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Fig. 1 Dimension of self-dissolving microneedle array (MicroHyala; MH).

Fig. 2 Schematic drawing of transcutaneous vaccination procedure. A and B; MH, C and
D; applicator for MH application, E, F, G, I, J, and K; application of MH to back skin of
mice (E, F, G) or rats (I, J, K), H and L; covering with a wound management film over MH.



Table 1 Draize dermal scoring criteria

Erythema and crust Score Edema Score
No erythema 0 No edema 0
Very mild erythema 1 Very mild edema 1
Obvious erythema 2 Mild edema 2
Moderate or advanced erythema 3 Moderate edema 3
Advanced erythema and formation of 4 Advanced edema 4

a slight crust

Table 2 ASA scoring system

Score  Symptoms

0 Symptomless

1 Rubbing face and ears, cough more than 2 times

2 Cyanosis caused on eye or ear, intense spasm and tumbling
3 Death

Table 3 Procedure of clinical study

Time after experimental beginning

18t vaccination Day 0 Day 2 Day7 Day 21
2nd vaccination Day21 Day23 Day28 Day42
Skin |rr|tat|on. ° ° °
_______ Purpura evaluation
Blood test [ [ L ®
Pain scale (VAS) [
" Antibody measurement o o
ity o C o —
Cytokine production [ [
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Fig. 3 Schematic drawing of puncturing method using a MH and a hydrogel patch. A and
B; application of a MH to back skin of mice and removal of the MH, C; dropping antigen
solution on the MH-applied skin, D and E; applying a hydrogel patch and then covering
with a wound management film over the hydrogel patch.
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Fig. 4 Dissolution kinetics of microneedles of MH300 and MHS500 after application. The
MH300 and MH500 were applied on the back skin of ICR mice (A) or Wistar ST rats (B)
for the indicated time. After removal of the MH, the microneedles remaining on each MH

were photographed under a digital microscope.
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Fig. 5 Assessment of skin irritation caused by application of MHs. MH300 or MH500 were
applied to the back skin of Wistar ST rats for 6 h. (A) Photo image of the application site 5
min after MH removal. (B) The degree of erythema on the skin of Wistar ST rats was
scored using the Draize scoring system: 0, no erythema or edema; 1, very slight erythema
and/or barely perceptible edema; 2, well-defined erythema and/or slight edema; 3,
moderate to severe erythema or moderate edema, and 4, severe erythema and/or edema.
Mean value is shown as a bar.
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Fig. 6 Mechanical failure force for MHs with or without protein loaded. The force required
to fracture 113 (A; MH300) or 55 (B; MH800) microneedles was measured using a texture
analyzer. Data represent the mean + SD of 3 measurements each.
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Fig. 7 Kinetics of antigen deposition after F-OVA administration to HR-1 hairless mice
via MH300 patch delivery, intradermal (ID) injection of reconstituted F-OVA, or ID
injection of phosphate-buffered saline containing F-OVA. Representative in vivo
fluorescence imaging for antigen deposition from 4 mice for each group. Images were
captured by the CRi Maestro EX system at the indicated time point after administration.
Here, time 0 means the time of MH300 removal after 1-h application.
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Fig. 8 Mechanical failure force of antigen-loaded MH800 before and after 6-month storage
at various temperatures. MH800 loaded with influenza HA antigen were stored at 4, 25, or
40°C for 6 months. Then, the force required to fracture 55 microneedles was measured
using a texture analyzer. Data represent the mean + SD of 3 measurements each.
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Fig. 9 Amount and titer of HA antigen loaded in MH800 before and after 6-month storage
at various temperatures. (A) Amount of HA antigen and hyaluronic acid in each MH800
were determined by Lowry method and ELISA, respectively. (B) HA titer in HA antigen
solution prepared from each MH800 was determined by hemagglutination assay. Data
represent the mean + SD of 5 measurements each.
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Fig. 10 Allergic immune responses induced by antigen loaded MH formulation. Hartley
guinea pigs were treated with MH200K, MH300K, or MHS800 containing 1 pg
OVA/needles for 6 h four times at 2-week intervals, or were subcutaneously immunized
with 1 ug OVA (SCI) five times at 2-week intervals. As positive controls, Hartley guinea
pigs were immunized by intraperitoneal injection of 1-pg OVA and 5-mg Alum (IPI) twice
at 2-week intervals. Two weeks after the final vaccination, sera were collected from these
animals and were assayed for OVA-specific IgG titers (A), and O.D. value of IgE (16-fold
dilution) (B) by ELISA. (C) For the PCA reaction, non-sensitized Wistar ST rats were
injected with sera from immunized-guinea pigs. Twenty-four hours later, these rats were
intravenously injected with Evans blue and OVA, and a leak blue spot at the injection site
was measured 30 min later. Data are expressed as mean + SE of results from 4-6 guinea
pigs. (D) In ASA assessments, guinea pigs were intravenously injected with OVA a month
after the final vaccination, and the performance status of guinea pigs was scored using the
ASA scoring system. N.D.; not detected.
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Fig. 11 Digital microscopic images of MH800 containing influenza HA antigens after
application to human skin. The MH800 was applied to the skin of left lateral upper arm of
healthy volunteer for 6 h, and then the microneedle arrays were observed under digital
microscope. Percentage of microneedle dissolution in each subjects was calculated by
counting remained microneedles.



Table 4 Microneedle dissolution in each subjects

Type A Type A Type B

Handheld applicator
used in application

Study ID % of microneedle dissolution

TCI-01 86 100

g TCI-02 100 57
TCI-03 100 96

-~ Tcr04 a2 100

TCI-05 16 100
TCI-06 70 100
TCI-07 94 100
TCI-08 13 100
TCI-09 3 100

o TCI-10 26 100

g TCI-11 51 100

Q.

] TCI-12 0 100

2 TCI-13 41 100
TCI-14 29 100
TCI-15 0 100
TCI-17 0 100
TCI-18 27 100
TCI-19 59 100
TCI-20 16 100

The numerical values of > 50 are written in bold.
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Fig. 12 Pain scale assessment on TCI using MH800 loaded with influenza HA or SCI
using injectable HA vaccine. Subjects were asked to grade the pain experienced using a

VAS from 0 (no pain) to 100 (unbearable pain). Data are expressed as mean * SE of results
from 19 (TCI) or 20 (SCI) subjects.



Table 5 Local adverse events by application of MH800 loaded with influenza HA

Erythema Purpura Pigmentation
Diameter (mm) No. of Pos:tlve No. of }_aos:tlve No. of Posmve
subjects subjects subjects

TCI SCI TCI SCI TCI SCl TCI SCi
(n=19) (n=20) (n=19) (n=20) (n=19) (n=20) (n=19)  (n=20)
1t Day 2 14.0+4.8 122+243 19 (100%) 5 (25%) 13 (68%) 1 (5%) 0(0%) 0 (0%)
Day 7 104+49 1013 16 (84%) 8 (40%) 12 (63%) 1 (5%) 3(16%) 0 (0%)
Day 21 3.3£6.0 1.0+1.3 5 (26%) 8 (40%) 0 (0%) 1 (5%) 10 (563%) 0 (0%)
2nd  Day 23 14.8+6.8 1.7+15 19 (100%) 13 (65%) 14 (74%) 13 (65%) 0(0%) 0(0%)
Day 28 11.6+35 1.3+£12 19 (100%) 12 (60%) 6 (32%) 1 (5%) 3(16%) 1 (5%)
Day 42 93+36 1.1+£10 17 (89%) 13 (65%) 0 (0%) 0 (0%) 10 (53%) 0 (0%)

Induration Pressure pain Fee!lng of A water blister

feverishness
No. of positive No. of positive No. of positive No. of positive
subjects subjects subjects subjects

TCI SCI TCI SCI TCI SCI TCI SCi
(n=19) (n=20) (n=19) (n=20) (n=19) (n=20) (n=19)  (n=20)
1st  Day2 8 (42%) 1 (5%) 1 (5%) 5 (25%) 0 (0%) 5 (25%) 0(0%) 0 (0%)
Day 7 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)
Day 21 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%)
2nd Day 23 5 (26%) 1 (5%) 0 (0%) 1 (5%) 3 (16%) 1 (5%) 0(0%) 0 (0%)
Day 28 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 0 (0%) 0(0%) 0(0%)
Day 42 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0(0%)
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Fig. 13 Photographs of human skin after TCI using MH800 loaded with influenza HA or
SCI using injectable HA vaccine.



