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Fig. 1 Dimension of self-dissolving microneedle array (MicroHyala; MH).
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Fig. 2 Dimension of solid microneedle array (nMN and pMN).



Fig. 3 Schematic drawing of transcutaneous vaccination procedure. A and B; MN, C and
D; applicator for MN application, E, F, G, 1, J, and K; application of MN to back skin of
mice (E, F, G) or rats (I, J, K), H and L; covering with a wound management film over MN.
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Fig. 4 Schematic drawing of the puncturing method for transcutaneous antigen delivery.
(A, B) application of MN to animal skin. (C) removal of the MN, and then dropping
antigen solution on the MN-applied site. (D, E) application of a hydrogel patch, and then
covering with a wound management film over the hydrogel patch.



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 Bdvancad adara 4

a slight crust

Fig. 5 Images of MH application to human skin.

Table 2 Procedure of clinical study using MHs

Time after experimental beginning

0 6h 2d 3d 7d 30d
MHs Application Removal
Pain scale (VAS) ®
ICDRG scoring . ® o ® ®
Purpura evaluation
Blood test ® [

Table 3 Scoring of patch test according to ICDRG

Score Reactions

- Negative reaction

+7? Doubtful reaction; faint erythema only
Weak (non-vesicular) positive reaction; erythema, infiltration and

4 )
possibly papules

++ Strong (vesicular) positive reaction; erythema, infiltration, papules,
vesicles

+++ Extreme positive reaction; bullous reaction

IR Irritant reaction




Table 4 Procedure of clinical study using nMH and pMH

Time after experimental beginning

0 30 min 2d 7d
nMH and pMH Application Removal
Pain scale (VAS) &}
TEWL measurement @
ICDRG scoring ® P

Purpura evaluation

Fig. 6 MN formulation and applicator for clinical study using nMH and pMH. A; MN
cassette, B; applicator for MN application, C and D; set image of MN and applicator.



Table 5 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 6 Score for signs and symptoms of illness
Condition
Score
Eye Fur Behavior Others
5 Death Death Death Death
Decrease in Respiation failure,
4 Blepharosynechia Very dull fur spontaneous Cooling of body,
behavior (Severe) Cadaverous
Decrease in
Dull fur, Irregular
Loss of . : spontaneous el
3 ] Piloerection . respirations,
eyelid reflex behavior
(Moderate) Cadaverous
(Moderate)
2 Closed eye Piloerection (Mild) Hyperkinesis Irregu!ar
respirations
1 Good Good Normal Normal




Table 7 Procedure of clinical study using 3-HA-containing MH800

Day after experimental beginning

1st vaccination Day 0 Day 2 Day7 Day 21
2nd yaccination Day 21 Day23 Day28 Day42
Skin irritation _ @ ° °
Purpura evaluation

Blood test [ @ ] @
Pain scale (VAS) @

Antibody measurement

(HI test) . . .
Cytokine production ® ®

Fig. 7 Image of OVA-coated nMN.
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Fig. 8 Mechanical failure force analysis of MHs. Force was measured as a function of the
displacement of the stainless steel cylinder pressed against the MHs. Under an axial load,
needle failure was identified by a sudden drop in force.

Table 8 Failure force of MH500 and MH&800

MH500 MH800
0.23 0.36
0.18 0.31
Force (N/needle) 0.22 0.27
0.21 0.22
0.21 0.27
Average 0.21 0.29
S.D. 0.02 0.05
%CV 10 18
0.3 - MH300 0.3 - MH800
2
0.2 4 9 0.2-
£
z
0.1 - S 0.1
o
' ] i i
0.0 ' 0.0
171  70.6 1365 12.3 64.6 1271

Amount of OVA (ug)/patch Amount of OVA (ug)/patch

Fig. 9 Mechanical failure force for OVA-loaded MHs. The force required to fracture 113

(MH300) or 55 (MH800) microneedles was measured using a TA-XT plus texture analyzer.

Data represent the average + SD of 3 measurements each.
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Fig. 10 Dissolution kinetics of microneedles of each MH after skin insertion. The
MH200K, MH300K, or MH800 was applied on the back skin of BALB/c mice (A) or
Wistar ST rats (B) for the indicated times. After removal of the MH, the microneedles
remaining on each MH were photographed under a stereoscopic microscope.
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Fig. 11 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. 12 Mechanical failure force analysis of nMN and pMN. Force was measured as a
function of the displacement of the stainless steel cylinder pressed against the MNs. Under
an axial load, needle failure was identified by a sudden drop in force.

Table 9 Failure force of nMN and pMN

nMN pMN
0.029 0.063
Force (N/needle) 0.034 0.070
0.037 0.061
Average 0.033 0.065
S.D. 0.004 0.005

%CV 12.1 7.3
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Fig. 13 Skin sections from animals applied with each MH containing F-OVA or FITC-SP.
F-OVA (green) or FITC-SP (green)—containing MH200K, MH300K, MH800 was applied
on the back skin of ICR mice (A) or HWY hairless rats (B) for 1 h. The skin was harvested
and frozen. Frozen section (8-um thick) were photographed under a fluorescence
microscope. The nucleus was counterstained using DAPI (blue). The white dotted lines
indicate the surfaces of the stratum corneum, epidermis, and superficial dermis,
respectively, from top to bottom.



