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Pathologic Characteristics of Ovarian Hemorrhagic Polycyst in
Estrogen Receptor-alpha (ER) Knockout Mice and Roles of
ERa in Hemorhagic Polycyst

Hyun-Jin Son - Joo-Heon Kim - Hye-Kyung Lee - Mee-Ja Park
Dong-Wook Kang - Che-Myong Ko!

Department of Pathology, Eulji University School of Medicine, Daejeon, Korea; 'Division of
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Background : Polycystic ovary syndrome (PCOS) is the most common endocrinopathy caus-
ing anovulation in women of childbearing age. It has been well established that estrogen re-
ceptor-alpha knockout (ERzKO) mice display several pathologic ovarian phenotypes of PCOS.
The aims of this study were to determine ovarian pathology in new ERazKO mice using a Cre-
loxP approach and intra-ovarian ER« function as regulating key aspects of PCOS. Methods :
ERaKO mice, which were deficient in exon 3 of the ERx gene, were used. Immunohistoche-
mical studies were done on ovaries of control and ERaKO mice using antibodies specific to
ERa, ERB, inhibin-e, and a-smooth muscle actin (SMA), as well as histochemical staining
using Sudan black-B. Results : All ovaries of ERaKO mice were larger than control mouse
20104 39 159 ovaries and displayed a disrupted theca-interstitial tissue organization, multiple atretic follicles
and multiple hemorrhagic cysts. None of the ERzKO mouse ovaries showed a corpus luteum.
In addition, heavy deposition of Sudan black-B positive foamy cells was seen. The theca ex-
terna of preantral immature follicles and hemorrhagic cysts showed strong expression of a-
SMA. Conclusions : ERaKO mice show hemorrhagic polycystic ovaries and hyperplasia of
the theca externa. This study demonstrates that the ER« is the functional key to the patho-

Key Words : Polycystic ovary syndrome; Estrogen receptor-alpha knockout (ERaKO);
Hemorrhagic polycysts; Immunohistochemistry
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Table 1. ERa and Cre primer sequences with polymerase chain
reaction annealing temperature

Primer Sequence T.(C)
ERa-P1 5'-tg coc gat aac aat aac at-3’ 53
ERa-P2F 5'-gtg tca gaa aga gac aat-3’ 53
ERa-P3 5'-ggc att acc act tct cct ggg agt ot-3° 53
Cre-P1 5'-gga cat gtt cag gga tcg cca gge g-3 55
Cre-P85 5'-gtg aaa cag cat tgc tgt cac tt-3’ 55

ER, estrogen receptor; T,, annealing temperature.
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Fig. 1. Strategy of targeted deletion of exon 3 of the estrogen receptor alpha (ERa) gene and generation of ERa” mice from ERa™ ™ Zp3©e
and ERa™* mice. Schematic strategy of targeted deletion of exon 3 (E3) of the ERa gene is shown (A). E3 (nucleotide 655 bp to 845 bp)
is shown as a box. Zp3 comes from zona pellucida protein 3. After recombination of the homologous sites, Cre deletes ‘floxed’ E3 (ERa™)
by site-specific recombination. Ear biopsy is used to obtain genomic DNA samples for genotyping (Fig. 2B). Primer combinations of ERa-
P1 + ERa-P3 and ERa-P2F + ERa-P3 are used to determine the presence or absence of the loxP sequence (flox or wt) and deletion of exon
3 (ERa). The presence of Cre recombinase is determined using primers Cre-P1 and Cre-P85. Note that half of the offspring is ERa in this
mating.
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Fig. 2. Ovarian immunohistochemical staining of estrogen receptor alpha (ERa), ERS, and inhibin-a.. Ovaries of 2-month-old control mice
are examined by immunohistochemstry. Note that positive ERa expression is seen in the nuclei of the theca-interstitial cells and germinal
epithelium, while the expression in the oocyte and granulosa cells is not prominent (A-C). ERB expression is seen in the nuclei of the granu-
losa cells, theca-interstitial cells and germinal epithelium (D-F). Inhibin-a is expressed in cytoplasm of the granulosa cells (G-1). An arrow-
head indicates germinal epithelium and arrows indicate theca/interstitial cells.

LA, large antral follicle; CL, corpus luteum; Gr, granulosa cell; OO, oocytes; GE, germinal epithelium; Tl, theca-interstitial cell.
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Fig. 3. Ovarian histology and Sudan black-B staining of control, prepubertal and adult estrogen receptor-alpha knockout (ERazKO) mice.
While no multiple hemorrhagic cysts are seen in the ovary of a 2-month-old control mouse (A-C), multiple dilated cysts filled with red blood
cells are seen in the ovary of a 2-month-old adult ERaKO mouse (G-I). Several dilated hemorrhagic follicles, atretic follicles and loose
theca-interstitial tissue are also seen in the ovary of a 22-day-old prepubertal EReKO mouse (D-F). Ovaries show multifocal infiltrations of
foamy cells in the interstitial tissue (F, 1). An arrow indicates foamy cells in Sudan black-B stain.

H&E, hematoxylin and eosin; LA, large antral follicle; CL, corpus luteum; OO, oocytes; HF, hemorrhagic follicle; FC, foamy cell; HC, hem-
orrhagic cyst.
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Fig. 4. Ovarian a-smooth muscle actin (SMA) staining of control,
prepubertal and adult estrogen receptor-alpha knockout (ERazKO)
mice. Follicles are well formed and surrounded by a few theca
externa cells in the ovary of a 3-month-old control mouse (A, B).
Note that a-SMA positive-theca external layers are increased and
tightly packed in the preantral and perifollicular wall of the hemor-
rhagic cysts from a 22-day-old prepubertal ERzKO mouse (C, D)
and a 2-month-old ERaKO mouse (E, F). The mirror arrows indi-
cate theca externa.

LA, large antral follicle; Gr, granulosa cells; HC, hemorrhagic cyst.
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