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FERENIX 1088 A/d < 7 2 % HWizo EEHEIZO Control # : lH O &, @ DEHP# : 0.01%DEHP
GHAEM, @TGCH#  WEOEM + TGC ® 1 MK T4, @ DEHP + TGC #f : 0.01%DEHP &4 &l
+ TGC @ 1 Bz FiESH, 04 L L7z, 5 58 M BRI ZEHIE S &, MFHR L MG O 217 - 720 %
B3 Mak b e fe (HE B4, HRP $efn). ookt %4t (F4/80. IFN-y, IfiiEHifR). Real-
time PCR (F4/80. IFN-y). ELISA (Ifilitf IgG) % 72

TGC #iZ. W EREENFEINLZ WS BENNOENZY 2233k H. IFN-y mRNA © k5.,
T - Bcw 3 2 Ao BBIAE0 57z, DEHP #id. TGC BEoREE M. HRP O
BHNNORAREL MY MBOZIALYEZ S, BTB OEENED bz, 512, DEHP + TGC ##
X, EEO EAO OFE, 1 - MMl 5 Ak 3. HRP ORGSO AHEILE S 1,
flf & Il L €. F4/80 mRNA. IFN-y mRNA, HCOPUEKD EADFRD iz, RAFZEIC T, W TR
EhEXLERVEO DEHPIREZETH - TH, BTB R E I N, HOKREEHBERDFLE I NPT WIKE
o TWB I EPHLNI R o7,

(B PEBR3E 24 - 48 -57, 2015)
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Abstract

Exposure to di-(2-ethylhexyl) phthalate (DEHP) induces spermatogenic disturbance (SD) through
oxidative stress, and affects the immune system by acting as an adjuvant. Recently, we reported that a
low dose of DEHP, which does not affect spermatogenesis, was able to alter the testicular immune
microenvironment. Experimental autoimmune orchitis (EAO), an organ-specific autoimmunity of the
testis, can be induced by repeated immunization with testicular antigens, and its pathology is charac-
terized by the appearance of autoantibodies and SD. In the present study, we investigated the effect of
low-dose DEHP on EAO susceptibility. The results showed that exposure to 0.01% DEHP-containing
food caused a little functional damage to the blood-testis barrier with an increase of interferon gamma
and resulted in the appearance of serum autoantibodies targeting haploid cells, but did not affect the
spermatogenic state in mice. While only one immunization with testicular antigens caused very mild
EAO, DEHP exposure after one immunization with testicular antigens induced severe EAO with signifi-
cant increases in macrophages, interferon gamma, lymphocytic infiltration, and serum autoantibodies,
accompanied by severe SD. Therefore, exposure to low-dose DEHP alone does not induce significant SD;
however, it can cause an increase of interferon gamma and a little functional damage of the blood-testis
barrier in the testis with leading to an autoimmune response against haploid cells autoantigens, result-

ing in increased susceptibility to EAO. (Jpn J Clin Ecol 24 : 48 -57, 2015)

(Key words) di-(2-ethylhexyl) phthalate (DEHP), Low-dose, mouse, experimental autoimmune
orchitis (EAO)
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Z OCH ML TRRALIY A b L ZAIC X BTk
EQFEIE SN T VD O X5 1 ZAGEMN
DFFEMILTH 5 b U MTL oM /22
DIET LR WA SN, M - AR M
(Blood Testis Barrier: BTB) % A4 + ¥ v v 7
T a v OREFREALDE T B REME DRI S h
TWwa "o I A TR TR ESFE SN,
W OKEE DEHPRHZ <7 212BWT, &L
UM N e WS, BTBAY A=
-z ) ORI, A vy —Tza Yy
y (IFN-y) @ mRNA 38l 5% EHE R OBUNR
SRR A RE R Sl DY A

K& - GBI 500 R O BB LRSI N IS
HBLLTL 5720, BRI BV T A s
BEANHES NG, L R 2Tk T
TWb, TD0, [FEIZE > THEY LS .
K5 - AFFRIBPUEIRN 3 5 H CRENEKAE DS
XRTWVEEZLNTWS, —F, @HIEEL b
VMR E Lo TR S NS BTBIZ X )
T RTINS R SRR S T B & 5
ENTWS, LaL, Ki~ra7y—J 0554
RE LM X 2T AERE R CofdIic X
D, WT - BT RERICER I TS
A5, HOHEMAH| &R 5 2 WREIT S 20
AR B T R H B 7,
FERHCREMER K (EAO) 13, IFN-y O3
. BTB o fife B & K TR E I v~ >
077 =R yNRPEBERHTHI LT ERD
ENDHOHREEEDORE R ETH 5, ik
DOWFFEB VT, HOREMRHE R E 2 BUAUE:
DFEHRO—2E LTRESNTWE ™, L
Ao Ty EAO I IHFFE M T A UEE O P2 1% 9 €
FINVTH 5 Y, DEHP 3BV B X O 8
N O B E AT A7, HBIIRH&E
» DEHP #4595 Z £ T EAO O #FE % it X
EHLURENZEZ SN L, A HMIZ,
DEHP W72 EAO (2419 2 RIS E L 5 2
LENEIPIETHILETH S,

IxRERE
1, R

By 129 Es A/d ~ 7 A D HfE (Charles River
laboratories Japan, Kanagawa, Japan) % A
L. TORIBEMRGER REOHYEH L >
= CTHHLEDDZERIIH V., =7 A1
FEi23+1C., ES5+5%. 12 Z & o> BHRS JE
DEMATTHE L. B Z S OIKE HHE
W72, B, AW TIT ) BIFEEBRICOWT
BB EBRO MBI & Rt 2 IR T 572012,
HASE M e ER O [ B 5B o3 1F 72 S H 12 1)
724 R4 212N BROCERR B 52
BEHROKRBER T To 72,
2, {cEME

K7 9= M T T 4 —12TI8% DALFHET
® % Bis (2— ethylhexyl) Phthalate (DEHP)
(Tokyo Chemical Industry Co., Ltd., Tokyo,
Japan) ZMH\W/iz, =7 21257 5 6F CLEA
Rodent Diet CE-2 (CLEA Japan, Inc., Tokyo,
Japan) ZHEA L. 0.01% DEHP &4 CE-2fi ¥
% Y8 # L 72 (Oriental Yeast Co., 1td., Tokyo,
Japan). S MfiiH L720.01% DEHP &4 CE-2ff
#1130.0113% 50.0133mg/g/H D =24 720, <
7 A2 B} 5 DEHP ® NOAEL (no-observed-
adverse-effect level) fHE % TH 5 *, F 7=,
LA o34 D FEERTIZ, 0.01% DEHP $% 5.8 & b
HRE L oM OB L OKOBIGRIZB T 5 H 5
X heho?z®, EHIZ, 0.01% DEHP #5-4 &
L OBOKREB I OHBEERICB L2045
VoA A /Al A
3, FFELETEMAT (Testicular Germ Cell: TGC)
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EAO Oi%# (n=8) B &' ELISA (n=6) T¥
% TGC 2§ %720, 10 A/J <7 2D
M % 245504, KR 25 L. Hanks' balanced
salt solution (HBSS) FTAT Y VA X v ¥ 2l
THEEL, &0 (400g - 107°1) %247-72 s
4, XA E

D, A7 Y 2Ny b 2 AR FI1x10
> TGC DA %2 M B 2122 THEN L. &
HIZEAO i ETEL M LMY, &5
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ICTGC Z# ) ZLE FTHEHNTETSHIEE, &
DHEFZI EAO 2 FE 35 Z LSk A% 10
TGC Z B FiEH L2721 Tld, EAO 2355 T
LU %% Py L72h > T AWZET
(. K= DEHP B8 EAO S84 R TE %
MPE)PRRDL 720, TGC %~ 7 A1\ Tk
W nZlzBIRL 72

FE P& LT, CE-2f # ¥ 5-# 12 HBSS
(0.2ml) % 11\IEZ FiES) L 728 (Control #f: n=8).
0.01% DEHP &4 CE-2ff#-4% 5- 12 HBSS % 11
B2 TS L7-# (DEHP #: n=8). CE-2f#5-
BEIC TGC (1x107/0.2ml) % 16l f2 FiEgt L 28
(TGC # : n=8). 0.01% DEHP %4 CE-2fi#}4%
512 TGC % 1l Mg L72# (DEHP + TGC
BE:n=8), MAEEIZ~ ™ A & /F. 10:8#D> 5188
T COSEMAMMEE X OKE HHERS &
720 18 12TV & J X ¥ F ) (Kyoritsu
Seiyaku Corporarion, Tokyo, Japan) {Z & % k&
WP CORIMEE, FHIEALE 217\, FERE 2 i
L7
5, L EMEER

Control # (n=4). DEHP # (n=4). TGC &
(n=4) B XU DEHP + TGC # (n=4) 7 SH§H
L7zKi¥% 77 YIS CIHMBEIE Lz, Z Dk,
WHEEYIZZY ) —VTHAKL, TI9AFv 7 H
3 (Technovit 7100, Kulzer #:) #4757z 5um
DY %I 71 b—2 (HN-360; Microme #k) (2
THERL, AT PF T 2 E2% 2F VI TH
o (HE Jeft) ZA7VoUFEBimsE oBligt Lz, &
FEDABARD 515 572 HE Yeta IRk F % Bigg
Lt 2175 720 MR EOHEIZIE Y a »
VI RAAT R, RS 720 BAELIEA
7EREAIAE100ME 2 A 3 71 (ke i 5 o A TRl Al
ez L) 2523710 (54 7% dksHE e AN
JEECIEL S BEHI L. WIEDSH ) $% L OFFT
ZRDL) WIHHEL, WEER T P, ) s
FROWAEZ, VAR D 72 0 BAF 25 (2 55 T o 4% 3 [
H2@ERL, MEImm*Sh 720 ic&EE 5 %
ez,
6, REHMFARBRR
a) F4/808 & ' IFN-y

Control # (n=4). DEHP # (n=4). TGC #
(n=4) B X O"DEHP + TGC # (n=4) » 5 ¥4
WMLUZKE%EZ OCT 2 /8w » FCa#k, s
WARZE R THAE, JES5um oY/ Z2 7 )+ X% v
b (HM-550; Microme %) 2 CT{E# L 72 .
IFN-y O %t1213 -20C D 7 & b > T245 W&
LR L72b 0% fiviie, 720 F4/80D %l
1295% 7 v 2 — VA2 TL05 e L ez L7 % @
ZHWz, MR A . JERERN Rk 5
72271y 7 2 —Z (DS Pharma Biomedical
Co.,Ltd., Osaka, Japan) 107 WK~V F F
¥ — X RIBDFEF120.3% BEALAKFEK - 2 ¥
J — )V ¥ #30%. Protain Block, Serum-Free
(Dako, Glostrup, Denmark) T2047 10 v ¥~
7 L7720 bLkPUERB X OB 12131 % BSA
W PBS & Hvy, S C2RERH UG & 72, 21K
Pk L LT+ F bt IgG Pifk (Vector Labo-
ratories, California, USA) % i T304 s
7, Dk, VECTASTAIN Elite ABC kit
(Vector laboratories, California, USA) % % i
304 [ s & &, DAB Substrate Kit (Vector
laboratories, California, USA) % HWZiR T5%°
MBS S5t L, GFPBME THIgE L7z, 1K
puik e LTS v bPLF4/80 Hifk (macrophage
marker, 1:500 dilution, Abcam, Cambridge,
UK). 7 v MHIFN-y L4k (1:100 dilution,
Calbiochem, Darmstaolt, Germany) % 7z,
ESAYAY €71 NI <l i A | 77 N A N FE{C 7 N
(VECTASTAIN Elite ABC kit, Vector laborato-
ries, California, USA) % 72,
b) HOdUE

108 A/d =7 A (n=3) 2252 bl L7
K% OCT 2 v % v F UM, Rk
FCHAE, BEE5um YR Z227 )+ A% v MIC
TR L7285, —20CD9%B% =¥/ — )V Tl05%
g Uz U 7zo MLERED A&, MRk EI i, Ik
R L LT 27201270y 72— 10
a3y WRESRV A F 35— ¥ 0D B3:120.3%
WEALARFEK- X ¥/ — V305 Protain
Block, Serum-Free T200 72y ¥ 7 L7z-D%
LR PUR B X OVBE PR B2 131 % BSA i PBS
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Z Hv, 2 T2 H RS S ¥ 72, Horseradish
Peroxidase (HRP) &k —~kPtik (Ji~ v &
IgG HUfk) (2= T304 [ KL #%. DAB Sub-
strate Kit % i\ 2 i T5% [ BOs S €38 L.
ToF B S CRIZE L 720 LIRPUMKR L L T Control
# (n=4). DEHP ¥ (n=4), TGCH# (n=4) B
X O*DEHP + TGC # (n=4) o i (1:50 di-
lution) % M7z,
7, Real time RT-PCR

Control # (n=4). DEHP # (n=4). TGC #
(n=4) B LU DEHP + TGC # (n=4) X Vi
L7-M ¥ % 22 RNA Hih kit T3 % TRIzol
(Invtrogen, Tokyo, Japan) # M\, FMEIZ [FIH:
DY = 27 WVIZHEWV RNA i % 47 - 720 OB
%5 L7-1%. High Capacity cDNA Archive Kit
(PE Applied Biosystems, California, USA) %
W, PIEIZFEAEO < = 2 7 VIZHEV B S % 4T o
720 F 723G UG 21X iCycler Thermal Cycler
(Bio-Rad, California, USA) Z i L. Mk fil
HIEE % T-80CICTHRE L 720 Real-time RT-PCR
f#NT % W C, =7 ZA® IFN-y (3’ -tgaacgctaca-
catgcatcttee5 |, 3 -cgactecttttecgettectgag -5') .
F4/80 (3'-ctttggctatgggettecagte 5, 3 -gcaaggag-
gacagagtttategtg -5) E WNIHEEYH TH %
Glyceraldehyde 3-phosphate (GAPDH) (3’
-tgtgteegtegtggatetgas' , 3 -ttgetgttgaagtegeag:
gagh) %l L 72, Real-time PCR | SYBR
Premix Ex Taq II (TaKaRa) ¥ & UF Thermal
Cycler Dice Real-Time System TP800 (TaKaRa)
ZfEH L. 2AA Ct (comparative Ct method)
TIio720 B, FRETFORBEIT, NEEE
(GAPDH) O¥sBim|Z & ) #iIE L7=#%, xHdf: &
gL, €08tz H L7,
8, HRP

BTBOIREAZWGEET 2720, PL—%—Th 3
horseradish peroxidase (HRP:10mg/mouse,
SIGMA ft) % A4 8 £ 3§ /K0.2ml |2 % f# L <.
Control # (n=4). DEHP # (n=4). TGC #t
(n=4) B XU DEHP + TGC # (n=4) \ZMEHEN
S U720 3008812V & ) R FIVFREET T2%
NTARIVATIVF R F-0IMY » 8K

(pH7.4, 4C) TORERREE ZITV, S 5121% /3
FHRNAT VT F-01M ) R (pHT7.4,
4C) TUREMRRIEREE L7z KIZ, 10% A 71—
A0 PBS T 1 RefH. 20% A 7 2 — A1 PBS
BT 1R, 30% A7 10— AN PBS##C 1
e BEEMRR D PEE: 2170 720 OCT a ¥ 2877 ¥
N, AR EE T, 2 E5um oY)
AR 720 1 RGO . 0.01%H,0,5 F
01% Y73 /7 XRYF T ¥ -50mM b AR
(pH7.6) THth L. JUFBEMEE CHIZ L 72,
9, ELISA

H.E L 72 TGC % carbonate-bicarbonate buffer
(Sigma) HTHREY A — 3 ¥ %47\, microti-
ter plate (Nunc 96 micro-well plate; Thermo
Fisher Scientific, Kanagawa, Japan) ® % = )\
W23, 37°C T304 v Fax—2 3 L7
coating solution % 73 7£#%. PBS-Tween 20 T3
P L7z, 7€y b JUGAPDHHUK (housekeep-
ing gene; Bethyl Laboratories, Inc., TX, USA;
1/200 ~1/1000 dilution) 21% ¥ FIfLiE Z @
L 72 PBS Tk & M 12 A L. GAPDH Hufk
B LOHPUMLTE % 7 = V12200 uL ER. 20
HITA vy Fax—va L7k, E5IT, PBS
Tween 20 T5M L%, HRP kY ¥HL7 € v b
IgG #ifk (Cappel, PA, USA; 1:1000). anti-
GAPDH antibody. HRP fEikY ¥Hi~ 7 R IgG
PR (Cappel, PA, USA; 1:1000) % 20pL 7% L.
QMEMRIMTA Y FaN—Tvaryli, Yo b%
PBS-Tween20 C5M # i L 72 #%. pNPP &
(Alkaline Phosphatase Yellow) % 200uL 3 2%
T IVIZEMML, 307 TS ¥ FaN—T 3>
L 725 5% % microtiter plate reader (NJ-2300,
Nalge, Tokyo, Japan) % ]\ CTHEE450 nm 12
TiTo72 %,
10, fi&t

FEETANT I Microsoft Excel (Microsoft #1) #%
I TAT o 720 A5 0 22 A 13 P 34 + B HE R 7
TRL. t BEICTRAMAIISHNT Lo ARK
#E130.06LLF & L7z,
M#ER

Control #. DEHP #. TGC # ¥ &£ 0 DEHP
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[X]1. Images of testicular sections stained with hematoxylin and eosin (a, b, ¢, and d) in the control (a), DEHP (b), TGC (c), and
DEHP+TGC (d) groups. Black arrows indicate vacuoles in the cytoplasm of the Sertoli cells. White arrows indicate infiltrating

lymphocytes. Note the spermatogenic disturbance with many infiltrating lymphocytes in d. SCHR42 % 225

a

12 ¢ p<0.05

Control DEHP

Johnsen’ s score
()]

TGC
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p<0.05

b p<0.05

600 r p<0.05

500 p<0.05

p<0.05

400

300 F

200

Number of lymphocytes (/mm?)

100

. - W
TGC

Control DEHP

DEHP+TGC

[X]2. The grade of spermatogenic disturbance (a) and lymphocytic infiltration (b) in the control, DEHP, TGC, and DEHP+TGC
groups. The number of lymphocytes in 1mm® testicular interstitium. The mean + SD of 4 mice per group in shown in each column.

CHR42% BLZE

+ TGC H DR HA AR R X, K1B X U2
I27R 9. DEHP #id v < 25 K548 v 12 AR 5l
MM OB B X Ok b ) MK oM E o /2
RAER % 58 (K1b). KH BB H D) v o3
k&0 7z (K1b, [X2b), TGC BHED4PLr1PLIZ

MECE 2 dHBEABICETO) v s5kidiE %
RTINS FRY O3S L OHE (Hle. K
2b) 12 YREREMEIERED SN o 7z KR
\Z, DEHP+ TGC#IZTRXRTOX T AZHED
W L B2 VO SERKIR 2SR S
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72 (41d. [¥2b), DEHP+ TGC B DA 10 ki
E LX) UNERIET X Control #. DEHP BB L O°
TGC B AEMIE Ao 72 (1K2)0

F4/80f & ~ 7 0 7 7 — ¥ iZ. Control £,
DEHP #. TGC # 3 X O° DEHP + TGC #:o ]
HIZEED 5, $2 DEHP+ TGC BTt £<
D F4/800 M~ 7 a7 7 — VI EED H
LA R OMEICB W TBlgE SNz, TFNYy
1%, Control #. DEHP #., TGC # ¥ X O’ DEHP
+ TGC #Eo -t b Y Ml & BE oM TRl S
M. 4%\ DEHP+ TGC BTl MET oSN
M & B L CIRHEPIC It S 7z,

FEH A D F4/80 mRNA 3831d, Control #E &
(°"DEHP # & i L C DEHP+ TGC ¥ TR
BImU7zo 7=, KiHE IFN-y mRNA 531X
Control # & L% L < DEHP . TGC #B X U‘
DEHP + TGCHCTHEIWICHE ML, 561
DEHP+ TGC # i3, DEHP #3 X 0" TGC #: &
i UCHEFICHIIm L 720

ML —%—& LTHRP % H w7 cix
Control B X O TGC D FEHIE O F R I
HEnhehoiz, LA L, DEHPHE L " DEHP
+ TGCHTIE. WL Dh DREME DERENIC
HRP 258 &, BTB %8 2 THME DL
BHELTWAEZEDbh o

Control A O ML HUZAF MBI R 4 2 HCH
KOG IR R o720 LELEND,
DEHP %, TGC ¥ X O* DEHP + TGC #1fi%
i, BT S X OO T - TR
T HHOCMEDBHFEAET L2HEIDLDE o 7
ELISA 73#1123 W, DEHP #35 X 0" TGC # D
TGC 12X} 3 % Puiffliix Control FEIZLRTHE
WL 720 & 512, DEHP+ TGC BT, b
3 & HE U C TGC ISR 2 HUAi 13 5035 (2 55
L7z
VER

ARFFEB VT, K E DEHP B &K T

B E5 252 23RV, IV MY ok
M - RIS 3 5 s B O bk o B
MzRx L. BTBOWREEZGZEZ 2 L8
RENT, 512, TGC 22—z FiEs§ 572

T EAO 2783 5 2 L 3L WA, [MEFIC
& DEHP BE#E 3 5 F12 X - T, EAO ZHiE
SEDHZ bR, KHE DEHP B IE EAO
BRI S ® 2 2 EAURE N,

v b AR o ERS TRE S s BTB 12
X o THOHEMEO W TGC 1345 DR h
LAELNTW5hH, DX M) MK~ 7 A%
5 v b DERIZB VT, DEHP ® MEHP 0 #:k
DELGERELRoTVWLIERFHFEEINTNS
@ DEHP % MEHP (& BTB il a5 45 B #45
FTd 5 claudin-11, Cx43. ZO-1% & % BHK
TEEAEEMBEONEZFET B, £ 72
MEHP O IBE 35 v M) Ml o % A
FoxY 2 vavo)EF) U SICHEBRT S
matrix metalloproteinase 2{% % ® # i % 17> T
\» % tissue inhibitor of metalloproteinase-2%&3H
TS ELZ L WMEINTVDE @, —T,
DEHP HAKDGIZFEMEIZ R VWA, 7TV 2Ny b &
LTIERTAZ &L {HEIN TR 7, 4
ZCH 7 DEHP BR 25K F IS E L 5 2 %
WZ & ZR LA, BTB OFEREMNBE E kT -
Ko AR 2 MEPARO B Z B S22 L
720 51T, ) YNERENE R IFN-y O 58 7% &)
BB B 12 B 5 EAO @ E % 7 pathological
mediator ° DEHP #F CEAMIZHEM L7z, 202
& 13 BTB % & E A5 o B CHUR O s
MC LD, BEOBHCRERCEBML 722 &
ZRLTW5h,

FHEAET A — MO/ FEHFICX ) IS FH
ROBEELR EOBCRIEISAAE LSO LI
I DAL TWIZAS, ZNRZT TR RIEN
W ZIT B S TE R WD, 7 RIS
BT, BEREIA— MNIHEBIER 2 F AT
complete Freund' s adjuvant (CFA) Z{R&
S, SHICHHKER (BP) #HEOBEMZ &ET
TRIEMIRT 5 2 LIk ) EAO 28T 2 Ot
KkDOFETH o7, LhL, BHEREI A —
& CFA Z{RE& L THST 5 &K1 - K-
PURO R 53, RN, R, v Y
MIfE, T4 71 v e HITE R R 2RI 2 &2
THLHOHRERE T THLLHFEINLDOT, 2k
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DATWGREBETVE W) EENDH L B,
FTrld, v 2BV, BERAEVA-ITR
CHBEL721ED0 ) o4 & 72 [ ARG B oo a2
THHHZ X - T, CFA R BP Z W I E~D
SAEABLIZ T R K T - AR O AR 5 Pifk
HWHZ 23 7% EAO 2 WRIER THE L
B2 EZHELTWS P, 72, 3R
PE TIE% L CFALBPOAZGIEL 72~ 7 A
BT MY - W3 250
RGP ICHEET A L 2HEL . CFA %
BP o7 Y2y (k) HE2H
CARIEMEPUR 72 T4 < o EMILIC 3%
FHHCORIERSEZRET 2 2 L 2SN L
720 ABFFETI, FEERME (DEHP . TGC B
L O"DEHP + TGC #f) $XTIIBWTHT - #4
FHIKIZR T 2 HEYURD AR &z, %
D, T - DA O o ks AR 5
PUAPBRIN SN &2 5, (KHE DEHP R
&7 Y28y MRRATH T HRIE L % 56 <
DBHIEIERNWT EATRIEE NS,
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