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Immunohistochemical Localization of Estrogen Receptor
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During Gonadal Differentiation
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SUMMARY: In birds, male embryo the gonads develop bilateral testes, in which both left and right sides produce functional spermatozoa,
whereas female embryo, only the left gonad develops into a functional ovary. Estrogen plays a key role in avian sex detarbatiasexes
by binding to the estrogen receptor (ER). Surprisingly, chicken estrogen receptor (cER) mRNA is expressed in both sexas;itsioreov
expression is only expressed in the left male gonad. The present study aimed to localize ER protein in the left gonadibémbly g using
immunohistochemistry. The 8-day-old male quail embryos whose embryonic sex distinguished by gonadal morphology weresstlotigd. Hi
of the left male gonad displayed thin cortex containing 1 to 2 layers of the germinal epithelium, while testicular cordsenerd m the
medulla. ER-immunoreactive cells were only found in the germinal epithelium but not in the medulla. Localization of ERctealsi¢te
nucleus and cytoplasm of the germinal epithelial cells. The number of ER-immunoreactive cells counted in upper, latesed ragibits of
the germinal epithelium was 1820892, 17.681.887, and 16.261.290, respectively. This study shows the first evidence for expression of
ER protein in the left male gonad of the avian embryo, indicating that ER plays a role in avian gonadal sex differentiation.
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INTRODUCTION

In avians, male homogametic sex (ZZ), the gonadsybridization (Andrewset al.; Nakabayashet al.).
develop symmetrically, whereas female heterogametic sescalization of ER protein was only studied in female
(ZW), the gonads develop asymmetrically- only the left Sidembryonic gonads (Andreves al). Moreover, no evidence
develops into a functional ovary (Romanoff, 1960). Estrogan show that ER protein is expressed in male embryonic
was reported to play a role in sex determination and gonagahad of chicken embryos at the sexually differentiated stage.
differentiation in birds (Smith & Sinclair, 2004). Strikingly, This study aimed to investigate whether the left male gonad
estrogen and its receptor are asymmetrically expressedoinquail embryo expresses ER protein during gonadal
avian embryonic gonads during sexual differentiatiodifferentiation by immunohistochemistry.

(Andrewset al, 1997; Nakabayashet al., 1998).

Asymmetric expression of estrogen and its receptor in

chicken embryonic gonads is related to left-right gonadsdATERIAL AND METHOD
asymmetry in birds (Intarapat & Stern, 2014).

Previous study has reported that distribution dEmbryo collection and histological examinationJapanese
estrogen target cells is restricted only in the left gonad qtiail (Coturnix japonicd eggs were obtained from the
chicken embryo in both sexes (Gasc, 1980). Interestinglyepartment of Animal Science, Kasetsart University,
the left gonad also had more cER expression than the rigtailand. Quail eggs were incubated at 37.5 °C in the
gonad in both sexes, as shown by whole-manrgitu incubator with humidity for 8 days (the stage that embryonic
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sex can be distinguished by gonadal morphology). The 8escribed in the previous study (Intarapat & Satayalai, 2014).
day-old nale embryonic gonads with the mesonephroi wer€o avoid counting the same cells, one in three sections was
dissected under SZ-PT stereomicroscope (Olympus, Japamgunted until the last section of the embryonic gonad was
The dissected gonads were fixed with Bouin’s fluid for 24 heached (Intarapat & Satayalai). The quantitative data was
(for histological examination) and 4 % paraformaldehyde fanalyzed using SPSS and presented as mean + SEM.
16 h (for immunohistochemistry). The fixed gonads were
rinsed in absolute ethanol then dehydrated in graded series of
ethanol, cleared in xylene, and embedded in Parapld&ESULTS
(Sherwood Medical Company, USA.). Paraffin sections were
cut at 6 and fum for histological and immunohistochemicall
examinations, respectively. The sections were then stained with  In this study, embryonic development of Japanese
haematoxylin and eosin (H&E) and immunohistochemistrguail was staged according to Padgett & Ivey (1960).
for estrogen receptor (ER). For immunohistochemistry, tembryonic gonads of 8-day-old male quail embryo, stage
sections were placed on the slide coated with 0.01 % poly-Q35 (P&I) was equivalent to chicken embryo stage 34
lysine (Sigma Chemical Company, USA). Hamburger and Hamilton (H&H) (Hamburger & Hamilton,
1951). Male embryonic gonads can be distinguished from
ER-immunohistochemistry. The sections were female embryonic gonads by gonadal morphology since day
deparaffinized and rehydrated in graded series of ethar®bf incubation. Gonadal anatomy of male embryo exhibited
concentrations. Immunohistochemistry procedures wesgmmetrical gonads developing on the mesonephroi (Fig.
performed according to the manufacturer’s protocols. THg, whereas female embryos displayed asymmetrical gonads
antigen retrieval method was performed by microwavinffata not shown). In the present study, histological structures
the slides twice (10 min, 800 W in 10 mM of citrate bufferof the left gonad of male embryo were studied. Thin germinal
pH 6.0), and then washed in 0.05 M PBS, pH 7.4. Sectioapithelium containing 1-2 layers of squamous epithelial cells
were added with 3 % J®, /methanol for 10 min to block was observed in the cortex, while testicular cords, the future
endogenous peroxidase activity and then with 0.5 % Trit@eminiferous tubules, were noticed in the medulla (Fig. 2).
X-100, incubated in humidified chamber for 20 min at rooriThe connecting stalk was observed at the hilum region where
temperature. The sections were added with blocking solutiembryonic gonad attached to the mesonephros (Fig. 2).
containing 1 % normal goat serum in PBS provided in the
immunoperoxidase secondary detection kit (Chemicc
International, USA) for blocking non-specific binding for
min. The sections were rinsed with 1X rinse buffer and thé
incubated with primary antibody, mouse anti-estrogen r
ceptor monoclonal antibody (1:100, Chemicon Internation
Temecula, Canada) for 24 h at 4 °C, then with secondd
antibody, biotinylated goat anti-mouse IgG for ER (Chemic:
International, USA) for 10 min. The sections were rinse
with 1X rinse buffer, and a solution of the biotin-streptavidi
peroxidase complex was added following the manufacture
protocols. Tissues were revealed using diaminobenzidi
hydrogen peroxide medium (DAB;B,) for 10 min in
humidified chamber at room temperature and then was
with rinse buffer. The sections were counterstained wi
Mayer’s haematoxylin. Control sections were incubated wi
the incubation medium omitting the primary antibod
Finally, the sections were dehydrated, mounted a
photographed by PM-10 M3 camera (Olympus, Japan).

Analysis of ER-immunoreactive cells To quantify the i
ot 4

number of ER in male embryonic gonads, |mmunoreact|\f§|g. 1. Embryonic gonads of 8-day-old male quail embryo during

cglls Iocallzgd in the germinal ep'the“um,were CounFegonadal differentiation (at sexually differentiated stage) showing
circumferentially (upper, lateral, lower regions) of entirymmetrical (bilateral) gonads. Note: the left testis (LT) and the
gonadal sections at 200X magnification starting from the firgfght testis (RT) are located at the medioventral part of the
section to the tenth section in accordance with counting meth@ésonephros (ME) (Scale bar: 0.5 mm).

576



INTARAPAT, S.; SAILASUTA, A. & SATAYALAI, O.

Immunohistochemical localization of estrogen receptor in the embryonic gonad of male quail embryo during gonadal differentiati
Int. J. Morphol., 34(2575-579, 2016.

In this study, ER-immunoreactive cells were
identified as a target of estrogen during gonadal
differentiation. ER-immnoreactive cells were found
specifically in the germinal epithelium of the cortex but not
in the medulla (Fig. 3A). Localization of ER in the nucleus
and cytoplasm of germinal epithelial cells was found (Fig.
3C). Quantitative data showed that the number of ER-
immunoreactive cells localized in the upper, lateral, and
lower regions of gonadal sections was 1&2892,

c

s

Fig. 2. Histological characters of the left male gonad of 8-day-old
embryo. Note: thin cortex (C, arrowhead) containing 1-2 layers squamous
epithelial cells and testicular cord (asterisk) in the medulla (M). The gonad
connected with the mesonephros (ME) via the connecting stalk (CS) at
the hilum (H). (H&E 100X) (Scale bar: 1Q0n).

17.6Gt1.887 and 16.2611.290, respectively (Table I). No
ER-immunoreactive cells in the negative control (Figs. 3B
quaz?]nd 3D) as well as the right male gonad (data not shown).
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Fig. 3. Immunohistochemical staining for estrogen receptor (ER) in the left male gonad of 8-day-old
quail embryo. (A) ER-immunoreactive cells (arrowheads) in the germinal epithelium (GE). (C)
Localization of ER was found in the nucleus and cytoplasm of the germinal epithelial cells (arrowheads).
(B, D) No reaction in the negative control. Note: testicular cord (asterisk) in the medulla (M). IHC-
DABs, Mayer’s haematoxylin counterstained (Figs A, B 200X; C, D 1000X) (Scale bar: 10 mm).

Table I. Quantitation of ER-immunoreactive cells localized in the germinal epithelium
of the left male gonad of 8-day-old quail embryo.
ER-immunoreactive cells counted in the different

regions of the germinal epithelium

Number of stage 35
(P&I)* embryo (n)

Upper Lateral Lower
1 25 19 17
2 16 20 17
3 22 21 19
4 14 14 13
5 14 14 15
Total (mean + SEM) 18.20+1.892 17.60+1.887 16.20+1.290

*= Stage classified according to Padgett & Ivey (1960) (P&l).
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DISCUSSION

Estrogen was reported to play an important role in ER mRNA was first detected in the germinal
gonadal differentiation in avian species in both sexes singgithelium of the left male gonad on day seven of incubation
there have been reported that chicken embryo@akabayashet al). This study found ER protein localized
particularly in male, treated with exogenous estrogeisthe nucleus and cytoplasm of the germinal epithelial cells
before gonadal differentiation resulted in sex-reversed 8-day-old quail embryo which is classified as phase of
embryos (Clinton & Haines, 2001; Brunstrégh al, gonadal differentiation (Intarapat & Satayalai). This result
2003). Estrogen is involved in proliferation of theindicates that cER gene might encode cER protein to function
germinal epithelial cells of male embryonic gonads ogluring such phase. Molecular mechanism by which ER is
day 7-8 of incubation (Romanoff). This study showethvolved in left-right asymmetry in male embryo require
that ER could be detected in the germinal epithelial cellgiture study.
estrogen target cells, of the left male gonad.

Asymmetric expression of ER in male embryoniaCKNOWLEDGEMENTS
gonads was noticed since ER is expressed only in the left
male gonad but not the right side. The previous study
reported that expression of definitive germ cell and The authors would like to thank Artchariya Chaiyarat
pluripotent-associated markers were asymmetric in m&t® technical assistance.
chicken embryos (Intarapat & Stern, 2013). The
significance of asymmetric expression of ER and other
embryonic stem cell markers in chicken embryos is stilNTARAPAT, S.; SAILASUTA, A. & SATAYALAI, O. Locali-
unknown. However, the germinal epithelial cells wereacioninmunohistoguimica del receptor de estrogeno en la génada
reported to be estrogen target cells acting via estrog@nbrionaria en el embrion de codorniz macho durante la diferen-
receptor (Moran, 2005). From our pervious study, weacion gonadalnt. J. Morphol,, 34(2p75-579, 2016.

e L RESUMEN e v, a g e en b

. achos se desarrolla bilateralmente, ambos testiculos producen
99”ad (Inta_rapaet al, 2014)' The_ character of haV'ngespermatozoides funcionales, mientras que en el embrién hembra,
thick cortex in male quail embryonic gonad after exposuggo |a génada izquierda se convierte en un ovario funcional. El

to exogenous estrogens is called “ovotestis” (Paftin estrégeno juega un papel clave en la determinacién del sexo aviar,
al., 1995; Berget al, 2001; Oshimat al., 2012). It has en ambos sexos, mediante la unién al receptor de estrégeno (RE).
been reported that a number of ER in germinal epitheligertemente los receptores de estrégenos de pollo (CRE) el ARNm
cells were increased by phytoestrogen (Andeetaal, Se expresan en ambos sexos; ademas, su expresion solo se produce
1999). This suggests that ER is involved in proliferatiof’ la génada izquierda del macho. El objetivo fue localizar protei-

of germinal epithelial cells of the embryonic gonadgms del RE en la génada izquierda de embriones de codorniz ma-

Mechanism underlving ER-induced feminization an(gho mediante inmunohistoquimica. Se estudiaron embriones de co-
ying orniz machos a los 8 dias de edad, cuyo sexo embrionario se dis-

gonada_l deve_IODment in male chicken embryos requ'{if?lguié por la morfologia de las gobnadas. La histologia de la génada

further investigation. izquierda estuvo representada por la corteza delgada que contiene

de 1 a 2 capas del epitelio germinal, mientras que se observaron

Expression of chicken estrogen receptor gern®rdones testiculares en la médula. El RE se encontr6 en células
(cER) can be detected in 7.5-day-old embryo in boihmunorreactivas del epitelio germinal, pero no en la médula. Se
sexes; moreover, the left gonad had more expression tﬁﬁfﬁcté la localizaciéon de RE en el nucleo y el citoplasma de las
the right gonad (Andrewst al; Smithet al, 1997; células epiteliales germinales. El numero de células RE-

. : : inmunorreactivas en las regiones superior, lateral e inferior del
Nakabayastet al). Obviously, CER transcriptwas found v . "ocr oo de 18 20,892, 17,681,887y 16,281,290,

only in the left but not the right §|de of male embry(_)mFespectivamente. Este estudio muestra la primera evidencia de ex-
gonad (Andrewst al). The question why ER expression, asisn de la proteina de RE en la gonada izquierda del embrion

is restricted in the left ma|e gona_d is still Ur.‘knownaviar macho, lo que indica que el RE desempefia un papel en la
Nevertheless, asymmetric expression of ER in femad@erenciacion sexual de la génada aviar.

embryo is associated with gonadal asymmetry in female

birds as estrogen induces cortical development leading  PALABRAS CLAVE: Receptor de estrogeno; Gonada
to the thickening of the cortex in the left female gonaembrionaria; Diferenciacion gonadal; Embrion de codorniz.
(Nakabayashét al; Moran).
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