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Covid-19, A > 7/ HIV DL D 2T A NVAEGIEL, 71— b JL R
B HT2H LTS DD, I TIE Covid-19 28R A CTEGE U, RN E R L OV
JusbRIC K D BATEVOBIRN S RF 2B R L b6 LY, ZoX ) IcEmed
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HEMEG S EE T RN H 5 Y, 19 AL, AREAEDEHSLD 7 F 2 O
FIZ K> TUA NV REGEIT 3T 2 PRI B IR IC AR L T & 729, U7
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mW/cm? DARJE I B US & W72 iF7812 K - T, insulin (~6 kDa) 3 L O interferon y

(~25kDa) & o=@y T AEEIEEYE O K EER A RET 5 2 LN S 1),
WMHFFER O LIRTOMRFT TiE, 41 kHz, 120 mW/em? DE %L US 23072 < & % 40kDa
F COBKMES S F O EEERE —RRIEET 5 2 L 2B o L2, Lehio
THRE B US 1T E~OMEEELRE L, A XORERY 7 F U HUIRD R
JE~DRRLEEZ FRRICT HEBZ b5,
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MMz T, LC {&EMAVIZPE S HURHHEE & & DORIT5I EHEVTHE L DHUREA £ TORYE
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ZOREREMRINIZ USICK DU 7 F o7 U NY = 27 AOBRFITH AMERE,

Z 2 CARMFIETIX US O ERRE T 7 F U HMEICHHTE 208 5 &l L
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langerin®? DA BUZFE- SN TFEAM L 72, 2 2 # CiE, US @I 5 PR 72 il A3 LC
DY 2 1AL LI EEAZFET 520 E I 0 LT 57201, ETUPL
JFUZART VT I (OVA) ZIEIR L, OVA OENES (id) 512 US Z#0ff L=
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ETDHTENWMEIN TS 29, £ Z T US @ A% ORI LC IEH b 2 & 22T
57, US 1 % OFRREREY 72 langerin OB A M5 2 & & LT,
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RETH o7, & HIC X-Y FiHEEE D langerin HOE S 7 F /L D EEHE R % Fig. 2 | TR
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&V | langerin ITAJEHNZJHIEL TWDH Z & BIEE I LTz,



b) 20 kHz

a) Control

c) 1 MHz

DC side

d) 3 MHz

Figure 1  Confocal laser-scanning photomicrographs of the lateral and longitudinal
directions of the epidermal sheets of hairless rats.

The epidermal sheet was stained with goat anti-rabbit 1IgG H&L Alexa Fluor® 568 preabsorbed
antibody that reacts with the langerin/CD207 polyclonal antibody. Langerin (green) was used as
an index for the activation of LCs in the epidermal sheet. Lateral (X-Y) and longitudinal (X-Z)
directions were imaged at a magnification of 400X . Bars, 30 um. The upper and lower sides of
the longitudinal direction images indicate the stratum corneum (SC) and the dermal (DC) side.

a) Control (no treatment); b—d) 6, 12, and 24 h post-ultrasound (US) treatment at 20 kHz (b), 1
MHz (c), and 3 MHz (d).
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Figure 2 Time-dependency of the langerin signal in epidermal sheets of hairless
rats.
The fluorescence signal was quantified by image analysis of Fig. 1. Each data column
represents the mean = standard error (S.E., n = 3-9). Statistical significance was
evaluated using ANOVA with Dunnett’s test. * p < 0.05 compared with the control.
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Figure 3  Effect of US irradiation time on the expression of langerin in the
epidermal sheets of hairless rats.

The fluorescence signal was quantified by analyzing the images obtained at 12 h post-
US treatment for 1, 5, 10, and 20 min of irradiation. Each data point represents the
mean = S.E. (n = 3-9). Statistical significance was evaluated using ANOVA with
Dunnett’s test. * p < 0.05 compared with the control. (O, control; ®, 20 kHz; B, 1 MHz;
A, 3 MHz)
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7o

Figure 4 (2%, JAPEE DL B [RRREOFELIZEE L= US % 10 s JEIcE A L
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720 B~ US #HIC X » TiF¥ S5 langerin F8LT 3 FEE O JEHE A E 72
ZIXRO LN -7203, 20kHz> 1 MHz >3 MHz DA CHEN-o7e, ZOZ 2 X0 1
MHz 3 & T 3 MHz DOIGH#I D US &0 JEEEAME Y 20 kHz OAXJHE L US 1%, LC @
EMHEEFFET L2010, LOMRMTHLZ LN ERoT, 22T, LBEORK
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Figure 4  Expression of langerin in the epidermal sheets of hairless rats after
treatment with US of different frequencies.

The fluorescence signal was quantified by analyzing the images obtained at 12 h post-
US treatment for 10 min. The applied intensities were 0.139 W/cm? for 20 kHz, 0.103
W/cm? for 1 MHz, and 0.186 W/cm? for 3 MHz. Each data column represents the mean
+ S.E. (n=3-9).

11



B2 FE 20 kHz OEBEF I L UMl O WyE FRIEE F I 5
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R E DR

BEWMIRLE L TEZONDI T Y ET — 3 3 F US TR F—DE KISV A
EHHAR L, BB L OEEEH US THIFE A ERERRD DI D &R
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T, US i f5RE DB Ma Lz, US OREIFRIX 10 /0 E @ L, US A 12 K
[W# D FF7 langerin BHL A BIE2 L7-, Figure 5 (X, 0.139, 0.412 B L O 1.19 W/em? D
20kHz US % B JE i@ H L 72 FEDZ L Z 4D langerin #Y6 Y 7 F /L &2 7R LT 5, 0.412
W/em? & 1.19 Wiem? TIEHE EZRZITRD S o 7o hy, ji 5 O AL

langerin OFEELMGINT D Z & DR STz,
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Figure 5 Effect of US intensity on expression of langerin in the epidermal sheets
of hairless rats treated with 20 kHz US.

The fluorescence signal was quantified by analyzing the images obtained at 12 h post-
US treatment for 10 min. The applied intensities were 0.139, 0.412, and 1.19 W/cmZ.
Each data column represents the mean = S.E. (n = 3-9). Statistical significance was
evaluated using ANOVA with Dunnett’s test. * p < 0.05 compared with 0.139 W/cm?,
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TS IEE IR L TBIRI L 72 0 | BB s BRe A TEME L9~ 2 29, $7- MN i

EEDUR A ENICEESE L ZENAEETH Y . S HIZMNEHZ O H DD L ER

PERERE A TR ML 5 2 L SBEICHE ST g 1430, KEITIE, & langerin BT
BWT, ZTNOWEFNEE US ORZEKT D &L Lz,

Figure 6 |24 W ERAYALTE 12 RFR #2381 2 R langerin FEEL D2 A 77§, 20 kHz,
1.19 W/em? US % 10 43[R & 1258 A 4 O MIN 38 FH IS & 0 257 langerin ZEHLA A B
BN LU 72, TS IZ control & kbl L TR langerin REITHMNT 2 L DD, HE 251X
RO LN T, BBV HEEHAINTWDE T 7 F U EHIETHD s #5 Tl

AABRRIEIK 0.1 mL 3750 3 e 5123V T, langerin OFIBUIFTFE IR o 72,
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o ol

Figure 6 Expression of langerin in the epidermal sheets of hairless rats after
treatment with 20 kHz US, tape stripping (TS), microneedle (MN), and
subcutaneous injection (s.c.).

The fluorescence signal was quantified by analyzing the images obtained at 12 h post-
1.19 W/cm? 20 kHz US treatment for 10 min, TS, MN, and s.c.. Each data column
represents the mean = S.E. (n = 3-9). Statistical significance was evaluated using
ANOVA with Dunnett’s test. * p < 0.05 compared with the control.
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ATl 3FED R/ 5 AW E (20kHz, 1 MHz 8L O'3MHz) &M\, flix US
8 etk % BRIk U 72 RF D3 B2 LC OTEMEAGIZ DU TR L 72, TS 12 & 5 W Bl
% 12 REHILANIC LC OIEMALANFHE S 4, 48 R ICITTEPE L L7z LC OKE 23
RENOIERET 5 L RESNTND O, 22 TAT VAT y hOBFHEICUS @M L,
LC OIEMALDORFHMKAFAEZBLZE Lo, ARORE R D LC OTEMHALD 12 KefE] AT T
FHRINDZENALNE 72572 (Figs. 1 BELON2), ZD K H 72 LC OIEMAL DB
IRTEPEIL, W EICHRFE 7z 500 um MN O R JE~O5E A% I2G izt o L [EEET
o7 7=, LIBEO IR T US HH 12 Refi#ICEE L, 4 US i H 50 TRt
THZEELT,

Figures 3~5 (2779 & 912, LC OyEMAkIL, RNRRR, A EI L OWREE 72 & US
W SRS D & & DS B s & 72 o 7= Figure 4 (2759 langerin 86 7 L1,
[FIRR DR FE PRI Z BV C 20kHz> 1 MHz >3 MHz OJIECE< 72 0 . LC OIEPE(LIX US
JEBEAARAE U, AR OGN L VR THL ZERMA SN ERoTz, ETo,
langerin FEEOHENML, T TOEME T 20 73 % TO US OISR KIT L7223,
20 77 CTHI B 2T E langerin BN BIZE S V72, 240D OFERIE, RJE L US 23 LC
DIEVEAL 2 It U C RS i % S A IE AL &8 2 ATREME 2 /R L T 5, (KJH
WA USIZ, 1MHzR°3MHz & W o oG US LR L Ty BT — 3 a3 VBRI
Lo TSRO R E 525 Z L NmbhTns D, FEE, 41 kHz OEEM
BUS 12 K0 REREOBREIR PSR AET 2IERF v B 7 — v a VAL, B
KW R T DR E L CRIB~DO~ A 7 nY ey N5 & Z 7 AHE
PEDSHER STV D, 2D & 9 72 BRIz RIE, 158 8L 1UN 450 kHz @ US 2 L
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TG RIIEFER SN oo ERE STV 3D, 2 X 512 100kHz L Y JEHEER D
R US ICE i< £ D & S DBBAIZNRIZ, TS ° MN ALHEL & [FIRR 72 B D5
PR 2 TEM L 2 PRI L TEETH D LB X B 5, Langerin #6377
V% 20kHz US ORhHRIE, 1.19 W/em? F T % 12K 77 L 7= (Fig. 5) ., 20 kHz,
1.19 W/em? US "C#F 5 4172 langerin Y3 7 /L%, MN O HIZ X 2 Wiz X 5
HDEFETH o7, MNITFREHEREAZTEHEM L, EFH SN TND se. &EHEB X
OIS &I L TEWBUREAEDTEE SN D Z ERHE SN TWD, £D72D),
[F% 0> LCIGEMEALAYFR D B 4172 20 kHz US (X0 12 RS uE i Re 2 TEPE(L L. Zh R0y

ROUREAZFETE LML H L LB b, — T, BUEEHINLTWDLY
7 FoEEHETHD s.e. BHITEZZRT D &0 O WERIZRRBIZ 2 Y 5 27714
TiEdH 205, BRI OAFE LW T ~DERN TH 5720, LC IEM kITIiE e
o EFRBENENLDEE 2 LD (Fig. 6),

PLEX Y AREBE US 13 8 Eise TR bicxt 2 Eiflig & L THEHATH

LA REMEAV IR STz,
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BEREHICH S IBELARB LT
KRR T 7 v AR OHURFEHEEE D FH

ATARIZ VN T 20 kHz US % &2 FHIZ 9% 2 & TFRZ langerin O BLOHE NN
DO D, RERE US 132K LC OIFHELE I RNICEE T2 b0 LH
2O, IEMHAE L7 LC %, FIRRZHE D ORfa BFFE I D RIEMEY A A
BLOMEDBRD Y 7 %28 % L, 00T DB IC B R RECRHR ZEE D Ik
il L ENICH T 2 EHEL TLES TS 2 ERHRE SN TEY | FURDOEY A A
PIEFE L 725 D, PRz e L7z LC 1%, MHC & BICHifaRimic i ~7"F R &
R, U U REIi~OFEENEESN S, WEEINZ LC 1374 —7 THICHREE R
FATO, PURIR R 2T T A —7 T HIKIIREE % DA kB A 12 &0 fifatk sz <e
RIRMEREEZFEL, —EOREISENFEIND Z ERBE2 LD 24339,

FHRESIZE D, 10 ug D OVA % FlE L7 MN O 1% 20 ug OVA HE D s.c.
F0L id BHIZL o THFEINDPRRE LI L TRWREEAZHEL. iR
VU SEIRNICB W CHIREZ L7z LC B X OE LN A A= I+ 5 2 &
PERE S TWD ), F7z Cao bid, REREIZTZ 77 ath~A 70T V4

(RF) ZHT 57200 C, JUROMIES X OEEAMEE Zh, & 51 HHEPH I
Ji%& id #H5ET5H5ZLT AT Va2 b THHAY T Lo _"—2OKFMA
J Ty a Tk D Addavax ROKERET VI =T AL TEH D ALUM & Hl L C

BICEWIUREAZHFETH 2R/ E L T0D ™, b0t X v, TDDS £
WEOFIFRITAE D FEJE~DORIILR T & 2 Sy MEF & 70 0 i lsRe NITHEAL S D =
EMEZBND, US MHICEE D BB ~OWE 2RI X 5 FF LC OiEMEAbE
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ExRodfhio> TDDS 4k & FIFRIC LC OHFURIHIR 215 IC L, FUAEAZFHES 2 0]
BREMENB X N5,

Z ZTARTTIE, US #AICHE D BE~OWBER 72 filifny LC OHURIHHE A 1E AL
L, FUREAZFET 0 EIEHLNCT A L2 HME Lz, T VHURE L
T OVA % @R L US Z M L7 BJE Ikt LT mOHUR A V7o B A 0> i L iE
B ROMEAREOPUR A AV CHEEEIRELE LT & & OPURFEAR~DREIZ DN
TRHI L7z, HURPEA RIS bivie & & DR LC OHUFHHIEREIC DWW T
fluorescein isothiocyanate (FITC) TiZik L 7= OVA (FITC-OVA) # W CRHli L7z, =
WD ORI SENT H | LC OHUTIHHEIC X DIEMEALH b HURPEA F TOREERED —
BEOfiNzE~ T Az HHWTRHET 2720, % 1 TH B L 72> 72 LC Ot b~

U ATH [FERICRO b D s L,
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T1E BEEEMoyEORBEERICHES
# FZ langerin BHIZBIT 5
Ty b= U RABOBEEDHER

B2 S A~ D SR 2 D2 T B & eV TAE U 2 HUIRPEAE $ T O R E e

—HOMN TS DITH2Y | EBREMAE T v F oD OVA IZ XD HUREARED
WY T RCEER L, DT v M Tl L CERIfR OGN~ 7 2T b [AEk

IZBIETE 0 2R LT, T2 CARETIE, v~V RADOLEITK LTH | k& AR

US ZiEH L., S0 T4 VT LC OIEMHEBIZOW TR L, 7 v hTHE S
NIRRT H 2 L L Ui, Hifa Tl LCIEMAL A RS S 4172 20 kHz US 12
SR % C LCIEMARIZ R % US AR, 8 % ORERF R DUV TG L7z,

[T L ®IT, 20 kHz US Z AW\ T~ 7 ADFEKE langerin FEFUIXT 25 US @@ HI R O
SR T LT, US O RRESIRFREIE 10 23R REE L, US J@ A 12 R4 D3R langerin
B ABIZ LT-, Figure 7 1%, 0.139, 0412 B XV 1.19 W/em? d 20 kHz US % 7 » b
BLO~ T AR E I A L7ZKED langerin #6Y 7 VO E R LTS, v
ATIET v MZHA~T langerin & 7 /W E A< US 18 58 O ANV langerin
DFBLBERT 2 Z ERfER SN, LHnL, 0139, 0412 3L 1.19 W/em? @ 20
kHzUS Z~ U A EIZEM LR O R m 2 BE Lz & 25, 20kHz, 1.19 W/em?
US @ E%. B ORENAMHERR SIL, S—E FICH LR OBRENZED bl
720 US M 12 B2 ICIITAIE ISR LTy, ERERFEL Tz (Fig.8), M
P L72SRETIEL 119 W/em? T langerin #7627 AR b EWZ ERH LM E
ol RIGREITH LN RBERH D NETH D LIl CE 5720, LIFBEOER
TIE 0412 Wem? Z feli i & & 2 That 2D 5 2 & & LT,
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Figure 9 |Zfcd@ 0% & L7= 20 kHz, 0.412 W/em? US %~ 7 AR &2 10 4y [ H #
0. 6. 12 3L V" 24 WFEH4 DFKEZ langerin ORFIFFBIZE L Z /R T, 7 v b EFEERIC
K langerin FEHLIT US i %2 ORRE ] & LN L, @A 12 K% Ty — 27 2R
L. 24 FFf##21213 control & [AIFREEE THUD Lic, ULEDZ Lt US EAIZHE S K
JE~OWEI) 2RI RT 5 7 > F TR B langerin BBURZEIL, ~ 7 A TH[AEIER

IZRHN, T RAZBNTED EWVIRERRTONL DO LB bR,
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Figure 7 Effect of US intensity on expression of langerin in the epidermal sheets
of hairless rats and BALB/c mice treated with 20 kHz US.

The fluorescence signal was quantified by analyzing the images obtained at 12 h post-
20 kHz US treatment for 10 min. The applied intensities were 0.139, 0.412, and 1.19
W/cm?2. The black and white bars denote mouse and rat, respectively. Each data column
represents the mean = S.E. (n = 3-9).
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Figure 8 Photographs of mouse skin after the application of 20 kHz US.
Photographs of mouse skin after the application of 20 kHz US for 10 min.

Images of the skin surface were before treatment, immediately after US treatment, and
12 h post-US treatment. The applied intensities were 0.139, 0.412, and 1.19 W/cm?2.
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Figure 9 Time-dependency of the langerin signal in epidermal sheets of BALB/c
mice and hairless rats treated with US.
The fluorescence signal was quantified by analyzing the images obtained at 12 h after
treating the skin with 20 kHz US at 0.412 W/cm? for 10 min. Each data point represents
the mean = S.E. (n = 3-9). (@, Mouse; O, Rat)
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F2E FURBEMBREBIOBERHFAICLS
TURSFRRITUAEA RO LR

H1E HEESRELBICHT BT REAOMER

ARETIE, US BHIZ L > THEINTRKE LC OIEMEALATURRE R 2R B EA:
EHET L0089 Rt Lo, mETRE & E%GE L7z 20kHz, 0.412W/em?US &~ 7 A
DOEFMIZHEHAEZ, ®E SN TWND YT A0 OVA BIESM D2 I, HURED 50 pg
E72 D X OITHRB L7- OVA ABERRE s.c. $5 Uiz, HESKISREET US %5 A
FUZ OVA AHBERE s.c. #HLEZb0E AW, SELEYHRZ 0EH & LT,
2B X4 M HICERIM L, OVA $r5M) IgG) FUik &4 M L 7=, OVA AEHEBHRKRD
il s.c. $eH5B I OVUS OFAREE HIC 238 A L Hig LT 4 B CHEA SR D PR EIT
BN L7223, US OFHBED T A OVA AR OB s.c. G FUREA RIT,

2BIO4EE EBITIET L, PUAEADREITRED b7 (Fig. 10),
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Figure 10 Ovalbumin (OVA)-specific immunoglobulin G1 (IgG,) antibody
concentrations in the serum of BALB/c mice at single immunization either
pretreated with or without 20 kHz US.

The US + s.c. group was the administration of s.c. of OVA to the mouse skin after 0.412
W/cm? 20 kHz US pre-treatment for 10 min. The s.c. group was only the administration
of s.c. of OVA. OVA-specific 1gG; concentrations at 2 and 4 weeks post-first
Immunization were measured using an ELISA Kkit.

The gray and black bars denote mean = S.E. OVA-specific 1gG; antibody
concentrations 2 and 4 weeks after immunization. Each data point (O) represents
respective OVA-specific 19gG, antibody concentrations in 4 mice.
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28 EREIRFELBICE T HEFRIADOER

ATER O i B OFUR 2 72 BRI O 5 ALE Tld US ORTPLERC L 2 HFUREAE O
ERRD BRI T, T VE~OPEALE L, AR EOHUR &V THEEIEL
BT OMETH L <AThTng Y9, & 2 TAHEICIE, KA EOHRA HWCTEEE O
GIENEZ LT US BRI ORIRZFM 5 2 & & L, S 51T, K OREHE

TITAEE LR LB LOEROGE Sl OREI N EETH 572D, BNEIKIC
PIFET D ENEE L BKNICHIRZRET DV 7 F IR TH 5 & #
HINTVD Y, MN X SP &\\\o7- TDDS i3 EZ 0 L CHh & LS E 572

. HURDORASNOERZEE B AREICTHLZE2 N5 T &b, US THILE L7/
JEZHUR % s.c. BEBIWid 85 L, PUROREET OEW & HURELEDOBRIZO
WTBETHZ LE LT,

& RIBRIC A BR L & %€ L 72 20 kHz, 0.412 W/em? US % 10 43fil~ 7 A D H
WCE A% PURED 2ug £ 705 K 9IS L7 OVA AR % s.c. BeH-F7-13id
Peh Lo, Bl gefiix US 2 HE 7712 OVA ARG A s.c. &G E713id
HBLIebDZHWe, SEAENHRAZ 0B LT, 1 EMABEIC 3 HEHME THRY K

WHL, 2BXO4HEMBICHEM L, OVA FFEM 1gG) Uk &2 7Em L 72,

Figure 11 (%, 20 kHz US CTHILH L7 KZEIZ OVA D s.c. 5 F7213id &5 L7
%D OVA B i 1gG PR BEEZ R LI b DO TH B, se. EBIWid #5L b1
US A A & beig U, US THRILER L 728 TliE. OVA R 1gG PURENHDIN L 7=,
US THIAH L7256, 2 HE#% O OVA R 1gG FUAEIL s.e. 5T 1.3 5. id
BehH 23 fFML7=, & 51T, 48M% O OVA 551 1gG PR EIL, s.c. &5T2.8
%, id HGT34MFITHM U, F72, US TRILH L7z id #5132 B LU 4 6fH
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Figure 11  OVA-specific 1gG; antibody concentrations in the serum of BALB/c
mice at multiple immunizations either pretreated with or without 20 kHz US.

The US + s.c. group was the administration of s.c. of OVA to the mouse skin after 0.412
W/cm? 20 kHz US pre-treatment for 10 min. The s.c. group was only the administration
of s.c. of OVA. The US + i.d. group was the administration of i.d. of OVA to the mouse
skin after 0.412 W/cm?2 20 kHz US pre-treatment for 10 min. The i.d. group was only
the administration of i.d. of OVA. OVA-specific 1gG, concentrations at 2 and 4 weeks
post-first immunization were measured using an ELISA kit.

The gray and black bars denote mean = S.E. OVA-specific IgG; antibody
concentrations 2 and 4 weeks after immunization. Each data point (O) represents
respective OVA-specific 1gG; antibody concentrations in 6-8 mice. Statistical
significance was evaluated using ANOVA with Tukey—Kramer test. * p < 0.05
compared with i.d.
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BIE BEBERICEIRET VTNV ZHBRIC X
PR R DR

B1E BERERICHEIRET VTN AT S
URTE D E RO

AT Z C 20 kHz US CHIPALEE U7 f IR EOHURZ MV R L5325 2 & T, #i
REEEDOFTERH SN L Irodc, BRI HURPEA Z3F5 U778 52T, g s
JOFURHRERENS E -T2 RN BEZXbND, LALE IR THLE RS/ LCTE
PEAL DB KN Z OB OPUFFRICH 5 L T2 I3 T2 < JUS MHIC L 5 LC ik
PeAb & PURTHIE & ORBREZH LT OMER DL EEZXBND, £ I TARETIE
US itk D~ 7 AR JEIZ FITC-OVA % id %5 L7=BD LC OFFHHREIZ OV T
Pl L. LC {EM{b~—F—T®H D langerin & id #5 L7-viR it Lol ER
L OBUFIR EDOERICOWTERT 2L L LT,

20 kHz, 0.412 W/em? US &~ 7 A @12 10 4y H# . FITC-OVA EPRBIEIR &
id 5L, ~UADKE% FITC-OVA AHBIEH % id #5E% &5 12 B
BICHE 2 L. LC 1T X PRI Y AR & 3 R L — — A RPN ER 1 CBlsR
L7-, Figure 12 [3PUFHGEZ I L O 12 B ICBT 5 LC OFUSHHIZIC OV TR
Br L7=ifg 2R3, HOEEIX langerin %, FrEaOE 1L FITC-OVA 27k LT\ 5,

BHEZ T, X-Y FhE, Z-Y B Lo e w2384 5 langerin O]
OMFEINIZ FITC-OVA DEOEABIZE Lo L A SR CTE oo, — . it

JE G- 12 K% CITMIRE m IR BT 5 langerin @ NARIOMIAENIZ FITC-OVA D
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WenBEINT-, ZOfRELY, 7a—H 1 b A MU —THRHEH 5 FITC-OVA Dt

e LC OHURHRIC L2 D TH D EH LT LT,

X-Y Y-Z

Figure 12 Immunostaining images of LCs captured with FITC-OVA.

Images were Immediately and 12 h post- the administration of i.d. of FITC-OVA after
0.412 W/cm? 20 kHz US pre-treatment for 10 min.

The epidermal cell suspension samples were obtained immediately and 12h after
administration of i.d. of FITC-OVA. Epidermal LC was stained with anti-mouse CD207
APC. The Blue signal is langerin(CD207). The Green signal is FITC-OVA. Lateral (X-
Y) and longitudinal (Y-Z) directions were imaged at a magnification of 600 X . Bars, 10
pum. The yellow bar of X-Y images indicated the position of the cross-section.
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T2H BEREBIZEIRET VAN ZAHBRIZEBIT 5
FUR R RE D & B LA
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US % ZJEIZRTLERS 2 2 & THURIHIERBIZ B L RITTHEH 60T 57201
~ 7 AR R IR & FH VT, FITC-OVA Z Al L7z fiiatk oEIA Ll 1 o7z
DO LR EZRIET S22 L & L,

Figure 13 |% FITC-OVA @ id. KON US FH 12 IKefEli2 DFZ LC 128 1) D Hulsidise
e oEE&B X OPURREELEZ RLTW\W5, LC REIURO 7 —H A h A R —
FEHTIC K 0 RO T-Fui il L7z LC O 5A 3R 1%, US @M IZ K - T FITC-OVA O id.
EH LAY 17 £, PURHHIEEIIA 1.4 5 & 7o T,

X512, PUSRIEIZEE 57 5 langerin R 8L & BAfR & 1 & /3279 5 72812, FITC-OVA
ZAEHE L 72N &2 & 512 langerin I O E VY LC (langerin LC) 72 & NI W

(langerin® LC) T4 — kL., ENENOHURFHE L7 LC OFIE I L O &

DA R L, US A2 % 71 i L 7=, Figure 14 X FITC-OVA @ i.d %O US ftH
12 FEf# @ langerin"€ LC 33 X OY langerin'®Y LC OHUFHHHEMILE] & 3 L OPUEHHIE &
DEACER L= T 7 Tdh b, langerin"® LC 2BV T HEARE L OHUSIIE &N &
VME Z R EANTRD B vz, £7o. US #HOA STl L7-FF, langerin® LC T
F AR X OPUFHE & & B IR RD Hiven - 7223, langerin"®LC TlT 5A
FITH 1.8 5, PURFHIEEITM 1.4 8N L7, 2D 7=® US #HIZ L D langerin€"LC

DOPURFHEATEM L S, MlaH 72 OIRPUR BN 2 Z &R S,
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Figure 13 OVA-capture in LC in the mouse epidermal cells, either pretreated
with or without 20 kHz US.

a) the proportion of OVA-capture in LC of the total LC, b) the amount of OVA-capture
in LC Occupancy and FITC-OVA

The mean fluorescence intensity (MFI) was quantified by flow cytometry analysis
obtained at 12 h after treating the skin with or without 20 kHz US at 0.412 W/cm? for
10 min. Each data column represents the mean = S.E. (n = 4-5).
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Figure 14 OVA-capture in langerin high and low expression level LC in the
mouse epidermal cells, either pretreated with or without 20 kHz US.

a) the proportion of OVA capture in LC of the total LC, b) the amount of OVVA-capture
Fig

The mean fluorescence intensity (MFI) was quantified by flow cytometry analysis
obtained at 12 h after treating the skin with or without 20 kHz US at 0.412 W/cm? for
10 min. The black and gray bars denote Langerin"d" OVA* LC and Langerin'®¥ OVA*
LC, respectively. Each data column represents the mean = S.E. (n = 4-5).
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BAE KROBEEL I UV/NE

AR TIE, ¥~V AIZOVA % s.e. BehHFE721Tid %5 L, 20 kHz US TR L 7=
Bt & LIRWGE O OVA FrEA 1gG FUAREAIZKTT 2 US EHORE, S 5I2HUR
I3 2 R A AT LT,

BRE L 72 FZJEIC 20 kHz, 0.412 W/em? US % 10 3 RIATLEL L=~ o R &{Tblen~
AT, OVA % s.c. B&5F7013id #5 L72%D OVA R 1gGy HuiRFEA & % H
iE LTz, ZOPUREAR LOPURIHIR DR TIE. ~T LA TF » Do 0 12 BALB/e
~ U A&7, 20kHz, 0.412W/em? US % 10 43f#iE f U727, langerin %81 &
ZEIE L, LC OIEMHALZRTS - TR L7z (Fig. 7)., US i#HA#% ® langerin 3 7L
DOEMOFEFRUEAFIEII~NT VAT v hTHEINTZHD LFEETH Y (Fig. 9). US i
AN X 2 0E RS DFEIZIB T, LC DIFMEILEE D £\ 95 5T BALB/e v U R &
AT VAT y hORETHEETH D Z ERRINT, v U AKEIZ 20kHz US THITL
%, ALBREIFHNIC OVA % s.e. &5 F2iTid 5L, W Lo~ 7 2040
RPEAE & & eI RRET L7z, Figure 10 (27”9 K 912, 20kHz US THRILEE L7=~ T A JZ
JEIZ 50 ug @ OVA % s.c. $&5 CHRIEAE L7-54 . 20kHz US CTRILWEE Lo Tz~
7 A &l LT OVA FRRM) IgGr PR EDINIR D SiihroT-, £ 2T, 11
WHT 2PUREZ 50 25 2 pg [ D L, BEIEOREAE % LTZFEo US JFHO%)
REdHid 2 Z & & Lz, 20 kHz US THIZAH L7~ D AZBWT, 2 ug @ OVA &
seBEWid BHTHRIFELE LGS, se BLWid &5 & H12 20 kHz US THIAL
B L7Zpholo~ T AL U CHREAENEM LU= 2 EH BN E 22 -7 (Fig. 11),
%7220 kHz US THILEE L7z~ 7 2BV T, s.e. B LV id 5 OPURMEA & o~
L E . RNEG TR EmWNZ &0 BERIIEATOREISEZmDTND Z
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EDHERIE NS, ZOFERIL, 20kHz 0 US 12 X 5 ATALER)S J2 G sa e i RE 2 Bl L C
PUAPEAEDFHEE A L1257 2 L BVRIB I Tz, plastic-MN % L 72 0 AT 2 BUR
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PURHHHE 2 E ERICRHN L7/ R, US WAIZ L0 SARL IR L Lo
IR 1.5 %5, PURGHIEEITM 1.4 528 L7 (Fig. 13), & 512, langerin""LC T
(%, langerin® LC & Fhifs U CHURHEMIE SR L OB &3\ v 278 L, US
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MBS E o7z (Fig. 14), Pz £ LA LR MN 28 H L2, Bt
&Y L NEIT LC B L OEKEMNM A G EICEESNZZ EbHEINTEBY ., ¥
PRI 72 RS HUR O B Y JAAITBIFR 72 < LC OIEMEA LIS TV U Rfi~oifEd & o
7= K e S B AR OTE AL 2 355 2 Al BEMEN S 2 H LD 30, AR T, US I FE
9 RGO RN 7275 LC OFUFHHIR 217G T2 Z LB 6 E D | 2Ok
A ERBRIZ, USLEETH LC D U V3 HinOilfFEIC b B8 E 5 2| S Ri e PRI R

(ZDRIND EFZZ B,
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BELOTNF-a/2 FOEENMEHES DL Z EARESIN TSP, IHICE M LCIZE
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265D, LIzh-> T, langerin BHLE — 27 N H 12 itk THLZ L 2BE L,
A A DIFEBUZHOWT S RO H P TR 2 0E 1 H 5 L EZ BN D,

Z ZTARETIE, US BHNTHE D B S BRE DIE LAY & D X 5 72 AR PR
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6 FEFIRICTRIE N R R Z /8 LTz, £ OM% T OVA Bl id #5 ClX IL-1a,
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Figure 15 Time course of gene expression levels of IL-1a, TNF-a, and NF-xB in
mice epidermal of OVA i.d. either pretreated with or without 20 kHz US.

a) IL-1a, b) TNF-a, c)NF-xB

The US + OVA group was the administration of i.d. of OVA to the mouse skin after
0.412 W/cm? 20 kHz US pre-treatment for 10 min. The OVA group was only the
administration of i.d. of OVA. The control group was the administration of i.d. of Saline.
Total RNA was extracted followed by reverse transcription and real-time PCR analysis
of IL-1a, TNF-a and NF-kB gene expression using 18S as endogenous control. Each
data point represents the mean = S.E. (n=2-6). (O,0VAi.d.; @, US+OVAi.d)
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L OV 2 HEEITZ I TIL-1a. TNF-035 £ Y TGF-BO AR T3 B L~V 23 Al FRE & bhig L
THIINT 2 Z ERMESHTODN, 2 OBE TIX US 1308 14 2 BEfd o RefHER £
TLFHE STV, —J5, WO —FEThH A4 b7+ LU AT, i

1 6 FEff]#2 £ C IL-1a, TNF-a OB THBEL LA NI 5 Z ERWEIN TN D
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Figure 16 Time course of gene expression levels of IL-1a, TNF-a, and NF-xB in
mice epidermal treated with 20 kHz US.

a) IL-1a, b) TNF-a, cC)NF-xB

0.412 W/cm? 20 kHz US pre-treatment for 10 min to the mouse skin. The control group
was non-treatment.

Total RNA was extracted followed by reverse transcription and real-time PCR analysis
of IL-1a, TNF-o and NF-kB gene expression using 18S as endogenous control. Each
data point represents the mean = S.E. (n = 2-7).
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55 2 R CAHAE RS SV HUARPEAEICKRTIG LT, OVA Bl id &5 & b LT US
PP CIIREHFEGR B IOV A NI A v ORBLENZ IS THEIN L -
ZEMB, US PFHIC L o TINBEGRFBIOY A MIA U ORBALFHFETH 2
ERHL M E o7 (Fig. 15), PURZHK G L T 7202 H B8 579 MN X° RF O &
~OEMNT L > TLC BEMHIL SN D Z ENHRE SN TND, b I IELRfIITK
2 K o TG/ B RIEMEY A N A <2 Alarmin & FEIEI 2 RIER 7230 S 1
HZEILE-oTHEINDLEZLNTWD 373, LI EFIENL 77T A

IR SN TR Y, MiloBEER I THEEIND Z EnHEINTEY,
TNF-alE IL-lo & 13570 0 EFRFOITRRIZ A 700 ad, A& 5 2 & TEANME S
NDHZENMLENTND D, SREFANTOAIEER L US OB R IT]R . ZE

2R L CROCEIR R A 52 D LB BN, SaESRE A TR L S5 Z L
oL 757 US A FIZ W T, PRz 5 L US B CoOmA T
ZK B IL-1o, TNF-0.3 J N NF-xB OB FHREEOHMRRBO b7 Z &b (Fig
16) . US i FIZ £ 5 R 72 RS 7 7 F 7 A Moxt L C—Refg 2854 5 2 . MN
R RF & [FRRIZ B O MR ICHRIR 123 i S s 2 & T, LC O L& 3548
LTS EBERXDBND, TDOELIT, £EP IL-la, TNF-a3 LU NF-xB OE{s 77
BN KAL T 2 BER A3 US O O3 Fl C langerin O RN KL T 5 12 BEfE L 0 miiod

6 X9 CTHoT-Z B LABEMTHD (Fig 16),
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BERICEDTHRTNVT IV DORNEZELE

PR R RTUEEA B O
ZE TOMRBIT, US #HICHE D RE~OWEE MY LC &I 55

YA M IA B ROBEERFORBAEZFHE L, KK LC OFURMHIEZ M LR 7225
RIEAZHFETELRMENRH DL Z EDRRALNERoTz, T2 E TORFHIHWTE
ToARJEEE US (20 kHz) 1 3FEM ORI E R Z e S D Z L BE<HRE SN TE
V. 9 40~70 kDa OIEMB LY 7 F U HURICK T 5 B OB 2 ED D DICH
HThHLEREINTND D, ZOZ &b, WEXEZREIELZLEZHMEL
T ORFIN 72 STV DIRERE US 13V 7 F U PR OB & B 2 kA
HEEHGTELEE R LN,

ZZTARRETIE, B 3MWMETDO OVA @ id 5 TOFRIZHESNT, LC OFENHE
fbzFEcx bk bAMM USBASEME LT 20kHz, 0.412 W/em? US10 47 [ % B4R
L. USIZ& - T OVA & ZNITEE S EZBRO BNHUR R E R & GUREA DBIFRIZ D
WTER LA,

20 kHz, 0.412 W/em® US % 10 3B M3 2 2 & TRETE HHUREL S 2 i Crk
fili L7254 &[RRI OVA DRENEEEEN 2 pg L7225 K 912 OVA ABREROEE
RIEERATV, BaaiEd -, gt LTt b CRRMEANRA STV b1k
TV any NTHDHKBILT VI =T L5 (ALUM) ZHWT, [AEED A7 ¥ = —
VT OVA Z id H&5 L, IR RPUEEADFHENTELNEI T2 & &

L7,
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FI1E FAXRTNVT I ORNEZERBOFE

F2HE D 0.1 mg/mLOVA ABRIEIR 20Ul % id #5 L7=FHZ US 2035 =
& T, RN REAZFET D ERALNE 2572 (Fig 11), — 5T, US®
WERRY 2RI X D HUARREADOFFEIT, BHIEOmHEEH OHBEICHE LI W EN

IFERNE LN TS (Fig. 10), D7z, US &AW CRIFEE OHUR & FNIC 2k E
S5 LA BRI OVA ABEEKROMEHREE O E D72, AL THN TN
% OVA 1353 7&K 45kDa TH D728, OVA Loy FENI< , I ZMTAFL
KTV S 754 40 kDa @ FD-40 Z W T THRIMGT 2175 2 & & LTz,

YAFFEE D LIRTORET T, 0.5%FD-40 ¥k 2@ M L, 41 kHz, 120mW/cm? US % 30
YRIRRET9 5 2 & T, A— 2 E FIC FD-40 OV EBNBIER S, FD-40 NE S I
JEEFBR L TNDZERHALNERSTND O, 22T, [FRED FD-40 2 AV T
FERERETEME(L 2338 B 4172 20 kHz, 0.412 W/em? US % 10 23Rl L. K FD-40
BOHE Z I 72,

0.5%FD-40 EFRRIEE 4 K G ICiH LC US % 10 M MRE LZE%ICHK G+ FD-
40 BEBIELTZE 25, 48.619.6 ug (584101 ug/gtissue X 0.0815+0.0027 g tissue,
n=6) &7V, HELTH2ugD25HRETHLZ N LN, £ T,
AT DIEEK 25 IR LT 0.02%FD-40 AEPRRIIRAZRE L, RO ERE
Tol2E 2 A261£1.57 ug (23.7£12.1 ug/g tissue X 0.093520.0076 g tissue ,n = 7)
70, BREL L7 2 pg IZIVWMEZ 1S/, BAE L 725 2 pg 2TV MY FD-40 (2B 0
THLNTZZ L6, 0.02%FITC-OVA AP EIEIK 2 VT OVA D BN I & D iR
wiT-o7z, US #HEZICHEFE T FITC-OVA BE2JIELZE 25 1.94£0.72 pg (22.9
+0.4 pg/g tissue X 0.0849+0.0049 g tissue ,n=3) E72-o72Z LD, LEDOERT

40



L. OVA EHREROBEARELZ 0.02% 3562 L L LT,
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H2E IgC IRELARORRIHY

ARETIE, TNETOREND LC IEMHELOFFEIZIS VTl b A M7 US J& I S
ZMAWT, USELIZ XY OVA 2~ U ABEMIZEA L7 O MG O OVA K51
IgG TR EZWIE L, SUAPEADOTFE N FRED E 2 D E gt Lz, US &I 3
i £ TOREFAZIELDUNT 20 kHz, 0.412 W/em? US % F VTl IR & 10 2 R E
Lz, F7o, HlSHEHEE LT OVA A% id &5 LU M TOMHGER
A SN TWAILET Va3 hThDH ALUM % OVA AEBERIEIR & 1:1 OFIE TRE

LTCid %5 U TRENERRZIT 7o, 5 2 mMOM YK L & RIERICHE 1[04

T

TAEBIR L, REAEYEZ 0B & LC, 7HHHE TUSLHIZE D OVA DREREN
BAZVIRL, 2, 4, 6 BLXO8EM B IZH M L, OVA ¥R/ 1gG L&A 71 L
7o

Figure 17 |Z 20 kHz, 0.412 W/cm? % T OVA A BRI IR 2 BN D52 S B 721,
OVA AFRRIEIR % id #5 L7-BEE X O OVA AFRHERIC ALUM 28U id £
H LU7=BEZBT 2 Mg 0 OVA R A 1gG FLIREDOREHER 27k, OVA A FR
Wik %~ 7 AEERIT id $e53 5 L. OVA KRR 1gG PLiR &tk < 28 L., ok
ALET 638 H LIRS 8 i B IXIZIFRUX W & /e o 72, ALUM % id &5 L7=RETlX
OVA RFHLMY 1gG HUIR B3tk 2 1IN L, o iuiE % 8 il H £ CHENME A 238153
7275, ALUM REEH & ZITMR I N> 7c, —77, 20 kHz, 0.412 W/em? Z W C
OVA HEH R A 5 L 721 D OVA FrRI 1gG PR EIX, OVA AFRIER % id &
HB X ALUM % id &5 U7-fEL D o 0ER 6 1 H L& O A BIZE MEZ

R,

42



300

’_T *
£ 250
(@)
2 200
O < i.d.
=2
o 130 * -+ ALUM
RS)
2 100 ~US
<
S
> 50
0 &
0 2 4 6 8

Time (weeks)

Figure 17 OVA-specific IgG antibody levels in the serum induced by various
immunization in BALB/c mice.

The i.d. group was only the administration of i.d. of OVA. The ALUM group was the
administration of i.d. of mixture OVA and ALUM. The US group administered OVA by
treatment of mouse skin at 0.412 W/cm? 20 kHz US for 10 min.

Each treatment was weekly until 8 weeks. OVA-specific 1gG concentrations at 2, 4, 6,
and 8 weeks post-first immunization were measured using an ELISA Kkit.

Each data point represents the mean = S.E. (n = 4-6). Statistical significance was
evaluated using ANOVA with Tukey-Kramer test. * p < 0.01 compared with i.d. and
ALUM. (O,i.d.;A,ALUM; @, US)
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BIE IgGr B LV 1gGrn TTAEA B ORIFHIHEE

FIERBNL BN 7 A L ZAOH B LRI 3R S D MRt fug & 5 & ki< B
R OIEMEACIC K D PUR D PEA 2758+ D IREIERIE D 2 SIC KB &N 5, #ifav:s
FIZBWT, BRI R A2 T o7 = 7 #—T fifalL IL-12 12 & > T~ L3—T (Th)
1R /3b T %, Thl ffRIX IFNyZEAE L, BEO~ 7 a7 7 — Y O LB
fe 73 & O 1gGoa UKD PEA ZAR T, — T, IKIRMESRE TIZIL4 I Lo T T =7 ¥
—T MIMIE Th2 AUk L. BE S IL4 2 AR L O L. 1gG) Uk D EA 22
¥, —RAYIC PG LR s & e L CIR e a2 2 E b,
FHIN T DENSZHWERGETITFEINUII W ERHESN TV S

Z ZTARETIE, 20kHz, 0.412 W/em? US & FW o 50 ALEIZ L 0 558 S h 5 5%
JRBEPEIZ DWW T S BICFEMICHETT 572912, 85 1 3 & [FFRIC OVA EFEEIRD id.
BHBIOALUM % id HHIZOFHT B2 RS LT, 2E 1gG B LW
IgGoa ZE L. Th MISE S A 72 RAEY . Ml i d6 K OMRIR I &
DELLEBNAICHFEL TWDLONMERT L& &Lz,

Figure 18 1% 0.412 W/em? 20 kHz US T % 10 /3 [HRTALE Z L 7=, OVA A£HE
R % BN S BE, OVA ABRRIER % id $5 LB KUY OVA AR
IZ ALUM ZIRIL id 85 LIEREOZNZNOMET O OVA A 1gGr B LW
1gGoa FUABEDREFIHES 2R, TR TORELEIZIB T, OVA K8 IgG Hiik

BT IgGo PLIRE & e L CREVMEZE /R L=, OVA EHEERE id &5 LI-REHCE
WC, OVA FrEH) 1gG) LA BTN L7273, OVA FiH 1gGr PUARITZE L L 722 H
o7z, £720 ALUM % id %5 L7BECB W TH OVA ABRHEIRE id &5 LkEL
kR 2R L, ALUM OZRITHZRE TX 2o 7c, —J7 T, 20kHz, 0.412 W/em?
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Figure 18 OVA-specific 1gG; and 1gG,, antibody levels in the serum induced by
various immunization in BALB/c mice.

a) OVA-specific 19G,, b) OVA-specific 1gG,,

The i.d. group was only the administration of i.d. of OVA. The ALUM group was the
administration of i.d. of mixture OVA and ALUM. The US group administered OVA by
treatment of mouse skin at 0.412 W/cm? 20 kHz US for 10 min.

Each treatment was weekly until 8 weeks. OVA-specific 19G, and 19G,, concentrations
at 2, 4, 6, and 8 weeks post-first immunization were measured using an ELISA kit.

lgG; and 19G,, at each data point represent the mean = S.E. (n = 5-6) and mean + S.E.
(n = 1-6), respectively. Statistical significance was evaluated using ANOVA with
Tukey-Kramer test. * p < 0.01 compared with i.d. and ALUM. (O, i.d.;A, ALUM; @,
us)
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BA4E RANREICLIOIGBELEENLOBEFRBHICK
BRNFARTNVTIVEEZERBOREL Y

A £ TT US Z W CRIREOHUR & Z KNICEE ST EE, F&ED OVA %
GHETLERRERE id #E5LEEEXV bEWHIREEZRLE, id B5 T
OVA DALIABENT X TRNICEESIND O, 872D OVA B2 GH T HAEHAHE
RO id BHIZXHPUREAR L KT 5 Z LI2X Y US THIREZEZELZRER E D
BREOPUTEZERICHY T 202 b5 2N TE D B X T,

IZEG- SN PURENFEREED 2ug 12Nz, 5 BEL WO 10pg 725 K 912 OVA
AHBHROBREZRML, HI3ELFE LA Va2 — /LT IR LGELE L, 8
W% D OVA HrEA 1gG PUAEA I SO TRl L 7=, 20kHz, 0.412 W/em? % >
T OVA AEH AR & B INIEE S 72856 OVA RFH A 1gG HTiARE A 81359 200 pg/mL
THY ., ZHUT Sug D OVA % NG CTHRIEHRE L7 B O PR £ BIZIM W E % R

L7- (Fig. 19),
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Figure 19 OVA-specific 1gG antibody levels in the serum induced by various OVA
dose immunization in BALB/c mice.

The i.d. group was only the administration of i.d. of OVA.

OVA physiological saline solutions with different concentrations were prepared so that
the dose of OVA was 2, 5, and 10 pg, and 20 uL each was administered. The US group
administered OVA by treatment of mouse skin at 0.412 W/cm? 20 kHz US for 10 min.
Each treatment was weekly until 8 weeks. OVA-specific 1gG concentrations at 8 weeks
post-first immunization were measured using an ELISA Kit.

Each data column represents the mean = S.E. (n = 5-6). Statistical significance was
evaluated using ANOVA with Tukey-Kramer test. * p < 0.01 compared with i.d. and
ALUM.
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AREETIX, US IZ &> T OVA & ENIZRETE S W72 BE 0 B INHUR RS S S e AL B 5 15
ELTHHTHDNE D MEFHE L, I X0 FHE S D s B s >V Tt
BITo T, ZDORER, US & HV T OVA B HIR & RN 6 S B 72 BRI &0 OVA
ORI LAEBRIERD idEG LI L0 6 BAUBETHARICAEWIFRELZ R
L7=Z&MnD (Fig. 17), USIZL > T OVA ZFNEZESEDL ZENEHINTWD
se. BHIVLAHRTHDLZ LWL ERoTo, HIEISEMIX Fig. 18 ITRT X9
(2. OVA AEFERMR O TS & ALUM Tid Thl OO RIS T D Hfa it fak
JEEIZEVFE S D 1gGn PURERICEIZTRD Lo -7, —F T, US iT IgGaa
PURBEZEINE 7, @EOWAEIZL D & ALUM ITHIfaMERE OFFEIXZ L <, Th2
BALOT Y aNy FESFEHENDE Y, O US 1, MlatEaEingd T 5 Thl #
MOGIISEDOFEL IR TE D Z LRI NI, & DICHRELEOHIREZ 21k
EHTRFHCIBNT, 20 kHz, 0.412 W/em? US % W\ C OVA A BB IEIR & 2 Nk
SHZEA. 5Sug D OVA % id 5 LIz OHUAEA RIS WHUAEA 2B -1
® (Fig. 19), H%ZHEEOIEMHILZFHE S 2 US BT, OVA DRNIZIEEZ /]
REL L. id #5 & U COURMIRPUAIEAEZFETE L Z L BHIbMnE o7z,

U EDFRERELD ., US ZHWTHRZ RRVICEE S 50 AE T, EH S TH
D IEFH 2 o B Bk & g U It S IS OB E N ATRETH H LB 2 B,

LV BABRPUREAZFHETE DA REERHL N L o7z,
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ZHIVET SP T OMPRELEE L, RHER~OFEYEEL RS EL L&
ZHBYE LTHERMTOIL TR Y . KiEMER 1 ORRBOREZ & oD L % G- 75D et
ENT&ETz, —FHTUS TORBORIEN LC ZiGML L, FREREISE Z i
HTENRHEINTND D, ZOX I RERNEG SPITEREHIE S 2O
WD 7 FUogEREE LTHARTH L BN, LPLERRLEBEDE Z A,
SP Z W= U 7 F U BRI EALIZE > T 0, 2B R o—> L LT US i

(ZPE D BE~DOWEERY 22 R30S LCIEMEAGITAE © HURHREE & 2 D%ICh] S v TE

DPURPEAE TORBEEREIZ OV T HFORBENRINTWVRNWI LT LR
Do SP WU 7 F EERREOERMICANT T, US I LE S BRI
BB SN E NSO W TR R IR T 2 M ER D D LB 2 b, £ I TEHEHI
B2 & Go R DTG PEAL 3 K OWUIREE AR5 US A O RIC SV CTidt 217 - 72

i, LT ORANELNT,

(1) EFHOIT 3 FED R 5 JEHEE (20 kHz, 1 MHz 3 K UV3 MHz) % iV,
2 US MRS E T v MNEREICHEA L= RE LC OEMALIC W TR L 7=,
ZOFER, LCISMHAIZRERMKFMEZ R L, US M 12 RefiRitg Tz s d Z &0
B onE o, (ZHRGTIPR R dS K OVREE 72 & oD US i Sk 2 28 b S
TR ZED T2 & 2 A, US BHISMHITRTE L7e LC IEMAEARERY bitlz, (KR
US To 5 20 kHz i% 1 MHz 3 LT3 MHz (2T LCIEMEILIZ L W W R TH D Z
ERHBMNE o, T US TR F—IZ K DB R RN B ISk L T B

R E 720 . LC IEMEA R LIz EZE X b D, EHMELZ(hsE5 2 LT

49



(DRI ZRHURPEAE ZFHET 5 2 L8 HE STV D MN IZPLECT 5 langerin ZEHL b
O DI Z D, REEE US 13 R SR BERE DIEMEALIC R4 2 BRI & LT

AHTHLARENNOH D Z LRSI,

(2) US @A D BB~ BRe) 22 i3 AY LC OFURIIE A 7E b U, JriksE A
EHRETHNEIDER LT H7DIC, US THRILHE L7z~ 7 AKEIZ OVA %
id. ¥5 LIz OHURFEA R X O LC OPURFHERE~D B4 F il L 7=, US T
RTALEE 4% 2 & C US Al A RE & ol U CHURUS B HLIRRE A BT A BICHN L 7=,
Z OHUREAOFHEI IR et Sz £ B 2, FITC-OVA % W THUF i
M DOENE I L OHURSHR M & 72 0 OfftRTUR R L2 L7z & 2 A, S zme
%5 LC B XL O HUREDOHINT 2 Z LB L L o7z, S HIT, LC OHUFRHHHEIC
BH5-4 % langerin & OBRAZ A G T H72901T, langerin FEBL L~ T X HIZHIA
=T 4 T LREICEHMM L7z, Z OFEHE langerin Z8EL L~ L3 & LC 1288\ T
USRI 2R X O PUR E OB RS b7z Z &b, US WAL S g
OYEREIRIELY LC OFURHIR 221 L, KA RPURELADOFEICHF G L L %

R LTUVWA,

(3) US @I E 5 B G ie TR HEAL Y & D K 5 2o AP ROBRE A4 f% T 5 )
EERTHLOHREADFEE THONE oL ESM 2~ AIZHE L, LC 1%
PALIZEG T2 Z &R HMESNHTVDLYA MU A U BRLUEERFOREZT ORI
TRBEORRFIEEZ TG L, US 20T 22 LT A b A VB LU
K+ D xFFBLED US #/H% 6 R THML7Z, 518, US EHDOATH 21

O OFBUTHM L, langerin BEUCE G T 2D LE X b,
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(4) LCIRMALZFHETE D5 b A M7 US A SMENTUR O R N DD B R
RYUREAZFHET L Z ENHRENE I NEHLNICT S0, USIZL->TOVA
A R NEE S BT BRO BENPUR R R L PURE A DO BRIZ O W TE R EZ R AT, 20
FER. FRRED OVA 25 H/ T 2EMBERE id B LS L0 BEREIZEWHT
HPEEAZFEL, EHIN TV DENEHC L 2RBELEL YV SERHTHLZ EEL
N LTz, FTo, 208 EITHFEINDRIEICEMEICHO W TR L72RER, S0
TV D TEREHT X 5 50 A E TIXFHEN U< W Thl BALOGREIRE S HIfF T X

LDbDEEZ BN,

PLEDZ L6 US i HICEE D B & ~DOMBR 72 flE 1332 B2 LC iEMA b X OWLR
IR AR L, VRN PUREAE R A FET DT U a Ny MHMEAZETH Z E0UR
N2 Enb . SPITREMEDIERNY 7 F U EfE~OISHREGTEX A L E X

bd,
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(CHNHERE 2 5 D L7 IRVE KA PR Al e R b B RS AR SR
RhHEAERLET,

ARRFFEICRE L, SRS ONCAEERE 2 15 0 £ U 7ol KB 3Ei A b il e
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F1im EBRITL

(1) 3%k L OEBH R
Alexa Fluor® 568 goat anti-rabbit IgG H&L % Thermo Fisher Scientific Inc.
(Massachusetts, USA) 7>5 A L7, Langerin/CD207 polyclonal antibody (&~ 7=+
R4 CGRR, BA) 726 L7=, VECTASHIELD®X Vector Laboratories, Inc. (CA,

USA) M BHEEA LT, FOMOFRIKIL, T TR 2 H L 7=,

(2) FEBREM)

WBN/ILA-Ht ~7 L 27 > bk (120-170 g) 134 FEBREY ., BA) L OEEA,
b Ll RFAEMBI R 2 — (BE. BAR) L0 E7z, 2 ToaYIERITHE
REB BRI E I 2FEY FEERE PR B2 O KGR Tk 29 42 H29036,2018

HJE: 18034) &1 TIT-o 7=,

(3) US #&

i

HiRer (WF1943) 3 L OVE /RS (HSA4012) % NF RIEERE 7 v v 7 kit
(FZ)I, BA) XV, 20kHz D US kT2 AT 2 —— 35 &8k TS
(B, BHA) LVBA L, 1 BLO3MHz OERTIL, TN EHEk CEfE
THNIT VAT a—P—bvwovF IRy 7 A (KZETHRASIE, BA) 8L
oo TUHNE B AT—T (DL1640) (IR EMEEASIE G, BA) L0 IEA

L7, Figure 20 ("9 X D IZ BT OB 2 ke L CEBRIZHEH L7,
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a) 20 kHz b) 1 MHz, 3 MHz

Y Multi function Matching —
box

us synthesizer

horn D Multi function

Power amplifier synthesizer
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|
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Oscilloscope i

Oscilloscope

Fig. 20  Schematic diagram of US experimental apparatus.

a) 20 kHz, b) 1 MHz, 3 MHz

(4) 1m Y A RN —EA Wz US R ORIE

US =X AKX —DEEHBEFA Lz r Y A hY —7E SO X 0 Rk T US #fE
EHIE L7z, WAL — D —2KkS5S0gz@EMAL, US TV AT a—H—%—FED
PLEIZERE LT, US AR— 2 AS) Li=flx OBJEEE T US g2 10 oM T, 2
a3 E#EDIR LTz, 2oL EDKE EAZHIE (UNCORDER U-228, pantos) L.
US 58 1 (W/em?) O SHEH LT,

Myater Cp.water ) £

I:
A At

I 13 US #E (Wem?) ., Myaer US ZIRE L72KOE (g) . Cpwater (/KD EE[4.18

J(g+°C). AT US bT U AT a—H—0DmiE, % L TAT/At 1ZKDIREE AR L

TWno,

(5) BeJ&~D W ER L

WBN/ILA-Ht ~7 L A7 > & (8 #lfi) &, X¥ hr e ¥ — VABIRIER A 40
mg/kg DHETHEENKE Lz, ~T VAT vy FOHHME2ER Y =—3— (BS2865;
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Braun) KX OBREZ U — 24 (epilat; 7 7 v =dh—NT 4 TS, A, HA) T
BRE L7z,

US i FH AL 13 -2 B & BR\U 72 Cell Culture Insert (Becton Dickinson Labware Europe)
IO AT, 222 32Co Y gk AR AR K (PBS) ZwH L7z, US EEIT
20kHz, 1 MHz 3 XT3 MHz & L7z, US@ARFHEIZ 1, 5, 10 8L T200& L, Jil
HI#& 7. Cell Culture Insert N PBS ZFRrZ LT 6, 12 38 KU 24 IRefi#2 B & Hii
L7z,

bl G4t & LT, MN, TS 38 X W s.c.3i FH 21T - 72, MN 3 & 500 pm @ Micro
Needle Derma Stamp % 10 F[EHF L 24 T, Micro Needle Derma Stamp P[] & %48 2 FF
[ U AT 10 BRI LT 5 2 & TIT o 72, TS @ HIZ- 2V T, adhesive 7 — 7 (&
R =70 =F AU, B AAR) T, SEX N v BB ET ST,
s.e B, EFALZ 0.1 mL $ >R K 25 3 &1 s.e85- L7z, Control &

fECiE, BEEZ IO TEREBO STV, MERLEATDRVb D L LT,

(6) Ffz v — b OsuEYLtak
I & DFEIZHE L TLUT O FIETHRIFGA 2T - 72 52, LB OB EH TR~
UAND G T AR LT, L7 B A OREMAEZ TIZ LT 95% ™
& =% HWT 30 43, Ok ECHEE L%, BERMOEREE PBS TR 377 X,
RN FERICH S ETHPKE LTz, TOREHEBT % 3.8%F 47 VBT v
=7 AATR (Sigma Aldrich) T 60 53], 37°COKB ETA v Fa_X—h L, #RL
B &y LTz, R — R % 1% Triton® X-100 ¥5E T 30 /[, S|IETA v F a2
— FLIRBRE LT, DK%, 70y F U 7R E LT 10% AF LIV KT 60
Tl IR TA v FaX—h L7, WRIZ, AF L INTERTHR L2 —KHUE
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(Langerin/CD207 Polyclonal Antibody (1 :200)) T—WM, 4°C TA > F =2X—h L7z,
BAH, RKEL— % SmL @ 0.0005% Tween 20-Tris FEEAF A /K (T-TBS) T 10
ST 3 [EEE L, AFX LA INTEERTHN U7 ZRIUEL (Alexa Fluor® 568 goat
anti-rabbit [gG H&L (1 :2000)) T2 K], R TA o FaX—F L7, REI—F
Z 5mL @ 0.0005% Tween 20-Tris FEfEEBLEHEK (T-TBS) T 10 M7 > 6 [FI¥E
L7z, 7 ViX VECTASHIELD®1-2 i 2 N L, A—H T A2 e THEHEARL L

7"/,
—o

(7) > — b OEHRRYT

BlEx, S L — P —EERBEREE FV-1000 (OLYMPUS®, Tokyo, Japan) (x400,
FRE 2.0%, HV 650 v, Offset 40%) T1T > 72, Image Pro® Y 7 k7 =7 (Media Cybernetics,
Silver Spring, USA) #ffif L C, &b -8l 2 € &b Uiz, AT ClX, —E
UL EOMER X OHEEZ R~ TEEY 7T Bt g s U, oz a0ty

TFNEREE & LTz,

(8) ratfEtT
T = 2T RO SRR E (SEE) TR L7, #GEHEITIZIZ ANOVA % iU,

Dunnett FREZITV, fEBRE (p) 23HM 0.05 RiGOLHE 2 AT LA L AR LT,

56



F2m EERGE

(1) Ik L OEBFE

F1fwm (1) RO L DI A, Ovalbumin (OVA) 1%, Sigma-Aldrich Co., Lce. (St.
Louis, USA) 7>5A L72, OVA-IgG; ELISA ¥ v MIF L7 A VLT a3 —3 Y X
(FEB. BA) 225 A L7z, OVA, Fluorescein Conjugate (FITC-OVA) |Z Molecular
Probes, Inc. (Eugene, OR, USA) 22HHEA L7, & OMOFILIT, F N ThEfk M 2 £

L7,

(2) EBREW
BALB/c vv A (8ifin) (=T K ¥ —bvx (HR, BAR) XVEALL, &T
DENY) FEER 1T TE R F B FRBUEIAE N, I EERE P2 5 2 0 A&GE (2019 4

F£: 19017, 2020 4FE£: 20020, 2021 4-F£:21022, 2022 4-[£:22020) % 15 T{T o 72,

(3) BZJi~D YRy L

1w (5) ERBRDGEEZ VT,

(4) FFiv— b Ok

B 1w (6) EIREEDITIEZ AW,

(5) R — b DR

Ffw (7)) LRBEOFEEZR G, SHICARTIE, ~VABXIUT v o US i
MIZZ > TR ONIEBFITIC LD BRI Lcaot s 7 TV RED I Z £
? control & DFAXS L TRT,
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(6) SuyFAliE s
US LBERECIE, 20kHz, 0.412W/em?US &~ 7 ARZJEIZ 10 /A Lz, @A =
O H RGP ALE OSE . US #AHER (0 E) 12 1.0mg/mLOVA EH AR % 50 uL
s.e. &5 Uiz, IRAEOEBEIGZELEOES, USHEABESL 0@EH), 1, 281N
3 MR B AZ[FERBAZIZ 0.1 mg/mL OVA ABLR#K % 20 uLs.c. 5B L Wid &5 L7,

US K HEE ClEF N2 US L2 R & R O PR KR H- 21T - 7=,

(7) 135 OEREL
GIEILE LT DRI QBEXO4BEAR) v~V AREIRNO~~ h 7 Uy NE
ZRAWTEHIMLZIT 572, K ET 30 FfE S 7%, EiRE 3000 rpm T 15 43050
B L Cifig A o0 BE - Sy B L7z, Sy ER L 72 fiE i -80°C THRAE L. HLIRME O MIE I AV

72, BRI & OVA B E52F HIZATh=%HE1E, g &ic3Em L7,

(8) OVA ¥y OVA 1gG HLik o i
ELISA {EICTiifH @ OVA Fe8i IgGr il 2 {lE L7z, XX 7 m hajn
Wt TEMEL ., BOpitc~A 77 1L — kU —%— (Molecular Devices LLC.,
Japan) ZfEH LT, 620 nm OFREAER IR D 450 nm TO Y2 7 VG E % H
EL, PufilizBEH Lz, fdEco 7 e h=20Tid 1 UmL o8t OVA-IgGl X 160

ng/mL OFUA L ER SN D,

(9) 2R BHMAw 53 ok o R
i U722 % . #<°/>2 Epidermal dissociation kit (Miltenyi Biotec K.K., Bergisch

Gladbach, Germany) % HUNCTEEFRELZ IV FRZMIa 8k 28 L=, 7z kit
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R ST TIEIZHEV 4°CLL T T 16 FREEESRALE L7k, Bty FEHWTEKL
HHRE & ERALAR 0B L 7=, kit \28 NS0 8RS 2 HV s, R D R 7
2 HEE L 72, HEIREZB VIR LE v T ¢ U ZEEL ., 37°C, 20 51 % 2

— M L72%, 70 um O A v ¥ = T L CEEMRRER & Lz,

(10) HERRSY BOR DS Yt ik

TERK U 7 Al i i ik 2 L e U 7z, IR HUR O fAT I W 7o a0 6 R AR E
J 7 a—F WPk %E LU TIZ/R T ; anti-mouse CD11c APC, anti-mouse CD207 PE, anti-
mouse CD207 APC (Miltenyi Biotec) ., CD11¢ i% 1x10° B DAz LT 1:50 |2, langerin
(CD207) 1% 1:10 1272 % L DAL, +o3IZiRFA L T 4°C, 10 73l > F 2 ~— |

L8 LT,

(11) Fmpa sy ok o 1E8 fERT
(10) TEOLNTMISER OBZEE L OS2 T, L85 L — —EamREEK
8% (%600, FRIE 2.0%. HV 710 v, Offset 0%) (FV-3000. OLYMPUS) 2 X V{77,

X-Y Ef. Z-Y Wi 2 vy, LC IS L A H R 2852 LT,

(12) LC REPURD 7 m—H A K A N U —fifthr

LC @ langerin 3¥id X U8 FITC-OVA flitEMIadMIE 2% CytoFLEX (BECKMAN
COULTER) # R\ =, &H 7L 1X100cells (272 5 £ THIEEFT 72, CDIlc Btk
ES—T 47 L, REICBT D LC 23R L, @Y 7 M2 CytExpert &
7o

PURFHIERE ORI 21T 5 7o o IS hUsie e oR &2 AR E L TUTOXT
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KD, Ml 1 D472 0 NS APUREIT CDlle (+) FITC-OVA (+) #ifimod FITC-

OVA DOE#aeYessfE (MFI) & U TR L 7=,

HHZE (%) =CDllc (+) FITC-OVA (+) i, CDllc (+) HifaEk

(13) HeatiRsT
T 2T T AN TP AR S (S.E) T/ L7c, 2 BEMOMENTIZIL, Student’s t-test
Z A SRR OMRATIZIZ, ANOVA % FV>, Dunnett #7E & 5 UM Tukey FREZ1T

W, fEBRER (p) SR 0.05 RO R A AR REL AR LI,
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F3m EBRGE

(1) I L OEEM B

RNeasy Fibrous Tissue Mini Kit {3 QIAGEN 7> 5 [ A L7z, SuperScript IV VILO Master
Mix with ezDNase Enzyme, TagPath gPCR Master Mix, CG. Nuclease-Free Water (not DEPC-
Treated) ., 77 4 ~v~—& 7' —7 DI 7 AF ¥ —"T % TagMan Gene Expression Assays
I%. 18s (TagMan® Gene Expression Assays;Hs99999901 s1) . IL-la (TagMan® Gene
Expression Assays; Mm00439620 m1 Il1a) . TNF- o (TagMan® Gene Expression Assays;
Mm00443258 m1 Tnf) , NF-kB (TagMan® Gene Expression Assays; Mm00476361 m1 Nfkb1)
% ffi F L. Thermo Fisher Scientific Inc. (Massachusetts, USA) 7»HHEA L 7=, OVA 1%,

Sigma-Aldrich Co., Lcc.  (St. Louis, USA) M HHEAL7-,

(2) FEBREY)

F2Mm (2) RO L DZ VT,

(3) FeJE~D Wy ERy L

#H 1w (5) LRBDOTGIEZ AW,

(4) RNA it 3 £ OF cDNA Ak
PO (E%). 1. 3. 6. 9 BT 12 RFEIR IR G A H L 3.8%F A7 VBT
£ =17 A-PBS 1 37°CC 40 43 A > &% = _X— k L, £ % i L 72#% . RNeasy Fibrous
Tissue Mini Kit & VT, 4= RNA ZflitH L 7=, BioSpec-nano (BT A 741 = X)

Z T, RNA BEE Sul £V RNA BEZEE L7, 500 ng ® RNA &% D
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RNA BEVANL % . SuperScript™ IV VILO™ Master Mix % T, Wiz G i 2170

cDNA D& EIT -T2,

(5) U7 L% A 2 PCR fitr
18s Z WHZ#EEfx 1 & L Ci#4R L. StepOnePlus™ VU 7 /L % 4 L PCR ¥ AT A
(Applied Biosystems®) % A T, IL-la. TNF-a3 X Y NF-kB @ mRNA J&51% /57
L7z, @R L7Z cDNA $ > 7 E FWT Y 74 ¥ A A RT-PCR 217572, I A ~—
2%, 18s (TagMan® Gene Expression Assays;Hs99999901 s1). IL-la. (TagMan® Gene
Expression Assays; Mm00439620 m1 Illa), TNF-a (TagMan® Gene Expression Assays;
Mm00443258 m1 Tnf) , NF-xB (TagMan® Gene Expression Assays; Mm00476361 m1 Nfkb1)
M L7, 7% 50°CT 2 A % a— kL, RUNT 95°C T 20 FHHEME L

7%, 95°CT 1 8. 60°CT20 DY A 7% 60 VA 7 NITo7-,

(6) AACt fi#T
PCR #& T 1. StepOne™Software v 2.1 Z HW\\TTF —& Zfiti L7z, 7 — 21X, B
BT L NEEERE O CtiEE LTI LT, ACtEIR. WIEMEEE O CtiED S
EABIE O CtEAZ S 2 LI XV IE LTz, AACtEIZZENENDEEDAC ED D
HESRI RBED FHIACt EZ B T LI ko TIRE LT, 2D, 22 fRA LT, A

SHE & L CHE LT,
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Fam EBRGE

(1) I LOEBR
FD-40 /%, Sigma-Aldrich (St. Louis, MO, USA) 75 A L 7=, FITC-OVA (%, Molecular

Probes, Inc. (Eugene, OR, USA) 2>5 A L7z, Mouse Anti-OVA IgG Antibody Assay Kit,
Mouse Anti-OVA IgG: Antibody ELISA Kit, Mouse Anti-OVA IgGea Antibody
ELISAKit i% Chondrex, Inc. (WA, USA) mBIEA L=, KE(ILT VI =7 L7 )L

L8 L7 AV AFEREEN B IEA LT,

(2) FEEREY)

B2 (2) EREEDOLDE MW,

(3) FD-40 33 X OV FITC-OVA O 2 N6 R O R

US A FEE, B 16 (5) &RBROIFIEE V=,

~ 7 ADOEEEEIZ 0.02% FITC-OVA B EIERK 2.5 mL @4 L, EO®%RKE%
M LAE YA XL CHEEH FITC-OVA EORIEEIT-7-, US ik I OED
(ZF v N —NOWRZ Y £ | REIZFRAFT 2 FD-40 £ 7213 FITC-OVA Z B Y B
T2 OITHERUKT 3 [EIPei Lz, REOKDZ TEICRERS7T2%, G2/ L.
BEZHE LI, FONTEZGY 7L XS B2 AW THED < Gl L TG 2mL
DEEIEKEMZTCHRETFTA T —2HNNTOKB FTTCHREDTA AL, v 71
Fa—TIHB LN RERE TR — &AL, 7000Xg T 10 il orEE L < Rig

ZERIL, HIE L7,
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(4) SupFALiE A

% 2 it (6) & [FIERICERE%  US 1 FHERALIE -2 5 4 RV v 72 Cell Culture Insert (Becton
Dickinson Labware Europe) ZHUY fHiF, % Z1Z 0.02%0VA A B % 2.5 mL i H
L7z, US# A%, 20kHz, 0.412W/em? & L7, US @ MAFREMIZ 1043 & L, A
#& T, Cell Culture Insert N OVA AEFRRIEIR 2 frk Lo, HEESISRIEL LT, OVA
D id FHBEXOALUM JFHBEORGET bR 272 o7, OVA @ id. $513 1 BDOKN
WEHEEN2.5BL W 0pg & 725 X 912 OVA AF AR A 0.1,0.25 3 X 00 0.5 mg/mL
IR, ~ 7 Az 20ulid. #5 L7-, ALUM & 0.2 mg/mLOVA AEFRIEIR &

ALUM % 1:1 TIRA L CT20puLid 5 L7=,

(5) i OLRE

FH2mm (7) EREOTGIEEZ W,

(6) OVA %pJH) 1gG. IgGi, 1gGaa DHRIE

ELISA {EIZTIyEH O OVA R 1gG, 1gGi. 1gGa ZHIE L7z, Chondrex O~
7 k3> THEIEL, BEMG%~ A 7 a7 L — K U —%— (Molecular Devices
LLC., Japan) Z{iH LT, 630 nm OREAER RITXIT 5 450 nm TOH > 7Lk

FEaRE L, Puikfifiz5H L7,

&

(7) #E

k=(11

AT
T HILT N O SAERERRE (S.E.) T L7c, f#FTIZIZ, ANOVA % V>, Tukey

BEZATV, fEBRER (p) 2 W 0.05 KDL G2 A BERAZL HIR LT,
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