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Of the other genes related to steroidogenesis, both types
of PRL-R (Long and Short forms) genes were significantly
increased in new and old CL of the EGME group and new
CL of the sulpiride group (Figs. 44 and 4B). The most
drastic change was an increased NRSAZ mRNA level in new
CL of the EGME (8.7-fold) and sulpiride ( 13.4-fold) groups
(Fig. 4D). The ACAT-] mRNA levels in new CL of the
EGME amd sulpiride groups were significandy higher than
those of the control group (Fig. 4E)L In the atrazine-tresfed
CL, there was a trend to higher mRNA levels of §F-1 and
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ds (**p < 001, "p < (05, #p < (LS}

ACAT-I mRNA in the new CL: however, this was not
significant (Figs. 4C and 4E).

Momphomerrie analysis of the imminohissochemical gaining
o steraidagenic factors in new and old CL. There were nao
higopatislogical changes in the HE-stained specimens in any of
the treatment groups compared with the controls fdlowing daily
four imes of teamment {dats not shown). In the analysis of e
SR-BI-, StAR-, Pd50sce-, and 3f-HSD-positive Inteal cells in
new and old CL (Fig. 5 and Supplementary figs 2 and 3), the
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*p < 001, % < 005, ¥¥p < 001, #p < OLOT).

integraind density was mastly higher in new CL dhan in old
CL. New CL in all treament groups showed significandy higher
intensities of these four gernidogenic factars. In comparison & the
respective controls, SR-BT and StAR were sgnificantly higher in
all weament grougs (up © 20- and 6.1-fold in SR-BI and StAR,
respectively), P45(kce in the EGME and sulpiride groups (up to
1.9-fold), and 33-HSD in the EGME and atrazine groups (up to
L6fold) (Figs 35A-D). Inensities of the four seroidogenic
factars in old CL ako showed a higher tendency in all treatment
groups and were sgnificargly higher for SR-BI in the atrazine

d with the -

s S

group (1. 5fold), P450scc in the EGME and sulpiride groups (1.9-
fold), and IA-HSD in the EGME group (1 8-fold) in comparison
i the conrols (Figs. 54, 5C and 5D).

Experiment 3

Alerations of senen hormone concentrations. Serum P4
levels were significantly higher in the EGME (2.7-fold) and
EGME + BRC (2.0-fold) groups compared with thase in the
control groups (Fig. 6A) The PRL level was significantly
higher in the EGME group (2.7-fold) and tended to be lower
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in e BRC (0. 1-fold) and EGME + BRC (0.05-fold) groups
in oomparison to the controls (Fig. 6B). No significamt
difference was observed in E;, LH, and FSH kvels (data not
shaown).

Changes of serodogenic and lureolyic gene axgpressions in
new and old CL. In new CL of the EGME and EGME +
BRC groups, mRNA expression levels of sieroidogenic facuws
wemne significantly higher (p < 0.01 or (L035) and those of
luteolytic factors were significantly lower (p < 0.01) than in the
control group, though the effect was less pronounced with
combined BRC treatment (Figs. 7TA-F). In contrast, BRC
treatment alne significantly increased the 204-HSD mRNA
level in new CL {p < 0.01) (Fig. TE). In old CL, mRNA levels

of SR-B! in the EGME and EGME + BRC groups, P450s e and
FGF2a-R in the EGME group, and 3f-HSD in the EGME +
BRC group were significandy increasad (p < 001 or OL(5)
(Figs. 74, 7C, 7D, and TF).

For the other steroidogenesis-related genes, both forms of
PRL-R, NR5A2, and ACAT-] mRNA kvels were significantly
icreased in new and old CL in e EGME group and in
rew CL of the EGME + BRC group (p < 001 or 0.05)
(Figs. 8A-D). Cotreatment of EGME and BRC ako increased
PRL-R (Lang form) mRN A in old CL(Fig. #4). No significant
changes in dese genes were observed in the BRC group.

M orphomernc analysis of the imminohisioc hemical saining
o sterodlogenic factors in new and old CL. There were no
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FIG. 6 Serem bormone levels after fvor daily seamenss of BGME, BRC, or EGME snd BRC. Dt represens ss;om P4 (A) and PRL (B) levels imean +
SEM). Animals were cuthanized 4 b afler the bist dose (0 = 4-5) Amerisk (p < (L05) indioxes signifiom differances 2 compard with de controke.
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narmalized for HPRT mRNA kewls i each sample and pomsemed 6 the mam = SEM, wath astenishs and hashes indcamg significont differences @ compared wih de
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histopathological changes in the HE-stained specimens fol-
lowing any of the reatments in comparison to the control (data
not shown). New CL in the EGME and EGME + BRC groups
showed higher intensities of SR-BI, StAR, and P450sxcc
intensities were significantly higher for StAR in both groups
{up © 5.1-fold), SR-BI in the EGME group (1.3-fold), and
Pd50sce in e EGME + BRC group (1.4-fold) in comparison
0 the controls (Figs. 9A-C). SR-BI was significantly higher in
ald CL of the EGME + BRC group {1.4-fold) (Fig. 9A). In the

BRC gmoup, significantly lower stiining intensities were
observed in new CL for StAR and 3[-HSD and ol CL for
3p-HSD (Figs. 9B and D).

DISCUSSION

The focus of this smdy was © clafy the toxicological
pathways by which three ovarian toxicants, EGME, sulpiride,
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the meun = SEM, wih aserishs and hashes mdicasmg significan diffe as

and atrazine, affected Imeal gervidogenesis in new and old CL
in vive. In the presn study, all compounds  significantly
incressed the seum P4 level soondary to upregulaed
expression levels of all steroidogenic factors and dow regulation
of te 20s-HSD gene in new CL. The serum E;, LH, and FSH
level were noi alered. Two weeks of reaiment with BGME,
sulpiride, or strazine nduced simily hisopathadogical changes
in Joteal cells o what has been previoudy reponed (Davis eral.,
1997: Dodo e ol 2009 Shibayama er al, 2009 Yuoan and
Foly, 2002. These hisopathological changes reflect e
activation of luteal cells and are assciaed with increased P4
production activity (Davis er al., 1997, Fraites er al_, 2009; Thii
er al, 2009). The present shomtterm sudy provides new
evidence that new CL are the main @rgets of these compounds.

EGME as well as sulpiride, a compound which gimulaes
PRL secretion, increased the serum PRL level in the present
study. This is in oontrast to a previoe study showing
suppression of PRL secretion following EGME treatment of
female rats (Davis o al., 1997). Although the reason of this
discrepancy is unclear, our resulis represent new evidence that
EGME, via the HPG axis indirectly stimulates luteal pathways
in fe ovary. This conclusion is funther strengthened by the
results following coadministration of BRC with EGME, which
will be discussed subsaquently.
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The results of experiment 2 indicate that the gene expressio
changes of geroidogenic factors comespond to the changes in
e immunchistochemical inendties of the factors in new
and old (L. The imcreases in SR-BI, SAR, P450sce, and
Af-HSD mRNA levek and immunohistochemical intensity
kvels in new CL following four daily treatments with any of
the three compounds represent stimulation of seroidogenesis
with resulting P4 production in new CL. Additionally, the
ncrease in IF-HSD expression both @ the gene ranseription
and protein expression levek in od CL following treatment
with EGME indicaies that EGME stimulaes steroidogenesis in
ad CL. Although increazes in steroidogenic gene expression
were not produced by weatment with the other compounds,
a rend © increased immunoreactivity was seen, suggesting
that sulpiride and atrazine may also stimulate geroidoge nesis in
ad CL.

The decreases of the lteolytic factor 20a-HSD mRNA in
the new CL from all treatment groups and PGF22-R mRNA in
the new CL from the EGME group clearly demonstrate the
inhibiion of catsbolism of P4 inp 202-DHP, indicating
a higher P4 production ahility in eew CL. Thes resulis
demonstrae that not only promotion of steroidogenesis but also
appression of P4 catabolism in new CL is direcdy or indirectly
induced by EGME, sulpiride, or arazine weatment.

02 ‘8L ey vo Bopooyua |, jo dppog ® Bospurncipagpo e ydey way papeoueoy



76 TAKETA ET AL

(i) SR BI [ wencL (R). 5TAR
W1 B w10
3 * ¥4 '
=¥ = e
= = g
25 3
3" S
3 15 3
%10 ¥al
= E &
o . -
Contrsl BUME R EMEAHRT Tontred ELME BRT ECMEHNRT
{C), P450scc (D). 3-HSD
L0 ®10F
100 1 15 1
¥
= 80 4 P
E E
] B 1
. Ew
3 T
R B
= = 4
T g9
2 201 E
u 0 -
Comtrel EGME BRTC EGME:RC Canbred XGME DRC EGMEHIRT
FIG. 9. Effeces of BEME, BRC, or EGME and BRC om the Tvities of dogenic ficors in new and obd (1. ket agrated densitdas of SR-EI (A},

SeAR (B), P4S0sor (C), and 3-HSD (D) are presented Animaks were ashanized 4 b after the laa dome o = 4-5) Dot e pesentad 05 the mean + SEM, wih
amerishs and hashes Imdicating <iguificane differences as compared with the comtmils (™ < (L01, *p < OL0S, ¥p < OUE)

Consisent with #we mle of PRL as an upregulator of
seroidogenic factors and a downregulator of 20a-HSD in the
rat ovary { Stecoo of ol 2007), the present gudy clearly showed
that the stimolation of P4 secretion by sulpiride was caused by
increazed PRL secretion. The concument administration of
EGME with BRC, a D2 agonist, in experiment 3 demongraied
that EGME stimulaed P4 scretion, upregulated geroidogenic
facor expression levels, and downregubied luteolytic factor
expresdon kevels in mew CL without PRL hypersecretion.
These findings taken in the context of consisient observations
in vitro (Almekinder er al., 1997; Davis er al, 1997) suggest
fat EGME has a direat luteal stimulatory effect in v
Altough the immunohistochemical intensities of P450sce and
3F-HSED innew and old (L of EGME group were significantly
higher than controls in experiment 2, there was no significant
change between hem in experiment 3. These inconsigencies
were attribpted © differences in e condiions for tisme
fixation; ovaries wemre fixed in 4% paraformaldehyde and
10% wol reuvtral-buffered formalin in experiments 2 and 3,
respectively.

In oher semidogenesis-relaied genes, increases in both
forms of PRL-R in new CL following EGME or sulpiride

reatment may reflect increased PRL secretion because dey
have been upregulated in pregnant female rak (Dunaif e al.,
1982; Telleria er al., 1997). Additionally, EGME and sulpiride
remarkahly increased NRFAZ mRNA level in new CL. NR5A2
i a cucial facowr in PRL-regulaed P secredon (Falender
er al., 2003: Labelle-Dumais er af., 2007 Lin & al, 2003
Saxena er al., 2007). Therefore, the increased expression of dwe
NRSAZ gene might be related to the PRL-stimulating effect of
EGME and sulpiride. Because the SF-J geme, which belongs to
the same nuclear receptor family as NRSAZ, regulates the E;
and P4 synthess in granuloss cells (Falender er al., 2003;
Saxena er al., 2007), its expression in CL did not change in any
wesment groups. Upregulation of the ACAT-1 gene, which
contributes to the gorage of free dholesenol in lipid droplets in
Iuteal cells { Stouffer, 2006), was ako observed in new and old
CL following the EGME or sulpiride weatment This change
seems 0 contribute e histopathological luteal hypentrophy by
repested asdministragon of these compounds Intriguingly,
coadminigraton of EGME and BRC produced similar changes
in gene expression levels of PRL-R, NRSA2, and ACAT-1 in
new CL. These observations allude to the possibiity thar the
direct lnteal simulation mechanism of EGME is similar v PRL

169

2002 "8 YarEp ue Boexo [, jo dppog # Bhors puanofpago e y.dug ualy p o]



BGME, SULFIRIDE, AND ATRAZINE ACTIVATE NEW (L

ey

Fagesnane

| @@
(/_mtl- Ny
I'/\T:: " /’“;;' '-.

AT

J| Al \s;"f/
S \‘:,,',,:_. ‘4=-.-..|/, \u.” l Hem T

FIG. 10 Otmd&hnddﬁcudk}m#nﬂ: -dn-ue
BGME L i faor exg 3
fmmmm--mnknmfmnﬂ_bybd
hu-d-h:umw}pﬂ-y: m-hn&n:ﬂymkn&
expressionof 3f-HSD s old (1. Selpind PRL ahly by
suppeesing e dopaminergc aTiviey & the anterior piatary. This sl m e
acvarion of pew Ol and moresed P4 sayetics. Atmzine abio simulees P4
m-HCmeﬂNﬂ &Mt.-dsﬁﬂsbapmkwk
dom level Gy

kwkorb

or decmases of the toael g

dependent simulation patem. Thus, wo pathways likely
mediae the luteal gimulainry effect of EGME on the ovary and
consist of a direct pathway and an indirect pathway, which
depends on PRL hypersecretion.

Previous reports have described a neurcendocrine effect of
atrazine in rats. Atrazine inhibits the preovulatory surge of LH
and PRL by diznupting the hypothalamic control {Coopereral.,
2000; Foradori e al., 2009). Although these reparts explain the
disruption of estrous cyclicity by atrazine treatment, the canse
of the increased P4 level canmmst be explained by these
observations. Fraites ef al. (2009) and Laws o al. (2009),
however, recently reporied fhat atrazine or is chlorinated
metabolite, desisopropylamazine, increased circulating P4
levels by activating the hypothalamic-pituitary-adrenal axis in
male and female rats. The present results demonstrated no
increase in serum PRL level following atrazine weatment. In
addition, no morphological change was observed in the
adrenak in the present study, sugpesting a possibility of
a direct stimulatory effect of atrazine on CL. Because the ovary
is the main site of P4 secretion in female ras, P4 production
from the adrenal likely does not represent a significant target of
arazine trestment in female.

With regard to the other steroidapenesis-relsted genes (PRL-
R, NR5A2, and ACAT-1), the lack of change in expression levels
following arazine reatment sugreas that its mechanism differs
from that of EGME or sulpiride. Atrazine has been shown to
increase the concentration of eyclic adennsine monophosphae
(cAMP) (Sanderson er af, 2002), inhibit phosphodiesterase
{Roberge e ol 2006), induce P450sc gene expression, and
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activate phosphatidylinosiind 3-kinase (PDK) sgnaling cascades
(Suzawaand Ingradim, 2008) {n viro. The present study did not
confim any of these findings and suggess that furder
experiments are needed i clarify the mechanian of arazine.

An overview of #e posdble patvways mediating the effects
of EGME, sulpiride, or atrazine on luteal cells is summarized in
Figure 10. We propose that EGME stimulates PRL sacretion
from the pituitary with resulting upregulation of steroidogenic
factors and downreguladon of luteolytic factor expression
kvels This resulis in increased P4 secretion in mew CL. In
addiion, EGME directly stimulates new CL in a manmer
smilar to PRL and also direcdy stimulaies steroidogenesis in
dd CL. The luieal stimulation effect of sulpiride is solely the
result of dismption of the HPG axis producing hypersacretion
of PRL from pititary (indirect effect). Our resuls indicate dat
atrazine directly stimulates P4 secretion in new CL in a PRL
inde pendent manner. In conclusion, the present study provides
rew insights regarding the differential patvways mediating the
ginulation of P4 secretion by the ovarian toxicants EGME,
alpiride, and strazine in female rats in W, Additional studies
are needed to confim fhe direct effect of EGME and atrazine
o nteal cells and to elucidate its mechanism
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In normal estrous cycling rats, corpora lutea (CL) regress over several cycles; however, the period during
which they secrete progesterone (P4) is strictly limited. In the present study, we clarified the function
of CL in normal cycling rats. We especially focused on expression levels of four steroidogenic and two
luteolytic genes in the two different populations of the CL (new and old CL) at each estrous stage. The

Keywords: ovaries of female rats at each estrous cycle were collected, and new and old CL were separated with laser
g’;‘;i‘: ""C‘F: microdissection and analyzed for mRNA expression. In the new CL, the expressions of scavenger receptor
facer mzo disserdan class B type I (SR-BI), steroidogenig aclete regulatory protein (StAR), and P450 cholesterol side-chain cleav-
Progesterone age (P450scc) mRNA reached their highest levels at metestrus, and 3B-hydroxysteroid dehydrogenase
Rat (3B-HSD) mRNA gradually increased from estrus to diestrus. Meanwhile, 20a-hydroxysteroid dehydro-

genase (20a-HSD) and prostaglandin F2 alpha receptor (PGF2a-R) mRNA levels were remarkably low
from estrus to metestrus and gradually increased thereafter. These gene levels in new CL corresponded
to serum P4 levels during the estrous cycle. In the old CL, all steroidogenic and luteolytic gene levels
were consistently high throughout the estrous cycle. These results provide clear evidence that new CL at
metestrus have strong steroidogenic activity and through inhibition of luteolysis, maintain P4 produc-
tion in normal cycling rats. The elevation of 20c-HSD and PGF2«-R levels in new CL at diestrus may be a
trigger of functional luteolysis.

© 2011 Elsevier GmbH. All rights reserved.

prerequisite for understanding the mechanism of ovarian toxicants
that disrupt the estrous cycle. The rat estrous cycle is characterized
by cyclic variation in P4 levels. There are two discrete periods in

1. Introduction

Numerous drugs and chemicals that have been tested in exper-

imental animals have been found to interfere with reproductive
function in the female (Yuan and Foley, 2002). These chemicals,
which usually target the ovaries, are commonly referred to as
ovarian toxicants and frequently cause disturbances in estrous
cyclicity in rodents. Other chemicals may act by altering the nor-
mal morphology of the reproductive tract (Yoshida et al., 2009). For
instance, 4-vinyl-cyclohexene diepoxide (VCD) destroys oocytes
and induces the decrease of small follicles (Ito et al., 2009), and
ethylene glycol monomethy! ether (EGME) stimulates luteal pro-
gesterone (P4) secretion and induces luteal hypertrophy (Dodo
et al., 2009). The ovary has two distinct functional components
required for estrous cyclicity, the corpora lutea(CL) and the follicles.
Understanding the morphology and function of these structures isa

* Corresponding author. Tel.: +81 3 3700 9821; fax: +81 3 3700 1425.
E-mail address: midoriy@nihs.go.jp (M. Yoshida).

0940-2993/$ - see front matter © 2011 Elsevier GmbH. All rights reserved.
doi:10.1016/j.etp.2011.01.015

%

the estrous cycle during which P4 is increased. The first occurs in
the afternoon of proestrus and the second during the metestrus to
diestrus stages (Smith et al., 1975; Tebar et al., 1995). The preovu-
latory P4 is secreted during proestrus by the Graafian follicles in
an luteinizing hormone (LH)-dependent manner. In metestrus and
diestrus, secretion is from the CL in an LH-independent manner.
The luteal secretion of P4 during the metestrus to diestrus stages
begins to rise in the morning of metestrus, reaches peak values by
midnight of metestrus, and falls to basal levels thereafter as a result
of luteolysis (Kaneko et al., 1986). This drop-off in P4 is considered
the beginning of the functional regression of the CL in the normal
rat estrous cycle. Additionally, prolactin (PRL) has a crucial role in
luteal P4 secretion and structural luteolysis (Stocco et al., 2007).
The P4 biosynthesis in the CL is divided into the following two
steps: the uptake, synthesis, and transport of cholesterol, and the
processing of cholesterol to P4. Cholesterol is preferentially yielded
from circulatory high- and low-density lipoproteins (HDLand LDL);
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and HDL is the main source of cholesterol for CL in rodents (Bruot
et al, 1982; Schuler et al., 1981). Scavenger receptor class B type |
(SR-BI) is now considered as the authentic HDL receptor mediating
the selective uptake of HDL-derived cholesterol ester (Acton et al.,
1996). After uptake, the cholesterol esters are transported to the
outer mitochondrial membrane and then to the inner membrane
by several proteins including steroidogenic acute regulatory pro-
tein (StAR) (Stocco et al,, 2001). Once cholesterol reaches the inner
mitochondrial membrane, its transformation into P4 begins. In this
step, mitochondrial P450 cholesterol side-chain cleavage (P450scc)
(Oonk et al, 1989) and 3B-hydroxysteroid dehydrogenase (33~
HSD)which are located in the smooth endoplasmic reticulum (Peng
et al,, 2002) play principal roles.

The P4 secretion from the CL in rodents is regulated by the
balance between synthesis and catabolism. Briefly, it depends
not only on the amount of P4 synthesized by the luteal cells
but also on the expression of the enzyme 20a-hydroxysteroid
dehydrogenase (20a-HSD) that catabolizes P4 into the inactive
progestin, 20a-dihydroprogesterone (20a-DHP). Once 20a-HSD
becomes expressed in the CL, P4 secretion declines and 20c-DHP
becomes the major steroid secreted by luteal cells (Stocco et al.,
2000).

Inrodents, the decrease in P4 isanindex of the functional regres-
sion of the CL. The structural regression occurs after the initial
decline in P4 output and is morphologically observed as luteal cell
apoptosis (Stocco et al., 2007). In the functional regression, several
factors including prostaglandin F2 alpha (PGF2a) and LH have been
implicated in the downregulation of luteal P4 production (Pharriss
and Wyngarden, 1969; Plas-Roser et al., 1988). Meanwhile, several
signals including PRL, PGF2q, tumor necrosis factor-alpha (TNFa),
and Fas ligand (FasL) have been indicated in the induction of cell
death required for the structural regression of the CL (Gaytan et al.,
2000; Roughton et al., 1999; Stocco et al,, 2007; Yadav et al.,, 2005).

There are two main types of CL: those which are newly formed
by the current ovulation (new CL) and CL remaining from prior
estrous cycles (old CL) (Bowen and Keyes, 2000). New and old CL
are morphologically distinguishable at each estrous stage, and new
CL drastically change their morphology during the estrous cycle
(Yoshida et al., 2009).

As mentioned above, the CL in cycling rats secrete P4 for a lim-
ited period prior to undergoing functional luteolysis a few days
after being formed. It is likely that both new and old CL are essen-
tial to estrous cycle regulation. Therefore, it is important to analyze
normal functional changes of steroidogenesis in each type of CL
across the estrous cycle in order to understand how they may be
affected by ovarian toxicants. The expression of steroidogenic and
luteolytic factors across the estrous cycle has been partially eluci-
dated (Peluffo et al,, 2006; Slot et al., 2006; Takahashi et al., 1995);
however, little is known about the transitions in gene expression
that occur in new and old CL across the estrous cycle. In the present
study, we investigated the transitions in luteal gene expression and
steroidogenesis in each rat estrous stage to identify the potential
targets of ovarian toxicants. We separated new CL from old CL using
laser microdissection (LMD). We focused on four steroidogenic
genes: SR-BI, StAR, P450scc, and 33-HSD, and two luteolytic genes:
20a-HSD and PGF2a receptor (PGF2a-R). Additionally, immuno-
histochemical features of P450scc and 3B-HSD in both types of CL
were also examined.

2. Materials and methods

2.1. Animals

Female 6-week-old Sprague-Dawley (Crl:CD) rats were pur-
chased from Charles River Laboratories Japan, Inc. (Yokohama,

Japan). They were housed in plastic cages (3 or 4 animals/cage)
maintained at 23-25°C and a relative humidity of 50-60% with
a 12-h light cycle. Commercial rodent chow (CRF-1; Oriental Yeast
Co., Ltd., Tokyo, Japan) and drinking water were available ad libitum
throughout the experiment. The animal protocols were reviewed
and approved by the Animal Care and Use Committee of the
National Institute of Health Sciences, Japan.

Estrous cyclicity was monitored by daily vaginal smears. When
the rats reached 10 weeks of age, they were euthanized by decap-
itation at each of the estrous stages (estrus, metestrus, diestrus,
and proestrus: 6-7 rats per group) between 10:00 and 12:00 AM.
These estrous stages were also confirmed by microscopic exam-
ination of the vagina and uterus. For LMD, the left ovaries were
rapidly removed, embedded in OCT compound, and frozen with
liquid nitrogen. The right ovaries were fixed in 4% paraformalde-
hyde for one day, and routinely processed with hematoxylin and
eosin (HE) and immunohistochemical stains.

2.2. Laser microdissection of new or old corpora lutea in each
estrous stage

The OCT-embedded frozen ovaries were sectioned into 10 wm
slices onto membrane-based laser microdissection slides (Leica
Microsystems, Wetzlar, Germany) and fixed in 70% ethanol for
1 min. The sections were then hydrated in diethylpyrocarbonate
(DEPC)-treated water for 105, stained with toluidine biue for 305,
washed in DEPC water for 30 s, dehydrated by dipping sequentially
in 70, 95, and 100% ethanol and then air dried. New CL (CL which
are newly formed by the current ovulation) and old CL (CL remain~
ing from prior estrous cycles) were visualized and captured using a
Leica LMD6000 laser microdissection system (Leica Microsystems)
(Sakurada et al., 2006).

2.3. Extraction of total RNA and reverse transcription

Laser-captured tissues were pooled in lysis buffer and RNA was
extracted with the RNeasy Mini kit (Qiagen, Valencia, CA, USA)
according to the manufacturer’s instructions. Residual genomic
DNA was removed by an on-column RNase-free DNase Set (Qia-
gen) during RNA purification. The RNA was then precipitated with
14wl ddH,0, checked for concentration and purity using the spec-
trophotometer (NanoDrop ND-1000, Thermo Fischer Scientific Inc.,
Waltham, MA, USA), and stored at —80°C until analysis. For cDNA
synthesis, reverse transcription (RT) was performed with the Sen-
siscript RT Kit (Qiagen) using random primers in a 20wl final
volume following the manufacturer’s instructions.

2.4. Real-time quantitative PCR

Messenger RNA levels were analyzed using an ABI Prism 7900
Sequence Detectjon System and TagMan® gene expression assays
(Applied Biosystems, Foster City, CA, USA) for SR-BI, StAR, P450scc,
3B-HSD, 20a-HSD, PGF2a-R, and hypoxanthine-guanine phospho-
ribosyltransferase (HPRT) (Table 1). The PCR cycling conditions
included an initial denaturation at 95°C for 20s followed by 50
cycles at 95°C for 1s and 60°C for 20s. To compare mRNA levels
among samples, mRNA for each gene of interest was normalized
to the expression of a housekeeping gene, HPRT, using the stan-
dard curve method. Real-time PCR reactions were performed with
the Universal TagMan 2x Fast Universal PCR Master Mix (Apphed
Biosystems) in a 20 ! reaction volume.

2.5. Immunohistochemistry

The right ovarian sections were deparaffinized, treated with
90% methanol containing 3% H,0, for 10min at room tempera-
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Table 1
Primers and probes used for real-time PCR analysis.

Gene Primer and probe GenBank accession No.
Forward 5'-CCGAATCCTCACTGGAATTCTTC-3

SR-BI Reverse 5'-CGAACACCCTTGATTCCTGGTA-3 NM.031541
Probe 5'-VIC-AAGCCTGCAGATCTATGA-MGB-3
Forward 5'-GGGAGAGTGGAACCCAAATGT-3'

SIAR Reverse 5'-CATGGGTGATGACTGTGTCTTTTC-3" NM._031558
Probe 5"-VIC-AAGGAAATCAAGGTCCTGAAG-MGB-3'
Forward 5"-TCTCCTCTACCAACAGTCCTCGAT-3

P450scc Reverse 5'-TGGTACAGGTTTATCCAACCATTG-3" BC089100
Probe 5/-VIC-CTTCAATGAGATCCCTTC-MGB-3
Forward 5"-GCCCAACTCCTACAAGAAGATCAT-3

3B-HSD Reverse 5'-CTCGGCCATCTTTITGCTGTATG-3 117138
Probe 5'-VIC-ATGTGCTTTCATGATGCTCT-MGB-3
Forward . 5'-TITCAATGAGGACAGAATCACAGAGA-3

20a-HSD Reverse 5'-CCATGTCATCTGAAGCCAACTG-3' 132601
Probe §'-VIC-CCTGCAGGTCTTTGAT-MGB-3"
Forward 5/-CTCTGGCTTGTGCCCACTTT-3"

PCR20-R Reverse 5-CCGATGCACCTCTCAATGG-3' U47287
Probe 5'-VIC-CCTGGGCAGTACGATG-MGB-3
Forward 5'-GCCGACCGGTTCTGTCAT-3

HPRT Reverse 5'-GGTCATAACCTGGTTCATCATCAC-3 X62085
Probe 5'-FAM-CAGTCCCAGCGTCGTC-TAMRA-3

ture (RT), and washed twice in PBS. For P450scc immunostaining,
sections were heated in a citric acid buffer 0.01M (pH=7.0) at
95°C for 5 min and washed twice in PBS. For 33-HSD immunostain-
ing, there was no antigen retrieval treatment. A blocking solution
was then applied for 30 min. The blocking solutions were 3% goat
serum in PBS for P450scc and 3% rabbit serum in PBS for 33-HSD.
Sections were then incubated overnight with P450scc antibody
(1:200; Millipore Corporation, Temecula, CA, USA) or 3B-HSD anti-
body (1:200; Santa Cruz, CA, USA) at 4°C. After washing 4 times
in PBS, the sections were then incubated with the secondary
antibody (HISTOFINE SIMPLESTAIN MAX-PO, Nichirei Bioscience,
Tokyo, Japan) matched to the primary antibody for 30 min at RT.
The reaction products were visualized with 3,3'-diaminobenzidine
(DAB, Dojindo Laboratories, Kumamoto, Japan). The sections were
counterstained with Mayer's hematoxylin. To test the specificity of
immunostaining, negative controls were run without the primary
antibodies.

2.6. Hormone assays

Serum samples obtained after decapitation were stored at
—80°C until assay. The serum concentrations of follicle-stimulating
hormone (FSH), LH, inhibin-ct (INH), PRL, estradiol-178 (E), and P4
were determined using doubie-antibody radioimmunoassay and
1251_|abeled radioligands. National Institute of Diabetes and Diges-
tive and Kidney Disease (NIDDK) radioimmunoassay kits were
employed for rat FSH, LH, and PRL (NIAMDD, NIH, Bethesda, MD,
USA) as described by Taya et al. (1983). Immunoreactive INH in the
serum was analyzed using a rabbit anti-serum, TNDH-1 (Hamada
etal, 1989). The serum concentrations of E; and P4 were also mea-
sured as described by Taya et al. (1985).

2.7. Statistical analysis

Hormonal data are presented as the mean & SEM. Real-time PCR
data are presented as the mean + SD. Variances in data of hormone
concentrations and relative mRNA levels of new and old CL across
the estrous cycle were checked for homogeneity by Bartlett’s proce-
dure. if the variance was homogeneous, the data were assessed by
one-way ANOVA. If not, the Kruskal-Wallis test was applied. When
statistically significant differences were indicated, the Dunnett's
multiple test was employed. Differences of mRNA level between
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new and old CL for each estrous stage were evaluated by Welch's
t-test. P<0.05 was considered statistically significant.

3. Results
3.1. Changes of serum hormone levels during the estrous cycle

The serum P4 and LH levels were significantly higher at
metestrus, and the E; level was gradually elevated from estrus to
proestrus (Fig. 1). The concentrations of PRL, FSH, and INH were not
significantly different across the estrous cycle (Fig. 1).

3.2, Expressions of steroidogenic and [uteolytic genes in new and
old CL during the estrous cycle

The changes in mRNA expression for each estrous stage in new
and old CL are shown in Figs. 2 and 3. In the new CL, the levels
of SR-BI, StAR and P450scc mRNA reached their highest values at
metestrus and gradually decreased thereafter (SR-BI; 544, 228,
and 113%, StAR; 596, 407, and 325%, P450scc; 231, 146, and 68%
at metestrus, diestrus, and proestrus, respectively, compared to
estrus) (Fig. 2A-C). There were no differences in the levels of
these genes in old CL throughout the estrous cycle (Fig. 2A-C). The
expression of 3B-HSD mRNA was gradually increased from estrus
to diestrus in new CL, but decreased at proestrus (155, 172, and
121% at metestrus, diestrus, and proestrus, respectively, compared
to estrus) (Fig. 2D). 3B-HSD mRNA expression in old CL showed a
similar change, though to a consistently lesser degree (Fig. 2D). In
the new CL, 20a-HSD and PGF2a-R mRNA levels were extremely
low at estrus and metestrus, and drastically increased from
diestrus to proestrus (20a-HSD; 92, 4587, and 10,755%, PGF2a-
R; 429, 3363, and 6784% at metestrus, diestrus, and proestrus,
respectively, compared to estrus) (Fig. 3A and B). In the old CL,
expression of these genes was higher at baseline (Fig. 3A and B).

There were differences in mRNA levels between new and old
CL. The expression of SR-BI mRNA was significantly higher in
new CL than in old CL at metestrus. The reverse was observed at
estrus and proestrus (Fig. 2A). StAR mRNA expression tended to be
higher in old CL than in new CL throughout the estrous cycle, and
was significantly higher at estrus, diestrus, and proestrus stages
(Fig. 2B). P450scc and 3B-HSD mRNA levels had similar patterns,
both of them being significantly higher in new CL than in old CL at
metestrus, although there were no differences at the other estrous
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Fig. 2. The mRNA levels of steroidogenic factors in new and old CL across the estrous cycle. Relative mRNA levels of SR-BI (A), StAR (B), P450scc (C), and 3B-HSD (D) were
presented at each estrous stage (E: estrus; M: metestrus; D: diestrus; P: proestrus). Five animals were examined. Data were normalized for HPRT mRNA levels in each sample
and presented as the mean = SD, with asterisks and letters indicating significant differences (**P<0.01; *P<0.05; letters P<0.05).
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stages (Fig. 2C and D). 20a-HSD and PGF2ai-R mRNA levels also
had similar patterns, but those were much lower in new CL than
in old CL at estrus, metestrus, and diestrus stages (Fig. 3A and B).
Thus, 20a-HSD and PGF2a-R mRNA levels were drastically different
between new and old CL.

3.3. Immunohistochemical examination of P450scc and 38-HSD
in new and old CL across the estrous cycle

The P450scc- and 33-HSD-positive luteal cells were observed
in all CL throughout the estrous cycle (Figs. 4 'and 5). In new CL,

the P450scc immunostaining intensity was weak at estrus, but was
intensely expressed at the other estrous stages (metestrus, diestrus,
and proestrus) (Fig. 43, ¢, e, and g). The luteal cells of new CL at
metestrus, diestrus, and proestrus stages were strongly and uni-
formly stained (Fig. 4a, ¢, e, and g). In contrast, the P450scc-positive
luteal cells were observed throughout the estrous cycle in old CL
(Fig. 4b, d, f, and h). P450scc strongly positive luteal cells were
decreased and scattered in old CL at all stages (Fig. 4b, d, f, and h),
and the staining intensities gradually weakened as the CL aged. The
profiles of 33-HSD-positive luteal cells were quite similar to those
of P450scc, with the exception of being somewhat weaker (Fig. 5).

Fig. 4. Immunohistochemistry of P450scc in the cycling rat CL. The left-side pictures (a, ¢, e, and g) represent new CL, and right-side ones (b, d, f, and h) represent old CL at
each estrous stage (E: estrus; M: metestrus; D: diestrus; P: proestrus). Bars indicate 20 um.
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Fig. 5. Immunochistochemistry of 3B-HSD in the cycling rat CL. The left-side pictures (a, ¢, e, and g) represent new CL, and right-side ones (b, d, f, and h) represent old CL at
each estrous stage (E: estrus; M: metestrus; D: diestrus; P: proestrus). Bars indicate 20 um.

4. Discussion

This study investigated the transition of steroidogenic and lute-
olytic gene levels in new and old CL in normal cycling rats using
the LMD method. Our results demonstrated drastic changes in the
gene expression in new CL across the estrous cycle. In the hormone
analysis, a significantly higher level of serum P4 in the forenoon at
metestrus and the gradual elevation in the E; level from estrus to
proestrus were consistent with prior reports (Kaneko et al., 1986;
Smith et al., 1975; Watanabe et al,, 1990). The elevation of LH at
metestrus gyrated within the background range. It confirmed that
the serum P4 elevation at metestrus was independent of other hor-
mone levels.

In accordance with elevation of serum P4, the steroidogenic
genes, SR-Bl, StAR, and P450scc mRNA expression peaked at
metestrus in new CL then gradually declined. In contrast, those of
old CL remained somewhat elevated, making these three steroido-
genic genes useful markers for P4 production in new CL. Li et al.
(1998) reported that the expression of SR-BI mRNA remarkably
increased with the completion of luteinization in rats. The rea-
son for this discrepancy remains unclear, but may be explained by
differences in experimental conditions. In the previous report, the
experimental model employed immature rats treated with equine
chronic gonadotropin (eCG) and human chorionic gonadotropin
(hCG), whereas mature intact cycling rats were used in the present
study.

The present study showed no significant differences in the
P450sccand 33-HSD mRNA levels between new and old CL except at
metestrus. StAR mRNA expression in old CL was consistently higher
than that in new CL throughout the estrous cycle. This suggests
an increased capacity for steroidogenesis in luteal cells of old CL
compared to those in new CL. In the present study, the imrmuno-
histochemical expression of P450scc did not correspond to mRNA
expression. P450scc-positive cells were observed in all CL through-
out the estrous cycle. Although the mRNA level was relatively high
throughout the estrous cycle, immunohistochemnical staining was
very slight at estrus in new CL. It is plausible that new CL at estrus
may lack the functional maturity required to express P450scc pro-
tein. The P450scc staining intensity was gradually weakened as
the CL aged. This weak intensity may be attributed to increased
interstitial cells in the regressing old CL.

The immunohistochemical expression of 3B-HSD also failed
to parallel its mRNA expression. A relatively high level of mRNA
was present in all CL throughout the estrous cycle; however, only
slight immunoreactivity was present at estrus in new CL. The weak
reactions were also considered a reflection of the immaturity of
new CL at estrus. The 33-HSD staining intensity was also grad-
ually weakened as the CL aged, and this again may have been
due to the increased interstitial cells in the regressing old CL.
Unlike the other steroidogenic factors, the expression of 33-HSD
mRNA in new CL was consistently high until diestrus in the present
study. In immature rats treated with eCG and hCG, luteal 3B-
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Fig. 6. Overview of steroidogenic and luteolytic gene levels in new and old CLacross
the estrous cycle in rats. The sizes of the circles represent the levels of steroidogenic
genes (gray circles) and luteolytic genes (black circles). The new CL at metestrus,
which have the capacity for P4 secretion, showed notably high stercidogenic gene
and low luteolytic gene levels. Luteolytic genes in new CL were remarkably fow
at estrus and metestrus, and gradually increased thereafter. In the old CL, rela-
tively high steroidogenic and markedly high luteolytic gene levels were consistently
retained throughout the estrous cycle.

HSD mRNA expression is drastically increased as the CL is formed,
with expression sustained throughout the pseudopregnant state
(Kaynard et al,, 1992). it is suggested that the 38-HSD expression
has a high threshold level of down-regulation by luteolytic factors
including PGF2« at diestrus, which is the first stage of functional
regression.

The luteolytic genes in new CL showed drastic changes across
the estrous cycle ranging from extremely low from estrus to
metestrus with a gradual increase thereafter. The transition of 20c-
HSD mRNA was similar to that of PGF2a-R, consistent with 20c-HSD
mRNA being upregulated by PGF2a. The elevations of 20«-HSD and
PGF20-R mRNA caused functional luteolysis at diestrus in new CL.
The functional luteolysis of new CL starts at diestrus (Sugino and
Okuda, 2007). PGF2a plays a crucial role in this process. Adminis-
tration of PGF2a induces a drop in levels of circulating P4 in rodents
(Pharriss and Wyngarden, 1969). In rodents, this reduction of luteal
P4 secretion by PGF2a is not the result of decreased synthesis of P4,
but rather due to the metabolism of P4 to 20c-DHP (Stocco et al.,
2007). PGF2« stimulates the expression of the 20a~-HSD gene and
the activity of this enzyme (Stocco, 2001; Strauss and Stambaugh,
1974) by inducing the expression of the nuclear orphan receptor
and transcription factor Nur77, which leads to the transcriptional
stimulation of 20c-HSD in the CL (Stocco et al., 2000). The circulat-
ing level of 200-DHP throughout the estrous cycle was previously
reported (Nequin et al., 1979), which showed low level during
metestrus to diestrus and high level during proestrus to estrus. It
seemed that the elevation of 20a-DHP level during proestrus to
estrus was attributed to the functionally regressed new CL from
diestrus.

An overview of luteal gene expression during the estrous cycle
is presented in Fig. 6. The present study found a drastic change in
luteal function across the estrous cycle. Our results indicate that
both high expression of steroidogenic genes and low expression of
luteolytic genes are required for P4 secretion in newly formed CLin
anormal estrous cycle. The elevation of luteolytic factors, 20a-HSD
and PGF2a-R, plays an important role in the drop of P4 produc-
tion. Additionally, old CL seemed to have steroidogenic function
throughout the estrous cycle, but the P4 produced by them was
invariably converted into inactive 20c-DHP by 20c-HSD.

To our knowledge, our study is the first report demonstrating
the changes in steroidogenic and luteolytic gene expressions in
new and old CL during the estrous cycle with the LMD method. The
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present study demonstrated that LMD is a useful tool to link the
structural and functional changes of each component in the ovary
including the CL and follicles. In addition, the results in the present
study indicate that consideration of the functional and structural
changes in the CL is very important for detecting ovarian toxicants
targeting CL, and the changes of steroidogenic and luteolytic gene
levels may have a crucial role in onset of lutel toxicity. However,
as our study mainly focused on gene expression, additional studies
are needed to document these changes on the protein level.
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Mice heterozygous for the ptch? gene {ptch1 mice) are known as
a valuable model of medulloblastoma, a common brain tumor in
children. To increase the incidence and reduce the time required
for tumor development, allowing for evaluation of modifier
effects on medulloblastoma in a short time, we attempted to
develop an early induction model of medulloblastoma in ptch1
mice initiated with N-ethyl-N-nitrosourea (ENU). Ptch1 mice and
their wild-type littermates received a single intraperitoneal injec-
tion of ENU (10, 50 or 100 mg/kg) on postnatal day 1 {d1) or 4
(d4), and histopathological assessment of brains was conducted
at 12 weeks of age. The width of the external granular layer
(EGL), a possible origin of medulloblastoma, after injection of
100 mg ENU on d1 or d4 was measured in up to 21-day-old mice.
Cerebellar size was apparently reduced at the 50 mg dose and
higher regardless of genotype. Microscopically, early lesions of
medulloblastomas occurred with a high incidence only in ptch1
mice receiving 10 mg on d1 or d4, but a significant increase was
not observed in other groups. Persistent EGL cells and misalign-
ment of Purkinje cells were increased dose-dependently.
Although EGL was strikingly decreased after ENU injection,
strong recovery was observed in mice of the d1-treated group. In
summary, neonatal treatment with ENU is available for the induc-
tion of medulloblastoma in ptch1 mice, and 10 mg of ENU admin-
istered on d1 appeared to be an appropriate dose to induce
medulloblastoma. {Cancer Sd 2012; 103: 2051-2055)

edulloblastomna, a primitive neuroectodermal tumor that

develops in the cerebellum, is the most common brain
wmor of childhood.Y The ctiology of childhood brain tamors
remains largely unknown, but previous studies have suggested
associations between childhood brain tumors and chemicals
such as pesticides and nitrates.”™ These studies are mainly
epidemiological, and there arc few investigations into the
effects of chemical exposure during development on childhood
wmor using animal models.

Recent genomic approaches have demonstrated the existence
of four distinct subtypes with demographic, transcriptional pro-
files and clinical outcome.”™™ In these subtypes, the tumors
with activation of the Sonic hedgehog (Shh)-Pich signaling
pathway belong to the SHH group, and are considered to arise
from granule cell precursors (GCPs) in the external granular
layer (EGL) of the developing cerebellum.” Since Shh signal-
ing is known to drive proliferation in the GCPs, it has been
suggested that the pathway dysregulation resulting from geno-
mic alterations of its components presumably drives medullo-
blastoma formation.””

Mice heterozygous for the prchl gene (prchl mice) are an
important model for medulloblastoma. Homozygous knockout
mice dic during embryonic development with defects in the
nervous system.'™ Heterozygous mice survive to adulthood,

doi: 10.1111/a5.12006
@ 2012 Japanese Cancer Association

and 14-20% develop medulloblastoma several months after
birth.® Histological and marker expression analysis of the
brain tmmor has revealed that they closely resemble human
medulloblastoma,” and similar to human cases, the origin of
medulloblastoma in pichl mice is thought to be residual EGL
cells that failed to exit prolifemtiom“o‘ Activation of the Shh
pathway has also been confirmed in the wmors of pichl

et : ; b
mice,”” and this mouse model is equivalent to the SHH group
in human cases. While the study of the molecular mechanism
underlying medulloblastoma formation has progressed, few
stadies on the modifying effects of chemicals on wmor devel-
opment have been conducted.

Although ptchl mice are a valuable model for smdying
medulloblastoma, the low frequency and long latency for
tumor development are disadvantages for detection of the mod-
ulatory effects on medulloblastomas, especially in the case of
tumor suppressive compounds. Previous reports showed that
neonatal irradiation dramatically increased the incidence of
medulloblastoma, and it has been suggested that tumorigenesis
in ptchl mice follows a multi-step process. ) So far, med-
ium-term carcinogenicity bioassays based on the multi-step
cancer development (initiation promotion model) have been
established in many organs to detect modifying effects on
tumor development in a short term."*™ N-ethyl-N-nitrosourea
(ENU) is a very common initiator and is known to induce ner-
vous s;ls(cm wmors including medulloblastoma in newbom
mice.">!® Therefore, to increase the incidence and decrease
the time required for tumor development, we attempted to
induce medulloblastoma using ENU in ptchl mice.

Materials and Methods

Mice. Ptchl heterozygous knockout mice, generated by
replacing exon | and 2 of the prehl gene with a LacZ/neomy-
cin cassette,” were obtained from The Jackson Laboratory
(Bar Harbor, ME, USA) and maintained in our laboratory.
They were housed in polycarbonate cages with wood chip bed-
ding and kept in an air-conditioned animal room with basal
diet (CRF-1: Oriental Yeast, Tokyo, Japan) and tap water
available ad libitum.

Experimental design. Twenty-five dams were used in experi-
ment 1. Prehl mice and their wild-type (WT) littermates
received a single intraperitoneal injection of ENU (Nacalai
Tesque, Kyoto, japan) dissolved in saline. The highest dose
selected was 100 mg/kg based on a previous study,"*'® and
50 and 10 mg/kg were set as medium and low doses, respec-
tively. Postnatal day 1 (d1) or 4 (d4) was chosen as adminis-
tration day because they are periods of active proliferation in

“To whom correspondence should be addressed.
E-mail: mtakahashi@nihs.go.jp
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ehellom. Became: the width did oot differ accosding © peno-
type, we counted th: valoes of bath mice topedher.

Stasstical analysis. As for d2a of the amas of the cerehellom
md grambr layer, values of dhe dldmaed and ddgeared
gromps were compared with he ocomesponding contmbs by
oneway asava or the Krodkal Wallis e When sutisncally
significant diffemnces were desecied, Dunnait’s maokiple oom
pasisons test was weed for comparieon betwesn the contml and
meament groups. [nadence of hstopathological findings was
compared osing Fisher's exact probability sest. Width of EGL
wa mayred by e Stodent's or Wekh's reest following a2
e for egual variance

Results

Mod mice wem asym anc homt the smdy. B
pichl mice and m'wﬁte v.::eo?asmd dead ar nfainmw;
Hydrocephalos was foond in three pich] mice, and the cooee
of death m the other cases coukd not be determmmed. At
12 wesks of age, there wes mo inkergroup differences m sor
vival rae I both groups (Table 1} A significant diffemnce
wix not detectad in fimal bady weight {data oot shown).

Redoztion of censheller sive was @paent & 30 mg regard.
ks of {Fg. Xy, and metric analysis mvealed
a ﬁgﬁﬁ?&xydgm&h the Mm mrd:dhgl‘md Erama
Lir layer i the gmops mested with 50 or 100 mg of ENL
(Fg. 3).

madmee of medulloblastomz m pichl mice of e con

wal gromp was 19% (316} (Fg 4). In conmast 11 of 15
(T¥%) and six of 10 (S50%) mice devedoped medulloblastoma
m the gromps receving 10 mg on dl ar &4, ively. At
50 mj madulloblasioma occured m seven of 15 (479%) mice
mreated on dl and in two of 10 {20%) mice geatad on dd. At
100 mg, éhe tomor mcidence was 2T (622} m di-geawed
mice and 26 @&/14) in ddtrmted mice. Most wem
= an eady stage of medulbblastoma and 2 sigmficad
merense W the moidence was detected omly in the gromps
recenving 10 mg. by WT mice, thee was no medulloblistom
ocamTence I enhs 5

As pevioosly reported, focl lesions of persitent BGL in
sab}'nrpmm were cammen in pich] mice and occasionally
found in WT mice (Fig. SA) The mcidence and degree of sub
pial BGL fod were not geatly infloenced by ENL teatment
(Fg. 5E). b comtmst, the parsisent BGL cells were dismibmied
diffasely in &he malecalir layer in mice recerving ENL at 10
md 50 mg (Fig. 5B}, and the persstent EGL cells showed 2

P Py s
Lo

oifen-

1o ik a Tof

ik

Fig. 1 Meoplete dorn in the ordeius. Neogadic laiom in #e o -] "
1o of i fur laper, (i) mc dule, () nodule, (V) morommser ad {4 Tulblown ke Heewloxyln aed e eclon B,

e

100 mn

o

diaz WL e SN108
32 peew Cnaow Amocwaon

181



SB el 119 rmg b

1 Crme s $w ordbdls ke of piehl mice reeiving A
vamumpﬂma&y 1 Buar, 500 g

18- ekl W ikdey

[ L)t erviwd ew

< |
Tem 12 @ (W o) 48 |60 (ew M2 W sw (0 da b

il H 41 “

iy 3 mmnuﬁu&mamw lape in pichi ased
witdspoe (AT znl'amry diferant Troen Pw coninal ?tl.m -
P 005 ared "P<o. rapatlivey . Sgrifkanty Sleent *u
ool geonip at TP < U0

100 e ull-henes tumn Fig & Haspathoigical | rnm Obrird in cerdbwliar covien M-

| RISt — Erilar welim of pichi mvice, and

BNoduic e ridence o 1hise &nau i prhl ad wildype WT) roe. (4]
Fexcadl hﬁmd;-ﬁm:ﬂm: 2 layir (EGL) i auleid

CiMicmzodule Ticen farvews) cbreiad in pich ese of e control oroun (gude 1)
. Lltspemmlifentim {E) The bediown. of parsueen EGL coils ditdbuted Efhsay in e

g

~
=
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ol shovmd rond divibution padlel © Te ganulic by 0 e
Emnipodle e of pehi eﬁumimmgaliﬂummmhi
&y-&(ﬂ. [4)] Miux?rmmaf P kirge @l obrirwed i pidhl esie
remivireg 100 mey of di. Hesavoyin ard anin wcfon Bae,
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Fig 4 Tenal exideens of meduicbistena in pichi e, Sigali-
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zomal dissbuson parallel o the %nrml.u' layer in the molecn. | d 1-trented group
lar layer at 100 mg i both pchl and WT mice (Fig. 5CF). a4 [_—1 e d-trealod gnoup
The pemistemt EGL cells of focal and diffuse types were well = ,

diffsentized, and cedlular atypia and mitsic were rarely seen,
unlike n medolloblistcaa cdk. In acordance with e mor
phamearnc malysis, redoction of fe number of grammle cells
was hiswmlogically spparent stanmng at 50 mg. Al miulign
ment of Porkinje cells was nowd from S0 mg mgardiess of
genanype (Fg. SD.GL I
Ofher thm medolloblastoma, fhere wa o occorewe of :
nenml mmors i prhl and WT mike Thymi hmphoma,
which is indoced by ENU in mice, was incresed dose depen T v -
denily. The incidence in prch] mice was 14% m e gmmp i 4 ! = _H 21
recaving 10 mg on d! amd 108 and 50% in the gromps Postmartil iy
receving 50 and 100 mg on o4, respecavely. Alko m WT
mice, llr%'mt v m ocwred in 25% md 40% of the dl. |, .‘?;‘ﬁ.d b ”‘m;) ?n:;'yzwx::m
trented mice ai S0 and 100 mg, respectively, and I 1%, 18%  pooveand day 1 (d0) o penaal 4... 4 (dg) Sonifianty e
and 67% of the d4 meated mice a2 10, 50 and 100 mg, reper. e $w comb ol group at *P < 000,
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dvely. MHwdrocepbaboss and rdabdomwosimomas, which are
imown w0 oo spomisecssly inopehl mice, were found -
Emee ki mice ﬂar%,( and BRI B oot offec Bt widenee.
b experimient I, dhene mere no inkerpen Giffemaces I body
weight frvaghon e sndy (data mot shown) The widé ot
TVl i e oomood groan at g ";iay'?az’d%am
decmaned g Iy md R R 1oday E
(Fig. & In mice recefving 0000 mg on 91, foe widdh of IOL
was sEioogly redwed @ G4 Then BGL cmsidenbly
serovered o A¥ and was wiler dhon dhe comsd proun ot did.
Similarly, the widd of BOGL in adoe of e ddoreated groum
W ﬂ;gwaftasfz.w decranned af 47 and then became wider S
i I othe coomol 2t diE. B che degree of vecovery afer
dumuge by EWL was mulder S that in de dhopemad groan,
Wisalpomen: of Porbinde ol wa apparet, espechally In ke
divmented gromp. A differawe @ BGL dewelopment beween
pichl wnd W mios was rea ohsaved i die poesses anady,

Discumian

Meduikblsomans were ohsened freguendy dn Soweshoold
okl mie moeiving 10 mg of BNUL Tn pedh ] mice, prenen
plamtic hmcm of meduibblsioma were sten al a m,g?a T8
Gence ar B weeks of e, and thess Bsion s;;:;mmméy
regmased or mamned by 10 weeks of age ™ Thardfore,
Be goesen sindy, e oo cheeved @ 12 weeks of age
wem regaoded as seecid lesions the dmody Bd o fomon
alfogh most leioos wese xf;mhé as @ early sage of
mecafcbhmnma. It &5 belewed that puhl ﬁamiﬂm&:ﬁﬁ.sav
alone & nod mificiend 0 Toore tomcr Smaton and dat ki
doeal gemedc Jesions are : for e TR

prrsitene of D BGL alone & not safficens for temod genesls
hesmne oo af the mmim wice showing pesmisim: BOL
v fan pehl mice develn medulobbsoma ™ Fuaster
mom, meepnsingica] alsrafons Ile ecigie BOL cells were
induored by chemicak soch e mednd arocy medanel and ok
plardn dwrmg ceehellr himogenssh i ras and muce, abeg
wih &sm;%mr&»:;: of e baked cells or dumage of gim
fibern B0 Raoamas pessistence of fue TOL was Sromd & Bek
pekl oand WT mice s phenomenon may oomr @dspen.
dendly of B Shbh P pafwe, alhiongh o imu:ec of glia wred
basker celis was oot apnaren: im oo stwdy. Mhsdlipnmen of
%&gz cells wa repooid in or® cemehelfm follovning
premanl expose o Koamaihgon, aod Se decramse & Redi,

which 15 exgrenssd I e pravale cell of o bigh Sevel and belpe
regulafing procesess of - migraben and postioning i
£ é:vcin;xm& i:gasz_ was SFonph © be o possile came 0
Thin of Porkinie cefls observed in oar
szacdy alen may resalt from 2 marked deomase B TG cells
«._mu;_aei W BN

TEES Hlasicenas g el an Evar

dzsma mﬁhgxﬁ by gesomic approsshes, EL aamed Frtimre el

eng of denpemSos and new deaps for medzlichiasmma

wid wke accomrd of Sese sdvvpes. Temom of gkl mice

moaght 0 be equivdlent for dose of Se ST groap &
‘r{m‘l;m thensiie, owr moded will be o ol dool foo wsting
mew drags tageting e Rh oty AddiSeooally, cembellr
develpment aooaring after bird &omice §s of good besedts
for iowvesigaton of fe effiacts of chemicul mposme during
drvelopment on medulobhsomy. Bemmse medalleblmesma
of pchi mice resembles human mees B hEmolagy. marier

i oa mhgmeza g:fmmx cmmggc:g EWLT
pesaiily enbamced xmeriz by imcrensing DRA damape
simlar o sadiEiom a‘.ﬁ x;tﬂ Factuatin ?{g

e : i M%ﬂém&’mﬁ@s amdcm&nf
m&a%h@m i dow oAt on o mare and
Tymphioma. (o onast, 50 e 361 g of B rectaced S nive
of the cerdbelbom, and s%gséﬁa:mz ndmcion of ]
s ckrfgﬂ'c-:’: Iz experiment I, BOL ok, 2 possible atgin
af T aginna, wese sridogly decremed e 100 mg of
ENLL é':' fhy, & o of TRt T cells s sn
mevese af o Bph dose far stockpiles of S damaged BGL cells
i develon medsBobhlesioma conld be Hodsed

Timing of adminimiion Is ko an impormsr fator for

falbblasioome dncton, ad i dhe Wmi smdw, df was
i effecive thm . b ex;cnm:m I, ke respome i ENLS
Wg%-ﬁfﬁza‘ﬁ A1 amd Bl 3. The steog
recovery of RO afer N mjaction that was obasgved & the
S omeaied grovap migy be a reason for embaeed tewmee sk
dom A pmwvioss swody demonsvasred S BGL cells a4
sower] nesistonce do radivion indooed oell desth oand pS3
imdweton comparal widy BRL odb a2 410, despdie evicen
amgning mahfﬁwcm & o Al wd A0 Guc difermces
i el mespemse 1o EML damage might abo comabee o
ms«- Tamior i mza:éimzxmgm@_

Focal fesions of persbient TGL & e subpid posidon were
coanmon in pichi mice and acasinnally found I WT mie. In
adfiion, the lesicms of pecmimest DEL cdb dbmdested 45
fely or wndly in e mokoder bver wem indoced by BRU
in bod mice. Bet the incidence of pemiced BGL cells J&id
mod coerelar wid medalichblssoma mdocton Ferssze ROL
fas heen chwerved I ofer mestand mice and 2 & baldeved g

AT

s md el odgn, o meds! will be wfoemuzive Sy
Erzmian rk of enwin chegmicals and new
dps dasing devdopment In conmsy, i shoodd be mongrized
55 pxﬁf micers & ansstable for S research of medsl bbla.
foamia ever S the FHI groap. Aden, dhis moded mighs nod be
applicabie for elmadaton of omse of bomas medalioblseema
in some cases, becamse oar modd B developed for rapid
screezing of eovionmenial chemicals and sew draps and Sere
might be some differmoes baween indoced and spondrnecems
samors at e molecalr Jvel.

b mammary, EXU is a fer e mdscfon of madslls.
blasoma & prhl mice and 10 mg of BND admizisesed o
di was @ pproprie ey oondiin. BdseSon of madulin.
blastoma by FNL may be g good modd for stedving modifier
efferss on medalbbhsnme becmme i medind
alinws for Rgh tomor feouency =d Sz Intescy amd Swne
wias o ocogmencs of rewrd mmees ofer fun medoibbis.
wma incthe boin. This model will be heloful for homas sk

of e chemicals ard rew drogs fagpe.
ing the Bhh paboay.
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