
INTRODUCTION

Accumulation of unfolded proteins in endoplasmic re-

ticulum (ER) lumen causes ER stress (Kaufman, 1999). 

Under ER stress condition, unfolded protein response 

(UPR), a cellular protective response, is activated through 

three transmembrane stress sensors such as a protein ki-

nase RNA-like ER kinase (PERK), activating transcription 

factor-6 (ATF6), and inositol-requiring protein 1 (IRE1) 

signaling pathways (Rasheva and Domingos, 2009; Walter 

and Ron, 2011). Above all, PERK sensors initiate protec-

tive response including attenuation of protein translation, 

increasing molecular chaperone genes expression levels 

(Bravo et al., 2013). In addition, the PERK signal controls 
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ABSTRACT    Sestrin-2 (SESN2) as a stress-metabolic protein is known for its anti-
oxidative effects as a downstream factor of PERK pathways in mammalian cells. 
However, the expression patterns of SESN2 in conjunction with the UPR signaling 
against to ER stress on porcine oocyte maturation in vitro, have not been reported. 
Therefore, we confirmed the expression pattern of SESN2 protein, for which to examine 
the relationship between PERK signaling and SESN2 in porcine oocyte during IVM. We 
investigated the SESN2 expression patterns using Western blot analysis in denuded 
oocytes (DOs), cumulus cells (CCs), and cumulus-oocyte complexes (COCs) at 22 
and 44 h of IVM. As expected, the SESN2 protein level significantly increased (p < 
0.01) in porcine COCs during 44 h of IVM. We investigated the meiotic maturation 
after applying ER stress inhibitor in various concentration (50, 100 and 200 μM) of 
tauroursodeoxycholic acid (TUDCA). We confirmed significant increase (p < 0.05) of 
meiotic maturation rate in TUDCA 200 μM treated COCs for 44 h of IVM. Finally, we 
confirmed the protein level of SESN2 and meiotic maturation via regulating ER-stress 
by only tunicamycin (Tm), only TUDCA, and Tm + TUDCA treatment in porcine COCs. As 
a result, treatment of the TUDCA following Tm pre-treatment reduced SESN2 protein 
level in porcine COCs. In addition, SESN2 protein level significantly reduced in only 
TUDCA treated porcine COCs. Our results suggest that the SESN2 expression is related 
to the stress mediator response to ER stress through the PERK signaling pathways in 
porcine oocyte maturation.
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cell-cycle, chaperon proteins activity, and anti-oxidant 

enzymes for reducing ER stress in mammalian cells (Brewer 

and Diehl, 2000). 

These UPR signaling activity play important roles for 

oocyte maturation, cumulus cells expansion, and early 

embryonic development in female reproduction system 

(Yang et al., 2016). Many previous studies demonstrated 

that the three UPR signal factors activations are linked 

closely to oocyte quality, meiotic maturation, and blas-

tocyst development of implantation embryos in pigs (Luo 

et al., 2006; Lin et al., 2015). Our previous study showed 

that the regulation of UPR signaling against to ER stress 

improves the meiotic maturation and cumulus cell ex-

pansion in porcine COCs during in vitro maturation (IVM) 

progression (Park et al., 2018). 

Sestrin-2 (SESN2) as an antioxidant protein is an es-

sential that is induced by oxidative stress and protects 

response to reactive oxygen species (ROS) (Kim et al., 

2015). In mammalian cells, the SESN2 is known as the 

stress inducible proteins for regulating cellular meta-

bolic homeostasis and nuclear factor-E2-related factor 

2 (Nrf2)-related antioxidant signaling (Shin et al., 2012). 

Under the oxidative stress and severe ROS induced ER 

stress, SESN2 as a cellular stress regulator performed anti-

oxidative roles through PERK signaling pathway in human 

colorectal cancer cells (Jin et al., 2019). Recently, Ye et al. 

reported that SESN2 induced the chaperone function and 

anti-oxidative enzymes expression through downstream 

of PERK/eIF-2/ATF4 signaling against ER stress (Ye et al., 

2015). Reduction of SESN2 gene expression using siRNA 

increased ER stress-mediated apoptosis (Kim et al., 2014). 

However, the effects of SESN2 on oocytes maturation via 

UPR signaling and ER stress during IVM of porcine oocyte 

have not been reported.

In present study, we first investigated the changes of 

SESN2 expression pattern in matured porcine COCs dur-

ing IVM progression. Also, we confirmed whether the 

conditions of ER stress regulators (such as ER stress in-

ducer, tunicamycin: Tm, and ER stress inhibitor, taurour-

sodeoxycholic acid: TUDCA) regulate PERK/eIF-2/ATF4 

signaling pathways and SESN2 expression. In addition, we 

investigated that regulation PERK pathways by ER stress 

leads to SESN2 expression induction in porcine COCs af-

ter 44 h of IVM. 

MATERIALS AND METHODS

Chemicals
Unless otherwise stated, all chemicals and reagents used 

were purchased from Sigma-Aldrich (St. Louis, MO, USA).

In vitro maturation (IVM)
Porcine ovaries were collected from local slaughter-

houses (Gyeongsan, Gyeongbuk, Korea) and transported 

to the laboratory in a thermos containing 0.9% saline 

supplemented with 75 mg/mL potassium penicillin G at 

approximately 30-35oC. Transported ovaries were washed 

three times with saline and follicular fluid was collected 

from follicles that were 3 to 6 mm in diameter using an 

18-gauge needle attached to a 10 mL syringe. The col-

lected follicular fluid had a 15 min settling time and then 

the supernatant was removed. The remaining pellet was 

diluted in Tyrode’s lactate-N-2-hydroxyethylpiperazine-

ethanesulfonic acid (TL-HEPES), and immature cumulus-

oocyte complexes (COCs) were selected using an optical 

microscope as previously described (Park et al., 2018). Ap-

proximately 50 to 60 immature COCs were cultured in 500 

mL of IVM medium in a four-well multi-dish at 38.5oC in 

an atmosphere of 5% CO2 after three washes in TL-HEPES 

and IVM medium. During the 22-h maturation, North 

Carolina State University-23 (NCSU-23) medium supple-

mented with 10% (v/v) porcine follicular fluid, 10 ng/mL 

epidermal growth factor (EGF), 25 mM β-mercaptoethanol, 

10 IU/mL human chorionic gonadotropin (hCG), 10 IU/

mL pregnant mare’s serum gonadotropin (PMSG), and 

0.57 mM cysteine was used for oocyte maturation. After 

maturation, COCs were additionally cultured in PMSG and 

hCG-free maturation medium for 22 h. During the matu-

ration periods, Tm (1 and 5 mg/mL) and/or TUDCA (50, 

100 and 200 mM) as an ER stress regulators were added to 

the maturation medium according to the treatment timing 

during three period of IVM such as IVM I (0-22 h), IVM II 

(22-44 h) and IVM I & IVM II (0-44 h) (Fig. 1). In present 

study, we used to the treatment concentration of TUDCA 

treatment concentration as descripted by Kim et al., 2012 

(Kim et al., 2012).

Protein extraction and Western blot analysis
Matured COCs (25 per group) lysates were extracted us-

ing protein extraction solution and PRO-PREP protein 

lysis buffer (iNtRON, Daejeon, Korea). The sample lysates 



J Anim Reprod Biotechnol    Vol. 34, No. 3, September 2019

214

were denatured at 100oC for 15 to 20 min. The mixture 

was separated by 10% sodium dodecyl sulfate polyacryl-

amide gel electrophoresis (SDS-PAGE; Hoefer, Holliston, 

MA, USA) for 2 h at 20 mA and the resolved proteins were 

transferred to nitrocellulose membranes (Pall Corporation, 

Darmstadt, Germany) for 2 h at 400 mA. The membranes 

were blocked using Tris-buffered saline containing 0.1% 

Tween 20 (TBST) supplemented with 5% BSA for 5 h at 

room temperature. The blocked membranes were washed 

three times for 5 min each using TBST, and then were 

incubated with TBST supplemented with 2.5% BSA over-

night at 4oC in the presence of the following primary an-

tibodies: anti-P-eIF2α (Cell Signaling Technology, Beverly, 

MA), anti-eIF2α (Cell Signaling), anti-Bip/Grp78 (Santa 

Cruz Biotechnology, CA, USA), anti-ATF4 (Santa Cruz), 

anti-β-Actin (Santa Cruz), and anti-SESN2 (Abcam, Cam-

bridge, MA, USA). The membranes were incubated with 

horseradish peroxidase (HRP)-conjugated anti-mouse and 

anti-goat IgG (1:5000; Santa Cruz) secondary antibodies 

overnight at 4oC. Antibody binding was detected using 

chemiluminescence with a BrightTM ECL Kit (Advansta 

Inc., San Jose, CA, USA). Protein content was determined 

using Fusion Solo software (Vilber Lourmat, Collégien, 

France). Both experiments were performed at least three 

times. 

Immunofluorescence (IF) staining
After IVM II, COCs were washed with 0.1% PVA-PBS 

and fixed in 2.5% (v/v) glutaraldehyde solution overnight 

at 4oC. Then, COCs were transferred to a permeabiliza-

tion solution (0.5% Triton X-100) at room temperature 

for 1 h. Next, COCs were washed in 0.1% PVA-PBS three 

times and then blocking was performed in 0.1% PVA-

PBS supplemented with 1% BSA at 4oC for overnight. The 

COCs were incubated with 1:1000 diluted anti-SESN2 

(10795-1-AP, Proteintech Group, Chicago, IL, USA) at 4oC 

overnight. After incubation, the COCs reacted with the 

secondary antibody, FITC-conjugated goat anti-rabbit 

IgG (Santa Cruz), diluted 1:1000 in 0.1% PVA-PBS for 40 

minutes at 37oC in an incubator. Immunoreactivity was 

observed under an iRiSTM digital cell imaging system (Logos 

Biosystems, Inc., Anyang, Korea).

Assessment of meiotic maturation
After IVM II (44 h), Tm and/or TUDCA treated porcine 

oocyte maturation was classified by nuclear stages. Oo-

cyte were denuded by TL-HEPES medium including 0.1% 

hyaluronidase. Denuded oocytes were washed three times 

in 0.1% PVA-PBS medium and mounted on microscope 

slides. Oocytes were fixed for 2-3 days in acetic acid : 

ethanol (1:3, v/v) and were stained with 1% acetic orcein 

(v/v) solution for 5 min. After 5 min, oocytes were de-

stained in acetic acid : glycerol : water (1:1:3, v/v/v) solu-

tion. Then, meiotic stages were observed under a micro-

scope (Leica, Solms, Germany).

Statistical analysis
All experiments were replicated more than three times. 

All values of Western blot and image experiments were 

presented as the mean ± standard error of the mean 

(SEM). All percentage data evaluated in the present study 

were presented as the mean ± standard deviation (SD). 

The results were analyzed using a one-way ANOVA fol-

lowed by Bonferroni’s Multiple Comparison Test and us-

Fig. 1. Graphical description of Tm 
and/or TUDCA treatment timing in 
porcine oocyte during IVM. During the 
maturation periods, Tm and/or TUDCA 
as an ER stress regulators were added 
to the maturation medium according 
to the treatment timing such as IVM I 
(0-22 h), IVM II (22-44 h) and IVM I & 
IVM II (0-44 h).
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ing t-tests. Histogram values of densitometry analysis were 

obtained using the Image J software (National Institutes 

of Health, MD, USA). All data calculations were performed 

using the GraphPad Prism 5.0 software package (San Di-

ego, CA, USA). Differences were designated significant at 

*p < 0.05, **p < 0.01, and ***p <0.001.

RESULTS

Changes in SESN2 protein level in porcine DOs, CCs, 

and COCs during IVM progression
To examine the expression of SESN2 protein in por-

cine DOs, CCs, and COCs after 22 h and 44 h IVM, we 

performed Western blot analysis. According to the result, 

protein level of SESN2 increased in DOs after 44 h IVM, 

Fig. 3. Investigation of SESN2 distribution using IF staining in porcine DOs at 44 h after IVM. Expression pattern of stress marker 
protein SESN2 in porcine DOs of IVM I (22 h) and IVM II (44 h) were investigated by IF staining analysis. Histogram of fluorescence 
intensity level in DOs during IVM. These data in bar graph are means ± S.D of independent experiments repeated at least three times. 
Differences were examined significant at *p < 0.05; p values were analyzed using t-tests. Scale bar is 100 mm.

Fig. 2. Change of SESN2 protein expression in porcine DOs, CCs, and COCs during IVM, respectively. Protein level of SESN2 was de-
tected in (A) DOs, (B) CCs, and (C) COCs during IVM by Western blot analysis. Histogram of protein level in DOs, CCs, and COCs dur-
ing IVM. Relative SESN2 protein expression level was normalized to b-Actin. Data in the bar graph are means ± SEM of independent 
experiments repeated at least three times. Differences were examined significant at **p < 0.01, ***p < 0.001; p values were analyzed 
using t-tests.
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and matured porcine CCs and COCs were significantly in-

creased (p < 0.05) compared to 22 h after IVM group (Fig. 

2A-2C). Then, to observe distribution of SESN2 protein 

expression in DOs after 44 h of IVM, we performed IF 

staining analysis. As shown in Fig. 3, green fluorescence 

intensity of SESN2 in cytoplasm of porcine oocyte at 44 

h was increased compared with oocyte of 22 h group. In 

addition, the SESN2 fluorescence expression was observed 

to be equally distributed in the cytoplasm of porcine oo-

cyte. These results demonstrated that SESN2 is expressed 

Table 1. Meiotic maturation according to the Tm 1 and 5 mg/mL treatment in porcine oocyte

Tm

(mg/mL)

No. of oocytes

examined

% of oocytes (n)

GV GVBD M I M II

Con 144 1.4 ± 1.6 (3) 5.9 ± 4.2 (8) 19.4 ± 1.9 (28) 72.5 ± 4.2 (105)a

1 152 5.2 ± 2.1 (8) 10.0 ± 1.8 (15) 25.5 ± 2.7 (39) 59.3 ± 2.4 (90)b

5 147 10.9 ± 2.0 (16) 18.4 ± 3.1 (27) 24.6 ± 2.8 (36) 46.2 ± 4.1 (68)c

Data are the means ± standard deviation (SD). 
a,b,cValues with different superscripts denote a significant difference (p < 0.05).

Fig. 4. Expressions of PERK signaling and meiotic maturation in Tm treated porcine COCs. (A) Table 1 and histogram of meiotic matu-
ration depending on the treated with various Tm concentration (1 and 5 mg/mL). These data in bar graph are means ± SD of inde-
pendent experiments repeated at least three times. a,b,cValues with different superscripts denote a significant difference (p < 0.05). (B) 
Expressions of PERK signaling (Bip/Grp78, p-eIF2a, eIF2a and ATF4) were detected in matured COCs by Western blot analysis. Histo-
gram of protein levels in COCs. Relative of these protein expressions were normalized to b-Actin. These data in bar graph are means 
± SEM of independent experiments repeated at least three times. Differences were examined significant at *p < 0.05, **p < 0.01, ***p 
< 0.001; p values were analyzed using Bonferroni’s Multiple Comparison Test.
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in DOs, CCs, and COCs respectively. Then, SESN2 is lo-

calized in the entire cytoplasm of porcine oocyte. Based 

on these results, we determined that the matured COCs 

after 44 h of IVM in pigs can be used for the subsequent 

experiments as sample type. 

Effects of inducing ER stress by Tm during meiotic 

maturation of porcine oocyte and PERK signaling 

activation in porcine COCs
In our previous study, we demonstrated that ER stress 

affects porcine oocyte maturation during the 44 h after 

IVM. In addition, ER stress-induced UPR signaling path-

way activation occurs in Tm 1 mg/mL treated porcine 

COCs during IVM (Park et al., 2018). According to our 

previous results, we investigated whether meiotic matura-

tion is reduced by Tm treatment concentration (1 and 5 

mg/mL) in porcine oocyte. As expected, as shown in Table 

1 and Fig. 4A, meiotic maturation rate significantly de-

creased (p < 0.05) in Tm treatment concentration depen-

dent manner compared with control group at 44 h of IVM 

(Control; 72.5 ± 4.2% vs Tm 1 mg/mL; 59.3 ± 2.4%, Tm 5 

mg/mL; 46.2 ± 4.1%). Under increase in ER stress by Tm 

treatment, the protein levels of Bip/Grp78, p-eIF2α and 

ATF4 were increased in matured porcine COCs (Fig. 4B). 

Effects of TUDCA treatment on meiotic maturation of 

porcine COCs 
We investigated the effects of TUDCA as an ER stress in-

hibitor on meiotic maturation in porcine oocyte. Matured 

porcine oocytes in IVM medium are supplemented in var-

ious concentrations (50, 100 and 200 mM) of TUDCA for 

44 h. As shown in Table 2 and Fig. 5A, meiotic matura-

tion also significantly increased (p < 0.05) in TUDCA 200 

mM treated group compared with other groups at 44 h of 

IVM (Control; 70.6 ± 5.8%, TUDCA 50 mM; 76.3 ± 2.8%, 

100 mM; 79.8 ± 6.8%, 200 mM; 81.3 ± 5.3%). These results 

showed that the reducing ER stress by TUDCA treatment 

improved the meiotic maturation of porcine COCs after 

44 h of IVM.

Investigation of SESN2 protein expression in porcine 

COCs with Tm and/or TUDCA treatment during IVM
Based on the results, to confirm the recovery effects of 

TUDCA response to Tm, we measured the meiotic matu-

ration rate in porcine oocyte after TUDCA and/or Tm 

treatment. As expected, meiotic maturation rate were sig-

nificantly recovered (p < 0.05) in TUDCA treatment after 

Tm pre-treated group (Tm + TUDCA) compared with only 

Tm treated groups (Control; 72.6 ± 2.8%, only Tm 1 mg/

mL; 60.2 ± 1.7%, only TUDCA 200 mM; 78.8 ± 2.9%, Tm + 

TUDCA; 70.3 ± 3.8%) (Table 3 and Fig. 5B). Interestingly, 

protein levels of SESN2 showed the same pattern as that 

of meiotic maturation rate in 44 h after IVM (Fig. 5C). 

And then, SESN2 protein expression were significantly 

decreased in only TUDCA treated COCs. These results 

suggested that TUDCA treatment recovered the reducing 

meiotic maturation after Tm-induced ER stress in matur-

ing COCs. 

DISCUSSION

In present study, we investigated the protein level of 

SESN2 in denuded oocyte (DOs), cumulus cells (CCs), and 

cumulus-oocyte complex (COCs) during in vitro matura-

tion (IVM) in porcine oocytes. Interestingly, SESN2 protein 

levels were significantly increased in porcine DOs, CCs 

and COCs according to the IVM progression. In addition, 

our previous study demonstrated that the ER stress and 

UPR signal factors expression were increased in matured 

porcine COCs. As shown in the Fig. 3, under Tm-induced 

ER stress, PERK signal pathways activated and meiotic 

maturation reduced in porcine COCS. On the contrary, 

Table 2. Effects of reducing ER stress by TUDCA treatment on meiotic maturation of porcine oocyte in 44 h after IVM 

TUDCA

(mM)

No. of oocytes

examined

% of oocytes (n)

GV GVBD M I M II

Con 161 2.6 ± 2.2 (5) 10.1 ± 2.8 (16) 16.2 ± 2.4 (26) 70.6 ± 5.8 (114)a

50 151 4.0 ± 1.4 (6) 5.2 ± 1.8 (8) 14.6 ± 2.8 (22) 76.3 ± 2.8 (115)a

100 178 5.2 ± 1.5 (9) 4.4 ± 1.5 (8) 10.7 ± 4.7 (19) 79.8 ± 6.8 (142)a

200 147 4.3 ± 2.1 (6) 5.4 ± 3.4 (8) 9.1 ± 2.4 (13) 81.3 ± 5.3 (120)b

Data are the means ± SD. 
a,bValues with different superscripts denote a significant difference (p < 0.05).
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ER stress inhibitor, TUDCA treated COCs showed im-

provement of meiotic maturation in porcine oocyte after 

44 h of IVM. Based on these results, we investigated the 

SESN2 protein levels, which affected the according to the 

ER stress by ER stress regulator during oocyte maturation 

in pigs. These observations provide the first evidence re-

Fig. 5. Protein levels of SESN2 and meiotic maturation in TUDCA and/or Tm treated porcine COCs. (A) Table 2 and histogram of 
meiotic maturation depending on the treated with various TUDCA concentration (50, 100 and 200 mM). a,bValues with different su-
perscripts denote a significant difference (p < 0.05). (B) Table 3 and histogram of meiotic maturation depending on the treated with 
Tm and/or TUDCA concentration (only Tm 1 mg/mL, only TUDCA 200 mM and Tm + TUDCA; TUDCA treatment after Tm pre-treated). 
These data in bar graph are means ± SD of independent experiments repeated at least three times. a,bValues with different super-
scripts denote a significant difference (p < 0.05). (C) Expressions of SESN2 protein were detected in matured COCs after Tm and/or 
TUDCA treatment by Western blot analysis. Histogram of protein levels in COCs. Relative of these protein expressions were normal-
ized to b-Actin. These data in bar graph are means ± SEM of independent experiments repeated at least three times. Differences 
were examined significant at **p < 0.01, ***p < 0.001; p values were analyzed using Bonferroni’s Multiple Comparison Test.

Table 3. Changes in meiotic maturation rate in Tm and/or TUDCA treated porcine oocyte 

Tm

(1 mg/mL)

TUDCA

(200 mM)

No. of oocytes

examined

% of oocytes (n)

GV GVBD M I M II

- - 158 2.0 ± 2.7 (4) 5.3 ± 3.7 (8) 19.4 ± 2.8 (31) 72.6 ± 2.8 (115)a

+ - 153 5.1 ± 1.7 (8) 10.0 ± 2.3 (15) 24.6 ± 2.5 (38) 60.2 ± 1.7 (92)b

- + 130 4.1 ± 2.0 (5) 5.1 ± 1.8 (7) 12.0 ± 2.6 (16) 78.8 ± 2.9 (102)a

+ + 150 4.8 ± 1.7 (7) 5.8 ± 3.4 (9) 19.2 ± 2.0 (29) 70.3 ± 3.8 (105)a

Data are the means ± SD.
a,bValues with different superscripts denote a significant difference (p < 0.05).
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garding the basic mechanisms connecting SESN2 protein 

expression and PERK signaling activation response to ER 

stress in porcine COCs and oocyte maturation in vitro. 

The activity of UPR signaling pathways plays an im-

portant role in oocyte maturation (Zhang et al., 2012), 

and embryonic development (Basar et al., 2014), which is 

related to chaperone functions, progesterone production 

and cellular apoptosis in pigs. To prevent ER stress dam-

age, PERK signaling induces anti-oxidative genes expres-

sions (Marciniak et al., 2004). These roles of antioxidant 

for reduction of ROS is important in porcine oocyte mat-

uration and cumulus cells expansion (Yang et al., 2019). 

Additionally, PERK signaling is critical in reducing ER 

stress by attenuation of translation (Hetz and Papa, 2018). 

PERK signal activation plays important role in oocyte 

maturation, in vitro fertilization (IVF) process, and blas-

tocyst development (Latham KE., 2016). The expressions 

of PERK-related proteins were increased during IVM pro-

gression in CCs and COCs (data not shown). In addition, 

PERK signaling was activated by Tm-induced ER stress in 

porcine COCs. Previous study has reported the reduction 

of blastocysts formation in PERK knockout mouse (Hard-

ing et al., 2001). Based on these results, we confirmed 

that the activation of PERK signaling is a marker for pro-

tecting ER stress damage in porcine oocyte during IVM. 

SESN2 as a stress mediator is known to increase expres-

sion in response to various stresses including oxidative 

stress and ER-stress (Wang et al., 2017). However, the 

expression pattern of SESN2 on oocytes maturation in 

pigs is not yet clearly understood. In addition, expression 

of SESN2 protein was increased in CCs and COCs during 

IVM progression and its localization to the cytoplasm in 

porcine DOs was confirmed using immunofluorescence 

(IF) staining. Increase of SESN2 expression and PERK 

signaling activation improved in matured porcine COCs 

after 44 h of IVM. Based on these results, we speculated 

that SENS2 protein is expressed as a downstream of PERK 

signaling pathways in porcine oocytes. To confirm the 

relationship between ER-stress and SESN2 in porcine 

oocytes, we measured the meiotic maturation and ex-

pression of PERK-related protein using Tm as ER-stress 

inducer. Under severe ER stress, UPR becomes cytotoxic, 

including apoptosis rather than being protective (Zeeshan 

et al., 2016). As shown in Fig. 4, ATF4 expression of PERK 

Fig. 6. Graphical summary. During por-
cine oocyte IVM, UPR signaling activa-
tion response to ER stress occurs in 
pigs. When increased in ER stress by 
Tm, protein levels of SESN2 as a stress 
proteins were significantly increased in 
matured COCs after 44 h of IVM. But, 
contrary to Tm treated condition, only 
TUDCA as an ER stress inhibitor treat-
ed COCs showed the reducing SESN2 
protein expression in porcine COCs. 
Interestingly, increased SESN2 protein 
levels by Tm were recovered in TUDCA 
treated COCs. Based on these results, 
the SESN2 expression as a stress me-
diator response to ER stress is related 
to the activity of PERK signaling path-
ways in porcine oocyte maturation.
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signaling proteins in Tm 5 mg/mL treated group decreased 

compared with Tm 1 mg/mL treated group. 

We confirmed that meiotic maturation was significantly 

increased in 200 mM TUDCA treated COCs. In addition, 

we confirmed the changes in meiotic maturation and ex-

pression of SESN2 protein according to Tm and/or TUD-

CA treatment in porcine COCs. Previous study reported 

that the TUDCA treatment effectively suppressed SESN2 

expressions in ER stress induced mammalian hepatocyte 

(Ding et al., 2016). Interestingly, reduced SESN2 protein 

levels by Tm were recovered in TUDCA treated COCs. In 

previous study, SESN2-deficient cells were induced to be 

apoptotic by ER stress mediated apoptosis (Park et al., 

2014). Based in these results, we speculated the correla-

tion between SESN2 protein expression and PERK signal-

ing activation response to ER stress in matured porcine 

oocyte during IVM.

In conclusion, we confirmed that inducing Tm reduced 

PERK signaling markers and SESN2 protein expression in 

matured COCs of pigs (Fig. 6). In addition, reducing ER 

stress condition by TUDCA, porcine COCs showed the im-

provement of meiotic maturation and reduction of SESN2 

protein level in 44 h of IVM. Therefore, we speculated 

that SESN2 is related to ER stress in meiotic maturation 

by a stress regulator through the PERK signaling pathway 

in pigs. Moreover, we suggested that SESN2 protein might 

affect PERK signaling activity response to ER stress on 

porcine oocyte maturation. 
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