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Roles of Estrogen in the Reproductive Organs of Male Rodents :
Focus on ERKO Mice Model
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ABSTRACT : 1t has been known for many years that administration of estrogen, a so-called female hormone, has harmful effects on
male fertility. However, studies employing transgenic mice deficient in estrogen receptors reveal substantial roles for estrogen in male
fertility. The aim of this article is to review and summarize the current knowledge on the estrogen receptor localization in male
reproductive organs including male germ cells of rodents. Also, informations about the mice models with disrupted estrogen signaling
and associated phenotypes will be provided.
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2 219303 o] FRE 49 s EEolg AN AHE JrERA] FA A fafgte] & 4EA gk 1y
NAEZA FEAE °hcfﬁ 32 % 34 F(estrogen receptor knockout, ERKO)YE AlE-8t A7 5o 93] o 2EZ 0] A
Aroa Fog 8-S GgFtel HHATE B =19 B2 AAE T AXF FA A4/ BoA o 2EZA 54
Ao 2, 9HE 49 750 e 27 ATES 89431 Y, oY mJolk AF Rdy I TEY o ARE A3
o 2t
& ZAEAAA Y AW 2do Aol FAHHUG
N 2 (Carreau, 1996; Hess et al., 2001; Carreau et al., 2003). 3
HA7MA FHE A AFEdd 95H A AEZAM] A
EHEeE9 A 2HEo|T 3= (sex steroid hormone) At FE A Hefferent ductule), A, AP, A G2 7He
| ~E 2 H(estrogen) 0| 2= A 5223 QF= ZAl(androgen)©] 2} H& A7 FBANE 755 ©3Fo] BEH o, MR
= YASZEHEHAEXH 2 (testosterone)Z Tho]slo] =2 ¥ Aoz fA2EZA FA EA¢ aromatases} NAEZA
2 E 28 E(dihydrotestosterone)o] A5, o]&= A3 Ay 8- (estrogen receptor, ER)7} £ %Fo] B 75 ¢ tiCarreau

S WA A Z3t) Z2AFE uls)t o), AL Zg A et al., 2001; Bourguiba et al., 2003; Lambard er al., 2004). w}z}
HEZFH AlZste] REZA £ A ZHZolE M ALERNC] AW oy Folifo] B Taste @ A

ol 1=
32 & A 57 (steroidogenesis) 2] 7 AEojEE FHA(¢ Zoll A e de] FH Mo Gise ool g
AR #7))9 A JEZZAA T volrt A AEEAN A7 FLAES datn, &5 £ 4473 7% BAol
Ax s, ALALE B)dM e =2 GAl U Fge) A5 uZ 82 F US Aotk THF FR
A EHlE o] 2gar|x Sk 7 A Y AF 7| el A o AM o] AAEZA 75 g AFE F A7 g g A
ZERA EA7F #8722 1930 d ) o] % (Burrows, 1935), ] e A A AEEAN F8A Foke} aromatase FOFE
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oE7 o, B3] AERA 84 = o}-$(estrogen re-
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A st 7t @ =2ke] 5ol A Jensens} Gorski 1§ &+
1960 t) o] & M EW FE&A gt FAE £ A A g
FoH, dAR A2EZHN XY FEA G4 o]F "X
EXHE T2AAHE, AT ERE ¥ e D4 retinoic
acid S0l tat Al F ) =247} 9 = cHEvans, 1988). I
g 19900l = o] & AHIRO| SIS EE S84 o)
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dE(superfamily) ThE S0l & diol A o1EA &
o] AANE 2AEstEr] g AA g AREC] FAH 31,
Ao gt E(ligand)ol thek AW A8 gl el
%) orphan receptorg} B2 A 3 =8| (nuclear receptor-
like) WA S g TAS7HA EFHste 1507] o] /o] 3
83 gl FEo] 27}E < tMangelsdorf ef al., 1995).

SPFS AAERA g o F&AE 3 /X f
(ER @)5to] mets ozt 1990w Skl ZH7] b2 g4y
Agel EAste F WAl FHERP)0] F2 FEAA LA
=} 21 tHKuiper ef al., 1996; Mosselman et al., 1996; Tremblay
et al, 1997). A% ERa SAAE 9719 exono 2 T4 50
AR = 6.3kbo| I 59577 9] ofu| i Ato 2 LAY 66kDa T
Aoy, ol AF et A9 ERBE Hzx 48579 opvli
og 7Y 5akDa wAE ¥ TEY o 527-5307) )
oo R ¥ of 60kDa BHAE EAlel oA o)
(Fig. 1, ODonnell et al., 2001).
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Fig. 1. Comparison of the structure of mouse ERa and ER 8 pro-
tein. The functional domains A -F and the percentage ho-
mology of ER 8 compared with ER ¢ are shown. Indicated are
the N-terminal domain(A/B domain), the DNA binding domain
(DBD)C domain), the hinge region(D domain), the ligand-
binding domain(E domain), and the C-terminal region(F
domain). The two potential start sites on ER f are designated
-53 and +1(O'Donnell et al., 2001).

Fig. 2. Drawing of the mouse ER proteins, cDNAs, and genes as
well as the targeting scheme employed to generate the
ERKO mice via homologous recombination. Shown are the
common functional domains of the ER ¢ and ER A receptor
proteins, indicating the residues involved in DNA and ligand
binding, The common structure of the ¢cDNAs and genomic
genes for the ERs is illustrated, indicating the exon sequences
that encode the functional domains of the receptor. Generation
of the @ERKO mouse involved the targeted insertion of a
1.8-kb NEO sequence into exon 2 of the ER ¢ gene such that
the translational reading frame(indicated by the direction of the
arrow) of the genes was the same. Generation of the 8ERKO
mouse involved a similar scheme, in which a 1.8-kb NEO
sequence was inserted into exon 3 of the ERB gene; however,
in this case the NEO gene is in the reverse orientation. The
schematic drawing of the genomic DNA was adapted from that
of the human ER ¢ gene(Couse and Korach, 1999).

1999). N E{mn|d9] A/B =9l 217+l ERa 3 ERB ¢ 7
S 17%F =9 AFAE 7BAY F 719 zine fingerZ o} Fo
71 helix-loop-helix 237} x5 C o 9)(DNA binding
domain}& AHEAle]l 714 &0k E vl ligand binding
domain®. 2, ¥ 43 37 60% F L) AEAL HolR
gt AER A gg AgY L Ato]rt Ytk D el e
LA 8 Aol UF NEE FIehe 30%) A5
S Holth mpA o 2 C HudY F 2rdlE dag 7
SolA B & Hojn Aol ¥tk & ERe & homo—
dimerE, 1¥]13 ERA+ ERa 99 heterodimerE A3 3lo)
4 R eKCouse & Korach, 1999).
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#2591 T(Schleicher er al., 1984), HAAM L85 o2 ER
a9 EA7F £EA T FA A0 AM EQ1E A Goyal e al.,
1997, Hess et al., 1997). ER B 9] A% A, FEAH, # 44
9} A Mo A FA 7} 815 v Kuiper er al., 1996, Hess et
al., 1997; Saunders ef al., 1998; Prins et al., 2001). ER @ ¢} ER
Bl 47 53 A4 Bl ) WH S RT-PCRE. ¥
ZAE QoA Fash RYL0IM ERe el BHo| FE
A e AGHoI A HoksgsL ERR ) A% RY 27}
4 ge wde BPon o8 HUY, A2 ol ATHCouse
et al., 1997).

5o LHFANA ERE 7HY Bol LdHste 22
Z A Feld], o] B Ah(rete testis) T FH L FHE 9le
t}4=¢] Fo|th o] Ml ¢ A A E(non-ciliated cell) 5
Z g Az AN2E S 27 glo] AF AETE H
Fal 7 w3 A} oo & Foj g hHess et al., 2001). 14
o A A7} o] HE st vle K 4SE AE £2F
o, od7]4 dxael] whel EA T e 74-96%2] A4 B
Atg] Buld dl A jonEol AFFEHClulow e dl,
1998). AAERAE FEATAM Y AFFo 25 Holst
= A0 FA4HE, o) £EAZ Auld ERo|] ¥4 ¥
HH T o 2EZ0] Fa G4 bdF EAE] il
UKLee et al., 2000, 2001). A 2, ¢ ERKO AF A 54
she] 27379l o)4, 89 AFS o] 4fo) THTHEMy er
dl, 19%6). o] AR 7S A7) ol HAA S HaE Hol
2% AF 1509730l & atophy RIS BEolw, ¥ AR
So) 233 g R4 W) 4AS7 ARFel BBAUL,
g AFS ooz Paws FEAR0 BP0
(Eddy er al, 1996). o2& BFS A AR AASE 3
HNA FFALE Belol ZHSE A0E FHULKZhou
et al., 2001).

rERM A F AABAAAY T2 TS FT
g+e & okgi7 Akl o]tiODonnell ef al., 2001). A& 7o 4
ER ¢ 8 ER 3 & Bjob7], AlAeb7], A7), AAd o] 27|17}
A A A7) AR A4 Leydig cello] A & ¥ w(van Pelt
et al., 1999; Nielsen et al., 2000), ER 8 €] 7% spermatogonia
2 EE A E spermZbA| 9 Ao A SA A wFH o] B
59 cHAquila ef al., 2004; Delbes ef al., 2004). 71502+
diethylstilbesterol(DES)S =AM 3ol 4] HxE 4 344 52
M ZEo) A Fas/FasL A28 2Hgol o A2 AAA} &
L5 A0 Hol A4 AeoAs JAERAMN] M E 2
AAE WA g AO.2 Holn, 11 a3 ERBE A st
202 HoltiNair & Shaha, 2003; Selva et al., 2004). B3
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o
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ER ¢ &= w5315 ®lo}7] 10.5~11.5 dpc(days postcoitus) & 4
9] Leydig cello| A ¢t=271 87 BT} 9A 2EHEZ 4
& B3 2709 B2 Ad¥g @9 Ao FAHHG
(Nielsen et al., 2000).

W ERa S ERB = &4 ol F &7
oA AFEo|H/ A EE|H/ZHEO
ol tHAtanassova et al., 2001). 8% AP HJA ERa H4
A A ZA e EAS A A A ok7] Z7]90 prostatic
budE S AgzFde BAgH, ERS HAL ventral/
dorsolateral lobe9] AMH M ZAA Z3HA] HAtKSar &
Welsch, 2000). T&jL} Ao}7lo] ERA A4S 54 Aol A
= AR APMo e Holx] izt AF 5Y o] FF
B 728A yelgr] AlztgiekSar & Welsch, 2000).
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ERKO M7 Agzd

SAESG JAERAS] AT E R A3t A 1

AR 7z hE AFE dlREE G347
A 898 FYPEth 197030 o) F JAEZ Mol Y
u] A Ao B2l xenoestrogen Ejo}7|i} AlAyol7el] Fof
& A$ B A(cryptorchidism), F4 4 o), A Y Ha,
Aok v HE 27} o] HAH ] O, 1990 th7HA ol
sEgH] $7 Ao g Fo AHAY Vs
2 golu A ZH) o3 Are Aok fAERA FE
A& =ol$-A)7) ERKOS 22 83t AFRd o) 4339
o2 FaEo] ol FRNMY AAEZA el
A7} A 53 9t Walker & Korach, 2004).
744 AA e ERKO B9 & 393 ERe & tF2 R
8 Z( ¢ ERKO)o| 27 o] % ER 3( AERKO), L8] 22 ER @ ¢} ER
BE EA| o|F molg3d T d(double-knockout model)?!
a BERKO A#7F 713 A A= AckFig. 2; Walker &
Korach, 2004). Z1#d] ©]% ¢ SERKOS] A% Adidez
T Aol Uyl o7, YR ¢ERKOS} fAHSH 3 S
Balth

HAutdo g £ of J2EZA o] REHOE AYH
@FERKO A7 T+ ¢ SERKO AF oA Yethe A4 32
B 29 A4 2A/M T 7184, AT 5 AN R
BERKO AZFRUE o 2EZA A Fd3 ArKO(aroma-
tase knockout) A F ol M Uehds FAES thdsl frateit
(Table 1 & 2, Couse & Korach, 1999; ODonnell et al., 2001;
Murata ef dl., 2002). o & Eo] AJA}SHE-Ha¢A]- F4E 9
= §2F 29 A% oERKO 479 AKO AF A EF

g
Ho

(o]

s R T



Table 1. Serum hormone levels in adult wild-type and o ERKO

mice

Female Male

Hormone
Wild type @ERKO  Wild type «ERKO

Gonadal steroids

Estradiol (pg/ml) 20.5+ 2.5 843+12.5% 11.8#434 12.9434
Progesterone (ng/ml) 23+ 06 4.0+ 1.1 05203 03201

Testosterone (ng/ml) 04z 04 32+ 06 9340 16.0+2.3

do) gdsty, 2T dA F5 715 oo w2 A
A W 7ke] s Ao] AR HEddy er al, 199). ol& g W7
WAL M AFE e} Zo] AP A A g =Y
gk whH AERKO AF 9 Aay sty oz Hael A
o2 HoltiDupont et al., 2000). 12]3 o SERKO 479
74$E oERKOS 79 fAgH Aol Ui Couse ef dl.,
1999). 4 W AAME] 74, ¢ERKO AF S A% 4
A A Haol o]4E A A4 E3t dojuH
(Mahato et al., 2000), o| & | AEZ o] AAE A Ao &

Anterior pituitary
LH (ng/ml) 03+ 0.04 1.7+ 03* 24x12 3.71£0.7
FSH (ng/ml) 49+ 0.6 54+ 07 2060+14 30.0+1.1

Prolactin (ng/ml) 18.8+10.7 3.5+ 1.3 ND ND

Data presented as mean + standard error of the mean. ERKO,
Estrogen receptor knockout; FSH, follicle stimulating hormone; LH,
luteinizing hormone; ND, not determined. The values above are the
means from assays on individual samples and therefore are more likely
to reflect the true levels in the two genotypes. *-test, wild type versus
ERKO, P<0.001 (Ref. Couse and Korach, 1999).

LHS} HI2E2HE £ A4 A0 e dssislil
FSH= ¥3}7h gigdetl, SERKO% @ BERKO A3 ol tjsfAl
= A7) o)RAA A FTHFisher ef al., 1998; Lindzey e al.,
1998). F2:9] 7)%5 ) 91o1A, e ERKOSIAM = HAAE] A&

oJFFZ WhEste ArKO AF 9] 7S spermatid 522 7749k
AE AQATL BEEE AR Hol AERAS xS
AL AT} 71%5S 5 4 YthRobertson ef al., 1999). &
A #e) 79, oERKO AFe A7t 718& Holi o]
Ao dA AFSF 715 ARZ A3 MAH YAo] AEH
=l (Hess et al., 1997), AtKO A# Y A= A FA F 3]
A3 BAHYA Foug 2EZAL AREA L= A
A& AR} EAE 7F5Ad 0] EtHRobertson et al., 2001).
FA449 7§, ¢ERKO AFAAA = FHAE 7Y o] #F
¥ X 2H(Hess ef al., 2000), SERKO AF oAM= A& AFA
F o] o]Auto] #elE thHess, 2000). B9 4%, oERKO
AAGAE BAA U A} 0 74, SENF $H%0
a7 vebvded, SERKO AF 9 BAL W Arere &
3 AR FEeln A4 T Wk )itHCouse e dl,
1999). WAt o2 dafFe] B, ¢ERKO A= vl A

Table 2. Phenotypes of ¢ ERKO and B ERKO mice(Couse and Korach, 1999)

Observation
Tissue
a ERKO BERKO
Pr ive dilati d degradati f tubules, 1 t, .
Testis ogresm've fation and. degradation o Hies, low sperm - coun Normal structure, normal sperm count, and fertility
nonfunctional sperm
Uterus Immature, unresponsive to estradiol Normal development and response to estrogen
o Enlarged, hemorrhagic cysts, follicles arrested at preantral stage, no Subfertile, infrequent, and inefficient ovulation; normal
V.
ay corpora lutea, no ovulation, elevated serum estrogen and T levels estrogen and T
Mammary Ducts do not develop beyond epithelial rudiment at nipple, no alveolar Normal, fully functional.
(female) development Able to nurse offspring
Pituitary FSHB, LHA3, aGSU, mRNAs all elevated, prolactin mRNA reduced Normal serum gonadotropin levels
Cardiovascular ~ Lower basal nitric oxide, estrogen protection in vascular injury not lost. 0
(male) Increase in calcium channels, delayed cardiac depolarization )
Bone Shorter; female, smaller diameter; male, lower density Normal

Brain . .
receptive behaviors

Male, no intromission, ejaculation decreased agression; female, no

Normal sexual behavior
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AAANA Seteke FAMAY A TR s ANFH L
2 HolAjuh 4] 39 g Ay éuﬂﬁ HEPATHEddy
et al, 1996). ¥ BERKO A& 9 A 1ES AN A% 7
otk

g

AERZC] HAd RGN 75E BATE A
HAd e 44 F U2, A4 Wl aromatasee] EA| <}
Az, 7EAR R FALAMY J2EED A8H A7t
HEAEA Addel FEHAUT wes G TEROR
Ao QAEZA gt 22 E FHo] B d 3o
B, q7lolE 7129 J2ERA FAA Fo EY —°4°*IE
N ~EZA H(estrogen deficiency) 2 <) ArKO9} off A
24 F7(estrogen insensitive) 2@ ¢l ERKO A # 7} 2A 7]
AT ¥e2e I3 Ao thCarreav et al., 2002).

AiEZ] T 4 FE HA Ao g &
A F BaE AT Zas) A2ERA Ao &

& a7l ABaAE AYE A A F, 2
G4 A A Eopld FE0T Qe B Adr] ay

(andropause)®] 314 GA] T o]F ZHF AJAFE A K
stetat vinh St & A F AN o] 71Eq ¥R
HAEAHES] A ZAE EE old 0 f2ER
e AHAE ool A+ USS AAFSHTHLombardi er
al., 2001). 53] o AEZA $£A} aromatase7} A A
Aol A Ao Al BHHT=(ODonnell ef al., 2001; Carreau er
al,, 2003) A&, k37t ABEHEA Fute s Az A7)
AEZAS A4 9 A8 wstel A rhsAol gloE
B o]o] figh A7t 9ad Aeoltt

Ao R, &3 FASEZEY WEEA FelEAEC] &
Hell vlA & ggs gajrt A2 AFH 08 HIHI ek
A 2 87 R4 xenoestrogen 5 2+ U2 2l phthalateo]]
=39 4% Leydig cell 3t} F2jo] #3H=|m(Akingbemi er
al., 2004a), bisphenolll =& 8 A{E 2 EO|E TEF §
Az B 28 5 O Ee 2@ gel BEY
(Akingbemi et al., 2004b). FE3t o} £ €] G A4 A 9 W}
of IAA G2 A¥AAY F4A Folx F3FE 2T 7}
S0l Eot FA sl vhe}l o] W iEuA A EALS )
Fg N AERA 834 Ee J2ERD FEA AF TS
Ve B, YA o AEZ A A o] &L it A7
xenoestrogen®l] & ¥ 75 A HQl JEAS A E 714
3 Aotk
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