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Needle-free Epicutaneous For t 2 DNA Vaccine is Effective for Preventing and Treating Biting
Midge (Forcipomyia taiwana) allergy in a murine model

To the Editor,

Allergen-specific immunotherapy (ASIT) remains the only treatment capable of inducing immune tolerance
to the corresponding allergen and potentially treating the root cause of the allergic disease.1 As the treatment
course of protein-based vaccines for ASIT is time-consuming, an easily administered epicutaneous anti-allergic
DNA-based vaccine is an attractive method, especially in light of the COVID-19 pandemic.2

The biting midge, Forcipomyia taiwana , is the most prevalent cause of biting insect allergy in Taiwan. It
is a tiny hematophagous midge that attacks en masse. As many as 60% of exposed individuals develop
allergic reactions to the bites.3 The midge is widely distributed throughout Taiwan and southern China. For
t 2 is the most predominant,with 75% of midge-allergic patients showing specific IgE to For t 2.4 Allergic
reactions to midge bites are not limited to humans but also seen in livestock, such as horses, cattle, sheep,
and donkeys, causing significant veterinarian problems.

E.coli -expressed For t 2 recombinant protein (rFor t 2) was used as an allergen to sensitize and challenge the
mice.5For t 2-encoding fragment (GenBank accession EU678971) was amplified by PCR. The PCR products
were subcloned into pVAX1 (Life Technologies, Carlsbad, CA) . The experiments were designed using two
approaches: therapeutic and prophylactic (Fig 1). The therapeutic approach is to imitate ASIT in human
with established allergy while the prophylactic approach to non-allergics. Twenty-five μg For t 2 DNA was
determined as the optimal dose after dose-finding experiments (Supplementary Fig S1). For each treatment,
the hair of the abdominal area of the mice was removed using a depilatory,tape-stripped,then patched with
25 μg For t 2 DNA vaccine for one hour and removed.A total of three treatments were given spaced one
week apart (Fig 1 and Fig S2). For t 2 proteins were detected in the patched skin and the immune organ
spleen at 24 hoursand had significantly increased at 48 hours after last treatment (Fig S3). Scratch bouts
after rFor t 2 challenge were used as a clinical surrogate of itch. We measured For t 2-specific IgE, IgG1
and IgG2a in the sera as well as mRNA and proteins of IL-13, interferon-gamma, IL-10, and FOXP3 in the
culture supernatants of splenocytes after stimulation with various doses of rFor t 2 at 37 for 3-5 days by
ELISA and real-time quantitative PCR. Histopathology of the challenged skins was examined.

After epicutaneous DNA vaccination, the allergen-induced itchin both groups significantly improved, and For
t 2-specific IgE and IgG1/IgG2a ratio decreased significantly at week 6 or week 8 (Fig 2). Levels of mRNA
and protein of IL-13 decreased significantly, but IFN-gamma and IL-10 remained unchanged. Expression of
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. FOXP3 mRNA increased (Fig 2, protein data not shown). Eosinophils infiltration in the challenged skin
significantly decreased (Fig S4).

This is the first study to demonstrate an epicutaneous needless anti-allergic DNA vaccine that effectively
treats an established allergic condition and prevents the development of an allergic disease using biting midge
allergy as a model. After epicutaneous DNA vaccination, in addition to allergen-induced itch, the changes
of multiple biomarkers suggest that immune tolerance was induced after the epicutaneous DNA vaccine.

Our data show that though the molecular weight of the For t 2 DNA vaccine is as high as 4000 base pairs, it
can penetrate the dermal barrier and translate the corresponding protein in the targeted skin and the spleen
of the vaccinated mice. It is possible that the DNA vaccine passes the epidermis via the hair follicles as the
skin is tape-stripped before epicutaneous vaccination.6

The mode of this anti-allergic epicutaneous DNA vaccine may potentially be used in other specific im-
munotherapies for other allergens.
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Figure legends

Figure 1Schedules of therapeutic (A), prophylactic (B), vaccination and grouping (C) for For t 2 DNA with
skin patches. Time points of sensitization with rFor t 2/alum, videotaping, and sacrificing are indicated.

Figure 2 Scratching bouts, changes in serum For t 2-specific IgE and IgG1/IgG2a ratio, and mRNA expression
levels of IL-13, interferon γ (INF-γ), IL-10 and Foxp3 in For t 2-stimulated splenocytes from (A) therapeutic
and (B) prophylactic groups by real-time PCR. The statistical significance of differences between groups
was assessed by the Bonferroni multiple range test. * denotes p<0.05, ** denotes p<0.01, ns denotes not
statistically significant.

Figure S1(A) Dose finding schedule of For t 2 DNA patch vaccine on rFor t 2-sensitized mice in the pilot
study. (B) Counts of scratching bouts from each group of mice before (day 0) and after (day 61) challenged
by intradermal injection of rFor t 2. (C) Total IgE and For t 2-specific IgG2a antibodies in the sera at
week 9 determined by ELISA. * denotesp <0.05, **denotesp <0.01, *** denotesp <0.001, ns denoted not
statistically significant by the Bonferroni multiple range test.

Figure S2 The representative skin images show before (A) and after (B) patch application. The For t 2 DNA
vaccine was delivered onto the pre-shaved abdominal skin through a Fin chamber for 1 hour.

Figure S3 H&E and immunohistochemotry (IHC) staining using rabbit anti-For t 2 polyclonal antibody of
skin and spleen sections under 400x light microscope. For t 2 protein expression of skin and spleen were
examed 24 and 48 hours after the last treatment of epicutaneous vaccination.

Figure S4 Effects of For t 2 vaccine on histopathology of challenged skins from (A) therapeutic or (B)
prophylactic groups by H&E staining. Figures showed the representative abdominal skin sections obtained
48 hours after intradermal challenge under 100 x and 400 x light microscope. Moreover, the infiltrating
inflammatory cells were quantified under 400-fold view from each group. The statistical significance of
differences between groups was assessed by the Bonferroni multiple range test. ** denoted p<0.01, ns
denotes not statistically significant.
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Group N Sensitization (IP) Therapeutic  regimen Prophylactic regimen Sensitization Challenge

1 NS 6 PBS - - PBS PBS

2 NV-P 6 10 μg rFor t 2 / 1% Alum - PBS 1 μg rFor t 2 5 μg rFor t 2

3 SV25-P 6 10 μg rFor t 2 / 1% Alum - 25 μg of pVAX-For t 2 1 μg rFor t 2 5 μg rFor t 2

4 NV-T 6 10 μg rFor t 2 / 1% Alum PBS - 1 μg rFor t 2 5 μg rFor t 2

5 SV25-T 6 10 μg rFor t 2 / 1% Alum 25 μg of pVAX-For t 2 - 1 μg rFor t 2 5 μg rFor t 2

NS: Not sensitized; NV: Not vaccinated; SV: skin vaccinated; IP: intraperitoneal ; ID: intradermal; PBS: Phosphate-buffered saline.

A. Therapeutic approach

B. Prophylactic approach

C.
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A. Therapeutic approach
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B. Prophylactic approach
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