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Enhancing Effect of Chlorinated Organic Solvents
on
Allergic Reactions

Makoto SEO 1’2, Hisamitsu NAGASE !

Abstract: Many reports show that various environmental pollutants, such as diesel exhaust particles and formaldehyde, are
closely related to increases in allergic diseases. In this study, it was found that certain chlorinated organic solvents, in particular
trichloroethylene (TCE) and tetrachloroethylene (PCE), which are major air and water pollutants, significantly enhanced histamine
release and inflammatory cytokine production from antigen-stimulated mast cells. TCE and/or PCE ingestion from drinking
water increased the accumulation of mast cells around the vessel in the skin and histamine release from peritoneal mast cells.
These results suggest that low concentration of TCE and PCE leads to acceleration of Type I allergic reaction. TCE and PCE
showed increased interleukin (IL)-4 and tumor necrosis factor (TNF)-a production from mast cells and leukocytes which promoted
initiation of late-inflammatory responses. TCE and PCE ingestion from drinking water also increased IL-4 production and
decreased IFN-y production. These results suggested that TCE and PCE ingestion aggravate allergic responses via Th1/Th2
cytokine imbalance. Our results suggested that the low concentrations of chlorinated organic solvents, even at Japanese
government environmental standards for water and Japanese government drinking water quality guidelines, lead to the initiation
and aggravation of allergic reactions. These significant findings are important in hygienic water quality management.
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—RBRERIIINO—RE > TEY K& R
Lo TWA, FrailE 30 ERICBWT, BAEE2E
T ETOT LK —REOHIMTE LY, iR
ANADK) 1/4 DA ENDT LILF—HEBEICHERBA LT
WA EHERISNTWD, 20X D IO —kE2 =85 T
WHT LLR—ERICE L CORR - HEOMIA, -2
N HIZEES  PRIECIRFIEOMLE B L 72 AFgE 03k
TIENATOIN TN B,

2003 fFICt N AORMERESINHETR ST D,
B2 < 07 LR T & —mELZIIC LT L
LR ORI OV THER RS TND Y,
=TT LIV R ATER R EOBRBE N & K
OBBFBERDPEHAAE B > TRIET DB ONT
BY ., EEOERERT LILX—RKBBMOFRKIL, Ei&T
EHEOEMOARHENETZ 1 TIEE 212 L EBERHR T2
fili T DBREKR L ~DREBESLT A T AXANVOEIZE D
HOLEEZ LN TND, BUE, Fx OJFVITIIALOREE
MENENL TR  EN6IEFD RN THL OHEIZM S
DOXBEEZHEEZLND, T LAF —OEEN R
RE IR WA, 7 LIV —DRENE, FIAEIC K & R
EHEZTWDLESNLREWE L LT, Z@ihEx | =
BRAChfizs. 4> v, T 4 —BPERMkI - (diesel exhaust
particles; DEPs) | AU o R BRI w8l e &)
bNd, ZhbOBRE YW EIL, PURRN IgE JUE
FEAMIER N2 L OHERH Y, B TH DEPs I
IgG PUAREE A B3R A P AP R BRPEVE MEAL IS K 2 KGB RIE
HEER 27T EOME L H 0 BRELEWHE L L DRk
BERT LAX KB EOBEREH SN Lo
15,

1970 Iz MU Zvwvx=F L (TCE) 7% FHERME
FHLEY (volatile organic compounds; VOCs) (2 & 5 Hh
TGN LMY, REBRESMEE 2> TN D,
VOCs (X853 i T BT AE STLUT We O RS ITR
B L, BT AKOFEIUC & o TRFPIZIERN LR D, £z
VOCs BB KRE < KLY SERMRED /S Witk %
FEO7- 0 LEEFESICE TIERBIEN D Z b b D, BT
HRITHED 72 S BIEFRT 2720 T2 & P K 7 L ek
K~DRADEE SIS, 2007 FEOBREEE K - KRB
BERSHE LI 18 MFEM T KERERRICLD &
T KTBYLHIBR AL 3941 1, 20 5 LERBEAMERR S
BIAS 1978 & 72> TWD, VOCs [ZBAL Tk, g
BDOZWIEIZ 5 FF 7 muxF L (PCE) 537 .
TCE260 . v A—12—Y7uanxF L 152 fEFL 7o
T3 9 FHIERRRAITH S TCE X PCE (%, I
HHIDHRL ARYETH D720 LR H & LT, 8k

RER LY, 7V —=r 7 T ECREILE Db,
WENCERSND Z & bR EERSN TS, &I TCE
X PCE OFFEMER LOAFERMER ERH LN ERY (£
NHDOEEF~OEEBBEE 22> T0DTE, 2ok )
IZ VOCs 1234 BIRHE SN OBEITEFITZVWEEZDL
NDEDTHDN, N NREFERLT LAF—HREICK
FIETREBICET 2HMFHIIT E A EfThbh T,

T 2 TARREL T, AR RN FURTURSUS 2
Al U2 IR b o v A & 2 ilEiEk X ORAEM:
A MIAVEALSZTRET 77 4 7% — (passive
cutaneous anaphylaxis: PCA) St I k92 B8 % Mgt L7z,
UITHRIER 2RO b T AR REANC ST T
NEOKEKGEEBEIEIZ LT, T v MIRREAKE
2T 728D PCA BUSHIBIE Z/MFT L, 61 %
O ERIE BRSO IR 2 AT iR 12 DV Tk R B,

2 EEHEMASDERE = VBB EIEART SEMIERR
BEIDRYV—=2Y

[ B7 LVR—E, IgE BRI IgE 458
BPURIC L > CHIE SN D Z B35 &4 L5, OFED
Fce RI IZHEA L7z IgE ZHUENEUET HZ LI LY M
HaN Ca® 2SHIN L CHERI AR Z W, B AZ I v - &R
b= O EERE NSNS, kD T
BT LR — RSB 2 RE SUS A B S 5,

2T URRHCE A NIgRE ST A AREERE W EE XD
NAEHEHEREAI/S TCE ., PCE | L,1,I-hU 7
nTHy 12-V/unxTX ruuk/llh, Y/Aano
AZ D 6 FEEEZ®ERO, IgE BAEEmMEN O 24X
I VIERSEER A F T O R BERERBEROR 7 ) —=
VI EATH IO, T v b LY [ENL L IEREN R R %
FEHRLL 7~ JERHIAY (purified peritoneal mast cells: PMCs) %
A, b2 I ilEsEBR AT o 72,

PMCs DOFER'Y : Wistar T v b (b, 8~10 Hih) 12
Z v M HU dinitrophenol & / 7 @ —F /L IgE Hiik ($T
DNP-IgE) % EIEPN % 5- L C i M ia % 52 BhgE L 7=,
48 Wefth, MERENBEIRRZ BN L, w0008 L TR IR

ENIR AL %2 60 % percoll (ZEEJE L Cim /L L C

PMCs ZFE58 L7 (MEEITH 90%) .
B R F I HERERER'S  PMCs (1~3 X 10° cells/mL) (24518
EORBICEMBREZTRMLTT LA F 23—k (10
>, 37 C) L=,
bovine serum albumin complex (DNP-BSA) % s/l L CHUA
PURSOS 2 Lz (15 2, 37 C) . B, 12 % if
HWFRBAZIRIML .3 oHEERAET 5 2 & THlaNO4
L AKX I U EESEEbDOERYT 4T ar br—)L
& LT, HURBURRGA R #, 008 L TRz Ligho
L AZ I UBRE-TXILT AT FIZX HE0RIEEY

1 pg/mL @ 3.4-dinitrophenol-
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(b 360nm, MIEHE R 450 nm) & XV BIE L7,

ENENOALEH DO A X I iEREEEEIT RS
WIERMEE D b 2 &2 I RIS 2 RBRILA im
RO A X I L iElEsR X0 R U CREl L 7=,

PT DNP-IgE TRAEL 7= PMCs ZHUFHI L=
A8 IR D 6 FEO ARSI RIEAI OB %
BRt L7230 —% % Table 1 (28 L7z, X TOAHEE
FREANTBO T, 0.1~10 mg/L DIREERE T X &
U IEEEETRER SO S, FIZ TCE 1L 1mg/L 1238
WT 20 f%. PCE b 0.1mg/L IZBWT 1.8 fEE\wvo7z
B e 22 X EBEHERIER SR b,

Table 1 Ef fect of 6 chlorinat ed organic solvents on hist amine
release from antigen-stimulated PMCs

Chlorinated organic solvent Concentration® Enhancing
(mg/L) ratio
tetrachloroethylene (PCE) 0.1 1 10 18"
trichloroethylene (TCE) 0.1 1 10 20°
1,1,1-trichloroethane 0.1 1 10 1.6
1,2-dichloroethane 0.1 1 10 1.4
dichloromethane 0.1 1 10 1.2
chloroform 0.1 1 10 1.5

? The colored concentrations are the most effective concentrations; the
enhancing ratio was calculated that concentration.

" p<0.05 vs. the antigen-stimulated control (each chlorinated organic
solvents conc. 0 mg/L)

F 7T OBEBEIESR RER OB E I BN T P
JFHR AT o T-BRIZIE, B A X I VilEBEITRE O B
2hol, KoT, TR OFBERRBEAICEI SRS
2 VBB SRIE I 1. 2 S DAL A HURPLA RS AR
25 BRI 2 % E T o R AL > 7 T AR R
BIZBE T2 2 LRI T, .

3. TCE & U PCE [Tk B ERA I VilihfdS K URAEH
YA bhA UEAERIER

RTTETIL, TCE B XU PCE MHURHUARS G2 F L
72 PMCs b Db AX I Vil B LS HWmRT 52 %
R L7z, & 2 TRETIE, &0 AEKRNIZE WML
BWTO TCE BLO PCE (L Db A% I i
YERZRETT 272012, 7 v NERERIR H AL 0O SR R4
Ja#¥ (non- purified peritoneal mast cells: NPMCs) % Fu 7=
b R Y X R AT o 7,

F AN ORI, BRI AL (mucosal
mast cells: MMCs) & & A Bk 25 A2 i A0 fd (connective
tissue mast cells: CTMCs) @ 2 FEEHIC/H S, MEB X
ORGSR D Z ERMmbNTND, 22T MMCs (2
B E % RBL-2H3 il 2 v BURHUAR OGS 2 LTz
b AKX I UiEHEC RS TCE 3 £ U8 PCE O B% i
L7,

NPMCs ZRWb A& I L ERERER  fIHO FIEICHEL
T. Wistar 7> b &ZZEEHE L THI-IERENTEEHIR 2 i
DA BEL TR 7o RERE NI MR 2 NPMCs & L THW -,
bR & I bR L ONAE - AR LT R & R
DOIFIEICHE L TIT- 72,

TCE B XL PCE TWT N b ARKFHNRE A I
W SR e 2o~ L7- (Figure 1) , TCE /X 0.1, 1 mg/L
WZBWTK 1.5~1.7 f%. PCE IZ 0.1 mg/L IZHB\TK
1.5 fFOmMmELR LT,

NPMCs %, Flask, iRk~ n 7y —U %
Eie~T a R IERITH Y | FOF OEEOE &I
T ENTH D, NPMCs METIED PMCs ERBEDOE
2B I VMR AR LT DiX, TCE 3L PCE A3
HERE LS D G- B BRSP4 h B 72 & DS REME RIS /ER L C
MR B R & X G R I AB) & 230 T 2 mlREME A
b5,
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Figure 1. Effect of PCE (A) and TCE ( B) on ant igen-induced
histamine release from NPMC.

Data are expressed as the mean + SEM. *P<0.05, **P<0.01 vs. the
antigen-stimulated control (PCE or TCE conc. 0 mg/L).

RBL-2H3 #ifaZz F\\ - b R Z I VMR B X ORIE
YA b A VHEIE :RBL-2H3 MBI RERTH 5 28,
Fc e RI ZFFo7=, JENGHAL & RARICHER L T X ¥
& BT 5 ™Y, RBL-2H3 (JCRB; cell number,
JCRB0023) Ml % 24 well 7L — MICHERE (1 X 10°
cells/well) L T—B7 LA % 2_X— ~&, HL DNP-IgE
ZWINL CZEE/E L=, TCE F£7/2i% PCE A& RN
L72%%. 100 u g/mL DNP-BSA % ¥RAN L CHIUFHUARIS
EEE L (30 M, 37 C) . PUREPIRKIGERE, &=
DAL TR BER O 2 X I EEIE LT,

PCE ITHEEFN/ e A ¥ I VilEREERIER 2R L,
BRZ 0.1 . 1 mg/lL TR 2.1 fFO8MEEZ R L, —H,
TCE (X 1 mg/L TH 1.5 {EOHEM=E LR L7z (Figure 2) .

FURBUAR OG220 L 72 JERRIEIE, B 2 % < offiic
BEE& RRIEMEY A M A U EBRITS Z ARG EN
TW5, HTH interleukin (IL)-3, IL-4 IX B Mo IgE
jE A & /2 ¥ L . IL-5 ., IL-8 . IL-9 . IL-13 |



12 MR, AEAOE  ARIERREANC L D7 L — RSB GIC B3 258

granulocyte-macrophage colony-stimulating factor (GM-CSF) .
tumor necrosis factor (TNF)-a 1%, 4FEEEK7R & DINE AR
DEAERTEMAL 72 E R IIE SOS R BUZ B 2l & R
ZLTnWD PN KoL BRI O O RIEMEY A b
B A CFEATHK TS TCE XU PCE OREL it
M5 2 &b HEETH D, £ T, FURPUARIS & At
L7- RBL-2H3 #ifd7:5 0 IL-4 3K TNF-a PEAIC
%9 % TCE XU PCE ORELZBF LT,
A B
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Figure 2. Effect of PCE (A) and TCE ( B) on ant igen-induced
histamine release from RBL-2H3.

Data are expressed as the mean = SEM. **P<0.01 vs. the
antigen-stimulated control (PCE or TCE conc. 0 mg/L).

RIEPEY A A o ZWE - ERET D 729DIT, RBL-2H3
Z 35 mm 74 v (1X107 cells/dish) L T—
B LA % o — ME, HL DNP-IgE 2L T, Z8)
BMEL7-, TCE %7213 PCE ZFEMNT 5D L FEMIZ 10
pg/mL DNP-BSA Z il L CHURBUER G2 &R LT, —
TEREEI# total RNA ZHlH L7k, WIREMKISEEIT> T
cDNA %Ak L. SyberGreen H:JGHHIZ & 5 Real-Time
PCR %4T»- 7=, ABFHZH V= IL-4 | TNF-0, BI W
B-actin DEF T A ~—FLL FDOHDEH V=,

1L-4: forward primer 5’-ggaaactctgtagaggtgtcage-3’
reverse primer  5’-aagtgcaggactgcaagtatttc-3’

TNF-a: forward primer 5’-gcagatgggctgtaccttatcta-3’
reverse primer  5’-gactttctcctggtatgaaatgg-3’

B-actin: forward primer 5’-caagtactctgtgtggattggtg-3’
reverse primer  5’-ctcagtaacagtccgcctagaag-3’

% mRNA FBl&1E iCycler iQ Real-Time Detection
System Software ver.3.0 (BioRad) |2 CHIXH R EAEIZ LD
BiE b U, B-actin & ORI A B HL U TR L 7=,

TCE B LT PCE IV 1 b BEAA IL4 B X
" TNF-a mRNA F$Bl% U L7 (Figure 3), PCE I,
PURPUARBUGHE L7z 0HZ 04 L LT IL4 TN
24 f%. TNF-o Ti3K 1.6 £5 (T4 1 mgL PCE) @
FEHLUHENGED HiLlz, F£72 TCE TiX, IL-4 THI 3.6
fi, TNF-a TIEH 1.6 5 (W31t 3 mg/L TCE) OFH
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Figure 3. Effect of PCE or TCE on ant igen-induced IL-4 and
TNF-o mRNA expression in BRL-2H3 cells.

IL-4 (A, C) and TNF-o (B, D) mRNA expression levels are shown as
the ratio to B-actin mRNA expression. The ratio of the
antigen-stimulated control is set to 1.0. Data are expressed as the mean
+ SEM. Statistical significance, ‘P<0.05 vs. the antigen-stimulated
control (PCE or TCE conc. 0 mg/L).

F 72 BF & FERIC LT TCE 3 L PCE ALEEER L UL
JRPUARSA#E L7 RBL-2H3 % 12 FERA > &% =~ —
va v Lo, 852 BiE R KOS R o 1IL-4 B
X ' TNF-a %
(ELISA) EICTHIE L=,

TCE AFRIC LV | IL-4 FEARITEEEE LG ¥ L Oy
RTINS HEERFEOICEE R LR Z7RL, I 3
mg/L TCE I £V HURPURS G & B L 727217 DA
EUT 2 5L B IL-4 FEADGR O iz (Figure 4A) .
%72 TNF-a FEA S, 0.3 mg/L TCE (2 & Y HURHUARIG %
A L2720 0BA T LT LR B L OHIA T
¥ 1.5~1.7 o8 LR %R L (Figure 4B) .

F7-, PCE IZBALC% IL-4 BLU TNF-a EAN, 5
£ EETPB LB RS BERFER R B
&KL, ImgLPCE IZX Vit A hhA v EbicaE
2 bR AERU, IL-4 FEAEIL. PCE (X9 HURBUAR
JEEFRE LEOHROFE L L THE EEP TN 77
&, MIEAN TN 1.5 o EF 4R L7z (Figure 5A) . &
TNF-a AL, PCE I &V HURBUARIG & 2 L7z
DH DA &L THFE BT R LN THhTN
1.5 50 A%~ L7z (Figure 5B) o

enzyme linked immunosorbent assay

1%
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Figure 4. Effect of TCE on IL-4 (A) and TNF-a (B) production of
antigen-stimulated RBL-2H3 cells.

IL-4 production in the conditioned medium (opened circle) and in the
cell lysate (closed circle), and TNF-o production in the conditioned
medium (opened square) and in the cell lysate (closed square) were
examined. Data are expressed as the mean + SEM. Statistical
significance, "P<0.05, “P<0.01 vs. the antigen-stimulated control (TCE
conc. 0 mg/L).
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Figure 5. Effect of PCE onlIL -4 and TNF -o production of
antigen-stimulated RBL-2H3 cells.

IL-4 production in conditioned medium (opened circle) and in the cell
lysate (closed circle), and TNF-a production in conditioned medium
(opened square) and in the cell lysate (closed square) were examined.
Data are expressed as the mean = SEM. Statistical significance,
"P<0.05, “P<0.01 vs. the antigen-stimulated control (PCE conc. 0
mg/L).

FURPUA S G &2 &L U IR L4 245
DTHDLN, ZO IL-4 1T, FURTEE LI B Ml
DOt A EFHE L, IgE FEAZTLHET D, 5T IL-4
IZ1% Fe e RI BEBUESIERA © 5 5727 72, RO
FURIZ /9 IS S U L CL 7 LV —MERE OBy
YA I NORE NI BEREEREE LTI EEILN
Do
PCA Xt : TCE B L O PCE 7% in vivo IZBWTH 1
BT UV —FOSEEBT 52 L 27T 25 2 & b
ThbHLEZI-DOT, PCA KIG%E{T>7-, Wistar 7 >
b (HEME, 8~10 i) (2HT DNP-IgER IR & 2 N % 5-
L CEBNEIE L 7=, H\ T 0.01~1 mg/kg body weight
TCE F721% PCE Z#MIENEE LTz, ZHEIEND 48
7412 1 mg/mL DNP-BSA-T /N> X 7 L —VRiK % R
MR 5 U CHURBUR OG220 L7z, 30 DRICBFEOIR
HUTZREEFBE LT R D D= R AT N — 5

HhHIE Katayama B Dk 2 1I2ito7-, BER % 1 M
KOH # T—MpA v F=2— kL%, 0.6 N H;PO,T
thy =513 BPETZAVATL—BREEZMHL, &
DTBEL TR BIEORYEE (620 nm) A WE L7z,

PCE % PCA K& DO ¥ET#E M % 7 L (Figure 6A) .
TCE 1T BERFNICHE R PCA RISHEBRIER 2R L
(Figure 6B) , Z O5EKIGIL, Al LT 7= in vitro T
DO JEFAMIL D O v A X I WERERIER & AR
BHBHZ LMD, TCE BLW PCE 2% invivo [ZBWT
B 1T L —OScxh U CHsmsiE R 2 F5o 2 & 03
kol

A B
0.20
Z 01
s
-4 PCA titer
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Figure 6. Effect of PCE (A) or TCE (B) treatment on PCA reaction.

Two separate experiments were executed (n=3). Data are expressed as
the mean £ SEM. *P<0.05, **P<0.01 vs. antigen-stimulated control
(PCE or TCE 0 mg/kg b.w.).

ARETIE, PURPUASEEEIZHENFEIND IL4 R
TNF-0 & W o Te RIEMS A NI A VFEAN, TCE B&
OPCE AFIZ LV ERBIC LA T2 2RI LT,
PURPUARB S X BB N S O I IV AT 4 =—
K — i & RIEMEY A N 1A U PEAEIX, Fee RI 05 D%
W TP ANKBELIE &4 L5 T D, FceRI M
IgEHiIR &8T5 &, FeeRI DEMENEZ Y Syk =
Lyn 2 E0Fr vV UEMEEERZIEM L L. RO &R
ARYNR—=F Cy . A/ F—NZD V@R EDH AT
— ROIEENFE SN H5ER, Ml ca® 28 EA L CE
M U 72 B HIIE 1 BLERISo A N A VBB DREL
NHFEEINDP, TCE LV PCE & hlck ZAZ I
WElfE & RRIEMEY A M A VEA R VTR LR SR
EMD ., WY T IUREO LB TH HHIlEN Ca® bk
FIZEI D FETOMENDH A — FOIEMAL LRI 5
LTWAHATREMEN & D,

4. TCE 8& U PCE gRk#EEICES | 7 LILFXF—RIG
1R iE A

TCE 3L PCEOE MIxId 2 EE2RMRERRE 1T, W
NBREE . R ICCERE K B OB I TH D, HilZ TCE
BB L PCE 1E, HIF RS HEEDOIHYL A NEFIC R S
TW5 Y3 F7= TCE B X PCE (254 S 7= #1 Fk
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WL DT LV F—

LSBT D AR5

RN SH T KR E~ORAIZE D & hBEHICE
Bt 2GRS 5, T2 TATETIE, HTAE RS-
BT BREREBEBE L TO BN Z W TCE B X
WY PCE 1Z2WT, 2D DIRBEEIREZ 7 v MIffok#
HLEEO, 187 LSS 5% % PCA
FOSIZE W BRET L, & SiczoERABFIC W TR
()« SRR 7R R A 3R AT,

TCE B X' PCE £k S (RIREHUKIAER & L7z 0.03
mg/L TCE & X O 0.01 mg/L PCE &R IT. BAEFR A E
TOKIENRE FEYE prﬁiﬂéﬂfb\é/)i%ffﬁ?) v . World
Health Organization (WHO) 23E 7= flEHKEIZ IS 1T B A
A RTA47 LIZIEFRZOHRE (TCE; 0.07 mg/L, PCE;
004 mg/L) ThHD, Fio. @IREHKERSE L7z 3 mg/L
TCE I®iEH L 1 mg/L PCE AL, HiF/kB kO
YL S 0 BRI S h B IRE D Th B,

PCA i : Wistar 7 v N (K%, BRKBALAIE 8 WD) 12
TCE F 721 PCE DKL F /- 3SR E KRR E 2 8
MEIE 4 HEfgOKERS Uiz, SEOKESHRETAO
48 FEMIATIZHT DNP-IgE % RN 5 L T BhiEfE L7,
KL G HRAT H O PCA SO AR L Ol
H - JEE, BIEOFIECHEL TITo 72,

TCE #/K#EEAZ LV | PCA )& D M & L OBKII K]
RAFR 72 BOSHSR TR Sz, R 4 B OBk S
2LV, 0.03 mg/L TCE #RKBETIZ, ZRHAKBOKEEL L L
TK 1.2 fE0#EEL R L, 3mg/L TCE #KFETIX, 7K
RAKMAKREL L L TH 14~18 {EOMELE R LI
(Figure 7) .
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Figure 7. Effect of treatment with TCE in drinking water for 2 or 4
weeks on PCA reaction.

Before 48 hours of the end of treatment for 2 weeks (A) or 4 weeks (B).
Data are expressed as the mean + SEM. *P<0.05, **P<0.01 vs.
vehicle.
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Figure 8. Effect of treatment of PCE in drink ing water for 2 or 4
weeks on PCA reaction.

Before 48 hours of the end of treatment for 2 weeks (A) or 4 weeks (B).
Data are expressed as the mean + SEM. *P<0.05, **P<0.01 vs.
vehicle.

PCE #k#% DIEMHZ FV e R &7 I EHERER : 2
D PCE #UK& G T 48 BEATIZ, $T DNP-IgE %
7 v MIIEPERNTE G U CZEIEE Lz, UK ST R I
AIEOFIEICHE LT T PMCs & NPMCs Z %%, HURHT
KRG ZFA L, B AKX I EHERORIE -5 21T - 72,

NPMCs XU PMCs & H1iZ 1 mg/L PCE #OKEEICES
WT b RAF I SR IE A SRR S DL, TS OBiESE
X NPMCs B LU PMCs & HI2H) 1.3 FOHFE 7o
%~ L7 (Figure 9),
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Figure 9. Effect of PCE in drinking water for 2 weeks on histamine
release from antigen-stimulated NPMCs (A) and PMCs (B).

The percent of histamine release was calculated as the ratio of
fluorescence intensity of a test sample to that of total histamine. Data
are expressed as the mean + SEM. *P<0.05, **P<0.01 vs. vehicle.
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Figure 10. Histological changes in the skin of rats treated with TCE
in drinking water for 2 weeks.

Vehicle (0 mg/L TCE; A, D), 0.03 mg/L TCE in drinking water (B, E)
or 3 mg/L TCE in drinking water (C, F) was shown with
hematoxylin-eosin (H&E) staining (A-C) or Alcian blue staining (D-F).

Table 4 Cellular profile in skin lesions after TCE ingestion from
drinking water

TCE conc. Mononuclear cells Mast cells
(mg/L) (x10° cells/mm?) (cells/blood vessel)
0 1.02+0.13 0.74+0.19
0.03 1.66+0.27" 1.04+0.08"
3 1.96+0.28" 1.30+0.12"

™ p<0.01 vs. vehicle (0 mg/L TCE).

B P ~OBREZER ORI, 28 AKHOKEE (Figure 10A)
IZH LT, TCE /KB (Figure 10B, 10C) TH BTN
7R EHIAREL ORI ASTR® B AL Tz, ARG 3 72 0 O B%
ERAfE T, ZRRKEUKEEICH LT, 0.03 mg/L TCE &k
AREETIEA 1.7 5. 3 mg/L TCE flUKBETITH 2.0 fE0
AMfAEL OB TR Bz (Tabled) , £7=, T T
TG GZ 33 N C AN T A A T S D I R e A 4
LBLicb A, AEKEKE (Figure 10D) 12k L T,
TCE #k## (Figure 10E, 10F) Tid. JHEMAERIZMMN%L
BT BT, ﬁ/J\%fHﬂJi[LMZIS%(&)t 0 O e AL %

BEHIL7=E 25, AEAKPOKEEIZH LT, 0.03 mg/L
TCE #KEETIEM 1.3 1 3 mg/L TCE #K/KHEETITHY
1.7 {5 OMARELOEEMATE O H A7 (Table 4) .

FERIZ 2 M@ PCE k5%, EEH~DHEEK
DRMEBE LT 2 A, ARKIOKEE (Figure 11A) (T
LT, PCE #UK#EE (Figure 11B, 11C) TIZBAE /2 Hil%
EROZMENFES b, 0.01 mg/L PCE HUKEE, 1 mgL

PCE #UKHEL HITH 1.2 [FOMBEOMMMRERD i
72 (Table 5) ., F1T AT T U7 A—REHBIZBNTD
TCE [FIkk, 282K kKB (Figure 11D) 12k LT, PCE X
JKEE (Figure 11E, 11F) Ti&, M4 3 o JERHIE 0 B
PRHEINASER D B, HE{%fEﬂ@é&% FREEKBOKBEICH LT
0.01 mg/L PCE #UKRE, 1 mg/L PCE #OKEEE BITK 2.2
~2.3 (EOMABE O MATE O G- (Table 5) .
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Figure 11. Histological changes in the skin of rats treated with PCE
in drinking water for 2 weeks.

Vehicle (0 mg/L PCE; A, D), 0.01 mg/L PCE in drinking water (B, E)
or 1 mg/L PCE in drinking water (C, F) was shown with
hematoxylin-eosin (H&E) staining (A-C) or Alcian blue staining (D-F).

Table S Cellular profile in skin lesions after PCE ingestion from
drinking water

PCE conc. Mononuclear cells Mast cells
(mg/L) (x10° cells/mm?) (cells/blood vessel)
0 0.90+£0.14 0.75+0.14
0.01 1.12+0217 1.67+0.40"
1 1.11+£0217 1.69+0.36™

™ p<0.01 vs. vehicle (0 mg/L PCE).

4 EM O TCE fok# 5% OMIEICE L <id, Wiho
HEMICE VT HIRERES L OHBENE IR D bk
MoTe, —H . BRI L oEIzR W TR, AR KAKEE
IZE LT TCE #KRED Y v RETAKROEI L O A X
DOEEMPFRD B, WMEREROEMNPED bz (Figure
12A) , F£7= H&E %0 LRGSR T, ZRBEKER
JKEE (Figure 12B) (2t LT, TCE #KREETIRY v oh
B OFE LA XM & RFLOFBEAFERD b
7=(Figure 12C, 12D),
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Figure 12. Histological changesin MLNs t reated with TCE in
drinking water for 4 weeks.

We evaluated the wet weight of tissues (A). MLNs of the vehicle (B),
0.03 mg/L TCE in drinking water (C) or 3 mg/L TCE (D) are shown
with H&E staining .

F£7c 4 HHE D PCE UK ELITEREL L 72 Wi, fafi,
SEER Y v XHES KOG U B O ERE A & | 5
Y L oRffid H&E Yt L7ofiliki® % Figure 13 12”7,
25 4 A

r

15 1

g

Cervical Mesenteric
lymph node lymph node

PCE (mg/L)
O Vehicle
= 0.01

Organ weight (mg'body weight)

m 1

Spleen Thymus

Figure 13. Histological changes in MLNs t reated with PCE in
drinking water for 4 weeks.

We evaluated the wet weight of tissues (A). Mesenteric lymph nodes of
the vehicle (B), 0.01 mg/L PCE in drinking water (C) or 1 mg/L PCE
(D) are shown with H&E staining.

Mg, FfRds L OSEE Y o E@ICE LT, W o RE
RHCBW T HIREEB L O LITERD B
—J5, IGRIE Y > EC RV TIE, 2R KEOKERLC

ST,

AL 2358 8 B 72 (Figure 13C, 13D),

Th1/Th2 %4 R4 > mRNA FHEL : 4 BEO
TCE %7-1% PCE k&5 %1To77 v N X VB Y

CETE I EMAEEDO A MmER L Y total RNA ZHiH L
TWIEFER R &ZITV. ¢DNA 28l L TTFrFL—1F &

L THWE, 77— RMAWRIZ ExTaq . Ex Taq buffer .
dNTP (LLE Takara Bio) & 774 ~—%¥ML T, PCR
e EAT-> 12, ARFHTH W IL-4 | IFN-y, B L O
GAPDH D& 77 A4 <—FULTOH D% iz,

IL-4:

forward primer 5’-tctcacgtcactgactgta-3’

reverse primer  5’-ctttcagtgttgtgagcgt-3’

IFN-y: forward primer 5’-agagcctcctcttggatatctgg-3’

reverse primer  5’-gcttccttaggctagattetggtg-3’

GAPDH: forward primer 5’-gcatggccttccgtgttectac-3’

reverse primer  5’-actccttggaggccatgtagge-3’

PCR FEM% 1 % 7 H B —AX VI CERIKI 1T
7ot . GAPDH & OFEXIHZ R L TR L 72,

IL-4 mRNA %, TCE #KEEZ I THER RIS F B
EH L. 3mg/L TCE BKBHIENTH 1.4 FORE EH
% L7 (Figure 14A) . —J#. Thl A b A THD
IFN-y mRNA 1%, 3 mg/L TCE #KBEIZIWTH 0.7 {50
FHIH A3F 0 b7 (Figure 14B)
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Figure 14. The level of IL-4 (A) mRNA and IFN-y (B) mRNA
expression in MLNSs of the rats treated with TCE in drinking water
for 4 weeks.

The relative expression intensity was calculated according to the
following formula: IL-4 mRNA/GAPDH mRNA (A) or IFN-y
mRNA/GAPDH mRNA (B). Data are expressed as the mean + SEM
(n=4). *P<0.05 vs. vehicle.
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Figure 15. Gel electrophoresis of RT-PCR products obtained from
lymphocytes separated from rats treated with PCE in drin king
water for 4 weeks.

The relative expression intensity was calculated according to the
following formula: IL-4 mRNA/GAPDH mRNA (A) or IFN-y
mRNA/GAPDH mRNA (B).

F7o. 4 H® PCE fAKFEHE#HIZT v ML VEILL
7o KRS M A IMERIC 31 D TL-4 mRNA 1%, PCE fR/KEEIC
BRI AWM AR L (Figure 15A) , —J7. Thl
YA A THD IFN-ymRNA (X, WTHORERICE
WTHRIFREOHBLZ R LTz (Figure 15B) .

FALAE P OBOKE I XV | BRI W TIR R ER
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5. & &
TCE B X PCE i, ZENEE L 7= &I 5
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THRER Z R L2 &5, TCE BXLW PCE 1% 1

BT VAR — OSSR CRIREFR 721 70 < BRI RE IR
b (EBFM) HEOBRE &I RN RE I, £7-
BB FEVEE A LT, IKIRE TCE 3 X PCE ki
Hlzk v, #E5HHE L OHBEKTNZ PCA USRS
B8 B AL BROK I 514 O RERE PNIR HE A AR FR SR AR AR L2 35
WTHFURBUARISIC L D b 2 & I B TERE AR
BNz, FIIREMMRENICE., REERICB O ToOR
FZERIRE 3 OIS B4 1 72 &) 32 oD AR e e oD SE R 03 78
HHNTz, EHICE{EAE®IL, Th/Th2 A "B A 2 RT
L AEARREIIC Th2 A 7 FEEH LT, T LK
— IS Z 0 R WREIT T D ATREME b R S LT,
AHFTECIF BRI KGR & L CRIE L e
S T A B R RIEA O KGE KB FEHEE L~ )L O FEEY
DMER B A B LT MREME A RIe T 5 6 O T UKEE

B DAL AN S LEREVLOTH D, &
EZz bz,

6. #H ##

KIFFROZFATICEE LT, H#EAT v ML DNP-IgE ik
EIHEB LI OER D CHEAHE E LB RITR K
SRR KR R S A A ONC IR B SRR K S R 2R e s
P b R A R L B E T,
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