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IR, Rl b - SR O AR RUBYSEORIINEE | EYYEIC BT 2% < OE A2 T\ 5, BifEd COVID-19
DORFATIE, EGUENEROHSTRECEIROBIG BTN R E 728 - B E 725 5 O A& ITIEIC
D LDDAERE /D | FEEFOEMEIC X - TR « BRI OIIZ T 72 T 2O RGE TR O—%] 6 7 d&
fENRRDHNTND, ZOX I IS RITEESE | BYYEXRBRIZIBWTHAEWE e &L DRI T D 7 F U3,
AR TRAIC T HME—DFE & U CHIICEOBILEZED TR Y | Bl TRED Y 7 F o 2T & 2 5hEH:
i - ARHIOREE L DT, U7 F o OfENE, I, B RVE, fEErEA T B L 9 285N RS OBR © EEE &
ENTNWD, ZNETICEMESNTE Y 7 F U ORHIFRAIE TH Y | B RS 208 & T 5 E72
MRESe, Bl - Wk - (REIC B LHREEHE (23— FFo—2) R bnd 2 &, HHEATN R E Oy
ERRBER) DB T 570 EDEFRRFEHIZR I, 72 E0EShTng,

BeRE, AEARAESSEREE D IRRE - (36 L, AROK G IRRFOMNRE, SR DR B & EAHERH S EAR
AR 7HERE R T > CND, EIIMI D AERE, AET-ERKR, BEROKRE S 3BT b, BINOHEREIINEZ L
ToAEARRAEIZ H E D | MR A £ 7 X N EOMEMREFIFTE) M 2 2 & CriiEe i) U 7 258 L
TWb, ILICAHERE FOESIERECERIZIE, 77 2l (Langerhans cells : LCs) SCE BRI

(Dermal dendritic cells : dDCs) & W\ 72505208 7 2424 2 2L K /e to S YIS FEAE L TRY

(1~3]. Ui iias U COREMI S 2 AR oW CHRERERIZH - TnD, Eo, AETRE%
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sdMN 5 L7 giliiiere 7 7 5 3k & FHNCFZFALOBME S T L T 5< | et & HME T 2R -
PHERAVIRIL & 72 DR OREHE A Ty = X L ORI AHATE,
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1. MN OfER

Ovalbumin (OVA) &L, & R T LT 7 70,000 ks #RA 1 :1ww) L. sdMN ZiEd 57
DORNITHE LTz, 28 CTHAICHIRSET%, a0 FaA FUqii) M) U NRREB LR ) = F L7 L7 4
L—k (PET) v— h LRED BT, 35°CTHMTHME S E7-14, sdMN % 5e PET > — h &80 500 S, OVA
P sdMN #HE 430 m, #HL9A) %4572, [ARRDOFIEIZT, Alexa Fluor 647 1%5#% OVA (AF647-OVA) &H 50



1% Fluorescein 155 OVA (F-OVA) Z4&#H 72 sdMN 35 X O placebo-sdMN ZAEf L7, BIHER MN (plasticMN)
DVERNT, SN EMERIIE 2 FRROAIZFRIE L, +01Ziiid S 7%, PET > — &G0 Bt T, SRR AEE
WX VIR AL X755, MN Z2&Te PET v — N &80 558 ST plasticMN #1572,
2. HURRE
bR L7o~ O AT 7Y r— 2 —Z W TAFE MN % 5 pfiisft L, 54k Lz, £70. bRE
BRI 50 1 Lisite TRWNS: (ID) HDWNEE M&E (SC) L7z,
3. ISR
~ U ABREIEEEIZ F-OVA 245 sdMN (10 p g/patch) ZAG(T L. 5 0% R A (AU L CHifkiik— = » 7 24F
U7, 6pm (Y] L7 SR % ProLong® Gold antifade reagent with DAPI % VTGS, « #EA L7,
JAHLL (Germinal center : GC) DYetaiZi, sdMN & 5 ME SC (2T OVA % 1 el L7=fTE VU > <&i (DLNs)
Z M U CHERE 7 1~ 7 2R U 7=, 8 um ([ Z#Y) L 7= DLNs fifkU &2 7 1 v & 0 Z Q% | 30 L7 PNA
(Peanut agglutinin) . 1t CD3 ik, H1IgD bifkz T4 L, ProLong® Gold antifade reagent % FAVNzCEA L
7
4. RIENTURREME
~ U AR EIC F-OVA 241 sdMN (10 2 g/patch) ZHEfF, &5 F-OVA %R (10 1 g/50 n L/PBS) % SC
HDHWNEID L, iGN RRRFONC in vivo #OEA A— 0 ZEEEIC L 0 iR LT,
5. JREHRFRIRE
PURE G5 24 BRI ORREZEIL L, T 7 ¢ L plitk, ) U7-F k%% HE (Hematoxylin and eosin)
Yt 22 NS E LYY ik Uiz,
6. OVA RrRAhifAdf
17FH OVA FrEAGHUAMIE ELISA (& &> TRIE L7z, JIES DIIEY > 73 V2 8k L, WL 0.1 Lk
%o B RATYEE % Reciprocal log 2 titer & L CF L7,
7. GURRFRR T MISfARHT
OT II~7 A (B6. Cg-Tg (TeraTerb) 425Cbn/d) 75 CD4 5 T Az BHEEL . eFluor 670 THOMEGSR L 7=,
AR~ 7 212 5X 10ells/500 1 L 3™ DBFHIRNE S LT-, 2H ., 2 b~ 7 A2 OVA 28 sdMN (20 1 g/patch)
DR, HHUNEOVARIR (20ug/h0ul) @ SC ZhEL7-, OVA #5-4 H#IZ DLNs [l L, FCM iz L5
eFluor 670 DHOLFREREE 2R ZASBA T MO /32827 Hli L7, %72, OVA 5 13B##%IZFIY L 72 DLNs
oA OT TAMROIEMA Y « Zr{kikiEZ2 FCM it L7,
8. DC Y7ty MEH
~ 7 ABREETZEIC placebo-sdMN, AF647-OVA 2548 sdMN (10 z g/patch) ZHbF, &5 AF647-OVA 1A
W (10 gh0uLl) % ID F£721LSC L, 24 K& L7z DLNs H0 DC $-7 v 72 S ONCH USRS OSERE
Z FCM figtfr L7z,
9. REHEREIS T RE R
~ U APRENHEIC OVA 255 sdMN (20 1 g/patch) | placebo-sdMN, #7213 plasticMN % 85ff, &5\ % OVA
Wik 20 g/h0u L) % ID £721% SC L7-, 24 FHISHET RS A=Y L. RNA fiitds L OSNERAE a - BT
(RNA-seq fi##T) 2 RERRFHAEDRII EETIRIE iR o 2 — 7 AT RICZRE LT,
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1. sdMN Z B+ U7- R I1T A HURH RS K OSRRAZ b
~ 7 ABREI A L7z sdMN 1%, BifH 5 0BICI3EAERIciiz LTl b (Fig. 1A), HEHEIN-HUR
(F-OVA) 13, AX7-HREBIOEK FEilicis W TcgizzEn- (Fig. 1B), L7223->TC, sdMN % oG
LCs <° dDCs & & JRET 5 R H IR 2 IR CSEATRE R T S A ThH Z EDVRENT, F7-, sdMN (2



KV RREEG- S F-OVA 13 9 AOZRRIFLAHTII R S, REERGEIZ LS T2 IZIHR LT3 e G- 48 Il £ C
DR S, SC B ELUND &Ik U CHURD G EN D Z L3S B E 2 o7 (Fig. 10), ZAUud, FZ
PN LA ZIRSRE LT sdMN R & DHEMEDS, FUROD R REPLBGHE 2K T S 82720 L &2 b,

sAMN BEAHT o TR R/ S SIEMERIE GFER, U ok B LU 7 1 7 7 —2) O8I S (Fig. 1D) |
BIS/RRIEDBEL IV NE SN, —77, SC B LD (2B Tl BRI CIEE 2B TR0 Hen -T2, sdMN
BAHTPE D BRI, S NEHEERI O R SRR IR 2 & B 2 D, ZORIGHNEIET V230 k& L TR
A DRI TG 2 ARt B 2 BT,
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Fig. 1. Characteristics of OVA-loaded sdMN and histological evaluation of the skin.

A)  The sdMN was loaded with antigen only at the needle tips. After application to the skin, the needle dissolved in 5
min by skin moisture. The loaded antigen could be delivered into the skin.

B)  C57BL/6 mice were immunized with F-OVA (green) at the dorsal skin by the sdMN (430 um). Collected skin samples
were frozen with liquid nitrogen, and frozen sections were photographed using the fluorescence microscope. The
nucleus was counterstained using DAPI (blue). White dotted lines indicate the surfaces of the stratum corneum,
epidermis, and superficial dermis, respectively, from top to bottom.

O F-OVA (10 pg) was administered by sdMN, ID or SC. Images were captured by the CRi Maestro EX system at the
indicated time point after administration. The results are shown as fluorescence intensity. N = 2~3 per group.

D) Placebo-sdMN was applied to C57BL/6 mice or PBS was injected by SC or ID at dorsal skin. After 24 h, collected
skins were assayed with HE staining and photographed using bright microscope. Representative photomicrographs

demonstrating HE staining in skin sections are given (Scale bar: 100 mm in inset). N = 2 per group.



2. sdMN % V- R SIS0 D HURRE RIS E DR

OVA-sdMN |2 & 0 #RRebaps L=~ o7 A Clid SC B & bl U CitisiZe OVA FrEAPURGo FRZ2R L (Fig.24), &
51213 CD4 B ERIORTEIC L » THUABE AR X v L &N 2 & BHA L (Fig.2B), L7223 > T, sdMN
e TR B 038 2 K DN T USRI, B NEURIRREE) LI D U o8 & L7z DLNs ~OHURT
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HahE B S BIZIXENHO DC 7% v MZ L% CD4 Bk~ —T Ml @h=:iy7ag& M b, 72 & DR G-HRme
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Fig. 2. Antigen-specific antibody production.

A)  C57BL/6 mice were immunized using OVA-loading sdMN twice at 2 weeks interval. The OVA solution was injected
subcutaneously or intradermally on the same schedule.

B) C57BL/6 mice were injected with either 100 1 g anti-CD4 monoclonal antibody (mAb) or 100 1 g rat IgG antibody
(isotype control) on days 1, 2, and 3 and subsequently every 4 days. Sera collected from these mice were assayed to
determine each OVA-specific IgG titer using ELISA. Data are expressed as mean + SEM of results from 3 to 5 mice.
**; p<0.01 versus SC or ID by Tukey’s test.

DLNs (28517 5 OVA #5414 CD4 Bt T M (A OT THHIAY) Zfi#tT L7z & 24, sdMN BT b s T
A E < (Fig. 3A), SC FEds JOVID #EL Hile U COZdaian 20 T filasighn L- (Fig. 8B), 378ibobh,
sdMN BECIEHUFHRHIED S CD4 Bk~ L S—T HE~OHUFS RN THE L QD Z EAVRENTZ, £, B
A OTIHfnAZFKm~—nr—IZ2 LV naive T (T : CD44low, CD62L") flfa, effector T (Trrr : CD44hich, CD127
CCR7") i, effector memory T (Trm : CD44bish, CD1277, CCR7™) i, 38 KO8 central memory T (Tom : CD44bigh,
CD127°, CCR7") MR/ L7z & = A, sdMN BECIE Terr MIIEOA E/2BNAGE0 Hiv (Fig. 3C), HUFRHERE%
(F 7= T #H23 Tere A~ EBRE ML L= Z ERH LN E 2ot - THIAY 7 > MENSRL &L b
TIEH 5D Tam IO EAERIZIBNT S sdMN BHE SC #EL D HEN TV, L7E2i-> T, — RGN
TITEEN~OHUFEE (sdMN ) 23 F~0HUses (SCH#H) X0 bHURFERT) CD4 Batk: T filfaazhes & <
fEL., ~ ST Hilg~Do b L IEHA b AR T 5 Z EAVRE STz, & 512, DLNs N GC Rkl sdMN #Ezod

b b (Fig.3D), sdMN Z U - R 30k SC I T0E & Hl LT, HUR & OIS E R
ROFEAZ DRI HFETE D Z EAVRB SN,
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Fig. 3. Antigen-specific T cell responses and GC formation in DLNs.
WT mice (CD45.2, Thy1.2) were intravenously transferred with eFluor 670-1abelled OT'I cells (CD45.1, Thy1.2). The next
day, mice were immunized with 20 ug OVA by sdMN, ID or SC. Four days after immunization, (A) activated OVA-specific
CD4* T cells with high CD44 expression and (B) cell division of transferred OT'II cells in the DLNs was analyzed using
FACS. (C) DLNS cells were stained for Trrr, Trm, or Tem to investigate the differentiation state of OVA-specific CD4* T cells.
(D) C57BL/6 mice were immunized with 10 u g OVA by sdMN, ID, or SC. One week after immunization, DLNs were
collected and GCs were stained by IgD (blue), T cell (red), and PNA (green).

3. sdMN %V =RRESuI S DLNs (2381 5 DC %72 v MEDZ(L

FFERIKIC LD AF647-OVA %5 L7-~ 7 A DLNs (233115 AF647 OVA'LCs 3 X TNAF647 OVA'dDCs @
Bk, BHHEH QIR L6 K] TIXSCHEL Y & ID #ER L UsdMN T <, sdMN B TR BEE ThH -
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#7% > k (CD8a ‘DCs, pDCs (plasmacytoid DCs), Other CD11c" cells) #23 T4, sdMN FECHUSUHHEM
ROEARIEIZHIIN L7, Zaud, sdMN % FWofR B G03, RO G- X 0 © 2= cHiiR % DLNs |25 T
&, NHLRHURIR R ZFHHET DM o5 Z L 2R LTz,
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Fig. 4. Changes in the presence of various DCs in DLNS.
BALB/c mice were administered with 10 u g AF647-OVA by sdMN, SC, or ID. At the indicated time, the number of total
subset cells (open bar) and AF647+ subset cells (solid bar) in DLNs were analyzed using FCM. Data are expressed as mean
+ SEM of the results from 3 mice. *; p<0.05, **; p<0.01, and ***; p<0.001 versus SC, 1; p <0.05 and {7; p < 0.01 versus
ID at the indicated time by one-way ANOVA with Tukey’s test.
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Fig. 5. Gene expression at OVA-sdMN application site
C57BL/6 mice were administered OVA-sdMN (10 1 g), placebo-sdMN, or plasticMN transcutaneously. For

comparison, OVA solution (10 1 g) was administered subcutaneously or intradermally. Each skin was collected 24

h after administration and subjected to RNA-sequence analysis.
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Genes were normalized for those with an FPKM value of 0.1 or more, and genes whose expression was more
than doubled, half, or less were represented by a heatmap.

Signal analysis was performed using the genes obtained from OVA-sdMN group.

In the signal analysis, genes whose expression fluctuations were particularly remarkable were selected, and
their expression levels were compared with those in non-immunized group.

RNA was extracted from the skin 24 h after OVA-sdMN application, and cDNA was synthesized. RT-qPCR

was performed using the TagMan probe, focusing on genes that were highly expressed in the RNA sequence.
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