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Advances of microneedle vaccines in transcutaneous immunization
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Abstract: Vaccination is an effective way to reduce the morbidity and mortality of infectious diseases. As a
needle-free transcutaneous immunization (NF-TCI) vaccination technology, microneedles (MNs), composed of
multiple micro-needles orderly attached to a substrate, can overcome the problems of low immune efficiency, poor
compliance and waste of resources that exists in the conventional vaccination by injection, thus becoming a
research hotspot in biomedicine. The microneedle vaccine can directly break through the stratum corneum barrier
of the skin without touching nerves and blood vessels in the dermis, and effectively delivers the vaccine to the
immune cells in the skin tissue to initiate the immune response of the body, thus triggering strong humoral and
cellular immune processes. Vaccine delivery via the MNs system possesses the advantages of high safety,
satisfying immune effect and practical economy, and shows great prospect in the prevention and treatment of
infectious diseases and antineoplastic therapy. This article reviews the development background of MNs in
transcutaneous immunization, the types of vaccine delivery, the factors affecting the immune effect, the problems
to be solved and development direction in the future.
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Figure 1 Schematic diagram of transcutaneous immunization mediated by microneedle vaccine
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Recent researches on the use of microneedles (MNs) to deliver DNA vaccines. pDNA: Plasmid deoxyribonucleic acid; PSCA:

Prostate stem cell antigen; PVA: Polyvinyl alcohol; PLGA: Polylactic-co-glycolic acid; PLL: Poly-L-lysine; y-PGA: Poly-y-glutamic acid;

PEI: Polyetherimide

Disease Design concept Main result Reference
Prostatic RALA peptide and pDNA were used to prepare Endogenously encoded PSCA was successfully generated [20]
cancer nanoparticle complex and further enhance the stability using a microneedle patch. Vaccination with RALA/pPSCA

and transfection efficiency of pDNA. Then, the loaded MNs demonstrated anti-tumour activity in both
nanoparticles were loaded into dissolving microneedles prophylactic and therapeutic prostate cancer models in vivo
for delivery
Tuberculosis  Dissolving microneedles were prepared by mixing DNA ~ The Ag85B DNA vaccine can be delivered into the skin via [21]
encoding the secreted protein Ag85B of Mycobacterium  dissolving microneedles and effectively induces humoral
tuberculosis with hyaluronic acid and cellular immunity against tuberculosis. When the
immune dose reached 12.6 pg, microneedles stimulated
antibody response more effectively than intramuscular
injection
Cervical Dissolving microneedles containing RALA/pDNA Microneedles maintain their mechanical and functional [22]
carcinoma nanoparticles were prepared by using PVA as the tip stability during short-term storage and can induce an
matrix, and the loading of RALA/pDNA nanoparticles immune response in vitro and in vivo. Microneedle
was increased by freeze-drying method vaccination can significantly inhibit tumor growth and has
been proved to be better than intramuscular injection in a
mouse model of cervical cancer
Ebola PLGA-PLL/y-PGA nanoparticles interact with the Ebola  The nanoparticle delivery system improves the thermal [23]
virus vaccine through electrostatic interactions to form a  stability and immunogenicity of the vaccine. Microneedles
complex, which is then loaded into the dissolving produce a stronger immune response than intramuscular
microneedles injections
HINI1 PLGA/PEI shell nanoparticles were used as carrier to The coated complex dissolved rapidly within 5 min in pig [24]
influenza load pHIN1 DNA, which was then coated on the skin, and the direct delivery of pHIN1 DNA vaccine by

stainless steel microneedles

microneedles induced a stronger humoral immune response
than that of intramuscular injection
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Figure 2 Schematic illustration of microneedle preparation based on double-penetration female mold (DPFM) and positive-pressure micro-

perfusion technique (PPPT) technology. 1: Add tip solution; 2: Remove excess tip solution; 3: Add base solution; 4: Peel off from the female

mold after drying
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