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INTRODUCTION
Pharmacokinetics

- Azio| 2 ofgol B4, R CfAL Hido| ChE B2
= What does the body do on the drug?
= ADME: Absorption, Distribution, Metabolism, Excretion

Absorption
- Movement of a drug from the site of administration to bloodstream
Distribution
- Reversible transfer of drug from one location to another w/i the body
Metabolism

- Process of transformation of a drug within the body to make it more
hydrophilic so that it can be excreted out from the body by the kidneys

Excretion
- Removal of the substance from the body

INTRODUCTION
Pharmacokinetics

Pharmacokinetics
The principles of ADME

Absorption
How will it ges in?

Rmabollon. st ' & Drug (rekase and BTN Drug i sysiemic »
. 1 Ay P it < Drug m thses
Rl:tsév-'u'ﬂ go7 |
 Tramsparten |
FLIMINATION |
Ecretion and Prarmacologie
retbolism effeet
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INTRODUCTION
Clinical Pharmacokinetics

= Clinical: bedside (Y4, B&&K)
ztzto| BEXIO||H| QHMBIT HIHMQl ASEE B}7| 8 o
SeE 2|8 N8

< 740 UEH AFEEHEY (individualized dosage regimens)

« o2 X[2ot= A0 42E 0|2 54 7| ?IF

INTRODUCTION
Pharmacodynamics

» %=0| N8ot= fX|2 %29 skt XEmaeto|
A

= What does the drug do on the body?

AT M2 KEEatet HAE Ao|o| BAE Z3

= =8H2 %= 5 ~ Ao M7
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INTRODUCTION

PK-PD versus PK/PD

PK/PD**

PK-PD*

g
|
i

INTRODUCTION

Therapeutic Drug Monitoring (TDM)
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INTRODUCTION

Therapeutic Drug Monitoring (TDM)

TDM is valuable when:

1. The drug's desired pharmacologic effects cannot be assessed readily

2. A good correlation exists between the pharmacologic response and
plasma concentration.

3. The drug has a narrow therapeutic index

Wide inter-subject variation in plasma drug concentrations results from a
given dose.

INTRODUCTION

Therapeutic Drug Monitoring (TDM)

§ 25
by g
i g o
{/ Inter-individual
variability |
\_ ezt xfoy
'xh ‘_/

» SZ9| JHAX} 29l
- 98 7t°| MSZE8 (Drug-Drug Interaction)
- OF= CHALRE ® 74 off CHSt 2471219 53 XH0] (0.8 % a¢2l)
-4 E B, X AL HAHE B 7|= 28 HH] (04T, 2L = d3),
da|opx JEf (0. 52 L))




INTRODUCTION
Inter-individual variability
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INTRODUCTION
Inter-individual variability
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INTRODUCTION
Inter-individual variability

v G2 FAE XML, o229 AL 2t&r] ZojH
— HASDH A A, SO82 HIXHH £07HHB 5.
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INTRODUCTION
Inter-individual variability
« SN Q0 A4S FHE
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v VKORC12} warfarin
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INTRODUCTION
Inter-individual variability

B2k

Thiopental
TR T ESEERE-STTE
H| 2t SEXbOI M O D822 SFOojslof &

(o]
=

SYSHE

Cimetidine

Theophylline2 CHAIA|Z| & ZHE A E MiSIA theophyllinel] 48
g a2

Theophylline2| £0{7tH &

ur
)
2
Dp'_i

INTRODUCTION
Pharmacokinetic model
* Compartment model
Central Examples of I
Highly blood-| Compartment | Peripheral Less we
pe?fuZed . — | COMPAMONts | norfused than
ea L Fial
compartment — the central
e Liver compartment.
k=i B Lungs —— Muscle =lof L=
Szl Tissue o= el i =
Kidney -
- |
Fluid
One- tment model: 7}& Chdl Qg ok20 B0 = =2HA 0
ne-compartment model: 7t EHe et Jac TYH #5952

2 MU HHZ 22
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INTRODUCTION

Pharmacokinetic model

= Compartment model

2-Compartment model: 7t, 4181} Z0| &0 IjicrI o5

ot d7|= bt

o
A
A4

B % 7 HOE 2 {452 EfE o0 22, G20 242
CentralOf A{ Bt o Centrala Perlpheral Had /X 0i“l'l TEE AO| 0|
AL
af >
..,4L
A
= e TeEs : Wl
3 "\-\.\\‘\
INTRODUCTION

Pharmacokinetic model

= Linear VS. Nonlinear pharmacokinetics

Nonlinear pharmacokinetics :

orgo| EolZo| mat o2

Process Agent Mechanism
Absorption Riboflavin, methotrexate, gabapentin Saturable gut wall transport
Penicillins Saturable decomposition in Gl tract
Distribution Methotrevate Saturable transport into and out of tissues
Salicylates Saturable protein binding
Renal elimination  Penicillin G Active tubular secretion
Ascorbic acid Active reabsorption

Extrarenal elimination Carbamazepine

Enzyme induction

Saturable metabolism

Theophylline, phenytoin

TABLE. Drugs Having Dose- or Time-Dependent Pharmacokinetics

Area under Curve
(AUC)

Dose

FIGURE. Relationship of AUC to drug
dose with dose-dependent PKs.
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RESEARCH

PHARMACOKINETIC STUDIES

INTRODUCTION
RESEARCH SUMMARY @
ONGOING RESEARCH
RESEARCH PLAN

RESEARCH SUMMARY®@
Extracorporeal membrane oxygenation (ECMO)

CICU (cCardiovascular intensive care unit) ward rounds
Pharmacist-led drug intervention

Siliem Severa

_canmsta Caidigjrespiratory
Failure Abmdiy

Oygenator

Return cannala

Growing # of ECMO patients ECMO could affect drug PK

No drug dosing Guideline — Optimal drug dose???

_12_




RESEARCH SUMMARY®
REVIEW: DRUGS PK CHANGES DURING ECMO

Critical liness l Publication |
Augmented cardiac Leaky capillarie<! Aniered praten E"""'::‘" P
walume resuscitation bardirsg Pl BEvW aTiEL WILEY Sl
| | Pharmacokinetic changes of antibiotic, antiviral,
| antituberc and agents during
h 4 b membrane oxygenation in critically (il adult patients
Ircitased cheatance et st Decrased clearance i
1, Hatw P 1AM G P B M Crang RO &
; .
I | : . —
. :
, S ;
. } o ym— PK parameter |
RPN ey o ‘ Changes
autput
= | M =
I Physiochemical interaction
. Drug

$

Study Design:
Prospective PK study in ECMO patients
sufentanil (sedative) & piperacillin/tazobactam (antibiotic)

RESEARCH

PHARMACOKINETIC STUDIES

INTRODUCTION
RESEARCH SUMMARY @
ONGOING RESEARCH
RESEARCH PLAN

.

_13_




RESEARCH SUMMARY @

PROSPECTIVE PK STUDY DESIGN

Study Design

QIO A A A AA Y
o2 £0|

-

_A_WAAAAA

ECMO AI% | :

og ®o| et

i

o

s
ECMO ST

el

Dataset (CSV file)

AN

co

3
B =2k

v ol

—

OF=/oF 5 maly NONMEM&

21
o

of

H H H H l H I *MONMEM

AlEEA At

Lo

Ho -
of | 4
o

Fixeq EiTect population mear]

Random Effect
—_—

Final model Selection

NEERET]
Y COI8Y 2

=

Likelihood ratia,
Objective function value

\ “x
\

| Residual = i
! . = = .'
. " | inter-individud W E'
o I Variability Evaluation "
(Covariate) [

A2t : -

RESEARCH SUMMARY @

SUFENTANIL PK CHANGES DURING ECMO

Study Results: PK model

Two compartment model

(Tabbe 1 Charactesistics of the study patients

Central
1V, Compartment |————= (L
vl
—
a
Peripheral
Compartment
vz
—
Final PK model
CL =37.8 x EXP (0.207 x (temperature - 36.9)) L h :
V1=229L _
V2 = 1640 x (total plasma protein/4.5)** L
Q=41Lh"
Body temperature 1 = Clearance 1
Plasma protein { = Peripheral volume 1

_14_




RESEARCH SUMMARY(®
SUFENTANIL PK CHANGES DURING ECMO

Study Results: Evaluation

Internal validity
(stable)

a_ b_
2 3
i i o
i B
5 5
g% e o ow gwmSi o o an
Log of Population prechctions (g L") Log of Indhidual predictions {ug L)
[ d
.
="l
G
+f
s W m m
Lol Time ()
Fig. Wfoodnesofie plots  the fina populsin phermacoinete mods!

Unbiased &

No model misspecification

'] a0 _ 100 150
Fig. *!: edicnon-omested viuul predicive checkipe-P0e) o the find populaion phamacosnenc model
Good precision & prediction

RESEARCH SUMMARY®
SUFENTANIL PK CHANGES DURING ECMO

Study Results: M-C simulation

125

* Scenario

- Covariate: Body temperature (33, 35, 36.7, 38,39 °C)
Total plasma protein level {2, 4, 6, 8g dLY)
- Dosing : Infusion rate (125 pght,17.5ugh )

Infusi i
=5x4x2x3
covariate dosing

| Simulated 1000 times |

Hg h-

h,120h, 168 h) 175

ug h

Monte Carlo Simulation
a b
: e . _: —
ER / sia 2 et
g | BT § - gl
g 0’--- e I TE L ] = sga’
o2 " = z
. I*\al—- g
M.a LU ST NBJII m *
Tirma {h)
- Therapeuti
| Oversedation ..\]P[f,per,nf;‘_ _
b e | I é T =73
= £ ~IBETTERE ol
U " ETE wggd’
| o/ ABETTERL:] &=l 4 |
e ot I
:i \"‘-.. g &
i I
0@ W e TH M e Lo M W e Im In
Tine i} Tma b}
Fig. 3 Semufated mean sufer
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RESEARCH SUMMARY(®
SUFENTANIL PK CHANGES DURING ECMO

‘ Publication

Critical Care
[RESEARCH ____________________ OpsnAtcis}
Population pharmacokinetics of
intravenous sufentanil in critically il

patients supported with extracorporeal
membrane oxygenation therapy

i@

T Mechanism of
A o e Body temperature | = Clearance |

Understanding Hepatic = 1
L_I_L Clearance . 5 . %ﬂ
Gt i3 b
: ) Change of CYP3A4 binding
hepatic blood flow | | pocket confirmation
= hepatic clearance | = metabolism |

RESEARCH

PHARMACOKINETIC STUDIES

INTRODUCTION
RESEARCH SUMMARY ®
ONGOING RESEARCH
RESEARCH PLAN
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Start ECMO

Start

CVVHDF (if nacessary)

Sampling

ampling
(OfF-ECMD)

RESEARCH SUMMARY(®
PIPERACILLIN/TAZOBACTAM PK DURING ECMO

Final PK model

VI(L)=656 x (1 +1.46 =

CL(L/h) =94 = (1-0.092 x ECMO} +[0.115 x (CrCL — 54.7)]

CRRT)

ppeacily  (On-£CHO| V2(L)=142 Q(Lh)=172
Theragy
ECMO = Clearance |
Dosing ) CRRT (ACHH|2%) = Central Volume t
Regimen Category of Patients
[ ] ECMOon CRRTon ECMOon CRRT off ECMOofi CRRTon ECMOofl CRRT oﬂ]
Intermittent 2 & z 50 s
bolus = % o A :
[~ i o :t. 3 - g
» R
1 o © GcLimimi
i 2
— d £
infusion ==
CreL ek amin|
- E et =t‘f_* B i
ey =% P i = BRSTTE . vy
g Continuous | = Eom N - H Ea m
H infusion £ = £ & L i T . Ea TEe
i 9 % 2 g, £ e e |
== o = T :“““—‘.. e TE e T T

™ m
Srcl e iming

Figure §. Probability of PD target attainment (100% fT >MIC of 16 mg/L) for piperacillin. TD, total dose

RESEARCH SUMMARY(®
PIPERACILLIN/TAZOBACTAM PK DURING ECMO

Study Result

Publication

TABLE gProposer empirical piperacilin-tazobactam dosage ragimer| B= &sinn =
Categary of patients Dating regimen -
CrEL imbimin] _ Infusion method ECMO on, CVVHDF on__ ECMO on, CVVHDF off __ECMO off, CYVHDF on__ ECMO off, CVWHDF off | 0P »50n Sherecmmers e St Trtm s
e Intermittant bolus S gqth-6 g abih Sgqth-6gq&h 5 g qeh-6 g gbh &g gtk

Eatended Infusion 3 g gh—4 g ash 4ggih-5 g geh 4gg8h-5g a8h 4.5 g6h-5g geh xicornc it Al Mo s Thikigy

Continuois infusion 12 giday 12 g/day 12 g/day 12 g/day R R AN T O R
060 Extended infusion 5ggeh-6 g g6h 6gqbh 6gq6h” Not recommended : :

Continuouws infusion 16 giday-20 ofday 16 giday-20 gfday 16 giday-20 g/day 16 gfday-20 g/day

om0 Graay T ey TGy T8 grany T o7y Graay I

Continuous infusion ] wr w?ﬁw >"tg’£&"

“This clasage neginsen might not

FTA despive

FTA (Gaegut: 100% 1T of 16 m/iar) for plparacillin and 50% FTA Rarger

oty wennvenaus hemadialisrar

iy, CrCL ereatinire clpasance

T 2= 7 ey ite) o Eassbactare, KL atraceepoenal mmbeaene cxygeration: CYVHDF,

| daily hove ol 26 (iday, Dasing regiman suggestion wer bisad on e schvesent of
A%

v Preliminary insights : incremental effects of critical

illness, ECMO and CRRT on PK
v" Proposed Empirical Dosage Regimen
* Continuous infusion should be considered (CrCl > 60

mL/min) *
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Thank you for Listening.
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Development of Novel Botanical Drugs for
Regulating Airway Mucin Hypersecretion
in Inflammatory Pulmonary Diseases:
Lessons from Anecdotes of Ancestors

Choong Jae Lee
Department of Pharmacology

School of Medicine
Chungnam National University

“= My Research Projects Based on |deas §
g, from Traditional Asian Herbal Medicine

LM 8 CoPDOM 7| 24E AtCHEH| ZHE HAS/AHMAMY FHEH BAM 5 227|H
w9
Tsl 9 HEHd MekEXSNo R SIEX|siEHe, S, SASH
Morpxstzoz HAES|Seho fst X[AN HEZHE =S AP0t

EEEY G F0tE| A BEY M SHo| HEE Mo SHEF
Eg‘c‘l SHSM MofExsixiom HEH HEY S) off fHt XAl R HE
EEE AFOH

LTEO YEZEE JISAE HUE SUAH OHSE Y U MEst

Sy, SHSY dofExsizios HAEYShof Hot X|An HEELE EEE

o1

[y

JOb HIN A HEME M U HEMY N ofX H1HE WHse Mg A% Sugd
T
B2 SA5H MokEausios HYAS, AN B8 XL Huen I £
CEE ARIH| e
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A= (cilia)

Hj 2t M| 2 (goblet cell)

FIME (stem cell)

=]
e

(lamina propria)

Mucus (BN, ¥5R)

1. Gel comprising macromolecules, ions, proteins, and
water (= products of inflammation, including neutrophil-
derived deoxyribonucleic acid (DNA) and filamentous actin
(F-actin), effete cells, bacteria, mucin, and cell debris)

2. Sputum; expectorated mucus (24, 1Z%)

3. Playing a crucial role in defense mechanisms against a
multitude of pathogens through a mechanism called the
mucociliary clearance

_21_




Mucin (B A, ¥R E)

1. Major macromolecular components of mucus produced
by epithelial goblet cells and submucosal mucous cells

Threonine

NH,—: ‘g”j E“%*‘fu;ir“ 30Tl s COOH

O—Gchan

ELEBILPLPEEEIEN

Serine

Muc Proteln Backbone

2. The protective function of mucus is due to the
viscoelastic property of mucous glycoproteins or mucins

-

w412| peptide
backbone2E coding
St= |HXt

18, 19,20 5 &

(MUQ)0| =olE

e

MUC gene??

2) X| 27X MUC 1, 2,
3A, 3B, 4, 5AC, 5B, 6,
7. 89 1113 16.17,

200{E2| mucin gene

~

v

Mz Zg fola 288 7

Gl Layer
Farmaton

Enzymatic %%%%‘g’s
Reguiated Exocyosis Cnemge

e A
Pt Pl
¢ = w"’m ﬂh
R E.-L’i‘w“'ﬂ .
Respiratory mucin : gel-forming (secreted)

mucin
*MUCSAC : in airway epithelial goblet cells

*MUCS5B : in submucosal glands
Threonine " ! . /O-Galycan

NH,

MUC Protein Backbone
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— Mgt

g:%ﬂ? § - T e S

i ~ HA|, oHY H4H HES Y

o M3 =87l 4¥s

Trachea P Aeoli 2 %g Ell-! ;g—_?t
Alergic Aivways 1) 4223 Moi/8X,
-—==-gh.._.____.._~_ Hi&fMZ=0 71 Y EH|E A
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By s, 2% Al bjs Zof 3 I
Ry 2 o3t

Mucoactive agents (A 4%t 8 A=)

1. Pharmacological agents affecting mucus properties and
promoting clearance of mucus, intended either to increase
the ability to expectorate sputum or to decrease mucus
hypersecretion

2. Expectorants, mucolytics,
mucoregulatory, mucospissic, mucokinetic drugs

_23_



Expectorants, mucolytics

1. Expectorants (A& M, #£#EHEl); agents improving the
ability to expectorate purulent secretions (increasing the
volume of airway secretion, promoting cough efficiency)

2. Mucolytics (2 &3l A, #& A#%Hl); agents changing
the biophysical properties of secretions by degrading the
mucin polymers, DNA, fibrin, or F-actin in airway
secretions, generally decreasing viscosity

Mucoactive agents under clinical use

2-mercaptoethane sulfonate sodium (MESNA)
ambroxol, azithromycin, bromhexine, erdosteine
glucocorticoids, myrtol, glyceryl guaiacolate

hypertonic saline solution, letocysteine, dornase alfa
mannitol dry powder, N-acetyl L-cysteine (NAC)

S-carboxymethyl cysteine, sobrerol, thymosin 3-4

_24_




7| MM ajcHEH| Mgkl X2
1.7|E M 2H|o| X
> 54 2, e oz o] tiths] 58

2. 8¥ X5 ¥

1) HY HE X5 £ B2/% FOHE

> HY 88H (mucolytics) A&

> CHY . HY e 4 F Bl S0 HiE
Al 7|=¥E X5, HhAL 7| Hof o|Ft
ST HYEH %

= XL HE 24 A Aol A 7|#E|
FYUSE 7| 2X| H 2

2) BY HF XS Epf ffF S

> A (expectorants) AR, %= U
E27|M 25, X8 it

Needs for the development of
novel agent :

Agent that can specifically
inhibit(regulate)
hypersecretion and/or production of
airway mucus (sputum)
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Pulmonaryx
diseases
showing

hypersecretion

of mucus

Airway
obstruction %I
Colonization
of pathogenic
microbes

Development of novel drug candidate
for regulating the secretion of pulmonary mucus

Effective management of pathologic
hypersecretion of mucus observed in COPD and
asthma

Anti-inflammatory &
Miscellaneous
} agents

N
H

b
12
M
i
X
[t
kot
olr
oY
=
)
0
1o

ol o N S

=g =d dg= (A, gH)e = FES

2} HHE ot T Y (EXR) FE=

Zt Moro gl sl o ofsdd oo CHY 2 S
ofg W thel M AHF(single compounds)2|
ottt X 4] Sl HEK|E (structurally-modified
compounds)

P
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2 WHE TAE DY WOHEL)0| £HE U
YEue oy DsES
@ 0| X} & 9| schizandrin, schizandrin A, gomisin A / & 2% 52| carbenoxolone, prunetin, glycvrrl‘@

%% %= 9| baicalin, baicalein, wogonin, apigenin / & A5 Z9| ursolic acid, oleanolic acid

=3 59 curcumin, tumerone / 2 52| genistein, puerarin, daidzein

B x|, ZHe = 9| imperatorin, oxypeucedanin, marmesinin / X|& £2| Hesperidin, kaempferol
3}14] 9| betulin / &Y 2| decursin, coumarin / L3 9| betaine / 23 F9| berberine

LA F9) platycodin / WEE S2| opiophogonin / 4= =2 cynarin, linarin, cynaroside

Atel 2| lupenone, lupeol, taraxerol / &4 I] F2| morusin / B8} & 2| homogentisic acid
AlgE Z0| pteryxin, anomalin / 28 52| myristicin, rosemarinic acid / T 2 52| umbelliferone
HEE =9 dioscin / 2HX} F9| obtusifolin / I 2 2| verticine / 252} 9| tussilagone
w}. % 9| hyperoside / 7| E} fisetin, ferulic acid, quercitrin, hesperetin, eriodyctiol, tangertin....
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Summary of broadly categorized
strategies to study mucus and mucins
- O YgsE9
7= Y ahEH|
— El

e —— Xolio| =

Collection Methods Visualimaging Methods Molecular Method's

e ot
Lectins &  Histological

Antibodies stains s . g e

I el g =

Protein Methods Biochemical/Biophysical = A i
Methods T0 l_lQ,I

E===

: ‘ ‘ M = | gdaud

- ] &« || JHEX LA

Western blot ELISA Mass Rheometry [H?‘!i]. _ﬁ -?I-I'E ?

t
Bronchoscopy & BAL Spectroscopy

In vivo research methodology

ia 257 95 X 7l ot Yd2H SE2Y
: - 1) EFolle| o] A5} (sulfur dioxide) and/or
o S| =58 EE 37 S R 2
2) 21§ 7| =0 endotoxin?! lipopolysaccharide
(LPS) S¢ F0i 2%
3) Zt MY 7 7| 2-HIZ MAY (broncho-alveolar
lavage fluid, BALF) 2| 74! && 574 (ELISA)

- 4) Zt 89| 7| (trachea) & 3 TXHa|sty
E._,-,. Al (Periodic Acid Schiff (PAS)-alcian blue
¢ EAM)Z 2t NET 2 HAMIE B HY B e
H|
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In vitro research methodology

Hamster or Rat Tracheal Surface Epithelial(RTSE)

ﬁ\ducers of mucin gene \

expression/production/secre
tion

cell culture (primary culture system)

] Adenosine triphosphate

Immortal cell line - the human airway epithelial NCI-<:

J/

H292 cells H
4L
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Effect of KTM on secretion of in vivo airway mucin from rats
exposed to cigarette smoke extract plus sulfur dioxide
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Effect of KTM on the secretion level of IL-6 in BALF from rats
exposed to cigarette smoke extract plus sulfur dioxide
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Effect of KTM on cigarette smoke extract plus
phorbol ester-induced MUC5AC mucin production in vitro
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Effect of kaempferol on PMA-induced MUC5AC mucin
production from NCI-H292 cells
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Effect of kaempferol on PMA-induced phosphorylation

and degradation of IkBa
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Effect of kaempferol on the phosphorylation of EGFR and the
phosphorylation MEK1/2 in NCI-H292 cells
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CGE inhibited LPS-induced TNF-a secretion in
bronchoalveolar lavage fluid (BALF)

1600

TNF content (% control

1200 ¢

800

400

LPS model - in vivo TNF secretion

*

& 65 Ao D . i
o™ ¥ 6("‘\ G,‘?f% Q,?f% \’xﬁe}
\,"c’ \."c’ Ve

Treatment (mg/kg)
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CGE inhibited LPS-induced mucin secretion in
bronchoalveolar lavage fluid (BALF)

= 300

2 LPS model - in vivo mucin secretion

§ 250 + .

£ 200

5

B 150 |

(%]

& 100 [

£

S 50

E i

N I P { - e
3 A > k) 2
T A S

(S CA ¥

Treatment (mg/kg)

CGE inhibited SO:z-induced mucin secretion in
bronchoalveolar lavage fluid (BALF)

— 600

<} S0, model - in vivo mucin secretion

£ 500 t *

&)

= 400 ¢

c

2 300

3

@ 200 |

-

2 100

=

g “ ok Q M) ] 2
cO¥_ ABY_ alr oY et
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Treatment (mg/kg)
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CGE inhibited SOz-induced increase of
mucosubstances in goblet cells of tracheal
tissues

S02 only S-Dexa 0.5 mglkg

S-CGE 160 mgkg  S-CGE 320mglkg  S-CGE 800 mg/kg

Control
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SO2 only

S—Dexa 0.5 mg/kg
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S—-CGE 800 mg/kg

CGE did not show toxicities on liver and kidney

Senam fardaminase ackily (% conkol|

Ser urm conceninition {mgid) % conrol)

g B

2

(=]

150

100

and not affect body weight gain
in experimental animals

Hepatic ity — EET|EOT)
AL TIGFT)

150

Body welght gain

g

o 100
cont CGE 800 #
Traatment (makg) %

50
Fenal toacity | sy =
- Creatining E‘
o

o
PO . R s
MY - - <

Treatment ima'kag)

cont CGE 800
Treatment (mag/kag)
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CGE suppressed PMA- induced MUC5AC
mucin gene expression from NCI-H292 cells

mucsac I

CGE inhibited PMA-induced MUCS5AC mucin
production from NCI-H292 cells

400

In vitro mucin production

300 ¢ *

200

100 ¢

Mugin production (% control)

Treatment (mg/ml)

_47_




In vitro pulmonary MUC5AC
mucin gene expression and
protein production

In vivo endotoxin-
induced pulmonary
TNF-a production

(complex In vivo endotoxin-
eim) T 7 induced pulmonary

mucin secretion

\ In vivo SOz-induced

pulmonary mucin
secretion

Liver and kidney
function and
body weight gain

!
!

1
1
=)

\
DN

Suggest a
potential of CGE
as a remedy
and/or health-
promotion
beverage for
pulmonary
inflammatory
diseases !!
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Lessons from Anecdotes of Ancestors :
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Conclusion

Discovery of candidates
for novel drug
from natural products:
mining gold
from tales of ancestors
—> Patience, sincerity and idea

are needed !!
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Mohamed Asaduzzaman Sikder, Ph.D., Hyun Jae Lee, Ph.D. d bl b
Xin Li, M.D., Ph.D., Fengri Jin, M.D., Ph.D., Chawon Yun, Ph.D. g#= W g
Byung Su Choi, Ph.D., Hyoung Soo Kim, M.D., M.S. _
Hyun Seok Jang, M.D., M.S., Yeon Ji Ko, M.D., Ho Jin Heo, M.S.
Jiho Ryu, M.S., Su Hyun Park, M.S.,Yong Pill Yoon, M.S. e g
Su Yel Lee, M.S., Mi Nam Lee, M.S., Yu-jin Kim, M.S.
Mira Choi, M.S., Dong Joon Kim, Lab technician

Min Jeong Hong, Lab technician, Cheol Su Kim, M.S.
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Kalkitoxin thiol amide inhibits distant breast

cancer metastasis

Shrestha Saroj Kumar
201955153

Department of Dental Science
Jeonbuk National University
ANrug: 4+8F

Breast cancer

- Breast cancer
> W

Early detection and treatment increases
5-year survival rate 91.2%

- wor »
Rl EH AN B
e 24 HEu e T
lumsw
oy
[""-"’-'-""i'/ 420 mg/ 14 mi |
— ';;'- 4

5 % (T iime, iy

Breast cancer target label (HER+)
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{Mesanchymatihg
Basablike 2 | Mesanchymal

Triple Negative Breast Cancer (TNBC) e Stamlke, .

Immanomodutatory

Luminal
androgen recoptor

Target therapy

does not exist

Use of chemical 37%. died within 5 vears

anticancer drugs
S01e metastasis T

-Lung metastasis

Resist: dev ent 2 "
esistance developm -Liver metastasis
decrease in efficacy

-Distant lymph node

Breast cancer Bone Metastasis * In 3% of cancer patients, primary cancer and bone
metastasis cocur simultanecusly.
* In case of early bone metastasis (SREs), survival rateis of 7

THBC cull marphological change months
ity ] Epithelial coll - Mesenchymal cell « Treatment for SREs uses bisphosphonates
seee ==‘. . *  To reduce skeletal related events with drawbacks and cannot

inhibit vicious cycle of bone and cancer
Mew drug is needed for simultanecusly inhibits breast cancer
metastasis, bone metastasis and bone loss.

©

invasion : CHCL4 receptor ;?.
& Normal epithelium # Lymphocytes
. . . . i i @ = Endothelial cells ) Macrophages
local invasion, intravasation, migratien through the RAMKL activation @ Bioccels @ Tumercens
lymphatics or blood vessels, extravasation and THENcTants 45 Fibroblasts & Metastatic Tumor cells

H : Bane resorption
colonization
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TNBC Chemotherapy resistance inhibition strategy

* Thereisno treatmentof TNEC currently

* Chemotherapy under clinical trials and targeted anficancer drags are being developed as a combination therapy method

* Thereis limitation for treating cancer, like intracellular toxicity of anticancer drug and development of resistance to targeted anticancer dmigs,
soastrategy needto aveid resistance.

Conventional approach Novil targatid approsch

[T p— PR
Lusmpaciamy/mastecicrny inhbliors
tolicwed by tarfation ‘tkmwm{m PIBANT TR inhittors:
) AR antagonist
+ Epirutiicin and ]
Ansiboy drig conjgates
cpciophosphamce, pacital g - i PD
= Platinum sais: carboplann and #

* Kalkitoxin thiol amide (KTA) is
derived  originally from the

SH
cyanobacterium Moorena vk(’!‘ : 0 {*-.ff
producens, found growing attached I "VY\)Lg

to coral reefs.

Molacular strocture of Kalkitoxin thicl smide
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TMBIMG regulates ER stress and inflammation in
refractory asthma

Presented by - ULLAH AHSAN
{Supervisor; Prof. Chae Han Jung)

PhD student
Student |D: 202255413
School of Pharmacy
Department of Pharmacology
Jeonbuk Mational University Graduate School

)
Graphical abstract

Discussion

Conclusions
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Asthma

UPR independent Asthma

\sthma

= Asthmais a heterogenous, chronic airway inflam matory disesse with diff erent
clinicalphenotypesas well as & range of end otypes.

= Asthmaisconsidered as one of thetopfive respimtory disssseintheworld and

it affects 334 million peoplesiobally.

®  The main maniestations of asthma are dyspnea, wheeszing, chest tightnessand
cough and is characterized by airways inflammation, mucus metaplasiawhich

impacts lung strudure and function.

= Although theterm “savere asthma * remains vague associgted with Th2 and
Thl7 calledrefractory asthma that do not respond to currently employed

treatments..

= Desptesignficant scientific advances a mechanistic Lrg!ers_raﬁuir_gbnhe

pathogensss of asthma remains chalkenging:

E
;

A\
) ASTHMATIC LUNG

Musche relaxed oy Muscis lighters,

Nommal lning Swealien ning

MNarmal amaunt Evs mucus
of mucs
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ical abstract

The role of TMBIMG signaling in refractory asthma
TMEBIME WT TMBIME KO
Mucus Allergen WMucus Allergen

Since there are multiple links between ER stress and inflammation, it is not implausible that these links may also be related to asthma. Intriguingly,

the role of TMBIME regulates ER stress and inflammation and ER stress medisted inflammasome activation has not attracted a great deal of
attention.

We demonstrated that defidency of TMBIME musing ER stress response failure which cusss impairs sXBP1, accumulation of HMWC of PDI,
reduced ER chaperones activity, and ERAD dysfunction. Here, we show that ER stress induced NLRP3 inflammasome, with subsequert relesse of the
pro-inflammatory cytokine interfeukin-1f in TMBIME WT than knockout mice which is result of decay of IL-25 (data not shown )

Excessive post transitional oxdation of PO or dysfunctional PDI chaperone acovity aiter the folding pacdtance of glyooprotein or newly
syntheszed proten

In the present study, we also demonstrated that TMBIME, patent controfier of Epithelial derived cytokine. Our findings suggest that TMBIME may
play a role inthe innate immune response maint@ining the proper folding capability by PDI; isindependent of adaptive immunity.

Our work supports the notion that the struciural changes and impairment of enzymatic activity of PDI iself unable to fadliates disuifide [-5-54
bond formation on glycoproteins being processed andsecreted by the ER in TMBIME knockout condition.
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NLRP3 inflammasome responsesto IL-1f production is critical for the induction of a Th2 and Thl7 inflammatory allergic responss in refractory

asthma and are potential th erapeutic targets inthis disease.

THANK YOU

for your kind attention
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Sl TEcEa ot wanvera vet s

Understanding the role of innate immune gg@eptc
and type | IFN responses in neuroinflammation causél
e ﬁﬂ by Japanese encephalitis virus
Q,; Sy

oL

Seong Kug Eo
Viral Immunology Lab

CHONBUK NATIONAL UNIVERSITY

COLLEGE OF VETERINARY

Japanese encephalitis virus (JEV, & 2| HH0|2{£)

Family Flaviviridae Genus Flavivirus

Genus Flavivirus:

1. Positive-sense, single-stranded RNA virus (10.6-10.9 kb)

2. Transmitted to vertebrates by infected mosquitoes
(arthropod-borne viruses, arbovirus)

3. Producing disease in human beings and animals (zoonotic disease)

4. Japanese encephalitis virus (JEV), West Nile virus (WNV),
Dengue virus (DenV), St. Louis encephalitis virus (SLEV),
Murray Valley encephalitis virus (MVEYV), Yellow fever virus (YFV)

3
Cap irion protei Nonstructural proteins

Cotranslational processing

lc l PrM l E iNSI l l iNS! l l lﬂﬁ
N N I N S S S
NS2A NSIB NS4A NS4B
Golgi protease
— —
Pr M

_69_




Representative flaviviruses that cause diseases

in human and animals

Host of concern
{Resarvair host)

Disgaage in human (or
animals)

Swine, human

{birds)

encephalitis

Encephalitis (Abortion,
Meonatal disease)

Zika virus (V) Human (human Fever with rash, Headache,

and monkey) Microcephaly during
pregnancy
West Mile virus (WHNV) Humarn (birds) Fever with rash, rarely

arthralgia or encephalitis

Dengue wirus 1, Hemorrhage Fever and
Shock Syndrome(DHF/D55)
[Increasing Variants causing
Dengue Encephalitis with
intracerebral hemorrhaga]

Human (human
and monkey)

Geographical | Cases per year

distribution

Asia (eastern and  Approx. 72,000 cases/yr

southern Asia) (25-30% neuropsychiatric
sequela)

Asia, Africa, 2015, 0.4-1.3 million in Brazil

Oceania, US, 20116, 1,526 cases in US

Southern America 19 cases in Korea up to 2017

2010, 1,021 cases; 2012,
5,674 cases; 20014, 2205 cases;
2016, 2038 in USA (approx.
1% serious manifestation)

Mediterranean,
Europe, US, Asia

3.9 billion at infection risk
(2013)

50-100 million case{febrile
iliness)

500,000 case (DHF/DSS)

Trapical world

Transmission Cycle of JEV

Maosquito Infected mosquito
bites a bird - bites animals and
and pick - asses the JEV
- . “:; .iI:EV uD’ Culex species P
“: R/ x - iy If  Virus
f ) 7 ; f?s. multiplies
3 | oy — e = ", : inside
¢ L =m : ; . body cells
il S ' Wading birds Swine
% Mosquito bites
Infected mosquito l
Human and horse bites a bird and EL‘::::‘J“;::'TE“\:““"
{Dead-end host) passes on the
virus g

Culex spacies

Infected mosquito bites humans and
non-host animals who are unable to pass
on the virus
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Epidemiology of Japanese encephalitis virus

The global distribution and spread of Japanese encephalitis virus by global

warming and the change of ecosystem

[

(Plos Neglected Tropical Pathogen, 2009)

X|¢2tstof 2|5t 27| YEEL| S7tet YExH Bxtel

=48 57

Geographical distribution of Cx. Tritseniorhynchus in Korea from
1985 to 2008 (Master Thasis, 2011)

0
P P ISl
2004-2018 yr

Number of
reparted cases
an death by JE
in Korea

(Egae ey 1
)

Fage 2%
EST T
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Clinical Signs HuUman

A CTTSenTETE

< Incubation period: 6 to 8 days
< Most asymptomatic or mild signs
< Children and Elderly
* At highest risk for severe disease
¢ Elderly: High case fatality rate (30%)
< Approx. 72,000 cases annually
About 5-30% fatality rate
Serious neurologic sequela: 33-50%
© 30-40 caselyear in Korea
Gradually increase risk by global warming

Vaccination

» Live attenuated vaccine: used in equine and
swine, successful for reducing incidence

# Inactivated vaccine (JE-VAX): used for humans
Japan, Korea, Taiwan, India, Thailand, Used for
endemic or epidemic areas {The Lancet, 2008)

Clinical Signs Swine

@ Incubation period not known

@ Exposure early in pregnancy more harmful
@ Birth of stillborn or mummified fetuses

@ Piglets: Neurological signs, death

@ Boars: Infertility, swollen testicles
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Previous Study

Functional modulation of dendritic cells and
macrophages by Japanese encephalitis virus
through MyD88 adaptor molecule-dependent
and independent pathway J /mmunol 2009

Multifront assault on antigen presentation by
Japanese encephalitis virus subverts CD8+ T cell
responses J Immunol, 2010

Toll-like receptor (TLR) signaling

MyD88-dependent pathway RELH

NEMOIKH;

mﬁ el - s

I - —

"““_-Eu—_* e “'m N

Used MyD88-deficient mice to investigate the role of TLRs in
modulating the function of DCs and macrophages by JEV infection
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The production of cytokine from JEV-infected DCs partially
depends on MyD88 adaptor molecule and p38 MAPK
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Poor capacity of JEV-infected DCs to prime antigen-specific
. CD4* and CD8"* T cells

. n
: [cper, [z2] » |
OT-1/11 mice i {A\ -
E = w
* : ] :
purified CIH.!‘CDSTI:E[I:% = 4
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Reduced induction of CD4* and CD8* T cell responses in JEV-

l infected mice depends on MyD88 adaptor molecule

Sublethal JEV-infected d7 HSV-1 di4 C].)-I-ECE.]BTEIJ capone:
mice —p ~ CD4+ T cell: proliferation, ELISPOT

Immunization = CDE+ T eell: in vive CTL, intracellular eyvtokine

Proliferation ELISPOT
CD4+ T cell s = =
—_— i el _l—ur -_
i 3| Wl =
|
a‘_ W
5 £
i =N
CD8+ T cell

i s )
PN g ducing COF T ¢ alls
[l )

Zosteriform infection model of Herpes virus

P

1) HSV-1 strain 17
2) Drop virus on the
scarifications of left flank

region
C57BL/6ICDS0.2*)
A

A
Sublethal JEV infection

HSV-1 zosteriform
infection
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Increased mortality of JEV-infected mice against
zosteriform infection of herpes simplex virus

L.
-

T days
A A /

=

! I

JEV Zosteriform infection of HSV-1

(10F TCIDy, sublethal dose)

HSV-1 (5x10° plu/mouse)

g 3

1) Mortality

HSV-1 (1x10* pfu/mouse)

2) Clinical severity

120 1
— - 100
}'.f., 100 MI; z
! w B
E ™ M“—iﬂm E

L =
P -
: E o
- _Hlﬂﬂ =
¥l
20 a

@ JEV-infected

—@- Mock-infected

@ 2 4 & & 10 12 14 18 18
Days post infection

Dhayvs post infection

o 2 4 B 3 W 12 14 16 18

(£ ool 2000}

JEV-infected mice show subversion of antigen-specific
CD8+ T cells

CH7BL/GICD90.2%)

Td
¥ L IRy " Ny T .
.1\ '1'- 1) In viva CTL assay

2) KeiOVAp Tetramer staining
3) Intracellular IFN-y staining

VVova
Sublethal JEV (Vaccinia virus expressing chicken

ovalbumin)

CFSE" " OVA 57 264(SIINFEKL)

4l.6t 95.1+
i,
2A% IFNy*
' 1
[
JEV-infected Mock

Kb/OVAp Tet}

Mock

12.6£2.1%
|.\|

JEV

(o dmmnarmad., 2010
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CD8* T cells obtained from JEV-infected mice show
impaired responses

C5TBL/G(CD0 2
recipients
Purified OT- 24h 14 days
CD8+ T cells (CD90.2°) | S— —
Adoptive + 'Ji
Paor days transfer

i 1) KHOVAp Tetramer
‘_ 2) Intraceliular [FH-y

OT-1 (CD90.27) mice
sublethal infected with JEV

Mock JEV(3d) JEV(7d)
A T sn:am : H 2920.5% \\ 2541.4%
| | .
IFN-T‘ * ! Bl \ J i .
"1 - M T e j_ L L

5821 ﬂ'.ﬁ o
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Impaired responses of CD8* T cells purified from JEV-infected mice

. after immunization with SIINFEKL-pulsed DCs
C5TBLIG
recipients
Purified OT- un 14
CD8+ T cells (CD90.2°) | ‘:—>‘ — ‘,
Adoptive m
’T‘J or T days banaler SIINFEKL.
L = 1) KMOVAp Tetramer
l—’ 2} Intraceliular FNy @
EEx
OT- mice i :
sublethal infected with JEV Ful E a
5
2%
o
T 4
IFN-y* ’ JEV Mock
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The antigen-presenting machinery of JEV-infected mice

. is defective

Maive OT- (CD20.2%) Viova A
mice

b

: ) __
) =¥ B p{ omaem)| g | Jersiel—
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Feslative bovels af viral RNA D105

In viva kinetics of viral replication in splenic CD1Le® DCs and CDE T cells of JEV-infected mice
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Impairment of MHC class I-restricted antigen presentation
of JEV-infected DCs
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B DCs and macrophages are permissible for viral replication of JEV in different
efficiency

M The differential modulation of cytokine production in JEV-infected DCs and
macrophages (no production IL-10 in JEV-infected macrophages)

B Differential phenotypic modulation of JEV-infected DCs and macrophages
(Reduction of CD40 and MHC 11 in DCs)

B The cytokine production and phenotypic alteration JEV-infected is partially
dependent on MyD88 and p38 MAPK molecules (MyD88-dependent and -
independent pathway)

B Moreover, JEV infection induces the reduced CD4" and CD8" T cell responses
depending on MyD88 molecules

Functional modulation of dendritic cells and macrophages by Japanese
encephalitis virus through MyD88 adaptor molecule-dependent and
independent pathway (J. Immunol. 2009)

[l Subverted responses of antigen-specific CD8* T cells in JEV-infected animals by
showing in vive CTL assay, tetramer and intracellular IFN-y staining

W CD8+ T cells purified from JEV-infected mice show impaired responses

[l The antigen-presenting machinery in JEV-infected mice is defective as shown in
adoptive transfer of naive CD8* T cells obtained from OT-1 mice

l Skewed proportion of splenic DC subtypes in JEV-infected animals. Specifically
JEV infection induces reduction of CD8a"CD11e* DC number.

M Further, JEV infection shows impaired presentation of MHC class 1-restricted
antigen in CD8a*CD11c* DCs.

Multifront assault on antigen presentation by Japanese encephalitis
virus subverts CD8* T cell responses (J. Immunol. 2010)
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The immunopathological progression of
Japanese encephalitis (JE)
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Peripheral tissues/lymphoid tissues

CNS: immune-privileged site

TLRs recognize highly conserved structural motifs known as pathogen-
associated microbial patterns (PAMPs), which are exclusively expressed by
microbial pathogens, or danger-associated molecular patterns (DAMPs) that
are endogenous molecules released from necrotic or dying cells.
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The role of innate immune receptors in the progression of JE

What is the role of Toll-like
receptors (TLRs) in the
progression of JE following
lethal infection with JEV?

Susceptibility of TLR2/-, TLR3/-, TLR47-, TLR7/-, TLR9/- mice
against encephalitis caused by lethal JEV infection
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Contrasting regulation of JE by triggering TLR3 and TLR4 signal
athway
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Enhanced inflammation of the CNS in TLR3”- mice following

lethal JEV infection

/’Mnnocy‘tes and granulocytes in the brain Histological examinations
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The ablation of TLR3 induces huge production of pro-inflammatory
cytokines in inflammatory tissues
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BBB permeability is increased after lethal JEV infection in TLR3-
but not TLR4-/- mice
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Localized type | IFN expression in extraneural tissue and the CNS

l of TLR3”- and TLR4”/- mice following JEV infection
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Question

What is the mechanisms underlying
contrasting susceptibility of TLR3 or TLR4-
ablated host to JE ?

How dose ablation of TLR4 enhance the
resistance to JE ?
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Early and enhanced production of systemic type | IFN in
TLR4/- mice following JEV infection
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Enhanced virus control and type | IFN responses in myeloid cells

. derived from TLR4/- mice after JEV infection
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Mode of Type | IFN and ISG induction in mDCs

l following flaviviral infection
Flaviviruses

®—,
Nl

Myeloid Dendritic cells (mDCs) {PLaS Parhog., 2013)

Enhanced induction of type | IFNs and I1SGs in the absence of TLR4
is associated with alternative IRF3 phosphorylation and IxBa
degradation in myeloid-derived DCs and macrophages
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Induction of type | IFN and ISGs in primary cortical neurons
derived from TLR3 and 4-deficient mice after JEV infection
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The spread of JEV in the brain of TLR3/- and TLR4/- mice
after intracranial inoculation

Intrseranial inoculation
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Alteration of myeloid-derived and immune cell subsets in lymphoid
tissues of TLR3/- and TLR4”/- mice during JE progression

Subpopulation of DCs in the spleen
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TLR4 is dispensable to induce adequate adaptive immune
responses specific for JEV antigen
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TLR4 is dispensable to induce CD8+ T cell-responses specific for

JEV

antigen

JEV Ag-specific CD8* T cells
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|

Alteration of myeloid-derived and immune cell subsets in lymphoid
tissues of TLR3/- and TLR4/- mice during JE progression
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. Conclusions I

® Contrasting regulation of JE by triggering TLR3 and TLR4 signal pathway

® TLR3, but not TLR4, is essential for the control of CNS inflammation following
JEV infection

# TLR3, but not TLR4, regulates JEV-induced BBB disintegrity
u Type | IFN responses are not blunted in TLR3- mice following JEV infection

# Potent innate immune responses of myeloid cells to JEV infection in the
absence of TLR4 molecules

® TLR4 is dispensable to induce adequate adaptive immune responses specific
for JEV

# Enhanced JEV-specific CD4* and CD8* T cell responses in TLR47/- mice are
associated with altered myeloid-derived cells and reduced number of
CD4+Foxp3+ Treg cells in lymphoid tissues

A balanced triggering of TLR signal array by viral components during
JE progression could be responsible for determining disease outcome

through regulating negative and positive factors

What is Implication by this study?

Eritoran: New Drug for Influenza Shows Promise in Mice Study
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Proposed Mechanism of Eritoran
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Vet School
i The role of type | IFNs in the progression of JE 9 CBNU

The role of type | IFNs (IFN-I)
in the progression of JE has
not been acknowledged

Type | IFN signaling limits hemorrhage-like diseases by
infection with Japanese encephalitis virus through
modulating a prerequisite infection of CD11b*Ly-6C*
monocytes
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IFN-I leads to “antiviral state” through activation of
STAT1/STAT2 and STAT1/STAT1 that induce the
transcription of more than 100 ISGs

“Antiviral State”

IFN-1 signal is required for CNS-neuroinflammation
following JEV infection in the distal tissues
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IFN-1 signal limits viral dissemination in the host body, but dose not
significantly affect CNS-invasion following distal inoculation of JEV
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IFN-I signal limits viral dissemination in the host body, but dose not
significantly affect CNS-invasion following distal inoculation of JEV

Infectious virus (Focus-forming assay)
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Ablation of IFN-I signal results in pathological processes in various

l non-lymphoid and lymphoid tissues following JEV infection

C57BL/S IFNAR KO

There was a difference in the size of
lymph nodes and lymphoid depletion

Spleen [©
White pulp is reduced and depletion of
immune cells

mLN :
The size of the lymph nodes was
smaller

Liver
Necrosis was observed multifocal
across the lver

Intestinal dying cells were observed
with the villi's epithelial cells falling
| away

Brain
Some hemorrhages are observed when
the brain stem and adjacent parts of
the cerebellum

(4 Nevroinfiammation, 2021)

IFN-1 signal limits the dissemination of JEV in CNS tissues at the

l early stage
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IFN-I signal restricts viral hemorrhage-like diseases
following JEV infection

Complete Blood Cell (CBC) Count
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Ablation of IFN-I signal results in functional injury of liver and
kidney following JEV inoculation in the distal site
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IFN-I signal restricts vascular leakage in the major organs
following JEV inoculation in the distal site
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Ablation of IFN-I signal reduces the expression of Tight Junction
. proteins following JEV inoculation in the distal site
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Ablation of IFN-I signal enhances the expression of pro-
inflammatory cytokines in the peripheral tissues following JEV

l inoculation in the distal site
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Ablation of IFN-I signal induces “cytokine storm”
following JEV inoculation in the distal site
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B IFNARKO chemokines in sera of infected
mice
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Intrinsic IFN-1 signal in resident cells plays a dominant role in
limitation of viral hemorrhage-like diseases following JEV
inoculation in the distal site

BM chimera experiment
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Intrinsic IFN-I signal in resident cells limits cytokine storm for
preventing viral hemorrhage-like diseases following JEV inoculation

l in the distal site

Inflammatory cytokine mRNA
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Intrinsic IFN-I signal in resident cells play a dominant role
in limitation of viral hemorrhage-like diseases
following JEV inoculation in the distal site
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Intrinsic IFN-1 signal in resident cells play a dominant role
in limitation of liver and kidney injury
following JEV inoculation in the distal site
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Intrinsic IFN-1 signal in resident cells play a dominant role
in limitation of vascular leakages
following JEV inoculation in the distal site
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IFN-I signal-ablated resident cells show impaired IFN-I innate
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Early and higher infection of CD11b*Ly-6C* monocytes
in the distal infection sites of IFN-I-ablated hosts
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Pre-requisite infection of CD11b*Ly-6C* monocytes with JEV
in IFN-signal ablated hosts
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Pre-requisite infection of CD11b*Ly-6C* monocytes with JEV
in IFN-signal ablated hosts

Blood (24 h)
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Involvement of CD11b*Ly-6C* monocytes in quick dissemination in
IFN-I signal-incompetent mice using BM chimeric models
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Circulating IFN-I signal-deficient CD11b*Ly-6C* monocytes are
highly permissive to JEV replication
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Proposed model for IFN-I role in inducing CNS neuroinflammation
. through the peripheral restriction of JEV dissemination
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. Conclusions I1

® IFN-I signal is required for CNS-neuroinflammation following JEV infection in
the distal tissues

® IFN-I signal limits viral dissemination in the host body, but dose not
significantly affect CNS-invasion following distal inoculation of JEV

® |FN-I signal restricts viral hemorrhage-like diseases following JEV infection

® IFN-I signal restricts vascular leakage in the major organs following JEV
inoculation in the distal site

® Ablation of IFN-I signal induces “cytokine storm” following JEV inoculation in
the distal site

® Intrinsic IFN-I signal in resident cells play a dominant role in limitation of viral
hemorrhage-like diseases following JEV inoculation in the distal site

® Early and higher infection of CD11b*Ly-6C* monocytes in the distal infection
sites of IFN-I-ablated hosts

IFN-I signaling limits hemorrhage-like diseases by infection with

Japanese encephalitis virus through modulating a prerequisite
infection of CD11b*Ly-6C* monocytes

& Vet School
¥¥ CBNU

* The role of type | IFNs in the progression of JE

What is next?
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Deficient IFN Signaling by Myeloid Cells Leads to MAVS-
Dependent Virus-Induced Sepsis CraMorh
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Limonium tetragonum extracts enhance

endurance capacities in mice
Op20M HEFE =22 X718 ST =23t

Yong Gyun Lee

School of Pharmacy,
Jeonbuk National University
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Skeletal muscle

Skeletal muscle is considered to be a major tissue for the disposal of
glucose and free fatty acids and as such plays a critical role in the
regulation of whole-body glucose metabolism and energy homeostasis.

Skeletal muscle consists of two different type of myofibers.

Areduction in the proportion of type | myofiber, which is mitochondnia
nich, was observed in obesity, and the proportion of type | myofiber
positively correlates with overall metabolic health.

<

Type | myofibers

Slow-twitch fiber vs Fast-twitch fiber

Muscle fiber type .
Typa | Slow Type lia Fast | Type lib Fast
oxidative oxidative glycolytic | glycolytic
Fiber & motor unit ~ Small Intermediate Large
size
Mitocheondria and Many Many Few
capillaries
Myoglobin content  High (red fibers) High (red fibers) Low (white fibers)
Glycogen content  Low Intermediate High
Main ATP source  Oxidative Oxidative Anaerobic glycolysis
Pphicsphorylation P ylation
Glycolytic enzyme  Low Intermediate High
activity
Rate of fatigue Slow Intermediate Fast
Myosin ATPase Low High High
activity
Contractile speed  Slow Fast Fast
Examples of major  Postural muscles of  Major muscles of Extraocular eye
locations back legs muscies

From Google image
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\ ‘/ Transcription Factors

’ - Fiom Google image

Fast type dominant skeletal muscle Slow type dominant skeletal muscle

Mitochondrial biogenesis
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- Limonium tetragonium is halophyte that can be
easily found in the west coast of Korea.

—
- Limonwm tetragonium already was studied for
beneficial effect on anti-oxidative properties. high-
Limenium tetragoum Lesf Extract for Thin hot water [100°C) HPLC analysi fat-induced obesity, alcohol-induced liver damage,
harvest from LED Smart-Farm using a reflux condenser anayas

and Liver fibrosis.

- Several compound in Limonium fetragonium has

o
o v o i ! positive effect on skeletal muscle.
o (vl " o Jf‘jn. S 5 G a -
™ W0 s " ’C«I @ = o . o .
. "Ji;’r'w ‘[:E(\).n b LY % I3 Yf*‘r T:J o on - We hypothesized that Limonium tetragonium may
‘E} ‘ o - % @l OL:L) m o o °u"\l"" ™ be able to increase endurance exercise
wo_J_ h : oh X el ]
7 . du : k‘g “on performance.
=picatechin (-jepigalosateshin  myricetin3-0-8D- yricetin-3-Cal- myriostin-3-0-{2"Cgafloy)  myricatin-3-0-{3"C-gatioy)
-2 gallate i id rhamnogyraneside a-L-hamnopyranass a'Lrhamnopyranosis
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Determination of NDMA Impurityin
Zidovudine by LC/MS

Srmoer asmo g O z=uw
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1. NDMA

2. NDMA 0]+ §igt

3. Zidovudine
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1. NDMA (MN-nitrosodimethylamine)

Molecular formula @ C:HNC

Molecular weight : 74.083 g/mol

LogP : -0.57

0O N
\\' / \\ pka: 352

Solubility : 290mg/mL
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3. Zidovudine

Molecular fermula ; CigHaN:04

Molecular weight : 267.241 g/mol

LogP :-0.1
pKa : 8.96

Solubility - 16.3mg/mL in water
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MRM (Multiple Reaction Monitoring)
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MS spectra of NDMA
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.
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Separation of NDMA and Lamivudine

asu| NDMA
bl miz 75-> 43

......,.
5
£
:

L i M iy b A i

1 [ ] ] [ [
Tons. miy

Lamivudine
miz 230 > 112

Zidovudine
miz 268 > 127

Intensity, cpa
if

=
= ZHO|2TI0| NDMAKCHF0] 225E T 24

£7] 10% B SUE A Hots ZAUWME 2|2 T-NDMA-X =5
o =AE SEE0], NDMAY EH0| 2T 0.28 0|2 §5

Y (THH 0, X =% 300mg + StOIRE 150mg) 244 2
S50 SHI|% T peak 7F NDMA 2t overlap 2 0| B4 E

divert valve £ AtS3at0{ S| RLI0| FYULE| REE 517 Hot
5 ST M0|2| SRS RT A0|7t FHEX| BUS

5SRO EL7L 2R (12 0 U X0] 2R TA)
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Separation of NDMA and Lamivudine

L r— Ve e | [0 o A gt [CTEFTE f ) R p— Whan 1 Db WA of =t 8 parsi Whan 1wk ape | W RN of N 18 pars CTREE T
an = A m
b o i ::' §
NDMA | ) | luw—i i‘“: |
st | | ol
W g it pa = [T e — = . = [ReperEy e —— = =TT
o L 1 L Lo im Aimd w
Lamivudine g w ] | + 2 T
- | Bt |
(< | IR E
ey e iy =y ] 0 = 0
L - et e
Mobile phase A (DW) 99% Q8% 97% 95%
100%

*  Mobile phase B: ACN, flow rate: 0.4mL/min, column temp.: 40 °C
+ O[S4 B (ACN) H[=0| 5% O] 40l Lamivudine O] X 2=

+ O] 54 B (ACN) EH|Z0| 2% O]o}0fl-{ NDMA 2t Lamivudine£2| 7t5
== ZJ7] 100% or 99% A S0jE A6t TH 4

St w5y M=o

Flow test (Mobile phase B : Acetonitrile)

NDMA
.lrxumnm Max Mpioeps | W KK of +NRM (8 pair S aipops] | WG of MR 0 par T
T BB o . e
1 o
Lamivudine '} - g § e
R, F -
SR ene—— . — -
| vo08
- P ™ T L305)
0.2mL/min 0.2mL/min 0.3mL/min 0.3mL/min
Mobile phase A (DW) 99% A 100% A 99% A

100%

* NDMA 2 ¥ BH0|£TI0| MSE FUE[X| 2= E 87| 21510 divert valve A2
=» 5 2T A0]2| FE2 RTA0| S ZE7| £/51H 0.3 mi/min 2%
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014 N W
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4 10 a
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per ecton e i
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F] 4 1 !h mw 2 " 1 i N e i
= ] 12
MOMA b
NDMA + Lamivudine + Zidovudine o N " "
MDMA d& =09 a5 55 3 i)
Standard mixture it 68 v 127 3 ] i
i 268 » 110 2 40 1z
. ) 230 = 112 n 0 i
e 230 0 : 1z
) et Fol
St upEer 5 © Z=ta
LC-UV Chromatogram of Combivir tablet
i) an 1w Zdy ] "" L —
1o st |
!Iﬁ: el
i ‘Mi i 13wk |
1) 3TC { = atc|
eaad | Bobed |
dget et | .
2wt | N 2ibwd | b \
[Ty — ] ~ wl— — _
L T R T R L B L I B R
Tema_ mwin Torees, reny
Combivir tablet Zdv + 3TC standard mixture
(Zdv 600mg+3TC 300mg/50mL) (Zdv 12mg+3TC émg/mL)
» NELO X LCRO BHOSCIHE0] FULE Al tail peak?] NDMAM CiSt B2 S LC-UVE 291
- M B BMTHS0NA W (LHHE) FUA NDMA UK MM HO peak BE -- B 44
» XERON 0|0 EFES GHUSO HIEY SUSH M ESEUME LI HE > FIHZE O 2520 SE I
EHZOT =8
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Optimization of chromatographic condition

Inj. Sol. {2 (add Formic acid) 0|54 B (100% DW, Acetonitrile)
(= w ol 20e8 T
| I
e - Inj. Sol.: 0.05% Formic acid 158 Zdv+3TC standard
i e i mixture
188 - Bnge j ™
o
E = 1
i |
Tt e Y e
1 [ ] L] u'.- 1 " " " H i [] L] “;pm u [ [ w
e T - o
12wt | - Inj. Sol: 0.1% Formic acid I
3,:: | Split Y2 Zhd | vk bt ik
st A - mbivir tablet
3 e | i
ot ¥ a4
T e e I A P |
L) ] - [] 1 L] ] [ " u
= Mobile phase A: 0,1% formic acid in water ——
+ Mobile phase B: 0.1% formic acid in Acetonitrile - Mobile phase A: water
- A EHEE 0% FA T O[S4 AMR Al injsol? pHE BHY & - Mobile phase B: Acetonitrile
2tojecl Yoo 220 gEE E Aostle gEes. - acid HIET] B O[S4 AMSA| STD O HHY 223|7H YEY

. inj.sol.0] pH ZETHOZ 2f0|2le] 2P 2als ofzg

e wsorsy SO

BEH U HAZH Py

(7h EFHY ¥ YegFEyo =
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(th ZE%o| =5
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2 SHYYEFH
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TR RTINS AR

Validation
Ngns AE u g 7=
EEE] = scobariolal EMET OHS DI O = : 2 G B
(Specificity) | SHES B2 F92 =3 R Calibration range: 1ng/mL ~ 50ng/mL
O8d  lloop ZET e oY sER BT i
(Linearity] |26 & 28 (n=3) = 22z 0958 18
'ﬂ-ﬂ S 16 ¥ = 00323 + 0.0030 -
(Rangel LoQ ~ LoQe] sou of &2l 9 43 = 14 B2 = 0.9936
d“fl-"-AnEELE-‘-l TEE S 30 =5 (AEE 12
E Dz figEsd 1
Bud -'?_'S’H.i-i‘ﬂ 35 £4 Hd4- ASD7E 20% 2 08
Precision) | sgiay- =gz 24 ' " oas .
SUEET - EEE I 24 04 -
dﬁlE A—;‘?Cioi:-ij*é_ﬂ %IT%-H 7l EE (HEX 9—: o
miﬂi,. T sraames BHd:80 - 120% o 0 20 » P Y
-UY - sEE 3E s I
EETE '
Limited of |LOD [n=3} 5% BiNz3
detection)
TR
{Limited of [LOC{n=2) =% SNz
B Validation 2 data processing 22
e =2 S Py e B e
tRobust-w_r.s} HTISE SR BTN =E Sz HER
EX (100 & {15/ 10
qts?:tﬁ’g (B EHY N IZBEEEI-:-: z 0% .
suitability) |22 gresg %ﬁ%ﬁaﬂ?ﬁﬁwm g
A et 5l
et ajsot 5y O Z=udw

Validation

-HEhd (Accuracy)

-HUd (Precision)

w2aFL BT BZAYL EZWA
=5 Cj=Rking/mL} g (%) =5 O =gk ingSml} 2 RSO (%)
{ngiml} ingiml} ingiml} ingimi}
3 300 213 3,90 3 24 007 242
EELLE 20 2023 101.12 HE%E 20 202 016 CE1
40 4020 10641 40 353 45 113
3 3.10 002 103.54 3 300 0.08 1585
L B 20 20017 062 10055 A UE 20 2040 076 0D
a9 4063 133 101.54 40 4050 057 140
-2tHM4 (Robustness)
NDWMA (LOC 10 ngsmi}
HEwz HE:
W2 EUng/mll | SSE (%] | B8 % | 958 (%)
=g 03 7 101 161.13
50 37
{miLfrrin} 627 1050 104 53
"yss=c 307l 01 101.13
os os
el 27 12,13 102.04
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Real sample assay

ki 34e8,
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6004 ! E 105
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20ed e e e T - | =5 e e i i e ianl
26 20 30 32 34 36 38 40 42 44 46 48 60 52 54 56 6B 60 T 28 30 35 40 45 50 55
Tieee, min Time, min

% (Combivir tablet)o]l 4 NDMA BE 2HE

H=0|%F (APNOIM NDMA TBE OHE

T
YUt Yot EY

6.2

= Zidovudine2| 12 Z[[f FOHEFE 14T NDMA SIEEL 1.96ng/mLEL B2 03 ng/mL £ 288 = 8=
Do EAHE I

= JHEE BEHHE validation 2SS 25 SN0 EFEE 24 HH0 g 45E

« Zidovudine ¥ =9|%F 0 2| O[FO HE5) NDMA 7F O|FE & HAE =
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Chemical Proteomics to Reveal
Novel Therapeutic Targets and
Drug Discovery for the Treatment of
Ocular Neovascular Diseases

College of Pharmacy, Gachon University T"'s‘“'}'
Seung-Yong Seo, Ph.D. L)

CONTENTS

* Phenotypic-based Approaches

* Chemical Proteomics

+  Wet Age-related Macular Degeneration
« Synthesis of Naturally Occurring

Homoisoflavonoids
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Where Do Recent Small Molecule Clinical
Development Candidates Come From?

Leadl gemeration stratepies: Target elasses:
L 1Y)
HYa ’_" 1 v Ofter enrymes  [29%)
u » GECR [
»  Eyigenstic Him)

Disease andas:
. ” »  Docology (AL L]
" Knmwn = Pl e + CHETain [1E%%)
= SE0 ® D¥rectad Scrom +  Julechoii [EE ]
® Fragmmn Scwan wEL +  Msiabolc 1%

+ Known compounds (43%) | Mest. e 2008 51, 9842-945 |

* Random high throughput screening (29%)

* Focused screening

+ Structura-based drug design (SBDD)

* Fragment-based lead generation (FBLG or FBDD)
* DNA-encoded library screening (DEL)

= increase in molecular weight (AMW = +85)
no change in lipophilicity (AclogP = -0.2)
>50% structurally very different and more complex. 3

Phenotypic and Target-based Approaches

drpay vakipr
e e A R T
FPhivsetypic i
Chamicpl +
Trmmsamaes rrmmmaad

L LR LT R PR DT
Tamgi vaddyeon

| Dy Discor Today- Fechnol, 2017 |

Modern drug discovery uses both phenotypic and target-based
approaches

The feedback between their assays improves the disease relevance of
phenotypic assays, increases the quality (selectivity) of new drugs, and
contributes to our knowledge of disease mechanisms.
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Workflow for Phenotypic-based Approaches

SH- 15037 {55 nbA For HRES)

- G

[ PP RFR L]

Total Synthesls of
Cramuastrarone

Antiangiogenic Homoisoflavonoids

H
L i ¢
I M L
Cramasiranone
trtamcan c

* lsolated from the plants Muscori armeniocum, Chionodoxa hedfioe, Scife notolensis, Merwillo
plumbea, and Cremastra oppendicwlata (D Don)

* Ant-inflammatory, ant-oxidative, anti-bacterial, anti-cancer, ant-histaminic, anti-viral, and
anti-phosphodiesterase activities

* A potent inhibitor of the proliferation of human umbilical vein endothelial cells
(HUVECs). Inhibitor of vascular tube formation and new vessel growth induced by basic
fibroblast growth factor

* Antangiogenic activities in the laser-induced choroidal neovascularization and cxygen
induced retinopathy mouse models, used for testing novel therapies for neovascular age-
related macular degeneration (wet AMD) and retinopathy of prematuricy (ROF),
respectively 7
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Biological Activities of Cremastranone

B
=

5 Mige e calls

1 M N D W B & N i W e 1)

Concenmatoa of 1 || Cancammton of 1 jnkd|

Synthetic cremascranone (1) blacks in viro angiogenesis of human retinal microvascular endoth
elial cells (HRECs) in a dose-dependent manner.

(@)} The effect of 1 on prolferagon of HRECs was tested using am alamar bhse Auorescence assay. (b e Inan EdU inc
orporation asay, | blocked DA synthess 2 ewidenced by a decreass n incorporation of EdU {penk) inta che nscl
ei of HRECs {nuclei, blue). {c, §} Tube formarion by HRECs on Matngel was blodked by |;the extent of ube formario
n 'was mexsuned as tubule length. (d) Migration of HRECs in a soratchewouwnd asmy was inhibred by 1. 8

Concanation ol § jnll|

S L0IM SHIA (wet age-related macular degeneration)

gy ey gerey TE AMREI B
nn'na] o Wikual acuiry =N ZO

AHEDEK

Arndler Grid

OCT [Oitecal =
cnhesence m
tomographyl

IF (Fuonescein
angiography

geEs as

| Retinal necvascularization
w5y B twet/naovascular AMD

H i BT (Dabetic retinopathy, DR)
0|0k WBRHE (Retinopathy of prematurity, ROP)
« TUHE R Macular ederna) T
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SA LOIM SHIHAM : 15 g

[ Early 441D | *Ranibizumab (Lucentis, Fab)

& *Aflibercept (Eylea, VEGF trap)
Eye acaminaticn, hmsler i, colar ursut phabagraphy
| = = 2 | *Bevacizumab [Avastin, mAk)

L e | *Pegaptanib (Macugen, aptamer)
| mm.hnﬂlﬁ,hlhdmlﬁm
7 ; —
Yo Aresence of CAIV. e '. ;L

| Combine themapy with Closr mankering with
Izser ghoascoagulation segular e eaardnalions;

P awirlalia Bharanies
| Treatment of neovascularization in the eye
*Photocoagulation
* Photodynamic therapy (FOT)
*Antiangiogenic biologics

wet AMD HEXI XISH JHL digd
EMMMEMMM

Phsss 1 PEGtatiat ook gt

Aoz
- | -
Bastiager
i EELII
LU {ECRE e — WILF
Thar il g =4 '

. Lis 1
oresns Mol NOCK] W ) <t
[ AGCES s Germeri  Miom B Caimcoubn

Fiss 1 uredenried Ialles s il iaried

References: 1. Conelks, 2. Pharmacodia
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ANZBEA X IHEYE: Medical Unmet Need

+ VEGF inhibitor + Sgualamine lactate (Evison®)

{Lucentis®, Eylea® or Avastind) . Slrring Eyn i e
awerage numiber of Luscentis inpections requered by
[iﬂhMMWMﬂl ] the izl participancs™ =Wision¥Ware, (201701 23)

o

[m-um-pmw at the back. ]

[H‘Iﬂhﬂf.ﬁ.uﬁnlkult‘limﬁl]

T

| High prce and montly injection )

Critical need for

novel targets and treatments ogical VEGF recopeor inbibicor, LHAS 10, did noe

demonstrare efficacy i a Proof-of- Concepe stody in
patients with necvascular age-related macular
degeneration” ~HV05, (201E.07) |4

Natural Product Target Identification Examples

Table 1 Some classic compound-target pairs identified by affinity chromatography.

Cormpound Target References
Nnrq_nn:phnuf ﬁ--.ﬂ.drn,'nn:rgw Lefkowitr, Haber, and OY'Hara (1972
recepoor
FR 56 FERM2 | |.|"||.||;_-_ Galat, Uehling, and Schreber
R
I::t'ldJ.ll.ml.:L'uu HSPO Wihitesell, Miminauagh, De Costa, Myers

i Meckers (1994

Fenmagellin Mettuanine Sin et al. (1997}
amincpeptidese 2

Parthenolide 1B kanase Kwok. Kah, Mdubums, Elofson, and
Crewes (20000
Pateariidne A Eitkarveti Lovw ee al, {20017
rmnaton tactor 44
Thalidonmde Cereblon leo et al (20001
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Chemistry for Target Identification

vubd fghon iy SAR b § 'Lﬂ' L p
-<°| {- I.I— _ L, -"-'f.l"""-"'n""l
'L{" L Smpvapatire COME comzousd Ml
u,".';. | ma |" i
R |h_:n_~?{|
e I}i e
L
b [Fo-{) 17
ety =
Photoaffinity Probe for Chemical Proteomics
(a) Photoachvatabis
.~ greup
_ e
== First hevel of
" ranfificaban
* e
w.. Photzafiry - Y
pecbe Second vl of
santificabion
F Third haved o
\ ol
1“.: m B rdentification
Aming acid composition P
arpund the covalent %
attaghment pain| ]
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Protocols for Chemical Proteomics

s
S CHAFTES SOTEEH

P _ - QRN
T i Promatad, irhe

Small molecule target Y S | e

identification using photo-affinity y -

chromatography iy v g

B

Seung-Fong 5eo”, Timothy W. Conspa™*
dep: o M L e i B Geerainin e

i

i I Lt ey

LV Crmiem

| [N —

] Fan

1
Wethadr in Enzvmodogy 2019, 22, 347374 il o

Eacimpivensn  Proscra Tagsl mcstioiion

Photoaffinity Probes for Target Identification

uy

i " ] i
Homaisofavanors uro;s,'.:lk_lrg

Bintin

(-

Eintin-Homoisoflavanane Molacules

[ W
Bioactive Scaffold Benzophenone Biotin
Homolsoflsvnons Cross-linidng by UV Neutrevidine beads

0
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Target Identification by Photoaffinity Probes (1)

Homaoisoflavonsid-base Chemical Prabes

i
a ]
L | il e ol
e |I T ':|' g D""'rn N o N #ni K
s SR PRl e et H H=H
a i = il o | o
1
I ! R |
=g g 1:.,, k:"
M=H \
[ iL il il ] ]
Cremasiranone anakog Spacer Berzophanone Snacer Bilatin
9 4 e £
Coaen Conty
Cram i Cowrn C3 100 bl Cratrn. ceormas - - #
[T
& a—
- FECH et fom FECH =@  -——
24 -
" -
ELFECY Mol Med 2017, 201606561 A il i FECH B FECH

Target 1: Mitochondrial Heme Synthesis Enzymes

Ferrachelatase (FECH)
18 &
=z
», . ZEm
MNH M= M % M _5
o L B =
N M Hﬂ‘l H: M g 9
- e - i
2 EE
Fe
| L 1 X 25 10
H™g iy HOTSg e 0 —_—
(:=-:-wwrgr:_!§) ] Sestchames Ll BH-IMES

oy 1M

s o RE M, wr Nl 45 gr Bl osd
TS0 ol sy AMCTAR, Wit Danie Bn s N e |

» FECH: mitochondrial inner-membrane protein

= Final, rate-limiting step in heme biosynthesis

= Mo documented role in angiogenesis
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FECH, In-vitro Proof of Concept

Essential Protein for Anglogenesis i witre

FECH KD Inhibits
*HREC* Proliferation *HREC Migration *Tube Fnrmatu:m

FECH Inhibitors Block Tube Formation

"I"- = = Grigpehshen

‘== fren

M-methyd protoporpherm

T T I T
: — y ' = FECH

— P —— g P
ELBF Mol Med 20017, e201606561 1%

FECH, In-vivo Proof of Concept, MoA

Fech Required for Meovasoularization FECH Owerexpressed in Neovascularnzation

-l
| 4 |

.
] il |I

! . l...

ELTCY Mal Med 2007, 201606561 )
drvesd Chplinhatmaol wr 5o 2021, 62421, 36 i
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Target 2: Epoxygenated Fatty Acids Metabolism

R NGy
RPN D g mn it
B metgt

Corgard o Lirkp Eiotn
l]i‘u—mmw:-l el |19 20-ET
Target Pr | .
I "';-:"_"':"_"_'.-.'I':I'HI
i1 i T
e B At AR o i e M
" e —
— el v
- -'--_-*_
LR
ICS Chem Fiol 201K 13, 4552
30

PUFA metabolism by the CYP-sEH Pathway

= Retina has the highes! concantration of
w3 docosaltmxmences acld of all fatty
acids.

= The regulation of bicactive
epoygenaled fatty acids akes place

- e i thecugh preduction by cytochrame P4SD
| e i epoaygenase and degradation by solubde
i epoxide hydnolase (sEH).
| ":"" S = w-3 fafly ackls shown; the same
il Trerapre—y -q.:, P ——TT —Tr pathway Scts on w-6 fatly acids.
e J st Y, e —r £
e ro— ! iy
CT) ¥ L]
N L SE
I ol s

B. D Hammaock et ol Med, Chere. 2002, 55, 17RO
T W. Camon et al. Frowt Pharmacal M9, 10, 95

3l
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sEH, Proof of Concept

SEH enrymatic activity SEH activity, up-regulated in L-CNV eye tssue
= S0 F
::_ . L%\_Fi—-__. = LALCE {5 1= §
| o ir | ok
F B O 'x.+ AP )
é - 3,:_\ = EH- 100 ) 1::
LN Auninll
S o | gy T

Immunislot of sEH in L-CNV mouse Central retinal sections from eyes of wet AMD patient
I e A raabalvd ool i AMT

i L GCL. ganghon coll ey INL, inmer nuckier (s ONL, culer nooiecs layor 1SA0E
IC5 Clewn. Biol 218, 13, 4551 PhofOnaoe o I Segmenioules segments; RPE, ralisal plgment eptheium = 37

sEH, Proof of Concept

a = s ST ¥4 JALICH M ¥ T 10l
confocal microscopy of
agglutinin stainad CNV lesions
b o c

Dosa-dependent inhibition of the
volume of CNV lesions by FAUCE (6)
and sEH inhibitor ¥

I-AUCH K T pld Is

oy

Inhibition of mousea choroidal

i sprouling ex vivo by FAUCB (6)
w and sEH inhibitor T

e
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Medicinal
Chemistry

Ocular Disease Therapeutics: Design and Delivery of Drugs for
Diseases of the Eye

Buri-fu Cheny, Chien-Ming Hsich, Kunal Mepali,™ and Jing Ping Livn

ey
B oo T o T s 1Y . e A T Arad Dnlins
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. Med. Cham. 1020, 63,19, 10533-10592

Design of Homoisoflavonoid Analogues

A-ring B-ring
madificatian maodification
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1 Les g
siegie
e o po
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MEIEE T 2oy By 94H In-vitro

HEBHT (Gly= 55 nM for HREC)

*HREC proliferaticn: 14-1odd ovas

HRES 43 At £.088 !
e = T — HUVECS, 218-fcid over ¥T8,

and =1000-4odd dwer B2-1

i H 12
o1 ] 3 =00 *Cyltostaflc affects on HRECs
P T oprey e rathes than general cytobosstity

Does not induce Arresis HRECs
BpOpLOEis al the GZ'M phase

IRgE]

UTEE T goad 8y oH In-vivo

OIR in vive model IR madsl

L-CNV in vive madel

--- Illal' |l|_l_I.I.

DIR: Deepgar-sduced retncpathy 42
L-CHY! lisir-inefuced choroidsl fedvasoularie Gen -

- 143 -




MEEE TS ocular Tox, DMPK profile

Not eause acute snd chronke ocular toxic

[

Maouse ocular PK after Intravitreal Injection

Corawwinin v iy bl

Female CATBLE) mousse
I¥T{0.1 nrmodanimal|
il * Susmained oousfar oxposure and low syscomec exposure

ol fiodiawing ivravitreal injection
" H mia bil
Mot affect retinal function and vessels . A
High sysvemic dearance
# Boch ooular and systomic biotransformaton pathways

characrerzed
1 &
T a g E R
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Potent FECH Inhibitors Identified
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Homoisoflavonoids (HIFs)
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A special subclass of flavonoids which contain one additional carbon atom
Up to now, about 240 natural occurring homoisoflavonocids have been reported

Occurrence: HIFs are rarely found in nature, mainly existing in Fabaceae and
Asparagaceae families and being less common in Polygonaceae, Portulacaceas,
Orchidaceae. and Gentianaceae families.
+ Bioactivities: anti-microbial, anti-mutagenic, anti-oxidant, immunomodulatory,
anti-diabatic, cytotoxic, anti-angiogenic, vasorelaxant, and anti-inflammatory

effects.

Nat Prod Ren, 2013, 30, 1165-1210
Pignre Medien, M1, 50, 1063- 060
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Biosynthetic Pathway of Homoisoflavonoids
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Previous Asymmetric Synthesis

~ Komutanistal, [ chirall‘arr-:niscf.;'.'e':cﬁ:-s-]

Hi -
=Zhuuelal, R@TS/GH =, 3?-" i
" |1U'54\@_R.

eafalplic fpdrogenaning ':'
5107 e

m m ﬁcrﬂinm_

alidal o rof %= CHard DA
= EFANE
:{— ) :.l. el i Hi= 98 )
F
= Lavacheralal, ermnbioseleciive o
el
F:
{5), 1%

63

Our Asymmetric Synthetic Plan by ATH

adpman

transfer hC

sicni| [t
drpedrimpinuantion| i,
“ ;['.-' e
=

anyiialo
transfer
pelrpenation

R Movon et al. S Adm. Chem. Soc 2008, 65 10-651 1

E- Movor ot al. J. dm Chem, Soc. 1996, 2521-2522

- 147 -




Bioactivity of Chiral Homoisoflavanones
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Maturally occurring cremasiranone = (R})-configuration
More potent anti-profiferative activity = (5)-configuration

M. Heo st al S, Crg. Chem 2009, 84, 5909510011
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Summary

* Phenotypic-based drug discovery

« Synthesis of antiangiogenic homoisoflavonoids and their photoaffinity

probes for target identification of ocular neovascularization
» Homoisoftavonoid-binding proteins by chemical proteomics
» Ferrochelatase (FECH)
+ Soluble epoxide hydrolase (sEH)

* MP-based drug discovery and preclinical development for the treatment
of wet AMD and dry AMD

» Asymmetric synthesis and structural determination of various

homoisoflavonoids
73
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Sample extraction

Drying sample
Sample mix grinding 50mg

Add solvent 5mL

Solvent % : 100, 70, 50 ,30

Room temperature

Extract time : 60min

Vortex 30s

Centrifugal separator 15000rpm, Smin

Supernatant
Dilution 1/20 MeOH
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1)y Automated High-Throughput
Sample Preparations
In Clinical Proteomic Analysis

Hookeun Lee, Ph.D.

College of Pharmacy
Gachon University

THE MAIN DIFFERENCE BETWEEN
GENOMICS AND PROTEOMICS:
THE SAME GENOME

' CATERPILLAR

THE DIFFERENT PROTEOME

BUTTERFLY
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PROTEIN COMPLEXITY IN A CELL

a Alermative Protein complex
splicing @ assembly
b
8, - Manomer ™y
- e = 1 Proteame balance
—— Chaperones Amino-acetylated
150F0T 1 Complax A FNAS Ubsiguitin Proteasomes
Isaform 2 . Transcription Autsohagy
Pesteloierm— l l
Complex B mRHA

processing \ P Proiain %Cmnem-\%
T production &= depletion
* A -~ iysosamal
Translation Subcellular _ i L.
efficiency location transtation /
e, Wi Aming scids Ricosomes Protein secretion ™ mRNA decay

chain nembrane e Cytoplasm

; : Proteome = z
3 — - i Proteame imbalance
somplexty o = Activation or
Nules 7 Dhisrupted Increased errors in 5
4 = multiprotein  translation and folding mhibition of
mRNA 3 - complex i autophagy
Ribosome Slaichiometry
ganells Protein Protei Alteratians i
- - . n g IS N
A ) Elevated = e | nal
Cananical ORF miMA - transeription " [praduction = b cationt pnlle
/ I ] \ Chaperone
UDRF-containing miRhA Protain Elevated mRNA Proteasome activity
mistargeting fransation activity depletion deplation
Alternative
ORF translaticn Protein modification

Harper and Bennett, Nature, 2016 (10.1038/nature1 8947}

UNDERSAMPING IN DDA MODE
Data-dependent acquisition (DDA) mode

i i Single precursor All fragment ions
Peptide mixture gle precul gl
(can be >100,000) Top N selected fragmentation detected

%
@ e . —
=

Undersampling: DDA proteomics unable to identify all peptides due to a large
dynamic range of peptides. Only top N peptides are selected.
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Log,, Concentration in pg/mL

O = N W A WV & W & W

CHALLENGES IN SERUM PROTEOMICS

Wide range of protein concentrations

! LC/MS

¢ Classical Plasma Proteins ) |
' Tissue Leakage, etc.
e ——

.:i!rll.,l,u i
| | < Interleukins, etc >

IIIIJIILHIl..
| R

= mg/mL

- ug/mL

= ng/mL

= pg/mL

N.L. Anderson et al.; The human plasma proteome; MCP; 2002
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‘ TECHNICAL INNOVATIONS

Mass
spectrometers

Multidimen-

sional Proteomics

separation

‘ SENSITIVITY INCREASE in nanolLC

75 pm 00pm  LoOmm 21mm 4.6 mm
300 ni/min 2.0 mifmin

o ; chwomatographic dilution
2 5 - the initial compeund concentrationin a samphe
CU 8‘.[‘ nr ( 1 + k) v ZHLH Coia + the final compound concentration at the peak maximum
D= C = vV & : the column porosity
s K + the column radius

max mnj L4 + the retention factor
H +the cotumn plate helght
Vi + the samgle volume injected

Downscaling the column used in an analytical method from 4.6 mm i.d. to 75
pm i.d. should result in an almost 4000-fold gain in sensitivity.

LP.C. Vissers, J. Chrom. 4 856,117 (1999)
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ﬁ Microcapillary (Nano) LC column and Mass Spectrometer

800 1
10
Column Signal
pressune intensity
[Bar] [x107)

oo

2KV
200 nl.min -
Peptide __ e
mixbure T = 1
nanoESE
emitter
RP-C18 (=5 pm)

{75 pm L. x15 em)
Charged droplets
of ion peptide

DEVELOPMENTS OF nanolLCs FOR PROTEOMIC ANALYSIS

Two-Dimensional Avidin-Affinity/ C18 pLC automated system

e

e
0

1 attomole of neurotensin M5 analysis
(Rapid Commun. Mass Spectrom. 2003) Precolumn

i b i

Multiplexed pLC System for MALDI
MS Analysis (Anal. Chem. 2002)

@, - ([
837 (+2) & = B
| _I.. N &

’ 15[3 (+1) Pl | = - [ﬁ’ |

mz
MEMS } {
| ()

Ll 1.1 NI
| ——2

200 300 400 500 600 700 800 900 1000
mez
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NANO-UPLC

HPLC
°

Pressure < 6000 psi
Particle size 3-5 pm
Column inner diameter 3-10 mm

- ACHINTY UPLEBES 3y

UPLC

Pressure (15,000 psi)

Particle size | (<2 pm)

Column inner diameter | (0.75-1.8 mm)
Run time |

Sensitivity t

Sample throughput |

-
EE o aursl
s Batw » 0 ol immin
Phlaiag = 2400 i
Same '
Column | ‘ HPLC
* # B il | '_IOp!.
UPLC Instrument R S VT T B . M Ing
—— v
21 AUFS
uUpPLC™
B2 g Pl Sul. Injection
HPLE Conitioms (He
o KR, g-Prod Jith-UPLE-Technok [ 14-Applicati /191 57-New-Fr

https:
locale=ko_KRAC=134804757

ps/ b ¥
ontiers-in-Chromatography/

DEVELOPMENTS OF NOVEL MASS SPECTROMETERS

ThermoFisher Scientific

2003 2005 2006 201
b4 L ¥ 4
LTQ Orbitrap Orbitrap Elite Q Exactive series
-mm
Focus Pluis deid | [Slisin
Finnigan™ LTQ FT
e Ne B W00 2000 200000
o Resolution: 100,000 at m/z 400
o Scan speed: 1s/scan : Mass
- ! i 50-3,000 50-6,000 350-80,000
T i e 124 a0 e 18 Hz 12 Hz
s . i intpesing 3 10 20 NA
s, A
g 1 Scan FS; AIF, SIM, PRM, DIA, Sl
. | e siM Sim, PRM Ao M,

-

Finnigan™ LTQ FT Ultra
o Mass accuracy: 1.2 ppm

183




MULTIDIMENSIONAL SEPARATION

MD separation: combination of different separation strategies to increase in-depth proteome anaysis

MD separation

* Online system An online 3D-LC system
+ Offline system
* Combined offline-online system Sampio Loading, pH = 10 3 Dimension AP, pH = 3 Digial Picoview
15t Dimansion RP, gH = 10 Vented Column Configuation Electrospray Positioning Platfor

2nd Dimension SAX, pH = 10

A B Load Precotumn D

3D-SISPROT spin tip allows 3D
pepticle fractionation

Spay
Fostion

B £d- 7
= '

Fpatistp .|I ' 1D-513PROT
|
Adaptar
7| | 2D-SISPROT \m
_ ' |.......!5-l:l'1crr.m—b__ -l AP

e

ik T
Cellyshn concmnis 9, | g9 gicprot c ¥
fer Gracient Exation (LC-MESH
—————— 3 BAX fractonu==p11 High-pH RP fractions eaarnde ik
Pretsin digestica pHALE2 farehL
SAX tracsianation |
High-H RP tractionation pHIZ pME pH2

Wusn
Prasion

Chen et. al., J. Chromatogr. A, 2017 (10.1016/.chroma.2017.01.033)

Zhou et al., Anal. Chem., 2011 {10.1021/ac200639v)

AUTOMATION IN HIGH-THROUGHPUT SAMPLING

Automate affinity purification, digestion,
cleanup, phosphopeptide enrichmen in . - Increase recovery rate and reproducibility
one system : H

Prgtids Chnsmsy 538

AL Carrumg Carsemine:

Murilio et. al, Plos One, 2018 (10.1371/joumnal.pone 0208562)

Reduce handling time
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Filter aided sample preparation (FASP) NATURE METHODS | VL& NO.5 | MAY 2009

Calt 441, 857507, Aoy 28, 2010 Filter aided capture and elution (FACE)

JOLE, 13 4254

3
5 Trap™ michl spin colismns grotocs) s.trap
I I A - T
= =" =1
e a 1pm, A3 Trap | e prtemse [rep— [r—r— e
STrag e, trapmieg bl i b 4. trypain s teap PR digested
tranifer peutain wanh peatise
Ed = ¥ = = a1 i

FASP (Filter aided sample preparation) Automation

l Lans st mpphy s s i o |

56 well PES membeame filter plate: |

|

Reduction with TCER (a BT for 30min) on fhe 96 well . |
PES menshems: plwe

h“mvmnmm Eiffor Mwm.
e -

{at 24eC for
PES embrae plwe

LA T T Lt area S ) gy vamarm: a1 17 ches S o 10 e (1 yne)
ABL i (7 benes)

TR e : )
13T overnight in the 56 well PES messbeans plats % .
H
E i
1 3
§ 20
H
Collaer pep i el ph z
peptids dealting 15
™
st e ndam hasiiens pepisey Lo dmdis ey o
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i
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e
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Bull. Korean Chem. Sac. 2015, Vol. 36, 1791-1798

s
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2

E 14 high shusdance protein
—

Low sbundance protein

| 1
Plasma samples from validation cobort Immuncdepletion of plasma protein
(n=128)

£ £ £

i, o o b g

et Lo Eait g
oy "
] A ! i
3 ¥ i, I ol % e
by IR | 7ot i...-:‘ %
e - ' " i
—— T — 3 3
L) EVThe A EAMEE "
T e Y| 1

gol O 1 j o

i.. . '.. -:. i.., .: ' .

L i, PO H

Patent 10-2016-0130041

|t T B

FASP (Filter aided sample preparation) Automation -Application

Reduction, alicvlation, and
(using avtomated flai form)

Buprolucibifiny of LAV digsashn (Tt o)

e i s s

Exp 1 Exp 2 Exp 3
8MI Open Diab Res Care 2020;8:2001152

FACE(filter aided capture & elution) Automation

N-glycoproteome =
+e I?

Elution

Filter Aided .
Capture and

* Automated Liquid Handling Platform

|
o P

PNGaseF

& cleet
\ G

Scientific Report 5, 18188, 2015

[ Peptides and lectin incubation ]__

— 6l minutes
v

[ Washing of unbound peptides ]_

l /105 minutes

[ De-glycosylation ]-

PNGase F

3 hour

T\

[ N-glycopeptide elution

1 — 435 minutes
De-salting and LC-MS/MS ]
*A d ple preparation protocol for
high ghput N-glycopep enrichment

Current Proteomics, 2016, 13, 55-60
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LC-MS/MS analysis of N-linked glycoproteome
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MS/MS Spectra of Captured N-Glycans
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High-throughput Platforms in Proteomic Analysis (S-trap, FASP, In-sol Digestion)
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Data search and validation
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Proteomic analysis of Interferon response in human

liver cells

Abstract

Background: Interferons (IFNs) play a critical role in the host antiviral defense and are an essential
component of current therapies against hepatitis C virus (HCV). a major cause of liver disease
worldwide. To examine liver-specific responses to IFN and begin to elucidate the mechanisms of
IFN inhibition of virus replication, we performed a global quantitative proteomic analysis in a human
hepatoma cell line (Huh7) in the presence and absence of IFN treatment using the isotope-coded
affinity tag (ICAT) mathod and tandem mass spectrometry (MS/MS).

Results: In three subcellular fractions from the Huh? cells treated with IFN (400 IWVml, |16 h) or
mock-treated, we identified more than 1,364 protains at a thrashold that corresponds to less than
5% false-positive error rate. Among tlias»e‘ 54 were induced by IFN and 24\v§'ore repressed by more
than wo-fold, respectively. These IFN-regulated proteins represented multiple cellular functions
including antiviral defense, immune response, cell metabolism, signal transduction, cell growth and
cellular organization. To analyze this proteomics dataset. we utilized several rysmms-blology data-
mining tools, including Gene Ontology via the GoMiner program and the Cytoscape bicinformatics
pladform.

Conclusions: Integration of the quantitative proteomics with global protein interaction data using
the Cytoscape platform led to the identification of several novel and liver-specific key regulatory
components of the IFN response, which may be important in regulating the interplay between
HCV, interferon and the host response to virus infection

Yan, W. et al, Genome Biology 2004, 5, r54
| [—

ICAT quantitative analysis

Human liver Mock-treated or Nucleus, Cytoplasm,
carcinoma cells (Huh7) treated with IFN-a,, Membrane fractions

%) L||.IE'1I'|1J'.1"}.'

(MS/MS) |
,y.,,,JLA\-MJ fln]]l\-.ll,.u.nl,lly
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Protein identification of the Huh7 cells

Total 1364 proteins at P> 0.4 (95 % confidence level) 815 GO annotations

|

IFN regulated Proteins

— 15 previously reported proteins
— 39 novel IFN-induced proteins

— have not been studied thoroughly in the field
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Distribution of IFN-regulated proteins

generated by GoMiner Program (Zeeberg, B. R. et al, Genome Biol. 2003, 4 R28.)

Summary of Cellular Pathways of IFN-regulated
proteins
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ﬁ Proteogenomic Analysis

@‘ Early-Onset Diffuse Gastric Cancer (EOGC)

saaddi4E8884EE 4000
80 Paied Samples (@) Normal (@) Tumor

Exome-Seq  RNA-Seq Protein(MS)

i
* Somatic Mutation + Differentially Expressed Gene (DEG) — g ;::ﬁ Peprticles
* Germline Mutation . Significantly Expressed Isoform ¢ +Post-Translational
7 . % et 2
Count read with Variants Modifications

» Insertion, Deletion

Mun et al., Cancer Cell (2019)
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‘ Sample S 76 ] & cacst o

Tissue pulverization Protein lysis
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ﬁ Method - Global proteome
jF f

1st pairnormal 1st pair tumor 2nd pair normal 2nd pair tumor

[Lysis. Digestion, BCA assay} [I.ysis. Digestion, BCA aa@aﬂ [Lysts. Digestion, BCA assay] [ Lysis, Digestion, BCA a'asay]

d-plex ITRAQ labeling (1 14}] 4 plex ITRAG labeling mﬁ]] [4—plex TRAQ labeling (1 16)] [4—plex TRAQ labeling (11 .']

S S

Pooling

BRP C18 fractionation

NCC_01_ITRAQ 01
(124 poffraction)

ﬁ Method - Global proteome (Basic pH RP fractionation)
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Integrated analysis of global protcome, phosphoproteome, and glycoprotecome
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Integrated analysis of global proteome, phosphoproteome, and glycoproteome
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Emiliania huxleyi

A member of the coccolithophores
group (calcareous alga)

Unicellular marine phytoplankton
with unique morphology

Uptake CO,, by photosynthesis an
d calcification to form coccoliths

Play an essential role in global car
bon and sulfur cycling, and contrib
utes to marine cloud formation an
d climate regulation

Widely distributed throughout the
oceans

Genome sequence database cons
tructed in 2013 (30,569 protein-co
ding genes)

Studied in various fields (medicine
, material science, biogeography,
geology, ecophysiology, and paleo
climatology)

Lack of proteomics data

hitps-iwww_nsf gow/

PCP
Charactorization of the Sedenite Upsake Mechanism in
the Coc I Emilianin fuleyi (Hap

De novo transeriptome profile of
coccolithophorid alga Emillania huxley
CCMP3T1 at different calcdum concentrations
with proteame analysis

e
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Proteomic Profiling of Emiliania huxleyi (3D, PTM)

3D-liquid chromatography (LC)

Post translational modification (PTM)

4 N — N
el TP == 5
s s J (-} [---]
_——— \ R rvs 20
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s oic ] .
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'-\"'J-"""!"/" Molecules 2021, 26, 2027
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3D-LC WORKFLOW FOR PROTEOMIC PROFILING AND PTM DISCOVERY

[ Sample preparation ] [ 3D-LC-MS/MS ] [ Data analysis ]
/ @ \ [ SCX I \ TPP Pipeline \
Emiliania A -
huxleyi cells
14 fractions Proteome Global PTM
Extraction = profiling discovery
. HighpHRPLC | =y ] 1
“/.' o b 84,753 peptides 10.710 modified
W & 15,331 protein peplides & 13,483
70 fractions groups (single hit modified sites in
included) 7421 proteins
Proteome =
Low-pH ™ Peplides: 95 463
RPLC-MS/MS (112.6%)
Tryptic digestion | Nano-UPLC & gy
Tandem mass -
m 20000 whven P

eI
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POWER OF 3D-LC IN PROTEOMIC PROFILING AND PTM DISCOVERY
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10,710 modified peptides
& 13,483 modified sites in
7421 proteins.

1727 (~23.3%), B6T
{~11.8%), and 581 (~7.8%}
proteins have 2, 3, and 24
madified sites, respectively

BBM M 150 200 350 W0
Count

[ Peptdes: 55463 (1126%) |
| Proteins: 18,780 (1 225%) |

Leeet al, 2020 (10

Lee ot al., 2021 (10

EFFECTS OF PTM SEARCH ON QUANTITATIVE ANALYSIS
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2022 HEOSR oFstoi= BaH oLt O =

Role of hepatic FPN
in systemic energy metabolism

202155105 2fstat =6 Fl(2hA )

School of Pharmacy,
Jeonbuk National University

Metabolic syndrome

Metabolic Syndrome

defined as 3 or more of the following

* Elevated fasting

a
» Abdominal obesity | |
W :
. Elevated plasma 05 I Diseases .c!?ssociated with
triglycerides & Metabolic Syndrome
& * Type 2 Diabetes
* Low plasma HDL * Hypertension
cholesterol + Non-alcoholic Fatty Liver
Disease (NAFLD)
« Elevated blood « Cardiovascular Events
pressure
blood glucose &4 j

{Felix F. Lillich et al., Front. Phamacol., 2021)
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Type 2
Diabetes
Mellitus
A

{Carlo Acierno et al., Exploration of Medicine, 2020)

Iron accumulation in NAFLD and metabolic syndrome

The dysmetaholic iIron overfoad syndrome([DIOS) is now a frequent finding in the general population,
as is detected in about 1/3 of patients with nonalcoholic fatty liver disease (NAFLD) and the metabolic syndrome.

Review . —_—
"2 ScienceDinect Sinbiita,
. fivwyeritensie
e Mt e ot st 1B . ——
Iron in fatty lver and in the o et 2o
A promising therapeutic tanget
Pacsls Doy asre, Anns Ludsras Fracanssm, Sivid Fargeon, Lucs Valenas® Axsociation of clevated serum feeitin concemtration with msulin eesislance
e iy Pl et Wt ¥ = impamed glacow metsholan in Rorean men and women
Yook Park®, KiLp Lov
e — — iy AP

Livwr. P wd ldory Trasi

noressed suscepribiliny bo nonaloohols fativ liver discase &

beterorygoies for the mutabon wibde Tou by 1
Bomochromatoun

i Vo', P Dnevamm”, A0 Fracsmai®, (. Samssd”, 1. Vo', €
[

LIVER, PANCREAS, AND BILIARY TRACT

bt e b i L S

PLINIEAL STUEY Insudin Resstance-Associatod Hepatic kron Cverload
Assoclation between serum ferritin and the Insulin reststance

syndrome in a representative population afrr———

K Wi, B Hetlin. rlu MI'.-‘u.- 1 Sl K0 N P e g T P e e e —

Iy S

Palrimti' wsl W ferbuand

e o e il

- 204 -




Iron metabolism

Liwsr
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< Systemiec iron metabolism=

{BartJ. Crielaard et al., natrre reviewes drug discovery, 2017T)

O zma
Ferroportin (FPN)

- The only known iron exporter.

- Transmembrane protein that transpoits iron from the inside of a cellto the outside of the cell.

- High levels of ferroportin are found in enterocytes in the duodenum (to transport absorbed iron),
in hepartocytes (fo franspori stored jron) and in macrophages (1o iransport recyclediron),
which together control systemic iron levels.
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O zmua
‘ Mechanism by which hepatic FPN can communicate with other organs?

Hepatokine
- Proteins that are secreted by hepatocytes
- Monalcoholic fatty liver disease, in particular, is associated with altered production of hepatokines
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Role of PAK4 in HSC activation and liver fibrosis

School of Pharmacy

© Z=d%n

e L

S Ee 5 4) M=0jotn

SO, PLATICAAL LW TRBTY

Liver fibrosis patient in global

" Alcohol W HBY HCY WMNASH ™ Other

T

00000 18

20000

Total Annual Deaths

REREIEEERBBEARASERRERARATRYs
Year

Shantan Cheemerla CiiniCal bwer Dizeaze voll 17, nC 5, MaY 2021
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Liver disease

HBC and HCV
chrenic infections
\\- Chonic ver
Western diet injury Liver fixrosis Liver cirrhosis HCC
Alcohol abuse

I/'

‘
= S Codlular &
- malecular
mae hanism

Fernando Bessone et al.
Cellular and Molecular Life Sciences Jan 2019
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Role of hepatic stellate cell in liver fibrosis

Narmal liver > Liver injury I

Loss of
Hepatocytes e
mig

: -r Activated ®
Kuptier cell Endathelial cell stellate cells v
Hepatic sinusoid Depasition of Kupffer Loss of

scar matrix  cell activation  fenestrae

GASTROENTEROQLOGY Jund, 2018
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Activation of hepatic stellate cell

Liver injusy
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P21-Activate kinase family

Group | Melobe MO o0, PAK (p21 activated kinase)
Pasy ] Hinase domain Group | {1.2,3) . Group 1144,5,8)
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ii
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Wen et al. Erperimental & Molacular Medicine (2019)
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Research for PAK4 in liver

[ ——

3 | Cancer Letters
it R - . PAK4 Phosphorylates pS3 at Serine 215 to
Promote Liver Cancer Metastasis
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Business + R&D platform
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ARBORMED ARBORMED Pharmaceuticals Inc.
( Lo ) Complex Generic )
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Il. MARKET — Competition & Opportunities
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V.ARBM-101 publication T2}

OfSE ARBM-101, 0|3 Wilson Aarhus 422{1 3t7}

WILSON AARHUS 2022
(Aarhus, Denmark)

A joint scientific i

er manuscript

“ A new treatment regimen for WD rats” * A new treatment regimen for WD rats”

- BAY ot 2 (Y AU BYE HEISH B « submitted to Sci. Transl. Med. (Sep. 2022)

under review

[ ntation
atAASLD-The Liver Meeting 2022

" ARBM-101 as a Potential Therapeutic far
WILSON DISEASE”

* Scheduled at AASLD-The Liver Meeting 2022

i
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VII. Timeline
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IIl. MARKET and Competition
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In vivo efficacy (LPS induced mouse mod
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Total Synthesis of (-)-Madurastatin C; and Their
Stereoisomers to Probe the Stereoselectivity of
the Fe(lll) Uptake Machinery

Yu Seongwon
JeonBuk National University School of Pharmacy
Medicinal Chemsitry and Organic Synthesis
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+ Total synthesis of natural product
+ Madurastatin C,

+ Retrosynthesis

+ Synthesis

+ Plan
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A Nt Peod 2000, &5 TI0H03 &

Total synthesis of Natural Product © Z=dia
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Madurastatin C; e

T MTIAL LAV

iH N%ﬁﬁﬁﬁﬁﬂ:ﬂj\&lﬂn
|--Magurastalin &1 « N-hydroxyamide
R0 on + Oxazoline
oH o an M i ;i q
@—{YLH”‘Q’H\/\;"‘ ;{-@ : Linear peptide

Maduraglalin 01 (R =H
Madurasiatin 02 | R = CH;

Madurastatins from Actinomadura with maduraferrin

g Lew 2019, 2), G275-6273

Siderophore O Z=uom

AT AP

Periplasmic binding proteins

i i

ADP+P,

= bacterial receptors

* siderophores
® Fe*+

%

@ +Fe"

Bonvdron (s Low 17, 405-1432 2019)

Hiockimica e Rloplades dess 1775 2008 1781-1804
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Siderophore

Sidero horc .
¥ @

m

Active transport

Ferrisiderophore

QFE N_[Ligand
0

Bacterial
membrane

Increased
antibacterial
effect

grmomeiallics

2018, &7, 4, 9154923

Siderophore

@ e

Soeta

o AT AR
Table 1. Antimicrobial Activity Assay Results”
Dp
concentration
i entry strain (M)™ 18a 186 I8¢ Cee
v Up to 128-fold more aclive than cefacior Y —— 00 05 I 2 &4
v Intraceliular delivery by fimsbactin B Ho. ; ; 1.5&?;“ } o 16 ? 16 64 64
v Acinelobacter-selective o 17978 G
3 A bapmaromil 00 16 16 16 64
- 4 ATCC o =64 64 384 364
| Jk ""\MN'&{) 19606
® N :L 5 A masacomialis 150 16-32 16 16 64
ATCC L
OH o B i 6 s o >64 =64 564 64
cafac!or : E coli K12 ?:Ds >: ,:44 >: :
> > =]
Fimsbactin B—cefaclor conjugate 9 P. putida 300 64 64 44 s
0 ‘:2‘;‘5;' 0 264 >64 64 64
2] o -~ 0. Cec
HO., ¥ wo_ L MO A -
a | !
Dq(‘{‘/l OYJ-'*VZL;\,/\/\Y 0-9:/ Lo
o o o A
HO - OH H Me  wo OH 2w Mo 3
% S J: N~ ok ; ] I i
; <>_<n_] i S i) g—\\ M 'L«HATrN\.m/“-,?-&O (,_'} (’ 7 ﬂ NN
- poie = 0 N, a OH =y (-2 T =] oH
a FimB-Coc-Cd (183 FimB-Cec-C22 (18b] FimB-Gee-C32 (18¢)
3 steps 24% 3 stops 7% T stops 23%
g Lew 2027, 23 04, 5256-5260
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Development of cannabidiol-loaded polypeptide-based nanocarrier with
long-sustained drug release for effective treatment of breast cancer

202150333 HE s Ystat Hx|=

Contents
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AT HHE I (1/5)

» AEHE A|AH (Drug Delivery System, DDS)
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» Ltk X} (Nanoparticles)

Glucose il Salt Grain Tenmnis Ball

..5 = ., i—"‘}-— ! ‘
10 10" 100 107 10"
o T Manomewsn
e L
Srer
Micells st Dot Polymeis

* 020 Wichiab - Peter Wich - impressum
« Lpe QX Hoj= o AH0| 100 nm O|TQ OjTX SX
37|17 &7 GBo] 2 £ 2ot ZEEoR A
. 7|E U T offtarget effectS Z0 UM EO|U THMo= o2 MY

* Lt Y%= DNA, RNASH 22 Sidl U39 S HEo=4 Solg

At HiA 1 (4/5)

* Neraa Lturtioz-Rodniguez, 2019, Imtemational Joamal of Nanomedicine

= 3YEE A70 ETUo=E IY 0HEE UM U=Hx =5
» FSHEZ|H (Enhanced Permeability and Retention) EPR &1t
= L= Yxpo] Y2 37|, Y Ol 27 Hopeh 22 LUk UK XY 270| aad o 23

* Size : 10 ~ 200 nm / 10 nm | &7 oz7to] ofst HA, 200 nm 1 Opsonization, CiAMHZ2] =4
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At HiA 1 (5/5)

» Lt X} of2 T2k 58 EH (Active targeting)

Ligand Receptor

Herceptin - Antigen HERZ receptor
Folate - Folate receptor
Transferrin -+ Transferrin receptor
Hormone EGF -+ EGF receptor
Hyaluronic acid — CD44 receptor

* WesHiiang Ye =ic, 2014 PLOS Ona

= 0] AiF HES7| s EYR0| BasHy| fRo =88 50 HYez EH
= SUHzol EHE = EHD Folate, Transferrin, EGF 52 X

= L= Y EA0| Ligand, FHE B0t SYM=ZU EFo= o] 7ts

0 ~ocon oFEHTHIOl AL EIE Lhe Xt (1/2)

. hEHEAaHWo| FEEE LL-YXE 37|, BN 54 5o 1f

i

HE

__I.l

Padymed matris

= UXES] HEGY HE, 240 B FHE XY ¥EWYE 2=F
A

* IHREtE 0|88 A U Ef8 18S Z< copolymer?l micelle S
b~ o
o, e
= B W iR Z2iHE o|§% nEX BoiH HEH e 0,
o a0 o
oty
= QEIHE 2R 37], TE 50| 7hs0HH CHYTt 87 EY 7hs

- 240 -




rENY
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times each unit repeats. CH;
Poly(lactic-co-glycolic acid) Poly{lactic acid) Poly{glycolic acid)
PLGA PLA PGA
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Poly(ethylene glycol) Poly(ethylene imine)
PEG PEI

AL BiADT(1/5)

» CjOFE — Cannabis Cannabis ——

Cannabis Sativa: THC 1

Marijuana: THC &% 1

Cannabis Indica: CBD 1

Hemp: CBD & 1t

Cannabis Ruderalis: CBD t

Cannabis= HoH0] Sol= 20| = 42= E9| o= £8

« Oj5-20189 Y 7AHES S8l THCL 0.3% 0]ol= SEHEE HHISt

SATIVA INDICA RUDERALIS
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» Cannabidiol (CBD)

HO
A-9 THC(tetrahydrocannabinol) CBD{cannabidiol)
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~ Cannabidiol (CBD)
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Cannabidiol ICH0) as a Promising Antl-Cancer Drug
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» Breast cancer
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~ Pharmacokinetics and biodistribution of DOX formulationsin vivo
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» Cannabidiol-induced apoptosis: ER stress, Noxa pathway
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> P-Benzyl-L-Aspartate N-carboxyanhydride g
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» CBD-loaded micelle
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» CBD-loaded micelle 54 &

Parameter

3
20
150
% CBD-oaded micelle
160
- 31
\_CBD
0 - - - . . :
4 H & 7 8 L] w0
T fmin)
* HPLCZ AH2 610 Standard CBD2t CBD-loaded micelle 7%

—+ Standard CED2} Z2 retention timedt, nm IH&F 201

— Encapsulation Efficiency: 89%, Loading content: 8.17%
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» CBD-loaded micelle A|ZE S/d 291 (1/2)
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* CCK-8 kit2 E =8 E Cytotoxicity 24, 484 7¢

—+ Void micelle (10 ~ 200 pg/mL)MIA S40] 205 OIS ¢ 24=0] Gl Micelle IHHI2] SH2 2IF
— CBD (0 ~ 100uM)0 A 533 =0l

— CBD-loaded micelle (0 ~ 385 pg/mL)0j A 201
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» CBD-loaded micelle M= =/ =121 (2/2)
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= Time-dependent RT-PCRZ 53] CBD7} MCF-7 MIZ2] ER stress, Noxa signals2 =915}0]
2HHIZ ME HE2] mRNA expression level 20l

= Time-and Dose-dependent Western blot2 S5 ER stress, Noxa signals2 =01510] 2=
A'E HZ2| protein expression level ¢l

= CBD-loaded micellel] 2|3 & =5 MZAE S FACSE 53 apoptosis, necrosis =9l

= Confocal laser scanning microscopyS S0 CBD-loaded micelle2| M|Z L 2= =9I

J

= In vivo P.O (Oral administration), IV (Intravenous injection)=S S%F PK, 4H L
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# A chemical substance that is used to prevent, diagnose, treat, or relieve symptoms of a
disease or abnormal condition, or to promote well-being.

# A substance that affects the functioning of ving things and the organisms.

# A substance which produces a biological effectin living organism.
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« Digital health care & Digital therapeutics, Electroceuticals
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SMALL MOLECULES HIOLOGICS CELLAGENE THERAPIES DIGITAL
THERAPEUTICS
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New Drug Seeds and Development of
Health Functional Food

PART 1

MPGES-1 inhibitors as anti-arthritis
efficacy

- 266 -




Unmet Medical Needs : Why mPGES-1 inhibitor?

Biosynthesis of Prostaglandins (PG)

-  *2 + = = Membrane Phospholipids
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l COX-1
cox.2

- New Target
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iiE 51‘} al-s Anti-thrombosis

FHF

Inflammation, pain
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Synthesis of new skeletal compounds

3-Scafolds were derived through HTS evaluation

KRICT Chemical Bank
(200,000 compounds)
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In vivo study

Inhibitory effects of MPO series

on adjuvant-induced arthritis (AIA) model
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PART 2

Pharmacological Properties of
KCP10043F, T-type Calcium Channel
Blocker, as a Potent
Chemotherapeutic Agent

Calcium signaling & T-type calcium channel

(75 s Salldn MC et al, T-type Ca?* Channels: T for

Ca™ .
we  soc Roc  swoc Ca’mn Nex Targetable. Cancer Res. 2018, 78(3), 603-609.

| Barceld C et al, T-Type Calcium Channels: A
| | : Potential Novel Target in Melanoma., Cancers
ype

(Basel), 2020, 12(2), 391.
o ::W\‘\“‘ Ca?* ’
\ T-type calcium channel ©
e in cancer
CCam p CAMPK N mTOR' ':':T:; R ia
- © UK i Yo v ._ T P TR 7 R T
I : 1) ERK "“ " ',.Izj‘
T SR
&) 5
Call yele Autophagy Ak Proliferation
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T-type Calcium Channel Blocker

Mibefradil /\J
/—\@ FDA approval (orphan drug) e
CaV|On p'" cer 125[:7.. ‘L,’r /ﬁ ,l:j

’\N | NN ,J\I

KCP10043F

» Compound  T-type Ca®* Channel (2, (ICs: uM)

. Cell cycle arrest t

z Phar

Control - * 5 ergistic effect
KCP10043F 089 £ 0.06 ‘-—P-ra-- .
: KYSO50005 0512002 with etoposide
015 Cha et Mibefradil 1341049

Byun JS et al, In vitro synergistic anticancer activity of the combination
Maﬂhlas H et al, Timed sequential therapy of thl nlective T-type of T-type calcium channel blocker and chemotherapeutic agent in A549

t | blocker mibefradil and inp cells. Bioorg. Med. Chem. Lett,, 2016, 26(3), 1073-1079.
with recurrent high-grade gliomas, Neuro-Oncology. 20!7 19(6),
B845-852,

Non-small cell lung cancer (NSCLC)
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KCP10043F inhibits the proliferation of human
NSCLC cells by inducing apoptosis
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KCP10043F induces caspase-dependent apoptosis
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KCP10043F induces the release of cytochrome ¢
into the cytosol and loss of 4¢m

Bcl-2 family proteins
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KCP10043F affects the STAT3 signaling pathway

in NSCLC cells
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KCP10043F affects the STAT3 signaling pathway
in NSCLC cells
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KCP10043F suppresses tumor growth through
apoptotic cell death in A549 xenograft model
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KCP10043F suppresses tumor growth through
apoptotic cell death in A549 xenograft model
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Conclusion

KCP10043F -

P Proliferation
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Combined treatment with KCP10043F and cisplatin
induces apoptotic cell death in A549 lung cancer cells
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synergistically downregulates the mTOR/p70S6K and STAT3
pathways in A549 human lung cancer cells
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Combined treatment with KCP10043F and cisplatin
synergistically downregulates the mTOR/p70S6K and STAT3
pathways in A549 human lung cancer cells
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Combined treatment with KCP10043F and cisplatin
exerts synergistic antitumor effects in an A549
xenograft animal model
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Combined treatment with KCP10043F and cisplatin exerts
synergistic antitumor effects in an A549 xenograft animal
model
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PART 3. Executive Summary : Standardized
Hydrangea serrata (Thunb.) Ser. Leaves Extract

Ingredient Description

+ History of use : Traditional tea in Korea

» Dosage Form : Powder

+ Origin : Plant based

« Edible countries : Korea, China, Japan,
USA, Europe

= Daily Doses : 300 ~ 600 mg
(100% Hydrangea serrata leaf extract)

Functionality

Inner Beauty

| |
T

@

\~4
+ Skin hydration . Weight
= Protection on skin management

damages by UV

rays

Y

R&D Background : Distinguish the Raw Materials

Morphological distinction

Hydrangea serrata

Hydrangea macrophylia

Genetic Distinction

+ Hydrangea serrata seringe showed mutations in the base sequence by

insertion/deletion, substitution, at 45, 83, 116, 170, 434, 435 and 574 in 1-
nrDNA, ITS results.

+ The results of cpDNA tmL-trnF showed variations in the base sequence due

to insertion/deletion, substitution at 558 and 587 to confirm the difference

between the applied material and the similar species.

DNA 1-nrDNA cpDNA trol-trnF

Descriptio
n

Neclear DNA Chloroplast DMA

1-nrDNA

Picture
Scienti- | Hyorangea macrophylla (Thunb.)
fic ser. subsp. serrata (Thunb) gy et
H Ser.
Name Making
Dlslmhul Jeonnam, Chungbuk; Gangwan Gyeongbuk, fecnnam,
ion Gyeongnam
Des::w Deciduous broad-leaved shrub | Dedduous broad-leaved shrub
Leaves Owal or egg-shaped ‘Oval or broad oval
Flower The bisexual flowers bloom The neutral flowers bloom from
from July to August June to July
Seeds ‘Ovoid or oval-shaped
Habitat Mountain valley, a shady valley It grows well in neutral soils,

that grows up in the alley

semi-chromatic plant

cpDNA
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Active Ingredients and Standardization of

Hydrangea serrata

AJoixx8 SIMET (TIT2X 80 C =] i
$30522 42U (NE2L EY)  OLOISEAIE (Hydrangenol) 22 ZH
= Y Leaves of Hydrangea serrata (120kg)
Compeund {1 pbg) E"“s;:"' [T T 1) E"w’ h;‘bf"‘ e NP |
Hytrangenal 0 0 X 0 0 0 ° Dried leaves of Hydrangea serrata (18kg) |
Dyt ! ¢ x ¢ i 3 . ‘ Reflmxed with DLW for S (20.0L, 98°C)
Thunberginol F ] b 4 ] X ¥ ] |
Thenbergina! ¢ X ] X ¢ [ ¥ ] Extracts (3.6kg)
Thunberginol & X ] 4 ] ] ¥ ] = [ gy e i
1 Canting s
Hydrangenoside ] X 1 X [ 4] 1] ; LL:I’NJIM i v
Hs 371 X 0 X X ;] 8 'y 3, Filimii
Hs 372 X x X 0 4 X ]
Siglucopyranosyh \ . . ‘ . . . DCM: MeOH Extracts (180g)
ydrangeak acid Subjected to chromatography aver Silia ged colomm using @ mived sobvent of
igenoside A 0 X X x 0 ] o [CHACl: MeOH (1:0-10-0.1-10:02 v
—— N
ampound 10 i) o | '1‘““1”" " M- Fr.l Fr.2 Fr. 3 Fr.d
Fyungend v 5 v 2 5 . = Subjectd 1o chnomsegrapky o Sephidex LH-20gel coliamn
Diam-segS 82 1 % A 0 0 H L] | | | ‘
Thurberginel F H k A 0 ] H ] e !
Thunbrginal C S 3 X X 0 ] 'y T Fr. 2 Fr. 3 Fr. 4
';h.mbuginul " X " " 0 X ¥ " | Re-crystallizod from methan]
Hydrangeneside C @ ¥ 4 X : ¥ e Hydrangensl 15
Hs 311 ] 3 0 [} 4 ] [
Hs 312 X X X 1] A B L
S-glucopyramosyl- "
hydrangealc acid * ¥ » & X L
ide A A i [} ] 0 ¥ [

Skin health effects of WHS in UVB-induced Hs68

fibroblasts

2
o
100

&0

£ z
‘é‘ L] g Y
2w g ®
= 2w

3 w 5

°
n £
[ ] 0
UV (15 mdicm?) - + + + + UV (15 mdicm?)
WHS (pgimL) 625 125 25 WHS (pgiml}
NAG (10 m)

[T

[

03

Relative mRNA expression

0
UV (18 mdicm?)
WHS (pg/mL)

12.5

25

“ .

625

MMP-1 production
{ng/mL)

[
UV {15 mdicm?)
WHS (pgimL)

UV (15 mdem?) - ik kR
25125 25 25
WG fponl) £13.0.2 UV (15 maiem) o
ppan | EEEEEEE WHS (pg/mL} 625125 25 25
pi8 l-:-—-—-—— p-c-Fos (N) ——
PN —— cros ON) | SO
———— —
bl i e po-dun (N) [ s ———
i Clun (N) [ - ——
g 2 ERK | o e s s
125 2 - Histane H3 (N}
+ Peactin — **"

Pro-Collagen Type |
production (ng/m)

UV {15 mJicm?)
WHS (ugimL)

- 280 -




In Vivo Study of WHS for Skin Health

- External appearance of dorsal skin surface

d545%

— = e
\ Control uve WHS 25 mg/ke WHS 50 mg/kg  WHS 100 mlfluj
Control UVB WHS 25mg/kg ~ WHS 50mg/kg WHS 100mg/kg
i " i i i
L) T L] L 1

Clinical Trial of WHS for Skin Health

Study Design
— Crow’s feet 3D images ———————————

Test Group | (WHS, 300 mg/day)
Test Group Il (WHS, 600 mg/day)

Control (Placebo) 0 weeks
Visit 1 Wisit 2 Visit 3 Visit & Visit 5
[51‘.““0!9] M (D+2B{£5), 4 wis) (D+56{£5), B wks} (D+B4(25), 12 wks)
— f t {
Randomization Test Completion 12

O Number of subjects included in the analysis of the results :

Skin
300 mg 600 mgq Flacebo Total \_ wrinkles
Safety Set 50 50 51 151
FP Set 48 49 49 146

© Outcome Measures

» Primary outcome measures

(1) Skin wrinkle [Visual assessment, Mark-Vu, Skin Visiometer®
SV700)

(2) Skin moisture contents (Cormeometer” CM825)

= Secondary outrome measures

(1) TransEpidermal Water Loss (Tewameter” TM300)
(2) Elasticity (Cutometer” Dual MPA5S80)
(3) Texture {Antera 2D" CS)
(4) Wrinkle roughness (Antera 3D° CS)
[5) Subject-assessed Global Aesthetic Improvement Scale (GAIS)
(6) Investigator-assessed GAIS

/' + Research Site : Global Medical Research Center
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Help to maintain skin health from skin damage by

UV radiation

A 71" Biomarker In vitro Invivoe | Human
Jok
v Extracellular matrix ROS B solgs
HS Mol el Fogs
b,
(TNF-q, IL-1B, IL-6 R IL- | gz | o-1p L
TT— 8 IL-6)
g es
AP-1 (c-Fos, c-Jun), STAT1
g a2
/ 3 MAPK (p38, JNK, ERK)
MAPKs welds | Reldx
MMP-1 % MMP-3 28 | (production, | (mRNA,
\‘ mAMNA) pratein)
LTS
Nucleus (B2HE7L, Mark-Vu 2
Skin Visiometer®) etz | Reldx
eppeen (HzHo|, B, FF&0
ROECE = zjmiztol)
Extracellular matrix
‘ - ‘v — ] " AR ALE Bt POITIoe
Help to improve skin hydration
. 71" Biomarker In vitro Invivo | Human
eiee  CEEN
D@ﬂ = N HE 9E3 2027}
FLG Mutation  Th2 Cytokines 1 sl | melda
\ / MMP-1 % MMP-3 8 | (production, | (MANA,
mRNA) protein)
* , Pro-collagen type 1 7S | REUSH
1 Pro-COL1A1 2§ RolE7
Natural moisturizing factur‘ Damage of Lamella neEs Elastase Rolgs
l el 4e A
Hyaluronic acid 2|57t
; = = Moisture in the Filaggrin, Invelucrin 3 cop=7)
o stratum corneum Aquaporin-3 mRNA 2§ i
Lifespan of ‘
]
Keratinosyte HYAL 1 2 HYAL 2 —
mRNA 28
& +gY ReIZ7 | RAIEA
oE HE7| foida
Dry Skin End point e ey i o
B+ EE(TEWL) Foys s
Agxe) s EWt meEs

- 282 -




KFDA approval — Dual Functions

Help to maintain skin health from skin

Help to improve skin hydration dama R
ge by UV radiation
(KEDA approval, No. 2020-7) (KFDA approval, No. 2020-8)
EEEXEER" AEN Y AN

Decreased body weight of WHS

-

]

y
" 1

*®

[

Body Weight Change (kg)

’
s

- T T T
Placebo 600 mg Placebo 600 mg

Body Weight Change (kg)

'S

= BMI 25~349 kg/m? Ti| &K} 24, 125 4H ;

« =D 9, SRUEFFES(WHS) 600 mg AR 15T
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Anti-adipogenic and anti-lipogenic effect of WHS/HG in 3T3-L1
preadipocytes

WHS {ugimL)

GM = DM + 100 DM + 200

S| ) ¥

Akt

Adipogenic transcription factors 1

15 cebpa ® Fpary €, Srebp-t mIoR -
5 § 5
£ 3 . R .
z z & i
H H
B ‘.0
om C O om D [ T T T
WHS (ugimL) + - 50 100 200 200 WHS (ugimL) - . §0 100 200 200 WHS jugiml) -] ¥ 50 100 200 200
w7 b o™ - - + -
DM - + + + + . e T o ’ - |:mawm adipogenesis. Lipogenesis
WHS (pg/mL} - - 50 100 200 200 s St
— — — — DT S—
e e |
e —— i [ee—
’
PPARY [ ——| . Lipogenic proteins
precursor
SREBP-1 [= —— £
H
i

#emmandd Ul By,

3 DM 4w 00 B DM + WS 200 B WHS 2L

Adipocyte differentiation in 3T3-L1 cells

Day -4 Day -2 Day 0 Day1 Day2 Day 4 nE 6
Preadipocyte

MDI Adipacyte
Post-confluent Early Intermediate Lata
Proliferating ) ) ¢ Terminal
Cell cycle arrest Mitotic clonal expansion Post mitotic growth arrest diffeiavitistion
et c/esPd -+
/s b3 ??:;;ﬂ * Leptinfadiponecting
=" Cell cycle FAS/FABPA/LPL
progression :
8 i
o] w HeSt gty
[CE'E%
4 s
é:ﬁ sy @ P28 e85 WP Mitotic clonal expansion (MCE) is a
necessary event for adipocyte differentiation
Oyelin E
s" o @z |
Cypelin A Pt
[k j— 21 p2
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Effects of WHS and HG on cell cycle progression by
regulating AMPK and Akt/mTOR pathways in 3T3-L1 cells

Cell cycle
markers
Ll 1 () DM - + + & e} L N L ] & G
o WHS {ug/mL) . 50 100 200 200 WHS (ug'ml} - - 50 100 200 200 . L) factor
- aee————— ' (i.e., Insulin}
£ or cyein D1 pAMPKa (TAT2) .-“
& o o e —————— / Adipocyte
2 s (1) Cyclin € AMPAD | D - - - 5 -
B oo © g @
T o ags Gyclin B1 — poARt (S473 ‘
= oz
e COKZ | s s e s Akt
m: P2 | . s c— " p-mTOR (52448} |3
WHS (uaimL) factin mToR
factin
@ B g ewme 8 o
L |— HG M) - - 20 40 B0 B0 HE (uhd)
oa |
8 o g
£ o 2 CYEINE |« o o b o o AMPKa
oo Fi
= s ) cyclin B1 ——— P-AKE [S473)
8 A
02 g
COK2 st
04 e ————
" [ ] I \_\_\_Nu(leus ,../
L P21 | LR —
HG (a8 - - 20 40 B0 8O [clin | —— [ T ————

oY,

Effects of WHS and HG on body weight in HFD-
induced obese mice

o 1 2 3 4 5 [ 7 8 L] 1 1 12 (week)
I HFD I HFD I HFD ] HFD l HFD ! HFD | HFD | HFD | HFD I HFD T HFD '[ HFD [
A A A - & - A A A - . A A Assessment of body weight
4 Sacrifice
WHS (75, 150, 300 mg/kg, p.o.)
HG (20, 40, 8o mg/kg, p.o.)
Orlistat (10 mgjkg, p.o.)
(A) 43 (B) 43=
- CON s # ~ GON s *
HFD : 74 = HFD z
38 HFD+Orlistat # < 38 -~ HFD+Orlistat
S HFD+WHS 75 i @ ~ HFD4+HG 20
= HFD+WHS 150 + HFD+HG 40 #
&3 HFD*WHS 300 E 4 L urpeica
= 2
2 2 HGB0
=28 %‘- 284
§ 3
L]
23 234
18+ 18 T T

L L A | ™1 T 1
01 2 3 4 85 6 7 8 9 1011 12
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Effects of WHS and HG on body fat weight in HFD-
induced obese mice

B
g

) ® (D)

g
]

Body weight gain (%)
g
F
Fat-pad welght
(g*1000/g body weight)
i
B

FLRLF PSSP PSS FRFPD PSP S S S
C NS EELSTE S LS
F TEEL EEF TELE

(E)
HFD HFD HFD
CON HFD + Orlistat  + WHS 300 WHa 300 +HG 80 e

Effects of WHS and HG on adipocyte hypertrophy in
white adipose tissues of HFD-induced obese mice

(A)
CON HFD HFD + orlistat
: (B)
400

E
=2 #
= 200 m
2

i . g

g e T E

HFD + WHS 75 HFD + WHS 150 HFD + WHS 300 WHS 300 7 200 - =
@
. i ] 2 -

g -
g_wn
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—— =¥ o || | FEF L PSP P PP

_HFD+HG20 T HFDSHG4) | HFD4HGE)  HGB0 _ TIFLEL L L LLEE
A Qs‘egd‘ﬁo‘éo' EEE
Er W Wi =
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Effects of WHS and HG on adipogenesis in white
adipose tissues of HFD-induced obese mice

(€) (D)
HFD
WHS (mg/kg) - - 75 150 300 300 HG (mgikg) - - 20 40 80 B0
CIEBPa C/EBPa : l
_ -
PPARY PPARY l

P-AMPKa (T172) \-— -——--—l‘l p-AMPKa (T172) [—- -—-—.———|t

(6%,

Effects of WHS and HG on liver weight and fat
accumulation in liver tissues of HFD-induced obese mice

(A)
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Effects of WHS and HG on adipogenesis in liver
tissues of HFD-induced obese mice

(C) HFD - + + + + - (D) HFD - + + + %
WHS (mglkg) - - 75 150 300 300 HG (mglkg) - - 20 40 B0 80
. - o —
CIEBPa ‘ CIEBPa ': g §
| e | -
PPARY l —--——-....—--__Il, PPARY |_..__ - |l,
p-AMPKa (T172) |,............-.-.. .._I‘t p-AMPKa (T172) |— 1T
- _#!__!
AvPKa [ AmeKa |
L e e e —
p-AKT (S474) I e w— .-...l‘ p-AKT (S474) |.-_..._ - |l.

e [ ] et
p-mTOR (52448) —]. p-mTOR (S2448) f_r IT l,

p-actin

8%

Effects of WHS/HG on plasma leptin, insulin, total
cholesterol, and LDL levels in HFD-induced obese mice

(A) tB) 0.20-
.
- — 0.15:
£ E
E E 0.10- - =
£ £ o
= 3 e T -7
E E 0.05
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Effects of WHS and HG on the gut microbiota
composition in HFD-induced obese mice

A) (8)
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® CON Lo M l
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Effects of WHS and HG on body weight, food intake,
and body fat weight in db/db obese mice

(A) (B) (c)
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Conclusion

S

OH O

Stimuli

Hydrangenol \Pm“"' hicat /
i
Clinical study
Randomized, double-blinded, placebo-controlled clinical trial - WHS
47 " 24
e Z 2 E 4 : .
3 £}
+ Exgludod 2 o =
- Ducimudic paiciain (add) a 5 o
el £l
e k- — S
| I £ &
| 20 1 — — — —
[ . Placebo Test Placebo Test Placebo Test Placebo Test
Placebo group
B0
- - 2000+ ; 29
V’I.Dllllmﬂ aher visit 2 V'I.D'Illml'-!VIIlZ g o - g o *
it 3 E §r
; 2000+ E 24
B ]
Analysis of - T E T T
WHS group Placebo Test Placebo Test

(n=52)

1. Primary Outcome Measures
1) Body fat mass through DEXA

2. Secondary Outcome Measures

1) Weight

2) Waist, Hip, Waist to hip ratio

3) Body Mass Index (BMI)

4) Body fat mass and percentage through DEXA

5) Visceral fat area, subculaneous fat area, total abdominal fat area,

visceralfsubcutaneous fat area ratio through CT

6) Blood lipids: Total Cl , HDL-CI

, LDL-CI , TG

7) hs-CRP
8) Adiponectin, Leptin
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Additional KFDA approval-Functions

elp to reduce body fat
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The study on the effects of early Microbiome composition in infants born to
GDM mothers on the development of childhood Obesi

Microbiology and Immunology
Hanhyi Choi

W

Gestational diabetes mellitus(GDM)

Gestational Diabetes

= High blood

glucese levels
i mthar

bifings extra glucoss
1o baty

"

causes baby to put
on extra welght

St
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Gestational diabetes mellitus(GDM)

Baby Complications of GDM Mothers:

-It affects your baby's growth. This means that
your baby may have growth restrictions or
grow too tall.

high blood glucose
levels in mother

+

-Elevated sugar levels can cause birth defects.

extra glucose Because of their large size, they can injure the
to baby baby during a normal, natural birth.

baby with extra -Babies are at higher risk of being overweight
weight compared to children of non-GDM mothers

Gestational diabetes mellitus(GDM)

GDM pregnants Influsncing factors. GDM children

1. Vertical transmsisséon of microbiot

©

2 Alteeed breast milk componerts

n-:F‘\
P Wl
Lf - JE—

T l High risk discase
rerotels rvi— Prevosclla - Gty
[Collimels Fabaterum Lactobacilkus. - T
i P— - Metabolic syndronse
esiibria
- Allergen sensisbzation
Gut microbiota

it mmicrobiots
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to Vaginal L Introduced to Skin Flora: Staphylococcus
Normal Introduction of Gut Microbes Abnormal Microbial Introduction
Normal Development of the Immune System Disrup icrobial Colonizati
*Production of specific cytokines for proper *Increase risk for Atopic Diseases, Asthma,
Immune system development Allergic Rhinitis, and Celiac Disease
Richardson; 2013

e

a,a.———— -
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Result Experimental group

NC 1 - C-section delivery - - C-section delivery
- Normal mother - GDM mother
- Infant’s 1day faecal - Infant’s 1day faecal
NC 3 - C-section delivery - - C-section delivery
- Normal mother - GDM mother
- Infant's 3day faecal - Infant's 3day faecal

» The 16S V4 region was amplified through amplicon sequencing
and analyzed using iseq 100(illumina,San Diago,CA).

» Feces of infants were diluted with GAM broth(Mbcell,Korea)
and spread on BL(Nissui Pharmaceutical,Japan)and DHL (2%
Agar), respectively.

» BL medium and DHL medium(Eiken,Japan)were used for the
smear, and the DHL medium was smeared with 107,102, and
the BL medium was smeared with 105,10°.

o

4
_— 2
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A medium obtained by adding blood from
animals such as cows and sheep to the

medium from which fiber has been
removed.

Culture Media

Salmonella selective medium

D, =
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Colony — Normal day3 BL

8 Enterococcus faecium

Bifidobacterium pseudocatenulatum

o]
Staphylococcus hominis @] o0

b Enterococcus faecium e N 3
S - Bifidobacterium pseudocatenulatum

T

3
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Colony —GDM day3 DHL
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\
N
A
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Result Colony - GDM day3 BL

Enterococcus faecium
Q

Result Colony sequencing

GDM Normal

4+ 4
3 34
2- Al
1 14

VA 4 S
a"""c’? j & oﬁé?‘" & F

@o‘ f# e“&‘&@*@ ajé"di;&f
& wf
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Result Future research plan

» We plan to follow-up the fetuses periodically.

» Future follow-up studies to find out what proportions of
bacteria increase or decrease in microbial communities of
fetuses born in GDM mothers.

» It plans to reveal whether early microbial communities affect
the development of childhood obesity.

» Ifit affects, it will investigate how it can lead to childhood
obesity.
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