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Regulation of the catabolic cascade
in osteoarthritis by the zinc-ZIP8MTF1 axis
Osteoarthritis (OA), primarily characterized by cartilage
degeneration, is caused by an imbalance between anabolic
and catabolic factors. Here, we investigated the role of zinc
(Zn2+) homeostasis, Zn2+ transporters, and Zn(2+)-dependent
transcription factors in OA pathogenesis. Among Zn2+
transporters, the Zn2+ importer ZIP8 was specifically upregulated
in OA cartilage of humans and mice, resulting in increased levels
of intracellular Zn2+ in chondrocytes. ZIP8-mediated Zn2+ influx
upregulated the expression of matrix-degrading enzymes (MMP3,
MMP9, MMP12, MMP13, and ADAMTS5) in chondrocytes.
Ectopic expression of ZIP8 in mouse cartilage tissue caused OA
cartilage destruction, whereas Zip8 knockout suppressed surgically
induced OA pathogenesis, with concomitant modulation of Zn2+
influx and matrix-degrading enzymes. Furthermore, MTF1 was
identified as an essential transcription factor in mediating Zn2+/
ZIP8-induced catabolic factor expression, and genetic modulation
of Mtf1 in mice altered OA pathogenesis. We propose that the
zinc-ZIP8-MTF1 axis is an essential catabolic regulator of OA
pathogenesis.

Jang-Soo Chun

The switching role of b-adrenergic receptor
signalling in cell survival or death decision of
cardiomyocytes
Do Han Kim
Professor

Nature Communication Dec 2014.

A homeostatic sleep-stabilizing pathway in
Drosophila composed of the sex Peptide receptor
and its ligand, the myoinhibitory Peptide
PLoS Biology Oct 2014.

5:5777. DOI: 10.1038/ncomms6777

Vol 12(10):e1001974. DOI: 10.1371/journal.pbio.1001974

Associate Professor

Systems Biology
Laboratory

How cell fate (survival or death) is determined and whether

Sleep, a reversible quiescent state found in both invertebrate

Laboratory of Molecular
Neuroethology

E-mail. dhkim@gist.ac.kr

has remained unclear. In this study, we discover that the cell

environment and is highly regulated for coordination with

E-mail. kimyj@gist.ac.kr

Drosophila melanogaster, has proven to be a valuable model

http://gistflylab.wix.com/
gistlmn

such determination depends on the strength of stimulation

Tel. 062)715-2485

and vertebrate animals, disconnects animals from their

fate of cardiomyocytes switches from survival to death with

wakeful activities, such as reproduction. The fruit fly,

the increase of b-adrenergic receptor (b-AR) stimulation.

http://gistsystemsbiology.
com

Mathematical simulations combined with biochemical

for studying the regulation of sleep by circadian clock and

experimentation of b-AR signalling pathways show that

peptide receptor (SPR) of Drosophila, known for its role in

b2-AR agonist) induces the switching response of Bcl-2
Do Han Kim

expression from the initial increase followed by a decrease
below its basal level. The ERK1/2 and ICER-mediated

female reproduction, is also important in stabilizing sleep in
Young-Joon Kim

both males and females. Mutants lacking either the SPR or
its central ligand, myoinhibitory peptide (MIP), fall asleep

feedforward loop is the hidden design principle underlying such cell fate switching

normally, but have difficulty in maintaining a sleep-like state. Our analyses have mapped

of b-AR stimuli through the regulation of Bcl-2 expression leading to the resistance to

the insect brain. MIP downregulates intracellular cAMP levels in pdf neurons through the

characteristics. Moreover, we find that b1-blocker treatment increases the survival effect
cell death, providing new insight into the mechanism of therapeutic effects. Our systems
analysis further suggests a novel potential therapeutic strategy for heart disease.

Tel. 062)715-2492

homeostatic mechanisms. Here, we demonstrate that the sex

the gradual increment of isoproterenol (a non-selective b1/

the SPR sleep function to pigment dispersing factor (pdf) neurons, an arousal center in

SPR. MIP is released centrally before and during nighttime sleep, when the sleep drive
is elevated. Sleep deprivation during the night facilitates MIP secretion from specific

brain neurons innervating pdf neurons. Moreover, flies lacking either SPR or MIP cannot
recover sleep after the night-time sleep deprivation. These results delineate a central

neuropeptide circuit that stabilizes the sleep state by feeding a slow-acting inhibitory
input into the arousal system and plays an important role in sleep homeostasis.

초파리 이용해 성 행동
조절 인자가 관여하는
수면 조절체계 규명
PDF 신경망에서 수면을 촉진하는
3가지 다른 신경회로의 작동을 설
명하는 모델. 낮 동안 빛과 뇌의 다
른 부위에서 전달된 신경신호들은
l-LNvs 신경을 자극하여 주요 각
성 유도물질인 PDF를 분비하게 한
다. l-LNvs 신경에서 전달된 신호
는 직접 혹은 간접적으로 s-LNvs
를 거쳐서 낮 동안의 각성 상태를 유
도한다. 낮 동안에도 각성 상태가 지
속될 경우 수면 요구도가 증가되며 이
때 MIP(LMIo) 신경에서 수면 유도물
질인 MIP을 분비하며 s-LNvs를 억
제함으로써 낮잠을 유도한다. 저녁이
되면 각성 신호들이 약화되고 억제성
GABA 신경과 sNPF 신호전달 체계
가 각성 억제 신호를 보내 수면을 유
도하고, 이 때 SPR-MIP 신호 전달
체계 역시 l-LNvs 쪽에 각성 억제
신호를 보내 수면을 유도한다.

심장근육세포의 삶과
죽음을 결정하는 핵심
회로 규명
베타수용체의 자극 세기에 따른 상반
된 세포운명 결정 메커니즘. 약한 베
타수용체의 자극에 대해서는 ERK 신
호전달경로(파란색 화살표)가 활성화
되고 이로 인하여 Bcl-2의 발현량
이 증가되어 결과적으로 심근세포의
생존이 촉진된다. 반면 강한 베타수
용체의 자극에 대해서는 ICER 신호
전달경로(빨간색 화살표)가 활성화되
고, 이로 인해 Bcl-2의 발현량이 감
소하게 되어 심근세포의 사멸이 유발
된다.
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Hypoxia-inducible factor-2α is an essential
catabolic regulator of inflammatory rheumatoid
arthritis
Jang-Soo Chun
Professor

PLoS Biology June 2014.

Structural Basis of Sialidase in Complex with
Geranylated Flavonoids as Potent Natural
inhibitors
Acta Crystallographica Section D May 2014.

12(6):e1001881. DOI: 10.1371/journal.pbio.1001881

Vol 70(Pt 5):1357-65. DOI: 10.1107/S1399004714002971

Soo Hyun Eom
Professor

Arthritis Research
Laboratory

Rheumatoid arthritis (RA) is a systemic autoimmune

Sialidase catalyzes the removal of a terminal sialic acid

Protein Structure-Function
Laboratory

E-mail. jschun@gist.ac.kr

tissue destruction. However, the etiology and pathogenesis

cellular interactions and pathogenesis mediating various

E-mail. eom@gist.ac.kr

An array of antiviral sialidase agents have been developed

http://life.gist.ac.kr/xray

from glycoconjugates and plays a pivotal role in nutrition,

disorder that manifests as chronic inflammation and joint

Tel. 062)715-2497

infectious diseases including cholera, influenza and sepsis.

of RA have not been fully elucidated. Here, we explored
the role of the hypoxia-inducible factors (HIFs), HIF-1α

http://life.gist.ac.kr/mmcc

and are commercially available, such as zanamivir

(encoded by HIF1A) and HIF-2α (encoded by EPAS1).

and oseltamivir for treating influenza. However, the

HIF-2α was markedly up-regulated in the intimal lining

development of bacterial sialidase inhibitors has been much

of RA synovium, whereas HIF-1α was detected in a few

less successful. Here, natural polyphenolic geranylated

cells in the sublining and deep layer of RA synovium.
Jang-Soo Chun

Overexpression of HIF-2α in joint tissues caused an
RA-like phenotype, whereas HIF-1α did not affect

Soo Hyun Eom

flavonoids which show significant inhibitory effects against
Cp-NanI, a sialidase from Clostridium perfringens, are

joint architecture. Moreover, a HIF-2α deficiency in mice blunted the development of

reported. This bacterium causes various gastrointestinal diseases. The crystal structure

RA synovium and regulated their proliferation, expression of RANKL (receptor activator

presented. This structure explains how diplacone generates a stable enzyme-inhibitor

experimental RA. HIF-2α was expressed mainly in fibroblast-like synoviocytes (FLS) of

of nuclear factor–κB ligand) and various catabolic factors, and osteoclastogenic potential.
Moreover, HIF-2α–dependent up-regulation of interleukin (IL)-6 in FLS stimulated

differentiation of TH17 cells—crucial effectors of RA pathogenesis. Additionally, in the

absence of IL-6 (Il6−/− mice), overexpression of HIF-2α in joint tissues did not cause an

Tel. 062)715-2493

of the Cp-NanI catalytic domain in complex with the best inhibitor, diplacone, is also

complex. These results provide a structural framework for understanding the interaction
between sialidase and natural flavonoids, which are promising scaffolds on which to
discover new anti-sialidase agents.

RA phenotype. Thus, our results collectively suggest that HIF-2α plays a pivotal role in
the pathogenesis of RA by regulating FLS functions, independent of HIF-1α.

천연물질 플라보노이드
에서 항생제 개발
실마리 규명

4

류마티스 관절염의
새로운 원인 유전자
규명

오동나무의 잎•줄기(상단 왼쪽)에서 추

정상적인 쥐에서 류마티스 관절염을

로 저해하는 것을 확인(상단 오른쪽). 이

유도하면 발등이 심하게 붓는(아래 왼

를 토대로 X-선 결정학을 이용하여 뉴

쪽) 반면 히프투알파(HIF-2α)가 존

라미니데이즈-플라보노이드(디플라콘)

재하지 않는 쥐에서는 류마티스 관절

의 원자 수준 해상도의 삼차원 복합체

염을 유도하더라도 발등이 붓는 정도

구조(아래)를 규명, 천연 플라보노이드

가 현저히 감소(아래 오른쪽)되는 것

기반 새로운 항뉴라미니데이즈 신약개발

을 알 수 있다.

연구에 필요한 정보를 제시하였다.

출된 천연 플라보노이드인 디플라콘(상
단 화살표)을 이용하여 병원성 세균 및
바이러스의 뉴라미니데이즈를 선택적으
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In vitro assay using engineered yeast vacuoles
for neuronal SNARE-mediated membrane fusion
Youngsoo Jun
Associate Professor

PNAS May 2014.

Regulation of the catabolic cascade in
osteoarthritis by the zinc-ZIP8-MTF1 axis
Cell Feb 2014.

Vol 111(21): 7677-7682. DOI: 10.1073/pnas.1400036111

156(4) : 730-43. DOI: 10.1016/j.cell.2014.01.007

Professor

Cellular Logistics &
Organelle Functions Lab

Intracellular membrane fusion requires not only SNARE

Osteoarthritis (OA), primarily characterized by cartilage

Arthritis Research
Laboratory

E-mail. junys@gist.ac.kr

and Sec1/Munc18 (SM) family proteins. Although neuronal

and catabolic factors. Here, we investigated the role of

E-mail. jschun@gist.ac.kr

dependent transcription factors in OA pathogenesis. Among

http://life.gist.ac.kr/mmcc

proteins but also other regulatory proteins such as the Rab

degeneration, is caused by an imbalance between anabolic

SNARE proteins alone can drive the fusion between synthetic

Tel. 062)715-2510

zinc (Zn2+) homeostasis, Zn2+ transporters, and Zn(2+)-

liposomes, it remains unclear whether they are also sufficient

http://life.gist.ac.kr/cmb

to induce the fusion of biological membranes. Here, through

upregulated in OA cartilage of humans and mice, resulting in

proteins, we show that neuronal SNAREs can induce membrane

increased levels of intracellular Zn2+ in chondrocytes. ZIP8-

fusion between yeast vacuoles and that this fusion does not
YoungSoo Jun

require the function of the Rab protein Ypt7p or the SM family
protein Vps33p, both of which are essential for normal yeast

Jang-Soo Chun

degrading enzymes (MMP3, MMP9, MMP12, MMP13, and
ADAMTS5) in chondrocytes. Ectopic expression of ZIP8 in

mouse cartilage tissue caused OA cartilage destruction, whereas Zip8 knockout suppressed

which bears Vps33p and was accompanied by extensive membrane lysis. We also show that this

matrix-degrading enzymes. Furthermore, MTF1 was identified as an essential transcription

neuronal SNARE-driven vacuole fusion can be stimulated by the neuronal SM protein Munc18
and blocked by botulinum neurotoxin serotype E, a well-known inhibitor of synaptic vesicle

fusion. Taken together, our results suggest that neuronal SNARE proteins are sufficient to induce

biological membrane fusion, and that this new assay can be used as a simple and complementary

효모 이용한 인간 신경
세포 신호전달 모방,
신경전달물질 이해에
기여

mediated Zn2+ influx upregulated the expression of matrix-

vacuole fusion. Although excess vacuolar SNARE proteins were also shown to mediate Rabbypass fusion, this fusion required homotypic fusion and vacuole protein sorting complex,

Tel. 062)715-2497

Zn2+ transporters, the Zn2+ importer ZIP8 was specifically

the use of engineered yeast vacuoles bearing neuronal SNARE

surgically induced OA pathogenesis, with concomitant modulation of Zn2+ influx and

factor in mediating Zn2+/ZIP8-induced catabolic factor expression, and genetic modulation
of Mtf1 in mice altered OA pathogenesis. We propose that the zinc-ZIP8-MTF1 axis is an
essential catabolic regulator of OA pathogenesis.

method for investigating synaptic vesicle fusion mechanisms.

근본적 치료법이 없던
연골 퇴행성 관절염
원인 규명

Syntaxin(보라색)과 SNAP25(노란
색)를 발현하도록 제작한 효모의 액포
(회색 구)는 단백질 분해효소를 포함
하고 있고, Synaptobrevin(녹색)
을 발현하는 효모의 액포는 알칼리성
탈인산화효소의 전구체(pro-ALP)
를 포함하고 있다.이들 액포를 서
로 섞어주면 Syntaxin/SNAP25와
Synaptobrevin간 trans-SNARE
complex가 형성되면서 액포 간의 막
융합이 일어난다. 막융합으로 두 액포
의 내용물이 섞이면 단백질분해효소에
의해 알칼리성 탈인산화효소가 활성화
되는데 이때 활성화된 효소가 기질인
pNpp(무색)를 pNp(노란색)로 바꾸는
정도를 측정하면 두 액포 간의 막융합
을 정량적으로 측정할 수 있게 된다.
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Jang-Soo Chun

염증성 사이토카인 또는 기계적 자
극이 연골 세포에 가해지면 (i) 세포
막(회색 이중막)에 존재하는 아연 수
송 단백질 ZIP8(주황색 복합체)이 많
이 만들어지고, (ii) 세포 내로 아연
(빨간색 원) 이온 유입이 늘어나고 ,
(iii) 이 아연이 핵공을 통해 핵(그림
아래 하늘색 반구) 안으로 들어가면
MTF1(파란색 도형)이라는 아연-의
존성 전사인자를 활성화시킨다. (iv)
활성화된 MTF1는 연골기질분해효소
MMP(노란색 도형)와 ADAMTS(분
홍색 도형)의 발현을 유도함으로써
(v) 결과적으로 연골퇴행(cartilage
degeneration)을 직접적으로 유발
하고 퇴행성 관절염을 일으킨다.
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Membrane Protein Structural and
Functional Research Lab 세포막 단백질 구조 및 기능 연구실

Mi Sun Jin

Assistant Professor
E-mail. misunjin@gist.ac.kr
Tel. 062)715-3562

We pursue the research to
unravel the mechanism of the
disease-related membrane
proteins at a molecular level
by determining high resolution
structures.
Structural and biochemical studies
of the excitatory neurotransmitter
transporters and receptors in the
central nervous system
My major research interest is determination
of membrane protein structures and
function in biological context using X-ray
crystallography, molecular biology, functional
assays and homology model building. My
recent work was to elucidate the molecular
mechanism of P-glycoprotein, one of the
major multidrug transporters, by determining
its crystal structure and analyzing its
functional properties. This research received
worldwide attention due to its relevance to
drug resistance often encountered during

cancer chemotherapy (Nature 2012). For
my current research, I am trying to expand
my research spectrum to structure-function
studies of neurotransmitter transporters and
receptors in the nervous system. Glutamate
is the major excitatory neurotransmitter.
Glutamate-mediated signal transduction is
tightly controlled through multiple proteins
including vesicular glutamate transporters,
excitatory amino acid transporters, cystine/
glutamate antiporters, and metabotropic
glutamate receptors. Dysfunction of these
proteins is found in several neurological
disorders such as ADHD, schizophrenia,
depression and Alzheimer's disease. Based on
my research experiences, my colleagues and
I try to determine high resolution structures
of eukaryotic glutamate transporters and
receptors by x-ray crystallography and,
together with biochemical and biophysical
studies, establish the molecular mechanism for
excitatory neurotransmission in the brain.

<Glutamatergic
neurotransmission in the central
nervous system>
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혈관발생학 연구실

Dr. Sukwon Jin joined the School of Life
Sciences at GIST in July 2014. Dr. Jin’s
research focuses on understanding the
molecular and cellular mechanisms that
regulate developmental and pathological
angiogenesis and lymphangiogenesis, the
formation of new blood and lymphatic
vessels. Prior to joining the department as an
associated professor, Dr. Jin has held faculty
positions at the University of North Carolina at
Chapel Hill as an assistant professor and Yale
University School of Medicine as an associate
professor. He was also a recipient of numerous
awards including Basil O’Connor Scholarship,
American Heart Association Scientist
Development Award, as well as a finalist for
the Irvin Page Award.
He leads team of scientist to investigate
fundamental problems of vascular biology
with cutting-edge tools. Currently, major
efforts of Dr. Jin’s laboratory are directed at
analyzing the function of Bone Morphogenetic
Protein (BMP) signaling during vascular
patterning, investigating interaction between
endothelial and hematopoietic lineages during
development, and analyzing molecular and

cellular phenotypes of vascular specific
mutations.
Most recent contribution from his laboratory
is the discovery of novel signaling pathways
that collectively modulate the formation of
lymphatic vessels. First, his research team
identified BMP signaling as the main antilymphangiogenic cue during development.
They demonstrated that BMP signaling
selectively activates transcription of two
microRNAs, miR31 and miR181a to attenuate
translation of the master regulator of the
lymphatic fate, PROX1 (Dunworth et al, Cir.
Res., 2014). Moreover, his research has shown
that Apelin/APJ-Erk1/2 signaling is essential
for the proper patterning of the lymphatic
vessels, providing a novel insight on role of
G Protein Coupled Receptor signaling in this
process (Kim et al, ATVB, 2014).
In addition to the aforementeioned research
area, at GIST, Dr. Jin initiated a new research
project to investigate the relationship between
endothelial and hematopoietic lineages,
extending and revitalizing his prior research on
the topic (Vogeli et al, Nature, 2006; Lee et al,
Curr. Biol., 2009).

Tg(hsp:bmp2b)

WT

In glial cells, the glutamate is
stored in presynaptic vesicles by
the action of vesicular glutamate
transporters (VGLUTs) and
released at the synaptic cleft
through interactions with SNARE
proteins. The released glutamate
is then recognized by ionotropic
and metabotropic receptors for
fast excitatory neurotransmission.
Excitatory amino acid transporters
serve to maintain a low level of
glutamate at the extracellular
space. Additionally, System Xccontributes to recycle the glutamate
for additional signaling.

Vascular Developement Lab
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signalingGIST(Gwangju
functions as aInstitute
pro-angiogenic
venous endothelial cells
School ofBMP
Life Sciences,
of Sciencecue
andfor
Technology)

while attenuating the differentiation of lymphatic endothelial cells from the veins.

Suk Won Jin
Associate Professor

E-mail. sukwonjin@gist.ac.kr
Tel. 062)715-3561

BMP signaling functions as a
pro-angiogenic cue for venous
endothelial cells while attenuating
the differentiation of lymphatic
endothelial cells from the veins.
Left: compared to the wild-type
(top panels), zebrafish embryos
with an elevated level of BMP
signaling (bottom panels) show
exuberant ectopic vessels emanated
from the veins. Arrowheads point
excessive angiogenic vessels.
Right: Ectopic activation of BMP
signaling (bottom panel) abrogates
the thoracic duct in zebrafish, the
major lymphatic vessels within the
trunk region. Asterisk points the
lack of thoracic duct.
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