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Floor Plan

2020. 10. 14 (수) - 16 (금)

강릉 세인트존스 호텔

Place Session

안티구아 I
Opening Ceremony, Symposium I, Luncheon 
Seminar, Symposium II, Symposium IV, 대한해부학회 
정기이사회, Symposium VI, Symposium VIII

안티구아 II
Oral Presentation O1-O6, Symposium III, Symposium 
V, Symposium VII, Symposium IX

안티구아 I & II
Plenary Lecture, Speaking Session, Special Lecture, 
토론회, 제70회 대한해부학회 정기총회

2  :   2020 Annual Meeting



 

Program Schedule
 

  2020년 10월 14일 (수)

Time
Schedule

안티구아 I 안티구아 II Online

13:30-15:30
강릉관광프로그램

(허균ㆍ허난설헌기념관)
(경포호)

15:30-17:00
Check-in&Registration

(로비)

Oral Presentation O7-O16 
(사전녹화)

좌장: 김명주, 박정현, 유홍일, 황승준

17:00-18:00 Committee activity (각 위원회 활동)

  2020년 10월 15일 (목)

Time
Schedule

안티구아 I 안티구아 II Online

09:00-09:20 Opening Ceremony

09:20-10:50

Symposium I
[Gross Anatomy

- New research methods]
좌장: 곽대순, 박종태

Oral Presentation O1-O6
(현장발표)

좌장: 정채용, 허대영

Oral Presentation O7-O16
(사전녹화)

좌장: 김명주, 박정현, 
유홍일, 황승준

10:50-11:00 Coffee Break

11:00-12:00

Plenary Lecture
신희섭

(Director of the Center for Cognition and Sociality, Institute for Basic Science)
좌장: 유영현

12:00-12:10 Photography

12:10-13:00
Luncheon Seminar

(Zeiss)
좌장: 김희진

Lunch

13:00-14:00 Poster Presentation (사전제작)

14:00-15:30
Symposium II

[Behavioral Neuroscience]
좌장: 문창종, 조익현

Symposium III
[Muscle Science & Sarcopenia]

좌장: 김현수, 노구섭
Oral Presentation O17-O24

(사전녹화)
좌장: 주경민, 전용현, 한승연

15:30-16:00
Speaking Session with Coffee

(Elsevier) 좌장: 김홍태

16:00-17:30
Symposium IV

[Cognitive Neuroscience]
좌장: 김덕수, 김인범

Symposium V
[Microscopic Study]

좌장: 유임주, 현영민

17:30-18:00 Break Time

18:00-19:00 대한해부학회 정기이사회
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  2020년 10월 16일 (금)

Time
Schedule

안티구아 I 안티구아 II Online

09:00-10:30

Symposium VI
[Young Scientists

-the Future of Anatomy]
좌장: 이재호, 최형진

Symposium VII
[Anatomy Education

in COVID-19]
좌장: 송우철, 송창호

Oral Presentation
(사전녹화)

10:30-11:00 Break Time

11:00-12:00

Special Lecture
배용철

(Professor, Kyungpook National University)
좌장: 윤식

12:00-13:00 Lunch

13:00-14:30
Symposium VIII

[Glia Neuroscience]
좌장: 김동운, 복진웅

Symposium IX
[Physical Anthropology]

좌장: 신동훈, Hisashi Fujita

Oral Presentation
(사전녹화)

14:30-14:45 Break Time

14:45-15:10

[토론회] 시체 해부 및 보존 등에 관한 법률 개정 관련
김인범

(Professor, The Catholic University of Korea)
좌장: 허영범

15:10-17:00 제70회 대한해부학회 정기총회
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Plenary Lecture

2020. 10. 15 (목) (11:00-12:00), 안티구아I&II
좌장: 유영현 (동아의대)

PL 11:00-12:00
Neural  mechanism of empathy behaviors studied in the mouse

신희섭 | Institute for Basic Science

Special Lecture

2020. 10. 16 (금) (11:00-12:00), 안티구아I&II
좌장: 윤  식 (부산의대)

SL 11:00-12:00
Morphological basis for craniofacial sensory processing in the brain stem

배용철 | 경북대학교 치과대학 해부학교실

Symposium

Symposium I Gross Anatomy-New research methods
2020. 10. 15 (목) (9:20-10:50), 안티구아I

좌장: 곽대순, 박종태

SI-1 09:20-09:40
디지털 포인팅 장비의 해부학 연구 활용

곽대순 | 가톨릭대학교 의과대학 해부학교실

SI-2 09:40-10:10
3차원 표면 스캐너를 활용한 얼굴 연구

허경석 | 연세대학교 치과대학 해부학교실

SI-3 10:10-10:30
광학마커를 이용한 동작분석과 기능해부학 연구

조호정 | 가톨릭대학교 의과대학 해부학교실
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SI-4 10:30-10:50
작은 조직의 연속절단 및 3차원 재구성 

송우철 | 건국대학교 의학전문대학원 해부학교실

Symposium II Behavioral Neuroscience
2020. 10. 15 (목) (14:00-15:30), 안티구아I

좌장: 문창종, 조익현

SII-1 14:00-14:30
Dopaminergic regulation of craving behaviors through cholinergic neurons

김정훈 | 포스텍 생명과학과

SII-2 14:30-15:00
TMEM16A in cholinergic neurons of the medial habenula mediates anxiety-related 
behaviors 

임혜인 | KIST

SII-3 15:00-15:30
Behavioral, micro-morphological and molecular evidence for the modulatory 
function of SREBP-1c in the hippocampus

이수은 | 한국한의학연구원

Symposium III Muscle Science & Sarcopenia
2020. 10. 15 (목) (14:00-15:30), 안티구아II

좌장: 김현수, 노구섭

SIII-1 14:00-14:30
Identification of molecular target for sarcopenia and characterizing its molecular 
mechanisms

김현수 | 고려대학교 의과대학 해부학교실

SIII-2 14:30-15:00
Studying sarcopenia, frailty, and human aging with macrodynamic parameters

정희원 | 서울아산병원 노년내과

SIII-3 15:00-15:30
A single heterochronic blood exchange rejuvenates multi-tissue (including skeletal 
muscle) in old animals 

전옥희 | 고려대학교 의과대학 대학원 의과학과
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Symposium IV Cognitive Neuroscience
2020. 10. 15 (목) (16:00-17:30), 안티구아I

좌장: 김덕수, 김인범

SIV-1 16:00-16:30
Advancing gene therapy for central nervous system disorders

김연수 | 충남대학교 신약전문대학원

SIV-2 16:30-17:00
Neurobiological mechanisms of affective empathy behaviors in mice

금세훈 | IBS 인지 및 사회성 연구단

SIV-3 17:00-17:30
Excitation of deep cerebellar nuclei mediate stress-induced onset of dystonia

김대수 | KAIST 생명과학과

Symposium V Microscopic Study
2020. 10. 15 (목) (16:00-17:30), 안티구아II

좌장: 유임주, 현영민

SV-1 16:00-16:30
How do we stop eating when we are full?

김성연 | 서울대학교 화학과

SV-2 16:30-17:00
Real-time intravital characterization of non-classical monocytes in cancers

정기훈 | 서울대학교 의과대학 해부학교실

SV-3 17:00-17:30
Visualization of innate immunity in the inner ear

정진세 | 연세대학교 의과대학 이비인후과

Symposium VI Young Scientists-the Future of Anatomy
2020. 10. 16 (금) (09:00-10:30), 안티구아I

좌장: 이재호, 최형진

SVI-1 09:00-09:30
Roles of pyridoxine on hippocampal neurogenesis

유대영 | 순천향대학교 의과대학 해부학교실
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SVI-2 09:30-10:00
In vivo gene correction using genome engineering technology

조동현 | 서울대학교 의과대학 해부학교실

SVI-3 10:00-10:30
Osteopontin after brain injury: possible role in glial phagocytosis and 
microcalcification

유태룡 | 가톨릭대학교 의과대학 해부학교실

Symposium VII Anatomy Education in COVID-19
2020. 10. 16 (금) (09:00-10:30), 안티구아II

좌장: 송우철, 송창호

SVII-1 09:00-09:20
해부학 칠판 강의 동영상

정민석 | 아주대학교 의과대학 해부학교실

SVII-2 09:20-09:40
학생에게 인기있는 해부학 동영상강의 제작 경험과 앞으로의 해부학교육

허영범 | 경희대학교 의과대학 해부학교실

SVII-3 09:40-10:05
COVID-19에 따른 의과대학의 해부학 교육

이재호 | 계명대학교 의과대학 해부학교실

SVII-4 10:05-10:30
코로나19 상황에서 대형강의 진행과 고찰

전용현 | 경희대학교 의과대학 해부학교실

SymposiumVIII Glia (Neuroscience)
2020. 10. 16 (금) (13:00-14:30), 안티구아I

좌장: 김동운, 복진웅

SVIII-1 13:00-13:20
GT1b functions as a novel endogenous agonist of toll-like receptor 2 inducing 
neuropathic pain

이성중 | 서울대학교 치과대학 신경면역학교실

8  :   2020 Annual Meeting



SVIII-2 13:20-13:40
Autoantibody against glial proteins in humans: implication in autoimmune 
inflammatory disease of the central nervous system 

김성민 | 서울대학교 의과대학 신경과

SVIII-3 13:40-14:05
STAT3-Mediated Microglial Activation Exacerbates Huntington’s Disease By 
Blocking The Shift From M1 To M2 Microglia

조익현 | 경희대학교 한의과대학 해부학교실

SVIII-4 14:05-14:30
Nanotechnological strategies targeting glial cells

김동운 | 충남대학교 의과대학 해부학교실

Symposium IX Physical Anthropology (체질인류학에서 바라본 한일관계사-야요이시대의 개막과 전개)

2020. 10. 16 (금) (13:00-14:30), 안티구아II
좌장: 신동훈, Hisashi Fujita

SIX-1 13:00-13:15
한국 체질인류학에서 보는 일본 야요이 시대의 의미 (Academic significance of Yayoi 
Period in physical anthropology of Korea)

신동훈 | 서울대학교 의과대학 해부학교실

SIX-2 13:15-13:30
How our ancestors were formed: From the morphology of the ancient human 
skeletal remains of Japan and Korea during the Yayoi period

Hisashi Fujita | 동경대학

SIX-3 13:30-13:50
일본야요이시대 한반도 남부사람들의 이주 (Migration of Korean Peninsula People at 
the beginning of Yayoi period: Archaeological Review)

이양수 | 국립중앙박물관

SIX-4 13:50-14:10
일본에서 조몽-야요이인에 대한 유전학적 분석 현황 (Current trends in genetic analyses 
of Jomon and Yayoi peoples)

홍종하 | 경희대학교
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SIX-5 14:10-14:30
뼈고고학 측면에서 바라본 야요이인 (Yayoi people from the osteoarchaeological 
perspective)

이혜진 | 국방부유해감식단

Luncheon Seminar

2020. 10. 15 (목) (12:10-13:00), 안티구아 I
좌장: 김희진

LS 12:10-13:00
Getting more clear 3D result from tissue cleared sample: Advance selective plane 
illumination microscopy

김용재 | 자이스 코리아

Speaking Session

2020. 10. 15 (목) (15:30-16:00), 안티구아I,II
좌장: 김홍태

SS 15:30-16:00
How 3D technology is advancing anatomy learning, on-campus and off

Gavin Barrett | Elsevier Commercial Director

토론회

2020. 10. 16 (금) (14:45-15:10), 안티구아 I & II
좌장: 허영범

토론회 14:45-15:10
시체 해부 및 보존 등에 관한 법률 개정에 따른 해부학 교육과 연구 환경의 변화

김인범 | 가톨릭대학교 의과대학 해부학 교실
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Oral Presentation

O1-6 9:20-10:50        2020. 10. 15 (목), 안티구아 II
Oral Presentation I (현장발표)

좌장: 정채용, 허대영

O7-16 15:30-17:00          2020. 10. 14 (수)
Oral Presentation II (온라인발표)

좌장: 김명주, 박정현, 유홍일, 황승준

O7-16 09:20-10:50          2020. 10. 15 (목)
Oral Presentation II (온라인발표)

좌장: 김명주, 박정현, 유홍일, 황승준

O17-24 14:00-17:30          2020. 10. 15 (목)
Oral Presentation III (온라인발표)

좌장: 주경민, 전용현, 한승연
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Plenary Lecture

2020. 10. 15 (목) (11:00-12:00)

좌장: 유영현 (동아의대)
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PL
  

Neural mechanism of empathy behaviors studied 
in the mouse

Hee-Sup Shin, MD, PhD

Director, Center for Cognition and Sociality, Institute for Basic Science (IBS)

 

 

Empathy, the capacity to recognize and share emotions with others, is crucial for social interaction. 

Being social animals, humans cannot stand without empathy. This ability is conserved from rodents to 

humans, and diverse tools available for doing experiments in rodents allow multidisciplinary studies on 

this subject at levels spanning from molecules to systems. The anterior cingulate cortex (ACC) is 

known to be integral in the acquisition of observational fear (OF) in the mouse, a model of empathic 

fear. Despite the fundamental importance of genetic factors underlying individual variability in 

empathy-related behaviors, molecular and cellular mechanisms in the ACC that control observational 

fear remain to be determined. Through examining several mutant strains for OF behaviors as well as 

through behavior-driven forward genetic analyses, we found several gene mutations that influence OF 

behavior in the mouse. One of them, a missense mutation in Nrxn3, causes an increase in observational 

fear. Using a combination of tools we find evidence that Nrxn3 is an essential molecule for inhibitory 

synaptic transmission in somatostatin (SST)-positive neurons. Further studies uncovered a novel role 

of SST interneurons in the ACC, i.e., gating the expression of socially incited fear. Another study 

utilizing the PLCb1 mutation has revealed the critical role of specific brain oscillations in empathy. 

These results show what the rodent system can offer to unravelling neurobiological mechanisms of 

empathy. 

Keywords: Sociality, Empathy, Cingulate, Observational fear, Oscillation, Theta rhythm

신희섭 | 기초과학연구원 인지 및 사회성 연구단  ·  shin@ibs.re.kr

Brief Profile

College of Medicine, Seoul National University (1974)

Graduate School of Medical Sciences, Cornell University (1983)

Research Associate in Genetics, Sloan-Kettering Institute for Cancer Research (1983-1985) 

Assist Prof, Dept. Biol; Assoc Member, Whitehead Institute for Biomedical Research (1985-1991) 

Associate Prof; Professor, Dept. Life Science, POSTECH (1991-2001) 

Director, National Creative Research Initiative Center for Calcium and Learning (1997-2003) 

Principal Research Scientist; Director, Center for Neural Science; Founding Director, Brain Science Institute, 

KIST (2001-2012) 

Director, Center for Cognition and Sociality, IBS (2012-Present)



Special Lecture

2020. 10. 16 (금) (11:00-12:00)

좌장: 윤식 (부산의대)
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SL
  

Morphological basis for craniofacial sensory processing in 
the brain stem

Yong Chul Bae, DDS, PhD

Professor, Department of Anatomy and Neurobiology, School of Dentistry, 

Kyungpook National University

 

 

Neurons communicate with each other at the synapse, where neural information is processed and 

transmitted to the postsynaptic neurons. Elucidation of synaptic connectivity of the specific neuron, 

involved neurotransmitters and related receptors may help understand how the neural information 

conveyed via the specific neuron is processed. In this presentation, I would like to talk about our recent 

findings on the type of glycine receptor involved in presynaptic inhibition and central connectivities of 

the peptidergic and non-peptidergic C afferent terminals and their plasticity in the inflammatory pain 

condition, which may help understand how specific craniofacial sensory information is processed at the 

1
st relay nucleus in the normal and pathologic condition. We found that synaptic connectivities of the 

trigeminal sensory afferents are different according to fiber types and their projection nuclei, 

suggesting that specific craniofacial sensory information is processed in a distinct manner at the 

central 1
st
 relay nucleus. We also found, for the 1

st
 time, expression of homomeric glycine receptor in 

the primary sensory afferents receiving axoaxonic synapse, suggesting that type of glycine receptor 

involved in the presynaptic inhibition is different from that involved in the postsynaptic inhibition. 

Primary nociceptive afferents expressing substance P, CGRP and isolectin B4 (IB4) show different 

synaptic connectivities in the trigeminal caudal nucleus and show change in their morphology and 

connectivities in the inflammatory pain condition, suggesting distinct processing of nociceptive 

information conveyed via each type of C afferents at the 1
st
 relay nucleus in the normal condition and 

it’s plasticity in the pathologic pain condition.

Keywords: Craniofacial, Trigeminal afferents, Tracing, Connectivity, Ultrastructure

배용철 | 경북대학교 치과대학 해부학교실  ·  ycbae@knu.ac.kr

Brief Profile

School of Dentistry, Kyungpook National University (1983)
Graduate School, Kyungpook National University (1990)
Graduate School, Osaka University (1996)
Researcher, UNC (2003)
Visiting professor Osaka University (2005)
BK21 director, School of Dentistry, Kyungpook National University (2006-2013)
Dean, School of Dentistry, Kyungpook National University (2013-2015) 
Director, Craniofacial dysfunction Research Center (2008-2017) 
Director, Craniofacial Nerve-Bone Network Research Center (2017-Present)



Symposium I
Gross Anatomy-New research methods

"본 심포지움 I은 경북대학교 치과대학 얼굴 신경-뼈 네트워크 연구센터의 

지원에 의해 진행되었습니다."

2020. 10. 15 (목) (9:20-10:50)

좌장: 곽대순, 박종태
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디지털 포인팅 장비의 해부학 연구 활용

곽대순

가톨릭응용해부연구소, 가톨릭대학교 의과대학

전통적 맨눈해부학 연구는 주제를 설정하고, 신중하게 해부한 후 대상구조물을 관찰 및 측정하는 방법으

로 수행되어 왔다. 측정 방법에 있어 자, 각도기 등 고전적 수단이 그 간편성을 무기로 현재까지도 많이 사용

되고 있다. 디지털 사진의 대중화로 해부 작업 수행 후 대부분의 연구자가 원시자료를 사진으로 기록하고 있

지만 일반적인 디지털 사진은 모양새의 보존에는 적합하지만 축척이 포함되지 않아 물리적인 크기 등 치수 

정보의 보존이 어렵다. 특히 맨눈해부학 연구에 있어서는 시신을 해부하면 부패 및 시신처리 등을 이유로 결

과의 온전한 보존은 불가능에 가깝다. 또한 평균, 표준편차 등으로 일반화된 수치 정보 이외에 원시자료 공개

의 요구가 국제적으로 일반화되면서 형상 및 수치 정보의 간편한 보관이 더욱 절실하게 필요하다. 대용량의 

자료를 빠르게 처리할 수 있는 데이터 처리 기술의 발달과 많은 데이터에 기반한 인공지능의 활용 등에 있어 

원시데이터의 중요성은 더욱 높아지고 있다. 이 연제에서는 기존의 자, 각도기 등을 이용한 전통적인 해부 결

과 측정법을 대체할 수 있는 방법을 소개한다. 이 장비는 3차원 디지타이저(3D digitizer) 또는 좌표측정기 

(CCM, Coordinate Measuring Machine) 등으로 불리우며, 고정된 길이를 가지는 여러 개의 막대가 관절로 

연결되어 있는 구조이다. 막대 사이는 힌지 관절로 연결되어 있으며, 첫째와 마지막 막대는 회전이 가능하게 

구성되어 있고, 사용자는 마지막 막대를 필기구처럼 손으로 잡고 기구 끝을 측정을 원하는 점에 맞대어 그 위

치를 파악하게 된다. 내부적으로는 정해진 막대 길이와 관절 속 센서에서 측정되는 각도를 계산하여 장치 끝 

부분이 위치하는 3차원 좌표(x,y,z)를 출력하게 된다. 해부학 연구에서 활용은 해부작업 수행 후 기준점의 좌

표를 먼저 측정한 후, 수치화 하려는 구조물의 특이점을 연속적으로 측정하면 각 측정점의 좌표가 기록된다. 

기록된 측정점 좌표를 활용하여 길이, 각도 등을 계산할 수 있고, 기록된 측정점을 3차원 공간상에 표시하여 

중첩, 평균, 빈도 분석 등 다양한 후처리가 가능하다. 발표의 마지막에는 3차원 디지타이저를 활용한 맨눈해

부학 연구 사례를 소개한다.

Keywords: 3D digitizer, CCM(Coordinator Measuring Machine), Pointing, Measurement

곽대순 | 가톨릭대학교 의과대학 가톨릭응용해부연구소  ·  daisoon@catholic.ac.kr
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3차원 표면 스캐너를 활용한 얼굴 연구

허경석, 이강우, 김희진

연세대학교 치과대학 구강생물학교실 해부 및 발생생물학연구실, 개인식별연구소

해부학에서 3차원 모델은 2차원 사진에 비해 많은 정보를 줄 수 있으며 계측이 정확하고 쉽다는 장점이 있

다. 3차원 모델은 3차원 공간에 위치하는 점 집합으로 정의할 수 있으며, 점들의 개별적인 위치 정보를 얻기 

위해 3차원 스캐너가 사용된다. 1960년대 이후로 3차원 스캐너가 개발된 이후로, 다양한 방식의 제품들이 나

오고 있다. 수작업으로 물체 구조를 따라 점을 찍어가며 3차원 모델을 구축하는 원시적인 형태로부터 시작하

여, 빛, 초음파, 엑스레이 등을 활용한 비접촉식 방식으로 발전했다. 연자는 얼굴에 특화된 비접촉식 3차원 스

캐너(Morpheus사)를 이용하여, 연구를 진행했다. 연구는 고정된 시신 또는 사람을 대상으로 이뤄졌다. 시신

을 이용한 연구에서는 얼굴 층별로 해부한 후, 그 전과 후를 3차원 스캐너로 촬영 후 비교하여 구조물의 깊이

를 계측하는 것이 가능하다. 이를 통해 피부와 피부밑조직의 얼굴 전체적인 두께, 눈썹주름근과 같은 근육의 

형태 및 깊이 측정, 그리고 얼굴동맥의 얼굴 주요 표지점과 위치 관계 등을 연구하였다. 실제 사람을 대상으

로는 보톨리눔 독소를 깨물근에 주입시에, 시기별로 변화하는 얼굴 부피를 관찰하였다. 본 발표에서는 이러

한 연구들과 연구에 사용됐던 Morpheus사의 소프트웨어 기능 및 사용법을 소개하고, 3차원 스캐너를 통해 

시신 또는 사람을 3차원 스캔했을 때 부딪혔던 문제를 같이 정리해본다.

Keywords: 3차원 스캐너, Morpheus, 얼굴, 임상해부학

허경석 | 연세대학교 치과대학 구강생물학교실 해부 및 발생생물학연구실  ·  hks318@yuhs.ac
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광학마커를 이용한 동작분석과 기능해부학 연구

조호정

가톨릭대학교 의과대학, 가톨릭응용해부연구소

기능해부학 연구에서 대표적으로 사용되는 동작분석의 경우, 움직임을 측정하고자 하는 부위에 광학 마커

를 부착하여 동작분석 카메라를 통해 움직임을 분석하는 방법이다. 보행이나 골프 스윙 등 근골격계 움직임 

분석을 위해 주로 살아있는 사람의 몸에 마커를 부착 후 그 움직임을 분석하는 데 사용되고 있으며, 시신을 

이용한 기능해부학 연구에서도 이용된다. 이 연제는 시신을 이용하여 광학 마커와 동작분석 장비를 통해 움

직임을 분석하는 연구방법을 소개한다. 먼저, 시신을 이용한 동작분석 연구를 위해서는 분석하려는 관절의 

움직임을 구현해 낼 수 있는 장비가 필요하다. 해당 장비에 시신을 고정시킨 뒤 관절의 움직임을 분석하기 위

해 필요한 뼈 표지점을 선정하여 광학 마커를 부착한 후, 시신의 움직임을 구현하여 동작분석 카메라로 촬영

하여 분석한다. 분석에 필요한 장비는 동작분석 카메라, 분석을 위한 소프트웨어, 그리고 광학 마커가 기본적

으로 필요하다. 카메라가 마커의 위치 정보를 실시간으로 받아들여 3차원 좌표 (x, y, z)로 입력되며, 이를 통

해 연속적인 움직임에 대한 분석이 가능하다. 시신을 이용한 동작분석 시 마커가 시신의 조직에 의해 쉽게 오

염이 되는데, 마커가 오염될 경우 카메라에서 인식이 되지 못하는 경우가 발생하여 분석에 문제가 발생할 수 

있어 주의가 필요하다. 또한 관절의 올바른 움직임을 구현하기 위해 장비에 고정 시 운동 축에 올바르게 맞추

지 않으면 분석된 결과 값이 올바르지 못하다는 단점이 있다. 또한 2대 이상의 카메라가 마커를 인식하여야 

하기 때문에 원활한 실험을 위해 최소 3대의 카메라가 필요한데, 장비의 가격과 마커 비용이 저렴하지 않기 

때문에 비용적으로 부담이 될 수 있다. 하지만, 살아있는 사람의 경우 물렁조직 위에 마커가 부착되는 반면 

해부를 하여 시신의 뼈에 직접적으로 마커를 부착할 수 있어 더 정확한 분석이 가능하며, 관절 안에서 발생하

는 roll back 현상과 같은 육안으로 관찰하기 어려운 관절의 움직임을 확인할 수 있다. 또한, 연속적으로 발생

하는 동작에 대한 분석이 가능하기 때문에 시신을 이용한 기능해부학 연구에 도움을 줄 수 있다.

Keywords: Motion analysis, Cadaver, Functional anatomy, Movement

곽대순 | 가톨릭대학교 의과대학 가톨릭응용해부연구소  ·  daisoon@catholic.ac.kr
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작은 조직의 연속절단 및 3차원재구성 

송우철

건국대학교 의학전문대학원 해부학교실

형태를 관찰하는 해부학연구에서 3차원재구성을 이용하는 방법은 가장 확실한 방법이다. CT, MRI 등 의

학영상 등을 이용하여 3차원재구성하는 방법은 진단 및 치료를 위해 현재 임상에서 매우 보편적으로 사용하

는 방법이다. 의학영상을 이용한 연구는 비교적 큰 장기, 조직등을 이용하며 영상 촬영시 이미 정렬

(alignment)되어 있기 때문에 음영에 따라 거의 자동으로 3차원재구성할 수 있다. 그러나 의학영상으로 관찰

하기 어려운 작은 구조 또는 현미경을 이용하여 관찰할 수 있는 더 작은 구조는 3차원재구성하여 관찰하기 

매우 어렵다. 다만 최근에 MicroCT등 첨단장비를 이용하여 더 작은 구조를 CT 촬영하고 이를 3차원재구성

하여 관찰할 수 있는 방법이 개발되어 활발히 연구중이지만 CT의 특성상 기본적으로는 단단한 조직과 물렁

조직을 구별하는 수준이다. 따라서 작은 구조를 3차원재구성하기 위해서는 작은 구조의 절단면을 촬영하여 

3차원재구성하거나 일반적인 조직처리과정을 통해 포매된 조직의 연속절편을 제작하여 이를 염색하고 촬영

하여 이미지를 얻은 이후에 이를 3차원재구성하는 방법이 있다. 이번 심포지움에서는 경험을 바탕으로 작은 

조직을 3차원재구성하는 방법을 소개하고 이들의 장점, 단점, 한계점 등을 토론하고자 한다.

Keywords: 작은 조직, 3차원재구성, 연속절단, 조직학적 방법, 정렬

송우철 | 건국대학교 의학전문대학원 해부학교실  ·  anatomy@kku.ac.kr
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Dopaminergic regulation of craving behaviors through cholinergic neurons

Joo Han Lee, Joung Hun Kim

Department of Life Sciences, POSTECH, Pohang, Gyungbuk, Korea

Cholinergic interneurons (ChINs) in the nucleus accumbens (NAc) play critical roles in processing 

information related to reward. However, the contribution of ChINs to emergence of addiction-like 

behaviours and the underlying mechanisms remain elusive. Through prolonged cocaine 

self-administration schedules, we demonstrate that the dopamine D2 receptor (DRD2), which we find 

by RNA-sequencing to be highly abundant in NAc ChINs of mice susceptible to cocaine addiction, 

regulates addiction-like behaviours. The behavioural consequences of altered levels in DRD2 within 

NAc ChINs arise through the structural and synaptic plasticity of medium spiny neurons in both a cell 

type- and circuit-specific manner, which have been known to control the behavioural features of 

addiction. These findings provide a mechanism for dopaminergic control of NAc ChINs that mediates 

susceptibility to drug seeking, with critical implications for addictive disorders.

Keywords: Cocaine, Craving, Dopamine receptor, Cholinergic interneurons 
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TMEM16A in cholinergic neurons of the medial habenula mediates 
anxiety-related behaviors 

Heh-In Im1,2,3

1Convergence Research Center for Diagnosis, Treatment and Care System of Dementia, KIST, Seoul, 

Korea, 2Center for Neuroscience, Brain Science Institute, Korea Institute of Science and Technology 

(KIST), Seoul, Korea, 3Division of Bio-Medical Science & Technology, KIST School, Korea University 

of Science and Technology, Seoul, Korea

TMEM16A, a Ca2+-activated Cl- channel, is known to modulate the excitability of various types of 

cells; however, its function in the central nervous system is largely unknown. Here, we show the 

specific expression of TMEM16A in the medial habenula (mHb) via multiple methods including 

RNAscope in situ hybridization, immunohistochemistry, and electrophysiology. When TMEM16A is 

eliminated in the mHb cholinergic neurons (TMEM16A cKO mice), the slope of after-hyperpolarization 

of spontaneous action potentials decreases and the firing frequency is reduced and diminished mHb 

activity also decreases the activity of the interpeduncular nucleus (IPN). Moreover, TMEM16A cKO 

mice display anxiogenic behaviors and deficits in social interaction without despair-like phenotypes or 

cognitive dysfunctions. Finally, chemogenetic inhibition of mHb cholinergic neurons using the DREADD 

(Designer Receptors Exclusively Activated by Designer Drugs) approach reveals similar behavioral 

phenotypes to those of TMEM16A cKO mice. We conclude that TMEM16A plays a key role in 

anxiety-related behaviors regulated by mHb cholinergic neurons and could be a potential therapeutic 

target against anxiety-related disorders.

Keywords: Anxiety, Cholinergic neurons, Medial habenula, Social interaction, TMEM16A 
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Behavioral, micro-morphological and molecular evidence for the 
modulatory function of SREBP-1c in the hippocampus

Sueun Lee1,2, Mary Jasmin Ang1, Changjong Moon1

1Department of Veterinary Anatomy, College of Veterinary Medicine and BK21 Plus Project Team, 

Chonnam National University, Gwangju 61186, Korea, 2Herbal Medicine Resources Research Center, 

Korea Institute of Oriental Medicine, Naju 58245, Korea

Lipid homeostasis is an important component of brain function, and its disturbance causes several 

neurological disorders, such as Huntington’s, Alzheimer’s, and Parkinson’s diseases as well as mood 

disorders. Sterol regulatory element-binding protein (SREBP) is a key modulatory molecule involved 

in lipid homeostasis in the central nervous system. Recently, clinical studies suggested SREBP as a 

susceptibility gene in patients with schizophrenia. This study used SREBP‐1c knockout (KO) mice to 

examine whether a deficiency in SREBP‐1c would affect their emotional and psychiatric behaviors and 

the neuronal architecture, and whether there are novel molecular mechanisms involved in the 

neurological aberrations caused by SREBP-1c deficiency. Altered mRNA expression in genes 

downstream from SREBP‐1c was confirmed in the brains of SREBP‐1c KO mice. Schizophrenia‐like 

behavior, including hyperactivity during the dark phase, depressive‐like behavior, aggressive behavior 

and deficits in social interaction and prepulse inhibition, was observed in SREBP‐1c KO mice. 

Furthermore, increased volume of the lateral ventricle was detected in the SREBP-1c KO brain and 

the neuronal architecture, including the total dendritic length, ramification, complexity and spine 

maturation, was altered in the hippocampus within a sub-region-specific manner. Additionally, we 

found seven differentially expressed genes (three up-regulated and four down-regulated genes) in the 

hippocampus of SREBP-1c KO mice by analyzing the transcriptome profiling. For further verification, 

we selected the three most significantly changed genes: glucagon-like peptide 2 receptors (GLP2R) 

involved in hippocampal neurogenesis and neuroplasticity as well as in cognitive impairments; necdin 

(NDN) which is related to neuronal death and neurodevelopmental disorders; and Erb-B2 receptor 

tyrosine kinase 4 (ERBB4) which is a receptor for schizophrenia-linked protein, neuregulin-1. The 

protein levels of GLP2R and NDN were considerably decreased, but the level of ERBB4 was 

significantly increased in the hippocampus of SREBP-1c KO mice. We suggest that these data provide 

novel behavioral, morphological and molecular evidence for the modulatory role of SREBP-1c related 

with neurological disorders in the mouse hippocampus, although further confirmation is warranted to 

establish the translatability of these findings from this rodent model into human patients.

Keywords: SREBP-1c, Behavior, Neuronal architecture, Transcriptome profiling, Schizophrenia 
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Identification of molecular target for sarcopenia and characterizing 
its molecular mechanisms

Ji-Wook Moon, Minju Kang, Ji Hae Kim, Sangwoo Woo, Jooyeon Oh, Hyeon Soo Kim

Department of Anatomy, Korea University College of Medicine, Seoul, Korea

Sarcopenia is a condition characterized by progressive loss of skeletal muscle mass and power. Risk 

factors for sarcopenia are various, including age, physical inactivity and some kinds of drug. According 

to research, there is an important correlation between sarcopenia and expression level of myostatin, a 

kind of myokine, led us to develop the hypothesis that myostatin is a promising molecular target for 

overcoming sarcopenia. Based on the fact that myostatin is a negative regulator of muscle mass, the 

aim of our study is to develop the drug for sarcopenia by targeting myostatin. To achieve our goal, we 

established molecular analysis system based on myostatin expression, such as reporter assay. 

Recently, we successfully identified several candidates which regulate myostatin in transcriptional 

level, and now characterizing its muscle volume regulating mechanisms. In this talk, I will introduce 

about these results and discuss of its clinical implications.

Keywords: Drug Candidate, Muscle volume, Myostatin, Sarcopenia, Target 
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Studying sarcopenia, frailty, and human aging 
with macrodynamic parameters

Hee-Won Jung

Devision of Geriatrics, Department of Internal Medicine, Asan Medical Center, Seoul, Korea

근감소증(sarcopenia)은 사람의 노화와 연관되어 발생하는 현상으로, 근육량 감소와 동반된 근력 저하 및 

신체기능 저하로 정의되며 65세 이상 노인에서 기준에 따라 5~15% 가량이 해당하는 흔한 임상 증후군이며 

2016년부터 ICD-10CM에서 질병으로 분류되었다. 근감소증은 낙상, 기능저하에 의한 요양기관 입소, 사망 

등 노인에서의 나쁜 예후를 증가시키며 다양한 수술 및 내과적 치료에 따른 합병증 또는 치료 실패 등과 연관

되어 있어 기초 및 임상연구 분야에서 점차 많은 관심을 모으고 있다. 분자생물학적으로는 내분비, 곁분비 신

호의 변화와 세포내 신호전달체계 변화에 따른 동화 저항성(anabolic resistance)의 발생, 만성 염증, 근섬유

단백의 이화 증가 등이 근감소증의 발병 기전으로 제시되고 있다. 한편, 근감소증과 사람의 노화를 임상적으

로 평가하기 위한 다양한 시도가 이루어져 왔는데, 그 중 하나가 노화와 연관된 여러가지 표현형을 조작적으

로 더하는 것으로 신체 노쇠(physical frailty)나 노쇠 표현형(frailty phenotype)등으로 일컫어 진다. 다른 

한편의 방법은 노쇠 인자(frailty index)로, 기대 여명을 잘 예측하여 때로는 생물학적 나이(biological age)

로도 불리는데, 인간에서 측정이 가능한 파라미터의 변수를 다양화하여 이 중 문제가 있는 것의 비율을 측정

하는 방법으로 정량화 된다. 과거에는 근감소증, 신체 노쇠와 노쇠 인자, 세포 노화의 축적을 모두 개별적인 

개념으로 이해하고 연구하였다. 그러나 다면적 연구가 널리 진행되면서 점차 개체 노화와 연관된 이 4가지 

현상은 매우 광범위하게 연관되어 있는 것이 알려지고 있다. 이러한 신체 노화의 표현형이 임상적 예후에 미

치는 영향이 점차 널리 알려지면서 임상 연구와 진료에 적용하고자 하는 시도가 진행되고 있다. 하지만 임상

적 의사결정 과정에 신체 노화가 사용되기 위해서는 다음과 같은 요인들이 만족되어야 한다. - (1) 정확하며 

객관적인 숫자로 계측 가능한 파라미터셋의 존재, (2) 최소화된 관찰자간 변이, (3) 반복 측정시 변화를 관찰

하기 위한 예민한 분해능, (4) 비침습성, (5) 낮은 측정 시간과 비용 연구진은 다양한 신체기능 연관 파라미

터(macrodynamic parameters - 힘, 출력, 근육량, 보행 인자 등)를 이용한 파라미터셋을 통하여 노쇠 인자, 

신체 노쇠 및 근감소증을 아우르는 신체 노화를 사람에서 평가하여 위와 같은 임상적 요구도를 충족할 수 있

음을 확인하였고 예후 예측과 중재 효과 평가에 적용 가능할 수 있음을 확인하였다. 이와 같은 파라미터는 종

류가 고정될 필요가 없으며 상황에 필요한 다이나믹 레인지(dynamic range 영역에 맞추어 선정될 수 있다. 

또한 이러한 파라미터 셋은 개체의 노화와 삶의 질을 반영하는 신체 바이오마커(physical biomarker)의 역

할을 할 수 있으며, 모델 동물로 중개(translation) 되어 치료 타겟과 기전 개발에 사용될 수 있다. 

Keywords: Sarcopenia, Frailty, Physical performance, Diagnosis, Aging
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A single heterochronic blood exchange rejuvenates multi-tissue 
(including skeletal muscle) in old animals

Ok Hee Jeon1*, Melod Mehdipour2, Nicholas W. Aguirre3, Cameron Kato2, Jessy Etienne2, 

Pierre-Yves Desprez
3
, Michael J. Conboy

2
, Irina M. Conboy

2*
, Judith Campisi

3*

1Department of Biomedical Sciences, College of Medicine, Korea University, Seoul, Korea, 
2Department of Bioengineering and QB3 Institute, 174 Stanley Hall, University of California, 

Berkeley, Berkeley, California, USA, 3Buck Institute for Research on Aging, 8001 Redwood 

Boulevard, Novato, California, USA

Aging is the largest risk factor for most chronic diseases and is a consequence of at least two 

processes: diminished normal tissue functions or an increase in mechanisms that disrupt these normal 

functions. Heterochronic parabiosis (that is, the surgical joining of two animals of different aging to 

share their circulation and organ system) have revealed that young and old circulatory milieu are 

reciprocally capable of regulating aging, with the circulatory systems of young animals rejuvenating old 

tissues and those of old animals reducing young tissue functions. However, it is not clear whether this 

phenomenon is the result of sharing circulation or organs. Here, we show that our recently developed 

heterochronic blood exchange (i.e. a better-controlled experimental system where only blood is 

exchange between young and old mice) affects various tissues including skeletal muscle, in two weeks. 

Investigating muscle, we find that providing blood from young to old mice by blood exchange 

signifantly increased skeletal muscle strength (plantar flexors including gastrocnemius, plantaris, and 

soleus muscles) measured by twitch, force-frequency and fatigue test as well as multiple histological 

alterations such as decreased intramuscular lipid. We conclude that, compared with heterochronic 

parabiosis, heterochronic blood exchange in small animals is less invasive and enables 

better-controlled studies. This work helps our understanding of the systemic paradigms of skeletal 

muscle tissue rejuvenation with potential translation for improving the health and resilience of older 

people.

Keywords: Aging, Blood exchange, Muscle tissue rejuvenation 
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Advancing gene therapy for central nervous system disorders 

Yeon-Soo Kim

Graduate School of New Drug Discovery & Development, Chungnam National University, 

Daejeon, Korea

Three decades after the first gene therapy clinical trials in 1990, more than 2,300 approved clinical 

trials worldwide viral vectors have emerged as safe and effective delivery vehicles for clinical gene 

therapy, and success stories such as CAR-T gene therapy have increasingly been reported. 

Recombinant, replication-defective viral vectors were the first molecular tool enabling efficient, 

nontoxic gene transfer into human somatic cells. Recently, in addition to improvement of viral vector 

systems, applications of CRISPR-Cas9 have shown the remarkable technological potential in human 

therapeutics as well as a new era of biological understanding and control. After decades of such 

scientific, clinical, and manufacturing advances, at last, gene therapy drugs have recently been 

approved for two rare monogenic neurological disorders: an inherited retinal disease Leber congenital 

amaurosis and spinal muscular atrophy. In addition, gene therapies for many other neurological 

disorders including cognitive impairments are currently in development using several different 

technologies. Viral vectors are particularly suitable options to introducing therapeutic genes or genome 

editing reagents into target cells because, while being replication-defective, they retain the efficient 

cell entry mechanisms evolved by their wild-type. Lentivirus and adeno-associated virus (AAV) 

vectors have shown the best efficiency in laboratories as well as the most clinical promise. Here, based 

on the recent development of technologies for gene delivery and modulation, I will present the 

perspectives on gene therapy for central nervous system disorders.

Keywords: Gene therapy, Central nervous system disorders, Genome editing, AAV vector, Lentiviral 

vector 
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Neurobiological mechanisms of affective empathy behaviors in mice 

Sehoon Keum

Center for Cognition and Sociality, Institute for Basic Science, Daejeon, Korea

By observing the emotional situations of others, we can vicariously experience their affective states 

in our mind. The empathic ability to recognize and share the mental states of others is crucial for our 

emotional experience and social interaction. Observational fear learning in rodents is a 

context-dependent fear conditioning where the unconditioned stimulus is provided vicariously through 

observing another receiving foot shocks. Recent studies have revealed many similarities between 

observational fear and affective empathy. In particular, the anterior cingulate cortex (ACC) that is 

activated by empathic pain responses in humans is essential for the acquisition of observational fear in 

mice, suggesting that similar neural circuits are shared between empathy and observational fear. My 

talk will address current studies on genetic and neural circuit mechanisms of observational fear, and 

provide perspectives on future research issues.

Keywords: Empathy, Observational fear learning, Anterior Cingulate Cortex, Affective pain network 
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Excitation of deep cerebellar nuclei mediate stress-induced onset of dystonia

Jung Eun Kim1, Sujin Chae2, Sungsoo Kim1, Yeon-Joo Jung3, Myoung-Goo Kang4, 

Won Do Heo1,2, Daesoo Kim1,2,3*

1Department of Biological Sciences, Korea Advanced Institute of Science and Technology (KAIST), 

Daejeon 305-701, Republic of Korea, 2KAIST Institute for the BioCentury, Korea Advanced Institute 

of Science and Technology (KAIST), Daejeon 305-701, Republic of Korea, 3Bio Core Center, Korea 

Advanced Institute of Science and Technology (KAIST), Daejeon 305-701, Republic of Korea, 
4Department of Neuroscience, Cell Biology, and Anatomy, The University of Texas Medical Branch 

(UTMB), Galveston, TX 77555

Dystonia is a debilitating motor disorder characterized by co-contraction of muscles, leading to 

abnormal body postures. In addition to genetic predispositions, stress can facilitate the onset of 

dystonia in human patients. The serotonin (5HT) system is known to control emotional responses to 

stress, yet its involvement in dystonia remains unclear. Here, we reveal that 5HT neurons in the dorsal 

raphe nuclei (DRN) send axonal projections to the fastigial deep cerebellar nuclei (fDCN) and that 

photostimulation of these 5HT-fDCN inputs induces dystonia in wild-type mice. Photoinhibition of 

5HT-fDCN inputs reduces dystonia symptoms in a1Atot/tot mice, a genetic model of stress-induced 

dystonia. We also report that both the administration of a 5HT-2A receptor inverse agonist (0.1–1 

mg/kg, i.p.) and knockdown of the ht2ar gene by shRNA in fDCN neurons can efficiently prevent the 

onset of dystonia in a1Atot/tot
 mice. These results suggest cerebellar 5HT-2A receptor signaling 

mediates stress-induced dystonia. They also suggest strategies for alleviating symptoms of dystonia in 

human patients.

Keyword: Dystonia, 5HT-SA, ht2ar, Serotonin
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How do we stop eating when we are full?

Dong-Yoon Kim
1
, Gyuryang Heo

1
, Minyoo Kim

1,2
, Sung-Yon Kim

1,2

1Institute of Molecular Biology and Genetics, Seoul National University, Seoul, Korea, 2Department of 

Chemistry, Seoul National University, Seoul, Korea

Mechanosensory feedback from the digestive tract to the brain is critical for limiting excessive food 

and water intake, but the underlying gut–brain communication pathways and mechanisms remain poorly 

understood. Here we show that, in mice, neurons in the parabrachial nucleus that express the 

prodynorphin gene (hereafter, PBPdyn neurons) monitor the intake of both fluids and solids, using 

mechanosensory signals that arise from the upper digestive tract. Most individual PBPdyn
 neurons are 

activated by ingestion as well as the stimulation of the mouth and stomach, which indicates the 

representation of integrated sensory signals across distinct parts of the digestive tract. PBPdyn neurons 

are anatomically connected to the digestive periphery via cranial and spinal pathways; we show that, 

among these pathways, the vagus nerve conveys stomach-distension signals to PBPdyn
 neurons. Upon 

receipt of these signals, these neurons produce aversive and sustained appetite-suppressing signals, 

which discourages the initiation of feeding and drinking (fully recapitulating the symptoms of gastric 

distension) in part via signalling to the paraventricular hypothalamus. By contrast, inhibiting the same 

population of PBPdyn neurons induces overconsumption only if a drive for ingestion exists, which 

confirms that these neurons mediate negative feedback signalling. Our findings reveal a neural 

mechanism that underlies the mechanosensory monitoring of ingestion and negative feedback control 

of intake behaviours upon distension of the digestive tract.

Keywords: Satiety, Mechanosensation, Gut-brain axis
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Real-time intravital characterization of non-classical monocytes 
in cancers

Keehoon Jung

Department of Anatomy and Cell Biology, Seoul National University College of Medicine, Seoul, Korea 

Colorectal cancer (CRC) is the leading cause of cancer-related deaths worldwide. However, current 

anti-VEGF therapies for CRC provide limited survival benefit as tumors rapidly develop resistance to 

these agents. We have developed a miniaturized confocal endomicroscopy technique for spontaneous 

CRC models in mice. We recently also established a novel abdominal imaging window. These unique 

systems enable us to monitor the CRC and its immune microenvironment longitudinally with a 

video-rate intravital multi-photon microscope. Using these in vivo imaging methods and CRC models, 

we have uncovered an immunosuppressive role for non-classical Ly6Clow monocytes that mediates 

resistance to anti-VEGFR2 treatment. We found that the chemokine CX3CL1 was upregulated in both 

human and murine tumors following the VEGF signaling blockade, resulting in recruitment of 

CX3CR1+ Ly6Clow monocytes into the tumor. We also found that treatment with VEGF-A reduced 

expression of CX3CL1 in endothelial cells. Intravital microscopy revealed that CX3CR1 is critical for 

Ly6Clow monocyte transmigration across the endothelium in tumors. Moreover, Ly6Clow monocytes 

recruit Ly6G+ neutrophils via CXCL5 and produce IL-10, which inhibits adaptive immunity. 

Preventing Ly6Clow monocyte or Ly6G+ neutrophil infiltration into tumors enhanced inhibition of 

tumor growth with anti-VEGFR2 therapy. Furthermore, we developed a gene therapy using a 

nanoparticle formulated with a siRNA against CX3CL1, which reduced Ly6Clow monocyte recruitment 

and improved outcome of anti-VEGFR2 therapy in mouse CRCs. Taken together, we identified 

immunosuppressive non-classical Ly6Clow monocytes as key players in tumor resistance to 

anti-angiogenic therapy in CRCs. We also revealed molecular mechanisms underlying anti-angiogenic 

treatment resistance, suggesting potential immunomodulatory strategies to enhance the long-term 

clinical outcome of anti-VEGF therapies, proven by state-of-the-art in vivo imaging modalities.

Keywords: Cancer immunology, In vivo imaging, Monocyte, Intravital microscopy, Colorectal cancer
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Visualization of innate immunity in the inner ear

Jinsei Jung

Department of Otorhinolaryngology, Yonsei University, College of Medicine, Seoul, Korea

In the inner ear, endolymph fluid surrounds the organ of Corti, which is important for auditory 

function; notably, even slight environmental changes mediated by trauma or infection can have 

significant consequences. However, it is unclear how the immune response is modulated in these 

tissues. Here, it will be presented as to investigate the innate immune response in the inner ear by 

visualizing neuronal and vascular structures in the cochlea. It will be also presented how the cochlea 

responds to the invaded pathogen into the sensory organ. In particular, the local immune-surveillance 

role of cleaved cochlin LCCL (Limulus factor C, Cochlin, and Lgl1) during Pseudomonas aeruginosa 

infection in the cochlea will be discussed. Moreover, intravital imaging of the cochlea will be presented 

as an important tool for the investigation of the immunity in the inner ear.

Keywords: Innate immunity, Cochlea, Organ of Corti, Cochlin

정진세 | 연세대학교 이비인후과학교실  ·  jsjung@yuhs.ac 



Symposium VI
Young Scientists-the Future of Anatomy

2020. 10. 16 (금) (09:00-10:30)

좌장: 이재호, 최형진



40  :   2020 Annual Meeting

SVI-1

Roles of pyridoxine on hippocampal neurogenesis

Dae Young Yoo

Department of Anatomy, College of Medicine, Soonchunhyang University, Cheonan, Korea

Pyridoxine, one of the vitamin B6 vitamers, plays crucial roles in amino acid metabolism and 

synthesis of monoamines as a cofactor. Treatment with pyridoxine significantly upregulated 

phosphoglycerate mutase 1, while CB1 cannabinoid receptor-interacting protein 1 (CRIP1) was 

down-regulated, in the pyridoxine-treated group. Administration of CRIP1a siRNA significantly 

increases the discrimination index as well as cell proliferation and neuroblast differentiation in the 

dentate gyrus. In addition, the administration of rimonabant, a CB1 cannabinoid receptor antagonist, for 

3 weeks significantly decreased the novel object recognition memory, the tyrosine hydroxylase level, 

the amount of cell proliferation, and neuroblast differentiation in the dentate gyrus. Next, the effects of 

pyridoxine deficiency were observed 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 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 ATP6V1B2 and HSC70 levels were significantly decreased and 

increased, respectively, in pyridoxine-deficient mice compared to controls. These results suggest that 

pyridoxine enhances hippocampal functions and this is closely associated with CRIP1a and CB1 

cannabinoid receptors. In contrast, pyridoxine deficiency causes cognitive impairments and reduction in 

5-HT and DA levels, which may be associated with expressional change of the protein levels in the 

hippocampus.

Keywords: Pyridoxine, Pyridoxal 5’-phosphate, Neurogenesis, Hippocampus, Proteomics
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In vivo gene correction using genome engineering technology

Dong Hyun Jo

Department of Anatomy and Cell Biology, Seoul National University College of Medicine, Seoul, Korea

Genome editing with clustered regularly interspaced short palindromic repeats (CRISPR) system 

can be used as a tool to correct pathological mutations or modulate gene expression levels associated 

with the pathogenesis of human diseases. I have investigated the potential of in vivo genome 

engineering as a therapeutic approach in the form of ribonucleoprotein or viral vectors. In addition, 

therapeutic genome editing including homology-directed repair was feasible to treat pathogenic 

mutations related to human diseases. It is also notable that there were no significant in vivo off-target 

effects of genome editing machinery targeting the well-selected target for more than 14 months in 

mice. Further translational research on genome editing will help us realize its therapeutic application in 

clinical settings.

Keywords: Genome editing, Genome engineering, CRISPR, Ribonucleoprotein, Viral vectors
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Osteopontin after brain injury: possible role in glial phagocytosis 
and microcalcification.

Tae-Ryong Riew

Department of Anatomy, Catholic Neuroscience Institute, College of Medicine, 

The Catholic University of Korea, Seoul 06591, Republic of Korea

Osteopontin (OPN, SPP1) is upregulated in response to acute brain injury, yet their roles remain 

elusive. Using 3-nitropropionic acid (3-NP)-induced neurotoxicity model, we have elucidated a novel 

role of OPN after brain injury. Based on its immunoreactivity, two distinct forms have been identified: 

intracellular OPN within the Golgi complex in brain macrophages and small granular OPN, identified as 

OPN-coated degenerated neurites. In the lesion core, small granular OPN, which were synthesized and 

secreted by amoeboid-like brain macrophages in the lesion core, increased in number and size over 

4-week period following lesion. Immuno-EM and electron probe microanalysis revealed the identity of 

punctate OPN, which were initially localized to degenerating mitochondria within distal neurites at 3 

days, and then progressively accumulating on the surfaces of degenerating calcifying neurites at 14 

days. In addition, the distribution of OPN showed a distinct spatiotemporal pattern with glial cells in the 

peri-lesional area, characterized by reactive astrocytes and microglia forming glial scar. Accumulation 

of OPN were detected only in the lesion core away from reactive astrocytes in the peri-lesional area at 

day 3, but had direct contact with, and often overlapped with astroglial processes at day 7, and at 14 

and 28 days, punctate OPN distribution mostly overlapped with the astrocytic scar. Detailed 

three-dimensional analysis of the relationship between OPN and glial cells revealed numerous granular 

OPN puncta inside the cytoplasm of reactive astrocytes and brain macrophage. Both glial cells showed 

prominent expression of lysosomal marker LAMP1, and immuno-EM further confirmed OPN-coated 

degenerating neurites inside astrocytes. Therefore, these data suggest that after acute brain injury, 

punctate OPN produced by brain macrophages likely to mediate the progression of brain calcifications, 

while may act as an opsonin to be phagocytosed by reactive astrocytes as well as brain macrophages. 

Our results provide novel insights essential to understanding the recovery and repair of the CNS tissue.

Keywords: Osteopontin, Acute brain injury, Astrocyte, Microglia, Microcalcification, Phagocytosis 
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해부학 칠판 강의 동영상

정민석, 정범선

아주대학교 의과대학 해부학교실

의대 학생은 올해 COVID-19 때문에 해부학 강의 동영상을 보면서 비대면 학습을 하였다. 아주대 의대 학

생은 이미 2006년부터 해부학 강의 동영상을 보았다. 아주대 의대의 해부학 강의 동영상은 다른 것과 달리, 

칠판 강의를 녹화하였고, 편집을 많이 하였고, 동영상 파일을 퍼뜨려서 오프라인으로도 보게 하였고, 유튜브

에 올려서 다른 학교 학생도 보게 하였다. 이 연구의 목적은 아주대 의대의 해부학 강의 동영상에 대한 학생

의 반응이 어떠한지 살펴서 해부학 칠판 강의 동영상이 비대면 학습에 얼마나 이바지하는지 밝히는 것이었

다. 해부학 강의 동영상을 본 아주대 의대 학생의 설문조사 결과, 주로 개강 전에 보면서 예습하였고, 개강 후

에는 덜 보았다. 칠판 강의로 간단하게 설명하였기 때문에 학생이 쉽게 이해할 수 있었다. 동영상에서 필요하

지 않은 부분을 많이 잘라냈기 때문에 학생이 집중할 수 있었다. 동영상 파일을 퍼뜨렸기 때문에 학생이 통신 

환경과 관계없이 볼 수 있었다. 동영상을 만든 지 오래 되어서 교과서와 다른 내용이 있고, 화질과 음질이 나

쁘다는 반응도 있었다. 6년 동안 동영상의 유튜브 조회 수가 248번 내지 6,699번이었는데, 이것은 다른 학교 

학생도 보기 때문이었다. 아주대 의대처럼 해부학 칠판 강의 동영상을 만들면 의대 학생의 비대면 학습에 꽤 

이바지할 것으로 보인다. 아주대 의대는 칠판 강의 동영상을 새로 만들면서, 슬라이드 강의 동영상도 만들 계

획이다. 한편 계통해부학, 신경해부학, 조직학의 강의 동영상도 만들고, 영어 강의 동영상도 만들 계획이다.

Keywords: 해부학 칠판강의, 비대면강의, COVID-19
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학생에게 인기있는 해부학 동영상강의 제작 경험

허영범

경희대학교 의과대학 해부학신경생물학교실

올해 초 COVID-19 감염사태로 인해 해부학강의를 강의실에서 진행하지 못하게 되었고, 비대면 강의라는 

새로운 형태의 강의가 해부학강의에 도입되었습니다. 이 과정에서 수업을 동영상으로 만드는 작업을 4개월

간 진행하며 얻은 경험을 공유하고자 합니다. 동영상강의는 아이패드에 있는 PDF노트라는 앱을 활용해 PPT

파일을 PDF파일로 전환해서 설명과 녹화를 진행하였습니다. 이때 필요한 도구로는 아이패드, 애플 펜슬, 보

이스 레코더, 핀마이크가 있습니다. 동영상을 편집하기 위한 프로그램은 반디컷, 곰믹스 프로, 모바비 비디오 

에디터(Movavi video editor)를 사용했으며, 이 프로그램 중에서 모바비 비디오 에디터를 가장 많이 사용했

습니다. 아이패드와 PDF노트는 강의실 강의에서 활용하고 있었기에 녹화에 큰 문제는 없었으나 동영상 편집

프로그램은 처음 사용하는 것이라 배우고 활용하는데 시간이 많이 필요했습니다. 아이패드를 통한 동영상 녹

화는 MP4파일로 저장되며, 이것을 컴퓨터로 옮겨 모바비 비디오 에디터에서 편집을 하게 됩니다. 이때 녹음

은 아이패드의 마이크와 핀마이크를 이용해서 녹음했으나 녹음의 질이 만족스럽지 못해서 보이스 레코더를 

이용해 음성을 녹음한 후 편집프로그램에서 보이스레코더로 녹음된 음성파일을 넣고 기본 아이패드로 녹음

된 음성파일과 싱크로를 맞춘 후 기본 음성파일을 삭제했습니다. 녹화된 강의동영상 파일에는 사진과 동영

상, 음악을 추가할 수 있고, 필요시에는 말풍선, 자막, 노트삽입을 통해 학생의 이해를 돕는 작업을 추가할 수 

있습니다. 편집과정은 촬영시간의 3~4배 정도 시간이 걸리는 작업으로 쉽지 않았습니다. 촬영된 동영상은 

강의자료 PDF파일과 함께 구글드라이브에 업로드해서 학생들이 다운로드한 후 볼 수 있게 하고, 동영상 강

의자료에 대한 질문도 구글드라이브의 게시판이나 이메일로 받은 후 답변 동영상을 제작해서 구글드라이브

에 올렸습니다. 예년과 비슷한 난이도로 기말고사를 지필고사로 시행 한 후 얻는 학생의 성적은 강의실 강의

보다 대부분의 학생이 높은 성적을 얻었습니다. 강의평가도 강의실 강의보다 동영상강의가 반복학습과 다양

한 자료제시 등 여러 가지로 좋다고 하여 예년 해부학 강의평가에 비해 많이 상승되어 의과대학 강의중에서

는 매우 높은 수준의 평가결과를 얻었습니다. 이와 같은 해부학 강의동영상을 통한 비대면 강의와 평가 경험

은 COVID-19 사태가 끝난 이후에도 해부학교육이 이론 강의에서는 동영상을 활용한 비대면 강의와 강의실

에서 이루어지는 대면 강의가 함께 하이브리드 형태로 진행될 것을 예측할 수 있게 합니다. 대면 강의는 학생

의 학업성취도를 점검하고, 비대면 강의에서 부족한 점을 보완하는 소통의 자리가 될 것으로 예측하며, 이와 

같은 미래의 교육환경 변화에 맞춘 준비가 필요할 것으로 생각합니다.

Keywords: 동영상강의, 비대면강의, 아이패드, PDF노트, 모바비 비디오 에디터
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COVID-19에 따른 의과대학의 해부학 교육 현황

Jae-Ho Lee

Department of Anatomy, Keimyung University College of Medicine

코로나19로 인하여 대부분의 학교와 대학의 개학이 연기되면서 의과대학의 교육과정에도 많은 변화를 가

지고 왔다. 대부분의 의대 강의를 온라인으로 진행하고, 학생실습 또한 온라인으로 대체하거나 방학이나 2학

기로 연기하였다. 이러한 상황을 잘 대처해나가기 위해 2019학년도 1학기의 각 대학의 해부학강의 및 실습 

현황을 파악해보고자 한다. 대한해부학회 (구)홈페이지에 각 대학의 교육현황에 대해 논의하는 게시판 

COVID-19 토론방을 개설하여 각 대학의 현황에 대해 작성하도록 하였고, 총 17개 대학이 참여하였다. 모든 

대학에서 해부학강의는 비대면으로 온라인으로 이루어졌으며, 무조건 실시간 강의를 하는 한 개의 대학 외에

는 ‘녹화 후 업로드’ 혹은 ‘실시간’ 온라인 강의를 선택적으로 진행하였다. 교육과정의 형태가 다양하기 때

문에 의학과1학년 혹은 의예과2학년에게 해부학을 기초통합 혹은 기초임상통합 과목의 형태로 진행하였으

며, 이에 따른 차이는 없었다. 해부학실습을 이론강의에 맞추기 어려워 일단 해부학 강의를 먼저 한 후 실습

을 6월 혹은 방학으로 연기하여 진행하였다. 체온측정 등 방역을 철저히 하였고, 분반을 하는 대학도 있었는 

결과, 모든 대학에서 안전하게 실습을 진행하여 마무리하였다. 코로나19의 상황이 심각했던 대구권의 의과대

학은 모두 2학기로 실습을 미루고 주로 e-anatomy를 이용하여 실습강의만 진행하였다. 조직학실습은 거의 

모든 대학에서 e-histology 혹은 각 대학의 보유자료를 이용하여 비대면으로 온라인 진행을 하였다. 해부학

온라인 강의에 대해 학생들의 반응 및 만족도는 학교마다 다양했는데, 이는 온라인강의에 익숙치 않은 교수

자에 따른 차이에 따른 것으로 생각된다. 성적은 대부분 상승한 것으로 나타났는데, 이는 학습자가 선택적으

로 반복학습을 할 수 있는 사이버강의의 장점에 따른 것으로 생각된다. 아직까지 의과대학 강의와 실습에 온

라인강의법은 교수와 학생 모두 익숙하지 않은 교육법이다. 하지만 COVID-19를 극복해나가며 온라인강의

법의 장단점을 잘 파악한다면, 향후 해부학 교육에 도움이 되는 효과적인 교육법을 개발할 수 있을 것이다. 

Keywords: 해부학교육, 의학교육, COVID-19
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코로나 19 상황에서 대형강의 진행과 고찰

Yonghyun Jun, Yoonyoung Chung

Department of Anatomy, School of Medicine, Chosun University, Gwang-ju

신종 코로나바이러스 감염증(코로나19) 여파로 많은 대학들이 1학기 전체 수업을 온라인 수업으로 전환

한 가운데 실험, 실기 과목을 중심으로 대면수업을 시행하였다. 우리 대학 해부학 수업 수강생 인원은 총 144

명으로 대형강의에 속하며, 코로나 19의 큰 위험 요인이 될 수 있는 환경이다. 이에 따라 각별한 주의가 요구

되는 가운데, 실제 진행되었던 수업 진행 방법과 이에 대한 학생들의 피드백(온라인 설문조사 총 25문항, 

144명 참여)에 대해 소개하고자 한다. 먼저 이론 수업 진행을 살펴보면 오프라인 기준 2시간 수업을 1회로 

봤을 때 총 41회 수업을 온라인으로 진행하였으며 총 학습시간은 약 42시간였다. 학생들은 본 학습 시간외 

하루 평균 4시간 이상의 시간을 투자 (47%)하였으며, 본 수업을 통해 전체 학생 중 80% 이상이 학습 역량이 

향상되었다고 생각하였다. 해부 실습은 온라인 이론 수업 종료 후 진행하였으며 주 평균 4회(1회 4시간) 4주

간 진행하였다 (조직학, 신경해부 실습, 각 과목 평가 포함 시 총 5주). 해부 실습은 총 12조, 각 조 6명 학생

이 해부 실습실에서 실습하였으며 교대실습으로 진행하였다. 실습실 실습이 아닌 학생들은 칸막이가 설치된 

컴퓨터 실습실에서 멀티미디어 학습을 진행하였다. 코로나 이후 실습 진행 방법을 묻는 질문에 대해95% 학

생들이 전체 학생 참여 방식대신 이번 방법을 선택하겠다고 답하였다. 평가는 대면평가로 실습 주 5주간 총 3

회 시행하였으며 1개 강의실 36명, 총 4개 강의실에서 이론 시험을 보았고 각 강의실 인원 그대로 실습실 입

실 후 동선이 겹치지 않게 퇴장하는 방식으로 실습 시험을 진행하였다. 성적은 이전 년도와 비교해본 결과 상

승한 경향을 보였으나 주관식 난이도를 객관화 할 수 없다는 한계점이 존재하였다. 85% 이상 학생들이 5주

간 시행한 실기 및 평가에 대해 코로나 예방수칙을 잘 지키며 진행되었다 생각하였으며, 5주간 발열 및 의심 

증상 학생이 한명도 나오지 않았다. 코로나 사태가 정리된 후 수업 방식에 대해 과반수 이상이 대면 수업 위

주의 수업을 선호하였다. 코로나 상황이 장기화 될 수 있다는 가능성이 있는 지금, 다양한 방식의 수업 운영

을 고려해봐야 할 것이다. 

Keywords: 교대실습, 대형강의, 온라인강의, 코로나, 해부학교육, 해부실습
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GT1b functions as a novel endogenous agonist of toll-like 
receptor 2 inducing neuropathic pain

Sung-Joong Lee

Department of Physiology and Neuroscience, Dental Research Institute, Seoul National University 

School of Dentistry, Seoul, Republic of Korea

There is now considerable evidence for a significant contribution of spinal cord microglia activation 

to nerve injury-induced neuropathic pain. Previously we demonstrated that toll-like receptor 2 

(TLR2) signaling is critical to nerve injury-induced spinal cord microglia activation, but as yet the 

endogenous TLR2 agonist has not been identified. Here we demonstrate that nerve injury-induced 

upregulation of St3gal2 in sensory neurons leads to an increase in GT1b ganglioside, sialyated 

glycosphingolipid, expression. The GT1b, in turn, is axonally transported to the spinal cord dorsal horn 

and contributes to the mechanical and thermal hypersensitivity, characteristics of neuropathic pain. As 

a mechanism, GT1b in the spinal cord functions as an TLR2 endogenous agonist and induces 

proinflammatory microglia activation and central sensitization. Importantly, pharmacological inhibition 

of GT1b attenuated nerve injury-induced spinal cord microglia activation and pain hypersensitivity. 

Thus, the St3gal2-GT1b-TLR2 axis introduces a novel therapeutic target for the treatment of 

neuropathic pain.

Keywords: Ganglioside, Microglia, Neuropathic pain, St3gal2, toll-like receptor 2 

이성중 | 서울대학교 치의학대학원 신경면역학교실  ·  sjlee87@snu.ac.kr
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Autoantibody against glial proteins in humans: implication 
in autoimmune inflammatory disease of the central nervous system

Sung Min Kim

Department of Neurology, Seoul National University Hospital, Seoul, Korea

Despite the crucial role of neurons in the CNS, about 90% of cells in the CNS are glia that can be 

further classified into astrocyte, microglia, oligodendrocyte, and etc. Glia was classically believed to 

have only a passive role that merely support neurons, therefore the name glia meaning 'glue'. 

Nevertheless, it is now becoming evident that these glia play an active roles in the pathogenesis of 

diverse autoimmune inflammatory disease of the central nervous systems. Recently, with a 

development of live cell antibody assay method, human autoantibody against aquaporin4 (AQP4-Ab) in 

astrocyte and myelin oligodendrocyte glycoprotein (MOG-Ab) have been proven to be a 

disease-specific and/or pathogenic autoantibody in patients with neuromyelitis optica (NMOSD) and 

MOG-Ab associated disorder (MOGAD), respectively. The prevalence and incidence of these anti-glial 

antibody associated disease are also rapidly rising in Korea. 

Keywords: Central nervous system, Autoimmune, Multiple sclerosis, Neuromyelitis optica, Myelin 

oligodendrocyte glycoprotein antibody, Aquaporin4 antibody

김성민 | 서울대학교병원 신경과
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STAT3-Mediated Microglial Activation Exacerbates Huntington’s 
Disease By Blocking The Shift From M1 To M2 Microglia

Minhee Jang1, Jong Hee Choi1, Seung Jae Hyeon2, Seung Eun Lee3, Jiwoo Choi4, 

Jihwan Song4, Hoon Ryu2, Sang Kyu Ye5, Ik-Hyun Cho1,*

1Department of Convergence Medical Science and Brain Korea 21 Plus Program, College of Korean 

Medicine, Kyung Hee University, Seoul, Korea, 2Center for Neuroscience and 3Research Animal 

Resource Center, Brain Science Institute, Korea Institute of Science and Technology, Seoul, Korea, 
4CHA Stem Cell Institute, Department of Biomedical Science, CHA University, Seongnam-si, 

Gyeonggi-do, Korea, 5Department of Pharmacology and Biomedical Sciences, College of Medicine, 

Seoul National University, Seoul, Korea

Signal transducer and activator of transcription 3 (STAT3) plays critical roles in microglial 

activation. However, the role of microglia-specific activation of STAT3 in Huntington’s disease (HD) 

is unclear. We examined its role using microglia-specific Stat3 gene conditional knockout (LysM- 

Cre/Stat3F/F; KO) or wild-type (Stat3F/F; WT) mice. KO mice displayed alleviated behavioral impairments 

and striatal degeneration/inflammation during 3-nitropropionic acid (3-NPA)-intoxication. KO mice 

enhanced the shift from M1 to M2 microglia in the striatum during 3-NPA-intoxication, corresponding 

to expression of products/markers of M1 and M2 microglia. Conditioned medium of lipopolysaccharide- 

treated primary cultured microglia derived from KO mice enhanced the viability of primary cultured 

striatal neurons. Cultured medium obtained from STAT3 inhibitor-treated BV2 cells (CM-STAT3i) 

reduced toxicity to STHdhQ111/Q111
 and STHdhQ7/Q7

 cells. KO mice displayed reduced movement 

dysfunction, in correspondence to decreases of EM48 expression, neurodegeneration, and microglial 

activation in striatum of adeno associated viral vector (AAV)-DJ-82Q model of HD compared to WT 

mice. Interestingly, microglial phospho-STAT3 expression increased in striatum of YAC128 and 

N171-82Q transgenic mice and post-mortem brain tissues of HD patients. We findings suggest that 

STAT3-dependant microglial activation may exacerbate HD by blocking the shift from M1 to M2 

microglia. Therefore, microglia-specific STAT3 inhibitors might have potential as therapeutics for HD.

Keywords: Microglia, STAT3, Huntington’s Disease, M1 and M2 Polarization, AAV-DJ/82Q Vector

조익현 | 경희대학교 한의과대학  ·  ihcho@khu.ac.kr 
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Nanotechnological strategies targeting glial cells

Dong Woon Kim

Department of Anatomy and Cell Biology, Brain Research Institute, Chungnam National University, 

Daejeon 35015, Korea

Nearly half of the brain is composed of glial cells, including oligodendrocytes, astrocytes, and 

microglia, and each likely contribute to the etiology and progression of neurological disease. In the past 

several years there have been an increasing number of high-profile, high-impact stories highlighting 

the role of glial cells as the mediators of degeneration, inflammation and repair. In here, we aim to 

briefly cover the pathological roles of microglia and astrocyte in CNS disorders (stroke, neuropathic 

pain) and to highlight the recent advances in nanomedicines that can target specific disease-associated 

cells. Furthermore, we introduce some strategies employed in nanomedicine to achieve glial cells 

targeting or to enhance the drug neuroprotective effects in the CNS. 

Keywords: Nanomedicine, Nanoparticle, Microglia, Astrocyte, Stroke, Neuropathic Pain 

김동운 | 충남대학교 의과대학 해부학교실  ·  visnu528@cnu.ac.kr 
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한국 체질인류학에서 보는 일본 야요이 시대의 의미

신동훈

서울의대 해부학교실, 법의학연구소

일의대수라는 말이 상징하듯 한국과 일본은 장구한 시간동안 많은 영향을 서로 주고 받으며 성장-발전하

였다. 특히 도작농경과 금속기 등으로 상징되는 고도의 야요이 문화가 일본 역사에 성립되는 과정에서 한반

도로 대표되는 대륙으로부터의 영향에 대해서는 일본 인류학자들에 의해 많은 연구가 있었다. 이러한 보고는 

초창기에는 조몽인과 야요이인의 인골 형태에 대한 검토에서 시작되었지만 최근에는 유전학적 연구까지 다

루어 지고 있으며 고고학, 역사학 등 인접학문 분야와의 교류를 통해 그 역사적 실상이 한층 정치함을 더해가

고 있는 실정이다. 이러한 일본측의 성과에 비해 조몽-야요이시기의 변화의 한 축을 이루고 있는 한국측의 

이에 대한 관심은 매우 미흡하다. 우리는 상고시기 한반도와 일본 열도의 밀접한 문화적 혈연적 관계에 대해

서는 어느 정도 인지하고 있지만 이 문제에 대한 일본 학계의 연구성과는 어떠한 것인지 대륙과 일본 열도의 

다방면에 걸친 교류가 실제로 어떻게 일어난 것인지 인류학적 검토는 현재까지도 거의 이루어지지 않았다. 

향후 우리 학계는 조몽-야요이 교체기에 대한 일본 학계의 성과에 보다 관심을 가지고 이를 한일 관계사의 

측면에서 검토하여 관련 사실을 보다 충실히 하는데 노력을 경주하여야 할 것이라고 본다. 

Keywords: 조몽인, 야요이인, 야요이문화, 체질인류학, 한일관계

신동훈 | 서울대학교 의과대학
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How our ancestors were formed: From the morphology of the ancient 
human skeletal remains of Japan and Korea during Yayoi period

Hisashi Fujita

Department of Biological Sciences, Graduate School of Sciences, the University of Tokyo

Regarding the formation of the Japanese, the double structure theory by Hanihara is still accepted. 

The most abundant human skeletons excavated in South Korea are Nukdo shell midden skeletons (BP. 

2,100 yrs.), Yearn-ri skeletons (AD. 4-7C) and Yendaido skeletons, which is thought to be BP.6000 

yrs. The presenter compared the morphology of these human skeletal remains with some Japanese 

human skeletal remains, such as Jomon human skeletal remains, also Japanese Yayoi human skeletal 

remains of Kanenokuma human remains of Fukuoka prefecture and Doigahama human skeletal remains 

of Yamaguchi Prefecture. Kanenokuma and Doigahama skeletal series are thought to be migrated from 

Korean peninsula during yayoi period. The morphology of Jomon human skeletal remains in Japan is 

clearly different from those of the Kanenokuma and Doigahama human skeletal remains of later times. 

Furthermore, the morphologically similar characteristics of the Nukdo human skeletal remains, which 

is equivalent to that of the middle Yayoi period in Japan, has more remarkable “migration features” 

than those of the Kanenokuma and Doigahama human skeletons. This presentation will show the traits 

of human bones of each period. And will use deviation polygonal lines and multivariate analysis to 

clarify the interaction between the humans in ancient times of Korea and Japan.

Keywords: skeletons, Yayoi, Nukdo, Korea-Japan

Hisashi Fujita | Department of Biological Sciences, Graduate School of Sciences, the University of Tokyo
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야요이시대의 도래인 Toraijin of Yayoi period in Japan

Yangsu Yi

Curatorial Affairs Division, Jinju national Museum, Geongsangnamdo, Korea 

‘渡來人’이란 용어는 <古事記>에 나오는 것으로 대륙에서 일본으로 건너온 사람들을 지칭한다. <日本書
紀>에는 ‘歸化人’이라는 용어가 나오는데, 당시 귀화를 목적으로 하지 않은 사람들이 많고, 국가 형성 이전

에 귀화라는 것이 해당하지 않으며, 귀화라는 단어자체가 중국의 中華思想에 영향을 받아 만들어진 일본의 

왕화사상에 기반한 것이라는 비판이 있어 현재는 도래인이라는 용어가 일본학계에는 정착되어 있다. 일반적

으로 도래인은 일본의 고훈시대~나라시대, 즉 한반도의 삼국시대에 해당하는 시기에 선진문물을 일본으로 

전달한 사람들을 뜻하였는데, 이러한 개념이 넓게 적용되면서 弥生時代에 농경을 전달한 사람들도 도래인으

로 불리게 되었다. 잘 알려진 바와 같이 야요이시대의 정의에 대해서는 경제적 측면을 중시하는 입장과 사회

적 측면을 중시하는 입장 두 가지로 나누어지고 있다. 경제적 측면에서 보는 입장은 벼농사와 같은 현상이 집

중하는 것이며, 사회적 측면에서는 수전농경으로 시작된 농경문화복합과 같은 내재적 의미에 집중하는 것이

다. 어느 쪽이든 벼농사는 야요이시대를 알리는 중요한 문화요소이고 정의에서는 빠질 수 없는 것이다. 이런 

벼농사가 일본으로 전해지는 과정에서 도래인은 주요한 역할을 담당하였을 것이다. 거기에 덧붙여 수렵채집

을 중심으로 살아가던 죠몽인과 농경민인 야요이인의 인골에서 형질에 차이가 있다는 것을 일찍부터 인지하

였다. 결국 도래인이 유입되면서 원래 거주자였던 죠몽인과 섞여 새로운 형질의 야요이인이 탄생한 것이다. 

하지만 그 진행과정에 대해서는 많은 이견이 있다. 최근의 연구성과를 기준으로 살펴보면 야요이인은 크게 3

개의 유형으로 나뉘어진다. 첫 번째는 안면의 高徑이 높고(高顔), 키가 큰 사람-야마구치현 도이가하마 유

적, 두 번째는 鼻根部에서 죠몽적 특징(低顔, 廣顔)이 확인, 키가 작은 사람-사가현 오오토모 유적, 세 번째

는 뚜렷한 저안, 광안의 안면형태에 세 유형 중 가장 키가 작은 사람-가고시마현 히로다 유적으로 나눌 수 있

다. 규슈 남부의 히로다 유적에서 보이는 바와 같이 북부규슈를 제외한 다른 지역에서는 죠몽적인 전통이 강

한 이들이 살아갔음은 분명한 것이며, 혼슈의 서쪽 끝의 도이가하마 유적으로 대표되는 이들은 주로 북부규

슈에서 확인되는 인골의 형질을 가지고 있는데, 한반도와 관련된 유물과 유구가 다수 확인되지만, 안타깝게

도 야요이시대 조기~전기 중엽까지는 인골이 확인된 예가 드물다. 오오토모 유적으로 대표되는 서북규슈의 

인골은 조기~전기에 것도 확인되는데, 특히 오오토모 유적은 한반도에서 넘어간 지석묘라는 새로운 무덤의 

외형을 채용하면서 내부에는 죠몽적인 甕棺이나 土壙 등 재지적인 埋葬部를 가지고 있다. 거기에서 나오는 

인골도 도래계가 아닌 죠몽적인 특징이 강하다. 그렇기 때문에 도래인이 정착한 지역은 북부규슈이며, 서북

규슈에서는 도래인의 문화와 교류를 하였지만 이주를 한 것은 아니라는 의견이 지배적이다. 또한 사람의 외

형이 바뀔 정도의 형질변화가 있을 수 있었던 까닭에 대해서 죠몽시대 말기에 인구가 감소하면서, 소수의 도

래인 만으로도 형질이 바뀔 정도로 북부규슈에 사람이 적었을 것으로 추정하고 있다. 또한 도래인이 전래한 

새로운 벼농사로 농업생산력이 증가하였고, 많은 인구를 먹여 살릴 수 있는 기반이 되었다. 이 때문에 급격한 

인구 증가가 이루어져 도래계 야요이인은 벼와 함께 동쪽으로 급속히 전파되었던 것으로 생각된다. 

Keywords: 야요이 Yayoi, 도래인 Toraijin, 죠몽인 Jomon, 한반도 Korean peninsula, 벼농사 Wet-rice 

cultivation, 인골 Human bones

이양수 | 국립진주박물관 학예연구실  ·  yiyangsu@korea.kr
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일본에서 조몽-야요이인에 대한 유전학적 분석 현황
Current trends in genetic analyses of Jomon and Yayoi peoples 

Jong Ha Hong

Institute of Korean Archaeology and Ancient History, Kyung Hee University, Seoul, Korea

The Neolithic Age in Japan is referred as the Jomon period (縄文時代) as the Bronze Age is called 

the Yayoi period (弥生時代). The Yayoi period culture (Yayoi culture) features the metalware and rice 

cultivation. It has shown a very different lifestyle from the Jomon period, with social classes divided 

and small countries established in different parts of the country. This has drawn steady interests in the 

people who led this great change. The cranial shape of the Yayoi people mainly represented by the 

Doigahama archaeological site discoveries is quite different from the Jomon period cranials, and 

anthropological and archaeological studies have also proved that the lineages of the Jomon and Yayoi 

people were different. So far, studies have found that Japan's Yayoi period was started by people 

traversed from the continent (mainly Korean peninsula). The people have been deemed to contribute 

genealogically to the formation of the Yayoi people. But in detail, this theory is constantly being revised 

through the latest genetic research. In this study, we review the most recent genetic researches along 

with the existing archaeological and anthropological findings to figure out the genealogical contribution 

of the ancient Korean people to the formation of the Yayoi people, while looking at differences between 

the Yayoi and Jomon people prior to the arrival from the Korean Peninsula. This research was 

supported by Basic Science Research Program through the National Research Foundation of Korea by 

the Ministry of Education(2020R1I1A1A01073501).

Keywords: Jomon period, Yayoi period, genetic analyses, review

Jong Ha Hong | Institute of Korean Archaeology and Ancient History, Kyung Hee University, Seoul, South 
Korea  ·  archaev@gmail.com 
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고인골로 본 야요이인

이혜진

국방부 유해발굴감식단, 서울의대 법의학연구소

한국과 일본은 인접 국가로서 과거로부터 많은 영향을 주고받았다. 우리나라의 경우 고고학적 조사에서 

유적이나 유물 등에 비해 고인골 자체에 관한 연구는 많이 부족한 편이지만 일본은 후자에 대한 연구가 상당

히 많이 진행되었다. 특히 조몽시대와 야요이시대에 출토된 고인골에 관한 연구가 많아 일본인의 기원을 밝

히는데 중요한 자료가 되었다. 이는 한일관계사의 규명에도 의미가 있지만 우리 학계에는 이 부분에 대해 잘 

알려지지 않은 부분이 있다. 따라서 이 보고에서는 지금까지 일본 학계에서 보고한 조몽시대와 야요이시대 

인골에 관한 연구 성과를 정리하고 이를 한국사의 입장에서 살펴보고자 한다. 인골의 두개골 형태를 기준으

로 연대기적 변천을 확인하면 조몽인과 야요이인 사이에 큰 형태적 변화가 관찰되었다. 조몽인은 전체적으로 

얼굴길이가 짧고 코굼이 깊으며 치아의 크기가 작았다. 반면 야요이인은 얼굴길이가 훨씬 길고 코굼의 형태

가 매우 얕으며 조몽인에 비해 치아가 매우 컸다. 두개골 형태뿐 아니라 야요이인이 조몽인에 비해 평균 신장

에서 약 5cm이상 크게 추정되었지만 후자의 골격이 전자에 비해 훨씬 강건한 특징이 관찰되었다. 이와 같은 

골격형태의 차이가 발생한 원인을 일본 고고/인류학계는 도래인, 다시 말해 한반도 대륙으로부터 건너온 이

주민에 의한 영향으로 판단하고 있다. 키가 크고 얼굴이 긴 특징을 가진 도래인들이 조몽시대 말엽 야마구치 

및 기타큐슈 현 등에 유입되어 원주민(조몽인)과의 혼혈을 통해서 번성하여 일본인의 형성에 큰 영향을 주었

다고 본다. 특히 한반도 남부지역과 마주하고 있는 야마구치 현에 위치한 도이가하마 유적에서 다수의 고인

골이 출토되었는데 이들이 도래인과의 혼혈 특징을 나타내는 가장 대표적인 집단으로 알려졌다. 조몽인과 야

요이인에 대한 연구는 일본인류학계에서 현재도 활발히 진행되고 있는 상황이므로 한일관계사의 보다 포괄

적 이해를 위해 우리 학계의 많은 관심이 필요하다. 

Keywords: 조몽시대, 야요이시대, 고인골, 체질인류학

이혜진 | 국방부 유해발굴감식단, 서울의대 법의학연구소



Luncheon Seminar

2020. 10. 15 (목) (12:10-13:00)

좌장: 김희진
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Getting more clear 3D result from tissue cleared sample: 
Advance selective plane illumination microscopy

Yong Jae Kim

Department of Research Microscopy Solution, ZEISS Korea, Korea

Investigating whole tissues by classical histological techniques has obvious limitation for understanding 

biological mechanisms in health and disease without bias. Newly developed tissue-clearing techniques 

now allow 3D imaging of intact tissues and even some entire organisms or whole bodies, and efficient 

fluorescent labelling and fast volumetric imaging have been done by lightsheet microscopy(or SPIM : 

selective plane illumination microscopy). Current challenge in lightsheet microscopy is imaging 

flexibility for different refractive index modality of various tissue clearing techniques. New Lightsheet 

7 from Carl Zeiss, is designed to match all of these different conditions. Researcher can now image 

specimens at up to 2 cm in size at any refractive index between 1.33 and 1.58, and in almost all 

clearing solutions. Just one stable turnkey system lets researcher acquire overview images and data 

with subcellular resolution with fast speed. Whether optically cleared organoids, spheroids, organs, 

brains or other specimens, Lightsheet 7 will provide best image quality and stability to investigate real 

life.

Keywords: Tissue clearing techniques, SPIM, Lightsheet microscopy, LSFM, Refractive index, 3D 

volumetric imaging

김용재 | 자이스 코리아 현미경솔루션 사업부  ·  yongjae.kim@zeiss.com



Speaking Session

2020. 10. 15 (목) (15:30-16:00)

좌장: 김홍태
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How 3D technology is advancing anatomy learning, on-campus and off

Gavin Barrett

Elsevier Commercial Director

Today’s challenges in anatomy education

Newly emerging trends

Benefits of 3D tools for students

How anatomy faculty use a distributed 3D platform for remote learning

Keywords: Anatomy education, 3D Anatomy, Remote learning 



토론회
시체 해부 및 보존 등에 관한 법률 개정 관련

2020. 10. 16 (금) (14:45-15:10)

좌장: 허영범
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토론회

시체 해부 및 보존 등에 관한 법률 개정에 따른 해부학 교육과 연구 환경의 변화

김인범

가톨릭대학교 의과대학 해부학교실

현행법령인 '시체 해부 및 보존에 관한 법률'이 지난 2020년 4월 7일에 '시체 배부 및 보존 등에 관한 법률

(이하: 시체해부법)'로 개정되어 2021년 4월 8일부터 시행이 예고되었다. 이 법은 1962년 '시체해부보존법'

이 제정된 이후 수 차례의 제·개정을 거쳐 오늘에 이르렀다. 이 법은 제정 당시 그 목적을 "국민보건의 향상

과 의학의 교육과 사인의 조사 또는 병리학적, 해부학적 연구와 환자의 치료를 위한 부분 분리등의 연구에 기

여하기 위하여"로 명시하였고, 이후 우리나라 의과대학 해부학 교육에 있어 시체 해부실습과 육안해부학 연

구의 근거가 되었다. 최근 의학과 생명과학의 눈부신 발전과 함께 인체 조직을 대상으로 한 연구의 필요성이 

대두되었고, 특히 2017년부터 시행된 “뇌연구 촉진법”에 따라 뇌은행이 설립되고 뇌조직을 이용한 연구를 

필요로 하는 많은 연구자들의 요청에 따라 최근의 시체해부법 개정에 이르렀다. 바뀐 시체해부법은 총칙인 

‘제1장 제1조(목적)’에 이전 법률의 목적에 “의생명과학의 연구”를 추가하고 이의 연구를 위해 신설된 ‘제3

장 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 연구계

획서를 작성하여 「생명윤리 및 안전에 관한 법률」 제10조에 따른 기관생명윤리위원회(이하 "기관위원회"라 

한다)의 심의를 받아야 한다.”와 같은 내용이 신설되는 등 상당한 법률이 개정되었고, 현재 이의 시행을 위한 

시행령 마련 작업이 진행중이다. 본 토론회는 이와 같은 개정 법안의 배경과 주요 제·개정안 소개, 그리고 이

에 따른 해부학 교육과 연구에 초래될 수 있는 잠재적인 문제점을 함께 논의하고자 제안되었고, 이를 통해 우

리 해부학회의 발전적인 의견을 시행령에 반영하고자 마련되었다.

Keywords: 시체해부법, 해부학 교육, 육안해부학 연구, 인체 조직, 기관생명윤리위원회

김인범 | 가톨릭대학교 의과대학  ·  ibkimmd@catholic.ac.kr 



Oral Presentation

O1-6 Oral Presentation I (현장발표)

2020년 10월 15일 09:20-10:50

좌장: 정채용, 허대영

O7-16 Oral Presentation II (온라인발표)

2020년 10월 14일 15:30-17:00

2020년 10월 15일 09:20-10:50

좌장: 김명주, 박정현, 유홍일, 황승준

O17-24 Oral Presentation III (온라인발표)

2020년 10월 15일 14:00-17:30

좌장: 주경민, 전용현, 한승연
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전자기방사선 시험을 위한 머리의 부피3차원영상

Jin Seo Park
Department of Anatomy, Dongguk University School of Medicine

전자기방사선(electromagnetic radiation) 노출시험에서 정확

한 결과값을 얻기 위해서 사람의 부피3차원영상이 이용되고 있다. 

이러한 전자기물리학 연구에 쓰이는 부피3차원영상이 국내외에

서 많이 만들어지고 있는데, 머리의 구조물을 낱낱이 볼 수 있는 

부피3차원영상은 없었다. 특히 작고 얇은 구조물을 부피3차원영

상으로 만드는 것은 매우 어려웠다. 이 연구에서는 머리의 큰 구조

물부터 작고 얇은 구조물(주로 뇌신경)까지 볼 수 있는 부피3차원

영상을 만드는 방법을 알리고 결과를 퍼뜨리기로 하였다. Visible 

Korean의 머리 실제빛깔 절단면영상에서 보이는 구조물 300개

를 구역화하였다. Mimics 소프트웨어에서 300개 구조물을 표면3

차원영상을 만들었다. Vstudio 소프트웨어에서 표면3차원영상

을 부피3차원영상으로 변환하였다. 구조물 중에서 얇은 줄기, 얇

게 포개진 겹(layer), 구조물의 일부가 얇은 것은 부피3차원영상

으로 만들었을 때 비정상의 생김새로 만들어졌다. Maya 소프트웨

어에서 이것들의 표면3차원영상을 정상 생김새로 만든 다음에 부

피3차원영상으로 다시 변환하였다. 부피3차원영상의 각 구조물 

화적소(voxel) 수에 Gabrial list의 조직밀도를 곱해서 구조물 무

게를 구했다. 머리의 300개 구조물의 표면3차원영상과 부피3차

원영상을 각각 PDF 파일과 TXT 파일로 만들었다. PDF 파일로는 

각 구조물의 해부학적 지식을 얻을 수 있었고, TXT 파일로는 각 

구조물의 전자기방사선 노출시험에 쓸 수 있었다. 더불어 TXT 

파일의 각 구조물의 화적소(voxel) 수에 따른 무게를 알 수 있었다. 

부피3차원영상의 생김새를 사용자가 원하는대로 바꾸는 것은 매

우 어려웠다. 따라서 과거의 부피3차원영상에서는 제작과정에서 

생김새의 이상을 발견해도 고치지 않고 그대로 사용한 것이 많았

다. 이것을 해결하기 위해서 이 연구에서는 생김새의 수정이 쉬운 

표면3차원영상으로 최대한 해부학적으로 정상 생김새로 만든 다

음에 부피3차원영상으로 변환하는 방법을 개발하였다. 이 연구에

서는 이러한 방법으로 매우 낱낱한 구조물(300개)의 부피3차원

영상을 만들었기 때문에 이 부피3차원영상을 어떠한 가상 시험에 

쓰더라도 정확한 결과값을 얻을 수 있을 것이다. 

Keywords: Electromagnetic fields, Human organs, Medical 

imaging, Phantom

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

O-2

한국인 시신에서 앞목말종아리인대 부착부위의 
형태학적 특성 연구

Hyungwook Kwon1, Junghyun Park1, Jaeho Cho2, Digud Kim1
, 

Kwangrak Park1, Mijung Lee1, Yujin Choi1
1Department of Anatomy & Cell Biology, Graduate School of 
Medicine, Kangwon National University, 2Department of Orthopedic 
Surgery, Chuncheon Sacred Heart Hospital, Hallym University of Medicine

발목관절에서 앞목말종아리인대는 발목의 발바닥굽힘과 안쪽번

짐을 제한하는 역할을 한다. 발목에서 일어나는 가장 흔한 손상인 

발목 삠에서 앞목말종아리인대는 가장 빈번하게 손상을 입게 되

며, 수술적 처치에 있어 이 인대의 형태학적 특성은 매우 중요하다. 

따라서, 본 연구에서는 한국인 시신을 대상으로 발목의 가쪽곁인

대 중 하나인 앞목말종아리인대의 부착부위의 형태학적 특성을 

분석하여, 임상에서 적용할 수 있는 해부학적 기초자료를 제공하

고자 하였다. 본 연구를 위하여 포르말린으로 고정된 한국인 시신 

59구(남자 시신 36구, 여자 시신 23구)를 사용하여 105쪽의 발을 

해부하였다. 남자가 65쪽, 여자가 40쪽이었으며, 사망 시 평균나

이 76.4세였다. 시신의 발목은 중립자세로 위치시킨 후, 앞목말종

아리인대의 뼈부착부위를 확인하였고, 유형을 분류하였다. 또한, 

앞목말종아리인대의 길이와 너비를 측정하였고, 앞목말종아리

인대와 발꿈치종아리인대의 병합유무와 두 인대가 이루는 각도를 

측정하였다. 연구 결과, 앞목말종아리인대의 부착부위 중, 종아리

뼈부착부위는 종아리뼈의 앞쪽거친면에서 평균 20.9 ± 2.6 mm, 

종아리뼈의 끝에서 평균 16.0 ± 3.2 mm 떨어진 곳이었으며, 목말

뼈부착부위는 목말뼈몸통의 윗면에서 평균 15.2 ± 3.0 mm, 목말

뼈몸통의 아래모서리에서 평균 15.8 ± 2.6 mm 떨어진 곳이었다. 

앞목말종아리인대의 유형은 제1유형이 40%, 제2유형이 60%를 

차지하였다. 앞목말종아리인대의 너비는 몸쪽부착부위가 13.9 

± 3.2 mm, 인대의 정중간부위가 13.2 ± 3.3 mm, 먼쪽부착부위가 

13.1 ± 3.2 mm였고, 길이는 20.6 ± 2.3 mm였다. 모든 표본에서 

앞목말종아리인대와 발꿈치종아리인대의 병합은 확인되었으며, 

앞목말종아리인대와 발꿈치종아리인대가 이루는 각도는 평균 

113 ± 16 °였다. 결론적으로, 본 연구는 한국인의 발목관절에서 

앞목말종아리인대의 체질인류학적 특성을 규명하였고, 향후 발

목질환의 진단, 치료, 예방에 필요한 기초자료가 될 것으로 사료된다.

Keywords: 한국인, 시신, 발목, 앞목말종아리인대, 부착부위

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

O-3

3D 스캐너 없이 3D 모델을 만드는 방법: 시신을 
대상으로 한 포토그래메트리

Kang-Woo Lee1, Ji‐Hyun Lee1, Hyo-Sang Ahn1, Alonso 
Hormazabal-Peralta1, Kyung-Seok Hu1, Hee‐Jin Kim1,2

1Division in Anatomy and Developmental Biology, Department of 
Oral Biology, Human Identification Research Center, BK21 PLUS 
Project, Yonsei University College of Dentistry, Seoul, Korea, 
2Department of Materials Science & Engineering, College of 
Engineering, Yonsei University, Seoul, Korea

3차원 스캐너는 현재 의학 및 산업 분야에서 다양하게 쓰이고 있다. 

하지만 가격과 성능을 이유로 육안해부학 연구에서 3차원 스캐너

가 잘 쓰이진 않고 있다. 사진측량(photogrammetry)은 별로의 

장비 없이 여러 장의 사진을 이용해 고화질의 3차원 모델을 만드는 

방법이다. 이번 연구에서는 사진측량을 이용해 시신을 3차원 모델

로 만들고, 이를 계측하여 검증하고자 했다. 사진측량 프로그램은 

Autodesk사의 Recap photo를 사용했다. 대중적인 두 가지 스마
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트폰(Galaxy S8, iPhone X)을 이용해 시신 주변을 원형태로 이동

하며 촬영 후, 재구성된 두 가지 3차원 모델을 서로 비교하였다. 

더불어 시신의 표지점들의 거리를 비교하여 실제 측정한 값들과 

비교했다. 사진측량으로 만들어진 3차원 시신 모델은 다른 기종의 

촬영 및 실제 측정값에 대해 허용될 만한 일치도(차이 5 mm 이하)

를 보였다. 조명, 장비, 방식을 잘 조정한다면, 사진측량 방법은 시

신 연구에 있어 충분히 사용 가능하며, 생동감 있는 교육 자료를 

만드는데 도움이 될 것으로 보인다.

Keywords: 사진측량(Photogrammetry), 시신, 해부학, 계측, 3

차원 스캐너, 3차원 모델, 움직임기반구조(Structure from Motion)
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Longitudinal Muscle Fibers in the Pyloric 
Sphincter and their Possible Function Based on 
Mathematical Simulation

Mi-Sun Hur1, Seunggyu Lee2, Chang‐Seok Oh3

1Department of Anatomy, Catholic Kwandong University College 
of Medicine, 2Department of Mathematics and Research Institute 
of Natural Science, Gyeongsang National University, 3Department 
of Anatomy and Cell Biology, Sungkyunkwan University School 
of Medicine

INTRODUCTION. The present study was conducted to 

investigate the existence and function of the longitudinal fibers 

in the pyloric sphincter. MATERIALS AND METHODS. 

Stomach and duodenum were obtained from 80 Korean adult 

cadavers. Pyloric sphincters and their adjacent stomach and 

duodenum of 52 specimens were dissected under a surgical 

microscope. Six specimens were histologically analyzed using 

H & E and Masson's trichrome stain. Another twenty-two 

specimens were scanned using microcomputed tomography 

(micro‐CT). RESULTS. Some longitudinal fibers of the 

stomach were found to enter the pyloric sphincter and divide 

into several bundles to intermingle with the sphincteric circular 

fibers in all specimens by microdissection and micro-CT. 

Histologic observation showed that these longitudinal fibers 

blended with the sphincteric circular fibers. A thin and loose 

muscular tissue was found inside the internal thick circular 

fibers of the sphincter, and some longitudinal fibers from this 

muscular tissue divided to blend with the circular fibers of the 

duodenum at the adjacent region. The possible role of the 

longitudinal muscle fibers in the function of pyloric sphincter 

was simulated using a mathematical model, which can 

strengthen the antroduodenal motility during tonic and phasic 

pyloric contraction. CONCLUSIONS. The wall of the pyloric 

sphincter was composed of three layers: outer longitudinal 

fibers, intermediate main circular and minor longitudinal fibers 

originating from the stomach, and inner longitudinal fibers 

connecting the pyloric sphincter to the duodenum. These 

results are expected to provide helpful information for 

advancing the current knowledge on the structure and function 

of the pyloric sphincter.

Keywords: Pyloric sphincter, Outer longitudinal muscle fiber, 

Circular muscle fiber, Inner longitudinal muscle fiber, Stomach
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The sequelae of behavioral phenotypes and 
abnormal efficacies of inhibitory hippocampal 
circuits following hyperthermic seizure

Yeon Hee Yu, Hyuna Im, Yejin Song, Dae Young Yoo, Dae-Kyoon 
Park, Duk-Soo Kim
Department of Anatomy, College of Medicine, Soonchunhyang 
University, Cheonan, Republic of Korea

Febrile seizure (FS) is the most common seizure type in the 

infant and young child. FS induce functional changes in the 

hippocampal circuitries and early developmental insults by FS 

may affect medial temporal lobe functions associated with 

disorders in emotional recognition. The growth of cognitive 

functions in children is sensitive with the adverse influence of 

epilepsy. But, it is not well-defined the psychophysiology 

following FS. Therefore, in order to identify the interrelation 

that cognitive/emotional sequelae correlated with hyperthermic 

damage to brain tissue, we in this study performed a comprehensive 

analysis of these phenotypes following FS. In the results of this 

study, to characterize of behavioral disturbance by emotional 

and cognitive dysfunction, we were experimented behavior 

test. 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 GABAA receptor was enhancing in CA1 

and DG regions of hippocampus compared with control. 

Therefore, these finding in the present study suggest that 

regional specific neuronal damage and hyperthermic degenerations 

induced by FS may play an important role in the pathogenesis 

of epilepsy and occurring diverse behavioral sequelae.

Keywords: Hyperthermic seizure, Epilepsy, Hippocampus, 

Inhibitory Interneurons, fEPSP, Behavior sequelae
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Lateral branches of the facial artery and its 
clinical implication 

Jung-Ah Park, In-Seung Yeo, Hye-In Lee, Ki-Seok Koh, 

Wu-Chul Song
Department of Anatomy, Research Institute of Medical Science, 
Konkuk University School of Medicine

The facial artery is the major artery supplying blood to the face 

and the anatomic understanding of its branches is important 

in clinical practice. The facial artery is officially known to give 

branches in face including inferior labial, superior labial, lateral 

nasal and angular artery. These known major branches of the 

facial artery run medially, however, sometimes there are 

branches of the facial artery heading laterally. The purpose of 

the present study was to investigate the lateral branches of 

the facial artery on the face. The facial artery was dissected 

in 74 cadaveric hemifaces. We identified the presence of the 

lateral branches of the facial artery and the following 

parameters of the lateral branches of the facial artery were 

investigated: the location of its origin point and the diameter 

of the lateral branches 5 mm from its origin. The lateral 

branches of the facial artery were observed to be present in 

48 of 74 hemifaces (64.9 %). The total number of the lateral 

branches were 81 in 48 hemifaces and the most common 

location of the origin of the lateral branches was between the 

inferior border of the mandible and origin of the inferior labial 

artery (42 of 81, 51.9%). Thirty-five cases of 81 (43.2%) of 

the origin of the lateral branches were located between the 

origin of the inferior labial artery and superior labial artery. 

Four cases of 81 (4.9%) of the lateral branches were originated 

between the origin of the superior labial artery and lateral nasal 

artery. The mean diameter of the lateral branches of the facial 

artery was 0.8mm. Accurate anatomic knowledge of the 

presence of the lateral branches of the facial artery is important 

for clinicians to avoid complications during facial surgeries. 

Keywords: Facial artery, Lateral branches, Anatomy, Face, 

Surgery

박정아 | 건국대학교 의학전문대학원  ·  luna@kku.ac.kr 

O-7

Periorbital and perioral regions in relation to 
aging: a literature review

Kun Hwang
Department of Plastic Surgery, Inha University School of Medicine

The aim of this study was to determine the boundary between 

the periorbital and perioral regions based on a literature review. 

PubMed was searched for the terms (zone [OR] area [OR] 

region) [AND] (face-lift [OR] rhytidectomy), and 872 abstracts 

were found. Additionally, the terms (levator labii superioris 

[AND] orbicularis oculi) resulted in 20 abstracts. We separately 

searched for (Lightoller) because searching PubMed for terms 

in abstracts does not yield results for older papers that do not 

have abstracts. Among the papers identified through this 

search strategy, we did not find any that defined the boundary 

of the periorbital and perioral regions. However, we found 

Lightoller’s research on the subject and retrieved eight 

articles that he authored. Two of his papers showed and 

described the origins of the facial muscles. Burkitt and 

Lightoller reported that the inferior bony origin of the pars 

orbitalis extended laterally to the medial end of the caput 

infraorbitale M. quadrati labii superioris. According to those 

authors, there was a definite boundary between the origins of 

the periorbital muscles (pars orbitalis and pars oculobuccalis 

of the orbicularis oculi) and the perioral muscles (caput 

infraorbitale of the quadratus labii superioris). Based on that 

article, it is possible to divide the face into periorbital and 

perioral regions based on the origin of the circumoral and 

circumocular muscles. With this division, the surgical technique 

based on the concept of these two regions could be followed.

Keywords: Face, Facial Muscles, Aging, Rhytidoplasty, Anatomy
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원숭이의 자세변형 부피3차원영상

Chung Yoh Kim, Yong Wook Jung, Jin Seo Park
Department of Anatomy, Dongguk University School of Medicine

원숭이는 사람과 가장 비슷한 종이기 때문에 사람이 할 수 없는 

실험을 원숭이가 대신하고 있다. 가상 실험도 마찬가지인데, 전자

파 흡수율 측정이나 방사선 노출량을 측정도 가상으로 이루어지고 

있고, 이 실험에 원숭이 부피3차원영상이 필요하다. 정확한 측정

값을 얻기 위해서는 원숭이가 가장 오래동안 취하는 자세의 부피3

차원영상이 필요하다. 이 연구에서는 이러한 필요성을 충족시킬 

수 있는 해부학자세, 네발보행자세, 앉은자세의 붉은털원숭이 부

피3차원영상을 만들었다.선행연구에서 만든 Visible Monkey의 

해부학자세 온몸(177개 구조물) 표면3차원영상(STL format)

을 선택하였다. 마야 소프트웨어에서 표면3차원영상의 각 관절에 

52개의 가상 관절을 넣었다. 가상 관절을 움직여서 해부학자세의 

표면3차원영상을 네발보행자세와 앉은자세의 표면3차원영상을 

만들었다 (STL format). Vstudio 소프트웨어에서 세 자세의 원숭

이 표면3차원영상을 부피3차원영상(TXT format)으로 바꾸었

다. 세 자세의 부피3차원영상으로 각 구조물의 화적소(voxel) 수

를 분석해서 각 구조물의 무게를 계산하였다. 원숭이 부피3차원영

상과 Visible Korean에서 만든 여성사람 부피3차원영상으로 각 

구조물의 화적소 수와 무게를 온몸에 비례해서 상대적으로 비교하
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였다.원숭이 177개 구조물의 부피3차원영상을 해부학자세(총 화

적소 수, 5,054,022), 네발보행자세(총 화적소 수, 5,174,453), 

앉은자세(총 화적소 수, 4,803,886)로 만들었다. 일반적으로 화

적소 수가 큰 구조물이 작은 구조물보다 무거웠지만 일부는 그렇

지 않았다. 보기를 들어, 쓸개주머니는 전체 구조물 중 66번째로 

화적소 수가 많았지만, 94번째로 무거웠다. 원숭이가 사람보다 피

부와 근육이 상대적으로 더 무거웠고, 지방과 뼈는 상대적으로 가

벼웠다. 표면3차원영상의 자세를 바꾸는 일은 일은 비교적 쉽다. 

그러나 부피3차원영상의 자세를 바꾸는 일은 매우 어렵다. 한편, 

표면3차원영상을 부피3차원영상으로 바꾸는 일은 가능하다. 전

자파, 방사파 노출 가상 실험에서는 자세변형 부피3차원영상이 

필요하였고, 따라서 우리는 표면3차원영상의 자세를 바꾸고, 부

피3차원영상으로 변환하여서 이 필요성을 만족시켰다. 자세변형

에서는 구조물의 생김새를 해부학적으로 올바르게 변형시키는 일

과 변형시키지 않는 일이 가장 중요하였고, 이것을 해결하기 위해

서 다양한 상업용3차원소프트웨어를 이용하였다. 이 연구의 원숭

이 세 자세 부피3차원영상으로 가상 실험을 한다면 보다 정확한 

결과를 얻을 수 있을 것이다.

Keywords: Eletromagnetic radiation, Phantoms imaging, 

Haplorhini, Visible Human Project, Three-Dimensional Imaging
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Recommencing Cadaver Dissection During the 
COVID-19 Pandemic

Dasom Kim1, Hyeijung Yoo1, Young-Mee Lee2, Im Joo Rhyu1

1Department of Anatomy, Korea University College of Medicine, 
2Department of Medical Education, Korea University College of 
Medicine

From mid-February 2020, the COVID-19 pandemic has 

suspended all face-to-face classes in South Korea. Whilst 

lectures can be effectively delivered online, this is not the case 

for practical lessons such as anatomy dissection where 

hands-on experience is paramount to maximize its learning 

outcomes. The authors describe the safe delivery of cadaveric 

dissection teaching amidst this disruptive situation. The rapid 

increase in COVID-19 infections led the anatomy department 

of Korea University College of Medicine to cease access to the 

dissection laboratory. As an alternative, e-learning resources 

(E-Anatomy®, Complete Anatomy®) were provided for 

self-learning. The decision of anatomy department faculty to 

re-open the dissection laboratory was based on the imperative 

hands-on experience needed in students’ learning goals. This 

difficult and important decision was reached with close 

discussion with the Academic Affairs of Korea University and 

timed for when the number of Covid-19 positive patients 

stabilized. The anatomy department held 10 internal meetings 

to set proper strategies to ensure the safety of the students 

and maximize its educational opportunity. On April 10th 2020, 

the number of newly diagnosed Covid-19 patients in South 

Korea fell to ten a day, reaching the needed plateau, the 

hands-on cadaveric dissection recommenced on April 21st. To 

adhere to the social distancing rules and minimize the students’ 

school attendance frequency, the dissection lab times were 

reduced from 4 hrs/topic, 3 times/week for 12 weeks down 

to an intensive 10hrs/day, 1-2 times/week classes. To 

minimize the infection risks, the following three strategies 

were used: 1) Application of the Korean Center for Disease 

Control and prevention Guidelines: On the assigned dissection 

day, students attended the infection control patrol at Korea 

university hospital for history and temperature checks, which 

were submitted before entering the dissection labs. Penalties 

were removed for students abstaining due to suspected 

symptoms or feeling unwell. 2) Provision of personal 

protective equipment (PPE) to all students and tutors, 

comprised of full body covering surgical gowns, wristlets, 

masks and face shields. 3) Negative pressure air circulation 

system in the dissection room and air purifier with HEPA 

(high-efficiency particulate absorber) filter. Meticulous 

pre-planning and adherence to the national safety guidelines 

resulted in a successful recommencement of the on-site 

hands-on cadaveric dissection education without undue 

difficulties. Important lessons learned: 1) Adequate PEE is 

paramount to ensure the safety of students and faculty 2) Prior 

self-learning through the provision of e-learning materials 

enhanced the discussion and education during the hands-on 

dissection amongst students as well as with tutors 3) 

Disadvantages of such intensively condensed curriculum 

included an increase in fatigue of both students and faculty and 

the reduction of detailed in-depth teaching opportunities due 

to the unavoidable shortening of teaching time. Cautious 

recommencement of educational face-to-face cadaveric 

anatomy dissection is feasible when the daily count of newly 

infected cases stabilizes and there is ample provision of safety 

measures such as PPE and negative air pressure system to 

facilitate hands-on education. In addition, it was confirmed 

what differences occurred in academic achievement between 

online lectures and traditional offline lectures. 

Keywords: COVID-19, Dissection laboratory, Hands-on 

experience, Personal protective equipment, Negative pressure 

air circulation system 
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Definition of zygomatico-orbital artery

Hye-In Lee, In-Seung Yeo, Jung-Ah Park, Ki-Seok Koh, 

Wu-Chul Song
Department of Anatomy, Research Institute of Medical Science, 
Konkuk University School of Medicine, Seoul, Korea

Zygomatico-orbital artery is originated from superficial 

temporal artery and supplies lower temporal region 

superficially. Previous studies about the zygomatico-orbital 

artery had used too ambiguous definition to adapt to clinical 

practice directly. Therefore, the incidence of the artery is 

various. The purpose of the present study is to confirm 

definition of the zygomatico-orbital artery and to investigate 

accurate incidence and topographical anatomy. One hundred 

eighty-one hemi-faces of 120 fixed human cadavers were 

dissected (range from 36 to 102 years old, 72 males and 48 

females). We investigated the zygomatico-orbital artery by 

following definition. First, it is originated from superficial 

temporal artery before bifurcation to two terminal branches. 

Second, it runs above the zygomatic arch. Third, the artery runs 

below the upper margin of the orbicularis oculi muscle. The 

course of the zygomatico-orbital artery was evaluated. The 

incidence of zygomatico-orbital artery was 21% (39 out of 181 

sides). The average diameter of zygomatico-orbital artery 

was 1.0 mm. The mean vertical distances between the superior 

border of zygomatic arch and artery was 29.2 mm, 17.6 mm 

and 5.7 mm at jugale, zygion and the origin of the 

zygomatico-orbital artery, respectively. Accurate knowledge 

of the definition, incidence and the course of the 

zygomatico-orbital artery could be important for clinicians to 

avoid unintentional complications in clinical practice.

Keywords: Zygomatico-orbital artery, Face, Temporal 

region, Definition, Incidence
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Axillary nerve distribution for clinical injections 
into the deltoid muscle: anatomical study

Ye-Gyung Kim1, Anna Jeon1, Yi-Suk Kim2, Hong-Jin Sui3, Kun 
Hwang4, Seung-Ho Han1

1Department of Anatomy, College of Medicine, Chung-Ang 
University, Seoul, Republic of Korea , 2Catholic Institute for 
Applied Anatomy Department of Anatomy, Colllege of Medicine, 
The Catholic University, Seoul, Republic of Korea, 3Department 
of Anatomy, Dalian Medical University, Dalian 116044, China, 
4Department of Plastic Surgery, Inha University School of 
Medicine, Incheon

The deltoid muscle is frequently used for intramuscular 

injection site associated with shoulder pain and various 

vaccinations. It is necessary to appreciate the exact anatomical 

position and distribution of the axillary nerve to avoid the 

possible injuries during the therapeutic procedures. The aim 

of this study was to analyze the anatomical location and 

branching patterns of the axillary nerve for suggest of safe 

zones during intramuscular deltoid injections. To find the exact 

anatomical location of axillary nerve and posterior humeral 

circumflex artery, thirty shoulders of adult cadavers(male; 12 

specimens, female; 18 specimens) were dissected in prone 

position. For measurements, we used anterior and posterior 

acromial ends, and detoid tuberosity as the principal 

landmarks. The mid-point of acromion(mid acromial point; 

MP) was used zero point of x and y axises. Sihler’s staining 

were taken with four specimens among dissected cadavers to 

stain intramuscular branches of the axillary nerve. The 

anterior main branch of axillary nerve was located 5.8 ± 

1.0(main distribution area; 4-6 cm) cm inferiorly from the mid 

acromial point. The main branch of posterior humeral 

circumflex artery is located 6.3 ± 0.9 (main distribution area; 

6-8 cm) cm inferiorly from the mid acromial point. Both nerve 

and artery were located on the surface of humerus. The 

peripheral branch of axillary nerve which were entered in the 

muscle was distributed between 2.2 – 9.8 cm from the acromion. 

After entered in the deltoid muscle, Intramuscular branches 

of axillary nerve ran longitudinally with muscle fibers. For total 

axillary nerve block without injuries of vessels, we recommend 

injecting between 5cm from the MP nearby the surface 

humerus shaft. Especially aesthetic applications, we suggest 

broad injecting nearby superficial part of the deltoid muscle 

with small dose of botulinum toxin especially avoiding 4-6 cm 

from the MP. 

Keywords: Deltoid muscle, Axillary nerve, Intramuscular 

Injection, Nerve block

한승호 | 중앙대학교 의과대학  ·  monami@cau.ac.kr 

O-12

한국인 시신에서 긴엄지발가락폄근과 보조힘줄에 따른 
형태학적 분류 

Yu Jin Choi1, Jaeho Cho2, Kwang Rak Park1, Digud Kim1, Hyung 
Wook Kwon1, Mi Jeong Lee1, Jeonghyun Park1

1Department of Anatomy & Cell Biology, Graduate School of 
Medicine, Kangwon, Korea, 2Department of Orthopedic Surgery, 
Chuncheon Sacred Heart Hospital, Hallym University of Medicine, 
Kangwon, Korea 

긴엄지발가락폄근(extensor hallucis longus)에서 보조힘줄

(asscessory tendon)에 관한 다양한 선행연구들이 있지만, 한국
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인에서 보조힘줄에 대한 체질인류학적 자료는 충분하지 않다. 따

라서, 본 연구에서는 한국인 시신을 대상으로 긴엄지발가락폄근

의 보조힘줄에 대한 발생빈도와 형태학적 분류를 진행하였고, 이

에 대한 기초적인 자료를 확보하고자 하였다.이 연구에는 포르말

린으로 고정된 한국인 시신 79구(총158쪽, 오른발 79쪽, 왼발 79

쪽)을 사용하였다. 시신의 평균연령은 75.89세(45~100세)였다. 

긴엄지발가락폄근과 보조힘줄의 형태학적 분류를 위한 측정은 전

자디지털캘리퍼를 사용하였다. 긴엄지발가락폄근의 닿는곳에 

따른 분류는 Samar A-Saggaf(2003년) 분류법을 기준으로 하였

다.유형 1은 46쪽(29.1%)이며, 한 개의 긴엄지발가락폄근이 엄

지발가락 끝마디뼈바닥으로 닿았다. 유형 2는 109쪽(69%)이며, 

한 개의 긴엄지발가락폄근에 보조힘줄 한 개가 더 관찰되었으며 

보조힘줄이 더 작았고 안쪽으로 닿아 있었다. 유형 3은 3쪽(1.9%)

이며, 긴엄지발가락폄근에 보조힘줄이 두 개가 확인되었으며 하

나의 보조힘줄에서 너비가 좀 더 작은 하나의 보조힘줄이 갈라져 

나오는 형태였다. 긴엄지발가락폄근의 닿는곳은 97쪽(89.5%)

에서 첫째발허리발가락관절주머니, 11쪽(9.5%)에서 엄지발가

락 첫마디뼈의 머리, 1쪽(1%)에서 엄지발가락 첫마디뼈였다. 긴

엄지발가락폄근 힘줄의 길이는 149±26㎜, 너비는 5.23±1.42㎜

였고, 보조힘줄의 길이는 94.5±32.5㎜, 너비는 1.17±0.64㎜였

다.결론적으로, 한국인의 긴엄지발가락폄근의 유형별 발생빈도

와 보조힘줄의 부착 유형이 타 인종과는 차이가 있음을 확인하였

다. 아울러, 향후 한국인의 긴엄지발가락폄근과 보조힘줄에 대한 

해부학적 특성과 인종별 차이점을 규명하기 위한 추가적인 연구가 

필요한 것으로 사료된다. 

Keywords: Extensor hallucis capsularis, Extensor hallucis 

longus, Variation, Cadaveric study
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첫째, 둘째 발허리뼈 길이에 따른 한국인 키추정 공식 개발

Mijeong Lee1, Jaeho Cho2, Yu jin Choi1, Kwang rak Park1, Digud 
Kim

1
, Hyung Wook Kwon

1
, Jeonghyun Park

1

1Department of Anatomy & Cell Biology, Graduate School of 
Medicine, Kangwon National University, 2Department of 
Orthopedic Surgery, Chuncheon Sacred Heart Hospital, Hallym 
University of Medicine

키는 사람의 특징을 구별할 수 있는 대표적인 생물학적 지표이며 

뼈의 잔해만 남은 시신에서 키를 추정하는 일은 사망자 신원 확인

에 도움이 된다. 국내에서는 주로 긴 뼈를 이용한 키 추정 연구가 

이루어져 왔다. 그러나, 긴 뼈는 부서지기 쉬우나 발허리뼈같이 

작은 뼈는 온전하게 보존될 가능성이 높음에도 불구하고 아직까지 

한국인의 발허리뼈를 활용하여 키를 추정한 연구는 보고된 바가 

없다. 따라서 본 연구에서는 한국인 시신을 대상으로 첫째, 둘째 

발허리뼈 길이를 계측하여 키와 발허리뼈 사이의 공식을 도출하고 

법인류학적 자료를 마련하고자 하였다. 이를 위해 10개 의과대학

에 기증된 한국인 성인 시신 84구(여자 30구, 남자 51구)를 사용하

였으며, 이중 골격계 기형, 손상 및 수술 흔적이 있는 3구의 시신을 

제외한 81구 시신에서 오른쪽 첫째, 둘째 발허리뼈를 적출하였다. 

적출한 발허리뼈는 주변 물렁조직을 제거한 뒤 Cordeiro의 방법을 

참고해 각 뼈의 생리적 길이(F1, F2)와 최대길이(M1, M2) 총 네 

가지 길이를 전자 캘리퍼로 계측하였다. 키(S)와 하지길이(AM)

는 시신을 바로 누운 자세에서 줄자를 이용해 계측하였다. 연구 

결과, 네 종류의 발허리뼈 길이 중 둘째 발허리뼈의 생리적 길이

(F2)와 키 사이의 상관관계가 가장 높게 나타났으며(R2=0.3892) 

다음과 같은 공식을 도출하였다. S=856.1170+10.9332*F2 본 

연구는 한국인의 발허리뼈를 직접 계측하여 키를 추정한 최초의 

연구이며, 뼈 잔해로부터 신원을 확인하는 데 도움을 주고 법인류

학적 기초자료를 제공할 수 있을 것으로 기대한다. 

Keywords: 발허리뼈, 한국인, 키추정 공식, 신원확인
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The plantaris muscle has a short muscle belly and a long slender 

tendon. It is considered a flexor group muscle of the lower leg, 

and is located between Soleus and Gastrocnemius. The 

plantaris tendon(PT) is often used as a donor for grafts in upper 

and lower extremity surgery. Recent reports have suggested 

that PT is potentially involved in the tendinopathy of the 

midportion of the Achilles tendon. The purpose of the study 

is to examine the insertion type, thickness and width of the PT 

in the Korean population and provide clinically applicable 

information to surgeons. The dissection was performed on 108 

lower limbs(54 right, 54 left) fixed in formalin mixture. 

Olewnik et al. classified into 5 types of PT insertion by site and 

area inserted in calcaneal tuberosity. According to his 

classification, we confirmed 5 types of the PT insertion in 

Korean population. Type 1 was characterized by a wide, 

fan-shaped insertion to the calcaneal tuberosity on the medial 

side of the Achilles tendon and present in 39 limbs (36.1%). 

Type 2 was characterized by insertion to the calcaneal 

tuberosity, along with the Achilles tendon ; Fan shape is not 

taken. It was observed in 16 limbs (14.8%). Type 3 was 

characterized by insertion at the calcaneal bone, anterior to 

the Achilles tendon and present in 15 limbs (13.9%). Type 4 

was characterized by the insertion not being located on the 

calcaneal tuberosity but rather in the deep crural fascia. It was 

observed in 6 limbs (5.6%). Type 5 was characterized by a 



74  :   2020 Annual Meeting

very wide insertion encircling the posterior and medial 

surfaces of the Achilles tendon and detected in 25 limbs 

(23.1%). The PT was found to be absent in 7 lower limbs 

(6.5%). The width and thickness of the tendon were measured 

at three points and the average(±SD) was presented. point 

A, the junction point of the belly and tendon; point B, the 

midpoint of the total length of the tendon; point C, the point 

where the tendon starts to widen. At each measurement point 

A, B and C, the average of the width is 2.53(±0.92)mm, 

2.92(±0.90)mm and 2.61(±0.78)mm, and the average 

thickness is 0.86(±0.29)mm, 0.52(±0.16)mm and 

0.69(±0.27)mm, respectively. In this study, the pattern and 

frequency of PT insertions were similar, and measurements 

of the thickness and width of PT were relatively low compared 

to the European study by Olewnik et al. This result is thought 

to be useful as basic data that surgeons can apply clinically.

Keywords: Plantaris muscle, Plantaris tendon, Insertion type, 

Tendon thickness, Tendon width 
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종목에 따른 운동선수의 근육 구조와 무산소성 파워와의 
상관관계 분석

Kyu-Lim Lee1, Young-Chun Gil2, Tae-Woong Oh3, Hee-Jin Kim1,4

1Division in Anatomy and Developmental Biology, Department of 
Oral Biology, Human Identification Research Institute, BK21 
PLUS Project, Yonsei University College of Dentistry, 2Department 
of Anatomy, Chungbuk national university College of medicine , 
3Department of Sports&Leisure Studies, College of Sports 
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운동선수는 종목에 따라 주로 작용하는 근육이 고도로 발달하게 

되며, 종목 특성에 맞는 신체 형태를 만들어가게 된다. 일반인과 

비교하였을 때 지속적으로 고강도의 훈련을 시행하는 엘리트 선수

의 경우 그 형태 변화가 두드러질 수밖에 없다. 실제로 특정 근육의 

발달이 운동능력에 긍정적으로 발휘되는가에 관한 다양한 연구가 

선행되어왔지만, 단순히 근육의 형태만을 관찰하거나 대상의 범

주를 명확히 하지 않은 연구가 대부분이었다. 또한, 특정 종목과 

그 결과를 연관 지어 설명하거나 운동능력의 연관 관계를 보고한 

연구는 미비한 실정이다. 본 연구에서는 엘리트 운동선수의 근육

발달 특성과 무산소성 파워와의 유의한 상관관계를 밝히고자 하였

으며, 그 결과를 토대로 운동 종목에 따라 나타내는 결과를 비교하

고 종목별 데이터를 구축하고자 하였다. 58명의 엘리트 대학 운동

선수(평균나이, 20.1±1.4; 키, 175.6±6.7; 몸무게, 77.3±17.2; 

BMI, 22.5±7.1; 평균±표준편차)를 대상으로 연구를 시행하였

으며, 피험자는 각각 10명의 복싱, 태권도, 축구, 레슬링, 씨름 선수 

그리고 8명의 유도 선수로 구성되었다. 근육발달 특성을 확인하기 

위해 피험자의 넓적다리 앞부위, 종아리 앞칸 그리고 뒤칸의 근육

을 대상으로 초음파 촬영을 시행하여 근육 두께(muscle thickness, 

MT)와 힘살 각도(fascicle angle, FA)를 계측하였다(8.0-17MHz; 

L3-12, Minisono, ALPINION Medical Systems, Seoul, Korea). 

또한, 전자식 에르고미터를 이용한 Wingate test를 실시하여 무산

소성 파워를 측정하였다(Computer aided electrically braked 

cycle ergometer; Lode B. V. Excalibur Sports, Netherlands). 

분석결과, 장딴지근 안쪽갈래(Gm), 가쪽갈래(Gl)의 근육두께와 

가쪽갈래(Gl)의 힘살 각도를 제외한 모든 결과에서 유의한 종목 

간의 차이가 관찰되었다. 더불어, 무산소성 파워 항목에서 최대파

워 도달시간(arrival time to peak power)을 제외한 모든 결과에

서 유의한 차이가 관찰되었으며, 특히 체중을 대비한 항목(mean 

power/kg, peak power/kg)에서 높은 상관관계를 나타냈다. 근

육특성과 무산소성 파워 간의 상관관계를 분석한 결과, 넓적다리 

앞부위에서, 평균파워와 넙다리곧은근(RF)의 두께 간의 R 값은 

0.592로, 가장 높은 양의 상관관계를 나타냈다. 최대파워 역시 넙

다리곧은근 두께와 상관관계를 보였으나, 힘살 각도는 유의한 의

미가 없었다. 종아리 부위에서는 장딴지근 안쪽갈래의 두께와 힘

살 각도가 무산소성 파워와 강한 상관관계를 나타냈다. 특히 평균

파워와 장딴지근 안쪽갈래의 두께 간의 R 값은 0.498로, 가장 강한 

양의 상관관계를 나타냈다. Spearman rho 분석에 따르면 넙다리

곧은근, 안쪽넓은근 그리고 가쪽넓은근은 특히 초기 단계의 무산

소성 파워 발휘에 높은 상관관계를 보였다. 최대파워와 평균파워

는 여러 근육과 복잡한 상관관계를 보여주었으나 대부분의 근육과 

높은 관계성을 보였다. 본 결과는 운동 종목에 따른 차이가 있었으

나, 통계적으로 대부분의 종목에서 유사한 경향을 나타냈다. 본 

연구결과에 따르면 근육 부위와 무산소성 파워 측정 항목에 따른 

차이가 있으나, 대부분의 운동 종목에서 유사한 경향성을 관찰할 

수 있었다. 이에 따라, 엘리트 운동선수의 경우 주 종목의 구분을 

넘어 근육발달 특성과 무산소성 파워의 상관관계가 존재한다고 

해석할 수 있다. 본 결과를 바탕으로 종목 훈련과 더불어 저항성 

트레이닝 프로그램을 구성 및 시행한다면 선수의 경기력 향상을 

기대할 수 있을 것이며, 장기적으로는 경기력을 예측할 수 있는 

기준을 제시할 수 있을 것으로 생각된다. 

Keywords: 초음파, 근육두께, 근육힘살각도, 무산소성파워, 

넙다리네갈래근, 앞정강근, 장딴지근
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The pectineus has been generally considered as a muscle with 

few variations. This muscle is flat and quadrangular-shaped. 

The pectineus is attached proximally to the superior pubic 

ramus and distally along the pectineal line of the femur. It has 
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been considered to be dual-innervated by the femoral and the 

obturator nerve. However, intramuscular nervous distribution 

patterns have not been reported yet. Also, a variation of the 

pectineus forming a hiatus inside the muscle was identified 

during the routine dissection of cadaver. The purpose of this 

study was to identify frequency of the pectineal variation and 

the intramuscular nerve distribution of the pectineus. One 

hundred thighs from 52 fresh cadavers were dissected. Forty 

nine were from right sides, and fifty one were from left sides. 

Branches of the femoral nerve, specifically branches to the 

pectineus, were identified. Distances from the inguinal ligament 

to the branching points were measured. The muscle was 

transected at its insertion, and reflected proximally with care. 

Any additional innervations from the obturator or the 

accessory obturator were investigated. In the case of the 

obturator innervation, distance from the external opening of 

the obturator canal to the branching point was measured. In 

the case of the accessory obturator innervation, distance from 

thepubic tubercle to the point where the nerve crossed the 

superior pubic ramus was measured. The pectineus was then 

detached from the superior pubic ramus. Lengths of the four 

borders were measured. Distance from the anterior superior 

iliac spine to the pubic tubercle was also measured. Course of 

muscular fibers was observed.All the distances were measured 

by a flexible plastic ruler in a millimeter scale. The acquired 

muscle specimens were stained with Sihler’s method. 

Intramuscular branching patterns were identified. All the 

pectineus identified in this study were innervated by the 

femoral nerve. The femoral nerve gave off its branches to the 

pectineus inferior to the inguinal ligament in most cases. 

Branches from the femoral nerve originating at the level of the 

inguinal ligament or superior to the ligament were 17 and one 

cases, respectively. This nervous branch coursed behind the 

femoral vessels and their sheath, and then innervated the 

pectineus anterolaterally. Innervation by the obturator or 

accessory obturator nerve was rare. Accessory obturator 

nerve passed anterior to the superior pubic ramus and 

innervated the pectineus on its posterior surface. The 

obturator branch, when it was present, originated from the 

obturator nerve after passing the obturator canal and 

innervated the pectineus posteromedially. The muscular 

fibers of the superficial layer descended more vertically, 

whereas it of the deep layer descended inferolaterally. The 

shape of the pectineus was usually quadrangular, but variations 

forming a hiatus were identified in 18 cases. As a result of 

Sihler’s staining, the dominant branch was the femoral nerve 

even in the cases of dual-innervation to the pectineus. Via this 

study, the pectineus was identified to be solely innervated by 

the femoral nerve in most cases,which is against the previous 

descriptions. Frequency of the pectineal hiatus as a variation 

was not rare. These anatomical findings should be recognized 

to perform surgery or anesthesia in the thighs to minimize 

complications.

Keywords: Pectineus, Pectineal hiatus, Femoral nerve, 

Accessory obturator nerve, Obturator nerve
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캡스톤 디자인을 활용한 인체장기의 
이모티콘(장기티콘) 개발
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Seo-Yeon Baek, Hye-Jin Jang
Department of Nursing, Gangneung Yeongdong University

해부학, 특히 육안해부학(gross anatomy)은 우리 눈으로 볼 수 

있는 몸의 구조를 사실적으로 연구하는 학문이다. 기호학의 창시

자 퍼스(Charles Sanders Peirce)는 대상과 시각적 유사성의 관

계를 맺고 있는 것을 ‘도상(Icon)’이라고 하였다. 현대인들이 많

이 사용하고 있는 이모티콘은 ‘얼굴의 표정 등 비언어 행위를 온라

인 환경에서 도상적으로 표현하여 직관적으로 원본 대상을 떠올리

게 하는 추상화된 이미지이다. 본 연구의 목적은 해부학과 도상적 

이미지의 융합을 통해 장기티콘을 제작함으로써, 간호학과 캡스

톤 디자인 수업에 참여한 미래의 보건의료인력의 창의성, 문제해

결능력을 함양시킴과 동시에 캡스톤 디자인의 모범적 사례를 제시

하고자 함이다. 총 다섯 명의 간호학과 학부생과 교수가 팀을 이루

어 2020년 3월 30일부터 7월 17일까지 매주 두 시간의 수업과 주 

2회 이상의 회의를 진행하였다. 이모티콘 제작 단계는 첫째, ‘멘트 

제작’으로 장기에 관련되어 떠오르는 멘트들을 브레인스토밍방

식으로 기록하였다. 둘째, ‘캐릭터 컨셉 잡기’로 각 장기들의 특징

을 살려 초안을 스케치하였다. 셋째, ‘이미지화’로 아이패드 프로

(iPad Pro)의 일러스트 제작 어플리케이션 ‘프로크리에이트

(procreate)’를 사용하여 이미지를 제작하였다. 넷째, ‘결합’으

로 이미지에 맞는 멘트를 결합시켰다. 다섯째, ‘특징 극대화’로 

수정과 보완을 통해 이모티콘의 완성도를 높였다. 이러한 과정을 

거쳐 <장기티콘>은 고유의 감정을 가진 캐릭터로 의인화하였으

며, 자궁(uterus), 콩팥(kidney), 뇌(brain), 위(stomach), 방광

(bladder), 대장(large intestine), 비장(spleen), 간(liver) 으로 

구성된 총 열 개의 이모티콘으로 제작되었다. <장기티콘>이 소셜 

미디어 속의 디지털 이미지 형태에만 국한되지 않고 오프라인에서 

직접 이용될 수 있도록 스티커로도 제작되었으며, 이 도안은 ‘지혜의 

지혜로운 세상(https://m.blog.naver.com/jihyemerong99)’ 이

라는 블로그에 포스팅하여 누구든지 쉽게 사용 가능하도록 오픈 

소스로 공급하고 있다. 본 연구에서는 현대 시대가 요구하는 창의

성 함양의 수단으로 캡스톤 디자인이라는 수업적 방법을 제시하였

으며, 수업을 통해 만들어진 <장기티콘>을 통해 보건의료 전공자

들과 대중들에게 학문의 문턱을 낮춤과 동시에 해부학에 대한 흥

미를 유발하고, 인체의 심리적 접근성을 높일 것으로 사료된다.

Keywords: 캡스톤디자인, 이모티콘, 인체장기, 장기티콘
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Three-dimensional visualization and quantification 
of mouse and human enteric nervous system in 
whole gut using tissue clearing

Young Hyun Yun
1
, DeokHyeon Cheon

1
, Kee Young Chung

1
, 

Seung-Bum Ryoo3, Tae Sik Sung3, Tae Jung Oh5, Young Suk 
Park

4
, Seong Ho Yoo

2
, Hyung Jin Choi

1
, Seong-Joon Koh

6

1Department of Anatomy and Cell Biology, Seoul National 
University College of Medicine, 2Department of Forensic Medicine, 
Seoul National University College of Medicine, 3Department of 
Surgery, Seoul National University College of Medicine, 4Department 
of General Surgery, Seoul National University Hospital, 5Department 
of Internal Medicine, Seoul National University College of 
Medicine, 6Department of Internal Medicine, Seoul National 
University Hospital

Novel state-of-the-art tissue clearing methods provide 3D 

optical access to thicker tissue sames, or even whole organs, 

by increasing tissue permeability and enhancing antigen- 

antibody binding, which ultimately yields more data from each 

experiment. The goal of our study was to optimize a technique 

to image mouse and human enteric nervous system from 

esophagus to colon that express fluorescent nerve RNA binding 

proteins(HuC/D), neuron-specific class Ⅲ beta-tubulin (Tuj1), 

neuronal nitric oxide synthase(nNOS) and choline acetyltransferase 

(ChAT) in 3 dimensions. A method encompassing tissue 

clearing, immunohistochemistry, confocal microscopy, selective 

plane illumination microscopy(SPIM) and quantitative analysis 

of full-thickness bowel without sectioning has been developed 

using mouse and human samples. Three-dimensional images 

of mouse and human GI tract can be obtained in different levels, 

such as macroscale, mesoscale, full thickness, and microscale. 

Macroscale is in the level of the whole body, mesoscale is used 

to define organs. The difference between full thickness and 

microscale is that the former can observe the entire network 

structure of ENS from the mucosa to serosa, and the latter can 

be quantitatively analyzed. Enteric neurons are arranged in 

two interconnected networks(myenteric and submucosal 

plexus) that extend from the esophagus to the anal verge. Here, 

we investigated cholinergic ENS structure through the whole 

GI tract using ChAT-cre tdTomato mouse and quantified the 

number of cell bodies and cell bodies per ganglion in two major 

layers. In order to identify the hubness of myenteric plexus, 

we measured the number of ganglions and the number of 

bridges without cell bodies that connect the ganglion. 

Quantitative data for myenteric plexus and submucosal plexus 

showed relatively different aspects. We further succeeded in 

staining inhibitory neurons and excitatory neurons in mice, 

respectively. Full-thickness stomach wall could be visualized 

in 3D(3mm x 8mm x 0.84mm). This large 3D imaging 

technology could visualize the complex ENS network structure 

of myenteric plexus, submucosal plexus and mucosal nerves. 

Similarly, 3D ENS network structure of esophagus (3mm x 

8mm x 0.4mm) and colon(1.4mm x 1.4mm x 1.4mm) samples 

were visualized. We show that this method can be adapted to 

mouse and human tissue, which will enhance its applicability 

to the study of ENS structure and neural circuits. In particular, 

a comparison between normal and UC impaired structure 

phenotypes will illuminate the potential usefulness of this 

technology as a diagnostic marker. For inflammatory bowel 

disease research, this novel technology could unravel the 

extensive spatial 3D network structure of neuron-immune 

interaction. 

Keywords: Enteric nervous system, Tissue clearing, Myenteric 

plexus, Submucosal plexus, Three-dimensional structure
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Melatonin alters neuronal architecture and 
increases cysteine-rich protein 1 signaling in the 
male mouse hippocampus

Mary Jasmin Ang, Sohi Kang, Changjong Moon
Dept. Vet. Anatomy and Animal Behavior, College of Vet. 
Medicine, Chonnam National University

Neuronal plasticity describes changes in structure, function, 

and connections of neurons. The hippocampus, in particular, 

has been shown to exhibit considerable plasticity regarding 

both physiological and morphological functions. Melatonin, a 

hormone released by the pineal gland, promotes cell survival 

and dendrite maturation of neurons in the newborn brain and 

protects against neurological disorders. In this study, we 

investigated the effect of exogenous melatonin on neuronal 

architecture and its possible mechanism in the hippocampus 

of adult male C57BL/6 mice. Melatonin treatment significantly 

increased the total length and complexity of dendrites in the 

apical and basal cornu ammonis (CA) 1 and in the dentate gyrus 

in mouse hippocampi. Spine density in CA1 apical dendrites was 

increased, but no significant differences in other subregions 

were observed. In primary cultured hippocampal neurons, the 

length and arborization of neurites were significantly 

augmented by melatonin treatment. Additionally, western blot 

and immunohistochemical analyses in both in vivo and in vitro 

systems revealed significant increases in the level of 

cysteine-rich protein 1 (crp-1) protein, which is known to be 

involved in dendritic branching in mouse hippocampal neurons 

after melatonin treatment. Our results suggest that exogenous 

melatonin leads to significant alterations of neuronal 

micromorphometry in the adult hippocampus, possibly via 

crp-1 signaling.

Keywords: Cysteine-rich protein 1, Dendritic complexity, 
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O-20

Projection and synaptic connectivity of the 
vesicular glutamate transporter-expressing 
trigeminal primary afferents in the mouse brain 
stem

Ji Hyun Lee, Sook Kyung Park, Yong Chul Bae
Department of Anatomy and Neurobiology, School of Dentistry, 
Kyungpook National University

Vesicular glutamate transporter 3 (VGLUT3)-expressing 

(+) primary sensory neurons are activated by innocous 

mechanical stimuli and are implicated in the mechanical and 

cold hypersensitivity in the pathologic state. However, little 

is known about where and how the craniofacial sensory 

information conveyed via the VGLUT3+ sensory afferents is 

processed within the brain stem. To address this issue, we 

investigated distribution and synaptic connectivity of the 

VGLUT3+ trigeminal sensory afferents in the trigeminal 

sensory nuclei (TSN) by labeling of VGLUT3+ neurons 

through injection of AAV virus in the trigeminal ganglion (TG) 

of the VGLUT3-Cre mouse and by light microscopy, serial 

section electron microscopy and quantitative analysis. 

VGLUT3+ axons were mostly unmyelinated (84%) and small 

myelinated fibers (15%) in the sensory root of the TG. 

VGLUT3+ axons were observed densely in the laminal I and 

II of the trigeminal caudal nucleus and also in the ventral, middle 

and dorsal part of the rostral TSN. They were densely observed 

in the paratrigeminal nucleus. At serial section electron 

microscopy and reconstruction, VGLUT3+axon terminals 

(boutons) containing clear round vesicles usually formed 

glomerulus with many small-sized dendrites and those 

forming simple synaptic connectivity with one or two dendirtes 

were occasional. VGLUT3+ boutons usually formed synaptic 

contact with many dendritic spine and occasionally received 

synapse from vesicles containing presynaptic elements 

(axonal endings and vesicle containing dendrites). These 

findings suggest that craniofacial sensory information 

conveyed via VGLUT3+ trigeminal afferents are relayed in 

the all the TSN and processed in a distinct manner. 

Keywords: Vglut3, C-LTMR, Crniofacial sensory information, 

Glomerulus, TSN

배용철 | 경북대학교 치의학전문대학원  ·  ycbae@knu.ac.kr 

O-21

Heterosynatpic plasticity as neural mechanism 
of the successor representation learning in the 
hippocampal place cells

Hyunsu Lee
Department of Anatomy School of Medicine Keimyung University

The hippocampus is an essential brain region for spatial 

memory and learning. Recently, a theoretical model study on 

the hippocampus applying temporal difference (TD) learning, 

one of reinforcement learning algorithms, has been published. 

The theory was inspired by the successor representation (SR) 

learning algorithms, which decompose value function of TD 

learning into reward and state transition: it argued that the 

probability of state transition is represented by the rate of firing 

of CA1 place cells in the hippocampus. This theory, called 

predictive map theory, claims that the hippocampus representing 

space learns the probability of transition from the current state 

to the future state. The neural correlates of expecting the 

future state are the firing rates of the CA1 place cells. This 

explanation is plausible for the results recorded in behavioral 

experiments, but it is lacking the neurobiological implications. 

I tried to add biological implications to the predictive map 

theory by modifying the SR learning algorithm. Similar with 

the simultaneous needs of information of the current and future 

state in the SR learning algorithm, the CA1 pyramidal neurons 

receive two inputs from CA3 and entorhinal cortex. Mathematical 

transformation showed that the SR learning algorithm is 

equivalent to the heterosynaptic plasticity rule. Then I 

discussed papers that reported heterosynaptic plasticity 

phenomena in CA1; and I compared them with our transformed 

rule from SR the algorithm. This study provides answers to 

what is the neurobiological mechanisms of the TD algorithms 

invented in reinforcement learning, which can be a cornerstone 

for further researches in neuroscience and artificial 

intelligence fields.

Keywords: Heterosynaptic plasticity, Hippocampus, Place 

cells, Predictive map, Succesor representation, Temporal 

difference learning
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NQO1 deficiency aggravates renal injury by 
dysregulating autophagy initiation via Vps34 
and ATG14L during diabetic nephropathy

Geum-Lan Hong, Kyung-Hyun Kim, Yae-Ji Kim, Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary 
Science, Chungnam National University, Daejeon, Republic of 
Korea, 3434

Diabetic nephropathy (DN) is one of the causes of end-stage 

renal failure. The main pathological feature of DN is renal 

fibrosis. However, autophagy, a vital process for cellular 

remodeling and intracellular homeostasis, can counteract 

renal fibrosis. Moreover, NAD(P)H: quinone dehydrogenase 

1 (NQO1) modulates the ratios of reduced/oxidized nicotinamide 

nucleotides, thereby exerting a cytoprotective function. The 

aim of this study is was to examine the consequences of altered 

NQO1 expression for autophagy process, and for the subsequent 

renal damage during streptozotocin (STZ)-induced DN. To 

examine the role of NQO1 genes in DN progression in vitro, 

the levels of autophagy-related proteins and pro-fibrotic 

markers were assessed in silencing or overexpression of NQO1 

in human proximal tubular cells (HK2). In addition, STZ (50 

mg/kg) was injected to C57BL/6 (wild-type) and Nqo1 

knockout (KO) mice to induced DN. After 12 weeks from STZ 

injection, renal pathology and the markers of autophagy and 

fibrosis were examined. NQO1 deficiency impaired the 

autophagy process by suppressing basal expression of Vps34 

and ATG14L and inducing the expressions of TGF-β1, Smad3, 

and MMP9 in high-glucose (HG) -treated HK2 cells. Indeed, 

the fluorescence intensity of both Vps34 and ATG14L was 

suppressed in cells treated with short interfering NQO1 RNA 

(siNQO1). Meanwhile, NQO1 overexpression increased the 

expression of Vps34 and ATG14L, while, reducing the expression 

of TGF-β1, Smad3 and MMP9. In vivo, the expression of 

Vps34 and ATG14L were suppressed in NQO1-/- mice 

indicating aggravated glomerular changes and interstitial 

fibrosis. NQO1 deficiency suppressed autophagy initiation 

signaling in HK2 cells, with consequent worsened renal cell 

damage under HG condition. Moreover, STZ-treated NQO1 

KO mice showed that NQO1 deficiency aggravated renal 

fibrosis by dysregulating autophagy. Our results suggested 

that alterations in the NQO1 pathway and in with autophagy 

process signaling are important for the progression of DN 

fibrosis. 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 (2016R1A2B4008584) 

Keywords: Autophagy, Diabetic nephropathy, NQO1, Renal damage
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Classical CLEM methods for studying renal tight 
junctions

Seung Yun Han
1
, Ki-Hwan Han

2

1Department of Anatomy, College of Medicine, Konyang University, 
2Department of Anatomy, Ewha Womans University College of 
Medicine

Tight junctions (TJs), also called the zonula occludens (ZO), 

are located at the apical region of the lateral membrane between 

epithelial cells. In the kidney, TJs form a barrier and regulate 

selective movement of molecules across renal tubular 

epithelial cells. By using electron microscopy and freeze- 

fracture technique, TJs can be directly visualized. Recent 

studies have suggested that proteins are important to the 

formation and structure of TJs. The most well characterized 

components are occludin and zonula occludens (ZO)-1. TJs 

can be detected at the light microscope levels by immunohistochemistry 

using the protein antibodies. Correlative light-electron microscopy 

(CLEM) is a new imaging technology that allows observation 

with a light microscope and an electron microscope on the same 

sample. CLEM would be another powerful tool for studying TJs 

in renal epithelial cells. This work was supported by the 

National Research Foundation of Korea (NRF-2017R1D 

1A1B03030573&2020R1A2C1100184). 

Keywords: Kidney, Tight junction, Occludin, CLEM
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Clinicopathological characteristics of TZAP 
expression in colorectal cancers

YuRan Heo, SooJung Jung, WonJin Park, JaeHo Lee
Department of Anatomy, School of Medicine, Keimyung University, 
Daegu, South Korea

The zinc finger protein, ZBTB48, is a telomere-associated 

protein. It renamed as telomeric zinc finger-associated protein 

(TZAP) binding to elongated telomeres. However, its 

expression level was not measured in cancers. We analyzed 

TZAP mRNA levels in 60 colorectal cancers (CRC) and its 

correlation with telomere length and TERT was studied. TZAP 

mRNA in CRC was higher statistically than that in paired 

non-cancerous tissues (p = 0.033). Higher TZAP was found 

in carcinoembryonic antigen (CEA)-positive CRCs (>5 

ng/ml) (p = 0.012). Shorter telomere was found in CRCs with 

high TZAP expression than that with low TZAP expression (p 

= 0.010). According to quantitative correlation analysis, 

TZAP has a correlation with age (r = -0.349, p = 0.007), 

TERT (r = 0.279, p = 0.041) and telomere length (r = -0.305, 

p = 0.021). TZAP expression did not harbor prognostic value 

in CRC. Inhibition of TZAP expression by siRNA suppresses 

cell growth in HT29 cells; however, it resulted in increased 

cell viability in HCT116 cells. TZAP inhibition induces a 

decrease in mRNA levels of TERT in both HT29 and HCT116 

cells. TCGA data analysis showed higher expression of TZAP 

showed poorer overall survival in colon cancer (p = 0.001); 

however, it did not have a significance in rectal cancer (p = 

0.951). We suggested that TZAP may be a possible biomarker 

for CRC.

Keywords: TZAP, Telomere, Colorectal cancer, ZBTB48, 

TERT
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한국인 시신의 장딴지빗근에서 발견한 보조힘줄 : 증례보고

Kwang Rak Park1, Jaeho Cho2, Yu Jin Choi1, Digud Kim1, Hyung 

Wook Kwon1, Mijeong Lee1, Jeonghyun Park1

1Department of Anatomy & Cell Biology, Graduate School of 
Medicine, Kangwon National University, Kangwon, Korea, 
2Department of Orthopedic Surgery, Chuncheon Sacred Heart 
Hospital, Hallym University of Medicine, Kangwon, Korea

장딴지빗근(plantaris muscle)은 종아리뒤칸의 표면영역 일부

를 형성하는 근육으로 작고 짧은 힘살(belly)과 가늘고 긴 힘줄

(tendon)로 구성되어 있다. 이 근육은 넙다리뼈의 가쪽위관절융

기선 아랫부분의 빗오금인대 (oblique popliteal ligament)에서 

일어나 가쪽에서 안쪽방향으로 비스듬하게 가로질러 내려오다 발

꿈치힘줄(calcaneal tendon)의 안쪽 가장자리를 따라 주행하다 

발꿈치뼈 융기에 닿게 된다. 이러한 해부학적 형태에도 불구하고, 

일개 의과대학 해부학실습과정에서 만 91세의 한국인 여성의 오

른쪽 장딴지빗근의 이는곳이 두 곳에서 형성되는 변이가 확인되어 

보고하고자 한다. 일반적인 해부학실습 과정에서 만 91세의 한국

인 여성의 오른쪽다리 종아리뒤칸 얕은근육무리에서 장딴지빗근

의 이는곳이 두 곳에서 형성되는 변이가 확인되었다. 첫째 근육은 

힘살과 힘줄로 이루어져 있었고, 일반적인 장딴지빗근의 이는곳, 

주행 및 닿는곳을 가지고 있었다. 그러나, 둘째 근육은 힘살은 없고 

힘줄로만 이루어져 있었고, 이는곳이 넙다리뼈 안쪽관절융기

(medial condyle)부분의 빗오금인대(oblique popliteal ligament) 

아래쪽 가장자리였으며, 이는곳에서는 폭이 넓고 먼쪽으로 내려

갈수록 점점 좁아지는 부채꼴의 형태를 보이다가 주힘줄과 합쳐지

는 변이를 확인하였다. 우리는 이러한 변이형태가 힘살이 없고 힘

줄로만 이루어져 있어 장딴지빗근의 ‘보조힘줄(accessory tendon)’

이라고 부르기로 하였다. 넙다리뼈 안쪽관절융기에서 시작하는 

보조힘줄을 가진 이러한 변이는 우리가 알고 있는 한 이전에 보고

된 바가 없는 경우이다. 넙다리뼈 안쪽관절융에서 시작하는 보조

힘줄이 가쪽관절융기에서 시작하는 주힘줄과 만나지면서 Y자 형

태를 이루게 되어 다리오금(popliteal fossa)부위를 지나가는 신

경혈관다발(neurovascular bundle)이 이 두 힘줄사이에 끼이게 

되어 죄임부위(entrapment area)를 형성할 가능성을 배제할 수 

없다. 본 증례가 이와 관련된 질환을 다루는 외과의들에게 임상적

으로 유용한 해부학적 기초자료가 될 것으로 사료된다.

Keywords: 한국인, 장딴지빗근, 장딴지빗근힘줄, 보조힘줄, 변이
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Histologic features of sublingual gland 
herniation through the mylohyoid muscle

Hye Jung Cho, Young Suk Cho, Kwang Il Nam, Kyu Youn Ahn, 

Chaeyong Jung
Department of Anatomy, Chonnam National University Medical 
School

Objectives/Hypothesis: The purpose of this study was to 

document histologic features of the herniated sublingual gland 

(SLG) and investigate the histologic correlation between 

herniated SLG and plunging ranula. Methods: One hundred 

half-heads from 50 adult cadavers (21 females and 29 males) 

were included in this study. The presence of SLG herniation 

and the histologic features SLG were analyzed. The histologic 

features were analyzed according to the part: intraoral, 

junctional, and herniated parts. Hematoxylin and eosin (H&E), 

periodic acid Schiff reaction (PAS), and Alcian Blue (pH 2.5) 

staining were performed. Results: SLG herniation was found 

in 42 of 100 half-heads. Non-herniated SLG and the intraoral 

part of the herniated SLG were mainly composed of mucous 

acini and a few mixed acini. Junctional and herniated parts were 

mainly composed of serous acini and showed fatty change. PAS 

and Alcian blue staining showed that both acidic and neutral 

mucinous acini of junctional and herniated parts were 

decreased. However, there was no pseudo-epithelium at any 

site of herniation. Conclusions: The histologic features of 

herniated SLG are different according the portions. The 

herniated part showed fatty degeneration and the remaining 

acini were mainly serous. We cannot confer any correlation 

between plunging ranula and the herniated part of SLGs.

Keywords: Sublingual gland, Herniation, Ranula, Acini, Human
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Location of the infraorbital foramen with 
reference to soft tissue landmarks for regional 
nerve blocks during midface surgery

Shin-Hyo Lee
1
, Hyun Jin Shin

2
, Kang-Jae Shin

3

1Department of Anatomy, Yonsei University College of Medicine, 
2Department of Ophthalmology, Konkuk University School of 
Medicine, 3Department of Anatomy and Cell Biology, Dong-A 
University College of Medicine

An infraorbital nerve (ION) block is widely used to accomplish 

regional anesthesia during surgical procedures involving the 

midface region. This study aimed to elucidate the exact location 

of the infraorbital foramen (IOF) in relation to clinically useful 

soft-tissue landmarks for achieving an effective ION block. 

Forty-three hemifaces from 23 embalmed Korean cadavers 

were dissected. The lateral canthus, peak of Cupid’s bow, 

medial limbus, and midline were used as reference points. The 

distances from the IOF to the midline and the lateral canthus 

were measured. The IOF was located approximately 25 mm 

below the lateral canthus and 27 mm lateral to the midline. In 

all cases the IOF was situated within 9.0 mm of the crossing 

point of the oblique line connecting the lateral canthus to the 
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peak of Cupid’s bow and the vertical line through the medial 

limbus. Considering the spread of an anesthetic agent, injecting 

it into the crossing point of the oblique line through the lateral 

canthus to the peak of Cupid’s bow and the vertical line through 

the medial limbus would successfully block the ION in most 

patients.

Keywords: Orbit, Maxillary Nerve, Innervation, Nerve Block, 

Lateral Canthus
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한국인 시신에서 긴엄지발가락폄근과 보조힘줄에 따른 
형태학적 분류 

Yu Jin Choi1, Jaeho Cho2, Kwang Rak Park1, Digud Kim1, Hyung 
Wook Kwon

1
, Mi Jeong Lee

1
, Jeonghyun Park

1

1Department of Anatomy & Cell Biology, Graduate School of 
Medicine, Kangwon, Korea, 2Department of Orthopedic Surgery, 
Chuncheon Sacred Heart Hospital, Hallym University of Medicine, 
Kangwon, Korea 

긴엄지발가락폄근(extensor hallucis longus)에서 보조힘줄

(asscessory tendon)에 관한 다양한 선행연구들이 있지만, 한국

인에서 보조힘줄에 대한 체질인류학적 자료는 충분하지 않다. 따

라서, 본 연구에서는 한국인 시신을 대상으로 긴엄지발가락폄근

의 보조힘줄에 대한 발생빈도와 형태학적 분류를 진행하였고, 이

에 대한 기초적인 자료를 확보하고자 하였다.이 연구에는 포르말

린으로 고정된 한국인 시신 79구(총158쪽, 오른발 79쪽, 왼발 79

쪽)을 사용하였다. 시신의 평균연령은 75.89세(45~100세)였다. 

긴엄지발가락폄근과 보조힘줄의 형태학적 분류를 위한 측정은 전

자디지털캘리퍼를 사용하였다. 긴엄지발가락폄근의 닿는곳에 

따른 분류는 Samar A-Saggaf(2003년) 분류법을 기준으로 하였

다.유형 1은 46쪽(29.1%)이며, 한 개의 긴엄지발가락폄근이 엄

지발가락 끝마디뼈바닥으로 닿았다. 유형 2는 109쪽(69%)이며, 

한 개의 긴엄지발가락폄근에 보조힘줄 한 개가 더 관찰되었으며 

보조힘줄이 더 작았고 안쪽으로 닿아 있었다. 유형 3은 3쪽(1.9%)

이며, 긴엄지발가락폄근에 보조힘줄이 두 개가 확인되었으며 하

나의 보조힘줄에서 너비가 좀 더 작은 하나의 보조힘줄이 갈라져 

나오는 형태였다. 긴엄지발가락폄근의 닿는곳은 97쪽(89.5%)

에서 첫째발허리발가락관절주머니, 11쪽(9.5%)에서 엄지발가

락 첫마디뼈의 머리, 1쪽(1%)에서 엄지발가락 첫마디뼈였다. 긴

엄지발가락폄근 힘줄의 길이는 149±26㎜, 너비는 5.23±1.42㎜

였고, 보조힘줄의 길이는 94.5±32.5㎜, 너비는 1.17±0.64㎜였

다.결론적으로, 한국인의 긴엄지발가락폄근의 유형별 발생빈도

와 보조힘줄의 부착 유형이 타 인종과는 차이가 있음을 확인하였

다. 아울러, 향후 한국인의 긴엄지발가락폄근과 보조힘줄에 대한 

해부학적 특성과 인종별 차이점을 규명하기 위한 추가적인 연구가 

필요한 것으로 사료된다. 

Keywords: Extensor hallucis capsularis, Extensor hallucis 

longus, Variation, Cadaveric study
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한국인 시신에서 뒤정강근힘줄의 수와 닿는곳에 따른 
해부학적 분류

Digud Kim
1
, Jaeho Cho

2
, Hyung Wook Kwon

1
, Kwang Rak Park

1
, 

Mi Jung Lee1, Yu Jin Choi1, Jeonghyun Park1

1Department of Anatomy & Cell Biology, Graduate School of 
Medicine, Kangwon National University, 2Department of 
Orthopedic Surgery, Chuncheon Sacred Heart Hospital, Hallym 
University of Medicine

뒤정강근힘줄 기능 저하로 인하여 발생할 수 있는 편평발 변형을 

진단하고 치료하기 위해서는 뒤정강근힘줄 닿는곳의 해부학적인 

지식이 특히 중요하다. 이에 본 연구에서는 한국인 시신을 대상으

로 뒤정강근힘줄 닿는곳과 힘줄수의 해부학적 구조에 따른 형태 

분류를 체계화하여 한국인의 해부학적 특성을 규명하고 나아가 

뒤정강근힘줄 기능 저하에 대한 진단과 치료의 기초적인 해부학 

자료를 마련하고자 하였다. 한국인 성인 시신 61구(남자 34구, 여

자 27구)에서 총 122쪽을 해부하였으며, 그중 발 부분에 병변, 손

상, 기형, 과거 외상 또는 수술의 이상 징후가 있는 4쪽을 배제한 

118쪽을 사용하였다. 뒤정강근힘줄 닿는곳의 위치와 힘줄수에 따

라 4가지 유형으로 구분한 Olewnik의 분류법을 따랐다. 뒤정강근

힘줄의 닿는곳의 너비는 Swanton 등의 방법을 참고하여 뒤정강근

힘줄이 발배뼈와 안쪽쐐기뼈 닿는곳에서 몸쪽 2cm 지점의 힘줄 

너비를 측정하였다. 한국인 시신에서 뒤정강근힘줄의 닿는곳 유

형을 분류한 결과, 유형1은 2쪽 발(1.7%), 유형2는 13쪽 발

(11.0%), 유형3은 25쪽 발(21.2%), 유형4는 78쪽 발(66.1%)에

서 관찰되었다. 유형3의 하위유형인 3B는 5쪽 발(4.3%), 3C는 

9쪽 발(7.6%), 3K는 11쪽 발(9.3%)에서 관찰되었다. 유형4의 

하위유형인 4K-1은 25쪽 발(21.2%), 4K-2는 38쪽 발(32.2%), 

4K-3은 13쪽 발(11.0%), 4K-4는 2쪽 발(1.7%)에서 관찰되었

다. 본 연구에서 새롭게 발견한 하위유형은 한국인을 상징하는 

Korean의 첫 글자 “K"로 표기하였다. 뒤정강근힘줄 유형의 빈도

는 성별에 따른 유의한 차이가 있었다. 뒤정강근힘줄의 발배뼈

(Navicular bone) 닿는곳 너비는 남자가 여자보다 넓었다. 결론적

으로 본 연구는 한국인 시신을 대상으로 뒤정강근힘줄의 해부학적 

구조에 따른 형태 분류를 체계화하여 해부학적 특성을 규명하였으

며, 이를 이용하여 뒤정강근힘줄 기능 저하로 인한 편평발에 대하

여 진단과 치료의 기초적인 해부학 자료를 제공할 수 있을 것으로 

판단된다. 

Keywords: 한국인시신, 뒤정강근힘줄, 닿는곳, 힘줄수, 해부학

적 분류
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Variation of serratus anterior muscle originated 
from the clavipectoral fascia: a case report

Yoon Jin Kang, Anna Bae, Yu-Ran Heo, Soo-Jung Jung
Department of Anatomy, School of Medicine, Keimyung University, 
Daegu, South Korea

The variations in the serratus anterior (SA) muscle are 

common. Here, we report a rare variation of the muscle origin 

with a potentially great clinical implication. We found an 

aberrant SA variation in an 81-year-old Korean male cadaver 

during a routine dissection for medical students. Additional slip 

(AS) of the SA originated from the clavipectoral fascia and the 

pectoralis minor. It traveled inferiorly and merged to the typical 

SA part. Precise knowledge about SA variations is clinically 

valuable; therefore, clinicians should be aware of the possible 

variation.

Keywords: Serratus anterior, Clavipectoral fascia, Pectoralis 

minor, Anatomical variation, Case report 
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한국인에서 다리길이와 장딴지빗근힘줄 길이의 
상관관계 : 시신연구

Kwang Rak Park
1
, Jaeho Cho

2
, Yu Jin Choi

1
, Digud Kim

1
, Mijeong 

Lee1, Hyung Wook Kwon1, Jeonghyun Park1

1Department of Anatomy & Cell Biology, Graduate School of 
Medicine, Kangwon National University, Kangwon, Korea, 
2Department of Orthopedic Surgery, Chuncheon Sacred Heart 
Hospital, Hallym University of Medicine, Kangwon, Korea

장딴지빗근은(plantaris muscle)은 짧은 방추근육(fusiform 

muscle)과 길고 가는 형태의 힘줄(tendon)로 이루어진 근육이다. 

이 근육은 가자미근(soleus muscle)과 장딴지근(gastrocnemius 

muscle) 사이를 위가쪽에서 아래안쪽으로 주행한다. 본 연구의 

목적은 한국인 시신의 장딴지빗근힘줄(tendon of plantaris 

muscle)의 길이를 측정하고 이를 기초자료로 나이, 키, 다리길이 

등과의 관련성을 분석하여 장딴지빗근힘줄의 길이를 예측할 수 

있는 요소를 확인하고 임상적으로 적용 가능한 해부학적 기초자료

를 확보하고자 함이다. 포르말린 혼합액으로 고정된 한국인 시신 

다리 108쪽(남자 70쪽, 여자 38쪽)을 대상으로 분석하였다. 장딴

지빗근힘줄의 길이는 힘살(belly)을 제외한 힘줄부분만을 측정

하고, 다리길이는 위앞엉덩뼈가시에서 안쪽복사 아래끝까지의 

길이를 측정하였다. 장딴지빗근힘줄의 측정치와 나이, 키, 다리길

이와의 관련성은 단순 상관 분석을 이용하였으며, 그중 가장 상관

계수가 높은 다리길이와 장딴지빗근힘줄과의 관계는 선형회귀분

석을 통하여 회기식을 도출하였다. 장딴지빗근힘줄의 길이는 

28.0±2.3 cm이었고, 나이는 75.7±11.0세, 키는 162.2±8.7 cm, 

다리길이는 81.1±4.8 cm로 나타났다. 장딴지빗근힘줄의 길이는 

나이와 상관관계는 없었으며(p=0.655), 키, 다리길이와는 모두 

높은 양의 상관관계(Pearson correlation r=0.609, r=0.661)를 

보였다. 장딴지빗근힘줄의 길이(y, cm)와 다리길이(x, cm)사이

의 관계에 y=0.316x + 2.481 공식을 얻었다. 결론적으로, 본 연구

에서는 가장 높은 상관관계를 나타낸 다리길이를 이용하여 장딴지

빗근힘줄의 길이를 예측할 수 있는 회기식을 도출함으로서, 힘줄

이식수술에 필요한 제공자로서의 적합성 여부를 판단하는데 있어 

임상적으로 활용 가능한 해부학적 기초자료를 제시하였다.

Keywords: 장딴비빗근힘줄, 힘줄길이, 다리길이, 상관관계
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Unusual variations in branching pattern of the 
axillary artery and hands with the persistent 
median artery

Jun Hyun Park, Se Hyun Kang, Tai Kyoung Baik, Ran Sook Woo, 
Dae Yong Song, Hong Il Yoo
Department of Anatomy and Neurosciences, Eulji University 
School of Medicine, Daejeon, Republic of Korea

We report multiple variations in arterial pattern of the upper 

extremity, which were encountered in an 84-year-old female 

cadaver. In the left axilla, an aberrant common trunk arose from 

the third part of the axillary artery, which divided into four 

branches including the anterior and posterior circumflex 

humeral, subscapular, and high bifurcation of the deep brachial 

artery. In the right axilla, a large common trunk was originated 

from the second part of the axillary artery with four branches 

including the lateral thoracic, thoracodorsal, circumflex 

scapular, and common stem for the circumflex humeral artery. 

In both hands, the superficial palmar branch of radial artery 

was very large and was traversing over the thenar muscles to 

make superficial palmar arch, which gives rise to a common 

trunk for the princeps pollicis and radialis indicis arteries. In 

the left hand, the persistent median artery accompanied with 

a median nerve and formed the superficial palmar arch with 

the ulnar and radial arteries. This case report alerts clinicians 

and anatomists to the possibility of concurrent complex 

bilateral variations in the upper limb.

Keywords: Axillary artery, Persistent median artery, Superficial 

palmar branch of radial artery, Princeps pollicis artery, 

Variations
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The morphometry of the male bulbospongiosus: 
The location and the Intramuscular neural 
arborization pattern

Ji-Hyun Lee
1
, Hyo-Sang Ahn

1
, Hyun Jin Park

1
, Alonso 

Hormazabal-Peralta1, Kyu-Ho Yi1,2, Hyung-Jin Lee1, Hee-Jin 
Kim

1,3

1Division in Anatomy and Developmental Biology, Department of 
Oral Biology, Human Identification Research Center, BK21 PLUS 
Project, Yonsei University College of Dentistry, Seoul, Korea, 2Inje 
County Public Health Center, Inje, Korea, 3Department of 
Materials Science & Engineering, College of Engineering, Yonsei 
University, Seoul, Korea

The male bulbospongiosus (BS) is one of the muscles in the 

superficial muscular layer of the perineum. The aim of this 

study was to elucidate the morphometry of the BS which can 

provide useful anatomical information to clinicians. Fifteen 

embalmed Korean male cadavers (mean age of 81.5) were used 

in this study. The perineum of each cadaver was dissected 

carefully to identify the BS. Then the morphometric analyses 

of the BS including the measurements of the distances from 

the surface landmarks to the BS were conducted. After 

measurements, the BS was harvested and Sihler’s staining 

was performed to investigate the neural arborization pattern 

of the BS. The average muscle length line was 41.5 ± 5.5 mm 

at the mid-sagittal line, and the average width was 16.8 ± 5.1 

mm. The average distances from the penoscrotal sulcus to the 

anterior border of the BS was 39.6 ± 6.2 mm, and from the 

anus to the posterior border of the BS was 28.0± 10.2 mm. 

The neural arborization pattern was mostly observed in the 

medial portion of each side of the BS. Recently, to treat the 

premature ejaculation, various unlabeled medications such as 

injection of the botulinum neurotoxin to the BS were reported. 

In spite of there are various controversies about the treatment 

of premature ejaculation with botulinum neurotoxin, the 

results of this study about the BS can provide useful anatomical 

information in various clinical procedures include the 

botulinum neurotoxin of the perineum. 

Keywords: Bulbospongiosus, Botulinum neurotoxin, Shiler’s 

staining, Neural arborization, Premature ejaculation
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Is Ventrogluteal Region the Suitable Site for 
Intramuscular Injection in Korean?

Yong-Seok Nam1, Yi-Suk Kim1, Deog-Im Kim2

1The Catholic University of Korea, 2Keimyung University

Intramuscular injection site is depended on the purpose of 

injection, medications, or ages. The most popular site for 

intramuscular injection is the gluteal region for in-patients. 

Some physicians and nurses have argued on intramuscular 

injection site in gluteal region. Ventrogluteal region is rather 

than dorsogluteal region which is traditional intramuscular 

injection site because of side effects. The purpose of this study 

is to confirm that ventrogluteal region is the suitable site for 

intramuscular injection in Korean. Colored gelatin was injected 

into the 2 BMI normal cadavers and 2 overweight cadavers. 

The gelatin with green ink was injected at ventrogluteal region 

as if the blue gelatin was injected at dorsogluteal region. The 

injected cadavers were cut and taken pictures as transverse 

cross sections at injection site after frozen in the freezer. Two 

thicknesses were measured in the photograph as follows. One 

is from skin to the injected gelatin surface (TSI) and the other 

is from the skin to the fascia (TSF) using Adobe Photoshop 

CC 2018. One of 4 cadavers was excluded because that had 

artificial pin in the sacrum. All of 6 hips were confirmed the 

injected blue gelatin in the gluteus medius muscle. In contrast, 

one green gelatin was found in the subcutaneous tissue. In 

dorsogluteal injection, the average TSI was 4.56cm and the 

average TSF was 1.78cm. The average values of ventrogluteal 

injection was 3.10 and 2.68, respectively. It is inappropriate 

to make a conclusion because the number is too small. However, 

the following points should be taken into account in selecting 

the suitable injection site. It is the risk of the superior gluteal 

nerve and iliac bone injury. The superior gluteal nerve passes 

between the gluteus medius and minimus muscles. In the 

ventrogluteal injection, injected green gelatin located close to 

the gluteus minimus muscle and the ilium. 

Keywords: Intramuscular injection, Ventrogluteal, Dorsogluteal, 

Body mass index, Korean
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시신에서 모의수술을 통한 고리뼈-중쇠뼈 나사고정술의 
시술 지침 확인 

Woo Jin Kim, Young-il Hwang
Department of Anatomy and Cell Biology, Seoul National 
University College of Medicine

머리쪽 목뼈인 고리뼈(C1)와 중쇠뼈(C2)에 외상, 암, 염증과 같

은 질환으로 인해서 분절간 불안정성이 발생할 수 있으며, 이 경우 

매우 위험한 상황이기 때문에 외과적인 분절고정술이 필요하다. 

역사적으로 상위 목뼈를 고정하는 방법은 철사를 사용하여 척추뼈 

후방을 묶어주는 방법에서 시작하여 C1과 C2를 나사로 고정하는 

방법, C1과 C2 각각에 대한 직접적 나사 고정법, 금속판으로 고정

하는 방법 등이 차례로 제시되었다. 그러나 광범위한 절개, 삽입 
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지점과 지향 각도의 선정 등 기술적인 문제와, 척추동맥, 혀밑신경, 

속목동맥 등의 손상 위험 등의 부작용이 여전히 존재하고 있다. 

본 연구에서는 C1과 C2의 형태를 계측ㆍ관찰하고, 생체에 근사한 

상태에서 모의 수술을 시행하여 이 부위의 나사 고정술의 보다 안

전한 시술을 위한 지침을 찾고자 하였다. 해부용 시신 27구(남자 

10, 여자 17)에서 목뼈 전체를 절제하여 고리뼈 24개에서 좌우 

48회의 고리뼈나사를 삽입하였고, 중쇠뼈 27개에서 모두 54회의 

중쇠뼈나사를 삽입하는 모의수술을 시행하였다. 전체 목뼈를 탁

상용 바이스 클램프에 엎드린 자세로 고정한 상태에서 C1 가쪽덩

이(lateral mass)와 C2 척추뿌리(pedicle)에 나사를 삽입하였으

며, 나사삽입 전후에 CT 영상을 얻어 필요한 사항에 대한 계측을 

시행하였다. 길이 항목에 대해서는 디지털 캘리퍼스를 사용하여 

실측치를 추가로 얻었다. 이후 나사를 제거하고 나사에 의한 뼈 

천공 여부를 확인하였다. 고리뼈 시술 48예 중 2예(4.2%)에서, 

중쇠뼈 시술 54예 중 7예(13.0%)에서 나사의 경로 이탈이 있었다. 

고리뼈에서 성공적으로 삽입된 나사의 내외각은 15.3° ± 8.6°였

으며, 그 길이는 20.4 ± 4.0 mm였다. 실패한 2예는 삽입구가 가쪽

덩이 중앙부보다 지나치게 가쪽으로 선정된 경우로 여러 계측치가 

성공한 경우와 크게 다르지 않았지만 최적안전각이 평균값보다 

컸다(18.0°, 21.7°). 또한 삽입된 나사의 길이가 비교적 짧았다

(17.1, 17.0 mm). 한편 중쇠뼈에서는 성공한 경우의 내외각은 

19.6° ± 6.6°, 평균 길이는 22.6 ± 4.1 mm였다. 경로 이탈한 7예에

서 안전각 범위는 성공한 경우에 비해서 작았으며(12.6°), 삽입된 

나사의 길이는 고리뼈나사와는 달리 성공예에 비해서 길이가 길었

다(25.3±5.0 mm). 실패한 7예 중 4예는 high-riding vertebral 

artery (HRVA)가 존재하는 경우였다. 한편 HRVA는 25.9% 

(14/54)에서 관찰되었으며, 이는 개인 수준에서는 40.7% 

(11/27)에 해당하는 빈도였다. 전체 HRVA 중 4예에서 나사의 

경로이탈이 있어서, 전체 HRVA의 28.6%에 해당하였다. 시술에 

있어서 고리뼈보다는 중쇠뼈에서의 나사 삽입이 더 많은 주의를 

요한다. 따라서 중쇠뼈 나사 삽입 지점을 결정하기 위해서는 보다 

신중한 접근이 필요하다. 특히 척추동맥의 변이가 비교적 흔하기 

때문에 나사 진입지점 박리 전에 영상의학적 검사등을 통하여 이

를 확인할 필요가 있다. 중쇠뼈 나사는 고리중쇠 관절면 가장 안쪽

에서 3 mm 아래안쪽으로 떨어진 지점부터, 기계적 지지를 위한 

골량 획득을 위해 아래가쪽으로 이동한 지점을 선택해야 하지만 

이 때 V3의 출구 지점보다는 위쪽이어야 한다. 이 지점에서 20도 

전후 내향각으로 중쇠뼈 위관절면과 평행하거나, 혹은 몸통 위쪽 

1/4 지점을 지향하는 것이 바람직하다. 

Keywords: 목뼈, 고리뼈, 중쇠뼈, 분절고정술, 나사삽입

황영일 | 서울대학교 의과대학  ·  hyi830@snu.ac.kr 

P-12 

Distribution of the dorsal nerve of penis in 
human glans penis

Shin-Hyo Lee1, Ki-Seok Koh2, Wu-Chul Song2, Hun-Mu Yang1

1Department of Anatomy, Yonsei University College of Medicine, 
Seoul, Korea, 2Department of Anatomy, Research Institute of 

Medical Science, Konkuk University School of Medicine, Seoul, 
Korea

The present study aimed to elucidate the distribution of the 

dorsal nerve of penis (DNP) supplying the greatest sensitivity 

over the glans penis. The glandes of 25 penises of formalin- 

embalmed cadavers were investigated to confirm the distribution 

of the DNP within the glans penis by whole-mount Sihler’s 

staining, histologic sections, and immunohistochemistry. 

Average 6.7 bundles of the DNP consisting of several nerve 

fibers converged linearly toward the distal end of the penis, 

rather than diverging laterally in on the way. Lateral branches 

of the DNP linearly extended to the distal end with ramification 

while dorsomedial branches of that gave off nerve fibers to the 

dorsum of mid-glans and the corona. The intra-stromal 

ramification of the DNP is more developed in the distal half of 

the glans penis than the proximal glans containing the corpus 

cavernosum. They gave rise radial nerve fibers toward the skin 

surface forming a plexiform network of terminal branches in 

the dermis. Sensory nerve termini which are positive for 

Myelin basic protein and Protein gene product 9.5 formed 

corpuscle-like structures in the dermis. Linear projection of 

main branches of the DNP throughout entire glans and fine 

networks of terminal branches in the dermis were distinctly 

visualized in the human penis. 

Keywords: Dorsal nerve of penis, Glans penis, Immunohistochemistry, 

MBP, PGP 9.5, Sihler's stain, 3D reconstruction
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딥러닝을 활용한 얼굴 초음파 이미지 분석

Hyung-Jin Lee1, Kang-Woo Lee1, Hee-Jin Kim1,2

1Division in Anatomy and Developmental Biology, Department of 
Oral Biology, Human Identification Research Center, BK21 PLUS 
Project, Yonsei University College of Dentistry, Seoul, Korea, 
2Department of Materials Science & Engineering, College of 
Engineering, Yonsei University, Seoul, Korea

삶의 전반에 걸쳐 인공지능(Artificial Intelligence, AI) 혁명이 

일어나고 있으며, 의료 영상분석 분야에서 딥러닝 기술은 인체 세

부 구조의 검출과 분할, 병변의 탐지 영역으로 빠르게 도입되고 

있다. 따라서 본 연구의 목적은 얼굴 초음파 영상에서 획득한 이미

지를 딥러닝을 통해 부위별로 교육하고, 이를 바탕으로 추후 딥러

닝과 초음파를 활용하여 실시간 얼굴 구조 검출에 적용 가능한 기

초자료를 구축하는 것이다. 임상연구 피험자 100명을 모집하여 

얼굴 가로단면 초음파 이미지(이마, 코, 입주위)를 획득하였다

(E-CUBE Platinum, 8-17 MHz, L817X, ALPINION Medical 

Systems, Seoul, Korea). MATLAB 프로그램을 사용하여 초음

파 사진에 대한 분류작업을 시행하였다. 네크워크 모델은 사전 교

육된 Densenet-201을 사용하였다. 이를 통해 초음파 이미지의 
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부위별(이마, 코주위, 입주위) 분류에 대한 정확도를 평가하였다. 

세가지 부위에 대해서 95.4%의 분류 정확도를 나타냈다. 각 부위

에 대한 분류 정확도는 이마 95.6%, 코주위 99.1%, 입주위 91.4%

였다. 딥러닝을 통해 얼굴 초음파 영상에서 부위를 분류하는 데 

어려움이 없었다. 이 연구결과는 얼굴 초음파 영상에서 혈관, 근육 

등 주요 구조물을 검출할 때, 분석해야 할 구조물의 수를 줄여, 검출 

성능을 향상시킬 수 있을 것으로 기대된다. 

Keywords: 인공지능,딥러닝,초음파,얼굴 초음파,MATLAB
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Artificial cranial deformations reported from 
archaeological sites in ancient northeast Asia 

Jin Seong Han1, Hye Jin Lee2, Dong Hoon Shin3, Jong Ha Hong1

1Institute of Korean Archaeology and Ancient History, Kyung Hee 
University, 2Ministry of National Defense Agency KIA Recovery 
& Identification, 3Department of Anatomy and Cell Biology, Seoul 
National University College of Medicine

Deformed crania denotes cranium that is distinguished with 

cranial bones of their normal form by constant pressurizing 

process into the bone. There are two different ways of the 

cranial deformation: intentional or non-intentional. Unintended 

cranial deformation is caused by traditional parenting such as 

weighing down by the cradle in infancy of growth, deformation 

by trauma, or congenital defect as craniosynostosis. In 

contrast, other deformations indicate intended deformation of 

growing cranial bone by utilizing implements such as board, 

slab stone, band, rope, and cord etc. This is so called artificial 

or intentional cranial deformation (ACD or ICD) in physical 

anthropology. ACD has drawn attentions from anthropologists 

and archaeologists for substantiating historical accounts, 

manifesting discriminative station between-or within-group. 

Especially in Korea, the cases of ACD found in Yean-ri site have 

engaged academic concerns as a physical evidence validating 

historical record described in Record of the Three Kingdoms; 

Sanguozhi ( 『三國志』「 魏志 - 東夷 傳」). However, hitherto 

the clear concurrence has not been achieved between researchers 

on which morphological features to be regarded as ACD, which 

becomes an obstacle to concretely restore life of the past. In 

this study, we reviewed ACD cases reported from archaeological 

sites in Northeast Asia (Korea, China, Russian Far East, and 

Japan) based on sex, sites and regions, analyzing mutual 

similarity and differences between them. This research was 

supported by Basic Science Reseach Program through the 

National Research Foundation of Korea by the Ministry of 

Education(2020R1I1A1A01073501). 

Keywords: Deformed crania, Cranial deformation, Artificial 

cranial deformation
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A cadaveric study of the obturator motor nerve 
distribution and its cutaneous branches

Anna Jeon
1
, Yegyeong Kim

1
, Je-Hun Lee

2
, Seung-Ho Han

1

1Department of Anatomy, College of Medicine, Chung-Ang 
University, 2Anatomy Laboratory, College of Sports Science, 
Korea National Sport University

Obturator nerve block is commonly used to prevent sudden 

adduction of the thigh during transurethral resection of bladder 

tumor, and to treat adductor muscle spasticity with paraplegia, 

cerebral palsy, or multiple sclerosis. It is also known to be 

effective in controlling pain for knee surgery and treating 

chronic hip pain. In the present study, we investigate a detailed 

distribution of the obturator motor nerve and its cutaneous 

branches. The lower limbs of 71 specimens from embalmed 

and non-embalmed Korean cadavers were dissected. To 

measure the emerging point of the obturator nerve, the pubic 

tubercle was used as the origin (0.0), the line of the inguinal 

ligament was defined as the x-axis and the line passing pubic 

tubercle vertically was defined as the y-axis. The point where 

the obturator nerve passed through the superior pubic rami and 

first emerged from the thigh was 1.8 cm on the x-axis and 1.8 

cm on the y-axis in males and 2.1 cm on the x-axis and 1.4 

cm on the y-axis in females. The distributed pattern of the 

cutaneous branches was classified into four types according 

to the relationship with the vastoadductor membrane and the 

saphenous nerve. The first type of the cutaneous branch 

passing through the vastoadductor membrane and also 

merging into the saphenous nerve was 38% of the specimens. 

The second type of the cutaneous branch non-passing through 

the vastoadductor membrane and merging into the saphenous 

nerve was 34% of the specimens. The third type of the 

cutaneous branch passing through the vastoadductor membrane 

and non-merging into the saphenous nerve was 3% of the 

specimens. In 24% of the specimens, the cutaneous branch did 

not pass through vastoadductor membrane and also did not 

merge into the saphenous nerve. In this fourth type, the cutaneous 

branches were distributed directly to the skin. Knowledge of 

the anatomical course of the obturator nerve is essential for 

effective, efficient, and safe nerve block without complications.

Keywords: Obturator nerve, Obturator nerve block, Obturator 

neuropathy, Obturator cutaneous branches, Adductor muscle spasm
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The injection site in the tarsal tunnel to minimize 
neurovascular injury for heel pain: An anatomical 
study

Jehun Lee
Korea national sport University

Introduction: The aim of this study was to investigate the 

location and distribution patterns of neurovascular structures 

and determine the effective injection point in the tarsal tunnel 

for heel pain. Methods: Fifteen adult non-embalmed cadavers 

with a mean age of 71.5 years were studied. The most inferior 

point of the medial malleolus of the tibia (MM) and the 

tuberosity of the calcaneus (TC) were identified before 

dissection. A line connecting the MM and TC was used as a 

reference line. The reference point was expressed in absolute 

distance along the reference line using the MM as the starting 

point. For measurements using MRI, the depth from the skin 

was measured to inferior at an interval of 1 cm from the MM. 

Results: The posterior tibial artery, lateral plantar nerve, and 

medial plantar nerve were located from 29.0 to 37.3% of the 

reference line from the MM. The distribution frequencies of 

the medial calcaneal nerve on the reference line from the MM 

were 0%, 8.60%, 37.15%, 37.15%, and 17.10% respectively. 

The mean depth of the neurovascular structures was 0.3 cm. 

Discussion: This study recommended an effective injection 

site from 45.0 to 80.0% of the reference line.

Keywords: Tarsal tunnel, Heel pain, Neurovascular structure, 

Anatomical study
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CLEM for detecting renal primary cilia

Soo-Jin Song, Ki-Hwan Han
Department of Anatomy, Ewha Womans University College of 
Medicine

Primary cilia are sensory organelles that consist of an axoneme 

of nine doublet microtubules. In the kidney, cilia protrude into 

the luminal side of the various tubular epithelial cells. Detection 

of primary cilia can be made relatively simple by immunofluorescent 

staining. However, scanning electron microscopy (SEM) is 

required to observe a more accurate three-dimensional 

structure of the primary cilia. Correlative light and electron 

microscopy (CLEM) is a new technology that enables 

fluorescence imaging and high-resolution structural analysis 

of electron microscopy on the same sample. The hybrid 

approach using CLEM will make it easier to apply functional 

fluorescence microscopy data and ultrastructural information 

from electron microscopy to primary cilia studies in the kidney. 

This work was supported by the National Research Foundation 

of Korea (NRF-2017R1D1A1B03030573&2020R1A2C1100184). 

Keywords: Kidney, Primary cilia, Fluorescent image, CLEM 
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CrkII negatively regulates osteoblast differentiation 
and function through JNK phosphorylation

Hye Jung Cho
1
, Naksung Kim

2
, Kwang Il Nam

1
, Kyu Youn Ahn

1
, 

Chaeyong Jung1

1Department of Anatomy, Chonnam National University Medical 
School, 2Department of Pharmacology, Chonnam National 
University Medical School

The adaptor protein CrkII is involved in several biological 

activities, including mitogenesis, phagocytosis, and cytoskeleton 

reorganization. Previously, we demonstrated that CrkII plays 

an important role in osteoclast differentiation and function 

through Rac1 activation both in vitro and in vivo. In this study, 

we investigated whether CrkII also regulates the differentiation 

and function of another type of bone cells, osteoblasts. 

Overexpression of CrkII in primary osteoblasts inhibited bone 

morphogenetic protein (BMP) 2-induced osteoblast differentiation 

and function, whereas knockdown of CrkII expression exerted 

the opposite effect. Importantly, CrkII strongly enhanced 

c-Jun-N-terminal kinase (JNK) phosphorylation, and the 

CrkII overexpression-mediated attenuation of osteoblast 

differentiation and function was recovered by JNK inhibitor 

treatment. Furthermore, transgenic mice overexpressing 

CrkII under control of the alpha-1 type I collagen promoter 

exhibited a reduced bone mass phenotype. Together, these 

results indicate that CrkII negatively regulates osteoblast 

differentiation and function through JNK phosphorylation. 

Given that CrkII acts as a negative and positive regulator of 

osteoblast and osteoclast differentiation, respectively, the 

regulation of CrkII expression in bone cells may help to develop 

new strategies to enhance bone formation and inhibit bone 

resorption.

Keywords: CrkII, Osteoblast, Osteoclast, JNK
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TAP2, a peptide antagonist of Toll-like receptor 
4, attenuates pain and cartilage degradation in a 
monoiodoacetate-induced arthritis rat model

Hyewon Park
1,2

, Jinpyo Hong
3
, Yuhua Yin

1,2
, Yongbum Joo

4
, 

Youngmo Kim4, Juhee Shin1,2, Hyeok Hee Kwon1,2, Nara Shin1,2, 
Hyo Jung Shin

1,2
, Jaewon Beom

5
, Dong Woon Kim

1,2
, Jinhyun Kim

6

1Department of Medical Science, Chungnam National University 
College of Medicine, Daejeon, Republic of Korea. , 2Department 
of Anatomy, Brain Research Institute, Chungnam National 
University College of Medicine, Daejeon, Republic of Korea., 
3Department of Neuroscience and Physiology, and Dental Research 
Institute, Seoul National University School of Dentistry, Seoul, 
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, Gyeonggi-do, Republic 
of Korea., 6Department of Internal Medicine, Chungnam National 
University College of Medicine, Daejeon, Republic of Korea. 

Background: Because inflammation in osteoarthritis (OA) is 

related to the Toll-like receptor 4 (TLR4) signaling cascades, 

TLR4 is a reasonable target for developing therapeutics for 

OA. Thus, we investigated whether TAP2, a peptide antagonist 

of TLR4, reduces the monoiodoacetate (MIA)-induced 

arthritic pain and cartilage degradation in rats. Methods: TLR4 

expression of human OA chondrocytes and synoviocytes and 

the knee joint tissue of MIA-induced arthritis were evaluated. 

MIA-induced arthritic model using Sprague-Dawley rats (6 

week-old-male) were treated with TAP2, a TLR4 antagonist, 

and evaluated with behavioral test, immunohistochemistry, 

and quantitative PCR. Results: TLR4 was highly expressed 

in the knee joints of patients with OA and the MIA-induced 

rat model. Further, a single intraarticular injection of TAP2 

(25 nmol/rat) molecules targeting TLR4 on day 7 after MIA 

injection dramatically attenuated pain behavior for about three 

weeks and reduced cartilage loss in the knee joints and 

microglial activation in the spinal dorsal horns. Likewise, the 

mRNA levels of TNFα and IL-1β, reactive oxygen species, 

and the expression of MMP13 in the knee joints of 

TAP2-treated rats was significantly decreased by TAP2 

treatment compared with the control. Moreover, interestingly, 

the duration of OA pain relief by TAP2 was much longer than 

that of chemical TLR4 antagonists, such as C34 and M62812. 

Conclusions: TAP2 could effectively attenuate MIA-induced 

arthritis in rats by blocking TLR4 and its successive 

inflammatory cytokines and MMP13. Therefore, TAP2 could 

be a prospective therapeutic to treat patients with OA.

Keywords: Osteoarthritis, Pain, TLR4, Peptide antagonist, 

Inflammation
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Variation in autophagic markers expression of 
rat prostate lobes in testosterone-induced benign 
prostatic hyperplasia

Geum-Lan Hong, Kyung-Hyun Kim, Yae-Ji Kim, Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary 
Science, Chungnam National University, Daejeon, Republic of 
Korea

Testosterone-induced rat model is the most popular 

experimental model for benign prostatic hyperplasia (BPH). 

The rat prostate comprises four distinct lobes viz ventral, 

lateral, dorsal and anterior lobes. The microtubule-associated 

protein 1A/1B-light chain 3(LC3B) and sequestosome 1(p62) 

are key markers of autophagy. However, the expression and 

localization of LC3B and p62 have not been elucidated in 

testosterone-induced rat BPH. The study investigated the 

expression and localization of autophagy markers via hematoxylin 

and eosin (H&E) and immunohistochemistry (IHC) staining. 

Fifteen Sprague-Dawley rats were classified into three 

groups; Normal control(N.C.), BPH (testosterone propionate, 

TP 5 mg/kg), and Fina (TP + finasteride 10 mg/kg). In the 

N.C. group, LC3B was expressed in the epithelial cells of all 

areas, whereas p62 was rarely expressed except in the anterior 

lobe. In the BPH group, the number of LC3B-positive cells 

decreased compared to N.C. group, whereas the expression 

of p62 increased. In the Fina group, the LC3B and p62 levels 

in epithelial cells of the ventral lobe were similar to the N.C. 

group. Autophagy was diminished in the BPH group, but 

induced in the ventral lobe in the Fina group. The specific site 

of autophagy expression represents the target of BPH 

management and treatment. Acknowlegement 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: Localization, Autophagy, LC3, p62, Benign 

prostatic hyperplasia
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Sexual dimorphism in placenta development 
induced by lipopolysaccharide (LPS) exposure 
during pregnancy 

Da Som Jeong, Ji-Yeon Lee, Myoung Hee Kim
Department of Anatomy, Embryology Laboratory, Yonsei 
University College of Medicine, Seoul 03722, Korea

Sexual dimorphism is found in many filed of adult life and cannot 
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be excluded, especially when it comes to the incidence, 

frequency and vulnerability of the disease. Most of the reasons 

that cause sex differences in adult diseases are thought to be 

hormones and sex chromosomes, but, besides this, ‘fetal 

origin’ offers another important perspective. Prenatal stress 

during pregnancy is a risk factor for adverse pregnancy 

outcomes and lifelong diseases such as metabolic and cardiac 

diseases, and neurodevelopmental disorders. Maternal immune 

activation (MIA) induced by prenatal stress or infection 

increases the release of inflammatory cytokines and acts as 

a developmental stressor for offspring by inducing placental 

inflammation. The placenta, located at the fetal-maternal 

interface, ensures the appropriate fetal growth and development 

by regulating uterine environment and adapts to external 

stimuli. Emerging evidence shows that prenatal stress-induced 

placental inflammation and pathological changes are sex-specific. 

However, the mechanism underlying the regulation of the 

placental adaptation and sexual dimorphism under prenatal 

stress-induced suboptimal condition is not fully understood. 

To investigate sex-dependent placental responses to prenatal 

distress, we have established an rodent model by inducing 

inflammatory response using lipopolysaccharide (LPS). Here 

we will show the patterns of placental inflammation induced 

by LPS and the difference in placental and embryo development 

according to fetal sex. Identifying the regulatory mechanism 

for how to deal with the intrauterine challenges differently 

depending on the sex of the fetus will help us to understand 

the relationship between placental disease and fetal development, 

and develop treatments for pregnancy complications.

Keywords: Sexual dimorphism, Placental adaptation, Prenatal 

stress, Maternal immune activation (MIA), Placental development
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Artemisia iwayomogi extract improves allergic 
airway inflammation via balancing TH1/TH2 
homeostasis and inhibiting mast cell degranulation

Thi Van Nguyen1, Chun Hua piao1, Yanjing Fan1, Zhennan Yu1
, 

Eui-Hyeog Han1, Hyoung Tae Kim1, Yun Ho Choi1, Chang Ho 

Song1,2, Ok Hee Chai1,2

1Department of Anatomy, Chonbuk National University Medical 
School, Jeonju, Jeonbuk, 54896, Republic of Korea, 2Institute for 
Medical Sciences, Chonbuk National University, Jeonju, Jeonbuk, 
54896, Republic of Korea.

A new terminology "combined allergic rhinitis and asthma 

syndrome (CARAS)" was introduced to describe patients 

suffered from both allergic rhinitis (AR) and allergic asthma 

(AA). AR is an inflammatory disorder of the nasal mucosa, 

typified by symptoms of nasal itching, sneezing, nasal 

secretions, and nasal blockage. AA, on the other hand, is a 

chronic inflammatory pulmonary disorder characterized by 

reversible obstruction of the airways, causing wheezing, 

breathlessness, chest tightness, and cough. The pathogenesis 

of allergic airway inflammation has been well known with the 

main contribution of TH1/TH2 imbalance and mast cell 

degranulation. Artemisia iwayomogi has been used as herbal 

medicine with their hepaprotective, anti-fibrotic, anti-allergic, 

anti-diabetic and anti-hyperlipidemic activities. In this study 

the effect of Artemisia iwayomogi extract (AIE) on an 

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, IgG1 and histamine levels, up-regulated 

OVA-specific IgG2a in serum. The altered histology of nasal 

and lung tissues of CARAS mice was effectively ameliorated 

by ACE. The ACE treatment group showed markedly increase 

levels of the TH1 cytokine interleukin (IL)-12 and TH1 

transcription factor T-bet. In contrast, the levels of the TH2 

cytokines IL-4, IL-5, IL-13 and the TH2 transcription factor 

GATA-3 were notably suppressed by AIE. Moreover, AIE 

effectively prevented mast cell degranulation in vitro and mast 

cell infiltration in lung tissues in vivo. Based on these results, 

AIE could be a potential therapeutic agent in OVA-induced 

CARAS by virtue of its role in balancing the TH1/TH2 

homeostasis and inhibiting the mast cell degranulation. 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 

AR and AA.

Keywords: Artemisia iwayomogi, Combined allergic rhinitis 

and asthma syndrome, TH1/TH2 balance, Mast cell, 
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PM2.5 exacerbates oxidative stress and inflammatory 
response through the Nrf2/NF-κB signaling pathway 
in OVA-induced allergic rhinitis mouse model

YanJing Fan1, Chun Hua Piao1, Thi Van Nguyen1, Zhen Nan Yu1
, 

Eui-Hyeog Han1, Hyoung Tae Kim1, Yun Ho Choi1, Chang Ho 

Song1,2, Ok Hee Chai1,2

1Department of Anatomy, Jeonbuk National University Medical 
School, Jeonju, Jeonbuk, 54896, Republic of Korea., 2전북 대학교 
의과학 연구소, 전북 전주, 54896

Background: Air pollution-related particulate matter (PM) 

exposure reportedly enhances allergic airway inflammation. 

Some studies have shown an association between current PM 
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exposure and a low risk for allergic rhinitis (AR). However, 

the effect of PM for AR was not fully understood. Objective: 

The purpose of this study is to evaluate the direct impact of 

long-term PM exposure with a less than or equal to 2.5 μm 

in aerodynamic diameter (PM2.5) on the oxidative stress and 

inflammatory response through the Nrf2/NF-κB signaling 

pathway in ovalbumin (OVA)-induced AR mouse model. 

Methods: Six-week old male BALB/c mice were used for this 

study. AR mouse model was developed by intranasal 

administering of 100 μg/mouse PM2.5 solution and then 

intraperitoneal injecting ovalbumin (OVA) with alum and 

intranasal challenging with 10 mg/ml OVA. The effects of 

PM2.5 on oxidative stress and inflammatory response via 

Nrf2/NF-κB signaling pathway in mice with or without AR 

indicating by histological, serum, and protein analyses were 

examined. Results: PM2.5 administration enhanced allergic 

responses including goblet cell hyperplasia and inflammatory 

cell expression in the nasal mucosa through increased 

expression of inflammatory cytokine and reduced the release 

of Treg cytokine in OVA-induced AR mice, although PM2.5 

exposure itself induced neither allergic responses nor damage 

to nasal and lung tissues. Notably, repeated OVA-immunization 

markedly impaired the nasal mucosa in the septum region. 

Moreover, AR with PM2.5 exposure reinforced this impairment 

in OVA-induced AR mice. Long-term PM2.5 exposure 

strengthened allergic reactions by inducing the oxidative 

through MDA production. The present study also provided an 

evidence, for the first time, that activity of Nrf2 signaling 

pathway was inhibited in PM2.5 exposed AR mouse. Furthermore, 

PM2.5 exposed group increased pathological nasal and lung 

damage and related the inflammatory cytokine and clearly 

enhanced PM2.5 phagocytosis by alveolar macrophages via 

activating of NF-κB signaling pathway. Conclusion: These 

obtained results suggest that AR patients may experience 

exacerbation of allergic responses in areas with prolonged 

PM2.5 exposure.

Keywords: PM2.5, AR, Nrf2, NF-κB, Oxidative stress, 

Inflammation.
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Three-dimensional analysis of mouse habenula 
subnuclei reveals reduced volume and gene 
expression in the lipopolysaccharide-mediated 
depression model

Esther Yang, Soohyun Yang, Hyun woo Lee, Hyun Kim
Department of anatomy, college of medicine, Korea University

The habenula (Hb) is small but important brain structure, 

anatomically and functionally links the forebrain with the 

midbrain to modulate various neuropsychiatric functions 

associated with drug addiction and emotion-associated 

dysfunctions. Several reports suggested that the dysfunction 

of Hb-related functions affected the Hb structurally and 

functionally. However, the technical limitation has awaited the 

solid conclusion of whether Hb change due to depression is 

likely to occur in certain subnuclei of the Hb. To probe this 

possibility, we developed 3-dimensional reconstruction 

methods for the high-resolution volumetric analysis of Hb and 

the mRNA levels at the given volume in normal or 

lipopolysaccharide (LPS)-mediated mouse model of depression. 

Notably, we discovered that the volume reduction was 

prominent in medial Hb but not in lateral Hb after LPS 

treatments. On the other hand, the RNA expression levels of 

known Hb regional markers such as Tac1 (dorsal part of medial 

Hb), ChAT (ventral part of medial Hb), and Tacr1 (medial and 

lateral Hb) were all decreased in all Hb subnuclei in LPS- 

injected mice. Accordingly, accurate volumetry with marker 

labeling was not feasible. Collectively, these established 3D 

analyses of mouse Hb successfully and precisely determine the 

volume-based changes of small brain structure, which should 

be applicable in a wider range of mouse models or pathological 

specimens.

Keywords: 3-dimensional structure, Gene expression, 

Depression, Habenula
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Expression and localization of sex steroid receptor 
in testosterone-induced benign hyperplasia rat 
models

Kyung-Hyun Kim, Yae-Ji Kim, Hui-Ju Lee, Geum-Lan Hong, 

Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary 
Science, Chungnam National University, Daejeon, Republic of 
Korea

Testosterone-induced rat model is the most popular 

experimental model for benign prostatic hyperplasia (BPH). 

The rat prostate comprises four distinct lobes viz ventral, 

lateral, dorsal and anterior lobes. Androgens and estrogens are 

respective receptors in BPH. The goal of this study was to 

characterized the distribution and staining intensity of 

androgen receptor (AR) and estrogen receptor-alpha (ERα) 

and beta (ERβ). The rat prostate tissue microarray composed 

of n ormal prostate and BPH tissue was used and immunohistochemistry 

was performed to detect AR, ERα, and ERβ. In both stroma 
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and epithelium, AR expression and staining intensity were 

increase in BPH compared to normal control group. The ERα 

increasingly expressed to epithelium in BPH groups compared 

to normal control. On the other hand, the expression of ERβ 

was decreased in BPH groups. These data will help to 

understand of mechanism of pathogenesis in prostate leading 

to treatment for BPH. 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)

Keywords: Localization, Androgen receptor, Estrogen 

receptor alpha, Estrogen receptor beta, BPH
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Recovery of dopaminergic amacrine cells after 
strobe light stimulation in developing rat retina

Soo-Jin Song, Jung-A Shin
Department of Anatomy, Ewha Womans University College of 
Medicine

Recently, concerns have been raised about the impact of strobe 

light on human health and life. Sources of strobe light include 

amplitude-controlled flashing lights, light emitting diodes, and 

computer monitors, which can lead to visual discomfort, 

headaches, and poor visual performance. In addition, strobe 

light affects the number of dopaminergic amacrine cells 

(DACs) in development retina and retinal dopamine levels. 

DACs serve as the sole source of retinal dopamine, and 

dopamine release from the retina is regulated by light exposure 

following a circadian rhythm. The aim of this study is to 

determine whether changes of dopaminergic amacrine cells 

by strobe light are recoverable after stopping strobe light 

during retinal development. From eye-opening (postnatal 2 

weeks), the control group was reared under continuous light 

and the experimental group was reared under strobe light for 

2 weeks. After postnatal 4 weeks, continuous light was given 

to all animals for recovery. After that, immunohistochemistry 

and western blot for tyrosine hydroxylase (TH), and 

high-pressure liquid chromatography (HPLC) for dopamine 

and 3,4-Dihydroxyphenylacetic acid (DOPAC) were performed 

at postnatal 4, 6, 8 and 10 weeks. The number of type I and 

type II TH-immunoreactive (TH-IR) cells across the entire 

retina was counted to determine if the changes of DACs were 

recovered. In rats reared in continuous light, the number of type 

I TH-IR cells decreased slightly and maintained at a constant 

level, whereas in rats reared in strobe light, type I TH-IR cells 

rapidly decreased at postnatal 6 weeks and then increased after 

postnatal 8 weeks. After that, a level similar to the number of 

type I TH-IR cells in rats reared with continuous light was 

observed. In addition, the number of intermediate-sized 

TH-IR cells was increased at postnatal 8 and 10 weeks, and 

dopamine level was decreased a postnatal 8 weeks in 

strobe-reared rats. However, the levels of DOPAC and TH 

protein did not differ between rats reared in both continuous 

and strobe light. This suggests that changes of DACs by visual 

environment are reversible and can recover after discontinuation 

of stimuli. The work was supported by the Basic Science 

Research Program through the National Research Foundation 

of Korea (NRF-2017R1C1B1011306). 

Keywords: Retina, Strobe light, Development, Dopaminergic 

amacrine cell, Tyrosine hydroxylase
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Human spinal cord organoids exhibiting neural 
tube morphogenesis for a quantifiable drug 
screening system of neural tube defects

Ju-Hyun Lee1, Hyogeun Shin2,3, Mohammed R. Shaker1, Hyun 
Jung Kim1, June Hoan Kim1, Namwon Lee4, Minjin Kang5, Subin 

Cho6, Tae Hwan Kwak8, Jong Woon Kim9, Mi-Ryong Song10
, 

Dong Wook Han8, Sanghyuk Lee6,7, Se-Young Choi11, Im Joo 
Rhyu1, Hyun Kim1, Dongho Geum5, Il-Joo Cho2,3, Woong Sun1

1Department of Anatomy, Brain Korea 21 Plus Program for 
Biomedical Science, Korea University College of Medicine, 
2Center for BioMicrosystems, Brain Science Institute, Korea 
Institute of Science and Technology (KIST), 3Division of Bio-Medical 
Science & Technology, KIST School, Korea University of Science 
and Technology (UST), 4InterMinds Inc., 5Department of Biomedical 
Sciences, Korea University College of Medicine, 6Department of 
Bio-Information Science, Ewha Womans University, 7Department 
of Life Science, Ewha Womans University, 8Department of Stem 
Cell Biology, School of Medicine, Konkuk University, 9Department 
of Obstetrics and Gynecology, Chonnam National University 
Medical School, 10School of Life Sciences, Gwangju Institute of 
Science and Technology, 11Department of Physiology, Dental 
Research Institute, Seoul National University School of Dentistry

The human spinal cord forms well-organized neural circuits 

for sensing the environment and producing motor behavior. 

Although recent studies have reported the three-dimensional 

(3D) induction of the spinal cord-like tissue from human 

pluripotent stem cells (hPSCs), they do not mimic morphological 

feature of neurulation and their maturity is yet limited. Here 

we report an advanced 3D culture system for the production 

of human spinal cord-like organoids (hSCOs). In our culture 

system, typical neurulation-like tube-forming morphogenesis 

occurred, and hSCOs exhibited many aspects of developing 
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spinal cord, including histological segregation of grey and white 

matter-like territory, differentiation of the major spinal cord 

neurons and glial cells, and mature synaptic functional 

activities. Our hSCO platform allowed the quantitative and 

systematic high-throughput examination of the potential risk 

of neural tube defects (NTDs) induced by antiepileptic drugs. 

Collectively, these results suggest that hSCOs can be used for 

understanding the human spinal cord development, disease 

modeling, and toxicology screening. 

Keywords: Organoid, Spinal cord, Neurogenesis, Neurulation, 

Neural tube defects, 
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Simple method to exclude contamination rate 
during primary isolation of stem cells from human 
exfoliated deciduous teeth

Du-man Lee1,2,3, Jee Soo Park2,3,4, Ho Jin Lee2,3,4, Jeong-Seob 
Won1,2,3, Hee-Jang Pyeon2,5, Chung Kwon Kim2,5, Hyun Nam2,3,5,6, 

Kyeung Min Joo1,2,3,4,5,7

1Department of Health Sciences and Technology, Samsung 
Advanced Institute for Health Sciences & Technology (SAIHST), 
Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, South Kor, 2Stem Cell and Regenerative Medicine 
Institute, Research Institute for Future Medicine, Samsung 
Medical Center, Seoul, South Korea, 3Single Cell Network 
Research Center, Sungkyunkwan University School of Medicine, 
Suwon, South Korea, 4Department of Anatomy & Cell Biology, 
Sungkyunkwan University School of Medicine, Suwon, South 
Korea, 5Medinno Research Institute, Medinno Inc., Suwon, South 
Korea, 6Department of Neurosurgery, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, South 
Korea, 7Biomedical Institute for Convergence at Sungkyunkwan 
University (BICS), Sungkyunkwan University, Suwon, South 
Korea

Mesenchymal stem cells (MSCs) are a type of adult stem cells 

with self-renewal and differentiation potentials into adipocytes, 

osteocytes, and chondrocytes. Among MSCs, dental pulp stem 

cells (DPSCs) and stem cells from human exfoliated deciduous 

teethes (SHEDs) are easily obtained from human teeth. For 

the clinical application of DPSCs and SHEDs, contaminations 

with oral bacteria need to be addressed in during primary 

isolation. In this study, we investigated optimized method to 

isolate and culture SHED without contamination. Deciduous 

teeth were delivered within 24 hours and washed several times 

with PBS. To prevent oral bacteria, teeth was incubated in 

penicillin/streptomycin (P/S), antiobiotics-antimycotics (A/A), 

70% ethanol and washed several times with PBS. Dental pulp 

was extracted and enzymatically dissociated. Cells were 

cultured more than 9 passages. To determine stemness, cells 

were incubated in osteogenic and adipogenic differentiation 

condition. There was no significant difference of contamination 

rate between incubation of teeth with P/S and A/A. However, 

incubation in ethanol significantly decreased contamination 

rate to less than 10%. There seemed to be no effects of ethanol 

on the proliferation rate and differentiation potentials of 

SHEDs. This result suggested that ethanol was cheap and 

simple method for successful culture of SHEDs without 

contamination. However, we should be cautious about side 

effects of ethanol on SHEDs, especially clinical graded 

production of SHEDs

Keywords: Stem cells from human exfoliated deciduous 

teethes (SHEDs), Dental pulp stem cells (DPSCs), Optimization 

of decontamination methods for primarily culture, Pre-treatment 

of 70% ethanol
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Evaluation of bone formation of magnesium- 
coated implants in rabbit femur condyle

Bo Hyun Jung1, Ki-Yeon Yoo1, Sun Hong Song2

1Department of Anatomy and Research Institute of Oral Sciences, 
College of Dentistry, Gangneung Wonju National University, 
Gangneung, Republic of Korea, 2Department of Rehabilitation 
Medicine, Gangneung Asan Hospital, College of Medicine, 
University of Ulsan, Gangneung, Republic of Korea

Magnesium is an important factor involved in apatite formation 

and may have a direct effect on bone resorption cells for bone 

metabolism. Especially, magnesium alloy has perfect biocompatibility 

and mechanical properties. So, it is also being suggested in the 

field of bone implants. In this study, the implant fixture was 

treated with pure magnesium to determine whether it had an 

effect on bone remodeling. It was used New Zealand White 

rabbit (22 weeks, 3.3kg) in this study. A general implant was 

placed on the right femur (CTL group), and a pure magnesium- 

treated implant was placed on the left femur (Pure Mg group), 

and both sides were compared. After placed implant, 5 ml of 

alizarin red S (30 mg/kg) was administered at 3 weeks, and 

5 ml of calcein (10 mg/kg) was administered by subcutaneous 

injection at 6 weeks. After 8 weeks of placed implant, femur 

tissue was sampled, the implant site was cut, and stored in a 

fixative. The sampling femur was subjected to micro CT 

measurement, and after that, the reaction was confirmed with 

alizarin red S and calcein using a fluorescence microscope by 

making a non-decalcified slide. As a result, it was observed 

that the bone at the implant site treated with pure magnesium 

showed more new bone formation and calcium accumulation 

than the CTL group. Therefore, it is suggest that pure 
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magnesium contributes to the rapid formation of new bones 

around the implant as calcium is rapidly produced and 

accumulated.

Keywords: Implant, Pure magnesium, Bone formation, 

Calcium accumulation, Bone remodeling
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Abnormal localization of aquaporin 1 in aging 
mouse kidney 

Soo-Jin Song, Jung-A Shin, Ki-Hwan Han
Department of Anatomy, Ewha Womans University College of 
Medicine

Aging is a natural process that causes structural and functional 

changes in organ systems. In the kidney, aging results in a 

decrease in the number of glomeruli and a decline in glomerular 

filtration rate (GFR). Also, urine concentrating ability can be 

reduced during normal aging. Aquaporin 1 (AQP1) is a 

specialized membrane channel that is involved in urinary 

concentration by absorbing water from the kidney. The 

purpose of this study is to examine the effects of aging on the 

AQP1 expression in the kidney. Kidney tissues from young (2 

months old) and elderly (19 months old) C57BL/6 mice were 

processed for immunohistochemistry and immunoblot analysis. 

In the young mouse kidney, AQP1 was localized in the proximal 

tubule and descending thin limbs of the loop of Henle. 

Immunostaining of AQP1 in the proximal tubule was strongly 

expressed in the brush border of the apical membrane and less 

strongly in the basolateral membrane. In the descending thin 

limbs of Henle, AQP1 was similarly expressed in the apical and 

basolateral membranes. Most of the expression of AQP1 was 

present in the cell membranes and was negligibly weak in the 

cytoplasm. In the old kidney, AQP1 was present in the proximal 

tubule and descending thin limbs as in the young kidney. 

However, there appeared to be a difference in the distribution 

pattern in cells. AQP1, which was in the apical and basolateral 

membranes, showed an abnormal pattern in the cytoplasm. In 

addition, the cytoplasm of the proximal tubule of the old kidney 

contained many characteristic vacuoles. Vacuoles in the 

cytoplasm were presumed to be associated with autophagy 

protein expression. These results suggest that the decrease 

in urine concentration in aging kidney may be due to 

dysregulation of AQP1, possibly involving autophagy. This 

work was supported by the National Research Foundation of 

Korea (NRF-2017R1D1A1B03030573&2020R1A2C1100184).
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LIM homeobox 6 (Lhx6)-immunoreactive 
neurons in the ventral zona incerta project to 
the lateral supramammillary nucleus of the rat

Sung Gyoon Oh, Hyun Sook Lee
Dept. of Anatomy, School of Medicine, Konkuk University

There was a recent report suggesting that LIM homeobox 6 

(Lhx6)+ GABA-releasing neurons of the ventral zona incerta 

(ZI) promote sleep. We demonstrated in our previous study 

that Lhx6+ ZI neurons are activated during paradoxical sleep 

(PS) hypersomnia which was induced by 48-hour PS 

deprivation, implying their roles in the control of PS like 

melanin-concentrating hormone (MCH) cells. Since the 

lateral supramammillary nucleus (SUMl) is the major 

hypothalamic area activating the dentate gyrus as well as other 

limbic cortices during PS, we examined in the present study 

whether Lhx6+ ZI cells provide efferent projections to the 

SUMl, using the retrograde-tracing method. In control (i.e., 

non-injected) animal, the SUMl contained extensive cocaine- 

and amphetamine-regulated transcript (CART)-immunoreactive 

axon terminals (the majority of which co-contained MCH) as 

well as a substantial number of CART somata. Following the 

tracer injection into the SUMl, the mean number of 

retrogradely-labeled Lhx6+ neurons was comparable to that 

of retrogradely-labeled MCH cells in the ZI. However, the total 

(i.e., single- plus double-labeled) number of Lhx6+ cells was 

approximately three times larger than that of MCH cells in the 

ZI. Thus, the proportion (7.8%±0.7%, n=6) of retrogradely-labeled 

Lhx6+ neurons over the total Lhx6+ cells was approximately 

one-third of the percentage (20.9%±1.0%, n=6) of retrogradely- 

labeled MCH neurons over the total MCH cells, where the mean 

difference between the two groups was statistically significant 

(P<0.01). The present observations suggested that Lhx6+ 

neurons in the ventral ZI might play an important role in the 

regulation of PS like MCH cells, partly via the neural network 

involving the SUMl.

Keywords: Lhx6, Lateral supramammillary nucleus, Sleep-wake 

cycle
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Astrocyte targeted SOX9 nanoparticle reduces 
ischemic brain injury

Hyo Jung Shin
1,2,3

, Seung Gyu Choi
1,2

, Ka-young Lee
4
, Jung Hae 

Kim2, An Kyo Lee2, Dong Woon Kim1,2,3

1Department of Medical Science, Chungnam National University, 
Daejeon 35015, Korea, 2Department of Anatomy and Cell Biology, 
Chungnam National University, Daejeon 35015, Korea, 3Brain 
Research Institute, Chungnam National University, Daejeon 
35015, Korea, 4Department of Rehabilitation Medicine, Seoul 
National University Bundang Hospital, Seongnam 13620, Korea

Astrocytes are highly responsive to become reactive following 

brain insult. Particularly, stroke injury results in consequence 

of the failure of astrocyte to supports the essential metabolisms. 

However, a direct role of astrocyte in ischemic brain damage 

remains incompletely understood. To address this issue, we 

generated PLGA nanoparticle plasmid delivery system to 

enhance specific gene expression in GFAP positive astrocyte 

exclusively. Here, we found that SOX9 expression is dramatically 

down regulated in astrocyte from brain damage area in the 

photothrombotic stoke animal model. Therefore, we generated 

astrocyte targeted peptide-conjugated nanoparticles using glial 

fibrillary acidic protein (GFAP) promoted-controlled SOX9 

plasmid for astrocyte-targeted gene enhancing. We observed 

that PLGA nanoparticles encapsulated with GFAP:SOX9:tdTOM 

not only prevents brain infarct damage but also reduces 

neuro-deficits through PGD2 pathway after Rose Bengal 

induced brain ischemia. Thus, PLGA nanoparticle plasmid 

delivery system targeting astrocyte provides a potential 

opportunity for stoke treatment. Since the only effective 

treatment is reinstating the blood supply, cell-specific gene 

therapy by PLGA nanoparticle will open the new paradigm. 

Keywords: Cerebral infarction, Astrocyte, SOX9, PLGA 

nanoparticle, 
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Both Intracranial and Intravenous Administration 
of Functionalized Carbon Nanotubes Protect 
Dopaminergic Neuronal Death from 
6-Hydroxydopamine

Ok-Hyeon Kim, Hyun Jung Lee
Department of Anatomy and Cell Biology, College of Medicine, 
Chung-Ang University

Although single-walled nanotubes (SWNTs) with functional 

groups have been suggested as a potential nanomedicine to 

treat neuronal disorders, effective routes to administer 

SWNTs have not been compared thus far. The blood-brain 

barrier is a considerable challenge for the development of 

brain-targeting drugs, and therefore functionalized SWNT 

routes of administration have been largely tested for Parkinson’s 

disease (PD) treatment. Here, functionalized SWNTs were 

injected directly into the lateral ventricle three days before or 

after 6-hydroxydopamine (6-OHDA) injection to compare 

the protective effects of SWNTs against dopaminergic 

neuronal death. Ventricular injections of SWNTs both before 

or after 6-OHDA exposure protected dopaminergic neurons 

both in the substantia nigra and striatum and alleviated 

rotational asymmetry behavior in PD mice. Moreover, 

intravenous administration of SWNTs three and four days after 

6-OHDA injection also prevented neuronal death and PD mice 

behavioral impairment without apparent cytotoxicity after six 

months post-treatment, thereby demonstrating that functionalized 

SWNTs could effectively protect dopaminergic neurons 

through all administration routes examined herein. Therefore, 

SWNTs are promising nanomedicine agents by themselves or 

as therapeutic carriers to treat neuronal disorders such as PD. 

Keywords: Single-walled nanotubes, Parkinson’s disease, 

Intracranial, Intravenous, Nanomedicine
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Circular RNA Tshz2-2 regulates neuronal functions 
in obesity/diabetes-like in vitro condition
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Metabolic syndrome such as obesity and diabetes mellitus is 

accompanied by cognitive deficit. Cognitive dysfunction by 

metabolic syndrome has been known to be related with a 

complex pathologies caused by a glucose imbalance, severe 

inflammation and abnormal fatty acid pattern. However, it is 

not fully understood clear explanations about what is the cause 

of cognitive deficit. Recently, non-coding RNAs have been 

considered as functional regulators for protein coding gene 

expression. Especially, the circular forms of non-coding RNA 

(circRNA) are broadly enriched in the brain as well as other 

tissues, considering an important role of it in fine-tuning brain 

function. However, no studies have reported researches on 

circRNAs, which affect cognitive dysfunction by metabolic 

syndromes. Here, we found a number of circRNAs that have 

changed the expression in high fat-fed mouse brain cortices 
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using total RNA sequencing analysis. Among them, we 

identified neuron-specific circRNAs such as circTtc3, 

circZbtb20, circTshz2-1, circTshz2-2, circMapk4, circSobp, 

circRims2-1, circRims2-2. The circTshz2-2 expression 

increased significantly during neuronal differentiation as well 

as in high fat-fed mouse brain cortices. Furthermore, the 

expression of circTshz2-2 was increased by obesity/diabetes-like 

in vitro conditions such as high level of TNF proinflammatory 

cytokine, high concentration of insulin and glucose, insulin 

resistance, and high level of unsaturated free fatty acid. This 

in vitro condition contributes to dysregulation of neuronal 

function, but circTshz2-2 knockdown protects neuronal 

functions against this in vitro condition. Thus, our results 

indicate that circTshz2-2 related as a metabolic syndrome 

regulates neuronal dysfunction and the specific mechanisms 

of circTshz2-2 in neuron.

Keywords: Non-coding RNA, Circular RNA, Metabolic 

syndrome, Cognitive deficit, Obesity/diabetes-like in vitro 

environment.
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Adiponectin and brain derived neurotrophic 
factor participate in body fat browning

Danbi Jo1, Yujeong Son2, Gwangho Yoon1, Oh Yeon Kim2, Juhyun 
Song1

1Department of Anatomy, Chonnam National University, 
Chonnam National University Medical School, 2Department of 
Food Science and Nutrition, Dong-A University

Obesity is characterized by overweight and excessive fat mass 

and various vascular problem and have been reported the 

linkage with diverse diseases. Recently, obesity is emerging 

as a hot issue worldwide, since the percentage of obese people 

are dramatically increasing all over the world. Consequentially, 

the necessity of effective therapy for obesity is getting higher. 

Lately, the expression of adiponectin and brain-derived 

neurotrophic factor (BDNF) in obesity have been highlighting, 

suggesting that many researchers mentioned positive 

correlation between adiponectin and BDNF in obese people. 

However, the association between circulating levels of BDNF 

and adiponectin in obesity is still not defined. To find this 

specific relationship, we performed clinical study for obese 

people and conducted several in vitro experiments using 

3t3-L1 adipocyte cell. Our clinical study data showed the 

negative correlation between obesity and adiponectin level in 

blood and irregular patterns of pro BNDF and active BDNF. 

Moreover, our in vitro study data presented that adiponectin 

strongly promotes adipocyte differentiation and fat browning 

process. Our data also provide the potential of adiponectin and 

BDFN to regulate fat mass in obese people. Thus, we suggest 

the adiponectin and BDNF level in blood could be used as an 

important monitoring index to detect obese status.

Keywords: Adiponectin, Brain-derived neurotrophic factor 

(BDNF), Obesity, Fat browning, Adipocyte
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Exendin-4 improves neural structure through 
regulating apoptosis by palmitic acid
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school, 2Department of biochemistry, Chonnam national 
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Exendin-4 (Ex-4) as a GLP-1 analog mimetic peptide has a 

longer half-life than GLP-1. Recently, Ex-4 have used to treat 

metabolic disorders such as type II diabetes mellitus (T2DM), 

and have used as an anti-apoptosis and neuroprotective agent. 

Palmitic acid (PA) as one of saturated fatty acids can induce 

endoplasmic reticulum (ER) stress, apoptotic cell death, 

insulin resistance in neuron and impaired neuronal differentiation. 

In this study, we investigated whether or not Ex-4 inhibits 

higher production of ROS in human neuroblastoma cell line 

SH-SY5Y under PA-induced apoptosis condition. Moreover, 

pre-treatment of Ex-4 in SH-SY5Y neuronal cells prevents 

neural apoptosis and mitochondrial dysfunction through 

several cellular signal pathways. In addition, insulin sensitivity 

in neuron is improved by Ex-4 treatment under PA-induced 

insulin resistance. Furthermore, neuronal morphology is 

improved in spite of PA-induced neuronal damage. Furthermore, 

we identified that Ex-4 restored neuronal damage and 

enhanced neural connectivity such as neurite length, secondary 

branches, and number of neurites from soma in SH-SY5Y. We 

confirmed that Ex-4 significantly increases neural connectivity 

in PA-exposed primary cortical neurons compared to the 

control condition. Taken together, we assume that Ex-4 is an 

effective peptide for improving neural connectivity and spine 

morphology in neurons based on our results. We highlighted 

that Ex-4 has therapeutic potential in CNS diseases.

Keywords: Exendin-4 (Ex-4), Palmitic acid, endoplasmic 

reticulum stress, Neural apoptosis, Neuronal morphology and 

connectivity
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Targeted Temperature Management at 36℃ is 
Challengeable as Therapeutic Modality via alteration 
of Microglial Polarization after Ischemic Stroke
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1Department of Anatomy, Yonsei University College of Medicine, 
2BK21 PLUS Project for Medical Science, Yonsei University 
College of Medicine, 3Brain Research Institute, Yonsei University 
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Mild hypothermia (TTM at 33℃) has the neuroprotective 

effects against many acute neurological insults, including 

ischemic stroke. However, it had some side effects in 

preclinical study. Therefore, we explore the neuroprotective 

effect in the ischemic brain using targeted temperature 

management (TTM at 36℃). To confirm effective neuroprotection 

of hypothermia, mice underwent a permanent stoke model and 

were treated with one of TTM at 33℃ and at 36℃ paradigms. 

To compared TTM at 33℃ and at 36℃, we examined neuronal 

cell death and or inflammatory response in ischemic brain. Mice 

from the TTM at 33℃ and at 36℃ groups reduced ischemic 

lesion sizes and enhanced neurological performance compared 

with normal body temperature (NT at 37.5℃). TTM at 33℃ 

and at 36℃ mice were attempted immunohistology for TUNEL, 

BAX and Caspase-8. TTM at 33℃ and at 36℃ mice reduced 

numbers of TUNEL (~45-50%), Bax (~ 70-75%) and 

Caspase-8 (~40-50%) expression then NT at 37.5℃. TTM 

at 33℃ and at 36℃ had also suppressed activation of microglia 

and regulated cytokines (C5/C5a, sICAM-1, IL-1α, IL-16, 

M-CSF, CXCL12, and TIMP-1) after ischemic stroke. 

However, we have not verified any difference between TTM 

at 33℃ and at 36℃ mice in all data. TTM at 33℃ or 36℃ showed 

equivalent neuroprotective effects through anti-inflammation 

characterization of microglia. TTM at 36℃, which has the equal 

neuroprotective effects as TTM at 33℃, may be a new concept 

clinical therapy for safe and effective benefits than TTM at 3

3℃ in ischemic stroke. Funding: This research was supported 

by grants from the National Research Foundation of Korea 

(NRF) grant funded by the Korea Government (MSIP) 

(NRF-2017R1A2B2005350) to JEL and (NRF- 2018R1C 

1B600615) to JSY 

Keywords: Ischemic stork, Targeted temperature management, 

Neuronal cell death, Inflammation, Microglia
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Neuroprotective and proangiogenic effects of a 
dodecamer peptide harboring Ninjurin 1 cell 
adhesion motif in the postischemic brain 

Song-I Seol, Dashdulam Davaanyam, Seung-Woo Kim, 

Ja-Kyeong Lee
Department of Anatomy, Inha University School of Medicine, 
Medical Research Center, program in Biomedical Science & 
Engineering, Department of Biomedical Sciences, Inha University 
School of Medicine, 

It has been reported that the innate immune response plays 

important roles in brain ischemia and that the infiltration of 

blood-derived immune cells is a key initiator of this response. 

Nerve injury-induced protein 1 (Ninjurin 1, Ninj1) is a cell 

adhesion molecule responsible for cell-to-cell interactions 

between immune cells and endothelial cells. In the present 

study, we investigated the proinflammatory and neuroprotective 

effects of Ninj1 and a dodecamer peptide harboring Ninj1 

N-terminal adhesion motif (N-NAM, Pro26~Asn37) in a rat 

middle cerebral artery occlusion (MCAO) model of stroke. 

Ninj1 was predominantly induced in neutrophils and endothelial 

cells in the ischemic hemispheres around 12 hrs to 1 day 

post-MCAO, which coincided with a massive neutrophil influx. 

We demonstrated that intranasal administration of Ninj1 

siRNA or N-NAM significantly blocked neutrophil infiltration 

in postischemic brains. In addition, intranasal administration 

of Ninj1 siRNA or N-NAM reduced mean infarct volume to 

46.5±9.2% or 37.2±10.5% of that of PBS-treated MCAO 

controls, respectively, which was accompanied by significant 

amelioration of neurological and motor deficits. In addition, we 

also found that intranasal administration of N-NAM beginning 

4 days post-MCAO (1.5 ㎍ daily for 3 days) augmented 

angiogenesis in the penumbra of the ipsilateral hemisphere of 

the brain and significantly enhanced total vessel lengths, vessel 

densities, and pro-angiogenic marker expression. These 

results demonstrate that the 12-amino acid Ninj1 peptide, 

which contains the N-terminal adhesion motif of Ninj1, confers 

pro-angiogenic effects and suggest that those effects might 

contribute to its neuroprotective effects in the postischemic 

brain. 

Keywords: Adhesion motif, MCAO, Neuroprotection, 

Proangiogenesis, Ninjurin 1
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RGD-motif-containing osteopontin heptamer 
confers anti-inflammatory and neuroprotective 
effects in the postischemic brain 

Dashdulam Davaanyam, Song-I Seol, Seung-Woo Kim, 

Ja-Kyeong Lee
Department of Anatomy, Medical Research Center, program in 
Biomedical Science & Engineering, Department of Biomedical 
Sciences, Inha University School of Medicine, Inchon, Korea

Osteopontin (OPN) is an arginine-glycine-aspartate (RGD)-motif, 

which binds to several cell surface integrins and mediates a 

wide range of cellular processes. Inductions of OPN have been 

reported in the postischemic brain and the neuroprotective 

effects of OPN have been demonstrated in animal models of 

stroke. In the present study, we examined neuroprotective 

potency of RGD and SLAYGLR-containing OPN-peptide 

icosamer (OPNpt20) and compared it with that of RGD-containing 

OPNpt13, OPNpt10, or OPNpt7 in an animal model of transient 

focal ischemia (middle cerebral artery occlusion, MCAO). We 

found that OPN heptamer (OPNpt7) confers comparable 

neuroprotective effect to OPNpt20. Intranasally administered 

OPNpt7 reduced mean infarct volume by 52.5% compared to 

the treatment-naïve MCAO control animals and markedly 

ameliorated neurological deficits. In addition, OPNpt7 significantly 

suppressed the inductions of iNOS and of inflammatory 

markers in postischemic brains and in primary microglial 

cultures, demonstrating anti-inflammatory effects. Administration 

of a mutant peptide, in which RGD was replaced by 

Arginine-Alanine-Alanine (RAA), failed to suppress infarct 

volumes in MCAO animals and co-administration of OPNpt7 

with anti-αvβ3 integrin antibody failed to suppress iNOS 

induction in primary microglia culture, indicating that the RGD 

motif in OPNpt7 and endogenous αvβ3 integrin play critical 

roles. Together these results indicate RGD-containing OPN 

heptamer has therapeutic potential in the postischemic brain 

and αvβ3 integrin-mediated anti-inflammatory effect might 

be an underlying mechanism. 

Keywords: Osteopontin heptamer, RGD, SLAYGLR, αvβ3 

integrin, MCAO
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Enhancements of intracellular cGMP as a potential 
therapeutic effector following mild ischemic stroke

Yejin Song1, Yeon Hee Yu1, Hyuna Im1, Dae Young Yoo1
, 

Dae-Kyoon Park1, Jae-Sang Oh2, Duk-Soo Kim1

1Department of Anatomy, College of Medicine, Soonchunhyang 
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Ischemic stroke is one of the major diseases and leading cause 

of death in the worldwide. In particular, ischemic stroke is 

induced by the occlusion of the cerebral blood vessel due to 

either embolism or thrombus, thus this serious occurrence 

leads to the major cause of long-term disability in surviving 

patients. So, there is increasing interest in clearing the 

underlying pathological mechanisms and identifying possible 

treatment strategies. Sildenafil, as known as Viagra is a 

phosphodiesterase-5 inhibitor and effect the nitric oxide-cyclic 

guanosine monophosphate pathways, which are deeply involved 

in the pathogenesis of the neurological diseases by causing 

intracellular accumulation of cGMP. Thus, it may have a 

favorable therapeutic effect on the treatment of stroke, 

neurodegenerative disorders and vascular dementia by enhancing 

angiogenesis and neurogenesis. Therefore, in order to 

investigate the whether its beneficial effects involve to the 

change of stroke infarct size and the cognitive functions. The 

first stage of this study is to confirm the phenotype after mild 

MCA occlusion (MCAo). After establishing the mild MCAo, we 

injected Sildenafil in mild stroke model and conducted a 

behavioral test to identify the cognitive function. In addition, 

mild stroke animal models were tested field excitatory 

postsynaptic potential (fEPSP) in the hippocampus following 

MCAo. Moreover, to confirm the infarct volume of brain, 

histological staining was performed. As a result, we obtained 

significant results compared with the mild stroke animal model 

treated with and/or without Sildenafil, which means that 

improving the cognitive behavioral phenotypes and the 

potential role for reducing the symptomatic outcomes after 

mild MCAo. According to these results in this study, therefore, 

we suggested that it may involve to the novel therapeutic 

effects for progressing the diverse phenotypes of mild 

ischemic stroke following MCAo. 

Keywords: Mild ischemic stroke, Sildenafil, Cognition, fEPSP, 

cGMP, Behavior phenotype
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Inhibition of Nedd9 is associated with neuroprotection 
in Rose Bengal photothrombosis
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NEDD9 (neural precursor cell expressed, developmentally 

down-regulated 9) is a member of the CAS (Crk-associated 

substrate) family of scaffolding proteins that regulate cell 

adhesion and migration. However, to date, there is no 

information regarding the relationship between NEDD9 and 

neuroprotection in the brain. In the current study, we 

discovered the highly expression of Nedd9 on neuron in Rose 

Bengal strokes model. We examined the expression of Nedd9 

on induced ROS using both in vivo and in vitro models and 

simultaneously explored the underlying neuroprotective 

mechanisms of Nedd9. Finally, we demonstrated that Nedd9 

was highly expressed in neuronal death and that inhibition of 

Nedd9 could protect neuron from ROS-induced cell injury and 

apoptosis both in vitro and in vivo by preventing mitochondria 

ROS-mediated apoptosis. Our results provide important 

evidence that Nedd9 may be a potential therapeutic protein for 

a range of neuronal pathologies. 

Keywords: Rose Bengal, Stroke, Nedd9, Neuroprotection 
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Altered disorder behavioral following abnormal 
efficacies of hippocampal circuits after febrile 
seizure

Yeon Hee Yu, Hyuna Im, Yejin Song, Dae Young Yoo, Dae-Kyoon 

Park, Duk-Soo Kim
Department of Anatomy, College of Medicine, Soonchunhyang 
University, Cheonan, Republic of Korea

Febrile seizure (FS) is the most common seizure type in the 

infant and young child, because prolonged FS may induce 

functional changes in the hippocampal circuitries and then 

contributed toward the development of temporal lobe epilepsy 

(TLE). 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. Therefore, in this study we are investigated that 

cognitive/emotional sequelae following prolonged FS. In the 

results of this study, to characterize of behavioral disturbance 

by emotional and cognitive dysfunction, we were experimented 

behavior test. In consequence, we were confirming that 

defected of recognition and emotional behavior. 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, we 

observed decreasing of interneurons in the hippocampus 

through cresyl violet staining. Immunoreactivity of GABAA 

receptor was enhancing in CA1 and DG regions of hippocampus 

compared with control. Therefore, these finding in study may 

reveal that regional specific neuronal damage and hyperthermic 

degenerations induced by FS may play an important role in the 

pathogenesis of epilepsy and occurring diverse behavioral 

sequelae.

Keywords: Febrile seizure, Epilepsy, Hippocampus, Inhibitory 

Interneurons, fEPSP, Behavior phenotype
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Altered emotional phenotypes in chronic kidney 
disease 
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Chronic kidney disease (CKD) is affected the structure and 

function of the kidney, lasting for more over 3 months, and lead 

to albuminuria and reduction in glomerular filtration rate 

(GFR). In addition to increase prevalence of chronic kidney 

disease (CKD) and neurological disorders including cerebrovascular 

disease, cognitive impairment, peripheral neuropathy, and 

dysfunction of central nervous system has been observed 

during the natural history of CKD. Especially, psychological 

distress and depression are serious concerns in patients with 

CKD. However, the relevance between CKD due to decline in 

renal function and the pathophysiology of emotional deterioration 

is not clear. Therefore, we are identifying that psychomotor 

functional disorders by CKD. First of all, we generated CKD 

rat models by performing 5/6 nephrectomy, and identified 

higher level of serum creatinine and blood urea nitrogen (BUN) 

in CKD rats than wild-type rat. In addition, the level of α

-smooth muscle actin (α-SMA) and collagen Ⅰ for renal tissue 

was markedly elevated with worsening fibrosis due to renal 

failures. To determine whether CKD affects anxiety disorders, 

we performed -open-field, elevated plus-maze, and light-dark 

transition -three anxiety-related behavioral assays in CKD 

rat models. Level of anxiety and depression-like behaviors 

was increased in the 10 weeks CKD rat models compared with 

wild-type rat. In the recording of local field potentials (LFP) 

for cross-check results of behavior test, the power of delta 

(1-4 Hz), theta (4-7 Hz), and alpha rhythm (7-12 Hz) was 

obviously increased in the CKD rat. Thus, these results 
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demonstrate that CKD is responsible for anxiogenic behaviors 

and hypolocomotion in rats. Therefore, our findings indicate 

that anxiogenic behaviors and depression can be induced by 

uremia of CKD.

Keywords: Chronic Kidney Disease, Emotional Phenotypes, 
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A nano-medicine material reduces pain behavior 
by targeting the histamine receptors
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Histamine is a biogenic neuropeptide produced by histaminergic 

neurons, mast, and microglial cells. In response to tissue 

injury/damage, histamine is released and thereby contributes 

to the generation of pain hypersensitivity. Base on the potential 

involvements of histamine in neuropathy, a lot of histamine 

receptor antagonists or antihistamines were developed for 

clinical therapeutic. Interestingly, microglia expressed all of 

four histamine receptors, thereby is activated by histamine 

stimulation in recent publications. In this study, we purpose 

to enhance the bioavailability and antihistamine effect of 

Fexofenadine-an antihistamine drug on neuropathic pain 

relieve by using Poly(lactic-co-glycolic acid) (PLGA) 

nanoparticles (NPs) deliver tool. Firstly, we confirmed that 

fexofenadine abolished the histamine-induced microglia 

activation via reducing the NFkB signaling, and cytokine 

release. Interestingly, Spinal Nerve Ligation (SNL) rat model, 

a neuropathic pain mimic model, exposed the higher histamine 

receptor expressions in the spinal cord as well as in microglia. 

This highly implicates the targeting ability of fexofenadine- 

encapsulated PLGA NPs to microglia, consequently resulting 

in pain relief. Indeed, fexofenadine NPs injection significantly 

decreased the pain from day 3 to day 9 of surgery, whereas 

direct fexofenadine effect sustained for only 3 hours. 

Consistently, the NFkB and P38 MAPK signaling were then 

also confirmed. Taken together, our results highlight a new 

nanomaterial, which can be an advantageous tool for microglia- 

relative neuropathic pain therapy clinically in the future 

because it can retain attractive properties: (i) simply production; 

(ii) safety and available for use; and (iii) longer effective in 

pain relief.

Keywords: Histamine, Antihistamin, Neuropathic pain, 
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Rg3-enriched Korean red ginseng extract inhibits 
blood-brain barrier disruption in an animal model 
of multiple sclerosis by modulating NADPH oxidase 
2 and 4 expression

Jong Hee Choi, Min Jung Lee, Jinhee Oh, Young Hyun Lee, 
Ik-Hyun Cho
Department of Convergence Medical Science, College of Korean 
Medicine, Kyung Hee University

Background: Multiple sclerosis (MS) and its an animal model, 

the experimental autoimmune encephalomyelitis (EAE) are 

primarily characterized as dysfunction of the blood-brain 

barrier (BBB). Ginsenoside-Rg3-enriched Korean red ginseng 

extract (Rg3-KRGE) is known to exert neuroprotective, 

anti-inflammatory, and anti-oxidative effects on neurological 

disorders. The purpose of the current study was to examine 

whether Rg3-KRGE could improve behavioral score of EAE. 

Methods: In present study, we investigated whether Rg3-KRGE 

(37.5, 75, and 150 mg/kg body weight) has the positive effects 

in improving the behavioral score of myelin oligodendroglial 

glycoprotein (MOG) 35-55 peptide –induced EAE mice through 

improving the integrity of the BBB in the chronic EAE mice. 

Results: Rg3-KRGE (150 mg/kg body weight) decreased 

EAE score and spinal demyelination. Rg3-KRGE inhibited 

Evan’s blue dye leakage in spinal cord, suppressed increases 

of adhesion molecule platelet endothelial cell adhesion molecule-1, 

extracellular matrix proteins fibronection, and matrix metallopeptidase-9, 

and ameliorated decreases of tight junction proteins zonula 

occludens-1, claudin-3, and claudin-5 in spinal cord following 

EAE induction. Rg3-KRGE repressed increases of proinflammatory 

transcripts cyclooxygenase-2, inducible nitric oxide synthase, 

interleukin (IL)-1 beta, IL-6, and tumor necrosis factor-alpha 

but enhanced expression levels of anti-inflammatory transcripts 

arginase-1 and IL-10 in the spinal cord following EAE 

induction. Furthermore, Rg3-KRGE inhibited the enhancement 

of nicotinamide adenine dinucleotide phosphate (NADPH) 

oxidase 2 (NOX2) and NOX4 and repressed NADPH activity 

in the spinal cord. Conclusion: Our finding suggests that 

Rg3-KRGE may alleviate behavioral symptoms and demyelination 

of MS by improving BBB integrity through modulation of 

NOX2/4 expression. 

Keywords: Rg3-enriched Korean red ginseng extract, 

Blood-brain barrier, Chronic experimental autoimmune 
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Vitamin E can reduce spasms caused by prenatal 
stress by lowering calpain expression

Hyeok Hee Kwon
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, Jin-Seok Lee
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Shin1,2, Yuhua Yin1,2, Nara Shin1,2, Hyo Jung Shin1,2, Jeong-Ah 

Hwang
1,2

, Dong Woon Kim
1,2

, Joon Won Kang
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1Department of Medical Science, School of Medicine, Chungnam 
National University, Daejeon, Republic of Korea, 2Department of 
Anatomy, School of Medicine, Chungnam National University, 
Daejeon, Republic of Korea, 3Department of Pediatrics, Chungnam 
National University Hospital, Daejeon, Republic of Korea, 4Liver 
and Immunology Research Center, Oriental Medical College of 
Daejeon University, Daejeon, Republic of Korea

Purpose: Prenatal stress increases the susceptibility of infants 

to seizures and is known to be associated with oxidative stress. 

Recent studies suggest that vitamin E has beneficial effects 

in various neurological diseases due to its antioxidant 

properties. In this study, we investigated the relationship 

between prenatal stress and vitamin E treatment on infantile 

spasms. Methods: We used pregnant female Sprague Dawley 

rats and induced prenatal stress with an injection of 

betamethasone on G15. They were then treated orally with 200 

mg/kg vitamin E or saline twice a day from G15-G21. On 

postnatal day 15, N-methyl-D-aspartate was administered 

to trigger spasms. The total number of spasms and latency to 

the first spasm were recorded. We also measured oxidative 

stress in the whole cortex through various biochemical assays. 

Results: As a result, we observed that rats treated with vitamin 

E while exposed to prenatal stress demonstrated reduced total 

number and frequency of spasms. Expression of glutamate 

decarboxylase 67 and K+/Cl- co-transporter were reduced 

after prenatal stress, which was recovered in the vitamin E 

treated group. Further, expression of calpain 2 was decreased, 

and various markers of oxidative stress were reduced in the 

vitamin E treated group. Conclusions: Our results provide 

evidence that vitamin E lowers oxidative stress and decreases 

seizure susceptibility in rat offspring exposed to prenatal 

stress. Considering the well-known safety profile of vitamin 

E, these results indicate its potential as a possible strategy to 

prevent seizures.

Keywords: Infantile spasms, Vitamin E, GABA, Prenatal 

stress, Seizure
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Gintonin mitigates experimental autoimmune 
encephalomyelitis by stabilization of Nrf2 
signaling via stimulation of lysophosphatidic 
acid receptors

Jong Hee Choi, Jinhee Oh, Young Hyun Lee, Ik-Hyun Cho
Department of Convergence Medical Science, College of Korean 
Medicine, Kyung Hee University

Gintonin (GT), a glycolipoprotein fraction isolated from ginseng, 

exerts neuroprotective effects in models of neurodegenerative 

diseases such as Alzheimer’s disease. However, the in vivo role 

of GT in multiple sclerosis (MS) has not been clearly resolved. 

We investigated the effect of GT in myelin oligodendrocyte 

glycoprotein (MOG35-55)-induced experimental autoimmune 

encephalomyelitis, an animal model of MS. GT alleviated 

behavioral symptoms of EAE associated with reduced 

demyelination, diminished infiltration and activation of 

immune cells (microglia and macrophage), and decreased 

expression of inflammatory mediators in the spinal cord of the 

EAE group compared to that of the sham group. GT reduced 

the percentages of CD4+/IFN-γ+ (Th1) and CD4+/IL-17+ 

(Th17) cells but increased the population of CD4+/CD25+/Foxp3+ 

(Treg) cells in the spinal cord, in agreement with altered 

mRNA expression of IFN-γ, IL-17, and TGF-ß in the spinal 

cord in concordance with mitigated blood-brain barrier 

disruption. The underlying mechanism is related to inhibition 

of the p38 mitogen-activated protein kinase (MAPK) and 

nuclear factor-kappa B (NF-κB) pathways and the stabilization 

of nuclear factor erythroid 2-related factor 2 (Nrf2) via 

increased expression of lysophosphatidic acid receptor 

(LPAR) 1-3. Impressively, these beneficial effects of GT were 

completely neutralized by inhibiting LPARs with Ki16425, a 

LPAR1/3 antagonist. Our results strongly suggest that GT may 

be able to alleviate EAE due to its anti-inflammatory and 

antioxidant activities through LPARs. Therefore, GT is a 

potential therapeutic option for treating autoimmune disorders 

including MS.

Keywords: Gintonin, Experimental autoimmune encephalomyelitis, 

Lysophosphatidic acid receptors, Anti-inflammation, Antioxidant
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Electroacupuncture Therapy On An Activation 
Dynamic Of NG2 Expressing Cells In Perilesional 
Brain Tissue Of Mice With Ischemic Stroke

HongJu Lee, DaHee Jung, HwaKyoung Shin, ByungTae Choi
Department of Korean Medical Science, BK2+ Graduate Training 
Program of Korean Medicine for Healthy-Aging, Pusan National 
University

NG2 cells demonstrate self‐renewal functions as multipotent 

stem cells, thus this cell group could be a valid therapeutic 

target for brain injuries. We hypothesized that EA treatment 

may enhance activation potential of NG2 expressing cells in 

the perilesional brain of ischemic stroke model, consequently 

leading to the recovery of neurological function. Middle 

cerebral artery occlusion (MCAO) model was created using 

C57BL/6J mice, and these underwent two types of EA 

stimulation (Ex-HN1, 2 Hz, 1 mA, 20 min) from 5 days after 

MCAO according to the total application 3 or 6 times. Behavioral 

tests assessing motor function, immunohistochemistry and 

western blot were used to determine functional recovery and 

NG2 cells behaviors. For the protein levels of NG2-related 

markers and neurotrophic factors, EA stimulation (3 times for 

5 days) resulted in significantly increased NG2 expression 

with activation of ERK, AKT, β-catenin/Wnt signaling in the 

perilesional striatum. Significant increased level in neurotrophic 

factors such as BDNF, TGF-β, and NT-3 were also observed. 

Regarding NG2 cell behaviors, EA treatment (6 times for 10 

days) significantly increased double-positive NG2 expressing 

cells with oligodendrocyte, endothelial and microglia/macrophage 

marker (CC1, CD31 and CD68). In addition, EA treatment 

induced a significant decrease in the number of NG2 cell death 

and accompanied with activation of BDNF/TrkB signaling and 

GSK3β. Our results indicate that EA treatment may ameliorate 

motor dysfunction via activating survival and differentiation 

potential of NG2 expressing cell types via neurotrophic 

factor-induced signaling in the brain of stroke.

Keywords: Stroke, Electroacupuncture, Neouron-glia antigen 

2 cell, Brain-derived neurotrophic factor

이홍주 | 부산대학교 한의학전문대학원  ·  hongju120@pusan.ac.kr

P-49

Decreased expression of Ca2+-dependent 
secretion activator 2 knockdown in the medial 
habenula leads to despair-like behavior

Hyeijung Yoo, Soo Hyun Yang, Jin Yong Kim, Esther Yang, Hyung 

Sun Park, Im Joo Rhyu, Hyun Woo Lee, Hyun Kim

Department of Anatomy, College of Medicine, Korea University

Calcium-dependent secretion activator 2 (also known as 

CAPS2, CADPS2) regulates trafficking and exocytosis of large 

dense core vesicles (LDCV) in the central nervous system, 

which is essential in releasing neuropeptides. The medial 

habenula (MHb) is related to various neuropsychiatric 

diseases, including anxiety, nicotine withdrawal, addiction, and 

depression. The CAPS2 is highly expressed in MHb. In this 

study, we performed qPCR in the depression animal model and 

postmortem habenular tissue of major depressive disorder 

(MDD) patients. To test the relationship of CAPS2 and 

depression, we analyzed depression-related behavior tests 

after knocking down CAPS2 in MHb by stereotaxic injection 

of AAV-sh-CAPS2 virus. Electron microscopy and 

immunohistochemistry were done to reveal the relationship 

between decreased CAPS2 expression and depressive 

symptoms. The mRNA level of CAPS2 is decreased in the 

habenula of rat chronic depression stress (CRS) model, 

learned helplessness (LH) model, and MDD patients, 

implicating that CAPS2 would play a role in MHb mediated 

depressive symptoms. CAPS2 knockdown in mouse MHb 

resulted in despair-like behavior in tail suspension test (TST) 

and forced swim test (FST), but not anhedonia-like behavior 

in sucrose preference test (SPT). The CAPS2 knockdown 

showed increased p-ERK expression in the interpeduncular 

nucleus (IPN) and LDCV accumulation in axon terminals in 

IPN, suggesting decreased LDCV release. C-fos expression 

in the monoaminergic centers, including ventral tegmental 

area (VTA) and dorsal raphe nucleus (DRN), was reduced. 

Since VTA is a center of reward and aversion, the reduced 

CAPS2 expression and LDCV release in IPN might have 

changed neuronal activity in IPN and VTA, leading to induction 

of despair-like behavior. The results suggest that the MHb 

CAPS2 is important in despair-like behavior. 

Keywords: Neuropeptide, Dense core vesicles, Medial 

habenula, Interpeduncular nucleus, Monoaminergic centers
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N-acetyl-D-glucosamine kinase promotes 
protein aggregate clearance

Md. Kamal Hossain Ripon1, HyunSook Lee2, Raju Dash1, Ho Jin 
Choi1, iyah Fatimah Oktaviani1, Md. Nazmul Haque1,2, Il Soo 

Moon1,2

1Department of Anatomy, Dongguk Medical School, 2Dongguk 
Medical Institute, Dongguk Medical School

Emerging evidence indicates that neurodegenerative diseases 
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(NDs) result from a failure to clear toxic protein aggregates 

rather than from their generation. We previously showed 

N-acetylglucosamine kinase (NAGK) promotes dynein functionality 

and suggested this might promote aggregate removal and 

effectively address proteinopathies. Here, we report NAGK 

interacts with dynein light chain roadblock type 1 (DYNLRB1) 

and efficiently suppresses mutant huntingtin (mHtt) (Q74) 

and α-synuclein (α-syn) A53T aggregation in mouse brain 

cells. A kinase-inactive NAGK D107A also efficiently cleared 

Q74 aggregates. Yeast two-hybrid selection and in silico 

protein–protein docking analysis showed the small domain of 

NAGK (NAGK-D S ) binds to the C-terminal of DYNLRB1. 

Furthermore, a small peptide derived from NAGK-D S 

interfered with Q74 clearance. We propose binding of 

NAGK-D S to DYNLRB1 ‘pushes up’ the tail of dynein light 

chain and confers momentum for inactive phi- to active 

open-dynein transition.

Keywords: Dynein, NAGK, Neurodegeneration, Proteinopathy, Q74
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Analgesic effect of Duloxetin loaded PLGA 
nanoparticles through enhanced localization of 
microglia in neuropathic pain

Song I Kim, Juhee Shin, Sun Yeul Lee, Dong Woon Kim
Department of Medical Science, Chungnam National University 
School of Medicine, Daejeon, 3505, Republic of Korea.

Neuropathic pain caused by functional disorders or pathological 

changes of the nervous system and various mechanisms has 

been revealed in previous study but still no treatment has been 

developed. Duloxetine has been applied to various pain 

condition, including neuropathic pain, but the outcome is u 

unsatisfaction for clinical trials and the underlying molecular 

mechanisms are still unclear. For the reason, we would like to 

develop the best optimal drugs for neuropathic pain based on 

DLX-encapsulated PLGA nanoparticles (DLX NPs). The 

analgesic effects of DLX and DLX NPs on neuropathic pain 

were evaluated and compared by von Frey filament test and 

immunohistochemistry by using spinal nerve ligation (SNL) 

models in rats. Since microglia activation control is known to 

be capable of sustaining analgesic action, PLGA nanoparticles 

were introduced to enhance microglial cell targeting of 

duloxetine. Despite Duloxetine(DLX) injected group showed 

analgesic effect on neuropathic pain by spinal nerve ligation 

(SNL) in rats, the duration time of mitigation was 4h. We 

confirmed that DLX NPs significantly alleviated mechanical 

allodynia for 5 days compare to Duloxetine treatment. Both 

microglial activation and pro-inflammatory mediators were 

notably reduced in spinal dorsal horn with histological and 

cytokine analysis. Taken together, these data suggest that 

DLX-encapsulated PLGA nanoparticles (DLX NPs) can 

improve for therapeutic duration for neuropathic pain.

Keywords: Duloxetine, Duloxetine NP, Nanoparticle, Neurophathic 

pain, Spinal nerve injury
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Preclinical Dose Escalation Study Of Adult Human 
Multipotent Neural Cells For Spinal Cord Injury

Ho Jin Lee
1,2,3

, Jeong-Seob Won
2,3,4

, Jee Soo Park
1,2,3

, Du-man 
Lee

2,3,4
, Hee-Jang Pyeon

2,5
, Chung Kwon Kim

2,5
, Hyun 

Nam
2,3,5,6

, Sun-Ho Lee
2,6

, Kyeung Min Joo
1,2,3,4,5,7

1Department of Anatomy & Cell biology, Sungkyunkwan University 
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Regenerative Medicine Institute, Research Institute for Future 
Medicine, Samsung Medical Center, Seoul, South Korea, 3Single 
Cell Network Research Center, Sungkyunkwan University School 
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, 6Department 
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University School of Medicine, Seoul, South Korea, 7Biomedical 
Institute for Convergence at Sungkyunkwan University (BICS), 
Sungkyunkwan University, Suwon, South Korea

Stem cells could be the next generation therapeutic option for 

neurodegenerative diseases including spinal cord injury (SCI). 

However, several critical factors such as transplantation dose 

should be determined in pre-clinical settings before their 

clinical applications. In this study, we investigated optimal dose 

of stroke patient-derived NSCs (ST-NSC) for SCI using a SCI 

animal model. Dose range was from low dose (3 × 10
5
) to high 

dose (3 × 10
6
). Cell engraftment, differentiation, lineage-specific 

migration, and recovery of locomotor function were determined 

at 5 weeks post transplantation. ST-NSCs promoted 

locomotor recovery at all transplantation groups compared to 

the vehicle control group. Especially, transplantation with 

medium dose (1 × 10
6
) or high dose (3 × 10

6
) of ST-NSCs 

was resulted in significant locomotor functional recovery, 

decreased tissue loss, increased migration of host glial cells 

on the periphery of injury sites. However, those factors were 

not different between the medium and high dose group. The 

data suggest that optimal dose of ST-NSC for SCI would be 

medium dose (1 × 10
6
) in the animal model. When the same 

doses of NSCs derived from patient’s temporal lobe with focal 
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cortical dysplasia type IIIa (FCD-NSC) were transplanted into 

the SCI animal model, the medium dose (1 × 106) group showed 

significantly better functional recovery than the other groups. 

These results could be translated to calculate treatment dose 

of adult human-NSCs for SCI patients in clinical trials.

Keywords: Spinal cord injury, Adult stem cells, Neural stem 

cells, Dose escalation study
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Investigation of recovery mechanism and 
therapeutic effects by human neural stem cells 
in ischemic stroke animal model
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Center, Sungkyunkwan University School of Medicine, Seoul, 
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Neural stem cells (NSCs) are a promising therapeutic 

approach for many neurodegenerative and neurological 

disorders including stroke by replacing and reestablishing 

damaged neuronal area. Our laboratory has been extensively 

studying the preclinical setting the adult human multipotent 

neural cells (ahMNCs) as cell therapy product. In a previous 

study, we have established adult neural stem cells that isolated 

from epilepsy patients and confirmed the efficacy and safety. 

In this study, silicone coated 4-0 nylon suture induced the 

middle cerebral artery occlusion (MCAo) rat models and 

evaluated the therapeutic effect of neural stem cells. One week 

after cerebral ischemia, NSCs or vehicles were transplanted 

into the lateral ventricle of rats. Behavior tests were performed 

once a week for 1month to evaluate the behavior function 

restoration. Transplantation of NSCs improved locomotion 

recovery and sensory functions in the MCAO rat models. 

Immunofluorescence staining against MAP2, NeuN (for 

neuron), Iba1 (for microglia), GFAP (for astrocyte), Olig2 (for 

oligodendrocyte), and cleaved caspase 3 (for apoptosis) were 

performed on rat brain tissues. Transplanted NSCs in MCAO 

rat models rescued neuronal cells, and reduced GFAP 

immunoreactivity and apoptosis. These results suggest that 

transplanted NSCs promote protection of damaged neuronal 

cells and improve behavior function. In conclusion, transplantation 

of NSCs is able to a new therapeutic strategy for enhancing 

functional recovery in ischemic stroke.

Keywords: Neural stem cells, Ischemic stroke, MCAO, 

Protection of neuronal cells, Functional recovery
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Leukemia inhibitory factor induces neurotrophic 
effects and TrkA/PI3K/Akt activation in dorsal 
root ganglion neurons
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Science, Korea University College of Medicine

Myokines could be associated with peripheral inflammation. 

The impaired skin barrier function triggers abnormal muscle 

contraction leading to an increased neurosensory response and 

neurogenic inflammation. The aim of this study was to verify 

that the specific myokine, leukemia inhibitory factor (LIF), 

could have meaningful roles on aggravation of pruritus in 

chronic inflammatory skin disorders. An in vitro coculture 

model between dorsal root ganglion (DRG) neurons and 

keratinocytes was adopted for assessment of possible trophic 

effect. The activation of serial signaling pathways in DRG 

neurons by LIF and/or nerve growth factor (NGF) were 

examined. LIF treatment to DRG neurons showed significant 

neurite outgrowth comparable with NGF. LIF also meaningfully 

affected axonal growth in coculture models. The LIF induced 

neurotrophic effects were effectively diminished by TrkA 

inhibitor, K252a. LIF application resulted in time- and 

dose-dependent tropomyosin receptor kinase A (TrkA) and 

Akt phosphorylation in DRG neurons. In addition, TrkA and 

Akt phosphorylation by LIF in DRG neurons were effectively 

prohibited with TrkA inhibitor, K252a respectively. Lastly, 

Akt phosphorylation induced by LIF was also meaningfully 

restrained by phosphoinositide 3-kinase (PI3K) inhibitor, 

LY-294002. LIF could cause increased neurite outgrowth and 

activation of TrkA/PI3K/Akt phosphorylation in DRG 

neurons.
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Hepatic STAMP2 Improves Hepatic Iron Overload 
through the Regulation of Ferroportin 
Expression in NAFLD

Hye Young Kim, Kangeun Ko, Chul Hee Park, Joon Beom Park, 
Young Hyun Yoo
Department of Anatomy and Cell Biology, Dong-A University 
College of Medicine

Recent studies suggest that iron metabolism is involved in the 

development of insulin resistance, dyslipidaemia, and NAFLD/NASH. 

Hepatic iron overload (HIO) has been reported in 30%-70% 

of patients with NAFLD and NASH. We previously demonstrated 

that hepatic six transmembrane protein of prostate 2 

(STAMP2) may represent a suitable therapeutic target for 

nonalcoholic fatty liver disease (NAFLD) patients. Thus, we 

investigated the mechanism underlying the involvement of 

hepatic STAMP2 on NAFLD in the context of HIO. In this study, 

we used human nonalcoholic steatosis patient pathology 

samples, C57BL/6 male mice for a high-fat diet (HFD)-induced 

and dioxin-like PCB126-induced in vivo NAFLD model, and 

human primary hepatocytes and HepG2 cells for oleic acid 

(OA)-induced in vitro NAFLD model. We observed HIO in the 

livers obtained from NAFLD patients and two in vivo NAFLD 

models, in which the expression level of STAMP2 protein was 

reduced. We further demonstrated that an iron source ferric 

ammonium citrate (FAC) augmented the lipid accumulation 

in human primary hepatocytes and HepG2 cells treated with 

OA. The knockdown of hepatic STAMP2 using in vivo and in 

vitro siRNA accelerated hepatic steatosis and HIO in NAFLD 

models. Conversely, the delivery of adenoviral STAMP2 

(Ad-STAMP2) improved hepatic steatosis and HIO in NAFLD 

models. Importantly, hepatic STAMP2 improved HIO through 

the upregulation of ferroportin, which is the only known 

mammalian cellular iron exporter and is essential for the 

transport of iron from cells to the blood. Our data suggest that 

hepatic STAMP2 may represent a suitable therapeutic 

intervention target for improvement of NAFLD accompanying 

HIO. 

Keywords: Nonalcoholic fatty liver disease, Hepatic iron 

overload, Hepatic steatosis, Six transmembrane protein of 

prostate 2, Ferroportin
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Effects of SHIP1 on adipose tissue apoptosis and 
autophagy in obese mice
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Obesity-induced adipocyte apoptosis promotes inflammation 

and insulin resistance. Src homology domain-containing 

inositol 5′-phosphatase 1 (SHIP1) is a key factor of apoptosis 

and inflammation. However, the role of SHIP1 in obesity-induced 

adipocyte apoptosis and autophagy is unclear. We found that 

diet-induced obesity(DIO) mice have significantly greater 

crown-like structures and TUNEL-positive cells than ob/ob 

or control mice. Using RNA-seq analysis, we identified that 

the apoptosis- and inflammation-related gene, Ship1, is 

upregulated in DIO and ob/ob mice compared with control mice. 

In particular, DIO mice had more SHIP1-positive macrophages 

and lysosomal-associated membrane protein 1 (LAMP1) and 

higher Bax/Bcl-2 ratio than ob/ob or control mice. Furthermore, 

caloric restriction attenuated adipose tissue inflammation, 

apoptosis, and autophagy by reversing increases in SHIP1-associated 

macrophages, Bax/Bcl2-ratio, and autophagy in DIO and ob/ob 

mice. These results demonstrate that DIO, not ob/ob, 

aggravates adipocyte inflammation, apoptosis, and autophagy 

due to differential SHIP1 expression. The evidence of decreased 

SHIP1-mediated inflammation, apoptosis, and autophagy 

indicates new therapeutic approaches for obesity-induced 

chronic inflammatory diseases.

Keywords: SHIP1, Macrophage, Apoptosis, Autophagy, Adipose 

tissue, Obesity
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Molecular characterization and expression analysis 
of mouse epidermal growth factor-like domain 8

Ye Seon Lim, Ik-Jin Song, Seon Yeong Hwang, Hye Yoon Kim, 

Sik Yoon
Pusan National University, School of Medicine, Department of 
Anatomy

Epidermal growth factor (EGF)-like (EGFL) domain, a 

common structural module in numerous secreted or transmembrane 

proteins, is generally involved in protein-protein interactions. 

To date, several EGFL proteins have been identified and 

characterized, but little is known about EGFL domain 8 

(EGFL8). The present study reported the molecular characterization 

and expression analysis of EGFL8 in mice. Mouse EGFL8 

amplified using a reverse transcription-polymerase chain 

reaction approach was sequenced and characterized. Mouse 

EGFL8 encodes a protein of 293 amino acids with two EGFL 

domains, an Emilin-like domain and a Ca2+binding EGFL 

domain, which has a molecular mass of 32 kDa. The coding 

sequence has a high degree of amino acid sequence identity 

across species, and the EGFL domain has been highly 

conserved in various species during evolutionary radiation. A 

phylogenetic tree calculated using the neighbor-joining 

method revealed that EGFL8 and EGFL7 are more closely 

associated with each other than either is to EGFL3, and they 

cluster with EGFL6. It was found that mouse EGFL8 protein 

was highly expressed in diverse mouse tissue types, including 

the thymus, lymph nodes, testis, ovaries, epididymis, ductus 

deferens, ileum, colon, stomach, esophagus, lung, uterus, 

urinary bladder, skin, spleen, adrenal glands and penis. These 

results are of great use in understanding the biological roles 

of mouse EGFL8 for further study.

Keywords: Molecular characterization, Epidermal growth 

factorlike domain 8, Expression analysis, Tissue, Cancer
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Marine Collagen Peptides Protect against CoCl2 
/TNF- α -Induced Cytotoxicity and Inflammation 
via Inhibition of ROS, MAPK, and NF- κ B Pathways 
in HaCaT Cells

Seon Yeong Hwang, Subhan Fazli, Ye Seon Lim, Hye Yoon Kim, 
Sik Yoon
Pusan National University, School of Medicine, Department of 
Anatomy

Skin diseases associated with inflammation or oxidative stress 

represent the most common problem in dermatology. The 

present study demonstrates that fish scale collagen peptides 

(FSCP) protect against CoCl2 -induced cytotoxicity and 

TNF- α -induced inflammatory responses in human HaCaT 

keratinocyte cells. Our study is the first to report that FSCP 

increase cell viability and ameliorate oxidative injury in HaCaT 

cells through mechanisms mediated by the downregulation of 

key proinflammatory cytokines, namely, TNF- α , IL-1 β , 

IL-8, and iNOS. FSCP also prevent cell apoptosis by repressing 

Bax expression, caspase-3 activity, and cytochrome c release 

and by upregulating Bcl-2 protein levels 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- κ B 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: Marine collagen, Inflammation, HaCaT cell, 
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Knockdown of epidermal growth factor-like 
domain 8 promotes proliferation, migration, 
invasion, and chemoresistance, and inhibits 
apoptosis in human ovarian cancer cells by 
activating notch signaling

Hye Yoon Kim, Yejin Ok, Ye Seon Lim, Seon Yeong Hwang, Sik 
Yoon
Pusan National University, School of Medicine, Department of 
Anatomy

Ovarian cancer (OC), the second most common female reproductive 

cancer and the most lethal gynecological malignancy 

worldwide. The majority of OCs are characterized by high rates 

of drug resistance and metastasis, leading to a poor prognosis. 

Improving the prognosis for patients with relapsed and 

treatment-resistant OC remains challenging. This study 

aimed to determine whether epidermal growth factor-like 

domain 8 (EGFL8) could contribute to the malignant phenotype 

in OCs. In this study, the siRNA-mediated knockdown of 

EGFL8 in OC cells induced a range of aggressive characteristics 

associated with cancer progression. These include enhanced 

proliferation, colony formation, chemotherapy resistance, 
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migration, and invasion; suppressed apoptosis; upregulation 

of epithelial-mesenchymal transition (Snail, Slug, Twist, and 

vimentin), matrix metallopeptidases (MMP2 and MMP9), 

cancer stem cell (Sox2, Nanog, Oct4, and KLF4), and drug 

resistance genes (MDR1 and MRP1); and elevated Notch 

signaling molecules (Notch-1 to -4, Hes1, and Hey1). 

Cumulatively, this study provides crucial evidence for EGFL8 

as an inhibitor of tumor aggressiveness and chemoresistance. 

To our knowledge, this study is the first to suggest that EGFL8 

inhibits OC aggressiveness and metastasis by suppressing 

Notch signaling. Thus, EGFL8 may be an important prognostic 

marker and tool for the development of novel OC treatments.

Keywords: Epidermal growth factor-like domain 8 (EGFL8), 

Ovarian cancer, Cancer stemmness, Cancer aggressiveness, 
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Mitochondrial DNA Alterations and Their Relationship 
with Telomere Length and Autonomic Function 
in Korean Male Adolescents with Internet Gaming 
Addiction
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Mitochondrial DNA (mtDNA) alterations contribute to various 

diseases, including some psychiatric disorders. As a 

psychopathologic condition, Internet gaming addiction (IGA) 

is assumed to be associated with mtDNA alterations, but this 

association has not been examined. Our study compared 

mtDNA displacement loop (D-loop) polymorphisms and 

mitochondrial copy number (mtCN) in Korean adolescent 

males with and without IGA. We also investigated the 

association among mtDNA alterations, leukocyte telomere 

length (LTL), and autonomic function measured as heart rate 

variability (HRV). In our cross-sectional study, blood samples 

from 206 adolescent males were analyzed for mtDNA, and they 

completed a survey to asses IGA. A qPCR-based technique 

was used to measure mtCN. Among our results, MtDNA 

polymorphisms of (C)n at D310 and (CA)n at D514 did not 

significantly differ between IGA and non-IGA groups (p=.467 

and p=.548, respectively). MtCN also did not significantly 

differ between the two groups (p=.280). In addition, mtDNA 

polymorphisms of (C)n and (CA)n repeats, mtCN, and LTL 

were not significantly associated. However, (C)n repeats 

showed positive correlation with increased HRV—log SDNN 

(r=.163, p=.031) and log TP (r=.164, p=.030). Furthermore, 

mtCN was negatively associated with LF/HF ratio (r=-.198, 

p=.008). We found no relationship between mtDNA polymorphisms, 

mtCN, and LTL by group. Overall, we concluded that excessive 

Internet gaming may not induce mitochondrial instability in 

male adolescents. However, mtDNA D-loop (C)n repeats and 

mtCN were partially associated with autonomic function 

measured as HRV but not with LTL. Longitudinal research is 

required to more fully test these associations in male 

adolescents with IGA.

Keywords: Mitochondrial Copy Number and Polymorphism, 
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Exendin-4 improves metabolic and cognitive 
complications by activating GLP1-R expression 
in high-fat diet-induced obese mice

Jong Youl Lee1, Hyeong Seok An1, Jae Hun Jeong1, Yu Jung Ahn1
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Hye Min Jang1, Meong Cheol Shin2, Gu seob Roh1
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The effect of exendin-4 (Ex-4), a glucagon-like peptide1 

receptor (GLP1-R) agonist, on improving cognitive impairment 

of obesity has not been fully understood. The hippocampal 

neurons have expression of GLP1-R. Therefore, we investigated 

whether the Ex-4 treatment had a beneficial effect on 

cognitive impairment in high-fat diet (HFD)-induced obese 

mice. Ex-4 treatment decreased the body weight, food intake, 

and insulin resistance in HFD-induced obese mice. Immunohistochemistry 

showed that Ex-4 increased pancreatic beta cell-positive 

insulin and GLP1-R expression in HFD-fed mice. In addition, 

increased hepatic enzymes levels and hepatic steatosis in 

HFD-fed mice were reduced by Ex-4. Furthermore, we found 

that Ex-4 improved cognitive impairment in HFD-fed mice. 

In the hippocampus, the reducing GLP-1R protein expression 

in HFD-fed mice was reversed by the treatment of Ex-4. In 

conclusion, these findings indicate that Ex-4 can distribute to 

the hippocampus of the brain and directly act on activation of 

GLP-1R and then led to improvement of memory deficits in 

HFD-fed obese mice.
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Effects of hypothermia on inflammatory cytokine 
expression in the rat liver following asphyxial 
cardiac arrest
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Hypothermic treatment is known to protect against cardiac 

arrest (CA) including improving survival rate. However, little 

study has evaluated CA-induced liver damages and effects of 

hypothermia on the damages. This study, therefore, was 

designed to determine possible protective effects of 

hypothermia on the liver after asphyxial CA. Rats were 

subjected to 5-minute asphyxial CA followed by return of 

spontaneous circulation (ROSC). Body temperature was 

controlled at 37 ± 0.5℃ (normothermia group) or 33 ± 0.5℃ 

(hypothermia group) for 4 h after ROSC. Livers were 

examined at 6 h, 12 h, 1 day and 2 days, respectively, after 

ROSC. Histopathological examination was performed by 

hematoxylin and eosin staining, and changes of pro-inflammatory 

cytokines (tumor necrosis factor (TNF-α) and interleukin 

(IL)-2) and anti-inflammatory cytokines (IL-4 and IL-13) 

expressions were investigated by immunohistochemistry. In 

histopathology examination, sinusoidal dilatation and vacuolization 

were shown after asphyxial CA, however, the CA-induced 

structural alterations were prevented by hypothermia. In 

immunohistochemical examination, expressions of pro-inflammatory 

cytokines were reduced in the hypothermia group compared 

with those in the normothermia group, and expressions of 

anti-inflammatory cytokines have been increased in the 

hypothermia group compared with the normothermia group. 

In conclusion, hypothermic treatment for 4 h following 

asphyxial CA in rats inhibited increases of pro-inflammatory 

cytokines and stimulated anti-inflammatory cytokines 

expression. This study suggests that hypothermic treatment 

after asphyxial CA events has an ability to reduce liver damages 

through regulation of inflammation. 

Keywords: Anti-inflammatory cytokines, Asphyxial cardiac 

arrest, Hypothermia, Liver, Pro-inflammatory cytokines
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Reduced UVB-induced dorsal skin damage via 
attenuating collagen disruption by topical application 
of Aronia melanocarpa extract in mice

Bora Kim1, Hyejin Sim1, Ji Hyeon Ahn1,2, Jae-Chul Lee1, Jung 

Hoon Choi3, Ki Yeon Yoo4, Choong Hyun Lee5, Joon Ha Park6
, 

Tae-Kyeong Lee7, Moo-Ho Won1

1Department of Neurobiology, School of Medicine, Kangwon 
National University, 2Department of Physical Therapy, College of 
Health Science, Youngsan University, 3Department of Anatomy, 
College of Veterinary Medicine, Kangwon National University, 
4Department of Oral Anatomy, College of Dentistry and Research 
Institute of Oral Biology, 5Department of Pharmacy, College of 
Pharmacy, Dankook University, 6Department of Anatomy, 
College of Korean Medicine, Dongguk University, 7Department of 
Biomedical Science and Research Institute for Bioscience and 
Biotechnology, Hallym University

Aronia melanocarpa (AM), a black chokeberry contains high 

levels of phenolic acids and polyphenolic flavonoids and has 

been reported to exert antioxidative and anti-inflammatory 

effects. Through high-performance liquid chromatography 

for AM extract (AME), we discovered that AME contains 

chlorogenic acid and rutin as the major ingredients. In this 

study, we investigated the protective effects of AME against 

ultraviolet B (UVB)-induced photodamage in a mouse model. 

ICR mice were exposed to the UVB onto their dorsal skin and, 

thereafter, topically applied the AME once a day for seven days. 

Photoprotective properties of the AME in the dorsal skin were 

investigated via scoring the clinical skin severity, hematoxylin 

and eosin staining, Masson’s trichrome staining. In addition, 

we examined collagen disruption through immunohistochemistry 

for collagen type I and III, and matrix metalloproteinase 

(MMP)-1 and MMP-3. In the UVB-exposed mice treated with 

the AME, UVB-induced epidermal damage was significantly 

ameliorated showing that their epidermal thickness was 

moderated. In this group, immunoreactivities of collagen type 

I and III were increased and, whereas, immunoreactivities for 

MMP-1 and -3 were decreased. These results demonstrate 

that treatment with AME attenuates UV-induced photodamage 

against UVB-induced collagen disruption; moreover, our 

current results might be resulted from chlorogenic acid and 

rutin contained in the AME. Based on the current results, we 

suggest that AM can be a useful material for developing 
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photoprotective adjuvant. 

Keywords: Aronia melanocarpa, Collagens, Epidermal thickness, 

Matrix metalloproteinases, Skin photodamage
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Clinical value of EZH2 in hepatocellular 
carcinoma and its potential for target therapy

Anna Bae, Soo-Jung Jung, Jae-Ho Lee
Department of Anatomy, Keimyung University School of 
Medicine, Daegu, Republic of Korea

Enhancer of zeste homologue 2 (EZH2), a member of the 

polycomb group protein family, plays a crucial role in the 

regulation of embryonic development and has been associated 

with the regulation of the cell cycle. However, its clinical 

significance and molecular mechanism have not been studied 

in hepatocellular carcinoma (HCC). In this study, clinical and 

prognostic values EZH2 was studied for using Total Cancer 

Genom Atlast (TCGA) data, and then, it was confirmed in 

Huh1, Huh7, and HepG2 cell lines. By TCGA, EZH2 was 

associated with prognosis in various cancers, but it was most 

significant in HCC. Therefore, the clinical significance of EZH2 

expression was examined in 360 HCCs. And EZH2 was 

positively correlated with the N stage (p=0.045) and AFP 

(P<0.01). However, negative association between EZH2 and 

age was found (p=0.027). The overall survival result of HCC 

was significantly poorer in patients with high EZH2 expression 

(χ2=16.10, P <0.001). In addition, the recurrence rate was 

also significantly higher in patients with high expression of 

EZH2 than in those with low expression (χ2=12.70, P <0.001). 

The proliferation of the EZH2-siRNA-treated cells was 

decreased in cells. EZH2 inhibition did not induce a change in 

mRNA levels of CEP55 and STAT3. We suggested that EZH2 

may be a possible biomarker for HCC. Further studies about 

its functional mechanism are warranted to validate these 

results.

Keywords: EZH2, Hepatocellular carcinoma, Clinical analysis, 
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p66shc siRNA-Encapsulated PLGA Nanoparticles 
Ameliorate Neuropathic Pain Following Spinal 
Nerve Ligation
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p66shc, a member of the shc adaptor protein family, has been 

shown to participate in regulation of mitochondrial homeostasis, 

apoptosis, and autophagosome formation. The present study 

was performed to investigate whether p66shc siRNA-encapsulated 

poly(D,L-lactic-co-glycolic acid) nanoparticles (p66shc siRNA-PLGA 

NPs) can attenuate spinal nerve ligation (SNL)-induced 

neuropathic pain in rats. The SNL-induced pain behavior was 

decreased in the p66shc siRNA-PLGA NP-treated group 

compared with the scrambled siRNA-PLGA NP-treated 

group. In the L5 spinal cord of the p66shc siRNA-PLGA 

NP-treated group, expression levels of phosphorylated 

p66shc, cleaved caspase-3, p62, and PINK1, as well as 

microglial activation, were also decreased. In addition, p66shc 

knockdown using p66shc siRNA reduced the expression levels 

of cleaved caspase-3, p62, and PINK1, as well as proinflammatory 

mediators in the H2O2-treated HT22 neuronal cells. These 

results suggest that downregulation of p66shc expression in 

the spinal cord using p66shc siRNA-PLGA NPs could reduce 

the SNL-induced neuropathic pain by attenuating the 

SNL-induced aberrant autophagic, mitophagic, and neuroinflammatory 

processes in rats. 

Keywords: Neuropathic pain, PLGA Nanoparticles, Mitophagy, 
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Lipocalin-2 deficiency alleviates immune response 
by regulating macrophage iron homeostasis in 
acute lung injury mouse model 
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Lipocalin-2 (LCN2) is a protein expressed in various tissues 

and has a role in iron homeostasis, control of infection, and 

modulation of inflammation. The role of LCN2 in experimental 

acute lung injury model has not been fully elucidated. The aim 

of study was to investigate the role of LCN2 using the 

experimental acute lung injury mouse model. Six months old 
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male LCN2 knock-out (KO) and wild-type (WT) littermates 

were used for the experiments. Lipopolysaccharide (LPS) as 

experimental group and saline as control were injected through 

intratracheal method. 24 hours later, mice were sacrificed and 

samples including serum, bronchoalveolar lavage fluid 

(BALF) and lung tissue were obtained. Circulating and lung 

LCN2 levels were significantly higher in LPS-treated WT 

mice. In LPS (20mg/kg)-treated WT mice survived 22.2% 

(2/9) during 9-days while 40% (4/10) LCN2KO survived. The 

recruitment of neutrophils and macrophages into alveoli was 

significantly lower in LPS treated-LCN2 KO than LPS-treated 

WT mice. In western blotting of lung tissues, the expressions 

of IL-6, phosphorylated STAT3 and NF-κB were remarkably 

decreased in LPS-treated LCN2 KO mice compared to 

LPS-treated WT mice. In addition, LCN2 deletion attenuated 

LPS-induced HO-1 and ferritin expression in the lung tissues. 

Iron stained macrophages in the BALF and lungs of 

LPS-treated mice were reduced by LCN2 deletion. In 

conclusion, LCN2 may play an important role in inflammation 

and iron imbalance in acute lung injury. 

Keywords: Acute lung injury, LCN2, Inflammation, Macrophage, 
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responses in the model of cerebral ischemia
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Monocytes recruitment homing to inflamed tissues following 

ischemic stroke is an important immune response to wound 

healing and tissue repair. Mouse monocytes can be endogenously 

divided into two distinct populations: pro-inflammatory (classical) 

monocytes that express Ly6C+CCR2+CX3CR1low and 

circulate in blood, and anti-inflammatory (alternative) 

monocytes that express Ly6C-CCR2-CX3CR1high and 

patrol locally. It has been reported that classical monocytes are 

involved in the number of reparative processes to the 

inflammation that follows various diseases. This study’s aim 

was to further investigate the precise role of CCR2+ 

monocytes in neuroinflammation following ischemic stroke. In 

this study, we performed various experimental techniques 

including two-photon microscopy to track the two distinct 

subsets of monocytes and observe the dynamic patterns in 

time-dependent manners after cerebral ischemia. Here we 

have identified that CCR2+ monocytes-derived macrophages 

that simultaneously express M1/M2 polarization markers 

after ischemic stroke. Interestingly, CCR2+ monocytes 

recruited to the injured brain were converted into CX3CR1high 

macrophages in cytokine-dependently, resulting in attenuation 

of infarct volume following ischemic stroke. These overall data 

suggest that (1) regulation of CCR2+ monocytes switching 

is one of the ultimate reparative strategies in the ischemic 

stroke. (2) education and adaptation of monocytes in local 

inflamed milieu are vital to alleviate the ischemic stroke 

through innate immunity. “This research was Supported by the 

Brain Research Program through the National Research 

Foundation of Korea(NRF) funded by the Ministry of Science, 

ICT & Future Planning (NRF-2016M3C7A1905098)“

Keywords: Ischemic stroke, Neuroinflammation, Macrophage, 

Blood-derived monocyte, Microglial cell

이종은 | 연세대학교 의과대학  ·  jelee@yuhs.ac 

P-68

Anti-Cancer Effects of Orostachys japonicus A. 
Berger on Colorectal Cancer Cells 
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Although the alcoholic extract of Orostachys japonicus (OJ) 

has been used as a traditional medicine on gastrointestinal 

diseases in Korea, biological effects of aqueous extract of OJ 

have not been thoroughly investigated in colorectal cancer 

cells. In this study, we investigated the anti-cancer effects of 

OJ with cell viability assay and flow cytometry analysis, 

functional compound contents of aqueous extract of OJ with 

high performance liquid chromatography, and the possible 

mechanisms with Western blotting. Aqueous extract of OJ 

(100 μg/ml) showed anti-cancer effects on colorectal cancer 

cells, even in 5-fluorouracil resistant cell (SNU-C5/5-FUR), 

in which apoptosis was the main mechanism. Gallic acid and 

epicatechin, confirmed as the major functional components, 

exerted cell cycle arrest rather than apoptosis in SNU-C5/5-FUR 

cells. Co-treatment of 5-FU and aqueous extract of OJ showed 

further anti-cancer effects only in SNU-C5/5-FUR cells, in 

which apoptosis was further induced with significance. 

Aqueous extract of OJ significantly activated phosphorylation 

of MAPK in SNU-C5/5-FUR cells, whereas gallic acid 

inhibited. Co-treatment of 5-FU and aqueous extract of OJ 

considerably activated phosphorylation of p53, while phosphorylation 

of MAPK also observed. Taken together, we clearly showed 
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that aqueous extract of OJ induced anti-cancer effects in 

SNU-C5/5-FUR cells through upregulating p53-mediated 

apoptosis via activating the ERK and p38 MAPK signaling 

pathways, when co-treated with 5-FU especially. These 

results suggested that aqueous extract of OJ has beneficial 

effects as a potential alternative or adjuvant medicine for 

5-fluorouracil resistant tumor-bearing conditions. 

Keywords: Colorectal cancer, MAPK, p53, Apoptosis, 
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Signaling Pathway In OVA-induced Allergic 
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Background: Air pollution-related particulate matter (PM) 

exposure reportedly enhances allergic airway inflammation. 

Some studies have shown an association between current PM 

exposure and a low risk for allergic rhinitis (AR). However, 

the effect of PM for AR was not fully understood. Objective: 

The purpose of this study is to evaluate the direct impact of 

long-term PM exposure with a less than or equal to 2.5 μm 

in aerodynamic diameter (PM2.5) on the oxidative stress and 

inflammatory response through the Nrf2/NF-κB signaling 

pathway in ovalbumin (OVA)-induced AR mouse model. 

Methods: Six-week old male BALB/c mice were used for this 

study. AR mouse model was developed by intranasal 

administering of 100 μg/mouse PM2.5 solution and then 

intraperitoneal injecting ovalbumin (OVA) with alum and 

intranasal challenging with 10 mg/ml OVA. The effects of 

PM2.5 on oxidative stress and inflammatory response via 

Nrf2/NF-κB signaling pathway in mice with or without AR 

indicating by histological, serum, and protein analyses were 

examined. Results: PM2.5 administration enhanced allergic 

responses including goblet cell hyperplasia and inflammatory 

cell expression in the nasal mucosa through increased 

expression of inflammatory cytokine and reduced the release 

of Treg cytokine in OVA-induced AR mice, although PM2.5 

exposure itself induced neither allergic responses nor damage 

to nasal and lung tissues. Notably, repeated OVA-immunization 

markedly impaired the nasal mucosa in the septum region. 

Moreover, AR with PM2.5 exposure reinforced this impairment 

in OVA-induced AR mice. Long-term PM2.5 exposure 

strengthened allergic reactions by inducing the oxidative 

through MDA production. The present study also provided an 

evidence, for the first time, that activity of Nrf2 signaling 

pathway was inhibited in PM2.5 exposed AR mouse. 

Furthermore, PM2.5 exposed group increased pathological 

nasal and lung damage and related the inflammatory cytokine 

and clearly enhanced PM2.5 phagocytosis by alveolar 

macrophages via activating of NF-κB signaling pathway. 

Conclusion: These obtained results suggest that AR patients 

may experience exacerbation of allergic responses in areas 

with prolonged PM2.5 exposure.

Keywords: PM2.5, AR, Nrf2, NF-κB, Oxidative stress, 

Inflammation.
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Identification and Complete Validation of Prognostic 
Gene Signatures for HPV-Associated Cancers: 
Integrated Approach Covering Different Anatomical 
Locations
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University, Yangsan, Republic of Korea.

Human papillomavirus (HPV) infects squamous epithelium 

and is a major cause of cervical cancer (CC) and a subset of 

head and neck cancer (HNC). Virus-induced tumorigenesis, 

molecular alterations, and related prognostic markers are 

expected to be similar between the two cancers, but they 

remain poorly understood. Here, we present integrated 

molecular analysis of HPV-associated tumours from the 

TCGA database and identify prognostic biomarkers. Analysis 

of gene expression profiles identified common upregulated 

genes and pathways of DNA replication and repair in the 

HPV-associated tumours. We established 34 prognostic gene 

signatures from the CC cohort using Lasso Cox regression 

analysis, which demonstrated prognostic power in HPV-associated 

HNC, but not in HPV-negative cancers. The HPV-related 

prognostic and predictive indicator did not discriminate most 

cancers, except bladder urothelial carcinoma. Collectively, 

these results identify a highly selective prognostic system and 

its cross-usefulness in HPV-associated cancers, regardless 

of the tumour’s anatomical subsite. 

Keywords: HPV, Head and neck cancer, Uterine cervix 

cancer, Prognostic biomarker, Gene signature
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University, Yangsan, Republic of Korea., 2Department of 
Otolaryngology, Ajou University School of Medicine, Suwon, 
Republic of Korea., 3Department of Biomedical Sciences, Ajou 
University Graduate School of Medicine, Suwon, Republic of 
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Understanding cancer metabolism is one of the important parts 

of treating cancer associated with the virus because invaded 

virus in host’s cells can affect the host’s metabolism. 

High-risk human papillomavirus (HPV) is a representative 

cancer-causing virus and is known to cause of cervical 

squamous cell carcinoma and endocervical adenocarcinoma 

(CESC) and a subset of Head and Neck squamous cell 

carcinoma (HNSC). Metabolic alterations induced by HPV are 

related to patients’ survival in in both cancers, but little has 

been known. Here, we determined how HPV infection causes 

differences in the expression of metabolic-associated genes 

(1466) in HPV-associated cancers using The Cancer Genome 

Atlas (TCGA). After dividing the CESC and HNSC by HPV (+) 

and HPV (-), we identified common differentially expressed 

genes between the two groups using limma R package. We 

performed survival analysis to develop prognostic genes 

related to survival among common metabolic genes using 

survival R package and performed univariate Cox regression 

to develop prognostic metabolic gene signatures (risk score 

= regression coefficient * gene expression value). We 

identified 116 (68 up or 48 down) common deregulated genes 

and 12 genes (ADH7, GK, INPP5B, LDHC, MTMR1, PLCB2, 

PRPS2, SUV39H1, ACLY, CHPF, CYP51A1, and IMPDH1) are 

associated with prognosis. 12 prognostic metabolic gene 

signatures cannot predict survival in HPV (-) cancers, but in 

HPV (+) cancers. In conclusion, our findings suggest that 

metabolic alterations could play an important role in 

HPV-related cancer.

Keywords: Metabolism, HPV, CESC, HNSC, Prognostic gene 

signatures
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adenylate kinase 5 promoter in colorectal 
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Adenylate kinase 5 (AK5) belongs to the adenylate kinase 

family which catalyses the reversible transfer of phosphate 

between adenine nucleotides and it is related with various 

energetic signaling mechanisms. However, the role of AK5 in 

colorectal cancer (CRC) has not been reported. In this study, 

the methylation status and mRNA expression levels of AK5 

were investigated in CRC, adjacent normal and normal colon 

tissues. To examine the mechanisms of AK5, we analyzed the 

changes of AK5 expression after treatment with 5-aza-2’- 

deoxycytidine (5-aza-2dC) in CRC cell lines. AK5 was 

significantly hypermethylated in CRC compared with adjacent 

normal tissues (p<0.0001) and normal tissues (p=0.0015). 

Although the difference in mRNA expression was not 

statistically significant all of them, but selected 49 case of CRC 

tissues with the AK5 hypermethylation with the cut off value 

of 40% was significantly inversed correlation with mRNA 

expression (p=0.0003). The DNA methylation of AK5 was 

significantly decreased and the expression of AK5 was 

recovered by 5-aza-dC in CRC cell lines. In addition, the 

activity of AK5 promoter was significantly decreased by DNA 

methyltransferase, and increased by 5-aza-dC. Moreover, the 

AK5 overexpression in CRC cells increased the phosphorylated 

AMPK and decreased the mTOR phosphorylation. Furthermore, 

Low expression of AK5 is associated with poor differentiation 

(p=0.014). Although the expression of AK5 was not 

correlated with prognosis, AK5 expression tended to be 

reduced the metastasis cancers compared with primary CRC 

and adjacent normal colon tissues. These results demonstrate 

that the AK5 promoter is frequently hypermethylated and 

induced the methylation-mediated down expression, and 

expression of AK5 regulates AMPK / mTOR signaling in CRC. 

It also suggests that the expression of AK5 is closely related 

to the differentiation and metastasis of CRC.

Keywords: Adenylate kinase 5, DNA methylation, Colorectal 

cancer, 5-aza-2’-deoxycytidine, AMPK/mTOR signal pathway
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Trend of body donation in Korea; statistical 
analysis of donor records
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There has been a significant change in the trend of body 

donation in Korea since the last three decades. Establishment 

of the body donation system promotes more donations for 

academic purposes to universities. Since 1992, Yonsei 

University College of Medicine has started its own body 

donation system and documented donors’ records. Yet, there 

has been no attempt to analyze the trend of such records while 

it provides noteworthy information that stands valuable 

interpretation for an advance in medicine. The aim of this paper 

is to provide statistical analysis of the donors’ records from 

1992 to 2019 and suggest a better method in approaching body 

donation in the future. Personal information of donors, such 

as sex, age, religion, place of death, and cause of death which 

collected via Yonsei University College of Medicine. Our 

statistical analysis noted significant correlation from donors’ 

records in change in the number of geriatric hospitals, religious 

belief, number of donations, and age.

Keywords: Body donation, Trend, Korea, Donors’ records, 

Statistical analysis
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Pink1 nanoparticles alleviate brain damage in 
photothrombotic ischemic stroke
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1Department of Medical Science, Chungnam National University, 
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Pink1 is a well-known critical marker in the pathway for 

regulation of mitophagy as well as mitochondrial dysfunction. 

Evidence has suggested an important role for mitochondrial 

dynamics and mitophagic flux in the development of brain 

damage from stroke pathogenesis. We used a photothrombotic 

ischemic stroke (PTS) mice model that brain damage by 

clogging blood vessels with Rose Bengal reagent. Expression 

of Pink1 and Parkin proteins were increased in the infarct lesion 

following PTS. Moreover, we found up-regulation of LC3B, 

Beclin1, LAMP1 and mitochondrial dynamics after PTS, with 

peak expression of these proteins at 24h after PTS. We 

investigated whether Pink1 siRNA-encapsulated PLGA 

nanoparticle can attenuate brain infarct damage of PTS mice. 

The brain infract volume, motor behaviors and microglia 

activation were decreased in the Pink1 siRNA-PLGA nanoparticle 

treated groups compared with the scrambled groups. The 

results indicate that inhibition of Pink1 attenuate Rose 

Bengal-induced ischemia damage by inhibiting microglia 

activation, and suggest that targeting the Pink1 pathway may 

provide a therapeutic avenue for stroke treatment.

Keywords: Pink1, PLGA nanoparticles, Mitophagy, Microglia, 

Photothrombotic stroke
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Scaphechinus mirabilis extract effectively inhibits 
the proliferation of human prostate cancer LNCaP 
cell via inducing apoptosis

Kyung-Hyun Kim, Geum-Lan Hong, Yae-Ji Kim, Hui-Ju Lee, 
Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary 
Science, Chungnam National University, 99, Daehak-ro, Yuseong-gu, 
Daejeon 3434, Republic of Korea

Prostate cancer (PCa) is the most common form of male tumor 

and search for its effective treatment is in progress. 

Scaphechinus mirabilis (SM) is a margin species of flat, 

burrowing sea urchins belonging to the order Clypeasteroida. 

The present study is aimed to explore the effects of SM extract 

on LNCaP proliferation. LNCaP cells were cultured and treated 

with SM (50, 100 and 200 μg/ml). Cell viability of SM were 

determined by MTT assays. Testosterone-induced LNCaP 

cell proliferation inhibited by treatment of SM extract. SM 

extract suppressed the expression of androgen-related 

protein expression, such as androgen receptor, prostate 

specific antigen and 5α-reductase 2. SM extract inhibits the 

testosterone-induced proliferation. Moreover, SM extract is 

able to induce the apoptotic responses by regulating the 
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expression of Caspase-9, Bcl-2 and Bax. These findings 

suggest that SM extract abrogating the expression of androgen- 

related proteins through the stimulation of apoptotic 

responses, could be useful in the design of new therapeutic 

strategies for the treatment of CaP. ACKNOWLEDGMENTS 
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Clinical significance of LTBP1 in the stomach and 
pancreas cancers
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Department of Anatomy, School of Medicine, Pusan National 
University, Yangsan, Republic of Korea

Developments of a novel biomarker can lead to the early 

diagnosis, the effective treatment, and the prognosis 

prediction. Although many biomolecules including DNA, RNA, 

and secreted protein have been reported as a biomarker, many 

biomarkers have limitations such as low-sensitivity and 

low-accuracy. Latent-transforming growth factor beta-binding 

protein 1 (LTBP1) regulates the secretion and activation of 

Transforming growth factor beta (TGF-β) family as a carrier 

protein. TGF-β molecules are attractive therapeutic targets 

in various cancers, because they have been associated with 

metastasis and migration of cancer cells. In the present study, 

we examined the clinical significance of LTBP1 based on GEO 

and TCGA database. Higher expression of LTBP1 was 

observed in tumor tissues compared with normal tissues and 

adversely affected the patient’s prognosis in gastric and 

pancreatic cancer. To examine roles of LTBP1 in the 

progression of solid cancers, we knock-downed LTBP1 using 

siRNA in-vitro. Knock-down of LTBP1 decreased proliferation 

of stomach and brain cancer cells. Moreover its knock-down 

decreased migration and invasion of stomach, pancreas, and 

brain cancer cells. To reveal underlying mechanisms of 

LTBP1, I measured the secretion of TGF-β1, TGF-β2, using 

ELISA and performed western blot. Silencing of LTBP1 was 

significantly reduced their secretion. Futhermore, to 

investigate whether LTBP1 can be used as a biomarker, We 

performed LTBP1 ELISA using patient's serum. Since LTBP1 

promoted the proliferation, migration, and invasion of cancer 

cells, LTBP1 contributes to poor prognosis of stomach and 

pancreas cancers. Therefore, LTBP1 might be a novel 

biomarker in stomach and pancreas cancer.

Keywords: Biomarker, LTBP1, Stomach cancer, Pancreas 

cancer, Cancer
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IL-17 deficiency aggravates the streptozotocin- 
induced diabetic nephropathy through the 
regulation of autophagic response in mice

Kyung-Hyun Kim, Geum-Lan Hong, Hui-Ju Lee, Ju-Young Jung
Department of Veterinary Medicine & Institute of Veterinary 
Science, Chungnam National University, 99, Daehak-ro, 
Yuseong-gu, Daejeon 3434, Republic of Korea

Diabetic nephropathy (DN) is one of the most important 

medical complications of diabetes mellitus. Autophagy is an 

important mediator of pathological responses and plays critical 

roles in inflammation during the progression of diabetic 

nephropathy. The interleukin (IL)-17A can favorably 

modulate 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. IL-17A knockout (KO) STZ-treated 

mice developed more severe nephropathy than STZ-treated 

wild-type (WT) mice, exhibiting 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, autophagy-associated proteins were induced in 

STZ-treated WT mice. However, IL-17A KO STZ-treated 

mice displayed a significant decrease in protein expression. 

Especially, LC3 and ATG7, which play crucial roles in 

autophagosome formation, were notably decreased in the 

IL-17A KO STZ-treated mice compared to their WT 

counterparts. These results suggested that IL-17 deficiency 

contributed to aggravation of STZ-induced DN via attenuation 

of autophagic response. Our study demonstrated that IL-17A 

takes part in STZ-induced renal damage and could be a 

potential therapeutic target for DN. ACKNOWLEDGMENTS 
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The study seeks to develop professional content and activity 

programs for training in the prevention of dementia and 

cognitive activation. Develop facilities for preventing 

dementia using Leap Motion Controller (LM-010 Leap Motion, 

USA) and utilize Leap Motion Controller devices so that users 

can recognize, record, and provide results according to the 

actions indicated on the screen by the dementia prevention 

program. In this study, among many game programs, 'Rock, 

Scissors, Paper' games are made first. Design the software 

structure for the operation of this 'Rock, Scissors, Paper' game 

and proceed with the necessary Three Dimensional (3D) 

modeling. The programs used for 3D modeling of the hands 

are MAYA (MAYA2019, AUTODESK, USA) and Zbrush 

(Zbrush2019, Pixologic, USA), which form the base of 

modeling. For the details of the work, use functions like 

Dynamesh and Divides in the ZBRUSH program. In the future, 

the goal is to complete it with more realistic modeling with 

texture and alpha work. In addition, the overall work of the 

program is carried out with the LabVIEW (LabVIEW 2018, 

National Instruments, USA), which designs the program as a 

whole. It implements a user interface for program operation 

and is structured so that users can play step-by-step games. 

Currently, the modeling and program design for the 'Rock, 

Scissors, Paper' game is shown, and other games will be played 

one after the other. With the development of 3D and Leap 

Motion Controller-based Smart system, this study is expected 

to suggest a new paradigm of the future in both the medical 

and dental industries. This work was supported by Chungnam 

Techno Park of Korea Grant funded by the Korean 

Government (SW Convergence Cluster 2.0 Specialized 

Industry Reinforcement Project). 
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Effect of Stauntonia hexaphylla in testosterone- 
induced androgenic alopecia by inhibiting 5a-reductase 
type2 and apoptosis

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, Republic of Korea

Stauntonia hexaphylla (Lardizabalaceae, S. hexaphylla) is 

traditionally used as a folk remedy for alleviating fever and for 

its anti– inflammatory and analgesic properties. The study 

aimed to evaluate the effects of an extract of S.hexaphylla on 

testosterone induced androgenetic alopecia (AGA). An 

androgen-dependent disorder modulated via the testosterone 

metabolite dihydrotestosterone (DHT) and the hair follicle- 

related androgen receptor (AR). To induce AGA model in vivo 

and in vitro, human follicle dermal papilla cells (HFDPC) and 

25 male, 5-week-old C57BL/6 mice were used. The hair on 

the back of the male mice was removed with an electric clipper 

and subcutaneously injected with testosterone propionate 

once daily. Androgen receptors (ARs) and AGA-related 

proteins, PCNA, Bcl-2, Bax, were evaluated using western 

blotting. In vivo and in vitro, the extract of S. hexaphylla 

reduced the expression of AR and increased the expression 

of PCNA. Furthermore, the expression of apoptosis indicators 

were reduced in the groups treated with S. hexaphylla. It was 

observed that extracts of S. hexaphylla inhibited both 5α 

-reductase type 2 and ARs. The results indicate that the use 

of S. hexaphylla extract is probably benenficial to AGA through 

inhibition of 5a-reductase type 2 and ARs. Therefore, it can 

be concluded that S. hexaphylla has an attenuating effect on 

AGA. ACKNOWLEDGMENTS This study was carried out 

with the support of R&D Program for Forest Science 

Technology (Project No. 2020247B10-2021-0001) provided 

by Korea Forest Service (Korea Forestry Promotion Institute) 
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The effect of Sargassum horneri extract inhibits 
the proliferation of human prostate cancer LNCaP 
cell via regulating apoptosis and autophagy

Kyung-Hyun Kim, Geum-Lan Hong, Yae-Ji Kim, Hui-Ju Lee, 

Ju-Young Jung
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Prostate cancer (PCa) is the most common form of male tumor 

and search for its effective treatment is in progress. Androgen 

ablation is an effective therapy for PCa.Sargassum horneri (S. 

horneri) is a species of brown macroalgae that is common along 

the coast of Japan and Korea. It is an annual algae which has 

a varying fertile season along the coast. The large-scale drift 

biomass of S. horneri was moved to Jeju Island from Chinese 

coast. However, the physiological role of S. horneri have not 

been elucidated in the proliferation of prostate epithelial cell. 

In this study, we investigate the physiological effect of S. 

horneri in proliferation of PCa cell using LNCaP cell line. 

Cytotoxicity and viability effects of S. horneri extract were 

determined by MTT assay. S. horneri extract effectively 

inhibits the expressions of androgen-related protein expression, 

such as androgen receptor, prostate specific antigen and 5α

-reductase 2. Moreover, S. horneri extract induces the 

apoptotic responses by regulating the expression of Caspase-9, 

Bcl-2 and Bax. It also affects to the expression of autophagosome 

formation. These findings showed that S. horneri extract 

attenuating the expression of androgen-related proteins 

through the regulation of apoptotic and autophagic responses 

during the proliferation of LNCaP cells. Therefore, S. horneri 

extract could be useful for new therapeutic agents for the 

treatment of PCa. ACKNOWLEDGMENTS This research was 

a part of the project titled (20200334), funded by the Ministry 

of Oceans and Fisheries, Korea 
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Metopic suture can be visualized from the nasion to the bregma 

along the arch of the frontal bone in mid-sagittal plane. 

Persistent metopic suture normally closing between 1st and 

2nd year of life has also been related with ethnicity. The present 

study reports the presence of complete and incomplete 

metopic sutures in Nepalese and Korean population skulls 

which helps to shed light on its incidence rate. Out of 121 adult 

skulls in Nepalese population, metopic suture was found to be 

present in 33 skulls. Incomplete metopic sutures showed 

variations of morphology, like linear (6.61 %), V-shaped (8.26 

%) and double incomplete (10.74 %) and two cases with 

complete metopic suture, which showed variation in interdigitation 

between its anterior and posterior ends. Korean population 

showed metopic suture to be present in 8 skulls out of 104 with 

metopism in 3 skulls. Incomplete metopic sutures like double 

incomplete (1.92 %) and linear (2.88 %) were also noted. 

Alterations to local strains could be the contributing factor for 

such variation and complexity of interdigitation, which occur 

during the growth of the braincase. The knowledge of the 

metopic suture and its variations according to ethnicity is 

important and should be considered to prevent wrong 

diagnosis. The presence of different types of metopic sutures 

as reported by the present study provides informative value 

on the presence and variation of such sutures in population 

depending on ethnicity and ought to be helpful in diagnostic 

sequences in emergency setting.

Keywords: Korean, Nepalese, Skull, Metopic suture, Metopism
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Lateral habenula aromatic L-amino acid 
decarboxylase mediates depression-like 
behaviors 
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Hyun Woo Lee, Hyun Kim
Department of Anatomy, College of Medicine, Korea University

Aromatic L-amino acid decarboxylase (AADC) is an enzyme 

that plays an important role in the synthesis of monoamines 

and trace amines. Lateral habenula (LHb), a brain region which 

contains AADC-expressing neurons, is known to play 

important role in the major depressive disorder (MDD). In this 

study, we investigated the characteristics and role of the 

habenular AADC-expressing cells in the depression. As a 

result, we found that 1) LHb AADC-expressing cells were 
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non-monoaminergic and glutamatergic neurons, 2) AADC 

expression level were significantly decreased in the Hb of 

depression animal models and MDD patients, 3) knockdown 

(KD) of LHb AADC gene expression induced depression-like 

behaviors including despair-like behavior and anhedonia-like 

behavior, and 4) downregulates neuronal activity in the 

monoamine centers (ventral tegmental area and dorsal raphe 

nucleus). These results suggest that LHb AADC plays 

important role in pathophysiology of depression. Further 

studies including neural circuit tracing, electrophysiology, 

optogenetics, and pharmacogenetics will clarify the action 

mechanism of LHb AADC in depression. 

Keywords: Depression, Lateral Habenula, Aromatic L-amino 

Acid Decarboxylase, Cell Characterization, Monoamine Center

김  현 | 고려대학교 의과대학  ·  kimhyun@korea.ac.kr 

P-83

HOXA5 confers tamoxifen resistance via 
PI3K/AKT pathway in ER-positive breast cancer

Clara Yuri Kim, Ji Hoon Oh, Ji-Yeon Lee, Myoung Hee Kim
Yonsei University College of Medicine Department of Anatomy

Breast cancer is one of the most commonly diagnosed cancers 

in women worldwide. The estrogen receptor-positive (ER+) 

subtype makes up approximately 70% of breast cancer patients. 

ER-positive breast cancer patients commonly undergo 

endocrine therapy with drugs such as tamoxifen. Despite 

tamoxifen being a highly effective drug, long-term treatment 

results in resistance in one-thirds of the patients. Although 

many explanations for the development of tamoxifen resistance 

have been put forward, there is yet a clearly defined underlying 

mechanism. In this study, we show evidence that HOXA5 is 

up-regulated in tamoxifen-resistant MCF7 (TAMR) cells. 

Chromatin immunoprecipitation analysis followed by validation 

showed that HOXA5 receives epigenetic regulation by the 

PRC2 complex and JMJD3 and UTX histone demethylases. 

Mechanically, upregulated HOXA5 in TAMR cells lead to 

enhanced phosphorylation of PI3K/AKT pathway and inhibition 

of p53 , resulting in less apoptotic-prone and drug-resistant 

phenotype of TAMR cells. Further, TAMR cells showed 

greater invasive and migratory abilities compared to MCF7 

cells, which was reversed when HOXA5 was depleted in TAMR 

cells. More interestingly, TAMR cells expressed higher levels 

of stem cell markers allowing for a better formation of 

spheroids than MCF7 cells. Interestingly, the overexpression 

of HOXA5 in MCF7 cells could heighten the ability of MCF7 

cells to form spheroids compared to control cells. In conclusion, 

our work elucidates the role and molecular mechanism of 

HOXA5 in acquired tamoxifen resistance of breast cancer, and 

suggest HOXA5 as a potential therapeutic target for reversing 

tamoxifen resistance. 

Keywords: Breast cancer, Tamoxifen resistance, HOXA5, 
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The lymphopenia-induced homeostatic proliferation 
of naive CD4 T cells are regulated by the availability 
and abundance of IL-2Rβ.
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Lymphopenia-induced homeostatic proliferation (LIP) is a 

critical mechanism for restoring T cell immunity upon 

lymphodepleting insults or infections. LIP is primarily driven 

by homeostatic cytokines, such as IL-7 and IL-15, but not all 

T cells respond with the same efficiency to homeostatic 

proliferative cues. Although CD8 T cells vigorously proliferate 

under lymphopenic conditions, naive CD4 T cells are substantially 

impaired in their response to homeostatic cytokines, and they 

fail to fully expand. In this study, we show that the availability 

of IL-2Rβ (CD122), which is a receptor subunit shared by IL-2 

and IL-15, affects both the cytokine responsiveness and the 

LIP of naive CD4 T cells in the mouse. The enumeration of 

surface IL-2Rβ molecules on murine naive CD4 and naive CD8 

T cells revealed a 5-fold difference in IL-2Rβ abundance. 

Notably, it was the limited availability of IL-2Rβ that impaired 

CD4 T cell responsiveness to IL-15 and suppressed their LIP. 

As such, forced IL-2Rβ expression on CD4 T cells by 

transgenesis bestowed IL-15 responsiveness onto naive CD4 

T cells, which thus acquired the ability to undergo robust LIP. 

Collectively, these results identify IL-2Rβ availability as a new 

regulatory mechanism to control cytokine responsiveness and 

the homeostatic proliferation of murine CD4 T cells.

Keywords: Cytokine Receptor IL-2Rβ (CD122), Lymphopenia- 

induced homeostatic proliferation, Naive CD4 T cell
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Roles of Gene X in the pancreatic cancer

Mst Reshma Khatun1, Jayoung Kim2, Mihyang Ha1, Myoung-Eun 

Han1, Ji-Young Kim1, Siyoung Park1, Van Thanh Duong1, Yeonchan 
Choi1, Yun Hak Kim1, Dongjun Lee2, Sae-Ock Oh1

1Department of Anatomy, School of Medicine, Pusan National 
University, Yangsan, Republic of Korea, 2Department of 
Convergence Medicine, School of Medicine, Pusan National 
University, Yangsan, Republic of Korea

The pancreatic cancer is characterized by its poor prognosis 

and low survival rate due to its high metastatic tendency. So, 

the development of new biomarkers for the diagnosis and 

therapy is required for the better survival. For the discovery 

of new biomarkers, we analyzed public database including 

TCGA, ICGC, and GEO (GSE21501, GSE28735). Based on 

Kaplan-Meier survivals, Uno’s C-indices and AUC values, we 

found a new biomarker (Gene X) 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 reveal its biological roles in 

the pancreatic cancer cells, we performed loss-of-function 

studies using siRNA. Its knockdown using siRNA decreased 

migration of AsPC-1, Capan-1, Panc-1 and SNU213 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. Further underlying mechanisms are under the 

extensive investigation. These results suggest it might be a 

new biomarker for the pancreatic cancer. More studies need 

to be performed to reveal its underlying mechanism. 

Keywords: Cancer, Pancreatic cancer, Biomarker, Cancer 

diagnosis, Cancer therapy
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NR4A1 suppresses tamoxifen resistance by 
regulating the ERK signaling pathway in ER-positive 
breast cancer

Yu Cheon Kim1,2, Ji Hoon Oh1, Myoung Hee Kim1,2

1Department of Anatomy, Embryology Laboratory, Yonsei 
University College of Medicine, 2Brain Korea 21 PLUS project for 
Medical Science, Yonsei University College of Medicine

Tamoxifen is typically used to treat patients with estrogen- 

receptor (ER) positive breast cancer. However, approximately 

one-third of these patients gain acquired tamoxifen resistance. 

Also, the molecular mechanism leading to tamoxifen resistance 

remain unclear. NR4A1 is known to play key roles in processes 

associated with carcinogenesis, apoptosis, DNA repair, proliferation, 

inflammation. However, the role of NR4A1 in the TAM therapy 

in ER positive breast cancer have not yet been defined. In this 

study, we demonstrate the clinical significance and mechanistic 

effects of NR4A1 in ER positive breast cancer. We utilized the 

Kaplan-Meier plot to identify that higher expression of NR4A1 

correlated with increased TAM sensitivity in ER positive breast 

cancer patients following tamoxifen treatment. Knockdown of 

NR4A1 in MCF7 cells following tamoxifen treatment led to 

increased tamoxifen resistance. Moreover, NR4A1 gene 

expression was down-regulated in tamoxifen resistant MCF7 

cells compared to MCF7 cells. Mechanistically, we demonstrate 

that decreased NR4A1 levels may repress the responsiveness 

of breast cancer cells to TAM through enhancing ERK signaling 

pathway. Also, expression of NR4A1 was associated with ERK 

target genes. Taken together, our study reveals the NR4A1 

suppresses tamoxifen resistance by downregulating the ERK 

signaling pathway, suggesting that targeting NR4A1/ERK 

signaling could be a potential therapeutic strategy to overcome 

tamoxifen resistance in breast cancer.

Keywords: NR4A1, ERK, Tamoxifen resistance, MCF7
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SLPI in periodontal ligament is not sleepy during 
biophysical force-induced tooth movement 

Su-young Lee1, Jung-Sun Moon1, Yoo-Sung Nam1, Dong-Wook 
Yang

1
, Hong-Il Yoo

4
, Ok-Su Kim

3
, Min-Seok Kim

1
, Jeong-Tae 

Koh2, Sun-Hun Kim1

1Department of Oral Anatomy, Dental Science Research Institute, 
School of Dentistry, Chonnam National University, 2Department 
of Pharmacology Dental Science Research Institute, School of 
Dentistry, Chonnam National University, 3Department of Periodotology, 
Dental Science Research Institute, School of Dentistry, Chonnam 
National University, 4Department of Anatomy and Neuroscience, 
College of Medicine, Eulji University

Aim: To identify a key molecule that maintains periodontal 

tissue homeostasis against biophysical force-induced tooth 

movement (BTM) by orchestrating concurrent and balanced 

compression- and tension-induced alveolar bone (AB) resorption 

and formation, respectively. Materials and Methods: DD-PCR 

to identify, immunofluorescence to localize, real-time PCR and 

western blotting to quantify the molecule, mineralization 

assays, and micro-CT to measure TM in in vivo rats, in which 

mesial movement of the rat 1st molars occurred and in vitro 

human periodontal ligament (PDL) cells. Results: We for the 

first time revealed that secretory leukocyte peptidase inhibitor 

(SLPI) in PDL is a key molecule for BTM-induced alveolar 

bone remodeling. SLPI expression was enhanced in PDL under 

both compression and tension. SLPI was downregulated by an 

inhibitor of adenyl cyclases that were upregulated by force 
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application. SLPI induced osteoblastogenic genes including 

Runx2 and synergistically augmented tension-induced Runx2 

expression. SLPI augmented mineralization in PDL cells. 

Moreover, SLPI induced osteoclastogenic genes including 

RANKL and synergistically augmented the compression-induced 

RANKL and MCSF expression. Finally, the in vivo local 

application of SLPI protein into the rat alveolar bone significantly 

augmented BTM. Conclusions: SLPI or its inhibitors may 

serve as a new biological target molecule for therapeutic 

interventions to modulate BTM. 

Keywords: Biophysical force, SLPI, Tooth movement, PDL, 

Alveolar bone
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FKBP5, a depression-associated gene, has a role 
in autophagy

Hyungsun Park
1,2

, Soon-Young Jung
3
, Jaerak Chang

3
, Seongju 

Lee
1,2

1Department of Anatomy, College of Medicine, Inha University, 
2Program in Biomedical Science & Engineering, Inha University, 
3Department of Biomedical Sciences and Department of Brain 
Science, School of Medicine, Ajou university

Major depressive disorder, also simply known as depression, 

is a common but serious mental disorder caused by various 

environmental and genetic factors. There are many antidepressants 

exist, but these do not work for more than half of the patients. 

Therefore, genetic factors may contribute to individual variation 

in antidepressant response. FK506 binding protein 51 

(FKBP51, also known as FKBP5) is a co-chaperone of heat 

shock protein 90 (HSP90) which regulates glucocorticoid 

receptor. The scaffolding activity of FKBP5 enables it to play 

a modulatory role in the immune response, tumorigenesis, cell 

death, and the stress hormone axis. Moreover, single nucleotide 

polymorphisms in FKBP5, which increase FKBP5 protein 

levels, are significantly associated with increased recurrence 

of depressive episodes and response to antidepressants. 

However, the molecular mechanism for how FKBP5 regulates 

depression remains unclear. We have found FKBP5 is required 

for initiation of autophagy, an intracellular degradation system 

necessary for the maintenance of cellular homeostasis. We 

generated FKBP5 knock-out cell lines using a CRISPR/Cas9 

genome-editing system and analyzed them. Autophagic flux 

was impaired by a loss of FKBP5 in both basal and induced 

autophagy conditions. FKBP5 promotes autophagy initiation 

by scaffolding the VPS34 complex, which is critical for initial 

step of autophagosome formation. Furthermore, increase in 

autophagic flux induced by antidepressant treatment was 

accelerated by FKBP5 WT, but suppressed by FKBP5 mutant 

deficient for binding to the VPS34 complex. We hope these 

findings will help to understand the molecular mechanism of 

how autophagy is associated with depression.

Keywords: FKBP5, Autophagy, Depression
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The neuroprotective effect of Cathepsin B, a novel 
myokine, on MPP+-induced Parkinson’s disease 
model in PC12 cells

Ji Hae Kim, Jung Ok Lee, Ji Wook Moon, Min ju Kang, Sang Woo 
Woo, Joo Yeon Oh, Sum Hwa Park, Hyeon Soo Kim
Department of Anatomy, College of Medicine, Korea University, 
Seoul 36-70, Korea

Parkinson's disease (PD) is a neurodegenerative disease 

caused by a decrease in dopamine levels in substantia nigra pars 

compacta (SNpc) in the mid-brain. A number of studies have 

been shown that exercise could protect or attenuate the 

progression of neurodegenerative diseases, such as PD. In this 

study, we identified a novel myokine called cathepsin B 

(CTSB). So far, the molecular mechanism of CTSB as a 

myokine has not yet been elucidated. We investigated whether 

CTSB protect PC12 cells from 1-methyl-4-phenylpyridinium 

(MPP+)-induced cellular damage in PC12 cells. MPP+ 

inhibited cell viability, which is recovered by CTSB. A RT-PCR 

and Western blot analyses revealed that CTSB prevented the 

decrease of tyrosine hydroxylase (TH), a rate limiting enzyme 

of dopamine synthesis. In addition, CTSB recovered the 

decreased levels of dopamine by MPP+ in PC12 cells. CTSB 

stimulated the expression of a RE1 silencing transcription 

factor (REST), a key transcription factor for TH. These results 

suggest that beneficial effect of exercise on Parkinson’s disease 

may be due to CTSB, exercise-induced myokine.

Keywords: Cathepsin B, Parkinson's disease, MPP+, Tyrosine 

hydroxylase, Dopamine synthesis
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VSIG4 induces epithelial-mesenchymal transition 
of renal tubular cells under high-glucose 
conditions

Seongeun Song1, Eun-Yeung Gong1, Sang Youb Han2, Yeong 
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Busan 47392, Republic of Korea, 2Inje University College of 
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Goyang, Gyeonggi 10380, Republic of Korea

High glucose-mediated tubular injury contributes to the 

development and progression of diabetic nephropathy through 

renal tubulointerstitial fibrosis. V-set immunoglobulin-domain- 

containing 4 (VSIG4), a B7 family-related protein, is a 

complement receptor. Although the role of epithelial-mesenchymal 

transition (EMT) has been reported in several diseases, little 

is known regarding its relationship with VSIG4 under diabetic 

conditions. This study aimed to investigate the role of VSIG4 

in human tubule cells stimulated by high glucose (HG, 55 mM). 

HG upregulated both mRNA and protein levels of VSIG4 in 

proximal tubule cells (HK2 cells) and Madin Darby Canine 

Kidney cells. These upregulations were accompanied by 

increased expression of mesenchymal markers such as 

fibronectin, N-cadherin, matrix metalloproteinase 9, and 

vimentin, and by decreased expression of the epithelial marker, 

E-cadherin. The siRNA-mediated inhibition of VSIG4 in 

HK-2 cells restored the dysregulation of EMT in cells. 

Interestingly, VSIG4 inhibition did not affect the expression 

of transforming growth factor (TGF)-β, whereas inhibition 

of TGF-β reduced VSIG4 expression, subsequently suppressing 

fibrosis markers. These findings suggest that VSIG4 plays an 

important role in mediating renal tubular EMT through a 

downstream action of HG-induced TGF-β activation.

Keywords: V-set immunoglobulin-domain containing 4, High 

glucose, Kidney Fibrosis, TGF- β signaling
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Metformin induces muscle atrophy through 
transcriptional regulation of myostatin via 
HDAC6 and FoxO3a 

Min Ju Kang, Ji Wook Moon, Jung Ok Lee, Ji Hye Kim, Su Jin Kim, 

Sang Woo Woo, Joo Yeon Oh, Hyeon Soo Kim
Department of Anatomy, Korea University College of Medicine, 
Seoul, Republic of Korea 

Skeletal muscle atrophy is a severe condition of muscle mass 

loss and quality. Muscle atrophy is caused by some kinds of 

drugs. Metformin is an antidiabetic drugs for Type 2 diabetic 

patients. In clinic, the function of muscle is impaired in 

metformin-administered patients, however, its molecular 

mechanism 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. Together, these 

results suggest that impairment of muscle function in metformin- 

administered diabetic patients can be caused by metformin- 

induced regulation of myostatin in skeletal muscle cells. 

Keywords: Myostatin, AMPK, FoxO3A, Muscle atrophy, 

Metformin 
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Study of role peroxiredoxin 1 in nasopharyngeal 
carcinoma

Min Hye Noh, Yeong Seok Kim, Seong Han Kim, Dae Young Hur
Department of Anatomy and Tumor Immunology, Inje University 
College of Medicine, 75

Background: Peroxiredoxin 1(PRDX1) plays a potential role 

in reactive oxygen species (ROS) in vitro and in vivo. Recent 

studies have found that PRDX1 is upregulated in some tumors 

including ovarian cancer, lung cancer and prostate cancer. 

However, the role of PRDX1 in nasopharyngeal carcinoma 

(NPC) remains unclear. The aim of this study was to 

understand the role of PRDX1 in NPC cell, C666-1 and 

NP69SV40T. Methods: We used NPC cell lines, HK1, C666-1 

and NP69SV40T cells for this study. To investigate the 

expression of PRDX1, we performed using RT-PCR, 

real-time PCR and western blot. In this assay, adherent cells 

were extracted to RNA and Protein. Moreover we performed 

siRNA and DNA transfection using the assay of cell 

proliferation and invasion assay to observe cell morphology 

change. Results: PRDX1 expression was upregulated in 

EBV-positive NPC cell, C666-1. PRDX1 level was related to 

EBV gene, especially LMP2A. Moreover, we found the 

relationship between pRDX1 and beta-catenin. Protein and 

RNA levels of beta-catenin were downregulated in HK1 and 

NP69SV40T with PRDX1 knockdown. Conclusions: The 

expression level of PRDX1 is effected EBV gene, LMP2A and 

PRDX1 may crosstalk with beta-catenin in NPC. The 

regulation of PRDX1 with NPC is used as a biomarker.

Keywords: Peroxiredoxin 1(PRDX1), Nasopharyngeal carcinoma 

(NPC), Epstein-barr virus (EBV), LMP2A, Beta-catenin
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Lee Hyun Jung P-33

Lee Hyun Sook P-31

Lee Hyun woo P-24, P-49, P-82

Lee Hyung-Jin P-9, P-13

Lee HyunSook P-50

Lee Hyunsu O-21

Lee Jae-Chul P-62, P-63

Lee JaeHo O-24

Lee Jae-Ho SVII-3, P-64

Lee Ja-Kyeong P-38, P-39

Lee Je Seong P-73

Lee Jehun P-16 

Lee Je-Hun P-15 

Lee Jeong-Hyun P-78

Lee Ji Hyun O-20

Lee Ji-Hye O-17

Lee Ji-Hyun P-9 

Lee Ji‐Hyun O-3

Lee Jin-Seok P-46

Lee Ji-Yeon P-21, P-83

Lee Jong Eun P-37, P-67

Lee Jong Youl P-56, P-61, P-66

Lee Joo Han SII-1

Lee Ju-Hyun P-27 

Lee Jun Hwa P-84

Lee Jung Ok P-89, P-91

Lee Ju-Young O-17

Lee Kang-Woo O-3, P-13

Lee Ka-young P-32

Lee Kyu-Lim O-15

Lee Kyung-hoon P-53

Lee Mi Jeong O-12, P-4 

Lee Mi Jung P-5 

Lee Mijeong O-13, O-14, P-1, P-7 

Lee Mijung O-2

Lee Min Jung P-45

Lee Namwon P-27 

Lee Sanghyuk P-27 

Lee Se Jeong P-54

Lee Seongju P-88 

Lee Seung Eun SVIII-3

Lee Seunggyu O-4

Lee Shin-Hyo P-3, P-12 

Lee So-eun P-84

Lee Soo Kyung P-72

Lee Sueun SII-3

Lee Sun Yeul P-51

Lee Sung-Joong SVIII-1

Lee Sun-Ho P-52

Lee Su-young P-87

Lee Tae-Kyeong P-62, P-63

Lee Young Hyun P-45, P-47

Lee Young-Mee O-9

Lim Ye Seon P-57, P-58, P-59

M

Mary Jasmin Ang SII-3, O-19

Md. Kamal Hossain Ripon P-50

Md. Nazmul Haque P-50

Melod Mehdipour SIII-3

Michael J. Conboy SIII-3

Mohammed R. Shaker P-27 

Moon Changjong SII-3, O-19

Moon Daeun P-68

Moon Il Soo P-50

Moon Ji Wook P-72, P-89, P-91

Moon Ji-Wook SIII-1

Moon Jung-Sun P-87

Mst Reshma Khatun P-76, P-85

N

Nam Hyun P-28, P-52, P-53

Nam Kwang Il P-2, P-18

Nam Yong Seok O-16

Nam Yong-Seok P-10 

Nam Yoo-Sung P-87

Nicholas W. Aguirre SIII-3

Noh Min Hye P-92
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Oh Chang‐Seok O-4

Oh Jae-Sang P-40

Oh Ji Hoon P-83, P-86

Oh Jinhee P-45, P-47

Oh Joo Yeon P-89, P-91

Oh Jooyeon SIII-1

Oh Sae-Ock P-76, P-85

Oh Sung Gyoon P-31

Oh Tae Jung O-18

Oh Tae-Woong O-15

Ok Yejin P-59
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Park Chul Hee P-55

Park Dae-Kyoon O-5, P-40, P-42, P-43

Park Eun-Seo P-78

Park Hyeon-Seon O-17

Park Hyewon P-19, P-46

Park Hyun Jin P-9, P-73

Park Hyung Sun P-49, P-82

Park Hyungsun P-88 

Park Jee Soo P-28, P-52, P-53

Park Jeonghyun O-12, O-13, O-14, P-1, 

P-4, P-5, P-7 

Park Jin Seo O-1, O-8

Park Jong-Tae P-78

Park Joohyun P-37, P-67

Park Joon Beom P-55

Park Joon Ha P-62, P-63

Park Jooyeon P-60

Park Jun Hyun P-8

Park Jung-Ah O-6, O-10

Park Junghyun O-2

Park Kwang Rak O-12, O-13, O-14, P-1, 

P-4, P-5, P-7 

Park Kwangrak O-2

Park Siyoung P-76, P-85

Park Sook Kyung O-20

Park Sum Hwa P-89

Park Sun-Hwa P-72

Park WonJin O-24

Park Young Suk O-18

Phạm Thuỳ Linh P-44

Piao Chun Hua P-23, P-69

Pierre-Yves Desprez SIII-3

Pyeon Hee-Jang P-28, P-52, P-53

R

Rhyu Im Joo O-9, P-27, P-49, P-54

Roh Gu Seob P-56, P-61, P-66

Ryoo Seung-Bum O-18

Ryu Hoon SVIII-3

S

Seo Soo Hong P-54

Seol Song-I P-38, P-39

Shim Ju A P-84

Shin Dong Hoon P-14 

Shin Hee-Sup PL

Shin HwaKyoung P-48

Shin Hyo Jung P-19, P-32, P-46, P-65, P-74

Shin Hyogeun P-27 

Shin Hyun Jin P-3 

Shin Juhee P-19, P-46, P-51

Shin Jung-A P-26, P-30 

Shin Kang-Jae P-3 

Shin Meong Cheol P-61

Shin Nara P-19, P-46, P-65

Sim Hyejin P-62, P-63

Son Yujeong P-35

Song Chang Ho P-22, P-23, P-69

Song Dae Yong P-8

Song Ik-Jin P-57

Song Jihwan SVIII-3

Song Juhyun P-34, P-35, P-36

Song Mi-Ryong P-27 

Song Seongeun P-90

Song Soo-Jin P-17, P-26, P-30 

Song Sun Hong P-29 

Song Wu-Chul O-6, O-10, P-12 

Song Yejin O-5, P-40, P-42, P-43

Soo Hyeon P-72

Subhan Fazli P-58

Sui Hong-Jin O-11

Sun Woong P-27 

Sung Tae Sik O-18
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Tae-Ryong Riew SVI-3

Thi Van Nguyen P-22, P-23, P-69

Tonda Hughes P-60

Tran Quangdon P-44
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Van Thanh Duong P-76, P-85
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Won Jeong-Seob P-28, P-52, P-53

Won Moo-Ho P-62, P-63

Woo Ran Sook P-8

Woo Sang Woo P-89, P-91

Woo Sangwoo SIII-1

Woon Kim Dong P-44
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Yang Dong-Wook P-87

Yang Esther P-24, P-49, P-82

Yang Hun-Mu P-12 

Yang Soo Hyun P-49, P-82

Yang Soohyun P-24 

Yanjing Fan P-22

Ye Sang Kyu SVIII-3

Yeo In-Seung O-6, O-10

Yi Kyu-Ho P-9 

Yi Yangsu SIX-3

Yin Yuhua P-19, P-46

Yoo Dae Young SVI-1, O-5, P-40, P-42, P-43

Yoo Hong Il P-8

Yoo Hong-Il P-87

Yoo Hyeijung O-9, P-49

Yoo Jung-Wan P-66

Yoo Ki Yeon P-62, P-63

Yoo Ki-Yeon P-29 

Yoo Seong Ho O-18

Yoo Young Hyun P-55

Yoon Gwangho P-34, P-35, P-36

Yoon Sang-Pil 111

Yoon Sik P-57, P-58, P-59

You Je Sung P-37

Yu Yeon Hee O-5, P-40, P-42, P-43

Yu Zhen Nan P-23, P-69

Yu Zhennan P-22

Yun Young Hyun O-18
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