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ABSTRACT

Autophagy is an intracellular degradation and recycling system. Oocyte maturation is dynamic process, in which 

various proteins should be synthesized and degraded. In our previous study, we reported the loci of autophagosome 

and dynamics of autophagic activity in porcine oocytes during in vitro maturation. In this study, we verified loci of 

autophagosome in porcine follicular cumulus-oocyte complex by detection of microtubule-associated protein 

1A/1B-light chain 3 (LC3) which is the reliable marker of autophagosome. Porcine ovary including various sizes of 

follicles was fixed within 1 hour after collection from slaughterhouse. After fixation, immunohistochemistry was 

conducted on sliced ovary tissue containing various sizes of follicles by using LC3 antibody. As a result, LC3 signal 

was clearly detected in both cumulus and oocytes of various sizes of follicles. We also found ring shaped signal which 

represent autophagosome near oocyte membrane. Most of the signals in oocytes were localized nearby cellular 

membrane while evenly dispersed in cumulus cells. Therefore, this result suggests that autophagy occurs in porcine 

COCs (cumulus-oocyte complexes) at follicular stage.
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Introduction

Microtubule-associated protein 1A/1B light chain 3(LC3)-II 

is the most reliable marker of autophagosome because they 

exist on the autophagosome membrane during the entire 

autophagosome life cycle (Mizushima 2004). LC3-I is 

cytosolic type of LC3 while LC3-II is its membrane-embedded 

form (Fritzen et al. 2016). Therefore, LC3-II is used as a 

potent autophagosome marker which represents autophagic 

activity. Autophagosome is a kind of unit of entire autophagy 

system. In autophagy system, unfolded useless protein and old 

cellular components are packed by autophagosome. 

Subsequently, lysosome fuse with autophagosome and inside 

contents of autophagosome are degraded by hydrolytic enzyme 

of lysosome (Yin et al. 2016). Although there is another type 

of autophagy i.e. micro autophagy or chaperone-mediated 

autophagy, normally macro autophagy is termed as autophagy 

which related to fusion between autophagosome and lysosome 

(Feng et al. 2014; Sahu et al. 2011; Tang et al. 2017). 

Autophagy is generally activated when cellular stress is 

increased by cellular alteration like embryo development or 

insect metamorphosis (Mizushima and Komatsu 2011; 

Nakashima et al. 2017). Autophagy helps cellular alteration as 

they are engaged to degrade and recycle useless protein or 

cellular components (Masclaux-Daubresse et al. 2017). Oocyte 

maturation is also cellular alteration process, likewise cytosol 

of oocyte should be grown dramatically or meiosis should be 

occurred just in short period which is follicular stage (Miyano 

and Manabe 2007). We focused on this kind of autophagy 

character and hypothesized that autophagy is activated during 

oocyte maturation. In our previous study, we elucidated the 

dynamics of autophagic activity during in vitro maturation of 

porcine oocytes (Lee et al. 2014). However, we suspected that 

only in vitro circumstance activate autophagy. Therefore, in 

this study to confirm autophagy in porcine oocytes at follicular 

stage, we evaluated autophagosome localization by 

immunohistochemistry of porcine ovary using LC3 antibody.

MATERIALS and METHODS

Immunohistochemistry of porcine ovary tissue

Porcine ovaries in 0.9% saline solution were moved to 

laboratory from slaughterhouse within 1 hour. After 3 times 
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washing in phosphate buffered saline(PBS), ovary was cut by 

5x5mm size and every pieces of ovary tissue fixed in 10% 

formaldehyde neutral buffer solution (Nacalai Tesque, Kyoto, 

Japan). After 48 hours fixation at room temperature, each 

piece of ovary was embedded in paraffin wax and sectioned 

with 5μm thickness. Sectioned samples of ovary tissue were 

placed on slide glass and dried at room temperature. Then, 

samples were deparaffinized and incubated with HistoVT One 

(Nacalai Tesque) at 90°C for 30 minute. After washing, 

samples were proceeded to blocking step by treatment with 

Blocking One (Nacalai Tesque) at 4°C for 1 hour. 

Subsequently, samples were incubated with rabbit anti-LC3 

monoclonal antibody (dilution 1:200; Cell signaling, Danvers, 

MA) overnight at 4°C. Furthermore, samples were incubated 

with Alexa Fluor 488-labeled anti-rabbit secondary antibody 

(dilution 1:500; Invitrogen, Carlsbad, CA) and 20μg/ml 

propidium iodide (PI) (Sigma Chemical, St Louis, MO) at 4°C 

for 2 hours. After washing in PBS, samples were observed 

under a LSM700 confocal scanning laser microscope (Zeiss, 

Feldbach, Switzerland).

RESULTS and DISCUSSION

Autophagy is well conserved cellular degradation system. 

Autophagy is generally known to have a role of stabilizing 

homeostasis and protection against various stresses. Although 

most autophagy researches are focused on cancer researches, 

reproductive researches have also investigated autophagy. Main 

focus of autophagy in reproductive studies is related to 

relationship between apoptosis and autophagy against various 

stresses like oxidative stress, toxic stress, and so on (Han et 

al. 2016; Wang et al. 2016; Zhang et al. 2016). In animal 

reproductive studies, autophagy was well known to be activated 

in embryo stages (Jin et al. 2016; Xu et al. 2012). However, 

only few studies about autophagy in animal unfertilized oocytes 

have conducted. In our previous study, we reported that 

autophagic activity is dynamic during in vitro maturation of 

porcine COCs (Lee et al. 2014). In this study, we examine 

location of autophagosome in porcine follicular COCs to verify 

autophagy work in porcine follicular oocytes. 

Immunohistochemistry analysis in various sizes of follicles 

whose diameter are ≤1mm, 1~2mm, and ≥2mm showed LC3 

expression in both cumulus cell and oocyte, regardless of their 

follicular sizes (Fig1. A, B, C). We classified follicular size 

with 3 groups. ≥2mm of follicle represent almost completed 

maturation, while 1~2mm of follicle represent maturating phase 

and ≤1mm of follicle represent immature phase, respectively. 

Especially, clear dot- and ring- shaped LC3 signal was shown 

near plasma membrane in magnified picture of 2mm follicular 

COCs (Fig1. D). We employed LC3 antibody as a marker of 

autophagosome, because among various autophagy marker like 

beclin1 or autophagy related genes(ATG) family, only LC3-II 

exist autophagosome membrane in whole autophagy steps 

which are made of nucleation, elongation, completion, and 

degradation (Tam et al. 2017). For example, beclin1 works only 

early stage of autophagy of nucleation step then it release to 

cytosol (Fimia et al. 2011). Therefore, beclin1 is suitable for 

only early stage of autophagy while LC3-II is able to represent 

autophagy activity. However, LC3 antibody detect both 

LC3-I(cytosolic form) and LC3-II(membrane form) in which 

phosphatidyletanolamine(PE) bound to LC3-I (McLeland et al. 

2011). In western blotting, it is easy to distinguish between 

LC3-I and LC3-II because of their different molecular size. In 

immunostaining, LC3-II is known to form dot- shape at 

nucleation step of autophagy, cup- shape at elongation step, and 

ring- shape at completion and degradation steps, but not LC3-I 

(Pinar et al. 2013; Yano et al. 2008). In our magnified picture, 

we detected dot- and ring- shaped LC3 signal. This means that 

these dot- and ring- shaped LC3 signal represent LC3-II which 

is on autophagosome membrane. Conclusively, our data verified 

that autophagosome exit in porcine follicular COCs. In other 

words, autophagy works in porcine follicular COCs. Autophagy 

is normally activated when a cell was forced to dramatic 

internal change (Nakashima et al. 2017). In this circumstance, 

when cell stress is increased by stimulation, autophagy has two 

of paradoxical roles. First role is to detect a cell as they 

participate in keep on homeostasis by degrading and recycling 

of useless unfolded proteins and cellular component (Zou et al. 

2017), while another role is to induce cell death with apoptosis 

(Qian et al. 2017). Until ovulation, porcine oocyte in follicular 

stage has to change dramatically including dramatic cytosolic 

growth. It is possible that autophagy participates in cytosolic 

growth by degrading and recycling gap junction or imported 

materials via gap junction. In other cell, it is reported that 

connexin 43 and connexin 37, which are main component of 

gap junction was degraded by autophagy (Carette et al. 2015; 

Sun et al. 2015). Our data also showed that autophagosomes 
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Figure 1. Immunohistochemistry analysis of microtubule-associated protein light chain 3 in the porcine ovary. Tissues were collected 
from porcine ovaries. Fixation was performed in 10% formaldehyde neutral buffer solution. The samples were then embedded in paraffin 
and cut to 5 mm. The cumulus cells and oocytes in follicles of sizes of ≤1mm (A), 1~2mm (B), and ≥2mm (C) were photographed 
under a confocal scanning laser microscope. The picture of over 2 mm follicle (C) was obtained under magnification. Arrows indicate 
dot- or ring- shaped LC3 immunoreactive signals (D). The green and red indicate microtubule-associated protein light chain 3 (LC3) 
and the nucleus, respectively. Scale bar = 20 µm.

mostly exist near plasma membrane in oocytes. Recently, 

reports about autophagy role in reproduction have been 

increased. In mouse, autophagic activity is highly regulated 

from embryogenesis but not in oogenesis or follicular genesis 

(Nakashima et al. 2017). LC3 signal was detected in only rat 

cumulus cell but not rat oocyte in immunohistochemistry (Choi 

et al. 2010). However, during in vitro maturation of porcine 

immature oocyte, autophagic dynamics has been confirmed 

(Lee et al. 2014). For better understanding of porcine oocyte 

maturation mechanism related to autophagy, further studies are 

needed to examine autophagy role in follicular oocyte 

maturation. In this study, we showed that location of 

autophagosome in porcine follicular COCs for the first time and 

suggested the possibility that autophagy works in follicular 

COCs. This study will provide fundamental data for future 

studies about the relationship between autophagy and oocyte 

maturation.
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