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Floor Plan
2021. 10. 13 (Wed.) - 15 (Fri.)
Jeju KAL Hotel

2F

Place

Session

Grand Ballroom A

Opening Ceremony, Plenary Lecture, Symposium I, Training education for Doctor's license,
Executive Committee Meeting of Korean Association of Anatomists, Symposium III, Luncheon
Seminar I, Symposium V, Speaking Session with Coffee, Symposium VII, Symposium IX,
Special Lecture, Panel Discussion, 71th Korean Association of Antomists Regular General
Assembly

Grand Ballroom B

Symposium II, Symposium IV, Luncheon Seminar II, Symposium VI, Symposium VIII,
Symposium X

Rose Room

Oral Presentation I, Special Symposium, Oral Presentation III, Oral Presentation V, Oral
Presentation VII

Mugunghwa Room
Lobby
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Oral Presentation II, Oral Presentation IV, Oral Presentation VI
Check-in&Registration

Program Schedule
2021. 10. 13 (Wednesday)
Time

Schedule
Grand Ballroom A

15:00-17:00

17:00-19:00

Rose Room

Mugunghwa Room

Check-in&Registration
(Lobby)

13:00-17:00

13:30-15:00

Grand Ballroom B

Symposium I
[Cellular
Neuroscience]
Organizers:
Dong Woon Kim,
Ik-Hyun Cho
Chairmen:
Dong Woon Kim,
Ik-Hyun Cho

Symposium II
[Clinical Research
Approach of Gross
Anatomy- Clinical
Anatomy, Radiology,
and Biomechanics]
Organizers: Jaeho Cho,
Dai-Soon Kwak
Chairmen:
Jeong-Hyun Park,
Dai-Soon Kwak

Training Education for Doctor's License
(의사면허 연수평점)
Organizer:
Seung-Ho Han
Chairman:
Seung-Ho Han
(Grand Ballroom)
Executive Committee
Meeting of Korean
Association of
Anatomists

Oral Presentation I
Organizers:
Gu Seob Roh,
Jae-Ho Lee
Chairmen:
Chang Ho Song,
Sang-Pil Yoon

Poster Presentation I

2nd IFAA FIPAR
Webinar

Korean Association of Anatomists : 3

2021. 10. 14 (Thursday)
Schedule

Time

Grand Ballroom A

Grand Ballroom B

Rose Room

Mugunghwa Room

Opening Ceremony
(Grand Ballroom)

09:00-09:20

Symposium IV
[Immunology and
Cell Biology]
Organizer:
Dae Young Hur
Chairmen:
Chaeyong Jung,
Dae Young Hur

Symposium III
[Microscopy]
Organizer:
Young-Min Hyun
Chairmen:
Young-Min Hyun,
Hyeon Soo Kim

09:20-10:50

Special Symposium
[New Anatomists]
Organizer:
Ki-Hwan Han
Chairmen:
Yi-Suk Kim,
Yonghyun Jun

10:50-11:00

Coffee Break

11:00-12:00

Plenary Lecture: In-San Kim
(Professor, Korea Institute of Science and Technology)
(Grand Ballroom)
Organizer: Hyeon Soo Kim
Chairman: Sik Yoon

12:00-12:10

Photography
Luncheon Seminar I
[ZEISS]
Chairman:
Im Joo Rhyu

12:10-13:00

Luncheon Seminar II
[NGeneS]
Chairman:
Han-Sung Jung

Oral Presentation II
Organizers:
Gu Seob Roh,
Jae-Ho Lee
Chairmen:
Seung-Jun Hwang,
Young-Chun Gil

Lunch

Poster Presentation II

13:00-14:00

14:00-15:30

Symposium V
[Behavioral
Neuroscience]
Organizers:
Mi Young Yang,
Chang Jong Moon
Chairmen:
Mi Young Yang,
Chang Jong Moon

15:30-16:00

Speaking Session I
[Elsevier]
Organizer: Hongtae Kim
Chairman: Hongtae Kim

16:00-17:30

Symposium VII
Symposium VIII
[Emotional
[Hard tissue Formation]
Neuroscience]
Organizer:
Organizer: Duk-Soo Kim
Sung-Won Cho
Chairmen:
Chairmen:
Duk-Soo Kim,
Sung-Won Cho,
In-Beom Kim
Seung Yun Han
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Symposium VI
[KAA-CSAS-JAA
Webinar]
Organizer:
Han-Sung Jung
Chairmen:
Han-Sung Jung,
Dokyoung Kim

Oral Presentation III
Organizers:
Gu Seob Roh,
Jae-Ho Lee
Chairmen:
Young Buhm Hur,
Yeong Seok Kim

Oral Presentation IV
Organizers:
Gu Seob Roh,
Jae-Ho Lee
Chairmen:
Jinwoong Bok,
Kwon-Moo Park

Oral Presentation V
Organizers:
Gu Seob Roh,
Jae-Ho Lee
Chairmen:
Kyeung Min Joo,
Hwa Kyoung Shin

Oral Presentation VI
Organizers:
Gu Seob Roh,
Jae-Ho Lee
Chairmen:
Mi-Sun Hur,
Hong Il Yoo

2021. 10. 15 (Friday)
Time

Schedule
Grand Ballroom A

Grand Ballroom B

Rose Room

09:00-10:30

Symposium IX
[Anatomy Education]
Organizer:
Wu-Chul Song
Chairman:
Wu-Chul Song

Symposium X
[Current Trends in
Physical Anthropology
and arChaeology In
Siberia]
Organizers:
Myeung Ju Kim,
Dong Hoon Shin
Chairmen:
Hyejin Lee,
In Uk Kang

Oral Presentation VII
Organizers:
Gu Seob Roh,
Jae-Ho Lee
Chairmen:
Jinu Kim,
Beom-Sun Chung

10:30-11:00

Speaking Session II
[Medical IP]
Organizer:
Hongtae Kim

Mugunghwa Room

11:00-12:00

Special Lecture: Hyun Kim
(Professor, Korea University)
(Grand Ballroom)
Organizer: Ki-Hwan Han
Chairman: Yong Chul Bae

12:00-13:00

Panel Discussion: Act on the Dissection and Preservation of Corpses
(Grand Ballroom)
Chairman: Young Buhm Hur
Speaker: In-Beom Kim,
Panel discussants: Seung-Ho Han, Su-Jin Baik, Seong-Jin Mun, Byung-In Choe

13:00-14:00

Lunch

14:00-15:00

71th Korean Association of Anatomists Regular General Assembly
(Grand Ballroom)
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Plenary Lecture
2021.10.14 (Thu.) (11:00-12:00) <Grand Ballroom>
Chairman: Sik Yoon
PL

11:00-12:00
Complex adaptive cancer immunotherapy
In San Kim | Korea Institute of Science and Technology (KIST)

Special Lecture
2021.10.15 (Fri.) (11:00-12:00) <Grand Ballroom>
Chairman: Yong Chul Bae
SL

11:00-12:00
Habenular depression biomarkers
Hyun Kim | Korea University

Symposium
Symposium I

Cellular Neuroscience
2021.10.13 (Wed.) (13:30-15:00) <Grand Ballroom A>
Chairmen: Dong Woon Kim, Ik-Hyun Cho

SI-1

13:30-13:53
Astrocyte metabolism shapes neuroinflammation in hypothalamus and
hippocampus
Kyoungho Suk | Kyungpook National University

SI-2

13:53-14:16
Suppression of microglia autophagy and its implication in Alzheimer Disease
Seong-Woon Yu | Daegu Gyeongbuk Institute of Science & Technology(DGIST)

SI-3

14:16-14:38
Astrocytic Best1 as an anatomical marker for tripartite synapse
Changjoon Justin Lee | Institute for Basic Science (IBS)
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SI-4

14:38-15:00
Serum neuronal and glial proteins as a biomarker for CNS inflammatory
demyelinating diseases
Eun-Jae Lee | Ulsan University

Symposium II

Clinical Research approach of gross anatomy - clinical
anatomy, radiology, and biomechanics
2021.10.13 (Wed.) (13:30-15:00) <Grand Ballroom B>
Chairmen: Jeong-Hyun Park, Dai-Soon Kwak

SII-1

13:30-14:00
Various anatomical and morphometric evaluation using foot and ankle specimens
of cadavers: how to apply clinical practice
Jaeho Cho | Hallym University

SII-2

14:00-14:30
Diagnosis and treatment of cerebrovascular diseases using various imaging modalities
Jin Pyeong Jeon | Hallym University

SII-3

14:30-15:00
How Can We Conduct Biomechanical Analyses : Cadaver-based Experiments and
Computational Simulation
Tae Soo Bae | Jungwon University

Symposium III

Microscopy
2021.10.14 (Thu.) (9:20-10:50) <Grand Ballroom A>
Chairmen: Young-Min Hyun, Hyeon Soo Kim

SIII-1

09:20-09:50
The first intravital imaging of cochlea
Seong Hoon Bae | Yonsei University

SIII-2

09:50-10:20
The identification of skin-resident natural killer T cells using intravital microscopy
Chang Ook Park | Yonsei University

SIII-3

10:20-10:50
Visualizing immunity in context: from viral infection to cancer
Minsoo Kim | University of Rochester
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Symposium IV

Immunology and Cell Biology
2021.10.14 (Thu.) (9:20-10:50) <Grand Ballroom B>
Chairmen: Chaeyong Jung, Dae Young Hur

SIV-1

09:20-09:50
The Role of the Keap1-Nrf2 antioxidant pathway in NK cell development,
activation, and anti-tumor immunity
Young Tae Jeong | Daegu Gyeongbuk Institute of Science & Technology(DGIST)

SIV-2

09:50-10:20
The mechanisms of skin damage by particulate matter
Jin Won Hyun | Jeju National University

SIV-3

10:20-10:50
IL-6 and IL-10 levels, rather than viral load and neutralizing antibody titers,
determine the fate of patients with severe fever with thrombocytopenia syndrome
virus infection in South Korea
Keun Hwa Lee | Hanyang University

Symposium V

Behavioral Neuroscience
2021.10.14 (Thu.) (14:00-15:30) <Grand Ballroom A>
Chairmen: Mi Young Yang, Chang Jong Moon

SV-1

14:00-14:30
Olfactory dysfunction in neuroimmunological disease models
Tae Kyun Shin | Jeju National University

SV-2

14:30-15:00
The lack of Cyclin Y in vivo improves spatial learning and cognitive flexibility,
distinctively modulating the LIMK1-cofilin-actin pathway
Mikyoung Park | Korea Institute of Science and Technology (KIST)

SV-3

15:00-15:30
Forebrain overexpression of type 1 adenylyl cyclase promotes molecular stability
and behavioral resilience to physical stress
Mi Young Yang | Wonkwang University
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Symposium VI

KAA-CSAS-JAA Webinar
2021.10.14 (Thu.) (14:00-15:30) <Grand Ballroom B>
Chairmen: Hansung Jung, Dokyoung Kim

SVI-1

14:00-14:18
The molecular and synaptic mechanism of empathic pain in mice
Tao CHEN | Fourth Military Medical University

SVI-2

14:18-14:36
Spatiotemporal control of microglial absence is essential for the proper maturation
of postmigratory neurons
Yuki Hattori | Nagoya University

SVI-3

14:36-14:54
Visualization of glioblastoma using advanced fluorescent probes
Dokyoung Kim | Kyung Hee University

SVI-4

14:54-15:12
The protective effects of Baicalin on gestational diabetes-induced abnormal
embryonic development
Guang WANG | Jinan University

SVI-5

15:12-15:30
Fatty acid binding protein 3 (FABP3) in the anterior cingulate cortex modulates the
methylation status of the glutamic acid decarboxylase67 promoter region
Yui Yamamoto | Tohoku Medical and Pharmaceutical University

Symposium VII

Emotional Neuroscience
2021.10.14 (Thu.) (16:00-17:30) <Grand Ballroom A>
Chairmen: Duk-Soo Kim, In-Beom Kim

SVII-1

16:00-16:30
Distinct oscillatory patterns in amygdala-prefrontal cortical circuit during
freeze-or-flight responses in mice
Jee Hyun Choi | Korea Institute of Science and Technology (KIST)

SVII-2

16:30-17:00
Positive modulation of mPFC N-Methyl-D-aspartate receptors on cthe spontaneous
recovery of fear
Bo Young Lee | Institute for Basic Science (IBS)
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SVII-3

17:00-17:30
Affective empathy is specifically driven by the type-2 theta rhythm synchrony in
multi-regional networks
Seong-Wook Kim | Chungnam National University

SymposiumVIII

Hard Tissue Formation
2021.10.14 (Thu.) (16:00-17:30) <Grand Ballroom B>
Chairmen: Sung-Won Cho, Seung yun Han

SVIII-1

16:00-16:30
GPCR signaling networks in pulp-dentin complex regeneration
Jin Man Kim | Seoul National University

SVIII-2

16:30-17:00
Functional and structural regeneration of hard tissues based on developmental
principles
Jae-Young Kim | Kyungpook National University

SVIII-3

17:00-17:30
Dentin regeneration by restoring the physiological function of mature/aged
odontoblast
Joo-Cheol Park | Seoul National University

Symposium IX

Anatomy Education
2021.10.15 (Fri.) (09:00-10:30) <Grand Ballroom A>
Chairman: Wu-Chul Song

SIX-1

09:00-09:30
뉴 노멀 시대 해부학 교육에 대한 고찰: 을지의대 사례
Hong-Il Yoo | Eulji University

SIX-2

09:30-10:00
크로스리얼리티를 이용한 온라인 해부학 교육 과정 개발
U-Young Lee | The Catholic University

SIX-3

10:00-10:30
포스트 코로나 시대의 해부학 교육은 어디로 나아갈 것인가?
Jeonghyun Park | Kangwon National University
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Symposium X

Current Trends in Physical Anthropology and Archaeology in Siberia
2021.10.15 (Fri.) (09:00-10:30) <Grand Ballroom B>
Chairmen: Hyejin Lee, In Uk Kang

SX-1

09:00-09:23
Current trends in genetic analyses of ancient Siberian people
Jong Ha Hong | Kyung Hee University

SX-2

09:23-09:46
Archeoparasitology - a new source of reconstruction of migrations of the ancient
population: opportunities, results and prospects
Sergey Slepchenko | Tyumen Scientific Centre SB RAS

SX-3

09:46-10:08
Dental diseases observed in in Aboriginal groups and Russian settlers of 16th to
19th century West Siberia
Hyejin Lee | Ministry of National Defense Agency of KIA Recovery & Identification

SX-4

10:08-10:30
Comparative analysis of archaeology and physical anthropology in the Migration
Period of Southern Siberia
In Uk Kang | Kyung Hee University

Special Symposium

New Anatomists
2021.10.14 (Thu.) (9:20-10:50) <Rose Room>
Chairmen: Yi-Suk Kim, Yonghyun Jun

SS-1

09:20-09:38
Condensin II is linked to the prognosis of acute lymphoblastic leukemia and
hematopoietic stem cell development
Chang-Kyu Oh | Inje University

SS-2

09:38-09:56
Effects of ascorbic acid on D-galactose-induced brain aging model
Sung Min Nam | Wonkwang University

SS-3

09:56-10:14
시신 절단면영상과 3차원영상을 신경외과 연구에 활용하기
Beom Sun Chung | Yonsei University
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SS-4

10:14-10:32
법치의학적 나이추정 기법의 연구 현황 및 적용에 대한 국내 현황 보고
Sang-Seob Lee | The Catholic University

SS-5

10:32-10:50
Pontin arginine methylation by CARM1 is crucial for epigenetic regulation of
autophagy
Dongha Kim | The Catholic University

Training Education for Doctor's License
2021.10.13 (Wed.) (15:00-17:00) <Grand Ballroom>
Chairman: Seung-Ho Han
필수교육

15:00-17:00
대한민국의 기초의학: 과거, 현재, 미래
Moo Yeol Lee | Korean Medical Association

Luncheon Seminar
Luncheon Seminar I

[ZEISS]
2021.10.14 (Thu.) (12:10-13:00) <Grand Ballroom A>
Chairman: Im Joo Rhyu

LSI

12:10-13:00
Zeiss LSM 980 with NIR detector for multiplexing imaging
Gisu Eom | ZEISS

Luncheon Seminar II

[NGeneS]
2021.10.14 (Thu.) (12:10-13:00) <Grand Ballroom B>
Chairman: Han-Sung Jung

LSII
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12:10-13:00
Big data analysis for next generation sequencing (NGS)
Hyun-Yi Kim | NGeneS

Speaking Session
Speaking Session I

[Elsevier]
2021.10.14 (Thu.) (15:30-16:00) <Grand Ballroom A>
Chairman: Hongtae Kim

SS-1

15:30-16:00
Digital transformation in Anatomy Learning with 3D technology
Anna Shin | Elsevier

Speaking Session II

[Medical IP]
2021.10.15 (Fri.) (10:30-11:00) <Grand Ballroom A>
Chairman: Hongtae Kim

SS-2

10:30-11:00
New technologies for understanding in anatomy education
Hoon Cho | Medical IP

Panel Discussion
Panel Discussion

Act on the Dissection and Preservation of Corpses
2021.10.15 (Fri.) (12:00-13:00) <Grand Ballroom>
Chairman: Young Buhm Hur

PD

12:00-13:00
개정 ‘시체 해부 및 보존 등에 관한 법률’ 시행 6개월: 해부학 교육과 연구, 시신기증
절차에서의 변화, 문제점, 그리고 재개정 필요성
Speaker: In-Beom Kim | The Catholic University
Panel discussants: Su-Jin Baik, Seung-Ho Han, Seong-Jin Mun, Byung-In Choe

Oral Presentation
O1-O5

13:30-15:00
2021년 10월 13일 (수), Rose Room
Oral Presentation I
Organizers: Gu Seob Roh, Jae-Ho Lee | Chairmen: Chang Ho Song, Sang-Pil Yoon
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O6-O11

09:20-10:50
2021년 10월 14일 (목), Mugunghwa Room
Oral Presentation II
Organizers: Gu Seob Roh, Jae-Ho Lee | Chairmen: Seung-Jun Hwang, Young-Chun Gil

O12-O17

14:00-15:30
2021년 10월 14일 (목), Rose Room
Oral Presentation III
Organizers: Gu Seob Roh, Jae-Ho Lee | Chairmen: Young Buhm Hur, Yeong Seok Kim

O18-O23

14:00-15:30
2021년 10월 14일 (목), Mugunghwa Room
Oral Presentation IV
Organizers: Gu Seob Roh, Jae-Ho Lee | Chairmen: Jinwoong Bok, Kwon-Moo Park

O24-O29

16:00-17:30
2021년 10월 14일 (목), Rose Room
Oral Presentation V
Organizers: Gu Seob Roh, Jae-Ho Lee | Chairmen: Kyeung Min Joo, Hwa Kyoung Shin

O30-O35

16:00-17:30
2021년 10월 14일 (목), Mugunghwa Room
Oral Presentation VI
Organizers: Gu Seob Roh, Jae-Ho Lee | Chairmen: Mi-Sun Hur, Hong Il Yoo

O36-O41

09:00-10:30
2021년 10월 15일 (금), Rose Room
Oral Presentation VII
Organizers: Gu Seob Roh, Jae-Ho Lee | Chairmen: Jinu Kim, Beom-Sun Chung
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Plenary Lecture
2021.10.14 (Thu.) (11:00-12:00) <Grand Ballroom>
Chairman: Sik Yoon

In San Kim
Korea Institute of Science and Technology (KIST)

PL
Complex adaptive cancer immunotherapy
In-San Kima,b
a
Center for Theragnosis, Biomedical Research Institute, Korea Institute of Science and Technology,
39-1 Hawolgok-dong, Seongbuk-gu, Seoul, 136-791, Republic of Korea, bKU-KIST Graduate School
of Converging Science and Technology, Korea University, 145 Anam-ro, Seongbuk-gu, Seoul, 02841,
Republic of Korea

Immunotherapy is revolutionizing the treatment of cancer. The current immunotherapeutics that
work by taking the brakes off T cells have been particularly transformational, dramatically improving
outcomes for some cancer patients. But we still need to answer to those patients whose cancers do not
respond to these immunotherapeutics, and those whose cancers respond initially but then become
resistant to the treatments. The more we study the major issues of tumors, the more we come to
realize that they cannot be understood in isolation. Tumors are systemic problems, which mean that
they are interconnected and interdependent. Cancer cells are present within a complex adaptive
ecosystem consisted of associated cells including immune cells, connective tissue cells, endothelial cells
within a scaffold of matrix altogether forming tumor microenvironment. Cancer, perhaps uniquely
among human illnesses, is a disease that arises through Darwinian interactions of microenvironmental
selection and phenotypic adaptation, which are both causes and consequences of its complexity and
heterogeneity. Since a life has begun 3.5 billion years ago, they ensured continuous interaction between
the diverse species, both cooperative and fiercely competitive in nature. So they have developed
complex and sophisticated immune system to survive. Can we develop better systems to fight against
cancer than our own immune system? Even though we do not understand completely our own immune
systems, we could try at least to awaken our own immune system to fight against cancer. In an attempt
to trigger our own immunity against cancers, we utilized the characteristic of genetic instability to our
advantage, as the expression of cancer cell neoantigens triggers immunity against cancer cells, which
can be called “intrinsic cancer vaccination”. For patients who have nonimmunogenic tumors, we need
to transplant xenogenic molecules to roll the cancer immunity cycle. For this purpose, we designed
protein nanocages or extracellular vesicles (exosomes), which hold not only ligands or xenogenic
molecules for enhancing cancer cell phagocytosis but also drugs for inducing immunogenic cancer cell
death. This strategy will allow us to avoid using known tumor specific antigens, ex vivo manipulation
and adoptive cell therapy, instead, efficiently present neoantigens of cancer cells to our immune
system. This strategy could be combined with other treatment modalities to potentiate the therapeutic
efficacy
Keywords: Cancer immunotherapy, Intrinsic cancer vaccination, Exosome, Immunogenic cell death,
Phagocytosis
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Special Lecture
2021.10.15 (Fri.) (11:00-12:00) <Grand Ballroom>
Chairman: Yong Chul Bae

Hyun Kim
Korea University

SL
Habenular depression biomarkers
Hyun Kim, MD, PhD
Professor, Department of Anatomy, College of Medicine, Korea University

Depression is a devastating psychiatric disorder that causes vast amount of socioeconomic burden
and leads to suicidality. According to WHO, depression is the leading cause of disability and the 4th
leading cause of global disease burden. However, the mechanisms of depression remain largely
unknown, and new therapeutic mechanism discovery is near standstill. Habenula (Hb) has emerged as
a key brain region in depression and the aberrant activity of the LHb is suggested to be associated with
depressive symptoms. Because the habenula depression biomarkers increase our understanding of the
pathophysiology of depression and can be used for diagnosis and treatment of depression, we have
screened habenular depression biomarkers from the postmortem habenula of depression patients and
depression animal models using molecular profiling and bioinformatic analysis, non-isotope in situ
hybridization, and behavior analysis. Through the validation of habenula depression biomarkers we
found that 1) down-regulation of cholinergic signaling in the habenula induces anhedonia-like behavior
by the inhibition of dopamine neurons in the ventral tegmental area (VTA), 2) MHb
calcium-dependent secretion activator 2 plays a pivotal role in depressive behavior through the
regulation of neuropeptide secretion of the MHb-interpeduncular pathway and the activity of
monoaminergic centers, 3) aromatic-L-amino acid decarboxylase (AADC)-expressing neurons
(called as D-neurons) in the LHb regulate negatively GABAergic neurons in the tail of VTA (RMTg),
which are well known modulator of VTA dopaminergic neurons. These results suggest the value of
habenular depression biomarkers for the investigation of depression mechanism.
Keywords: Depression, Habenula, Biomarkers, Cholinergic signaling, Calcium-dependent secretion
activator 2, Aromatic-L-amino acid decarboxylase
김현 | 고려대학교 의과대학 해부학교실 · kimhyun@korea.ac.kr
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Symposium I
Cellular Neuroscience

2021.10.13 (Wed.) (13:30-15:00) <Grand Ballroom A>
Chairmen: Dong Woon Kim, Ik-Hyun Cho

Kyoungho Suk

Seong-Woon Yu

Kyungpook National University

Daegu Gyeongbuk Institute of Science &
Technology(DGIST)

Changjoon Justin Lee

Eun-Jae Lee

Institute for Basic Science (IBS)

Ulsan University

"본 심포지움은 경상국립대학교 의과대학 바이오항노화 의과학연구센터의 지원에 의해 진행되었습니다."

SI-1
Astrocyte metabolism shapes neuroinflammation in hypothalamus
and hippocampus
Md Habibur Rahman1, Anup Bhusal1, Jae-Hong Kim1, Il-Sung Jang2,3,
In-Kyu Lee4, and Kyoungho Suk1,2,*
1
Department of Pharmacology, School of Medicine, Kyungpook National University, Daegu, Republic of
Korea; 2Brain Science and Engineering Institute, Kyungpook National University, Daegu, Republic of
Korea; 3Department of Pharmacology, School of Dentistry, Kyungpook National University, Daegu,
Republic of Korea; 4Department of Internal Medicine, Division of Endocrinology and Metabolism,
School of Medicine, Kyungpook National University, Daegu, Republic of Korea

Glia and neuroinflammation are thought to be central to the pathogenesis of obesity and diabetes,
and they play important roles in disrupting feeding behaviors, energy homeostasis, and cognition. We
show, through a series of experiments, that pyruvate dehydrogenase kinase (PDK)-2 plays a pivotal
role in hypothalamic inflammation and its sequelae in animal models of diabetes. Comprehensive
studies utilizing cell-specific genetic ablation and pharmacological inhibition suggest that PDK2 in
hypothalamic astrocytes is linked to diabetic disease mechanisms. Further studies using primary
astrocyte and organotypic cultures clearly indicate a regulatory role for the PDK2-lactic acid axis in
metabolic imbalance and hypothalamic inflammation in diabetes. We also show that lactic acid
modulates the AMPK signaling pathway and the neuropeptidergic circuitry governing feeding behavior.
Our findings reveal that metabolic reprogramming of astrocytes by PDK2 plays a pivotal role in
diabetes-induced hypothalamic inflammation and subsequent alterations in feeding behavior. A similar
role of PDK2-lactic acid axis was found in metabolic regulation of hippocampal astrocytes,
neuroinflammation, and resulting cognitive impairment.
Keywords: Pyruvate dehydrogenase kinase, Diabetes, Metabolism, Neuroinflammation, Glia, Astrocyte
석경호 | 경북대학교 의과대학 약리학교실 · ksuk@knu.ac.kr
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Seong-Woon Yu
Department of Brain and Cognitive Sciences, Daegu Gyeongbuk Institute of Science and Technology
(DGIST), Daegu, Korea

One of the key pathological features of Alzheimer’s disease (AD) is accumulation of amyloid
peptide and microglia infiltration around amyloid plaques. However, despite activated microglia
surrounding amyloid plague, escalated accumulation of amyloid peptides suggests deteriorating
phagocytic efficiency of microglia in AD. Autophagy plays an important role in immunity and
inflammation as well as metabolism and cell survival. Autophagy is induced through pattern recognition
receptors, such as Toll-like receptors (TLRs) by diverse immune and inflammatory signals in
macrophages and other immune cells. However, the physiological role of autophagy and its signalling
mechanisms in microglia remain poorly understood. Microglia are the phagocytic immune cells resident
in the central nervous system, and share many physiological and ontogenical characteristics with
peripheral tissue macrophages. Here, we show that, in contrast to macrophages, autophagy flux and
expression of autophagy-related (Atg) genes in microglia are significantly suppressed upon TLR4
activation by lipopolysaccharide (LPS). Metabolomics analysis of phosphatidylinositol (PtdIns) and its
3-phosphorylated form, PtdIns(3)P levels, in combination with bioinformatics prediction, revealed a
reduction in the synthesis of PtdIns and PtdIns(3)P in microglia, but not in macrophages, following
LPS treatment. Interestingly, inhibition of PI3K, but not mTOR or ERK, restored autophagy level with
concomitant dephosphorylation and nuclear translocation of FoxO3. Constitutively active form of
FoxO3 also induced autophagy, suggesting FoxO3 as a downstream target of PI3K/Akt for autophagy
inhibition. LPS treatment impaired phagocytic degradation of microglia, including LC3-associated
phagocytosis and amyloid beta (Abeta) clearance. PI3K inhibition recovered degradation capacity of
microglia against Abeta. These findings suggest a unique mechanism for regulation of microglia
autophagy and point to PI3K-FoxO3 as potential therapeutic target for regulation of microglia function.
Furthermore, our results reveal the involvement of immune system in the very early time point in the
progress of AD and provide novel targets for enhancement of amyloid beta clearance.
Keywords: Alzheimer Disease, Autophagy, FoxO3, microglia, PI3K, PtdIns(3)P
Seong-Woon Yu | Department of Brain and Cognitive Sciences DGIST · yusw@dgist.ac.kr
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in Alzheimer Disease

SI-3
Astrocytic Best1 as an anatomical marker for tripartite synapse
C. Justin Lee
Center for Cognition and Sociality, Institute for Basic Science, Daejeon, Korea

2+

-

Bestrophin-1 (Best1) is a GABA- and glutamate-permeable, Ca -activated Cl channel, which is
mainly expressed in astrocytes and localized at the microdomain or perisynaptic junction of the
tripartite synapse. Distribution of Best1 is dramatically changed in pathological conditions such as
Alzheimer’s disease. However, it is still unknown whether Best1 is located at the glutamatergic or
GABAergic tripartite synapses. Here, we utilized the Lattice structured illumination microscopy
(Lattice SIM) to visualize Best1 expression at the perisynaptic junctions of the tripartite synapses in
CA1 of mouse hippocampus. We performed co-labeling with antibodies against 1) Best1 and vesicular
glutamate transporter-2 (vGLUT2) or 2) Best1 and vesicular GABA transporter (vGAT) to measure
the proximity of Best1-containing perisynapse to glutamatergic or GABAergic presynapse,
respectively. In addition, we examined two transgenic mouse lines of 1) APP/PS1 mouse showing high
astrocytic MAOB activity and cytosolic GABA and 2) MAOB-KO mouse showing low astrocytic GABA.
Lattice SIM images were further processed by Imaris, which allowed 3Drendering and spot
identification. We found that astrocytic Best1 was distributed closer to the glutamatergic synapses than
GABAergic synapses in the wild-type mice. In APP/PS1 mice, Best1 distribution was significantly
changed by moving away from the glutamatergic synapses while moving closer to the GABAergic
synapses. On the contrary, in MAOB-KO mice, the Best1 distribution was dramatically changed by
moving closer to the glutamatergic synapses and moving far away from the GABAergic synapses. Our
findings propose that the proximity of Best1-containing perisynapses to presynapses dynamically
changes according to the level of astrocytic cytosolic GABA.
Keywords: Tripartite synapse, Best1, astrocyte, neuron, vGAT, vGluT, GABA, glutamate
이창준 | 인지및사회성연구단 기초과학연구원 · cjl@ibs.re.kr
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Eun-Jae Lee,1 Young-Min Lim,1 Kwang-Kuk Kim1
1
Department of Neurology, University of Ulsan, College of Medicine, Asan Medical Center, Seoul,
Republic of Korea

Neurons and glial cells are composed of numerous proteins, which are to be released to the
cerebrospinal fluid and blood upon neuronal damage and neurodegeneration. The released proteins may
vary in their content, type, and amount depending on the disease pathogenesis and course of the
disease (e.g., active/silent, relapse/remission, and degeneration/restoration). These properties allow
the protein to be used as a biomarker for monitoring neurological disorders prone to recurrent attacks
and neurodegeneration. Recently, cutting-edge technologies such as single molecule array (Simoa)
have been developed that can detect these synaptic proteins in the blood even in the subpicomolar
range. These techniques are being rapidly applied to the clinical field of many neurological disorders.
CNS inflammatory demyelinating disease consists of multiple sclerosis (MS), neuromyelitis optica
spectrum disorders (NMOSD), and anti-myelin-oligodendrocyte-glycoprotein (MOG) antibody
diseases (MOGAD). Although the pathogenic mechanism of MS is still elusive, pathogenic
autoantibodies, anti-aquaporin-4 antibody and anti-MOG antibody, have recently been found in
NMOSD and MOGAD; the identification of these autoantibodies have classified NMOSD as
astrocytopathy, and MOGAD as oligodendrocytopathy. Depending on the disease type, there would be
varied and distinct patterns of changes in serum neuronal and glial proteins, but this hypothesis has not
yet been proven. Here, I will share my experience and up-to-date data with serum neuronal and glial
proteins from patients with CNS inflammatory demyelinating disease, and discuss the clinical
usefulness and future of these serum biomarkers.
Keywords: Serum biomarkers, inflammatory demyelinating diseases, multiple sclerosis, neuromyelitis
optica spectrum disorders, anti-myelin-oligodendrocyte-glycoprotein antibody disease
Eun-Jae Lee MD, PhD | Assistant Professor, Dep of Neurology, Univ of Ulsan, Coll of Med, Asan Medical
Center, Seoul, Rep of Korea · eunjae.lee@amc.seoul.kr
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"본 심포지움은 경북대학교 치과대학 얼굴 신경-뼈 네트워크 연구센터의 지원에 의해 진행되었습니다."

SII-1
Various anatomical and morphometric evaluation using foot and ankle
specimens of cadavers: how to apply clinical practice
Jaeho Cho
Department of Orthopaedic Surgery, School of Medicine, Hallym University, Chuncheon, Korea

For the clinical practice of orthopedic surgery, it is essential to know the anatomical and
morphometric characteristics of the neurovascular system as well as the musculoskeletal system. The
pathological mechanism of musculoskeletal disorders and the mechanism of trauma such as fractures
can be estimated through an understanding of anatomy. In addition, the diagnosis of musculoskeletal
diseases is basically based on anatomical knowledge. In particular, in the surgical treatment of the
musculoskeletal disorders or trauma, various anatomical and morphometric characteristics can be
commonly used, such as a surgical approach, avoiding iatrogenic damage to neurovascular system, and
anatomical landmarks for systematic surgery. From the point of view of a clinician, various anatomical
morphometric studies of cadavers related to clinical application will be introduced.
Keywords: cadaver, clinical anatomy, surgical anatomy
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Jin Pyeong Jeon
Department of Neurosurgery, School of Medicine, Hallym University, Chuncheon, Korea

Various imaging modalities are being used to treat neurological patients in clinical practice. Unlike
before, the number of diseases that are not only diagnosed using images but also treated through
vascular interventions is increasing. Here, we will examine the anatomical features of cerebrovascular
diseases and how they are linked to diagnosis and treatment. In addition, various experiments and
translational research related to these diseases will be introduced.
Keywords: Cerebrovascular disease, Diagnosis, Treatment
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Diagnosis and treatment of cerebrovascular diseases using various
imaging modalities

SII-3
How Can We Conduct Biomechanical Analyses: Cadaver-based
Experiments and Computational Simulation
Tae Soo Bae
Department of Biomedical Engineering, College of Science and Engineering, Jungwon University,
Chungbuk, Korea

There is no doubt that many clinical efforts are being made each year to develop the necessary
surgical techniques in the process of treating various musculoskeletal diseases and to improve existing
surgical techniques. However, unlike the clinicians' intention in the medical field, there are not many
cases where the techniques were developed and improved through profound research. Although
various surgical techniques are introduced every year, it is often controversial in the clinical field
because most of proposed techniques are based on a small number of clinical cases. In addition, there is
a limitation in that additional studies cannot be continued due to the lack of clear scientific verification
and evidences for the treatments’ effects claimed by clinicians. Therefore, the collaborated study
between anatomists and biomechanists and active clinical research activities will be more important to
overcome these practical limitations. In this situation, as a biomechanist, I want to introduce 1) the
cadaver-based research that I have been conducting so far, 2) the computational analysis research
that I promoted to overcome the limits of cadaver researches, and 3) an environment for future
collaboration. In addition, I hope that it will be a meaningful opportunity that can be promoted in
collaboration with the development of advanced medical devices by becoming related policy planning
through various clinical-engineering collaborative research.
Keywords: biomechanical analysis, computational simulation, surgical technique
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SIII-1
The first intravital imaging of cochlea
Seong Hoon Bae1, Jinsei Jung1, Young-Min Hyun2
1
Department of Otorhinolaryngology, Yonsei University college of Medicine, Seoul, Korea, 2Department
of Anatomy, Yonsei University college of Medicine, Seoul, Korea

생체이미징은 자극에 대한 반응을 실시간으로 확인할 수 있는 실험방법으로 피부, 눈, 간, 근육 등 이미 여
러 가지 장기에서 적용되고 있다. 생체이미징은 이광자현미경의 등장과 함께 주목 받기 시작했는데, 이광자
현미경의 높은 투과도와 적은 에너지로 조직을 손상을 최소화 하며 비교적 오랫동안 생체 조직의 관찰이 가
능하기 때문이다. 현재 생체이미징은 주로 면역학 분야에서 많이 활용되고 있으며, 면역세포들의 혈관 및 조
직에서의 반응을 관찰하고 정량화 하는 도구로 이용된다. 내이는 두개골과 턱뼈를 비롯한 주변의 골조직과
중이 안쪽에 위치하고 있는 해부학적 특징 때문에 이광자현미경을 이용한 생체이미징은 지금까지 보고된 적
이 없었다. 또한 내이를 둘러싸고 있는 얇고 불투명한 골조직은 그 내부의 관찰을 제한하며, 내부의 손상 없
이 골조직을 제거하기는 매우 어렵다. 따라서, 본 연구에서는 골조직을 제거하지 않고 이광자현미경의 높은
투과도를 이용해 생체이미징을 시도하였으며, 결과적으로 혈관조 (Stria vascularis) 를 성공적으로 관찰할
수 있었다. 이를 이용하여, 세균의 내독소 (Lipopolysaccharide, LPS)로 유도한 마우스 중이염 모델에서 내
독소를 중이강 내에 주입한 후 1일째에 혈관조의 중성구가 혈관내피세포와 유착 (adhesion) 하는 모습을 관
찰할 수 있었고, 2일째에 혈관조 주변의 조직으로 유도된 중성구를 관찰할 수 있었다. 지금까지, 내이 조직 내
로는 중성구가 유도되지 않는 다는 것이 보편적으로 알려져 있었기 때문에 본 연구를 통해 내이 조직도 여타
장기와 마찬가지로 중성구가 유도될 수 있으며 이는 내독소 주입 후 2일째에 가장 많은 중성구들이 조직으로
빠져 나온다는 새로운 사실을 확인할 수 있었다. 추후, 생체이미징을 이용하여 고막, 안면신경, 전정기관 등으
로 연구 범위를 넓힐 계획이다.
Keywords: Cochlea, Two-photon microscopy, Intravital imaging, Neutrophil, Stria vascularis
현영민 | 연세대학교 의과대학 해부학교실 · ymhyun@yuhs.ac
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Chang Ook Park
Department of Dermatology, Cutaneous Biology Research Institute, Yonsei University College of
Medicine, Seoul, Republic of Korea

Natural killer T (NKT) cell is a subset of T cells with distinctive features that bridge innate and
adaptive immunity. Circulating NKT cells have been well-studied, but the functional roles of
skin-resident NKT cells are still not fully understood. Thus, we aimed to investigate the role of skin
NKT cells using atopic dermatitis (AD) mouse models and human AD blood / skin samples. First,
global proteomic and transcriptomic analyses were performed using human healthy controls (HC) and
AD patients’ skin and blood. Then, CXCR4 and CXCL12 expressions in skin NKT cells were analyzed
in human AD and mouse AD models. CXCR4 and its cognate ligand CXCL12 were significantly
upregulated in human AD skin. CXCR4+ NKT cells were enriched in AD skin and were consistently
elevated in our AD mouse models. Predominant skin NKT cells were CXCR4+ and CD69+, similar to
tissue-resident memory T (TRM) cells. Skin-resident NKT cells uniquely expressed CXCR4, which
was confirmed using a parabiosis system. Intravital imaging showed that CXCR4+ NKT cells
preferentially trafficked to a CXCL12-rich area, forming an enriched CXCR4+ NKTRM/CXCL12+
cell cluster, which developed acute and chronic allergic inflammation. CXCR4+ NKTRM cells may
form a niche to develop AD, where CXCL12 is highly expressed.
Keywords: Natural killer T cells, Tissue-resident memory T (TRM) cells, Tissue-resident memory
Natural killer T (NKTRM) cells, Atopic dermatitis, CXCR4, CXCL12
Chang Ook Park MD, PhD | Department of Dermatology, Yonsei University College of Medicine ·
copark@yuhs.ac

Korean Association of Anatomists : 31

Symposium

The identification of skin-resident natural killer T cells using intravital
microscopy

SIII-3
Visualizing immunity in context: from viral infection to cancer
Minsoo Kim
Department of Microbiology & Immunology, David H. Smith Center for Vaccine Biology and
Immunology, University of Rochester Medical Center, Rochester, USA

Our current research objective is to determine how the early innate immune responses prime and
remodel the tissue microenvironment prior to effector T cell homing and how the tissue-specific
inflammatory cues further modify the chemokine signals, integrin activation and T cell effector
functions in the influenza infected airway. Understanding how to control effector functions of T cell
through the manipulation of local tissue environments has potential applications in many virus
infections and chronic inflammatory settings. T cell immunotherapy for cancer is an exciting topic, as it
involves stimulating a patient’s own immune system to fight the malignancy. However, tumor
microenvironments employ several strategies to attenuate effective T cell-mediated tumor killing by
interfering with nearly every step required for the host immunity, including prevention of immune cell
homing to the tumor sites and suppression of the anti-tumor functions by generating strong
immunosuppressive environments. We developed new optical approaches to visualize dynamic T cell
migration and functions at the target tumor sites. This information is critical to define the checkpoints
and identify molecular interactions that can guide successful cancer immunity.
Keywords: T cell, Neutrophil, Influenza infection, Respiratory organ, Cancer, Immunotherapy
Minsoo Kim | Department of Microbiology & Immunology, David H. Smith Center for Vaccine Biology and
Immunology, University of Rochester Medical Center, Rochester, USA
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SIV-1
The Role of the Keap1-Nrf2 antioxidant pathway in NK cell
development, activation, and anti-tumor immunity
Byungmoo Oh, Youngtae Jeong
Department of New Biology, DGIST, Daegu, Korea

ROS is one of the intracellular second messengers and regulates the development of activation of
diverse cell lineages. Keap1-Nrf2 pathway is a major antioxidant pathway in our body and lowers
intracellular reactive oxygen species (ROS). Prior studies showed that the Keap1-Nrf2 pathway
regulates the development and activation of hematopoietic stem cells, regulatory T cells, and helper T
cells. However, its role in Natural Killer (NK) cell development and maturation has not been reported.
We therefore set out to investigate the role of the Keap1-Nrf2 pathway in NK cell development,
maturation, activation, and anti-tumor immunity. In this session, I will introduce our initial findings
about the role of the Keap1-Nrf2 pathway in NK cell maturation and activation. Also, potential
downstream mechanisms mediating the Keap1-Nrf2 pathway will be discussed.
Keywords: Keap1-Nrf2 pathway, NK cell, ROS, anti-tumor immunity
정영태 | DGIST · jyt@dgist.ac.kr
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Jin Won Hyun
Department of Biochemistry, College of Medicine, Jeju National University

Particulate matter 2.5 (PM2.5) increases levels of pro-inflammatory cytokines, but its effects on the
skin remain largely unknown. We investigated the signal transduction pathway and epigenetic
regulatory mechanisms underlying cellular inflammation induced by PM2.5 with a diameter of ≤ 2.5 in
vitro and in vivo. PM2.5-treated skin keratinocytes produced various inflammatory cytokines, including
IL-6. The binding of PM2.5 to TLR5 initiated intracellular signaling through MyD88, and led to the
translocation of NFκB to the nucleus, where it bound the NFκB site within IL-6 promoter.
Furthermore, PM2.5 induced a direct interaction between TLR5 and NOX4, and in turn induced the
production of ROS and activated NFκB-IL-6 downstream, which was prevented by siRNA-mediated
knockdown of NOX4 or antioxidant treatment. Furthermore, expression of TLR5, MyD88, NOX4,
phospho-NFκB, and IL-6 was increased in skin tissue of PM2.5-treated flaky tail mice. PM2.5-induced
increased transcription of IL-6 was regulated via DNA methylation and histone methylation by
epigenetic modification; the binding of DNA demethylase and histone methyltransferase to the IL-6
promoter regions resulted in increased IL-6 mRNA expression. Our findings provide deep insight into
the pathogenesis of PM2.5 exposure and can be used as a therapeutic strategy to treat inflammatory
skin diseases caused by PM2.5 exposure.
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SIV-3
IL-6 and IL-10 levels, rather than viral load and neutralizing antibody
titers, determine the fate of patients with severe fever with
thrombocytopenia syndrome virus infection in South Korea
Jeong Rae Yoo1, Sang Taek Heo1, and Keun Hwa Lee2
1
Department of Infectious Diseases, Jeju National University College of Medicine, Jeju, South Korea;
2
Department of Microbiology, Hanyang University College of Medicine, Seoul, South Korea

Severe fever with thrombocytopenia syndrome (SFTS) is a new tick-borne viral disease, and most
SFTS virus (SFTSV) infections occur via bites from the tick Haemaphysalis longicornis; however,
SFTSV transmission can also occur through close contact with an infected patient. SFTS is
characterized by acute high fever, thrombocytopenia, leukopenia, elevated serum hepatic enzyme
levels, gastrointestinal symptoms, and multiorgan failure and has a 16.2 to 30% mortality rate. In this
study, we found that age, dyspnea rates, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase, multiorgan dysfunction score (MODS), viral load, IL-6 levels, and
IL-10 levels were higher in patients with fatal disease than in patients with nonfatal disease during the
initial clinical course of SFTS. In addition, we found that IL-6 and IL-10 levels, rather than viral load
and neutralizing antibody titers, in patients with an SFTSV infection strongly correlated with outcomes
(for severe disease with an ultimate outcome of recovery or death).
Keywords: Severe fever with thrombocytopenia syndrome, Tick-borne viral diseases, IL-6, IL-10,
South Korea
Keun Hwa Lee | Department of Microbiology, Hanyang University College of Medicine · yomust7@hanyang.ac.kr
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SV-1
Olfactory dysfunction in neuroimmunological disease models
Taekyun Shin
Department of Veterinary Medicine, College of Veterinary Medicine, Jeju National University, Jeju
63243, Republic of Korea

Experimental autoimmune encephalomyelitis (EAE), a prototype of neuroimmunological CNS
disease model, has been widely studied as a model of human multiple sclerosis. The neuropathological
lesions have been well characterized by demyelination and gliosis in myelin rich white matter in MS
and its animal model EAE. In addition to the motor disability in MS, it was reported that some patients
suffer from olfactory dysfunction, suggesting that olfactory tissues are affected in the course of MS.
The aim of the present study is to evaluate olfactory involvement in EAE. EAE was induced in both
C57BL/6 mice following immunization with myelin oligodendrocyte glycoprotein and adjuvant. On the
buried food test, EAE-affected mice required significantly more time to find a bait pellet.
Histopathology reveled that inflammation was identified in the olfactory bulbs of EAE mice. Analysis of
differentially expressed genes (DEGs) in olfactory bulbs of EAE-affected mice revealed that genes of
olfactory marker protein and stomatin-like 3 were significantly downregulated. In addition to the
involvement of olfactory bulbs, inflammatory response has been found in olfactory mucosa in EAE.
Collectively, olfactory dysfunction has been occurred in neuroimmunological disease models including
EAE which is associated with primarily inflammation in the olfaction related tissues in EAE.
Keywords: EAE, Multiple sclerosis, Olfactory dysfunction, Differentially expressed genes,
Neuroimmunological disease
신태균 | 제주대학교 수의과대학 해부학교실 · shint@jejunu.ac.kr
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Mikyoung Park1,2
1
Brain Science Institute, Korea Institute of Science and Technology, Seoul, Korea. 2Division of
Bio-Medical Science and Technology, KIST School, Korea University of Science and Technology,
Seoul, Korea

Synaptic plasticity is a cellular basis for cognitive functions in the brain. Cyclin Y (CCNY), a cyclin
family protein that regulates the cell cycle, is a key modulator of synaptic plasticity. Particularly, CCNY
is a novel actin-binding protein and an inhibitory regulator for functional and structural long-term
potentiation (LTP) in vitro. In this study, we found that Ccny knockout (KO) mice exhibit enhanced
LTP and weak long-term depression (LTD) at Schaffer collateral-CA1 synapses in the hippocampus.
In accordance with enhanced LTP, Ccny KO mice showed improved spatial learning and memory.
However, although previous studies reported that normal LTD was necessary for cognitive flexibility,
Ccny KO mice intriguingly showed improved cognitive flexibility, suggesting that impaired LTD could
exert cognitive flexibility when combined with enhanced LTP. At the molecular level, CCNY modulated
spatial learning and cognitive flexibility by distinctively affecting the cofilin-actin signaling pathway.
Specifically, CCNY inhibited cofilin activation by original learning, whereas CCNY reversed such
inhibition by reversal learning. Altogether, our findings demonstrate that CCNY suppresses LTP while
facilitating LTD in the hippocampus and negatively regulates spatial learning and cognitive flexibility
through cofilin-actin signaling, thus suggesting CCNY as a learning regulator modulating both
memorizing and forgetting processes.
Keywords: Synaptic plasticity, Spatial learning, Cognitive flexibility, Cyclin Y, Actin, Cofilin
Mikyoung Park | Brain Science Institute, Korea Institute of Science and Technology · mpark@kist.re.kr
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SV-3
Forebrain overexpression of type 1 adenylyl cyclase promotes
molecular stability and behavioral resilience to physical stress
Miyoung Yang1, Changjong Moon2
1
Department of Anatomy, Wonkwang University School of Medicine, Jeonbuk, Korea, 2Department of
Veterinary Anatomy, College of Veterinary Medicine, Chonnam National University, Gwangju, Korea

The ability to cope with stress is essential for emotional stability and mental health. It is also
hypothesized that factors promoting resilience to stress may offer treatment strategies for maladaptive
disorders such as anxiety and depression. Here, we ﬁnd that physical restraint reduces the expression
of type 1 adenylyl cyclase (Adcy1), a neurospeciﬁc synaptic enzyme that positively regulates the
cAMP signaling cascade. Conversely, an increase of forebrain Adcy1 expression in transgenic mouse
(i.e., Adcy1tg mouse) predisposes individuals to molecular stability and behavioral resilience.
Transgenic overexpression of Adcy1 prevents the physical restraint-induced down-regulation of
brain-derived neurotrophic factor (BDNF) and neuropeptide Y (NPY). Further, Adcy1tg mice maintain
regular locomotive activity in novelty exploration and voluntary wheel running following physical
restraint. Adcy1tg mice show higher corticosterone and lower basal glucocorticoid receptor (GR)
expression, along with a higher MR (mineralocorticoid receptor) to GR ratio in the hippocampus.
Further, Adcy1tg mice show reduced immobility under acute physical stress conditions in the forced
swimming test and are more sensitive to the antidepressant desipramine. Our results demonstrate a
novel function of Adcy1 in stress coping and suggest Adcy1 as a potential target to antagonize stress
vulnerability and promote antidepressant efﬁcacy.
Keywords: Type I adenylyl Cyclase, Stress resilience, Physical restraint, Brain-derived neurotrophic
factor, Antidepressant, Corticosterone
양미영 | 원광대학교 의과대학 해부학교실 · yangm@wku.ac.kr
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SVI-1
The molecular and synaptic mechanism of empathic pain in mice
Ming-Ming Zhang, Yun-Qing Li*, Tao Chen*
Department of Anatomy and K.K. Leung Brain Research Centre, Fourth Military Medical University,
Xi'an, Shaanxi 710032, China

Empathic pain has attracted enormous interest in studying the social transfer of pain in sociology,
psychology and neuroscience research. However, the neural mechanism of empathic pain has remains
elusive. Here we establish a long term empathic pain model in mice and find that glutamatergic
projection from the insular cortex (IC) to the basolateral amygdala (BLA) is critical for the formation
of empathic pain. Selective activation or inhibition of the IC-BLA projecting pathway strengthens or
weakens the intensity of empathic pain, respectively. The synaptic molecules are screened and the
upregulation of Synaptotagmin-2 and RIM3 are identified as key signals in controlling the increased
synaptic glutamate transmission from the IC to the BLA. Together, these results reveal the molecular
and synaptic mechanism in a previously unidentified neural pathway for the regulation of empathic pain
in mice.
Keywords:: Empathic pain, insular cortex, basolateral amygdala, Synaptotagmin-2, RIM3, synaptic
mechanism.
Tao Chen | Department of Anatomy and K.K. Leung Brain Research Centre, Fourth Military Medical University,
Xi'an, Shaanxi 710032, China · taochen1@foxmail.com
Yun-Qing Li | Department of Anatomy and K.K. Leung Brain Research Centre, Fourth Military Medical University,
Xi'an, Shaanxi 710032, China · deptanat@fmmu.edu.cn
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Yuki Hattori
Department of Anatomy and Cell Biology, Graduate School of Medicine,
Nagoya University, Nagoya, Aichi, Japan

Microglia are the resident immune cells of the central nervous system. Microglial progenitors are
generated in the yolk sac during the early embryonic stage. Once microglia enter the brain primordium,
these cells colonize the structure through migration and proliferation during brain development.
Microglia account for a minor population among the total cells that constitute the developing cortex,
but they can associate with many surrounding neural lineage cells by extending their filopodia and
through their broad migration capacity. Of note, microglia change their distribution in a
stage-dependent manner in the developing brain. In mice, microglia are homogenously distributed in
the pallium in the early and late embryonic stages, whereas these cells are transiently absent from the
cortical plate (CP) from embryonic day (E) 15 to E16 and colonize the ventricular zone (VZ),
subventricular zone (SVZ), and intermediate zone (IZ). Previous studies have reported that microglia
positioned in the VZ/SVZ/IZ play multiple roles in neural lineage cells, such as regulating neurogenesis,
cell survival and neuronal circuit formation. In addition to microglial functions in the zones in which
microglia are replenished, these cells indirectly contribute to the proper maturation of postmigratory
neurons by exiting the CP during the mid-embryonic stage. Overall, microglial time-dependent
distributional changes are necessary to provide particular functions that are required in specific
regions. My presentation focuses on the behavior of embryonic microglia and the molecular
mechanisms underlying microglial functions in the developing cortex.
Keywords: Cortex, Developing brain, Microglia, Neural progenitor, Neuron, Neurogenesis
Yuki Hattori | Department of Anatomy and Cell Biology, Graduate School of Medicine, Nagoya University ·
ha-yuki@med.nagoya-u.ac.jp
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SVI-3
Visualization of glioblastoma using advanced fluorescent probes
Dokyoung Kim
Department of Anatomy, College of Medicine, Kyung Hee University, Seoul, Korea

Development of the real-time monitoring methods of pathological features in clinical tumor surgery
is in the spotlight for accurate resection for the targeted disease site. Typical methods such as
polymerase chain reaction, western blot, and immunofluorescence are not utilized in an operating room,
but fluorescence-based imaging-guided surgery (FGS) using fluorescence materials have merit in
terms of field usability. Recently, we have focused on developing advanced fluorescent probes for
image-guided surgery of human glioblastoma (GBM), which is the most aggressive type of cancer that
begins within the brain. We have two different approaches, and we believe that both approaches for
visualization of GBM would have high potential and propose the future road of the fluorescent probe in
the real-time FGS.
Keywords: bio-imaging, fluorescent probe, glioblastoma, cancer imaging, brain
Dokyoung Kim | Kyung Hee University, College of Medicine, Department of Anatomy and Neurobiology ·
dkim@khu.ac.kr
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Haiyang Li1, Jianxin Liang1, Jia-Qi Lu1, Tonghua Zhang1, Xin Cheng1,
Xuesong Yang1,2*, Guang Wang1*
1
International Joint Laboratory for Embryonic Development & Prenatal Medicine, Division of Histology
and Embryology, Medical College, Jinan University, Guangzhou 510632, China, 2Key Laboratory for
Regenerative Medicine of the Ministry of Education, Jinan University, Guangzhou 510632, China

The gestational diabetes mellitus was associated with a high risk of congenital diseases. The lack of
effective drugs leads to the difficulties on the prevention and treatment of gestational diabetes mellitus.
Baicalin is one of the main active ingredients extracted from Scutellaria baicalensis, also known as a
traditional Chinese medicine commonly used for calming fetuses in pregnant women. However, it is
unclear that whether Baicalin can prevent malformation of the embryo development caused by
gestational diabetes mellitus in an early stage. Since Baicalin can penetrate the placental barrier, we
employed the chick embryo model, which is easy to be manipulated and precisely observed the impact
of external factors or chemical compounds during early embryo development. Then we explored the
toxicological effect of Baicalin on embryo development and studied the protective effect of different
concentrations of Baicalin on the high glucose-induced embryonic malformation. Our results showed
that Baicalin could not only protect the development of cardiovascular system by regulating autophagy
and oxidative stress, but also affect the neural tube development via regulating the level of retinoic acid
in chick embryos. With the mice model, Baicalin is also proved to have an obvious protective effect on
the diabetes mellitus model in mammals. Since Baicalin is an oral medication, we further revealed the
interaction between Baicalin and intestinal flora. The result suggests that Baicalin might play a role in
regulating the intestinal flora in the diabetes mellitus model. In conclusion, Baicalin has a broad
application prospect in the protection of embryonic development from gestational diabetes mellitus.
Keywords:: Baicalin, Gestational diabetes mellitus, Embryonic development, Autophagy, Oxidative
stress, Retinoic acid.
Guang Wang | Division of Histology and Embryology, Joint Laboratory for Embryonic Development & Prenatal
Medicine, Medical College, Jinan University · wangguang7453@126.com / t_wangguan@jnu.edu.cn
Xuesong Yang | Division of Histology and Embryology, Joint Laboratory for Embryonic Development & Prenatal
Medicine, Medical College, Jinan University · yang_xuesong@126.com
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SVI-5
Fatty acid binding protein 3 (FABP3) in the anterior cingulate cortex
modulates the methylation status of the glutamic acid decarboxylase67
promoter region
Yui Yamamoto1,2, Ogata Masaki1, Yuji Owada2, Keiju Kamijo1
1
Division of Anatomy, School of Medicine, Tohoku Medical and Pharmaceutical University, Sendai,
Japan, 2Department of Organ Anatomy, Graduate School of Medicine, Tohoku University, Sendai, Japan

Polyunsaturated fatty acids (PUFAs) are essential for brain development and function. Increasing
evidence has shown that an imbalance of PUFAs is associated with various human psychiatric
disorders, including autism and schizophrenia. Fatty acid-binding proteins (FABPs), cellular
chaperones of PUFAs, are involved in PUFA intracellular trafficking, signal transduction, and gene
transcription. In this study, we show that FABP3 is strongly expressed in the Parvalbumin
(PV)-positive inhibitory interneurons of the male mouse anterior cingulate cortex (ACC), which is a
component of the limbic cortex and is important for the coordination of cognitive and emotional
behaviors. Interestingly, Fabp3 KO male mice show an increase in the expression of the gene encoding
the GABA-synthesizing enzyme glutamic acid decarboxylase 67 (Gad67) in the ACC. In the ACC of
Fabp3 KO mice, Gad67 promoter methylation and the binding of methyl-CpG binding protein 2
(MeCP2) and histone deacetylase 1 (HDAC1) to the Gad67 promoter are significantly decreased
compared with those in WT mice. The abnormal cognitive and emotional behaviors of Fabp3 KO mice
are restored by methionine administration. Notably, methionine administration normalizes Gad67
promoter methylation and its mRNA expression in the ACC of Fabp3 KO mice. These findings
demonstrate that FABP3 is involved in the control of DNA methylation of the Gad67 promoter and
activation of GABAergic neurons in the ACC, thus suggesting the importance of PUFA homeostasis in
the ACC for cognitive and emotional behaviors.
Keywords: PV, FABP3, GAD67, PUFA, Inhibitory interneuron
Yui Yamamoto | Department of Anatomy, School of Medicine, Tohoku Medical and Pharmaceutical
University · yuiyama@tohoku-mpu.ac.jp
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SVII-1
Distinct oscillatory patterns in amygdala-prefrontal cortical circuit
during freeze-or-flight responses in mice
Hio-Been Han1, 2, Jee Hyun Choi1, 3
1
Brain Science Institute, Korea Institute of Science and Technology, Hwarang-ro 14-gil 5,
Seongbuk-gu, Seoul 02792, South Korea, 2Program of Brain & Cognitive Engineering, Korea Advanced
Institute of Science and Technology, Daejeon, 34141, South Korea, 3Department of Neural Sciences,
University of Science and Technology, 217, Gajeong-ro, Yuseong-gu, Daejeon, 34113, South Korea

Avoiding a harmful event is key to survive and drives defense behavior such as freeze or flight.
Previous studies in rodents have found that BLA receives threat information from thalamus and PFC
involves in top-down inhibition of the amygdala for execution of behavior. However, it is unclear
whether differential modulation of BLA-PFC circuit exerts a powerful influence over choice between
defense behaviors. We examined the oscillatory activity in recording of BLA and PFC from freely
moving mice in presence of a predatory robot. During freezing, slow theta coupling was enhanced with
a direction from PFC to BLA. Periods of escaping were associated with enhanced fast theta with
BLA-to-PFC directionality, and strong coupling of beta from PFC to BLA. Clustering of escaping
trajectory using unsupervised learning and autoencoder showed that during door-directed escaping,
the PFC-to-BLA beta was significantly stronger compared to the periods of aimless runaway. Taken
together, our findings evidence that differential modulation of oscillatory dynamics in BLA-PFC circuit
therefore provide efficient neural communication way for selection of opposing flight and freeze
behaviors.
Keywords: Prefrontal cortex, Basolateral amygdala, Neural oscillations, Freese-or-Flight
Jee Hyun Choi | Korea Institute of Science and Technolgoy, Brain ScienceInstitute · jeechoi@kist.re.kr

48 : 2021 Annual Meeting

SVII-2

Boyoung Lee1,2, Santosh Pothula1, Min Wu1, Matthew J. Girgenti1, Marina R. Picciotto1,
Ralph J. DiLeone1, Jane R. Taylor1, Ronald S. Duman1
1
Department of Psychiatry, Yale School of Medicine, New Haven, Connecticut, USA. 2 Center for
Cognition and Sociality, Institute for Basic Science, Daejeon, Republic of Korea

N-Methyl-D-aspartate receptor (NMDAR) modulators have recently received a great deal of
attention as potential therapeutics for posttraumatic stress disorder (PTSD). Here, we tested a novel
NMDAR modulator, nPAM, in two rodent models of PTSD: an auditory fear conditioning (AFC) model
and a single-prolonged stress (SPS) model. We tested the ability of nPAM to reduce subsequent
fear-based behaviors measured by enhanced fear extinction and reduced spontaneous recovery
(spontaneous return of fear) in both male and female mice. We found that nPAM administration
significantly reduced spontaneous recovery in both PTSD models and enhanced fear extinction in the
SPS model. Furthermore, we found that nPAM increased NMDA-induced inward currents of excitatory
and inhibitory neurons in the infralimbic mPFC (IL-mPFC), and GluN2B subunit of the NMDAR on
pyramidal, but not, inhibitory neurons in the IL-mPFC is required for its effect on extinction memory.
Downstream expression of brain-derived neurotrophic factor (BDNF) and GluN2B was required for
nPAM to achieve its behavioral effect. These results identify the cellular targets of nPAM and the
molecular mechanisms underlying the inhibition of spontaneous recovery. These preclinical findings
support the hypothesis that nPAM may have therapeutic potential for PTSD treatment and could be
particularly useful for inhibiting spontaneous recovery
Keywords: PTSD, N-Methyl-D-aspartate receptor, mPFC, spontaneous recovery, fear
Boyoung Lee | Center for Cognition and Sociality, Institute for Basic Sciencea · Email: blee@ibs.re.kr
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SVII-3
Affective empathy is specifically driven by the type-2 theta rhythm
synchrony in multi-regional networks
Seong-Wook Kim1,4, Minsoo Kim1,4, Jinhee Baek1, Charles-Francois Latchoumane1,
Gireesh Gangadharan8, Taesup Cho1, Junweon Byun1,2, Yongwoo Yoon1, Duk-Soo Kim3,
Yeon-Soo Kim4, Ji Su Ma5, Masahiro Yamamoto5, Yong Ryoul Yang7,
Pann-Ghill Suh6, and Hee-Sup Shin1,2
1
Center for Cognition and Sociality, Institute for Basic Science (IBS), 55, Expo-ro, Yusung-gu,
Daejeon, 34126, Republic of Korea. 2Department of Basic Science, University of Science and
Technology, Daejeon 34113, Republic of Korea. 3Department of Anatomy, College of Medicine,
Soonchunhyang University, Cheonan-Si, Republic of Korea. 4Graduate School of New Drug Discovery
& Development, Chungnam National University, Daejeon, Republic of Korea. 5Department of
Immunoparasitology, Research Institute for Microbial Diseases, Osaka University, Suita, Osaka
565-0871, Japan. 6School of Life Science, Ulsan National Institute of Science and Technology, Ulsan,
Republic of Korea. 7Aging Research Center, Korea Research Institute of Bioscience and Biotechnology,
Daejeon, Republic of Korea. 8Department of Cell and Molecular Biology, Manipal School of Life
Sciences, Manipal Academy of Higher Education, Manipal 576104, Karnataka, India

Impairment of empathy is a common symptom in so many different neuro-psychiatric conditions,
including schizophrenia. In observational fear learning, a rodent model of affective empathy, the
anterior cingulate cortex (ACC) and the basolateral amygdala (BLA) are required. How observational
fear is driven in these brain regions, however, is unknown. Here, utilizing a mouse model displaying
multiple endo-phenotypes of schizophrenia, we provide direct evidence that enhanced type-2
hippocampal theta rhythms synchronized among multiple brain regions drive affective empathy leading
to observational fear. Importantly, the enhanced type-2 theta synchrony in this long-range network is
selectively required for vicarious, observational fear, but not for direct, classical fear conditioning.
Furthermore, the rise and fall of this rhythmic synchrony among the three brain regions (hippocampus,
ACC, and BLA) temporally precede the on- and off-set of each freezing bout, respectively. Lastly, the
degree of this rhythm’s power increase predicts the strength of observational fear in the observer
animals, and the strength of observational fear could change bi-directionally by optogenetically
increasing/decreasing the type-2 hippocampal theta rhythm. Together these results suggest that the
type-2 theta rhythm synchrony in the multi-regional long-range network specifically drives the
cognitive process unique to affective empathy leading to fear behavior.
Keywords: Empathy, Type-2 theta rhythm, Hippocampus, ACC, BLA.
Hee-Sup Shin | Center for Cognition and Sociality, Institute for Basic Science (IBS) · shin@ibs.re.kr
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SVIII-1
GPCR signaling networks in pulp-dentin complex regeneration
Jin Man Kim
Department of Oral Microbiology and Immunology, School of Dentistry,
Seoul National University, Seoul, Korea

G protein-coupled receptors (GPCRs) play an important role in various pathogenesis and
physiological regulation. Based on the functional characteristics, GPCRs have been regarded as one of
the main targets in the current pharmaceutical market. However, until now, the development of drug
targeting GPCRs has not been established in regenerative dentistry. Dental pulp stem cells (DPSCs)
are key cellular component in the regeneration of pulp-dentin complex. Functional recovery of the
pulp-detin complex is closely related to the maintenance of natural teeth. Here I propose a new
approach for pulp-dentin complex regeneration through the regulation of class A GPCR activity. The
candidates of class A GPCRs was selected as primary drug targets, and the screening validated the
effect of selected class A GPCR antagonists in the differentiation of DPSCs. Based on the screening
result, I discovered a core class A GPCR candidate group, which have a potent effect on the
biomineralization process. Through RNA sequencing (RNA-seq), transcriptional changes related to
phosphatidylinositol 3‑kinase (PI3K)-protein kinase B (AKT) signaling pathways were commonly
identified in the core group. In particular, the expression of the p53 protein, a downstream signaling
component of PI3K-AKT pathway, was specifically increased upon the treatment with core class A
GPCR antagonists. This study identified a key candidate group for inducing pulp-detin complex
regeneration by multidisciplinary approaches and a previously unknown mechanism underlying the
regenerative process.
Keywords: G protein-coupled receptor, Dental pulp, Pulp-dentin complex, Regenerative dentistry,
Dental pulp stem cells
Jin Man Kim | Department of Oral Microbiology and Immunology, School of Dentistry, Seoul National
University · jinmankim@snu.ac.kr
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Department of Biochemistry, 2Department of Oral and Maxillofacial Radiology, 2Department of Oral
Medicine, 4Department of Conservative Dentistry, School of Dentistry, Kyungpook National University,
Daegu, Korea, 5Department of Histology and Developmental Biology, Tokyo Dental College, Tokyo,
Japan, 6Department of Dental Hygiene, College of Health Science, Gachon University, Incheon, Korea,
7
Division of Biotechnology and Convergence, Daegu Haany University, Gyeongsan, Korea. 8Department
of Biochemistry and Cell Biology, Stony Brook University, Stony Brook, NY, USA

Understanding the developmental signaling regulations during tissue and organ development is
important to reveal the underlying mechanisms of morphogenesis and regeneration. In the present
study, we employed the genome wide screening of spatiotemporal specific expression patterns, and
screened the novel molecules, which would be related with hard tissue formation. Then we examined
the molecular and cellular mechanisms of candidate molecules in formation of dental hard tissues such
as dentin, alveolar bone, and enamel, using a range of functional evaluation systems including in vitro
and in vivo diseases experimental animal models. For the dentin and enamel formation, ER-stress
related molecules were selected and applied into in vitro organ cultivation and pulpal cavity formation
methods. In addition, the alveolar and periodontal ligament formation, dental follicle specific genes
were selected and applied in to in vitro cell cultivation and periodontal diseases models. Overall, the
applications of tissue and stage specific signaling through regulating the signaling pathways and cellular
events in dental hard tissue formation would reveal that proper modulations of inflammation and
cellular secretion would be the key for proper hard tissue regenerations. We also propose that the
purpose-dependent selection and application of developmental regulation genes and signaling pathways
are important for the functional and structural regeneration of specific tissues and organs.
Keywords: Morphogenesis, Molecular mechanism, Functional evaluation, Diseases model systems,
Regeneration
김재영 | 경북대학교 치과대학 생화학교실 · jykim91@knu.ac.kr
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SVIII-3
Dentin regeneration by restoring the physiological function
of mature/aged odontoblast
Joo-Cheol Park1*, Yeoung-Hyun Park 2, Chul Son,2 Hyun Sook Bae3, Jung-Su Park4
1
Laboratory for the Study of Regenerative Dental Medicine, Department of Oral Histology and
Developmental Biology, School of Dentistry, Seoul National University, Seoul, South Korea,
2
Regenerative Dental Medicine R and D Center, HysensBio Co., Ltd., Seoul, South Korea, 3Department
of Oral Hygiene, Namseoul University, Cheonan, Republic of Korea, 4Department of Dental Hygiene,
Seoyeong University, Gwang-ju, Republic of Korea

Dentin, which composes most of the tooth structure, is formed by odontoblasts, long-lived
post-mitotic cells maintained throughout the entire life of the tooth. In mature/aged odontoblasts,
however, cellular activity is significantly weakened. Therefore, it is important to augment the cellular
activity of mature/aged odontoblasts to regenerate physiological dentin; however, no molecule
regulating the cellular activity of mature/aged odontoblasts has yet been identified. Here, we suggest
that copine-7 (CPNE7) can reactivate the lost functions of mature/aged odontoblasts by inducing
autophagy. CPNE7 was observed to elevate the expression of microtubule-associated protein light
chain 3-II (LC3-II), an autophagy marker, and autophagosome formation in the pre-odontoblast and
mature/aged odontoblast stages of human dental pulp cells. CPNE7-induced autophagy upregulated
DSP and DMP-1, odontoblast differentiation and mineralization markers, and augmented dentin
formation in mature/aged odontoblasts. Furthermore, CPNE7 also upregulated NESTIN and TAU,
which are expressed in the physiological odontoblast process, and stimulated the elongation of the
odontoblast process by inducing autophagy. Moreover, lipofuscin, which progressively accumulates in
long-lived post-mitotic cells and hinders their proper functions, was observed to be removed in
recombinant CPNE7-treated mature odontoblasts. Thus, CPNE7-induced autophagy reactivated the
function of mature/aged odontoblasts and promoted the formation of physiological dentin in vivo. On
the other hand, the well-known autophagy inducer, rapamycin, promoted odontoblast differentiation in
pre-odontoblasts but did not properly reactivate the function of mature/aged odontoblasts. These
findings provide evidence that CPNE7 functionally reactivates mature/aged odontoblasts and introduce
its potential for dentinal loss-targeted clinical applications.
Keywords: CPNE7, Autophagy, Odontoblast process, Post-mitotic long-lived cell, Reactivation.
Joo-Cheol Park | Department of Oral Histology and Developmental Biology, School of Dentistry, Seoul
National University · jcapark@snu.ac.kr
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뉴 노멀 시대 해부학 교육에 대한 고찰: 을지의대 사례
유홍일1, 박혜진2
1
을지대학교 의과대학 해부학 및 신경과학교실, 2을지대학교 의과대학 의학교육학교실

작년부터 지속되어 온 COVID-19 확산으로 인해 의과대학의 교육과정에도 많은 변화가 생기게 되었다.
거의 모든 의과대학에서 해부학강의는 비대면 온라인으로 이루어졌고, 실습 또한 이론을 먼저 학습한 후 진
행되거나 그마저도 축소되는 경우가 많았다. 이러한 강의 시수의 축소와 학습 환경의 변화는 교수와 학생 모
두에게 부담을 안겨주었고, 그 여파는 현재진행형이다. COVID-19 사태가 진정된 이후 이른바 ‘뉴 노멀’ 시
대의 해부학 교육에 대한 방향성을 토의하기 위해 우리 대학에서 2020년 2학기부터 2021년 1학기까지 실제
수행되었던 해부학 수업 진행 사례와 이에 대한 학생들의 피드백을 소개하고자 한다. 이론 수업은 100% 실
시간 온라인 강의로 진행되었으며 강의는 자동으로 녹화되어 학생들에게 제공되었다. 실습 수업은 일정 시험
범위에 맞춰 이론 수업 종료 후 대면으로 진행하였으며 개인보호장비를 착용하고 환기 등의 예방수칙을 준수
하여 큰 문제 없이 완료하였다. 강의 시수는 이론 수업의 경우 전년도와 큰 차이가 없었으나 실습 수업은 전
년도 대비 해부학과 조직학, 신경해부학에서 각각 30%, 20%, 43% 가량 감소하였다. 성적 평균은 전년도 대
비 소폭 상승하였고 표준편차는 크게 증가하여 학습 격차가 발생하고 있음을 알 수 있었다. 이는 비대면 온라
인 수업은 대면 수업에 비해 학생 개인의 욕구와 수준에 맞는 학습을 가능하게 하고, 자율적인 학습에 최적화
되어있으므로, 자기주도학습(self-directed learning) 능력의 차이가 학업성취도의 차이로 나타난 것으로 사
료된다. 이후 진행된 설문조사를 통해 학생들이 원하는 새로운 해부학 교육의 방향을 짐작할 수 있었다. 향후
COVID-19가 종식되더라도 전통적인 해부학 강의와 실습의 중요성은 지켜가면서, 비대면 강의와 다양한 보
조자료를 이용한 실습 등의 ‘뉴 노멀’ 시대에 발맞춘 유연한 수업 운영에 대한 준비를 서둘러야 할 것이다.
Keywords: COVID-19, 해부학교육, 뉴 노멀, 자기주도학습
유홍일 | 을지대학교 의과대학 해부학 및 신경과학교실 · hiyoo@eulji.ac.kr

56 : 2021 Annual Meeting

SIX-2

이우영
가톨릭대학교 의과대학 해부학교실 가톨릭응용해부연구소

기증시신, 해부표본, 그림책과 교과서를 중심으로 학습하는 전통적인 해부학 교육이 이루어지기 위해서는
특정 시설이 갖춰진 곳에 전문 강사와 학습자가 모여야 하며 이러한 공간과 시간에 대한 제약은 해부학 교육
을 보다 널리 보급하는 것을 어렵게 한다. 인터넷과 전산기술의 발전으로 온라인 교육의 단점이 개선되면서
그 활용도가 증가하고 있으며 특히, 코로나-19 대유행으로 인하여 온라인 교육을 수행할 수밖에 없는 상황이
되었고 대유행이 지난 후에도 온라인 교육에 대한 수요는 계속 증가할 것으로 예상된다. 전세계적으로 의과
대학의 교육도 대유행으로 인하여 대면 수업 위주였던 기존 수업 방식이 비대면 수업으로 전환되어 진행되고
있어 의과대학의 강의와 실습을 대면과 비대면 방식 모두에 대응할 수 있는 새로운 학습법 개발이 필요로 하
는 상황이다.
3차원 그래픽 기술의 발전과 함께 가상세계를 현실에 접목시키려는 시도가 계속 진행되고 있고 이러한 시
도의 일환으로 VR (virtual reality), AR (augmented reality)와 같은 분야가 등장하게 되었다. 최근에는 현
실세계와 가상세계를 모두 아우르는 개념으로 XR (cross reality)라는 개념이 대두하기 시작하였다. 크로스
리얼리티 기술은 특히 보건의료산업 계열의 시장에서 큰 두각을 나타낼 것으로 예측되고 있으며 미국을 비롯
한 기술선진국을 중심으로 수요예측과 시장 투자가 이루어지고 있다. 의학 교육 분야에서도 가상현실에 대한
관심은 많으나 그 효용성이 검증되지 못하여 실제 수업으로 정착되기까지는 다양한 시도가 계속 이루어질 것
으로 예상한다.
본 연구자는 최근 University of Hawaii의 John A. Burns School of Medicine의 XR core lab에서 방문연
구자로 연수를 하면서 기증시신 의료영상 촬영, 3차원 모델 제작, 클라우드 서버를 통한 교육 자료 배포, 온라
인 교육 수행 등의 업무에 참여하였고 소기의 성과를 거두어 그 내용을 발표하고자 한다. 의과대학 학생들의
온라인 해부학 교육을 위해 구축한 사이트를 기반으로 의료영상과 간단한 3차원 모델 그리고 모델과 관련한
다양한 정보를 입력할 수 있는 의료영상 플랫폼인 RAD3D, 3차원 모델을 공개할 수 있는 플랫폼이
Sketchfab 등을 이용하여 해부학 수업과 실습의 자료로 활용하였다. 또한 선천성기형 태아 또는 기증 시신의
변이 사례에 대한 3차원 모델링을 이용하여 교육 모듈을 개발하였다. 이번 발표를 통해 3차원 모델에 기반한
교육 과정 개발의 문턱을 낮추는데 도움이 되기를 바란다.
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크로스리얼리티를 이용한 온라인 해부학 교육 과정 개발

SIX-3
포스트 코로나 시대의 해부학 교육은 어디로 나아갈 것인가?
박정현1, 권형욱1, 이재호2
1
강원대학교 의학전문대학원 해부학교실, 2계명대학교 의과대학 해부학교실

해부학은 건강한 사람의 몸의 구조를 이론 강의와 실습을 통하여 3차원적으로 이해하는 학문이다. 이와 같
은 학문적 특성상 현재와 같은 코로나 시대에 비대면 교육으로 진행되는 교육과정에서는 충분한 교육효과를
기대하기는 어렵다. 따라서, 코로나로 인한 교육환경의 변화에 따른 대학별 해부학 교육현황을 설문조사를
통해 확인하고, 포스트 코로나 시대에 해부학 교육에 대한 방향을 제시하고자 하였다.
국내 10개 의과대학/의학전문대학원 해부학교실의 교원을 대상으로 설문지를 배포하여 설문조사를 진행
하였다. 설문 내용은 2021년 1학기 맨눈(육안)해부학 과목의 이론 강의, 실습 및 평가 방식에 대한 것이었다.
설문 문항은 객관식 20문항으로 구성하였다.
설문조사 결과, 대학에 따라 이론 강의 및 실습의 진행방식이 다양하였다. 대부분 이론 강의는 비대면으로
진행하였고, 실시간 강의보다는 동영상 강의로 진행하는 대학이 보다 많았다. 아울러, 대부분의 대학에서 해
부 실습은 대면으로 진행하였으며, 참여인원이 학년 전체인 경우, 분반으로 진행하는 경우, 일부만 참여하고
나머지는 영상으로만 참여하는 경우 등 다양한 방식으로 이루어졌다. 평가방식에 있어서는 이론과 실습 모두
대면 평가가 가장 많았으나, 일부 의예과에서는 과제물이나 비대면 평가를 시행한 곳도 있었다. 코로나 이후
의 해부학 교육방식에 대한 설문에서는, 기존 비대면 강의에서 활용했던 동영상 자료들을 적극 활용하겠다는
의견이 많았다. 특히, 거꾸로 학습(flipped learning) 방식을 활용하여, 미리 동영상 강의 자료를 학생들에게
제공한 후 본 수업 시간에는 추가/부연 설명, 학생의 주제발표 및 질의응답으로 구성하겠다는 응답이 많았다.
결론적으로, 포스트 코로나 시대에는 해부학 교육에 있어서 이전방식으로의 완전한 회귀는 어려울 것으로
판단되며, 코로나 시대에 제작되었던 많은 시청각자료를 적극 활용함과 아울러 그에 상응하는 해부학 교육방
식의 변화를 꾀하도록 지혜를 모아야 할 것이다.
Keywords: 포스트 코로나, 해부학 교육, 비대면 강의, 거꾸로 학습
박정현 | 강원대학교 의학전문대학원 해부학교실 · jhpark@kangwon.ac.kr
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Symposium X
Current Trends in Physical Anthropology and Archaeology in Siberia

2021.10.15 (Fri.) (09:00-10:30) <Grand Ballroom B>
Chairmen: Hyejin Lee, In Uk Kang

Jong Ha Hong

Sergey Slepchenko

Kyung Hee University

Tyumen Scientific Centre SB RAS

Hyejin Lee

In Uk Kang

Ministry of National Defense Agency of KIA
Recovery & Identification

Kyung Hee University

SX-1
Current trends in genetic analyses of ancient Siberian people
Jong Ha Hong
Institute of Korean Archaeology and Ancient History, Kyung Hee University, Seoul, Korea

The ethnic composition of people living in Siberia varies widely. Even before Russian immigrants
arrived at Siberia in the 16th century, Siberia was inhabited by a large number of small ethnic groups
whose members subsisted either as pastoral nomads depending on domestic reindeer or as
hunter-gatherers. There have been many archaeological and ethnographical studies on the Siberian
indigenous people so far. However, there is insufficient data for comprehensive understanding of the
bio-cultural details of ancient people dwelled in the region. Over the course of the past several
decades, numerous human remains have been discovered from the Siberian archaeological sites,
attracting the attention of researchers around the world. For example, permafrost mummies found in
burial grounds of the Zeleny-Yar archaeological site provided a rare opportunity to conduct a detailed
investigation of historical indigenous Siberian peoples. Additionally, well-preserved ancient mummies
have been excavated in medieval Siberian cemeteries. Based on the results of the latest
archaeo-genetical research, in this study, review on the most recent genetic researches along with the
existing archaeological and anthropological findings to figure out the genealogical characteristics of the
ancient Siberian people was performed. This research was supported by Basic Science Research
Program through the National Research Foundation of Korea by the Ministry of
Education(2020R1I1A1A01073501).
Keywords: Siberia, archaeology, DNA, Siberian indigenous people
Jong Ha Hong | archaev@gmail.com
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Sergey.M. Slepchenko
Tyumen Scientific Centre of Siberian Branch RAS, Malygina st., 86, Tyumen, 625026, Russian
Federation

The resistance of intestinal parasite eggs to aggressive environmental conditions and the possibility
of identifying many of them to genus / species using conventional light microscopy makes parasites an
important source of information about various aspects of the life of the ancient population. Of particular
interest is the study of the phenomenon of parasitism aimed at reconstructing human migrations in
antiquity. Ectoparasites (human lice) and a number of intestinal parasites of such groups as
geohelminths, tapeworms and trematodes can be used as a marker of contacts and / or migrations of
people in ancient times. The discovery of geohelminth eggs in ancient samples obtained in areas
outside of endemic foci may be a direct indication of the presence of contacts and / or migrations of the
population in antiquity. An example of the reconstruction of such migrations is, for example, the
discovery of ascaris and whipworm eggs in the Far North, Altai highlands, deserts of Central Asia, etc.
A striking example of the reconstruction of migrations according to archaeoparasitological data is the
use of geohelminths as a marker of human migrations in antiquity, as exemplified by the settlement of
the American continent. It is noteworthy that archaeoparasitological data of almost a century ago are
confirmed by the results of modern paleogenetic studies. In recent decades, review works have been
published on the finds of eggs of various parasitic organisms at archaeological sites, many of which
have summarized archaeoparasitological materials on specific intestinal parasites, the influence of
parasites on human evolution and their (parasites and humans) coevolution, the spread of parasitic
diseases as a result of climate change both in antiquity and in modern times. In all works without
exception, the importance of archaeoparasitological data for a deeper understanding of these processes
is noted. However, despite the fact that the first works on the reconstruction of migrations based on
parasitological data were published at the beginning of the last century, studies substantiating this
approach and showing its promise appeared only at the beginning of this century and sanctified the
biological prerequisites for reconstructing migrations. Thus, a new broad generalization of materials on
the reconstruction of migrations according to archaeoparasitological data is due to the need not only to
rethink existing and newly obtained data, but also to consider and verify archaeoparasitological facts in
the context of genetics, archeology, anthropology data, etc.
Keywords: Ectoparasite, Geohelminth, Tapeworm, Trematode, Ancient, Migrations
Sergey.M. Slepchenko | Tyumen Scientific Centre of Siberian Branch RAS, Malygina st., 86, Tyumen, 625026,
Russian Federation · s_slepchenko@list.ru
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Archeoparasitology - a new source of reconstruction of migrations
of the ancient population: opportunities, results and prospects

SX-3
Dental diseases observed in in Aboriginal groups and Russian settlers
of 16th to 19th century West Siberia
Hyejin Lee1, 2,*, Dong Hoon Shin3,*, Jong Ha Hong4, Sergey Slepchenko5
1
Ministry of National Defense Agency of KIA Recovery & Identification, Seoul 06984, South Korea,
2
Institute of Forensic Science, Seoul National University College of Medicine, Seoul 03080, South
Korea, 3Bioanthropology and Paleopathology Lab, Department of Anatomy and Cell Biology, Seoul
National University College of Medicine, Seoul, South Korea, 4Institute of Archaeology and Ancient
History, Kyung Hee University, Seoul, South Korea, 5Tyumen Scientific Center of the Siberian Branch
of the Russian Academy of Sciences, Tyumen, Russia

Teeth are one of the hardest substances in the human body and have enormous resistance to
taphonomic changes as well. Also, they can maintain natural shape and form for a long time. For this
reason, teeth can reflect a wide variety of human behaviors and condition including diet, nutritional
adequacy, occupational labors and habits. The aim of this study is to assess the dental health status
among the Native populations and Russian settlers with different life style and subsistence who
co-existed in West Siberia. Indigenous skeletons (n = 75) exhumed from Tatar, Selkup, Khant, and
Nenet graves along with Russian settler skeletons (n = 79) from Izyuk province were examined. To
evaluate the dental health conditions of those groups, the prevalences of caries and antemortem tooth
loss (AMTL), calculus, periodontitis, dental abscess, linear enamel hypoplasia, and degree of dental
wear among the indigenous peoples were compared with those among the Russian settlers. The
resulting statistical inferences were tested using package R. In general, Russian people engaged in
agriculture whereas Native group did fishing and herding as their staple economy activity. The results
showed that the overall rate of the pathological lesions was much higher in Russian sample than in
Native groups while the degree of dental wear was not different between two groups. In this study, on
the Siberian people in history, we can re-verify the serious correlation between dental health status
and type of subsistence.
Keywords: West Siberia, Russian settler, native Siberian, Dental disease, Dental wear, HunterGatherer, Agriculturalist
Hyejin Lee | chloe110720@gmail.com
Dong Hoon Shin | cuteminjae@gmail.com
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In Uk Kang1, Jin Sung Han2
1
Department of History, College of Humanities, Kyung Hee University, Seoul, Korea, 2 Institute of
Korean Ancient History & Archaeology(IKAA), Kyung Hee University, Seoul, Korea

After the collapse of Xiongnu in the first century, the rise of Xianbei has been one of the most
interesting subjects in archaeology and ancient history of East Asia and Eurasia. According to historical
records, Xianbi replaced most of the Xiongnu boundary from Manchuria to Altai, and
From Baikal to the Great Wall region of China. In the fifth century ACE, the Rouran Empire occupied
most of Eastern Eurasia. Until now, the succession of nomadic states (or empires) from the early
medieval age of East Asia has maintained a significant cultural body. Traditionally, this period is
regarded as "the Great Migration Period." However, because of a rack of archeological and
anthropological data, the migration of residents in this era is very insufficient.
Fortunately, many archaeological and anthropological data have been reported recently in Altai,
Mongolia, and Baikal area in Southern Siberia. In particular, the tombs of the Rouran Empire, which
remain the most mysterious in Eurasian Archaeology, have been discovered last 10 years in Mongolia.
Also, evidence has been submitted that Goguryeo harnesses, including the stirrups, influenced Siberia
and Eastern Europe during the great migration of the people. In addition, the Huns' craftsmanship of
golden art greatly influenced Silla to the east and Western Europe to the west. Of course, the cause of
this colossal change is caused by various cultural exchanges, interregional interaction, wars, trade, etc.
Still, above all, the factor of migration of residents will be significant.
During this period of Goguryeo in East Asia, Mongolia and eastern Eurasia was called the
Xianbei-Rouran period and the Huns Period in western Eurasia, but they eventually experienced one
major cultural shift. Therefore, studying the anthropological material of each region and comparing it
to archaeological material will give important implications for hundreds of years of
archaeological-anthropological research.
Keywords: Huns, Migration Period, Cranial deformation, Altai, Nomad people
강인욱 | 경희대학교 사학과 · kanginuk@khu.ac.kr
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Comparative analysis of archaeology and physical anthropology in the
Migration Period of Southern Siberia

Special Symposium
New Anatomists

2021.10.14 (Thu.) (9:20-10:50) <Rose Room>
Chairmen: Yi-Suk Kim, Yonghyun Jun
Chang-Kyu Oh

Sung Min Nam

Inje University

Wonkwang University

Beom Sun Chung

Sang-Seob Lee

Yonsei University

The Catholic University

Dongha Kim
The Catholic University

SS-1
Condensin II is linked to the prognosis of acute lymphoblastic leukemia
and hematopoietic stem cell development
Chang-Kyu Oh1,2, †, Ji Wan Kang3, †, Yun Hak Kim3,4, Jae Sun Ra1,
Kyungjae Myung1,5*, Yoongsung Lee1,5*
1
Center for Genomic Integrity, Institute for Basic Science (IBS), Ulsan 44919, Republic of Korea,
2
Departmente of Anatomy, College of Medicine, Inje University, Busan 47392, Republic of Korea,
3
Department of Anatomy, School of Medicine, Pusan National University, Yangsan 50612, Republic of
Korea, 4Department of Biomedical Informatics, School of Medicine, Pusan National University, Yangsan
50612, Republic of Korea, 5Department of Biomedical Engineering, Ulsan National Institute for Science
and Technology (UNIST), Ulsan 44919, Republic of Korea

Acute lymphoblastic leukemia (ALL) is a critical blood cancer with a high recurrence and poor
prognosis. Although various therapeutic trials have improved the prognosis of ALL, the genes affecting
the occurrence of ALL are still not fully understood. Through the analysis of database of human patient
with ALL, we found that expression of a condensin subunit, SMC2 is significantly related to the relapse
and prognosis of ALL. Condensin is an essential protein complex for chromosome condensation and
segregation during mitosis and meiosis, maintaining genomic integrity. However, the function of
condensin in general hematopoiesis or leukemogenesis has not yet been clarified. Here, we investigated
the role of smc2 on hematopoiesis, using smc2 loss-of-function zebrafish mutants generated by
CRISPR gene editing. Depletion of Smc2 leads to failure of maintenance and expansion of
hematopoietic stem and progenitor cells (HSPCs) induced by G2/M cell cycle arrest in the HSPC
population of the zebrafish mutants. In addition, knock-down of condensin II subunits including ncaph2,
ncapg2, and ncapd3 blocked HSPC maintenance in the caudal hematopoietic tissue (CHT), while loss of
each condensin I subunit does not alter HSPC development. Likewise, database of ALL patients showed
the patient group with high expression level of condensin II subunits showed relatively poor prognosis.
Taken together, our study suggests that condensin II subunits are essential for normal hematopoiesis
as well as linked to the recurrence and prognosis of ALL, providing new potential therapeutic targets
for the treatment of ALL.
Keywords: ALL, Condensin, Hematopoiesis, Zebrafish, Development
Yoongsung Lee | Center for Genomic Integrity, Institute for Basic Science (IBS) · yoonsunglee@ibs.re.kr
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Sung Min Nam
Department of Anatomy, School of Medicine, Wonkwang University, Iksan, Korea

Ascorbic acid (Vitamin C) is essential for normal brain development and homeostasis. Long-term
treatment with high dose of D-galactose (D-gal) induces brain aging by accumulated oxidative stress.
In this study, mice were subcutaneously administered D-gal (150 mg/kg) for 10 weeks; from the
seventh week, ascorbic acid (150 mg/kg) was orally administered for 4 weeks. D-gal administration
reduced hippocampal neurogenesis, co-treatment of ascorbic acid with D-gal effectively prevented
reduction of neurogenesis by improving cellular proliferation, neuronal differentiation, and neuronal
maturation. D-gal treatment also reduced expression of synaptic plasticity-related markers,
synaptophysin and phosphorylated Ca2+/calmodulin-dependent protein kinase II (pCAMK II), while
ascorbic acid prevented these change in the hippocampus. Moreover, ascorbic acid ameliorated
D-gal-induced hippocampal downregulation of SOD 1 and 2, sirtuin 1, caveolin1, and BDNF and
upregulation of IL1β and TNFα. Ascorbic acid restored hippocampus-dependent memory function
from D-gal-induced impairment. In conclusion, we confirmed that ascorbic acid ameliorates
D-gal-induced impairments through anti-oxidative and anti-inflammatory effects, and it could be an
effective dietary supplement against brain aging.
Keywords: Aging, Hippocampus, Brain, D-galactose, Adult neurogenesis
남성민 | 원광대학교 의과대학 해부학교실 · namvet1@wku.ac.kr
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Effects of ascorbic acid on D-galactose-induced brain aging model

SS-3
시신 절단면영상과 3차원영상을 신경외과 연구에 활용하기
Beom Sun Chung1, Tae Hoon Roh2, Jin Seo Park3
1
Department of Anatomy, Yonsei University Wonju College of Medicine, Wonju, Korea, 2Department of
Neurosurgery, Ajou University School of Medicine, Suwon, Korea, 3Department of Anatomy, School of
Medicine, Dongguk University, Gyeongju, Korea

신경외과 관련 해부 구조물을 연구하는 전통적인 방법으로는 시신 해부가 있고, 환자 수술 사진 및 의료영
상 분석이 있다. 하지만 이러한 방법으로는 구조물의 미세한 형태나 입체적 위치 관계를 파악하는 데 한계가
있다. 이 연구의 목적은 시신 절단면영상과 3차원영상을 이용해서, 신경외과 관련 해부 구조물의 미세한 형
태와 입체적 위치 관계를 분석하는 것이다. 첫째로, 뇌신경 및 뇌하수체 수술과 관련된 해면정맥굴
(cavernous sinus)을 분석하였다. 시신 절단면영상에서 해면정맥굴과 주변의 뇌신경 및 동맥을 찾았으며, 이
를 구역화 하여 3차원영상을 제작하였다. 3차원영상을 바탕으로 수술 접근법과 관련된 삼각형 공간들을 찾
았으며, 실제 신경외과 수술 시에 바라보는 각도로 3차원영상을 바라보아 비교하였다. 둘째로, 파킨슨병 치료
를 위한 대뇌심부자극술(deep brain stimulation)과 관련된 구조물을 분석하였다. 대뇌심부자극술을 계획하
고 시행할 때는 환자 의료영상(MRI, CT)을 바탕으로 하는데, 의료영상이 흑백이고 저해상도라서 구조물을
정확하게 파악하기 어려웠다. 반면에, 시신 절단면영상은 실제 빛깔이고 고해상도라서 구조물을 파악할 수
있었으며, 시신 부피3차원영상을 제작하고 비스듬히 잘라서 대뇌심부자극술의 전극과 평행인 단면과 수직인
단면에서도 구조물을 파악하였다. 셋째로, 파킨슨병 치료와 관련된 창백핵시상로(pallidothalamic tract)를
분석하였다. 창백핵시상로를 구성하는 여러 신경로들의 출발점과 도착점을 시신 절단면영상에서 찾았으며,
3차원영상으로 만들어서 창백핵시상로를 여러 각도에서 관찰할 수 있게 하였다. 창백핵시상로를 확산텐서영
상(diffusion tensor imaging)에서도 확인하며 입체 관계를 분석하였다. 넷째로, 알츠하이머병 진단과 관련
된 대뇌피질 자동 구역화를 FSL로 시도하였다. 대뇌피질을 수동으로 구역화 하면 시간이 많이 소요되고 일
관적이지 않기 때문에, 시간이 조금 소요되고 일관적인 자동 구역화를 시도하였다. 대표적인 자동 구역화 소
프트웨어인 FSL을 이용해서 대뇌피질과 대뇌속질로 구분하여 3차원영상으로 만들었으며, 정합을 통하여 세
부 구조물 또한 자동으로 파악할 수 있었다. 다섯째로, 해부 및 수술 훈련을 위하여 3D 프린팅과 가상 현실
(VR)을 시도하였다. 시신 3차원영상을 3D 프린팅할 때 뼈를 반투명한 재질로 하였더니, 내부 구조물의 위치
관계를 알 수 있었다. 시신 3차원영상을 가상 현실 프로그램에 적용하면 원하는 부분을 수술하듯이 제거하며
구조물의 해부학을 입체적으로 깨달을 수 있었다. 최근에는 본 연구에서 사용된 것보다 더 높은 해상도의 절
단면영상이 제작되었으며, 이것으로 더욱 정밀한 3차원영상을 제작하여 신경외과 연구에 활용할 예정이다.
미래에 더욱 발전할 3D 프린팅과 가상 현실(VR)을 적용하면, 시신 절단면영상과 3차원영상은 미래의 가상
해부 실습 및 수술 훈련에 크게 도움되는 자료가 될 것이다.
Keywords: 시신, 절단면영상, 3차원영상, 신경외과, 구역화
박진서 | 동국대학교 의과대학 해부학교실 · park93@dongguk.ac.kr
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SS-4

이상섭
가톨릭대학교 의과대학 해부학교실, 서울, 대한민국

신원 불상자의 개인식별을 수행할 때 치아의 특징을 이용한 나이추정은 상당히 중요한 역할을 한다. 신원
불상 유골의 경우 사후 남겨진 뼈나 치아에서 관찰되는 개체 특이적 특성을 분석하여biologic profile을 복원
하는 postmortem profiling의 과정을 거치며 신원 확인에 필요한 나이, 성별, 키 등의 단서들을 유추하고 이
를 이용하여 비교 대상 실종자의 수색 범위를 좁히게 된다. 특히 나이는 신체의 여러 indicator 중 치아가 가
장 정확한 나이추정이 가능한 장기로 알려져 있어 올바르게 법치의학적 나이추정이 시행될 경우 신원확인에
큰 도움이 된다. 나이추정의 정확도 제고를 위하여 많은 연구가 이루어져 왔으며 국제법치의학회(IOFOS;
International Organization for Forensic Odontostomatology)에서는 실무 적용을 위한 안내 사항
(guideline)을 발표한 바 있다. 대체로 정확도 제고 및 신뢰성 확보를 위해 감정 대상의 추정 인구집단
(population group) 자료에서 도출된 나이추정방법을 이용하여 감정할 것을 제안하였으며 지금도 세계 많은
인구집단을 대상으로 하는 연구가 발표되고 있다. 본 발표에서는 기존에 발표된 한국인집단을 대상으로 하는
법치의학적 나이추정 방법에 대해 고찰해보고 향후 연구 진행 방향에 대한 제언을 하고자 한다.
Keywords: 법치의학, 법의인류학, 나이추정
이상섭 | 가톨릭대학교 의과대학 해부학교실 · sslee1418@gmail.com
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법치의학적 나이추정 기법의 연구 현황 및 적용에 대한 국내 현황 보고

SS-5
Pontin arginine methylation by CARM1 is crucial for epigenetic
regulation of autophagy
Dongha Kim1, Young Suk Yu2, Hijai R. Shin2,6, Seon Ah Baek2, Seon Ah Choi2,
Hyejin Ahn2, Amen Shamim3, Jeonghwan Kim4,5, Ik Soo Kim2, Kyeong Kyu Kim3,
Kyoung-Jae Won4,5, and Sung Hee Baek2,*
1
Department of Anatomy, College of Medicine, The Catholic University of Korea, Seoul 06591, South
Korea, 2Creative Research Initiatives Center for Epigenetic Code and Diseases, Department of
Biological Sciences, Seoul National University, Seoul 08826, South Korea, 3Department of Molecular
Cell Biology, School of Medicine, Sungkyunkwan University, Suwon 16419, South Korea, 4Biotech
Research and Innovation Centre (BRIC), University of Copenhagen, 2200 Copenhagen N, Denmark,
5
Novo Nordisk Foundation Center for Stem Cell Biology, DanStem, Faculty of Health and Medical
Sciences, University of Copenhagen, 2200, Copenhagen N, Denmark, 6Present address: Department of
Molecular and Cell Biology, University of California Berkeley, Berkeley, CA 94720, USA

Autophagy is a catabolic process through which cytoplasmic components are degraded and recycled
in response to various stresses including starvation. Recently, transcriptional and epigenetic regulations
of autophagy have emerged as essential mechanisms for maintaining homeostasis. Here, we identify
that coactivator-associated arginine methyltransferase 1 (CARM1) methylates Pontin chromatinremodeling factor under glucose starvation, and methylated Pontin binds Forkhead Box O 3a
(FOXO3a). Genome-wide analyses and biochemical studies reveal that methylated Pontin functions as
a platform for recruiting Tip60 histone acetyltransferase with increased H4 acetylation and subsequent
activation of autophagy genes regulated by FOXO3a. Surprisingly, CARM1-Pontin-FOXO3a signaling
axis can work in the distal regions and activate autophagy genes through enhancer activation.
Together, our findings provide a signaling axis of CARM1-Pontin-FOXO3a and further expand the role
of CARM1 in nuclear regulation of autophagy.
Keywords: Autophagy, Epigenetic regulation, methylation, Pontin, CARM1
백성희 | 서울대학교 생명과학부 · sbaek@snu.ac.kr
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Training Education
for Doctor's License
2021.10.13 (Wed.) (15:00-17:00) <Grand Ballroom>
Chairman: Seung-Ho Han

Moo Yeol Lee
Professor / Chung Ang University
Vice-president / Korean Medical Association

대한민국의 기초의학: 과거, 현재, 미래
이무열
중앙대학교 의과대학 생리학교실

대한민국에 있어 의학이라는 학문은 자생적으로 발생 내지는 발전한 학문이라 기 보다는 서양에서 발생하
여 발전한 학문을 일본을 거쳐서 주로 일제강점기에 도입되었다는 보는 것이 타당할 것이다. 의학에 있어 기
초의학과 임상의학으로 구분이 되어 도입되었으며, 기초의학은 주로 교육과정에서 의과대학의 주요 내지는
필수 구성요소로서 역할을 담당하였으며, 인체를 기반으로 하는 학문인 의학이라는 학문에서 정상적인 인체
구조와 기능을 연구하는 학문들과 여기서 더 나아가 비정상적인, 즉, 병이 진행하는 과정에서의 인체와 관련
된 내용을 연구하는 학문들로 구성된다.
기초의학의 정의 및 해당하는 과목에 대한 정의는 비교적 명확하게 이루어지고 있지만, 기초의학이라는
학문이 이 땅에 정착한지 100여년이 넘는 시간이 걸렸음에도 기초의학자들에 대한 정의는 아직 명확하지 않
다. 최근 모 대학에서 기초의학을 중심으로 한 의과대학 신설을 목표로 한다는 기사를 접했는데, 아직 기초의
학자의 기준적 정의는 매우 모호한 상황이다. 현재의 상황을 중심으로 미래를 예측해 보는 시간과 발전적 계
획안에 대한 논의를 하는 시간을 가져보고자 한다. 현재 의과대학에서 배출되는 인력을 조정하는 규정을 관
리하는 보건복지부, 교육부 등의 현황들도 알아봐야 할 것이다.
Keywords: 기초의학, MD, non MD, 보건복지부, 교육부
이무열 | 중앙대학교 의과대학 생리학교실 · heeyun@cau.ac.kr
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Luncheon Seminar I
[ZEISS]

2021.10.14 (Thu.) (12:10-13:00) <Grand Ballroom A>
Chairman: Im Joo Rhyu

Gisu Eom
ZEISS

LSI
Zeiss LSM 980 with NIR detector for multiplexing imaging
Gisu Eom
Carl Zeiss Korea

Recently, the demand for multi-fluorescence dyeing is increasing in the life science field. For this
reason, the number of cases in which 4 or more fluorescence channels need to be observed at the same
time is increasing. However, if the number of fluorescence channels increases, crosstalk of
fluorescence signals increases, making it difficult to obtain accurate information. This content
introduces a multicolor imaging method of thicker samples from 400nm to 900nm without crosstalk
using the recently released LSM980 confocal equipped with an NIR detector.
Keywords: Confocal, Near infrared imaging, Fluorescence imaging, Tissue imaging, Spectral imaging
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Luncheon Seminar II
[NGeneS]

2021.10.14 (Thu.) (12:10-13:00) <Grand Ballroom B>
Chairman: Han-Sung Jung

Hyun-Yi Kim
NGeneS

LSII
Big data analysis for next generation sequencing (NGS)
Hyun-Yi Kim
NGeneS Inc. Gwangdeok 1-ro, Sangnok-gu, Ansan-si, Gyeonggi-do

RNA transcripts, the on-demand blueprints of genomic DNA, are useful indicators to identify status
of a cell. The transcriptomics is an effort to analyze the transcripts in an unbiased way by detecting
numerous transcripts simultaneously. However, reliable quantification of many transcripts at a time
had not been easy task owing to the limitations of techniques. The next-generation sequencing (NGS)
is a massive parallel DNA or RNA sequencing method with high accuracy. RNA sequencing based on
NGS technology (RNA-seq) paved a new way of transcriptomic analysis, which enabled probe-free
assessment on the whole-cell transcripts. In this lecture, we will discuss the practical use of RNA-seq
focusing on the data analysis.
Keywords: Next generation sequencing, big data analysis
Hyun-Yi Kim | NGeneS Inc · hykim@ngenes.co.kr
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Speaking Session I
[Elsevier]

2021.10.14 (Thu.) (15:30-16:00) <Grand Ballroom A>
Chairman: Hongtae Kim

Anna Shin
Elsevier

SS-1
Digital transformation in Anatomy Learning with 3D technology
Anna Shin
Account Manager at Elsevier Korea, Registered Nurse

· Today’s challenges in anatomy education and new emerging trends
· Benefits and effectiveness of 3D tools for students
· How anatomy faculty use a distributed 3D platform for remote learning and digital education
· Use cases of digital Cadaver Dissection, medical education, surgery planning and patient education
Keywords: Complete anatomy, Anatomy education, 3D tools, Remote learning, Patient education,
Virtual dissection, Surgery planning
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Speaking Session II
[Medical IP]

2021.10.15 (Fri.) (10:30-11:00) <Grand Ballroom A>
Chairman: Hongtae Kim

Hoon Cho
Medical IP

SS-2
New technologies for understanding in anatomy education
해부학 교육의 이해를 위한 신기술
Hoon Cho1, Sang joon Park2
조 훈1, 박 상준2
1
Director of Digital transformation innovation center of Medical IP, Korea, 2CEO of Medical IP, Korea

환자를 안전하고 효과적으로 진단, 치료 및 예후 관찰하기 위해서는 해부학에 대한 정확한 지식이 필요하
다. 인체 해부학에 대한 철저한 이해를 통해 의료진은 적절한 접근 방식을 계획하고, 가능한 합병증을 예측하
고, 필요한 수단을 준비하여 환자에게 적절히 대응할 수 있다. 최근 인공지능(AI) 기반의 영상 기반 3D입체
화/가상/증강현실 기술은 특히 의료환경 안에서 사물을 바라보는 관점을 크게 변화시켰으며, 이는 실제 임상
환경에서 환자 맞춤형 정보를 새로운 과학적 접근방식으로 바라볼 수 있게 했다. 그러나 이러한 신기술은 다
양한 데이터 유형과 다른 이기종 기술들의 융합, 여러 기술들이 같이 연결된 복잡한 작업 절차 등으로 인해
당장의 실적용에 현실적 어려움이 있으며, 이러한 문제를 해결하기 위해 효율적인 대체 융합 플랫폼이 필요
한 상황이다.
2015년에 설립된 메디컬아이피(Medical IP)는 자체 개발한 AI 기반의 의료 영상 분석 솔루션인 메딥
(MEDIP, http://medicalip.com/Medip, MEDICALIP, Seoul, Republic of Korea))의 FDA, CE, KGMP의료
기기 승인을 완료하며, 다양한 연구활동을 진행해왔다(1-10). 메디컬아이피의 메딥은 의료 영상 분석 결과
를 3차원으로 시각화 해주고, 3D프린팅 기술과 연계하여 환자 맞춤형 해부학 장기 모델인 아낫델
(ANATDEL, abbreviation of anatomical model)을 통해 정밀한 수술 계획 수립을 지원하고, 환자 및 보호자
의 해부학적 이해도 증진을 통한 의사-환자 관계 증진 및 치료 순응도 향상에 기여하고 있다. 나아가 인공지
능 S/W 플랫폼 메딥을 바탕으로 CT기반 전신 장기 분할 솔루션을 개발하였고, CT 기반의 전신 체성분 분할
/분석 솔루션 딥캐치(DeepCatch MEDICALIP, Seoul, Korea)를 상용화하였다. 이를 바탕으로 현재 가상/증
강 현실 기술 기반인 메타버스(metaverse) 기술을 통해 코로나 비대면 시대의 혁신적인 의료 기술을 시도하
며 디지털 변화를 이끌고 있다.
이렇듯 이번 강의에서는 간단한 기초 지식을 포함하여, 다양한 신기술(AI, 3D프린팅, 메타버스 등)들을
기반으로 구축된 융합 시스템을 국내외 실제 적용사례들을 통해 소개하고, 의료 환경에 적용할 수 있는 해부
학 신기술의 새로운 시도와 그 가능성을 살펴보고자 한다.
[참고문헌]
1. Lee YS, et al. Deep neural network for automatic volumetric segmentation of whole-body CT images
for body composition assessment. Clin Nutr. 2021 Aug;40(8):5038-5046. doi:
10.1016/j.clnu.2021.06.025. Epub 2021 Jul 15. PMID: 34365038.
2. Dho YS, et al. Development of an inside-out augmented reality technique for neurosurgical
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PD
개정 ‘시체 해부 및 보존 등에 관한 법률’ 시행 6개월: 해부학 교육과 연구,
시신기증 절차에서의 변화, 문제점, 그리고 재개정 필요성
김인범
가톨릭대학교 의과대학 해부학교실

지난 2020년 4월 7일에 '시체 해부 및 보존 등에 관한 법률(이하: 시체해부법)'이 전부개정되어 2021년 4
월 8일부터 시행되고 있다. 이는 1962년 목적을 "국민보건의 향상과 의학의 교육과 사인의 조사 또는 병리학
적, 해부학적 연구와 환자의 치료를 위한 부분 분리 등의 연구에 기여하기 위하여"로 명시한 '시체해부보존법
'이 제정된 이후 20번째 개정에 해당되는 것으로, 우리나라 의과대학 해부학 교육에 있어서 시체해부실습과
육안해부학 연구의 근거가 되는 법이다. 개정 배경에는 최근 의학과 생명과학의 눈부신 발전과 함께 인체 조
직을 대상으로 한 연구의 필요성의 대두, 특히 2017년부터 시행된 “뇌연구 촉진법”에 따라 뇌은행이 설립되
고 뇌조직을 이용한 연구를 필요로 하는 많은 연구자들의 요청이 있었다. 개정된 시체해부법에는 ‘제1장 제1
조(목적)’에 “의생명과학의 연구”를 추가하여 명시하였고, 이의 연구를 위해 신설된 ‘제3장 시체의 일부를
이용한 연구 등’에서는 ‘제9조의 2(시체의 일부를 이용한 연구의 심의)’에 “시체의 일부(시체로부터 분리된
산물을 포함한다. 이하 같다)를 이용하여 연구하려는 자는 그 연구를 하기 전에 연구계획서를 작성하여 「생
명윤리 및 안전에 관한 법률」 제10조에 따른 기관생명윤리위원회(이하 "기관위원회"라 한다)의 심의를 받아
야 한다.”는 내용이 신설되었고, 개정법의 시행에 따른 시행령과 규칙이 개정되어 공표되었는데, 여기에는 시
체기증동의서의 법정양식, 연구목적 시체제공기관 개설 및 허가, 시체의 일부를 이용한 연구의 준수사항 등
이 명시되었다. 본 토론회는 이와 같은 개정 법안 실시 이후 시체기증동의 절차부터 해부학 연구에 이르기까
지 지난 6개월 동안 교육 및 연구 현장에서 체감한 개정 법의 문제점을 논의하고 가까운 시일 내에 재개정이
이루어질 수 있도록 노력하며, 여기에 우리 해부학회의 발전적인 의견이 반영되는 시발점이 될 수 있기를 기
대하며 마련되었다.
Keywords: 시체해부법, 육안해부학 연구, 인체 조직, 기관생명윤리위원회, 기증동의서
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O-1
손목의 절단면영상과 초음파영상
Seul Ki Kim1, Mi-Sun Hur2, Jin Seo Park1
1
Department of Anatomy, Dongguk University School of Medicine,
2
Department of Anatomy, Catholic Kwandong University College
of Medicine

손목의 진단과 치료를 위해서 초음파영상이 쓰인다. 그러나 초음
파영상에서는 손목 구조물을 정확하게 보기 어렵기 때문에 초음파
영상을 판독하기 위한 기초교육에 많은 시간과 노력을 들여야 한
다. 한편, 실제빛깔, 고해상도 절단면영상에서는 손목 구조물을
뚜렷하게 구분할 수 있었다. 이 연구의 목적은 손목 초음파영상의
기초교육에 도움되는 절단면영상을 만들고 퍼뜨리는 것이다.이
를 위해서 온몸의 절단면영상(해상도 8,688 x 5792)에서 오른팔
손목의 영상 108개(해상도 2,092 x 1,205; 빛깔개수, 48 bits
color)를 추렸다. 절단면영상을 참고해서 생체 오른팔 손목(자뼈
와 노뼈 먼쪽부터 손허리뼈 몸통까지)의 초음파영상을 찍었다
(E-CUBE 15 Platinum, 12MHz linear transducer, ALPINION
Medical Systems, Seoul, Korea). 절단면영상과 초음파영상을
비교하면서 손의 뼈, 근육, 신경, 혈관을 찾았고, 이것을 영상에 표
시하였다. 절단면영상에서 손목의 뼈 14개, 손과 손가락을 굽히는
근육 8개와 펴는 근육 8개, 신경 3개, 동맥 4개, 정맥 2개를 찾아서
표시하였다. 마찬가지 구조물을 초음파영상에서도 찾아서 표시
하였다. 절단면영상으로 손목 구조물의 정확한 생김새와 위치를
정확히 익히면 초음파영상의 판독을 위한 기초교육에 큰 도움이
될 것이다.
Keywords: Hand, Wrist, Cross-Sectional
Ultrasonic Imaging, Visible Human Project

Anatomy,

landmark. It incised 5 cm proximally and distally and 3 cm
superior-inferiorly on ME. The anterior and posterior parts
of MACN were divided by the imaginary lines of the pisiform
and medial intermuscular septum at ME, respectively. The
forty upper limbs from 23 cadavers (13 males and 10 females)
were dissected (mean age, 81.3 years). All MACNs were
analyzed with overlapping all nerve variables. The twenty-six
anterior and fourteen posterior primary MACN branches were
observed. There were extended distinctively between 13.4 and
17.8 mm in the anterior part (mean diameter: 1.7 mm) and
the posterior primary branches (mean diameter: 2.0 mm)
were spread between the -1.2 to -10.6 mm along the ME line.
The distributions and diameters of MACNs were relatively
diverse individually. It is important for surgeons to be aware
of these diversities and differences to consider the digital nerve
reconstructions and provide the suitable and acceptable nerve
sizes.
Keywords: Medial Antebrachial Cutaneous Nerve, Nerve
Graft, Distribution, Diameter, Donor
송우철 | 건국대 의학전문대학원 · anatomy@kku.ac.kr

O-3
The tendon footprint of the fifth metatarsal base
regarding avulsion fracture: A cadaveric study
찢김 골절과 관련하여 다섯째발허리뼈 바닥의 힘줄
발자국의 시신 해부 연구
1

O-2
Assessment on medial antebrachial cutaneous
nerves for digital nerve graft: a cadaveric study
1

2

1

1

In-Seung Yeo , Hyun-Il Lee , Hye-In Lee , Jung-Won You ,
1
1
Ki-Seok Koh , Wu-Chul Song
1
Department of Anatomy, Research Institute of Medical science,
Konkuk University School of Medicine, 2Department of
Orthopedic Surgery, Inje University Ilsan Paik Hospital

The autologous nerve graft is commonly performed when
repairing segmental defects of digital sensory nerves. The
medial antebrachial cutaneous nerve (MACN) is primarily
harvested from several donor sites. However, the guideline for
the selection of donor sites and detection of similar diameters
for MACN harvest have not been standardized. We
investigated the details of the distance and diameter of the
primary MACN branch from each cadaver. The most
prominent medial epicondyle (ME) was set as the reference
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Digud Kim , Jaeho Cho , Hyung-Wook Kwon , Kwang-Rak
Park3, Mijeong Lee1, Yu-Jin Choi1, Jeong-Hyun Park1
1
Department of Anatomy & Cell Biology, Graduate School of
Medicine Kangwon National University, 2Department of
Orthopaedic Surgery, Chuncheon Sacred Heart Hospital, Hallym
University, 3Department of Anatomy, School of Medicine,
Keimyung University

박진서 | 동국대학교 의과대학 · park93@dongguk.ac.kr

발허리뼈(metatarsal bone)에 발생하는 골절은 발에서 발생하는
가장 흔한 골절 손상인데, 그 중 80%정도에서 다섯째발허리뼈의
몸쪽(proximal) 부분에서 찢김골절(avulsion fracture)로 발생
한다고 보고되고 있다. 이 골절은 발과 발목의 안쪽번짐
(inversion)으로 인하여 다섯째발허리뼈 바닥에 부착하는 해부
학적 구조물의 당김으로 인한 다섯째발허리뼈의 몸쪽 1.5cm 내에
서 찢김 골절이 생기는 것으로 추정하고 있지만, 정확한 발생 기전
은 알려지지 않았다. 따라서, 본 연구에서는 한국인 시신의 다섯째
발허리뼈 바닥에 닿아 당김작용을 하는 짧은종아리근힘줄
(peroneus brevis tendon)과 발바닥근막가쪽띠(lateral band of
the plantar fascia)의 닿는곳에 대한 해부학적 형태를 분류하고
두 구조물의 발자국 (footprint)의 위치를 다섯째발허리뼈의 바닥
을 기준으로 형태학적 계측을 시행하였다. 이를 통해 다섯째발허
리뼈의 찢김골절의 당김기전에 대한 해부학적 근거를 마련하는
데 목적이 있다. 연구 대상은 한국인 성인 시신 21구(남자 14구,

Keywords: 다섯째발허리뼈, 짧은종아리근힘줄, 발바닥근막가
쪽띠, 찢김골절
박정현 | 강원대학교 의학전문대학원 · jhpark@kangwon.ac.kr

and mid-portion tendinopathy of the Achilles tendon. The
study aims to obtain the morphological features and retain
anatomical and physical anthropologic baseline data of the PM
in the Korean populations, applicable in clinical and surgical
practice. The dissection was performed on 142 lower limbs (78
male, 64 female) from 71 cadavers. 37 cadavers were fixed
by formalin and 34 were fresh cadavers. The PM occurred in
125 limbs (92.3%), 70 limbs (89.7%) of males, and 55 limbs
(85.9%) of females. The PM origin was classified into three
types and the length and width of the muscle belly, tibia length,
and myotendinous junction width were measured morphometrically
according to sexes and body sides. Type 1 origin is
characterized by a location at the lateral supracondylar ridge,
capsule of the knee joint, lateral femoral condyle, and an
attachment to the lateral head of the gastrocnemius muscle
(lGM) (74.4%). Type 2 origin is characterized by a location
at the knee joint capsule and to the lGM, with an attachment
indirectly to the lateral femoral condyle (20%). Type 3 origin
is characterized by a location only at the lateral femoral condyle
and to the knee joint capsule, without an attachment to the lGM
(5.6%). The average length and width of the muscle belly were
9.66±1.65cm, 1.81±0.66cm, respectively. The average
width of the myotendinous junction and the tibia length were
0.33±0.12cm, 30.74±1.80cm, respectively. This study
demonstrates the frequency of occurrence of the PM and the
length and width of the muscle belly similar to the previous
literature. Based on the measurements, a relative location of
the MTJ by the tibia length was presented, which may also be
helpful for surgeons harvesting tendon donors or clinically
diagnosing patients with posterior knee pain.
Keywords: Plantaris muscle, Origin type, Muscle belly length,
Muscle belly width, Myotendinous junction, Tennis leg
황승준 | 울산대학교 의과대학 · sjhwang@amc.seoul.kr

O-4
Morphological classification of the plantaris
muscle origin: a cadaveric study in Korean
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1,2

Yijin Heo , Hyemin Lee , Seung-Jun Hwang
1
Department of Anatomy, College of Medicine, University of
Ulsan, Seoul, Korea, 2Clinical Anatomy Education Center, Asan
Medical Center, Seoul, Korea

The plantaris muscle (PM) has a small spindle-shaped muscle
belly and a long slender tendon traveling inferomedially
between the gastrocnemius muscle and the soleus muscle,
working as a weak flexor. The PM is a vestigial muscle, and
its absence varies 7-20% of the general population. The
plantaris tendon is widely known as a suitable source for tendon
graft in surgical practice. Recent studies emphasize the
potential clinical role of the PM, regarding the tennis leg
syndrome, patellofemoral syndrome, iliotibial band syndrome,

Can contralateral forearm bones utilize as a
reliable template for the opposite side?
Eunah Hong1, Ho-Jung Cho2, In-Beom Kim1,2, Dai-Soon Kwak2
1
Department of Biomedicine & Health Science, College of
medicine, Catholic University of Korea, 2Catholic Institute for
Applied Anatomy, College of Medicine, Catholic University of
Korea

The most important precondition to correct the affected
forearm using data from the contralateral side is that the left
and right bone features must be similar in developing
patient-specific instruments (PSIs) and/or utilizing
computer-assisted orthopedic surgery (CAOS). The forearm
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여자 7구)에서 총 42쪽 발이었다. 짧은종아리근힘줄 닿는곳 분류
는 힘줄 수에 따라 3가지 유형으로 구분한 기존의 분류법 (lmre
et al, 2016)을 이용하였다. 짧은종아리근힘줄과 발바닥근막가쪽
띠의 닿는곳 확인하여 이를 구분한 뒤, 다섯째발허리뼈 바닥 영역
에서 A, B로 구분하여 닿는곳의 발자국(footprint)으로 표시하였
다. A구역에서 발바닥근막가쪽띠의 닿는곳 바닥의 위치와 B구역
에서 짧은종아리근힘줄의 닿는곳 바닥의 위치는 다섯째발허리뼈
의 바닥 끝을 기준으로 각각의 구조물이 발허리뼈 몸통에 닿는면
사이의 거리를 각각 측정하였다. 한국인 시신에서 다섯째발허리
뼈 바닥에 짧은종아리근힘줄의 닿는곳 유형을 분류한 결과, 유형1
은 26쪽 발 (61.9 %), 유형2는 12쪽 발 (28.6 %), 유형3은 4쪽
발 (9.5 %)에서 관찰되었다. 유형1의 하위유형인 1A는 14쪽 발
(33.3 %), 1B는 12쪽 발(28.6 %)에서 관찰되었다. 유형2의 하위
유형인 2A는 10쪽 발(23.8 %), 2B는 2쪽 발(4.8 %)에서 관찰되
었다. 다섯째발허리뼈의 머리에서 바닥까지의 가쪽 전체 길이는
71.3 ± 4.1 mm이었고, 다섯째발허리뼈의 머리에서 바닥까지의
안쪽 길이는 60.3 ± 3.1 mm였다. A 구역에서 발바닥근막가쪽띠
의 닿는곳 발바닥의 위치값은 유형 1은 10.7 ± 3.3 mm, 유형 2는
13.7 ± 3.5 mm, 유형 3은 17.2 ± 4.7 mm로 측정되었다. B구역에
서 짧은종아리근힘줄의 닿는곳 발바닥의 위치값은 유형 1은 11.6
± 3.3 mm, 유형 2는 13.9 ± 2.3 mm, 유형 3은 18.0 ± 4.6 mm로
측정되었다. 본 연구는 한국인 시신을 대상으로 다섯째발허리뼈
바닥에 닿는 짧은종아리근힘줄의 분류의 빈도를 제시하고, 분류
에 따른 발바닥근막가쪽띠와 짧은종아리근의 닿는곳 발자국의 위
치를 전체 다섯째발허리뼈를 기준으로 형태학적인 계측값을 제시
함으로써 다섯째발허리뼈의 몸쪽부분에서 찢김골절이 발생할 수
있는 해부학적 위치에 대한 근거를 제공할 수 있을 것으로 사료된다.

has a complex anatomical structure, and most people use their
dominant hand more than their less dominant hand, sometimes
resulting in asymmetry of the upper limbs. The aim of this study
is to investigate anthropometric differences of the bilateral
radius and ulna through a quantitative comparison of whole
bone parameters that contain length, volume, bowing, and
twisting parameters, and regional shape differences of the
forearm bones. 132 bilateral 3D radii and ulnae 3D models were
obtained from CT images, whole bone parameters and regional
shape were analyzed. Statistically significant differences of
whole bone parameters were not shown. Regionally, the radius
shows asymmetry in the upper section of the central part to
the upper section of the distal part. The ulna shows asymmetry
in the lower section of the proximal part to the lower section
of the central part. Utilizing contralateral side forearm bones
for affected sides may be feasible there are regional differences
in the forearm bones though, which are around 0.5 mm.
Keywords: Forearm bones, Radius, Ulna, Symmetry, Asymmetry,
CT, 3D model, Patient-specific instruments & implants,
Computer-assisted orthopedic surgery
곽대순 | 가톨릭대학교 의과대학 · daisoon@catholic.ac.kr

the temporalis muscle. After passing the temporal fat pad, it
pierced again the superficial layer of the deep temporal fascia
and turned superiorly toward the upper posterior temple. When
the sZTN passed the superficial temporal fascia layer, it was
observed that the sZTN intersected the superficial temporal
artery in every case. This novel findings of sZTN may help in
treating the refractory temporal migraine that cannot be
enhanced with an injection or surgical procedures. Based on
this study, targeting the sZTN can be used alternatively
treatment option for patients who cannot achieved significant
improvement with targeting trigger sites.
Keywords: Zygomaticotemporal nerve, Temporal migraine,
Migraine surgery, Superficial temporal artery, Zygomatic
tubercle
김희진 | 연세대학교 치과대학 · hjk776@yuhs.ac
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Superficial fascia of the cheek shown in P45
sheet plastination
Kun Hwang
Department of Plastic Surgery, Inha University College of
Medicine
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New insight of the superficial
zygomaticotemporal nerve for treatment
temporal migraine
1

1,2

You-Jin Choi , Hee-Jin Kim
1
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK21
FOUR Project, Yonsei University College of Dentistry, Seoul,
South Korea, 2Department of Materials Science & Engineering,
College of Engineering, Yonsei University, Seoul, South Korea

The zygomaticotemporal nerve has been known to contribute
to temporal migraine however, its precise anatomy is unknown.
In this study, we defined the novel superficial zygomaticotemporal
nerve (sZTN) and investigate the courses and distributions
for the anatomical and clinical implications. Twenty-two
hemifaces from 11 fixed Korean cadavers (6 males, 5 females;
mean aged 78.3) were used in this study. The piercing points
of the sZTN through the deep layer of deep temporal fascia,
superficial layer of deep temporal fascia, subSMAS fat layer,
and superficial temporal fascia were defined as P1, P2, P3, and
P4, respectively. The distance of each point was measured
from zygomatic tubercle using an image analysis software.
Contrary to literature of the zygomaticotemporal nerve, the
sZTN ascended between the bone and temporalis muscle after
emergence from the zygomaticotemporal foramen. Then, it
pierced the deep temporal fascia without any penetration of

88 : 2021 Annual Meeting

In this paper, we attempted to determine the extent of the
superficial fascia of the cheek using P45 sheet plastination.
Three head and neck specimens were sliced in horizontal (46
slices), coronal (30 slices), and sagittal (29 slices) sections
using P45 sheet plastination (special polyester resin
corrosion-resistant method designed to preserve biological
sectional specimens in situ). Through slicing, bleaching,
dehydration, casting, forced impregnation, curing, cutting, and
sanding the molds, P45 plastination sheets provided good light
transmission, allowing the internal structures within the sheet
to reveal clearly in their intact form. P45 sheet plastination
revealed that the superficial fascia in the cheek area is generally
composed of 3 layers: a superficial fatty layer, a membranous
layer, and a deep fatty layer. Anteriorly, the MSF extended to
the posterior border of the zygomaticus major muscle,
enveloping this muscle, and then to the lateral border of the
orbicularis oculi muscle. Posteriorly, the MSF extended to the
anterior border of the parotid gland, and then was continuous
with the parotid fascia. Superiorly, the MSF extended to the
line from the tragus to the alar base. Inferiorly, the MSF
extended to the line from the mandibular angle to the mouth
corner. Below this line, SMAS continued to the upper border
of the platysma muscle. Our results using P45 plastination
concorded well with Mitz’s original drawing. We suggest that
the results of the present study may be helpful for practicing

surgeons to apply in subcutaneous dissection or sub-SMAS
dissection in facelift procedures. Supported by grant (NRF2020R1I1A2054761).
Keywords: Plastination, Subcutaneous Tissue, Superficial
Musculoaponeurotic System, Cheek, Parotid Region
황건 | 인하대학교 의과대학 성형외과학교실 · jokerhg@naver.com

case, type B wrinkles improved after additional injections into
frontalis muscle without injection to PM. The study provides
novel anatomical findings related to the GFL injection.
Preliminary analysis and optimized procedure using the US
enable more effective and safer injections.
Keywords: Frowning patterns, Glabella frown lines, Ultrasonography,
Botulinum toxin injection guideline, Muscle dynamic movement
김희진 | 연세대학교 치과대학 · hjk776@yuhs.ac

O-8

1

2

1

Soo-Bin Kim , Hyoung-Moon Kim , Haeryun Ahn , You-Jin
Choi1, Kyung-Seok Hu1, Hee-Jin Kim1
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Oral Biology, Human Identification Research Institute, BK21
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South Korea, 2Maylin clinic, 817, Hosu-ro, Ilsanseo-gu,
Goyang-si, Gyeonggi-do, Korea

Glabella frown lines (GFL) are formed due to excessive
contraction of the corrugator supercilii muscle (CSM) and
procerus muscle (PM). The purpose of this study was to
examine the dynamic muscle movements while frowning
under the ultrasonography (US) to confirm more effective
botulinum toxin (BoNT) injection guideline. US images were
taken among 16 volunteers (9 males and 7 females; mean age,
29.3 years). We identified the location of the PM, CSM, and
frontalis by using the linear US transducer. Types of the
frowning patterns were classified and confirmed according to
the involvement of the frontalis muscle action. Type A was the
general frowning pattern with the vertical creases along the
glabella region. Type B was the elevated frowning pattern with
the horizontal forehead lines formation as well as the vertical
creases at the glabella. To treat the GFL, BoNT was injected
into the CSM and PM only by the conventional injection
technique in type A volunteer. In type B volunteers, one was
injected by the conventional injection only, and the other 2
volunteers were injected into the CSM and frontalis muscle
without the PM injection. The type A frowning pattern was
observed in 81% (13 cases) and type B was observed in 19 %
(3 cases). In type B, the frontalis muscle contracted stronger
than the PM. Therefore, horizontal forehead lines were formed
on the forehead as well as the vertical creases under the US
images. After BoNT injection, Type B which, was injected into
the CSM and frontalis muscle without the PM injection showed
improvement on vertical crease and horizontal forehead line.
However, both type A and type B injected by the conventional
injection only, the GFL were improved in both types yet, the
horizontal forehead line were not improved in type B. In this

O-9
Human induced puripotent stem cell-derived
dental epithelial cells differentiated with 2D and
3D culture
ka-hwa kim, Eun-Jung kim, Anish Ashok Adpaikar, Shujin Li,
Seung-Jun Lee, Sang-Bin Oh, Han-Sung Jung
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Taste Research Center, Oral Science Research
Center, BK2 FOUR Project, Yonsei University College of
Dentistry,

Human induced pluripotent stem cells (hiPSCs) have emerged
as a promising bioengineering source for organ replacement,
great potential for use in treating incurable diseases. Studies
on hiPSC-derived dental organoids have not yet been reported.
For tooth development, differentiation of both dental epithelial
cells and dental mesenchymal cells were necessary for the
sequential and reciprocal interactions between epithelium and
mesenchyme. Among these cells, in this study, the culture
method for dental epithelial cells derived from hiPSCs were
established using 2D and 3D culture system. For 2D culture
system, embryoid bodies (EBs) were formed from hiPSC
utilized ultra-low attachment culture system. For the
differentiation of dental epithelial cells from hiPSC, EBs were
attempted to apply different components at each step to
differentiate into ectodermal precursors (step 1), followed by
epithelial differentiation steps (step 2-3). Dental epithelial
cells from hiPSC was characterized with the increase of
epithelial cell markers (CK14, SHH, EDAR, AMBN) by
qRT-PCR and western blot analysis. For 3D culture system,
hiPSC-derived organoids were generated by differentiation
protocols that mimic dental epithelial cell developmental
processes in 2D culture system. The ectodermal cells from EBs
were collected, dissociated into single cells, and seeded them
in Matrigel with differentiation medium. These culture
systems will be applied in research to differentiate iPSC into
dental cells for tooth regeneration, especially enamel
regeneration. Key words; human iPSC, dental epithelial cells,
2D culture, 3D culture, dental cell organoid Acknowledgement:
This work was supported by the National Research Foundation
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Ultrasonographic evaluations of the frowning
patterns and botulinum toxin injection guideline
based on the muscle dynamics

of Korea (NRF) Grant funded by the Korea Government
(MSIP) (NRF‐2019R1A2C3005294 and NRF-2016R1A5A
2008630). This research was supported by the Bio & Medical
Technology Development Program of the National Research
Foundation (NRF) & funded by the Korean government
(MSIP&MOHW) (No. 2017M3A9E4048172)
Keywords: Human iPSC, Dental epithelial cells, 2D culture, 3D
culture, Dental cell organoid
정한성 | 연세대학교 치과대학 · hsjung@yuhs.ac

O-10
Urinary concentration defect in aging mice
Soo-Jin Song, Jung-A Shin, Ki-Hwan Han
Department of Anatomy, Ewha Womans University College of
Medicine, Seoul, Korea

Kidneys play a critical role in water homeostasis. Aging causes
structural changes and multiple organ dysfunction. The
purpose of this study was to examine the effects of aging on
renal structure and function. Kidney tissues from young (2
months old) and elderly (20 months old) C57BL/6 mice were
processed for immunohistochemistry. With aging, urine
volume significantly increased 1.6 times and urine osmolality
decreased one-third. Multiple glomerular and tubular lesions
were observed with advancing age. Particularly, proximal
tubule cells contained many cytoplasmic vacuoles. Aquaporins
(AQPs) are water channel proteins that are involved in water
reabsorption in the kidney. AQP1 was strongly expressed in
the apical and basolateral membrane of the proximal tubule and
the Henle’s loop. AQP2 was expressed in the apical membrane
of the collecting duct. Both AQP1 and AQP2 showed abnormal
distribution patterns in the cytoplasm of the proximal tubule
and collecting duct. LC3 expression significantly increased and
appeared closely related to the tubular vacuolation in the aging
kidney. Electron microscopy revealed increased autophagic
degradation of cytoplasmic organelles in the proximal tubule.
These results suggest that aging causes dysregulation of renal
tubular AQPs and urine concentration defect, at least in part
by autophagy. This work was supported by the National
Research Foundation of Korea (NRF-2017R1D1A1B03030573
&2020R1A2C1100184).
Keywords: Kidney, Elderly, Polyuria, AQP, Ultrastructure
한기환 | 이화여자대학교 의과대학 · khhan@ewha.ac.kr

O-11
Cadaveric study for side-to-side differences of
carotid and vertebral artery
Dasom Kim, Hyeijung Yoo, Im Joo Rhyu
Department of Anatomy, College of Medicine, Korea University

The carotid artery system and vertebral artery are key
structures supplying the head and neck area. Interestingly, the
asymmetric diameter of the vertebral artery has been reported
based on ultrasonography or angiography. This study intends
to verify whether the same results are obtained by directly
measuring the blood vessels extracted from the cadaver. In
total, 144 samples (left and right common carotid/external
carotid/internal carotid/vertebral artery) from 18 embalmed
cadavers were extracted. (Male 11, Female 7, Average age
76.94 years) The common carotid artery is extracted from 2
cm below the external and internal carotid artery branching
point, and external and internal carotid arteries are 1 cm above
the branching point. And vertebral artery was extracted from
1 cm above the branching point of the subclavian artery. Then,
the extracted blood vessels were photographed together with
a measuring instrument, and the vessel area, inner and outer
perimeter and diameter, Min. and Max. diameter, thickness
was measured using the Image J program. For statistical
analysis, the overall mean and side-to-side comparison were
performed with the SPSS program. As a result, it was
confirmed that there was no side-to-side difference in the
common, external, internal carotid artery. In the case of the
vertebral artery, the left side was larger than the right side in
all items except for Min. diameter and thickness, and the
p-value was less than 0.05, indicating a significant difference.
Also, the asymmetry between vertebral arteries is 83.3%. The
dominant left vertebral artery was found in 72.2% and the
dominant right vertebral artery was found in 27.8%. In this
study, directly measuring the size of blood vessels removed
from the cadaver, it was confirmed that the difference
according to the side was clearly shown. However, the reason
has not yet been clearly clarified. It is presumed that the
difference in pressure due to the difference in the way the neck
blood vessels are branched from the left and right sides may
have affected, and further research will be needed on the
reason why the influence is applied only to the vertebral artery.
In addition, in this study, the vertebral artery was extracted
from the proximal region, it was meaningful that the left and
right differences could be found in the non-intra-cranial part.
But there is a need for additional studies in the intra-cranial
part of the vertebral artery that has been studied.
Keywords: Vertebral artery, Carotid artery, Side-to-side
difference, Asymmetry, Vessel diameter
류임주 | 고려대학교 의과대학 · irhyu@korea.ac.kr
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Optogenetic activation of spinal microglia
triggers chronic pain in mice
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CD206 co-expressed microglial cells in
blue-LED induced retinal degeneration
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Evaluation and comparison of learning
strategies in virtual and cadaver dissection on
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Spinal microglia are highly responsive to peripheral nerve
injury and are known to be a key player in pain. However, there
has not been any direct evidence showing selective microglial
activation in vivo, is sufficient to induce chronic pain. Here we
used optogenetic approaches in microglia to address this
question employing CX3CR1creER/+: R26LSL-ReaChR/+
transgenic mice, in which red-activated channelrhodopsin
(ReaChR) is inducibly and specifically expressed in microglia.
We found that activation of ReaChR by red light in spinal
microglia evoked reliable inward currents and membrane
depolarization. In vivo optogenetic activation of microglial
ReaChR in the spinal cord triggered chronic pain hypersensitivity
in both male and female mice. In addition, activation of
microglial ReaChR upregulated neuronal c-Fos expression
and enhanced C-fiber responses. Mechanistically, ReaChR
activation led to a reactive microglial phenotype with increased
IL-1β production, which is likely mediated by inflammasome
activation and calcium elevation. IL-1 receptor antagonist was
able to reverse the pain hypersensitivity and neuronal
hyperactivity induced by microglial ReaChR activation.
Therefore, our work demonstrates that optogenetic activation
of spinal microglia is sufficient to trigger chronic pain
phenotypes by increasing neuronal activity via IL-1 signaling.

Retinal degeneration (RD) is a leading cause of blindness with
irreversible loss of the photoreceptors. Microglia are a key
regulator of the inflammation during RD, and they are conventionally
classified as pro-inflammatory M1 or anti-inflammatory (and
phagocytic) M2. However, recent studies showed that microglial
cells were not simply sorted by M1/M2 markers, thus a detailed
evaluation for the function of the microglial cells is needed. In
this study, we aimed to examine the spatiotemporal distribution
of the microglial cell subtypes according to their markers,
represent what the dominant subtype is, and understand its
main function. In the blue-LED induced RD mice model, retinal
innate microglial cells were immunolabeled with anti-P2ry12,
and activated M1 and M2 were labeled with anti-CD86 and
anti-CD206, respectively. In addition, microglial cell subtypes
were collected by fluorescence-activated cell sorting (FACS)
method using anti-CX3CR1, a common microglial marker, and
CD206, to evaluate the gene expression levels of the pro-inflammatory
cytokine (Il-6), anti-inflammatory cytokine (Il-10), and phagocytosis
related genes (Trem2, Lyz2, Apoe). P2ry12-labeled microglial
cells rapidly moved to the outer nuclear layer and subretinal
space from 12 h to 24 h after LED exposure and lost P2ry12
immunoreactivity at 72 h. CD86 appeared to be expressed in
some microglial cells at 12 h in the outer nuclear layer and
subretinal space. At 72 h, most of the microglial cells were
CD86-labeled. At the same time, CD206 expression was
abruptly increased in the CD86-labeled microglial cells, and
thus, CD86/CD206 co-labeled cells became a dominant
population of the microglial cells. Gene expression levels of the
Il-6 and Il-10 in CD206 (+) microglial cells were similar to
those in CD206 (-) microglial cells, while Trem2, Lyz2, and
Apoe in CD206 (+) microglial cells were up-regulated,
compared to those in CD206 (-) microglial cells. These results
suggest that the advent of the CD86/CD206 co-labeled
microglial cells as a dominant population of microglial cells is
a key feature in inflammation during RD. Based on its molecular
signature, it mainly functions as phagocytic cells, rather than
release the inflammatory cytokines, and suggests that simple
M1/M2 classification needs to be refurbished.

first-year medical students
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Young Hyun Yun , Hyung Jin Choi
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Cadaveric dissection laboratory can be inaccessible or
inadequate on various occasions. Technological advances in
recent years led to the introduction of alternative virtual
anatomy platforms. We aimed to evaluate and compare the
results of teaching with a traditional cadaver dissection to
results of teaching with virtual anatomy platforms through a
head-mount display (HMD), tablet PC, and life-size touch
screen. First-year medical students (N=154) of 2021 studied
cadaver dissection and virtual anatomy platforms in a
randomized order in a crossover design. The cadaver group
studied cadaveric dissection and then given virtual anatomy
platforms. Conversely, the group of virtual anatomy platforms
conducted cadaver dissection after the virtual dissection.
Following the first virtual-only or cadaver-only course,
students completed quiz 1 (Q1). After completion of the
crossover virtual or cadaver course, students completed
another quiz 2 (Q2) and a survey (Likert scale) assessing
students’ satisfaction. There was no significant difference in
total Q1 scores in heart dissection between virtual group and
cadaver group. Among the three classes with different cadaver
dissection methods of heart, the virtual group that only
observed the heart had significantly higher scores on Q1
(p<.05). When the cadaver dissection of brain was carried out
in the same environment, the achievement of Q1 was
significantly higher in the 3D virtual dissection than the
cadaver dissection (p<.05). In particular, the Q1 achievement
in the first class was significantly higher than in cadaver
dissection (p<.01). Most students (63%[92/154]) reported
that 3D virtual platform-based learning enhanced their
understanding of the cadaveric anatomy because of multiple
selection modes and labeling functions. Among the digital lab
resources, most students (56.7%) also felt that tablet
PC-based learning was an effective way to study. The finding
confirms that virtual anatomy platforms may act as an efficient
way to improve the learners’ level of anatomy knowledge. In
particular, it is expected that it will be possible to improve the
quality of training of medical students and change the paradigm
of anatomy education in a situation where there are few
opportunities for cadaver dissection due to the protracted
Covid-19 pandemic or an insufficient number of cadavers.
Keywords: Anatomy education, Cadaveric dissection,
Head-mount display, Tablet PC, Life-size touch screen
윤영현 | 서울대학교 의과대학 · yunyh@snu.ac.kr
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뇌신경의 신경절을 낱낱이 볼 수 있는 시신
절단면영상과 3차원영상
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Medicine

뇌신경의 신경절은 빛깔이 주변과 비슷하고 크기가 작아서 숙련되
지 않은 사람의 경우 해부해서 찾기 어렵다. 몇몇 신경절은 뼈 속에
있기 때문에 해부해서 찾기가 더 어렵다. 이 연구의 목적은 뇌신경
의 신경절을 볼 수 있는 절단면영상과 3차원영상을 만들어서 뇌신
경과 관련된 신경절의 실제 생김새와 위치를 누구나 쉽게 알 수
있게 하는 것이다. 2021년에 만든 남성 시신의 절단면영상(화소
크기, 0.06 mm × 0.06 mm; 빛깔개수, 48 bits color)에서 머리부
위 영상(간격, 0.2 mm)을 추렸다. 절단면영상에서 뇌줄기를 찾았
고, 뇌줄기에서 일어나는 뇌신경의 경로를 따라가며 신경절을 찾
았다. 각 신경절의 주변 구조물(뇌신경, 뼈, 근육, 혈관, 침샘)과의
위치 관계를 통해서 신경절을 정확하게 찾았는지 점검하였다. 머
리 절단면영상을 MRIcroGL 소프트웨어로 부피재구성해서 머리
의 부피3차원영상을 만들었다. 절단면영상을 바탕으로 신경절 구
역화영상을 만들었고, 이것으로 머리의 3차원영상과 겹쳐볼 수
있는 신경절의 3차원영상을 만들었다. 절단면영상에서 뇌신경의
신경절 12개를 찾았다. 삼차신경절, 날개입천장신경절, 무릎신경
절은 크기, 생김새, 빛깔로 찾았다. 섬모체신경절, 귀신경절, 턱밑
신경절, 안뜰신경절, 달팽이신경절, 혀인두신경의 위신경절, 혀인
두신경의 아래신경절, 미주신경의 위신경절, 미주신경의 아래신
경절은 주변 구조물과의 위치관계로 찾았다. 머리의 3차원영상과
신경절의 3차원영상을 겹쳐보면서 신경절과 주변 구조물의 위치
관계를 확인하였다. 이 연구의 절단면영상과 3차원영상에서는 해
부 과정 때문에 주변 구조물이 손상되는 일이 없이, 뇌신경의 경로
에서 신경절의 위치를 정확히 알 수 있었다. 이 연구의 영상으로
뇌신경의 신경절에 대한 해부 지식을 익히고 나면, 시신 해부 및
수술을 보다 정확하게 할 수 있을 것이다.
Keywords: Ganglia, Cross-Sectional Anatomy, Three-Dimensional
Imaging
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Seoul 03080, Republic of Korea.

sleep disturbances, attention deficit, cognitive impairment,
and migraines. Therefore, in this study, we are identifying the
interrelation that autism-like behavior and dysfunction
hippocampal circuits in FS animal model. In the results of this
study, we investigated diverse behavior tests for characterizing
the behavioral disturbance by social and cognitive dysfunction.
As a results, we were observed autism-like phenotype at the
novel social and the obsessive–compulsive disorder task
following FS. In addition, we were investigated field excitatory
postsynaptic potential (fEPSP) in the hippocampus for
identifying impairs synaptic transmission, observed that
resultant slope of fEPSP were markedly reduced more than
control level. Additionally, immunoreactivity of interleukin-6
(IL-6) was enhancing those CA2 regions of hippocampus and
cerebellum compared with control. Therefore, these finding
in the present study suggest that autistic neuroanatomical
structures and neuronal plasticity accompanied by inflammatory
damage in development periods after FS, thus it might seem
to be involved to potential onset of autism by genetic alterations
following FS. Support: This research was supported by the
National Research Foundation of Korea(NRF) funded by the
Korea government(NEST)(NRF-2017R1D1A1B05036195
and 2020R1A6A3A01099833)

Keywords: Maternal phenylketonuria, Phenylalanine, Cerebral
organoids, Human induced pluripotent cells, Neurotoxicity
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O-17
Correlations of autism-like phenotypes and
dysfunction hippocampal circuit following
hyperthermic convulsions
Yeon Hee Yu, Hyuna Im, Yejin Song, Seo Jeong Kim, Min Jun Kim,
Dae-Kyoon Park, Duk-Soo Kim
Department of Anatomy, College of Medicine, Soonchunhyang
University

Febrile seizure (FS) is the most common seizure type in the
infant and young child. FS induce functional changes in the
hippocampal circuitries and then contributed toward the
development of temporal lobe epilepsy (TLE). Moreover, the
hippocampus is critical for encoding declarative memory and
especially, dysfunction of CA2 pyramidal neurons caused a
pronounced loss of social memory in genetic and autism
models. Meanwhile, child epilepsy is occurring comorbidity
that include depression, anxiety, autism spectrum disorders,

Keywords: Hyperthermic seizure, Epilepsy, Autism-like,
fEPSP, Behavior sequelae
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in vitro approaches using induced pluripotent
stem cells for tooth regeneration
Eun-Jung Kim, Ka-Hwa Kim, Han-Sung Jung, Seung-Jun Lee,
Sang-Bin Oh, Anish Adpaikar, Shujin Li
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Taste Research Center, Oral Science Research
Center, BK2 FOUR Project, Yonsei University College of
Dentistry, Seoul, Korea

Tooth development involves a series of reciprocal epithelial–
mesenchymal interactions between the mandibular epithelium
and neural crest-derived ectomesenchyme. Tooth regeneration
is defined as stem cell based regenerative medicine procedure
to replace damaged or lost tooth. Many researchers keep trying
to make efforts to regenerate tooth. In this study, as a positive
candidate to solve this problem is to use the induced Pluripotent
Stem Cells (iPSCs). However, no one has yet succeeded to
establish the perfect culture conditions that effectively
differentiate human iPSCs into dental epithelial and dental
mesenchymal cells. Here, we tried to induce differentiation
methods for dental epithelial cells and dental mesenchymal
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Phenylketonuria is a common genetic metabolic disorder that
causes phenylalanine accumulation in the blood. Offspring of
untreated mothers with phenylketonuria suffer from brain
damage such as microcephaly and mental retardation.
However, the mechanisms of prenatal phenylalanine-induced
neurotoxicity on human neurodevelopment are still unclear.
Cerebral organoids are artificially grown miniature brains that
resemble human brain development. Many recent studies
utilized cerebral organoids to investigate human neurodevelopmental
disorders. Here, we generated human induced pluripotent
stem cell-derived cerebral organoids to evaluate the
neurotoxicity of prenatal phenylalanine exposure in the human
neurodevelopmental process. Our results exhibited the
reduction of organoids’ size, induction of apoptosis and
depletion of neural progenitor cells after phenylalanine
treatments. On the other hand, phenylalanine did not have
impacts on neurons and glia including astrocytes, immature
oligodendrocytes and mature oligodendrocytes. Remarkably,
a reduction in the thickness of the cortical rosettes and a
decrease in the myelination at the intermediate zone was
inspected with the elevated phenylalanine concentrations.
These findings indicate that prenatal phenylalanine exposure
may contribute to the microcephaly, abnormal cortical
expansion and myelination in developing human brains,
ultimately resulting in congenital brain abnormalities in
maternal phenylketonuria infants.

cells from human iPSCs. Embryoid body (EB) was transferred
to fibronectin-coated dishes and differentiated to those cells
with the defined medium respectively for the Neural Crest Like
Cells (NCLC) differentiation and Dental Epithelial Cells
(DECs) from hiPSCs. We tried to eliminate the animal-derived
factors and cell feeders to differentiate hiPSCs into dental cells.
Various factors were delicately modulated to facilitate the
differentiation of hiPSCs Furthermore, to form mineralized
tooth, differentiated DECs from hiPSC were recombined with
differentiated NCLC from hiPSC. The recombinants produced
mineralized hard tissue after 4-month incubation in the kidney
capsule. This will be applied in research to differentiate iPSC
into dental cells for tooth regeneration. Furthermore, this
study will be the next step in growing anatomically correct
biomimetic dental organs. Acknowledgement: This research
was supported by the Bio & Medical Technology Development
Program of the National Research Foundation (NRF) & funded
by the Korean government (MSIP&MOHW) (No.
2017M3A9E4048172)
Keywords: Human iPSC, Tooth regeneration, Differentiation,
Dental epithelial cells, Dental mesenchymal cells
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LLGL-2 regulates 17β-estradiol-induced BPH-1
cell proliferation via regulation of autophagic
response
Kyung-Hyun Kim, Geum-Lan Hong, Yae-Ji Kim, Hui-Ju Lee,
Ju-Young Jung
Department of Veterinary Medicine, Chungnam National University

Lethal giant larvae (Lgl) is an apical-basal polarity gene
identified in Drosophia. In Drosophia, Lgl functions as a tumor
suppressor controlling self-renewal and differentiation of
progenitor cells. There are two orthologs of Lgl in mammalian
gemones: Llgl1 and Llgl2. The little is known about their
function in vivo. To explore the new role of Llgl2, we examined
the anti-proliferative activity in BPH-1 cell line, which is a
well-established model for human prostate biology and widely
used for investigation into the causes and potential treatment
for prostatic disease. Under 17β-estradiol (E2) treatment,
the expression of LLGL-2 was dose-dependently increased
in BPH-1 cells. Additionally, E2 treatment showed the
proliferation of BPH-1 cells. However, si-llgl2 treatment
significantly decreased the proliferation of E2-treated BPH-1
cells. Moreover, si-llgl2 treatment up-regulates the expression
of autophagy-regulatory proteins, such as p-mTOR, p-TSC2,
p-ULK1 and LC-3B, in E2-treated BPH-1 cells. These
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results collectively showed that LLGL-2 is closely involved
to the E2-mediated proliferation of BPH-1 cells.
ACKNOWLEDGMENTS This research was supported by
Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry
of Science and ICT (2020R1I1A1A01068213) This work was
supported by the National Research Foundation of Korea
(NRF) and the Center for Women In Science, Engineering and
Technology (WISET) Grant funded by the Ministry of Science
and ICT (MSIT) under the Program for Returners into R&D.
Keywords: LLGL-2, Benign prostatic hyperplasia, 17β
-estradiol, Cell proliferation, Autophagy
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O-20
Fine tuning of epithelial taste bud organoid to
promotes functional recapitulation of taste
reactivity
Jong-Min Lee, Sushan Zhang, Anish Adpaikar, Sang-Bin Oh,
Shujin Li, Seung-Jun Lee, Ki Woo Kim, Seok Jun Moon,
Han-Sung Jung
Department of Oral Biology, Taste Research Center, Oral Science
Research Center, BK2 FOUR Project, Yonsei University College
of Dentistry, Seoul, Korea

Taste stem/progenitor cells in the posterior tongue have been
recently used to generate taste bud organoids. However, the
inaccessible location of the taste receptor cells is observed in
conventional organoids. Here, we established a suspension
culture method for fine tuning of taste bud organoid by
apicobasal polarity alteration to form the accessible
localization of taste receptor cells in organoid. Compared to
conventional Matrigel-embedded organoids, suspensioncultured organoids showed more comparable differentiation
and renewal rates to those of taste buds in vivo and exhibited
functional taste receptor cells and cycling progenitor cells.
Accessible taste receptor cells in the outer region of taste bud
organoids enabled the direct application of calcium imaging and
genetic alteration by gene editing. Moreover, suspensioncultured organoids integrated harmoniously with the recipient
lingual epithelium, maintained the taste receptor cells and
gustatory innervation capacity after transplantation. Thus, we
propose that suspension-cultured organoids may provide
efficient model for taste research including taste bud
development, regeneration and transplantation. Acknowledgements;
This work was supported by the National Research Foundation
of Korea (NRF) Grant funded by the Korea Government
(MSIP) (NRF‐2016R1A5A2008630, NRF‐2019R1A2C3005294
and NRF-2021R1A2C1005506).

Keywords: Taste bud organoids, taste receptor cells,
apicobasal polarity, calcium imaging, genetic alteration,
transplantation
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MAST4 maintains the cell cycle of
spermatogonial stem cells via CDK2-PLZF
interaction

Shujin Li, Dong-Joon Lee, Seung-Jun Lee, Anish Ashok
Adpaikar, Sang-Bin Oh, Han-Sung Jung
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Taste Research Center, Oral Science Research
Center, BK2 FOUR Project, Yonsei University College of
Dentistry, Seoul 03722

Seung-Jun Lee, Dong-Joon Lee, Sang-Bin Oh, Shujin Li, Anish
Adpaikar, Han-Sung Jung
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Taste Research Center, Oral Science Research
Center, BK2 FOUR Project, Yonsei University College of
Dentistry, Seoul 03722

Calcium is well known as a ubiquitous intracellular second
messenger that regulates various cellular functions including
cell proliferation, differentiation, and apoptosis. However, the
role of calcium signals in cancer stem cells and stem cell niches
is still unclear. Ameloblastoma is an odontogenic tumor arising
in the jawbone. It is locally invasive with unlimited growth
capacity and has a high potential for recurrent. Up to date, a
complete resection accompanying a wide incision of
surrounding normal bone is a mainstay of Ameloblastoma
treatment. We observed that Ameloblastoma cell shows higher
motility and invasiveness in high calcium concentration (1.8
mM) compare with low (0.1mM). The RNA-sequencing
analysis indicated that Calcium Voltage-Gated Channel
Subunit Alpha1 C (CACNA1C), which encodes the component
of Cav1.2 is dominantly expressed in Ameloblastoma. To
elucidate the role of CACNA1C in Ameloblastoma
development, the lentiviral system was applied to overexpress
the CACNA1C in Ameloblastoma cells in vitro. The cell
proliferation, differentiation, apoptosis, and stemness were
evaluated. Overexpression of CACNA1C results in the
elevation of calcium influx to the ameloblastoma cell.
Furthermore, the cell proliferation and stem cell marker
(SOX2, BMI1) expression were downregulated in the
CACNA1C overexpression group. In contrast, cell apoptosis
and differentiation were promoted in the CACNA1C
overexpression group. Interestingly, the Verapamil (L-type
calcium channel blocker) could eliminate the effect of
CACNA1C overexpression in the Ameloblastoma cell. Hence,
these results suggest that CACNA1C promotes the
Ameloblastoma cell to a differentiated state through calcium
signaling, and it could be a considerable emerging target for
cancer stem cell therapies. Acknowledgment: This work was
supported by the National Research Foundation of Korea
(NRF) Grant funded by the Korea Government (MSIP) (NRF
‐2019R1A2C3005294 and NRF‐2016R1A5A2008630).

Stem cells are characterized by their unique ability of
self-renewal to maintain the so-called stem cell pool.
Spermatogenesis originates from spermatogonial stem cells
(SSCs) and SSCs are the only stem cells in the germline that
undergo self-renewal division. Although classic studies of
SSCs based on morphological analyses have established the
foundation for SSC studies, it is important to test these
concepts through the molecular mechanisms, which contains
cell cycle regulation. The promyelocytic leukemia zinc finger
(PLZF) protein, which belongs to the family of Krüppel-like
zinc finger proteins, is involved in the regulation of diverse
cellular processes, including cell proliferation, apoptosis,
differentiation, and development. Specifically, PLZF is a
negative regulator of cell division and augments self-renewal
of SSCs during spermatogenesis. In this study, Microtubuleassociated serine/threonine kinase family member 4 knockout
(Mast4 KO) testes show the infertility with the reduced
number of sperm and Sertoli cell-only syndrome. They also
exhibit the decreased PLZF expression and cell cycle in
postnatal 22 week mice. MAST4 induces cyclin-dependent
kinase 2 (CDK2) to phosphorylate PLZF and regulates the
nuclear translocation of PLZF. PLZF suppresses transcriptional
level of Ccna2 so that SSCs can be remained in the stem cell
state. Therefore, MAST4 is important for maintaining the cell
cycle of SSCs via CDK2-PLZF interaction. These results will
be useful not only for understanding spermatogenesis and
considered therapeutic usage for male infertility. Acknowledgement:
This work was supported by the National Research Foundation
of Korea (NRF) Grant funded by the Korea Government
(MSIP) (NRF‐2019R1A2C3005294 and NRF-2017M3A9B3
061833) and the Bio & Medical Technology Development
Program of the National Research Foundation (NRF) & funded
by the Korean government (MSIP&MOHW) (No. 2017M3
A9E4048172).
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Cav1.2 contributes to regulating the cell fate of
Ameloblastoma

Keywords: MAST4, Spermatogonial stem cell, Cell cycle,
PLZF, CDK2
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Comparative transcriptome analysis of tooth
development in mouse and chick
Dong-Joon Lee, Seung-Jun Lee, Sanb-Bin Oh, Shujin Li, Anish
Adpaikar, Han-Sung Jung
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Taste Research Center, Oral Science Research
Center, BK2 FOUR Project, Yonsei University College of Dentistry

Over the past 40 years, studies on tooth regeneration
comprised two main flows: some focused on epithelialmesenchymal interaction in the odontogenic region, whereas
others focused on creating a supernumerary tooth in the
non-odontogenic region. Recently, the scope of the research
has moved from conventional gene modification and molecular
therapy to genome and transcriptome sequencing analyses.
However, these sequencing data have been produced only in
the odontogenic region. Firstly, we provide mouse RNA-Seq
data of not only the odontogenic region but also the
non-odontogenic region, which loses tooth forming capacity
during development and remains a rudiment. Sequencing data
were collected from mouse embryos at three different stages
of tooth development. Through time series analysis, spatiotemporal
gene expression profiles of odontogenic regions (incisor or
molar) and non-odontogenic region (diastema) were produced.
Secondly, RNA-Seq data from mouse were compared with that
of the chick. Birds had lost teeth and acquired a beak instead
during evolution. In addition, it is known that the capacity to
form teeth is latent and it manifests itself as thickening of the
epithelium during jaw growth. Gene ontology analysis after
integration of RNA seq data of two species showed that there
was no significant difference in gene expression patterns
between odontogenic and non-odontogenic regions in chick.
And inactivation of BMP signaling appears to affect tooth
formation. These data will expand our understanding of tooth
development and will help in designing developmental and
regenerative studies from a new perspective.
Acknowledgement: This work was supported by the National
Research Foundation of Korea (NRF) Grant funded by the
Korea Government (MSIP) (NRF‐2019R1A2C3005294).
Keywords: Next Generation Sequencing, Transcriptome,
Tooth development, Time series analysis, Chick
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O-24
IL-17 deficiency aggravates the streptozotocininduced diabetic nephropathy through the
reduction of autophagosome formation in mice
Geum-Lan Hong, Hui-Ju Lee, Yae-Ji Kim, Kyung-Hyun Kim,
Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary
Science, Chungnam National University, Daejeon 3434, Korea

Background: Diabetic nephropathy (DN) is one of the most
important medical complications of diabetes mellitus.
Autophagy is an important mediator of pathological response
and plays a critical role in inflammation during the progression
of diabetic nephropathy. Interleukin (IL)-17A favorably
modulates inflammatory disorders including DN. In this study,
we examined whether IL-17A deficiency affected the
autophagy process in the kidneys of mice with streptozotocin
(STZ)-induced DN. Methods: The autophagic response of
IL-17A to STZ-induced nephrotoxicity was evaluated by
analyzing STZinduced functional and histological renal injury
in IL-17A knockout (KO) mice. Results: IL-17A KO
STZ-treated mice developed more severe nephropathy than
STZ-treated wild-type (WT) mice, with increased
glomerular damage and renal interstitial fibrosis at 12 weeks.
IL-17A deficiency also increased the up-regulation of
proinflammatory cytokines and fibrotic gene expression after
STZ treatment. Meanwhile, autophagyassociated proteins
were induced in STZ-treated WT mice. However, IL-17A KO
STZ-treated mice displayed a significant decrease in protein
expression. Especially, the levels of LC3 and ATG7, which play
crucial roles in autophagosome formation, were notably
decreased in the IL-17A KO STZ-treated mice compared with
their WT counterparts. Conclusions: IL-17 deficiency
aggravates of STZ-induced DN via attenuation of autophagic
response. Our study demonstrated that IL-17A mediates
STZ-induced renal damage and represents a potential
therapeutic target in DN. Funding : This research was
supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the
Ministry of Science and ICT (2020R1A2C1014324).
Keywords: IL-17A, Diabetic nephropathy, Autophagy,
Autophagosome formation
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2-Mercaptoethanol attenuates inflammation
and oxidative stress during unilateral ureteral
obstruction
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IL-17 producing Th17 cells play a critical role in inflammatory
autoimmune diseases which are caused by autoreactive cells
that respond to self-antigens. The interaction between
autoreactive T cells and effector cells, such as neutrophils and
macrophages generates inflammatory environment in
autoimmune disease, including high level of reactive oxygen
species (ROS) that induces oxidative stress. Therefore, we
thought that ROS-inducible factors are crucial in control of
autoimmune diseases. Since it has been reported that nuclear
factor erythroid 2-related factor 2 (Nrf2) known as one of key
antioxidant transcription factors also regulates CD4 T cell
differentiation, we hypothesized that Nrf2 would be involved
in progress of autoimmune diseases by regulation of Th17 cell
differentiation. First, to test how Nrf2 regulates the
differentiation and function of T cells, we used Nrf2 deficient
(-/-) or overexpressing (Tg) mouse models. We found that
Th17 cell differentiation was significantly enhanced in
Nrf2-/- mice, whereas inhibited in Nrf2Tg mice. In order to
confirm the role of Nrf2 in autoimmune disease, we induced
experimental autoimmune encephalomyelitis (EAE), an
animal model of Th17 cell-mediated multiple sclerosis (MS),
in WT, Nrf2-/-, and Nrf2Tg mice. Strikingly, EAE disease
progression in Nrf2Tg mice was markedly reduced compared
to WT and Nrf2-/- mice, with delayed disease onset and lower
clinical scores. In contrast, the Nrf2-/- mice increased the
severity of inflammatory disease. Moreover, we found that the
Nrf2-/- mice have increased numbers of spinal-cordinfiltrating CD4+ T cells, which correlated with increased
percentages and numbers of Th1 and Th17 cells and IL-17,
IFN-γ double-producing CD4+ T cells, vice versa frequency
and numbers of these cells are decreased in Nrf2Tg mice.
These data suggest that the Nrf2 is a potential target for
regulation of CD4 T cell differentiation and autoimmune
neuron diseases.
Keywords: Nuclear factor erythroid 2-related factor 2
(Nrf2), Experimental autoimmune encephalomyelitis (EAE),
Th17 cell, Reactive oxygen species (ROS), Autoimmune
disease
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O-26
Nrf2 controls experimental autoimmune
encephalomyelitis (EAE) by regulation of Th17
cell differentiation
Jun Hwa Lee, Seon Hyeok Kim, So Eun Lee, Ju A Shim, Yuna
Jo, Changwan Hong

O-27
Novel approach to overcome the SARA-CoV-2
mutation: Delivering both spike and
nucleocapsid antigens elicits CD8+ memory
T-cell and humoral responses
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Ferroptosis as an iron-dependent mode of regulated cell death
is triggered by disturbed redox homeostasis and lipid
peroxidation through overloaded iron. However, the role of
ferroptosis in renal fibrosis remains to be defined. Unilateral
ureteral obstruction (UUO) or sham-operation in left kidneys
of female C57BL/6 mice aged 11-14 weeks was carried out.
Twenty-four hours before UUO or sham-operation, mice
were intraperitoneally and daily treated with 2-mercaptoethanol
(a cyst(e)ine transport promotor; 3, 10, or 30 mg/kg body
weight per day) or 0.9% saline (vehicle). Levels of SLC7A11,
glutathione peroxidase 4 (GPX4), copper/zinc superoxide
dismutase (CuZnSOD), manganese superoxide dismutase
(MnSOD), α-smooth muscle actin (α-SMA), interleukin-6
(IL-6), and intercellular adhesion molecule-1 (ICAM-1)
expressions were measured by western blot analysis. UUO
decreased the expression of SLC7A11, a known ferroptosisrelated glutamate/cystine transporter, whereas exogenous
2-mercaptoethanol significantly suppressed UUO-induced
decrease of SLC7A11 expression. During UUO, ferroptosisrelated GPX4 and other antioxidant enzymes including
CuZnSOD and MnSOD were downregulated, but 2-mercaptoethanol
markedly reduced their downregulations at 10 days after UUO.
Furthermore, expressions of ICAM-1 and IL-6 among
pro-inflammatory proteins were increased during UUO, but
exogenous 3-mercaptoethanol significantly reduced their
increases at 10 days after UUO. However, UUO-induced
upregulation of profibrotic proteins including α-SMA in
kidneys was not significantly alters by any dose of
2-mercaptoethanol. These data suggest that a pharmacological
inhibition through promoting SLC7A11 glutamate/cystine
transporter protects kidneys against oxidative stress and
inflammation during unilateral ureteral obstruction.

Department of Anatomy and PNU GRAND Convergence Medical
Science Education Research Center, Pusan National University
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Department of Anatomy, Keimyung University School of
Medicine, Daegu, Republic of Korea, 2BioLeaders Corporation,
Yongin-si, Gyeonggi-do, Republic of Korea

The global coronavirus disease 2019 (COVID-19) pandemic
has made the development of a vaccine a top global importance.
There are more than 100 vaccine development projects in the
WHO draft landscape of COVID-19 candidate vaccines,
containing viral vector-based vaccines, mRNA and DNA
vaccines, subunit vaccines, nanoparticle-based vaccines and
inactivated-whole virus vaccines. However, SARS-CoV-2
infectious people were increased, even vaccinated, due to
mutation and evolution of SARS-CoV-2 S protein. Thus, we
believe the optimal vaccine candidate should be capable of
inducing robust, durable T-cell responses as well as humoral
responses. Additionally, less mutated antigen should be
selected for fighting against viral mutation for long lasting
immunity. In this regards, we developed an optimal COVID-19
vaccine which replication-defective human adenovirus
encoding the SARS-CoV-2 spike protein and nucleocapsid
protein (BLS-A01). After vaccinated, high levels of either
spike or nucleocapsid specific IgG were confirmed by ELISA.
Additionally, CTL and memory T-cell response were
significantly raised when splenocyte from vaccinated mice
were stimulated with viral spike or nucleocapsid antigen. Based
on these findings, BLS-A01 showed its ability to provide
robust, durable cell-mediated and humoral immunity against
SARS-CoV-2 infection. our ultimate goal of an ideal
COVID-19 vaccine is to generate long-term T and B cell
memory to protect from mutated SARS-CoV-2.
Keywords: COVID-19, Vaccine, Adenovirus, SARS-CoV-2,
Spike, Nucleocapsid
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of mouse-based immunology research, the experimental
findings from the mice have not been fully able to reflect the
human immune system. Unlike adult humans who have been
exposed to various infectious agents, the laboratory mice have
lived under the ultra-hygienic barrier facilities. This
difference results in immature immunological memory
function of the mouse. Recent data have shown that specific
pathogen-free (SPF) mouse lacks memory CD8+ T cell
subsets like neonates. In contrast, the wild mouse in natural
habitat has matured immune system against microbial
challenge. The resident microbiome between the SPF and wild
mice is significantly different, in which affects their immune
system. We wondered whether the wild mice from different
habitats show differences in gut microbiota and immune
systems. For the gut microbiome analysis, we first captured
wild mice at Asan in Korea and compared them with SPF mice.
The wild mice and SPF mice sowed significantly different
proportion of Muribaculaceae in order Bacteroidales and
Lachnospiraceae of Clostridiales in two groups respectively.
We next generated wildling mice with fecal transfer to SPF
C57BL/6 mice and confirmed that microbiome in the wildling
model was comparable to the wild mice and the wildling
microbiome affected the memory phenotype of T cells. These
data suggest that the wilding mice is a potential and novel animal
model for pre-clinical trial experiment and discovery of new
immunotherapy.
Keywords: Specific pathogen-free(SPF) mouse, Wild mouse,
Gut microbiome, Microbiome transfer, Immune system
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3차원 머리 CT 영상을 이용한 눈확에서의 안구 위치
예측 연구
1

O-28
Analysis of immune alteration through
comparison of microbiome between wild,
wilding, and laboratory mice
Dahyeon Ha, Jeong Ha Ryu, So Min Lee, Yuna Jo, Ju A Shim,
Changwan Hong
Department of Anatomy and PNU GRAND Convergence Medical
Science Education Research Center, Pusan National University
School of Medicine

The mouse (Mus Musculus) as experiment animal model has
striking advantages, such as the availability of numerous
strains and low cost, and has largely contributed to
understanding the immune system. Despite of the significance
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머리뼈를 이용한 얼굴복원은 신원불상 변사자의 신원확인에 도움
을 주는 감정기법 중 하나로 법치의학적 개인식별, 유전자형 분석
등의 방법들로 신원확인이 어려울 경우 주로 활용된다. 머리뼈 분
석을 통한 얼굴 형태소의 예측은 정확한 얼굴복원에 있어 중요한
요소로써, 다양한 인종, 성별, 나이대의 연구대상자에 대한 얼굴
형태소 예측법 연구 및 개발이 필요하다. 이번 연구에서는 얼굴
형태소 중 머리뼈의 눈확과 안구 위치에 대한 계측학적 상관분석

Keywords: 머리뼈, 눈확, 안구, 수정체, 표지점, 얼굴복원
이원준 | 국립과학수사연구원 서울과학수사연구소 법의학과 ·
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Cisplatin induces lung damage and lung ciliary
disruption via oxidative stress
Yong Kwon Han, Ji Su Kim, Gi Bong Jang, Kwon Moo Park
School of Medicine, Kyungpook National University

Background: Cisplatin (cis-diamminedichloroplatinum II) is
widely used for the treatment of cancer, but its use is interfered
by its toxicity in multiple organs, including lungs. Recent
evidences have demonstrated that the damage and/or
dysfunction of cilium, a cellular organelle, is associated with
various diseases. Therefore, we investigated that cisplatintoxicity is associated with lung cilia damage, and, if so, it is
linked to oxidative stress. Methods: Mice were administered
with either cisplatin or vehicle. Some mice were treated with
Mito-TEMPO, a mitochondrial-specific antioxidant. Lung
injury was evaluated by histological analysis and alveolar
leakage. Cilia disruption was assessed by the expression of
ADP ribosylation factor like GTPase 13B (Arl13B; a ciliary
protein), acetylated α-tubulin (a ciliary protein) and α-tubulin
(a ciliary protein) in alveolar lavage. Lung oxidative stress was
determined by hydrogen peroxide formation and 4-hydroxynonenal
(4-HNE; an index of lipid peroxidation), and manganese
superoxide dismutase (MnSOD; a mitochondrial antioxidant
enzyme), isocitrate dehydrogenase 2 (IDH2; a mitochondrial
antioxidant enzyme) and catalase expression in the lungs. Lung
cell apoptosis was determined by TUNEL staining, and

bcl-2-like protein 4 (Bax; a pro-apoptotic factor), B-cell
lymphoma-extra large (Bcl-xL; an anti-apoptotic factor),
fission1 (Fis1; a mitochondrial fission regulator) and optic
atrophy protein 1 (Opa1; a mitochondrial fusion regulator).
Results: Cisplatin caused the increases of thickness and
infiltrated cell number in alveolar septa and the release of ciliary
fragments into the bronchoalveolar lavage fluid (BALF). In
addition, cisplatin caused the increases of Arl13b, acetylated
α-tubulin, and α-tubulin expression in the BALF. The
expressions of MnSOD, IDH2 and catalase in the lung of
cisplatin-administered mice were lower than those in
vehicle-administered mice. In contrast, hydrogen peroxide
levels and 4-HNE expression were greater in the lung of
cisplatin-administered mice than those in vehicle-administered
mice. Bax and Fis1 expressions were greater, but Bcl-xL and
Opa1 were lower, in the lung of cisplatin-administered mice
than those in vehicle-administered mice. In consist with those,
TUNEL-positive cell numbers were greater in the lung of
cisplatin-administered mice than those in vehicle-administered
mice. Treatment with the Mito-TEMPO significantly
mitigated these cisplatin-induced lung damage and cilia
disruption along with the reduction of oxidative stress and
apoptosis. Conclusion: These data indicate that cisplatin
causes lung damage and lung cilia disruption oxidative stress,
suggesting that cisplatin-induced lung damage is associated
with lung cilia disruption.
Keywords: Cisplatin, Lung injury, Cilia, BALF, Oxidative
stress
박권무 | 경북대학교 의과대학 · kmpark@knu.ac.kr

O-31
Ultrasonography of the face: the new horizon of
the anatomical and clinical implications
Hee-Jin Kim, Hye-Won Hu
Division in Anatomy & Developmental Biology, Department of Oral
Biology, Human Identification Research Center, BK2 FOUR
Project, Yonsei University College of Dentistry

The use of Ultrasonography (US) guidance to perform
diagnostic and therapeutic injections is increasing rapidly, as
is the evidence supporting its use. However, despite the
increased popularity of US, there remains a lack of formal
standard references, especially for procedures involving the
face. Moreover, while there is a considerable amount of
information available in the literatures related to US, there is
very little information related to US imaging of the face.
Anatomically, the face is the most complicated structure of the
human body. Especially, the structure of facial muscles
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을 시행하여 눈확 분석을 통해 안구의 위치를 예측하는 방법을 찾
고자 하였다. 연구는 2018년부터 2020년까지 국립과학수사연구
원 서울과학수사연구소에 부검 의뢰된 성인 시신 171명의 머리부
위 PMCT(Post-mortem Computed Tomography) 영상을 대상
으로 진행하였다. 3차원 영상 시각화 및 분석 프로그램
(Materialise Mimics)을 사용하여 머리뼈, 안구, 수정체를 각각
3차원 모델로 추출하였으며, 동일한 프로그램으로 3차원 모델의
표지점을 식별하여 총 84구간의 거리 값을 계측하였다. 계측 된
값들은 통계분석프로그램(SPSS)를 사용하여 눈확과 안구 및 수
정체의 통계학적 상관관계 분석을 진행하였다. 연구결과 눈확에
서의 수정체의 위치, 기준관상면으로부터 주요 눈확표지점들까
지의 깊이 및 전안방(Anterior Chamber) 표지점까지의 깊이는
매우 유의한 상관관계를 보였다. 이를 통해 수정체의 위치와 안구
의 돌출도를 예측할 수 있는 설명력이 큰 회귀분석식을 도출하였
다. 이번 연구에서 도출된 회귀분석식을 통해 눈확에서의 안구의
위치를 보다 정확히 예측할 수 있게 하였고, 얼굴복원의 정확도
향상에 기여할 수 있을 것으로 기대된다.

including nerves and vessels is very variable and has the racial
differences. Recently, the importance on the facial anatomy
has been reconsidered as the interest on the facial aesthetics
is increasing. In this reason, it is speculated that the utilization
of the facial US will be soon broadened to prevent the side
effects. Through this presentation, I would like to introduce
the facial US anatomical findings based on in-depth
morphological studies using an US imaging that were
previously impossible to obtain. In addition, the static and
dynamic facial US imaging and the individual variations of the
face related to various procedures for the safe and efficient
clinical applications will be demonstrated. We strongly believe
that only the US would help clinicians to detect the anatomical
variations of the muscles and vessels for satisfying procedural
results.
Keywords: Ultrasonography, face, facial anatomy, anatomical
implication, clinical implication
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Anatomical evidence of the bunny lines
formation
Haeryun Ahn, Soo-Bin Kim, You-Jin Choi, Kyung-Seok Hu,
Hee-Jin Kim
Department in Anatomy and Developmental Biology, Department
of Oral Biology, Human Identification Research Institute, BK2
FOUR Project, Yonsei University College of Dentistry, Seoul,
South Korea

Common clinical procedure of bunny lines is to inject botulinum
toxin into on-site of the bunny lines is formed. According to
previous cadaveric studies, it was quite difficult to identify the
muscular structures between medial canthus to side of nose.
Therefore, the current study tried to determine the
relationship between the bunny lines and anatomical
structures by using ultrasonography (US) on volunteers. 13
Korean adults volunteered (6 females and 7 males, mean age
29.4) for the study using US. US images were scanned on the
lateral side of the nose, from the radix to the nose ala based
on the reference points (sellion, rhinion, and nose ala). The
findings of the current study showed that triangular bare area
(bunny triangle) between the lateral border of the procerus
and nasalis, and the levator labii superioris alaeque nasi
(LLSAN) muscle. On the bunny triangle, there was no
muscular structures, and the size of the triangle were
determined according to the width of procerus muscle. The
current study determined the anatomical structures beneath
the bunny lines. The neighbouring muscles of the bunny lines
such as, the procerus and nasalis muscle has effect on creasing
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the thin skin between the medial canthus and the dorsum of
nose. Thus, the conventional botulinum toxin injection for
bunny lines lacks anatomical evidence. Injection into on-site
of the bunny lines is not targeting the muscle but only
connective tissues in which, cannot bring the best results as
it is expected. Therefore, the most efficient botulinum toxin
injection targeting muscles would be procerus, nasalis muscles
and LLSAN.
Keywords: Bunny Lines, Bunny Triangle, Botulinum Toxin
Injection, Procerus Muscle, Nasalis Muscle
Hee-Jin Kim | Yonsei University College of Dentistry ·
hjk776@yuhs.ac
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Ultrasonographic anatomical analyses of the
crow’s feet and its novel guideline for botulinum
toxin injection procedure
Jiong-Zhen Piao1, You-Jin Choi1, Hyungkyu Bae1, Ji-Hyun Lee1,
Kyung-Seok Hu1, Wook Oh2, Hee-Jin Kim1
1
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK21
FOUR Project, Yonsei University College of Dentistry, Seoul,
South Korea, 2Maylin clinic, 108, Yeoui-daero, Yeongdeungpo-gu,
Seoul, Korea

Crow’s feet refers to thin, bilateral wrinkles at the lateral sides
of the eyes formed by the orbital portion of orbicularis oculi
muscle (OOc) and the OOc is the target muscle when treating
crow’s feet using botulinum neurotoxin (BoNT) injection. The
aim of this study was to demonstrate the more effective novel
BoNT injection guideline for treating crow’s feet by assessing
the muscle width, thickness, and dynamic features using the
US. Ten healthy Korean volunteers (7 males and 3 females;
mean age 25.6) were included in this study. The width,
thickness, and dynamic movement of the OOc were measured
and monitored using high-resolution US device (Sonimage
HS1, Konica Minolta, Inc., Tokyo, Japan). Among ten
volunteers, three were selected for the botulinum toxin
(LizToxâ. Seongnam) injection. Injections were done using
two-line novel injection technique with two curved references
lines passing a point 1.5 cm lateral to of the lateral canthus
(conventional injection) and a point 1 cm lateral to the lateral
border of the frontal process of zygomatic bone (LbFP) (novel
injection), respectively. At the level of the lateral canthus, the
distance between the lateral border of the frontal process of
zygomatic bone (LbFP) and the most lateral margin of the OOc
and was 1.5±0.2 cm. The thickness of the OOc at the midpoint,
the lateral border of the LbFP, and 5 mm lateral to the LbFP
was 0.7±0.2 cm, 1.2±0.3 cm, and 1.2±0.3 cm, respectively.

On the other hand, crow’s feet from three volunteers who were
injected using the two-line BoNT injection technique began
to disappear from day 3 and completely enhanced at day 8 after
the injection.
Keywords: crow’s feet, Ultrasonographic, botulinum neurotoxin
injection, orbicularis oculi muscle, Lateral canthal rhytides
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Yaqian You, Yong Wook Jung, Jin Seo Park
Dongguk university

For neuroanatomy education of brainstem, morphological
comprehension of each structure in the brainstem is essential.
In this study, we aimed to demonstrate real shape and real site
of each nucleus and tract in brainstem on the sectioned images.
In 2021, we made new sectioned images of a male whole body
cadaver (intervals of head, 0.2mm; pixel size, 0.06 mm x 0.06
mm; color depth, 48 bits color). Among the whole body
sectioned images, 317 sectioned images including only the
brainstem were selected. In the sectioned images of brainstem,
nuclei and tracts in brainstem were found and annotated to
make the atlas of cross sectional brainstem. From the sectioned
images, real color volume model of the brainstem was
reconstructed. In the atlas of cross sectional brainstem, real
shapes and real sites of nuclei and tracts of motor and sensory
pathways and some other structures in brainstem were clearly
annotated. We verified accurately the real shapes and real sites
of the structures by the volume model. Unlike existing
brainstem atlases, in this atlas, detailed shape and real site of
the brainstem structures were exhibited integrally by the real
color sectioned images. The atlas will provide basic reference
for both anatomical and clinical studies.
Keywords: Brainstem, Neuroanatomy, Cross-sectional
anatomy, Atlas, Volume model
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SREBP-1c Deficiency Affects Hippocampal
Micromorphometry and HippocampusDependent Memory Ability in Mice
Mary Jasmin Ang1,2, Sueun Lee1,3, Mai Wada1, Poornima D. E.

Changes in structural and functional neuroplasticity have been
implicated in various neurological disorders. Sterol regulatory
element-binding protein (SREBP)-1c is a critical regulatory
molecule of lipid homeostasis in the brain. Recently, our
findings have shown the potential involvement of SREBP-1c
deficiency in the alteration of novel modulatory molecules in
the hippocampus and the occurrence of schizophrenia-like
behaviors in mice. However, the possible underlying
mechanisms, related to neuronal plasticity in the hippocampus,
are yet to be elucidated. In this study, we investigated the
hippocampus-dependent memory function and neuronal
architecture of hippocampal neurons in SREBP-1c knockout
(KO) mice. During the passive avoidance test, SREBP-1c KO
mice showed memory impairment. Based on Golgi staining, the
dendritic complexity, length, and branch points were
significantly decreased in the apical cornu ammonis (CA) 1,
CA3, and dentate gyrus (DG) subregions of the hippocampi
of SREBP-1c KO mice, compared with those of wild-type
(WT) mice. Additionally, significant decreases in the dendritic
diameters were detected in the CA3 and DG subregions, and
spine density was also significantly decreased in the apical CA3
subregion of the hippocampi of KO mice, compared with that
of WT mice. Alterations in the proportions of stubby and
thin-shaped dendritic spines were observed in the apical
subcompartments of CA1 and CA3 in the hippocampi of KO
mice. Furthermore, the corresponding differential decreases
in the levels of SREBP-1 expression in the hippocampal
subregions (particularly, a significant decrease in the level in
the CA3) were detected by immunofluorescence. This study
suggests that the contributions of SREBP-1c to the structural
plasticity of the mouse hippocampus may have underlain the
behavioral alterations. These findings offer insights into the
critical role of SREBP-1c in hippocampal functioning in mice.
Keywords: SREBP-1c; hippocampal neuron; dendritic
complexity; structural plasticity; behavioral aberrations
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Brainstem atlas on the sectioned images with
real color and 0.06 mm pixel size

Weerasinghe-Mudiyanselage1, Sung-Ho Kim1, Taekyun Shin4,
Tae-Il Jeon5, Seung-Soon Im6, Changjong Moon1
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University, Gwangju 61186, Korea, 2Department of Basic
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of the Philippines Los Baños, Los Baños 4031, Philippines, 3Herbal
Medicine Resources Research Center, Korea Institute of Oriental
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Anatomy, College of Veterinary Medicine, Jeju National University,
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Artemisia iwayyomogi extract alleviates allergic
airway remodelling via decreasing epithelial
cell-derived cytokines and inhibiting NF-kB
signaling
THI VAN NGUYEN1, Zhen Nan Yu1, Juan Jin1, Suhwan Choi1,
1,2
1,2
Chang Ho Song , Ok Hee Chai
1
Departmentof Anatomy, Jeonbuk National University Medical
School, Jeonju, Jeonbuk, 54896, Republic of Korea, 2Institutefor
Medical Sciences, Jeonbuk National University, Jeonju, Jeonbuk,
54896, Republic of Korea

The combined allergic rhinitis and asthma syndrome (CARAS)
is a chronic airway inflammation of allergic individuals, with
a type 2 immune response. The pathogenesis of allergic airway
inflammation has been well known for the main contribution
of TH1/TH2 imbalance. The epithelial cell-derived cytokines
IL-25, IL-33, and thymic stromal lymphopoietin (TSLP), key
regulatory factors of type 2 immunity, link epithelialmesenchymal communications and induce pathophysiological
changes in the airway. Artemisia iwayyomogi has been used
as an herbal medicine with its hepaprotective, antiinflammation, anti-oxidant properties. In this study, the effect
of Artemisia iwayyomogi extracts (AIE) on the ovalbumin
(OVA)-induced CARAS mouse model was investigated. AIE
administration significantly alleviated the nasal symptoms
such as nasal rubbing and sneezing, markedly down-regulated
both OVA-specific IgE and histamine levels, up-regulated
OVA-specific IgG2a in serum. The infiltration of eosinophil,
goblet cell hyperplasia, and collagen deposition in the nasal and
lung tissues of CARAS mice was effectively ameliorated by
AIE. The AIE treatment group showed markedly suppressed
levels of the TH2 cytokines IL-4, IL-5, IL-13, and the TH2
transcription factor GATA-3, also sharply decreased the level
of TGF-β and eotaxin. Interestingly, the levels of IL-25,
IL-33, TSLP, and NFkB/IkB signaling were significantly
inhibited by the AIE treatment. Based on these results, AIE
could be a potential therapeutic agent in OVA-induced CARAS
by virtue of its role in decreasing the levels of TH2 and epithelial
cell-derived cytokines and inhibiting the NF-kB signaling
pathway. In the future, research is needed to find substances
that have anti-allergic effects in AIE, but the results of the
study suggest the possibility of using AIE as a material for the
treatment of allergic diseases such as allergic asthma.
Keywords: Allergic rhinitis, Asthma, NFkB, epithelial-released
cytokines, Artemisia iwayyomogi
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Ahnak maintains key functions of vertebrate
urinary system
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Sang-Bin Oh , Jong-Min Lee , Seung-Jun Lee , Shujin Li ,
Anish Ashok Adpaikar1, Yun Soo Bae2, Han-Sung Jung1
1
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Taste Research Center, Oral Science Research
Center, BK21 Four Project, Yonsei University College of
Dentistry, Seoul, Korea, 2Department of Life Sciences, Ewha
Woman’s University, Seoul, Korea

Various renal abnormalities including hydronephrosis,
polycystic and hydroureter had been reported and these
symptoms are present in diseases such as DiGeorge syndrome,
polycystic kidney disease, renal dysplasia and acute kidney
failure. However, major target genes of various renal
abnormalities are not elucidated yet. Ahnak plays a role in
diverse processes as blood-brain barrier formation, cell
structure, migration, cardiac calcium channel regulation, and
tumor metastasis. Previous studies have reported that calcium
imbalances cause various kidney diseases. Ahnak is expressed
in intra-cellular locations such as plasma membrane,
cytoplasm and nucleus. In this study, Ahnak localization was
confirmed in developing ureteric bud and urothelium in mouse.
Hydronephrosis, expanded Bowman’s space, loss of
urothelium and hydroureter were observed in Ahnak KO
mouse. We confirmed that imbalance of calcium homeostasis
was observed in Ahnak KO kidney. Moreover, smooth muscle
in ureter has reduced peristalsis movement in Ahnak KO.
These results indicated that Ahnak plays pivotal roles in kidney
and ureter development to maintaining urinary system.
Acknowledgements:This work was supported by the National
Research Foundation of Korea (NRF) Grant funded by the
Korea Government (MSIP) (NRF‐2016R1A5A2008630,
NRF‐2019R1A2C3005294 and NRF-2021R1A2C1005506).
Keywords: Ahnak, Hydronephrosis, Hydroureter, Calcium
homeostasis, Muscle contraction
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Unraveling epithelial population in taste bud for
functional regeneration
Anish Ashok Adpaikar, Jong-Min Lee, Shujin Li, Seung-Jun
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Keywords: Taste receptor cell, Taste bud, Regeneration,
Label retaining cells, Glossopharyngeal Nerve Transection,
Dedifferentiation
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Temozolomide promotes migration and invasion
of glioblastoma cells via upregulation of matrix
metalloproteinase-9 expression
Hien Duong Thanh, Chaeyong Jung
Department of Anatomy, Chonnam National University Medical
School, Gwangju 6469, Korea

Temozolomide (TMZ) is a DNA alkylating anti-cancer agent
and is the current standard therapeutic drug for glioblastoma

multiforme (GBM). Tumor recurrence, along with the
acquirement of cancer cells invasion and metastasis, is a major
obstacle in the management of GBM. Almost all patients
relapse after initial treatment accompanied by a median
survival of 12-14 months. To verify the effects of TMZ on
tumor invasion of GBM cells, we tested whether TMZ
treatment affects the expression of matrix metalloproteinases.
TMZ induced a significant uprising of matrix metalloproteinase-9
(MMP9) in most GBM cells. GL261 and U87MG treated with
TMZ showed significantly enhanced expression of MMP9.
Using syngeneic mice bearing GL261 tumors, TMZ promoted
the expression of MMP9 demonstrated by both western blot
and immunohistochemistry. TMZ also induced dramatic
morphologic changes of tumor cells; pleomorphic undifferentiated
cells with euchromatic nuclei and large nucleoli. MMP9 is a
member of the MMPs family involved in the degradation of
extracellular matrix (ECM) which leads to improving cancer
cells invasion. Our study also showed that enhanced expression
of MMP9 by TMZ contributed to the promotion of gelatinolytic
activity and cancer cell invasion in GBM cells demonstrated
by zymography and invasion assay. Here we report that TMZ
treatment in GBM may activate a fraction of cancers becoming
highly invasive malignant cancer cells.
Keywords: Temozolomide, Glioblastoma, Matrix metalloproteinase-9,
MMP9, Invasion
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Undaria pinnatifida extract attenuates allergic
airway inflammation by the modulation of
epithelial cell dysfunction and oxidative stress
Zhennan Yu1, Thi Van Nguyen1, Juan1, Yuna Jiang1, EuiHyeog
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Undaria pinnatifida (U. pinnatifida), a brown alga commonly
grown in the oceans of East Asia, has long been a part of human
diet and medicine. Though U. pinnatifida has been reported to
have immunomodulatory, anti-inflammatory, anti-oxidant,
anti-diabetic and anti-bacterial activities, its specific effect
on combined allergic rhinitis and asthma syndrome (CARAS)
has not been clarified. In this study, the anti-allergic and
anti-inflammatory effects of U. pinnatifida extract (UPE)
were investigated in a mouse model of ovalbumin (OVA)induced CARAS. The oral administrations of UPE inhibited
allergic responses by reducing OVA-specific immunoglobulin
levels; accordingly, symptoms in early reactions were also
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Taste receptor cells are neuro-epithelial cells that are
renewed continuously. Taste buds degenerate upon
transection of the innervating nerve and begins to regenerate
following reinnervation. However, some of the taste receptor
cells remain independent of the nerve after nerve transection
in the circumvallate papilla epithelium. The roles and fate of
these remaining taste receptor cells are still unknown. Here,
by using pulse-chase labeling of BrdU, we showed that some
of the taste receptor cells were maintained in the degenerated
taste bud region as long-term label retaining cells and did not
degenerate according to their determined lifespan. Remaining
long-term label retaining cells expressed both Type II and
Type II taste receptor cell markers. Using Glossopharyngeal
nerve transection, we showed that the label retaining cells were
maintained even after regeneration of taste bud. Lineage
tracing using inducible cre knockin with Rosa26-tdToamto
results showed that Lgr5 (leucine-rich repeat-containing
G-protein-coupled receptor 5) positive stem cells and K14
(Keratin 14) positive progenitor cells did not give rise to all
the cells in regenerated taste buds. In this study we showed
that the remaining taste receptor cells after nerve transection
may participate in the regeneration of the taste bud by
dedifferentiaition. These dedifferentiated cells express the
progenitor cell markers give rise to both Type II and Type III
taste receptor cells. Thus, we proposed that multiple cell pool
harmoniously participate during regeneration of taste bud
following injury. Acknowledgement: This work was supported
by the National Research Foundation of Korea (NRF) Grant
funded by the Korea Government (MSIP) (NRF‐2016R1A5A
2008630, NRF‐2019R1A2C3005294) and The Bio & Medical
Technology Development Program of the National Research
Foundation (NRF) & funded by the Korean government
(MSIP&MOHW) (No. 2017M3A9E4048172)

significantly improved. UPE inhibited the accumulation of
inflammatory cells in both nasal and bronchoalveolar lavage
fluid and tissues. UPE also attenuated the expression of Th2
cytokines (IL-4, IL-5, IL-13) and up-regulated the secretion
of Th1 cytokines（IL-12, IFN-γ）in nasal and bronchoalveolar
lavage fluid. Furthermore, UPE treatment inhibited the
mitogen-activated protein kinase and nuclear factor-kappa
B signaling pathway in lung homogenates. Also, UPE treatment
protected the epithelium integrity by preventing the epithelial
shedding from nasal mucosa, enhancing the expression of the
E-cadherin in cell-to-cell junctions of epithelium, as well as
inhibiting the degradation of zonula occludens-1 and occludin
from the airway epithelium. In addition, UPE ameliorated the
dysfunction of the nasal epithelial barrier by enhancing
antioxidant properties, enhancing the expression of nuclear
factor (erythroid-derived 2)-like 2 and activated superoxide
dismutase, leading to increased synthesis of the anti-inflammatory
enzyme heme oxygenase-1 and decreased malondialdehyde.
UPE attenuated epithelial cell damage and thus
down-regulated the expression of the inflammatory factor
IL-33. These results suggest that UPE may potentially treat
CARAS by modulating epithelial cell dysfunction and oxidative
stress, thereby attenuating the release of IL-33.
Keywords: Combined allergic rhinitis and asthma syndrome,
Undaria pinnatifida, Nasal epithelial barrier dysfunction,
Antioxidant, IL-33
채옥희 | 전북대학교 의과대학 · okchai1004@jbnu.ac.kr

O-41
Molecular profiling of habenula in the chronic
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restraint stress rat model
Hyeijung Yoo1, Hyun Jung Kim4, Soo Hyun Yang1, Gi Hoon Son2,
3
1
1
Jeong-An Gim , Hyun Woo Lee , Hyun Kim
1
Department of Anatomy, College of Medicine, Korea University,
2
Department of Legal Medicine, College of Medicine, Korea
University, 3Medical Science Research Center, College of
Medicine, Korea University, 4Graduate School of Medical Science
and Engineering, Korea Advanced Institute of Science and
Technology (KAIST)

Chronic stress is on of the risk factors of depression, and we
hypothesized that the gene expression profile of the habenula,
which associated with many neuropshchiatric disorder would
be changed by chronic restraint stress. The transcriptome of
rat habenula after chronic restraint stress was analyzed, and
we selected 379 differentially expressed genes (DEGs). Using
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis and Gene Ontology (GO) pathway analysis, we
identified few biologic pathways related to the DEGs.
Especially, neuroactive ligand-receptor interaction, circadian
entrainment and synaptic signaling were identified as
significantly enriched pathways. Measuring expression levels
of DEGs in mouse habenular single-cell sequencing analysis
revealed that the important DEGs related to neuroactive
ligand-receptor and synaptic signaling were mainly expressed
in medial habenular neurons. These key molecular targets
indicate important factors of habenular response to stress and
provides a valuable resource for future study.
Keywords: Habenula, Chronic stress, Gene expression
profiling
김현 | 고려대학교 의과대학 · kimhyun@korea.ac.kr
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P-1
Nerve innervations and blood supply of
popliteus: An anatomical cadaveric study
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1

Anna Jeon , Ye-Gyung Kim , Je-Hun Lee , Seung-Ho Han
1
Department of Anatomy, College of Medicine, Ewha Womans
University, 2Department of Anatomy, College of Medicine,
Chung-Ang University, 3Anatomy Laboratory, College of Sports
Science, Korea National Sport University

Introduction: The aim of this study was to investigate the nerve
and artery relationship and the tibial attachment region of the
popliteus (PT) using anatomical methods. Methods:
Forty-four non-embalmed and embalmed extremities were
dissected for this study. To measure the attachment area of
the PT, the most prominent point of the medial epicondyle of
the femur (MEF), and the most prominent point of the medial
malleolus of the tibia (MPM) were identified before dissection.
A line connecting the MEF and the MPM was used as the
reference line, using the MEF as the starting point. This study
also investigated the origin and entry point of the nerve with
the artery when the PT muscle was divided into three equal
parts in the coronal plane. Results: The mean distance of the
reference line was 34.6 ± 2.1 cm. The origin site of PT was
attached from 16.6% to 35.2% on the tibial bone from the
proximal region. In 90% of the cases, the PT was innervated
by the tibial nerve only, and in 10% of the cases, the PT was
innervated by the tibial nerve and the sciatic nerve. In 90.0%
of the cases, the inferior medial genicular artery was involved
in the blood supply to the PT. Discussion: The anatomical
investigation of the PT in this study will help identify patients
with clinically relevant syndromes.
Keywords: Popliteus muscle, Blood supply, Nerve innervation,
Anatomical study
한승호 | 이화여자대학교 의과대학 · sanford@ewha.ac.kr

P-2
셋째종아리근힘줄 닿는곳의 분류 및 형태계측에 대한
시신 해부 연구
Hyungwook Kwon1, Jaeho Cho2, Digud Kim1, Kwangrak Park3,
Mijung Lee1, Yujin Choi1, Jeonghyun Park1
1
Department of Anatomy & Cell Biology, Graduate School of
Medicine, Kangwon National University, 2Department of
Orthopedic Surgery, Chuncheon Sacred Heart Hospital, Hallym
University, 3Department of Anatomy, Keimyung University
School of Medicine

셋째종아리근(peroneus tertius)은 종아리뼈의 안쪽면에서 시
작하여 5번째 발허리뼈에 부착하는 근육으로 일반적으로 다섯째
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긴발가락폄근의 일부로 여겨지는데, 셋째종아리근의 힘줄은 다
섯째발허리뼈 (fifth metatarsal bone)의 등쪽면 (dorsal
surface)에 닿게 되어 발의 발등굽힘 및 가쪽번짐 작용하는 것으로
알려져 있다. 한편, 다섯째발허리뼈의 몸쪽(proximal) 부분의 찢
김골절 (avulsion fracture)은 발에서 가장 흔히 발생하는 골절로
해당 골절에서 다섯째발허리뼈에 닿는 셋째종아리근의 힘줄의 역
할에 대해서는 아직까지 명확하게 연구되지 않은 실정이다. 이에
본 연구에서는 한국인 시신을 대상으로 셋째종아리근힘줄의 닿는
곳의 형태를 분류하고 위치에 대한 계측을 분석하여 다섯째발허리
뼈의 찢김골절의 발생 기전에 작용하는 셋째종아리근힘줄의 역할
을 이해하는데 기초적인 해부학적 근거를 마련하고 하고자 하였
다. 본 연구를 위하여 포르말린으로 고정된 한국인 시신 19구(남자
시신 12구, 여자 시신 7구)를 사용하여 35쪽의 발을 해부하였다.
남자가 23쪽, 여자 12쪽이었으며, 사망당시 평균 나이는 78.9세였
다. 시신은 바로 누운 자세로 위치시킨 후, 발등부위의 피부를 절개
하여 피부밑물렁조직을 완전히 제거한 다음 셋째종아리근힘줄을
노출하여 닿는곳의 형태를 관찰하였다. 셋째종아리근힘줄의 닿
는곳의 형태 분류는 다섯째발허리뼈를 기준으로 시행된 Ercikti
등의 분류법을 사용하였고, 힘줄의 닿는곳 발바닥(footprint of
insertion) 너비를 측정하여 유형별로 분석하였다. 연구 결과, 셋
째종아리근힘줄이 1갈래(제1유형)인 경우는 40%, 2갈래(제2유
형)인 경우가 60%였다. 세부 분류로는 힘줄이 없는 경우가 남자
3쪽 여자 2쪽이었으며(14.3%), 제1-1유형(A)은 남자 1쪽 여자
0쪽(2.9%), 제1-2유형(B)은 남자 6쪽 여자 2쪽(22.9%), 제1-3
유형(C)은 남자 4쪽 여자 4쪽(22.9%), 제1-4유형(D)은 남자가
1쪽 여자 0쪽(2.9%), 제2-1유형(E)은 남자가 8쪽 여자가 4쪽
(34.3%)이였고 제2-2유형(F)은 발견되지 않았다. 셋째종아리
근힘줄 닿는곳의 발바닥 너비는 제1-1유형이 14.00 mm, 제1-2
유형이 19.38 ± 4.30 mm, 제1-3유형이 16.00 ± 3.89 mm, 제1-4
유형이 25.00 mm, 제2-1유형이 18.75 ± 6.18 mm였다. 셋째종
아리근힘줄의 너비는 성별과 좌우에 따른 차이가 없었다. 본 연구
를 통해 셋째종아리근힘줄의 닿는곳의 형태는 다섯째발허리뼈를
몸쪽거친면(proximal tuberosity)에 부하가 가능할 것으로 예측
되었으며, 이를 근거로 다섯째발허리뼈 찢김골절 (avulson
fracture)과 관련하여 셋째종아리근힘줄의 닿은곳의 도식화
(mapping)연구나 생체역학연구 (biomechanical study)의 필요
성을 제시하는 바이다.
Keywords: 한국인 시신, 셋째종아리근, 힘줄, 닿는곳, 다섯째발
허리뼈
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Relationship of soft tissue attachment of the
temporal fasciae and the temporal branch of the
facial nerve
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P-4
Morphological characteristics of course and
location of sciatic nerve leaving the pelvis in
Korean population : A cadaveric study
Kwang rak Park, Soo jung Jung, Jae ho Lee
Department of Anatomy, School of Medicine, Keimyung
University, Daegu

The sciatic nerve(SN) is the largest peripheral nerve of human
body. SN normally leaves the pelvis by passing through the
greater sciatic foramen below piriformis muscle(PM). This
nerve divides into two terminal branches, common peroneal
nerve (CPN) and tibial nerve (TN) usually at the superior angle
of popliteal fossa. The results of anatomical variation and
clinical practice of SN and PM have been described by several
authors. Recently, researches on the nerves of the gluteal
region for clinical treatment, skin flap surgery, and imaging
diagnosis have been conducted. The purpose of this study is
to classify the type of sciatic nerve leaving the pelvis in the

Keywords: Sciatic nerve, Piriformis muscle, Common peroneal
nerve, Tibial nerve, Morphology
이재호 | 계명대학교 의과대학 · anato82@dsmc.or.kr

P-5
한국인 시신에서 복장뼈 길이에 따른 키 추정: 예비연구
최유진1,2, 조재호3, 이미정2, 박광락4, 김디귿2, 권형욱2, 박정현2
1
경기북구경찰청과학수사과, 2강원대학교의학전문대학원해부학교
실, 3한림대학교춘천성심병원정형외과, 4계명대학교의과대학해부
학교실

최근까지 복장뼈 계측으로 키 추정을 함에 있어 일괄된 평가가 없
었으며, 토막시신이나 부패시신에 있어 복장뼈가 키추정에 있어
유용하다는 선행 연구가 이루어졌음에도 불구하고 한국인을 대상
으로 한 연구는 보고되지 않았다. 이에 본 연구에서는 한국인 시신
의 성별에 따른 복장뼈 길이와 키의 상관관계를 규명하고, 한국인
의 체질인류학적 특성과 신원확인을 위한 법의학적 기초자료로
사용하기 위하여 키 추정 방정식을 도출하고자 하였다. 국내 2개의
의과대학/의학전문대학원 해부학교실에 기증된 한국인 시신 총
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The temple consists of three fascial layers: the superficial
temporal fascia, the superficial and the deep layers of the deep
temporal fascia. An easily surgical plane identified between the
superficial and the deep temporal fascia. Inferior temporal
septum(ITS) is a partial attachment between the superficial
and deep temporal fasciae, and the dissection plane is lost at
the point. The aim of the present study was to identify
relationship of ITS and the temporal branch of the facial
nerve(TBFN) and to provide safe guidelines for avoiding nerve
injury. 25 sides of the temporal regions were dissected from
18 Korean cadavers. A temporal flap was made gently through
the subgalea plane, preserving the dens connective tissue
attachments (ITS) between the two temporal fasciae.
Location and relationship of the ITS and TBFN were
investigated with reference to several facial landmarks. At the
level of the inferior orbital margin, the mean distances from
the lateral canthus(LC) to the anterior, posterior branches of
TBFN and ITS were 50.6, 61.7 and 78.4 mm, respectively.
Mean horizontal distance from the lateral orbital margin to ITS
was 43.3mm, and mean vertical distance from the Frankfort
line to ITS was 21.1mm. The present study identified the
detailed relationship between ITS and TBFN and will help
surgeons to avoid the nerve injury.

Korean population, and to provide clinically applicable
information to surgeons by examining the course distribution
of the sciatic nerve based on the bony mark The dissection was
performed on 20 lower limbs(10 right, 10 left) fixed in formalin
mixture. The possible relationships between the SN and PM
were first categorized by Beaton and Anson into the following
six morphological types. Type 1: SN passing below the inferior
margin of PM ; Type 2: The CPN exits through the PM and
TN exits below the PM; Type 3: The CPN exits above the PM
and TN exits below the PM; Type 4: SN exits through the PM;
Type 5: The CPN exits above the PM and TN through the PM;
Type 6: SN passing above the superior margin of PM. We
identified three types in the Korean population. Type 1 showed
the most common prevalence with 17 limbs (85%). The
prevalence of 1 limb (5%) in type 2 and 2 limb (10%) in type
3 was shown. An imaginary line using the mid-sagittal line
(Y-axis) and a horizontal line (X-axis) perpendicular to the
mid-sagittal line was set centered on the tip (0 point) of the
coccyx. The coordinates of the point where the SN exits the
PM and the distance between the X axis and the cross point
were measured. The horizontal distance (X coordinate) of the
point where the SN exits the PM was 72.82(±7.87) mm, and
the vertical distance (Y coordinate) was 37.52(±15.08) mm.
The distance between the SN and the cross point of the X-axis
was confirmed to be 89.34(±11.25) mm In this study, 15%
of anatomical variation was shown in the classification of the
form in which the SN exits the PM, and information on the
location of the SN centered on the bony mark was provided.
This is thought to be useful as basic data to avoid damage to
the SN during surgical intervention in the gluteal region.

17구에서 복장뼈의 길이와 키를 측정하였다. 복장뼈의 길이 중 복
장뼈자루의 길이는 목아래패임 정중앙에서 복장뼈몸통 시작지점
정중앙까지의 길이였고, 복장뼈몸통의 길이는 마루와 몸통의 관
절 정중앙 부분에서 칼돌기관절의 정중앙부위의 길이를 기준으로
하였다. 키는 바로누운자세에서 머리의 가장 위쪽끝에서 발꿈치
끝까지의 거리를 측정하였다. 복장뼈와 키의 연관성을 추정하기
위하여 SPSS ver 25.0을 사용하였으며, 성별 비교는 MannWhitney 검정을 실시하였고, 키 추정 방정식은 회귀분석으로 도
출하였다. 키는 160±7.96 cm, 복장뼈자루의 길이는 49.20±5.06
cm, 복장뼈몸통의 길이는 141.01±15.87 cm이며, 복장뼈자루와
복장뼈몸통 길이를 합한 길이는 160.21±16.87 cm로 나타났다.
복장뼈마루와 키와의 상관관계는 없었으며(p=0.574) 복장뼈몸
통과 키와의 상관관계도 없었다(p=0.364).이에 복장뼈의 길이
와 키 사이의 관계에서 키추정 방정식을 도출하는 것이 한국인에
키추정 판별에 있어 어려울 것으로 추정된다. 결과적으로 본 연구
에서는 시신의 수가 적어 성별이나 회귀분석에서 유의한 결과값의
도출이 어려웠고, 추후 더 많은 개체수를 확보하여 추가로 연구하
여야 할 것이다.
Keywords: 한국인, 복장뼈, 법의학, 키 추정, 회귀분석

of the TFL, it was reconstructed in three dimensions using
photogrammetry software. After reconstruction, the length of
the TFL from the anterior superior iliac spine (ASIS) and the
width were measured using 3D analysis software. then After
the measurement, the muscle was harvested, and the
innervation pattern in the muscle was confirmed through the
modified Sihler's nerve staining method. The average location
of the distal end of the TFL was 170.62 cm from the ASIS. This
distance corresponds to an average of 34.63% of the length
from ASIS to the head of the fibula. The average width of the
TFL at the midpoint of the muscle belly was 21.39 mm. The
average range of distribution of intraneural arborization of the
anterior half portion was 45-62% of the muscle, and in the
posterior half portion was 48-70%. The results of this study
are considered to be helpful in the efficient injection of
botulinum toxin for TFL as well as various invasive and
non-invasive treatments targeting TFL. Funding: This work
was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korean government ((MSIP)
(NRF-2019R1C1C1010776)

박정현 | 강원대학교 의학전문대학원 ·
jhpark@kangwon.ac.kr

Keywords: Tensor fasciae latae, Sihler method, intramuscular
neural arborization, botulinum toxin
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The morphometry of the tensor faciae latae: the
location and the Intramuscular neural
distribution
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Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK21
FOUR Project, Yonsei University College of Dentistry, Seoul,
South Korea, 2Department of Materials Science and Engineering,
College of Engineering, Yonsei University

Tensor fasciae latae (TFL) is one of the hip abductor muscles.
The TFL contributes to stabilizing the hip joint and balancing
the body during walking. Excessive muscle tightness or
shortening of muscles following total hip arthroplasty can
cause hip joint imbalance and pain in the hip joint, lower back,
and knee. To relieve muscle tension or shortening, various
treatment methods such as botulinum toxin injection as well
as behavioral therapy such as stretching can be implemented.
Knowing information about the morphology of the target
muscle can help with efficient botulinum toxin injection.
Therefore, we tried to clarify the morphology of TFL include
the location of the muscle and the distribution pattern of the
intramuscular neural arborization. In this study, 11 legs from
embaled Korean adult cadavers were used (3 females and 6
males, mean age 77.11). For more quantitative measurement
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Anatomical study for clarifying the
cross-sectional area of the mandibular nerve at
the level of foramen ovale: Its clinical
significance
Peng-Bo Zhu1,2, Yanguk Heo1,2, Yeon-Dong Kim2,3, Hyung-Sun
Won1,2
1
Department of Anatomy, Wonkwang University School of
Medicine, 2Jesaeng-Euise Clinical Anatomy Center, Wonkwang
University School of Medicine, 3Department of Anesthesiology
and Pain Medicine, Wonkwang University School of Medicine

Percutaneous within-foramen ovale radiofrequency thermocoagulation
(RFTC) is a new approach to treat trigeminal neuralgia
involving isolated mandibular nerve. During this manner, the
accurate positioning of electrode tip to the sensory component
of mandibular nerve within the foramen ovale is necessary for
successful outcome. This study was performed to clarify exact
anatomical information related to the localization of an
electrode tip to the sensory component of mandibular nerve
at the level of foramen ovale. Nighty-two hemi-half heads
from 51 Korean adult cadavers were used for this study. The
nerve connections of the branches of mandibular nerve were
classified into five types. Type I (55.4% of the specimens) was
no nerve connection. Type II (21.7%) was the case having the

nerve connection between the inferior alveolar and lingual
nerves. Type III (17.4%) was the case having the nerve
communication between the auriculotemporal and inferior
alveolar nerves. Type IV (2.2%) was the case having the nerve
communication between the lingual nerve and nerve to the
mylohyoid. Type V was the case that the lingual nerve
connected with an unidentified nerve anteriorly from the
region of the lateral plate of the pterygoid process, which was
found in 3.3%. At the level of foramen ovale, the
cross-sectional area of the posterior division of mandibular
nerve was significantly larger than that of the anterior division
(p < 0.01). The anterior division was commonly located at the
anterior region of foramen ovale. These results are expected
to provide helpful information for the ideal localization of an
electrode tip at the level of foramen ovale in selective RFTC,
and for the prediction of clinical symptoms related to the
connections between the branches of mandibular nerve. [This
work was supported by the National Research Foundation of
Korea (NRF) funded by the Ministry of Education (grant no.
NRF-2021R1I1A3049699).]
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삼차원 얼굴 모델 계측을 위한 정중시상면 호환성 검증:
콘빔과 다중검출기 컴퓨터단층촬영법
Dong-Ho Kim1, Eun-Ju Jung1, Se-Hyun Oh1, Won-Joon Lee2,
1
1
1
Sang-Seob Lee , Yi-Suk Kim , U-Young Lee
1
Department of Anatomy · Catholic Institute for Applied Anatomy,
2
Department of Forensic Medicine Investigation, National
Forensic Service Seoul Institute

해부학적 분석을 위한 영상 촬영에 콘빔컴퓨터단층촬영 (Conebeam computed tomography, CBCT) 사용이 증가하는 추세이
다. 부채꼴 모양의 광선을 이용하는 다중검출기컴퓨터단층촬영
(Multi-detector computed tomography, MDCT)와 달리,
CBCT는 원뿔모양의 광선을 사용하는 촬영 방법이다. CBCT는
MDCT보다 저선량 노출 촬영이 가능하고 비용이 저렴하지만, 촬
영 영역이 좁다는 단점을 갖고 있다. 얼굴복원을 위한 머리를 촬영
하는 경우에도 CBCT로 촬영한 머리 모델은 좁은 촬영 영역으로
인해 뒤통수를 포함한 머리 뒤쪽이 촬영되지 않는 문제가 있다.
기존에 사용하던 MDCT 기반 모델을 위한 계측 시스템에서 가장
처음 정의되는 median sagittal plane (정중시상평면)은 머리뼈
의 앞뒤 형태를 전체적으로 반영하기 위해 nasion (코뿌리점),
prosthion (위턱앞점), lambda (시옷점)의 세 점을 사용했다. 그
러나 CBCT 기반 모델에선 뒤통수뼈의 표지점을 사용할 수 없다는

Keywords: 삼차원, 계측, 얼굴 모델, CBCT, MDCT
이우영 | 가톨릭대학교 의과대학 · cicloaum@catholic.ac.kr

P-9
3D computer assisted customized implant
making by 3D printed replica bone cement R
(Depuy synthes)
1

2

3

박사범 , 윤영묵 , 박정현
1
홍익대학교바이오헬스혁신공유대학사업단,
과, 3강원대학교의학전문대학원해부학교실

2

대전페이스성형외

환자 개개인의 상태에 맞는 뼈 보형물을 제작하는 것은 어려운 문
제였으나, 최근 3차원 진단기기와 3D printing 기술의 발달로 관련
연구가 진행되고 있다. 하지만 3D printing이 가능한 재료는 인체
에 무해한 티타늄, 티타늄알루미늄 합금, PEEK(ceramic)으로 제
한적인 상황이다. 이에 임상에서 안전성을 검증받은 bone cement
라는 재료를 3D printing된 틀을 사용하여 3차원 맞춤형 보형물을
제작하고, 수술시 활용함으로서 성공적인 결과를 도출하고자 하
였다. 성형외과 분야에서 하악왜소증 해결과 구개열 환자의 뼈 복
원에 본시멘트 재료와 3D Printing기술을 활용한 맞춤형 보형물을
제작하였다. Mimics 프로그램으로 환자의 CBCT데이터를 3차원
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한계가 있다. 그래서 CBCT 모델의 좌우를 나누는 median sagitaal
plane을 만드는 데에 nasion, prosthion, bregma (정수리점)을
사용하였다. 다만 MDCT 모델용과 CBCT 모델용 median sagittal
plane을 구성하는 표지점의 차이가 있기 때문에, 기준평면의 호환
성을 확인할 필요가 있다. 한국인 여자 성인과 남자 성인을 20대부
터 50대까지 각 연령대별 5명씩 무작위로 추려 총 40명의 계측
결과를 분석하였다. Lambda를 사용한 기준평면과 bregma를 사
용한 기준평면 사이의 각도를 측정하고, 표지점에서 기준평면까
지의 거리를 구하여 CBCT와 MDCT 계측 템플릿 사이의 오차를
계산했다. 표지점은 정중표지점 (vertex, glabella, rhinion,
nasospinale, gnathion)과 양측표지점 (frontotemporale, frontomalare
temporale, euryon, zygion, midmasseter, gonion)으로 선택하
였다. MDCT 계측용 기준평면과 CBCT 계측용 기준평면의 차이
는 median sagittal plane이 평균 2.50 ± 2.02도, coronal plane이
평균 2.49 ± 2.01도, transverse plane이 평균 0.29 ± 0.31도였
다. 각 표지점이 세 기준평면과 이루는 거리를 계산하여, MDCT
계측용 기준평면, CBCT 계측용 기준평면과의 평균 거리의 차이
가 유의한 지를 대응 t검정으로 확인하였다. 모든 계측점에서
MDCT 계측용 기준평면과 CBCT 계측용 기준평면의 차이는 통계
적으로 유의하지 않았다 (양측 유의확률 p <0.05). 이러한 결과는
CBCT로 촬영한 모델을 위한 계측 시스템이 기존 MDCT 모델용
계측 시스템과 호환이 가능하다는 것을 보였다. 그러나 머리뼈 앞
부분의 비대칭이 확연한 개체의 경우 bregma를 사용하는 것보다
lambda를 사용하는 것이 보다 정확한 계측과 얼굴복원 결과물을
이끌어 낼 것이라고 여겨진다. 다만 뒤통수가 온전하게 촬영되지
않은 경우나, 뒤통수가 손실된 머리뼈를 계측할 때 새로이 정의된
CBCT 모델용 계측 시스템을 활용할 수 있을 것으로 기대한다.

데이터로 변환한 뒤, 3Ds Max, Zbrush의 모델링 제작툴로 보형물
의 형태를 디자인하였다. 보형물의 형태에 맞는 틀을 치과용 3D
Printer(FDM방식, ABS-100필라멘트)를 이용하여 출력한 뒤,
플라즈마 소독후, bone cement 재료를 틀에 부어 뼈보형물을 제작
하였다. 수술부위를 박리하여 bone cement로 제작된 보형물을
삽입 후 고정하였다. 하악왜소증 환자를 위한 맞춤형 보형물은 환
자의 턱끝과 유격발생 없이 일치하게 붙어 턱의 높이와 체부를 연
장시켰다. 구개열 환자의 부족한 코바닥의 볼륨을 맞춤형 보형물
이 채움으로써 주저앉았던 코의 형태와 위치를 올바르게 복원하였
다. 본 임상수술에서는 환자의 CBCT를 3차원 분석하고 환자의
형태학적으로 보완 및 재건이 필요한 부위에 맞춤형 보형물 디자
인을 설계하고 본시멘트로 제작하여 활용함으로써 보형물 이탈현
상이 없고, 수술시간 단축, 수술 만족도 향상 등의 성공적인 수술결
과를 도출하였다. 이에 bone cement를 이용한 3D 맞춤형 보형물
은 성형수술뿐만 아니라 여러 분야의 재건 수술에 활용될 것으로
기대한다.
Keywords: 본시멘트, 재건수술, 3D프린팅, 맞춤형보형물,
Mimics
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P-10
Clinical anatomy of the deep temporal artery for
the temple augmentation procedure; Cadaveric
and ultrasonographic study
Hyungkyu Bae1, You-Jin Choi1, Young-Chun Gil2, Kyung-Seok
Hu1, Hee-Jin Kim1,3
1
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK21
FOUR Project, Yonsei University College of Dentistry, Seoul,
South Korea, 2Department of Anatomy, Chungbuk National
University School of Medicine, Cheongju, South Korea, 3Department
of Materials Science & Engineering, College of Engineering,
Yonsei University, Seoul, South Korea

The aim of this study was to determine the anatomical features
of the deep temporal arteries (DTAs) and thereby provide
clinical information for temple augmentation procedure.
Fourty-two adult hemifaces from 6 Thai cadavers and 16
Korean cadavers (12 males, 9 females; mean age, 79.6 years)
with no history of trauma or surgical procedure on their temple
area were used for anatomical study. A detailed dissection was
performed to identify the locations of the anterior and posterior
deep temporal artery with reference to the vertical plane
passing through the zygomatic tubercle (VP). Fifty-eight
healthy young Korean subjects were included in ultrasonographic
study. The distance from the bone to the DTAs were measured
at the level of the zygomatic tubercle (HZt) and the eyebrow
(HEb). For the results, neither DTA was not found within the
range of 7.2 – 12.6 mm posterior to the zygomatic tubercle;
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instead, the locations varied widely at the level of the eyebrow.
The distances from the bone to the ADTA were 1.33 ± 0.78
mm (mean ± SD) and 1.67 ± 1.22 mm at HZa and HEb,
respectively, while those to the PDTA were 1.95 ± 1.37 mm
and 2.09 ± 1.19 mm. Our findings indicate that at the zygomatic
tubercle level, the area 1 cm posterior to the zygomatic tubercle
can be suggested as the safe area for injections in deep temple
augmentation. On the other hand, since the distribution pattern
of the DTAs at the eyebrow level and depth of the DTAs vary,
additional care is required to minimize the risk in deep temple
augmentation.
Keywords: Temple augmentation, Ultrasonography, Deep
temporal artery, Filler injection, Aesthetic procedure
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P-11
Cone-beam CT evaluation of the palate for
miniscrew-supported maxillary skeletal
expander
Heung-Joong Kim, Yonghwa Cho, Sun-Kyoung Yu
Department of Oral Anatomy, College of Dentistry, Chosun
University, Gwangju, Korea

The maxillary skeletal expander (MSE) is the most recently
developed device that is utilized for skeletal expansion by
splitting the midpalatal suture by implanting the 4 miniscrews
to the palate for Class Ⅲ malocclusion patients. In the previous
researches, on the other hand, many researches have been
focused on the midpalatal suture area and the anterior palate
area behind the incisive foramen to determine the position and
length of a single miniscrew to obtain adequate initial fixation
and stable retention. Therefore, the purpose of this study was
to measure the thickness of the palatal bone and the palatal soft
tissue for miniscrew-supported maxillary skeletal expander
using cone-beam CT images. The thicknesses of the palatal
bone and soft tissue were measured in cone-beam CT images
obtained from 58 patients. All 20 points were crossing points
between five levels, which were defined at 3 mm intervals
relative to the line connecting the central fossae of the first
molar (Level 0), and 2 mm and 4 mm lateral to the
anteroposterior reference line (AP line). The palatal bone was
significant thicker in males than females in the anterior palate
up to Level 0, while there was no significant sex-related
difference in the posterior palate. There was a tendency for
the thickness to decrease in the posterior direction, except in
females at 2 mm lateral to the AP line. The palatal soft tissue
was significant thicker in males than females in all positions.
At 2 mm lateral to the AP line, the palatal soft tissue thickness

decreased in the posterior direction. A 4 mm lateral to the AP
line, it initially decreased in the posterior direction, and then
increasing again at Level–6 (6 mm posterior of Level 0). As
the lateral distance from the AP line increased, the palatal bone
thickness decreased while the palatal soft tissue thickness
increased. These findings provide quantitative data on the
palatal bone and soft tissue thicknesses for the miniscrewsupported MSE in the posterior palate.

pulsatile human fresh cadaver model in vascular ultrasound
training. Ultrasound vascular measurements in pulsatile
cadaver model would also supplement the limitation of the
dissection study, which cannot provide quantitative
information of internal diameter of vessels. This study was
supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the
Ministry of Education (NRF-2021R1I1A1A01049137).

Keywords: Orthodontic miniscrew, Maxillary skeletal
expander, Palatal bone thickness, Palatal soft tissue thickness

Keywords: Preoperative ultrasound vascular mapping,
pulsatile human cadaver model, vascular ultrasonography,
arterial duplex scanning, venous duplex scanning
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Application of the pulsatile human cadaver
model in the preoperative ultrasound vascular
mapping of the forearm
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P-13
Cone-beam CT evaluation of the lingual
foramen and the lateral lingual foramen foramen
to avoid surgical complications in elderly
patients
Heung-Joong Kim, Jinwoong Lim, Sun-Kyoung Yu
Department of Oral Anatomy, College of Dentistry, Chosun
University, Gwangju, Korea

Preoperative ultrasound vascular mapping is an imaging
technique commonly used to select blood vessels for surgical
arteriovenous fistula (AVF) creation. The accuracy of the
ultrasound vascular mapping largely depends on operator’s
technique, so the needs for training vascular surgeons/
radiologists are required. However, chances for the trainee in
clinical field are limited due to ethical issues, and application
of ultrasound vascular mapping in fresh cadaver model is also
difficult due to lack of circulation and vascular collapse. The
aim of this study is to apply pulsatile human fresh cadaver to
the ultrasound vascular mapping, thus to develop a clinically
valuable model. An extracorporeal metering pump was
connected to subclavian artery via flexible tube for arterial
perfusion of upper extremities. For venous perfusion, normal
saline was infused with a pressure infusor device into distal
superficial veins. Tourniquet was applied proximally for
venous filling before ultrasound measurements. Ultrasound
scanning was performed using a HS50 Ultrasound System
(Samsung Medison Co., Seoul, Korea) with a linear high
frequency transducer LA3-14AD (Samsung Medison Co.,
Seoul, Korea). Ultrasound measurements included depth and
internal diameters of upper extremity vessels, particularly
focusing on those located in antecubital fossa. The increases
in A-P diameter the upper extremity vessels, particularly
those from superficial veins, imply the morphological change
of the vessels to the round shape and applicability of the

There has been regular reports of unexpected complications
such as life-threatening hematoma, temporary nerve disturbance,
or long-lasting neuropathy following implant placement in the
edentulous mandible. The surgical complications can occur as
a result of damage to the external vascular supply passing
through the accessory foramen caused by excessive reflection
of the lingual mucoperiosteal flaps for implant-bed preparation,
or perforation of the lingual cortical plate by instrumentation.
In addition, in elderly people with high morbidity for these
chronic diseases, attention to these accessory foramina is
particularly important during surgical procedures such as
implant placement, genioplasty, and bone grafting. Therefore,
the aim of this study was to determine the morphologic
characteristics of the lingual foramen and lateral lingual
foramen using cone-beam CT in elderly patients. Cone-beam
CT images were obtained from 80 patients older than 50 years
(mean age, 65.2 years). The prevalence of the lingual and
lateral lingual foramina was determined. The diameter and
height to the upper margin of the foramina from the mandibular
inferior border, and the bone height to the alveolar crest from
the mandibular inferior border were measured. In addition, the
location of the lateral lingual foramen, the direction of its canal,
and the presence of communication with the mandibular canal
were evaluated. All of the patients possessed at least one lingual
foramen, with two or three foramina occurring in 77.5% of
patients. A lateral lingual foramen was observed in 91.3% of
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patients, with the prevalence being highest at the second
premolar in dentulous cases (21.6%; 33/153). The very high
frequencies of these foramina were attributable to high
frequencies of relatively small-diameter inferior lingual
foramen and lateral lingual foramen in the incisor region. The
prevalence of a large-diameter (≥1 mm) superior lingual
foramen was high, at 31.0%. A large-diameter lateral lingual
foramen in the premolar region occurred at a frequency of
17.0%; communication with the mandibular canal was
observed in 70.0% of these cases. These quantitative data on
the lingual and lateral lingual foramina provide valuable
information that could help to avoid surgical complications
during implant placement in elderly patients.
Keywords: Lingual foramen, Lateral lingual foramen, Elderly
patients, Cone-beam CT
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P-14
공개 인체데이터를 이용해 컬러 삼차원 인체 모델을
만드는 방법
Kang-Woo Lee, Kyung-Seok Hu
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK2 FOUR
Project, Yonsei University College of Dentistry, Seoul, South Korea

이 포스터의 목적은 공개된 인체데이터를 통해 삼차원 인체 모델
을 구성하는 방법을 소개하는 것이다. Visual Human project는
미국 국립 의학 도서관(United States National Library of
Medicine)에서 제공하는 인체 데이터세트로 한 남성, 여성 시신을
대상으로 만들어진 가로단면 냉동절편, MRI 및 CT 이미지로 구성
되어 있다. 미국 국립 의학 도서관은 2019년 이후로 Visual human
project 데이터세트를 인터넷을 통해 누구나 받을 수 있도록 공개
했다. 3D Slicer(BSD-style)는 이미지 분석과 과학적 시각화에
사용되는 무료 및 오픈 소스 소프트웨어로 DICOM 이미지를 포함
한 다양한 형식의 이미지를 불러들여 삼차원으로 구성할 수 있다.
Visual human project 데이터세트의 가로단면 냉동절편 이미지
는 남녀 4K해상도의 컬러 이미지로 구성되어 있어 3D Slicer를
이용해 컬러로 이뤄진 삼차원 인체 모델을 만들 수 있다. 컬러로
만들어진 삼차원 인체 모델은 다양한 각도로 자를 수 있으며 특정
구조에 대한 분할 및 측정도 가능하여, 기존 의학영상에서 불명확
한 부분에 대한 이해를 도울 수 있다. 이 성과는 정부(과학기술정보
통신부)의 재원으로 한국연구재단-이공분야기초연구사업 지원
을 받아 수행된 연구이다(NRF‐2019R1F1A1062016).
Keywords: Visual human project, 삼차원 인체 모델, 3D Slicer,
가로단면 냉동절편 이미지, 이미지분석
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P-15
삼차원 스캐너와 사진 측량 방식의 비교
Kang-Woo Lee, Ji-Hyun Lee, Kyung-Seok Hu, Hee-Jin Kim
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK21
FOUR Project, Yonsei University College of Dentistry, Seoul,
South Korea

본 연구의 목적은 인체를 대상으로 삼차원 스캐너과 사진측량 방
식으로 두가지 삼차원 모델을 구성하고 그 결과값을 비교 분석하
는 것이다. 한 구의 시신을 대상으로 얼굴, 발, 콩팥에 대해서 삼차원
스캐너로 먼저 촬영하고, 이후 스마트폰 카메라로 50장 내외로
촬영하여 삼차원 모델을 구성했다. 두가지 방법으로 만들어진 동
일한 대상에 대한 삼차원 모델은 Iterative Closest Point 알고리즘
을 통해 서로 겹치게 정렬된 후 그 차이가 계산됐다. 삼차원 스캐너
와 사진측량으로 만들어진 삼차원 모델의 차이는 평균은 0.1 mm,
표준편차는 0.3 mm이었다. 사진측량 방식은 삼차원 스캐너에 비
해 인체를 높은 해상도의 텍스처로 표현될 수 있으나 주름과 같은
실제 기하학적 표현은 떨어졌다. 그럼에도 사진측량 방식은 일반
적인 인체 구조에 대해 거시적인 측정과 관련해 믿을 만한 수치를
나타내기 때문에 해부학 분야에서 유용하게 쓰일 수 있는 것으로
보인다. 이 성과는 정부(교육부)의 재원으로 한국연구재단-이공
분야기초연구사업 지원을 받아 수행된 연구이다(NRF-2020R
1A6A3A01100251).
Keywords: 삼차원 스캐너, 사진측량, Iterative closest point ,
시신, 스마트폰
김희진 | 연세대학교 치과대학 · hjk776@yuhs.ac

P-16
Pelvic movement according to the asymmetric
muscle contraction
1

2

1

Ho-Jung Cho , Eunah Hong , Dai-soon Kwak
1
Catholic Institute for Applied Anatomy, The Catholic University
of Korea, 2Dept.Biomedicine & Health Science, The Catholic
University of Korea

Poor posture or hypertonic of the specific muscle of the pelvis
is one of the major causes of the musculoskeletal problem of
the low back. Asymmetry contraction of the muscles which
moved the pelvis could affect the lumbosacral-hip joint.
Therefore, this study analysis pelvic movement according to
the asymmetric muscle contraction around the pelvis. Five
Korean adult cadavers were used to evaluate the pelvic
movement (F: 1, M: 4), and the average age was 83.4years.
To evaluate the pelvic movement, the specimen was harvested
from the first lumbar to the femur. The gluteus maximus
(GMax), hamstring (Ham), erector spinae (ES), and iliopsoas
(IP) which known as occur the pelvic anterior (AT) and

Keywords: Pelvic movement, Pelvic anterior tilt, Pelvic
posterior tilt, pelvic rotation
곽대순 | 가톨릭대학교 응용해부연구소 · modern_choco@nate.com

P-17
안마의자의 안마감 향상을 위한 한국인 근골격의
해부학적 분석
Hyung-Jin Lee1, Kang-Woo Lee1, Ji-Hyun Lee1, Hyo-Sang Ahn1,
Hyun Jin Park1, Haeryun Ahn1, Soo-Bin Kim1, Jiong-Zhen Piao1,
Jae-Yeon Kim2, Min-Seo Kim2, Younghoon Cho3, Hee-Jin Kim1,4
1
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK21

FOUR Project, Yonsei University College of Dentistry, Seoul,
Korea, 2Yonsei University College of Dentistry, Seoul, Korea,
BODYFRIEND, Medial Tech Lab, 4Department of Materials
Science & Engineering, College of Engineering, Yonsei University,
Seoul, Korea
3

기대 수명의 증가와 함께 건강한 삶에 대한 관심도 더욱 높아지고
있다. 웰빙을 위한 여러가지 수단 중 하나인 안마(마사지)는 최근
대체의학으로 인식되어 치료 보조 도구로 널리 사용되고 있다. 그
러나 대부분의 안마의자는 신체의 특성을 고려하지 않은 채 출시
되어 골절, 통증 등 다양한 부작용을 초래하는 인체 위해 사례가
보고되고 있다. 따라서 신체 구조 차이에 따른 맞춤형 안마 모드
개발을 위해 본 연구에서는 안마의자에 앉은 상태에서 안마가 가
해지는 부위의 해부학적 구조를 초음파와 직접계측 및 3차원 스캐
너를 활용하여 분석하였다. 144명(남:77명; 여:77명; 평균키:
166cm; 몸무게: 65kg; BMI: 23.22)의 임상시험 피험자를 대상
으로 꼭지돌기, 일곱째 목뼈, 어깨뼈, 위뒤엉덩뼈가시를 촉진하여
펜을 이용해 피부 표면에 표시하였다. 안마의자(BODYFRIEND,
PHANTOM II)상에서 각 뼈 표지점의 높이와 정중선에서 가쪽으
로 떨어진 거리를 직접 계측하였다. 각각의 뼈 표지점을 지나는
가로 기준선을 설정하여 초음파 영상장비로 해부학적 구조를 촬영
하였다. 또한, 3차원 스캐너를 이용하여 발의 폭, 길이, 발바닥 활의
높이를 계측하였다. 안마의자 상에서 남성의 뼈표지점들이 여성
보다 전반적으로 위쪽과 정중선으로부터 가쪽에 있었으며, 등부
위 조직의 두께에서도 남성이 여성보다 두꺼웠다. 발의 길이는 남
성이 여성보다 30mm 길었고, 가쪽발바닥세로활의 높이는 남성
이 여성보다 5mm 높았다. 안마의자 상에서 해부학적 구조를 분석
한 결과 남성과 여성에서 통계적으로 유의한 차이가 관찰되었다.
이를 통해 향후 안마의자 디자인 및 안마 모드 제작 시, 신체구조의
차이에 따라 남성과 여성에게 맞춤화 된 안마 모드가 제공되어야
함을 알 수 있다. 본 연구 자료는 추후 최적의 안마시스템 개발을
위한 기초자료로 활용할 수 있을 것이다.
Keywords: 안마의자, 등의 해부학적 구조, 초음파, 3차원 스캐너,
발바닥활
김희진 | 연세대학교 치과대학 · hjk776@yuhs.ac
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Confirmation of the distribution of the
neuromuscular junction in the human facial
muscles using the optical clearing method
Ji-Hyun Lee1, Hyo-Sang Ahn1, Hyun-Jin Park1, Hyung-Kyu
Bae1, Hee-Jin Kim1,2
1
Division in Anatomy and Developmental Biology, Department of
Oral Biology, Human Identification Research Institute, BK21
FOUR Project, Yonsei University College of Dentistry, Seoul,
South Korea, 2Department of Materials Science and Engineering,
College of Engineering, Yonsei University

The Biological tissue is a complexed three-dimensional
structure. In the past, in order to observe the microstructure
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posterior tilt (PT) were dissected to evaluate the pelvic
movement. The muscle contraction was generated through the
customized device which was made using the linear actuator
and load cell, and this device was designed to control the leg
position. To analyze the pelvic on femoral motion with
stationary supra-lumbar vertebrae, the vertebrae of the
harvested specimen was fixed with a stainless rod and both
femurs fixed. Also, the AT and PT were analyzed during muscle
asymmetric contraction in both femurs fixed. Also, the lateral
tilt and axial rotation were observed during the AT and PT.
The continuous pelvic motions were analyzed using a motion
analysis program and motion capture cameras. There were
different joint coordination and joint imbalance in each sample
even its alignment was checked before the test. Therefore, the
ratio of the angle through each muscle was considered instead
of the calculation of the average tilting angle. In the comparison
of the PT angle ratio between the GMax and Ham in the same
load, 3 samples showed a bigger movement ratio in the GMax
than the Ham, and Ham movement ratio were 47.3%, 56.6%,
and 77.7% than those of the GMax. One sample showed a
similar movement ratio between both muscles, and the other
showed that the movement ratio of the Ham was bigger than
the GMax. During the GMax contraction, the pelvic was rotated
in the axial plane, but Ham was not affected the axial rotation.
Also, the pelvis was tilted laterally during the GMax
contraction, it was only a slight degree less than 1° except for
one sample (1.8°). In comparison to the AT through
asymmetric contraction of the ES and IP, the asymmetric
contraction of the ES occurred the AT bigger than those of the
IP in all samples. However, the ratio of the movement was
varied in each sample. Also, both ES and IP did not occur the
lateral tilt and axial rotation. This study is still undergoing using
more samples to analyze the pelvic tilt movement, and the
additional quantification research about the relationship
between the muscle force and pelvic movement is planning to
use cross-sectional area of the muscle.

of human tissue, it was necessary to infer it by observing it
through a tissue slide corresponding to a two-dimensional
cross-section. However, recent rapid development in optical
clearing methods and light-sheet fluorescence microscopy
have made it possible to visualize entire biological structures
in three dimensions. As a result, studies that observe 3D
information of various organs including the brain have been
reported one after another. Meanwhile, due to the large size
of human muscle tissue, there are few studies in which the
microscopic structures of whole tissues are clearly identified.
In particular, there has not been a study that has been studied
yet in detail about the morphology and distribution of
neuromuscular junctions (NMJ) in the whole human muscle
tissues. Therefore, we tried to observe the distribution of NMJ
in human facial muscles using the optical clearing method. In
this study, four hemifaces from non-fixed cadavers were used.
The zygomaticus major, depressor anguli oris, and risorius
muscles were harvested from each cadaver, then the tissues
were immunostained. After staining, the tissues were processed
ethyl cinnamate based clearing which is an organic solvent
based clearing method, then observed the microstructures
include the NMJ using light sheet fluorescence microscopy. As
a result, we were able to confirm the distribution of NMJ in the
muscle, and through this, it is possible to prove that the facial
muscle tissue of an adult human is also capable of optical
clearing. The results of this study may help in the efficient use
of drugs that target neuromuscular junctions, such as
botulinum toxin, and in understanding various neuromuscularrelated diseases. Furthermore, by using the tissue optical
clearing method in this study, it may be helpful for further
studies of the human microstructure. Funding: This work was
supported by the National Research Foundation of Korea
(NRF) grant funded by the Korean government ((MSIP)
(NRF-2019R1C1C1010776)
Keywords: Ethyl cinnamate clearing, Clarity, Neuromuscular
junction, Botulinum toxin, Facial muscle
김희진 | 연세대학교 치과대학 · hjk776@yuhs.ac
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This study uses senses such as vision, hearing, and touch to
experience and communicate with information defined within
virtual reality (VR) spaces that produce environments that
imitate the natural one. Virtual reality technology is being
applied in a variety of fields as well as education. In particular,
VR offers various experiences in foreign language education,
and has the advantage of one being able to learn without
restriction in time and space. However, as most VR foreign
language education is conducted on conversation, it is urgent
to develop VR for English pronunciation. English pronunciation
is related to learners' linguistic proficiency, which is the source
of fear and stress. Previous studies have shown that learning
achievement and satisfaction are improved through the
pronunciation learning process. And most pronunciation
training cannot identify the inside of the oral cavity by
observing the pronunciation of sounds and oral structure while
learning is taking place. Therefore, it is necessary to develop
an English pronunciation VR that can be observed by 3D
modeling inside the oral. Thus, this study aims to analyze the
learning effectiveness of subjects by developing English
pronunciation education using VR and 3D modeling oral
structure to render English pronunciation in real time
considering the biological characteristics of oral lectures. This
work was supported by the Ministry of Education of the
Republic of Korea and the National Research Foundation of
Korea (NRF-2019S1A5A2A03044056)
Keywords: Oral structure, VR, 3D, English education,
Pronunciation
박종태 | 단국대학교 혁신공유대학사업단
바이오헬스분야공유대학사업단 · jongta2@dankook.ac.kr
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Medical illustration is an effective educational tool to convey
anatomical knowledge that is complex and structurally difficult
to understand. Recently, with the increase in non-contact
video education, the demand for educational images free from
copyright issues has emerged, along with the need for
personalized medical illustrations for each researcher.

Therefore, our study aimed to create a basic anatomy education
image dataset that can be easily edited and expanded by
researchers. The educational image format is a 2D vector
image using Adobe Illustrator. Images were sized to fit a 210
X 210 mm frame (800 X 800 px). Sketch drawings and
illustrations were edited digitally, and final images were
extracted as a png file. The categories of anatomical
illustrations included a basic skeleton, anterior and coronal
views of individual organs, cell types, and epithelium types
explaining histological characteristics. Each image was
produced by using a designed color palette to maintain
consistency. The resultant images of this study can be directly
edited and combined by the researcher and used for thesis
figures, graphical abstracts, and educational lectures. As part
of the convergence of knowledge between anatomy and art,
this study suggests the possibility of interdisciplinary in line
with the new demands of the changing educational environment
Keywords: Medical illustration, Anatomy, Education, Medicine,
Drawing, Figure
길영천 | 충북대학교 의과대학 · gilyc@chungbuk.ac.kr

Leonardo da Vinci was a pioneer of the sectional
anatomy
Minkyung Yu, Dasom Kim, Im Joo Rhyu
Department of Anatomy, Korea University College of Medicine

Cross-sections provide depth perception, allowing us to better
understand anatomical three-dimensional structures. It also
became the basis for modern imaging technologies such as
ultrasounds, computed tomography images(CT), and magnetic
resonance imaging(MRI). Sectional anatomy is essential for
not understanding the structure and function of the human
body, but in establishing an accurate diagnosis and treatment
planning. As shown, the importance of cross- sectional
anatomy in conjunction with radiology is well recognized.
Interestingly, numerous cross-sectional drawings were seen
in Leonardo Da Vinci's anatomical notes from the 15th-16th
century. Most of which, were not seen in anatomy textbooks
and atlases at that time. This study assessed Leonardo’s
drawings to understand why he drew them. Leonardo Da Vinci
was the first to develop techniques to show multiple angles of
an object. He aligned humans is in the same context as
machines, aiming to comprehend how components are
designed to move and how power is transmitted into different
parts. Further, he invented the technique of architectural
cross- section drawing, and applied this method to anatomy.
He believed that understanding cross- sectional anatomy is

Keywords: Sectional anatomy, Leonardo da Vinci, Atlas of
human anatomy, Anatomist, Anatomical achievement
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비교 해부학적 관점에서 본 동북아시아 닭 사육의
확립과 전개
Jieun Kim1, Jong Ha Hong2, Hyejin Lee3, Dong Hoon Shin1
1
Seoul National University College of Medicine, 2Institute of
Korean Archaeology and Ancient History, Kyung Hee University,
3
Ministry of National Defense Agency of KIA Recovery &
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동북아시아 지역의 닭 사육은 오랜 역사를 가지고 있으며 이 지역
의 농경 문화와도 밀접한 관련을 가지고 있다. 동북아시아에서 고
대로부터 닭이 지녀온 가축으로서의 중요성은 역사 문헌에 대한
검토를 통하여 어렵지 않게 확인할 수 있으나, 닭이 어떠한 시기와
과정을 거쳐 사육화 되고 소비되게 되었는가에 관한 구체적인 이
해는 발굴현장에서 발견되는 옛 닭 뼈에 대한 연구를 통해서가 아
니면 불가능하다. 지난 수십여 년 간 닭 유존체에 대해 수행된 비교
해부학-동물고고학적 연구는 동북아시아 지역에서 이루어진 닭
사육의 확립과 전개에 대해 보다 실증적인 분석을 가능하게 한 바
있으나, 그 시기와 경로 등 구체적인 내용에 대해서는 아직 명확히
설명되지 못한 부분이 많다. 사육 닭은 중국에서 한반도를 거쳐
대륙으로부터 발달한 수도작 문화가 전파되어 옴에 따라 야요이
시기 일본에 도래한 것으로 알려져 왔으나, 선구적인 업적에도 불
구하고 이러한 통설에 부합하는 과학적 근거의 규명과 종합적인
이해는 아직 미진한 상황이다. 동북아시아 지역의 닭 사육화 과정
에 대한 비교 해부학-동물 고고학적 근거로서 본 연구에서는 한반
도와 일본 열도 및 중국 대륙의 신석기-초기 철기 편년 유적에서
출토 · 동정된 닭 유존체 자료의 보고 현황에 주목하였으며 동북아
시아 지역을 배경으로 이루어진 닭 사육의 확립과 전개에 대한 동
물 고고학계의 최신 연구 결과를 소개하고, 각국에서 수행된 연구
보고를 종합하여 이 주제에 대한 포괄적인 이해를 도모하고자 한다.
Keywords: 비교해부학, 동물고고학, 동아시아, 닭, 청동기시대,
야요이시대
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vital. He mentioned in a note describing the sesamoid bone that
"to properly study the structure of bone, it is necessary to look
at the bone not only in its longitudinal section but also in its
cross-section." His artworks ‘A Skull Sectioned’ and the
‘Senso Comune’ highlighted that Da Vinci attempted to locate
one’s common sense (soul), as a scientist. Leonardo utilized
sectional anatomy to investigate the structure and function of
the human body.

P-23
대구지역 모 의과대학 시신기증실태 및 사망진단서 분석
Na Yoon Lee1,2, Jae-Ho Lee2, Jong Min CHAE1, Yoo Na Kang1,
Dong Ja Kim1
1
Department of Medicolegal Investigation Graduate School of
Forensic and Investigative Science, Kyungpook National University,
2
Department of Anatomy, Keimyung University School of
Medicine

의학 교육 및 관련연구를 위해 사용되는 시신의 기증은 간단한 확
인 절차를 거친 다음 이뤄진다. 이 때 시신기증여부의 판단기준이
되는 사망진단서의 사망원인 등에서 오류가 있기도 하다. 기증시
신은 주로 교육과 연구에 사용되므로 기증을 받기 전에 시신의 상
황에 대해 정확하게 아는 것이 중요하다. 본 연구는 1990년부터
2020년까지 일개 의과대학에 기증된 시신의 사망진단서를 바탕
으로 시신기증의 현황과 사망진단서를 분석하였다. 그 결과 사망
건수는 매년 비슷하였으나, 기증 건수는 증가하였다. 성별에서는
시신기증자와 통계청 자료에서 모두 여자 보다 남자에서 더 높은
비율을 나타내었으며, 사망한 연령대에서도 동일한 결과가 나왔
다. 두 자료 모두 70대가 가장 많은 비율을 차지했으며, 40대 미만
의 그룹에서 가장 낮은 비율로 나타났다. 특히, 사망원인에서는
직접적인 사인이 아닌 사망 당시 죽음의 현상으로 표기하는 오류
가 가장 흔히 있었다. 284건의 사망진단서 중 172건에 오류가 있었
으며, 2개 이상의 오류를 가지는 경우는 40건으로 총 217개의 오류
를 발견하였다. 사망원인의 수정 이전에는 심폐 기능 부전, 신생물,
호흡 부전 순서였으나, 오류 수정 후 신생물, 미상, 호흡계 질환
순서로 바뀌었다. 사망원인에 오류가 있는 사망진단서를 바르게
수정하여 통계분석 하였을 때 미상과 신생물이 가장 많은 것으로
나타났다. 사망 당시 작성된 사망 진단서와 오류수정 후의 사망진
단서에서 사망원인의 차이는 통계적으로도 유의하였다. 본 연구
결과를 바탕으로 시신기증의 과정에서 정확한 사망원인을 확인하
는 것이 필요하며, 이는 소중한 시신을 의학적 이용하는데 도움이
될 것이다.
Keywords: 시신기증, 사망진단서, 사망원인, 의학교육, 시신기
증실태
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P-24
Change of the Microglial Cell Phenotype in
Retinal Degeneration Induced by Sodium Ioadte
1,2

1

1

Age-related macular degeneration (AMD) is the most
common type of retinal degeneration (RD), which presents
irreversible degeneration of the retinal pigment epithelium
(RPE) and photoreceptor. Inflammation plays a critical role
in development of the AMD, and thus, microglia have been
emerged as a central issue to control RD, which are a unique
immune cells type in the central nervous system. Microglial
cells are involved in both pro-inflammation and antiinflammation, and conventionally classified as M1 and M2
types, respectively. However, this classification has recently
been challenged. In this study, we examined whether M1/M2
classification is suitable for the inflammation in pathogenesis
of RD. RD was induced in C57BL/6 mice by single
intraperitoneal injection of the NaIO3 (35 mg/kg). Eyes were
enucleated at the 12h, 24h, 72h, and 120h after NaIO3 injection
and the retinal preparations were made. Terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) was performed
to detect the death of retinal cells. To analyze microglial cell
population, immunohistochemistry was performed with
anti-ionized calcium binding adaptor molecule 1 (Iba-1) as a
common microglial cell marker, P2Y purinergic receptor
(P2ry12) as an innate microglial cell marker, CD86 as a M1
microglia marker and CD206 as a M2 microglia marker. From
the distribution of TUNEL-positive cells, RPE cells were
primarily going to death at 12 h after RD induction, and
photoreceptor cells going to death subsequently from 24 h and
reached to the peak at 72 h. Iba-1-labeled microglial cells were
migrated to the outer nuclear layer (ONL) and subretinal space
at 12 h from the inner plexiform layer (IPL). At 72h, they were
mainly located in subretinal space. Most of Iba-1-labeled were
co-labeled with P2ry12 in the control and RD retinas by 24h.
Afterwards, P2ry12 immunoreactivity disappeared suddenly,
suggesting that innate microglial cells migrate to the ONL and
subretinal space in early phase of RD, and then, their characters
are changed. In addition, CD86-positive M1 was increased
from 12 h and CD206-positive M2 was abruptly increased at
72 h in the microglial cells. At 72h, CD86/CD206-double
positive microglial cells occupied the microglial cell population
in the subretinal space, suggesting that they have complex
character of M1 and M2. These results demonstrate that switch
of the microglial cells characters between 24 h and 72 h in
pathogenesis of RD, and M1/M2 classification could not clearly
cover the microglial cell subtype and function.
Keywords: Retinal degeneration, CD86, CD206, Microglia
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Rac1 inhibition attenuates kidney
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ischemia/reperfusion injury by inhibition
inflammatory cell migration
MinJung Kong, KwonMoo Park
Department of Anatomy, Cardiovascular Research Institute and
BK2 plus, School of Medicine, Kyungpook National University

Keywords: Renal ischemia reperfusion, Macrophage, Migration,
Rac1, NSC23766

Osteoarthritis (OA) is a chronic joint disease caused mostly
by aging and appears in the elderly. In OA, chondrocytes in
cartilage undergo phenotypic changes and senescence, restricting
cartilage regeneration and favoring disease progression. The
senescence biomarker p16INK4α expression is known to
induce aging by stopping cell cycles. In this study, we aimed
to reduce cartilage damage and alleviate pain by using
nanoparticle p16INK4α in OA. We confirmed the increased
expression of p16INK4α in tissues and chondrocytes isolated
from OA patients. For loss of function, we encapsulated
p16INK4α siRNA into nanoparticles using PLGA. p16INK4α
siRNA transfection or p16INK4α siRNA-loaded nanoparticles
reduced the IL-1β, IL-6 especially in fibroblast-like
synoviocytes and MMP13 in human joint chondrocytes..
p16INK4α-siRNA PLGA nanoparticles were injected into the
knee joint of medial meniscectomy (MMX)-induced OA model
. The p16INK4α siRNA loaded nanoparticles alleviated pain
haviors, reduced cartilage damage and the expression of
p16INK4α, down-regulated inflammatory cytokines in
synovium and MMP13 in articular cartilage of MMX model.
Taken together, these findings establish that the reduction of
p16INK4α by RNAi contributed to the recovery of
osteoarthritic cartilage and pain, suggesting that p16INK4α
may be a viable future therapeutic target for OA.
Keywords: Osteoarthritis, p16INK4a, PLGA , nanoparticle,
medial meniscectomy (MMX)
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miR-27a-3p targets ATF3 to reduce calcium
deposition in vascular smooth muscle cells

p16INK4a siRNA nanoparticles reduce
inflammation of synoviocytes and attenuate pain
and cartilage degeneration in osteoarthritis
animal model

Wook Hyun Jung , Hye Jung Cho , Hyun Kook , Kwang Il Nam
1
Department of Anatomy, Chonnam National University Medical
School, 2Department of Pharmacology, Chonnam National
University Medical School

Hyewon Park1,2, Ha-Reum Lee3, Hyo Jung Shin1,2, Hyeok Hee
Kwon1,2, Ji Ah Park3, Yongbum Joo4, Jaewon Beom5, Dong Woon
1,2
3
Kim , Jinhyun Kim
1
Department of Medical Science, Chungnam National University
College of Medicine, Daejeon, Republic of Korea., 2Department of
Anatomy, Brain Research Institute, Chungnam National University

The Vascular calcification, the ectopic deposition of calcium
in blood vessels, develops in association with various metabolic
diseases and atherosclerosis and is an independent predictor
of morbidity and mortality associated with these diseases.
Herein, we report that reduction of microRNA-27a-3p

1

1

2

1
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Background: Cell migration is critical for inflammatory
responses, which play an important role in renal ischemia/
reperfusion (I/R) injury. Rac1, one of the members of the small
Rho GTPase family, is a central regulator of cell migration.
However, the role and molecular mechanisms of Rac1 on I/R
injury have not been clarified. Therefore, we investigated the
role of Rac1 on the macrophage migration and kidney I/R injury.
Methods: Mice were injected with either NSC23766, an
inhibitor of Rac1, or vehicle for 3 days before 25 min of ischemia.
Raw 264.7 cells were grown on transwell chambers. The cells
were treated with either NSC23766 or vehicle for 1 h., and then
monocyte chemoattractant protein 1 (MCP-1) for 4 hrs. To
evaluate migration of cells, the bottom of transwell membrane
was stained with hematoxylin and eosin. Results: I/R caused
kidney functional and morphological impairments 24 hrs later.
I/R increased Rac1 expression in the kidneys 24 hrs later and
this increase were sustained until 21 days. F4/80-positive
cells, monocytes/macrophages, increased in the kidney
interstitium after I/R injury and most of F4/80-positive cells
expressed Rac1. NSC23766 treatment reduced I/R-induced
kidney functional and morphological damage, with decreased
macrophage accumulation in the kidneys. MCP-1treatment
activated migration of Raw 264.7 cells, and this migration was
inhibited by NSC23766. Conclusion: These results indicate
that Rac1 inhibition protects kidney against ischemia-reperfusion
injury through the inhibition of macrophage infiltration to
injured site.

College of Medicine, Daejeon, Republic of Korea., 3Department of
Internal Medicine, Chungnam National University College of
Medicine, Daejeon, Republic of Korea. , 4Department of Orthopedics,
Chungnam National University College of Medicine, Daejeon,
Republic of Korea., 5Department of Rehabilitation Medicine, Seoul
National University Bundang Hospital, Seongnam, Republic of
Korea.

(miR-27a-3p) causes an increase in activating transcription
factor 3 (ATF3), a novel osteogenic transcription factor, in
vascular smooth muscle cells. Both microRNA (miRNA) and
mRNA microarrays were performed with rat vascular smooth
muscle cells, and reciprocally regulated pairs of miRNA and
mRNA were selected after bioinformatics analysis. Inorganic
phosphate significantly reduced the expression of miR-27a-3p
in A10 cells. The transcript level was also reduced in vitamin
D3-administered mouse aortas. miR-27a-3p mimic reduced
calcium deposition, whereas miR-27a-3p inhibitor increased
it. The Atf3 mRNA level was upregulated in a cellular vascular
calcification model, and miR-27a-3p reduced the Atf3 mRNA
and protein levels. Transfection with Atf3 could recover the
miR-27a-3p-induced reduction of calcium deposition. Our
results suggest that reduction of miR-27a-3p may contribute
to the development of vascular calcification by de-repression
of ATF3.

SK showed the lower frequency of comedo-like openings
(14.3% vs 66.7%) and multiple milia-like cysts (0% vs
66.7%) and higher frequency of dot-shaped vessels compared
with those of HPV-free SK (85.7% vs 33.3%). HPV-related
SK tends to present a lack of typical dermoscopic features of
SK, but it does tend to present small pinkish dots in each
papilloma. These findings might be specific features of
HPV-related SK. The special attention to the dermoscopic
finding of small pinkish dot in each papilloma shoed be required
when we deal with warty or SK-like lesions.
Keywords: Dermoscopy, Human papilloma virus, Polymerase
chain reaction, Seborrheic keratosis, Wart
서수홍 | 고려대학교 안암병원 피부과 · dmsshong@gmail.com
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칼륨섭취에 의한 콩팥 집합관의 변화
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Su-Youn Lee, Ki-Hwan Han
Department of Anatomy, Ewha Womans University College of
Medicine

P-28
Comparative analysis of seborrheic keratosis
with or without human papilloma virus DNA
using dermoscopy and histopathologic
examination
1,2
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Dai Hyun Kim , Jun Hyuk Cho , Sung Jin Park , Min Seok Ham ,
Hyo Hyun Ahn1, Il-Hwan Kim2, Im Joo Rhyu3, Soo Hong Seo1
1
Department of Dermatology, Korea University College of
Medicine, Seoul, Korea, 2Department of Dermatology, Korea
University Ansan Hospital, Korea University College of Medicine,
Seoul, Korea, 3Department of Anatomy, Korea University College
of Medicine, Seoul, Korea

Seborrheic keratosis (SK) is a benign epidermal tumor and the
human papilloma virus (HPV) has been suggested as a possible
causative agent because of overlapped morphologic features.
As so far, there is a few study related with dermoscopic findings
of HPV-related SK. The aim of the study was to provide clues
which reflect HPV infection in SK by comparing the dermoscopic
findings between HPV-assocaited SK and HPV-free SK.
Twenty-two patients histologically confirmed as SK and had
a records to proceed HPV real-time polymerase chain reaction
(RT-PCR) were retrospectively enrolled for the study.
Investigators independently evaluated the dermoscopic features
of all specimens including milia-like cysts, comedo-like
opening, fissures and ridges, fingerprint-like structure, shape
of vessels. RT-PCR revealed that 7 of 22 (31.8%) SK samples
contained HPV DNA. The dermoscopic findings of HPV-related
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현대 인류는 고인류시대보다 칼륨(K+) 섭취가 현저히 부족하다.
콩팥은 칼륨을 흡수 또는 분비할 수 있는 기능이 있다. 본 연구의
목적은 칼륨식이 변화가 콩팥의 형태에 미치는 영향을 관찰하는
것이다. C57BL/6 생쥐를 대상으로 저칼륨식이(< 0.01% 칼륨 함
유) 또는 고칼륨식이(약 5% 칼륨 함유)를 2주간 섭취시켰다. 대조
군은 정상식이(약 1% 칼륨 함유)를 동일기간 섭취시켰다. 콩팥
조직을 2% paraformaldehyde-lysine-periodate로 관류고정
한 후, 광학현미경적 면역조직화학법을 시행하였다. 혈중 칼륨 이
온 농도는 저칼륨식이 섭취군(2.6 ± 0.53 mmol/l)에서 대조군
(4.3 ± 0.41 mmol/l)에 비해 유의하게 감소하였으며, 고칼륨식이
섭취군(5.0 ± 0.38 mmol/l)은 증가하였다. 저칼륨식이군 콩팥의
크기는 대조군에 비해 약 13.5% 증가하였다. H&E 염색 결과 저칼
륨식이로 인한 형태변화는 바깥속질에서 나타났으며, 특히 집합
관 세포들이 증식하고 비대되었다. 겉질에서는 대조군과 큰 차이
를 보이지 않았다. 면역조직화법 결과 anion exchanger 1 (AE1)
과 H+-ATPase 양성인 집합관 사이세포의 크기가 증가된 것을
알 수 있었다. 이와 반대로 고칼륨식이 콩팥에서는 집합관 사이세
포의 크기가 감소되었다. 이상의 결과로 집합관 세포들의 모양은
칼륨 섭취에 따라 단기간에 큰 변화를 보이는 것을 증명하였다.
칼륨 불균형으로 인한 콩팥의 구조 변화는 현대인의 만성질환과
밀접한 관련이 있을 것으로 생각된다. 사사(NRF-2020R1A2
C1100184).
Keywords: 콩팥, 집합관, 칼륨, 현대인류, 만성질환
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Celtis choseniana attenuates androgenic
alopecia through regulation of androgen action
and Wnt signaling
Hui-Ju Lee, Geum-Lan Hong, Yae-Ji Kim, Kyung-Hyun Kim,
Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary
Science, Chungnam National University

Lipocalin-2 (LCN2) is acute phase protein that plays a critical
role in cellular stress and inflammation. The function of
LCN2has been unknown in lipopolysaccharide (LPS)-induced
acute lung injury (ALI). Six months old male wild-type (WT)
and LCN2 knock-out (KO) littermates were given recombinant
LCN2 (rLCN2) by intraperitoneal injection. After 24 hours,
LPS was administered by intratracheal instillation. In survival
test, LCN2KO mice had higher survival rate than WT mice in
rLCN2-treated ALI model. In western blotting of lung tissues,
rLCN2 treatment increased F/80, IL-6, and NF-κBp65
proteins in LPS-treated WT mice compared to LPS
treated-LCN2KO mice. However, there was no difference in
p-STAT3 levels between LPS-treated WT and LCN2KO
mice. In the lung sections and bronchoalveolar lavage fluid
(BALF), rLCN2 induced the recruitment of neutrophils and
macrophages in LPS-treated WT and LPS-treated LCN2KO
mice. However, the infiltrating immune cells by rLCN2 was
significantly lower in LPS treated-LCN2KO mice in than
LPS-treated WT mice. In particular, rLCN2 accumulated
irons in macrophages in LPS-treated WT mice compared to
LPS-treated LCN2KO mice. The expressions increment of
HO-1, ferritin, DMT1, and IRP1/2 were remarkably increased
by rLCN2 in LPS-treated WT mice compared to LPS-treated
LCN2KO mice. In conclusion, LCN2 may play an important role
in regulating iron macrophage and lung inflammation in ALI
model.
Keywords: Acute lung injury, LCN2, Inflammation, Macrophage,
Iron
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Effects of iron overload on blood-retinal barrier
in aging mice
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P-31
Exogenous lipocalin-2 accumulates
macrophage iron levels and exacerbates lung
inflammation in acute lung injury mouse model
Hyeong Seok An, Jong Youl Lee, Yu Jung Ahn, Hye Min Jang,

The Blood-retinal barrier (BRB) maintains retinal homeostasis
and is essential for normal visual function. Inflammation and
oxidative stress due to aging cause various retinal diseases
such as age-related macular degeneration (AMD) and diabetic
retinopathy and damage the BRB. In particular, AMD occurs
when iron is overdose to treat iron deficiency anemia in the
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Androgenic alopecia (AGA) is the most common type of hair
loss. Androgen action on the hair follicles is considered to be
a main cause of AGA. Celtis Choseniana (C. Choseniana) is
traditionally used as herbal medicine in Korea for its
anti-inflammatory activity. However, there is not previous
study of the impact of C. Choseniana on AGA. The aim of this
study is to evaluate the efficacy of C.Choseniana on AGA
through regulation of androgen action and downstream
signaling. To induce AGA, hair follicle dermal papilla cells
(HFDPC) and 48 male, 5-week-old C57BL/6 mice were used.
To evaluate the effects of C.Choseniana on AGA in vitro,
HFDPC was treated with dihydrotestosterone (DHT) and
C.Choseniana was co-treated additionally. The hair on the
back of the mice were depilated with electric clipper. Also, the
mice were subcutaneously injected with testosterone propionate
and orally administered the extract of C.Choseniana once a day.
As a result, the extract of C.Choseniana reduced 5α-reductase
type 2 level and this result lead to decrease of DHT and
androgen receptor level. Reduction of androgen action also
induced the down-regulation of apoptosis protein markers
such as dickkopf-1 and transforming growth factor beta 2. The
expression of proliferating cell nuclear antigen (PCNA) and
CyclinD1 increased in the C.Choseniana treated groups.
Likewise, Wnt3a, phospho-Glycogen synthase kinase 3 beta
(p-GSK3β), phospho-akt, and beta-catenin also increased
in the C.Choseniana treated groups. This result suggested that
the use of the extract of C.Choseniana probably alleviate AGA
through inhibition of 5α-reductase type 2 and activation of
proliferation through Wnt pathway.

Gu Seob Roh
Department of Anatomy and Convergence Medical Science, Bio
Anti-aging Medical Research Center, College of Medicine,
Gyeongsang National University, Jinju, Gyeongnam, Republic of
Korea

elderly, but retinal damage due to iron overdose is not seen in
animals. The aim of this study is to determine whether the
microstructure of aged BRB is changed by iron overload. An
acute iron overload model was created by injecting
iron-dextran daily IP at 0.5 g/kg for 4 weeks. After that, retinal
tissue was obtained from young (3–4 months) and old (22–24
months) C57BL/6 mice have conducted immunohistochemistry
for ionized calcium-binding adapter molecule 1 (IBA1),
caveolin 2 (CAV2), platelet and endothelial cell adhesion
molecule 1 (PECAM1, CD31) and transmission electron
microscopy. The number of IBA1-positive microglia in the old
retina of the control group was increased more than that of the
control young retina. In iron overload young retinas, the
number of microglia increases as observed in control old retina
but decreases in iron overload old. However, the number of
choroidal microglia and the length of the process were
increased in the iron overload retina than in the control group.
Morphological changes such as increased pericytes and
increased mitochondrial swelling of the outer nuclear layer
were observed in both iron overload young and old retinas than
the control group. Changes in the overall vascular morphology
were observed, with increased vascular distribution. In the iron
overload group, increased immunoreactivity for CAV2 and
PECAM1 was observed, and this characteristic was
particularly prominent in the iron overload old retina. These
results suggest that normal aging causes microstructural
changes in the BRB, which may make the retina more fragile
to iron overload. The work was supported by the Basic Science
Research Program through the National Research Foundation
of Korea (NRF-2021R1C1C1008860).
Keywords: Aging, Iron overload, Retina, Blood-retinal
barrier, Microstructure
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Assessment of histomorphological features of
tibia and fibula for age estimation in Koreans
Deog-Im Kim1, Tae-lok La2, Yi-Suk Kim2
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Department of Anatomy, College of Medicine, The Catholic
University of Korea

Age estimation at death is an importance for individual
identification of unknown skeletal remains. Human bones are
made up of dynamic and complex microstrucure, and through
the process of replacing existing bone tissue with new tissue
by repeating formation and remodeling by various factors

120 : 2021 Annual Meeting

throughout life. The osteon of compact bone has the advantage
of being able to estimate the age even if the found bone is not
in an intact situation or is severely damaged. The tibia and
fibula, unlike the femur, are one of long bones and body weight
support which have not yet been studied for age estimation
using histomorpological method in Korean. The aim of this
study is to make and measure bone tissue slices from the tibia
and fibula of Koreans, and to find a suitable equation for
estimating the age at the time of death. The right tibias and
fibulae were extracted from 31 Korean cadavers at the Catholic
University of Korea. After removing the soft tissue from these
bones, a 2 cm bone specimen was collected by transversely
cutting the shaft of the tibia and fibula. A total 124 bone tissue
slices were created by using a microtome to make two
consecutive bone tissue slices each at approximately 100 μm
intervals, and then grinding by Maat’s method. Five variables
of each of tibia and fibula were measured using an image
analysis program for the captured bone tissue images. One
researcher measured in two consecutive bone tissue slices at
each variable, the average value was used for statistical
analysis using the statistical program SPSS version 20.0.
Seven of 10 variables were statistically significant differences
between male and female (p < 0.05) except of average osteon
area (OA) of the tibia, number of intact osteon (Pi) and OA
of the fibula. In multivariate analysis of covariance, sex was
statistically significant difference between the tibia and fibula,
but age was not. In simple regression analysis, the osteon
population density (OPD) had the highest regression
coefficient for both leg bones when sex was distinguished. The
regression coefficient(R-squared) of the tibia was 0.228 and
standard error estimate (SEE) was 11.55 years and there were
0.196 and 11.78 years of the fibula, respectively. As a result
of multiple regression analysis by both tibia and fibula bones,
the R-squared was 0.449 and the SEE was 11.58 years in males,
and 0.91 and 6.5 years in females. Age estimation at death of
unknown skeletal remains is not only a step in individual
identification verification, but it can also determine an
individual’s disease, lifestyle such as the position of
socioeconomic activity, and the social situation during his or
her lifetime. The pressure or stress that affects the bones is
not only caused by the movement of the muscle but also by the
increase in age, which causes microscopic damage to the
bone.The tibia and fibula are less frequently damaged or lost
by external factors after death than the axial bones. In addition,
definitive changes occur in the microstructure of bones
according to the individual life cycle. In this study, the variable
with the highest regression coefficient was OPD of the tibia
and fibula, which were high at 0.228 and 0.196, respectively,
and the SEE was about 11 years. Other research results also
reported that the OPD value was the best variable for age
estimation. As a result of this study, it was found that equations
suitable for sex and population-specific were needed to

estimate the accurate age, using the tibia and fibula of skeletal
remains in Koreans could help estimate age at death with high
accuracy. It was thought that additional research that
standardized the age distribution and measurement variables
of the sample in the future and evenly distributed the sex ratio
and the age distribution of each sex should be supported. This
work was supported by the National Research Foundation of
Korea(NRF) grant funded by the Korea government(MSIT)
(No. 2019R1F1A1063791).

of the RD mice with BFI-02 injection, compared to that in the
untreated RD mice retinas. These results demonstrate that
BFI-02 inhibits RD from LED-induced damages via antiinflammation, suggesting that BFI-02 has therapeutic potential
for RD.
Keywords: Epigenetic reader, BET inhibitor, Retinal degeneration,
Anti-inflammation
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BFI-02, a brd2 and brd4 inhibitor rescues retinal
degeneration induced by led exposure in mice
1,2

1,2

3

The bromodomain and extraterminal (BET) protein family
(BRD2, BRD3, BRD4, and BRDT) are epigenetic readers that,
via bromodomains, regulate gene transcription by binding to
acetylated lysine residues on histones and master transcriptional
factors. Recent experimental data have demonstrated the
involvement of some BET proteins in many pathological
conditions, including tumor development, infections, autoimmunity,
and inflammation. In this study, we examined whether BFI-02,
a BRD2 and BRD4 inhibitor could inhibit retinal degeneration
(RD), which causes photoreceptor cell death associated in
retinal inflammation, resulting in blindness. Retinal degeneration
was induced in mice by an exposure of LED (1800 lux) for 2
h. BFI-02 was injected intraperitoneally (IP) (10 mg/Kg) and
intravitreally (IVT) (0.5 mg/Kg) at 2 h after LED exposure.
Functional and morphological analyses were performed at RD
3 days. Functional assessment by using electroretinogram
(ERG) recordings showed that ERG responses were significantly
increased in RD mice with BFI-02 IP (p < 0.05) and IVT
injection (p < 0.05) compared with those of untreated RD mice.
Marked loss of photoreceptors in the outer nuclear layer
(ONL) was observed in untreated RD mice at 3 days after LED
exposure, while the ONL in the LED-induced RD mice injected
with BFI-02 was relatively well preserved. Immunohistochemistry
with two retinal inflammation markers, anti-glial fibrillary
acidic protein (GFAP) and anti-Iba-1 showed that both GFAP
and Iba-1 immunoreactivities were decreased in the retinas

Geumbit Hwang, Song-Yi Roh, Hyesu Cho, Shengfeng Bai,
SiHyoung Ki, Howon Jang, Yeo Joon Song, Min Soo Kang,
Joo-Cheol Park
Laboratory for the Study of Regenerative Dental Medicine,
Department of Oral Histology and Developmental Biology, School
of Dentistry, Seoul National University, Gwanak-ro, Gwanak-gu,
Seoul, South K

Non-alcoholic fatty liver disease (NAFLD), a chronic liver
disorder, has a 25.24% worldwide prevalence. The pathogenesis
of NAFLD, including insulin resistance, diet, genetic factors,
adipose tissue dysfunction, and gut microbiota, is unclear and
complicated. Moreover, no pharmaceutical drugs have yet
been approved for the NAFLD treatment. Therefore, it is
crucial to clarify the pathogenesis of NAFLD and develop a
potential therapeutic target. Copines are a family of ubiquitous
Ca2+ -dependent, phospholipid-binding proteins. Previous
studies have demonstrated that Copines are associated with
the lipid metabolism pathway. Therefore, the aim of this study
is to investigate the relationship between CPNE7 and NAFLD.
To investigate the role of CPNE7 in the liver, we compared
liver gene expression of wild-type (WT) and CPNE7 knockout
(KO) mice using RNA-sequencing analysis. Also, the
histological features of liver were examined by H&E staining
and TEM analysis. DEXA scan was used to measure fat
percentage. In addition, body weight, liver weight and blood
test were performed in WT, CPNE7 KO and TG mice. In
RNA-seq analysis of the CPNE7 KO group, the changes in gene
expression were associated with the lipid metabolic process.
SREBP1, a critical transcription factor for NAFLD development,
was significantly increased compared to the WT group, On the
contrary, overexpression of CPNE7 decreased SREBP1
mRNA level in the HepG2 cell line and liver of CPNE7 TG
mouse. Additionally, in the H&E staining analysis, WT liver
showed clear structure without lipid droplets, while numerous
lipid droplets were detected at CPNE7 KO liver. Also, TEM
images showed hepatic steatosis and hepatocellular ballooning
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Copine7 deficiency is associated with hepatic fat
accumulation via SREBP1 modulation

in the liver of the CPNE7 KO group but not in the WT group’s
liver. These results suggest that low CPNE7 expression is
involved in the development of NAFLD. Considering these
results, we suggest that CPNE7, which suppresses the
SREBP1 expression, could alleviate NAFLD by regulating
hepatic lipid metabolism. Further studies exploring the
mechanisms of CPNE7 expression and functions are needed.
Keywords: CPNE7, Fatty liver, NAFLD, SREBP1, Lipid
droplet
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P-37
Habenular commissure as the challenging
biomarker of depression
1

P-36
Effects of Sargassum horneri extract on
testosterone-induced benign prostatic
hyperplasia animal models
Yae-Ji Kim, Kyung-Hyun Kim, Geum-Lan Hong, Hui-Ju Lee,
Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary
Science, Chungnam national University, Daejeon, Republic of
Korea

Benign prostatic hyperplasia (BPH) is a common disease in
most older men. A urethra around prostate is compressed with
abnormal proliferation, resulting in lower urinary tract
symptoms. Sargassum horneri (S. horneri) is type of hijiki that
is known to have anti-inflammatory and antioxidant. In this
study, we evaluated that the effects of S. horneri on the
reduction of prostate weight and histological changes in BPH
animal models. Sprague Dawley rats were divided into six
groups; control group (corn oil, 5 mg/kg); BPH group
(testosterone, 5 mg/kg); finasteride group (BPH + finasteride
10 mg/kg), and S. horneri groups (BPH + S. horneri, 50, 100
and 200 mg/kg). After animals were sacrificed on the scheduled
termination and their prostate glands were dissected, weighed,
and fixed for histological examination. The prostate weight and
serum DHT concentration was increased in BPH group
compared to control group. However, S. horneri reduced a
significant decrease of prostate weights compared to that of
BPH group, similarly to the reduction of finasteride group. In
addition, S. horneri extracts effectively inhibited the expression
of 5α-reductase and reduced the expression of androgen
receptor and prostate specific antigen. Furthermore, the ration
of Bax/Bcl-2 confirmed the increase of apoptotic response in
S. horneri groups. These results show that the extract of S.
horneri reduced androgen signaling and induced apoptosis in
BPH. Therefore, we suggest that the extract of S. horneri might
be an effective treatment for alleviating BPH. Acknowledgement
: This research was a part of the project titled (20200334),
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Identifying neuroimaging biomarkers related to depression is
important, as it increases our understanding of the pathophysiology
of depression. Lateral habenula (LHb) has emerged as a key
brain region in the pathophysiology of depression and the
aberrant activity of the LHb is suggested to be associated with
depressive symptoms. The habenular commissure (HC) is a
massive bundle connecting the LHb on the ipsilateral and
contralateral sides. We hypothesized that aberrant connectivity
of HC mediates challenging biomarker of depression. In this
experiment, to validated HC as the neuroimaging biomarker
of depression, we performed 1) visualization of inter-habenular
communication of HC using tract tracing, 2) transmission
electron microscopic analysis of HC in mice depression model
(chronic social defeat stress model, CSDS model), and 3)
Diffusion tensor imaging (DTI) of HC in MDD patients. As
results, we found the inter-habenular communication of HC,
decrease of diameter of HC and thickness of myelin sheath,
and decrease of DTI indices (mean diffusivity, axial diffusivity,
and radial diffusivity) in depression patients. From these
results, we suggest that aberrant connectivity of HC mediates
challenging biomarker of depression. Acknowledgment This
study was supported by the Brain Research Program through
the National Research Foundation (NRF) funded by the Korea
Ministry of Science, ICT, & Future Planning (NRF-2017M3
C7A1079692)
Keywords: Depression, Brain, DTI, Habenula, Commissure
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Anti-inflammatory effect of Papenfusiella
kuromo Extracts on Porphyromonas gingivalis
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Xenopus laevis is highly suitable as a toxicology animal model
owing to its advantages in embryogenesis research. For
toxicological studies, a large number of embryos must be
handled simultaneously because they very rapidly develop into
the target stages within a short period of time. To efficiently
handle the embryos, a convenient embryo housing device is
essential for fast and reliable assessment and statistical
evaluation of malformation caused by toxicants. Here, we
suggest 3D fabrication of single-egg trapping devices in which
Xenopus eggs are fertilized in vitro, and the embryos are
cultured. We used manual pipetting to insert the Xenopuseggs
inside the trapping sites of the chip. By introducing a liquid
circulating system, we connected a sperm-mixed solution with
the chip to induce in vitro fertilization of the eggs. After the
eggs were fertilized, we observed embryo development
involving the formation of egg cleavage, blastula, gastrula, and
tadpole. After the tadpoles grew inside the chip, we saved their
lives by enabling their escape from the chip through reverse
flow of the culture medium. The Xenopus chip can serve as an
incubator to induce fertilization and monitor normal and
abnormal development of the Xenopus from egg to tadpole.
Keywords: Xenopus laevis, Embryogenesis, In vitro
fertilization, Biochip, Tadpole trapping
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Epithelial Wnt secretion is required for molar
root formation
Ju-Kyung Jeong, Tak-Heun Kim, Eui-Sic Cho
Jeonbuk National University School of Dentistry

Wnt signaling plays multiple roles in both dental epithelium and
mesenchyme during various stages of tooth development.
Previously, we reported that Wnt/b-catenin signaling is
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Papenfusiella kuromo (P. kuromo) is a brown alga in the
Chordariaceae family that is generally found in the eastern
seaboard and southern coast, Jeju island in Korea and in Japan.
Although P. kuromo has been reported to possess antioxidant
and anti-inflammatory properties, its anti-inflammatory
effect in the periodontal disease remains unknown. In this
study, we investigated the mechanisms underlying the
anti-inflammatory effects of an extract from P. kuromo in
Porphyromonas gingivalis (P. gingivalis) LPS-stimulated
RAW 264.7 macrophage. We found that P. kuromo had no
cytotoxic effect in cell viability compared to untreated RAW
264.7 macrophage. Treatment with P. kuromo in P. gingivalis
LPS-stimulated RAW 264.7 macrophage dose-dependently
reduced the levels of nitric oxide (NO) via down-regulation
of the inducible nitric oxide (iNOS) expression. RT-qPCR
showed that P. kuromo inhibited interleukin(IL)-1β, IL-6 and
tumor necrosis factor (TNF)-α mRNA in P. gingivalis
LPS-stimulated RAW 264.7 macrophage in dose-dependent
manner. Through western blot analysis, P. gingivalis LPS-inuced
phosphorylation of inhibitor kappa B alpha (IκBα) kinase
(IKK) and IκBα degradation were dose-dependently suppressed
by P. kuromo. In addition, treatment with P. kuromo in P.
gingivalis LPS-stimulated RAW 264.7 macrophage also
reduced the nuclear translocation of nuclear factor (NF)-κB
p65, which suggests that anti-inflammatory effect of P.
kuromo is associated with the suppression of the NF-κB
signaling pathway. These results suggested that the extract
of P. kuromo may possess an anti-inflammatory effect in the
periodontal diseases and could be used as a potential
therapeutic agent for preventing periodontitis.

Xenopus chip for single-egg trapping, in vitro
fertilization, development, and tadpole escape

essential both in Hertwig’s epithelial root sheath (HERS) and
odontoblasts for tooth root formation. However, it remains
unknown whether Wnt ligands secreted from HERS is required
for tooth root formation. To address the roles of epithelial Wnt
secretion during root development, we analyzed mice with
inducible Wntless (Wls) disruption allele using ShhcreERT2
transactivator in HERS. In mutant mouse molars at postnatal
day 28 (P28), pulpal floor was not completed and remained
open due to aborted root furcation formation in contrast to no
remarkable change in crown following tamoxifen administration.
Although root was normally formed until P8, HERS was lost
in the furcation formation region at P10. In addition,
odontoblast differentiation was dramatically impaired. These
results indicate that epithelial Wnt secretion is essential for
completion of root furcation formation through not only
induction of odontoblast differentiation but also maintain
cellular integrity of HERS. Taken together, it is suggested that
Wnt ligands secreted from HERS are required for HERS itself
as well as neighboring odontoblast differentiation by autocrine
and paracrine manner, respectively. These findings may
provide new insight to understand the contribution of epithelial
Wnts underlying root formation.
Keywords: Wnt, Epithelium, Hertwig's epithelial root sheath,
Tooth root, Furcation
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Cell dynamics in Hertwig’s epithelial root sheath
are regulated by beta-catenin activity during
tooth root development
Hwajung Choi, Tak-Heun Kim, Ju-Kyung Jeong, Eui-Sic Cho
Jeonbuk National University School of Dentistry

Beta‐catenin, a key mediator of Wnt signaling, plays multiple
roles in tooth development. However, the role of beta‐catenin
in Hertwig's epithelial root sheath (HERS) during root
formation remains unclear. In this study, we generated
inducible tissue specific beta‐catenin conditional knockout
mice to investigate how beta‐catenin in HERS affects tooth
root development. The inactivation of beta‐catenin in HERS
led to interrupted root elongation due to premature disruption
of HERS. This phenotype was accompanied by reduced cell‐
cell adhesion and decreased expression of junction proteins,
as well as increased epithelial‐to‐mesenchymal transition of
HERS cells upon beta‐catenin depletion. Accordingly,
stabilization of beta‐catenin in HERS led to the formation of
unfragmented HERS and resulted in the failure of HERS
dissociation, with increased expression of junction proteins.
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Our results suggest that fine control of beta‐catenin is
important for HERS to guide root formation through regulating
its structural integrity.
Keywords: Cell junction, Epithelial-to-mesenchymal transition,
Hertwig's epithelial root sheath, Tooth root, Beta-catenin
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miRNAs are conserved short noncoding RNAs that play a role
in the modulation of various biological pathways during tissue
and organ morphogenesis. In this study, the function of
miRNA-221-3p in tooth development, through its loss or gain
in function was evaluated. A variety of techniques were utilized
to evaluate detailed functional roles of miRNA-221-3p during
odontogenesis, including in vitro tooth cultivation, renal
capsule transplantation, in situ hybridization, real-time PCR,
and immunohistochemistry. Two-day in vitro tooth cultivation
at E13 identified altered cellular events, including cellular
proliferation, apoptosis, adhesion, and cytoskeletal arrangement,
with the loss and gain of miRNA-221-3p. qPCR analysis
revealed alterations in gene expression of tooth-related
signaling molecules, including β-catenin, Bmp2, Bmp4, Fgf4,
Ptch1, and Shh, when inhibited with miRNA-221-3p and
mimic. Also, the inhibition of miRNA-221-3p demonstrated
increased mesenchymal localizations of pSMAD1/5/8, alongside
decreased expression patterns of Shh and Fgf4 within inner
enamel epithelium (IEE) in E13+2d in vitro cultivated teeth.
Moreover, one-week renal transplantation of in vitro
cultivated teeth had smaller tooth size with reduced enamel
and dentin matrices, along with increased cellular proliferation
and Shh expression along the Hertwig epithelial root sheath

(HERS), within the inhibitor group. Similarly, in three-week
renal calcified teeth, the overexpression of miRNA-221-3p
did not affect tooth phenotype, while the loss of function
resulted in long and slender teeth with short mesio-distal
length. This study provides evidence that a suitable level of
miRNA-221-3p is required for the modulation of major
signaling pathways, including Wnt, Bmp, and Shh, during tooth
morphogenesis.
Keywords: miRNA, Tooth development stage, Signaling
modulations, Cellular events, Tooth morphogenesis
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P-43
Facilitation of alveolar bone formation using an
LPAR2 antagonist treatment in tooth loss
condition without periodontal disease

Tooth loss without periodontal disease is one of the causes of
the dental field and most of the clinical cases are required to
facilitate bone formation for dental implant transplantation to
restore masticatory function. In this study, we evaluated the
osteogenic function of AM (for Amgen) Compound 35, an
LPAR2 (lysophosphatidic acid receptor 2) antagonist,
reported to be involved in various aspects of cell physiology.
We employed, in vitro cultivation to define the osteogenic

Keywords: LPA signaling, Tooth loss, TGF-beta 1, SMAD2/3,
Osteoblast
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Tooth development initiates with the formation of the primary
epithelial band and is mediated by reciprocal and
interdependent signaling interactions between epithelium and
mesenchyme following different stages of development.
However, the principle mechanism underlying tooth
development is not elucidated yet. To understand the detailed
fine-tuning mechanism of tooth development, we first
examined the O-GlcNAcylation signalings, essential for the
regulation of protein stability and activity through two
intracellular enzymes; OGT and OGA. OGT was reported to
add O-GlcNAc to the serine or threonine residue of the
targeted proteins whereas OGA removes the additional
O-GlcNAc from the proteins.In this study, the precise
localization pattern of OGA was examined at cap, bell,
secretory and tooth root forming stages. in vitro tooth germ
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function and toxicity of AM Compound 35 using calvaria
osteoblasts. The results showed increased levels of osteogenic
differentiation in osteoblast rather than hPDLF cells without
cell toxicity till 1 µM concentration using ALP, ARS and MTT
assays. Based on in vitro cell cultivation results, in vivo animal
experiment was conducted. Histomorphometry, immunohistochemistry
and micro-computed tomography results showed the
facilitated bone formation in tooth loss lesion after AM
Compound 35 treatment. Particulary, AM Compound 35
activated TGF-β1 and SMAD2/3 signalings in tooth loss site
when compared with control. Overall, these results implicate
that LPA signaling regulations by AM Compound 35 treatment
would be a plausible answer to facilitate alveolar bone
formation in tooth loss condition without periodontal disease.

cultivation at E14.5 for 1 and 2 days with or without treatment
of OGA inhibitor. Moreover, to evaluate the level of
mineralization and morphological changes, we conducted renal
capsule transplantation for 1 and 3 weeks, after 2 days of
cultivation at E14.5. After inhibition of OGA, morphological and
molecular alternations were examined using histology,
immunohistochemistry, RT-qPCR, in-situ hybridization, and
SEM.Overall OGA inhibition showed the altered cellular
physiology including proliferation, apoptosis, and epithelial
rearrangements with significant changes of expression
patterns of signaling molecules, such as β-Catenin, Fgf4, and
Shh. Based on our results, we suggest that O-GlcNAcylation
would play important role in mouse molar morphogenesis
through protein modification for proper structural formation.
Keywords: Tooth development, O-GlcNAcylation, Signalings
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Proteomic approaches to effects of pyridoxine
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Pyridoxine, one of the vitamin B6 vitamers, plays crucial roles
in amino acid metabolism and synthesis of monoamines as a
cofactor. In the present study, we observed the effects of
pyridoxine deficiency on novel object recognition memory. In
addition, we examined the levels of 5-hydroxytryptamine
(5-HT), 5-hydroxyindoleacetic acid (5-HIAA), 3,4-dihydro
xyphenethylamine (DA), 3,4-dihydroxyphenylacetic acid,
and homovanillic acid and the number of proliferating cells and
neuroblasts in the hippocampus. We also examined the effects
of pyridoxine deficiency on protein profiles applying a
proteomic study. Five-week-old mice fed pyridoxine-deficient
diets for 8 weeks and showed a significant decrease in the
serum and brain (cerebral cortex, hippocampus, and thalamus)
levels of pyridoxal 5’-phosphate, a catalytically active form
of vitamin-B6, and decline in 5-HT and DA levels in the
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hippocampus compared to controls fed a normal chow. In
addition, pyridoxine deficiency significantly decreased Ki67-positive
proliferating cells and differentiated neuroblasts in the dentate
gyrus compared to controls. A proteomic study demonstrated
that a total of 41 spots were increased or decreased more than
two-fold. Among the detected proteins, V-type proton
ATPase subunit B2 (ATP6V1B2) and heat shock cognate
protein 70 (HSC70) showed coverage and matching peptide
scores. Validation by Western blot analysis showed that
ATP6V1B2 and HSC70 levels were significantly decreased
and increased, respectively, in pyridoxine-deficient mice
compared to controls. These results suggest that pyridoxine
is an important element of novel object recognition memory,
monoamine levels, and hippocampal neurogenesis. Pyridoxine
deficiency causes cognitive impairments and reduction in
5-HT and DA levels, which may be associated with reduction
of ATP6V1B2 and elevation of HSC70 levels in the
hippocampus.
Keywords: pyridoxine deficiency, novel object recognition
memory, neurogenesis, V-type proton ATPase subunit B2,
heat shock cognate protein 70
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Low-density lipoprotein receptor elated protein 5 and 6
(LRP5/6) are essential coreceptors for canonical Wnt
signaling, which plays a diverse role in the neurodevelopment
and synaptic formation and correlates several neurological and
psychiatric disorders. Although it is well-established the role
of LRP6-mediated Wnt signaling in neurons including synaptic
function and cognition, however the fundamental role of LRP5
in neurons is largely unknown. Here we investigated the effects
of LRP5 gene on neurobehavioral phenotype, and Wnt/β
-catenin signaling in LRP5-deficient mouse model. LRP5
knockout (KO) mice showed normal exploratory movement
without any impairment of gait at 13- to 15-week-old.
Compared wile-type (WT) mice, LRP5 KO mice exhibited
anxiogenic phenotype in Light/Dark Transition test and
Novelty Suppressed Feeding test, and cognitive defects in
hippocampus-dependent memory test including Morris Water

Maze test and Object Recognition Memory test. In addition, we
confirmed that LRP5 deficiency significantly decreased
Ki67-positive proliferating cells and doublecortin-positive
immature progenitor neurons, without significant alteration of
dendritic complexity. Moreover, the protein levels of active β
-catenin and phosphorylated GSK-3β were reduced in the
hippocampus of LRP5 KO mouse, leading to the suppression
of target gene in the Wnt signaling. Our results define the
effects of LRP5 on the anxiety and cognition, and hippocampal
neurogenesis, mainly through the Wnt/β-catenin signaling in
hippocampus, and suggest that LRP5-mediated Wnt signaling
may provide fundamental data to seek the novel therapeutic
strategy for diverse neurological and psychiatric disorders.
This work was supported by the National Research Foundation
of Korea (NRF) grant funded by the Korea government
(MSIT) (NRF-2019R1F1A1058090).
Keywords: LRP5, Wnt/β-catenin signaling, Neurogenesis,
Cognition, Anxiety, Neurobehavior
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Postischemic treatment with oxcarbazepin
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In the present study, we investigated neuroprotective effect
of post-oxcarbazepine (OXC) treatment against transient
ischemic injury and its mechanisms in the gerbil brain.
Transient forebrain ischemia (tFI) was induced by bilateral
common carotid artery occlusion for 5 min under normothermic
condition (37 ± 0.2ºC) and, thereafter, respectively treated
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Downregulation of p16ink4a in microglia
increase amyloid-b clearance and delay aging in
Alzheimer’s disease
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P16ink4a, one of the factors related to aging, has been reported
to be increased the expression in many neurodegenerative
diseases occurring in the aging process. In addition, several
factor that could accelerate aging activated by increasing the
expression of p16ink4a. In this study, we confirmed that the
expression of p16ink4a was increased in animal models of
Alzheimer’s disease. Moreover, we observed p16ink4a
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with vehicle, hypothermic condition (33.0 ± 0.2°C) and 200
mg/kg OXC. Both treatment with vehicle and hypothermic
condition following tFI were failed to display neuroprotective
effect in the hippocampal cornus ammonis (CA) 1 region
against tFI at 96 hours after ischemia-reperfusion; in
contrast, post-treatment with OXC exerted a strong
neuroprotective effect showing that a hypothermic condition
was induced by OXC injection. In addition, animals posttreated with OXC showed markedly ameliorated hyperactivity
and cognitive dysfunctions (spatial memory and short-term
memory functions) induced by tFI. Post-treatment of OXC
following tFI increased the immunoreactivities and protein
levels of transient receptor potential vanilloid type (TRPV) 1
and TRPV4 in the ischemic CA1 region compared with in the
vehicle-treated and hypothermic condition-induced groups.
In brief, our present results indicate that that OXC-induced
hypothermia can effectively protect neuronal cell death from
tFI injury through increase of the immunoreactivity of TRPV1
in the ischemic CA1 region, showing that TRPV1 is involved
in OXC-induced hypothermia. Therefore, OXC could be
introduced to reduce body temperature rapidly and might be
applied to patients for hypothermic therapy following ischemic stroke.

specifically higher increased in aged microglia near the
amyloid-b. In the aging process, microglia have a poor ability
to do phagocytosis, which is its real function. Therefore, our
data suggest that younger alteration of aged microglia in AD
through cell cycle regulation could modulate its ability to limit
amyloid accumulation. In addition, reducing the expression of
p16ink4a serves to change from aged microglia to young
microglia. And as siRNA delivery system, we used PLGA
nanoparticles, which have to advantages of non-toxicity and
biodegradability. PLGA nanoparticles are particularly well
suited for this study in that they are highly transmitted to
microglia, like our previous work. In conclusion, when the
expression of p16ink4a is lowered, the ability to phagocytosis
of microglia is improved to eat for amyloid-beta more. The
deletion of p16ink4a in microglia protect against decreased
spatial memory and learning deterioration, behavioral
experiment proved that the aging process proceeds slowly. In
this study, we applied PLGA nanoparticles targeted microglia
cell cycle related factor is expected to be a powerful target with
good effects in the treatment of AD.
Keywords: p16ink4a, Microglia aging, phagocytosis, Alzheimer’s
disease, PLGA nanoparticle
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Microglia are involved in neurodegenerative diseases such as
Alzheimer's disease (AD) and Parkinson's disease. Activation
of the nuclear factor-kB (NF-kB) transcription factor family
in microglia is an important step in the regulation of
pro-inflammatory cytokine expression. Tonicity-responsive
enhancer binding protein (TonEBP), also known as the nuclear
factor of activated T cells 5 (NFAT5), is a transcription factor
that belongs to the Rel family, which also contains NF-kB and
NFAT1-4. However, the role of TonEBP in AD-associated
neuroinflammation is not clear. Here, we examined the effects
of TonEBP deletion on neuroinflammation and microglial
activation in amyloid-β (Aβ)-injected mice. We found that
TonEBP is increased in the hippocampus of aged mice and
human with AD. The expressions of activated microglia
markers ionized calcium-binding adapter molecule 1 (Iba-1)
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and triggering receptor expressed on myeloid cells 2 (TREM2)
in the hippocampus of TonEBP haploinsufficient mice were
decreased compared to WT mice. Furthermore, increased
hippocampal Iba-1 and TREM2 expressions in Aβ-treated
WT mice were reduced by TonEBP haploinsufficiency. These
findings indicate that TonEBP may play an important role in
Aβ-induced microglial activation and neuroinflammation.
Keywords: TonEBP, Alzheimer’s disease, Neuroinflammation,
Microglia, Hippocampus
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Exendin-4 (Ex-4) is a glucagon-like peptide-1 receptor
(GLP-1R) agonist that protects against brain injury. However,
little is known about the effect of Ex-4 on kainic acid
(KA)-induced seizures and hippocampal cell death. Therefore,
this study evaluated the neuroprotective effects of Ex-4
pretreatment in a mouse model of KA-induced seizures. Three
days before KA treatment, mice were intraperitoneally
injected with Ex-4. We found that Ex-4 pretreatment
reversed KA-induced reduction of GLP-1R expression in the
hippocampus and attenuated KA-induced seizure score,
hippocampal neuronal death, and neuroinflammation.Ex-4
pretreatment also dramatically reduced hippocampal lipocalin-2
protein in KA-treated mice. Furthermore, immunohistochemical
studies showed that Ex-4 pretreatment significantly alleviated
blood–brain barrier leakage. Finally, Ex-4 pretreatment
stimulated hippocampal expression of phosphorylated cAMP
response element-binding protein (p-CREB), a known target
of GLP-1/GLP-1R signaling. These findings indicate that
Ex-4 pretreatment may protect against KA-induced neuronal
damage by regulating GLP-1R/CREB-mediated signaling
pathways.
Keywords: Exendin-4, Neuronal death, Hippocampus, Kainic
acid, Seizures
노구섭 | 경상국립대학교 의과대학 · anaroh@gnu.ac.kr

microscopy

P-51
Osteopontin mediates formation of corpora
amylacea-like structures from neuronal debris
in the CA1 region of the rat hippocampus after
ischemia
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Chronic kidney disease (CKD) is a type of kidney disease
associated with gradual loss of kidney function, decreased
glomerular filtration rate or increased albumin excretion in
urine. Clinical studies have shown that neurological disorders
including cerebrovascular disease, cognitive impairment,
peripheral neuropathy, and dysfunction of central nervous
systemare prevalent in patients with CKD. The causes of
cognitive impairment in patients with CKD included
cerebrovascular disease, anemia, secondary hyperparathyroidism,
dialysis disequilibrium and uremic toxin. In addition, Vascular
dementia-induced alterations in the structure and function of
the hippocampus can lead to deficits in the hippocampal
synaptic plasticity and cognitive functions. However,
regardless of these clinical evidences, the pathophysiology of
cognitive impairment in patients with CKD is not fully
understood. Therefore, in this study, we are identifying
cognitive dysfunction caused by CKD. First of all, we were to
determine whether CKD affects to the cognition, we performed
four cognition-related behavior assays as NOR, Y-maze,
Barnes maze and classical contextual fear conditioning. We
identified deficits in spatial working memory, learning and
memory, and contextual memory, as well as deficits in attention
deficit and ability to distinguish familiar and new objects in
CKD. NHE (Na+/H+ exchanger)1 immune response was
performed to confirm hippocampal acidosis caused by CKD
uremic toxin, and it was confirmed that the expression was
increased in the hippocampus of CKD rats. To verify the
functional alterations of blood-brain barrier (BBB) damage
in the hippocampus of CKD rats, we performed double
immunofluorescence of aquaporin-4 (AQP4) and glial
fibrillary acidic protein (GFAP) and then verified highly
co-expression at the hippocampus. Furthermore, field
excitatory post-synaptic potential (fEPSP) for identifying the
synaptic plasticity significantly reduced the amplitude and
slope of fEPSP in CKD rats compared to naïve rats. Therefore,
our finding in the present study may suggest uremia through
declined kidney function may cause destruction BBB as
acidosis in the brain, thus it may lead to the cognitive alterations
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Osteopontin is a phosphoglycoprotein upregulated in response
to ischemic insults in the brain. While its spatiotemporal
expression patterns and association with glial phagocytosis
and microcalcification in acute to subacute phases after
ischemia have been previously described, its ongoing
deposition in the hippocampus and possible association with
progressive neurodegeneration remain elusive. To address
this, we analyzed hippocampal OPN deposits after global
cerebral ischemia in the chronic phase (4 to 12 weeks) after
reperfusion using immunoelectron microscopy and correlative
light-and electron-microscopy. We identified three different
types of OPN deposits based on their morphological
characteristics, the number of each type indicates the order
in which it evolves. Dark degenerative cells retaining the
cellular morphology were frequently observed in the pyramidal
cell layer and type I deposits were degenerative mitochondria
accumulated among these cells. Type II deposits evolved into
more complex amorphous structures with prominent OPN
deposits on their peripheral outline and within degenerative
mitochondria-like structures. Finally, type III had large
concentric laminated structures with irregularly shaped
bodies in the center of the deposits. In all types, OPN deposits
corresponded to calcification as confirmed by calcium fixation
and alizarin red staining. Notably, type II and III deposits were
highly reminiscent of corpora amylacea, glycoprotein-rich
aggregates found in aged brains or neurodegenerative disease,
which were further confirmed by the ubiquitin expression and
PAS staining. Overall, our data provide a novel link between
ongoing neurodegeneration and the formation of corporaamylacea like structure and calcium deposits in the ischemic
hippocampus and we postulate that OPN may play an important
role in such processes. This research was supported by the
grant from the National Research Foundation of Korea (NRF)
(grant number NRF- 2020R1A2B5B01001442, NRF-2021R
1I1A1A01046548).

Altered cognitive phenotypes in the
hippocampus following chronic kidney disease

of hippocampal association following CKD. Support: This
research was supported by the National Research Foundation
of Korea(NRF) funded by the Korea government(NEST)
(NRF-2017R1D1A1B05036195 and 2020R1A6A3A01099833).
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Febrile seizure (FS) is the most common seizure type in the
infant and young child. Early developmental insults by FS may
associated with disorders in emotional recognition and the
growth of cognitive functions in children is sensitive with the
adverse influence of epilepsy. Moreover, the hippocampus is
critical for encoding declarative memory and especially,
dysfunction of CA2 pyramidal neurons caused a pronounced
loss of social memory in genetic and autism models. Therefore,
in this study, we identified the interrelation that autism-like
behavior and dysfunction hippocampal circuits in FS animal
model. In the results of this study, we were observed
autism-like phenotype at the novel social and the obsessive–
compulsive disorder task following FS. In addition, we were
investigated field excitatory postsynaptic potential (fEPSP)
in the hippocampus for identifying impairs synaptic
transmission, observed that resultant slope of fEPSP were
markedly reduced more than control level. Additionally,
immunoreactivity of interleukin-6 (IL-6) was enhancing
those CA2 regions of hippocampus and cerebellum compared
with control. Therefore, our findings in present study revealed
that autistic neuroanatomical structures and neuronal plasticity
accompanied by inflammatory damage in development periods
after FS, thus it might seem to be involved to potential onset
of autism by genetic alterations following FS. Support: This
research was supported by the National Research Foundation
of Korea(NRF) funded by the Korea government(NEST)
(NRF-2017R1D1A1B05036195 and 2020R1A6A3A01099833).
Keywords: Febrile seizure, Epilepsy, Autism-like, fEPSP,
Behavior sequelae
김덕수 | 순천향대학교 의과대학 · dskim@sch.ac.kr

130 : 2021 Annual Meeting

P-54
Regulation of brain metabolism through
improved insulin signaling ameliorates
Alzheimer’s disease-like pathology and
cognitive function
A Young Sim1,2, Ara Goh1, Jong Youl Kim1, Yong-ho Lee3, Jong
1,2,4
Eun Lee
1
Department of Anatomy, Yonsei University College of Medicine,
Seoul, Republic of Korea., 2BK21 PLUS Project for Medical
Science, Yonsei University College of Medicine, Seoul, Republic
of Korea., 3Department of Internal Medicine, Yonsei University
College of Medicine, Seoul, Republic of Korea., 4Brain Research
Institute, Yonsei University College of Medicine, Seoul, Republic
of Korea.

Alzheimer's disease (AD) is characterized by memory loss and
cognitive decline. Abnormal extracellular amyloid plaques
accumulation and nerve damage caused by phosphorylated tau
(p-tau) protein are also characteristic of AD. Recently, beyond
the Amyloid ß (Aß) hypothesis, there have been conducted
a series of studies linking AD to systemic disease. Particularly,
type 2 diabetes mellitus (T2DM) including hyperinsulinemia
and chronic hyperglycemia with an inflammatory response,
have been shown to be closely related to AD through insulin
resistance. Moreover, AD and T2DM share demographic
profiles, risk factors, clinical and biochemical characteristics,
suggesting that they are closely related. We developed
high-fat diet (HFD) induced T2DM-AD mice model using
60% HFD for 12 weeks and single dose of streptozotocin (100
mg/kg/ip) at 4th week of the diet and subsequently treated with
anti-diabetic drugs (dipeptidyl peptidase-4 inhibitor,
sodium-glucose cotransporter 2 inhibitor) for 7 weeks daily
until sacrifice. Afterwards, we conducted the behavior tests
to evaluate spatial learning and preference memory as
cognitive functions depending on the hippocampus. We
observed that the escape latency time was increased in
anti-diabetic drugs treated mice compared to T2DM mice and
anti-diabetic drugs treated mice showed preference for new
object. In addition, anti-diabetic drug treatment rescued the
reduction in insulin signaling, which in turn reduced the
accumulation of Aβ and p-tau in the hippocampus of the brain.
We suggest that metabolic changes in the brain restore
AD-like pathology and cognitive function as insulin signaling
is improved. Acknowledgement : This research was supported
by the National Research Foundation of Korea (NRF) grant
funded by the Korea Government (NRF-2021R1A2C2008034)
to JEL.
Keywords: Alzheimer’s disease, Type 2 diabetes mellitus,
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An obesity-related circular RNA circTshz2-2
regulates the neural structure through the
YY1-BDNF/TrkB-G2/M cell cycle arrest in the
brain

Metabolic syndromes, including obesity, cause physiological
and pathological changes in the brain, resulting in cognitive
deficits. There are many studies on the coding gene's function,
however, few studies have been done on the non-coding gene's
function between metabolic syndromes and cognitive deficits.
In this study, we identified a circular RNA, circTshz2-2,
affecting the neural structure. CircTshz2-2 was well
preserved and specifically expressed in the neuron and highly
expressed in differentiated and mature neurons. The
transcriptomic analysis indicated that circTshz2-2 dysregulation
altered the expression of genes related to the cell cycle,
especially related to the cell division process. Interestingly, we
found that circTshz2-2 bound to the YY1 transcriptional
complex to suppress Bdnf transcription, but circTshz2-2
dysregulation increases BDNF expression by failing to prevent
the YY1 transcriptional repressor complex in the neuron.
circTshz2-2 knockdown reduced Cyclin B2 and CDK1
complex activity, G2/M checkpoint, through BDNF/TrkB
receptor signaling pathway, resulting in G2/M cell cycle arrest,
increased tetraploidy and polyploidy by cytokinesis failure, and
neurite elongation by microtubule-organizing center
re-location. Our results suggest that an obesity-related
circTshz2-2 has important roles in regulating neural structure
in the brain. It might help to understand the association between
metabolic syndromes and cognitive deficits.
Keywords: circular RNA, Obesity, neural structure, Bdnf,
circTshz2-2, cell cycle
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Parkinson's disease (PD) is a progressive neurodegenerative
disorder in which dopaminergic (DA) systems are destroyed
(particularly, in nigrostriatal lesion), resulting in motor and
non-motor symptoms. Recent studies indicate that the
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The over expression of amyloid precursor protein (APP) and
accumulation of amyloid-beta (AB)are well-known indicators
of early Alzheimer’s disease (AD). However, the exact
physiological function of APP as a key role in the molecular
pathology of AD is still unclear. Ischemia has been shown to
instigate AD neuropathologic changes, possibly facilitating the
development of AD-related pathologies due to the amyloidogenic
processing. Furthermore, in recent years, it has been reported
that soluble α form of APP (sAPPα) has exhibited neuroprotective
effects against neurological diseases. Previous studies have
suggested that heparin binding APP derivative, APP96-110,
could act as a functional substitute for native sAPPα. In this
study we investigate whether APP96-110, an APP derivate,
has a neuroprotective effect against the neuroinflammation
and damaged following cerebral ischemic stroke. Treatment
with diluted APP96-110 (0.005mg/kg) in mice following 30
minute transient middle cerebral artery occlusion (tMCAO)
showed improved motor function and reduction in the presence
of A , when compared to the vehicle control group.
Furthermore, administration of APP96-110 decreased infarct
size and reduced neuroinflammation. These results may
suggest that the treatment of APP96-110 is efficacious in
reducing neuroinflammation and infarct size in ischemic
stroke, and could thereby result in the reduction of the
neurotoxic cascade effects of early AD pathologies.
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alteration of neuronal plasticity in the hippocampus (a
non-nigrostriatal area) results in non-motor dysfunctions in
animal models of the disease. However, little is known
regarding the effect of striatal DA damage on structural
plasticity of hippocampal neurons in 6-hydroxydopamine
(OHDA)-lesioned rats. Striatal 6-OHDA infusions were
performed unilaterally in adult SD rats. We confirmed DA
degradation (as shown by lower tyrosine hydroxylase
expression levels) in the substantia nigra and striatum of
6-OHDA-lesioned rats. During the late phase (7-8 weeks
after infusion), rats lesioned with 6-OHDA exhibited motor
dysfunction (in terms of hypolocomotion) and non-motor
dysfunction (in terms of anxiety and depression-like
behaviors). Golgi staining revealed that striatal 6-OHDA
infusion significantly reduced dendritic complexity (i.e.,
number of crossing dendrites, total dendritic length, and
branch points) in the hippocampal conus ammonis 1 (CA1)
apical/basal and dentate gyrus (DG) subregions nine weeks
after infusion. Additionally, striatal 6-OHDA infusion
significantly decreased the spine density of neuronal dendrites
in the CA1 apical/basal and DG subregions of rat hippocampi.
Thus, the current study provides anatomical evidence that
structural plasticity in the hippocampus is altered in the late
phase following striatal 6-OHDA infusion in rats, possibly as
a result of extended suppression of the DA system.
Keywords: Behavior, hippocampus, Parkinson’s disease,
6-hydroxydopamine, structural plasticity
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Depressive disorder is one of the most widespread forms of
psychiatric pathology,worldwide. According to a report by the
World Health Organization, the number ofpeople with
depression, globally, is increasing dramatically with each year.
Previousstudies have demonstrated that various factors,
including genetics and environmentalstress, contribute to the
risk of depression. As such, it is crucial to develop a
detailedunderstanding of the pathogenesis of depressive
disorder and animal studies are essential for identifying the
mechanisms and genetic disorders underlying depression.
Recently, many researchers have reported on the pathology
of depression via variousmodels of depressive disorder. Given
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that different animal models of depression showdifferences in
terms of patterns of depressive behavior and pathology, the
comparison between depressive animal models is necessary
for progress in the field of thedepression study. However, the
various animal models of depression have not beenfully
compared or evaluated until now. In this paper, we reviewed
the pathophysiology of the depressive disorder and its current
animal models with the analysis of theirtranscriptomic profiles.
We provide insights for selecting different animal models
forthe study of depression.
Keywords: Depression, Animal model, Transcriptomic profile
송주현 | 전남대학교 의과대학 · juhyunsong@chonnam.ac.kr

P-59
Sex differences of early-life chronic stress on
dopaminergic system in an animal model of
attention-deficit hyperactivity disorder
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Attention deficit hyperactivity disorder (ADHD) is the most
common neurodevelopmental disorder in school-aged
children, and shows a strong male bias in phenotypic
expression. We hypothesized that early-life chronic stress
may contribute to sex-specific behavioral characteristics of
ADHD, altering development of the dopaminergic system,
because environmental factors also play an important role in
this disease. Juvenile ADHD rat model, spontaneously
hypertensive rats (SHR), and control Wistar Kyoto rats were
subjected to chronic unpredictable mild stress (CUMS), and
behavioral, biochemical and immunofluorescence analysis
were performed to observe changes in the gene and protein
expressions of dopaminergic system. The methylphenidate
(MPH, 2 mg/kg) was employed first-line treatment for ADHD.
Males SHR exposed with CUMS present with higher ratings
of hyperactivity, anxiety, and cognitive deficits than female.
The gene and protein level of dopamine metabolic factors were
significantly altered in the prefrontal cortex (PFC) and ventral
striatum of male SHR compare to female, but not prominent
in other dopamine-related factors such as receptor, cell death,
and neurodevelopmental factors. The male SHR showed
significant increase in 3,4-dihydroxyphenylacetic acid
(DOPAC), homovanillic acid (HVA), and neurotransmitter
index, especially the HVA/DOPAC ratio by the catecholO-methyltransferase (COMT) activity, in the PFC compared

to female. Moreover, MPH treatment of male SHR was more
potent than female in behavioral symptoms such as
hyperactivity. These results suggest that early-life CUMS
altered the sex-specific dopaminergic system via metabolic
process of dopamine, inducing a significant difference in COMT
expression in the PFC of the male ADHD rat model. These
results propose additional clues to elucidate sex-specific
diagnosis and treatment in dopamine-related disorder ADHD.
Keywords: Attention-deficit hyperactivity disorder, Sex
difference, Chronic unpredictable mild stress, Methylphenidate,
Catechol-O-methyltransferase
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Inhibition of Betaine/GABA transporter-1
(BGT-1) attenuates in epileptic spasms animal
model

Infantile spasms, also known as West syndrome, is an
age-specific epileptic seizure. Most patients with this condition
also exhibit delayed development. GABA transporters has
been suggested therapeutic options for regulating excitation
and inhibition balance in infantile spasms. Here, we showed the
to check the role of Betaine/GABA Transporter-1 (BGT-1)
in prenatal stress-induced infantile spasms using BGT-1
nanoparticles. We used pregnant female Sprague Dawley rats
and induced prenatal stress with an injection of betamethasone
on Gestational day 15 (G15). On postnatal day 15, N–methyl–
D-aspartate was administered to trigger spasms in offspring.
The total number of spasms and latency to the first spasms
were recorded. We also checked expression level of BGT-1.
BGT-1 was elevated in astrocyte in an animal model of epileptic
spasms. We observed that rats treated with BGT-1 siRNA and
PLGA nanoparticle while exposed to prenatal stress
demonstrated reduced total number and frequency of spasms.
It is potentially enabling its future use for epilepsy therapy.
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Angiosarcoma is a malignant vascular tumor which comprises
2-3 % of soft tissue sarcoma. Radiation therapy and chronic
lymphedema are well known causes of secondary angiosarcoma.
However, the cause of primary angiosarcoma is still unclear.
Angiosarcoma has limited options for chemotherapy, which
results in poor prognosis. Compared to other tumors, fewer
genetic mutations and heterogeneity of angiosarcoma made it
difficult to use targeted chemotherapy. To overcome this
clinical unmet needs, appropriate preclinical animal models
which can represent the characteristics of angiosarcoma are
needed. Here, we made endothelial cell specific Trp53
knockout mouse model (Ve-cadherin-Cre;p53fl/fl, VP),
using Cre-LoxP system. 89.9 % of this mouse model had
spontaneous angiosarcoma from 15 to 50 weeks after birth.
ERG and CD31, specific angiosarcoma markers, were
observed in spontaneous tumors and their primarily cultured
cell lines. To confirm in vivo tumorigenesis, primary cultured
cells were subcutaneously injected into immune deficient mice,
which shown 40-100% of tumor formation. These allograft
tumors also presented angiosarcoma specific markers, EGG
and CD31. From genetic analysis(Whole Transcriptome,
Whole Exome Sequencing) of the angiosarcomas, the
heterogenous characteristics of genomic landscape were
identified. Also, the amplifications of Kdr, Cdk8 and Myc, which
were reported in human angiosarcoma, were detected.
Notably, amplification of Igfbp7 was identified which was not
well reported in angiosarcoma. Moreover, 3 genomic
fusions(Erc1-Ret, Fli-Pou2f3, Corin-Igfbp7) were detected,
which might be an attractive therapeutic target. the agents
which can be used as a novel therapeutic candidate were tested
in in vivo study and drugs which showed significant treatment
effects were selected. Mice model which angiosarcoma cell,
VP#1, were subcutaneous injected were treated Panobinostat,
HDAC inhibitor, daily after tumor growth. Compare with
non-treated group, tumor growth were decreased and survival
duration were increased. Additional drugs were in test with
other angiosarcoma cell line. Trough the overall results
indicated that genetic analysis of angiosarcoma could elucidate
personalized therapeutic targets that can be translated into
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clinical settings. Personalized treatment based on genetic
features of angiosarcoma might improve the prognosis of
patients
Keywords: Angiosarcoma, P53, Endothelial cell, Personal
therapeutic
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Effects of chronic cerebral hypoperfusion on the
cerebral vasculature in mouse
Juyeon Mun1,2, Junyang Jung1,2, Chan Park1,2
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In our previous study, normal aging mice showed mild and
chronicle reduction of CBF, alteration in the brain’s vascular
structure such as an increase of vessel tortuosity. However,
the relationship between alteration in the brain’s vascular
structure and decrease in CBF in the normal aging process still
unclear. In the present study, we examined using a
microcoil-induced chronic cerebral hypoperfusion (MCH)
model mice to identify the decrease in CBF could induce
alteration of the brain’s vascular structure. Alterations of CBF
and the brain’s vascular structure in MCH mice compared with
aged (20-month-old) and young (2-month-old) mice. MCH
mice showed a mild and chronicle decrease in CBF. However,
morphological alteration such as vessel tortuosity was not
shown. Instead, thinning blood vessels like string shapes
characteristically were observed. Together, our data suggest
that chronic cerebral hypoperfusion (CCH) may play a role in
one of the causes of the morphological brain’s vascular
alteration in the normal aging process. That is, age-related
vascular alteration may occur accompanied by other changes
as well as CCH.
Keywords: Aging, Cerebral blood flow (CBF), Chronic
cerebral hypoperfusion, Cerebral vasculature, Microcoil
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After the onset of ischemic stroke, the secondary tissue
damage caused by activated proinflammatory immune cells
leads to dramatically increased levels of mortality and
disability. Many previous researches have shown the possibilities
in promoting brain microglia and T cells towards their
anti-inflammatory phenotype to reduce neuroinflammation.
Although more detailed investigations involving the changes
in the immune system and their reactions towards ischemic
stroke have been actively discussed, studies on post-ischemic
molecular mechanisms of immune cells have not yet been done.
Building upon prior knowledge in the relationship between the
ischemic stroke and immune system, we aimed to investigate
the specific chemokine-receptor interaction during the
recovery of ischemic stroke. To see the migratory patterns
of the target immune cells, we first isolated murine primary
CD11b+ microglia and Treg and CD8+ T cells. The
differences in migration patterns of Treg and CD8+ T cells
were seen through transwell assay using OGD(+) and
reperfusion media. Each media used in transwell assay was
used in chemokine assay in identifying the chemokines
released by microglia during and after ischemic stroke. The
differences in migratory patterns in Treg and CD8+ T cells
were assessed through transwell assay using each collected
media, then visualized with confocal microscopy. It has been
seen that Treg cells have been attracted into reperfusion media
than OGD(+) media, which was still higher in Treg cell count
compared to the untreated media. Chemokine assay first
showed an increase in T cell homing chemokine like CCL27,
as well as those participating in immune cell recruitment upon
the onset of ischemic stroke. Above was followed by increased
levels of Hsp60 and CCL22 involved in T and B cell activation
and promoting Treg and APC interaction, respectively.
Considering the results of our experiments, we have shown
that with an increase in chemokines such as CCL22 and Hsp60
during reperfusion, more Treg cells were attracted into the
damaged region after ischemic stroke. Acknowledgments:
This research was supported by a faculty research grant from
Yonsei University College of Medicine (6-2020-0229) to JEL,
NRF-2020R1I1A1A01064803 to JYK, and NRF-2021R1A
2C2008034 to JEL.
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Chemokine-receptor mediated attraction of
neuroprotective CD4+CD25+ Treg cell into the
infarct region after ischemic stroke
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Osteopontin (OPN), a phosphorylated glycoprotein, is induced
in response to tissue damage and inflammation in various
tissues, including the brain. In our previous studies, we
reported the robust neuroprotective effects of the icosamer
OPN peptide OPNpt20, containing arginine-glycine-aspartic
acid (RGD) and serine-leucine-alanine-tyrosine (SLAY)
motifs, in an animal model of transient focal ischemia and
demonstrated that its anti-inflammatory, pro-angiogenic,
and phagocytosis inducing functions are responsible for the
neuroprotective effects. In the present study, we truncated
OPNpt20 to 13 or 7 amino acid peptides containing RGD (R)
and/or SLAY (S) motifs (OPNpt13RS, OPNpt7R, OPNpt7RS,
and OPNpt7S), and their neuroprotective efficacy was
examined in a rat middle cerebral artery occlusion (MCAO)
model. Intranasal administration of all four peptides
significantly reduced infarct volume; OPNpt7R (VPNGRGD),
the 7-amino-acid peptide containing an RGD motif, was
determined to be the most potent, with potency comparable
to that of OPNpt20. Notably, the expression of M1 markers
was suppressed, whereas that of M2 markers (Arginase 1,
CD206, and VEGF) was significantly enhanced in OPNpt7Rtreated primary microglia cultures. Inflammation resolution by
OPNpt7R was further confirmed in MCAO animals, in which
upregulation of anti-inflammatory cytokines (Arg1, IL-10,
IL-4, and CD36) and enhanced efferocytosis were detected.
Moreover, studies using three mutant peptides (OPNpt7R-RAA
or OPNpt7R-RAD, where RGD was replaced with RAA or
RAD, respectively, and OPNpt7R-sc containing scrambled
sequences) revealed that the RGD motif plays a vital role in
conferring neuroprotection. In conclusion, the RGD-containing
OPN heptamer OPNpt7R exhibits neuroprotective effects in
the post-ischemic brain by suppressing M1 markers and
augmenting M2 polarization of microglia and the RGD motif
plays a critical role in these activities.
Keywords: Osteopontin, stroke, M2 microglia, heptamer,
RGD
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Intranasal delivery of RGD-containing
osteopontin heptamer peptide augments
microglia M2 polarization in the ischemic brain

Focused ultrasound and microbubble
miR146a-5p nanoparticles delivery protect
photothrombotic ischemic stroke
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Ischemic stroke which is fatal with high mortality is caused by
reduction or blockage of blood flow to the brain. In the case
of type 1 diabetes mellitus (T1DM) characterized by
pancreatic beta cell destruction and loss of insulin secretion
ability, the risk of ischemic stroke is 6.3 times higher than
normal people. Hyperglycemia induces production of reactive
oxygen species, increase of oxidative stress and Blood-Brain
Barrier (BBB) disruption, which eventually increases the
influx of blood immune cells into the brain parenchyma. In
cerebral ischemia, it has been reported that infiltrating
monocytes interact with activated microglia and differentiate
to pro-inflammatory macrophages or anti-inflammatory
macrophages responding to cytokines secreted by microglia,
having a large effect on outcomes of ischemic stroke. In our
study, we aimed to find out the effects of phenotypical
polarization of inflammatory cells on BBB breakdown and the
prognosis of ischemic stroke in T1DM. We first established
T1DM mice model using streptozotocin (150 mg/kg) and these
mice were subjected to transient middle cerebral artery
occlusion. Hemoglobin A1c, microalbumin, urea creatinine,
and pancreatic beta cell death were increased in T1DM mice.
Afterwards, we observed the increased BBB permeability in
T1DM-stroke mice through two-photon live imaging. Also,
we found that anti-inflammatory cells, which are related in
tissue remodeling after inflammation, were downregulated in
infarct area of T1DM-stroke mice through immunohistochemistry
and western blotting. These data suggest that phenotypical
changes of inflammatory cells in lesion area of T1DM mice
might influence BBB disruption and stroke injury.
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Stroke is one of the most common causation of death and the
treatment of ischemic stroke is difficult due to the blood-brain
barrier (BBB). Recently, focused ultrasound (FUS) and
microbubble (MB) are non-invasive method and have been
used to improve BBB opening and help drug localization in brain.
As microRNA 146a-5p is a master post-transcriptional
regulator of immune and inflammatory response involved
genes, in this study, we try to reduce infarct damage through
FUS and MB combined delivery of microRNA 146a-5p PLGA
nanoparticles (miR146a-5p NPs) in a photothrombotic
ischemic stroke (PTS) mice model. First, we confirmed that
whether BBB penetration is increased by using Evans blue and
GFP vector-encapsulated PLGA nanoparticles (GFP NPs)
after FUS and MB. In the cerebral cortex was successfully
stained with EB and GFP expression was confirmed by
fluorescent. Second, we synthesized miR146a-5p NPs and
characterized with size, zeta potential and SEM images. Third,
we revealed miR146a-5p NPs significantly decreased infarct
volume of cerebral cortex in PTS mice. Moreover, application
of miR146a-5p NPs prevent the activation of NF-κB/p38
MAPK pathways and pro-inflammatory cytokines. Taken
together, these data suggest that miR146a-5p with PLGA
nanoparticles efficiently relives infarct damage, and it would
be therapeutic value for treating ischemic stroke.
Keywords: Ultrasound, microbubble, blood-brain barrier,
PLGA nanoparticles, miR146a-5p, photothrombotic stroke

have been developed, very few approaches have been proved
to be effective and safe therapeutic approaches for patients
with mild ischemic stroke. So, there is increasing interest in
identifying underlying pathophysiological mechanisms and
identifying possible treatment strategies. Sildenafil, a
phosphodiesterase-5 inhibitor (PDE5i), is a well-known
treatment for vascular dementia and neurodegenerative
disorders through the effects of angiogenesis and neurogenesis.
In our present study, we investigated and confirmed the
treatment effect of sildenafil by conducting behavior tests on
anxiety phenotypes and locomotion deficits induced by the
middle cerebral artery occlusion (MCAo) in rats. In the results
of this study, we confirmed sildenafil alleviated nerve loss and
reduced infarction volume that through histologic staining of
the brain. In addition, deficits of locomotion and anxiogenic
disorder associated with MCAo were improved by sildenafil
treatment. Furthermore, sildenafil treatment attenuated the
alteration of theta-frequency rhythm by mild ischemic stroke
in the CA1 region of the hippocampus, a known neural
oscillatory marker for anxiety disorder in rodents. Thus, our
results in this study demonstrated PDE5i as effective
therapeutic agents for anxiety and movement disorders, thus
this may provide robust preclinical evidence to support the
development and the use of PDE5i for the treatment of mild
ischemic stroke residual disorders. Support: This research
was supported by the National Research Foundation of
Korea(NRF) funded by the Korea government(NEST)
(NRF-2017R1D1A1B05036195 and 2020R1F1A1066362)
Keywords: Mild ischemic stroke, Sildenafil, LFP, phosphodiesterase-5
inhibitor, Behavior phenotype
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Effect of phosphodiesterase-5 inhibitor as a
treatment for anxious phenotypes and movement
disorders following mild ischemic stroke
Yejin Song, Yeon Hee Yu, Hyuna Im, Geon Guk Kim, Woo Gyeong
Lee, Dae-Kyoon Park, Duk-Soo Kim
Department of Anatomy, College of Medicine, Soonchunhyang
University

Stroke is a major cause of mortality worldwide. Mild ischemic
stroke causes cerebrovascular closure for a variety of reasons,
and mild ischemic stroke patients experience various sequels
and residual symptoms, such as anxiety behavior and loss of
movement. Although diverse treatment methods for stroke
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Correlation between PDGFR-β-positive fibroblasts
and meningeal macrophages infiltrating the
ischemic brain in a rat model of stroke
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After CNS injury, macrophages, along with fibroblasts, are
known to play a crucial role in fibrotic scar formation, but a
detailed analysis of their initial infiltration and interaction with

Keywords: PDGFR-β, leptomeninges, fibrotic scar, CD206,
perivascular macrophage, meningeal macrophage
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After acute ischemic stroke, disruption of blood-brain barrier
and the inflammatory response in the brain lesion leads critical
disabilities like permanent brain tissue necrosis. Recent
preclinical studies take notice that ‘the intravascular homing
of neural stem cells (NSCs) into the injured brain is a good
candidate for therapeutic modalities to ischemic penumbra.
However, the main problem is that only the low cells are homing
into damaged brain parenchyma in our innate biological state.
To overcome this recently, many studies showed the homing
system of NSC was related chemokine. We tried to confirm
the association of chemokine-receptors related to attraction,
applied the screening of chemokines secreted from activated
J774 (ms macrophage cell line) and BV2 cells (ms microglia
cell line), which are related with the neuroinflammation and
homing system of immune cells. We applied that J774 and BV2
cells were subjected to OGD (oxygen-glucose deprivation) for
1 hr and reperfusion up to 24hrs, and the supernatant was
harvested as the OGD(+) media. In in vivo system, the
antagonist of target chemokine found by a screening of J774
and BV2 was treated NSCs, and then this NSCs with antagonist
related to target chemokine was injected on penumbra area
after ischemic stroke. OGD(+) media of BV2 cells increased
the migration ability of NSCs compared to J774 cells.
Chemokine array of OGD(+) media of BV2 and J774, CCL9/10
were significantly increased, and these receptors specifically
bound CCR1 in common. In NSC, immunoblot showed the
expression of CCR1, when compared to other types of receptor,
and in vitro migration assay indicated the regression effect by
using antagonists of CCR1. After an experimental stroke
(Middle Cerebral Artery Occlusion modeling), NSCs has
migrated to injury site but, the migration of NSCs with
antagonists of CCR1 has decreased in the penumbra area
compared to NCS with normal conditions. This result provides
that secreted chemokine of immune cells influences the
migration of NSC to lesion area after ischemic stroke and CCR1
of neural stem cell guides to penumbra following by secreted
chemokine. Therefore, the all of finding is potentially involved
in mechanism to boosting the homing effect of NSC into the
lesion and identify CCR1 as a potential target of
chemoattraction in NSC migration. Acknowledgements: This
research was supported by the NRF-2020R1I1A1A01064803
to JYK and NRF-2021R1A2C2008034 to JEL.
Keywords: Ischemic stroke, Neural Stem Cell, Microglia,
Chemoattraction, CCR1, Neuroprotection
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fibroblasts remains unsettled. We have previously reported
that platelet-derived growth factor beta receptor (PDGFR)β-positive fibroblasts comprise the leptomeninges and
ensheath the penetrating cortical vasculatures in the
adventitia outlining the perivascular space. Thus, we sought
to investigate whether infiltrating brain macrophages in the
stroke-lesioned cerebral cortex closely interact with
PDGFR-β-positive fibroblasts in both the leptomeninges and
perivascular space to form fibrotic scar. In sham-operated
brains, CD206 + macrophages were confined to leptomeninges
and perivascular spaces, but not found in the cortical
parenchyma. CD206+ macrophages increased both at the
meningeal space and perivascular space in the ischemic cortex
at one day after reperfusion and increased progressively in the
extravascular area of the cortical parenchyma at 3 days after
reperfusion. Using immunoelectron-microscopy and correlative
light- and electron-microscopy, meningeal macrophages in
the leptomeninges infiltrated the infarcted cortex along the
vessels penetrating the infarcted cortex, in which they were
localized in the perivascular space between smooth muscle
cells and PDGFR-β-positive adventitial fibroblasts that were
connected by PDGFR-β-positive pial cells. In addition,
PDGFR-β+ fibroblasts in the penetrating vessels underwent
the morphological and molecular characteristics similar to
leptomeningeal cells: they had large euchromatic nuclei with
prominent nucleoli and well-developed rough endoplasmic
reticulum, expressed nestin and vimentin, and were frequently
surrounded by collagen fibrils, indicating active collagen
synthesis. Our data suggest that activation of PDGFR-β
-positive adventitial fibroblasts was closely associated with
meningeal macrophages in blood vessels penetrating the
cortical parenchyma prior to the parenchyma infiltration after
focal cerebral ischemia. This research was supported by the
grant from the National Research Foundation of Korea (NRF)
(grant number NRF- 2020R1A2B5B01001442, NRF-2021R
1I1A1A01046548).
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Focal cerebral ischemia (fCI) is one of the leading causes of
death and permanent disability worldwide, resulting in
irreversible neuronal damage and loss of sensorimotor
function. Owing to the crucial roles of antioxidant and
anti-inflammatory effects, marine algae, which are known to
be rich in polyphenolic constituents, are currently attracting
substantial attention. Among them, Petalonia binghamiae
(PB), the brown alga that are distributed along the coasts of
Asian countries including South Korea, has been demonstrated
to exert antioxidant, antiallergic, and antidiabetic effects.
Here, we conducted a study to investigate the therapeutic
effects of water extract of PB (PBE) in a fCI rat model.
Sprague-Dawly rats were randomly divided into four groups:
SO, a group subjected to a sham-operation; VEH, pretreated
with distilled water used as a vehicle and subjected to middle
cerebral artery occlusion and reperfusion (MCAO/R); PBE-L
and PBE-H, given with pretreatments of low (20 mg/kg) and
high (100 mg/kg) concentrations of PBE, respectively, and
subsequent MCAO/R. PBE was administered daily for 8 days
via an intragastrical route. Resulting infarct volumes,
sensorimotor deficits, apoptosis, and reactive oxygen species
(ROS) in fCI lesion of different groups were quantified.
Furthermore, using PC-12 cells challenged with glutamate,
an in vitro fCI model, possible contribution of PBE-induced
upregulation of antioxidant enzymes including heme
oxygenase-1 (HO-1) and Catalase (CAT) was studied. The
results showed a marked attenuation in infarct volume and
sensorimotor deficits in both the PBE-L and PBE-H groups
when compared with VEH. Increases of cleaved caspase-3
immunoreactivity and dihydroethidium fluorescence, which
respectively indicates apoptosis and ROS accumulation, were
reduced in fCI lesion of PBE-pretreated groups compared with
those of VEH in a dose dependent manner. Moreover, it was
demonstrated that preincubation with PBE can attenuate the
glutamate-induced death and augment the expressions of
HO-1 and CAT an antioxidant enzyme of PC-12 cells.
Together, these results suggest that PBE can exert protective
effects against fCI, and the mechanism may involve antioxidant
effect associated with neuronal upregulation of HO-1 and
CAT.
Keywords: Petalonia binghamiae, focal Cerebral Ischemia,
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Chlorogenic acid exerts neuroprotective effect
by regulating inflammatory protein in middle
cerebral artery occlusion animal model
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Gyeongsang National University, Jinju, Korea

Stroke is one of the leading causes of death and disability
worldwide. Ischemic stroke is the most common type of stroke
and occurs due to blood vessels occlusion. Chlorogenic acid is
a polyphenolic compound of various plants and traditionally
used in Chinese medicine. It is involved in antioxidant and
anti-inflammatory properties. In the present study, we
investigated anti-inflammatory effects of chlorogenic acid
against cerebral ischemia. Cerebral ischemia was induced
through middle cerebral artery occlusion (MCAO) surgery in
adult rats. Chlorogenic acid (30 mg/kg) or vehicle was injected
intraperitoneally 2 h after MCAO. Rats were sacrificed 24 h
after MCAO surgery and brain was isolated for further study.
MCAO caused histopathological changes, while chlorogenic
acid attenuated these changes. Chlorogenic acid also
decreased MCAO induced reactive oxygen species and
oxidative stress in cerebral cortex. Moreover, cerebral
ischemia increased the expression of microglia and astrocytes
markers including ionized calcium-binding adaptor
molecule-1 and glial fibrillary acidic protein and chlorogenic
acid mitigated these increases. Expressions of
pro-inflammatory markers, such as nuclear factor kappa B,
interleukin-1β, and tumor necrosis factor-α were markedly
increased in MCAO group. However, chlorogenic acid
treatment significantly decreased these changes against
cerebral ischemic damage. This study showed that chlorogenic
acid has antioxidant and anti-inflammatory effects in cerebral
ischemia. We suggest that chlorogenic acid has
neuroprotective effect by reducing oxidative stress and
regulating pro-inflammatory proteins against cerebral
ischemic damage.
Keywords: Cerebral ischemia, Chlorogenic acid,
Neuro-inflammation, Oxidative stress, Reactive oxygen
species
고필옥 | 경상국립대학교 수의과대학 · pokoh@gnu.ac.kr

P-72

P-73

Retinoic acid alleviates the increase in
intracellular calcium and the decrease in
parvalbumin in the cerebral ischemia

The critical role of dicer and caspase-1
activation in the neuronal apoptosis induced by
hypoxia
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Hypoxia is one of the most common pathogenic factors for
vascular dementia and threatening human health. Hypoxic
brain damage can cause motor or cognitive dysfunction and
lead to various brain diseases like Alzheimer’s, Parkinson’s.
Hypoxia induced neuronal cell death plays an important role
in neuronal cell viability and neurodegeneration. Neuronal cell
death is prominent that difficult to be recovered or regenerated
and highly sensitive to hypoxia. So, when neurons exposed to
hypoxia, may be subjected to apoptosis and hard to recover.
Therefore, Finding the mechanism of neuronal cell death by
hypoxia is new therapeutic approach. TYPE III ribonuclease
DICER involves in the process of double-stranded RNA to
short interfering RNA (siRNA) and microRNA (miRNA). In
diverse cancer patients, insignificant DICER expression was
related to poor survival. Above-mentioned down regulation
of DICER is deeply related with lives, but still distinct
mechanism directly downregulate DICER was unclear. Some
research shows that activated caspase-3 cleaves a specific
region of the first RNase III domain of DICER and truncated
DICER cut DNA to initiate chromosomal fragmentation that
leads to apoptosis. Yet, no research shows that inflammatory
related caspase-1 decreases DICER expression. present
study is to determine the roles of DICER and caspase-1 in
neuronal apoptosis induced by hypoxia. Chemically induced
hypoxia by cobalt chloride treatment and using hypoxic
workstation with hypoxic gas mixture (1% O2), SH-SY5Y
neuroblastoma cell viability was reduced. Apoptotic indicator
of caspase-3,7,8,9 and PARP was cleaved also caspase-1 was
activated by cleavage and DICER expression was decreased
in western blot. Cobalt chloride treatment increases ROS
stress in SH-SY5Y, ROS generation was confirmed by 2′,7′‐
dichlorofluorescin diacetate (DCF‐DA) assay. Additionally,
treatment of caspase-1 and caspase-3/7 inhibitor Ac-YVAD-cmk
and Z‐DEVDFMK restoring DICER protein level in SH-SY5Y
have been shown. However, the DICER is essential in the
cellular process and miRNA biogenesis, it is uncertain to
determine that caspase-1/apoptotic caspase/ROS dependent
apoptosis induced by hypoxia is directly related with DICER
knock down. Therefore, further study is required to identify
positive feedback loop begin by the downregulation of DICER
in the hypoxia-induced apoptosis in neurons.
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Ischemic stroke is a neurodegenerative disease which is
caused by poor cerebral blood flow. It induces brain damage
by increasing oxidative stress, blood-brain barrier destruction,
and ion imbalance. Retinoic acid is a main metabolite of vitamin
A. It plays an important role in neurodevelopment and
regeneration. It also reduces neuroinflammation and
neurodegeneration in neurological diseases such as
Parkinson's disease, Alzheimer's disease, and stroke, and
consequently exerts neuroprotective effects. Intracellular
calcium is involved in neuronal growth and synaptic plasticity.
Parvalbumin is a calcium binding protein expressed mainly in
the brain. In this study, we investigated whether retinoic acid
has neuroprotective effects by controlling intracellular
calcium concentration and parvalbumin expression in focal
cerebral ischemia. Middle cerebral artery occlusion (MCAO)
was performed to induce focal cerebral ischemia and retinoic
acid (5 mg/kg) or vehicle was injected into the abdominal cavity
for four days before surgery. Neurobehavioral tests were
performed 24 h after MCAO and cerebral cortices were
collected for further studies. MCAO injury induced
neurological deficits and histopathological changes, and
retinoic acid treatment alleviated MCAO induced these
changes. We detected the mitigation effect on retinoic acid in
the reduction of parvalbumin in MCAO animals. Moreover,
glutamate (5 mM) exposure induced neuronal cell death in
mouse hippocampal cells, increased intracellular calcium
concentration, and also reduced parvalbumin expression.
While, retinoic acid reduces the increase of intracellular
calcium levels and the decrease of parvalbumin expression
caused by glutamate. Retinoic acid treatment decreased
neuronal damage and death by regulating in intracellular
calcium concentration and parvalbumin expression. Thus, this
study suggests that retinoic acid has neuroprotective effect
on cerebral ischemic damage and glutamate toxicity by
attenuating intracellular calcium overload and controlling
parvalbumin expression.

Keywords: Hypoxia, Neurodegeneration, Apoptosis, Dicer,
Caspase, Caspase-1
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of ERK inhibitor LY3214996 with NOB partially but
significantly blunted the all of afore-mentioned changes
induced by NOB. Together, we suggest that NOB might be used
as a post-stroke neuro-rehabilitation strategy via upregulating
BDNF-dependent enrichment of endogenous neural stem cell
niche.

P-74
Post-stroke treatment with nobiletin poromotes
functional recovery via promoting endogenous
neural stem cell differentiation
Hyun Bae Kang1, Seung Yun Han1, Nam Seob Lee1, Young Gil
Jeong1, Ah La Choi1, Sun Ho Eom1, Ji Hyun Moon1, Seung Hyeon
Lee2
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2
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Despite the recent advances in the acute stroke care, treatment
options for long-term disability are limited. Nobiletin (NOB),
a bioactive flavone isolated from citrus fruits, has been
reported to exert various biological activities in vitro, such as
activation of extracellular signal-related protein kinase
(ERK)/cAMP-responsive element binding protein (CREB)
pathway. Here, we investigated whether NOB could regulate
endogenous neural stem cells for stroke recovery focusing a
possible upregulation of the brain-derived neurotrophic factor
(BDNF), a down-stream peptide of ERK/CREB axis. Sprague
Dawley rats were randomly divided by the three: the SHAM,
a group subjected with sham-operation; the transient focal
cerebral ischemia (tFCI), a group subjected with middle
cerebral artery occlusion and reperfusion (MCAO/R) technique
followed by treatments with saline used as a vehicle; and
tFCI+NOB, a group subjected with MCAO/R followed by NOB
treatments. For tFCI+NOB group, NOB were daily delivered
at a dose of 30 mg/kg/day via an intraperitoneal (ip) route for
21 post-operative days (POD). At designated time points
(POD 7, 14, and 21), dynamic changes in proliferation,
migration, and differentiation of neural stem cells in hippocampal
dentate gyrus (hDG) were assessed. The results of immunefluorescence for detecting BrdU-incorporating cells, doublecortin
(DCX), and NeuN indicated that proliferation, migration, and
differentiation of endogenous neural stem cells, respectively,
were promoted in tFCI group compared with SHAM group as
expected. Remarkably, all of the neurogenic marker
expressions were significantly reinforced in the tFCI+NOB
group when compared with tFCI group. Furthermore,
sensorimotor function studies including rotarod, grip-strength,
and inverted screen tests revealed that post-stroke functional
recoveries were markedly accelerated in the tFCI+NOB
group compared with tFCI group. Semiquantitative analyses
revealed that ERK/CREB/BDNF signaling was highly
upregulated in tFCI+NOB group. Accompanying ip delivery
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Taurine protects against postischemic brain
injury via the antioxidant activity of taurine
chloramine
Song-I Seol1,3, Hyun Jae Kim2,3, Eum Bi Choi2,3, In Soon Kang2,
Hye-Kyung Lee1, Chaehyun Kim2,3,4, Ja-Kyeong Lee1,3
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Research, Department of Pharmacology, Inha University School
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Biomedical Science & Engineering, Inha University, Incheon,
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Taurine is ubiquitously distributed in mammalian tissues and
is highly concentrated in the heart, brain, and leukocytes.
Taurine exerts neuroprotective effects in various central
nervous system diseases and can suppress infarct formation
in stroke. Taurine reacts with myeloperoxidase (MPO)-derived
hypochlorous acid (HOCl) to produce taurine chloramine
(Tau-Cl). We investigated the neuroprotective effects of
taurine using a rat middle cerebral artery occlusion (MCAO)
model and BV2 microglial cells. Although intranasal administration
of taurine (0.5 mg/kg) had no protective effects, the same dose
of Tau-Cl significantly reduced infarct volume, ameliorated
neurological deficits, and promoted motor function, indicating
a robust neuroprotective effect of Tau-Cl. There was
neutrophil infiltration in the post-MCAO brains, and the MPO
produced by infiltrating neutrophils might be involved in the
taurine to Tau-Cl conversion. Tau-Cl significantly increased
the levels of antioxidant enzymes GCL, HO-1, NQO1, and
Prx-1 in BV2 cells, whereas taurine slightly increased some
of them. Antioxidant enzyme levels were increased in the
post-MCAO brains, and Tau-Cl further increased the level of
MCAO-induced antioxidant enzymes. These results suggest
that the neutrophils infiltrate the area of ischemic injury area,
where taurine is converted to Tau-Cl, thus protecting from
brain injury by scavenging toxic HOCl and increasing
antioxidant enzyme expression.

Keywords: taurine; taurine chloramine (Tau-Cl), middle
cerebral artery occlusion (MCAO), neutrophils, myeloperoxidase
(MPO), antioxidant enzymes
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Long non-coding RNAs regulate
hyperammonemia-induced neuronal damage in
hepatic encephalopathy
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An obesity-related circular RNA circTshz2-2
regulates the neural structure through the YY1BDNF/TrkB-G2/M cell cycle arrest in the brain
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Metabolic syndromes, including obesity, cause physiological
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circTshz2-2, cell cycle
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Role of Adiponectin and Brain Derived
Neurotrophic Factor in Metabolic Regulation
Involved in Adiposity and Body Fat Browning
Danbi Jo1, Yujeong Son2, Gwangho Yoon1, Oh Yoen Kim2, Juhyun
Song1
1
Department of anatomy, Chonnam national university,
2
Department of food science, Dong A university

Obesity, characterized by excessive fat mass, has been
emerging as a major global epidemic and contributes to the
increased risk of morbidity around the world. Thus, the
necessity to find effective therapy and specific regulatory
mechanisms is increasing for controlling obesity. Lately, many
researchers have been interested in the linkage between
obesity and adipokines/myokines, particularly adiponectin and
brain-derived neurotrophic factor (BDNF). However, the role
of adiponectin and BDNF in adiposity has not been clearly
defined yet. We examined the association of adiposity with
adiponectin and BDNF through human study (observational
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Hyperammonemia can result in various neuropathologies,
including sleep disturbance, memory loss, and motor
dysfunction, during hepatic encephalopathy. Although long
non-coding RNAs have been linked to the pathogenesis of
various diseases, their function in hepatic encephalopathy has
not yet been elucidated. In this study, we used a mouse model
to investigate the role of hyperammonemia in hepatic
encephalopathy-mediated neuronal cell death. Analysis of the
transcriptome of brain cortex tissues from a murine bile duct
ligation model revealed several long non-coding RNAs critical
to the apoptosis and neuronal structural changes associated
with hepatic encephalopathy. We confirmed the roles of the
long non-coding RNAs, ZFAS1 and GAS5, during
hyperammonemia-induced neuronal cell death and the
structural changes in the neurons induced by this condition.
Furthermore, our data suggest that the modulation of these
lncRNAs may be beneficial for the treatment of hepatic
encephalopathy.

and pathological changes in the brain, resulting in cognitive
deficits. There are many studies on the coding gene's function,
however, few studies have been done on the non-coding gene's
function between metabolic syndromes and cognitive deficits.
In this study, we identified a circular RNA, circTshz2-2,
affecting the neural structure. CircTshz2-2 was well
preserved and specifically expressed in the neuron and highly
expressed in differentiated and mature neurons. The transcriptomic
analysis indicated that circTshz2-2 dysregulation altered the
expression of genes related to the cell cycle, especially related
to the cell division process. Interestingly, we found that
circTshz2-2 bound to the YY1 transcriptional complex to
suppress Bdnf transcription, but circTshz2-2 dysregulation
increases BDNF expression by failing to prevent the YY1
transcriptional repressor complex in the neuron. circTshz2-2
knockdown reduced Cyclin B2 and CDK1 complex activity,
G2/M checkpoint, through BDNF/TrkB receptor signaling
pathway, resulting in G2/M cell cycle arrest, increased
tetraploidy and polyploidy by cytokinesis failure, and neurite
elongation by microtubule-organizing center re-location. Our
results suggest that an obesity-related circTshz2-2 has
important roles in regulating neural structure in the brain. It
might help to understand the association between metabolic
syndromes and cognitive deficits.

study) with Korean women and in vitro experiments. In the
human study, we found a negative relationship between
adiposity and circulating adiponectins but irregular patterns
in the relationship between adiposity and circulating BDNFs.
In the in vitro study using 3T3-L1 adipocytes, adiponectin
treatment strongly promoted adipocyte differentiation and the
fat browning process, whereas BDNF treatment attenuated
adipocyte differentiation and the fat browning process in
differentiated adipocytes. Our results demonstrate that
adiponectin and BDNF play an important role in regulating fat
mass and the expression of fat-browning markers in different
ways, and also suggest that circulating adiponectin may be used
as an important monitoring index for obesity status.

notably reduced in the spinal dorsal horn, according to
histological and cytokine analyses. This study showed that AMI
NPs can provide a prolonged analgesic effect by enhanced
targeting of microglia. Moreover, neuropathic pain was
improved by AMI NP-mediated regulation of pro-inflammatory
cytokine release from activated microglia. Our view implies
that sustained release of AMI from microglia-targeted NPs
provides drug repositioning along with long-term analgesic
effects while reducing potential side effects of the drug.
Keywords: Amitriptyline, PLGA nanoparticles, Neuropathic
pain, Microglia, TLR4
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Effect of NHE1 in neuropathic pain on
interneurons
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Amitriptyline-loaded nanoparticles provide a
prolonged analgesic effect by enhanced
targeting of microglia in neuropathic pain
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Neuropathic pain is caused by functional disorders or pathological
changes in the nervous system, but no standardized treatment
has been developed. Amitriptyline (AMI) has been applied to
various pain conditions, including neuropathic pain, but the
clinical outcomes remain unsatisfactory and the underlying
molecular mechanisms are unclear. Therefore, we investigated
the development of a drug for neuropathic pain based on low
dose of AMI encapsulated in poly (D, L lactic-co-glycolic acid)
(PLGA) nanoparticles (AMI NPs). The analgesic effects of
AMI and AMI NPs on neuropathic pain were evaluated via the
von Frey filament test and immunohistochemistry using a rat
model of spinal nerve ligation (SNL). Because analgesic action
can be sustained with the regulation of microglial activation,
PLGA nanoparticles were introduced to enhance microglial
cell targeting by AMI. Although an analgesic effect on
SNL-induced neuropathic pain was observed in AMI-injected
rats, this effect only persisted for 4 h. By contrast, AMI NPs
significantly alleviated mechanical allodynia for 3 days. Both
microglial activation and pro-inflammatory mediators were
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The underlying pathophysiology of neuropathic pain remains
a contested topic. One of the strong hypotheses is central
disinhibition.Central inhibition is mainly accomplished via
spinal interneurons and brainstem descending pathways and
via classical inhibitory transmitters such as: aminobutyric acid
(GABA), glycine, adrenergic, serotonin (5-HT) and enkephalin,
but after nerve injury, laminae I of the spinal dorsal horn
andLamina II inhibitory interneurons undergo trans synaptic
excitotoxic changes leading to death, and after nerve injury
the protein kinase system will be activated, which causes
phosphorylation of GABA receptors and can also lead to
reduced inhibition of nociceptive information transmission by
central inhibitory interneurons, ultimately causing pain. On the
other hand, inhibitory interneurons also become inhibited by
acidification of the extracellular environment , and as a
membrane-bound enzyme ubiquitously involved in cell volume
and pH regulation, Na + / H + antiporter 1 (sodium hydrogen
exchanger 1, slc9a1, NHE1) induces extracellular acidification
in response to neuronal hyperactivity. Thus there may be a
potential link between NHE1 and neuropathic pain. Here, we
first established a rat model of SNL(Spinal Nerve Ligation)
and confirmed the successful establishment of neuropathic
pain model with Von-Frey test, and subsequently, investigated
NHE1(Sodium-hydrogen exchanger 1) expression using
immunofluorescence staining and Western blot. It was found

that NHE1 expression in the rat spinal dorsal horn was elevated
3-14 days after SNL surgery, with the most significant
elevation on day 7.In addition, expression of NHE1 was also
found to be co expressed with calretinin(known as interneuron
Marker). From this, we speculate that increased interneuron
excitability or decreased inhibition by increased NHE1 may be
a potential mechanism for neuropathic pain.
Keywords: NHE1, neuropathic pain, interneurons, sodium
channel, SNL model, Na+/H+ exchanger, Slc9a1
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NLRP3-loaded nanoparticles can reduce
SNL-induced neuropathic pain in rats

NLRP3 (NOD-, LRR-and pyrin domain-containing protein 3)
acts as an intracellular sensor and forms the inflammasome.
The inflammasome can be activated in a variety of cells, but
has more potential in microglia. Microglia has recently been
implicated in central sensitization of neuropathic pain. That is,
NLRP3 has been suggested as a target of regulation microglia
activation for neuropathic pain, but nanomedicine application
still remain. So, we encapsulate NLRP3 small-interfering RNA
(siRNA) with poly (D,L-lactic-co-glycolic acid) (PLGA) to
produce nanoparticles and investigate whether neuropathic
pain can be reduced. PLGA is non-toxic and biodegradable,
making it suitable for knockdown in animals. In rats, pain
behavior induced by spinal nerve ligation (SNL) was
performed to confirm microglia activation, and mechanical
allodynia was induced. Through this model, it was confirmed
that the reduction of the pro-inflammatory gene and the
reduction of mechanical hypersensitivity through si-NLRP3
NPs. It suggested that si-NLRP3 is effective in
neuro-inflammatory inactivation in animals, it will be a useful
tool for the treatment of neuropathic pain.
Keywords: NLRP3, Pain, Microglia, Inflammasome, PLGA
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The reduction of SAT1 via shRNA-encapsulated
PLGA nanoparticles showed a significant
alleviation of neuropathic pain
1,2

1,2

1,3

2

Juhee Shin , Song I Kim , Hyo Jung Shin , Jung Hae Kim ,
An Kyo Lee2, Dong Woon Kim1,2,3
1
Department of Medical Science, School of Medicine, Chungnam
National University, Daejeon 35015, Republic of Korea,
2
Department of Anatomy, School of Medicine, Chungnam National
University, Daejeon, 35015, 3Brain Research Institute, School of
Medicine, Chungnam National University, Daejeon 35015,
Republic of Korea

Microglia are glial cells and responsible for the immune defense
and inflammatory responses in the central nervous system
(CNS). The activation of microglia has been considered to
develop and maintenance of neuropathic pain, moreover,
prolonged microglia activation can cause chronic neuroinflammation
and increase production of pro-inflammatory mediators.
Here, we succeeded in alleviating neuropathic pain by inhibiting
the microglial activation through the deletion of SAT1 with
PLGA nanoparticles. To relive neuropathic pain behavior,
SAT1 shRNA encapsulated PLGA nanoparticles (shSAT1
NPs) were prepared and characterized. We revealed that
shSAT1 NPs significantly inhibited excessive production of
TNF-α and IL-1β in LPS incubated BV2 cells. In addition,
neuropathic pain induced by spinal nerve injury was effectively
reduced in rats and mice, and the decrease of microglia activity
was also confirmed by histological and cytokine analysis.
Taken together, these data suggest that SAT1 deletion in
microglia with PLGA nanoparticles efficiently relives
neuropathic pain, and it would be therapeutic value for treating
neuropathic pain.
Keywords: Neuropathic pain, Microglia, SAT1, Nanoparticle,
shRNA
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Although postoperative abdominal adhesion (PAA) is of
considerable importance in reducing postoperative morbidity,
physical barrier materials used for current therapy are still not
entirely satisfactory. This study aimed to investigate the
anti-adhesive effects of a novel hyaluronic acid-based
hydrogel conjugated with cationic poly-L-lysine (PLL/HA-HG)
that can be applied during laparoscopic surgery in comparison
with commercially available barrier material used as a positive
control. After confirming the generation of the desired
chemical reaction during the synthetic process of PLL/HA-HG
by using nuclear magnetic resonance spectroscopy, biocompatibility
and anti-inflammatory effect of PLL/HA-HG were measured
using a NIH/3T3 fibroblast and a RAW 264.7 macrophage cell
line, respectively. As both the in vitro and in vivo degradation
experiments revealed that the hydrogel remained until seven
days and completely degraded by ten days, we subsequently
tested the protective effect of the 10-days-of application
using a murine model of PAA established by peritoneal
ischemic button creation. Compared with the group with
operation only, which is used as a control, the clinical adhesion
scoring and Masson’s trichrome staining revealed that the
group with the operation and PLL/HA-HG showed significant
attenuation in the PAA severity and adhesion interface
formation, respectively. Furthermore, a decrease of lactate
dehydrogenase level in peritoneal lavage fluid was apparent
in the group with the operation and PLL/HA-HG compared
with a control, indicating the PLL/HA-HG-induced suppression
of peritoneal inflammation evoked by PAA. Remarkably, all of
the favorable in vivo results of PLL/HA-HG shown above were
comparable with the positive control (Guardix-SolⓇ). Although
a large-scale preclinical study is required to verify these
findings, based on this study, we suggest that a novel
synthesized PLL/HA-HG has both biocompatibility and
anti-inflammatory effect, and can prevent PAA formation.

Most studies of transcranial alternative current stimulation
(tACS) for treating therapy of Parkinson’s disease (PD) is
focused on modulating physiologically relevant brain oscillations.
However, we hypothesized that therapeutic effects of tACS
may induce up-regulation of non-neuronal changes such as
neurotrophic factors. Mouse models of PD was generated using
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
hydrochloride, after which consecutive high-definition tACS
(20 min, 89.1 µA/mm2) was applied over the primary motor
cortex. To examine suitable tACS condition for therapeutic
efficacy and underlying mechanisms, we performed behavioral
test assessing motor function, immunohistochemistry, western
blotting, enzyme-linked immunosorbent assays. We found all
frequencies of tACS from theta- to gamma-frequency, especially
beta-frequency of 20 Hz, alleviated motor dysfunction and
induced protection of the dopaminergic neurons and glial cell
line-derived neurotrophic factor (GDNF) upregulation. The
beta-frequency 20 Hz tACS application significantly
attenuated motor deficits at levels comparable with levodopa
treatment. Beta-frequency 20 Hz tACS increased the survival
of the dopaminergic neurons in the substantia nigra with
up-regulated production of endogenous GDNF in the striatal
parvalbumin-positive interneuron. The PP1, GDNF receptor
RET kinase inhibitor, suppressed most behavioral recovery,
survival of dopaminergic cells, and GDNF production.
Consequently, application of tACS over the primary motor
cortex may protective effects on dopaminergic neurons in the
substantia nigra via activation of endogenous GDNF
production in the striatal parvalbumin-positive interneuron
and its survival signaling, which subsequently alleviated motor
dysfunction in PD mouse model. Therefore, application of
tACS, specifically beta-frequency tACS, can be a potential
therapy for PD patients to ameliorate motor impairments.

Keywords: Poly-L-lysine/Hyaluronic, Hydrogels, Postoperative
Abdominal Adhesions, laparoscopic surgery, biocompatibility
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Transcranial alternating current stimulation
rescues motor deficits in Parkinson’s disease
model via production of endogenous glial cell
line-derived neurotrophic factor
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Agmatine stimulates shift in phenotype and
enhances autophagy in high glucose
conditioned microglia
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A strong link between diabetes mellitus and Alzheimer’s
disease (AD) has been reported for many years. Although the
exact relationship between metabolic and neurodegenerative
disorder has not been discovered, many studies have reported
the immense effect that hyperglycemia may have on neural
cells, especially microglia, specialized population of glial cells

Keywords: Agmatine, High glucose, Microglia, Autophagy,
Neuroinflammation
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Osteopontin (OPN), the secreted phosphoprotein 1, shows the
various biological actions, such as cell adhesion, cell migration,
and activation of immune cells, and is deeply associated with
the modulation of inflammation in the degenerative diseases
of the central nervous system. We have examined the
expression of OPN in the eye tissues of an experimental
autoimmune uveoretinitis (EAU), by immunohistochemistry
and Western blotting, to study its involvement in the
pathogenesis of autoimmune central nervous system diseases.
EAU induced in Lewis rats by immunization of interphotoreceptor
retinoid-binding protein (IRBP). The expression level of OPN
was significantly up-regulated in the eye tissue of
EAU-induced rats on day 9 post-immunization, the early stage
of EAU. The CD44, the ligand of OPN, expression level was
also increased in the ciliary body and retina of EAU-induced
rats. Up-regulated OPN expression was co-localized in the
ciliary body, macrophages, microglia and Müller cells.
Collectively, our results indicate that up-regulated OPN in the
eyes of EAU-induced rats is useful as a biomarker of ocular
autoimmune diseases on early stage. Funding Source: This
work was supported by the National Research Foundation of
Korea (Grant number NRF 2019R1A2C1087753).

found in central nervous system (CNS). It has also been
reported that exogenous administration of agmatine had
neuroprotective effects in CNS injury including neurodegenerative
diseases, while being involved with modulating macrophage
subdivision. The switch between microglial activation
phenotype may have a correlation to degradation and recycling
of cellular components, and the outcome of autophagy
upregulation would decelerate the process of neurodegeneration.
In this study, we investigated the effect of agmatine on glial
cells’ neuroprotective role and whether this effect can be
related to the modulation of M2 macrophage and enhancement
of autophagy when under metabolic stress conditions induced
by high glucose (HG) levels. BV2 cells were mainly induced
into proinflammatory M1 phenotype when treated with HG
(100mM) by the increase in M1 marker, CD86, in western blot
(WB) and immunocytochemistry (ICC). BV2 cells shifted its
activation to M2 phenotype when agmatine (100μM) was
post-treated under HG conditions (HG+Agm), indicated by
the upregulation of mannose receptor (CD206). Treatment of
HG suppressed the expression of LC3-II while p62/SQSTM1
accumulated in BV2 cells. When the BV2 cells were treated
with HG+Agm, the expression of LC3-II was increased while
p62 was downregulated. The expression of LAMP1, a widely
used lysosome marker, increased when agmatine was treated
to control and HG conditions. In addition, transmission electron
microscopy (TEM) for in situ visualization of autophagosomes
has shown that HG treatment led to severe mitochondrial
damage. Elongating phagophore membranes and autolysosomes
were observed in BV2 cells treated with HG+Agm, which
implied that mitophagy was stimulated. Our study demonstrates
that agmatine can ameliorate neuroinflammation by upregulating
autophagy on a cellular level by shifting microglia polarization
from M1 to M2 phenotype, providing a possible concept in
decelerating metabolic diseases, including metabolic AD.
Acknowledgments: This research was supported by grants
from the National Research Foundation of Korea (NRF) grant
funded by the Korea Government (2021R1A2C2008034) to
JEL.
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Glioblastoma multiforme (GBM) is an invasive tumor and
causes a poor prognosis to patients. For GBM therapy, many
chemotherapeutic approaches were emerged, however, most
of them have several limitations such as defective targeting
ability, low passing rate to blood brain barrier, and low
penetration for tumors. To overcome these limitations,
numerous drug delivery systems (DDS) have been proposed
for the GBM treatment. However, the issue of high targeting
ability and penetration for GBM still remains in the field of DDS.
In this study, we solved these issues as introduction GBM
targeting peptides (sequence: Ser-Ile-Trp-Val, SIWV) on
the surface of the porous silicon nanoparticles (pSiNPs), which
have attractive features such as low toxicity, biocompatibility,
and high drug loading efficacy. The SIWV, proposed by our
research team, has notable GBM specificity and enhances the
uptake of nanocarriers into tumors. We prepared four
formulations: (i) FITC-PEG-pSiNP: FITC (fluorescein
sothiocyanate)-conjugated pSiNPs via PEG linker (5 kDa,
PEG: polyethylene glycol). (ii) FITC-PEG-pSiNP-mPEG: mPEG
(5 kDa). (iii) FITC-PEG-pSiNP-iRGD: iRGD (well-known
cancer targeting peptide). (iv) FITC-PEG-pSiNP-SIWV.
The properties of each formulation were analyzed by using
transmission electron microscope, attenuated total reflectionfourier transform infrared, and dynamic light scattering. The
deep penetration ability of nanocarriers was then monitored
in cell spheroids, in GBM patient-derived tumoroids, and in
GBM xenograft mice. As a result, SIWV modified nanotherapeutics
showed the significantly improved penetration efficiency
compared with other formulations. Moreover, the temozolomide
(FDA-approved drug for GBM therpay) loaded pSiNPs
formulation with SIWV peptide showed enchanced threapetutic
efficiency due to their deep penetation ability into U87MG
spheroid. We believe that this finding roles as a progressive
approach to the development of nanotherapeutics for deep
GBM penetration.
Keywords: Glioblastoma multiforme, Tumor penetration,
Targeting peptide, Drug delivery system, Porous silicon
nanoparticle
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The alteration of early and mature neuronal cells
in grey matter after white matter injury
Yoon-Young Chung, Hyo-In Hwang, Hye-Kyoung Shin, YongHyun Jun
Department of Anatomy, School of Medicine, Chosun University,
Gwang-ju, Korea

Background/Aim: Cerebral ischemia is a major cause of
abnormal brain development. Periventricular leukomalacia
was associated with white matter injury, and subcortical
neurons were decreased in the same model. Cortical alteration
was not well understood despite the effects of hypoxia on
cortical neurons. We investigated the neuronal cell during early
and mature development using immunoreactivity. Materials
and Methods: In seven-day postnatal rats, the right carotid
artery was ligated. The rats were incubated in a hypoxic
chamber (8% 02 and 92% N2 at 37℃) for 2 hours. Nestin and
NeuN antibodies were detected by immunohistochemistry.
Results: The densities of nestin-immunoreactivity (IR) cells
in the cerebral parietal cortex and subventricular zone were
increased with hypoxia. NeuN-IR cells in the cerebral cortex
were significantly decreased in the periventricular
leukomalacia group.Conclusion: These findings suggest that
perinatal white matter injury induced neurogenesis while the
survival of neurons was decreased in the cerebral cortex.
Keywords: Hypoxia, Cortex, Subventricular zone (SVZ,)
Nestin, Neuronal nuclei (NeuN)
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The deleterious impact of non-synonymous
polymorphisms (nsSNPs) on the loss of TREM2
function: an in-silico insight
Raju Dash, Sarmistha Mitra, Yeasmin Akter Munni, Ho Jin Choi,
Binod Timalsina, Il Soo Moon
Department of Anatomy, Dongguk University College of Medicine

Triggering Receptor Expressed on Myeloid Cells 2 (TREM2)
is an innate immune receptor expressing in microglia and
myeloid cells outside the brain. Recently, genetic epidemiology
studies have linked the high-risk association between many
neurodegenerative diseases, including Nasu-Hakola disease
(NHD), frontotemporal dementia (FTD), and late-onset
Alzheimer's disease and TREM2 single nucleotide variations.
Nevertheless, the roles of non-synonymous polymorphisms
(nsSNPs) in TREM2 on disease progression yet remain
unknown. Therefore, the present study employed combined

bioinformatics and a molecular modeling approach to identify
potentially damaging nsSNPs in the TREM2 gene and provide
an atomic insight into their roles in TREM2 loss of function.
By following these approaches, this study cumulatively
predicted the three most deleterious SNPs, including
rs549402254 (W50S), rs749358844 (R52C) and rs1409131974
(D104G) in the TREM2 gene. Molecular dynamics simulation
highlighted that these variants induced substantial changes in
the conformational dynamics of TREM2, especially in the loops
involved in ligand binding. Furthermore, these three variants
were associated with the disruption of intramolecular network
and structural alteration, which might be associated with the
loss of affinity or specificity for TREM2 ligands. As a corollary,
these findings may further provide critical insights into the
roles of these variants in the TREM2 loss of function and, thus,
neurodegeneration.
Keywords: Single nucleotide polymorphisms, TREM2, Variant,
Molecular Dynamics Simulation, Alzheimer's disease
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Therapeutic effects of ginsenosides on
peripheral nerve degeneration targeting
Schwann cells
Yoo Lim Chun, Sumin Lee, Ki-Hoon Park, Youngbuhm Huh,
Junyang Jung
Department of Anatomy and Neurobiology, College of Medicine,
Kyung Hee University, 26, Kyungheedae-ro, Dongdaemun-gu,
Seoul, 02447, Korea.

Damaged peripheral nerves undergo peripheral neurodegenerative
processes that are essential for the nerve regeneration.
Peripheral neurodegenerative diseases, including diabetic
peripheral neuropathy, are induced by irreversible nerve
damage caused by abnormal peripheral nerve degeneration.
However, until now, there have been no effective therapeutic
treatments for these diseases. Ginsenosides are the most
pharmacologically active compounds in Panax ginseng, and are
being actively studied. Ginsenosides have a variety of effects,
including neuroprotective, antioxidative, anti-cytotoxic, and
anti-inflammatory effects. Here, we investigated the efficacy
of 18 ginsenosides. We then tested the ability of the most
effective ginsenoside, (S)-ginsenosides F1 (sF1), to inhibit
peripheral neurodegenerative processes using mouse sciatic
ex vivo culture, and several morphological and biochemical
indicators. Our results suggest that sF1 could effectively
protect Schwann cells against peripheral nerve degeneration.
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Immunogenicity study depending on crossover of
strain or species in neural stem cell transplantation
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of Medicine, Suwon, South Korea, 4Department of Health Sciences
and Technology, Samsung Advanced Institute for Health Sciences
& Technology (SAIHST), Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, South Kor, 5Medinno
Research Institute, Medinno Inc., Suwon, South Korea, 6Biomedical
Institute for Convergence at Sungkyunkwan University (BICS),
Sungkyunkwan University, Suwon, South Korea

Stem cells could be the next-generation therapeutic option for
neurodegenerative diseases. Especially, neural stem cells
(NSCs) are potential candidate for the treatment of central
nervous system (CNS) injury and diseases. However, transplantation
rejection with immune response and inflammation occurs in
transplantation of NSCs. Minimizing transplantation rejection
is essential to maximize the therapeutic effects of NSCs. In this
study, we intended to investigate differences in immune
responses and inflammation when syngeneic, allogeneic, or
xenogeneic NSCs were transplanted into the brain of
immunocompetent mice. Based on the immunological
responses to NSCs, we tried to inhibit rejection against NSCs
using appropriate immunosuppressants, and then analyzed the
survival time of transplanted ahNSCs. Syngeneic, allogeneic,
or xenogeneic NSCs were intrastriatally injected into C57BL/6
mice, then the mice are sacrificed up to 6 days after
transplantation. First, we tried to identify the residual NSCs
through polymerase chain reaction (PCR) analysis. Second,
immune responses and inflammation are analyzed by
immunohistochemical (IHC) analysis. Finally, systemic
immunological reactions were monitored via blood CRP
enzyme-linked immunosorbent assay (ELISA). Among them,
the analysis of the immune response using the IHC analysis
of the syngeneic and xenogeneic NSCs injection groups and
the PCR analysis of the xenogeneic NSC injection group are
presented. Based on IHC analysis, leukocytes and neutrophils
were identified at the injection sites in all groups. However,
the numbers of leukocytes and neutrophils of the xenograft
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Keywords: Ginsenosides, Peripheral neurodegenerative
process, Schwann cells, Pharamaco-neuroanatomy, Sciatic
nerve ex vivo culture

group were higher than those of the other groups, which
indicated that innate immunity might provoke acute rejection
of xenogeneic NSCs in the brain. The number of leukocytes
and neutrophils increased until 6 days after transplantation in
all groups. Macrophage and microglia also were observed
around the graft site and showed gradual increase until 6 days
after transplantation. Residual xenogeneic NSCs in the mouse
brain were diminished over time, and it was confirmed that a
small amount remained even after 6 days after transplantation.
This result suggests that transplanted NSCs may remain
longer than 6 days when immunosuppressive agents are
administered. For more accurate results, we would like to
confirm changes in xenograft rejection during administration
of immunosuppressants through future studies.
Keywords: Neural stem cells, Immunogenicity, Xenograft
rejection, Immunosuppression

decreased the proliferation of GBM cell lines. We also found
that the zebrafish ortholog, socs3b, was associated with brain
development through the regulation of cell proliferation in
neuronal tissue. While additional mechanistic studies are
necessary, our results suggest that SOCS3 is an important
biomarker for glioma and that SOCS3 is related to the
proliferation of neuronal tissue.
Keywords: GBM, SOCS3, Proliferation, Zebrafish, Development
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Glioblastoma evolution of mutation-harboring
SVZ stem cells at a single-cell resolution
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SOCS3 is related to cell proliferation in neuronal
tissue: An integrated analysis of bioinformatics
and experiments
Yeuni Yu1, Chang-Kyu Oh3, Yun Hak Kim2
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School of Medicine, Pusan National University, 2Department of
Anatomy and Department of Biomedical Informatics, School of
Medicine, Pusan National University, 3Department of anatomy,
College of Medicine, Inje University,

Glioma is the most common primary malignant tumor that
occurs in the central nervous system. Gliomas are subdivided
according to a combination of microscopic morphological,
molecular, and genetic factors. Glioblastoma (GBM) is the
most aggressive malignant tumor; however, efficient therapies
or specific target molecules for GBM have not been developed.
We accessed RNA-seq and clinical data from The Cancer
Genome Atlas, the Chinese Glioma Genome Atlas, and the
GSE16011 dataset, and identified differentially expressed
genes (DEGs) that were common to both GBM and lower-grade
glioma (LGG) in three independent cohorts. The biological
functions of common DEGs were examined using NetworkAnalyst.
To evaluate the prognostic performance of common DEGs, we
performed Kaplan-Meier and Cox regression analyses. We
investigated the function of SOCS3 in the central nervous
system using three GBM cell lines as well as zebrafish embryos.
There were 168 upregulated genes and 50 downregulated
genes that were common to both GBM and LGG. Through
survival analyses, we found that SOCS3 was the only
prognostic gene in all cohorts. Inhibition of SOCS3 using siRNA
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Glioblastoma (GBM) is the most common and aggressive
primary brain cancer in adults. Although multiple oncogenic
mutations have been identified in neural stem cells of the
subventricular zone (SVZ) in humans, the dynamic process of
how tumor initiation begins with a mutation-harboring stem
cells remains elusive. To better understand how GBM evolves,
we analyzed longitudinal transcriptomic changes of mutationharboring stem cells using a spontaneous, somatic GBM animal
model. We performed single-cell RNA sequencing of
mutation-harboring cells located at the SVZ and along white
matter tracts for precancerous stages, and cancer cells derived
from these mutated cells in the caudal cortex. We have identified
a precancerous population originating from oligodendrocyte
precursor cells, with increased proliferation and decreased
capacity to differentiate into oligodendrocytes. The precancerous
cell populations undergo malignant transformation to become
multiple cancerous cell populations characterized by specialized
roles in extracellular matrix remodeling, proliferation, and
angiogenesis. Our findings suggest that GBM evolution is
closely related to oligodendrocyte precursor cell specification,
and the time-dependent transcriptomic changes in precancerous
cells is a novel therapeutic target for tumor evolution.
Keywords: single-cell RNA sequencing, glioblastoma, tumor
evolution, subventricular zone, oligodendrocyte precursor cell
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Inhibition of lysophosphatidic acid receptor 1-3
deteriorates experimental autoimmune
encephalomyelitis by inducing oxidative stress
Jong Hee Choi, Jinhee Oh, Ik Hyun Cho
Department of Convergence Medical Science, College of Korean
Medicine, Kyung Hee University, Seoul 02447, Republic of Korea

Keywords: Lysophosphatidic acid receptors, Experimental
autoimmune encephalomyelitis, Reactive oxygen species,
NADPH oxidase
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Neuroprotective effects of bornyl acetate in
experimental autoimmune encephalomyelitis
via anti-inflammatory effect and maintaining
blood-brain-barrier integrity
Jong Hee Choi, Joon-Il Lee, Young Hyun Lee, Tae Woo Kwon,

Bornyl acetate (BA), a chemical component of essential oil in
the Pinus family, has been not studied actively on the
therapeutic effect in numerous diseases. In present study, we
investigated the effect of BA in myelin oligodendrocyte
glycoprotein (MOG35-55)-induced experimental autoimmune
encephalomyelitis (EAE) mice, an animal model of multiple
sclerosis (MS). In the onset stage of EAE symptoms, oral
treatment with BA mitigated motor disability and demyelination
in the spinal cord associated with the down-regulation of
pro-inflammatory mediators (cytokines, enzymes, and chemokines)
and the reduction in infiltration of microglia and macrophages.
The anti-inflammatory effect of BA is related to the inhibition
of the mitogen-activated protein kinases and nuclear
factor-kappa B pathways. BA also reduced recruitment/
infiltration rate of CD4+ T, Th1, and Th17 cells into the spinal
cord of EAE mice related to the reduction of blood-brain
barrier (BBB) disruption. Our findings strongly suggest that
BA may alleviate EAE due to its anti-inflammatory and BBB
protective activities. Therefore, BA may be a potential
therapeutic agent for treating autoimmune demyelinating
diseases including MS.
Keywords: bornyl acetate, experimental autoimmune
encephalomyelitis, blood-brain-barrier, anti-inflammation
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Ginsenoside-Re mitigates blood-brain barrier
dysfunction in a murine model of multiple
sclerosis
Jinhee Oh, Jong Hee Choi, Young Hyun Lee, Tae Woo Kwon, Ik
Hyun Cho
Department of Convergence Medical Science, College of Korean
Medicine, Kyung Hee University, Seoul 02447, Republic of Korea

Ginsenoside-Re (G-Re), a compound of Panax ginseng, can
play a beneficial effects in neurodegenerative diseases such
as Parkinson's disease. However, the effect in autoimmune
diseases of nervous system has not been demonstrated. Here,
we explored whether pre-adminstration with ginsenoside-Re
(2.5-10 mg/kg/day, i.p.) has a positive activity in a murine
model of multiple sclerosis (MS), myelin oligodendrocyte
glycoprotein (MOG) peptides-immunized chronic experimental
autoimmune encephalomyelitis (EAE). G-Re alleviated motor
disability, related to the inhibition of demyelination and
neuroinflammation in spinal cord. G-Re attenuated infiltration
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Background: Lysophosphatidic acid receptors (LPARs) are
G-protein-coupled receptors involved in many physiological
functions in the central nervous system. However, the role of
the LPARs in multiple sclerosis (MS) has not been clearly
defined yet. Methods: Here, we investigated the roles of LPARs
in myelin oligodendrocyte glycoprotein peptides-induced
experimental autoimmune encephalomyelitis (EAE), an
animal model of MS. Results: Pre-inhibition with antagonists
low
ameliorated motor disability of EAE . Specifically, LPAR1-3
antagonist Ki16425 (intraperitoneal) deteriorated symptoms
low
of EAE associated with increased demyelination, chemokine
expression, cellular infiltration, and immune cell activation
(microglia and macrophage) in spinal cords of mice compared
to the sham group. This LPAR1-3 antagonist also increased
+
+
+
+
the infiltration of CD4 /IFN-γ (Th1) and CD4 /IL-17
low
(Th17) cells into spinal cords of EAE mice along with
upregulated mRNA expression of IFN-γ and IL-17 and
impaired BBB in the spinal cord. The underlying mechanism
for negative effects of LPAR1-3 antagonist was associated
with the overproduction of reactive oxygen species (ROS)generating nicotinamide adenine dinucleotide phosphate
(NADPH) oxidases (NOX) 2 and NOX3. Interestingly, LPAR1/2
agonist 1-oleoyl-LPA (LPA 18:1) (intraperitoneal) ameliorated
high
symptoms of EAE and improved representative pathological
high
features of spinal cords of EAE mice. Conclusions: Our
findings strongly suggest that some agents that can stimulate
LPARs might have potential therapeutic implications for
autoimmune demyelinating diseases such as MS.

Ik Hyun Cho
Department of Convergence Medical Science, College of Korean
Medicine, Kyung Hee University, Seoul 02447, Republic of Korea

of resident microglia and peripheral macrophages, which
associated with the decreased mRNA expression of
pro-inflammatory cytokines/chemokines/enzymes in the
spinal cord. G-Re suppressed disruption of the blood-brain
barrier (BBB) such as intercellular or junctional molecules.
Furthermore, G-Re decreased inflammation-related cell
signaling in cultured BBB cell line. Our finding indicate potential
value for therapeutic strategies with G-Re on autoimmune
diseases of nervous system such as MS via suppression of BBB
breakdown.
Keywords: Ginsenoside-Re, experimental autoimmune
encephalomyelitis, blood-brain-barrier, anti-inflammation
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N501Y COVID19 spike pprotein RBD invades
brain: From neuro-inflammation to stroke
exacerbation
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The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has become a global health crisis and
continuously affected socio-economic life hills throughout the
world. Like SARS-CoV, the viral entering into host cells based
on the affiliation between S protein of SARS-CoV-2 and their
shared receptor, angiotensin-converting enzyme 2 (ACE2),
through the receptor-binding domain (RBD). Even several
acute COVID-19 cases can cause neurological complications,
the underlying mechanism of how SARS-CoV-2 involve in the
central nervous system (CNS) has not been well elucidated.
In this study, we revealed that brain resident macrophage
(microglia) expressed ACE2 and allowed intravenous
injective N501Y-RBD to assail the brain. The onslaught of
N501Y- RBD led to microglial hyper-activation and
consequently acerbating the stroke effects. From where we
now stand, it seems possible that the COVID-19 pandemic can
be cured since the vaccine strategy has been effective.
However, our results elicit that as the sequelae brain
inflammatory response to SARS-CoV-2 infection, the
patients may trigger long-term mechanisms leading to a
widespread increase in the incidence of the neurological and
neurodegenerative disorder in coming years.
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Sensitive label-free imaging of brain samples
using fxclear-based tissue clearing technique
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Tissue clearing is primarily used for the deep imaging of
fluorescently tagged information via increasing the regional
homogeneity of the optical properties in the tissues. On the
other hand, label-free imaging of tissues may be achievable
by the enhancing the regional heterogeneity of the optical
properties using tissue clearing principle. To achieve this goal,
we used FxClear which is suboptimal method for the
de-lipidation, allowing the leftover of lipids in the lipid-rich
white matter. In this way, grey matter vs. white matter
differences were emphasized and successfully imaged with
conventional transmission light microscopy or optical
coherence tomography. Likewise, traumatic brain injury areas
which exhibit the clustering of extracellular matrix also be
imaged with the same methods. We also noticed that the
different embedding media with the same RI exhibited
different contrasts for the lipid-rich or extracellular
matrix-rich areas, depending on their chemical properties.
Collectively, we propose that the tissue processing which
alters regional optical properties will help the imaging of tissues
without labeling.

Keywords: Clarity, Tissue clearing, Label-free imaging, 3D
imaging, TBI
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Photobiomodulation using flexible and
implantable multi-LED array attenuates acute
ischemic damage and chronic cognitive
impairment after focal cerebral ischemia
1,2

1,3

4

Photobiomodulation (PBM) has received tremendous attention
by improving the tissue functions or regeneration to treat
traumatic brain injury, stroke and spinal cord injuries. However,
previous experiments on the small animals have been limited
to the stimulation, due to the inherent limitations on their
designs and the size-limitation of the probes. Here, we
developed a lightweight and compact system of miniaturized
electronic devices, facilitating flexible substrate and a simple
designing strategy of packaged light-emitting diodes (LEDs)
to conduct in vivo experiments of the brain PBM for a small
animal. Using this device platform, we evaluated the beneficial
effects of brain PBM on improved tissue and functional
recovery following ischemic stroke. Among the various
wavelength range, a specific wavelength of 630 nm was the
most effective in reducing the direct infarction volume and
neurological and motor impairment after ischemic brain injury.
In addition, the implanted brain PBM of 630 nm-LED array
in the acute phase after stroke remarkably improved the
capability of spatial learning and memory in the chronic phase
of post-stroke. Furthermore, PBM treatment by the 630
nm-LEDs attenuated AIM2 inflammasome activation and
inflammasome-mediated pyroptosis and modulated microglial

Keywords: Photobiomodulation, Light-emitting diode,
Ischemic damage, Cognitive impairment, Neuroinflammation
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Identification of chronic inflammation-specific
novel genes through comparison of peripheral
blood mononuclear cells from pre- and
post-treated periodontitis patients: single-cell
RNA sequencing analysis
1

2

3

Hansong Lee , Ji-Young Joo , Dong Hyun Sohn , Hae Ryoun
Park4, Yun Hak Kim5,1
1
Convergence Medical Sciences, Pusan National University,
Yangsan, Republic of Korea, 2Department of Periodontology,
School of Dentistry, Pusan National University, Yangsan, Republic
of Korea, 3Department of Microbiology and Immunology, School
of Medicine, Pusan National University, Yangsan, Republic of
Korea, 4Department of Oral Pathology, School of Dentistry, Pusan
National University, Yangsan, Republic of Korea, 5Department of
Anatomy, School of Medicine, Pusan National University,
Yangsan, Republic of Korea

Aims: Though the importance of chronic inflammation in the
progression of various systemic disease has been emphasized,
major determinants of the chronic inflammation and linkers
connecting the diseases are still elusive. Here we tried to define
connectors of the diseases as well as risk factors of
periodontitis by understanding the genetic alterations in
peripheral blood mononuclear cells (PBMCs) of chronic
periodontitis patients and recovery via periodontal therapy.
Materials and Methods: We profiled peripheral blood
mononuclear cells (PBMCs) via single-cell RNA sequencing
analysis from healthy controls and pre- and post-treated
patients with periodontitis. We identified that numerous genes
were differentially expressed in patients with periodontitis
compared with healthy controls and extracted several specific
genes which recovered expression level similar to that in
healthy controls after periodontal therapy, with genes across
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polarization in the hippocampus and cortex 7 days following
ischemic stroke. Therefore, the ipsilesional cortical application
of brain PBM using an implantable multi-LED array may
prevent the tissue and functional damage in acute ischemic
stroke injury, and attenuate the development of cognitive
impairment after stroke through regulation of AIM2
inflammasome-mediated pyroptosis and microglia polarization.
Therefore, brain PBM therapy has the potential to develop into
a safe and effective neuroprotective treatment for patients
with acute stroke damage and post-stroke cognitive
impairment.

diverse immune cell types. Results: We examined the
expression profiles of peripheral immune cells and extracted
cell type specific altered genes. Interestingly, cysteine-rich
protein 1 (CRIP1), macrophage migration inhibitory factor
(MIF), interferon-induced transmembrane protein 1
(IFITM1), and ribosomal protein S17 (RPS17) were closely
associated with the presence of periodontitis and returned to
similar level of healthy controls after therapeutic challenge
throughout the cells. Conclusions: CRIP1, MIF, IFITM1, and
RPS17 are suggested to be major triggers for maintaining
chronic periodontitis and key linkers to systemic diseases as
well.

and Akt signaling pathways.
Keywords: Colorectal cancer, Orostachys japonica, MAPK,
Akt, Xenograft
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Microbial and molecular differences according to
the location of head and neck cancers
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Anti-cancer effects of Orostachys japonica on
5-fluorouracil-resistant colorectal cancer cells
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To evaluate the anti-cancer effects of aqueous extract of
Orostachys japonicas (OJe), possible signaling pathways were
investigated using 5-fluorouracil (5-FU) resistant colon
cancer cells (SNU-C5/5-FUR). SNU-C5/5-FUR cells were
adopted for cell viability assay and flow cytometry analyses.
Functional compound contents of OJe were confirmed with
high performance liquid chromatography. Xenograft model
with SNU-C5/5-FUR cells was used for anti-cancer effects
of OJe in vivo. Possible mechanisms were checked with
Western blotting. The minimal effective concentration of OJe
(100 μg/ml) showed anti-cancer effects in SNU-C5/5-FUR
cells via apoptosis as well as cell cycle arrest at G0/G1 phase.
Gallic acid and epicatechin, confirmed as the major functional
components, exerted cell cycle arrest rather than apoptosis.
OJe (500 μg/kg, p.o.) showed anti-proliferative effects on
xenograft model. OJe significantly activated phosphorylation
of ERK and p38 in vitro and in vivo. OJe did not activate
phosphorylation of Akt in vitro but significantly decreased
phosphorylation of Akt in vivo, which resulted in cell cycle
arrest via decreased β-catenin and increased p27 expression.
These results suggested that OJe would have anti-proliferative
effects on 5-FU resistant colon cancers via regulating MAPK
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Microbiome has been shown to substantially contribute to some
cancers. However, the diagnostic implications of microbiome
in head and neck squamous cell carcinoma (HNSCC) remain
unknown. Here, we report for the first time, the molecular
difference in the microbiome of oral and non-oral HNSCC.
Primary data was downloaded from the Kraken-TCGA
dataset. The molecular differences in the microbiome of oral
and non-oral HNSCC were identified using the linear
discriminant analysis effect size method. The common
microbiomes in oral and non-oral cancers were Fusobacterium,
Treponema, and Selenomonas and Clostridium and Massilia,
respectively. We found unique microbial signatures that
positively and negatively correlated with Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathways in oral cancer and
negatively correlated KEGG pathways in non-oral cancer. In
oral cancer, positively correlated genes were mostly found in
bacterial infection pathways, while negative correlated genes
were involved in HTLV-I infection, signal transduction, cell
adhesion, and cancer-associated pathway. In non-oral cancer,
positively correlated genes did not show any significant results,

and negatively correlated genes showed results from focal
adhesion pathway and regulation of actin cytoskeleton
pathway. These results could help in understanding the
underlying biological mechanisms of the microbiome of oral
and non-oral HNSCC. Microbiome-based oncology diagnostic
tool warrants further exploration.
Keywords: Microbiome, HNSCC, Oral cancer, Non-oral
cancer
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PCB 126 exposure disrupts hepatic iron
hemeostasis and induces NAFLD through
downregulation of hepatic STAMP2
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3D Hydrogel Microenvironment for Enhanced
Progression, Chemoresistance and Stemness of
Human Ovarian Cancer Cells
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A suitable three-dimensional (3D) cell culture system is
indispensable for the development of a useful in vitro tumor
model that accurately reflects in vivo behaviors of cancer cells.
In the present study, an effective 3D in vitro model of ovarian
cancer (OC) was developed using a marine collagen-based
hydrogel. Remarkably, OC cells grown in this hydrogel
exhibited biochemical and physiological features, including (1)
enhanced cell proliferation, migration and invasion, colony
formation, and chemoresistance; (2) suppressed apoptosis
with altered expression levels of apoptosis-regulating
molecules; (3) upregulated expression of crucial multidrug
resistance-related genes; (4) accentuated expression of key
molecules associated with malignant progression, such as
epithelial–mesenchymal transition transcription factors,
Notch, and pluripotency biomarkers; and (5) robust
enrichment of ovarian CSCs. These findings indicate the
potential of our 3D in vitro OC model as an in vitro research
platform to study OC and ovarian CSC biology and to screen
novel therapies targeting OC and ovarian CSCs.
Keywords: 3D Cell Culture, Cancer Stem Cell, Chemoresistance,
Hydrogel, Marine Collagen, Ovarian Cancer, Spheroid
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Polychlorinated biphenyls (PCBs) have been associated with
endocrine-disrupting effects. Although recent studies
demonstrated that PCBs exposure lead to non-alcoholic fatty
liver disease (NAFLD), the underlying mechanism has
remained unsolved. In this study, we examined the effects of
two types of PCBs on NAFLD. For in vivo studies, C57BL/6
mice were administered corn oil, PCB126 (1 or 5 mg/kg) or
PCB138 (1,5,10 or 50 mg/kg) by intraperitoneal injection for
a total of four injections (2, 3, 4 and 5 weeks) during the 6-week
study duration. In mice, PCB126 and PCB138 induced liver
damages including inflammation and fibrosis on liver.
Especially, PCB126 more than PCB138 promoted hepatic
steatosis in vivo and in vitro. Expression of hepatic STAMP2,
which may be a suitable target for treating NAFLD, was
decreased in PCB126-induced NAFLD model. Adenoviral
STAMP2 alleviated lipid accumulation in PCB126-treated
HepG2 cells. Next, we investigated the effects of PCBs
exposure on hepatic iron homeostasis. We observed that
PCB126 significantly induced hepatic iron overload.
Noticeably, Adenoviral STAMP2 attenuated PCB126-induced
hepatic iron overload. Our ﬁndings indicate that PCB126
disrupts hepatic iron homeostasis by decreasing hepatic
STAMP2 expression, resulting in induces NAFLD.
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Background and objective: Exosomal RNAs involved in
intercellular signaling are reported to play an important role
in the pathogenesis of periodontitis, but the basic mechanism
for the role of exosomal RNA in periodontal tissue homeostasis
and pathology is still unknown. This pilot study aimed to profile
differentially expressed (DE) exosomal RNAs in healthy
subjects and periodontitis patients and compare their levels
before and after treatment. Materials and methods: Plasma
samples from healthy subjects and patients with periodontitis
(pre-/post-periodontal treatment) were collected for this
case–control study. After isolation of exosomes from the
plasma, the RNA was extracted and small RNA sequencing was
performed. Two-way analyses were conducted according to
the treatment status in the periodontitis group, unpaired
analysis (grouping as pre-/post-treatment) and paired
analysis (matching pre- and post-treatment in the same
subject). The DE exosomal RNAs were screened by
sequencing and visualized using the R software. Gene Ontology
analysis was performed, and target genes were identified.
Results: In both paired and unpaired analyses, two DE
microRNAs (DEmiRs; miR-1304-3p and miR-200c-3p) and
two DE small nucleolar RNAs (DEsnoRs; SNORD57 and
SNODB1771) were common, and they were found to be
downregulated during periodontitis and recovered to healthy
levels after treatment. The top three target genes (NR3C1,
GPR158, and CNN3) commonly regulated by DEmiRs were
identified. Conclusions: Plasma-derived exosomal miRs
(miR-1304-3p and miR-200c-3p) and snoRs (SNORD57
and SNODB1771) could be valuable biomarkers for
periodontitis.
Keywords: periodontitis, exosomes, microRNAs, small
nucleolar RNA, sequence analysis
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metastasis through Piezo1-Src-YAP/TAZ axis
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Mechanical forces surrounding solid tumor are pervasive in
tumor microenvironment and abnormally altered as solid
tumor progresses. Although it has been reported that
biomechanical forces including fluid shear stress (FSS)
enhanced metastatic features of cancer cells, it is poorly
understood how cancer cells sense mechanical stress and
propagate the signal in tumor microenvironment. Here we
show that Piezo1, a mechanosensitive ion channel, is highly
expressed by shear stress in microfluidics channel. Moreover,
Yoda1 as Piezo1 agonist synergistically potentiates cancer cell
motility. Also, Yoda1-induced Piezo1 activation led evoked
intracellular Ca2+ levels in prostate cancer cell, and further
increased nuclear localization of YAP/TAZ. Conversely,
knockdown Piezo1 with siRNA significantly reduces cellular
motility by shear stress as well as inhibits nuclear localization
of YAP/TAZ. Moreover, shear stress phosphorylates YAP
(Y357) through Src activation, and activated Piezo1 further
potentiates phosphorylation of Src (Y416) and YAP (Y357).
In addition, the phosphorylated YAP (Y357) was suppressed
by dasatinib, an inhibitor of Src. Taken together, our findings
suggest that Piezo1 is able to play as mechanosensor of solid
tumor in tumor microenvironment and shear stress induces
prostate cancer cell migration and metastatic features through
Piezo1-Src-YAP/TAZ axis.
Keywords: Tumor microenvironment, Shear stress, Mechanosensor,
YAP, Prostate cancer
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LTBP1 worsens patient prognosis by regulating
the focal adhesion of cancer cells to the
extracellular matrix in gastric cancer
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The focal adhesion of cancer cells to the extracellular matrix
(ECM) can greatly affect their proliferation, migration, and
invasion. Latent transforming growth factor β-binding
protein 1 (LTBP1), a protein secreted by cells, binds to ECM
molecules. Analyses of TCGA and GEO databases showed its
prognostic significance in gastric cancer. In vitro and in vivo
studies showed that LTBP1 regulated the proliferation,
migration, invasion, adhesion, and tumorigenicity of gastric
cancer cells. RNA sequencing and analyses of TCGA and GEO
databases showed that LTBP1 regulated the expression of

ECM and focal adhesion molecules. Mechanistic studies
showed that the TGFβ and integrin signaling pathways were
regulated by LTBP1. Finally, examination of LTBP1 levels in
the blood samples of patients with gastric cancer and healthy
adults showed better sensitivity and accuracy than CEA and
CA19-9. These results suggest the potential of LTBP1 as a
novel diagnostic and therapeutic target for gastric cancer.
Keywords: LTBP1, Gastric Cancer, Focal Adhesion, Extracellular
Matrix
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P-108
Microplastic promotes breast cancer metastasis
in obesity condition

Microplastics are emerging global environmental contaminants
that are affecting multiple aspects in life on earth. Despite of
their possible harmfulness to the human health, little is known
about the effect of microplastics on cancer metastasis. Since
obesity tends to be correlated with poor prognosis in breast
cancer, the effect of microplastics on breast cancer in obesity
was investigated in this study. Human breast cancer cell line,
MDA-MB-231 cells were cultured with 2% lipid mixture (or
adipocyte conditioned medium) up to 24 h. And 1.667mg/ml
of microplastics were added in each group. The average size
of microplastics used in this study was about 15 mm. In our
study, lipid mixture significantly increased MMP9 and PD-L1
expression at 24 h in MDA-MB-231 cells than that in regular
medium. Moreover, added microplastic further elevated
MMP9 and PD-L1 expression of breast cancer cells when lipid
mixture is present in culture medium. In contrast, microplastic
didn’t raise MMP9 and PD-L1 expression level of human
breast cancer cells in regular medium, suggesting that
microplastic synergistically potentiates metastatic features of
breast cancer with lipid components. Ongoing work is aimed
at targeting components involved in signal transduction to
better understand how microplastics exacerbate cancer
metastasis in obese patients.
Keywords: Tumor Microenvironment, Microplastic, Breast
cancer, Obesity, Metastasis
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Vascular smooth muscle cell to monocyte
interactions mediates pro-inflammatory
cytokine expression: an important component of
the inflammatory lesion
Seung Eun Baek1,2, Yun hak Kim1,2,3
1
Department of Anatomy, School of Medicine, Pusan National
university, 2Gene&Cell Therapy Research Center for Vessel-associated
Diseases, Pusan National University, 3Department of Biomedical
informatics, School of Medicine, Pusan National University

The interaction of monocytes and vascular smooth muscle cells
(VSMCs) has been known to be a regulatory signal in the
cellular activation that is involved in the pathogenesis of
atherosclerosis. Damaged-associated molecular patterns
(DAMPs) plays a key role in various inflammatory responses
and resulting from tissue injury. We investigated the impact
of VSMC/Monocyte interactions on DAMP expressions, key
events related to vascular inflammation. In cultured human
VSMCs stimulated with human THP-1 to induced DAMP
expression. Co-culture induced expression of adenosine
monophosphate-activated protein kinase (AMPK) phosphorylation
and SIRT1 in VSMCs. VSMCs were cocultured with THP-1
after pre-treated with SRT1720 (SRT) or resveratrol (RSV),
a SIRT1 activators, DAMPs were significantly attenuated in
VSMCs. The importance of SIRT1 in coculture-induced
DAMPs was also observed in primary VSMCs isolated from
SIRT1-transgenic (TG) mice. We also determined the
potential role for SIRT1 in interaction of VSMC/Monocyte
using pro-inflammatory cytokines. Co-culture increased
pro-inflammatory cytokines including interleukin-1 beta
(IL-1β), IL-6 and tumor necrosis factor alpha (TNF-α),
which were attenuated in VSMCs pre-treated with SRT or
RSV as well as in SIRT1-TG VSMCs. Overall, these results
showed that SIRT1 inhibits pro-inflammatory cytokines via
suppressing DAMPs production in VSMCs co-cultured with
Monocytes, and suggest that SIRT1 as a therapeutic potential
for vascular inflammation with a subsequent intimal hyperplasia
related to vascular remodeling.
Keywords: Vascular smooth muscle cell, Monocyte, Coculture
system, Inflammation, Atherosclerosis
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The pancreatic cancer is one of the most deadly forms of cancer
characterized by poor prognosis and low survival rate due to
high metastatic tendency. Therefore, the development of new
biomarkers for the diagnostics and therapeutics is required for
the better survival. In order to identify new biological markers,
we analyzed public databases including TCGA, ICGC, and GEO
(GSE21501, GSE28735). Based on Kaplan-Meier survivals,
Uno’s C-indices and AUC values, we found Gene X as a new
biomarker for the pancreatic cancer. Gene-X was overexpressed
in the pancreatic cancer compared with the control and its
overexpression was associated with the poor prognosis of
patients. To elucidate more intrinsic biological functions in the
pancreatic cancer cells, loss-of-function studies using siRNA
were performed, X-deficient cells exhibited significantly
decreased migration of AsPC-1, Capan-1, Panc-1 and
SNU213 cells. Besides, it was shown that knocking down of
Gene X reduced invasion of Miapaca2 and Panc1 cells.
Furthermore, ELISA result showed the release of TGFβ-1,
TGFβ-2 and BMP4 in AsPC-1 and Capan-1 was reduced after
its knockdown. In addition, Immunoblot analysis showed that
knock-down of Gene-X downregulated the phosphorylation
of FAK protein in a calcium-dependent manner. More research
is needed to reveal its underlying mechanism. These results
suggest that Gene X might be a useful new biomarker for the
pancreatic cancer.

in HaCaT cells through mechanisms mediated by the
downregulation of key proinflammatory cytokines. FSCP also
prevented cell apoptosis in CoCl2- or TNF-α-stimulated
HaCaT cells. In addition, the inhibitory effects of FSCP on
cytotoxicity and the induction of proinflammatory cytokine
expression were found to be associated with suppression of
the ROS, MAPK (p38/MAPK, ERK, and JNK), and NF-κB
signaling pathways. Taken together, our data suggest that
FSCP are useful as immunomodulatory agents in inflammatory
or immune-mediated skin diseases. Furthermore, our results
provide new insights into the potential therapeutic use of FSCP
in the prevention and treatment of various oxidative- or
inflammatory stress-related inflammation and injuries.
Keywords: Keratinocyte, Oxidative Stress, Fish Scale
Collagen Peptides, Anti-inflammatory, HaCaT Cells, Cytokines
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Peroxiredoxin 1 induced by Epstein-Barr virus
latent membrane protein-2A regulates the cell
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The Protective Effects of Fish Scale Collagen
Peptides against CoCl2/TNF-α-Induced
Cytotoxicity and Inflammation in HaCaT Cells
through the Inhibition of ROS, MAPK, and NF-kB
Pathways
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Skin diseases associated with inflammation or oxidative stress
represent the most common problem in dermatology. The
present study demonstrated that fish scale collagen peptides
(FSCP) increase cell viability and ameliorate oxidative injury
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Nasopharyngeal carcinoma (NPC), a common cancer in
Southern China, is associated with EBV infection. Many
therapies for NPC have been established, including radiotherapy
and surgery, but the role of EBV is unclear, as are the molecular
mechanisms of EBV-positive NPC. Therefore, this work
focuses on latent membrane protein 2A (LMP2A), a latent EBV
gene, and investigates whether LMP2A is related to
peroxiredoxin 1 (PRDX1) in EBV-positive NPC. The mRNA
and protein expression levels of LMP2A, PRDX1, and
beta-catenin were compared in patient samples. To identify
molecular mechanisms, EBV-negative, normal human
nasopharyngeal epithelial cells (NP69 cells) and EBV-positive
NPC cells (C666-1 cells) were used. After making an agar cell
block for cell slides, the intensity of LMP2A expression was
observed visually. The results confirm that patient samples and
cells of nasopharyngeal carcinoma infected with EBV had
increased expression of LMP2A compared with controls, and
high reactive oxygen species levels were identified by
fluorescence microscopy and flow cytometry. The trypan blue
assay showed that LMP2A promotes cell growth by regulating

gene expression. Furthermore, LMP2A induces the
expression of PRDX1 and beta-catenin. To confirm those
results, a co-transfection method used FH535 to inhibit
beta-catenin expression. LMP2A also increased the
expression of cyclin B1 and cyclin D1, cell cycle–related factors.
In NPC cells, PRDX1 and beta-catenin were regulated through
LMP2A expression, which reduced cell growth through cell
cycle–related gene expression. This study suggests that
LMP2A could be a target molecule for inhibiting cancer
progression in NPC cells infected with EBV.

significant sensitivity, selectivity with rapid response. Due to
the dual antenna effect between terbium ions and pSiNPs/DPA,
the sensing ability of pSiNPs-Tb toward DPA was escalated.
By comparing with non-porous silica nanoparticles, the
superiority of the nanoprobe system was demonstrated.
Further, it is also proved that the great real-time in-situ
sensing ability from conducting a paper-based application.
Based on our study results, we hope that this newly developed
nanoprobe might be used as an instantaneous sensing tool with
excellent potential to explore spore-derived contagious
diseases.

Keywords: Nasopharyngeal carcinoma (NPC), latent membrane
protein 2A (LMP2A), peroxiredoxin 1 (PRDX1), beta-catenin,
cell cycle

Keywords: Nanoprobe, Anthrax biomarker, Silicon nanostructure,
Turn-on probe, Porous silicon
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Anthrax is one of the representative infectious diseases from
microorganisms specifically Bacillus anthracis (B. anthracis)
which has been highly terrorized people typically as a
bioweapon during decades of human history. As a formal
analysis method of anthrax, polymerase chain reaction (PCR)
and Gram staining technique are commonly used to confirm
anthrax infection, however, they have fetal limitations for the
use of on-site real-time detection. To overcome these
conventional issues, we designed fluorescent-based porous
silicon (pSi) nanoprobe, named pSiNPs-Tb for the sensing of
dipicolinic acid (DPA), a biomarker discovered from anthrax
spores and verifying its practical applications. In this research,
we introduced a pSi-based nanoprobe that shows superior
ability toward a representative anthrax biomarker in real-time
by grafting of terbium ion (Tb3+) to a surface of pSiNPs
through a ring-opening click amination. The developed
nanoprobe displayed fluorescence turn-on feature when it
recognized DPA from various conditions, and exhibited

Soft magnetic pillars to secure an upper airway
for the relief of obstructive sleep apnea
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The inherent mechanical properties of soft structures allow
fragile objects to be safely manipulated without the need for
precise force control. Soft structures and driving mechanisms
are employed in applications ranging from gripping and
locomotion to biomedical devices. Such soft structures can be
especially beneficial for manipulating excessively relaxed live
soft human tissue, to relieve discomfort or medical conditions.
An example is obstructive sleep apnea (OSA), where soft
tissue narrows or blocks the upper airway while sleeping,
causing difficulty breathing. In this paper, an approach to
relieve OSA using injectable soft magnetic pillars paired with
a removable magnet holder that can be worn while sleeping
to secure the upper airway is reported. The approach provides
an alternative to currently available treatments that may cause
inconveniences such as difficulty swallowing, protrusion
through soft tissue, repetitive surgeries, or sleep disruption.
Experimental results and computational studies are used to
determine the necessary degree of pulling force and distance,
which can be adjusted by controlling the number of implanted
soft magnetic pillars and external magnetic field strength.
Further experiments using cadavers demonstrate the opening
of the upper airway confirming the feasibility of the approach.
Keywords: Magnetic actuations, Magnetic pillars, Medical
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Revealing a porous silicon fluorescent
nanoprobe: sensing a biological weapon anthrax
biomarker and its empirical on-site applications

devices, Obstructive sleep apnea, Soft materials
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Visualization of mitochondria and mouse
intestine: A new fluorophore-serum albumin
composite based on a naphthalene-core dipolar
dye
Yoon Kyung Park1, Dokyoung Kim1,2,3,4,5
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University, Seoul 02447, Republic of Korea., 4Center for
Converging Humanities, Kyung Hee University, Seoul 02447,
Republic of Korea., 5Medical Research Center for Bioreaction to
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Hee University, Seoul 02447, Republic of Korea.

Fluorescence imaging using polymers, small organic fluorophores
(dyes), and organic/inorganic nanomaterials have also
become a key player for tracing a particular site or a specific
organelle. However, conventional bioimaging agents have
limitations such as low targeting ability and poor water
solubility; thus, demand additional chemical modification of
their structure. To overcome these kinds of issues and improve
the application capacity of the fluorophore, the fluorophoreprotein hybrid complex was suggested and emerged as a
powerful tool for visualizing various substrates, including
cellular organelle and biomolecules sophisticated formulation
development including various peptides or proteins. Herein,
we revealed a new small molecule that could be applied to
selectively visualize mitochondria in a cell and the mouse
intestine. A new naphthalene-based small molecule (IPNHC)
is developed hybrid complex with the dipolar dye and serum
albumin (SA). The resulting IPNHC–SA complex demonstrated
high fluorescence quantum yield and stability and showed
excellent specificity for the intestine and mitochondria of mice
after tail vein injection. The results describe that a fluorescent
complex is a powerful tool for future studies on diagnosis and
tracing and tracking of intestine-related diseases.
Keywords: Fluorescence imaging, Hybrid complex, Naphthalenecore dipolar dye, Mitochondria, Intestine
김도경 | Department of Biomedical Science, Graduate
School, Kyung Hee University · dkim@khu.ac.kr
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Orthodontic tooth movement-induced
sclerostin inperiodontal ligament
Jung-Sun Moon, Yoo-Sung Nam, Jee-Hae Kang, Nari Jung,
Juchan Maeng, Min-Seok Kim, Sun-Hun Kim
Department of Oral Anatomy, School of Dentistry, Chonnam
National University

Since orthodontic devices have been developed to accelerate
or arrest tooth movement, understanding tooth movement
mechanism has become one of the most interesting topics for
clinicians because it directly affects treatment time and
patient’s satisfaction. This study was performed to elucidate
a functional role and action mechanism of sclerostin, a key wnt
signaling antagonist, in OTM-induced AB remodeling. In this
study, it was found that orthodontic tooth movement increases
over time, but it is not proportional. In addition, the amount of
tooth movement was significantly increased when the heavy
orthodontic force applied on days 2 and 6. The periodontal
ligament (PDL) space maintained its homeostasis during the
application of the adaptable orthodontic force, but tended to
decrease responding to heavy unadaptable force. In
microarray data, SOST (sclerostin) was one of the highly
increased genes when upper first molar tooth was
orthodontically loaded in rats. Sclerostin was localized in PDL
tissues as well as osteocytes in the alveolar bone. In vitro,
sclerostin in human PDL cells was deferentially expressed with
force type and magnitude. Sclerostin is involved in PDL
mineralization and regulates osteoclastogenesis differently
following the magnitude of force. In conclusion, sclerostin may
maintain alveolar bone homeostasis by regulating
osteoblastogenesis and osteoclastogenesis in the PDL during
orthodontic tooth movement.
Keywords: Orthodontic Tooth Movement, Sclerostin, PDL
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A highly sensitive fluorescent probe for the
detection of ATP based on the AIEgen
nanoprobe
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Waterproof coating of porous silicon
nanoparticles for long-term sustained drug
release
Ji Hyeon Oh1, Dokyoung Kim1,2,3,4,5
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chemistry, Drug delivery system, Long-term drug release,
Thermally-induced silane dehydrocoupling
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TRIMosome acts as a platform for core
autophagy proteins to promote autophagic
activity
1

2

2

1

Hyungsun Park , Hansol Heo , Jaerak Chang , Seongju Lee
1
Department of Anatomy, College of Medicine, and Program in
Biomedical Science & Engineering, Inha University, 2Department
of Biomedical Sciences, Ajou University School of Medicine

Tripartite motif (TRIM) family proteins are a large family of
the RING-type E3 ubiquitin ligase, which have various
functions in cellular signaling pathways including intracellular
signaling, antiviral defense mechanism, and protein quality
control. TRIM proteins also regulate autophagic activity by
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ATP (adenosine triphosphate) plays important role in
biological systems such as intracellular signaling, immune
response, amino acid activation in protein synthesis, and the
primary carrier of energy. ATP is manufactured in the
mitochondria, and the change of ATP level seriously affects
mitochondrial function. Previous reports have revealed the
close relation with several diseases including ischemia,
neurodegenerative diseases, hypoglycemia, and cancer.
Therefore, it is important to detect ATP, some analytical
methods exist (optical response, Raman scattering, and mass
spectrometry). In particular, the fluorescence-based
molecular system has been highlighted due to uncomplicated
operation, high selectivity, high sensitivity, intuitive signal
response, and biocompatibility. However, one critical
drawback was the similar structures such as AMP (adenosine
monophosphate), and ADP (adenosine diphosphate).
Recently, we developed a fluorescent probe, AAP-1, based on
an AIEgen (Aggregation-induced emission-based luminogens)
and triamine moiety for the selective of ATP to solved this
problem. The probe had no emission in aqueous solution
because it could be dissolved in the aqueous solution, due to
the triamine moiety with photoinduced electron transfer
(PET) quenching, and contrary the emission was increased
after making an aggregation with π-π staking interaction
(TPE and adenine) and ATP via electrostatic interaction
(triphosphate and triamine). The advantages of AAP-1 are:
(i) high selectivity towards ATP, (ii) high sensitivity (0.275
ppb), (iii) fast response time (< 10 s), (iv) mitochondriatargeted cell imaging. We anticipate that this could be applied
to ATP-related studies in biology and medicine.

The research evolution of nanoformulations that could deliver
drugs such as anticancer drugs to specific sites or release drugs
at a pre-planned rate is being emphasized in order to get the
better of the various disadvantages of a single drug in
translational medicine. The high biocompatibility, an
important feature of porous silicon nanoparticle (pSiNP), is
utilitarian for disease-specific drug delivery systems because
pSiNP could accumulate at target sites and release contained
substrates in a short time. However, this rapid degradation rate
of pSiNP within the biologic system impedes the development
of long-term drug releasable nanoformulations that may work
for specific purposes, including long-term contraception,
intraocular, and cartilage repair. Although porous silicon micro
formulations and hybrid formulations of polymers with porous
silicon nanoparticles (pSiNPs) have been applied in these areas
described above, long-term acting drugs based on single
pSiNP formulations have not yet been reported. In this study,
we report the first long-term drug release nanoformulation
based on pSiNP produced by lipid coating and thermally induced
silane dehydrocoupling. Thermally-induced silane dehydrocoupling
has first applied to nano-sized porous silicon, and the drug
release ability of long-acting was systematically evaluated by
monitoring the emission of anticancer drugs that change in
transmission electron microscope (TEM) images, and
changes in the Attenuated Total Reflectance Fourier
Transform Infrared (ATR-FTIR) spectrum. Additionally,
this newly discovered system shows great promise in the
future for the clinical application of pSiNPs with many in vivo
advantages, including long-term drug release and action.

scaffolding various autophagy-related proteins, which
enables the TRIM proteins to act as key autophagy regulators,
called TRIMosome. In this study, we investigated the
regulatory mechanism of TRIM22 for autophagy. We found
that TRIM22 promotes autophagic activity in two different
stages. First, it promotes autophagy initiation by physically
interacting with autophagy initiation complex. Second,
TRIM22 increases the interaction of ATG8 proteins with the
HOPS complex, which facilitates autophagosome-lysosome
fusion. These findings suggest that TRIM22 is a critical
autophagic adaptor orchestrating a serial autophagy process
by scaffolding autophagy-related proteins.

heme oxygenase-1 (HO-1) and NAD(P)H dehydrogenase
(NQO1) and was reversedin LCN2KO mice. These findings
show that cardiotoxic effects of DOX were causedby
autophagic accumulation mediated by LCN2 upregulation. The
autophagicresponse to DOX-induced cardiomyopathy may be
suppressed by lowering LCN2levels.
Keywords: Doxorubicin, Lipocalin-2, Autophagy, Cardiomyopathy
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LCN2 deficiency ameliorates
doxorubicin-induced cardiomyopathy
Hye Min Jang, Jong Youl Lee, Hyeong Seok An, Yujeong An, Gu
Seob Roh
Department of Anatomy and Convergence Medical Science, Bio
Anti-aging Medical Research Center, College of Medicine,
Gyeongsang National University, Jinju, Gyeongnam, Republic of
Korea

Doxorubicin (DOX) is one of the most powerfulanticancer
drugs that has the problem of dose-related cumulative and
irreparablecardiomyopathy. Lipocalin-2 (LCN2) has been
identified as an importantinflammation regulator in the
pathophysiology of cardiovascular disease. Here,we demonstrate
that LCN2 deletion regulates autophagic flux in the
DOX-treatedheart. Mice were given intraperitoneal cumulative
dose of DOX 30 mg/kg andsacrificed 10 days after the last
injection. In echocardiography, compared tosaline-injected
mice, DOX-injected mice had a markedly weaker cardiac
function.In DOX-injected LCN2 knockout (KO) mice, cardiac
function was slightlyrestored. However, cardiomyocyte
diameter was reduced in DOX-treated wild-type(WT) mice
but recovered in DOX-treated LCN2KO mice, according to
histologicalanalyses. We identified that phosphorylated signal
transducer and activator oftranscription 3 (STAT3) and
LCN2 were increased in the hearts of DOX-injectedmice. The
heart of DOX-injected WT mice showed an increase of light
chain 3(LC3B) II, whereas the heart of DOX-injected
LCN2KO mice showed a decrease ofLC3BII. LC3B and
lysosomal-associated membrane protein 1 (LAMP1)colocalization was decreased in DOX-treated WT mice but was
increased inDOX-treated LCN2KO mice. Moreover,
DOX-induced cardiac damage increases theexpression of
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Autophagy and mitophagy in the aging mouse
prostate
Geum-Lan Hong, Yae-Ji Kim, Hui-Ju Lee, Kyung-Hyun Kim,
Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary
Science, Chungnam National University, Daejeon 3434, Korea

Growth and development of the prostate gland is age dependent
as is the occurrence of benign prostate hyperplaisa (BPH).
Defective autophagy is implicated in BPH, and autophagy
activation is potential therapeutic target for BPH. Mitophagy
is the selective degradation of mitochondria by autophagy, and
failure to maintain mitochondrial quality control through
mitophagy may explaining the reason of dysfunction of organ
as aged. Although animal models have been valuable in the
study of disease progression and treatment efficacy, the effect
of age is not considered. In this study, we observed occurrence
of autophagy and mitophagy in prostate by examining aged
(13-month-old) mice similar to models of BPH compared to
young (8-week-old) mice. We also characterized the
histological differences between two groups including
proliferation, stromal remodeling. We suggest that with age,
due to essential role of mitophagy on proliferation or apoptosis
in BPH, targeting mitophagy is an attractive therapeutic
strategy. Funding : This research was supported by Basic
Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science
and ICT (2020R1A2C1014324).
Keywords: Aging, apoptosis, autophagy, benign prostate
hyperplasia, mitophagy, proliferation
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Reynoutria japonica root extract Ameliorates
Ovalbumin-Induced combined allergic rhinitis

and asthma syndrome (CARAS) through
activation of Th1 and inhibition of Th2
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Poly (ADP-ribose) polymerase contributes to
cisplatin nephrotoxicity in zebrafish and mice
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Cisplatin is a well-known chemotherapy medication used to
treat numerous cancers. However, treatment with cisplatin in
cancer therapy has major side effects, such as nephrotoxic
acute kidney injury, leading to high mortality. Adult vertebrate
kidneys are commonly used as models of cisplatin-induced
nephrotoxic acute kidney injury. However, embryonic
zebrafish kidneys have recently been used because they allow
for the investigation of cisplatin action on a kidney composed
simply of two nephrons. Here, we developed a novel model to
induce cisplatin nephrotoxicity in adult zebrafish and
demonstrated that an intraperitoneal injection of cisplatin
caused a decline in kidney proximal tubular function based on
fluorescein-labeled dextran uptake and alkaline phosphatase
staining. We also showed that cisplatin induced a histological
injury of the kidney tubules quantified by tubular injury scores
on the periodic acid-Schiff-stained kidney sections. As shown
in a mouse model of cisplatin-induced nephrotoxicity, the
activation of poly (ADP-ribose) polymerase (PARP), an
enzyme implicated in cisplatin-induced cell death, was
markedly increased after cisplatin injection in adult zebrafish.
Furthermore, pharmacological inhibition of PARP using
specific PARP inhibitor PJ34 (0.1 to 100 nM in fish tank water)
or 3-aminobenzamide (0.1 to 100 μM in fish tank water),
ameliorated kidney proximal tubular functional and histological
damages in cisplatin-injected adult zebrafish kidneys,
showing an additive effect after combined treatment with both
inhibitors. This combination effect was also confirmed in the
mouse model of cisplatin nephrotoxicity. In conclusion, these
data suggest that adult zebrafish is not only suitable for drug
screening and genetic manipulation, but also useful as a model
to study the pathophysiology of cisplatin nephrotoxicity and
establish new therapies for treating human kidney diseases.
Keywords: Poly (ADP-ribose) polymerase, Cisplaitn,
Nephrotoxicity, Zebrafish, Mouse
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Background and purpose: Reynoutria japonica Houtt , also
known as Polygonum cuspidatum Sieb in China, is a traditional
and popular Chinese medicinal herb. Reynoutria japonica with
a wide spectrum of pharmacological effects has been used for
treatment of inflammation, favus, jaundice, scald, and
hyperlipemia, etc. However, the effect of Reynoutria japonica
root extract (RJRE) on airway inflammation of combined
allergic rhinitis and asthma (CARAS) mouse model is not well
known. The purpose of this study was to evaluate the inhibitory
effects and the regulatory mechanism of RJRE on CARAS
mouse model. Materials and methods: CARAS mouse model
was induced in BALB/c mice by sensitization and challenge
with ovalbumin (OVA). Each various concentration of RJRE
(50, 100, 200 mg/kg) and Dexamethasone (1.5 mg/kg) was
administrated by oral gavage on 1 hour before OVA challenge.
Besides, mice were orally administrated once daily with RJRE
and dexamethasone in 16 days. Mice of control group were
treated with saline only. The effects of RJRE on nasal
symptoms, inflammatory cells, OVA-specific immunoglobulins,
nasal histopathology, cytokines, mast cell activation were
evaluated. Results: RJRE markedly attenuated the compound
48/80-induced RPMC degranulation in vitro. Also, RJRE
attenuated the nasal symptoms including rubbing and sneezing,
down-regulated OVA-specific IgE, and up-regulated
OVA-specific IgG2a in serum. RJRE reduced the mucosal
thickness, goblet cell hyperplasia, eosinophil infiltration and
collagen deposit both in the nasal and lung tissues. RJRE also
ameliorated T helper ty pe 2 (Th2) cytokines (IL-4, IL-5 and
IL-13) and elevated Th1 cytokine (IL-12 and IFN-γ) levels
in the nasal lavage fluid and bronchoalveolar lavage fluid. RJRE
has a positive effect on regulating the allergic responses by
suppressing the inflammatory cells accumulation, ameliorating
the nasal and lung histopathology, and inhibiting the
inflammatory related cytokines. Collectively, it suggests that
RJRE might have therapeutic effects on CARAS. Conclusion:
These obtained results suggests that RJRE may provide a
promising strategy for immunotherapy in airway diseases such
as combined allergic rhinitis and asthma syndrome.
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Therapeutic effects of combination therapy with
anti-PD-L1 and IL4RPep-1-K in NSCLC mouse
model
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There are many kinds of therapeutic methods for cancer
treatment: surgery, chemotherapy, radiation therapy, targeted
therapy. Recently, immunotherapy is attracting attention as
one treatment option that can be applied for patient who do not
response well to general treatment. Especially, targeting
programmed death-1 (PD-1)/programmed death-ligand 1
(PD-L1) axis has dramatically changed the landscape for
treatment of non-small cell lung cancer (NSCLC) patients.
However, the proportion of patients who show therapeutic
effect on PD-1/PD-L1 monotherapy is still very low.
Therefore, this research investigates how to improve the
responsiveness of PD-1/PD-L1 treatment to NSCLC.
Nowadays, there are many evidence that modulating tumor
microenvironment (TME) controls tumor progression and
metastasis. In particular, crosstalk between tumors and
M2-polarized tumor associated macrophages (TAMs) have
shown to be important factor to affect therapeutic effects.
Interleukin 4 receptor (IL4R) expression is upregulated in
diverse tumors and TAMs. In this study, IL4R-binding peptide
conjugated with proapoptotic peptide (KLAKLAK)2 (IL4RPep-1-K)
was used to selectively induce apoptosis in IL4R-expressing
tumor cells and TAMs. In in vivo survival analysis, each drug,
anti-PD-L1 agents and IL4RPep-1-K, shows significant
therapeutic effects in NSCLC bearing mouse. However,
combination therapy of anti-PD-L1 agent and IL4RPep-1-K
shows no synergistic effects on survival ratio compared to
control group. Although our results did not observe improved
therapeutic effects through combination therapy in NSCLC
bearing mouse, this research suggests that manifold aspects
of TME have to be considered for establishing PD-L1
combination treatment strategy to enhance responsive rate
against anti-PD-L1 agents.
Keywords: NSCLC, PD-L1, Tumor microenvironment,
IL4RPep-1-K, Combination therapy
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Isoflavone-enriched Soybean (Glycine max)
Leaves Extract has Anti-osteoporotic effect by
suppressing Osteoclast activity
Juyeong Park, Jinhyun Ryu, Joo Yeon Jeong, Sang Soo Kang,
Dong Hoon Lee
Department of Convergence medical science and Anatomy,
College of medicine, Gyeongsang National University

Postmenopausal osteoporosis affects over 200 million women
worldwide. Moreover, osteoporotic fractures caused can lead
to chronic pain, deformity, depression, disability, and even
death. Hormone replacement therapy (HRT) is regarded as
an effective treatment for postmenopausal osteoporosis, but
it also accompanies some side effects. Soy isoflavones are well
known as active phytoestrogens and are widely accepted as
a natural alternative or supplement of HRT. In our previous
study, we found that ethylene-treated soybean (Glycine max)
leaves have a high level of total isoflavones of up to 13,584 μg/g,
which is higher than those of 2,300 μg/g in the normal soybean
leaves. To identify the beneficial effect of isoflavone-enriched
soybean leaves (IESLs) on postmenopause osteoporosis,
lipopolysaccharides-stimulated RAW264.7 cell system and an
ovariectomized (OVX) rat model were used in our study.
Results showed aglycone daidzein and genistein from IESLs
significantly inhibited LPS-induced inflammatory response
by suppressing the mRNA expression of iNOS, COX-2, IL 6,
and IL β. Oral administration of IESLs (18.8 mg isoflavone/kg/day)
to OVX rats significantly ameliorated OVX-induced bone loss
as reflected by improving microarchitecture indices of
trabecular bone such as bone mineral density, numbers of
trabecular bone, trabecular bone separation, and bone volume
compared with the OVX group. According to mRNA expression
in femurs, IESLs exert their beneficial effects on postmenopausal
osteoporosis by down-regulation of the mRNA expression of
the osteoclastic proteins (RANKL/OPG., OC, and cathepsin K)
and inflammatory-related genes (IL6, NFκB, and COX-2).
Therefore, IESLs can be used as a functional food for the
prevention and therapy of postmenopausal osteoporosis.
Keywords: Postmenopause, Osteoporosis, Isoflavone, Ovariectomy,
Anti-inflammation
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2-Mercaptoethanol attenuates inflammation
and oxidative stress during unilateral ureteral
obstruction
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Redox regulation of PTEN by peroxiredoxins and
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Phosphatase and tensin homolog deleted on chromosome 10
(PTEN) is a tumor suppressor with PIP3-dephosphorylating
activity which plays a critical role in the negative regulation
of PI3K/Akt signaling pathway. PTEN possesses a Cysteine
nucleophile residue in the active site that is very susceptible
to reactive oxygen species (ROS). PTEN is inactivated with
the formation of an intramolecular disulfide bond between
Cys124 and Cys 71 when it is oxidized by various peroxides.
Mammalian peroxiredoxins (Prxs) have six isoforms (I-VI)
that catalyze the reduction of peroxides and maintain redox
homeostasis. Studies showed that Prx I preserves and
promotes the tumor-suppressive function of PTEN by
preventing oxidation of PTEN under benign oxidative stress
via direct interaction. Also, Prx II-deficient cells increased
PTEN oxidation and insulin sensitivity. In our studies, Prx III
played a protective role to PTEN from oxidation induced by
15s-HpETE and 12s-HpETE which are potent inflammatory
and pro-oxidant mediators. Moreover, Prx III ameliorated lipid
accumulation and PTEN oxidation in hepatic steatosis caused
by chronic ethanol consumption. The tight connection between
redox regulation of PTEN and Prxs is significant for
understanding the mechanism of various cellular redox
signaling and correlated diseases.
Keywords: PTEN, Peroxiredoxins, Peroxides, Redox regulation,
Reactive oxygen species
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Application of external addition of NaCl for the
measurement of glomerular filtration rate in
mice; determinations of gender differences and
obese effect in GFR
Gwan_Beom Lee, Gi_Bong Jang, Kwon Moo Park
Department of Anatomy, Cardiovascular Research Institute and
BK2 Plus, School of Medicine, Kyungpook National University,
680 Gukchaebosang-ro, Junggu, Daegu 4944, Republic of Korea

Background: Glomerular filtration rate (GFR) is a reliable
criteria for the assess of renal function. However, its use is
limited in the case of small animals, due to difficulty of urine
collection. Here, we tested that external addition of NaCl
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Ferroptosis as an iron-dependent mode of regulated cell death
is triggered by disturbed redox homeostasis and lipid
peroxidation through overloaded iron. However, the role of
ferroptosis in renal fibrosis remains to be defined. Unilateral
ureteral obstruction (UUO) or sham-operation in left kidneys
of female C57BL/6 mice aged 11-14 weeks was carried out.
Twenty-four hours before UUO or sham-operation, mice
were intraperitoneally and daily treated with 2-mercaptoethanol
(a cyst(e)ine transport promotor; 3, 10, or 30 mg/kg body
weight per day) or 0.9% saline (vehicle). Levels of SLC7A11,
glutathione peroxidase 4 (GPX4), copper/zinc superoxide
dismutase (CuZnSOD), manganese superoxide dismutase
(MnSOD), α-smooth muscle actin (α-SMA), interleukin-6
(IL-6), and intercellular adhesion molecule-1 (ICAM-1)
expressions were measured by western blot analysis. UUO
decreased the expression of SLC7A11, a known ferroptosisrelated glutamate/cystine transporter, whereas exogenous
2-mercaptoethanol significantly suppressed UUO-induced
decrease of SLC7A11 expression. During UUO, ferroptosisrelated GPX4 and other antioxidant enzymes including
CuZnSOD and MnSOD were downregulated, but 2-mercaptoethanol
markedly reduced their downregulations at 10 days after UUO.
Furthermore, expressions of ICAM-1 and IL-6 among
pro-inflammatory proteins were increased during UUO, but
exogenous 3-mercaptoethanol significantly reduced their
increases at 10 days after UUO. However, UUO-induced
upregulation of profibrotic proteins including α-SMA in
kidneys was not significantly alters by any dose of 2-mercaptoethanol.
These data suggest that a pharmacological inhibition through
promoting SLC7A11 glutamate/cystine transporter protects
kidneys against oxidative stress and inflammation during
unilateral ureteral obstruction.

Medical Sciences, Chonnam National University of Medical
School, Gwangju, 2College of Pharmacy, Graduate School of
Pharmaceutical Sciences, Ewha Womans University, Seoul
03760, Repulic of Korea, 3Department of Cell Biology, School of
Medicine, Jiangsu University, Zhenjiang, Jiangsu 212013, China,
4
Department of Anatomy, Chonnam National University Medical
School, Gwangju 61469, Repulic of Korea

(0.9%) by intraperitoneal injection to increase urine output is
suitable for the measurement of GFR in mice. In addition, we
evaluates GFR in male and female mice and high-fat diet
(HFD)-fed obese mice Methods: Male and female C57BL/6J
mice were fed standard mouse chow after weaning until 9
weeks of age. Then, some male mice were fed either a low fat
diet or a high fat diet for 14 weeks. Mice were administered
with 0.9 % NaCl up to 5% or 10% of body weight and then
individually placed in cages with food supply. Four hours later,
blood and urine were collected and creatinine clearances were
calculated. Protein expression of aquaporin 2 (AQP2) was
determined in the membrane and cystosol fractions of whole
kidney by western blot analysis. Result: External addition of
0.9% NaCl increased urine output in a volume dependent
manner. Creatinine clearance were similar between 5% body
weight group and 10 % body weight group. The expressions
of AQP2 in both membrane and cytosol kidney fractions were
not significantly different between of NaCl-administered mice
and non-administered mice. Creatinine clearance in female
mice was lower than male mice. Creatinine clearance in
HFD-fed mice was lower than that in low-fat diet-fed mice.
Conclusion: These data indicate that external addition of NaCl
increases urine output without significant changes in
creatinine clearance and AQP2 expression and localization,
suggesting that an external addition of NaCl is helpful for
measurement of kidney functions.
Keywords: Glomerular filtration rate, Urine, Sex difference,
High fat diet, Aquaporin2
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EPC induces Aquaporin-3 expression via activating
the PI3K/Akt/mTOR signaling pathway
2
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Yeun Ja Mun4
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Anatomy, College of Oriental Medicine, Wonkwang University

Background: Poria cocos and its components have various
pharmacological effects on the skin, including immunomodulatory,
barrier function improvement, and anti-tumor effects. Aquaporin-3
(AQP3), a member of the aquaglyceroporins subfamily, is
important for skin hydration. This study examined the
mechanism through which the ethanol extract of the
sclerotium of P. cocos (EPC) promoted the expression of AQP3
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Weisheng-tang regulates microglial activation in
P2Y12 receptor-dependent manner after acute
brain injury
1,2

P-129

1

in cultured human keratinocytes. Methods: Western blotting
was used to investigate the expression of AQPs and the
activation of phosphoinositide 3-kinase (PI3K)/Akt-related
signaling molecules in HaCaT cells. Cells were pretreated for
two hours with inhibitors of PI3K/Akt and rapamycinsensitive mTOR complex 1 (mTORC1) prior to EPC treatment.
Results: EPCs promoted the expression of AQP3 in HaCaT
cells without affecting AQP1 and AQP2 expression.
Phosphorylated Akt levels were increased via EPC treatment,
whereas inhibition of PI3K by LY2940002 resulted in a
reduction in EPC-induced AQP3 expression. Furthermore,
EPCs stimulated the phosphorylation of p70S6K and
AktSer473, which are downstream targets of mTORC1 and
mTORC2, respectively. The mTORC1 inhibitor, rapamycin,
partially attenuated EPC-induced AQP3 expression. Conclusion:
EPC increased expression of AQP3, which is important for skin
moisturization, by activating the PI3K/Akt/mTOR signaling
pathway in human keratinocytes.
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Stroke is one of leading causes of death and long-term
disability with limited treatment option. After stroke, there is
secondary neuroinflammation that aggravates brain microenvironment
and brain damage. Therefore, it is important to plan therapeutic
strategies to prevent additional inflammatory injury. Microglia
is brain resident macrophage, they are considered to contribute
to acute neurological injuries. In acute stroke lesion, microglia
activate within hours and play a harmful to neuronal
environment. Activated microglia has morphological characteristics
such as enlarged soma or increased process and it migrates
to the injury lesion, secretes inflammatory cytokines and
manages phagocytosing injured neuron. In this study, we

Keywords: Middle cerebral artery occlusion, Ischemia,
Microglia activation, P2Y12 receptor, Weisheng-tang
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CD46 protects bladder cancer cells from
cetuximab-mediated cytotoxicity
Hien Duong Thanh, Kwang Il Nam, Kyu Youn Ahn, Chaeyong
Jung
Department of Anatomy, Chonnam National University Medical
School, Gwangju 6469, Korea

Epidermal growth factor receptor (EGFR) is an effective
target for patients with metastatic colorectal cancers retaining
wild-type RAS. However, its efficacy is unclear to many
cancers including bladder cancers. In this report, we tested in
vitro effects of cetuximab, monoclonal antibodies (mAbs)
targeting EGFR, on bladder cancer cells and its effects on CD46
expression. Cetuximab showed a growth inhibitory effect in
cancer cell lines from the colon and the bladder. While
cetuximab treatment showed significant inhibition of AKT and
ERK phosphorylation in bladder cancer cells, cetuximab also
inhibited expression of CD46, membrane-bound proteins to
protect cells from nonspecific complement-dependent
cytotoxicity (CDC). Restoration of CD46 protected bladder

cancer cells from cetuximab-mediated inhibition of AKT and
ERK phosphorylation. Since two important cytotoxicity
mechanisms by which antibody drugs kill target tumor cells
are antibody-dependent cellular cytotoxicity (ADCC) and
CDC, we tested the hypothesis that CD46 provides a protective
role to bladder cancer cells against mAbs therapies. Bladder
cancer cells, including HT-1376, 5637, and 253J, were highly
susceptible to cytotoxicity mediated by cetuximab. Cetuximab
enhanced cell killing by the activation of both ADCC and CDC
in HT-1376 and 5637 cells. Restoration of CD46 protected
cells from both CDC and ADCC induced by cetuximab. Here
we demonstrate that CD46 has a cancer-protective role from
cetuximab-mediated ADCC and CDC by the regulation of
CD46 in bladder cancer cells. Considering the clinical
importance but unclearly defined inter-relation of each
mechanism, CD46 can be an important link for the action
mechanism of ADCC and CDC and further implicate the
development of novel therapeutic strategies.
Keywords: Cetuximab, CD46, Epidermal growth factor
receptor, EGFR, ADCC, CDC
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Estrogen receptor alpha deficiency exacerbates
kidney ischemia/reperfusion injury
You Ri Park, Min Jung Kong, Kwon Moo Park
Department of Anatomy, Cardiovascular Research Institute, and
BK2 Plus, School of Medicine, Kyungpook National University,
680 Gukchaebosang-ro, Junggu, Daegu 4944, Republic of Korea

Background: Acute kidney injury (AKI) is associated with high
mortality and morbidity. It usually has more serious
consequences for male than female, indicating that estrogen,
estrogen receptor (ER), as well as female gender may confer
resistance to AKI. However, the role of estrogen receptors on
AKI remains to be defined. Therefore, we investigated the role
of estrogen receptor α (ERα) among ERs on ischemiareperfusion (IR)-induced AKI. Methods: Proximal tubule-specific
ERα gene deleted mice were generated by ERαflox/flox and
PEPCK Cre mice. Male mice were subjected to either bilateral
ischemia or sham-operation. Kidney functions were assessed
by blood urea nitrogen (BUN), plasma creatinine (PCr) and
glomerular filtration rate (GFR). Kidney damages were
determined by periodic acid-Schiff assay. Apoptosis of tubular
cells was determined by the terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) assay and
related signaling pathways. Results: ERαflox/flox mice and
PEPCK Cre mice were crossed to produce proximal
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evaluated effects on microglia activation after ischemic stroke
by using Weisheng-tang, which had protective effect on
Blood-brain barrier after ischemia in our previous study.
Ischemia/reperfusion (I/R) mice model was induced by middle
cerebral artery occlusion (MCAO). 48 h after I/R, we measured
neurological severity score, wire-grip, rota-rod, and direct
infarction volume. We observed total microglia density and
CD68 (phagocytic microglia) using confocal microscopy and
microglia morphological changes by skeleton analysis.
300mg/kg of Weisheng-tang significantly ameliorated
infarction volume and improve neurological and motor
function. There was no difference in total microglia density,
but microglial morphology was changed. Microglial processes
were retracted by ischemic damage and recovered in
pretreated mice. Moreover, we confirmed that optical density
of P2Y12 receptor (P2Y12R), which is mainly expressed in
microglia, was increased in pretreated Weisheng-tang group.
Pretreatment of Weisheng-tang significantly reduced optical
density of CD68 in ischemic brain. Protective effects of
Weisheng-tang were deteriorated by P2Y12R inhibitor
ticagrelor. In conclusion, we found that Weisheng-tang
prevented microglia activation through up-regulation of
P2Y12R and reduced phagocytic microglia induction.

tubule-specific estrogen receptor alpha (ERα) deficient mice.
Twenty-five min of kidney ischemia increased BUN, PCr and
kidney damage in both PT-ERα KO mice and PT-ERα WT
mice after 4 and 24 h, with greater increases in PT-ERα KO
mice than PT-ERα WT mice. After IR, GFR in PT-ERα KO
mice was lower than those in PT-ERα WT. However, there
was no significant differences in GFR between sham-operated
mice. TUNEL-positive cells increased in the kidney tubule
cells after IR in both PT-ERα KO and PT-ERα WT, and this
increase was greater in PT-ERα KO than in PT-ERα WT mice.
IR decreased phosphorylated Akt levels in the kidneys both
PT-ERα KO and PT-ERα WT mice, with greater decrease in
PT-ERα KO mice than PT-ERα WT mice. In addition, B-cell
lymphoma 2 (Bcl 2, an anti-apoptotic protein) was reduced
by IR with a greater reduction in PT-ERα KO than PT-ERα
WT mice. Bcl-2-associated X protein (Bax, a pro-apoptotic
protein) presented the opposite pattern of Bcl 2. Furthermore,
the expression of mitochondrial fission 1 protein (Fis1, a
mitochondrial fission marker) significantly increased after IR
in the kidney of PT-ERα KO than in PT-ERα WT mice. Optic
atrophy 1 (Opa1, a mitochondrial fusion regulator) expressions
were opposite with Fis 1 expression. Conclusion: These data
indicate that the ERα deficiency increases kidney susceptibility
to ischemia-reperfusion injury, suggesting that ERα and its
related signaling contribute to female resistance against IR
injury.
Keywords: Estrogen receptor alpha, Apoptosis, Acute kidney
injury, PI3K/Akt
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which paradoxically aggravate the skin pigmentation.
Recently several studies showed that radiofrequency (RF)
irradiation exhibit effect of decreasing skin pigmentation by
decreasing skin inflammation. In this study, we compared the
decreasing effect of pigmentation among single treatment of
laser (1.7 J/cm2), single treatment of RF (2 MHz, 10 watt, 100
ms), and combination treatment of RF with laser in the UV-B
induced hyperpigmentation animal model. Method; UVB
induced hyperpigmentation animals were divided three groups
and RF or Laser or RF with laser were irradiated. At 1 hour,
12 hours, 7 day, 28 days, and 56 days after treatment, skin were
harvested. And then we validated changes in skin pigmentation,
elastin fiber, collagen fiber, and inflammation with fontana
maason staining, elastin fiber staining, and real time PCR.
Result; Skin pigmentation area was evaluated by gross skin
evaluation and FM staining. Skin pigmentation area was
significantly decreased by RF from 1 hour after RF and it was
continuously decreased until 56 days after RF. Skin
pigmentation area was decreased by laser from 1 hour after
laser radiation and it was most significantly decreased at 7 days
after laser. However, it was increased even more than baseline
at 28 days after laser. Skin pigmentation area was decreased
by RF with laser from 1 hour after treatment ant it was most
prominently decreased at 7 days after treatment. However,
it increased nearly same level of baseline at 28 days after
treatment. Thus, the skin pigmentation area of RF treatment
was smallest comparing to single laser or combination
treatment at 56 days of treatment. The inflammatory cytokine
level such as TNF-α and IL-1β were also most prominently
decreased by single RF comparing to single laser or
combination treatment. Conclusion; As a single modality, RF
was more effectively decreased skin pigmentation than single
laser or combination of RF with laser.

P-133
Single radiofrequency radiation was more
effectively decreased skin pigmentation
comparing to single laser or combination
treatment of radiofrequency with laser in the
UVB radiated hyperpigmentation animals
Seyeon Oh1, Hyoung Moon Kim1,2, Kyung-A Byun1,2, Donghwan
Kang3, Kyunghee Byun1,2
1
Functional Cellular Networks Laboratory, Lee Gil Ya Cancer and
Diabetes Institute, Gachon University College of Medicine,
Incheon 21999, Republic of Korea, 2Department of Anatomy & Cell
Biology, Gachon University College of Medicine, Incheon 21936,
Republic of Korea, 3Jeisys Medical Inc., Seoul, 08501, Republic of
Korea

Backgroud; Melasma is a common skin hyperpigmentation
disorder which cause cosmetic problems. Many options
including laser and light therapies have been suggested for
treatment of melasma, however those therapies have risk
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Study of metformin on muscle function
Min Ju kang, Ji Wook Moon, Ji Hae Kim, Eun Jeong Jung, Joo Yeon
Oh, Do Won Kim, Sun Hwa Park, Hyeon Soo Kim
Department of Anatomy, Korea University College of Medicine

Skeletal muscle atrophy is a severe condition that involves loss
of muscle mass and quality. Drug intake can also cause muscle
atrophy. Biguanide metformin is the first-line and most widely
prescribed antidiabetic drug for patients with type 2 diabetes.
In the clinic, muscle function was found to be impaired in

patients treated with metformin; however, the molecular
mechanism underlying this effect is unclear. Here, we
demonstrated that metformin increased the promoter activity
of myostatin, a key molecule for muscle volume regulation. In
addition, Metformin increased the phosphorylation of AMPK
and induced interaction between AMPK and FoxO3a, a key
transcription factor for myostatin. Moreover, ChIP assay
showed that metformin induced the binding of FoxO3a with
myostatin promoter. Our results indicate that metformin
treatment impairs muscle function through the regulation of
myostatin in skeletal muscle cells. The key mechanism of
myostatin upregulation is related to the novel AMPKFoxO3a-HDAC6 axis, but the muscle wasting effect of
metformin and physical performance showed different results
in wild-type and db/db mice.
Keywords: Muscle atrophy, Metformin, Myostatin, AMPK,
FoxO3a, HDAC6
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Thrombin pre-conditioned Wharton’s Jelly-derived
Mesenchymal Stem Cells for severe neonatal
Hypoxic Ischemic Encephalopathy (HIE): Plan for
Phase II Clinical Trial
Namuunsaikhan Ganbayar, Kyeung Min Joo
Sungkyunkwan university

HIE caused by an inadequate supply of oxygen and blood at birth
can provoke moderate/severe disability or even death in
neonates. HIE occurs about 1,5 per 1000 live births and
accounts for 15-25% of neonatal mortality. The only available
treatment for HIE is therapeutic hypothermia. However, at
least 30% of cooled infants still die or have long-term
neurological deficits. Therefore, there is a need to find novel
adjuvant neuroprotective therapies. There are various
empirical treatment methods for HIE: erythropoietin,
magnesium sulfate, topiramate, and melatonin. Currently,
cell-based treatment is attracting attention as one treatment
option. Especially, human umbilical cord-derived stem cells
significantly boosted neuroprotective effects, reduced
HIE-induced brain infarction, and improved behavioral
functions in preclinical studies. Currently, phase I clinical trial
of thrombin pre-conditioned Wharton’s Jelly-derived
mesenchymal stem cells (WJ-MSCs) for HIE is underway.
The purpose of the phase II clinical trial is to assess its treatment
efficacy. In this study, we examined the different cell sources
and different therapies used in previous clinical trials and
evaluated the primary and secondary endpoints that can

Keywords: Thrombin pre-conditioned WJ-MSCs, HIE,
neonate, cell therapy, clinical trial, the primary outcome
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Radiofrequency Irradiation attenuated
UV-B-Induced dermal Pigmentation by
modulating lymphatic system
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Dermal macrophages containing melanin increases skin
pigmentation since dermal melanin removal is slower than
epidermal melanin removal. Lymphatic vessels are also
involved in melanin clearance. We evaluated the effects of
radiofrequency (RF) irradiation-induced increase in HSP-90,
which promotes lymphangiogenesis by activating the
BRAF/MEK/extracellular-signal-regulated kinase (ERK)
pathway and decreasing tyrosinase activity in the UV-B-

Korean Association of Anatomists : 167

Poster Presentation

P-135

determine the rapeutic effects of thrombin pre-conditioned
WJ-MSCs. ClinicalTrials.gov was used to find clinical
experimental treatments for HIE. As a result, a total of 18
clinical trials were collected; 12 clinical trials using stem cells
and six other treatments. The clinical trials used umbilical cord
blood cells, placenta-derived stem cells, or mesenchymal stem
cells. In terms of phase, Phase 1 included 9 clinical trials (stem
cell 7, other therapy 2), Phase 2 included 5 clinical trials (stem
cell 4, other therapy 1), Phase 3 included 1 clinical trial
(erythropoietin) and Not applicable included 3 clinical trials
(stem cell 1, other therapy 2). The primary and secondary
endpoints were identified step by step in a total of 18 clinical
trials. In the case of the primary endpoint, death and
neurodevelopmental assessment were observed 1 year and/or
2 years after treatment, and in the case of the secondary
endpoint, mortality, neurodevelopmental assessment (BSID-III,
GMFCS, Peabody developmental motor scale, Kyoto scale,
etc.), neuroimaging, and serum biomarkers (s100-beta, IL-1,
IL-6, TNF-alpha, SDF-1, and/or CD34) were used.
Importantly, the Bayley scale (BSID-III) was the most used
test among various neurodevelopmental tests (8 (44%)), and
it was used at 12 months and 18 months after treatment. As
a result, this study is indicating that the treatment effects of
thrombin pre-conditioned WJ-MSCs for HIE are possibly be
determined by death rate and neurodevelopment outcomes in
phase 2 clinical trial.

exposed animal model. We found that the HSP90/BRAF/
MEK/ERK pathway was upregulated by RF. Tyrosinase
activity and the VEGFC/VEGFR3/pAKT/pERK pathway,
which increase lymphangiogenesis, as well as the expression
of the lymphatic endothelial marker LYVE-1, was increased
by RF. Furthermore, the number of melanin-containing
dermal macrophages, melanin content in the lymph nodes, and
melanin deposition in the skin were decreased by RF. In
conclusion, RF increased HSP90/BRAF/MEK/ERK expression,
which in turn decreased tyrosinase activity and increased
lymphangiogenesis to eventually promote the clearance of
dermal melanin-containing macrophages, thereby decreasing
skin pigmentation.
Keywords: Dermal macrophage containing melanin,
Lymphangiogenesis, Radiofrequency microneedling, Ultraviolet-B,
Skin pigmentation
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Cystathione γ-lyase deficiency exacerbates
high-fat diet-fed induced hypertension in mice
GiBong Jang, Yong Kwon Han, Min Jung Kong, Gwan Beom Lee,
Kwon Moo Park
Department of Anatomy, BK2 Plus, and Cardiovascular Research
Institute, School of Medicine, Kyungpook National University, 680
Gukchaebosang-ro, Junggu, Daegu 4944, Republic of Korea

Background: H2S, a gaseous molecule, plays as a key regulator
of blood pressure (BP) by the control of vascular tone.
Furthermore, evidences have demonstrated that H2S plays as
an antioxidant factor. Hypertension is a major risk factor of
cardiovascular diseases. In recent, it has been reported that
H2S production is reduced in obesity which is a major risk factor
of hypertension. However, the role of H2S and its producing
enzymes on hypertension remains unclear. Here, we
investigated the role of cystathione γ-lyase (CSE, a H2S
producing enzyme) in obesity-induced hypertension.
Methods: Cse gene-deleted (Cse-/-) and wild-type
(Cse+/+) male mice were fed with either low fat diet (LFD)
or high fat diet (HFD). Some mice injected sodium hydrosulfide
(NaHS, a H2S donor) or triphenylphosphonium chloride
(MITO-TEMPO, a mitochondria-specific antioxidant). Blood
pressure was measured using a tail cuff BP measuring system.
Redox status, renin-angiotensin system (RAS), and H2S
producing system were investigated in the kidneys. Results:
HFD increased BP in both Cse-/- and Cse+/+ mice, with
greater increase in Cse-/- than Cse+/+. H2S in the kidneys
decreased after HFD feeding along with decreased CSE,
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cystathionine β-synthetase (CBS, a H2S producing enzyme),
3-mercaptopyruvate sulfurtransferase (3-MST, a H2S
producing enzyme) expression. In addition, HFD feeding
caused the increases in H2O2 level and 4-HNE, an index of
lipid peroxidation, expression in kidneys of both Cse-/- and
Cse+/+ mice. These HFD-induced changes were greater in
Cse-/- than Cse+/+. Renin, angiotensin converting enzyme
(ACE), and angiotensin type 1 receptor (AT1R) mRNA levels
were also increased in the kidneys in after HFD-feeding in both
Cse-/- and Cse+/+ mice, and these increases were greater
in Cse-/- than Cse+/+ mice. Angiotensin II protein levels in
kidneys were similar pattern with those. NaHS injection
decreased BP in both HFD-fed Cse+/+ and Cse-/- mice, with
greater decrease in Cse-/- than Cse+/+ mice.
MITO-TEMPO injection also reduced BP in both Cse+/+ and
Cse-/- mice, with similar decreasing rates in both. Those
preventions were greater in NaHS injection than MitoTEMPO in Cse-/- mice. NaHS and MITO-TEMPO reduced
HFD-induced changes in oxidative stress, H2S production,
and RAS activation. Conclusion: These data indicate that
long-term HFD-feeding induces hypertension along with
inhibition of H2S-producing system, RAS activation, and
oxidative stress, suggesting that H2S producing enzyme could
be useful target to control hypertension.
Keywords: Cse deletion, Hypertension, Obesity, H2S
producing enzymes, Reactive oxygen species, Oxidative
stress, Renin-angiotensin system
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Inhibitory effect of leucine derivatives on the
sarcopenia in skeletal muscle cells
Sang Woo Woo1,2, Ji Wook Moon1,2, Min Ju Kang1,2, Joo Yeon Oh1,2,
Hyeon Soo Kim1,2, Sun-Hwa Park1,2
1
Institute of Human Genetics, Department of Anatomy, Korea
University College of Medicine, 2Four BK21 Graduate Program,
Department of Biomedical Sciences, Korea University College of
Medicine

Sarcopenia is a severe condition that involves loss of muscle
mass and quality. Recent studies suggest that leucine-rich diet
may prevent sarcopenia. However, there have been no studies
on the use of analogues of leucine. Therefore, we aim to identify
leucine analogue which can be developed as a therapeutic drug
for sarcopenia. In vitro sarcopenia model was induced by
culturing leucine-free medium. The cytotoxicity was assessed
by MTT assay. The expression levels of myostatin, sarcopenia
marker, were examined using real-time PCR. The growth and
differentiation were also examined. The promoter activity of

myostatin was measured. The growth of C2C12, a mouse
skeletal muscle cell under leucine-free medium was reduced
by about 65% compared to normal condition. This growth was
restored by adding leucine analogue. There was no side effect
up to 10 mM. The promoter activity and the mRNA expression
of myostatin were suppressed by leucine analogue. The mRNA
expression of muscle atrophy markers, MuRF1 and MAFbx,
was also reduced by leucine analogue. In addition,
differentiation capacity was improved by leucine analogue.
The analogue of leucine has potential for the treatment drug
of sarcopenia.

mTORC.

Keywords: Sarcopenia, Leucine analogue, Skeletal muscle,
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Purpose: X-ray luminescence imaging has been considerable
attention as an emerging technology that provides molecular
and functional imaging of the luminescent probe. Semiconductor
nanocrystals have been widely used as biomedical imaging
probes because of their photoluminescence, photostability,
and brightness. In this study, we develop X-ray excitable and
biocompatible manganese (ii)-doped ZnS nanocrystals
(ZnS:Mn NCs) and image the ZnS nanocrystals in vivo.
Procedures: ZnS nanocrystals were characterized by TEM,
DLS and UV irradiation. To confirm X-ray excitation of ZnS
nanocrystals, X-ray spectroscopy and X-ray luminescence
imaging were acquired for ZnS nanocrystals. After labeling the
tumor cells with ZnS nanocrystals, X-ray luminescence was
acquired from the cell pellets. For in vivo X-ray luminescence
imaging, ZnS nanocrystals were injected through footpad
injection. For in vivo tumor imaging, ZnS nanocrystals were
injected by intratumoral injection and imaged in xenograft
mouse models. (As a further study, ZnS nanocrystals were
conjugated with RGD to enhance targeting of tumor cells in
vivo.) Results: TEM and DLS showed the size of ZnS
nanocrystals with an average diameter of 5.5 nm. Under UV
light irradiation, a distinctive PL of ZnS nanocrystals was
observed. X-ray spectroscopy and X-ray luminescence
imaging showed that ZnS nanocrystals exhibit linear X-ray
luminescence response to the the particle concentration, the
voltage, and the acquisition time. In MDA-MB231 tumor cells,
the cell pellets labeled with ZnS nanocrystals were imaged by
X-ray luminescence imaging. For in vivo footpad injection of
ZnS nanocrystals, ZnS nanocrystals could be imaged in vivo.
Through intratumoral injection of ZnS nanocrystals, the tumor
were imaged by X-ray luminescence imaging. Conclusion: In
this study, we developed X-ray excitable and biocompatible
manganese (ii)-doped ZnS nanocrystals and the ZnS
nanocrystals were imaged successfully in vitro and in vivo. The
system contribute significantly to the field by improving the
biocompatibility and sensitivity of the XLCT nanoparticle
imaging probe, which has been a major drawback of the clinical
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Autophagy is involved in the degradation of melanosomes and
the determination of skin color. TLR4 and tumor necrosis
factor (TNF) signaling upregulates NF-kB expression, which
is involved in the upregulation of mTORC. The activation of
mTORC by UV-B exposure results in decreased autophagy,
whereas radiofrequency (RF) irradiation decreases TLR4 and
TNF receptor (TNFR) expression. We evaluated whether RF
decreased skin pigmentation by restoring autophagy by
decreasing the expression of TLR4 or TNFR/NF-kB/mTORC
in the UV-B–irradiated animal model. UV-B radiation induced
the expressions of TNFR, TLR, and NF-kB in the skin, which
were all decreased by RF irradiation. RF irradiation also
decreased phosphorylated mTORC expression and
upregulated autophagy initiation factors such as FIP200,
ULK1, ULK2, ATG13, and ATG101 in the UV-B–irradiated
skin. Beclin1 expression and the expression ratio of LC3-I to
LC3-II were increased by UV-B/RF irradiation. Furthermore,
melanin-containing autophagosomes increased with RF
irradiation. Fontana-Masson staining showed that the amount
of melanin deposition in the skin was decreased by RF
irradiation. This study showed that RF irradiation decreased
skin pigmentation by restoring melanosomal autophagy
through the downregulation of TLR4, TNFR, NF-kB, and
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P-140
In vivo X-ray luminescence imaging with ZnS
nanocrystals
1

2
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Radiofrequency irradiation mitigated
UV-B-induced pigmentation by activating
melanosomal autophagy process

Keywords: Melanosomal autophagy, Autophagosome, Radiofrequency
microneedling, Ultraviolet B, Skin pigmentation

translation of the imaging technique.
Keywords: ZnS nanocrystals, X-ray Spectroscopy, X-ray
luminescence computed tomography, XLCT, in vivo tumor
imaging
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P-141
Trace aminergic neurons in lateral habenula
modulate depressive-like behavior through
regulating GABAergic tail of the ventral
tegmental area
Soo Hyun Yang, Esther Yang, Jin Yong Kim, Hyung Sun Park,
Jin Taek Jung, Hyeijung Yoo, Hyun Woo Lee, Hyun Kim
Department of Anatomy, College of Medicine, Korea University,
Seoul 0284, Korea

A stress-relieving system is very important for all vertebrates
to live in nature. Clinical and preclinical evidences implicate
hyperexcitability of the lateral habenula (LHb) in the
development of psychiatric disorders, including major
depressive disorder. Although various aversive stimuli alone
activate LHb neurons, these acute stimuli do not immediately
cause mental illness. Despite the surging interest in the
downregulation of LHb neuronal hyperexcitability, LHb do not
contain functional GABAergic neurons. In the early 1990s, it
was known that LHb in the rodents contains the neurons that
express aromatic L-amino acid decarboxylase (AADC; these
neurons are nomenclature as a D-neurons). Due to their
mono-enzymatic nature, D-neurons are described as not
containing monoamines, but trace amines. In addition, trace
amine-mediated activation of trace amine-associated
receptor 1 (TAAR1) inhibited the firing frequency of
dopaminergic and serotonergic neurons in the ventral
tegmental area (VTA) and dorsal raphe nucleus. Thus, LHb
D-neurons may act as unique suppressors that utilize trace
aminergic signaling rather than classical GABAergic
inhibition. Here, we characterized the activity dynamics of LHb
D-neurons during stress stimuli and sought to determine
whether the role of AADC influences depressive behaviors. 1)
We confirmed that most LHb D-neurons were vGlut2expressing excitatory neurons that were activated by aversive
stimuli. And we found that pharmacogenetic activation of LHb
D-neurons through the excitatory designer receptors
exclusively-activated by designer drugs (hM3Dq) system
promoted to escape from tail-hanging stressful situation. 2)
Using a viral anterograde tracing analysis, we identified that
LHb D-neurons project to the GABAergic tail of the ventral
tegmental area (tVTA). 3) We found that LHb AADC mRNA
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expression is reduced in animal models of depression. The
knockdown of LHb AADC gene expression in the mice induced
depressive-like behaviors, such as anhedonia and despair. The
LHb AADC knockdown increased the activity of GABAergic
neurons in the tVTA and in turn decreased the activity of
dopamine neurons in the ventral tegmental area (VTA). 4)
Using optogenetics and pharmacological electrophysiological
recordings, we found that trace amines synthesized by LHb
D-neurons negatively tVTA GABAergic neurons, leading to
increased activity of VTA dopamine neurons. Our findings
indicate that trace aminergic signaling of LHb D-neurons into
tVTA GABAergic neurons suppresses the progression to
depression by alleviating external harmful stimuli.
Keywords: Habenula, Depression, D-neurons, Trace amines,
Tail of the ventral tegmental area
김현 | 고려대학교 의과대학 · kimhyun@korea.ac.kr

P-142
3-Hydroxymorphinan (3-HM) protects
astrocytes from hypoxic condition both in vitro
and in vivo
1,2

1

1,2

Okhyeon Kim , Jong In Son , Hyun Jung Lee
1
Department of Anatomy and Cell Biology, College of Medicine,
Chung-Ang University, 2Department of Global Innovative Drugs,
Graduate School of Chung-Ang University

Astrocytes play an important role in brain homeostasis
controlling the local environment in normal conditions as well
as in pathological conditions. Although 3-hydroxymorphinan
(3-HM) is an active metabolite of dextromethorphan (DM)
that is widely used anti-cough remedies and is known to have
neuroprotective effect against dopaminergic neuronal death,
little is known about their role on function of astrocytes. In this
study, rats were induced with hypoxia/reperfusion by middle
cerebral artery occlusion (MCAO). At the end of MCAO
surgery, 12mg/ml of 3-HM was given with intraperitoneal
injection into the animals. Our results show that 3-HM protects
the infarction of brain as well as behavioral impairment of rats
induced by hypoxia. In order to investigate the mechanisms
involved, mouse primary astrocytes were added with CoCl2
as a hypoxia mimicking reagent when 3-HM is present or not.
In our results, 3-HM treatment significantly attenuates
cytotoxicity, oxidative stress and impaired mitochondrial
function of primary astrocytes by CoCl2. In addition, the
increase of HIF-1a by CoCl2 was reduced by 3-HM, and
glutamate homeostasis was also maintained by 3-HM,
eventually 3-HM minimized astrogliosis by CoCl2 treatment.
Taken together, these results suggested that 3-HM could be

used as a potential preventive or therapeutic agent for brain
damage such as stroke.
Keywords: Astrocyte, 3-Hydroxymorphinan,
astrocytes, hypoxia, astrogliosis

stroke,

이현정 | 중앙대학교 의과대학 · pluto38@cau.ac.kr

P-143
Movement of the sacroiliac joint
1

2

1

Ho-Jung Cho , Eunah Hong , Dai-Soon Kwak
1
Catholic Institute for Applied Anatomy, The Catholic University
of Korea, 2Dept. Biomedicine & Health Sciences. The Catholic
University of Korea

Keywords: Sacroiliac joint, Sacroiliac joint movement,
Mechanical behaviour, nutation, counternutation
곽대순 | 가톨릭대학교 의과대학 · daisoon@catholic.ac.kr
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Dysfunctional sacroiliac joint (SIJ) was considered as a source
of the lower back pain. Several researchers investigated
anatomy and biomechanics of the SIJ to understand the
relationship between the lower back pain and the SIJ. Many
studies concluded the SIJ has little movement. However, some
of the studies using spinopelvic parameters mentioned high
pelvic incidence (PI) change. Moreover, with the development
of imaging techniques such as EOS system and vertical CT /
MR, interest in sacroiliac joint movement and sagittal balance
is increasing. Therefore, in this study, the movement
characteristics of the sacroiliac joint were investigated by
constructing an environment that could be measured and
controlled more precisely than in past experiments. We used
six fresh cadavers (male 1, female 5). The mean age was 85.25
(81~92) years and the mean height was 152.47 (142~161)
cm. The pelvis was harvested by dissection. The hip bone,
sacrum, coccyx, and ligaments between hip bone and sacrum

were preserved. Patient-specific spacer blocks for fixation of
the sacrum were designed by CT images and printed by a 3D
printer. 3D printed patient-specific spacer blocks were fixated
at the anterior and posterior surface of the sacrum, and the
sacrum with the spacer blocks was fully fixated. The external
load was applied in superior (+) and inferior (-) directions
at pubic symphysis. Hip bone tilt angle, the movement of the
pubic symphysis, and posterior superior iliac spine were
measured with applied load. For these measurements, 13
optical markers and 4 motion capture cameras were used. We
observed the remarkable SIJ movements in the female pelvis
in 5 of 6 samples. However, only small movements were
observed (-1.25 degrees and 1.90 degrees at +/- 200N,
respectively). In the sample where the movement was
observed, the hip bone tilt angle was 3.93 ± 0.49º under
+100N and 4.86 ± 0.39º when applied with +200N. The tilt
angle was 3.27 ± 1.42º when -100N was applied and 5.76 ±
1.63º applied with -200N (Fig. 2). The movement of the pubic
symphysis was small (within 0.35 mm) in all cases, and the
movement of the PSIS was 0.69 ± 0.52 mm, 0.70 ± 0.72 mm,
0.54 ± 0.02 mm, 0.79 ± 0.02 mm at +100N, +200N, -100N,
and -200N respectively. Regardless of the loading direction,
it showed an outward-opening behavior. The SIJ is a joint in
which +/- 5 degrees of movement can occur due to weight
bearing or muscle action, and this behavior should be
considered in biomechanics studies. In particular, it mainly
occurred in the pelvis of women, and studies on more samples
are needed.
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