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Effects of Bisphenol A on Gene Expression and Apoptosis of
Leydig Cells in the Mouse Testis

Jinwon Eo, Hyunjung Lim’

Department of Biomedical Science & Technology, Konkuk University

Objective: Environmental chemicals alter reproduction, growth, and survival by changing the normal function of the endocrine
system. Bisphenol A (BPA), one of the endocrine disruptors, is known to be an estrogen receptor agonist. Therefore, we hypothesized
that BPA may affect male reproduction including spermatogenesis in the mouse testis.

Methods: We used 7-week-old ICR mice. The first experiment group received BPA in sesame oil (vehicle, 1 mg/kg, 10 mg/kg,
and 100 mg/kg) by i.p. injection and mice were sacrificed 24 hr later. The second experiment group received BPA (vehicle, 10
ng/kg, 1 mg/kg, and 100 mg/kg) daily for 14 days by subcutaneous injection. Expression of cell type-specific marker genes in the
testis was evaluated by RT-PCR. Histological analysis, immunofluorescence staining, and TUNEL staining were also performed.
Results: RT-PCR analyses showed that expression of luteinizing hormone receptor (LHR), a marker gene for the Leydig cell, was
notably decreased in the testes of high dose-exposed mice. No obvious difference in the histology of testes was noted among
treatment groups. Immunostaining of LHR in the first experiment group did not show noticeable difference in LHR protein
expression in Leydig cells. Immunohistochemistry also revealed heightened expression of the immunoreactive Bax in the treatment
group, and this was accompanied by positive TUNEL staining in the interstitial area within testis where Leydig cells reside.
Conclusions: Our result suggests that BPA affects Leydig cell functions by altering gene expression and by increasing apoptosis
in the mouse testis. [Korean. J. Reprod. Med. 2008; 35(3): 181-191.]

Key Words: Bisphenol A, Mouse, Testis, Leydig cell, Apoptosis
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24N ol AAE A &3 AL, Group Mol A= 7t
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A 1A 5§ 95Tl A 533 59 DNase 1=
=24 35}81 It} Spectrophotometer (ND-1000)2.2
TE 9 TSRS SASAL 2 pgol total RNAE
3 O = SuperSript III (Invitrogen, Califonia, USA)2}
Oligo (dT)E ©|-&3}o] (DNAZS A&kt AL
HE-S- & Prime Taq Polymerase Premix (Genet Bio, T
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Stra8, Dazla®] &} primary spermatocyte®] 5-°]
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Xylene .2 2525 A|A3%H F Permount solution
(Fisher Scientific, St. Louis, MO, USA)2.= mounting
ssic.
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2037 24 E 5 PBSE 53 Al W AT
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Table 1. Sequences of oligonucleotide primers and reaction conditions for RT-PCR

Name Sequences Annealing Temp. (C) Size(bp)
Spermatogonia
5'-GCC AGA ATG TAT TCC GAG AA-3'
Stra8 54 649
5'-CTC ACT CTT GTC CAG GAA AC-3'
5'-CCT CCA ACC ATG ATG AAT CC-3'
Dazla 62 301
5'-TCT GTA TGC TTC GGT CCA CA-3'
Primary spermatocyte
5'-TGG AAG AGG AGG AAG AAG CA-3'
mRbm 62 158
S5-TTT TAG AAG GGG GAC CAT CC-3'
Sertoli cell
5'-AAG AGG TTG CTC GCC GTT G-3'
ERM 62 250
5'-CCT TCT GCA TGA TGC CCT TTT-3'
Leydig cell
S“TTT GGA AGA ATT GCC TGA TGA T-3'
LHR 59 313
5'-CAT GAC AAA CTT GTC TAG ACT A-3'
5'-CGC GCC GCT GCT ACT GAT GC-3'
mRIf 62 495
5'-GGG CCT GTG GTC CTT GCT TAC TGC-3'
Housekeeping
5'-TGC CCC CAT GTT TGT GAT G-3'
GAPDH 62 150

5-TGT GGT CAT GAG CCCTTC C-3'

polyclonal anti-Bax (Santa Cruz Technologies, Santa
Cruz, CA, USA)S} 0.5 pg/ml rabbit polyclonal anti-LHR
(Santa Cruz Technologies)®ll 1A%} &<9F ¥Hg-AJ T
2% BSA in PBSOll 5% Al ¥ A § 12502
2 3] ¥ goat anti-rabbit Alexa 488 secondary anti-
body (Invitrogen, Carlsbad, CA, USA)oll 1A]7F HES-
At wEg $oll 2% BSA in PBSOl| 5%+ 7 W
FAlekaL PBSll 543 gk W =A1§E § TO-PRO-
3-Todide (1:500)2.2 153}t counterstainingS- S}l
PBSE 5%-7F Al ¥ A5} T) Antifade (Invitrogen)
2 mountingS 3}l coverslip= %3 confocal Laser
Microscope (Olympus, Tokyo, Japan) .= 2515 T}

7. TUNEL ASSAY

M EZAFEALE @237 93] DeadEnd Fluoro-
metric TUNEL system (Promega, Madison, WI, USA)
71EE AR&-3}91 T}, Paraffin embedding® 74 A2
= A¥ste &gfol=e] 2% F 56T incubator
of 10 & Yol & F xylenedl 234 + W
incubation S} 100%, 95%, 85%, 70%, 50%, 30%
ethanolol] 30%% x4 0.2 o] deparaffinization
3FA T} PBSOl| 54-3F A4 & 4% paraformaldehyde
ol A 15%3F 1143 F PBSE 58X F ¥ A
ST} 20 ug/mle] Proteinase KE 203 *2]3kal PBS
2 5% &< FAIgE 3 4% paraformadehyde] 10
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B2+ 243130tk PBSE 537F F=A1E o) equili-
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< Y31 Confocal Laser Microscope (Leica, Japan) 2. =
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om0 AAAE 9ol A ] AAMES] Sertoli cell
o] FAHFHA2 ERM,” Leydig cell®] FA]H22}
°] LHR<} lef_Cqﬂ AT 3 selsit) %
Z}+ 3719] AMES AS3F3 AL Figure 1] Group 1
o] F 2AEQ] A¥E Kot Figure 194
HE, Group 1A= thite] k=9 Wshrt
ZHE| 2] gkeket o] T iwEe] BPAE A
A Eol A Leydig cell®] wFA-Rx2H¢] LHRS] 7
T dAHA s AATE Group 119 789 1
mg/kg®}t 100 mg/kg-oll A UAMEL] mARQl ERM
o] Zart BEE AL Leydig cell2] vFAF2AH]
LHR®} mRIfE= 100 mgkg groupol| A 747} -z
=tk g 714 Solg A3s= LHRY| Tdo] A
T, 510 pgkg® 277 T AFHE A

AL 7 9t v 9%

>, mim

o

Mol o 1B

Control 1 mg/kg 10 mg/kg 100 mg/kg

Group Il

Control 10 po/kg

100 mg/kg

1 mg/kg

Figure 1. Effects of BPA on expression of cell type-
specific marker genes in the mouse testis. Expression of
cell type-specific markers was confirmed in the mouse
testis treated with BPA by using RT-PCR. Group I
received a single intraperitoneal injection, while Group
II received 14 daily subcutaneous injections. Stra8 and
Dazla, spermatogonia markers; Rbm, a primary sper-
matocyte marker; ERM, a Sertoli cell marker; LHR and
mRIf, Leydig cell markers. LHR, luteinizing hormone
receptor. Primer sequences are shown in Table 1.

-185-




MF X

HA0A HIAH= 00| (Bisphenol A)Jt Leydig Cell2l & Xt

o]" RT-PCR Z¥}+= BPA7} Leydig ceuaﬂr A
Mol FHAA THS WAL F S Ho
st}

2. BPAZ| Mz ™ALl == 3l M= HEHof 0|
A= Ak

o4 113
B A we 4Rl 7
4 3ol s} M&M

Aot 2497 WaE LA Bes AN
Az,

3. BPA7} Leydig cell2| 021 LHR &edof O]
= g

RT-PCR 23}, Leydig cell®] #4542k LHR2]

LW AZXNEA F= S O oty A 2l o2l A|

At BEEeng o] Malyl whlAd o]
= QG FEA 2] 9l WdEdaas

A A EHSIT) Figure 3914 H.o3%] B} immunoreactive
LHR+ Leydig cell£9] AZ4 FoA] Ho]4 o
2 P =), vehicleS A 2]tz BPA 100

mg/kg group It woll W= & Aol= Qe Ao
A
4. BPAZ} HA W MZXIHEAW] O|X|l= W&k
BPA7} A4 W Leydig celle] 714} @ wWste}

tEo] AEAEALE 2T = A=A FAYI

flell AlEAFEARS A4 291E 4 2l TUNEL

GAS A AEFGITE B2 pro-apoptotic factorQ] Bax
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13]9] BPAE E7}5AF B2 group 1
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Figure 2. Acute effects of BPA on the histological features of the mouse testis. Testes of Group I mice were paraffin-
embedded, sectioned at 6 um, and stained with hematoxylin and eosin. Photomicrographs are shown at 10X or 60X,

as indicated.
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Group 1
LHR

Control

10 mg/kg

100 mg/kg

Figure 3. Immunofluorescence staining of LHR. Expres-
sion of immunoreactive LHR protein is examined by
using rabbit polyclonal anti-LHR antibody and visualized
by anti-rabbit Alexa 488 secondary antibody. Nuclei are
counterstained with TO-PRO-3-lodide. Immunoreactive
LHR is shown in green and nucleus in red. Photo-
micrographs are shown at 10X or 20X, as indicated.

ARt o 2 HAAAE == Sertoli cellol] 3fEst=
Seminiferous tubule®] basal sideo| A= EH A|E7}
TUNEL staining= WERHRATH (Figure 4A). Immuno-
reactive Bax®] =A== MEAPEAE dojubal Q&
S A|AFSH=H, Figure 4Boll A %17 100 mg/kg BPA
group2] 7204 Bax protein®] Leydig cell'5°] &
A S interstitial space?] B2 AAEZENA FEE
Atk o] Z2 Ay= EeAl weEZRl BPATH
AF Ao YEH] AESQ] Leydig celle 402
st A EAPEALE frdate] Aa o] AAEA 7]
sl S = 7FedS AAFET

VISR

Group 1

Group 1 @

TUNEL

Control

10 mg/kg

100 mg/kg

Figure 4. Acute effects of BPA on apoptosis of the
mouse testis. (A) TUNEL staining was performed on
paraffin sections of the testes of mice treated with
vehicle or 100 mg/kg. Photomicrographs are shown at
20X. For the 100 mg/kg-treated group, two separate
regions showing positive TUNEL staining are shown.
Fluorescein TUNEL staining is in green and nuclear
counterstain is in red. (B) Immunofluorescence staining
of pro-apoptotic protein Bax in the testes of mice treated
with vehicle or 100 mg/kg. Mice received one i.p. injec-
tion and were sacrified 24 hr later. Control mice received
sesame oil injection. Anti-Bax rabbit polyclonal antibody
at 0.5 pg/ml was used and visualized by anti-rabbit Alexa
488 secondary antibody. Expression of immunoreactive
Bax protein is shown in green and nucleus is counter-
stained in red with TO-PRO-3-iodide. Arrows indicate
positive Bax staining in the cytoplasm of Leydig cells
within the interstitial regions of the testis. Photomicro-
graphs are shown at 20X.
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