adjuvant 1 and 4 mainly showed protein detected in the supernatant,
indicating increased secretion or extracellular release of the produced protein. All groups showed upregulation of immune-related genes,
with adjuvant 4 inducing the strongest expression of IL-13, TNFa1 and TNFa2. Overall, this indicates that adjuvants can shape both protein
localization and immune response strength. Further studies should investigate how these adjuvants affect cellular uptake and processing of
MRNA, and how they may be optimized to achieve a balanced protein expression and immune activation in vaccine applications for Atlantic
salmon
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