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[Abstract] Vaccines represent the most cost-effective and efficacious approach for preventing
gastrointestinal infections, and adjuvants play a pivotal role in enhancing and modulating immune responses.
In this article, we summarize the mechanisms, advantages, and limitations of molecular adjuvants that induce
gastrointestinal mucosal immune responses, as well as of delivery systems with dual adjuvant and carrier
functions. We also analyze the principal challenges encountered in the development of such adjuvants,
encompassing issues related to safety, efficacy, and adaptability. Furthermore, this article provides
perspectives on future research directions for mucosal immunity-based adjuvants for gastrointestinal vaccines,
including design of programmed adjuvants targeting specific gastrointestinal receptors, composite strategies
integrating delivery systems with adjuvants, and adjuvant optimization tailored for special populations.
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Table 1 Representative molecular adjuvants for various types of gastrointestinal vaccines

Classification Name Mechanism of action Advantages Disadvantages
Toll-like  receptor ASO4M TLR4 activation (MPL) ; antigen Enhancing Th1 response; Strong local reactions ; weak
agonists depot Good safety profile cellular immunity promotion

SLA-NE activates TLR4-TRIF Enhancine Thl ¢ nse: blockine Structural instability ;
SLA—NE'“)J signaling pathway, enhances snhancing esponses blocking May cause local inflammatory

Stimulator of
interferon genes
agonists

Retinoic acid
receptor agonists

Mucosa-targeting
toxin derivatives

Pam,Cys seriel 11

CpG 0DN[14.15]

Ag85a '

All-trans retinoic
. q017]
acid

TB/P2C-NE!'

double-mutant heat-
labile enterotoxin

antigen presentation capacity

PamyCys series
activates NF-kB via TLR2/6
heterodimer, induces Th1/Th17

cells

CpG motif recognized by TLR9,
activates MyD88 pathway, induces
IFN-o/B and IL-12 secretion,
drives Th1/CTL response

Ag85a Activates cGAS-STING
pathway, induces large amounts of
type I interferons, promotes
dendritic cell maturation and cross-
presentation

All-trans retinoic acid activates
RARs, upregulates gut-homing
receptors CCR9 and 37
expression, guides activated T/B
cells to migrate to intestinal mucosa
TB activates RAR, upregulates
gut-homing receptors CCR9, aufs;
Pam,CSK, activates MyD88-NF-
kB pathway

dmLT activates adenylate cyclase-
cAMP pathway, enhances antigen
uptake and presentation

pathogen adhesion

Potently inducing Th17 response;
enhancing antigen delivery
efficiency

Potently promoting cellular
immunity ; sequence designable,
easy synthesis

Natural protein component, good
safety profile; enhancing CD8* T
cell response

Enhancing mucosal immune
memory and slgA persistence

Enhancing mucosal, humoral, and
cellular immune responses, and
immune memory

Strong mucosal targeting; inducing
robust mucosal immune response

reactions

Easily degraded by proteases in
vivo, poor stability

Easily degraded, requires carrier
encapsulation; high doses may
cause systemic inflammation

Systemic administration may cause
inflammation and other side effects

Poor water solubility, low
bioavailability, rapid metabolism
in vivo

Complex process, high cost; safety
requires further validation

May cause mild diarrhea;
virulence reversion
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