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Memory and engram synapses

Bong-Kiun Kaang

Distinguished Professor, School of Biological Sciences, Seoul National University

Learning is the process by which we obtain the information about the world; memory is the process
by which that information is stored. About 100 years ago, Richard Semon coined engram or memory
trace that is defined as the lasting physical changes in the brain that occur as a result of an experience.
D.O. Hebb who was searching for engram, proposed an idea of cell assembly and Hebbian synaptic
plasticity, in 1949. Now it became possible to identify and label engram cells by powerful molecular
biological tools and optogenetics. However, we do not know whether memory formation strengthens
synapses between engram cells in different brain regions. So, we asked if memory formation
strengthens synapses between engram cells, structurally and functionally. In this talk, I will present
our recent structural and functional approaches to reveal enhanced structural and functional connectivity

between engram cells in the hippocampus during memory acquisition.



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 4

Qa|LIZt ThEYAT LYNEAY AT

(hur0100@korea.kr)

QU TR FABARES 30471080 B3, Fe| Te0 Al 39I(FAO, 2000)0]3L, FAIAK]
A R 12 239 Folck. WRFAAIC] 420l WA Ao AF7 A A W S
7140] ATHAAT, 7|58 5 ANBHAGIS w3t 5 FAYA TEMsle] FHe SeAT
S Tl L SHES L B 5o WA o WAk A4 E8k 5 B 948 @il Aste
9lo] B olelge 1 Itk Bt ohjek H /|FHslE Qg SPRASE oIS 142, AL
e 5 HINT o4 B} W gt 71 2A4RI0) W] Be de Xk Aow HuHy
9lol, MAVFESH ZuiolA AR Wslo] oEel RFAY R&HQl WS i 71l
o ofgk AR MAVE] L BRFRILA sl nlAE BT HI ofsheh A e % FABE
ahA9l Sulol s Fadt T4 59 shfold.

AR B70] MASHE RO SRR WA S4L ASMIBIoR LAt o B Holoh
A ol gsle] &I P RS Y 4 YES AjEoR o] WA 5, ol Bo] AAzAo|
FEIR AG/IE WAET] skt B71skelo] Slek. Seluier o] £ Agfe] AAsks iR R
3 B3} ofZo] WAA|olck oloh e AWH WAEHL HoRo] FXG A7) st ouA] olg
2B} ofek, A3A9 HAL WA Aol LS}
wah 720 T 4 G AR SR WS JHS vAE A0 oA Stk 53] 44

; AR @ 7% AL fA] 99 B
2 ofuixE 27ab] o] IR

4~

£ AUAE EUo=H PAHct
A WRE LI Y FHEEE] WAF
= OFAIA

o T =2
TaA FABE AR AHAR] Ak B2 T3 AR SAA TIeiE S
=] =

AL ¢ S25p7] wheel IF H=

Keywords: shellfish aquaculture, climate change, shellfish reproduction, seed production



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 5
7|=Z4dm

Current research and applications in animal stem cells:
a pig review

Chang-Kyu Lee'?

"Department of Agricultural Biotechnology, Animal Biotechnology Major, and Research
Institute of Agriculture and Life Science, Seoul National University

’|nstitute of Green Bio Science and Technology, Seoul National University

Stem cells have been employed as a promising tool in the biomedical field including disease
modeling and xenotransplantation because they can recapitulate the developmental process in vitro.
In recent, species-specific developmental features in domestic animals especially pigs have been
actively studied in the aspect of comparative development biology. These researches improve the
ultimate value of biology and availability of developmental knowledge in domestic animals for
agricultural purposes. We have been conducting experiments with pig embryos and stem cells in terms
of development to facilitate biomedical and industrial applications. We investigated the genetic network
of pluripotent genes and epigenetic features such as genomic imprinting and X chromosome inactivation
(XCI) in preimplantation embryo. Further, we developed embryo aggregation method and analyzed
metabolism during embryogenesis to improve quality of in vitro-produced embryo. Based on these
studies, we established various porcine stem cells derived from embryo including embryonic stem cells
(ESCs), embryonic germ cells (EGCs) and induced pluripotent stem cells (iPSCs). In particular, the
authentic porcine ESCs which exhibited in vivo developmental competency could be established by
dissecting the porcine species-specific pluripotency signaling pathways. Further, we have performed
studies on the mechanism of myogenesis using muscle stem cells, providing developmental insights
and expanding the value of stem cells to cellular agriculture. An in-depth understanding of embryology

and stem cell biology in pigs will open a new possibility for agricultural biotechnology.

Keywords: pig, embryology, stem cells, pluripotency, cellular agriculture
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Toxic effects of microplastic exposure on fish and
future research directions

*Jun-Hwan Kim

Department of Aquatic Life and Medical Science, Sun Moon University
(jJunhwan1982@hanmail.net)

Plastics are used not only as packaging material in our daily lives but also in construction,
automobiles, electronics and electrical products, clothing, and agriculture, and industry. In 2018, global
plastic production reached approximately 360 million tons, of which 80,000 tons are estimated to flow
into the aquatic environment. Approximately 10% of plastic waste produced globally is found in the
marine environment (9.5 million tons of plastic waste annually), representing a major hazardous
substance. Plastics are divided into various types, such as polyethylene (PE), polystyrene (PS),
polyvinylchloride (PVC), polyethylene terephthalate (PET), polyamide (PA), polypropylene (PP) and
ethylene vinyl acetate (EVA) depending on the material used and structure, and have different
characteristics and usage. Evidence of freshwater and marine fish consuming MPs has been widely
documented. MP consumption has physical and chemical toxic effects, including mechanical injury.
Other adverse effects include energy disturbance, decreased reproduction/growth, oxidative injury,
metabolic disorders, cellular lesions, endocrine disruption, decreased immunity, neurotransmission
disorder and genotoxicity, also potentially leading to mortality.

MPs primarily accumulate in the gills and intestines of fish, with particles subsequently moving
to and accumulating in other major tissues via the circulatory system. The size of MP particles, rather
than exposure routes (waterborne or dietary exposure) and environment (freshwater or seawater),
influence the extent of accumulation. Accumulation of MPs in the tissues of fish affects the circulatory
system, impacting various hematological parameters related to fat metabolism, immune defense, blood
coagulation, osmotic pressure and molecular transport. Exposure to MPs influences ROS production
in fish, stimulating or inhibiting antioxidant reactions, and disturbing glutathione and its dependent
cycle reactions. In addition, exposure to MPs caused immune toxicity in fish, stimulating or inhibiting
immune responses. MP exposure also inhibited AChE in fish, causing behavioral and cognitive
disorders. In the future, in-depth research is needed on on the relationship between toxicity when

exposed to MP and other toxicants in combination is also considered necessary.

Keywords: microplastics, toxicity, bioaccumulation, oxidative stress, immuno-neuro toxicity
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Current advances in gene and cell therapy for incurable disease

Hanseul Park
College of Pharmacy, Chungbuk National University
(hanpark@chungbuk.ac.kr)

Gene and cell therapies hold great promise in the treatment of neurodegenerative diseases.
Neurodegenerative diseases are characterized by the progressive loss of structure and function of
neurons in the brain or spinal cord. Here is an overview of research on gene and cell therapy
approaches for Alzheimer's disease (AD). For gene therapy, CRISPR-mediated gene therapy has been
performed in AD. CRISPR-mediated gene therapy is a potential therapeutic strategy. However, in vivo
gene editing via CRISPR remains a challenge, limiting its therapeutic applications for AD. We
developed a CRISPR nanocomplex that efficiently targets AD-related genes in the brain in vivo,
demonstrating its potential for use in novel therapies. For cell therapy, we performed single-cell RNA
sequencing analysis and uncovered a previously undiscovered disease-associated subpopulation of
oligodendrocytes during the course of AD. Aberrant Erkl/2 signaling has been identified to be
associated with disease-associated oligodendrocyte activation in the AD brain. Specifically, inhibition
of Erkl/2 signaling in disease-associated oligodendrocytes rescued impaired myelination and Ap-related
pathology in an AD mouse model. Our results suggest that disease-associated oligodendrocyte
molecular profiling is a promising new therapeutic strategy for AD treatment. Acknowledgement: This
work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) No. 2021R1C1C1006551.

Keywords: CRISPR, gene therapy, OPC, cell therapy, Alzheimer’s disease
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The 3™ clutch in axoneme: defective sperm motility and
male infertility by altered radial spoke

Jae Yeon Hwang'?*, Pengxin Chai**, Shoaib Nawaz**, Jungmin Choi*,
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'Department of Cellular and Molecular Physiology, Yale School of Medicine
*Department of Molecular Biology, Pusan National University
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“Department of Biotechnology, Faculty of Biological Sciences, Quaid-i-Azam University
*Department of Genetics, Yale School of Medicine, Yale University
®Department of Biomedical Sciences, Korea University College of Medicine
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""Department of Obstetrics, Gynecology and Reproductive Sciences, Yale School of Medicine
*The authors contributed equally to this study
(jyhwang@pusan.ac.kr)

Radial spokes (RSs) are multiprotein complexes in axoneme of motile cilia and flagella. RS1, RS2,
and RS3 are repeated along the axoneme to modulate ciliary and flagellar movement. RS substructures
are distinct in spermatozoa from other cells harboring motile cilia in mammals. Here, we report a
leucine-rich repeat-containing protein, LRRC23, is a RS head component indispensable for the RS3
head assembly and flagellar movement in mammalian sperm. From a family with infertile males by
reduced sperm motility, we identified a LRRC23 mutation that truncates LRRC23 at the C-terminus.
In mouse model mimicking the mutation, the truncated LRRC23 protein is only produced in testis
but not detected from sperm tail, causing severe sperm motility defects and male infertility. Purified
recombinant human LRRC23 does not interacts with a head protein, RSPH9, which is abolished by the
C-terminus truncation of LRRC23. Cryo-electron tomography and sub-tomogram averaging visualized that
the RS3 head and sperm-specific RS2-RS3 bridge structure is missing in the LRRC23 mutant sperm.
Our study provides new insights into RS3 structure and function in mammalian sperm flagella. This
work was supported by start-up funds from Yale University School of Medicine and National Institute
of Child Health and Human Development (ROIHD096745) to Jean-Ju Chung; National Institute of
General Medical Sciences (R35GM142959) to Kai Zhang; Pakistan Academy of Sciences (PAS-171)
to Wasim Ahmad; and the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No. RS-2023-00210046) to Jaec Yeon Hwang.

Keywords: male infertility, WES, sperm flagella, radial spoke, Cryo-ET
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Effects of time-restricted feeding on the letrozole-induced mouse
model of polycystic ovary syndrome

Ki-Jin Ryu, Young In Han, Hee Jung Lee, Sumin Cho, Hye Gyeong Jeong,
Tak Kim, *Hyuntae Park
Department of Obstetrics and Gynecology, Korea University College of Medicine

(ryukj@korea.ac.kr)

Polycystic ovary syndrome (PCOS) is a common female reproductive disorder characterized by
hyperandrogenemia, chronic anovulation, cystic ovarian follicles, and luteinizing hormone (LH)
hyperpulsatility. Recent studies have shown that continuous exposure of sexually developing mice to
the aromatase inhibitor letrozole results in the characteristic features of PCOS. Time-restricted feeding
(TRF), a regimen that allows eating only during a specific period in the normal circadian feeding cycle
without calorie restriction, improves several metabolic conditions, including obesity, insulin resistance,
and metabolic syndrome. This study aimed to investigate whether TRF ameliorates metabolic and
reproductive phenotypes in a letrozole-induced PCOS mouse model. Female C57BL/6N mice were
subcutaneously implanted with letrozole or placebo pellets at 4 weeks of age. Starting at 5 weeks
of age, the letrozole-treated mice were randomly assigned to different feeding regimens: 1) TRF for
4 h (ZT12-ZT16) or 2) ad libitum diet. After 4 weeks of dietary intervention, estrous cycles were
determined with daily vaginal smear examination for 10 days, and serial tail-tip blood sampling was
performed at 5-min intervals for 2 h to measure the LH pulse frequency, amplitude, and mean LH
levels in the diestrus cycle stage. Serum testosterone and estradiol levels were measured after mice
were euthanized. Ovaries were histologically examined to determine the number of cystic follicles.
As results, letrozole-treated mice in the ad libitum group demonstrated multiple PCOS-like phenotypes
including anovulation (estrous cycle arrest), elevated serum testosterone levels, increased body weight,
and polycystic ovaries. Furthermore, compared to the controls, letrozole-treated mice exhibited more
rapid and elevated LH pulsatility, with increased pulse frequency, amplitude, and mean levels in the
diestrus stage. After TRF for 4 weeks, elevated testosterone levels, LH pulse frequency, amplitude
of LH pulse, mean LH levels, and increased cystic follicle number reverted to normal levels in
letrozole-treated mice. However, the percentage of diestrus cycles, which indicate the arrest of estrous
cycling, did not differ between the TRF and ad libitum groups. In conclusion, letrozole-treated mice
showed several apparent phenotypes that are seen in women with PCOS, including increased serum
testosterone levels and markedly hyperactive LH pulse secretion, which were partly restored to normal
ranges after 4 weeks of TRF for 4 h/day. Our findings indicate that TRF may have a therapeutic
effect on both the metabolic and reproductive phenotypes of PCOS. However, further studies with
diverse TRF regimens are necessary to confirm these findings and reveal the underlying physiological

mechanisms.

Keywords: polycystic ovary syndrome, time-restricted feeding, letrozole, luteinizing hormone
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Making of an inner ear

Jinwoong Bok

Yonsei University College of Medicine
(bokj@yuhs.ac)

The inner ear consists of two different sensory organs, the vestibule and the cochlea, which are
responsible for balance and hearing, respectively. The inner ear develops from a ball-shaped primordial
structure called the otocyst. Sonic hedgehog signals emanating from the ventral midline, such as the
floor plate and notochord, have been shown to specify the dorsoventral axis of the otocyst. Once the
dorsoventral axis is established, the dorsal half of the otocyst develops into the vestibule, and the ventral
half forms the cochlea. Removal of Sonic hedgehog signaling early in development results in the
complete absence or truncation of the cochlea. The cochlea then elongates and coils into its unique
spiral shape. The mechanosensory hair cells are arranged in a special way so that the hair cells located
at the basal end of the cochlea detect high frequency sounds and the hair cells at the apical end detect
low frequencies. Gradual anatomical and physiological changes along the cochlea facilitate frequency
selectivity. This special arrangement is known as tonotopy. However, how tonotopy is established is
only beginning to be understood. In this talk, I will discuss how the tonotopy is established during

cochlear development.

Keywords: inner ear, development, cochlea, tonotopy, frequency selectivity
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Location of second oocyte spindle and ART outcome

Sol A Yoon'?, Ji Soo Han? Ji Hye Jeong? Tae Hyung Kim?
Jin Hee Eum? Hee Jun Lee? E Jung Hanr? Ji Won Kim?
Woo Sik Lee?, Yong Pil Cheon'

'Division of Developmental Biology and Physiology, School of Biosciences and Chemistry,
Sungshin Women's University
°CHA Fertility Center Gangnam

One of the causes of ART failure is aneuploidy. Aneuploidy can happen during biological process
and the artificial reproductive technology. However, the relationship between the location of the oocyte
meiotic spindle and embryo development including chromosomal abnormality has yet to be well-studied
in the in vitro fertilization (IVF) cycles, although most of intracytoplasmic sperm injection (ICSI) is
following the popular method. Therefore, this study investigated the association between the angle of
meiotic spindle deviation and embryo development and euploidy in PGT-A cycle patients. Morphokinetic
analysis was performed with a time-lapse monitoring system. This study was conducted on 2,441
oocytes from 303 patients who underwent Polscope and PGT-A from March 2022 to January 2023.
Spindle in oocytes was observed using Polscope before ICSI, and oocytes were divided into 4 groups
according to the angle of meiotic spindle deviation from the polar body position: Al (beneath; 0~5°),
A2 (adjacent; 5~15°), A3 (away; >15°), and A4 (non-visible). The embryos were single-cultured and
monitored using the time-lapse system. Fertilization rate was significantly low in the non-visible spindle
A4 group compared with other groups. The good quality embryo (GQE) rates were not different
between them. Among groups with a spindle, only Al and A2 showed significant high in the GQE
rate compared with the non-visible group. Also, the groups having a spindle showed statistically higher
blastocyst rates of biopsy than those in the group without a spindle on Day 5 or 6. There was a significant
difference between spindle angles in Al and A2 at tPNf and t2in the euploid embryo group. Put together,
the results suggest that the position of the oocyte meiotic spindle with morphokinetic parameters may

provide essential information to identify euploid embryos with the highest developmental potential.

Acknowledgement: This works was supported by the National Research Foundation of Korea (NRF-
2021K1A4A7A02098794) and the Ministry of Health & Welfare of Korea (H121C1350).
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Investigating the role of interleukin-7 in porcine embryos:
implications and findings

*Dongjin Oh'?, Sang-Hwan Hyun'?
'Laboratory of Veterinary Embryology and Biotechnology (VETEMBIO), Veterinary Medical
Center and College of Veterinary Medicine, Chungbuk National University
’|nstitute for Stem Cell & Regenerative Medicine (ISCRM), Chungbuk National University

(rosecafes123@naver.com)

Interleukin-7 (IL-7), a vital factor that affects cell development, proliferation, and survival, plays
an important role in mammalian oocyte maturation. Despite this knowledge, its role in embryonic
development remains unknown. Therefore, we aimed to investigate the effects of IL-7 supplementation
on in vitro culture (IVC) of porcine embryos after parthenogenetic activation (PA) based on
characteristics such as cleavage, blastocyst formation rate, total cell number, apoptosis rate, and cell
lineage specification in blastocysts. Immunofluorescence revealed that IL-7 and its receptor, IL-7Ra
(IL-7R) localized in the cytoplasm of porcine parthenote embryos. By supplementing the IVC medium
with various concentrations of IL-7, we observed that an optimal concentration enhances embryonic
development, expression of the inner cell mass (ICM) marker SOX2, phosphorylated STATS levels
in blastocysts, and reduces blastocyst apoptosis. Next, we investigated whether IL-7 supplementation
affects blastocyst formation through PI3K/Akt signaling pathway and further influences the efficiency
of porcine embryonic stem cell (pESC) establishment. During IVC after PA, we treated IL-7 and the
PI3K inhibitor, wortmannin (Wort.), to determine whether IL-7 and PI3K/Akt correlate with porcine
blastocyst formation, apoptosis, and gene expression. Then, we demonstrated that treatment with IL-7
and Wort. during IVC affected the SOX2+ cells, ICM ratio, and pAKT expression in blastocysts.
Finally, we assessed the efficiency of pESC establishment using blastocysts from each group on day
7 after PA. The establishment of pESC using IL-7-treated blastocysts showed significantly higher
colony formation and expression of the core pluripotency markers compared to control blastocysts.
In conclusion, IL-7 supplementation could enhance embryonic development and ICM ratio via the
PI3K/Akt signaling pathway during porcine embryonic development in vitro, potentially assisting the

establishment and stable core pluripotency of pESC.

Keywords: in vitro culture, porcine embryos, embryonic development, interleukin-7, PI3K/AKT

signaling pathway

Acknowledgment: This work was supported by grants from the “NRF funded by the Korean
Government (2020R1A2C2008276)”, “Technology Innovation Program funded by the MOTIE, Korea
(20023068)”, and “IPET in Food, Agriculture, Forestry and Fisheries funded by MAFRA (320005-4)”,
Republic of Korea.
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The regulation of ribosome-biogenesis related NPM1 in mouse
endometrium

Giwan Lee, Hyukjung Kim, Byeongseok Kim, Minju Kang,
Joohee Kim, *Youngsok Choi
Department of Stem Cell and Regenerative Biotechnology, Konkuk University

(gyaan@naver.com)

Endometrial cancer is the sixth most common cancer in women, with 85% of cases falling under
Type 1, which is influenced by estrogen. In endometrial cancer, NPM1 expression is regulated by
estrogen, and this regulation affects the severity of the cancer. To address endometrial cancer and other
NPMI1-associated diseases effectively, understanding the regular regulation and functions of NPMI1 in
its normal state is crucial. However, the regulation of NPM1 in the normal state of the uterus remains
unknown. Therefore, we investigated the changes in NPM1 expression due to estrogen treatment in
mouse uterus and aimed to explore the expression patterns and functions of NPMI through
bioinformatics analysis. The results revealed that NPM1 in the uterus responds to estrogen and its
expression is regulated by estrogen receptor alpha. Additionally, bioinformatics analysis to uncover the
functions of NPM1 showed that estrogen-treated uterus exhibited activated ribosome biogenesis, which
might be regulated by MYC. Thus, this study revealed that NPM1 expression in the uterus might be
regulated by estrogen-induced MYC and could have a role in ribosome biogenesis. This study
discovered the functions of NPMI in the uterus and shed light on the possibility of MYC being
involved in the pathway that regulates NPM1 expression by estrogen. The findings hold significant
implications for understanding the functions of NPMI1 in the uterus and unveiling new possibilities

that MYC mediates the regulation of NPM1 expression.

Keywords: NPM1, ribosome biogenesis, MYC, endometrial cancer, estrogen

_]9_



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 20

Characterization of fine particulate matter (PM2.5)-induced
developmental and teratogenic defects in Xenopus embryos

Eun-Hye Jeong, Hyun-Shik Lee
School of Life Sciences, BK21 FOUR KNU Creative BioResearch Group,
Kyungpook National University
(Wjddmsgo8090@naver.com)

Particulate matter 2.5 pm (PM2.5) is an indicator of air pollution introduced into the atmosphere
by various natural and human activities. It is known that it can stay suspended in the atmosphere
for a long time and travel long distances, causing various diseases such as respiratory diseases,
cardiovascular diseases, and eye diseases such as glaucoma. To date, there are many studies on
respiratory and cardiovascular diseases caused by PM2.5, but there is a lack of research on the eyes,
which are in direct contact with PM2.5. In this study, we investigated the adverse effects of PM2.5
to organogenesis including the eyes using a frog embryo teratogenesis assay-Xenopus (FETAX). For
morphological analysis, Xenopus laevis embryos were exposed to PM2.5 at various concentrations, and
for genetic analysis, embryos at the affected concentrations were subjected to real-time qPCR and
whole-mount in situ hybridization (WISH). Embryos exposed to 70 pg/mL developed malformations
including reduced length, edema, small eye, gut miscoiling, and cardiac edema. Genetic analysis
revealed that PM2.5 reduced the expression of eye-related marker genes such as rxI, pax6, as well
as various organ marker genes such as darmin, and Idlrapl. We also checked cell migration to see
if it was involved in the teratogenesis, but migration was not affected. In conclusion, our study shows
that PM2.5 affects gene expression during Xenopus embryonic development, leading to developmental

toxicity and teratogenicity.

Keywords: Xenopus, PM2.5, FETAX, teratogenicity, eye development

- 20 -



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 21

Mebendazole exerts anti-cancer activity by preferentially
inhibiting cilia formation
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(mary516@unist.ac.kr)(parktj@unist.ac.kr)

The cilium, a microtubule-based organelle, plays a pivotal role in embryonic development and
maintaining physiological functions in the human body. Cilia function as sensors, transducing a diverse
range of extracellular signals, including growth factors, fluid flow, and physical forces. Moreover, cilia
are intricately involved in regulating cell cycle progression and preserving DNA integrity, as their
formation and resorption dynamics are tightly controlled during the cell cycle. Consequently, numerous
studies have linked defects in specific ciliary proteins to the DNA damage response.

In this study, we investigated the impact of Mebendazole, an anthelmintic drug renowned for its
microtubule growth inhibition, on ciliogenesis. By utilizing Xenopus laevis embryos as a model system,
we discovered that Mebendazole treatment significantly hindered ciliary formation and induced DNA
damage. Remarkably, primary cilium-bearing cancer cells exhibited heightened vulnerability to the
combined treatment of Mebendazole and conventional anti-cancer drugs. These findings shed light on
the specific influence of Mebendazole on cilia, rather than cytosolic microtubules, in triggering DNA
damage and potentially elucidate an unidentified mechanism underlying Mebendazole-mediated cancer

therapy.

Keywords: cilium, mebendazole, DNA damage, cancer therapy, microtubules, Xenopus laevis
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Signaling of myoinhibitory peptides and its possible role in larval
development in Pacific abalone Haliotis discus hannai

Sungwoo Park', Mi Ae Kim? *Young Chang Sohn’
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In invertebrates, myoinhibitory peptides (MIPs) exert their effects locally as hormones,
neurotransmitters, and neuromodulators for various physiological functions, including juvenile hormone
signaling, gut muscle contraction, larval development, growth, metabolism, and reproduction. Insect
MIPs are repetitive proneuropeptides that contain multiple paracopies of a conserved W(X)s.sW-amide
motif, which stabilizes its beta-turn conformation. The evolutionary conserved MIP family members
are potent ligands for sex peptide receptors (SPRs) in yellow fever mosquito Aedes aegypti, fruit fly
Drosophila melanogaster, and the sea slug Aplysia californica. However, MIP signaling has not yet
been investigated in mollusks except for A. californica. MIP signaling and functions in gastropod
mollusks may provide in-depth information on the molecular conservation of MIP signaling systems
in invertebrates. In this study, we identified a MIP precursor and a full-length transcript coding SPR
in the Pacific abalone Haliotis discus hannai (Hdh), characterized Hdh-MIP signaling, and examined
the role of Hdh-MIP in larval development. Similar to the insect MIP precursors, we found a total
of eight paracopies for Hdh-MIPs, harboring MIP-specific W(X)s.sW-amide motifs, except for
Hdh-MIP2 with a substituted S residue instead of C-terminal W. Luciferase reporter assays
demonstrated that all examined Hdh-MIPs but not Hdh-MIP2 significantly activate intracellular cAMP
accumulation in Hdh-SPR-expressing mammalian cells. When we explored the contribution of MIP
to the regulation of metamorphosis in H. discus hannai veliger larvae, Hdh-MIPs inhibited the
attachment and metamorphosis of the swimming larvae at 2 to 8 days post-fertilization. In contrast
to this result, a MIP treatment induced the settlement of a marine Annelida Platynereis dumerilii
post-larvae. Our findings provide novel insight into the molecular basis of MIP signaling and larval

metamorphosis in marine gastropods.

Keywords: myoinhibitory peptide, sex peptide receptor, invertebrate
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Nirmatrelvir induces detrimental effects on sperm function
by disturbing the AKT pathway

Eun-Ju Jung', Jae-Hwan Jo?, Seung-lk Jang', Woo-Jin Lee', Ju-Mi Hwang’,
Jeong-Won Bae', *Woo-Sung Kwon'?
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As COVID-19 broke out, several therapeutic agents have been applied. Nirmatrelvir (NMV) is a
recently developed oral antiviral drug for adults at high risk of progression to severe COVID-19, and
it selectively inhibits Sars-Cov-2 main protease. Despite the wide use of NMV, the study of its male
reproductive toxicity is still lacking. On the other hand, several antiviral drugs have been reported
to suppress the phosphorylation of protein kinase B (AKT). Especially, ritonavir used together with
NMV as one of the COVID-19 treatment ingredients has been known to suppress sperm functions
by altering the AKT phosphorylation. Therefore, the present study was performed to investigate the
male reproductive toxicity of NMV and how it affects the phosphorylation of AKT in spermatozoa
during the capacitation. For the experiment, Duroc boar spermatozoa were incubated with various
concentrations of NMV (0, 0.1, 1, 10, 50, and 100 uM). Then, sperm motility, motion kinematics,
capacitation status, intracellular ATP level, and cell viability were evaluated. In addition, expression
levels of PKA, tyrosine-phosphorylated substrates, AKT, and phospho-AKT (Thr’® and Ser'”) were
measured by western blotting. Our results showed that sperm motility and motion kinematic parameters
were significantly decreased at the highest concentration (100 uM). The ratio of capacitation was
decreased from 50 uM, and the intracellular ATP level was decreased from 1 puM significantly, while
there was no significant difference in the ratio of acrosome reaction and cell viability. The PKA
activation was significantly decreased while protein tyrosine phosphorylation was not significantly
altered. In addition, AKT and phospho-AKT (Thr’® and Ser*”) expression levels were significantly
increased. Taken together, it could be estimated that NMV has detrimental effects on sperm functions
by altering the AKT phosphorylation. Therefore, caution needs to be taken for reproductive toxicity

when prescribing and taking NMV.

Keywords: nirmatrelvir, spermatozoa, capacitation, AKT
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Expression of Chi3l1 in the mice uterine epithelial cell according
to the estrogen receptor alpha

Byeongseok Kim, Giwan Lee, Hyukjung Kim, Minju Kang,

Joohee Kim, *Youngsok Choi
Department of Stem Cell and Regenerative Biotechnology, Konkuk University

(qufsksrlagud@naver.com)

In the uterus, unlike other organs, dynamic modification occurs in response to ovarian hormones
such as estrogen and progesterone. Chitinase-like proteins, CLPs, which belong to the glycoside
hydrolase family 18 of proteins are expressed differently across the species due to mutations in the
enzymatic active site of chitinase. Chitinase-3 like 1, Chi3ll, which is expressed in both humans and
mice, is the most studied protein among CLPs and is known to play a role in host defense and immune
regulation. Although many studies have been conducted in respect of pathology like asthma and cancer
with Chi3ll, nothing has been revealed about the expression pattern of Chi3ll in the physiology of
the uterus and estrogen. In this study, according to microarray data, we confirmed that the Chi3ll
mRNA expression in the uterus was induced by 17-estradiol treatment in the ovariectomized wild-type
mice not in estrogen receptor alpha (ERa) knock-out mice. In addition, the expression of Chi3ll mRNA
was not promoted in the uterus-specific Era conditional knock-out mice with the injection of estradiol.
In the uterus of mice, Chi3ll mRNA and protein expression was significantly regulated during the
estrous cycle. The expression was highest in the proestrus stage and gradually decreased until the
diestrus stage. Moreover, Chi311 mRNA and protein expression was dramatically increased in the uterus
of ovariectomized mice by administration of 17B-estradiol, especially 24 hours after. As microarray
data, the expression of Chi3ll and CHI3L1 via 17B-estradiol was inhibited through treatment of ICI,
estrogen receptor alpha specific antagonist. Progesterone could not induce the expression of Chi3ll
in the uterus. We also identified the cell type specific expression of Chi3ll in mouse uterus through
the isolation and culture of uterine primary cell. The Chi3ll expression was only identified in epithelial
cell not in stromal cell after 17B-estradiol treatment. These results support the bioinformatic data
analysis, Chi3ll was exclusively localized in the luminal and glandular epithelial cells of the uterus.
Our study revealed that an increase in Chi3ll mRNA and protein of uterine epithelial cells can be
induced by estrogen. It is known that Chi3ll also plays the role in epithelial-mesenchymal transition
and angiogenesis. This represents a possibility that Chi311 has a crucial role in regulating the vigorous

changes in the uterus with estrogen.
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Distribution of dopaminergic neuron of Octopus minor brain and
dopamine transporter system

Chan-Jun Lee, Hae-Youn Lee, *Sung-Jin Cho
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Chungbuk National University
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Dopamine (DA) is the most important catecholamine in the brain. The involvement of DA as a
neurotransmitter in the regulation of physiological functions in the central nervous system (CNS) has
been studied well. DA-related gene mutations or changes in the amount of DA in the CNS cause
diseases such as Parkinson’s disease, attention deficit hyperactivity disorder (ADHD) and depression.
It has been known that DA is conserved not only in vertebrates but also in invertebrates. According
to studies using Drosophila, Mollusk and Caenorhabditis elegans as model systems, DA classical
pathway and the sequence of DA receptors are conserved in invertebrates. However, in the Mollusca
CNS, presence of DA core genes such as DA decarboxylase (DDC), D1-like receptor and DA transporter
(DAT), and location of dopaminergic neuron are unclear. In this study, we identified the DA core gene
in the Octopus minor genome through phylogenetic analysis. In addition, the location of DA neurons
and receptors in the CNS were visualized by in situ hybridization or immunohistochemistry. This study

will provide basic information for understanding the DA system in Mollusca.
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Microbiome of groupers: effect of microbial
dietary to ameliorate in health

Min Joo Kang', Ji-hyun Yu', Nak Jin Yoon? Hea Ja Baek’, *Choong Hwan Noh'

'Korea Institute of Ocean Science & Technology
’Cheong Sol Fisheries Co.
*Major of Marine Biology, Division of Fisheries Life Sciences, Pukyong National University

(mjkang@kiost.ac.kr)

This study on the microbiome of groupers: the whole-body microbiome of groupers larvae
(red-spotted grouper Epinephelus akaara @ % &, RG; red-spotted grouper @ x giant grouper E.
lanceolatus &, RGGG; kelp grouper E. bruneus @ x &, KG; kelp grouper @ x giant grouper &, KGGG;
convict grouper Hyporthodus septemfasciatus @ % &, CG), and the effect of microbial feed additives
on l-year-old RGGG. The type of feed changed the microbial composition of the RGGG larvae. The
dominant species of RGGG larvae with chlorella was Dulcicalothrix spp. (21.78%), and those with
rotifer were Carnobacterium spp. (38.90%) and Vibrio spp. (38.27%). The five species of groupers
larvae with rotifer had a dominant phylum, Pseudomonadota in common, and Vibrio spp. were the
largest proportion among them. The a-diversity of groupers larvae with rotifer was even higher in
KG and KGGG than in RG, RGGG, and CG. The 1-year-old RGGG fed dietary with added prebiotics,
Lactobacillus plantarum, Bacillus subtilis, B. licheniformis, and synbiotics, respectively, for eight
weeks. The specific growth rate and weight gain of RGGG with synbiotics were significantly higher
than those of the control group and RGGG with L. plantarum, and B. licheniformis (p<0.05). After
eight weeks, the width of the intestinal villi of RGGG with microbial supplements was significantly
wider than that of the control group (p<0.05). The number of goblet cells in their intestine was
significantly lower than that of the control group (p<0.05). A further analysis of this study in progress
will help understand the connection between the microbiome and diet, and contribute to developing
techniques to improve groupers’ growth, immunity, and disease resistance while replacing antibiotics

in the aquaculture industry.
Keywords: microbiome, groupers, microbial feed additives, growth performance, intestinal villi
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Overview on status and technological advances in
tuna aquaculture in Korea
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The noncanonical action of MYC promotes tumor development by
orchestrating an immunosuppressive tumor microenvironment

Kyung-min Lee

Department of Life Science, Hanyang University
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The proto-oncogene MYC, frequently amplified in various solid cancers, has been demonstrated to
promote tumor development. Mechanistically, c-Myc which is encoded by MYC acts as a global
transcription factor, which in turn, induces transcription of genes associated with cell proliferation,
survival, migration, metabolism and etc. Recently, its role in orchestrating an immune-cold tumor
microenvironment (TME) has been revealed, however, precise mechanisms are not fully understood.
Here, we identified 30 genes that are predicted to be directly repressed by c-Myc through the integrated
analysis of RNA- and chromatin immunoprecipitation (ChIP)-seq data. Among these genes, low
expression of SID1 transmembrane family member 2 (SID72), which encodes a transmembrane RNA
transporter protein, was significantly correlated with a lack of tumor-infiltrating lymphocytes in breast
cancer and melanoma. Furthermore, the low level of SIDT2 expression was associated with poor
response to immune checkpoint inhibitors (ICIs). Mechanistically, c-Myc directly suppresses SIDT2
transcription, resulting in the inhibition of the dsRNA-mediated immune response. Consequently, this
leads to the reduced expression of CXCL9, CXCL10, CXCL1l and CCL5. Finally, we validated that
the ablation of SIDT2 caused a significant reduction in the migration of T cells into cancer cells.
Together, these suggest that MYC impedes the dsSRNA-mediated immune response by repressing SIDT2

expression, thereby promoting immune evasion of cancer cells.
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Neurotrophin-4 in the porcine ovary: its effect on oocyte
maturation and developmental competence
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Neurotrophin-4 (NT-4) is a neurotrophic factor that plays an essential role not only in neural
development but also ovarian development. However, only a few studies have investigated the major
functional roles of NT-4 in mammalian ovarian development. Therefore, this study aims to investigate
the physiological roles of NT-4 in porcine oocyte maturation and embryonic development. We
identified the localization of NT-4 and its receptors (TrkB and p75"'%) in porcine ovaries, cumulus
cells, and oocytes. We demonstrated that NT-4 supplementation during in vitro maturation (IVM)
enhances nuclear and cytoplasmic maturation of porcine oocytes. NT-4 promotes the maturation of
cumulus-oocyte complexes (COCs) by upregulating NFKBI, GDF9, BMP15, CD9, and DNMT3A
transcripts. The level of phosphorylated extracellular signal-regulated kinase 1/2 (ERK1/2) was
significantly higher in NT-4-treated cumulus cells compared to control. Both total and phosphorylated
ERK1/2 levels were significantly higher in NT-4-treated oocytes compared to control. Thus, NT-4
promotes to oocyte maturation and cumulus expansion by regulating the ERK1/2 signaling pathway
in porcine COCs during IVM. Moreover, 10 ng/mL NT-4 supplementation during IVM improved
subsequent embryonic development after parthenogenetic activation, in vitro fertilization, and somatic
cell nuclear transfer. Our study demonstrated for the first time that the physiological roles of NT-4
in the porcine female reproductive system are to enhance oocyte maturation, promote cumulus cell

expansion, and improve subsequent embryonic developmental potential.
Keywords: neurotrophin-4, cumulus cells, oocytes, in vitro maturation, pig
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DNA damage response in mammalian oocytes

Jeong Su Oh

Department of Integrative Biotechnology, Sungkyunkwan University
(ohjs@skku.edu)

Meiosis, a process crucial for reducing ploidy, involves two consecutive cell divisions without an
intervening S-phase. In the first meiotic division (meiosis I), homologous chromosomes pair and then
segregate from each other, whereas sister chromatids segregate during the second meiotic division
(meiosis II). A unique characteristic of meiosis in female mammals, not seen in any other cell type,
is prolonged arrest at the prophase of meiosis I, which is characterized by the presence of the germinal
vesicle (GV). This extended arrest makes oocytes acutely susceptible to the accumulation of DNA
damage. Thus, it is critical to have a robust surveillance mechanism to ensure DNA damage repair
and maintain oocyte and embryo quality. Surprisingly, however, fully grown oocytes lack a robust G2/M
DNA damage checkpoint. Therefore, oocytes with DNA damage resume meiosis.

While interphase cells effectively respond to DNA damage by activating cell cycle checkpoints and
DNA repair pathways, mitotic cells are refractory to DNA damage and fail to mount DNA
damage-induced cell cycle arrest. Instead, mitotic cells recruit MDC1 and TOPBP1 to damaged sites,
forming a filamentous structure that bridges and tethers broken chromosome ends. This allows mitotic
cells to mark DNA damage sites for repair in the subsequent G1 phase. Unlike mitotic cells, oocytes
have been shown to repair DNA damage during meiosis, implying that the DNA damage response
(DDR) in oocytes differs from that in somatic cells.

Here, I present why oocytes do not mount a robust G2/M DNA damage checkpoint and how to

repair DNA damage during meiosis.
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Enhancing ovum pick-up productivity through mild
FSH stimulation
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Given the global demand for high-quality cattle, it is necessary to develop effective techniques for
producing oocytes from high-quality cows. Ovum pick-up (OPU) methods play a significant role in
oocyte collection worldwide and are the most efficient means of enhancing genetic advancement
through maternal lines in cattle. This study aimed to establish an efficient OPU-derived transferable
embryo production system. Oocytes were collected from 20 control and 15 follicle-stimulating hormone
(FSH)-treated female Hanwoo. A combination of decreasing doses of FSH (36, 36, 24, and 24 mg,
12 h apart), progesterone, estrogen, and prostaglandin was administered to synchronize and mildly
stimulate the animals. In vitro blastocysts were generated by in vitro maturation, fertilization, and
culture. The FSH-treated group (1,125 oocytes) and the control group (1,022 oocytes) exhibited a higher
proportion of Grade A and B oocytes (88.2%) than other grades (p<0.05), with the majority of them
in the germinal vesicle 2 stage (64.0%). Moreover, the FSH group had a significantly higher blastocyst
rate (44.7%) than the control group (31.1%) (p<0.01). After vitrification and in vitro culture warming,
the embryos of the FSH group exhibited higher re-expansion rates (Grade 1: 86.9% and Grades 2
and 3: 57.9%) than the control group (p<0.01). FSH treatment also reduces working hours, making

it an efficient method for embryo production, freezing, and preservation.
Keywords: follicle-stimulating hormone, ovum pick-up, synchronization, vitrification
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Strategies for mass cultivation of marine algae
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The cultivation of marine algae has been gaining attention due to its potential for carbon dioxide
reduction and high economic value. Various strategies, such as nutrient regulation and environmental
factor control, are being proposed for mass cultivation. Among them, we introduce increasing the
microalgae and seaweed biomass using light-emitting diodes (LED) and microbiome.

To enhance the biomass of microalgae, we conducted a study using various wavelengths of LED.
Three microalgae species, Paviova lutheri, Chlorella vulgaris, and Porphyridium cruentum, were
cultured under various single wavelengths. Biomass production by P. lutheri, C. vulgaris, and P.
cruentum were the highest with blue, red, and green LED wavelength with 1.09 g dew/L, 1.23 g dcw/L,
and 1.28 g dcw/L on day 14, respectively. Biomass production was highest at the complementary LED
wavelength to the color of microalgae. Lipid production by P. lutheri, C. vulgaris, and P. cruentum
was the highest with yellow, green, and red LEDs wavelengths, respectively. Eicosapentaenoic acid
production by P. lutheri, C. vulgaris, and P. cruentum was 10.35%, 10.14%, and 14.61%, and those
of docosahexaenoic acid were 6.09%, 8.95%, and 11.29%, respectively.

For seaweed cultivation, the sample was collected from Sinyang Beach, Jeju, Korea where the green
algae blooms have resulted in numerous ecological, environmental, and economic problems. The
analysis identified the seaweed sample as Ulva reticulate. Additionally, the extracted genomes from
the collected U. reticulate was subjected to metagenome analysis using next-generation sequencing.
For the sustainable supply of seaweeds industrially, U. reticulate was cultured in the 5-ton tank. We
discovered that a culture with a microbiome enhances the biomass compared to one without the
microbiome. This study highlighted that understanding the functional roles of associated microbiomes
in seaweed can mitigate the algae blooms in Jeju beach, and positively affect restoration. Furthermore,

the suggested approach provides cost-effective technology for a sustainable supply of U. reticulate.
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Neuropeptide regulation of developmental stage and metabolism
in Pacific abalone
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Recent studies on anorexia and tissue wasting induced
by cancer cachexia

Eunbyul Yeom

School of Life Sciences, Kyungpook National University
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Cancer cachexia-anorexia is a multi-organ metabolic syndrome characterized by anorexia and weight
loss. Generally, such symptoms are a serious problem in cancer patients, adversely affecting chemotherapy
success and survival rate. Cachexia has been reported to accompany up to 80% of gastrointestinal
cancers, such as pancreatic, lung, and colon cancer, though it is relatively rare in lymphoma or breast
cancer patients. It is also known that cancer-induced anorexia occurs independently of chemotherapy,
although decreased appetite due to chemotherapy is well reported. Since the mechanism of cancer
cachexia is not yet fully understood, there are currently no therapeutic agents or diagnostic markers
to treat it. A recently published study identified a substance secreted from cancer cells that induces
cancer anorexia, and the molecular mechanism causing the eating disorder was discovered. An increase
in the expression of this substance has been shown to be statistically correlated with the symptoms
of cachexia in cancer patients, and it is therefore expected to be applicable in the diagnosis and

development of therapeutic agents for cancer cachexia.
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Developmental myogenesis and basal proliferation of satellite cells
in craniofacial muscles
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Craniofacial muscles are essential skeletal muscles and critical to the most basic functions of life
including breathing, speaking, feeding, facial expression and eye movements. These muscles, composed
of approximately 60 muscles, have a number of properties that distinguish them from the all other
skeletal muscles. Although craniofacial muscles have significantly different embryonic origin, known
as pharyngeal mesoderm, most current skeletal muscle differentiation protocols using human induced
pluripotent stem cells (iPSCs) are based on somite-derived limb and trunk muscle developmental
pathways. We have developed an optimized specific protocol to generate craniofacial myogenic
precursor cells (¢cMPCs) from human iPSCs by mimicking key signaling pathways during craniofacial
embryonic developmental myogenesis. By performing RNA sequencing, we identified iPSC-derived
c¢cMPCs compared with human primary myoblasts from craniofacial muscles. We also determined how
cell-intrinsic and niche factors influence to the basal proliferation of craniofacial skeletal muscle stem
cells, known as satellite cells (SCs) versus limb SCs. We found that fibroadipogenic progenitors (FAPs)
in the pharyngeal muscles are a major cell type providing hepatocyte growth factor (HGF) to activate
pharyngeal SCs. These study give new insights to explain the distinctive SC characteristics of

craniofacial muscles, which helps to understand unique physiology of craniofacial muscles.
Keywords: craniofacial muscle, induced pluripotent stem cells, satellite cells, fibroadipogenic progenitors
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Genetically modified pigs produced by somatic cell nuclear transfer (SCNT) have been widely used
as animal models for studying human disease. However, the developmental competence of porcine
oocytes matured in vitro, the most important requirement for SCNT, still remains low. Therefore, this
research was conducted to investigate the applicability of sonic hedgehog (SHH) signaling-induced in
vitro oocyte maturation system to klotho-knockout pig production. In part I, the relationship between
oocyte quality and SHH signaling was investigated. High-quality oocytes have a greater potential to
expand their surrounding cumulus cells with active SHH signaling and a lower apoptosis, providing
cumulus-oocyte complexes with a proper environment for maturation. Next, resveratrol and/or
melatonin were used to activate SHH signaling during oocyte maturation and to subsequently improve
embryo development. Based on the results, it was demonstrated that their combination has synergistic
effects on oocyte maturation and finally improves cloning efficiency. In part II, this improved IVM
system was applied to klotho-knockout pig production. The klotho gene is considered to be one of
the aging-suppressor genes that control life span. Klotho monoallelic knockout fetal cell lines were
established by recovery of fetuses cloned from porcine fibroblasts transfected with Cas9-sgRNA
ribonucleoproteins. Using these klotho-knockout cell lines as nuclear donors, klotho-knockout cloned
embryos were generated and transferred to 11 recipients. Seven from 11 recipients (63.6%) became
pregnant. However, none of the pregnancies was maintained to term. After protein and gene expression
analysis using placentas, it was speculated that the reason why klotho monoallelic knockout fetuses
were not maintained to term might be due to decreased klotho protein expression and negatively
changed aging- and apoptosis-related genes in placentas. In conclusion, although SHH signaling-
induced IVM system is demonstrated to be applicable in generating genetically modified pigs, recipients

carrying klotho monoallelic knockout fetuses failed to maintain full-term pregnancies.

Keywords: sonic hedgehog signaling, in vitro oocyte maturation, somatic cell nuclear transfer, klotho,
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Single cell transcriptomic profiling reveals dysregulation of
oligodendrocytes in Alzheimer's disease

Boyoung Kim, *Hanseul Park
College of Pharmacy, Chungbuk National University
(keemboyoung@naver.com)

Alzheimer’s disease (AD) is a disease in which neurons degenerate progressively as amyloid-beta
(AP) or tau proteins accumulate in the brain. Further, non-neuronal glial cells were recently reported
to play an important role in the development of AD. However, the role of oligodendrocytes in AD
pathogenesis remains unclear. Here, we elucidated a previously undiscovered disease-associated
subpopulation of oligodendrocytes during AD progression in AD mouse models and patients using
single-cell RNA sequencing analysis. Aberrant Erk1/2 signaling was found to be associated with the
activation of disease-associated oligodendrocytes (DAOs) in the AD brain. Notably, inhibition of Erk1/2
signaling in DAO rescued impaired axonal myelination and ameliorated Ap-associated pathologies and
cognitive decline in an AD mouse model. Therefore, DAO molecular profiling is a promising new
therapeutic strategy for the treatment of AD. Acknowledgement: This work was supported by the
National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT)
(No0.2021R1C1C1006551).
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trafficking to the ciliary base
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The gap junction complex functions as a transport channel across the membrane. Among gap junction
subunits, gap junction protein al (GJA1) is the most commonly expressed subunit. A recent study
showed that GJA1 is necessary for the maintenance of motile cilia; however, the molecular mechanism
and function of GJAI in ciliogenesis remain unknown. Here, we examined the functions of GJA1
during ciliogenesis in human retinal pigment epithelium-1 and Xenopus laevis embryonic multiciliated-
cells. GJAI1 localizes to the motile ciliary axonemes or pericentriolar regions beneath the primary
cilium. GJA1 depletion caused malformation of both the primary cilium and motile cilia. Further study
revealed that GJA1 depletion affected several ciliary proteins such as BBS4, CP110, and Rabl1 in
the pericentriolar region and basal body. Interestingly, CP110 removal from the mother centriole was
significantly reduced by GJA1 depletion. Importantly, Rabl1, a key regulator during ciliogenesis, was
immunoprecipitated with GJA1l and GJA1 knockdown caused the mislocalization of Rabll. These
findings suggest that GJA1 regulates ciliogenesis by interacting with the Rab11-Rab8 ciliary trafficking
pathway.

Keywords: GJAI, ciliogenesis, Rabl1, CP110, Xenopus laevis
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Perfluorooctanoic acid (PFOA) is a manmade chemical substance that has been applied in numerous
industrial goods such as fire-fighting products, non-stick kitchen appliances, medicine, paints, and
cosmetics for over 70 years. Although exposure to PFOA affects cancer development, people are
constantly exposed to it. PFOA is known to be bioaccumulated in testicles, causing health risks.
However, the effects of PFOA on male fertility are unclear. Therefore, the objectives of this study
are to investigate reproductive effects of PFOA on sperm functions with different concentrations of
PFOA (0.1, 1, 10, and 100 uM). Sperm functions (sperm motility and motion kinematic parameters,
capacitation status), cell viability, intracellular ATP, and western blot were analyzed after capacitation.
Sperm motility and numerous motion kinematic parameters showed significant dose-dependent
decreases. As a result of capacitation status, capacitated spermatozoa were substantially decreased after
PFOA treatment. Moreover, intracellular ATP was remarkably diminished after PFOA exposure, and
expression levels of phospho-PKA and tyrosine-phosphorylated proteins were significantly decreased.
Altogether, PFOA may suppress sperm functions, causing male infertility. Therefore, the use of PFOA

requires the caution for reproductive toxicity.

Keywords: perfluorooctanoic acid, boar spermatozoa, reproductive toxicity, sperm functions, capacitation
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Effects of 2-naphthol and 2-hydroxy fluorene on development
in Xenopus embryo
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2-Naphthol and 2-hydroxy fluorene are part of the polycyclic aromatic hydrocarbon metabolites
(PAHSs). Polycyclic aromatic hydrocarbons (PAHs) are organic compounds consisting of two or more
benzene rings in a linearly angled or closely packed structure and are formed from the incomplete
combustion of coal, oil and gas, garbage, or organic materials. Emissions from these sources can enter
the soil or vegetation through the process of wet deposition, or they can be released into the air and
reach the surface. In particular, coal combustion emissions, motor vehicle fuels and exhaust, and
tobacco smoke can contaminate the environment, leading to human exposure through fish and produce,
and PAHs can also be present in cooked and unprocessed foods. Polycyclic aromatic hydrocarbons
(PAHs) have multiple benzene rings and exist as mixtures rather than as single compounds, so evidence
of human carcinogenicity is only reported for mixtures. As such, there is no specific cancer type at
increased risk, but prolonged exposure may increase the risk of respiratory, skin, and bladder cancers.
To date, there is a paucity of studies on direct eye contact between 2-naphthol and 2-hydroxy fluorene.
In this study, the Frog Embryo Teratogenesis Assay-Xenopus (FETAX) was used to investigate the
adverse effects of 2-naphthol and 2-hydroxy fluorene on organs, including the eye. Among the various
2-naphthol concentrations, embryos exposed to 50 uM developed malformations such as reduced length,
edema, small eyes, and tail flexure. To compare the gene expression locations of 2-naphthol-exposed
embryos, eye marker genes such as rxl, six3, proxl, and crybal were analyzed by whole-mount in
situ hybridization (WISH). The results showed that the expression regions of rx1 and six3 were reduced
in the 2-naphthol-exposed embryos. In the same experiment with 2-hydroxy fluorene, we found that
embryos exposed to a concentration of 15 pM developed malformations such as edema, lens dilation,
tail flexure, pigment loss, and misfolded gut, and that the expression regions of crybal and proxl
were increased when lens specific marker genes were analyzed by in situ hybridization (WISH). In
conclusion, our study shows that 2-naphthol, 2-hydroxy fluorene affects gene expression during

Xenopus embryonic development, resulting in developmental toxicity and teratogenicity.

Keywords: 2-naphthol, 2-hydroxy fluorene, FETAX, toxicity, teratogenicity
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Xenopus embryos
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Butylparaben and oxybenzone are Endocrine Disrupting Chemicals (EDCs) that have raised
significant concern due to their extensive use in various consumer products and their potential impacts
on ecosystems. In this study, we conducted a comprehensive investigation using the Frog Embryo
Teratogenesis Assay Xenopus (FETAX) to evaluate the teratogenic effects of these EDCs. Our findings
indicate that butylparaben and oxybenzone possess the potential to act as teratogens and growth
inhibitors. Moreover, we observed severe damage to eye development induced by these chemicals,
which was corroborated by the downregulated mRNA expression levels of eye and lens specific
markers, including pax6, rxl, six3, proxl, and crybal, as analyzed using qPCR. Additionally, through
in-situ hybridization, we could observe the spatial developmental changes in the early stages of Xenopus
embryos using one of the previously mentioned eye and lens specific markers. Furthermore, we
investigated malformations previously observed in FETAX such as immature gut, growth retardation
and bent notochord. We then evaluated if there were any changes in the expression of specific markers
linked to these malformations through the application of in-situ hybridization. However, we did not
detect any significant changes, suggesting that further studies are required to elucidate these
observations fully. Results from this study suggest that butylparaben and oxybenzone are a
developmental toxicant and teratogen, particularly on eye development and emphasizes the importance
of continued research to understand and mitigate the risks associated with these EDCs in consumer

products and environmental settings.
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The uterus is a female reproductive organ regulated by sex hormones, estrogen and progesterone.
Due to dynamic hormonal changes, the mouse uterus undergoes various physiological changes, estrous
cycle. Among these changes, proestrus and estrus stages are strongly influenced by estrogen. The family
with sequence similarity 3 (Fam3) family is a cytokine-like gene family with four members Fam3a,
Fam3b, Fam3c and Fam3d. However, the regulation of Fam3 family in mouse uterine physiology
remains largely unknown. Through analysis of mouse uterine RNA-seq data, we observed that the
expression of Fam3b, Fam3c, and Fam3d was upregulated during the proestrus and estrus stages.
Notably, Fam3d expression showed dynamic regulation during the estrous cycle, with high expression
levels at proestrus and estrus stages. To investigate whether Fam3d expression is regulated by estrogen,
we administered E, at different time points to ovariectomized mice. The results showed that Fam3d
expression was highest 24 hours after E, injection, suggesting that estrogen plays a significant role
in regulating Fam3d expression. Furthermore, we conducted inhibition experiments using the ER alpha
antagonist, ICI, which revealed that estrogen regulates Fam3d expression through the ERo-mediated
pathway. Interestingly, immunofluorescence staining demonstrated that FAM3D was exclusively
expressed in the luminal epithelium and glandular epithelium, but not in the stroma. Additionally,
FAM3D was found to be localized predominantly in the cytoplasm and not in the nucleus, with a
predominant localization in the apical region. These findings provide valuable insights into the potential
role of FAM3D within the uterus, laying the groundwork for future research on its function and

significance in uterine physiology.
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Lipid biosynthesis is recently studied its functions in a range of cellular physiology including
differentiation and regeneration. However it still remains to be elucidated in its precise function. To
reveal this, we evaluated the roles of lysophosphatidic acid (LPA) signaling in alveolar bone formation
using the LPA type 2 receptor (LPAR2) antagonist AMC35 (Amgen Compound 35) using tooth loss
without periodontal disease model which would be caused by trauma and usually requires a dental
implant to restore masticatory function. In this study, /n vitro cell culture experiments in osteoblasts
and periodontal ligament fibroblasts revealed cell type-specific responses, with AMC35 modulating
osteogenic differentiation in osteoblasts in vitro. To confirm the in vivo results, we employed a mouse
model of tooth loss without periodontal disease. Five to ten days after tooth extraction, AMC35
facilitated bone formation in the tooth root socket as measured by immunohistochemistry for
differentiation markers KI67, Osteocalcin, Periostin, RUNX2, TGF-f1 and SMAD2/3. The increased
expression and the localization of these proteins suggest that AMC35 elicits osteoblast differentiation
through TGF-B1 and SMAD?2/3 signaling. These results indicate that LPAR2/TGF-B1/SMAD2/3 represents
a new signaling pathway in alveolar bone formation and that local application of AMC35 in traumatic

tooth loss can be used to facilitate bone regeneration and healing for further clinical treatment.

Keywords: lysophosphatidic acid receptors, G-protein-coupled receptors, intracellular signaling proteins,
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Mitochondrial Outer Membrane Import Complex Protein 2 (mitx2) is associated with the cytosolic
face of the outer mitochondrial membrane and involved in protein import into the mitochondrion. Since
the developmental function of m#x2 has not been thoroughly studied, we examined the physiological
role of mitx2 during embryonic development using Xenopus laevis as an animal model. In temporal
and spatial expression patterns of mix2 transcripts during Xenopus embryogenesis, mix2 gradually
increased in the late tailbud stage and mainly expressed in the branchial arch and eyes. Knockdown
of mtx2 using morpholino oligonucleotides (mo) reduced the size head and eyes of embryos. Alcian
blue staining of the cartilage indicated that m#x2 knockdown interfered with branchial cartilage
formation, causing small gill arch. We elucidated that these results were due to reduced cell division
in the overall craniofacial area using Phosphor H3 staining. We also examined the effect of mtx2
knockdown on cartilage and eye formation in molecular level using whole-mount in situ hybridization
(WISH) and Real-Time qPCR. WISH data showed that m#x2 morphants had not only down-regulated
cartilage-related factors such as col2al, sox9 at late tailbud stage but also eye-related factors including
six3, rx1, crybal, and proxl. Real-time qPCR analysis indicated that m#x2 morphants decreased levels
of bmp2, sox9, the master regulator of collagen formation, co/2al, a major component of cartilage,
and acan, a major element of proteoglycans, while increased level of mmpl3, a cartilage-degrading
protein, suggesting that m#x2 knockdown inhibited cartilage formation by affecting cartilage-related
gene expression. In addition, we also found that m#x2 knockdown reduced expression of eye marker
genes including six3, pax6, rxI and otx2, and lens marker genes, crybal and proxI. Rescue experiments
with mtx2 domains indicated that the GST C domain of MTX2 was required for cartilage development
and the GST N domain was required for eye development. Therefore, this study suggests that mex2

is required for cartilage and eye development by affecting gene expression and cell proliferation.
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The purpose of this study is to investigate the differences of mophology and nervous system among
two species of leeches (Hirudo nipponia, Glossiphonia complanata) from different behaviors such as
crawling and swimming. It has been known that species adapted to different morphology and dietary
requirements will develop different neuronal networks and morphological traits. Firstly, phylogenetic
analysis based on mitochondrial COI gene sequences in two species of leeches was performed. For
morphological and anatomical analysis, nerve cords were dissected out from two species of leeches,
and immunohistochemistry was performed to examine the nervous system including neural connectivity
and ganglion. This research is expected to contribute to our understanding of the differences in

ecological adaptability and neurogenesis between two species leeches.
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Mechanosensory transduction is the process by which mechanical stimuli are transformed into
electrical signals that the brain can interpret. A reasonable assumption would be that mechanosensory
transduction would involve proteins in the plasma membrane of the cell. Experiments conducted on
mice and Drosophila suggest that mechanosensory transduction involves a highly conserved multi-pass
transmembrane protein called PIEZO (also referred to as FAM38). We want to investigate the links
between these two apparently divergent functions of PIEZO proteins. piezo genes have been found in
a variety of species including those lacking nervous systems. We have found that the leech Helobdella
austinensis has three piezo genes, Hau-piezol, Hau-piezo2 and Hau-piezo3. Moreover, leeches feature
identified mechanosensory cells in the adult nervous system and large accessible embryonic blastomeres
in which changes in cell adhesion associated with mitosis can readily be observed. Thus, the leech

provides a useful system in which to explore Hau-piezol.
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_66_



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 67

A-11

Pubertal reproductive dysfunction in propylthiouracil-induced
hypothyroid male rats and recovery by levothyroxine

Jin Soo Park, Hye Soo Kim, Han Seo Yoon, *Sung-Ho Lee
Department of Biotechnology, Sangmyung University
(shlee@smu.ac.kr)

Propylthiouracil (PTU) is an anti-thyroid drug that acts on thyroid hormone and inhibits thyroid
peroxidase, thereby suppressing thyroid hormone production. PTU-induced hypothyroidism was exposed
at various times from the fetal period to adulthood, and it mainly progressed in fetal and lactating periods
and in adults. The purpose of this study was to investigate the effect of propylthiouracil (PTU)-induced
hypothyroidism on the development of the reproductive system from immediately after weaning to
puberty in male rats and the recovery effect of levothyroxine (LT4) administration.

Male rats were randomly divided into three groups immediately after weaning at 21 days of age.
The CON group received regular drinking water and oral saline. In the PTU group, hypothyroidism
was induced by oral administration of PTU-diluted water (0.025%) and saline. The P+LT4 group
received oral administration of thyroxine at 20 mg/kg body weight daily with PTU dilution water
(0.025%).

Body weight and AGD measured during the experimental period decreased in the PTU group
compared to the CON group from 35 days after birth and were normalized again in the P+LT4 group
(p<0.001). Hypothyroidism was confirmed through changes in thyroid microstructure (p<0.05), a
decrease in serum thyroxine level (p<0.001), an increase in thyroid weight (»p<0.001), and normalization
of serum thyroxine level confirmed whether the LT4 dose was appropriate. The PTU group showed
a decrease in testis weight (p<0.01), epididymal weight (p<0.001), prostate weight (p<0.001), seminal
vesicle weight (p<0.05), and levator ani-bulbocavernosus (LABC) weight (p<0.001). Cowper’s glands
weight (p<0.01), preputial glands weight (p<0.001), mesenteric white adipose tissue (mMWAT) weight
(»<0.001), and epididymal white adipose tissue (eWAT) weight (p<0.001) compared to the CON group
and normalized in the P+LT4 group. A decrease in serum testosterone level (p<0.05) and decreased
expression of StAR (p<0.05) and Hsd17b3 (p<0.05) genes were also observed in the PTU group.
Histological analysis of the testis showed that hypothyroidism increased the luminal sloughing of
spermatocytes attached to the walls of the seminiferous tubules (p<0.01). Also, sperm count (p<0.01)
and penis length (p<0.05) were decreased in the PTU group. In contrast, the P+LT4 group recovered
most of the defective pubertal features previously observed in the PTU group.

Through PTU-induced hypothyroidism, this study confirmed that thyroxine deficiency during infancy
decreased reproductive tissue development, testosterone secretion, and transcription of StAR and

Hsd17b3 genes and increased abnormalities in the testis. These results indicate that the thyroid may
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play an important role in pre-pubertal reproductive tissue development. Furthermore, it suggests the
possibility of early diagnosis and recovery through thyroxine supplementation of some epigenetic
reproductive system development disorders caused by infancy hypothyroidism.

Keywords: rat, puberty, propylthiouracil, levothyroxine, hypothyroid
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Research of brain organoid using human pluripotent stem cells is a promising tool for screening
new drugs and cytotoxicity tests. In this present study, we established an optimal model for
forebrain-like cortical organoid (FLCO) with upper motor neuron such as glutamatergic neuron and
medium spiny neuron, which were derived from human iPSCs. Especially, we focused on the formation
of high-purity organoid for studying the ability motor cortex to regulate neurotoxicity-induced motility.
Our 3D FLCO iPSC-derived model showed that a similar gene expression pattern (vGLUTI, 2,
ARPP21, DARPP32), compared with human primary motor cortex tissue. Furthermore, the result of
neuronal characteristics between 2D and 3D FLCO indicated that more similar to that of human
forebrain neurons, compared with human neural cell line model (2D and 3D). Additionally, 3D FLCO
iPSC-derived profoundly enhanced the neuronal survival (ATGS5 and Caspase 3) and regeneration
(GAP43). Finally, there was a difference of neuronal toxicity results between 3D iPSC-derived organoid
and 3D neuronal cell line model. Therefore, this study suggests that 3D FLCO iPSC-derived combined

with neurotoxicity test could be a powerful tool in new drug development toxicity evaluation system.
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The uterus, a vital female reproductive organ, undergoes intricate and cyclical transformations driven
by the ovarian sex hormones, estrogen and progesterone. These cyclic alterations, known as the estrous
cycle in mice, encompass four distinct phases: proestrus, estrus, metestrus, and diestrus. Throughout this
cycle, the uterine endometrium engages in processes like proliferation and apoptosis, orchestrated by
hormonal influences. According to microarray data, we confirmed that the expression of 1L36 (Interleukin)
subfamily is specifically regulated in epithelial cells of the mouse uterus through estrogen receptor
alpha-dependent singling pathway. Comprising 1136a, 1136p, and 1136y, this subfamily belongs to the IL1
gene family. As IL1 gene family, the IL36 subfamily serves as pro-inflammatory cytokines, actively
involved in immune modulation, cellular apoptosis, and proliferation. While numerous studies have
suggested links between the IL36 subfamily and pathological conditions like cancer or psoriasis, the precise
expression patterns of 1L36 subfamily within the uterus remain unknown. In this study, we verified that
the transcription of IL36 subfamily was highly induced during the proestrus and estrus stages in the uterus.
Furthermore, the mRNA expression of IL36 subfamily was notably increased in the uterus of
ovariectomized mouse upon administration of 17p-estradiol. Consistent with the microarray data, derivation
of IL36 subfamily expression was inhibited by ICI, a specific antagonist of estrogen receptor alpha. Among
the IL36 subfamily members, IL360 exhibits the most conspicuous dynamics in protein expression. Same
as the mRNA level, protein expression of IL36a was significantly high at the stage of proestrus and estrus.
In ovariectomized mouse uterus, IL360 protein expression reached its peak 24 hours after treatment of
17B-estradiol. Immunofluorescence staining results reveal the exclusive presence of [L36a in the luminal
epithelial cells of the mouse endometrium. Based on the above in vivo experiment results, we validated
that the expression of IL36a is controlled by estrogen receptor alpha-dependent signaling. Following
isolation and culture of uterine primary cells in vitro, we unveiled distinct transcription pattern of 1L36a
based on specific cell types. The expression of IL36o0 mRNA was only confirmed in the epithelial cells
after estrogen treatment not in the stromal cells. These results support the bioinformatic data analysis,
IL360 was primarily localized in the luminal epithelial cells of the uterus. Our study revealed that estrogen
can trigger an increase in IL36a mRNA and protein within uterine epithelial cells. It is recognized that
IL36a also plays the role in immune modulation and cellular apoptosis. This implies the potential for

IL36a to have a significant role in regulating the dynamic changes in the uterus driven by estrogen.

Keywords: uterus, IL36a, estrogen, estrogen receptor alpha

_70_



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 71

C-01

Ethylene oxide has detrimental effects on male reproduction

Jae-Hwan Jo', Seung-lk Jang?, Eun-Ju Jung?, Woo-Jin Lee?

Ju-Mi Hwang’ Jeong-Won Bae®, *Woo-Sung Kwon'?
'Department of Animal Biotechnology, Kyungpook National University
’Department of Animal Science and Biotechnology, Kyungpook National University
(ocjallk@naver.com)

Ethylene oxide (E.O) is currently one of the widely used materials in various industries. E.O is
generally used as an intermediate material for sterilizing industrial products that cannot be sterilized
at high temperatures or for making ethylene compounds. Despite the versatility of E.O, several studies
have reported the dangers of exposure to E.O. Representatively, it has been reported that exposure
to E.O causes cancer and has toxic effects on several cells. However, despite these reports recognizing
the risks, sufficient studies of exposure to E.O in male reproductive cells have not been performed.
Therefore, this study was designed to investigate the toxic effects of E.O exposure on male reproductive
cells. This study treated duroc spermatozoa with various concentrations of E.O (0, 0.1, 1, 10, and
100 pM) during capacitation. Then, sperm functions (sperm motility, motion kinematics, capacitation
status, ATP level, and cell viability), PKA activity, and tyrosine phosphorylated protein expression
levels were evaluated. As a result, the motility and several motion kinematics were significantly
decreased in the highest concentration group (100 uM). The capacitation status was also significantly
increased in the highest concentration group (100 puM). The ATP level was significantly decreased
in a dose-dependent manner. The tyrosine phosphorylated protein levels were significantly decreased
in a concentration-dependent manner. In addition, abnormal PKA substrate levels were observed in
treatment groups. Comprehensively, the results demonstrated that E.O exposure may have detrimental
effects on sperm functions. Therefore, the risk of reproductive toxicity should be considered when using

E.O in various industries.
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Rho-associated Kinase (ROCK) has been identified as an important regulator of proliferation and
cell cycle progression in a number of cell types. Y-27632 markedly diminishes human embryonic stem
cell and induced pluripotent stem cell (iPSC) dissociation-induced apoptosis and increases cloning
efficiency in a feeder-free culture system. In the present study, our aim was to investigate the effect
of ROCK inhibition by Y-27632 on the proliferation of Cynomolgus monkey-iPSC (miPSC).

iPSCs (cmKF-iPS-C5) were provided by the National Primate Research Center (NPRC), Korea
Research Institute of Bioscience and Biotechnology (KRIBB) and used in the experiment (Stem Cell
Res. 2022;64:102887). miPSCs were maintained in TeSR-E8 medium on a Matrigel, diluted 1:30 in
KO-DMEM)-coated plate in a 37°C incubator with 5% CO,. Individual miPSC-colonies were passaged
using ReLeSR at a ratio of 1:6 every 5 days. According to the experimental design, miPSCs were
treated with 10 pM Y-27632 for 24 hours after thawing and subculture.

As a result of the experiment, miPSC treated with Y-27632 showed a significantly lower cell number
than the control group (5x10° cell/mL Vs. 1.3x107 cell/mL) when the cell number was examined after
168 hours of culture. Alkaline phosphatase (AP) staining showed that miPSC lines in all experimental
groups had AP activity in colonies. It was confirmed through qRT-PCR analysis that the undifferentiated
pluripotent cell markers POUSFI, NANOG, and KLF4 were expressed in the miPSCs derived from
control and Y-27632 groups. In addition, the expression of the BCL2 gene was significantly (»p<0.05)
higher in the Y-27632 treatment group compared to that of the control group.

In conclusion, treatment with Y-27632 inhibited the proliferation of miPSC, but had the effect of
preventing apoptosis. Additionally, it is necessary to investigate the effects of various concentrations
and treatment times of Y-27632.

Keywords: induced pluripotent stem cells, Rho-associated kinase inhibitor, Y-27632, proliferation,

cynomolgus monkey

Acknowledgement: This work was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korea government (Ministry of Science and ICT: NRF-2021R1C1C2013954).

- 72 -



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 73

Cc-03

Enhanced survival and in vitro fertilization capacity of
cryopreserved boar sperm by nobiletin (NOB)

Areeg Almubarak'?, Eunji Kim', ll-Jeoung Yu', *Yubyeol Jeon'
'Department of Theriogenology and Reproductive Biotechnology,
College of Veterinary Medicine and Bio-Safety Research Institute,
Jeonbuk National University
’Department of Veterinary Medicine and Surgery, College of Veterinary Medicine,
Sudan University of Science and Technology

(keejj3@naver.com)

Nobiletin (NOB) is a bioflavonoid compound isolated from citrus fruit peels. The present study aimed
to elucidate whether NOB facilitates the survival and in vitro-fertilization (IVF) capacity of boar sperm
after freezing-thawing. To this end, spermatozoa were diluted and cryopreserved in a freezing extender
supplemented with 0 (control), 50, 100, 150, and 200 puM Nobiletin. Frozen-thawed (FT) sperm
kinematics were assessed (CASA software) at 30 min and post-incubation for 90 minutes after thawing.
Viability, acrosome integrity, and mitochondrial membrane potential (MMP) were measured 30 min after
thawing using SYBR-14/PI, PSA/FITC, and R123/PI respectively. Lipid peroxidation was determined
using MDA assay after incubation for 90 min. The addition of 100 uM and 150 pM NOB to the
extender significantly improved sperm progressive motility, and acrosome integrity compared to the
control group (p<0.05). The proportion of viable spermatozoa was significantly higher in the 150 pM
NOB group. MDA levels were less in 50 pM and 150 M NOB treated groups compared to the control.
In addition, pre-treatment with 150 pM NOB before cryopreservation increased the cleavage and
blastocyst formation rates compared to the control group. Furthermore, the relative expression of
POUSF1 and AMPK, genes related to pluripotency and cell differentiation were significantly
upregulated in embryos resulting from NOB-treated sperm compared to the control group. These results
suggest that Nobiletin is a functionally novel phytochemical to mitigate oxidative stress during the

freezing-thawing of porcine spermatozoa as reflected by improved FT sperm quality and IVF outcome.
Keywords: flavonoid, boar, cryopreservation, cryoinjury, in vitro fertilization, artificial insemination
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Administering commercially available fluids intended for human use to pigs undergoing intravenous
fluid therapy is a widely adopted practice. Prior to developing a fluid formulation for porcine use,
a comprehensive examination was conducted to analyze the composition of bodily fluids in pigs during
various reproductive cycles. Our investigation indicates the presence of a negative association between
the age of sows and piglets and their respective glucose concentrations. Furthermore, female pigs
encountered a reduction in hematocrit (Hct) and hemoglobin (Hgb) concentrations because of bleeding
after giving birth. The primary objective of this study was to investigate the potential negative outcomes
associated with the administration of personalized fluids in a population of healthy pigs. The ions of
Hartmann's solution (H/S) were modified and subsequently classified into a comprehensive set of five
categories. In Group 1, the quantity of sodium lactate was augmented; in Group 2, sodium chloride;
in Group 3, potassium chloride; and in Group 4, a combination of sodium lactate and potassium
chloride was increased, aiming to closely resemble the composition of pig body fluid. Following the
administration of anesthesia, all fluids were introduced through an auricular vein. Blood samples were
collected from the external jugular vein before and after fluid injections, and subsequently analyzed
using an EPOC®™ blood analysis system. The findings derived from the pre- and post-fluid delivery
blood tests demonstrated a lack of statistically significant disparities in most of the results. Furthermore,
the physical examination did not yield any clinical observations. After the administration of fluid
injection, it was observed that only Group 2 displayed a reduction in lactate levels, whereas the control
group exhibited an elevation. Further research will perform a comparative analysis between a recently
developed fluid and a H/S solution which focus is to assess the degree of improvement in dehydrated

patients after receiving these fluids.
Keywords: fluid therapy, pig, bodily fluid composition, customized fluid
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Myo-inositol (MI) is classified as vitamin Bg, a member of the B-vitamin family. In the reproductive
system, it enhances sperm acrosome integrity, induces sperm maturation, and regulates reproductive
hormones such as FSH, LH, and inhibin B secretion. In this study, we investigate the effect of
myo-inositol on boar semen.

The semen was cryopreserved in a BF5 extender containing varying concentrations of myo-inositol,
(0, 0.5, 1, 1.5, and 2 mg/mL). After thawing, the semen was assessed for motility, viability, acrosome
integrity, lipid peroxidation, gene expression, fertilization ability, ROS, and apoptosis levels. The results
reveal that a concentration of 0.5 mg/mL of MI enhances total and progressive motility, acrosome
integrity, decreases expression of BAX and ROMOI, increased the expression of SMCP gene, and
improves cleavage and blastocyst rates in in vitro fertilization results compared to the control groups.
Also, significant enhancements in viability were observed in the groups that received 0.5 and 1 mg/mL
MI. Moreover, all groups that received MI showed less apoptosis and ROS levels compared to the
control group, with the 1 mg/mL group showing a significant decrease.

In conclusion, we recommend to using myo-inositol at a concentration of 0.5 mg/mL as a

pre-freezing supplement to improve cryopreserved boar semen parameters and embryo production rate.
Keywords: myo-inositol, antioxidant, boar semen, cryopreservation, fertilization.
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In order to develop cardiomyocytes without proliferative capacity as cell therapy products, increasing
the survival rate of transplanted cardiomyocytes is an important issue. Recently, the dual stem cell therapy
method using endothelial cells has been proposed as a strategy to improve the survival and engraftment
of injected cardiomyocytes. Despite progress in this direction, a problem remains the advancement of
cardiomyocyte and endothelial cell co-transplantation techniques. Accordingly, we designed a microfluidic
concave platform with an in silico simulation to form cardiovascular spheroids. Indeed, we successfully
generated cardiovascular spheroids by encapsulating endothelial cells within cardiomyocytes and
confirmed the long-term culturing possibility of spheroids. Remarkably, our cardiovascular spheroids
exhibited several advantages: 1) improved the survival rate of cardiomyocytes under a 3% hypoxic
environment, 2) could be stored for emergency patient through cryopreservation, 3) showed therapeutic
efficacy compared to single cardiomyocytes in animal models of myocardial infarction. These findings
emphasize the enhanced functionality of cardiovascular spheroids. Based on our results, we suggest that
the technology for forming cardiovascular spheroids utilizing microfluidic concave systems holds promise
as the advanced cell therapy for heart failure. This work was supported by the Bio&Medical Technology
Development Program of the National Research Foundation (NRF) (No. RS-2023-00220207) and (No.
2022R1A2C1006622) of Korea grant funded (MSIT, Republic of Korea).
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Stable porcine embryonic stem cells (pESCs) derived from in vitro blastocysts provide powerful tools
for beneficial applications in animal breeding as well as evaluating the safety and efficacy of stem
cell-based therapies. Most pESCs require complex media compositions and feeder layers. We derived
pESCs using simplified culture media (F12-FIW) consisting of FGF2, canonical WNT inhibitor (IWR-1),
and SRC inhibitor (WH-4-023) in serum-free medium. The established pESCs-FIW capable of single
cell passage with short cell doubling time (about 12 hours). These cells exhibited alkaline phosphatase
(AP) activity and expressed pluripotency markers, OCT4, SOX2, and NANOG, as well as cell surface
markers, SSEA1, SSEA4, and TRA-1-60. Established pESC showed formative and primed characteristics
based on the negative expression for the naive and primed marker, whereas strong expression for the
formative marker with high levels of related genes. Transcriptome analysis showed that pESC-FIW
had similar cellular identities to reported pESC maintained in complex media formulations and had
characteristics of gastrulating epiblast cells. The pESCs maintained until late passages (above p50)
showed similar proliferation rates and single cell clonal efficiencies with dome shape morphologies
as those of early passages (below p30). They also could be maintained on Matrigel, fibronectin,
LN-521, and VTN-N using mTeSR™, a feeder-free culture medium for human pluripotent stem cells.
Expression of pluripotency marker genes in pESCs maintained on each of the four matrices showed
similar levels to those in pESCs under the feeder condition. These results indicate that inhibition of
the canonical WNT pathway and SRC pathway is sufficient to establish pESCs with properties similar
to those established in complex media formulations and is applicable to feeder-free expansion. Easy
to maintain-pESCs can be used to develop complex genetic modifications useful for agriculture and

biomedicine, and manufacture cell-derived meat and other products.
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feeder-free adaptation

Acknowledgment: This work was supported by grants from the “NRF funded by the Korean Government
(2020R1A2C2008276)”, “Technology Innovation Program funded by the MOTIE, Korea (20023068)”, and
“IPET in Food, Agriculture, Forestry and Fisheries funded by MAFRA (320005-4)”, Republic of Korea.

- 77 -



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 78

Cc-08

Myoinositol improves developmental competence in porcine
embryos and reduces oxidative stress via the NRF2-HO-1
signaling pathway
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Myoinositol (MI) is an antioxidant and is expected to have a positive effect on early embryonic
development in mammals. However, there is a paucity of studies about the effect of MI on porcine
embryonic development. Therefore, we evaluated the effect of MI supplementation on porcine embryos
and its antioxidant effect. We cultured porcine parthenogenetic-derived embryos in a porcine zygotic
medium (PZM3) with various concentrations of MI (0, 5, 10, and 20 mM) for 7 d. MI at 20 mM
significantly increased the blastocysts formation rate compared to the control group; however, cleavage
rate and total cell number did not increase significantly compared to the control group. MI also
improved significantly antioxidant-related genes such as NRF2, HMOXI, and GCLC in the 20 mM
group on day 7 compared to the control group blastocysts. Moreover, 20 mM MI significantly increased
the mitochondrial quantity, mitochondrial membrane potential and reduced ROS in mitochondria at
day 7 blastocysts compared to the control group. These results showed that MI improved the
developmental competence of porcine preimplantation embryos by activating NRF2/HO-1 pathway

against oxidative stress.
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Given the global demand for high-quality cattle, it is necessary to develop effective techniques for
producing oocytes from high-quality cows. Ovum pick-up (OPU) methods play a significant role in
oocyte collection worldwide and are the most efficient means of enhancing genetic advancement
through maternal lines in cattle. This study aimed to establish an efficient OPU-derived transferable
embryo production system. Oocytes were collected from 20 control and 15 follicle-stimulating hormone
(FSH)-treated female Hanwoo. A combination of decreasing doses of FSH (36, 36, 24, and 24 mg,
12 h apart), progesterone, estrogen, and prostaglandin was administered to synchronize and mildly
stimulate the animals. /n vitro blastocysts were generated by in vifro maturation, fertilization, and
culture. The FSH-treated group (1,125 oocytes) and the control group (1,022 oocytes) exhibited a higher
proportion of Grade A and B oocytes (88.2%) than other grades (p<0.05), with the majority of them
in the germinal vesicle 2 stage (64.0%). Moreover, the FSH group had a significantly higher blastocyst
rate (44.7%) than the control group (31.1%) (p<0.01). After vitrification and in vitro culture warming,
the embryos of the FSH group exhibited higher re-expansion rates (Grade 1: 86.9% and Grades 2
and 3: 57.9%) than the control group (p<0.01). FSH treatment also reduces working hours, making

it an efficient method for embryo production, freezing, and preservation.
Keywords: Hanwoo cow, ovum pick-up, cryopreservation, embryo development, embryo transfer
Acknowledgement: Financial support for this study was granted by the Hanwoo Board through

improvement of Hanwoo farm productivity project funded by Korea non-profit corporation (20220411)
and supported by a research grant from Hankyong National University in the year of 2023.

- 79 —



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 80
C-10
Effect of metal components in PM2.5 derived from porcine

farm exposure on sperm function in mice

Listya Purnamasari', Chae Yeon Kim?, Doyoon Kim?,
Myoung Ok Kim? *Junkoo Yi'?

'School of Animal Life Convergence Science, Hankyung National University

’Department of Animal Science and Biotechnology, Kyungpook National University
3Livestock Research Institute, Gyeongsangbukdo
“Gyeonggi Regional Research Center, Hankyong National University
(junkoo@hknu.ac.kr)

Particulate matter (PM) is emerging as a global environmental problem and a significant burden
on public health. However, the contribution of PM generated in agriculture or livestock farms has
received little attention thus far. Understanding the relationship between livestock production rates and
the occurrence of PM is crucial, especially considering its impact on reproductive functions.
Furthermore, the specific effects and underlying mechanisms of metal components present in PM2.5
derived from porcine farms on reproductive toxicity remain poorly understood. Therefore, the objective
of this study is to investigate the potential impact of major metal components on the reproductive
system, sperm function, and embryo development. Male mice were exposed to varying levels of metal
components present in PM2.5, including Ca, Fe, Al, Zn, Pb, and a mixture of all these metals. Our
results indicate that metal exposure influenced the levels of inflammatory cytokines in the testis, as
well as oxidative stress-induced cell death and apoptosis. Moreover, the exposure to metal components
in PM2.5 was found to affect sperm deformation, capacitation status, testosterone levels, and
testosterone biosynthesis. Additionally, the embryo development crucial for sperm fertility was also
influenced by metal exposure in PM2.5. Overall, this study suggests that major metal components,
when administered through intratracheal instillation, induce adverse effects on the male reproductive
system. These findings highlight the need for further research into the reproductive toxicity associated

with PM2.5, particularly its metal constituents.
Keywords: particulate matter (PM), sperm, testosterone, embryo development
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Local fish farmers who culture the olive flounder (Paralichthys olivaceus) prefer moist pellet (MP)
over extruded pellet (EP) due to better growth enhancement. MP had high feed conversion ratios,
however, discouraged due to its significant negative impacts on water quality deterioration and increase
incidence of fish disease. The feeding trial was conducted for six months, and the experimental diets
were MP which composed of mackerel and cutlass fish and EP is commercial diet. Weight growth
rate was not significantly affected by MP and EP (p>0.05), although EP-fed fish had a better somatic
yield (p<0.05). Plasma activity of growth hormone and insulin-like growth factor 1 (IGF-1) was
comparably similar between diets, while the EP-fed olive flounder had a higher hepatic IGF-1 mRNA
expression (p<0.05). The intestinal digestive enzyme activity was not significantly influenced by diets
(p>0.05), whereas the EP- fed fish had a longer intestinal villi length and increased number of goblet
cells in the pyloric caeca (p<0.05). This study shows that the EP diet may be suitable feed based

on somatic growth and some aspects of the digestive physiology of the olive flounder aquaculture.

Keywords: flatfish aquaculture, feeding, somatic yield, somatic growth, digestive physiology

_8]_



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 82
D-02

HiStALE QL MALRE FO|Bt 'EX|(Paralichthys olivaceus) TIO{ 25 E]
| HEEN

5", O|X|8]|", Josel Cadangin', Hsu Htoo',
_E_xlkﬂ *'“:'|I|3 *_Ix_l_g_§|1,4

(umchm@pknu.ac.kr)

]

2

2 AL WPARERSE SARMP)E 22} Folg 97 Aololx e Fuae] FEEAS 59
FARA A AR ERAT A8 5L AN 98 AT 2 AR Tl A
g Ak Aol ~AE, BolE, 7|88, FolAto] Hol] B3 AEA|S(survival activity index, SAI)
4 g 9 dAE A8 A7t 2R Ao w2 GH(growth hormone)2} IGF-1(insulin like growth
factor-1) TS B| LB M4 SAL 2, A1, 128K, A7), e, e, R
7], FH A (Kupffer’s vesicle)7], /EFA W THELL7], 7], Fohald, Fo$E AR
o, Zb A Aol =Rt o] HlEo] AA|Y] 80% oV AT ARE 7IEe R TAARYE Bl

St} Akt EP /\}E:rmﬂ/ﬂ WA, FHE, HIkg, 7|2 AmTHE & AlelE UEA] eijta,
SATE EP AJRT0lH & S48 UeRolth 52 20°Co14 1 2 T 4 8AZH MP AFRToA
A 4920] 49 F 44 Siol RS, EP Aol A el 2 5 43417 5
Fofsto] 1417 At 2o Uehylth. GHEF IGF-19] 32 e 77104 EP Ala-9] S47H(GH:
W 440.8424.7 pg/mL, IGF-1: B 37.6243.71 pg/mL)°] MP AFELo] 2A4THGH: B 347.01+
46.97 pg/mL, IGF-1: B 23.89+2.41 pg/mL)Et} =& SRS YeRth. dafdo g SAAIARS: st
FEO| AT AL AL 7 Aol ARGE EP AlmTE 37 = mAlE AR WHEXA|TL MPO
AlE o] wt tE2A Uehd & QlE 0= Ated

=)

L

=

Keywords: egg quality, egg development stages, GH, IGF-1, olive flounder

- 82 -



Dev. Reprod. Vol 27, 2023 (Suppl. 1). pp 83

D-03

Morphological assessment of egg quality for second
generation of cultured broodstock small yellow croaker,
Larimichthys polyactis

In Joon Hwang, Jung Hyun Kim, *Hee Woong Kang

West Sea Fisheries Research Institute, National Institute of Fisheries Science
(hwgang@korea.kr)

The egg quality is a representative limiting factor in developing culture techniques for certain fish
species. It is a known predictor of subsequent larval viability, quality, and stress resistance related
to aquaculture productivity. Here we tracked egg quality in a second generation of broodstock small
yellow croacker, Larimichthys polyactis. Cultured 2™ generation broodstock (3 years old, 600 fishes)
was reared in indoor tank (14 tons). We induced natural spawning with heated water temperature (11.5
~22.0°C) and regulation of photoperiod (9L:15D). We used spawning events from spawning period
and monitored basic morphometrics such as: egg viability, egg diameter, oil droplet diameter and oil
droplet volume. Natural spawning of the broodstock was maintained for 23 days. During this study
we demonstrated that egg diameters and oil droplet diameters for L. polyactis decreased as the spawning
season progressed and water temperature increased. We showed that smaller eggs lead to higher quality
with viability, and that using eggs later in the spawning season would lead to better production. In
addition, the volume of oil droplet was the strongest factors for prediction of egg viability for small

yellow croaker.
Keywords: small yellow croaker, egg quality, morphometrics, egg diameter, oil droplet volume
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Fish reproduction is regulated by neurohormones secreted from the brain and gonadotropins from
the pituitary. Progesterone (P4), one of the gonadal steroids, stimulates oocyte maturation and ovulation
in females, and sperm maturation and motility in males. Many studies have reported the effect of P4
on animal reproduction and the importance of E2 priming for the action of this hormone. Thus, it
is highly probable that P4 has similar effects on eel maturation and reproduction.

In this study, the pituitaries of immature eels were primary cultured and treated with P4 and E2
at different concentrations and experimental conditions in the presence of gonadotropin-releasing
hormone (GnRH). Then, the mRNA expression of FSHP (follicle stimulating hormone f), LHP
(luteinizing hormone f), GH (growth hormone), SL (somatolactin), pgr (progesterone receptor) genes
were analyzed from pituitary cells treated with P4, E2 and E2+P4.

P4 enhanced the mRNA expression of FSHB and LHP in immature eel pituitary cells, but not the
mRNA expression of GH, SL, and pgr. E2 and E2+P4 enhanced the mRNA expression of pgr but
not the mRNA expression of FSHB, LHB, GH, and SL. These results suggest that P4 may play an

important role in the early sexual maturation of eels by enhancing FSHB and LHB mRNA expression.
Keywords: Anguilla japonica, reproduction, progesterone (P4), 17B-estradiol (E2)
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Response of astaxanthin feed on body colour change
and carotenoid-related gene expression in juvenile
red spotted grouper, Epinephelus akaara

Song-Hee Choi', Byeong-Hoon Kim', Kang-Hee Im', Chi-Hoon Lee?,

*In-Kyu Yeo', *Young-Don Lee'
'Department of Marine Life Sciences, Jeju National University
*Marine Science Institute, Jeju National University
(thdgml1126@naver.com)

Studies on aquaculture technology are being conducted, various studies of fish coloration are being
conducted. Depending on the types of carotenoids, fish body coloration can take on diverse forms
and recent studies has been conducted on improving fish body colour using astaxanthin. We
investigated to changes of body growth, body colour development, chromaticity analysis and mRNA
expression of carotenoid-related factors (bco2, scarbl mRNA) in the skin were subsumed in the red
spotted grouper. The experiment was divided into a control group and two astaxanthin treatment groups
(1,000 ppm and 2,000 ppm), and astaxanthin was adsorbed to the feed for five weeks on the 35 days
after hatching red spotted grouper. As a result of the body growth, there was no difference between
groups at the end of the experiment, but the weight and body length of the 1,000 ppm group tended
to be higher than that of other groups. The results of the body colour development investigation
indicated differences in body colour development between the treatment groups and the control group,
starting from the third weeks of the experimental period. The treatment groups exhibited a tendency
for faster colour development compared to the control group. The results of chromaticity analysis
confirmed that the red chroma in the skin of the treatment group was higher than that of the control
group. Measuring the size of the yellow spots that develop on the bodies of red spotted grouper, the
showed that the control group 0.7+0.02 pum, the 1,000 ppm treatment group 0.88+0.04 pum, and the
2,000 ppm treatment group 0.93+0.04 pm. The spot size in the 1,000 ppm and 2,000 ppm treatment
groups was significantly larger compared to the control group (p<0.05). Expression of bco2 mRNA
in the skin did not show significant differences among the groups, but the 1,000 ppm treatment group
exhibited the lowest expression levels. On the other hand, scarbl mRNA expression was significantly
higher in the 2,000 ppm treatment group (p<0.05). Based on our research, astaxanthin supplements
are thought to promote the timing of spots on the body of red spotted groups and improve spot size
during the spot formation stage. Further studies are needed to determine the optimal concentration of

astaxanthin in the future.

Keywords: astaxanthin, carotenoid, chromatophore, body colour, Epinephelus akaara
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The effect of water temperature on stress response-related gene
expression in Epinephelus akaara and Paralichthys olivaceus

Kang-Hee Im', Song-Hee Choi', Byeong-Hoon Kim', Chi-Hoon Lee?,
*Young-Don Lee', *In-Kyu Yeo'
'Department of Marine Life Sciences, Jeju National University
*Marine Science Institute, Jeju National University
(imk0408@naver.com)

Water temperature is an important part of aquaculture because it is a key factor in controlling
metabolism in aquatic animals. Fish are more sensitive to changes in temperature conditions than other
animals, and various physiological and environmental factors can cause stress. Heat shock protein
(HSP) plays an important role in temperature adaptation and is an effective molecular chaperone that
protects cells that are denatured by stress. HSP70 is a protein triggered by a mechanism that protects
cell from changes caused by oxidative stress, and HSP90 is a protein that acts in the signaling pathway
to steroid receptors. In this study, we investigate the expression of stress response-related factors;
corticotropin-releasing hormone (CRH), HSP90, and HSP70 mRNA for changes in the water
temperature of Epinephelus akaara and Paralichthys olivaceus. The E. akaara and P. olivaceus were
raised from February to November in a flow-through tank system (150x150x150 cm) at Jeju National
University’s Marine Science Research Institute. Sampling was conducted four times in February, May,
August, and November. RT-qPCR was performed to analyze the expression of CRH, HSP90, and
HSP70 mRNA. In the case of E. akaara, HSP90 mRNA in the liver had a lower expression level
in November, and HSP70 mRNA showed a decrease expression level from February to November.
CRH mRNA expression in the brain was observed to increase from February to November. In the
case of P. olivaceus, HSP90 and HSP70 in the liver were observed significantly high expression level
in August. In the brain, CRH observed relatively low expression level in August. As a result of our
study, it is assumed that E. akaara and P. olivaceus has difference of water temperature stress response
according to seasonal changes. We believe that this study might be available as basic information on
the hypothalamic-pituitary-interrenal (HPI) axis in response to stress caused by changes in the water

temperature of the two fish in the future.

Keywords: Epinephelus akaara, Paralichthys olivaceus, heat shock protein, corticotropin-releasing-

hormone, stress impact
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A novel method to establish porcine trophoblast stem-like cells
from parthenogenetic activated embryos

Mirae Kim'?, *Sang-Hwan Hyun'??

'Laboratory of Veterinary Embryology and Biotechnology (VETEMBIO),
Veterinary Medical Center and College of Veterinary Medicine, Chungbuk National University
’|nstitute for Stem Cell & Regenerative Medicine (ISCRM), Chungbuk National University
3Graduate School of Veterinary Biosecurity and Protection, Chungbuk National University

(kmr9309@naver.com)

Trophoblasts play an important role in the embryo implantation and formation of the maternal-fetal
interface. Neurotrophins are associated with implantation, maintenance of pregnancy, and regulation of
placental angiogenesis. Here, we established trophoblast stem-like cells (TSCLCs) from porcine
parthenogenetic activation (PA)-derived embryos treated with neurotrophin-4 (NT-4) during in vitro
culture (IVC). On day 7 of IVC, PA-derived blastocysts were seeded on feeder cells in modified porcine
TSCLCs medium to obtain TSCLCs. Porcine TSCLCs derived from embryos not treated with NT-4
during IVC were termed ‘control TSCLCs’, whereas the TSCLCs derived from embryos treated with
NT-4 during IVC were termed ‘NT-4-treated TSCLCs’. Both the established porcine TSCLC lines
showed significantly decreased mRNA transcript levels of pluripotency markers (SOX2 and Nanog) and
increased mRNA transcript level of a trophoblast marker (KRT1S8). In particular, the mRNA level of
the CDX2 transcript was significantly increased in the NT-4-treated TSCLC line. Through
immunostaining, we also confirmed that the trophoblast stem cell markers (TEAD4, YAP1, and CDHI)
were expressed in all established porcine TSCLC lines. Although further studies will be needed, our

study could serve as a useful model for studying porcine trophoblast and placental development in vitro.
Keywords: /n vitro culture, trophoblast stem cells, parthenogenetic activation
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