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Dysfunction of blood-brain barrier by Exo- and
Endo-genous toxic stimuli

College of Pharmacy, Hanyang University ERICA campus
Ok-Nam Bae

The blood-brain barrier (BBB) is the vascular system in the brain,
tightly limiting the transportation of molecules from the blood to the
central nervous system. The BBB constitutes the neurovascular unit,
which plays a major role in regulating brain microvascular environments.
Environmental pollutants can be contributing factors to cerebrovascular
diseases such as ischemic stroke, and many studies have reported that
circulating xenobiotics may initiate BBB impairment and lead to central
nervous system damage. Here, | will cover the basic concepts and recent
progresses of the studies on BBB function in the neurovascular unit,
to enhance the understanding of the importance of BBB dysfunction in
cardiovascular/neurological diseases such as ischemic stroke. | will also

briefly introduce my recent studies in this fields.



Dysfunction of blood-brain barrier
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Ol-Nam Bae
College of Pharmacy, Hanyang University

Core Strategies related to BBB in my lab

/ ' q —
Identification of [ Disruption of Xenobiotic-
novel candidate BBB integrity enhanced

for treatment \ | susceptibility

~ against stroke

Protective effect §  BBB damage and Effect of
of drug candidates] increased xenobiotics on
permeability BBB

Translational research on BBB integrity
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1.Kim DG, Choi Y, Lee Y, Lim S, Kong J, Song J, Roh Y, Harmalkar DS, Lee K, Goo JI, Cho HY, Mushtag AU, Lee J, Park
SH, Kim D, Min BS, Lee KY, Jeon YH, Lee S, Lee K*, Kim S*. AIMP2-DX2 provides therapeutic interface to control
KRAS-driven tumorigenesis. Nat Commun, 2022 May 11;13(1):2572.

2. Jalani HB, Sivaraman A, Min KB, Lee HY, Oh NK, Kang H, Keum G, Choi Y, Lee K*. Metal/Catalyst-Free Sequential C-N
Bond Forming Cascades at Room Temperature: Environment-Friendly One-Pot Synthesis of 5-Aminoimidazoles from
Aryl Glyoxals, Anilines, and Amidines. Green chem. 2022 Jul 22;24:6501.

3. Sivaraman A, Kim DG, Bhattarai D, Kim M, Lee HY, Lim S, Kong J, Goo JI, Shim S, Lee S, Suh YG, Choi Y, Kim S, Lee
K= Synthesis and Structure-Activity Relationships of Arylsulfonamides as AIMP2-DX2 Inhibitors for the Development of
a Novel Anticancer Therapy. ./ Med Chem. 2020 May 28;63(10):5139.

4. Bhattarai D, Xu X, Lee K*. Hypoxia-inducible factor-1 (HIF-1) inhibitors from the last decade: A "structure-activity
relationship" perspective. Med Res Rev, 2018 Jul;38(4):1404.

5. Lee, K., Ban, H. S., Naik, R., Hong, Y. S., Son, S., Kim, B. K., Xia, Y., Song, K. B., Lee, H. S., & Won, M. (2013).
Identification of malate dehydrogenase 2 as a target protein of the HIF-1 inhibitor LW6 using chemical probes.
Angewandte Chemie (International ed. in English), 52(39), 10286.



Innovative small chemicals targeting tumor
microenvironment

College of Pharmacy, Dongguk University
Kyeong Lee

Appropriate intervention of HIF (Hypoxia Inducible Factor) pathway may
lead to development of chemotherapeutics for cancer microenvironment.
As part of our ongoing efforts to identify small molecule HIF-1 inhibitors as
novel anticancer agent, we have carried out a high—-throughput screening
of chemical libraries by using cell-based reporter assay. The activity of
HIF-1 was monitored using a luciferase reporter gene under the control
of HRE (hypoxia responsive element). This resulted in the identification of
several hits and we further conducted phenotype—based structure—activity
relationship study on this several small molecules, such as LW6, which
potently inhibited HIF-1a accumulation by degrading HIF-Ta without
affecting the HIF-1a mRNA levels during hypoxia. To develop more potent
and efficient HIF-1a inhibitors, we performed structural modifications
of LW6, which in turn led to the development of LW774 as a clinical
candidate.

Further, we designed and synthesized novel chemical probes by
installing a clickable tag and a photoactivatable moiety. Based on this, we
observed the mitochondrial localization of LW6 and identified MDH2 (malate
dehydrogenase 2) as a target protein. This is the first finding that MDH2
regulates HIF-1a accumulation under hypoxia. Of note, the structure-
activity relationship results of this series in HRE dependent Luc assay was
consistent with that in MDH2 enzyme assay, suggesting that MDH2 is the
direct target protein of LW6 and chemical biology techniques are the - most
reliable for target identification in drug discovery. The results related to
target identification work of LW series will also be discussed.
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Innate lymphoid cells as key regulators of
respiratory diseases

Laboratory of Mucosal Immunology, Department of Biomedical Sciences, Seoul National University College of Medicine, Seoul, South Korea
Institute of Allergy and Clinical Immunology, Seoul National University Medical Research Center, Seoul, South Korea

Jihyun Kim

Innate lymphoid cells (ILCs) are innate counterparts of T lymphocytes,
which mirror several characteristics and functions of T cells. ILCs are
classically divided into three groups, groups 1, 2, and 3 ILCs (ILC1s,
ILC2s, and ILC3s), according to their transcription factors and cytokine
productions. Each subset of ILCs acts as a regulator of immune responses
in various tissues by a rapid release of effector cytokines. Chronic
respiratory diseases, such as asthma and chronic obstructive pulmonary
diseases (COPD), are heterogeneous and have many endotypes and factors
that can trigger the disease, such as allergen exposure, airway infection,
and air pollution. ILCs can sense various triggers and play a determinant
role in different endotypes of respiratory diseases by interacting with other
innate immune cells. In eosinophilic asthma, type 2 cytokines from ILC2s
polarized macrophages into alternatively activated (M2) macrophages. In
non-eosinophilic asthma and asthma exacerbation by smoking, ILC1s and
ILC3s polarized macrophages into classically activated (M1) macrophages
by secreting IFNy and IL-17A. ILC3s are related to the increase in M1
macrophages and neutrophils, which cause impaired lung function in
asthmatic patients. Moreover, in COPD, ILC3s were a key inducer of
emphysema by the reciprocal interaction with neutrophils. These studies
suggest a new insight into how ILCs contribute to the heterogeneity of
respiratory diseases.
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Subsets of ILCs in different phenotype of asthma
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Asthma

ILCs as modulators of asthma phenotype

+ ILCIALC3s M1 macrophages > Non-cosinophilic asthma
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1. Ham J, Lim W, Song G. (2022) Ethalfluralin impairs implantation by aggravation of mitochondrial viability and function
2.Ham J, Lim W, Song G. (2021) Pendimethalin induces apoptosis in testicular cells via hampering ER-mitochondrial
3.Ham J, Park S, Lim W, Song G. (2021) The herbicide dinitramine affects the proliferation of murine testicular cells via

4. Ham J, Lim W, You S, Song G. (2020) Butylated hydroxyanisole induces testicular dysfunction in mouse testis cells by

dysregulating calcium homeostasis and stimulating endoplasmic reticulum stress. Sci Total Environ 702:134775.

dysfunction suppress growth of endometriotic lesions. J Cell Physiol 234(4):4327-4341 .
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RORa enhances lysosomal acidification and autophagic flux in the hepatocytes
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The essential role of ADP-ribosylation-like factor 6 interacting protein 4 (ARL6IP4)

in breast cancer progression and metastasis.
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Brain hypothyroidism leads to immune tolerance of microglia in Alzheimer's disease
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Cisplatin reS|stan'ce in Epstein—Barr-virus-associated gastric carcinoma
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RORa enhances lysosomal acidification and
autophagic flux in the hepatocytes

Lysosomes are intracellular acidic organelles with catabolic functions that
contribute to the activation of autophagy. Although autophagy abnormality
is associated with defects in lysosomal acidification during the progression
of nonalcoholic fatty liver disease (NAFLD), the mechanisms of control of
lysosomal acidification are not well understood at the molecular level. Thus,
we aimed to elucidate the role of the orphan nuclear receptor retinoic acid—
related orphan receptor a (RORa) in lysosomal acidification and autophagic
flux particularly in nutrition—enriched hepatocytes. First, lysosomal acidity
was much lower in the hepatocytes obtained from hepatocyte—specific
RORa-deleted (RORa-LKO) mice, whereas the infusion of an adenovirus
encoding RORa in wild-type hepatocytes increased lysosomal acidity, as
determined by LysoSensor. Second, the lysosomal translocation of the
mechanistic target of rapamycin was increased and immature cathepsin D
was accumulated in the liver of RORa—LKO mice. Third, the accumulation
of LC3~1I, p62/SQSTM1, and NBR1 was increased in the livers of
RORa-LKO mice, indicating an impaired autophagic flux in the livers.
Consistently, the number of autolysosomes containing mitochondria and
lipid droplets was dramatically reduced in the RORa—deleted hepatocytes.
Finally, we found that RORa induced the transcription of genes involved
in lysosomal function, such as Atp6v1g1, a v—-ATPase subunit, which
were largely downregulated in the livers of mice with high—fat-diet-
induced NAFLD and patients with hepatitis. Thus, targeting RORa may be
a potential therapeutic strategy to restore lysosomal acidification, which
inhibits the progression of NAFLD.
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The essential role of ADP-ribosylation-like factor 6
interacting protein 4 (ARL6IP4) in breast cancer
progression and metastasis

Department of Cancer Biomedical Science, Graduate School of Cancer Science and Policy,
National Cancer Center, Goyang, Gyeonggi, Republic of Korea.

Mi Kyung Park

Despite the development of therapies for breast cancer, tumour
recurrence and metastasis caused remain a major problem. Epithelial-
mesenchymal transition (EMT) is a process of the initial step for tumour
metastasis whereby epithelial cells undergo a mesenchymal phenotypic
change to adopt migratory and invasive abilities. ADP-ribosylation-
like factor 6 interacting protein 4 (ARL6IP4), called SRp25, is involved in
modulating alternative pre-mRNA splicing and is a marker of prognosis
in breast cancer. However, the functional role in breast cancer including
EMT is still incompletely established. Here, we report that ARL6IP4 plays
a role in cell proliferation, migration, invasion, and metastasis both in
vitro and in vivo. By using an ARL6IP4 knockout mouse crossed to the
transgenic MMTV-PyMT mouse model of breast cancer metastasis, we
demonstrate that ARL6IP4 knockout (KO) enhances the primary tumour
progression and lung metastasis as compared to the controls. ARL6IP4
loss also activates migration, invasion, and tumorigenicity in breast cancer
cells. Mechanistically, we identified ARL6IP4 loss phosphorylates STAT3
and NF-kB signal pathway. Furthermore, we found that ARL6IP4 loss
sensitized breast cancer cells, mammary gland orthotopic mouse model,
tail vein metastasis model, and transgenic breast cancer mouse model
to the pyrimethamine (PYR)-inhibited STAT3 activity. Taken together, our
findings uncover the suppressor role and molecular mechanism of ARL6IP4
in breast cancer progression and metastasis and might provide a new
therapeutic strategy for breast cancer treatment.
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Brain hypothyroidism leads to immune tolerance
of microglia in Alzheimer’s disease

Genomic Medicine Institute, Medical Research Center
Seoul National University

Hyunjung Choi

Hypothyroidism is one of the most common cause of dementia with
cognitive decline. It is also widely known that the imbalance of thyroid
hormones in the blood could be a risk factor for the onset of Alzheimer’
s disease (AD). However, the precise causal relationship between thyroid
hormones and AD pathophysiology is still elusive. In this study, using a
ADLPAPT transgenic mice showing both brain amyloidosis and severe
tauopathy along with memory deficits, we investigated the etiology of
hypothyroidism in AD and the role of thyroid hormone in the pathogenesis.
ADLPAPT mice showed a localized hypothyroidism in the hippocampus,
which precedes the changes in thyroid hormones in the blood and is
attributed to neurological pathology in ADLPAPT mice. It could be a new
phenotype related to thyroid hormones that characterizes AD. In particular,
the hypothyroidism due to a decreased expression in the enzyme involved
in T4 metabolism (deiodination to T3) provided evidence that T3 may
be effective as a thyroid hormone therapy (thyromimetics) to relieve AD
pathologies. Furthermore, we uncovered a novel mechanism by which
immune tolerance of microglia, corresponding to the deficiency of T3
in the hippocampus, could be detrimental to AD pathogenesis. Thus,
supplementing the T3 concentration may have positive effects on AD
treatment by restoring the function of microglia.
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Cisplatin resistance in Epstein-Barr-virus-associated
gastric carcinoma

College of Pharmacy, Vessel-Organ Interaction Research Center,
Research Institute of Pharmaceutical Science, Kyungpook National University

Sun Hee Lee

Epstein-Barr-virus-associated gastric cancer (EBVaGC) is a common
EBV-related malignant tumor. EBVaGC has unique DNA hypermethylation
phenotypes that allow for higher proportions of DNA methylation than any
other gastric cancer. CpG islands in the gene promoter region are one of
the major regions in which DNA methylation controls gene transcription.
Despite cisplatin—-based chemotherapy being one of the standard treatment
regimens for advanced gastric cancer, including EBVaGC, cisplatin alone
or in combination with 5-fluorouracil has been limited by its less potent
anticancer activity and the occurrence of cisplatin resistance. Accordingly,
the current study evaluated the anticancer activities of a combination
of cisplatin and 5-Azacytidine (5-AZA) against EBVaGC. Our findings
showed that cisplatin upregulated the DNMT3A gene, whereas shRNA-
targeted removal of DNMT3A mRNA contributed to cisplatin-mediated EBV
lytic reactivation. Moreover, the removal of DNMT3A mRNA upregulated
the ATM gene through DNA demethylation on the ATM promoter.
Furthermore, CRISPR/Cas9-targeted removal of the ATM gene resulted
in significantly reduced cell susceptibility and EBV lytic reactivation by
a combination of cisplatin and DNMT3A inhibitor 5-AZA. Finally, 5-AZA
exhibited a synergistic effect with cisplatin in anti—-EBV and anti-EBVaGC
activities by increasing drug susceptibility and EBV lytic reactivation.
The aforementioned results suggest that cisplatin combined with DNA
methylation inhibitors could be a novel therapeutic approach for EBVaGC.
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The development of biotechnology and therapeutic strategy for
targeting lipids—associate diseases by characterization and
integrating biolipids interactomes
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