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ABSTRACT

It is known widely that granulosa cell apoptosis leads follicular atresia and macrophages exert their effects
directly and/or indirectly from the initiation to the completion of follicular atresia by phagocytosis of apoptotic
bodies and secretion of various cytokines. However, the site of initiation, propagation routes and the
elimination methods of apoptotic bodies, and the time and methods of penetration of macrophages into the
follicles are not known completely. Using pig(Yorkshire-breed) ovary, immunohistochemical studies with
TUNEL for apoptotic bodies and pig macrophage monoclonal antibody 4E9 for macrophages, and light and
transmission electron microscopic observations were performed. In the pig, follicular atresia began with the
granulosa cell apoptosis, and the apoptosis of theca interna cells occured at the same time. The apoptosis of
granulosa cells initiated randomly within the granulosa cell layer and propagated rapidly into the whole layer.
Ultrastructurally, apoptotic granulosa cells showed characteristic pyknotic and deformed nucleus and
intracytoplasmic vesicles. Apoptotic bodies were eliminated by intact granulosa cells and macrophages. Intact
granulosa cells ingested apoptotic bodies transiently, soon after they fell into the apoptosis. Finally, apoptotic
bodies and degenerated oocyte were phagocytosed by macrophages. Macrophages entered the ovarian follicle at
the time of initiation of granulosa cell apoptosis, and migrated with the progression of apoptosis. By
elimination of theca cells, macrophages contributed the completion of follicular atresia. These results will
provide valuable informations on the study of the interrelation between macrophage and ovarian follicular
atresia.
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Fig. 1-4. Pyknotic granulosa cells in the granulosa layer and theca interna (1) and deformed
zona pellucida (2) at early stage of atresia, pyknotic granulosa cells around
degenerating oocyte, distintegrated basement membrane and stroma-transformed theca
interna (3), and separation of pyknotic granulosa cells from the basement membrane
(4) at advanced stage are observed. H & E stain, X 100(1, 2, 4); X 200(3).
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Fig. 5-8. TUNEL negative normal follicle (A) and positive atretic follicle (B) (5). Apoptotic
bodies in the granulosa layer at eraly stage of atresia(5, 6), in the follicular antrum at

midstage (7), and separation

from the basement membrane at advanced stage (8)

are observed. TUNEL immunostain, X 100(5); X 200(6, 7, 8).
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Fig. 9-12. 4E9 positive macrophages in granulosa layer in early stage (9), in granulosa layer,
antrum and theca folliculi (10), in antrum (11), and around the zona pellucida (12) in
advanced stage are observed. X 100(10, 12); X 200(11); X 400 (9).

Zolty, Al A HE= FSHOF 22 gonad-  Al3ECA = AEFHE7F W E L oA 54
og

otropins®} GF(growth factor)Q! FGF &2 22  Z20 d4d 33 £484, FUERS
FHEHEL 2 AZRHIEL SO =FHY, Bkt do &%, d4de REAQ vF F
o|REC] TWEoR Hy HiHor HyFAl o] HEEL, MUl AbgAle] WA

XSO OIXEAAE RSt FHAoR b APAEAAT T A, EtEska Hxt
XEAE NS 2EstnER eddxe] WURvb 22 BEe 9y, AWl 4, o
Mg Fadt gas & oz 7Rk g A¥ g4, &dAAY T 9 olXE
e, L Edo] FoljIZbel disiAe ke Al A A 5

2 &0 dAFelfor & Aol Az A A AAAHAEET T

AN A0 AN FEEATEE S 7 AAKFig. 14, 15). o= ¥

thgeln] Al Ednzh vy 2 AER o] ofXEALA dofjifs FEaAd
AZANN = FHAZZAAGY 4% B

[¢)
o, AEAYOA W 2EPHe wEe
Sol Wdel A, FUFHEE Aol 1 JIzke] U A7) wEe] B oyt
W] ofa) AZAdel F FAH] Y (Kemw 5, 187) RuE nelF u, B AT
ChFig. 13). U9 oREEAZIL AAE HHE A olzle] BEL oug: sloz gruy,

— 577 —



Park et al.

; Apoptosis and Macrophages During Follicular Atresia

Fig. 13,14. Normal polygonal granulosa cells which have relatively high N/C ratio and gap
junctions(arrow) with neighboring granulosa cells (13), and a granulosa cell undergoing
apoptosis (asterisk) which have intracytoplasmic vesicles (v) and a pyknotic nucleus (p) are

observed. bar = 5um.

Fig. 15,16. Granulosa cells undergoing apoptosis(asterisk) which contain many well-developed
intracytoplasmic vesicles(v), a prominent pyknotic nucleus(p) having irregular nuclear
membrane (15), and some apoptotic granulosa cells attached to the basement
membrane (16) are observed. bar = 5um.
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Fig. 17,18. Phagocytosing granulosa cells which contain
lipid droplets(1), and having gap junctions(arrow) with

phagocytic vacuoles(v),

ingested apoptotic bodies (a),

neighboring granulosa cells are observed. bar = 5um.
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Fig. 19,20. A macrophage in the granulosa cell layer (19) and in the follicular antrum (20)
which contain apoptotic bodies(a), autophagic vacuoles(av), autophagolysosomes
(al), many vacuoles(v), many lipid droplets(l), and having well defined cytoplasmic
processes(arrow) are observed. bar = 5um.
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Fig. 21. Many apoptotic bodies (a) within the
follicular antrum entrapped by the
cytoplasmic processes of macrophages
(m) are observed. bar = 5um.
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