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(&E 14)
275} —PCB & TCDD DR BB O BT (3)

OIS ATHF
IWBLRZRFBRIEF TR EMAR B

WABRE

PCB D31t % TCDD Hfl# M & 3E TCDD #iIC 0 E T 2 2D DML =T 5
ZEZAMT, ETUTOL DI, TCDD O#ERBIEEMT U7z KEY D 5 ug/keg
@ TCDD NOREHBER IS BFRIZ B DG TFRREEIBLEE 321 E. DNAT
4207 L1 IETHEMCER LU TR LA, RERSBN, H50IEHTIHET
BEICDE, WEEEICSIZHEMIFE2EDE, ZOBR. 2BHROYEH1 D BIETOR
HREMVENT S EE2ASMILE, 8. 3753 —PCB ~OFRIEOBRZHICLD.
IS TCDD NORE THREARVTLT 2 TRORENE S BT 5h %
Real-time RT-PCR £ THEAT L. PCB ORBFRICHIT 2B TFRIEAOHEE L, TCDD

KHEHULEZBOEBL NS DI ET 5,

A. TFEHER

PCB O #fE% 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD) #A{IFME & IE
TCDD FEIC T 5720 DL &
MT S EEEMIC. K9 TCDD OFE
REEHORIIEED S EiCLE.
TCDD . FEEtE, R E, At
BREAMEICRLZ OREEH DI EAWS
ENTWS (Tohyama, 2002). F/=. £e2¢
HIZE b OO ECERERICEET
ST EMABENTEY (Vreugdenhil, et
al, 2002). o @BICHBLTIE. MR
R4 OELFAELEERTHIE
MREN D BN TV S (Cheng, et al., 2002,
Haavisto, et al., 2001, Hays, et al., 2002,
Ikeda, et al., 2002, Kakeyama, et al., 2001,
Pitt, et al., 2000, Unkila, et al., 1995), & 52,
RS v b ADEESIPEFIR OB
CREOTHBIEETHIENEESINT
V3% (Hojo, et al., 2002, Zareba, et al., 2002) .

UL, CO&DRBMEREENEES

N5 TEEBREREASHTRN
(Kakeyama and Tohyama, 2003, Petersen, et
al.,, 2000). € ZTHT, REYD 5 Ng/kg
D TCDD ~OD FRENREE PR IC B
HBEFREEEITILEIEEZNE,
DNAXRM /7107

UAETHEMICHENL, BEENEL
THMETFRICOEMITEED. Kz
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753+ —PCB NORBOBEIZLD, =
N5 TCDD NDEEBE THERNENLTS
BEFHORENESELLTENE
Real-time RT-PCR £ TEHT L. PCB Db
fFRRIC BT U TREAOEEL,
TCOD IZHRIL O EH L s D
2T 5,

EEEL, FEYD 5 pgkeg @ TCDD
O R EREINBFRIC BT 8/ET
REEESBLETESMhE, FEEEICT
ZHRE. DNA VA 707 L1 iETHEN
ATl EERAEM. Hd0idED
THRGFRICDOE, FiFEEd,

B. WAk

1 TCDD

FEREYIZIL. Cambridge Isotope
Laboratories 2 5 i A L 7= TCDD(50
ugiml. /F>¥H)%. TCDD D& &M
0.5 pg/ml /2% X SI2a— MK
IE. XUZRBEY T THEROERE
Uiz, ABECI - e RgIcEs
L7z,

2 EREMBIUEESE
C57BL/6N v 7 AX A& L 7 att
MOA L, RUADHEEBLUAYY
AxERWEREL, ILELRZOEHYRR
HMEAZORBER T >




3 EEREHE

REM D 0 pe/keg £7213 5 pgrkg ® TCDD
Z 4R 125 BHO 6 IO C57BL/EN <
DAREL, 6 Ok, TSI YO
HORRF. TNFN1IESD, 512k
fti RNA Oz, 6 RO BIER S
IR T A DM OB, FhEh 1L
T, & 12ILDfE RNA & DNA <1 2
07 b - (CodeLink; Amersham 1) Lt
BN L7z, SRfFottodlEid, &
OO —Fn S DNA 2L, Y &
Btk LD Sry iHE 7% PCRETHRT
ZEIZEDTTof. MFTICI. FERNT
AT ENBIC R WBFEER WL,
HHTNB0 2o~ 707 LA
ERWTHERLE, 2B, w1207l
RN, T2 x ) I 2R &
HETITo 7. K, 1707 L1
M CRERICEREZZD-BEFIZON
TIX. Real-time RT-PCR £ TR 2 Fi
WMl7z, 610, ERZPHALEEET
ZDOWT, KRUHEEZHWT, ML~
TORBEN., RUOFEEERZ [n situ
hybridization 52 & D #R#F L 7=,

4 Ak

41 DNARAZOF7L 4

CodeLink DNA 12707 L1 #&dh
720,81 AHORES cDNA I2HY T
530 HREOA ) IR LFAF RER
GEE2BD (Amersham 8D %, &
2 TNHl0 2BAWTET L=,

4.2  In situ hybridization
HEMESIT I NAGED S N M—E T THh
A >0IZ2WT in situ hybridization T
FAN D mRNA O RTEE TCDD BRIz &
SROEBEFNR =,

cRNA 7o—74%, [38] UTP TF~L
L7zbDZER Uz, BIFORKEETRL,
RIATA AT - ETHEREL. -80°C
TRELE. 20um QYK 2751432
vy bTHEHEL., BEIE 4% /ST RNV AT
VT RT15 5T, 2he
proteinase K (2 pg/ml) T 30 431, 37°C
TUEL, 7EFIL. BAKET> =,
55CT 16 B§INA T (1 —2 3 >
ZiTole NMTVF1 Y- 3%,
P1H % RNase A T 30 /2 4LEE L, 0.1xSSC
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T60C T30 Mtk Lz. SN0
B X870 A2 10 AR x g
Tirork.

C. ¥8

1 DNAXAZO7 LR

TCDD %512 & D i BB AN
L7ziinF% 7H, BOLEREFZE 1
FERLIM U7, F£/-, OB THIMU =3
EF%E2TEH, BAOLEBETE 39
., OB THML =M{EF % 64 fE%I,
BMAOLUERETE 10 fBEAHBLE (15
BLALosn, =i 0.6 LT ORD
2, BlEBRshzbnd: Lk, b,

2.0 LA LB, £7/-13 05 ST 0K
b, BRSO E LB
X, TCDD #5142k b, MEHEIZRER
R, £EREBATHHETIZEL,

HOATRERMSKMUBETE 2
W, B URREGT 2 1985, £, I
DA TREENEML 2B EFE 19H
. MAOLUEREFZ 2 lEEDE).

2 Real-time RT-PCR i£iz & 2R
DNAXRA70O7 LA fFERizE-> T, &L
NRDENBETON ONIZDINT
Real-time RT'PCR ik CZE L & Bist L /=,
AR > b o—) Lz, Cyclophilin #Hz
TZEAW:L, Z®55, CYPIBI EET
E2BHADT TN VRETITONTIL
DNANA 207 L1 DR RO
RBgoniz (@ 1. ¥ Eh1 2 BETF
BiX. REMOANNKROEEIZCHS T2
(Sallusto, et al., 2000048, Rif. BEkPs%
FROBRIZBESE L TWAZ &ML Xh
TVy5(Cartier, et al., 2005, Tran and
Miller, 2003). =T, b BHhH-1 >
BEFIZOWT S, Real-time RT'PCR i
THRINRZER. B ENED SO
. FEEENTCDD 58T, BOLT
WLHDRFED SN, BIE, DNA <1
787 LA DR BENZED S
DMEFIZDNTH Realtime RT-PCR
HETELZMEDPTH S,

3  In situ hybridization

RS RBIROBMAGERD s T
1H1 OBEFIIDOWT, TCDD B#
TERTERBERE, & 5 I3 D DA%



in situ hybridization ¥ T~/ R, €
Y ST TN TV UNMRIET
E 728 TCDD ¥ 58T, TS .
BOMEEAMIZ, XEWhwid-EDL
T IR SN, HEEL X TH
mRNA EEDEINEMEZRL T,

D. ##

AFFETiL, PCB OFEMEFEIHEZ
TCDD $H# M & JE TCDD 23174
BIMEEERSL TR EEEHIND, T
TCDD ~ ORI g SRR NI BT 5
WETREZES>T{LZESME, DNA
107 LA ETHBENIZARL., 2
FREAD r T h A T OFE M
THIEEHLEMILE,
rehq4 oBETFERE. BICREROR
MERDWEEIZE S L T AH(Sallusto, et
al., 2000048, B, /w7 I RRIA
EH WL D, e BT
O3 bO—oM, BEIIREIOERIC
WHATHD Z ERRE TNy, et al.,
2002). IMHRZOERIZHELLTNS
Z EHCRBEN TS (Cartier, et al.,
2005, Tran and Miller, 2003). TIN5 7
EHA UUETHOS S, 2 BEHOREI L
WTCDD & Ic K D& HiTHimL T
Wiz, ZORERI RFRICHT 5 TCDD
~NDBEEN, rEhA 2N U THIRNERR
2 EET D URENERET 5, S,
OB EREY, BAVIIREREE
L E|/THR, TCDD iZ L AE{LDFH
T3, LTI s, 27
F+—PCB BRIk AL &L, £
DEREZWASMNITAHIEICELEST, O
75+ —PCB OBFRICBIT S5 Eh1

C RRTHEEAOFEE S, TCDDZHL
LiEdbDEELanwbDisEdTs s
EZzBiE7.

AWTFETIX. PCB OFMEFEBIEL %
TCDD {7 & JE TCDD FHHEIC AT
AEMIEEMESIT S 2B, &7
TCDD ~OFEFEREZ IR FNIC BT B
WETREZ2ESEXESE0%. DNA
A 707 LAk TREMICHITL, 2
FEOrTh1 2 BETOREENEM
THIEE HEMILE, COREIZ.
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IBIFEIIC B3 TCDD ~DIEERM, 7T
14 &2 VTR 2 BT 5]
etk 2R T 5,
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HICEL

I. KE&TOHHN

] 1 Realtime RT-PCR {EIZ L 5 Y-
Ll B LT CYPIB1 O, TCDD
W% B OGRS, BEEE S 6 TED AT
M5E LN RNA 210, JERERD
mRBRNA 2% 1 & L7=Fro, BREEEOM
7 mRNA B2RL 7.
CXCla: 7 Eh1 D15
CXCLB: ¥ Eh1 D 1F
CYP1B1: ¥ b7 Oo—A P450 1B1

2. In situ hybridization %2 & 57467



C57BIV6N ¥ X DiEE 12.5 HEHIZ
TCDD Z#& L. ikl 18.5 H HDMFD
RAZHT 50 Eh 1 > (CXCLa) mRNA
DOFBZ [358] UTP ££i% cRNA 70—
7 %& BT - 7 In situ hybridization
DEER,

A: W, B: TCDDRE
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Kl 1 Real-time RT-PCR IEIZ K B4

] Male

Female

Relative expression
~

CXCla CXCL8 CYF1B1

TCDD M8 R UNIEIR TR, MEMES 6 ILORTFEMM SIS N/ RNA 20, JFFREZENO
mRNA fit% 1 & Lo, BETFOHIAI/2 mRNA & Z2RLUTz.

CXClLa: 7 Eh12D 14k

CXClLa : 7 EHT D 1F

CYP1B1 : ¥ b & 00—/, P450 1B1
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(#F#15)

EMEAWR /97422 ROERES AR TCDD 2R

SHAPEES LAz

WYPCRE - SRR TR B

HREE
A FF T DB EFOARITETAHEER. e L 0FEL RS
TEBAMENTNS., E MIBITZRBRZNEBEDE-Y ) 2 ETEICT 0TS
NEEET ST, YUATAFF L R EORDDIZ, B b1 AF2 225K
ZHT S5, EbFAAF AR WAHR) /v T A TR REEL, TOEENIC
HMETLRIBHER Tz 3-AFINAS P L AT BERIE, hAHR /v 271 27
AHa b ABRBETH 70, TCOD I T B HIGIEAIEDOHFNT N E
WORRTH oz, CORRIT,. S 1 AF 2 2R EDUH > RIC X5 RSO REMN.
filChDEBRSZE, FUT, hAHR / w71 2RI AMNE bORGOFREZHERAT

ELAHABTEY—IMME L THATRETHD I EE2RAETIHDOTH S,

AFFEHE

FATFL U RERD ET LT RRL
ARII, ERICERINS &, AEICH
LA LRBEREEEZBELT, 250LFKE
R, BRRIC LD EETH D, Tix,
BZEDHICEORESRER-> TS,
NS PME OREIILNE - ARILES
BRETBET, EbORIEHERBRL
EREICHERST B SWREBICHETH 3,
LaLAads, B MIT 28228
BICIRRD Z &3, RELEARDRETH S,
FIT, BT B INSLFEMED
HHEEHYIEM TR EDTELET
VMM ERICERTH S EEZ N5,

INETHE N AhR BT~
T2 EAWEERNMS, HERREAKHE
WWEDFERIINZIZ S OERRISE.
FAFF 2FE (ARZENT LTS
ZEMHALNIINTNS, 413, ARR
AFORMEN, ThETNOEMIET L0
BEMNRRKSERETSEEA, B M
N LB EFOREEEZETZ Y-
Y5O ET I EEHNTIAN
T, YUX AR 7 FORHDIC, Eb
ARR T %47 % L k AhR (hARR) / v 7
AT AEERLT,

186

B. WAL

1) hAWR ./ v & 2T ADERT T X
AR BHETFEIZ, hAhR cDNA ZHi AT 5
ZEITED, U AR BT AT
5 EFREFIZ, YU AR EBETOTOE
— & —O#IF T T hAhR cDNA HRE X
NEED, =TT TRy —
EFYA U, BohiTo A, B
#7 C57BL6 YU ANKELAFIL, 2>
Prx=w7{%E® -7, hARR EiFD
C57BL6 ¥ A =R L7z,

2) AhR U RIZxd 23RBS
FHOBHERIE in vito TEHAE N
TCDD & DML, C57BL6 @ ARR
(AhR™) TEi<, DBA/2 D AhR (ARRHT
<. BEOHAME hAUR OFNEE
REETHS. hAhR, AR, ARR! TN E
D AR S FRETTHEERKGE. B
— DM AN IR THRET 5012,
CS7BL6 IZHIR{IEE N/ hARR /w7 1
<A (hAhR T A), TFAEM C57BL6
YA (ABR™ Y R), C57BL6 Diix
ML RIZ AR 2HT B Pz ow s
YUA (AR YT R) O 3 BEE R
L7, £, AR UH > Ricx3 5 3E5%)
UHBE SR OB ZFAN, 3-AF




Va5 kL (3-MC) & 2,3,7,8-TCDD
REITHTD. FETD CYPIAL,

CYP1A2 DFEEIEE R RNA 7 10w MRAT
ICE DA,

3) TCDD IZX T % fE#f gt @ &k &
KiZ TCDD 2 BT B EFHRDL
DIz, RaE 12.5 H O S TEMKIZ TCDD
L. iR 185 OTHIBZMTL /=,
2D IE M L KBHEDFEEFIE &

YE R % TR RESEANIC AR Tz,

C. MRHER
hAhR 7 Ald. AFET. EiiED
EHTH27. IMCIREICL B TO
CYP1Al1 B WWid CYP1A2 DL DR
i, AhR™! %17 ZA>>AhR? ¥ 7 A=hAhR ¥
TAEVNDMHFTH Y., hAhR YT A &
AR T RADKISHERFIZEE Lo 7=,

—7, TCDD #FICXHFHEOMAET

AhR"™ <17 Z>AhR" 77 A>hAhR ?rjz
THV, hAhR T A, 3-MCIZHEXRT
TCDD ICRIGLIZS WENDS Z &5
Mo 72 TCDODIZ T BRI IE S .
DR E—ETAHBAE LN, O
HENZ, ARRY T AT 100%. AhR® <77
AT 30%. hARR Y7 AT 0% EWVD F4
RTHo>7 (Table 1) KFHEDFEERIZ,
WTNDEBIZBNTD 8 FFiETH-
7=/%, EIEER AWRY ¥ A>ARRY T
Z>hAhR 7772 & WS HHEIDNG

HER

in vitro THIE /= TCDD 1233 58l
FtES. ARR?S hARR BIFIFHL WICDH
M5BT, ARRC Y™ A & hAhR YR
@ TCDD IZxT 5 KIBEMN R > Tz
EWVIFEN HHVWKTH S, 3-MCIZH

D.

B shiz.

THRIENERBETSH S I E2EANIE,

AhR® & hABR & Tld. MM/ Eei iR
MR- TWHWAEWZSE, DFD,
hARR ¥ ZAD R, £ b DRISED
B AL TWAZ ENREINS,
hAhR ¥ 77 22 U T, #f& A& ikt
KEHEREL T, R RETReEs
ZOREHEEASMILTHL T &R,
IS k2T OB WY /R 21T
5 BT, EEICHAMERZIEMGTS D
O EHFENS,
ZDANZ X LELTiE. hARR & ARR?
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EDT I )ERIOBENRICL DD TOH
EREZES (BRZ, BILRF VAN
DREMEE) 2O <HBRT L0
HEERAOBENWSGIITHD EHIL T
na,

o

t b ORI BOSTE R HEN T 2720
DEF NI EL T hAR /w71 <
T AEERL, 3-MC & TCDD 235 %
M E#HRZE A, BHEIHTER
ISRFRAZ EMI SN Tz,
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(&E 16)

¥ 4% [PCBO T B BRHE T ORI A I O LIS
SHEBIRE EA K

B ERRY

Bz

_ maHEs
755 —PCB DT FF OB LD AT U MEENBORES
75780, BRI EL TSy FIEBIZBIS V1 432 I E 3T T RE OB
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Constitutively Active Aryl Hydrocarbon Receptor Expressed
Specifically in T-Lineage Cells Causes Thymus Involution and
Suppresses the Immunization-Induced Increase in Splenocytes?

Keiko Nohara,®* Xiaoging Pan,* Shin-ichi Tsukumo,* Azumi Hida," Tomohiro Ito,*
Haruko Nagai,** Kaoru Inouye,* Hozumi Motohashi," Masayuki Yamamoto,
Yoshiaki Fujii-Kuriyama,’ and Chiharu Tohyama*

The aryl hydrocarbon receptor (AhR) is a transcription factor belonging to the basic helix-loop-helix-PER-ARNT-SIM super-
family. Xenobiotics, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin, bind the receptor and trigger diverse biological reactions. Thy-
mocyte development and T cell-dependent immune reactions are sensitive targets of AhR-dependent 2,3,7 8-tetrachlorodibenzo-
p-dioxin toxicity. However, the exact role of the AhR in T cells in animals exposed to exogenous ligands has not been clarified
because indirect effects of activated AhR in other cell types cannot be excluded. In this study, we generated transgenic (Tg) mice
expressing a constitutively active mutant of AhR under the regulation of a T cell-specific CD2 promoter to examine AhR function
in T cells. The mRNAs of the censtitutively active mutant of AhR and an AhR-induced gene, CYP1A1, were expressed in the
thymus and spleen of the Tg mice. The transgene expression was clearly detected in the thymocytes, CD4, and CD8 T cells, but
not in the B cells or thymus stromal cells. These Tg mice had a decreased number of thymocytes and an increased percentage of
CD8 single-positive thymocytes, but their splenocytes were much less affected. By contrast, the increase in number of T cells and
B cells taking place in the spleen after immunization was significantly suppressed in the Tg mice, These results clearly show that
AhR activation in the T-lineage cells is directly involved in thymocyte loss and skewed differentiation. They also indicate that AhR

activation in T cells and not in B cells suppresses the immunization-induced increase in both T cells and B cells. The Journal of

Immunology, 2005, 174: 2770-2777.

} i enobiotics, such as polycyclic aromatic hydrocarbons
and halogenated aromatic hydrocarbons, bind and acti-
vate the aryl hydrocarbon receptor (AhR),? a transerip-

tion factor belonging to the basic helix-loop-helix-PER-ARNT-

SIM (bHLH-PAS) superfamily (1, 2), and elicit diverse biological

and physiological responses (3—6). These findings suggest that the

AHRR functions physiologically as a ligand-dependent transcription

factor, whereas the endogenous ligands and intrinsic role of the

AhR have yet to be identified. The decreased fertility and abnor-

malities found in various organs, including the liver, spleen, vas-

cular structures, ovary, mammary gland, and bone marrow lym-
phocytes, in AhR-deficient mice (7-12) also imply intrinsic roles
of the AhR in normal developmental processes. In the absence of
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ligands, the AhR exists in the cytoplasm in an inactivated form
complexed with a dimer of heat shock protein 90 and the immu-
nophilin homologue hepatitis B virus X-associated protein 2 (13).
Upon binding with ligands, such as its most potent ligand, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), the AhR becomes activated,
dissociates from the protein complex, and translocates into the
nucleus, where the receptor dimerizes with another basic helix-
loop-helix-PAS transcription factor, aryl hydrocarbon receptor nu-
clear translocator (ARNT). The AhR/ARNT heterodimer specifi-
cally binds DNA sequences, called xenobiotic responsive elements
(XREs), distributed in the enhancer regions of various genes, in-
cluding one of the most sensitive targets, CYP1 A1, and modulates
their expression (14). The receptor complex also interacts with
various nuclear proteins, such &s retinoblastoma, NF-«B, and es-
trogen receptors {15-17). However, determination of the functions
of the AhR requires identification of the genes and proteins that it
modulates and the cell types in which the individual biological or
physiological reactions occur.

The immune system is one of the sensitive targets of TCDD (6).
Although a major portion of TCDD toxicities, such as thymus
involution, suppressed CTL activity, and reduced Ab production,
have been demonstrated to be mediated through the AhR by stud-
ies in AhR-deficient mice (18-20), the precise mechanisms of
AhR function, including the primary cellular targets and biological
reactions involved in these toxic effects, remain to be clarified. The
thymus involution induced by administration of TCDD or other
AhR ligands to mice is characterized by decreases in tissue weight
and cell number that are mainly attributable to a decrease in
CDA™CD8* double-positive (DP} cells, the predominant popula-
tion of thymocytes. Skewing of thymocyte differentiation toward
CD8 single-positive (SP) T cells is another peculiar feature of the
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