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Oncoprotein CIP2A regulates the disassembly of 
primary cilia and glycolytic metabolism
Yang, Young Ph.D.
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of Korea

In most eukaryotic cells, the primary cilium is a microtubule-enriched 

protrusion of the plasma membrane and acts as a key coordinator of signaling 

pathways during development and tissue homeostasis. The primary cilium is 

generated from the basal body, and cancerous inhibitor of protein phosphatase 

2A (CIP2A), the overexpression of which stabilizes c-MYC to support the 

malignant growth of tumor cells, is localized in the centrosome. Therefore, we 

investigated whether CIP2A plays a role in cilia assembly and metabolic 

regulation. CIP2A overexpression induced primary cilia disassembly through the 

activation of Aurora A kinase, and CIP2A depletion increased ciliated cells and 

cilia length in retinal pigment epithelium (RPE1) cells. CIP2A depletion also 

shifted metabolism toward the glycolytic pathway by altering the expression of 

metabolic genes related to glycolysis. However, glycolytic activation in 

CIP2A-depleted cells was not dependent on cilia assembly, even though enhanced 

cilia assembly alone activated glycolytic metabolism. Collectively, these data 

suggest that CIP2A is involved in the regulation of primary cilia disassembly 

and that CIP2A depletion induces metabolic reprogramming independent of 

primary cilia.
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Chemical biology inspired drug development for 
tumor remission
Kyeong Lee, Ph.D.
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The goal of our MRC center, Innovative Medicine Research Center for Tumor Remission 

(IMRCTR) is to provide a new therapeutic basis for cancer remission by identifying novel 

drug candidates that target common characters of microenvironments in cancer and 

autoimmune diseases, which are intractable diseases. In particular, we intend to present a 

new therapeutic strategy to overcome cancer by remodeling microenvironmental factors such 

as neuro, inflammation and hypoxia (N, I, H) in integral strategy. 

Several sub-programs for drug discovery are in progress and the recent results on 

development of small chemical using chemical biology approach will be presented. 

Aminoacyl-tRNA synthetase-interacting multi-functional protein 2 (AIMP2) is one of the 

components of multi-tRNA synthetase complex (MSC) which consists of four exons and 

serves as a potent tumor suppressor. AIMP2 dissociation from the MSC influences the 

activity of the p53, TGF- , TNF- and WNT signaling pathways, which inhibits β α 

tumorigenesis. AIMP2-DX2, an exon2-deleted splicing variant of AIMP2, is up-regulated in 

various cancers and competitively suppresses the pro-apoptotic activity of AIMP2 and 

promote tumorigenesis. A recent mechanism study revealed that Hsp70 is a critical 

determinant for cellular level of AIMP2-DX2. Specifically, a positive correlation between 

HSP70 and AIMP2-DX2 levels was shown in various lung cancer cell lines and patient 

tissues, which supports the therapeutic potential of an AIMP2-DX2 and Hsp70 inhibitors as 

anticancer agents. A structure-activity relationship study using a sulfonamide-based hit led to 

the small molecule protein-protein inhibitor, BC-DXI-495. Chemical intervention using 

BC-DXI-495 of the AIMP2-DX2:HSP70 interaction suppressed cancer cell growth in vitro 

and in vivo. We will discuss more detailed chemistry and mechanism on this series as novel 

AIMP2-DX2 inhibitors for development of novel cancer therapeutics. 
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Understanding the Hedgehog signaling pathway using 
small-molecule probes: Closing the gap between 
chemistry and biology
Hyuk Wan Ko, Ph.D.
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The Hedgehog (Hh) signaling pathway regulates many aspects of the cellular process 

such as cell growth, survival, and fate determination. Disruption of Hh signaling in 

early development causes developmental disorders. Aberrant activation in the Hh 

pathway by somatic mutations has been linked to multiple forms of cancers in humans. 

Molecular logic of the Hh signaling was initially established from genetic studies in the 

Drosophila model system.  They have been considered as having a conserved role in 

mammalian Hh signaling. Currently, many components of the Hh signaling pathway are 

identified from various animal model systems such as fly, zebrafish, and mouse. 

However, there are accumulating evidences that divergent aspects of Hh signaling 

between Drosophila and mammals exist. In a way to better understand the mammalian 

Hh signaling pathway, we identify the novel pathway components in the mammalian 

cultured cells. We screened the compound libraries to discover novel bioactive small 

molecules for the Hh pathway. Using chemical probes designed from identified small 

molecules, we found that cellular storage organelles of neutral lipid, lipid droplets play 

a role in regulating the Hh signaling in mammals. Downregulation of lipid droplet 

formation by siRNA or chemical inhibitors disrupts Hh signaling. We further revealed 

that molecular mechanisms of lipid droplets in regulating Hh signaling are involved in 

controlling the formation of primary cilia which are important cellular organelle for 

transducing mammalian specific Hh signaling. These studies exemplify the power of 

cross-field cooperation between chemistry and biology to isolate unbiased drug targets 

for the Hh pathway and provide a new paradigm for the Hh signaling pathway.   
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An adaptive signaling for survival against oxidative 
stress in cancer cells 
Sang Won Kang

Department of Life Science
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Aerobic organisms are under a constant challenge from oxidative stress (OS), which is 

one of key factors that determine the cell fate {Finkel, 2000 #406}. Mitochondria are 

the major subcellular organelles susceptibly responding to OS {Dyall, 2004 

#167;Newmeyer, 2003 #38}. Upon severe OS condition, the retrograde signaling by 

mitochondria executes programmed cell death by releasing pro-apoptotic factors, such as 

cytochrome c, apoptosis-inducing factor (AIF), and Smac/DIABLO. In this presentation, I 

show that HSP60 is the first mitochondrial factor that transmits a survival signal to 

nucleus in response to OS. In the mild OS-challenged cancer cells, mitochondria 

liberated HSP60 to cytosol. The HSP60 release occurs through the assembly of a 

mitochondrial membrane pore by the p38-dependent phosphorylation of mitochondrial 

fission factor 1 (MFF1). Consequently, the released HSP60 induces activation of the 

IKK complex and induction of the NF-kB-dependent gene expression.  
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Facile strategies for the discovery of novel kinase 
inhibitors
Kyung Hoon Min, Ph.D.
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The therapeutic potential of kinase inhibitors has been rapidly expanding since the 

great success of Gleevec. Intensive investigation over the past 30 years has resulted in 

the FDA approval of about 40 kinase inhibitors. Phosphorylation is a essential process 

for every signal transduction cascades, indicating that kinases can be therapeutic targets 

for many diseases by dysregulation of signaling pathways. It has been reported that 

kinase inhibitors can act as key regulators for the treatment of immunological, 

inflammatory, degenerative, metabolic diseases as well as cancers. Novel pathological 

roles of kinases are being revealed, indicating that the field of kinase drug discovery is 

still immature. 

Recently, a great deal of attention has been paid to discover of mutant selective 

EGFR kinase inhibitors, especially, 4th generation EGFR inhibitors, which selectively 

inhibit EGFR bearing C797S mutation. In addition, CSF1R, MER/AXL and LRRK2 are 

also interesting as potential targets for cancer immunotherapy, Crohn’s disease and 

Parkinson’s disease.

Regarding discovering novel inhibitors for the kinases, academia and startup companies 

have to approach with a different strategy unlike big pharma equipped with automatic 

HTS system and huge chemical libraries. Herein, we would demonstrate that facile 

strategies including the replacement for the hinge-binding moiety, shifting of substituents, 

and micro-variation of substituents could provide promising candidates in academia.
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origin site
Seok-Gu Kang, M.D, Ph.D.
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Neural stem cells (NSCs) of the subventricular zone (SVZ) accumulate mutations during 

the normal aging process.  These alterations have been recently regarded as the 

beginning point of glioblastoma (GBM).  Unlike accessible tumors, identification of 

molecular changes in the provoked precancerous lineage cells has been difficult in GBM.  

Here we report characteristics of GBM origin site cells (GBMOcs) and translates them to 

the human GBM.  Genome-edited somatic mutation electroporation (EP) model creates 

GBM in the rodent model arising from the tdTomato-positive cells (GBMOcs) of SVZ 

(Cas9-Cre plasmid with sgRNAs for Pten and Trp53; FVB+B6 mice with floxed-tdTomato). 

Using the model, we isolated tdTomato-positive cells from the SVZ (10-weeks after EP). 

These cells were assessed with neurosphere formation assay, fluorescent microscopy, 

3D-invasion assay, orthotopic allograft model, single-cell RNA-sequencing, and 

whole-genome-sequencing. We compared the results with control origin-site cell types, 

tumor-derived cells, as well as the Severance bulk RNA-sequencing data (GBM, 

tumor-free SVZ, and tumor-free cortex).  The SVZ-derived tdTomato-positive cells 

(GBMOcs) created neurospheres in the neurosphere culture media.  However, the 

GBMOcs were non-tumorigenic and not changed the survival by 150-days after 

orthotopic allograft. Whole-genome-sequencing found no copy number variation in the 

mutated GBMOcs (Trp53 and Pten).  Single-cell velocity revealed GBMOcs are showing a 

stream of differentiation from B cell marker-expressing cells to oligodendrocyte 

progenitor cell (OPC) marker-expressing cells, and these cells are highly migratory than 

the control cells.  We found NNAT may transform OPC to GBM in both human and 

mouse models, and functional details will be demonstrated.  We found the mutated 

GBMOcs are not distinguishable from the normal cells by the CNV.  The GBMOcs were 

migratory and expressed OPC markers.  The firework pattern may arise from the 

elevated expression of NNAT in the SVZ.
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Microbiome research and development
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The gut microbiome of patients with disease is believed to influence the development 

of disease, as well as the efficacy of the drugs. Human Microbiome research was 

conducted to understand how microbial communities impact on human health. However, 

the genomic characteristics and detailed functions of effective bacterial strains have not 

been fully clarified. In this study, we utilized an integrated approach, involving 

metagenome, bacterial whole genome/transcriptome, mouse intestinal transcriptome, and 

mouse serum metabolome analysis, to decipher whether bacterial strain-specific 

differences influence the disease susceptibilities and efficacy of therapeutics in various 

diseases.
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Hearing loss is the most common cause of sensory disorders. Adult-onset hearing loss 

constitutes a substantial burden on the adult population worldwide and is associated with 

higher rates of hospitalization, falls and frailty, depression, and dementia. Moreover, 

hearing loss is becoming an increasingly prevalent disability, due to the global aging 

population. However, there are no effective therapeutic strategies for hearing loss so far. 

Intracellular accumulation of mutant proteins causes proteinopathies, which lack 

targeted therapies. Autosomal dominant hearing loss (DFNA67) is caused by frameshift 

mutations in OSBPL2. Here, we show that DFNA67 is a toxic proteinopathy. Mutant 

OSBPL2 accumulated intracellularly and bound to autophagy proteins. Consequently, its 

accumulation led to defective endolysosomal homeostasis and impaired autophagy. 

Transgenic mice expressing mutant OSBPL2 exhibited hearing loss, but Osbpl2 knockout 

mice or transgenic mice expressing wild-type OSBPL2 did not. Rapamycin decreased the 

accumulation of mutant OSBPL2 and partially rescued hearing loss in mice. Rapamycin 

also partially improved hearing loss and tinnitus in individuals with DFNA67. Our 

findings indicate that dysfunctional autophagy is caused by mutant proteins in DFNA67; 

hence, we recommend rapamycin for DFNA67 treatment.
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The prevalence of inflammatory disorders has dramatically increased over the 

past decade, particularly in developed countries. The “hygiene hypothesis,” first 

proposed in 1989, has become a widely accepted answers for this stiff 

increment. In this circumstance, a line of recent studies has broken new ground 

that shows the co-evolvement of a human being with trillions of microbes 

(microbiota), considered as “hidden organ” due to their immense impact on 

human health and disease. For example, recent advances in microbiome research 

have enlightened indispensable roles of microbiota on induction, training, and 

function of host immune system and inflammatory diseases. However, the lack of 

precise molecular and cellular mechanisms of microbiota-based therapies has 

restrained their application for the treatment of inflammatory disorders. Here, we 

have identified FoxP3+ regulatory T cells (Tregs) inducing bacteria and elucidated 

the action mechanisms for their therapeutic potentials in inflammatory disorders. 
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SARS-CoV-2 infection impinges on protein synthesis 
in the respiratory tissue.
Jun Cho, Ph.D.
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 은 년 중국 우한에서 첫 감염 사례가 보고된 이래COVID-19 (Coronavirus disease 19) 2019 , 

빠른 속도로 전파되어 세계적 대유행 을 일으켰다 현재까지 억 만명 이상의 (pandemic) . 1 7000

감염 사례가 보고되고 백만명에 가까운 사망자를 낳은 대유행은 여전히 진행 , 4 COVID-19 

중이며 예방 방역 치료를 위한 막대한 의료 비용의 지출과 사회적 거리두기 라는 , , , ’ ‘

전례없는 일상 생활의 변화마저 불러일으키고 있다.

대유행을 해결하고 추후 유사한 사태의 재발을 방지하기 위한 효과적 치료 COVID-19 , , 

예방책의 마련을 위해서 필수적으로 선행되야 하는 것은 이 감염성 질환의 병리 기전의 

이해일 것이다 은 이전에 발생한 . COVID-19 SARS (servere acute respiratory syndrome, 

의 원인이었던 2002-2004), MERS (Middle East Respiratory Syndrome, 2012-2014) Corona 

바이러스 계통의 새로운 변형체 바이러스의 감염에서 기인한다 이전 두 SARS-CoV-2 . 

사례들과 비교하여 바이러스는 상대적으로 낮은 치사율과 압도적으로 높은 SARS-CoV-2 

전파성의 차이를 보이는데 이는 바이러스의 잦은 변이로 인한 새로운 형질 획득과 , RNA 

그로 인한 숙주의 반응 차이에서 초래되는 것으로 예상된다. 

대유행 사태의 심각성으로 인해 감염으로 인한 병리를 이해하기 위한  , SARS-CoV-2 

생물학계 의학계의 연구는 다양한 접근법들을 토대로 수행되었고 현재도 활발히 진행 , 

중이다 그 중 하나로 대용량 염기서열 분석 기법 은 . (high-throughput sequencing technology)

가 유전정보물질인 바이러스 의 바이러스 유전자 발현 기전과 숙주 RNA Corona , SARS-CoV-2

세포 및 조직의 유전자 발현 기전의 변화를 해석하는데 유용한 툴로써 이용되어 왔다 그 . 

사례들로 대용량 염기서열 분석기법의 한 플랫폼인 나노포어를 이용하여 년 완전한 , 2020

형태의 유전체 지도가 처음으로 특정되었으며 가장 보편화된 SARS-CoV-2 (genome) , 

플랫폼인 의 을 이용한 환자의 조직 단위의 유전자 발현 더 Illumina RNA-seq COVID-19 , 

나아가 을 이용한 조직 내 구성 세포 단위의 감염 발병 single cell RNA-seq SARS-CoV-2 

유전자 발현의 변화를 밝혀냄으로써 감염 단계에서 바이러스와 숙주 조직의 , SARS-CoV-2 

유전자 조절과 병리와의 연결 고리가 일부 제시된 바 있다. 

그러나 상기의 기반의 실험적 접근법은 유전자 발현의 마지막 단계인 에서  RNA-seq RNA

단백질로의 번역 과정의 변화를 살필 수 없다는 한계점을 지닌다 면역 세포들을 포함한 . 

조직의 다양한 세포들은 바이러스와 같은 외부 병원균의 침입에 반응하여 에서 를 DNA RNA

생성하는 전사 단계 뿐 아니라 이 후의 번역 단계에서도 다양한 조절 경로를 지닌다. 

의 감염 시의 바이러스와 숙주의 유전자 조절에 있어서도 다양한 단백질 번역의 SARS-CoV-2

변화가 있을 것으로 예상되나 현재로써는 전장유전체 수준 에서의 , (genome-wide level)
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변화는 제한된 환경인 배양 세포를 숙주로 한 연구 사례만이 존재할 뿐이다 우리는 in vitro . 

인간화된 유전자 조작 생쥐 의 폐 조직에서 감염 (humanized transgenic mouse) SARS-CoV-2 

시 단백질 번역 양상을 이라는 단백질 번역에 특화된 대용량 염기서열 ribosome profiling

분석 기법을 이용하여 전장유전체 수준에서 해석하였다 분석 결과는 의 감염이 . , SARS-CoV-2

폐 조직에서 광범위한 단백질 합성의 균형을 망가뜨리고 이러한 현상이 유전자 집단 단위 , 

또는 유전자 구조 단위의 규칙성을 따르고 있음을 보여주고 있다 본 연구의 결과는 기존에 . 

알려지지 않았던 바이러스의 병리 기전의 새로운 이해와 관련 감염 질환의 잠재적 Corona 

치료법 개발의 방향을 제시하는데 기여할 것으로 예상된다.
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