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Thesis abstract

Study on the application of ultrasound to transdermal vaccination techniques
Enjo Satoko

Introduction

Sonophoresis (SP) is a transdermal drug delivery technique that using ultrasound (US) aimed at enhancing drug
delivery to the systemic circulation, especially for hydrophilic and large molecules. It is reported that pretreatment
of skin with low-frequency US evokes an immune response to activate Langerhans cells (LC). These findings
indicate that US-assisted cutaneous vaccination can be useful as a novel technique. However, basic information
such as US application conditions, skin immune response, antibody production, and intradermal antigen delivery
is necessary to be evaluated. The present study describes the potency of the US-assisted cutaneous vaccination in

terms of the above of view.

Part 1---Activation of epidermal Langerhans cells by physical stimuli with ultrasound

Three different US frequencies (20 kHz, 1 MHz, and 3 MHz) were used to evaluate epidermal LC activation.
For all the frequencies tested, the expression of langerin as a marker for the activation of LC increased with time
and peaked at 12 h post-US treatment. US application conditions including irradiation time, frequency, and
intensity were changed, and LC activation was found to be dependent on these. US treatment at a low-frequency
US (20 kHz) was more effective for LC activation than that at therapeutic frequencies like 1-3 MHz, suggesting
the potential importance of mechanical effects like cavitation collapses produced by low-frequency US. Langerin
expression is comparable to that obtained by the application of microneedle observed in the previous study. These
findings suggest that low-frequency US treatment can be effective as physical stimuli to activate skin immune

responses.

Part 2---Antibody production and epidermal Langerhans antigen capture by application of ultrasound

It is important to evaluate whether activation of immune response after application of US induce
antigen-specific antibody production. Ovalbumin (OVA)-specific immunoglobulin G1(IgG1) antibody production
was measured after intradermal administration of OVA with or without 20 kHz US pretreatment at 0.412 W/cm?
for 10 min in mice. US pretreatment significantly increased OVA-specific 1gG; antibody production compared to
that in the non-US treatment group. The increased antibody production is thought to be induced by the enhanced
antigen-capture ability of LC. The amount of antigens captured into antigen-capturing cell was quantified by flow
cytometry using fluorescein isothiocyanate (FITC)-OVA (FITC-OVA). The proportion of antigen-captured LC and
the amount of antigen captured increased. In addition, cells were gated based on langerin expression to evaluate
the relationship between langerin and antigen capture by LC. The number of antigen-capturing cells and quantity
of captured antigen increased with higher langerin expression levels. These results indicate that application of
low-frequency US to the skin induced antibody production, in which antigen capture by LC is seems to be

involved.



Part 3::-The gene expression level of epidermal cytokine and transcription factor by application of
ultrasound

| investigated the activation of skin immune response after the application of US through what sort of
physiological mechanism. Time courses of the intradermal gene expression involved factors of LC activation such
as interleukin la (IL-1a), tumor necrosis factor (TNF-a), and nuclear factor-kB (NF-xB) were evaluated by real
time-RT PCR. Mouse skin was treated with intradermal administration of OVA after 20 kHz US at 0.412 W/cm?
for 10 min. IL-1a, TNF-a, and NF-kB of gene expression levels increased and peaked at 6 h. In addition, US
pretreatment alone increased these factors and returned to control levels by 12 h post-US treatment. Involved
factors of LC activation changes preceded occurred the activation of LC, suggesting that the involvement of IL-1a,

TNF-0, and NF-xB in the activation of LC is associated with langerin expression.

Part 4---Intradermal delivery of ovalbumin and antigen-specific antibody production by application of
ultrasound

US application condition to induced activated LC was evaluated to clear whether enables the function of both
intradermal delivery of antigen and effective antibody production. To deliver the same amount of OVA as the
intradermal dose of 2 pg, detailed in Part 2, investigated administration concentration using FITC-OVA. The
donor chamber was filled with 0.02% FITC-OVA, US application condition was 20 kHz US at 0.412 W/cm? for 10
min. The content after ultrasound application was 1.94 + 0.72 ug (22.9 £ 0.4 pg/g tissue) indicating a similar
amount of intradermal delivery. SP for OVA was repeated once per week, and OVA-specific 1gG antibody
production was evaluated for up to 8 weeks. Antibody production by SP treatment increased significantly from 6
weeks and continued to increase up to 8 weeks, compared to OVA intradermal administration. OVA-specific 1gG;
and 1gG2a were measured to investigate the type of immune system induced SP treatment. Regarding
OVA-specific 1gG2a production, US treatment was more effective than intradermal administration. The increase in

OVA-specific 1gG2a produced via helper T cell indicates that SP treatment expects cellular immunity activation.

Conclusions
These findings suggest that physical stimuli of the skin associated with US treatment as adjuvant-like effects
such as evoking epidermal LC activation and antigen capture induce effective antibody production. Therefore, SP

has the potential for minimally invasive needle-free vaccination applications.
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