Wt

T LXMW ERNTNT T v L NI D ARG TAL T E D RSB T 5 2 & TAE U SRR
TUNF—=ThD, T Lx—MEERBE R OFIEITEIER & BEAHDO ZSOBEN b5, BAFEHT
FEREWNT T AR END ENT T UTERNGY o7 LREG LHUR E 720 . R EORBRIIRIZERL
DIAEIL, B Liﬁz’» LETIE Y Vi~ LlEET D, OB, BUE ECIR T 2 58772 AR R 23 ik
S ND, FEEBLIRMRIZATE Y VS B0V THA —7 TMlRIchUR 28R L, T e - b
HET D, BEMTIE, KEDRR—ONTT ATHERE IND Z &I X0 JURRRA T MRS &R
Pﬁf\%l%ﬁﬁ LIV L, RIERIGEZFHERT D, ULEDO L DT, 7 LobF — Pl R 2 RE O A Ei

IZRWTHAGI X EE 2 &R 2 5, BFAERICBOCEERRL R E2 U THRA RERLRS AT T

z?s Ihb, £LT, @EKEET Tl SHRECRIZEICE T 27T VIREEIC Lo THIEENFHE
. T UK R ERIET D 2 RO TND, T LIV — MR E R D A B = X A
TINETIC U ZAEMBBUEE T L2 IO TIFES T E 723, 2 b QUSRI IR AR B %
LT T T VIRERIC K DEBIEFEIZ OV TORBPIZEAETH Y, @FEEUINOHAIAICER Lz
PR BUEMIE ISR E 3D, E 2T FATAFZEIZ VDT, BRI O H T RRITE AN 2RO R S K
ORZBEHOHRTHREENENT M E—MERERIIEAIZE B L Cv 7 AR EUEE 7 /1 & Fviz
METEAT o7z, ZORER, BRIEST e — M ERBIEBMNTNE I LT T VEEFEIZRB W
T, FAEBUEISE T G20 LT BRI LT L TS Z e b eolz, LL7AR
MDD, ZAVDEEREST N B B RIFIENL 2 I U 7o OB BUE S 3 55 ) A T = X W FARMEI 72

038 D R (SRR UE O B ERE S U ZH R BRI L2385 B L7z A 0 = X AT 134T DAL TV 7R,
ZIT, AR TIHERES L <137 b E—MEERBIEMAL TN T VEIE LT ZHDHEITD
W, ETFE TONTT VIR & BERETT 5 2 & T, BRRMRIZE B Lo 77 AR A
N=ALEMATHZE2HE LT,

% 1 B TITEREEA RIS B 1T D BRRHINE Ol oG D A T = X AT 24T o 72, T HIOITARER
72NT T T D fluorescein isothiocyanate (FITC) % HWTEAERZROPTE U > 7 Hi~DRFHRH bz
ErT7ua—HA AN =X ORNT Lo, ZORER. BRI ER 24 FfH)I2 3T MHC class IT T%“
# Bl CD11c [5G FITC Gl E BRI BU I G EAER L0 DN ERH B E 7R o7, IRIT, B
TEZ BRI ARG A 7 = X LA RRGET D 72 O B2 d6 K ORI OO ARAS A _F B A e 3 A %f:ﬁ'é
PEARRAL I LV FRAT LTz, 2 ORER., BE R L ORIV IS W T HIEER 6 FFRICE K S L <
VIORERE T RRIR IR O KRB BT ~OBY B3RO Hiv, BE CIUEER 24 FERIIZI W T HAkkRIIC
ST ~DOE B OE B 238D b/ —J7 T, BRI CILEAER 24 FEAICA E 2RI TSR g
BOWD BB BN, T D ORER) S FEEREEEAE TR oMk rY 22 a3 i s b
TENTRBEEI NIz, S BT, BERBEEZ BRI OGO E S I S BRI 2B BN 5720
(2. BRIGHRR OIS @ < = & A STV D transforming growth factor-8 (TGF-8) <° CD206 %
PERARE & o T BNIIR 7 & fdT U7, BEREIRIZRR L 0 b EERTI K OUEE# 6, 12 il T
FrfgelZ TGF-82, TGF-83 OFBIN @ o7z, EIRPEHMIETFIZ LY ERMBEIES 24 REHFIC



CD206 /51 MHC class IT BGPERRAE O HEIN AN FFIRG B E A g LR E 2GR0 Hivlz, S HIZ, CD206
BRI TGF-B # B L CTWD Z E LALLM E ol DLEOREENS | BERFEIETIX TGF-8 £
4= CD206 5 PEARRE 2 T U CREER AR O AG M 3 I SN D 7o 1Z, & D% OFEAlRBUES
BWRGEEAEL Y WP IND L WD T E PRI LT,

B2 FTILT b — PR R R IIETNL & Lo ~T T VAR ORHRHIE O E LR B D A 1 =
R LFERT ZAT o 7o, BEATICIET b & —PERE B R 2358 L7 NC/Nga v 7 A (AD vV R) BRIV
HE~ 7 A (non-AD ~ 7 R) ZMH\Wiz, FATHIRICEKIT 5 AD ~ 7 A TOHEREBEUE S Z T IE Thl
RGN B B h 8T DK 77T 2 4-dinitrofluorobenzene (DNFB) DA IZxtd et TH -
7re £ T, RETIHETHOIE DNFB LS DOAT T L LT Th2 RGNS ZFET 5 2 LR85
LTV 5 FITC Z MWW T non-AD v A & AD ~ U AT 2 Bl BUEISE 2 el LTe, £ ORGSR,
DNFB (Zxf7 2 fat & FERIC FITC (29 2 Sl BUE/S 21X non-AD ~ 7 A2 Z%f LT AD ~ 7 A T
LT, ZOZENDL, NTT UIFKFRIZ AD v 7 A TOREMUBHEUEISE OG0 Hivd Z LA
Exbiviz, FITC BfE% T MSE I OWT BT 21T > 725 R, non-AD ~ 7 AZkf LT AD v v
2T CD4 S L < i1X CD8 Bttt o> BrdU BtEfila®l &3k <. ~7' T VR T Mlkic k5
interferon-y DEAE HIED -T2, ZHHOFRERNS AD ~ 7 XA TIEINTT VEER T Al OHEGECTE M
LMl SN D Z EARm STz, RIZ, BIEROFTR Y v Jli~ORBRIRR 00 E & % non-AD
~DU AL AD v 7 A THEE LTz, FITC EE% 24 FEfiIZ380 T MHC class 1T =588l CD11c Bt FITC
B PEE BRI ST non-AD ~ 7 2 & AD ~ U A TRI% TH -7, AD ~ 7 ZITEBT DR AL
ECEGITRD SR 272 2 LD D IRISEBHRHIE O B DUV TR 21T o 72, £ O 3. non-AD
~ ATk LT AD v U A28 T MHC class IT =388l CD11c Bt FITC B iEEshiR M o 3]
551 CD80, CD86 #BLAMEK < BHRHIAL O B ST\ D Z &R S L7z, & 512, MHC class
IT =781 CD11c Bt FITC Btk &R 351 2 3P > 7 PD-L1 OFEBLHIRIEMET A~ I A
> TGF-8 ® mRNA #EUIE <, REEAENHFEINTND Z EDRBINT, ZILD DR
5. 7 b MR R JE R IAESIE AL 2 I LT T T LV EAE TR ER BRI AR D By i) &
N5 &L BITRERRMENFE I, EOHBO T MRS ECHEARBUEINE 23858 S D 2 & 2VR
eI,

LR | ARIFFRIC Ko TREE BB LIS DML & L CREREIRSS T b B — M B R FSIES L &2/ L7

DYE DT T R OB OB &G, A E WoTe XA = X LA G E ol
B CONTT EIEITR U TR Y b B — MR RBIE BT 35 1T 2 BAE Tl 37 & bk
FEISZE DTS SN D T EMNFATHIFR THE SN TV D, AWFET iﬁ«lﬂ(fﬁiﬂ’j ZHB LIz A =X LfiEg
HztED 25 2 & TENENITET DHT IR BEAEIH A 1 = X LD FReME 2 7R LTz, BERREEIE CII R s
BAEL Y b TGF-8 A4 CD206 [GPEAMIIC & - TEERAIIL Ok 22l E - a3 il S 4, £ 0% o
PEMBBUEISE DT SN D Z EDRBR S NI, FAUTK L, T b E— PR ERIIERAL AT Lo
T VREAEIZ BT Ol A 12 22 I 70O — 7 THERARAE O B A Bl & s B M 8 S
AU D T OV M BUE IS E DN NH D T & SRR STz, ARV B LIS OERAL A S L 7= B
WHE DAEFE A ) = X LAOFEEZTRD 5 & T 7 L — Pzl 5 2 O MR, S 51
IFIRRICET 2 Th D B XD,



Abstract

Kanako Sugawara

Allergic contact derematitis (ACD) is a delayed-type hypersensitivity caused by skin exposure to
low-molecular-weight sensitizing chemicals called haptens. ACD consists of sensitization and elicitation phases.
In the sensitization phase, dendritic cells (DCs) efficiently acquire antigens, hapten-protein conjugates, in the skin
on hapten application. The DCs migrate to draining lymph nodes (LNs), undergo maturation, and present the
antigen to naive T cells and induce T cell proliferation and differentiation, while DCs are newly recruited at the
sensitization site in the skin from the blood. In the elicitation phase, antigen-specific T cells are infiltrated by
re-exposure to haptens and elicit skin inflammation. DCs have a critical role in the in the induction of sensitization
in ACD. The sensitization is also induced by exposure to haptens via mucosae, such as vaginal and oral mucosase
(VM and OM), and lesional skin like skin with atopic dermatitis (AD). Although the mechanism of ACD,
especially for the sensitization phase, has been actively investigated using a murine contact hypersensitivity (CHS)
model, there have been far fewer studies on the sensitization via VM and skin with AD. Previously, we reported
that hapten sensitization via VM and skin with AD induce lower CHS responses than via healthy skin. However,
the mechanisms of attenuated CHS responses, especially focused on DCs which is essential in the sensitization
phase, were still unknown. Thus, this study investigated the suppression mechanism of hapten sensitization
especially focused on DCs via VM and skin with AD compared with that in healthy skin.

In chapter 1, the mechanism of DC migration and recruitment after VM sensitization was investigated using
mice. First, DC migration to draining LNs was analyzed using fluorescein isothiocyanate (FITC), a representative
hapten, by flow cytometry. It was observed that the number of MHC class 1I"$"CD11¢*FITC* migratory DCs in
the draining LNs was lower in the VM-sensitized mice than in the skin-sensitized mice at 24 h after sensitization.
Next, to investigate the DC recruitment after VM sensitization, the distribution and number of DCs in the VM
were assessed compared with the skin at steady state and after sensitization by immunohistochemistry. While the
number of MHC class II" dermal DCs continually increased until 24 h after hapten application to the skin, the
number of MHC class II* submucosal DCs in the lamina propria increased 6 h and decreased at 24 h to a similar
level to that of the intact VM, indicating the suppression of continuous recruitment of DCs in VM sensitization. In
addition, to reveal the suppression mechanism of DC migration and recruitment after VM sensitization, an
immunosuppressive cytokine transforming growth factor-8 (TGF-8) and CD206" immunosuppressive cells were
analyzed. The VM expressed higher levels of Tgfb2 and Tgfb3 than the skin before and 6/12 hours after
sensitization. Moreover, immunohistochemistry showed increment of CD206"MHC class II* cells in the basal
portion of the lamina propria at 24 h after VM sensitization and expression of TGF-p in CD206" cells. These
results suggested that TGF-B-producing CD206" cells might contribute to the suppression of DC migration and
recruitment after VM sensitization followed by the attenuated CHS responses compared with skin sensitization.

In chapter 2, the mechanism of DC migration and maturation after hapten sensitization via skin with AD was
investigated using NC/Nga mice without and with AD induction (non-AD and AD mice, respectively). Previous

study showed attenuated CHS responses in AD mice to 2,4-dinitrofluorobenzene (DNFB) inducing Th1-type CHS.



Thus, this study compared CHS responses to FITC known to induce a Th2-type immune response and showed the
attenuated CHS response to FITC in AD mice, indicating that the attenuated CHS response may be
hapten-independent. In addition, analysis of T cell responses after FITC sensitization showed the proportions of
BrdU™ cells in CD4* or CD8" cells and interferon-y levels were significantly lower in AD mice with FITC-induced
sensitization than in non-AD mice. Next, DC migration to draining LNs after FITC sensitization was compared
between non-AD and AD mice. The number of FITC'CD11¢"MHC class 1I"¢" migratory DCs was comparable
between non-AD and AD mice. Because altered DC migration was not observed in AD mice, DC maturation was
analyzed. As a result, the expression levels of co-stimulatory molecules CD80 and CD86 on FITC*CD11¢"MHC
class I"e" migratory DCs in AD mice were lower than those in non-AD mice, indicating suppression of DC
maturation after sensitization in AD mice. Moreover, FITC*CD11¢*MHC class 11"¢" migratory DCs in AD mice
exhibited increased expression levels of the inhibitory molecule PD-L1 and increased mRNA levels of the
immunosuppressive cytokine 7gfbl compared with those in non-AD mice, indicating the induction of the
tolerogenic phenotype of hapten-bearing DCs after sensitization in AD mice. These results suggest that
suppression of DC maturation and induction of tolerogenic phenotype of hapten-bearing DCs may contribute to
the attenuated T cell responses and CHS response after hapten sensitization in AD skin lesions.

From these results, this study revealed the mechanism of DC migration, recruitment, and maturation after
hapten sensitization via VM or skin with AD. Previous study showed the attenuated CHS responses after
sensitization in VM or skin with AD compare with those in healthy skin. In this study, addressing the mechanism
focused on DCs suggested the novel mechanisms of suppression in sensitization via VM or skin with AD. In VM
sensitization, TGF-B-producing CD206 cells might contribute to the suppression of DC migration and recruitment
after VM sensitization followed by the attenuated CHS responses compared with skin sensitization. In contrast,
although DC migration was not altered after hapten sensitization in skin with AD, suppression of DC maturation
and induction of tolerogenic phenotype of DCs after hapten sensitization in skin with AD might contribute to
suppression of CHS responses. These findings could improve understanding of the sensitization via mucosae and

lesional skin and may contribute to reveal the mechanism of suppression of ACD and medical treatment of ACD.



MSCEREDORROEE

FE R DR S a0 DRIESC BB I s 1 2 BRI B L2 BEIMSI A =X L0
fRIA ) 1%, R G LS OEAL & L TR T b & — M R IIEEAL 2T LT DDA DT T
U IEAER DBNMRARIL O ERHE . KL VW e AW = XL EHLMNICTEHDTH 5,

T LRV E RITANT T v LI DR AL E D BE T B S 2 & T U SRR
TUNAX—Thb, 7 L —VERERE S 2 ORIEITEIEM & BRI O —S>OMEN S5, BIEMRT
BRIEWBNT T AGEEIND ENT T ATERNE V37 LREG LEUR L 720 | R oKz B
DVIAEI, A LR OHTRY R Hi~EWEET D, EOBE, B BT s 538 7o e iR 23 it
ke S D, WEEBMRHIRIIETR U v 8B W THA —7 T Milalchii a2 L, T Al - 5k %
FHET D, BEMATIE, BERR—ONTT ACHEREIND Z LI X0 HURRRMN T Mia) &R
Fi~Bl & e DRE L, REGEFET D, LLEDO X 1T, 7 L — PRl B2 RE O IRER
BIZBWTERIRMIB IR E R EE 2 5, HEAEFICBWTERMN 2 E2 0 L THRx 77 v
ICIREE SN D, £ LT, BEFETET TR CHMIERLRIZEIC T 57T VIREEIC L o THEIENFHE
Eh, T UK —MEMBEERERIET D Z EDNMONTND, 7 LIV —PEfl R ER D A 1 = X L
XN E T U ABEMIBEIEE T V2RV TIFE SN TE 2R, 2D OBFRITEEARRIC R/ K28 %
N ULINTT VBB L DBEFEIC OV TORMMIZEAETH Y, FELELSNOEMICER L
PEAGRBUENFZE I G 23D 70, & 2C, FEATIFRICEB W T, RO H T b R LA 2o W RIS X
ORBHOFCTHREENREHNT b E—MEEERIIESBNLICE B LT~ 7 AEAREEE T L& iz
MET 2T o7z, ZORER., BRIESY b E—MRERBIEBANTNEN LIeT T VEEFEIZB
T, PEANRBUEISE IR B Z N LIRS LTI L WD Z e e 2otz Ll
WH, TS EERECT b B —MER AR RIE L 2 U 7 SRR EUE IS B 355\ A T = X DX AR 72
R0 | R EAEEUE OEIEFHEIC LA E B Lc A 7 = X LTI T DI TV,
Z 2T, AR TITEEME S L <137 b E—MEERBIETNL TNT T VEIE LT ZH5DGEIT oW T,
W EZIETONTT B BRRETT 5 2 &, BEIRIRIZZE B Lo 77 VIEIEIIHI A B = X 5%
RIS L2 BEE LTz,

% 1 B OISR I 1T D BRI D EOHAG D A T = X LB &2 1T o 72, FTHIOITRER
7p/NT T T % fluorescein isothiocyanate (FITC) % W CTEIEZ OFTE U > SEi~O Rl E % 7
= A AN U= XYY U 7o, & OfER BRI AER 24 BRIZ 38V T MHC class 1 5 %83 CD11c
Btk FITC BtEifE bR R S REAER L 0 b2 ERB S E 7oz, RIZ, BAERBRIR A
A A H = X L ERGET D 72 DI KRG I X ORI D AR R FL AR ISR AR I /3 A5 2 S Rk e (a1
ICKVRNT LTz, ZORER. RIEB KOO T IO T HEER 6 REHICER S L < IR
RHIBR O KRR AR ERAT~OBI RS S, B CIRERIER 24 BEIZR W T HKERIC RAT~D B &L
BRRAAR OB B 3580 HaAv7e— T BRI CTIREAER 24 FERICH B 70 N BRI AL DI 3388
BALTZ. ZHU D ORI O BRI AE TIIBRIR IR O MEER) 72 e ClEE DS I S D 2 L URIB S L
Too S BIT, ERSERAEZBRIGIL O G OWEE 23 I SN 2B 2 B 5 T 572, BRRAIE o
MHENE < Z NS TUW D transforming growth factor-p (TGF-B) <° CD206 BE#lfE & V- 7= i K]



THMRNT U, RIS L 0 b EAERTE K OUEIER 6, 12 REREIIC B\ CTRAgEIIIC TGF-B2, TGF-B3 O
BN @ o T, FIo R AIEIZ LD | ERBEIER 24 RefE]IZ CD206 Bt MHC class 11 B5 A
DOH AR KL E A JEg BRI CERD BTz, S HIZ, CD206 BatEfia2s TGF-p # B L TW\WH Z &b
%%#t@otoui®ﬁ%#% kﬁ%mﬁfiﬂﬁﬁﬁédm%%ﬁﬁ@% U CIRAEZ AR A

DRG] SN D T2 012, D% OFEARBUEISE N REEIEL Y bEFHSNDL &) 2R
RIE ST,

¥ 2 TETILT b e MR S R IIETNL &2 LTe T T BB O BN OB B D A 1 =
R LRRTEAT o T, FRITIIET N E— M RS % 27558 L7- NC/INga v 7 A (AD w7 R) 8L O H
B~ A (non-AD v 7 &) ZH\We, JEATHIEIZEIT D AD ~ U A T OIS BUE /S Z M IS Thl s
A T 5 EN 72T T 2, 4-dinitrofluorobenzene (DNFB) D %3 D Mgt T o 72, = Z T,
ARETITXETHOIZ DNFB LS DO ANTT & LT Th2 BGEISE 2FET D Z ENmbTWn5 FITC
ZHWT non-AD ¥ 7 A & AD ¥ U AIZH1T L HEANBRUEISE 2 et L7z, £ ORGSR, DNFB 239 5 ik
af & AIERIC FITC (2% g 2 #filiamUE i 1 non-AD ~ 7 A2 L CAD v~V AT LTz, 2D Z &n
b, NI T UIEAFIIZ AD < 7 A T OB EUE LA OWBEINRD b d 2 ENE X b, FITC &
TE# T MRS ZIZ DD T BT 21T > 72553, non-AD ~ 7 A (2% LT AD ~ 7 AT CD4 ftEd L< ix
CD8 BhtEAmAEH @ BrdU FFPEMIAREI A 13K < . T T U ER T el X % interferon-y OEEA HIKH -
oo ZHHDFERDG AD ¥ U ATIEANT T VEER T MR OHECTEEL MG S D 2 L VRIS
T RIS EAER OFTIR U v B~ O BRI OilEE & B % non-AD ~ 7 2 & AD~ 7 AT LTz,
FITC [&{E# 24 BERIIZH\ T MHC class 11 & %85 CD11c Btk FITC Bihbe sk fia3kiE non-AD ~ 7 &
& AD v~V A TH%E TH o7z, AD ~ U AITEIT D BRIGHIEEICEITR O bnienoloZ Linb,
WA D A D W THRNT 21T o 72, Z OFER non-AD ~ 7 A 2% L C AD ~ 7 A Ci% MHC class
Il =388l CD11c Btk FITC Rtk e ML b oo 354 5> 1 CD80, CD86 F&HL MK < | MhRHMiAE oD Al
DI SN TND Z EDNRB Iz, S5, MHC class Il %85 CD11c B FITC Btk bk ipaic

B D HHIMED T PD-L1 OFRBLSCHRIENEY A A > TGF-p D mRNA FHTE < | B ERIENFHE
ENTNDZEPRBEINTZ, ZNOLORREND ., 7 WA G RIIENLE I LionT T VK
VECIRBER IR O RARIIH S D & & BICRBEERERFEI N, TO%O T MIREES
PEABBUE IS S D3 RE S b 2 L AR S vz,

AWFFEIX, (@ BB OEAL & U TR T b MR RIS 2N LTz D DH/AEDNT
T U RBEAES O BRI O ECMHE . AL VW A= X L EHSNE L, BIEMHI A I =X L0H
Bz R Uiz, ERIEERAE CIRRERUE &L v & TGF-p EE CD206 B AT IS &~ THRERHIIE O fkk:
W7l « ARSI Sdu, & O OBERNBBUEIGE 23 BE5 S d 2 LR S iz, st L,
T R ERRIENLE I LTe T T EAEIZ R W BRI IR O #EE I B kIX AR — T TR AR
D AN I S S B ME DN S AL D T2 D [T BUR IS B Nl S H 2 E AR E T, K
R B i LSS DAL % A U 7o B2l UE O JEAEFFEA = X LA OB EZ RS H LT, T L¥
—PERE R A OIS, S OIITBRICERT 2R TH D EE XD,

UL EZRAIICEE LR, ARSUTRRIC L SaniEt GERE) ofme LTHamEDdH 5
H O &I LT,



	13論文要旨（邦文と英文）_菅原叶子.pdf
	12論文審査の結果の要旨(主査作成書類)_菅原叶子_修正0218.pdf



