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Male Sprague-Dawley Rats Prenatal Exposed to Di(n-butyl) phthalate: Morphological Changes in Leydig Cell

Smooth Endoplasmic Reticulum

ABSTRACT

When high doses of di(n-butyl) phthalate (DBP) (100 mg/kg/day) were intragastrically administered to pregnant
Sprague-Dawley rats throughout gestation days 12 to 21, the male pups showed similar weights with no apparent physical
abnormalities (e.g. liter size, sex ratio) compared to that of the vehicle group. However, the prominent age-related
morphological alterations occurred to the smooth endoplasmic reticulum (sER) of testicular Leydig cells (LCs) once these
animals reach puberty. At weeks 5 and 7 old, the abundant sER with non-dilated cisternae distributed in LCs. After then,
although the number of LCs significantly increased, the amount of sER significantly decreased at 9 to 14 weeks old, and
disappeared at 17 weeks old. In contrast, the number of LCs and the amount of sER in LCs of lower dose groups (10, 30
and 50 mg/kg/day) were similar to that of the vehicle group. Furthermore, serum testosterone levels in the 100 mg/kg
dose group were significantly lower at 5 to 17 weeks old. While their luteinizing hormone (LH) levels were significantly
lower at 5 to 7 weeks old, and they became significantly higher at 9 to 17 weeks old. The aged-related and in utero DBP
exposed dose dependent decreases the amount of SER in LCs linked with the increase LCs proliferative activity and

serum LH Levels.

INTRODUCTION

Since the 1930’s, phthalate di-esters have been widely used as solvents (C1-C2; methyl and ethyl esters), plasticizers (C3-
C13), film formers, emulsifying agents, surfactants, and added to adhesives, glues, pharmaceutical enteric coatings, paints
and printing inks. A common phthalate ester, ortho-di-butyl-phthalate (DBP) may be found in many over-the-counter (OTC)
personal care products such as nail polish, cosmetics, shampoo, deodorants, perfumes, and hair spray (OSHA 2009). DBP
hydrolyzes in vivo to produce mono-butyl-ester (MBP) which may undergo phase I oxidation to give oxidized mono butyl
ester (MBP-O) or become glucuronidated (phase II metabolism) to form (MBP-G). MBP-O has also been shown to undergo
o and B-oxidation pathways to ultimately produce ortho-phthalate acid. It has been reported that 90-96 % of an oral DBP
dose will be excreted (parent and metabolites) via urine within 48 hr (Hoppin et al. 2002; Alam et al. 2010). Incorporating
data from a variety of different research groups, an extensive physiological based pharmacokinetic model in pregnant
and fetal rats has been reported (Clewell et al. 2008). The model successfully predicted levels of MBP and MBP-G in fetal
plasma and testes. It has been shown that DBP dosed at 100 mg/kg/day or greater during gestation results in higher
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levels of MBP via saturation of uridine 5’-diphospho-glucuronosyl-transferase (Clewell et al. 2008, Alam et al. 2010).
Therefore, the experimental data appears to support the notion that metabolite MBP acts as the compound
predominantly responsible for observed anti-androgenic effects iz vivo. MBP has been shown to inhibit fetal rat testes
testosterone (T) production (Parks et al. 2000; Akingbemi et al. 2004). During the late fetal period, when male rats are in
utero exposed to DBP, fetal testicular T synthesis decreases with testicular dysgenesis and Leydig cell (LCs) aggregation
(Mylchreest et al. 2002; Barlow and Foster 2003). In normal testis, the LCs are located between the seminiferous
tubules in cell clusters; the shapes of LCs vary from round to elongated or even fusiform. Normal steroidogenic LCs are
characterized by a large amount of cystic dilated smooth endoplasmic reticulum (sER) in the cytoplasm (Mylchreest et al.
2002). In utero rats DBP (= 100 mg/kg) exposure been described to induce the LC hyperplasia at adulthood (Mylchreest
et al. 2002, Mahood et al. 2007, Wakui et al. 2012). Hyperplasia is different from hyperptophy that the adaptive cell change
in hypertrophy is by increased cellular size only unlike in hyperplasia by increased cellular number (Kumar et al. 2010).
Although the detailed mechanism(s) are not fully elucidated (Mahood et al. 2007), various reports support: i) the presence
of altered fetal steroid hormones and genes (Howdeshell et al. 2007); ii) that the presence of glucocorticoids can amplify
these abnormalities (Drake et al. 2009); iii) that a correlation between inhibition of sterol regulatory element-binding
protein 2-dependent gene expression pathways exist; and iv) that suppression of steroidogenesis by DBP and/or MBP via
fetal-type LCs occurs in primates as well as in rodents (Hallmark et al. 2007). Recently, we reported prominent postnatal
changes of LCs in rats following in utero exposure of DBP were the disappearance of sER with LC hyperplasia at
adulthood using light and electron microscopic observations (Wakui et al. 2012). As age-related morphological changes in

sER of LCs following in utero DBP exposure to male rats have not been previously described.

MarteRIALS AND METHODS

DBP (99.8% pure) was purchased from Aldrich Chemical Co. (Milwaukee, WI). Eight-week-old time-mated female
Sprague-Dawley rats (n = 20) were procured from SRL Co. (Shizuoka, Japan) on gestation day 0; the day copulation
was confirmed. Upon arrival, animals were distributed into dose groups using body weight randomization. Rats were
individually housed in polycarbonate cages containing wood chip bedding in a High Efficiency Particular Air Filter
(HEPA)-filtered, mass-air-displacement room maintained on a 12-hr light-dark cycle at approximately 22 + 2 oC with a
relative humidity of 55 £ 5 %. Animals were fed a conventional diet and had free access to food and water (MF, Oriental
Yeast, Osaka, Japan). Five groups of pregnant rats (n = 4 per group) were intragastrically (i.g.) administered DBP in corn
oil (Nacalai Tesque Inc., Osaka, Japan) at 0 (vehicle group), 10 mg, 30 mg, 50 mg or 100 mg/kg/day; ~0.5 mL/animal
throughout gestation days 12 to 21. Dose solutions were prepared fresh every morning and dosed at 9:00 am. Dosing
regimen was based upon previous studies which illustrated adverse effects to fetal male rats at 100 mg DBP/kg/day
(Mylchreest et al. 1999; Barlow and Foster, 2003). Offspring were weighed and sexed at birth. Litters were reduced to
leave eight offspring, 4 males and 4 females per dam united with a mother not given DBP or corn oil. Weaning was carried
out for 21 days post-partum; pups were then removed from mothers. Offspring were housed in polycarbonate cages (n =
4 per cage; single sex) with wood chips as bedding and replaced every five days. All animals were weighed at birth and
again at b, 7, 9, 14 and 17 weeks old. For each time-point, one male from each dose group was randomly selected, weighed,
anesthetized, and euthanized via CO, overdose. The testes were removed, weighed, and representative samples fixed in 0.1
M phosphate buffered containing 1.2% glutaraldehyde (2 hr); post fixed in 1.0% osmium tetroxide (2 hr). After dehydration
in graded alcohols, specimens were embedded in Epon 812 (TAAB, Berkshire, UK). Sections (1 zm) were cut using a
Porter-Blum MT-IIb ultra-microtome and stained with methylene blue. To count LCs, light microscope images were
captured on a 40 x objective on an Olympus BX53 microscope with CCD attachment DP73 (Olympus Co., Tokyo, Japan).
As LCs were located within the interstitial tissue areas without seminiferous tubules, the number of LCs per unit square
interstitial tissue areas (10" ,umz) were calculated using Image-Pro Plus ver.7.0.1 (Media Cybernetics, CA) by examining

randomly selected sites (fifty) in each group to avoid sampling bias. Then, for the ultrastructural study, thin sections were
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cut on a Porter-Blum MT-IIb ultramicrotome and mounted on formvar (polyvinyl formal) coated slit grids. After double
staining with uranyl acetate and lead citrate, sections were detected with an electron microscope (H500H, Hitachi, Tokyo,
Japan). As sER is an amorphous organelle, the confirmed quantitative analytical method of sER has not been established.
In this study, to generate quantitative sER, the unit circles (1 zm diameter) were overlaid to avoid overlap and each sER
mass in forty electron micrographs of the cytoplasmic regions in LCs of x 15,000 magnification were randomly taken
from each group to avoid sampling bias. The number of unit circles per unit square (5 ym x 5 m) were used to count the
relative amount of sER quantity in LCs. Serum testosterone (T) and luteinizing hormone (LH) levels were measured by
radio-immunoassays as previously described (Fisher et al. 2003; Wakui et al. 2007). For each set of mean values, standard
deviation and standard error of means were computed and compared via Scheffé’s F-test (p<<0.05) using Stat View-] 5.0
ver 5.0 (Abacus Concepts, Berkeley, CA).

REesurts

Compared to the vehicle group, no statistical differences regarding average body weights (g), litter size, pup survival or
sex ratio for all four dose groups, 10 mg, 30 mg, 50 mg and 100 mg DBP/kg/day, were observed (data not shown). At post-
birth weeks 5, 7, 9, 14 and 17, testicular weights for 10 mg, 30 mg, and 50 mg/kg dose groups were similar to that for the
vehicle group. However, the 100 mg/kg dose group displayed a statistically significant decrease in testicular weight after
9 weeks old (data not shown). Light microscopic observations revealed that the number of LCs in the 100 mg/kg dose
group was significantly higher than that of the vehicle group at 9, 14 and 17 weeks old; all other dose groups at all ages
were similar to that of the vehicle group (data not shown). As electron microscopic observations regarding normal rat LCs
have been previously described, an in depth description will not be described (Russell and Burguet 1977; Jones et al.1993).
In general, normal LCs showed centrally placed with rounded to ovoid nucleus containing marginal heterochromatin,
and abundantly dominated by sER; they were diffusely isolated, cystic dilated and distributed throughout the cytoplasm
(data not shown). Compared to the vehicle group, distinctive morphological changes were observed in the 100 mg/kg
dose group. At 5 to 7 weeks old (i.e. puberty periods), the 100 mg/kg dose group had abundant sER with a complicated
arrangement of non-dilated cisterna, and few stripped rough endoplasmic reticulum (data not shown). The amount of
sER quantity in LCs significantly decreased at 9 to 14 weeks old, and the SER was not observed at 17 weeks old (data not
shown). However, mitochondrial swelling was not encountered and the Goligi apparatus displayed no observable change
(data not shown). During 5 to 17 weeks old, the 10 mg, 30 mg, and 50 mg/kg dose groups exhibited T and LH levels similar
to that of the vehicle group (data not shown); whereas the 100 mg/kg dose group had significantly lower T levels than that
of the vehicle group (data not shown). The LH level of the 100 mg/kg dose group was significantly lower at 5 and 7 weeks

old, and was significantly higher at 9 to 17 weeks old compared to that of the vehicle group (data not shown).

Discussion

Postnatal male rats exposed to high levels of DBP (2100 mg/kg) induce testicular dysgenesis resulting in increased
numbers of LCs; unchanged or decreased testicular steroidogenesis have also been reported (Kim et al. 2004; Alam et al.
2010). In addition, ultrastructural studies showed that dosing i.g. rats (at 6 to 8 weeks old) with ortho-phthalates - di(2-
ethylhexyl) phthalate, di-n-pentyl phthalate, di-n-octyl phthalate or diethyl phthalate - for 2 days induced vesiculation and
dilation of sER in LCs, but the overall sER quantity were unchanged (Jones et al. 1993). In this study, DBP was dosed i.g.
daily during gastation 12 to 21 induced LC hyperplasia without hypertrophy in the highest dose group (100 mg/kg) at 9
weeks old; they were non-dilated cisternal sER and morphologically steroidogenesis deficient. Upon reaching adulthood
(i.e. 9 weeks post birth), the amount of sER quantity in LCs of 100 mg/kg dose group exhibited age-related and gradual
decrease which disappeared at 17 weeks old. Hence, these data showed time dependent morphological effects on sER in
LCs of rats following in utero DBP exposure.

Orally administered DBP becomes rapidly metabolized and excreted in urine within 48 hr (Hoppin et al. 2002; Alam et al.
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2010). It has been suggested that in utero DBP exposure directly influence fetal rats LCs (Mylchreest et al. 2002; Barlow
and Foster, 2003). Previous rat studies have reported that LC numbers were unchanged during the juvenile to puberty
periods, but significantly increased after 90 days old; some studies have proposed a compensatory reaction to testicular
steroidogenesis triggered by T insufficiency (Mylchreest et al. 2002; Barlow and Foster, 2003; Hu et al. 2009). In the
present study the male pups dosing 100 mg DBP/kg/day from gestation days 12 to 21 induced a significant decrease in T
levels even at 5 to 17 weeks old, but showed significant increase number of LCs after 9 weeks old and the amount of SER
quantity correlated with increased LH levels. Human studies, compared to controls, have suggested that LC hyperplasia
occurred in patients due to lower serum T values and higher LH levels (Booth et al. 1987; Holm et al. 2003).

In conclusion, while a variety of studies have been reported in the literature, the present research illustrates that
male rats in utero 100 mg DBP/kg/day at days 12 - 21 of gestation exhibit abundant non-dilated cisternae sER in LCs at
puberty and significantly decreases of sER in LCs at adulthood (i.e. after 9 weeks of age). These experimental observations
have appeared to be linked to low T and high LH levels. While the complete molecular mechanisms and apparent dose-
dependent effects are not fully elucidated, links between the alteration of sER and decrease ability to synthesized T with

increase receptivity for LH warrant additional research.
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VTR (IVF) %1Tv, IVF BOAEFNE, SRS L OETNORERE 7. I EMBRINEA AL L 0 R
MM kRO, 30% (v/v) ethylene glycol (EG), 0.5 mol/L sucrose 3 & 0820% (v/v) 7 VGG (FCS) =&t
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PRIz FrERT L O IVF 12X 2548130 7 ZALRE L 727 v MIEMRIN 712 &R 2500 g R0 & 0 &%
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B, ZORTHRZIEIVOIRIE TR I CBIEREAET 2 2 LR, HEETE T 572012 IVF & 5 \WIZIHIE
BWHTEAEICHC LB, HOBEENERZERTLIENTELIE0L, MOTEELRHNTHLEEZOND.
L2 L, RETHINOBEEERT L, KT 2 LRBOZRE BAEEIELIEKT T2 L2065, %
IFZEIc BT, A RINEMILZ RS L28itEB L OF I 20T v MRZBING, HiiEd 17 % H v 7Ry 2k c ik
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300 TU/kg eCG 3 £ O hCG 12 & b #FIHEIIALE L 72 3-5 BisOMEZ v & (Crlj: Wistar) OIRERAE L 0 99 Az IN
THEAME (COC) #ERM L7z, 0.1% hyaluronidase = & 0 ¥0 FeAliE 2 B2 L 7200 2 B LALERSN (DO) & L7z, #9&
LA, DO B L UNCOC 2 ZNZFI15% EG B L U 20% FCS % & & i 12 3 4 il 2 721, 30% EG, 20%
FCS B X705 M sucrose & &t 7 ZLIZ 1 0HBAES S, 7T 44 by Ty — MIFTEL, 1 5MOBIE#ET
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BERB T2 HWTIVE L22#HiEd 2 Wiz A5 216 DO B & 08 COC D AfF =13 #ifE DO 48 94.3 = 4.7%, #ifE COC
75933 * 48%, 77 ALDO 2380.0 = 4.4%, 7T AL COC A°82.7 + 32% CTH V), MEBXMIZHE LA IR -
72 (P>0.05). “ZAEFILHEE DO 25594 + 14.0%, ¥l COC 2568.6 + 3.7%, 47 AL DO 250%, 4T A4t COC #*
327 £ 43%ThHY, 77 ALCOCIEH T AEDO LW AEICE W 22EL R LA (P<0.05). F72, T %AW
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Abstract

Olfactory signals, including the scent of urine, are thought to be processed by specific brain regions, such as the medial
amygdala (Me), and regulate sexual behavior in a sex-dependent manner. We aimed to reveal the sex-specific neural
circuit from the accessory olfactory bulb (AOB) to Me by using a transgenic mouse. We quantified the long-lasting green
fluorescent protein (GFP) expression profile, which was controlled by the c-fos promotor in a sex-dependent manner by
the scent of urine. Female urine predominantly activated neurons of the MePD in male mice and the MePV in female
mice. Male urine, in contrast, generated the opposite pattern of activation in the Me. There were clear sex differences in
the pheromone conveying circuits in the AOB-Me of mice. The sex-dependent functional activation of the Me, however,
only had small effects on behavior. This suggests that a diverse number of nuclei and brain areas are likely to function in

concert to successfully facilitate sexual and aggressive behaviors.

1. Introduction

Pheromones are chemical cues essential for intra-species communication, particularly with regard to sex and
aggression. In mice, the vomeronasal organ (VNO), which is located beneath the nasal septum, detects chemicals
that convey biologically relevant information, including sex and reproductive status. The coordination of sex-specific
behaviors is highly dependent on the vomeronasal neural system (VNS) [1-3]. For example, the ablation or functional loss
of the VNO impairs sexual behavior [4, 5], even when sex-related odor discrimination is intact [6, 7], suggesting that the
VNO mediates pheromonal signals that trigger sex-specific patterns of behavioral plasticity. The accessory olfactory bulb
(AOB) is the primary target of the VNO, and efferents from the AOB extend to the medial amygdala (Me) [8, 9]. Therefore,
some of the pheromonal signals responsible for the induction of sex behavior are conveyed to the Me via the VNS.

The Me is one of the sexually dimorphic nuclei in the brain and consists of the anterior (MeA), posterodorsal (MePD),
and posteroventral (MePV) components. Neurons located in the MePD are larger and more abundant in male mice,
compared to female mice [10, 11]. Recent neurochemical analyses of the MePD demonstrated that expression profiles
of genes encoding the GPCRs Brs3 and Cckar were sexually dimorphic. These sex differences are steroid hormone
dependent and control the expression of sex-specific behaviors [12, 13]. In addition, neurons that express aromatase
are critical for the conversion of testosterone to estradiol in the MePD, which is a process that promotes territorial
and maternal aggression, in male and female mice, respectively [14]. Neural fibers in the Me project to discrete nuclei
in the hypothalamus that are known to regulate sex-specific behaviors, including aggression and sex [15]. It remains to
be determined if olfactory-related sensory information is uniquely decoded in the Me by each sex to facilitate adaptive
behavioral responses. However, the temporal dynamics of the cellular, molecular, and functional contributions of these
distinct neural circuits in the Me remains unclear, particularly with regard to the expression of sexually dimorphic
behaviors. In the current study, we examined sex-dependent neural activation across subregions of the Me by a prominent
sex signal, i.e., urine. Using a transgenic mouse model, we observed the long-lasting green fluorescent protein (GFP)
expression in these neurons via c-fos activation, which was temporally specific and doxycycline suppressible [16].

Importantly, neurons that were selectively activated by male or female urine were measured within the same individual.
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The expression of a different immediate early gene of Zif268 was used to label neurons activated by the second stimulus
during the suppression of additional GFP expression due to doxycycline, thus, preserving the label from the first stimulus.
Using this system, we observed the separate neural activations by male and female urine, separately in the same mouse.

Further, we compared male and female recipients to visualize sex-specific cells that were activated in response to urine.

2. Methods
2.1. Animals

All mice were housed under a standard 12-h light/dark cycle (lights on from 6 a.m. to 6 p.m.). The vivarium was
maintained at a constant temperature (24 = 1°C) and level of humidity (50 = 5%). Food and water were provided ad libitum.

The double transgenic mouse line ¢-fos-tTA, Fos-EGFP was generated by crossing c¢-fos-tTA and tetO-EGFP transgenic
mice [16]. They were bred at The HAKUBI Center of Kyoto University (Sakyo-ku, Kyoto, Japan). After being transferred
to the Azabu University, these male mice were crossed with wild-type C57BL/6 (B6) female mice. The genotypes of the
offspring were confirmed using a polymerase chain reaction-based genotyping protocol, with DNA purified from tail clips.
All pups were weaned at 28 days of age and housed in groups of the same sex until eight weeks of age. For viral infection
studies, experimental B6 mice (purchased from CLEA Co. Ltd, Hamamatsu Japan, and bred in the lab) were group-housed
according to their sex and age in larger cages (175 X 245 X 125 mm). Immediately after viral infections, mice were singly
housed for two weeks until measurements of behavior.

2.2. Experiment 1: Histological Analysis of Zif268 and Green Fluorescent Protein (GFP) Expression in
Neurons

Experimental transgenic mice (i.e., 9 male and 7 female mice) were fed pellets containing doxycycline (CE-2+Doxycycline
0.005%, Nihon CLEA Co. Ltd., Hamamatsu, Japan) and housed singly for 10 days before exposure to urine. Doxycycline
feeding was stopped 4 days before the first urine exposure. Male and female double-transgenic mice were exposed to
female and male urine, respectively (See Supplementary Figure S1-A). In the absence of doxycycline, neurons activated
by the first stimulus expressed c-fos and GFP. The urine used as an olfactory stimulus was a mixture obtained from three
other B6 mice immediately prior to the experiment. A total of 60 ul of urine sample was transfused onto a piece of cotton
and presented to the experimental mice for 60 min. After an initial exposure to the urine stimulus, all experimental mice
were fed with doxycycline containing pellets again for three consecutive days to suppress any additional GFP expression
during the interval between stimuli or in response to the second stimulus. The second exposure was conducted using the
same protocol as the first, but urine derived from the opposite sex was used instead. Further, neurons activated by the
second stimulus was accessed Zif268, instead of GFP. The mice were deeply anesthetized with pentobarbital (100 mg/kg,
1.p.) 60 min after the second urine exposure and perfused with 4% paraformaldehyde in 0.1 M sodium phosphate buffered
saline (PBS) at pH 7.4. The brains were immediately removed, immersed in the fixative overnight, at 4°C, and then
immersed in a 30% sucrose (0.1 M PBS) solution until they sunk.

Each brain was coronally sectioned at 30 um using a freezing microtome. Tissue sections were washed with PBS
and treated with 0.6% H,0, in methanol for 30 min at room temperature (RT). Next, sections were rinsed with 0.3%
Triton X-100 and 0.1 M PBS, followed by incubation with 5% normal goat serum (NGS, S-100, Vector Lab. Burlingame,
CA) in 0.3% Triton X-100 and 0.1 M PBS for 1 h at RT. Thereafter the sections were incubated with an antibody against
Zif268 (SC-189, working dilution 1: 4,000, Santa Cruz Biotechnology, Dallas, TX) containing 5% NGS, 0.3% Triton X-100
and 0.1 M PBS two over-nights at 4 C. Following the incubation, sections were washed with 0.3% Triton X-100 and
0.1 M PBS, and then incubated with biotinylated goat anti-rabbit IgG (1:1000, BA-100, Vector Lab. Burlingame, CA) in
5% NGS, 0.3% Triton X-100 and 0.1 M PBS overnight at 4°C. The sections were then washed three times. The stained
sections were then intensified and visualized using a VECTASTAIN Elite ABC kit (Vector Lab., Burlingame, CA) with
DAB (3,3'-diaminobenzidine) Peroxidase Substrate Solution (0.05% DAB, 0.015% H,0, in Sodium acetate buffer 0.175

M) containing 0.05% nickel chloride. The sections were then rinsed with 0.175 M sodium acetate buffer for 10 min, and
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thereafter rinsed five times with 0.1 M PBS (for 5 min per wash) to minimize residue from the first antibody. Next, the
sections were incubated with an antibody against GFP (#598 Anti-GFP Purified IgG/Rabbit Polyclonal, working dilution
1: 10,000, MBL, Nagoya, Japan), in a solution of 5% NGS, 0.3% Triton X-100, and 0.1 M PBS, overnight at 4 ° C. Following
washes with 0.3% Triton X-100 and 0.1 M PBS, the sections were incubated with biotinylated goat anti-rabbit IgG
(1:1000, BA-100, Vector Lab. Burlingame, CA) in 5% NGS, 0.3% Triton X-100, and 0.1 M PBS, for 1 h at RT, followed by a
series of three washes. The sections were intensified and visualized using a VECTASTAIN Elite ABC kit (Vector Lab.,
Burlingame, CA), with a DAB (3,3'-diaminobenzidine) Peroxidase Substrate Solution (0.05% DAB, 0.015% H,0O, in sodium
acetate buffer 0.175 M) without 0.05% nickel chloride. Sections were then washed with water, mounted on gelatin-coated
glass slides, dehydrated, and cover-slipped with mounting medium (Entellan New, Merck Japan, Tokyo). Zif268 positive
neurons, activated by the second stimulus, were stained blue and GFP positive neurons, activated by the first stimulus,
were stained brown, for both sexes. All Zif268 protein expressed in response to the first stimulus would be degraded and
removed before the second stimulus. Since the antibodies against Zif268 and GFP were raised in rabbit, we confirmed that
no cross-reaction occurred by using a no primary antibody control, i.e., conducting the same staining procedure minus the
incubation step with the antibody against GFP (See Supplemental Figure S2). In addition, when the transgenic mice were
exposed to no-pheromone stimuli (only cotton) twice, only a very small number of positive cells were observed in the MeA,
MePD, and MePV, compared with the number of positive cells found in the brains of mice that were exposed to urine
(Supplementary Figure S3).

Every third section derived from the serial sections (average: 13.5 *= 0.94 sections/animal, 16 mice in total) was
visualized and analyzed using light microscopy with commercially available software (OLYMPUS BX51-N, and OLYMPUS
DP71, Tokyo, Japan). The neuroanatomical areas of the ME were confirmed using the Paxinos and Franklin (2001) brain
atlas. An example photo of the immunostained cells were shown in Supplementary Figure S4. Given the small size of
the soma of the neurons in the ME and the relatively thick section (i.e., 30 um), GFP was observed over the nucleus. The
immunoreactive cells in these areas, in both left and right hemispheres, were counted and averaged as the number of
cells/side/section. The criteria for counting an immunoreactive cell was as follows. Initially, a high magnitude photo of
each section was acquired (Supplementary Figure S4) and the immunoreactive cells were grouped by color as expressing
GFP (blue, including light blue, gray-blue, but not deep dark blue), Zif268 (brown, including light brown, red-brown, but not
bray-brown), or both (dark-blue, dark-brown, and black). Thereafter, three observers, who were blinded to the conditions,

sorted and counted the cells in the large magnitude fields, with a reliable correlation co-efficiency (r2 = 0.80).

3. Results
3.1. Experiment 1: Histological Analysis of Zif268 and Green Fluorescent Protein (GFP) Expression in
Neurons

Cells that were stained with GFP, Zif, and double stained for both reflected cells that were activated in response to the
first urine stimulus, second urine stimulus, and both urine stimuli, respectively. Neurons that were positive for GFP and
71268 were clearly observed in the Me (Fig. 1A, B, Supplementary Table S7). In the MePD of male mice, the number of
neurons that were activated in response to female urine (GFP+) was significantly greater than those activated in response
to male urine (Zif+) (Fig 1B). In contrast, the number of neurons in the MePD in female mice that were activated in
response to male urine (GFP+) was significantly greater than those activated in response to female urine (Zif268+). For
both sexes, the number of positive neurons in the MeA responding to male urine was comparable to those responding to
female urine (Fig. 2A). In contrast, there were sex differences in the distribution patterns of neurons responding to male
or female urine in the MePD and MePV. Interestingly, the total number of double labeled neurons was less than 10% (4.8-
9.1%) of the total population of all labeled cells for each subregion of the Me.

In male mice, the generalized linear model revealed a significant effect of “Stimuli” (Wald X*=5.14, p<0.05) and an
interaction between “Area” and “Stimuli” (Wald X*=9.18, p<<0.005), but no effect due to “Area” (Wald X*=0.61, p=0.43). The
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total number of neurons responding to female urine in the MePD was significantly greater than those responding to male
urine in the MePD, and those responding to female urine in the MePV (Fig. 2B, Bonferroni post-hoc comparisons, p<0.05).

In female mice, the generalized linear model revealed significant effects of an “Area-Stimuli” interaction (Wald
X*=25.68, p<0.0001), but no effect of “Stimuli” (Wald X*=3.01, p=0.08) or “Area” (Wald X*=0.924, p=0.338) alone. The
total number of neurons responding to female urine in the MePD was significantly less than those activated by male
urine in the MePD and those activated by female urine in the MePV (Fig. 2B, Bonferroni post-hoc corrections, p<0.05).
Neurons activated by female urine in the MePV were significantly greater than those activated in the MePV in response
to male urine (Fig. 2B, Bonferroni post-hoc corrections, p<0.05). These results clearly indicate that male and female urine
stimulated different neuronal populations in the Me. These findings suggest that the recognition of the opposite sex is
processed more actively in the MePD, while information about the same sex is more actively processed in the MePV. This

sex-specific information may be functionally relevant to different neural circuits in the MePD and MePV.
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Figure 1. (A) Double immunohistochemical staining against Zif268 and green fluorescent
protein (GFP) in the ¢-fos-tTA, Fos-EGFP mouse. Positive neurons can be readily observed in the
posterodorsal medial amygdala (MePD) and posteroventral medial amygdala (MePV). (B) In male
mice, neurons responding to male urine and female urine were positive for Zif268 (blue) and GFP
(brown), respectively. Conversely, for female mice, neurons responding to male and female urine
were positive for GFP (brown) and Zif268 (blue), respectively. There was a significant sex difference
in the distribution pattern of neurons responding to male or female urine in the MePD and MePV.
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Figure 2. (A) The number of positive neurons responding to male or female urine in the anterior
medial amygdala (MeA), posterodorsal medial amygdala (MePD) and posteroventral medial
amygdala (MePV) of male and female mice. There was a small portion of neurons, which were
double-labeled and activated by male and female urine. The consistent relationship between the
numbers of activated neurons in a brain region and the area of the circles is also illustrated. (B) In
male mice, significantly more neurons were activated in response to female urine in the MePD,
compared with those in the MePV (#p<0.05) and those that responded to male urine in the MePD
(*p<€0.05). In female mice, significantly more neurons were activated in response to female urine in
the MePV, compared with those in the MePD (#p<0.05) and those responding to male urine in the
MePV (*p<0.05). The functional activity of neurons responding to male urine in the MePD was also
significantly more intense when compared to neurons that were activated in response to female
urine in the same region (*p<<0.05). Statistical analysis was conducted using a generalized linear
model, followed by a Bonferroni' s post-hoc test. Data are presented as mean * standard error of
mean (sem).
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4. Discussion

Neural circuits that control sexually dimorphic behavioral responses are critical for adapting to social stimuli. The
action of the male pheromone ESP1 in the VNO triggers female sexual behavior while stimulating male aggression [17,
18]. There are also sex differences in the functional activity of hypothalamic regions in response to ESP1 stimulation
when measured by c-Fos expression. In female mice, the posteromedial cortical amygdaloid nucleus (PMCo) and
ventromedial hypothalamic nucleus (VMH) were significantly activated, whereas c-Fos was increased in the bed nucleus
of the stria terminalis (BNST) and medial preoptic area (MPA) in male mice [17, 18].

In the current study, we aimed to dissociate signaling pathways dependent on sex, using the stimuli present in
urine, and further reveal a function of one pathway by experimentally activating a key neural circuit important for sex
recognition and social behaviors. In Experiment one, a sex-dependent activation pattern of the Me neurons were observed
in response to urine, i.e., a sexually relevant olfactory cue; female urine predominantly activated neurons in the MePD in
male mice, but in the MePV in female mice. In contrast, male urine tended to produce the opposite pattern of activation
(i.e., increased activation of the MePV and MePD, in male and female mice, respectively). We therefore hypothesized that
a sex-dependent neural circuit from the AOB to the Me would be, in part, controlling sex-specific behaviors. That is, the
AOB-MePD pathway in male mice activated by female urine would induce mounting behavior, while the activation of the

AOB-MePV circuit by male urine would induce aggressive behaviors.
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JERZIR STz WIRESRTATA U T AR ZRAKIZANTHERE LIze ZOH%, 70% D7 VI =)V 358, 80%I2 3457,
90% 12547 99%12 1047 H 99— 99% 12 10 3 TR S8 720 D%, ¥ L » (HOBRESR TN S - 3
HA) 1215 3 FEEED I THLY i L Entellan (FIOGHESE T3epka ot « 500 0 BA) THA L.

R
obsa DEEHED CGIZBWT, MG~ — 71— TH 5 cfos DFEHPBIE SN (M1, 2), GCIZHBIT 5 HARIRY
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720 @ cfos DEUL. FIEEAT0.99 mA DSAFTIE, 10D 2 &L L TEWEADPH -7 (K3)s 720 0.99 mA D
M2 BT freezing O3 L CGIZBIT 5 cfos DEEIZIEOHBEANA S22 (K4). 0.1 mA S TIEHBEIE R
SNholze WMEDHR, BLA & CeL. CeM IZBWTIZEDHL HF D cfos BRI TV iah o7z,

1 demo 7% 0.99mA @ footshock #3213 T2 FEERIZ BT 5 obs @ CG DAL 4

2 demo #% 0.1mA ® footshock %521} T 5 FEERIZ BT 5 obs @ CG DALFEW (5
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freezing(%)

4 0.99mA %=1 T? obs @ Freezing DE|4 (shock & post @ 6 12 BT 5 freezing ®
BHEOAE) & CGIBIT A cfos DFEDMHEIN
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ZR

AREBAER LY . demo WESMNIMZEZ 2T T, obs b7 ) =V v V2 3B SE 5 L) MEIZCCOHEG LTwb EE
ZbN7z, 72, demo 125 % 2 EEHMATK E VHEIZB VT, 5 2DHERT25obs 12fzb Y. CGANHEN L. 45
RELTTIV—V U IPEETLEEZ BN,

NEREE) % F 5 WA B VT, BLA b ADIEEIRGEOMEBEEEEIIE S L Twa ERIBENTE 7225 BLAK
BWTIEEDHED cfos DFEHADVIEF IV R, T2, 7V 7LD ALDONL o7 2D ENL,
footshock FEERIZ 51T 2 i A DIFEIEG D 4 12 1% BLA I EH O 2R E 2> T b L IEF 212 Do 720 TR Cel
R CeM G L TwAnwEEZ b/, 4, MAHERGEICBIT 5, HiKED» S DG EFHET LI LT, 20
BREZ I S22 2 L lifE s s,

ik

1. Langford, D.]., & de C Williams, A. C. (2014). The caring, sharing rat? Pain, 155, 1183-1184.

2. Preston, S. D., & de Waal, F. B. (2002). Empathy: Its ultimate and proximate bases. The Behavioral and Brain Sciences,
25, 1-20.

3. Jeon, D., Kim, S., Chetana, M., Jo, D., Ruley, H. E., Lin, S. Y., Rabah, D., Kinet, ]J. P., & Shin, H. S. (2010). Observational

fear learning involves affective pain system and Cavl.2 Ca2+ channels in ACC. Nature Neuroscience, 13, 482-488.
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WRT—<
Sv bO7 IV I—IVEFFEEETIVICBI(T 2LW\o R B AT H D3R DR

B g8 B M P28 4EEE4 H 1 H~ PR30 4EEE3 31 H
TuY ey MR R (i - BRRHEEL SR

(FRABIE]

L BT R AEFEED 1 D Th b, KilizT52L T, SfHbE) T v 7 ASEA NV AZHOITLRIERPEFY
WL AMBIRE AL = RXICT R R EDVETONL, L2LARFSL, 7 I— VEEEIUIM Y 2 A FEERE T
SR L., BCEFEEDITLERNTTLH 5, P25 FEED S 10 EBOFTHE TTHN TV LEERIAR2] (82K T
FEEIZB VT, EEEHERO) A7 2505852 HIBEL T2 H0EE&ORAEHIEL. 1 HFESM 7 )LV a2 — )T 20g
ﬁ%%ﬁ%waéo—ﬁ\wb@é%Hﬁmmﬁ IDOVTORBENT -7 1E T3 TlEhv, 22 THRFELIE. Wb

WAKRIFHOELY 537 V3= 2 X B IFREEICWRIZEZET 2020w TT Yy PETVEHW TR TAZEZHM
L7
(3iE24=]:0)

T HE R AEEEED 1 2 Th b, KiliExTHIET, ZFLr ) T v 7 ASHA N LV ATHLITARRRLE
W2 L AMPBARE AL —XIZT DR EPEITOEND, L2 LAaAS, 7TV a— VEEEBIUIMRA 2 AT EER % 5]
EHRIL, BCERE2HTFLEHMHATTLH S,

2014 2T IV T — OV REHERE E 0 SRR AR L ATEAT S 2. T OEBORERIE AT, TV a - VEFEREOTRE, #TE
L OHBEOLEMIIE Uil s 2 EIcE /T4 2 & T BB L O AARBRIEZFORRILEIZO- D, T
T VREREEMNREREGMICHREL, ERTL2EBLEHT S 1,2). EFERERO) X7 2555 (BT Vo —
WTA0g Pk, Z20g Db/ H) Z8ELTW2EOEGOH Yz HIEL ., BiEH 2 BELKIETH S 1 HVPIGMT
VA=)V T20gBELHEREL TD,

SEALEEA T OV T — VEREE G S EIEGEO 10 2256287 TCvwb, Z0121E2 HOKRFHAGEEFN T 5,
TE O AR Ry 723 1859 #4 &2 3t B 12 y-GTP Z fRIEIIEFRAE L AT o -85 K. 1 ARIC 10 ELUF A% é&#?f%
HIERIBL, IHICHARE L A2 OBHED 255, 1HIZ2 52 5KIFHA 2 HESETH L LR _Tnw5E253), 2
DOIRIFEH OEARR 2 L ) FIZOWTOE Kz v, )5 513 Japan Public Health Center-based prospective Study (28
T 40~79 %Ay 83000 A\ & XF 512 15 BRI A 2 47 o 72458, SKlE o2 R I IR EDO PRI BT, 1
HIZHARBELA, 2V 28RMOFBEERITA 2RI EPEETHL I L EZRELTVDEA4)., KIFHIZOW
TEARIIIEBRT V2V, 2O L I2WDW L RIFH ORI HIZIA (BB SN TW D25, 20BN T — 21314545 Tik
T\,

ARIFFETIZ, bW ARIFH O K37 Va3 — VI L B HEFEICCPISEET 201220 TTy PETVEHWT
Witd 522 HWE L7z,

(R &T53E]

EEREINUEERYG

4 GO SD R Z v b (Charles River) 32 PE#% Lieber-Decarli F:5) 12& ). 7V a— VEk ki ()=
YHNVERTE) HHVIEEOEN T — % ALY CEE LR E R OF ) o S OVEERETE) T 8 MR UN 118
[ @ pair-feeding 17> 720 S WM M N 11 M D 5% % / —)Daﬁ({iﬂiﬂﬂf"ﬁﬂ (5% EtOH, n=4 : 7 Vva— Vi) &
Oa v ba— ViR EAREE (Non- EtOH, n=4 : I ¥ b o — V), I 2 HOEHE L/KIFH 2% ) o 5 HEIX
5% L%/ — VERER A 11 ARG L2 (=4 1 H%HH?»:—»#)&U 122 HOMZ BWTIRIFH %
RITTHRY OS5 A 5% T8 / — VER KR %5 U728 (n=4, K - BIRFR 7 va—vie), 8BEM kU 11 #
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%@ﬁﬁﬁﬂﬁ%ﬁ(m%:lﬂﬁﬁ)@%5%%@%Lt07»:_wﬁi FI3%LY ) — VERBAREEEY S 2,
2 A% 4%IBAT L. BHISHEFED 5% T8/ — VERAFEZ 22 8 k. 11 8IS 272,

filH %T%~12%4/7w7/ & W ARRIFHN S T OBRILER, B Z TV, 3 CICHFEZ M L, A% ek
RV ETEGE Ly GEITIARERIC & 5 2l —80C TR L 72,

I (& OBRIMA 6 mL H 43 BERI A 0 BEZEPR 1M (S T3E) (2 2 L. 30 45 DL b~ 2 RgR DL 281 C i i
B, MEASERRE L 72 2 & 2 FERR L C A 5 % 3000 rpm, 10 43 o B L 72 i % — 80T IS B RAE L. HH 4 5 1
ZEIR T L 72 6) 0 BRIMAMIGHEE TORME., RAFTEL Sk Tl 7 a b a— vz vz,

TRIBER SRR
BT > 3 mm DAY A % /ER L. Hematoxylin-Eosin (HE) #eft %17 - 72 2 1B BAMSE CRIZ L. FFEEORE
% HRREE IV EEAG L 720

&b ZRRET

I % w043 B L C 45 72 i % H v C aspartate aminotransferase (AST). alanine aminotransferase (ALT).
alkaline phosphatase (ALP) fEZ 5% L. FFHEREZ EF-M L 720 F 72 AR & ™MPEK iy » /87 Bt v b (2
Vo RER) ZHCTHIE L2MIBE S > 37 G0 O triglyceride (TG) &% ) 7t 5 4 F¥v b (TG-PIIL;
BL7 4 Vst TlE L. IR o TG & 2 57 L 720

[fER - EE]

Pair-feeding |12 & - T, BT ANV F—HIESLCHEEIZ O W CTHRAKRFRHAET O 4 8/ C S MM Z ML O 11 AMRBRICE R
REBOEDPo I, WHERIE7VI—VE (62+03g) LRIFHT7 VI —VEE (69+02¢ (- HRFFHT Va—)L
). 55+ 03g UK-HIKFHT Va— Vi) L OB THEBERENSRD SN, 5% LY/ — VEARAFE 2R L7
Wrsy /= VEREIE, SEHTIIFRKETH- 72

E 4|l X ZREHAE Tk, BT ) =V EHiZ 5720, a2y ha— VLT y ) — ) VEIL SAMKE. IKIFE T
VA= VO 2HL 1L EMETH L, TF = VEEIBW CTHLEIRE BB EORDIRILS % 8072, IRIFH 7V
D= VEEZT Y PO = VEEEEDL S R WIS 2 L7

R T O TG &EIxa > hu— )Vl 5% L8/ — VER A 2 8 L7 )V a— Vi KEWRFE 7V a—
VB THWRBFH 7 V3 — VBT, 212 87.7£5.9, 267.1+9.3, 159.1+4.7, 130.1+33 CTh h. 4 FEM CHE L%
(p<0.05) ASFED H L7z,

MiE ASTfEIZ 2 > PO — VIR 5% Y/ — VERIBREFAR G L2 7 VI — VS HTHEZE AT AL L
Lotz MFEALT flld. I bo— VB, 5% T8/ — VERRRER 238 L7227 v a— Ve, KAKIFE 7 v
I— VB BEHRIFA 7V a— VBT, FNREN285%4.4, 66.3+3.6, 46.5+3.4, 31.5*3.6 TH V. 4 M CTHE R E
(p<0.05) 2SFEO LTz, Mg ALPMEIE, I ¥ Mo — U, 5% T4 / — VE G R E 24680 U727 )V 3 — Ve, KH
IFH 7V a2 —)VEE, L HAREFH 7 v 32— VBT, 212 642.3£29.3, 852.8+102.9. 720.8+22.3, 661.3+83 TdH ).
4 BB CTHEERE (p<0.05) 2RO LN,

LR OB ZE TP OIRIMLICEB L. bW 2HE 2 HOKRIFHAT v b~ 11 A OBEN 2 7V 3 — ks
I2& 0. HE $eta12 X 2 WBMBE CIMRFR 7 v a— VB o > b a— VB b S 2 WIFREAR G 2 2 L. A
4‘:& L7z i 2 H EHREZ B2 2 HOWbWw 2 REFH X, WHEMBE CTIREWDSAS N WS, T O TG

IZBWT, MiEzbW/ B2 HOWRKFHZ v METHRICEETH > 720 A2 HOWKFH O Y i, FROIEL

WZBWTESE 2 HOWbhW A IRIFHSER T 5 2 E DR T & 720 SN OMET TldEfeal 2 H R OHIREZ B\ 7238 2
HDOWbW ST HIZ & 5 IFEAEDO R AL DE NI DWTHLEPIZT 5 2 EPHERD, T0@EVE L7256 L72HEF
IZOWTIEAHROMERETH ) . RUIEEKESFRIC K ZTEECOWTRFHEZRIT 22 ETWuRIREEEL ) 5
PIZOWT, BEHFE (CYP2ED) R LA ML A~—%— (SOD, 80HdG) 7 L4 ML S S HITHE LT &
TonWEEZ T2,
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1. SRyLERHl, dEEEER, &3 Bl RILICBUT ATV a— VTR EOIFERE. ORI LRSS 1120 1630-1640,
2015.

2. WEASHL, RECIAE. 7OV — VBLERGEION § AR H) A TV g — VR E R EEAREAIE ST, HAR
A SoRE B A S MERE 231 301-311, 2014.

3. REE., BREMZE. BRI, UREE. RSN, BB, SIRE= EM S BHIT, HFEAL HUEIREIC
BIF5 HHEE" OFRAMEICOWT. HAREEZES SR 27 367-371, 2000.

4. MEEA, BRI, SOEEE L JE 3. Life Style Medicine 4: 53-59, 2010.

5. Lieber CS, Decarli LM. Liquid diet technique of ethanol administration. Alcohol Alcohol 24: 197-211, 1989.

6. Umemura H, Nezu M, Kodera Y, Satoh M, Kimura A, Tomonaga T, Nomura F. Effects of the time intervals between
venipuncture and serum preparation for serum peptidome analysis by matrix-assisted laser desorption/ionization

time-of-flight mass spectrometry. Clin Chim Acta 406 179-180, 2009.
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S v MORBIEELED LT ATBRAEBIEEICEI T 55

w8 B OB cPHi284E4 A1 H~PH 3043 H 31 H
Tuy ey MR AHERT (BEER  REEEAER)
Tuy oy MR AR (BRERSER MRS e
Tuy ey MR CHRHEKT (BRESR REAiTsEs)

AW 70 Y 27 MZBWTEELTUTOTFT—<IZOWTHI%EZIT- 720

1) (LB OLTERES HHEEZDOMFEICE T DR
(E]:p)!

AR S TR ER 3 AR B O LT BE T R R D SR\ Z B A AL E DR & AT A R T H . M
PEAGH ORI B\ TEESR OB LM ZE, MR ORFRER CIXEELRBIEL 2555, b DR
ICEZ RIETTHT OO DIZHEBITARIT 6N,

PEINIZBE - TR S N5 FARIIITIRMEFR IS WD AT 04 FRVEY CTHL 7OV 2 AT 0y (P4) #pEET DA
TEAR DS L 72 1 AUE PA 5B & 2o TEREFIIIC TR T 50 COBAED D) HHITE & EAEORERRIBTT L IFOY, &
BERIPEFNBITE V) o BHRMERSAEEERMAZ NGRS 2T v FTld, 3-4 B OPEEIEE & £ TEAINERT 5.
HROHREIERLERT 2O TR =2 AL FEMIBIC X 2HEL B E 35, BARITICB W THR.OH 2 1EE
HOTVWLHEAMPBIE~ /877 =V THY) ., TR AR LIMEARILT S “eat-me” ¥ 77 VA FHEL
TINEAAETHEEZOLNT VS, Lo LA, TSRS 2 BABUREAED RO 5 b Hatano 77 hD 2D
DR (HAA B L O LAA) OUFE % L L 72 BATHIRICB W T, 7R =2 A/MED D 7% LAA O AT HAA X
N o~xru77—=UHFMIL, ~7u 77 —JVOHBEBITORBEEILT LI - L 2w Lailoi, 202
SRBRITEMRICE T 2~ 2707 7 = VIS EREEDSH L T L ERIE L TWD,, RIS TR E BRI &2
BeRIZTTEEBITOA D Z AL HOE2ITT 572012, EEBITICRHEADA SN S Hatano 7 v + OBITHAKIZAL
LHRAE E 2 I HET A~ 70T 7 — Y O E T L C. BWEROEBZEIRITICEbL 0T 7 — Y oS % iR
L7,

[753E]

et LAA SRt 2 SEEMIN AR L, PRINDSHERE S N7z B 2> SO 2 $RICL 720 $RILL 720P 53 4 % /X T RV A7
VT e FCREE L, HEICHEsTXT 71 Y alith 4 ymEOYF & LT, HE il & ) EFRMSREBIE L2, kw
T CD68 3 & U P450scc D —EHRIEMMALFEE TV~ 7 07 7 — T NGO BIELER L. 512, MFG-ES
mRNA @ in situ hybridization % 47\ % O JFTE = Mt L 72
[(BRBIUER]

7 v MBATEATIEPOGHE & Z MU O HEIE TR Z 2 MBI RD 5, WTIIZB W T HIEMBOFERIZIZE D
B~ru7y— VPN REE% £723 2 LAVRE Sz, (§MEA] caspase 3 B MEMIBLASRE S 2 I Cld, v~ 71
77 —VIEMFGE8 2/ LTT7 R =Y Affifaz EEL. ZNUIOHEBTIEI MFGES 2 %8B L rvw~vru7 7 —2
DT L 7o AR L Cwa b EZ 5NE, LAA TMFGES # 5B L s~ 07 7 — U ANEHER! caspase
3 B R A E I S S S-S, T HIEEERBk o~ 07 7 — P % #5135 monocyte chemoattractant
protein-1 (MCP-1) ##HHE T 2%8EMo 705275 (PRL) 4= LV, HAA EHARTLAA THWI L&
MLl 7224 CTdh 5 L EF S NS, AP CTIRIBMEIIEOBERICB T2~ 707 7 — 2 O&E % M5 L7255, MFG-E8
GWDEHIIZT R = ZMlEaR~ 7077 =V 2RHTHI L HLDT, ¥ 077 =T 055W S5 tumor
necrosis factor-alpha (TNF-a) % & O 7 R b— 3 AFHERIE L #EAMILICB T2 2N 0 OZHEOHFT I VLETH 5 &
EZbNT,
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[BEXE]

1. K AEETF [9 v EAORRBFENBITICHT A~ 07 7 — 2 O%E | TR 28 4F BE R AT A R e ik [ 2 F 52
FHE AR

2. KMEAEET. HHEM, A & DEEE, B B ARERS, K se RHERT [y MEEE R
$1F % Milk fat globule-EGF factor 8 (MFG-E8) mRNA D &7 ] (45 109 [A] H ARZGfE Y4k 4y. 2016 49 H)

2) AR MRECEME(C K DERFTERENIIREEEDERICNIFTHECET DA

(=]:p)

FELIE O o 2R AR £ Tld, ¢ MZBWTHEWMIZBE W T SRS LI E T 2 &
HEH e VwR 50 A ld, SOOI HBEOLELE ZOX N ZALEZWLPITT L0, T MOy ik
MM OB R E CHLEWTA MY 2 VDT F VT AT V4 =) (EE) 2 ETMEEWEIGEEL. WMo
LGS CH 0 FIEINARTE N & 72 2 B EME T v MIC EE #8515 L T2 0B 2 MET L. 2O o EE B
RO MEE L2 G0 &3 D8k 4 0B 5B 2 R T 2 L2y LT & 720 FRIC, BELXUVPIFOZ A b
07 ST 5 EEZOSNAIMH EERETS . A RICERPORYE S 1L L, IRRICERIRINE»TER S 1 b
Zl. o CICERRIIER ORI IZ, FEERRBOMINEEZ T2 2 & 2R L7z, 20L& REREE
& BURTE TR IR O R E L 72BN WO Z L2 ML Twb bo L E 2 o, &5#THH
D6 Bl BURTHTHEBRMECR VE “ A V€ > (GnRH) 02 EHEFIE L TWw b ¥ 2<7F > (KP) 23—

N3 2% Kiss] BT OEAETARIETH, SR THFIKT T2 2 EPWEL 2R o7, RIFETIX, EIEEEH

BoxA N = X EZ B E LT, BRI E IS Kiss] BB 72580 607\ 6 HiE TORKRTEIZOWT EE

DOH&E & Kiss] ZEBOBRZ% & N ZEHOHER 2 <72,

(53]

Sprague-Dawley RIEIR T v 56 BRI TS -8l A2 H (1 BHE) (CEASRD L, R e e %
B 255310 ug/kg @ EE ZHEFREROHRS- L. 20 24 % 2 HE) HHWIE5HE 6 Hilg) 8L 72 %
7oy MRS B b N WS EILIRINE REF R DN T % 0.08 ug/kg & 5 \ W IZHEDOFRD 5z 0.016 ug/kg
% 1 Hisg 5 5 HH ARG L. 20 24 Ktk (6 Hilm) (CHIML 720 WINDBURTHEZERIML . real-time PCR
T Kiss] 2@ & L. 2 — 2l FARIZRE RS L7z B o 2 & Ji L 72,

[BRBLUER]

EE [ZH A5 H O Kiss] 5B 2 BHF IR T 87225, 2OREICHEM TEEIRO N ko, £72. X%
FEOTVINOREGHELHG 5 HED 6 HEnDH 232 Hii & R TIRMEZ /R L. HEOMEITIZEVIEAD 2 2 L 2aVRIE
SNz 61, HRMICHEREZ RIZS 2 VHETS ERG 2L D AR Kiss] B 2T S8, 04 pg/kg L E24#%
G U 72T CUERED H N o - HEUSBRDSEED Lz SNHD T L2, BIREK Kiss] OFEBURT O
HVERH O BR A IR RIS ERE R S L% b D TIE R WAN, SR KissI 130 TRV HEFRP O EE IS L, R
B 5AZHEOMEITICM ) BB T2 ML T b & E 2 5,

[(BEXitE]

1. Shirota M. Kawashima J. Ogawa Y. Kamiie J. Yasuno K. Shirota K. Yoshida M. 2012. Delayed Effects of Single
Neonatal Subcutaneous Exposure of Low-Dose 17a-Ethynylestradiol on Reproductive Function in Female Rats.
Journal of Toxicological Sciences 37. 681-689.

2. Shiorta M. Kawashima J. Nakamura T. Kamiie J. Shirota K. Yoshida M. 2015. Dose-dependent acceleration in
the delayed effects of neonatal oral exposure to low-dose 17a-ethynylestradiol on reproductive functions in female
Sprague-Dawley rats. Journal of Toxicological Sciences 40. 727-738.

3. M RIS = VT A b T D — VBRFEIC X 2 R R SHUR T SRR O L o R OV A
TEVRRAE (AT S B B B IFgE ] (PR 26 4R BERRAT R K7 BEBREE - WF e R HE LR RR S0

4. FEMEAL B B OKRH sE. REHERET [HEMT v h~OZF = VA T V4= (EE) #OHEGAHIK
T Kissl BART- OB RTS8 ] (55 109 [0l 0 ARG F R4, 2016 49 H)
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3) (LB DIREEECRT D RS EFMIHE
(=]:p)

IRHAERR IR T/ THRAED W T RNV E L DHIE SN TR DA, TNOIIESTWT 5 HRVES 2L
THEDP S ORI ZZ T TV D, Eo T, IEEZEEGET 2LFWETL . 2ORIINIFIRTH / TEREOIEH 2
ZAF B 72, NEAOEFEN 2B % in vivo TEHMIIT 5 2 & 13HE Lo —H. in vitro TIEWIN 5345 AR 0 5228
BHT20ERETH L5, Z 2 TR TR, HUR T THERECR VE Y itikVE > (GnRH) 43 % B8 L
TWLFANRTF Y (KP) 23— F§ 5 Kiss] #IaTa2RESELZT Y b (Kiss]l KO) 2ZHWT, JIE,SDT7 14— F
Ny 2EH % ZT B 2, ALEWE OINEFEEE in viveo TEHIT A2 ET VR Z B E Lize Kiss] KO 13903
(2 GTH B MIEZH LT 2 S R A )V E >~ (GTH) IREDSIERL ~NVLUF Th 572D MWMRIZZER L T\ b,
IR AR E 7V & 3% 7201213 GTH OMFLALHETH 205, KP IRIFRIZOREB L T b 2 Ln b, REEMIET
(& Kiss] KO JRHEATIER 722 GTH B85 F CIEH 2k 2 H 3 500 & ) 2% GTH HGFER L 5 B A T v M ~OBHH
FEBRIZ L) MET L7,

(53]

LB RE L DM % 21 72 KissI & TdTomato D ~7 QAL 2 k% HRACEGE L T 5 17z KissI KO 8 X OB A
THWz. £9, 7T HERO KissI KO 12 eCG5IU % 3 HIMEZ T#45- LT 10 Hlin CHRE & SR L . AP ALK & [ AR 128
HU7BAT L L 720 IR C IR X 0 SR 2 4515k L 7 AT R B o BRI~ 12 23 Hilsd KissI KO &
B \WIFEP R O JIGE 2 FEAE L CIERI 2 B L. ML 6-8 MO ZEIEHICHMR L 720 — B AERIME L B L. &
Bt 6 HIZHIM L 720 WINOBAIIRB L OTE2HRINL CEEZHET 5 & & b ICIRMRz 8% L7z
[(BRBKLUEER]

Kiss] KO ®I5E, eCG %512 X ) Type ba OHIFLIRINAABEE SN D L H 1242, BAER L IZIZFESEOY) 1 X2
otz JNEFHM LB ARNCIIE 2 AL 2 E BRINEOELEFRICEDL S 3. BRERN 5 H TEERT E 7213581
WISRONDL LD, 15 HTIEE 2R 2 G L7z, £70. BHEENCRO S N-HE R HERZ IO 5 <
%Y. EEPER SN TV, FEEREICHARIIEOSNT, IEEE. PRI, BAEITE A RIIEE &[RRI AT
L72bDrEZONT, 612, KEHko6 HOBRINEIZIZ X KIE L ZEEAPBE SN, INoDZ &b, Kissl
KO OYBRILTER 2 N EREE T Cld, IEERINRGEE 2w TR H 35 2 LAVR Sz,

(BEHE]

1. Shirota M., Suzuki M., Tanaka H.. Sueoka K.. Yoshikawa Y. and Tanaka K. 2017. Noninvasive sample collection for
the genotyping of neonatal rats using adhesive tape. Journal of Veterinary Medical Science 79. 827-829.

2. WKL, SAREN., SAENS, AMESE, KH 55 REHER T TR AV E Y (GTH) FETICBITS
Kissl #fnf/ v 2777 b7 v hOERERE ] (5 109 [ H AZIHA SRS, 2016 49 H)
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EL SR VNARERE QTL ZBALLIYY 12y SREOTERN (1)

w8 B OB cPHi284E4 A1 H ~FH314E3 A 31 H
Tuy ey MR HRRI EEE dEEdR)
Tuy oy MR EIGED (BEFE #d%)

(FRAEE]

L FOEHRTHTAPADBEREIEET VY ATH S ELR/HD 2% (Cg2 Zfk) BLU9FE (Ce9 A Fetaulk b
\ZHEAES 5 QTL % C57BL/6] Afk (Ui B6) IZEA LYY=y 7 /& T L7ze AFZETIZ. 25 D5
VT, JOWNABEOFERE LT OFFE & SRR S OB ORI % A7z, TOME. 2 FHMAD D2Mt397
DRI B L D) 54cM A5 60cM DAL E CTHiud T2 EEH % 779 LOD i 10.1 % 3 2 QTL OFFEATR iz,
DXRNAFAET BEVEEMEC D D EMEETE LT, VY I VBN T v AR — ¥ — (Slela2) BIZTFHPHELEL TV 5,
FZT, BRI BIT A m RNA OFSHEZ AL 72

(CEt=]D))

EL 2fid. & N OSRFUEERMEER TADPADERBET IV E LTALFHEN TS (Suzuki, 2004) . EL RO
TAPARECHE T 2 TR EMEETE (QTLs) 2% 2FB L9 FLAMAIEML T L#fENSNITVD
(Rise et al,, 1991)c L7 L. EidEEE 22 MM S/ S T a7z, QTL OFEMIZ B IZH S 22 SR TW v,
ez, AWPE 7o Y s MFZE (No.XID) 1238w T, C57BL/6J( LA B 6) Rt x I & L C. EL Rt 2 FHffufk
D2Mit365-D2Mit280 [ » #) 118.3Mb @ 51 % #> [B6.EL-(D2Mit365-D2Mit280) /Azab] &#. D2Mit156-D2Mit266 [
#) 124.8Mb OIS % £ [B6.EL - (D2Mit156-D2Mit266) /Azab] 38 & O, 9 F Ytk DIMit89-DIMIit182 i d#y 71.2Mb
TSR % [B6.EL-(DIMit89 - DIMit182 )/Azab] Z#E i §5 2 LA TEz, T2 INHO AV Y 2=y 7 ZflE,
B6 IZHRT, ) LTS R T VNAREEBI LI E2HONII L2, &Py 2 RKIE. BRET S
EL AR D T ) A R 5 2 &6, 4 O QTL OFKMENC G 2 5 B4 BICFFMTE 2 b0 L ifFsh s,

RFZEIE. 32003 Y Y x =y 7 RIS 2 REM 2R REIETVRAE 32 QTL O & 0 SEMEEMERS O @RI
EDL) BEDD LD ERET S, T2, AT 2=y ZRRE AVEBRNTIC X 5 T QTL ORI A7 2 JeE L.
FEEEFORE. BLU, B0 QTL HOMEEHEZHOMITAZ L2 HIYE T 5,

(R &T53E]

YV =y 7 RHEOP TR FIEFEOR W Cg2 Akt [B6.EL-(D2Mit365-D2Mit280)] & B6 Affix T, A5 4 HF
EREAS, 3~4HMETL Yy b4720) 20 OKY) FiFE 108EICES £ TR L7z, FAMERSE LTRY E
il R B L T 2wl R e vz $4bb, 2 /8IS LT 2k LI o % 7K, EEEE
THED 2 x 281275 L)1 L7ze 10 H#HEIC, XY PNV E S — L O BFIPET Thi% i L7z #51d. Hagihara
5 (2009) \2HE> THrdfE L7z 438 L7285 1L, RNA Later (Thermo Fisher Scientific) |2{Z{# L RNA i TR L 72,
# RNA offiliid, ISOGENE I (HAY =) &Mz, il L2/ RNA # 88 & | C, @l 5FEH SuperScriptIl]
(Thermo Fisher Scientific) & HI\» T cDNA # &K L 720 & L7z ¢ DNA % W\ T Slcla2 i#15F O mRNA & % E &
) RT-PCRIZ & 2 58 Blm 2 MI5E L 720 ZBLE OMENT X — TR E S EU T L LMD R L o 5 ZIohiE 5 #or itk K O
Tukey-Kramer & LT, ) LT OFEL X ORMKBICB T 538 E 0282 T L7,

[BREEZE]
Slela2 DB EIE, Y ETHMOBEICIL > TEELRE B SN GRVELOD S ZICEE 5 BT E -
P<0.05). B6 %kt & Cg2 RO 7Ty iy EWFHIHE AT - 728 Cld, @HEFEEREICIENT Slela? #n1 O mRNA
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DI 15~20% N9 A @m0 S5z LA L. Turkey-Kramer #:12 & » €. 4 B OFHMEEEL -0 T
WL 723561203, R A BRI L7223 S e o 72,

Slela2 \3FIZT A MO A MIFEHT L7V I VEEN T VAR—F —ThH b, ¥ F 7 ABBRIHUN & 7z B
RAZEWE CTH D7V E I xR ISP EL L TR R 2 & T, BE 2 BB CEM % #> (Tanaka et
al., 1997) o S HIOFN 51k, CTADATEEZE 2 FO Cg2 Rl . TN a7z Bo /& OIS Slela2 #i5T
® mRNA B L ZIRO SN holze L L, BIEEFET L7000 E A5 &, Slela2 BIZF D%
HEDHEINT S 2 EDRBENTe D0 Slela2 AT ) LPHEICIEE L CRBRENZ LT 2 BIZTTH D
CENHLNI R o7z Stk BIETRBEOMERA ¥ F2HR 3T LT KBIEICE LSBT, Slela2 EinT 058
BIRREDSET 2 0B E BT 5,

(51F3ZRA]
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O MIEOBEBRIZIEZIVATE= )V, AT 4TIy, A7 4 v IEREZ Zr e A0~ 70 K24
YO L, MEA/NEE R RIS REER SIF G L Twb, A7 4 v THERE I T I AEE L. M/ %<
BREELREICHEGLTWD, A7 1 Y THREIRL T I FICE#ESANMLZHERETH Y. 2hTHY TIVEEEZ AT
AT A Y THERRBIE AT > 7)) & ¥ FEMHEN M4 EENOBENHE SN TV L, 20 1 DI &EMEREE (IBD)
BHITSN D, IBD IZEMUEFBEOMLEREETH D, IBDDREICLY QOLAF L LIEKT T 5, 72T, Z00R
BEPEIMETCH 5 Z EIFERREEMEE > Twh, L2 L, IBDIREBICBIT A7) 4 Fo&kEES F
THL IS TV, £ 2 TERSE T, MEERRSGO 7 > 7 ) 42 FERBERICER L, IBD &7 )
¥ FOBEYEE IBD OFFREEXHOMIT LI 2B E Lze @ 7 b E—PEEH % (Atopic dermatitis; AD) (337 & %
fFa i) R, BIFKOD HWET TIHEIRE THEEERET, BEO QOLIKTAMEL 2o Tnb, RERKE L L
WIZZ D7z 575, BRARN 2 FR LR R IGEIERBEHOF £ TH 5. I4FE, MBEHERLS THE A7 1 v T
BHO—2ThHobtT7 I FBLOENEREE T LB ST & /N 7HEIEOBSEIZ L 5 AD OBEATRIES LTV 5,
KWFFETIE, A7 4 YIRETHEATA Y TILY VIZEREZLT, T IFPDLATA Y TIZY Y EEKT S A
74 v I3 CAHEES 1(Sphingomyelin synthase 1; SMS1) & AD O35ES L OVRENOB L2+ 2 L # HIY
kL7

mEERE

@ C57BL/6N 4% (WT) ¥ A, GD3S / v 77w+ (GD3SKO) ¥%7 A, GM3S / v~ 7% b (GM3SKO) <
w7 A, GalNAc-T /v 27 7% b (GalNAc-TKO) ~w AI22%7FF A b J UHilk) Vw24 (DSS) %%k 10 H K
P L. EBROKRBREOFR LEELZCOERLBIZ L. ST 7042 FOPBRNREEOTERICEFS L5 2
ENEEN TV 720, PLHANRATH 2RO 5212, WT v 7 A & GalNAc-T KO ¥ 7 AZNZENOEMEF VA
MEER AT o720 ZO%. ARICKBRFRER T o720 720 B o 7)Y FERESR O DSS FHEM K %I
P EET - 5 N BB AERNT L7, @ 12 ##so C57BL/6 H3k SMS1(+/4) ¥ 7 A, SMSI(+/-) ¥ 7 A, SMSI(-
/)= AR LTy B - BREZ ML Z-SHTE SR 12 4%SDS ®Aifh, I Fka v L S HRT VLT Y EELIRE
A3 (E4+ 2% AD. Biostir Inc.) %2 [\, 3 M., 516 BEA L7z, REEROFHEE L CHKRAI 7T 2HE L, £
DERTEEEFEOIRIEE Lz, 72 BAHMEDRE. H&E §efa, ML A U v 70 —3tn, DFS gethll X 5 Mk
AP, B X ORIEFLIEM L LI e A7 3 VRERIE & 1T o 72,

fasR
O REBRIHH L7233 > 7)) 4 v PEREERRIE~Y Y ATIE, WT & LEERD PSR Sz, 2oh
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T GalNAc-T KO ¥ 7 A5 b DSS #FE P K 41 xh 3 2 itk 2 78 L7z (Fige L722 L7255 GalNAc-T KO ¥ A D
[ AT # 13 DSS FEME ARG RANOIKIEICE G L T o722 EDBHL MR o720 —F. WT IZBW TR AD
FH5E L7E . GalNAc-T oy bEMlBIc B 2588 LABIE Sz, @ ADFH5~ 7 A28\, KO HTIZAIRM
(CEFEORR IR & il A2 B 2RI S ize HAEEOHE T, WT B CIREE, Het B¢
B, KOMCEEONESHR SN ADAIT7 L KOMTIYVERETH o720 /20 WT - Het & i L T KO
BT AD KRR S SHEIRTSHER SR T - 720 MBFIFEMIC BV Td WT B - Het BEE B L T KO BECEZ %
fEB & OB SIEGABIE Sz (Fig.2).
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FARKE G LTWD I EDTRIBEND, F72 GalNAC-T 125 R & N H# % /- & 37 DSS FF 1k AN 0 EhEAL
ZVEH S 2 2 EAvRe S 7z, (@ SMSIKO FEAR I AD R R EFEREL 722 &5, SMSI BL A7 4TI 1
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7272 L. MW 2 6 580 S - & LR AR AT RTT A ORI TORBT 2 HET 2WmE1E. 600
DB O AT REL T 2 MR L2 LTy Bl E LT 1M E CICATRT 2 FHEEICIEB L. EAT
N & RSB R E R IS TRIET A 2 LIl 5T\ d,
B, WEHMIEIDTOLEB) TH b,
<tREHIRE >
O~ IR Ty b NLRY—HH 4 AL E
B 7 ) —= 2 7 %350, idB L VEW L FiE 4 BHERBE VEOREWE=Y ") ¥ 7 OERTHET %.)

Q®ETILEY - HF 4 AR

L ZI SR N 2B

(A 2, MBI RIRY 7 F ¥ 2 BT 2 2 0UEFHE 2 % A
=7V T XF%F 2~ 9 M

(N2 e L7202 FEALTEEH <)

O SPF Eh4)3£5R %
SPF & EEEz L. FIC~Y T A - Ty el @ SPFEW) (FFEmEARSHFEEL 2V & 2R 2xfe L7
FHERE QRSE) 1. Riiikih o oWFHOFAR L FO A HIE L., ERNZFABTREZMEFL TV i,
F0 YT A Ty ME 2=y JRICE SN, ZEOERGEFEHIIED TV 5,



O Clean i85 hEs%
Clean BB HHETIE, YT A - T 9 b - NAZRY— - BLEY b - THFEL R L-BWAEKE QR
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F7o, MASNLEFERWIE. $XTSPFEWTH S,
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O#f#feZ DNA ERES
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Frl 28 FEEYHFE SRR AE N URBREMETINR
Pk 28 SRR AR A eI R iR O BN E (K1) R OSEBREEERL (X2) &, KOLB) THb,

(K -1) EVHRFREMAREBRERFIATE—E

SRR 28 4F 4 A B
o FIRE (1 /H) [ 15— v %7 b Z ()
G M (F— ks [ BRNAELRR| & & 8 & | 8 B #®
~ vz 16 3 10 6
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. - N AN A — 24 2 15 9
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4 1,982 888 0 20 15 9 0 0 359 3,273
5H 2,045 799 0 20 15 9 0 0 359 3,247
6 H 2,317 781 0 20 11 9 0 0 359 3497
7H 2,144 731 0 20 11 9 0 0 364 3,279
8 H 2,099 815 0 20 11 9 0 0 364 3,318
9H 2,326 643 0 20 0 9 0 0 381 3,379
10H 2,673 706 0 20 0 9 40 0 378 3,826
11/ 2,747 704 0 20 0 6 0 0 385 3,862
12H 2,951 582 0 20 0 6 0 10 385 3,954
1H 3,061 681 0 20 0 6 0 386 4,154
2H 2,718 554 0 18 0 6 0 0 382 3,678
3N 2713 553 0 18 0 6 0 15 375 3,680
(/E'p_fiﬁ) 29,776 8,437 0 236 63 93 40 25 4477 43,147
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PTHrP AT HBFICEE L &EH 2 B2 2 L 3O N TV B, MEI AT VST LT3 E A LIRS NT
W\, ZZTHEL FIVAY A VIS B WV THE I & 7 IV OREER ICP-MS THlE L. f 7 Mo H il
DFRFERFEIZ OV THE L7ze AP EHIRICH EUH AT o /2R VA A YRR VT e F iR R 2 s
BEIR. JE73ERRIR. B X OVRARSEEIR & 0 BRI L G BE . WEEAT o720 TR, SRHETRTSH - 72 3
FTNMIZBW T, B EEIRM CIAERBREE T RO 572, BTHOBEREIZBVWTIZCa® PRI Lo,
Zn % Fe 2 EDET M CTHEMBETH > 720126 LT, Cu® Se 3R CREMBETH - 720 T HTHEEETH- 723 %
TNDELIFL bR T ADHE L —FHLTBY., FIZBWTOBREARIIE S WIET 2T 5 2 & OmEEEHH
SrE b, BAEX PTHP OS2 EdhTdh 5,
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Fi 1 Ken Onda, Reiichiro Sato, Yosuke Sasaki, Hiroo Madarame, Hideharu Ochiai, Kazuhiro Kawai and Fujiko Sunaga.
Serum Ornithine Carbamoyltransferase Activity and Correlation with Fatty Liver in Dairy Cows with Displaced
Abomasum. American Journal of Animal and Veterinary Sciences, 11(3): 85-90 (2016)

#3 2 Ken Onda, Chikako Noda, Kazue Nakamura, Reiichiro Sato, Hideharu Ochiai, Sachiko Arai, Hiroo Madarame,
Kazuhiro Kawai and Fujiko Sunaga. Effects of intravenous lactated Ringer's solution in cows suffering from
hepatic disorders. Asian Journal of Animal and Veterinary Advances 11(8): 469-476 (2016)

33  Abd Eldaim MA, Hashimoto O, Ohtsuki H, Yamada T, Murakami M, Onda K, Sato R, Kanamori Y, Qiao Y,
Tomonaga S, Matsui T, Funaba M. Expression of uncoupling protein 1 in bovine muscle cells. Journal of Animal
Science 94(12): 5097-5104 (2016)

FoMoMEE, wEE BHE, UFoBEMICET AR ) e, KR5S, 63(1):5-13 (2016)

24583 1 Reiichiro Sato, Kazuhiro Kawai, Yasunori Shinozuka, Ken Onda. A case study of the hindlimb amputation in

a Holstein cow. WBC congress 2016, July, Dublin, oral.
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¥ % 1. < 7 A Major Histocompatibility Complex (MHC) class 2 ( YL F. MHCII) 2 # 7R & 4L % minor
histocompatibility antigen (mHAg) T& 4. IL4il 7 O3RN COERREE CIZ, £ — b7 7 U —3E
WA R LR AAE T 2 Z & 2 ME LT s ™Y, §72b bt MHCIL #50%k H ORI/ Mak Tod k., =
W RD B EpsinR/Vtilb Btk 7 7 A1) »/Naice (EV/hE) 1T, FUEATF FIziEb s v, MHCIT /Maiz
BALT, WRENDZERMLRE L2Y, 512, EV/ALIZT 1 VY — 22134558, WE SR 5 T4l Jukis
FTAV Y= ANOWILBERIMKENICTa L v 78 2L THDH, £ LT, ZO/NMIHEDRIEMICHE S
572D F T4l O N KigD ¥ 7 F v o — 7 T 2 A8 EpsinR/Vtilb FpME/NMEIZEIRE N L DIZLETH SH Z & )%
birk ol b5, EpsinR/Vtilb Bt/ Ml FERI 2 7 — TLHEOFEATRE S 7z,
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S, Sugawara F, Sahara H. EpsinR, a target for pyrenocine B, role in endogenous MHC-II-restricted antigen
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F458F Ryuzaki K, Sato N, Tanabe A, Sahara H Association with MHC Il-restricted antigen and a cargo receptor into

a processing vesicle. 45th Annual Meeting of The Japanese Society for Immunology, Dec 5-7, 2016, Naha.

Poster presentation.
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g 28 FEOWFRBMEE MR

F 412 v  DExD/H Box % RNA AU % — ¥ YTHDC2 (2 & KI5 12 BT 2 5 O AT s i i A % & 1F
OMEZRT. BLRERT TH L 2 & 2MELTE20Y, YTHDC2 AL D & 5 B EICES LTwb0r%,
3 7B YTHDC2 12 & o TEIF AR S N5 EIWEETF 1222122 DNA Y 4 7 07 L A 12 & o TR R,
MWL T 5 & ZIZEE L S5 E-cadherin O FEH % ¥ 3 2 5 K 7 Twistl REBAFE I N D & X OKERRESE
TTLEE SN2EERT HIFla 2O E 2> TWA I ERHL L2727,

R RS

G 1 Morohashi, K., Sahara, H., Watashi, K., Iwabata, K., Sunoki, T., Kuramochi, K., Takakusagi, K., Miyashita, H.,
Sato, N., Tanabe, A., Shimotohno, K., Kobayashi, S., Sakaguchi, K., and Sugawara, F. Cyclosporine A associated
helicase-like protein facilitates the association of hepatitis C virus RNA polymerase with its cellular cyclophilin B.
PloS one, 2011, 6: e18285.

G 2 Tanabe A, Tanikawa K, Tsunetomi M, Takai K, Ikeda H, Konno J, Torigoe T, Maeda H, Kutomi G, Okita K, Mori
M, Sahara H. RNA helicase YTHDC2 promotes cancer metastasis via the enhancement of the efficiency by
which HIF-1which is translated. Cancer Letters, 2016. 376: 34-42.

458361 Tanabe A, Takai K, Ikeda H, Okihiro R, Matsuura M, Furuya A, Sahara H YTHDC2 contributes to the

cellular response to hypoxia by regulating the translation of HIF-la. 75th Annual Meeting of the Japanese

Cancer Association, Oct 6-8, 2016, Yokohama. Poseter presentation.

Takai K, Tanabe A, Suzuki M, Ikeda H, Okihiro R, Kimura K, Matsuura M, Sahara H YTHDC2 regulate the

expression of E-cadherin by which Twistl mRNA is translated on colon cancer. 75th Annual Meeting of the

4l
iy
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b

Japanese Cancer Association, Oct 6-8, 2016, Yokohama. Poster presentation.
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WRT—~ MEEEIBREICET DA

ok P HR R EI

MAERTY 7 LW EEETY 7

g 28 FEOWFRBMEE KSR

GLP-1 558K I 7V F FSFHH A S R) v 72 v Fu— LT )VE O TH 5 WBN/Kob #ERFEmM T v Mk
W CHUE IR RN 2 S BRI R 2 7R 9 2 & & R L7z miR e AR AN IE O S AR S Tz,

R RS

Fw  Nagakubo D, Shirai M, Wakabayashi K, Nakamura Y, Kaji N, Asai F: Therapeutic effects of liraglutide, a glucagon-
like peptide-1 analog, in diabetic WBN/Kob-Leprfa rats with obesity and chronic pancreatitis. Integr Obesity &
Diabetes, 2; 265-270, 2016.
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WRT—~ B ERAEE(CE Y DR

o ER R ISR
FNILFEERE RS
FHVERERE  EL F
MMERT) 7 AtEWEFEET) 7

T 28 EEOHABBE MR

VAT A4 w7 (mastic) 1. F) ¥ - A ABTEHINLIADPSHNLBHETHY ., RIRKT L5 E LTHS
Nbo RFETIEIE =T NVRICHTEYAT A v 77 (AT 14 v 7Bk (SB&) / Nod) O PERNEAASRE
A EUZ BT SRR 2 MRS L2 Y~ AT 4 v 77V 0 4 WS ENME S Z A =SB S LR EN
720

RMERIRES
A AT HHGRU ARERSE, FIEME 2 BEIRITE. IR B~ AT 1 v 7 OPUEIER . BREEE
FEFTH 69 (8) ;599-602, 2016.

O No. 16—09
HRT—~ HAERREIRIE & RREDITENZ(LDEFT

o P HR R CEEN Y
FNFEFERE A —F kEER

g 28 FEOWHMEE S

XY RAEETFNVICEEANOMILTOMBICKI L, ZOBORBREO LY EEIZLG 2 2 HBEOMIT i LT
X7z Al NI~ AOREBROSMEZ GG L 720 AOHFL~ Y A T3 L WRHETBI OB S, 487006
TIORMPBD HNTze EHIZIOTT AR LT AZEA L, AESEMINE RN L 728 2 7R L 7275,
ZORPIIEL, HAFICEINDMOE P ORGSO TEEICGZ L REBEENH L2 /ML, AET
WERRWT, 73/ B EOREZRMNMOR R E % 572,

IRZERRER S
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ONo. 16—15
WEF—< BIEFHRIRZ KBEZEAVCRERY Yersinia QRZBHENERICE T 5%

TEH B EREES
FNSLFEERE A

FH%ERT) 7 T T

T 28 FEOWRBBE AR

Yersinia pseudotuberculosis (Y. pth) (2 X > THIER I &b TV = THEIE, NERIEEGE TR 4 2B Ic &k
BEBRIEZ &R L, LIXLIZTEWETHRITT 5, 43T E2 a2 bu— )3 5720182 YadA (rYadA)
KERGT 7723l oML R Lz (157 HARYR) SRl @ErORELRGET, SOIRMZ
RIEIRYG. (BGefIl) 2 HIRL TROY 7 F VBT AR -0 THRET %,

[#1 & 5] st @ <~ 2 (BALB/c) 5B, rYadA500mg. 18 B & 2 [ S, FERER - PBS 114
5308, fEfh 1AM T, 2PCIZY. ptb & 10X 7 Sl / LR EAE L Cric L7ze [FR] 77 F U Btk o L%
iE, FESRIERE 33% 72 o 72 DIIHE L CHRIERE 100% & A REICE 2 o 720 [BH] rYadA #1512 X o THEBEAL L
A\ RN DI DORIENIG T E 72 L HIH L 72,

RS
#w 3  Kosuke Tsugo, Shin-ichi Nakamura, Hiroko Yamanaka and Yumi Une. A study on the efficacy of the recombinant
Yersinia adhesin A vaccine against yersiniosis in the early phase. The Journal of Veterinary Medical Science. 2017
May 18; 79(5): 855-863. doi: 10.1292/jvms. 16-0528. Epub 2017 Mar 20.
SRS SPIRREE IPALMBID S 0 BE STz Yersinia pseudotuberculosis DFE 4 OIER OPEIR & RE O B 45 160
M HABESS 201749 H 13 H FERER BEEERS HEHZEE
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RT—< INR—IVINA Y VRAFRY A TS XV EEOREME DS

T R FHA S
FNSLFEERE A %
FHVERERE  WERRR M
FHERTY) 7 Ky 7

T 28 EEOHABBE MR

Fald, F—31 vy (Bp) OmATHEEREEE %L ) #HifEo~ 4 377 X~ (Mp) Z#ii L. Bp ® Mp iE &
LT 158 &2ty L7ze 4laliE. & Mp @ Bp ~OIFMEZ G L7z ZORER, F2ER 1 FEH 1A H#0 5t
%88, PCRIMAT Mp 2t L7z B2 3 Bp 3N CAFE L, &2 » AR L 3 7 ARIC L ILTOABET L
720 PCR M CHAE Bp §XC 6 Mp M L7zo EBR3 P~ A 37 I X~H (F724Y v) HF58%. Mp i3k
ENA L o Tze FEBR 4 FEAE 15 VT 13 P & PCR Hids € Mp 29 S 7ze d@FHRiE L 72 Mp IEDIRZE & [/— 0
ZALHHEB SN /ze T2 EB4 CIIEHEERMRAT L & L D J“W#EJ#N:LK’O % Mp LIRS & 5
et TR X OEERRZ RO _ER H BRI E 72 o 720 FEBR 3 Tld, WL RN ED 5 WIZERE L Tz, B
LoRERIY, Fa G L7z Mp % Bp O THESFEIEIREIH K O JE K T % tquﬁe\’) F72,

RARRRE
TR ﬁuﬁv;z K=V D~ A AT T AIEOFBFEE 45159 M HAREESS 2016469 8 fzilE o

ONo. 16—17
WRT—~ Y IVEA DR AT E M BERRANK (CRE I DTSR

o P HR R FHRASE
PN SRS AR EEEE kAT

FIH%ERT) 7 ) T

TR 28 FEOMKHEE BR

BRI BOTEF Y AP IIHFEREIRE % 24 2 L7z K. pneumoniae (LLF. Kp.) 45727 F V%% B
L LCHIgE 24T o720 7 7 F YRRAEIE~ 7 A Kp10® /0.2 ml BEREP#E CREMM L 720 o, Kp. (el +)
EHRE (=) O2FDORNTY) VIR E Lo TOMER. 2B L L ICHFRIKFEICEFENS LD, K (+) B
BEDFEPoTe F/20 HERME. B TEME L MU OB TIIATFE100% T MEIZ22b 53, FEIHEO A
DEETIERRDS o7z fiame LT, IR (+) FERIE, SeEom#l 2 b3, 10, D375 20 mg/0.2 ml L ED
BT 5T AEEE100% &9 L s T 2 T VRIS L 72,

IRZERRER S
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MEF—<  BWZUILE—EFIIVRZAWE polyl : C12U ORBEFHIERDE

o e [AmE TN
HNIEFERE  BASE

FIHSEERT) 7 HlAHR DNA Y7

T 28 FEOWRBBE AR

H28 EFEICBNTEW T LV~ OVA 28k 3 2 THIISERE 3BT L VT VAV 2=y 737 ADBEGE)FE
BRI CTEDHDPMERTE o lze 20720, WISEOMGESREESL 72 1) H28 £ T OWIEIEET L7z,

RMERIRES
L

ONo. 16—19
WRT—~ BT FERZ EEZ AL R OREREDERIIRE

B HRS [AmEiTIN
N ERE  BEH
FHFERTY 7 By 7

F Az DNA =) 7

g 28 FEOWRBMEE KSR

WEAEFEIZ OVA 7 LIV v BHFLEE W 2 v CROGIERE 2 FEit L 7245, BIF RSN o7z, FHREE
LTCIEIBAEAORBEN D v EE 2 bz, REEILZ OVA DFBE DLW OVA 7 LIV A 5 BIFLEEHE O O
Fafro 7203157 OVA B2 AT L AME DL TE 2 o7,

TSR RSRER S
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WRT—~ RRFRDFEEEROESE

o ER R ¥ g

MAERERT) 7 KRAEEWT)T

T 28 FEOWRBBE AR

MEEEICH & & . WHREORMEETH 2K MEERHZ 8T - ML, FERZ COWBEOAERZHM L. 2
NSHDOEHD L VIEWHIE, BRESERFEFROEM E LTHOONZ, &b, B L L THW &R RLHERME
EARV<) YREESE ATV, N F ) A7 RRICBIT AR EE - WE AT 72,

IRZERRER S
=L
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HRT—~ FFEEDHE & RREN DIER

o H R ¥R

FIHERT) 7 &Gz ) 7

g 28 FEOWRBMEE KSR

JFIE 2 /N SEBR B (e S, MRAUHERE L 720 COFAERZBEFERFETOBEM &L L TH 2 2B, M
ELTHW R FFAEIBREIE RV <) Y EESE 2TV N4 ) 2773 HICBT 5T 2BE - LB EZ1T- 72

R AERIR S
mL
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WRT—~ EIRiELROBRENIDIESR

o ER R ¥ g

FH%ERT) 7 T T

T 28 FEOWRBBE AR

Bl HEH O P 2 /NI FEEREN ) (23 G- L, Pl RIS AE S S0, ZOFERTEESAERFEFZEHOHM & L THY
7oo B FHE L THWAFARBERII ALV VEEEFEEZIT, NAF Y A7 RICBIT AT Rl - LE %
1To720

IRZERRER S
=L

O No. 16—23
WRF—< BV UYLOMEE BREMOMES

o H R ¥R

FIHERT) 7 &Gz ) 7

g 28 FEOWRBMEE KSR

a2V N ERBIRGE S-S, BAHERE L. Zoar v Uy AR ERES A RFEFEHROER & LT
720 B BMELTHCS32 2 Y7 ARBRUIIEERGMEDO X 7 — V2 o, SHEANOIEHTEZ 5% v &)+ 7%
LR - JLEZ 4T - 720

TSR RSRER S
=L



ONo. 16—24
HRT—~ BRBOMN & BRI DIFR

o ER R ¥ g

MHERTY 7 R 7

T 28 FEOWRBBE AR

ROIEHI 2 /NIEERBY G S MRUHERE L 720 C O AR BEFERAFER OB & L THVZ, 2B,
ML LTHW R FERBERIIR V) YEEEZT O N ) AZRRIZBT 50 R - REZITo 72

RMERIRES
=L

O No. 16—25
HRT—~ RO & RREN DIER

TE RS oA

FIH%ERT) 7 )T

g 28 FEOWHMEE S

R H 2 N EERE Y (DB S, AUHERF L 720 COFAR 2 BEFERFEFEROEM L LTHWZ, 28, #
e LTHOSFERBREII RV~ YEEEZITV N4 ) A7 WRIZBIT 50 %R - LEZ 17> 72,

IRZERRER S
mL
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o ER R ¥ g

MHERTY 7 R 7

T 28 FEOWRBBE AR

Bl R 2 NIEREYN G S, AR L 720 COFERZMEFERFEEROEM L LTHV . 2B, #
e LTHW S FAERBREE RV YEEFEZITV, N 4 ) A7 0 RICBT 5 H0 2B - WLiE 21T 72,

RMERIRES
=L

O No. 16—27
WRT—~ IEER (FUET) HROMTE KURREMIDIER

Tl P R A WoOIBER

FIH%ERT) 7 Eier) 7

g 28 FEOWHMEE S

MEAEICHI &M, eBR (MY ) Oz NUFEREIY A &, MAKET L 720 Z 0% AR 2 BIEFER
FEBOHEM ELTHGCZ, B, B E L THCFAERBEEI R V<) YEESFZTV. NAF ) A7 HRICE
%t e Bl - ALiE E 4T o 7,

R AERIR S
mL
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WRT—~ ZEROMRS KURRBMDOIER

T R WO

FH%ERT) 7 T T

T 28 FEOWRBBE AR

MEEIZHI &M & . ZEUROTRU R 2 NIEREYIHG L, AR L 7o ZOFERZEREFERFAIEEOK
MELTHW 2B, B LTHY 2 FERBEIE RV~ VREES TV, N Y AZRRICBIT S T55%
LR - JLiEZ 4T - 720

RARIRES

=L
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WRT—~ HREAD SIRABDS v MRS ITERDIV U VZEDEHVHEFOFHIMICH KIETRED

fzeA

MRS BRED
EPNRFAERS  SEh

TR 28 FEOMKHEE BR

IEARB S, 2 FERR L 72E D v b R HRIX, 2 1) 2 0.5% X, A 1.0% X, [7] 2.0% XIZhF 72 & 7)) SIEZEE KIS
0.5%. 1.0% 2.0% DWEEIZ 2D X H)ITERP L, FBTHHET v MZEhZThoy 7 ) iRk EES L7z, M v b
NE ) YRGS L BETOMAAEINS K 2oz (P00, & 512, BEFLFHICERIL 72 BT O BERE i o &
wEBEDIIE, M v Dy ) VG TS o7z (P<0.0D)

R AERIR S
FRIEER HIRT v MRG58 7)) VIREOECDES OB OERE L MHC ¥ > /37 HO mRNA FEH &2 K%(1T
R BT M E AR - R RARE - 2017T4ES A - Mpa Ry a vk s —, KAV —FEER




O No. 16—30
WRT—~ S v hO#EERRRZ AU e EHE R DL

T R TERE
NS HPRI

g 28 FEOWHBEE KSR

HFLH OB D 2 W IEIE R O A SRR Z PRI L . H—Ml 208 L 7RISR S 5 2 & TERROMII 2
WS, RS (X747 —) 2HR-MIBICHESBL. E—fE2r o BRS¢ 2 EHT
&bo TOTEEMTHIHAE)) & LREN) & H 5 A MiEiilie DM RETH 5o AFZETIE. Lo F:e M
W, 7 MREOMBEMED O MiE SRR T E 5 Z EDMRTE 2, 2512, MikOFEEzEL VT, Bl
MR R OFMIL A 5 & kR DOMIE~ND LT iR =2 — 0 27 4 7 =AY T & 726

IRZERRER S
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WRT—~ S v FORFEHRICEIT DI

B HRS HIGED
ESRBREIES == B L

TR 28 FEOMKHEE BR

F v b ONRIRRED S TR (Adipose tissue-derived stem cell: ASC ) #FRELL 72. ASC 1%, BEICHiE &
NTWLFEFLEE AL & FRMEN% EOMERDOMMIZ LT 5 2 EERSINTNE, B X M VET 2TV
LEEEEHTH 580 7afig (VPA) TASC ZMLE L 726, BRI X ) MEIB~ L FHE S 5 & FhiEifm~
DAL L ARE S L, BRI BRI~ — 7 — B X ORI~ — 7 — ORBILOEINFRSO b7z,
E 51T, ZOMBSEETE & MET L7245, 2OV 7 a RIS X B MRS E oI 1L, B bERAKEEE (NOS) %
L7z NO 2S5 LCTwb 2 &, NO AL NO- ¥ MV Y RO TTHEZ £ NO EAEHR S LT 5l fethavRig
ENTze Tl 7T URIERBEEIZE D NO- & PV Y RIBEHEEESR (TVF = a7 BREHEEHE ASS, 7
VEZ ) ANy WG IERES ASL) 3 — FRBEFOTUE—F —fHEA T F VLI T 5 T DR ENT,

SRR S

gk OWKA KARTS ElkGEF BRI ERES - SV 7afRICE 5 T v MRS otk 51t
OARHAE L NO- & bV v InlEE oS-
- 55 89 [l A ARAALF A RS - 2016 429 A 26 A - MiBEEL > & — - KA 5 —385K
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WRT—~ 7 v FREEREANO HREEHIBE0@RTS LULHA

T R FIUED

T 28 EEOHABBE MR

7 v FIRIEMERIER 2 HH 5 2 Lo, ALME & & OMEA M T 25 TORBHRERE I, 7 v ZHkE
PEATEN T Do AAIBORRBISIZIE, VHEEBSEPEH SN T2, L2l 7 v ZHIROEANED M
W2 ERS, 7y FEIERE TOAEMLOBIES 2 A ICBIRT 5 2 L IINETH - 720 B 7 v EHIRE T T
AKMNZHE BT HZ LX) Ea 2, BEIC7 v REIRRE TOAEMIL 2 BI5 T 5 FESRES
N7ze SOFEZHCLZEIZED ., 7y FWIRRIEIZB T 2 LML OHEAE L L, Mgtz &2 KR IZD
720, FEICBISES 5 2 LSRR o 72

AR S
Naoto Inukai, Kazuaki Tanaka and Tatsuya Takizawa. A convenient technique for live-cell observation on the surface of

polytetrafluoroethylene with an inverted phase-contrast microscope. Microscopy, 2016, 1-7.
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o P HR R JHIK T

FIHERT) 7 &G ) T

Fri 28 FEOHAMEL MR
BEAR44FE RERPYRFERO [0 77 X<, 7F 77 A0BMW] HET, "XYT  0—F=— gl
e 2B 21172,
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WRT—~ OM S5 v hDETHEBEDRIEFREKFICRT DR

o ER R HKHK=
FHFEERE ERE— 0 BR SRHLR

g 28 FEOWHBEE KSR

#: 5 Osborne-Mendel 7 v MIAIET V7 X~ (BSA) Z#5- L. REREGE L hiss 3 2 R - B EE (T
XD RIISOEEICFHEE L. BIZBIT S MCP-ImRNA OFH & R AGEESL L O TIL & ORIRICD W THRE L7z,
ZOfER, BSA BECTRAEDEIREE DS EEICS < MikF1I2 BSA BECIRIRR G-I L L L CRMlEE~ — 7 —
Desmin %3, JRME FE MG (TE) ¥~ — 7 — Tdh 5 Osteopontin 3 & U8 Vimentin DFSBL. A 1 E #HE
b REVEA~ORHE Mg BAEEISHIN L 720 F 72, BIZ2B1F 5 MCP-1 mRNA 38343 BSA BB W THEIZFE 2 -
720 In situ hybridization TiZ MCP-1 mRNA % TE & i@EMABEREHRIZFHI L T/, MCP-1 mRNA 8 BUM a1,
R gAY, MM LA o7 BMRREE. TE BE. MMM, 28 Mg $e EOMBE R L7z, Db, RER
WZBWT, REMRMEEICHE TS T B TIE MCP-1 m RNAXTE IZBAET A 2 & 2R L, TILHE R ERRG £
FECHRRBI L. & ERAS TE I MCP-1 O %8l % 5535 L BE O KAE & LIPS 3 2 2 Rme L7z

THFiR SRR
FRFEEL FMFFTNVT I VEGICEL0M T v b OWEMEREIZ B 5 R - BERE & RME BRI T o
MCP-1 563, % 4 [0l H ABRE W E R MR S eMiE s, 201743 A, Sz, F25—

O No. 16—38
HRT—~ Aspergillus fumigatus XU Candida albicans |CX$9 2 i iiRlE;LZ D&

o P HR R TR

FHERT) 7 EgT) 7

g 28 FEOWFRBMEE KSR

YU O ECBE TG 2 15 5 720, FE. T v b Candida alibicans (C. albicans) % 5 L. Byl IiE oE# %
15720 C. albicans % FEE 87T T v 7 ARTE2ATA F7F A LIZEE L. 2 {525 THR L 7200 % ROs &8
7o VRIFFE. FITC EEPLT v b 1gG Hifk % BB S ¥ 720 SOGEEMEE CRIZE L, T 250 S N WA O
1 OHI &l & L7ze ZOfER, 4 EEROTURGiZ KO 2 Z EDWFETH 572, & MIBWTIL, ZIVINERERSIC B
W C. albicans \ 233 B PUEDEAET 2 DEDPDRHES N TW b, LA L, KiEEZFHTAZ LT, UROFEZT
Th PR AZ KD B 2 LATE, & bADISHFIRES NS,

TSR RSRER S
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WRT—~ U YR AOEBEANICH T B PIHERS KUTREIER OIRE

T R L INTES

FH%ERT) 7 T T

T 28 FEOWRBBE AR

Helicobacter pylori (H. pylori) % &I 872 A F 1 R INFAER KRG 5 2 & T H. pylori ZFRB S 5 2 & T HE
Th o7y Y RFEMIIURII OV TBIBE 217> 720 AYUAZ & PNSHT 25613, FLESNRINST 2 2 &7
FEEIND, Lol EHMCHREARY) S 5720120, Pk Rk 253 2 08 5, FiitEst e LT
TRIEMFAIUE L ARG L2 REARIERO SNk o 7ze In vitro THEAL L 724558 F I I2id, flifkng
D) BEDPICCIOARPHFAEL TBze 20720, BB CHRIEZ MY S 5720120, fitke LTy iz
TRFLIUAR L SRR G T 2 L ENHH EEZ BN D,

IRZERRER S
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HRT—~ NN R/ O9A IV AEEMEDRRS KUTIRYIE

o P HR R HIEET At

FIHERT) 7 &G ) T

g 28 FEOWRBMEE KSR

28 FEDOFERHIEDH ) T A
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WRT—~ BWHUYOAIVR (FCV) DOFVRECHESIBAVAIVADERICDVNT

T R FH 5 17

FH%ERT) 7 T T

T 28 FEOWRBBE AR

2By A VA (FCV) ORI Z 1R L. REWIC FCV BN 53> 7)) v 72 fToT\nwb, BED
& A, BRMBOWBIERIET LHERIIELN TR,

RMERIRES
L

ONo. 16—42
WRT—~ DA L ADRREESERDEN (DYF)

i B iU NES R
it 28 £EOMFBHEL BE

#7774 )V AIMEER! 1 @ DNA binding protein (DBP) #$HUEIZ L. ¥ FICREEZITWIUEE S, H5h7:
pukiz, vz 2y r7ay N TFHEENS Slkda DEA T Bak L. EOGTUK TENICHEET 2 EE 2 M L 7.

R RS

R M WmE. KB BEZ. e KR, Al W, ¥ %57, Thaasut Khompakorn, FE¥F %2, A
M &t Myosind 3% 7 7/ 7 4 WA (FAV) DEGIZ5 2 2558, %159 HARBES 2P MES,
2016 -9 H 9 H. HAKRS: IHHER




ONo. 16—43
WRT—~ VA IV ADRREESERDENR (YUR)

T R FH 5 17

FH%ERT) 7 T T

T 28 FEOWRBBE AR

YT /A4 )VA (FAV) &, 8CAR %Lt 7% — & LCHIHT A EeMEDRIE S iz,

R RS
F  Gallus gallus coxsackievirus and adenovirus receptor facilitates the binding of fowl adenovirus serotype 1 in

chickens. Japanese Journal of Veterinary Research. 64 (3) ;183-190
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HRT—~ IRV IFRABRUTHYIRAIFADHI A ILAER

B HRS FH 5 17

FIH%ERT) 7 Eier) 7

g 28 FEOWHMEE S

AV TIWVIUHFT A (PRR) %~ ATREEIEME L. 20 LD50 Zilll%E L7,

TSR RSRER S
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WRT—~ FEE MRtk Z AUV 7 =/ BREnEiE 1t DZ{ b

T R HETHN

MM ) 7 RIERGHT) 7

T 28 FEOWRBBE AR

HEENTT 2V BRICHICECD DY 252, 21 Y20 TZF 0% (SLC4H4) D52DT7 A4V 7+ — 42
DNTHINT, KL LTAHTH 57214 X O cDNA AT % JeE L, Z oMbk - Mlsofm 27, 1 X
SLC44A 1~5 i FNZNHEEIN T D b T o & S WHTEMEZ R L7z MRS AIIC oW TEHE S LTnw b
borRE&EEGSRE SN, GEIIZAIRIC O, 720 A XMAMBMKE L 5T, T v Ok Fi~<72
LA EFEMBICHTEV ) VEREATER S, 23 A BB R B E#) % Toh < FHE S b 2 & AR
SNz, BIE. IS OPAMIBITENOHENR ATV 5,

IRZERRER S
=L

O No. 16—47
HRT—~ DINEMRERBRRY VETIVIIRZRAWEY A LU T B KV \RY 7 D53 FETERBORFA

o P HR R I E AR
FPBEFEFERE MG T

FHERT) 7 EgT) 7

g 28 FEOWRBMEE KSR

Y NI T T T AIEIL Y = EANED Theileria orientalis (T.o) JEHHH| & 2 F IS4 F HERE T, IFHE
REREEZ L) P ME SN TS, Lo L, HEERERTOFEMIIATH S, NOG ¥ 7 2% v, T.o FEEKG
TUEEEARRAE L ERER R, To BRIk E M L, ARG ERERT SOV CORBZENIT 21T o 720 1.
T.o BEGHED R O EGe= 1S 0.4-0.7% TH 1) . Ht il 11.1-25.7%. T.o JEEGLHECTIE Ht H 25.7-41.9% /R L7z 2.
T.o BHAE~ Y ZADFIRIZ B VT, FRNO R REGIRMEROUBIZE ) ANED 7)) Y EHE~ 707 7 =20 Gkt
ARRH HMTze 3. AST. ALT A B TH A N A B0 B0 5z, UEORRDS T.o B
NOG ¥ 7 ADNFEEEIZRAELET A b A 2 OBGARD S, 7 /hMIYn 75 X<iHIZB TR S 5 IR 5
AR R RS X o TRPE SN2 RIEET A M h A USRI B 2 EDRIE S 7z,

TR AR IR S
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PV TUFRIETADPAL ) OW%E EDTHRICHVSNT WS, IR NV 7 ai e AT 2 S EF T 57
B ERELFRT LI EDPHONT VD, BIFFEIX, HRLAZT v M2, Ny T ogefb L, kit Th 2
Ty NFETICRIZTHEIZOWT, TAVL—Yarya—aFfH L. BEFOY A TREEIZOWTHIT L, /b
7 OO R ACRSR I  S EEE R L 72 Wistar 7 v MEMRMER 1 B2 S L, #1125 A H ORRIZN
V7% 400 mg/kg (7 v FEABEET IV EIERT 2720 OR/hMeS®) . 200 mg/kg & ZILENLHAE, #EE%S- L.
Xt FRHE & T U 7oe S RHED S 00 Lo B id. HAEHZ O HEE Ly 20 5. 8. 1L HEIC7T A VL —2arya—
VMg L7ze 7NV 7' 0k 400 mg/kg #GHIZB W THEL 8 Hiln, 11 HEO 7 AV L —3 3y a— LSl < 5
AL TV 72,
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Rhizopus oryzae KMHY (RU) (3B OHKGICE Y 7 S E—MEERFER~ Y ADIMH IL4 B L O IgE & E 2K T
S, EREBMSED LG o Tnb, HE, FMRRIRLTFOALBARL Y 7 4 AW EE A% (UC)
WHT L EPHEENTWE Z L6, RU O UC #IHIRIFRIZ DOV THRGE L 726

DSS #5112 X D FFFHE S/ UC BTN~ T RIZBWT, #FFE 3 HuiHH 10 HiEEH RU & & O8S- L7z, BE
2, KIEOE S K OHBRSAWRHE. KB K ORI B D % # 5O mRNA 3 &, ~ v 38— THifgo
V70T AENICE YD RUDORERZ B L72e WINOIHHE S RUKG THELRUHENRITED SN hho72h5 IL-
18+ TNF-a, IL-6 %% & 9fEtEY A b A » D5 B2 RU 5 CTIRMEM 278 L7z 4, 18U OE ~ HEEAE O
UC £ 7V TORHIi & 1TV 72\
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R A AT AT T AL PR 2B ERY AT AR T L720, BEICF T AREETHI L
THREHAMEMETIVEZER L, s 255 L2 llEZiE (Okada & Orito, J Pharmacol Toxicol Methods, 2015) C
HBI R IDGEBE % BTl L 720 BERIVER 2840~ 7 A NIMERLC & 7228, EENE AT A ) 3 X Ol /1l 20 T O 3
X TERDole BIMERY AT AZMELT AI121E, MOET V<7 ATEHET 2 LEND L. SHRIIHEMETT
V@ dmd ¥V ZADFEHE EE S 5 FETH 5o
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fik 2> & 2 HY S A IS & 2 MUE B E BIARMEEE IO ¥ 4 3 > FP88Ra2 2 EpFHEEN L, Ly LIE LA /1l
T 5 A4 2 2 7 OEALD, FIMENGERIE N & ) B2 2 B0 IAWTH - 726 EndGear3 (EG3) (&, Transonic
WCEDBZEFD L ARD A 7 — 7 VT & i & FRICHETE 2 70— 7 Th b, 2D EG ZHERA, HIFAT S
Z L CREIRS O ML & it o [’ E 2 51 L7z BifElE. EG3IC L Do n sl (T / mik) OF#EC
DWCEHih T %o
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JROE AR B L OVE BT SAA O IR T F F2 G L, invivo I2B1FT 57 2 0 A FEHER M 2 AT L 720
In vitro IZB W TER AR T F FIZEAR & IR L CHWEMEEEZ R L2, AAT7 I 04 NEET VT T AND
TR TF FE DI~ ~O7 I 04 Rk IEilo o nhr oz,

RAMRRE
G Kamiie J, Sugahara G, Yoshimoto S, Aihara N, Mineshige T, Uetsuka K, Shirota K. Vet Pathol. 2017 Jan; 54(1); 111-
118.

O No. 16—59
WRT—~ MEFRDOIMERFEAFS F UV AICET BAFA

B HRS FRASE
FSEFE RS AR HSE

FIH%ERT) 7 Eier) 7

g 28 FEOWHMEE S

T ANVATERERREOFRE 25 EELZWMAEEOIFEERTH L, 7T 7 A NVZIIAFEEEREL TWE X
IOVIZHEH L. 2011 4E70 5 2014 4EI2 T TEENZ BT B X< H TV O BGRFA 2 F2 i L 7255 R T2
By L xHALNICLT, 22T, FHELHPELLGBFEBLOXI T I VOHKRATOREZMHTL, 2015
LY ER—%E (256C) CTHEFAM—EOBRE T ICB 1 2 BEE MR 2 [k T & 128 L 72,

ZORER, RMRELZZAIHATNVITIED ) 6 3PLITBIEHH P —E L CTRETH o 72205, 14 ILIERHE, Rk 2 6
DEL, AEMEIEL 22 LBEMEHMAER L, BHEESHA Lz, & 5IEFIC L o TEEHED Y A IV AT
L. BHEOBICHIL SN 7 A VAL ZIL L 720 SRIOKREIZL > T, AT TV T F 7 4V AR
PGS 2 DR A NERAD SHEBR STV A IREED S ) . ZTHUIE S TV ORIEFILDEG-25E 2 b7z,

RFR SRR S

AT WABEHE X~V (Feervarya kawamurai) KWNIZBIT ST F 74 )V ADOERE L E% 4 160 B HA
BEe 20174F9 13 H BEREIE BEIEEARY DEHIEE

SFARF D FEREFE B X< H IV Fejervarva kawamurai \Z BT DT F A0V A DOEEE &5 160 [0 H AR ERE
& 2017 9H13H HERBE JERBRY MOEZEE

FREEE3 TRAER SEES ] MABOHBBEREDS —eXFTTVOBIREE 2 52— HARRMBHHTSH
55 M R4y 2016 4F 11 A 26 H Bl BREkoRa: HEAFEE
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A OFEEIIEDHED 1 2 TH LA TNy KA E (Bd) OEWARNFELEEEOBREHO2IITH I L

THIELTBY ., 284EFIE BAdEESED LI IHETELIBICEDS LD D 00T & K JEARE A EICEE T 5 KT 0
M A HARES L 720 fE2kA 5 Bd 1318 EOMAEBRE R & CICHET 2 048I Lo THRET L L ST D,
Sl BT ET 7 TR YEGE LT, Bd &G S 7 Bd SRS S TV O Rz K E #E OB & R
L7zo ZOfER, Bd &Gl & o T, MEEREHEEEOKT, Na, Cl. Mg BL U CafliofkT 278072, AVT Mg
7T (AQPa2s (AQP6vs) %413 %) KEBMEDHA. AVT JEHIEZH T T (AQP3 2 /r3 %) K#E#@FEAS LA L
7o REAIRFICH O G ESRO LN ZVICO D LT, SEOKRIIGREEENA SN/, £ o T, Bd B3
WEEEOREICYHEEZMA LD TIE % <. Bd DEAT 205 2O E BN 258 % G- 2 TV 5 W] iRtk d 7RIz
SNz,
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RAET 2 Z LS IS EN T D0 AMEEW R, 2O A% 13 U &3 2 SRR EICB W RS
ELTHIfES NS, DEIA S, KTEELICE, BEoOFRB X OFEEOBLE I L2255, 20X ) %
Wiom, ZiTRIERH DD % <. - oMa A & FEAL o B 2 AR 3 e 1Y A4 BEFRHAR 4 0 L 72365 o B % 1
WO CTEELRBECTH D, T2 T, STk a 3R E— 27V RB L UM% Vv T PARISI00 % 5 L 7280 A EFHR
RHER L 721210, AEN BB S L O — SRR IC B A EEAETED L < IXERIEME O T T B L THiBhi%
e LCARER OB AT o BAE. invitro I2B W TROIFMILIZHN § 2B ENROFEEZFEET TH 5,
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BUAE, KEAEMTHLRTATH A OREFHFTOISHEZRAA L7202, KT AT+ A NOBIEFEANEOWE %
A LTV 5, WHEREZ G720 L LTHEAT 2574 74413, BERESHETE270-2F v E
Py FTTERBISHRE L T b RICZOBREKRT A 7 4 1 OREEIREDS{H L W26, FRZIZZ o gl
PR 2 RMBE BRI T TR T 2 L8 H 500, — kM, BMERETEFT SN TV 2HEW 2 €O F TIMR RS T 12
By LAEFEPESC, RV TERIEL 22556055, €2 T, BEFEZHIRR TOLRVER KT 4 744 2 HWT,
IR B T T b RIS - B0 T & 2 &) REAWR S i ek A LY e N CHER & 7 A 7 4 1 OBIL
EFRMAEERIE T COFIERMOME 217> T b, T THRIMF OO I L T 72 E 1 H F0kT o ka2
IEFoTLES7720, LED 7 ¥ 7128 ) B 2 THEE 2 AT 5,
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L7, ToOMR, HEZ 2 HEO v FoFEEmE (B 205 HWFHIROEEF ORI S a5, okt
PoEMH I, o, MliEh e LTOBMO TREHZ N Y Fo7z0, BIR T OMIROFHEIXHEETH > 72,
ZOMDOERD S b BIn T OWIFILFED SN o7z, FLRIRMWICETOREIRIIBW T, T4V ADRY % 5 %
BIIBD SN olze BEKEEIS LIELIZTF A VAR EN LA, 40, TAHELF TR, HWEL%E
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WK A THEIAE Y~ OB GE RN 7 02 2 2 HET 35 72D KIENTA VFrF v 7 2 F L. K
MEOERERA L 2N L CTHBEERETIT-> 72 IRINT AMEE)E 1 4+ »1E. Fe, Zn, Cd, Pb, Ni 7% &% 10 ppm LA
TEBDEDITHEL, KPR Tppb LAV 2 X)L 72 MESE RN L T—ERMEREZICS Y F
F v 7w L AR R, R L ICP-MS TE&RZIE L2 25, Fe X Zn 122V THHEAND
D A BAHERR S AL720
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FH%ERT) 7 T T

T 28 FEOWRBBE AR

7 X7 OHUR T HIAEAE T B AR FEBRAIECR V€ il kv € > (GnlH) EAMRIE. 2 V7 FLF+Y » (NA)
ZHAK a2A T mRNA #3638 L. NA O 2215 Tvb, Lo L7Aas5S, NA @ GnlH %BUK 3 2 FI1EAR
HTH o7, FaEld NA SRR (DSP-4) % H\WT. GnIH %I %5 NA Ol % §i~<7z, DSP-4 % 50 mg/
kg #MERERE S L2y X5 Tl FRMICHEAET 5 NA A & WK THO NA &6 =058 L7225, R
3 5 NA BEAMBIEILIRA L B 720 FERIC DSP-4 2865 L2y X5 % 1R, #SmICREEs 2 &, GnlH
mRNA OFEESHN L 720 FAMEAEIHETE BB TIE. ZOMBIRALN LN o7, TNHOFERIL, Hv X
THMEM TS & X ICHFRA O NA FEAMALIE. GnIH ZEHIA L CHIRIBICIEH T 2 & 2RIE L CTn b,

TFLR SRR

w3 N. Kansaku, Y. Tobari G. Hiyama, S. Wakui, N. Moriguchi, M.Numata, K. Kino, D.Zadworny Effects of vasoactive
intestinal polypeptide and forskolin on mRNA expression of prolactin and prolactin regulatory element-binding
protein in the anterior pituitary gland of chicken embryo and laying hens. Journal of Poultry Science vol. 53, pp.
313-317 (2016)

%31 Tobari Y A new pathway mediating social effects on the endocrine system: Female presence acting via
norepinephrine release stimulates gonadotropin-inhibitory hormone in the paraventricular nucleus and
suppresses luteinizing hormone in quail. The 22nd International congress of zoology, the 87th meeting of
zoological society of japan. Okinawa, Japan (2016 4£ 11 H 16 H > » R 7 AIHEFE )

HRFEFR 2 FRRIET WREHIIBITL AV MY cDNA 7 U—= 7 2016 {FEERBHE  1TEEEFENIZES [EED
B3 o5 FHEALIRZE ] 2016 4F 10 H 13 H ##if (R A & —%8%%)

SRBEER 3 ABHAE MEED FIRIET a3 u X 3T ORI B A RELIER#E ST Williams-Beuren syndrome
chromosome region 17 (WBSCR17) @ cDNA HAREIWF BRI 69 K43 201743 H 20 H HE GR
Ay —5E3)

HBEER A PR WAMAE HEES BEEIIB LY 4 ) 7 A XEEEF (WBSCR17) @ % & MM 33
H AR B2 B A 69 K4y 2017 4E 3 H 20 H B (KR ¥ —565%)
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C57BL/6 Wt~ 7 A % w3 AHIIEITERFG G- X & M7 51X 0 2 FESIR Y 400 1 EM O BIBIN &5 5 A OBERL £ T
ZINZENOFRTHE L7z M~ 239 BlEmEBETH 5, FEMISEA L7z UMl C57BL/6 M~ 7 A & AH
L. MRS 7z, FEAFDS 3 Ml E L R CHEFL S &, Bix o A LRID T =T THE L7z, EFICIE~Y AL
Cf#t 2 455 L7zo BEAF25 6 BEn I L7z i CHEIER & & T AR 2 $RHLL 720 > 7 OVERIUR © AT O R & PR
I E RO SR OB 2o T
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FEF A FZEBREEITHERIIRET 2 7THFEEEZEERTH Do uy kv § D 3DIIHF S, FITIHA O
#HHo TV D, STEDHIFE T, p-opioid ZEEDTEADMIZ, FKEDOIFNCEMT 5 2 &2 HE S Twb, A%
TiE, BMEEET VYT A28\ T p-opioid TEMAEBIZEDFLRIEIER O A 71 = X A % Kt L72o RT-PCR O#5%.
JEERRAAR |2 38 V> T p-opioid 522K mRNA S % 580 72, St E Mm% FhE L 72 & 2 A5, u-opioid &AL F
WS, MEFEMHICEREH L. MENEME S —H o ZEMRICB VT EHEZ RO 72, y-opioid ZHRELIER)
H#THD DAMGO OFEG12 L ) NF-kB iEHEOA B A ZLIZRBO SN oz L L, BMEROFRIZL>TE
F L 72 M % 871 DAMGO 0512 X W B EIET L7ze RIFFEDOFEHFA S p-opioid ZAEMIEBIFEIC X B HEAE
BRD A S = A LZE MENEMILO p-opioid Z#A%E A L7218 & @O RE B L Tn b L Ex bz,
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PEAIE NI 3 % S B 2 R R L72o LA Ly HIREEA HAMEERISE <L FENICHIZEZ FEid 2 2 & 28 Wk
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RIKGL W TH L MMERET T AL I L N HTNAZXIZRESEEL72L 2AH, HIEIEEOBRAIKILE .
REIERIIFANEY TO -V AZMRE L2 b, MEEOREEEZNASNICT LI EZHME L, ML
INTHTINH R I OFIFIEN 24T 720 [F—HE7% T 15 ICOEW S 3BT THRE L7z TRH 0B EEFINDS X
ORBIEEICHRR L7 2 A, BELENS L DO TRTCOEBWONIIKICANEY 7)) Y ORENH Y . SEiFmL
ZEEGAONIZEMTINEETH 720 BERELE LT, WBEMNICEEEATY T -V ANRERCED > T A &
LRIz AL O, 125, FWIZEY Iy D3IRZE SN, i30T, WA 60% DEBEERME L & (| MBoIlF - i
IR DA 2 F > TO LWL H ) . SERAEOBAHHERNFIZ OV THE L TV FETH S,

R RS
SRR WMBHEET LRI LTI TR R (Heterocephalus glaber) O PRS2 AR 45 160 [A] H A ER [ 2=
2 20174E9 13 H REREIE EEWRERS HBHZEE
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