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The Regulation of Apoptosis in Granulosa Cell to Quality of Porcine Oocytes
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Apoptosis is a program of cell death that plays a significant role in almost tissue development and
homeostasis of the organism. The characteristics of apoptosis are membrane blebbling, chormadin
condensation and DNA fragmentation. During follicular growth and development, more than 99% of follicles
disappear, mainly due to apoptosis of granulosa cells in porcine. Both biochemical and morphological
characteristics of apoptosis were observed in granulosa cells of atretic follicles. Apoptotic stimuli and
intracellular signal transduction pathways involved in the apoptosis of granulosa cells remain to be
determined. To date, many apoptosis related factors have been associated in follicular atresia, including
death ligands and receptors, Fas ligand (FasL) and Fas, tumor necrosis facor (TNF)-Ol and its receptors
(TNFRs) , (TRAIL) and its receptors. The study of molecular mechanism in porcine granulosa cell apoptosis is
data for estimate the reproductive performance and oocyte quality, and could be used for improve the

reproductive efficiency and porcine breeding.
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Waadapan azv3ide (follicular atresia)
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Figure 1 Schematic illustration of growth and development of mammalian follicle, follicular atresia,

luteogenesis and luteolysis. (Matsuda-Minehata et al., 2006)



azwanlndalugaaunsyladi (Apoptosis in Granulosa cell)
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(plasma membrane blebbling) HatARB@TINFRT MWL (nuclear condensation) TATNIRAWNNZNGH (chromatin
aggregation) LL@:aLﬁuL@Qﬂﬂ@ﬁLﬂuéuLﬁﬂ (endonucleocytic degradation of DNA into nuclear-somal
fragments) (Nakayama et al., 2000; Tilly , 1996; Hughes and Gorospe, 1991) ﬂ’mﬁWﬂ:W@WTW%MuLﬁmﬁLmTLﬁL
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death ligand 18 receptors 11 Tumor necrosis facor (TNF)-OLLA receptors, Fas-ligand Was receptors, TNF-
related apoptosis-including ligand (TRAIL) &% receptors Tuunasag death ligand-receptor qzil “decoy” Wie
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quriu ligand wazdninlfiinesnanindalwaasunayladnls taavallnsmneesaasaisnsnauunls 3 wuy
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wuuiisaulugadunsyladdnifduuuui 2 (Type 11 apoptosis cell)  v3aRanHlulnasauasaivaznaninlon
usanane (Manabe et al., 2003) A4 Figure 2
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Figure 2 Mitochondrion-dependent (type 1) apoptosis signal transduction. (Manabe et al., 2004)
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1. cell death ligand AU cell death receptor Aidsznausiag death domain (DD)

2. DD 104 cell death receptor M{ji3eriL DD 284 adaptor protein (Fas-associated death
domain: FADD)

3. FADD %911 LAZIANITNNIUL8Y procaspase -8 1138 FLICE

4. procaspase-8 BNANNTUUNFRLAa Bid-protein asannlainlasudaasluinasewnss lalnlasudiay
ATP 28492284 apoptotic protese-activating factor-1 %i7a Apaf -1 inn1ssandafueedlainlaud, Apaf -1 uaz

3| % dlo/ ¥ = 1 ° U
pro-caspase -9 \lulnssairandudanzandt aznanlningu (apoptosome) N pro-caspase -9 @1uNTOULEN
daeliiluenlsinianinnuiae caspase 9 Anunsvsul effector caspases liinuuazmiiaain linag
a a d? o . =) [ d‘ o 1 A a a o rdp
nnaznaninida IuAs Figure 2 - lussuuduiugnisidenaaiaresaasunyladi veeazyiads ludndiaaegn
fotun annsnedunelagnisineznentnfnagdiuaadunsyladnls (Nakayama et al, 2000; Tilly, 1996;
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Hughes and Gorospe, 1991) 1n3delAn1n1sANERIANLEeIENEN [WasINe1 LAZTUAR [NEMNANNENAUS
nafaasAswLLe snenInTaiunidandatu1eaneadAn 1aeas terminal  deoxynucleotidyltransferase-
mediated biotinylateddeoxyuridine triphosphate nick end-labeling (TUNEL) LL@zﬁﬂHWTmﬁWﬂé’@\i@q@miﬂﬁ
BidansouuuLdeiy nan1sAnEINLIn lunesdihananysal (nealthy follicte) tinuaznweninfinaad uaas
wnsyladn doulussezBusiuansesyisinneadha (Eary stage of atresia) wuttagazwanlamn NLFasuluaes
ulsvlaania uarlussazgarinureveasisannaadlAa (ate stage of atresia) AnuimadazwaninAniduiImwI
ynnesuluesneafda (Maeda et al., 2007)

Cell death ligand wae receptor Nifedasiunisiinezneninaalusasunsylady lun

Fas ligand LAY Fas system

Fas Ligand (FasL¥i3@ ApollL vi38 CDI5L) ua Fas (Apo 1 ¥i38 CDI5) A m@a“"LuLst?EmmTﬂsﬁuﬁ
flnseatndrai TNF fanunsadninlfiAnesnentndalumyn Fasluas Fas system  Saanuduniugnig
Aneznanindalutadunsyladniazisadgifiun (Juengel ef al., 1993; Guthrie et al, 1995; Sakamaki et al.,
1997) FasL Lﬂuﬁmmqﬁﬁﬁﬁmhmaﬂ@x&ju T-lymphocyte taz NK cell hazdnualmnnaznanindalugas
g

NNIuAAIBENT8Y FasL uaz Fas Tuiadunsyladifsanuludaduanaatin iy uywd uy T
uaTgNs 1 FasL uaz Fas fnsuanseenlumasunsylatiuazaznanindaarunsngndniinlaga FasL uas Fas 6
(Yonehara et al., 1989; Ellis et al., 1991; Inoue et al.,2003) TuNyHEWLNITUAAIBONTDS Fas usstzsil
evazvEFauazgeauluszazazyaie (Cohen, 1997)

TINFo @y TNF receptor

TNFo @nsnsadnin liiAssitagmne (cell death) waziaaidam (cell proliferation) waz
ANV LAeiL TNF receptor (TNFR)-1 waz TNFR2 Taenfisnnaunnudusausiallil
1. TNFR oL AU extracellular 789 TNFR1 dsznausiag death domain (DD)

2. aeluiaad DD 204 receptor 14191Uf)saniL DD 2984 adaptor protein (TNF receptor-



associated death domain protein: TRADD)

3. DD 284 TRADD AUy DD 284 adaptor protein sfinauAe FADD (Fas-associated death
domain protein)

4. FADD nszsun19M19114384 procaspase-8 uandntinlinnazwaningaluniemsaiudas
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e TNFOU wapadlunauisiusanisifinasnaninga ludtnielumadsas TNFRT HAUU2WNN3A95

Q

1. TNFRoL AUL3190U extracellular 289 TNFR1 fitlsznausag death domain (DD)
2. neluiagaed DD 2@4 receptor [N1UfjAFEN L DD 294 adaptor protein

(TNF receptor-associated death domain protein: TRADD)
3. TRADD 1310 DD AUl DD 984 receptor interacting protein (RIP)
4. RIP ynUf)i3e1fiL TNF receptor-associated factors (TRAF2)
5. mn&wﬁmﬂﬁﬁ“&mmm TNFR2 #gl nuclear factor (NF)-KB waalinn1sianiaanaagdy

v
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fifugsnnainaznaninga

TRADD ug¥ RIP auiflunmuagn ”mﬁ@%ﬂu%ummm TNFR1 signaling process Wa% TNFR2 ugntan
ﬁﬁmm TNFo-dependent cell proliferation

Faneluaes TNFR2 flduseudsl

1. TNFou 4Uf1 extracellular domain 284 TNFR2

2. TRAF2 ldannnsndulnanseiu TNFRT w6 TRAF2 d1u19nduinemsariu TNAF2 mn&mﬁmﬂﬁ'ﬁ?ﬁm
71979 TNFR2 iy TRAF2

3. NF-KB gnnazfu udaifinnsuansaensesiulévandunsziumadediiimiedudinisia
aswanlnda (Nakayama et al., 2000)

”lumﬂ??mvmﬁa,l,ﬂm‘llmhﬁLm?ﬂmmm@&ﬁ@ﬁﬁu@uﬁu (antral follicle) wwnlunjuasisldlugns
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Wu91 TNFo dnsnsadninlfiiaadnasnuasimadniels (Prange-Kiel et al, 2001) adrglsnmugelifinig
fusldesinadniaudn TNFo Wuiladefiinlfiianismeuuesnanlniasisetadafivnldmadiasn

ueNaNt An13ANEn TNFR2 uas TRAF2 GLuW@aﬁlﬁ@%uymiwudﬁ TNFoL uaz TRAF2 mRNAs R399
wuﬁu’?mmmﬂqﬁmuaﬂmmLsmﬁl,mil{llmsﬁﬁLLmistwﬁmﬁ“@:Wfawiwﬁﬂ douazvinaadiAsluszesGudy (Early
atretic stage) NN17AAATBY TRAF2 WAZILFL MRNA B LazNIsudAIeanTad TNFR2 anaslusiumisfinuey
wanlyiEa WaNaNLEINLGY TNFRT AARANS SAUAASIY TNFGL LAz receptor LAy TNFR2 FultsFumaninglu
Heiileresild wazilusindAnylunsdniindtyeyunsfl@in (survival signals) sasiaadunsyladi Tuseningdi
ﬁmaﬁmmﬂ@@ﬁﬁmm@m (Manabe et al., 2004; Cheng et al., 2007)

TRAIL way TRAIL-receptor

TRAIL flanuduiusiuasneninga visaBanansavinae Apo2l fvthiazarfuasiluad ey
FasL uaz TNFoL Ganumsugasennunaiaedeazluinenis TRAIL azinlffseniu receptor lunguaes TNFR
(Golstein, 1997; Inoue et al., 2003) n1sAn®1lu in vitro wud1 TRAIL @annsadninlfinnesnenindauazioads
33m14 (Nagata et al., 1997; Golstein, 1997; Schulze-Osthoff, 1998; Ashkenazi and Dixit, 1998) liAfinnaifin
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1. TRAIL QufiU receptor 984 DR4 (TNF-related apoptosis-inducing ligand;TRAILR1) 198 DR5
(TRAILR2) '17{ extracellular domain

2. Intracellular DD 724 receptor MNUffaenfiu DD 1e3sadueazwaninia (adaptor protein) 13
TRADD

3. DD 289 TRADD 411 DD 2a9sadulisAuauanidy FADD
4. FADD {UMU procaspase-8

5. \iAN19NIwsu caspase cascade wdadninliiinasnanindazunialuad

o

A1 wagﬁmmmlﬁnm’?qﬁ%ﬁm (cell proliferation signal pathway) AU NE R
1. TRAIL 49U extracellular domain 484 DR4 1138 DR5

2. Intracellular DD 284 receptor UM DD 284 proliferation — adaptor protein 138 RIP
3. DD 284 RIP 411 DD 284 receptor

4. NK-KB gnn3zsiu udaiiansuanseantestuwni liaadiian
WATWLI intracellular adaptor protein (TRADD waz RIP) Wlulilsfingn ”ryﬁtﬂugmﬂﬁlmumm cell
death WAz cell proliferation kazn134@ANANARY TRADD Lﬂuﬁqm%ﬁﬁmm TRAIL (Manabe et al., 2007)
uenanifuinddanasdBoyFee nudanismievetaduutesnaningalusagunsylagnd
AL LA US I procaspase-8 Uag procaspase-9 luieligns (Matsuda-Minehata et al.,
2007; Matsuda-Minehata et al., 2008; Cheng et al., 2008) Wi cellular FLICE-like inhibitory protein (cFLIP)
CFLIP TllAsaa¥raindnemy procaspase-8  # 2 ANHLY A I (CFLIP short form %38 cFLIP,) Uag
ANwnuzea (CFLIP long form 38 cFLIP, ) WA TiRsadafl procaspase-8 AeuulUlsAudieudanisiiney
wanlndia (Goto et al, 2004) n1suansaanaas cFLIP luimasunsuladivesgninuda cFLIP_ Anisuansaangs
‘lumﬁumgiwﬁwmﬂmﬁLﬁ@‘ﬁ'mqmugmﬁmmmﬂwﬁqq‘ﬁ'ﬁmmma[?Tf;*’um%lm&ﬁ@ LazinIsuand8an
Haaluazvsinwaaaina (Matsuda-Minehata et al, 2005) WAZENWL4N x-linked inhibitory of apoptosis protein
(XIAP) ﬁu‘wm‘wLﬂuiﬂiﬁuﬁuﬁamim:ﬁu procaspase-9 Walalidaezneningaldiduiy Jnanunisugssann

gengnlunesdimasnysniuaznutiasluazyidsinnasaiaa (Cheng et al., 2008)
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gin lai ﬂ’m‘Lﬁ@mmmmeELﬁ@ﬁmmﬁuﬁuﬁ’”urm‘mmmmaﬁunmzwmiw%mimﬁﬁqmuawmmﬁmﬁ
WliRAnsenesitaiaesy3Anraadifa daedfmiaaihaes cell death ligand Wag receptor LT Fas-ligand
WAL receptor, TNFOL AL receptor, TRAIL WAL receptor mwmuammmmﬁ%MLL@::LGHMTMWFJLLUU‘Q?JW@WTV]
Falugadunsyladniinasiendnanysnizesnoadiag Lwimﬂmmmwmu@mmmimﬁmﬁﬁLL@zmaﬂ"u&qmi
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