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induced ultrastructural alterations in the cytoplasmic
components of liver cells characterized by prominent
decrease of glycogen granules and RERs, proliferation of
SERs, decrease and degradation of mitochondria, and
increase of lipid droplets. These subcellular alterations were
mostly consistent with those noted in the guinea pig liver
following TCDD treatment®®, but concentric membrane
arrays in the liver cells were not evident in the present study,
presumably due to the different experimental protocol or the
different species used in the studies. In the cerebral neuronal
cells in the present study, alterations in subcellular
components by TCDD were also evident, despite the
changes being less profound than those in the liver cells.
These subcellular changes in the liver and neuronal cells
may represent the cytotoxic outcome of TCDD due to
oxidative cellular damage and also cellular adaptation
including detoxification.

Effective prevention of TCDD-induced toxicity by
administration of antioxidants such as oltipraz[5-(2-
pyrazinyl)-4-methyl-1,2-dithiol-3-thione] or butylated
hydroxyanisole, or by pretreatment with vitamins A and E
further supports the hypothesis that oxidative processes are
involved in TCDD-induced toxicity?>?, Attenuation of
subcellular changes in the liver and neuronal cells by
transgene of TRX/ADF in the present study indicates the
critical role of oxidative stress in the toxic events induced by
TCDD, and also the protective function of ADF/TRX in
these organs, as in our previous study of TCDD-induced
bone marrow toxicity?®. The protective effect of TRX/ADF
against oxidative cellular damage is believed to be achieved
by free radical scavengers’!, activation of DNA repair
enzymes, such as activator protein endonuclease (Ref-1;
redox factor-1)32, and activation of nuclear factor-kappa B
(NF-kB)*.

Taken together, the results of our present study strongly
suggest that the acute toxic effect induced in the liver and
brain by a single large dose of TCDD is due to oxidative
cellular damage, and that TRX/ADF plays a role in
protection against TCDD-induced acute toxicity.
Considering the routes and concentrations of TCDD exposed
to humans, research on the effect of extremely low doses of
TCDD by oral ingestion on the oxidative cellular damage of
target organs is clearly warranted.
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BENZENE-INDUCED HEMATOPOIETIC TOXICITY TRANSMITTED BY AHR IN THE WILD-
TYPE MOUSE WAS NEGATED BY REPOPULATION OF AHR DEFICIENT BONE MARROW
CELLS.
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Introduction

Recent studies have shown that the aryl hydrocarbon receptor (AhR) in primitive cells transmits negative signals for

the proliferation of such celis’ 2, As we previously reported, primitive hemopoietic progenitor cells increases in

number in AhR-knockout (KO) mice; on the other hand, relatively mature progenitor cells on the other hand,

decreases in number in a homeostatic manner?,

We have reported that benzene-induced hemopoietic toxicity is transmitted by AhR3. We also found that cyfochrome
P450 2E1 ( CYP2E1) related to benzene metabolism is also up regulated in the bone marrow by benzene exposure
in the bone marrow®. Therefore, it is of interest to hypothesize a greater role of bone marrow cells in hemopoietic
toxicities rather than the hepatic metabolism. Accordingly, in the present study, benzene-induced hemopoietic
toxicity was evaluated in wild type (Wt) mice after a'lethal dose of whole-body irradiation followed by repopulation of
borie marrow cells that lack AhR or, vice versa, in AhR KO mice afier repopulation of Wt bone marrow cells.

As results, benzene-induced hemopoietic toxicity seems to have been transmitted through AhR, and benzene was
transformed by de novo metabolism with CYP2E1 in the bone marrow.

Materials and Methods

Animals. The eétablishment of homozygous AhR KO (AhR"‘)_ mice, the 129/SvJ strain, is described elsewhere® 9
The breeding of heterozygous AhR KO (AhR*") males with AhR*" females generated wild-type (AhR*/*), AhR*",

and AhR”"'mice. The neonates were genotyped by PCR screening of DNA from the tail. Female mice (12 weeks old)
were used in the study. Eight-week-old C57BL/6 male mice from Japan SLC (Shizuoka, Japan) were used as
recipients for the repopulation assay and the assay of CFU in the spleen. All the mice were housed under specific
pathogen-free conditions at 24 + 1°C and 55 = 10%, using a 12-hr light-dark cycle. Autoclaved tap water and food
pellets were provided ad libitum,

Blood and bone marrow (BM) parameters. Peripheral blood was collected from the orbital sinus. Peripheral
blood leukocyte (WBC), red blood cell (RBC) and platelet (PLT) counts were determined using a blood cell counter
(Sysmex M-2000, Sysmex Co., Kobe, Japan). Bone marrow (BM) cellularity was evaluated by harvesting BM cells

from the femurs of each mouse®. The animals were sacrificed. Then a 27-gauge needle was inserted into the
femoral bone cavity through the proximal and distal edges of the bone shafts, and BM cells were flushed out under
pressure by injecting 2 mi of a-MEM. A single-cell suspension was obtained by gently triturating the BM cells through
the 27-gauge needle, and cells were counted using Sysmex M-2000.

Irradiation. Recipient mice were exposed to a lethal radiation of 800.1 cGy, at a dose rate of 124 cGy/min, using a
137Gs-gamma irradiator (Gamma Cell 40, CSR, Toronto, Canada) with a 0.5-mm aluminum-coppet filter.

CFU-S Assay. The Till and McCulloch method’was used 1o determine the number of colony-forming units in the
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spleen (CFU-S). Aliquots of BM cell suspensions were used to evaluate the number of CFU-S. The number of BM
cells was adjusted to that appropriate for producing nonconfluent spleen colonies, and the cells were then
transplanted into lethally irradiated mice by injection through the tait vein. Spleens were harvested 9 and 13 days
after the injection, and fixed in Bouin's solution. Macroscopic spleen colonies were counted under an inversion
microscope at a magnification of x 5.6.

CFU-GM and CFU-E Assay. in vitro colony formation was assayed in semisolid methylcellulose culture®- 8. Briefly,
8 x 10% BM cells suspended in 100 ml of medium were added to 3.9 ml of a culture medium containing 0.8% methy!
celiulose, 30% fetal calf serum, 1% bovine serum albumin, 10* M 2-mercaptoethanol, with 10 ng/ml murine
granulocyte-macrophage colony-stimulating factor (GM-CSF) for CFU-GM or 1ng/mi murine Interleukin-3 and 2 U/mi
erythro-poietin for erythroid CFU (CFU-E). One-ml aliquots containing 2 x 10* BM cells were plated in triplicate in a
35-mm tissue-culture plate, and incubated for six days in a completely humidified incubator at 37 °C with 5% CO,in

air. Colonies were counted under an inverted microscope at magnifications of x 40 for CFU-GM after 6-day culture
and x100 for CFU-E after 3-day culture.

BM repopulation assayg. The BM repopulation assay was performed similarly to the assay of CFU-S, except that

10% BM cells were injected into lethally irradiated mice. One month after the transfusion of BM cells, the repopulated
mice were used in the experiment.

Results and Discussion

As previously reported, AhR-KO mouse showed a significant increase in WBC counts (Figure 1 A). This was also
consistent with the high number of myeloid progenitor cells, i.e., CFU-8-9 and CFU-5-13, observed in the AhR-KO
mice (Figure 1, B). Thus, steady-state hemopoiesis is presumed to be suppressed by AhR signaling due to the
possible presence of a physiological ligand, which is not readily observed in AhR-KO mice. In response to such an
AhR-null effect, the AhR-KO mouse reversely shows exiensive hemopoiesis in the spleen, although this hemopoietic
enhancement is also reflected in another negative hemopoietic regulation in the BM. Accordingly, in the present
study, benzene-induced hematotoxicity was evaluated in the Wt mice afier a lethal dose of whole-body irradiation
followed by the repopulation of BM cells that lack AhR.
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Figure 1: Comparison of various blood perameters between W\ mice (open columns) end AbR-KO
suice (shaded columns) L A Petiphersl blood, bone maow and spleen weight. *
Parameters indicate the counts of periphesal red blood cofls (RBCs, xlﬂslml) and white
blood cells (WBCs, xw’s/mI), bone masrow cellularity (BM, xmslfamw), and weight of
spleen (SPL, mg). B. Number of colony-forming units in spleen (CFU-3/ 1%10° BM cells)
observed on days 9 (CFU.8-9) and 13 (CFU-S-13). C. Numbers of in vifro granulocyte-
smacrophage CFUs (CFU-OM/5x10° BM cells) end eryihroid CFU (CFU.E/1x16* BM
cells). : Significant difference between Wi and ARR-KO mice determined by #iest ¢
p<0.05.

Figures 2, A-C, show the RBC (A), WBC (B), and platelet (PLT: C) counts (per mL) in the peripheral blood after
repopulation of the BM. In each figure, in the Wt mice repopulated with Wt BM cells (iwo columns on the left), the
groups subjected to intraperitoneal benzene exposure (second from the left) show significant decreases in RBC and
PLT counts (92% and 69%; p=0.010 and 0.016, respectively) compared with the sham exposure groups (farthest left
in each figure), except 2B, i.e., WBC counts (26%). When the mice repopulated with AhR-KO BM cells (two columns
on the right) are exposed to benzene, there are no significant differences between the sham exposure groups
(second from the right) and the benzene exposed groups (farthest right) in A through C. Significant decreases
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observed in the Wt mice repopulated with Wt BM cells were negated when the Wt mice were repopulated with AhR-
KO BM cells; thus, the reduction in the number of peripheral blood cells observed in the Wt mice after benzene
exposure is assured to be responsible for the AhR expression in BM cells. Although the two sham exposures (i.e.,

Wt mice, open column; and AhR-KO mice, solid column) are essentially identical in A and C, there seems to be

insufficient recovery of the BM in transplantation in Figure 2B, and the solid column is significantly reduced (see,
Figure 3 on CFU-GM).

Figure 2. Comparison of vatious blood parameters in peripheral blood, A, RBC, B, WBC, and C, platelets
(open bars vs lightly shaded bass in Wi mice repopulated with Wi BM cells; solid bars vs
heavily shaded bass in Wt mice repopulated with AhR BM cells).

In Figure 3, again, the significant decrease in the number of granulocyte-

macrophage colony-formnng units in vitro (CFU- GM/5 x10° BM cells) in the BM
cells from the Wt mice repopulated with Wt BM cells (82.9% in benzene
exposure, lightly shaded column to the right of the sham exposure, open
leftmost column; p=0.041) is negated in the BM cells from mice repopulated
with AhR-KO BM cells (sham exposure, solid column; and benzene exposure,
heavily shaded column, respectively). In this figure, the efficiency of repopulation
with AhR- KO BM cells (solid column) seems to be insufficient, since the solid
column is smaller than the open column (p=0.025).- The mechanism underling
the incomplete recovery of AhR-KO BM celis, is still unknown; however, the
sublethal irradiation of the recipient mice may be the case, where suppressive
Figure 3: *:Significant difference intrinsic factors may have been released from tissues given the lethal dose of

between shem and exposed irradiation received by the host animals.

determined by #-test at p<0.05.
Despite the insufficient recovery of the number of GM-CFU in mice repopulated with AhR-KO BM cells, number of
BM cells, regardless of repopulated cell type (either Wt or AhR-KO BM cells) and type of exposure (either benzene
or sham exposure), there were no significant differences in number of BM cells among the groups in a homeostatic
manner (Figure 4, A; 91.4% and 92.4%, respectively, p>0.1). However, after benzene exposure, a significant
decrease in splenic weight was observed in the Wi—Wt group (85.0%, p=0.022), but not in the AhR-KO-BM—»Wi

group (90.0%, p=0.173). This supports the notion that AhR-KO negates the suppressive effect on splenic weight
after benzene exposure.

Tigure4: Comparison of number of BM cells
(A) or weight of spleen (B) with or
without benzene exposute, in mice
repopulated with Wi BM cells or in
mice vepopulated with AhR-KO BM
cells. (Wt mice repopulated with Wi
BM cells, lightly sheded columns,
second from lefi; or without benzene
exposuge, open columns, farthest
left, benzene exposure vs Wi mice
repopulated with AhR-KO BM cells,
-each of the two sight columns).
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Conclusions

The up-regulation of GYP2E1 after benzene exposure was specifically observed in our previous microarray study of
the bone marrow tissue®. The analysis of the gene expression specifically derived from the hematopoietic stem cell
compartmentw, and the evaluation of the toxicological alteration of such an expression as a measure of stem cell
specific toxicological biomarkers are hot issues in the current hematotoxicology". Mice that have been lethally
irradiated and repopulated with BM cells from AhR-KO mice essentially did not shown any benzene-induced
hematotoxicity, implying that such toxicity is derived from de novo metabolisms with CYP2E1 in the BM other than
hepatic metabolism. The present study raises two questions on AhR-mediated TCDD-induced hematotoxicity: Do
Wt mice repopulated with AhR-KO BM cells show hematotoxicity by TCDD unlike in the case of benzene exposure?
If such is the case, what would be the transmitter from the site of xenobiotic metabolic activation to the bone marrow?
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Bhs, BAER L AREKICNLCEIERET
BER, S1EBETEIISNTVWL LI RIESE
OB OR2RBEBI X T, Z2nsiCi
Wiao 7v 79 L5, BHAOS R « 74—V 74
Y7, Ehav Py T7ollERe, Y57V —
LDOEHEREE L EHiHIT 5 h T w9, LY b
T OEEN DNA i B — 1%
BRI SRITERL 239, L Fy 7 2§lib85
MEEEENEROA R ST, LIy I R%4E

HoOFEEE L U CHAT 2BERICIEL b0
HoTWwB I 6T 2461F, ZDEHRED
B OBEYS, X5 ichficEmSoBEEL L
THEINLRZTCHS, LELITOho BRI,
TRX BEETD/ v o277 D L) BRTHET
BLEZOTMBOTHL ML ZbDD, B
HOBYER: &I X 8% T 2 OFRRI IR EE
THHI LAy, BRTR6IE, 2951
ERICZ %, BEEY - #EEFOH LR
ELTOBOLAINBEBATHLZ LNHRBRIN
£9,

TR, BEREE REBRAIV YL
(KBrOy), ~Fu¥4 270y 77303208
2EDHITT, 2hFhoBEicNid 3L
ALV AOBEOBE L EHBRICHENT 5,

1. BEHSR

B, ZoPELEnRR eiEdBEE o
DL, EHEIEBEA ML AREBEEET 5.
ZOEMIE, T CNABFEDICOT 20, B
DFIFHEHE L L TiE, DNA RRfalfic EEEE %
BlEfC T RAEBEBHE L, WYMo TER T
BE—220MHlEEDLES 2 25 4 v 7 72k
B 3T ¢ SRS L OF BB L b B,
BOHERDE 24 2 7 DNA BEDOFKRIZ®H <D, Bl
FEoFBEREEZ OGN, BIELAMNLVAIRXZHD
LERENhS, L LMoo s ¥
DNA 81X, BRI P BEHR B s o A
#, ThoDHEL L OB TR S
FLO X SFHL BV, B IERE o i

HaOBREZE L EFMICERR I N, T

BHIRARR L Coly, HERRIBEREE 2T >
BB ETS b, BRI S o THRE
DDA ==y a— b RBEYBLooEEIA,
I DRI RRERAEER B I L3RS, &
& Z S IATE I O 0 v = —TEREE & fE R A
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SEHREBZ b o TG S WIS % & B i MER
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fanxg i &7 X B RGN A b L A0 st

195

— 225 —



263-0033

0.1

0.01¢

0.001 ¢

mortality ratio/unit time

0.0001

0 100 200 300 400 500 600 700
date after irradiation

2 D ANV EBICLABHEBIIECETIAORE
BEEOEL
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¥ R, IEHEE B BRI ST 2 GRS ERESRE).
BABRERMT L, BUREEBABRLL, EEL

D% Lo TR HIMRSET 5 (REHRE, Gy).

BMicX->CBlEgRI IhRETFORRE”ICD
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FEBO—RLhoTwabnlEI NS (H
2), RicRoens &) Ui a2HTicioT
SECTEAR I E AT 5, BKOic TRX b5 v
AP 2y Ve ATk B BEHRA MR DS
TLRCOBIEDBEII F L TEC RV, &
M & O BB YD R AR RS fh
TRX PP VAR 2oy 7R CERBICESZ
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2. BREBHY Y L(KBO,)

BEBRA Y 7 L (KBrOy) X, BAYOERTY
78—, LTF—(dough)iZIEAZEZHDTH
3, pOTRINSGDYE, Sy FTezodbicEE
BFHEFED D B LR RM L, ERIEERICD
oo TiThihiTwaSs, F34 R0 v M 2
Wi 104 BOROKER G RET I, 500, 250, 125, 60,
30, 15, B X U Oppm DB EICHL T, v TEA
FROFZBEFEOEMIESBEZ N, BEOR
ENHELERCH 7Y, ERICH S I
AENnTell t tE->T, KBrOik ¥ v e3
FHICH T 2 HRBRRER LB SR EhVvO
T, TOREREBLELEED:. 20BOME
T, 4, KBrO;h3iH ¥ 2 GRS 42 DNA fi
Inf, 8-hydroxydeoxyguanosine 2T % & & Iz
LB —RFEML, BETHEU(SLYWE N-ahyl-
N-hydroxyethylnitrosourea @ i 4L & $ @ # 5|12
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bbb o, FLRARFIToRRL T X Tl
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RO ohidol, % LT HTHQ OISR,
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LThn Y —fliRiE, OoEEsn) -FHR#ET
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b, MEEIERDH 5 b D LEZ St (H*2),
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Do IOBREARICB T B BU R MREE & 5%
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REOVIEVRINBHRE L, 22 TCh0
Y -, TR ¥—EEOMHE L L TRMto
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BRI L IUE, MBI L Fy 7 RIRERIZ,
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2. BERS

BERDOVERILERIIZ, SRTRMSRVA
Wi IEETH B, RIRD L ORI ENEERE
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fe. BESEHOBEL oY —§RIZ, BehEENo
MRBERLTADBELRIITLODL I TH 5.
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EWEEEYH 5. b ARIEIE, 2-nitropro-
pane(2-NP) D & I & —RFEIEHPP o0 LT d,
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R L CH RO IHIZIRBE S T 5 (1
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3. RBRREETY
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DPRIC X 2T B % SIS B LB HER
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AVFANECYRYFT VY RERLI LR RML
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Introduction

HE =

Tohru InouE
Bl 37 BR 38 i fr R T AR PR AT

RFEINLY ) LOBEREHZAAL CHOMI LY B2 X, ¥ syl
NI RERN R ERORSAA &, BIETFHRBEOFMEME X - BB 2 HERRN L LR oD
HREETH S, BB TIRI Loy AFEL ECHEEI N BRI B T 5 SNPs DH R,
RF—F— XA PR OPIRIEA L —F, BFETHES /) L LBREOHEER I
SO TEBRHEINIEYWDEHREIES 232 T4 7 AL LTORBEAEGEENBL L 5K
BoTwal, Fxyar ) 320380t IEBEICEL, 2RI IR 7Y
TPEIRARTUTAIIAR, A V74T 4 7 AR EDBEFICE > THiEEINB ¥
a8/ & 7 A (toxicopanomics) & Th X AR E L TH 5, :

FXvan) L ARYE EARDIGEETH B, AL 6 ARZFER T VRS
V7 2R EEZNR, EERREBHOMND 6 A LBHFHERIELL TR FE I 7R
IZk 3, BiIETIEDNA Fv 7T EOREEER T LA BT, BETIEGC w2l
SOEATEEMNTFE2EMA TS, baracRBcERT2 L, Bl X9R 372
NP, BECRRICERES AR I 7 22 hICBEE TS itk 5,

ZOWMFRTIEYT 7 AFRPEEDII D A TELENNEITICL 567, BETRECER
¥RE2 72/ 94 7L LTHOSEZ 0k o CHEBICBAERN L THNHREE 25, 43
7 AEBRAEBERNICZ ) LETPHOY —LVIERBIE LY LT 341, ZITHY EFs
FXyan)IrAD, RERNRIGHLE LTS 77 LA BE" L Bl - 1M
b5, BETHRRBRICHELIIERIC L P VESORBRLPEAN 72/ 94 7LLT
b OERD S (complexity) 2 A3 — L2 0 o FRIBRENICR S, TV 23254
ZACKT B PHEBERMTH S, 29 LERRZLLLHST IO DDEMDOELM
PREREARL TREIC RS SHFENEFE TV 3,

3T

1) #E & HHEEOBEREBYE 56 L ALY A4 22 8 LTOEERYIGER S, B,
74(1) : 18-23, 2004.
2) Inoue, T. and Pennie, W. D.(ed. ) : Toxicogenomics. Springer—Verlag, Tokyo, 2003, pp.1-11.
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VAR, BIUERBBAE Lo
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FI - oBR I N, FBOERDY
HWHBHhAEL D,
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WEHBEELTTERITCLhBRCIE
Zwh o, Shid AL oRITFRE D
> TRAZLONEV, LPLELGE
WEBOW, RIATLRBRR b AR
RED X1, 2oaHT0boHH
MEFTREEZENLELT, whwd
TV RER DRI R DR & — b T 4

H L F mvEssenmeme

YTRDHNBILLERE, HE0
EmEiaRcBELCroREOHER
THELBAPEVIAKLDS. Th
VEBETHEBEHRLEVI LI L
faRtroRErmMeZ L 2LIZE P
DRI S S L IRERNICHAE
PHThobe

EHIERBL, BWERRZELED
BRI HERET v LI H
WHTET, BREXTFCS8E, 20T
SLCHLERBWERL T 7 ricidw
PRVPLVIBEICESTL 5. ¥
£45. BWEERGIBWERISKRD
TwaBHAER. BYWEBEOWY
(reduction), B (refinement). €L
TH4# (replacement). &b H“3R”
ThHbo

LH. AR CTHw LTV DIEH
OEW R ¥ TR EAEEBEEY O
ERMEREEIE. 9y P24, 7
Y AB2B0TPLTdH YO, ORI
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