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Respiratory drug delivery of pirfenidone
for idiopathic pulmonary fibrosis treatment

Jeonbuk National University

Ji-Hyun Kang

©
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Respiratory drug delivery systems (RDDs)



Orally Inhaled and Nasal Drug Product (OINDPs)

Respiratory drug delivery systems (RDDs)...

OINDPs to deliver a metered or pre-metered aerosolized medication by
means of the human respiratory tract including nasal cavity, tracheal,
bronchial and alveolar sites

Dispersed phase

Gas Liguid Solid

P

Il T T T
6 ne colloid £00 [P s Hal ) Wi particles)
g A
\ Sol
Foam .
1 = Emulsions (Bl and pigrmented
\ Liquid Kmmm‘:m [tz K Hared e ink, hailk of
i magnesia)
. Salid foam Gel Salid 5ol
Solid (Fumice stone, Styrafeam, (Gelatin, Jams, Jeilies, [Mesaic alloys, Fear,

Agre gel, b ipenge) Slica gal, agan Cranbary ghass)

delrvery dovice donge wmhican Hegmroresh sad el mxtinds
wader fermplmiont-AKIT fiod 11 MR 1 255 | -hond-ard-ree k-a rasiamyy

Orally Inhaled Drug Delivery

For locally acting drugs...
1) Direct delivery to the Action site

2) Rapid onset of action

o7

e

3) Mon-invasive administration
4) Reducing the dose required
5) Reducing the systemic side-effects

Spiriva
&) For treatment of asthma, COPD, CF.. (GSK) {Boehringer Ingelheim)

For systemically acting drugs...

1) Alternative administration route

2) Awvoidance of first-pass metabolism

3) Large absorptive surface area (up to 100 m?)

4) Extremely thin (0.1 pm — 0.2 pm) absorptive
mucosal membrane

5) Rapid absorption and onset of action

Afrezza
&) For paptide (or protein) delivery.. Exubera (2014, mn"“'ndmmm@

&
—

(20062007, Pfizer)



Aerodynamic Particle Size

L4}
Trachea

(216 pm size particies
e dupasiled)

Trachea

H-T en dameter]

Bronchl
13 gereranars
28 ram i ler]

Bronchioles
310 gereranong
1,52 mm dismeier)

Terminal

Candieling mon:
’_§
-

Bronchioles

Termisal
bronchinles _J I\,, el
e
Respirmory - J =
Bronchioles JL
2

’s
Alveokir )‘E g‘ 2
dhacis ey ?L':- 1

Conducting Zone

nup{mury w
Bronchioles

132 peneratians
0.5 mm diamener]

.ﬁhll:lllr { Sacs
mmﬁ riliat
FH-NI0 pm dimeien)

Trsmsitsonal and
FEspHRIOTY S0

21 penermions)

Alveolar sacs .E,:JJIT-,?;? 23

Respiratory Zone (<2 pm aize panicks
- i et deposited)

Vernpean Jesral of Prurrmcarsesl Socaces (3341
Weibel, ELR., Morph of bamn lung {138
Hasdbook of Kor-levmave [, Chup'® G211
Raspinsiony Cars (2K

Deposition Mechanisms in the Respiratory Tract

Particls cepoaiten

() Inertial Impaction
- Oorurs at bifurcations
- Mouth & trachea, »Smm (High velocity)

(%) Sedimentation
- Bronchi & bronchicle, 1~5mm (Lower velocity)
(3) Diffusion
- Terminal bronchicle & alweoli, <1lmm [Lowest velodty)

Anderson cascade impactor Mext generation impactor Simulation of human respiratory system

©
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Pulmonary Drug Delivery: Inhaled Devices

— Aerosol Generation —
If"" Inhaler Devices
;:/' I | |

Energy from device

Energy from patient

J I [ S e e
Metered Dose H || Soft Mist 1 § ]

; ! Dry Powder Inhalers |
1 Nebulisers | 1 | P 1
Inhalers i aats | uJdnhalers 1 o S —— .
Coiled . hreshold
threshold Manual compressed Ultrasonic  sprng Passive  Thresho
release  release Air S release  release
with or with ar standard or Direct ar i Multiple
without without “breath Indirect : or Single
Spacer Spader enhanced"” Dose

- : Respimat )
Aerosol produced for you — H You create asrosol —

inhale SLOWLY I E inhala FORCEFULLY
( Upper and Lower Sections of Case ) U Canday e

Chapter 2
Case study #1: Nanoemulsion using eutectic

mixture for soft mist inhalation



Idiopathic pulmonary fibrosis (IPF)

23 people per 100,000

The cause is unknown,
50% survival within 2 1o 3 years
Mean % FVC <63%

Irmiaain InSemmetory melrie Pirfenidone
mpryTamena. AHSenkne -

L]
-] . LE ==
o= [ “] rdlammatcey cylokngs 1Rk
\ f’ Meutrophil . !
iy growih fciors == Epithelial ezl
W — N e
. Macropfiage

Eprhebal coll Ted Myodibrobliss

Alveolar lumen | % o ) —
Hul

.-'rJ 2 el i ¥ e f A - - - -

/ ﬂiﬁ?{g 9,74 IPF is a rare, progressive, irreversible
r Eurmec Il pums . -

inirsitid space o chronic disease of the lungs.
Shefbaedia

I b e Cedpmitr Fabmerary Fibroam? doemsed ai weww phiv s o healh healh-ipaea g pll - docemed Augas Y0
etal Arnis Bascerbaben of |Sopeise PMirssry Fibrsr nesierse, Bk Puriom asd Cierre. For Wespr | 301137138968

Pirfenidone (PRF)

£Hy
L - Oral dosage form *  Adverse effect
| ] «  Halflife: 2.4 hrs * Photosensitivity, nausea,
¢ @ « BCSclass: I tiredness, indigestion or
Pirfenidans

stomach upset and others.
1°t line medication of IPF

+  Too complex dosage

.
T ek Week 1 Y| (e Il:'-;“’:-:n;ﬁ-
TR SHT TSN TN —_
Afem [ S SO TR

Evening L 2 -xl -13 B
Totlplper day_| |3 | [0 | [ >

o R

o 2 4 B E 1] 12 Ihi)
«Single oral dosing »
+ Fluctuation is too high for a day High dose and frequent number of dose
»  Distribution Too high C_,, and short T__, cause side effects
«  Plasma > Skin > Eyes > LUNE

- 8., i, Y., Kuia, M ¥, Koje, ¥, & Virmds, 5. (3005, inmiabik powder forrsiaiion of pirknisions wiih rduced phoiokode rak for iiment of
- & 1. Collar 2, 1 ). Marimez, P, 1. Bebr, 2. Beown, K. K., . & Lynch, [ A 2900) An ofical ATSTRSIESALAT suionost: idiopathic
puirrmary fibmm: svidcace-tusad gudcines frdagaomy ar TR gETEne. Ameics joumsl of FEpEoy and oitcal G medicne, |ER8), TRHCY



Inhalable PRF for lung-targeted DDS

>

Problem of oral PRF

Lung,
an ide\aI%ute

Pirfenidone (PRF)

Py

Inhalation of PRF,
for the treatment of IPF

: Lung Lung-targeted delivery of PRF
i » Large surface area (2100 m?) i i

= High local drug concentration and bioavailability

* Thin epithelium layer {0.2-1 um) ’ + More rapid therapeutic action
|« Rich blood supply e
) - i » Circumvents first-pass hepatic metabolism
i * Low enzymatic activity . |

| . * Minimization of serious side effects (Le., Photosensitivity)
. Contacted with pulmonary vasculature ]

*  Wang M ¥, Chun D4k ¥ & Ches, I K (2004 Peimonary g delivery by powver sermanin. Josrssl of Cantrled Roloase, 197, 2352401
*  Eamblur, P Manisys, A Shab, i, S, H.K Singh, 5. K, D, K, - & Peavale, V. G212} Inbaistios éclivery of nopurposcd drags for kg cascor
Bipprachen, beseiiy isd chubengen. fourmal = Corerdled Kdome

Formulation Strategies for liquid preparation

{318 m mire prtiches

1030 sl
f [ERS el S praed)

parcies et
dapimaited |
Trachen
FLT on chameien
Bronchi
015 guraraons
T8 e rvebe
Bronchioles
13-10 guraratems
BS5men dameisr
/| Terminal
| Bronchioles
4] penenanze

Conducting Zone

Ay
Branchisles g, — Sacs
P AT B~ el

= Respiratory Zona (< im sie parces
gz, espiratory neg“w-g;

'T}{fz(é; d(z)= do[ig] where 3 d, =d__
b




Methods

*  Eutectic mixture (EM) * Invive pharmacokinetics
Mix PRF and M-acetylogsteing[NAC) in proportions - Plasma
100070010, mol,/mal = Lung tissue

8O °C owen, for 3hr Microsprayer, PenWu Device

* Invive pharmacodynamics
* Preparation of EM nanoemulsion (N.E.)

*  Lung function
Mix PRF and MAC in a ratio of 624 (mol 'mol) *  Cytokine and protein
BD °C oven, for 3hr *  Micro-CT
add distilled water in proportions *  Histology
10:0m:10, g'ml
* In vitro aesrodynamic performance Admiedstration parlod
o Dy 1
*  Mext generation impactor (NG, Copley, UK) Blesmypia. a7 oy
*  Breath simulztor (BRS, Copley, UK) 1 cheslenge
Inhaler device: i I
R501 I 1
Purmnp cperation Inflammatory phase
. 60 LPM, 4z [USP 601} Filrasis phase
Crnip Dhasape Frem Bl Dhsiz n
Megative comirol (N} - - - 1]
5 . M Fasitive eontral (FC) - - - ]
= Oenl’Sal FRF slution Oral kg &
ITISal PRF mution Imiratrachead instillation (ITH 30meke 6
ITINE. EM mamocmiiksion (NLE, ) I Alking'ke L]
Mext generation impactor Breath simulator

Results (physicochemical properties of EM)

- lllll.l!.ﬂ
PRF : NAC 0:10 1:9 2:8 I 4:0 5:5 6:4 73 8:2 41 100
DsC Phase diagram
115
.-
~ —PRENAC=100 110 .
—PHFNAC=H] o lﬁ"--..\
———— —PFRENAC-:2] =108 Rl
= 1 —PRENAC=T £
'5"——“\_,-——-——- —PRFNAC 64 -E 100
—PRENAC=5:S o
E ‘—‘\_,__—_—-—-——Pm-'u.u'_ie- E‘ a5 Liquid
= —PRENAC=3:T 2 +
= —PRF-NAC=2-E = ag solid NAC
. —PRFNAC=1 2
—FPRENAC=kID = K5
llr___ E Eutectic || /
£ 50 : ;
E pmnt_-\‘_bi- _SE F_RF
|
o &l 14} 150 k]
Temperature {°C) [} 0.2 0.4 0. 0.3 1

PRF male fraction

O



Results (physicochemical properties of EM)

XRD

oo e e
e —PHI AL

—FRF MAC-81
—PRF N
i —PHF
—PHFNAL
— e ——— PRI MALC=4 1
| T —FRF MAC=1.
| —PRF M=)
I — —PRE AL
I — — P SAC-B 8
008 2 3 48
I theta degroe °)
NAC CDL00
M C,00
PRF_CD,00
NAL O
EM DIy
PRE_CDUL,
1 L

Contact angle

I8 S
L ll;" oo
14 A
i 25000
g /
£z -, / c
B ™, 4 =m0
= " / i
B ™, 15000
i N\ £
= 1
]
. =]
[} nz k4 e 1

Mk iraction of PIEF

NMR

Results (physicochemical properties of EM)

IR ENE) EE 3 EUIE)
Chemicsd shift (ppem)

Pirfenidone

w1

Chemical shilf {pps)

Hiz

-10-

Meaceiyloysicine

Eutectic point - PRF:NAC=6:4

Viscosity

LE) s nE
Mude [raction of FIEF



RESUltS (physicochemical properties of Nanoemulsion)

seperaliom

T Viscosity Dispersion stability (Lumi® sizer)
e | EM:D.W.=12 EM-DW.=2:8
[Fi)
——— - : » A .-ﬂ
- : ety
I: EMTLW. I EMILW.
emulsion b errmlson
EMDhW.=3:7 EMDW=tt )
:T '" '1 |i i I ) :I".“|AF = ﬂ|
L hux ; Phase L
" M!Pl.'ﬂll.llﬂ u a J

TEM image
Raw material : DW = 1:9 EM : DW = 1:9 -.
(FRF NAC=80d) (PRF-NAC=6d)
Optimal EM nanoemulsion (N.E.) 2 EM:DW=1:9

o dcialicn, ChH Tavior, K. ML, Thosms, M., & Tuvior, & & {1951, Hebulixsion of Amds of difftrost hwscockcmical proper
sbrusrruc sehd o, Pasrrmcoutosl recarck, 1201 1), WE2-1888

RESUltS (In vitro aerodynamic performance of N.E.)

A —
- 1 E - I
an i !

g T :

=125

&

E

= 20 OPRF soluibow

i 15 B EN namoeimi sion
1
s |-L|i
] ﬁi — T P ]

L(E0G ) 2 (A6 ) 3282 ) A (LG6pm) 5 (094 pm)  6(0.55pm)  T{034pm)  Fikter
Stageno. (Cuf off diameter)

Parameter PRF solution EM nn_r.memuhion
(10mg/mL) (66.7mg/mL)
FPF (%) 364=14 80 807
FPD (ng) 111.5+3.0 852.7=70.7++
MMAD (um) 22401 2.0=0.0
GSD 2.7:0.0 2.6=0.0

**Student t-test, p-value <00005

Delivery efficiency : EM nanoemulsion > PRF solution (7.0-fold) 9

-11-



Resu |t5 {In vive pharmacuklnetlcs]

Plasma Lung
=45 I
il F . oo [t — ITINE.
E"" ||| & T1%d [ |\ .- TSl
__2 = \ Sl 5‘ 0 | —a— Oml/Sal
& 1) | | = | \
= =
: s | h .E o | !
= = ‘
= e I \. ; |
;‘]* k||| '\ i ||{I\ \
% 0 '--.__;__"'“ B 0] .
£, !’\*M _ “fq.:::x__ t . .\“ —
’ r— - A e _____—:
—~——3 i _
! 0 0.3 5 2 25 3 o 03 1 15 2 L3 3
T [l Time (hid
Oral’Sol ITI'Sel ITIN.E
C s, s (MEmL) 11.0:0.85 269+1.07 42 542 95" .88
AUC,,; suuma (B*pg/mL) 10.1=1.38 23.6£1.59 37043 4578
F ratio (%4) - 2338241571 3683243414
Conse. tung (M2 6.80.03 27.243.59 5213 5008
AUC ¢ g (B70ZE) 2.9+0.22 17.7+2.00 43.0+£0 9302
F ratio (%) 602.17+68.66 1464 26231 611

== ANOVA, povalee = 0,05, 0005 compared with Oral'Sd
w8 ANOVA, povalee = 0,05, 0005 compared with [TUNE.

F ratio (%) Lung : ITI/N.E. > Oral/Sol (14 fold 1)

&

Inspirstory time (ms]
-

Helayaian thme ()
s 2t 22 EEEEE

©

Results {In vive pharmadynamics, Lung function)

Inspimtorv time 0 Expiratory time
1]
E paL 1]
£
Pt
__:.—_Ibll
1
n
Fi Chral®sl 1Tl ITENE. re irab%ed FT0Ssl FTUSE.
Relaxation time - Breathing frequency

PO OeralSal ITHSal ITINE.

Borewthiisg: Freqiseiscs (b

150
160
i
n

P OralSe ITISe TTINE

Fenh valus

Tiddal valume (mi)

L&

s

=

™
™

L &

e

ar

L1y

&5

X3

.

an

Tidal volume

i " Owsl®al TSl ITENE
Penh value
-
PO OealBal ITESal ITINE

B “A\I.'M..J. vl < IS, LM compared with MO
EEEANOV A, peyslue < 005, DLNS compared with PC
LY ANDVA, p-value < 00K, ILINES compuesd with Orsl

-12-
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Results (in vivo P, ELISA)

IL-6 TNF-alpha TGF-beta
= - i an .
=

o Lo Fas i
iu uy oz 3‘" +
Es! L™ 3
a i o 3 s
Sm Fux =
< #4 E L]
wo S HE i
a2 a ¥ as
-521 dns 5
Iil! Al i"*
Eli L jor

g " Em

W £

i PO Orabal ETI%S] (TN T T NC PO Orslsed 1TESsl ITVNE
MMP-2 Collagen Hvdmwpmline

s (L] £l

as . 8
iu_- ]S " i ;;|+
Eas ™| 4 L
;u .t { ™ Em
= ! - E
Fi = ¥
e §w Im
iz E» ! 15
L [ £
= Y iw Fu

ns T m T s

[ a [

ekl 1THSsl ITIRE e ialFal ITRRal ITIE, rabsal ITESsl ITINE

=40 AN A, vt < D05, 1N compared with NO
BAR ANDVA, pvade < 085, L0 commpanc with PO
11 ANOVA, pov e < 165, 1005 compared with Dral

kst 195 solsindnl Kmpt, |T2% ckion| g ik, FTUHLEL: F rusmoras o sing bk @

H&E
*k
et
il
I i .
I ++
Masson's Oral'Sol  ITUSel ITEN.E,

“ﬁ_\'ﬂ"ﬁ.,p-vi- = 0,085 compared with NC

# ANDVA, povalue = 0005 compared with PC

7 ANDVA, povalue = 0005 compared with OralSal
17 ANOVA, pvalne - 0005 compared with TTL'Sal

IPF treatment efﬂmency ITI}'N E > Oral/Sol

»  OrySot PEF schsion /Do|/a0mek: MYSak PRF sshition Lung 0mpk; [TI/RE : EM rancsmulion/Lung (0mpk 0

-13-



Results (in vivo PD, Micro-cT)

-
: | I L
]
0 I
P

N Uhral’sal ITUNE.
50
= 45
i 40 EL]
£3s
=
F
o 25 L
]
=15 -
o) +
2w I t
“lm _
L[]
NC PC OralSel  ITIN.E.

** ANOVA, p-valune < (05 compared with NC
i ANOVA, p-valne < 05 compared with PC
17 ANDVA, p-valne = 005 compared with OralSel

The % injury lung tissue : ITI/N.E. > Oral/Sol

Methods

* Invive phototoxicity

Experimental group UV irradiance level
Group Route  Dose __j
‘ . +  UWA(365 nm), 6.5 mW/cm?
Megative control Oral Saline o .
- ‘—> = Time: 20 min
Oral (PRF solution, 160mgkg) Oral 160 mg'kg «  Area: 2*3 cm?
ITI{EM nancemulsion, 30mgkg)  ITI 30 mgkg VL-6 LM » Total: 31.2 J/om?
{Wiber Lommat, Same.la-Vallee, France|
Experiment Scheme Evaluation
Drug 10min, Wi, »  Colorimeter
administration UV On UV O « L*a*b space
. UVirradiation | Skin erythema . * Draize skin test
= Observeration: 10 people
} | - Blind test
= wr ‘l
1imin Hhinln 24
Tissue distribution  Color measurement Color measurenent

& Diraize skin score

O

-14-



Results (in vive phototoxicity)

Tissue distribution Colorimetric evaluation Draize skin test
4 on
ke vl (PR Saluting, i6imgi) £ L
e :l“ f:ﬁl o @ Drral (PRF Solutisn, 160k @ iral (PRF Solutloa, 16#mg/kg)
i moemulslon, SSmykg) 3 BITH Namaaubsion, Jmeke) 3 WITT (Nansemulsion, Mimg /g
. !
.
£ n 3
S i
i 2
1
Eu 1
-
m 0 [
L]
=1 Experimental group

Lang {pgg)

B0 min 2d4hr

= *= ANDVA, p-valne < 0,05, 0.005 compared with NC
488 ANDVA, p-value < 0,05, 0.005 compared with Oral 160ms/ke

ITIN.E. : Skin distributi‘bnlxl, —) Phototoxicity - e

Overview

Eutectic mixture Eutectlc ml:tur\e nanoemulsion

= *""11'""

o e _,w@ ol
| 1l

== o s
PRF:ACY=6:4 (mol'moly EM:DW=1:9 {wiw)
Delivery efficiency In vive PK/PD
= — : &
= 0.,
Faramrirs hms PEF ablbs
PRF Aoy e gsec) TLEPES
Spary pe () 2 [INFTE]
EM emubsion is T.0-fold | than PRF selution EM emulsion is more effective than oral

ITI/N.E. is more effective than Oral/Sol in IPF

* Korean patent number 10-2224539 (2021).
* Kang, ). H., et al. Journal of Controlled Release®, 2022, 352: 570-585. (*IF: 11.467. PHARMACOLOGY & PHARMACY — SCIE 95.85%) e
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Understanding the Neural Control of Movement

: How to Build a Sensorimotor Circuit

Gwangju Institute of Science and Technology
ili Mi-Ryoung Song

Santlago Raman y Cajal
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Golgi Staining

«5tains a limited number of cells at random in their entirety

1. Fix tissue blocks

2. 3% potassium bichromate for 3-7 days.

3. 2% silver nitrate solution for 1-3 day at RT.
4. Cut wibratome sections and mount

neurodightech

-19-



Motor circuits control movements

Peripheral nervous system (PNS)

Motor division

* Somatic nervous system
* Autonomic nervous system

Sensory division Touch, pain, pressure, vibration,
temperature, and proprioception in
skin, body wall, and limbs

Hearing, equilibrium, vision

* Somatic sensory —»
* Visceral sensory

Stretch, pain, temperature,
chemical changes, and irritation in
viscera; nausea and hunger

Taste, smell

-20-



Alpha Motor Neurons

* Motor unit: motor neuron and all the muscle fibers it innervates

* Motor neuron pool: all the alpha motor neurons that innervate a single muscle

- Matgr

unit

Spinal Control of Motor Units—Proprioceptors

* Sensory feedback from muscle spindles—stretch receptor

-21-



Spinal Reflexes

Crossed Extension Reflex

Cutareous afferent filbser
//&mnmﬁmpbﬂﬁﬂ

Motor circuit in the spinal cord

Meuronal circuit is a functional entity of inferconnected neurons that influence each other

Sensory N

Muscle

Front ol Meuced, B35

-22-



Closed-loop monosynaptic neural circuit

of) 28 AR - INE -2 EYE 25 o2 5

7| 484
o
Proprioceptive
Sensory N

mml S84

' Muscle
Sraesennree . SENEEN )
R U TR RS Ll "
o dLHE-BEMNA AT Y

HEY = HE A
SEHE- MY AEH 7Y
o EFXHA 257 E 78

O dRuY-IYH A Y - g

Laboratory of Neural Network and Transcriptomics

¥" To define gene regulatory networks during CNS development

Motor neuron diversity Sensory neuron diversity
& circuit formation & circuit formation
.fl

NADVSGT L B i e s pensl oo ‘__F

gl,_ﬁ I‘!I’"""'

B &
,m ._ N :
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CONTENTS

* Introduction

* Results

Pt 1. Motor neurons
Pt 2. Sensory neurons

* Summary

Motor pool and target hindlimb muscles

v A motor pool consists of all individual motor neurens that innervate a single muscle.

Proximal

i - &
e . G
N\ oy
‘ .

Dorsal Y
— -
\ o
Y Motor % L |
ool -
o P

. e #
P
:.n ) &, Tk AC
- \ _Ehdteus (G)

e
Wentral T motor poo! _
i F v
Distal

- -

e L T R

—24-



Motor neuron development

EQ E10-E12 E13- Postnatal

D 1T
_QL@ ﬂj\g\ﬂu

PHD4 PNDE  PHOIZ PHDLS PNDLT PNDEL
-
F.

NMJ maturation
Synapse refinement

MN birth Axon guidance
L

Diversity acquired Target-derived
- survival factor
Apoptosis

Isl2 is a member of LIM-HD transcription factor family

¥ A LIM-HD transcription factor with multimeric complex
¥ Selectively expressed in motor neurons and sensory REUrons
¥ Controls motor neuron development: MN identity, differentiation, survival, axon pathfinding,
neurotransmitter identity and etc.
-Mis-position of visceral motor neurcns

e
-l

Mawron, Vol 41, 337-350, 5, 2004

-25-



Isl2 is a member of LIM-HD transcription factor family

¥ A LIM-HD transcription factor with multimeric complex
¥ Selectively expressed in motor neurons and sensory Neurons
¥ Controls motar neuron development: MN identity, differentiation, survival, axon pathfinding,

neurotransmitter identity and etc.

Progeniior Post-Mictio Calumn Hindlimk Mador Pocd

(s e o | e = &P

e me w e = @

o e e D - €D
=2 - 2% LS Foapd m@ Erfif “
o G e €D

Which genes are under the control of Isl2 transcription factor?

Lurmibar spinal cord Ig)2 +/- Isi2 KO

| ISE += [EF ]

L
*RNASeq  *RT-PCR -
*Microarray  *In situ hyb * -
*ChiP-seq *Literature a
search etc. =8 S
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ALS animal models

DE3G 5001 miouse, 52 wiks (HWMGE, 24, 1283) COorfTE BAC mouse, T mid: [Masurcn, 90, 521)

GESR 5001 maouse, 3 mo (PMAS, 111, 16883) TOP-83 TE mouse, 3 wies (Mature, 584, 357)]

Summary

¥ 1512 is required for Pea3 (Etv4) transcription in motor neurons.
¥ Isl2 is important in development of proximal motor pool in the hindlimb.

¥ 1512 may control motor-sensory neuron circuit formation.

Control Isi2 KO

—_—
" Reduced

~——-  sensorimotor
. connection

v
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Introduction

Somatic sensory system

* Act, AP, A, Caxons

* C fibers mediate pain, temperature, and itch.

[
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e
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* AP mediates touch sensations.
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Pain sensation (nociception)

Nobel prize in 2021: Discovery of receptors for temperature and touch
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Nociceptors and low-threshold mechanoreceptors (LTMRs)

¥ Pain, temp, mechanosensations

HMHH! Fd

IPA
LTAR LTV meoepler LTMRL  LTMR

Imtroduction

Sensory neurons are differentiated by genetic cascades

Mechanoreceptors » Peptidergic
Proprioceptors Non-peptidergic

Weural crest cells » DRG »
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Identifying the probable synergistic
mechanism of CBD and Taurine on
Alzheimer’s Disease

Presented By
Muhammad Kamal Hossain
PhD Student
Student ID- 202255221
School of Pharmacy
Jeonbuik National University (JBNU)

Alzheimer's is a progressive disease, where dementia symptoms gradually
worsen over a number of years. Worldwide, 55 million people are living with
Alzheimer's and other dementias. Dementia is now the 7th leading cause of

mortality globally. (Alzheimer's Disease International, World Alzheimer Report ; 2022)

Alzheimer's Symptoms
292
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Etiology of AD

Although the etiology of AD remains unclear, multiple findings have revealed that
oxidative stress is an early characteristic of the AD pathological process and also
involved in the formation of AP and neurofibrillary tangles (NFTs)

Crwehal conzs
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Figure Courtesy:

Zeinab Breifyeh =t al.
The role of plagues and tangles Molacules 2020, 2534), 5759

Two abnormal structures called plagues and tangles are prime suspects in damaging and killing nerve cells.
Plaques are deposits of a protein fragment called beta-amyloid that build up in the spaces between nerve
cells.

Tangles are twisted fibers of another protein called tau that build up inside cells.

CBD, or cannabidiol, 1s the second most
prevalent active ingredient in cannabis
(marijuana). Omne of hundreds of

components in marijuana, CBD does not

Molecular formula: C;H3;0,
Molecular weight: 314.4 g/mol

cause a "high" by itself. According
to  World Health Organization, "In
humans, CBD exhibits no effects
indicative of any abuse or dependence

potential (Non Psychoactive)
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In December 2015, the FDA eased the regulatory requirements to allow researchers to

conduct CBD trials.

The evidence for cannabidiol health benefits

CBD has been touted for a wide variety of health issues.

Animal studies, and self-reports or research in humans, suggest CBD may also help with:
Anxiefy . Several cdlinical trials are exploring the commeon report that CBD can reduce anxiety.
Insomnia. Studies suggest that CBD may help with both falling asleep and staying asleep.
Chronic pain. One animal study from the European Journal of Pain suggests CBD could help
lower pain and inflammation due to arthritis when applied to skin. If may inhibit
inflammatory and neuropathic pain, which are difficult treat.

Addiction. Animal models of addiction suggest it may also help lessen cravings for alcohol,
cannabis, opiates, and stimulants.

Epidiolex, which contains CBD, is the first cannabis-derived medicine approved by the FDA

for these conditions.

Taurine is a naturally occurring sulfur-containing amino acid. It's particularly

concentrated in brain, eves, heart, and muscles. (chim juong Motecutes 2001
> ©
-, ? QQ-—JO -~ Molecular formula: C;H.NO;S

= -

0 Molecular weight: 125.15 g/mol

o]
I

5
H;N”A“u’g“oH

Taurine

Taurine has important functions in the heart and brain. It helps support nerve
growth. It might also benefit people with heart failure by lowering blood

pressure and calming the nervous system.
It is also used for obesity, athletic performance, fatigue, diabetes, and many

other conditions, but there is no good scientific evidence to support these uses.
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Why we interest on this Research Topic?

Identifying the probable synergistic mechanism of
CBD and Taurine on Alzheimer’s Disease

Scientists do not know exactly what role plaques and tangles play in Alzheimer's disease.
Most experts believe they somehow play a crifical role in blocking communication among
nerve cells and disrupting processes that cells need to survive,

Several criteria have been proposed for a more accurate diagnosis of AD, including dlinical
biomarkers, bodily fluids, and imaging studies.

The treatment of AD remains symptomatic, without alteration in the disease’s prognosis.
Limited AD therapy: Inhibitors to cholinesterase enzyme such as galantamine, donepezil, and
rivastigmine, and NMDA antagonists such as memantine, improve memory and alertness but
do not prevent progression.

Future therapies such as disease-modifying treatment can alter the progression of AD by
targeting the AP pathway, and manyv drugs have entered the clinical trials, like AN-1792,
solanezumab, bapineuzumab, semagacestat, avagacestat, and tarenflurbil, but failed in
demonstrating efficacy in the final clinical stages.

Recent discoveries have demonstrated how the modulation of cannabineoid receptor 1 (CBE1)
and receptor I (CB2) can exert neuroprotective effects without the recreational and
pharmacelogical properties of Cannabis sativa. But, Without sufficient high-quality evidence,
It can't pinpoint effective doses of CBD, and because CBD currently is typically available as an
unregulated supplement.
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In vitro findings ‘
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Screening test for scopolamine

Data Analysis

Assessment the dose effect of scopolamine
for inducing Alzheimer's Disease

{Y-maze Test)

Reference: Scopolamine induced memory Impairment

Dose e Test Belavioral
Strain Days Behavioral Effects ; Reference
e Performed Tmplications
Sprage Divvley rats 9 days nowed obyject Reduced the “recognition index Memory smpairment
(150200, recognition [(NOE] | (%) in novel-ohpect recognition
o5 weeks] best. Potential effects on amciety
Elevabed plus maze lewel.
(EFM) tests Alightly reduced the ‘mflocen i scopolamine-induced
ratin” daring elevated-plus maze Alrhemer's disease-like
best. conditvon in nrat model
Froaters im phammacalogy, 9.
G465
KR mice 1 day (Simgheh Passive aveidance | Redoced the “katency time” in Memory Ergairment Elime, T HL Jewn, 8.0, Son, Ko
{130 g) iazk passive avoidace test H. Jung 1. W, Lee, 8 Yoo,
E.H. ... &Ry, L H. (2007).
Begponse o Bedwed the *spaontene ous Thee mmeliceating effect of
electric shodk altemmations' during the Y-maze oroylim A om scopalamise-
test induced mwmory impaiment in
V mare anive. Menrobiology of leaming
Bredisced *visitation time’ in G sad mesnory, $7(4], $36-346.
Morriz waler maze | barpet quadeest durisg wedee-
Imgiz maze fest
M nscalns Swiss 7 days T-Maz Increased the lbency time of Wemory krpairment Faifa Sabime Adelme Vadung,
entry it the prefemred mm Tveite Ngezeve, Chrisielle
1 minths NOR Wapete Kom, Patrick Herve
{23-30g) Diecreazed the number of enrizs Dibwome Befode, Aming Mamal,
OFT into the greferred am Lauve Rachel ¥amihe

Decreased de locomators
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Taiweé, Gibeiel duhor Aghoy,
Elissbeth Ngo Bumi,
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Protocol

spatial learning and memory.

i 1week
¢ Housing/
i Stabilization

A —— f

*Subjects:

* SPE/VAF Outbred MALE

MICE {ICR Mice 8 Weeks old)
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08 Mice/ Group
Group- I Vehicde

Group- II: Scopolamine 1 mg/kg
Group- IIT: Scopolamine 2 mg/kg
Group- I'V: Scopolamine 5 mg/kg

Scopolamine Vehicle- Saline

Dose-

1 day Single treatment
Route of Administration: [P

Y- maze test

+ spatial learning and memory.
* Number of Total Entry
* Spontaneocus alteration (%)
* Duration 10 mins
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Scopolaming Scopolamine

10mg/kg : DW(tor 6Ds) + scopolamine (from previous data)
0-5 mg/kg : Single scopolamine treatment

Data Analysis
Assessment the effect of CBD (5 mg/kg)
, IP on ICR Mice
(OFT and Y-maze Test)
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Protocol
Locomotor sensitization and spatial learning and memory.

i 1 week i | Open Ei Y- Control- Mo treatment

! Housing/ | ' field Ei maze Vehicle- (Tween 80:100 % EtOH: Saline=
. . 1 i

E Stabilization ! ' Test |} Test 1:1:18)

R Drug- CBD SmgfKg

b . Route of Administration: IP
s lIsolation of

1
. PRCstistum, © gpen field test
*« Hippocampus |
;and i .
| —  preservationat| Locomotor activity (In Arena and
' _BE°C ! Center Zone)
o i = Distance movead {cm)
« Movement duration (s)
* Duration 10 mins
Y- maze test
+ spatial learning and memory.
*Subjects: = Number of Total Entry
* SPF/VAF Outbred MALE MICE (ICR = Spontaneous alteration (%)
Mice 8 Weeks old) = Duration 10 mins
Open-field Test
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Fig. 1 Effect of CBD on the locomotor activity §-week old ICR male mice atter a 6-day
treatment. Each bar represents the mean = S.EM. of the distance moved, movement
duration, ICR in OFT. n = 10 animals per group.
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Fig. 2 Effect of CED on the cognitive function of 8-week old ICR male mice
after a 7-day treatment. Each bar represents the mean * S5.EM. of the
distance moved, movement duration. n = 10 animals per group.

Data Analysis
Assessment the effect of CBD at different doses
(1, 3,10 30 and 100 mpk), i. p on ICR Mice

Y-maze Test after Acute Treatment
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Fig. 12 Effect of CBD at different doses (1, 3, 10, 30, 100 mg/kg) on the cognitive
function of Scopolamine (2 mg/kg) induced Alzheimer's 8-week old ICK male
mice after single treatment. Each bar represents the mean + S.EM. of the %
spontaneous alteration and total number of entry, n =4 to 10 animals per group.

CBD (I/P administration )

No treatment (After dissection) Scopolamine
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Vehicle CBD CBD 30 (After dissection)

Data Analysis
Assessment the effect of CBD at different doses
(1, 3,10 and 30 mg/kg), p.o; on ICR Mice

Y-maze Test after Acute Treatment
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Fig. 12 Effect of CED oral administration (Fed state) at different doses (10 and 30
mg/kg) on the cognitive function of Scopolamine (2 mg/kg) induced Alzheimer's 8-
week old ICR male mice after single treatment. Each bar represents the mean +
S5.EM. of the % spontaneous alteration and total number of entry, n =5 (Veh) to 10
(CED) animals per group.

(Fasting state)
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Fig. 12 Effect of CBD oral administration (Fasting state) at different doses (1,
3 and 10 mg/kg) on the cognitive function of Scopolamine (2 mg/kg) induced
Alzheimer’s S-week old ICR male mice after single treatment. Each bar

represents the mean £ SEM. of the % spontaneous alteration and total
number of entry, n =5 (Veh group) to 10 animals (CBD) per group.
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Data Analysis
Assessment the effect of Taurine at
different doses (10, 30, 60 and 100 mpk),

p- o on ICR Mice
Y-maze Test after Acute Treatment
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Fig. 11 Effect of Taurine at different doses (10, 30, 100 mg/kg) on the cognitive
function of Scopolamine (2 mg/kg) induced Alzheimer's 8-week old ICR male
miice after single oral treatment. Each bar represents the mean + S.EM. of the %
spontaneous alteration and total number of entry, ICK in Y- Maze. n = 5 o 10
animals per group.
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Combined with previous Data
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Fig. 11 Effect of Taurine at different doses (30, 60, 100 mg/kg) on the cognitive
function of Scopolamine (2 mg/kg) induced Alzheimer's 8-week old ICR male

miice after single oral treatment. Each bar represents the mean + S.EM. of the %
spontaneous alteration and total number of entry. n =5 (veh) to 10 (tau) animals

per group.
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Data Analysis
Assessment the effect of Combined CBD 10 and Tau 30
p.o; on ICK Mice

Y-maze Test after Acute and Chronic oral
Treatment

Protocol

Mice/ Group

‘Group- I: Viehicle + Saline £5
Group- IL Vehicle + Scopolamine 2 3
Group- [IL CBD 10+ Scopolamine 2 ¥7
Group- ITI: TAU 30+ Scopolamine 2 Lzl

Group- III: Combined+ Scopolamine 2 #10

CBD Vehicle- (Tween 5100 % EtOH: DW= L.1:18)
Scopolamine Vehicle- Saline

Route of Administration: Oral (Tx' Veh)
IP (Scopolamine 2/ Sal)

*Subjects:

* SPF/VAF Outbred MALE
MICE (ICR Mice § Weeks old)
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Acute Oral Treatment
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Chronic Oral Treatment

Y-Maze- On 7™ Day

Older Mice- 17-18 weeks

Newer Mice- 9 weeks

Vehicle for CBD and Tau- Tween 80: EtOH: DW= 1:1:18
No. of sample- #5 (Except older mice veh group- #4)
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Summarizes from our in vivo findings

* Scopolamine at dose of 2 mpk causes memory impaired to deficit spatial
learning memory.

+ CBD (10 mpk) and Taurine (30 mpk) screened dose is effective with
consideration of wvehicle group but not significantly increased the %
spontaneous alterations.

+ CBD treatment does not affects spatial learning memory on scopolamine
induced Alzheimer's mice model when treat alone.

+ Synergistic effects find on older ICR mice in acute treatment. So that why,
Aging mice model may be a good candidate for in-vivo model to induce

Alzheimer's Disease.

Hypothesis

Intensity of ER stress (Eustress vs Distress) regulates neurcinflamation in
Alzheimer's disease.

Transmembrane Bax Inhibitor Motif containing 6/ Bax Inhibitor-1 (TMBIM6/BI-1)
initially may facilitates ER stress mediated UPR (Unfolded protein response) through
interact with IRE-1 for surviving Neuronal cell death.

Several stressor (sleep disruption mice model! Alzheimeriogenic Chemicals such as
LFS, ethanol, Colchicine, Al) may causes gliosis in cortex and hippocampal region.
Mild ER stress (Eustress/ ER Hormesis) mav ameliorate Cognitive impairment via
regulation of microglial polarization.

Chronic stress (Distress) mayv causes neuronal cell death through RIDD (regulated
Irel dependent decay) activated pathway

Aquaporin-4 mediates communication between astrocvte and microglia may be a

potential targeting approach for Alzheimer's Diseases by maintaining neuroplasticity.
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| AD CAUSATIVE HYPOTHESES |

I T

Hyper phosphorylation of tau protein leads to the dls!M@ﬂas ; eurobiology Eflﬂ.?lzlmums
ase. Indian Psyc'l'n.atr}'m 5561

HYPGIHESIS conversion of normal tau into the paired helical
containing  mtDMNAfrom with
mitochondriopathies. ] Neurosd Res.
J007;85(15):3416-25.
Duan AR, et al Interactions between tau and
different conformations of tubuline implications
for tau function and mechanism. J Mol Biol
J017439(5):1424 38,
Guerrero-Mutioz M], Tau Oligomers: The Tode
Flayer at Synapses in Alzheimer's Disease.
Front Cell Neurosd. 20159464
AMYLOID Amyloid plagues, made by the acoumulation of A Golde ET, Biochemical detection of Ab isoforms:
CASCADE peptides  which resulted from the proteclytic implications for pathogenesis, diagnosis and
HYPOTHESIS separation of AP, are crucial in AD) pathology. treatment of Alrheimer’s disease. Biochim
(mdely accepted AP 1-40 (AF 40) and AP 1-42 (AP 42) are the two Biophys Acta. 2000, 26(1502(1)):172-57.
and is the most majorcocurring isoforms
well-studiad) Hardy ], The amvloid hypothesis of Alzhsimer’s
disease: progress and problems on the road to
CHOLINERGIC A decrease in neurotranamitters, kmown as Terry AV, The cholinergic hypothesis of age and
HYPOTHESIS acetylcholine, in neurcns is responsible for AD Alzheimer’s disease-related cognitive deficts:
cansative theories) 2003;306(3):821-7.

AD CAUSATIVE HYPOTHESES

INFLAMMATION I‘vﬁcmgha-relaled pathwayswene dI:EEWH:las crudial Bnlus M, A]zhElInE(s disease as an
2017;8(1):3743.
During the initial phase of AD, microplia and its
Expressed om Myeloid Cells-2 (TEEMZ2), can influence micmgha:srlewssaryﬁczmulhﬂm
synaptic reduction. subsequently, amyloid plaques development. Scdence. 2011;333(6048):1456—
will be surrounded by aberrant .
microglia and astrocytes, and produce several
proinflammatory cytokines.
MITOCHONDERIAL Mitochondrial abnormality is the main reason for Swerdlow EH, A mitochondrial cascade
CASCADE AP accumulation, the formation of NFI, and hypothesis blright for sporadic Alzhsimer's
HYPOTHESIS degeneration of synapses in AD. disease. Med Hypotheses. 2004:63(1):8-20.
Physiologic mechanizos

underlyleg AD asd e aging
brakn are semilag)

AD brain mitochondrial
amylaidosis, phosphorylation of tau, and cell

propels Swerdlow EH,  Mitochondria in

Alzheimer's disease. Int Fev Neurobiol.

cycle re-entry. 2002;53:341-35 PMID: 12512346,
OXIDATIVE STRESS  The brain is known to consume more energy and exert  Manocharan 5, The role of reactive morgen
HYPOTHESIS more fumctions than any other organs during species in the pathogenesis of Alzheimer's

mitochondrial respiration, which also increasss the diseass, Parkinson's diseass, and

likelihood of reactive ooygen spades (ROS) exposure. Huntington's  disease: Ohdd Med Cell

Furthermore, AD is closely linked to molecular Longew 2016;2016:8590578.

oddative stress, as well as protein nitration, the riss of

oddation,  lipid percddation, and Butterfield DA, Amyleid ide and
glycorddation amyloid are central to the

Moreover, AD is closely linked to the aggregation of
Ab , which has been reported to cause owddative
strEs?E
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REF: Abate, G.; Uberti, 0; Tambaro, 5.
Presynaptic Potential and Limits of Cannabinoids in
Neuron Alzheimer's Disease Therapy.

Fostsynaptic
Meuron

Figure: Schematic representation of the endocannabinoidergic system in the brain. Putative localization of
endocannabinoid receptors in the nervous and glia system. Enzymes involved in endocannabincid biosynthesis and
degradation are reported in both pre-and postsynaptic neurons. 2-AG (green) and AEA (blue) are synthesized from
phospholipids on demand. Activation of presynaptic CB1 receptors negatively modulates cell calcium influx and the
release of GABA and glutamate neurotransmitters in GABAergic and glutamatergic neurons, respectively. Instead, the
stimulation of CB1 in astroglia positively modulates calcium influx and glutamate release. Activation of CB2 in
microglia negatively affects the release of TNF and ILs.

AA: arachidonic acid; 2-AG: 2-acylglycerol; AEA: anandamide; PPARs: peroxisome proliferator activated receptors; FAAH:
Fatty acid amide hydrolase; MAGL: monoacylglycerol lipase; mGIluR metabotropic glutamate receptors; ILs: interleukins;
TNF: tumaor necrosis factor-.
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Commeonly Used Chemicals To Induce Ad-like Symptoms (Ad Modelling)

AD s 3 supioiEy
Biran shrinkage (doe b pewsoral boss)
Memony lnes
Mesor dysfuncuca

Figure 1: Some Alzheimerogenic chemicals. The neurotoxic effects of these chemicals lead to gradual neu-
ronal loss and thereby resulting in neurodegeneration and its associated symptoms.
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é ] Tﬂﬁxz"

Summary of the beneficial effects of the cannabinoid compounds in Alrheimer's disease pathology. Cannabinoid
treatment can modulate multiple disease processes including AP and tam processing, neurcinflanmation, microglial
activation, mitochondrial dysfunction and exdtotodcity. CB2 receptor agonists reduce the release of pro-inflammatory
molecules, fadlitate AP clearance by promoting microglia phagocytic phenotype, reduce AP neurctordcity. Moreowver,
CB2-mediated activity reduces oddative stress damage produced by reactive ocddative spedes (ROS) and tau
hyperphosphorylation. CBl receptor agomists repulate iNOS protein expression and NO production, inhibit
hyperphosphorylation of tau protein through the imhibition of tau kinase, reduce Abeta plaque load throught the
activation of PPAR gamma receptor and the stimulating the expression of LPRPL. 337:257mm (%6 x %6 DFI).

l iNos ard Ros production
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Future Plan

Identify the ER stress mediated neuroinflamation and Neuroprotection in
Alzheimer's disease

Design Alzheimer's mice model and investigate the behavioral changes by CBD
treatment

Identify the role of BI-1 in ER stress regulating pathway of Neuroinflammation
in AD causative hypothesis.

Cuantify the neuronal cell survival appraise in response to Eustress vs Distress
condition in cellular model, preferably; neuronal and Non neuronal cell
(Astroglial cell)
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Introduction

About diabetes — American Diabetes Association

Complications of Diabetes

s

Diabetic
Leading cause of Retinopathy
end-stage renal =y

disease in adults
44% new cases/yr g

Leading cause of
blindness in adults
24000 new cases
each year in US

=2 2 to 4-fold
“@ ¥ increase in stroke
iy

Stroke

Cardiovascular
Disease

8 out of 10 diabetic
patients die from

Leading cause of
non-traumatic

limb amputations .
60% new cases/ cardiovascular events
yr Diabetic 5-10 year reduction

MNeuropathy in life expectancy

MNIDDK, National Diabetes Statistics fact sheet. HHE, NIH, 2006. 3

Introduction

Risk factors for chronic kidney disease (CKD)

Metabolic Diseases

&

gradually increased the risk of

Nephropathy Type Il
Diabetes
. > GFR* (< 60%) h
S (Blood test; BUN, creatinine, *CKD is the
microalbumin} progressive and
Chronic Kidney Disease irreversible

(CKDO) | destruction of the

kidneys
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Introduction

Development of chronic kidney disease (CKD)

= Energy utilization | Inflammation/cylokines Mormal hl::lne-,rfern
= Hormonal regulation | DMA mutation
| = ROS production 1 Cell death /! Fibrosis T ESRD

F' GFR* (<80%) (< 60%) {<40%) +
I| 1 -
u b7 o) Ve o)
Chronic et —a ANaness ;K‘?‘m -ﬁlsath
hyperglycemia ‘n % k = %
1

Unmetneed ¢+  SeumCr U'?"YS'S I
BLMN Transplantation
Microalbumine

# Risk factors of chronic kidney disease (CKD)

A 4

High: biood prassurs

Smaking Obasity

* Thus, early detection is very important to prevent further damage in the kidneys

Introduction

Definition of CKD

= CKD is usually caused by long-term diseases for >3
months, that slowly damages the kidney

1. Kidney damage, without decreased GFR, as defined by
+ pathologic abnormalities

» changes of biomarkers for kidney damage, including
abnormalities in the composition of the blood or urine

« abnormalities in imaging tests
2. GFR <60%, with or without kidney damage

3. Detect “microalbumin” levels in the urine (~30 mg/day)
(about >300 mg/day)
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Introduction

Incidence of chronic kidney disease (CKD)

B AKIl vs. CKD B Incidence of CKD in Korea
i 13tony 2008~2013: Korea (e
e
160 . o oL 150,850
140 -
- i 120 c
¥ 100
: » > ESRD
) " palienis
AKI Normal CKD 20
Savere edema Intorstial fibrasis o 005 and0 FLabl- 2012 20134
s ling) alraphy AR PRV

B Causes of CKD

W e 2 dats

B sk blood pres
Ghomery by dsexses

B Mescolingons

G

Gauses of Chronic Kidney Disease

About 10 percent of patients with Type 1 diabetes and 40 percent of those with Type 2 diabetes eventually will
suffer from kidney failure (CKD).

Introduction

What are the early signs of kidney disease in patients with diabetes?

B Urinary microalbumin test B Stage-dependent pattern of albumin
Stage off Nephropathy
Dipstick test e GENtral Lab analysis ——

Thwers Fephmpa iy
,--‘ f=retets Wirkae dipsthh Wormal Hegyoar | LT
LEL

] Urinary

! e
24 Huvwr W g’y :M mpiday IW( -..u.r
MR 20 g i HFmgimmsl 3T mglmmol
- Cppartunity for early detection and Intervention

This level of albuminuria is widely accepted as evidence of
established nephropathy in both diabetic and nondiabetic renal

diseases 5-Cr .
B Limit of blood BUN or creatinine -
-
4 W s E
12 K] i
- . .
3 = &
E e B R 1
E 4 B
S, Severn kidney damage 150 ;E. i o
E ) Wil kidinay damsgs w32 z = = =i
5
a o T ........ HormslOFR | Tirme (days)
] [
0 20 4% B0 B0 100 120 140 Blaney NN Daetectable 5 Serum Cr—— OFF— S

Glemerular Filtration Rate (mlimin)
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Introduction

Impacts of chronic kidney disease (CKD) induced by diabetic

H® Mortality and Economic Burden

Short-term & long-term consequences
asaociated with inoreasing AR seyverity

Mo Moderats Saug

Sx-1lx
Greater

# Impacts of CKD

+  Hospital cost is increasing for ESRD freatment, cosis the Medicare program are §52
bilfion/vear (approximately 6.3% of the fotal annual Health Insurance).

+  Beginming from stage 3 CKD, overall martality increases to 6 to 13 times higher than that of
the general population and, by the onset of ESRD, the annual death rafe (s >19.2-26%.

» Therefore, we need sensitive biomarker to early detecting diabetic nephropathy.

Introduction

Importance of new biomarkers to early detecting AKI/CKD

serum Cr level

Early detection 7
4 and GFR

IschamiaReparfusicn &
Tesicanls

Early detection Diagnostic Prognostic
Biomarkers Biomarkers Biomarkers
» NGAL + KIN=1 = Total protein +» Serum Creatining
» Clusterin  + NAG = Albumin * BUN
+ Cyatatin C + IL-18 : Gll-lﬂljﬁﬂ + NGAL
+ Microalbumin * KIM- *IL-8
« B2-M * NAG

TIMP-1 "
#ge 65 and older + SBP1/PKM2 = Cyslalin ©

Chesn ef i, 2016, Toxical, Res ] J )
All these biomarkers are acceptable to detecting AKI,

but limitations as a CKD biomarker 10
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Research goals

Our research goals....!

Part |

Identification of New Biomarkers for Early Detection of
Diabetic Nephropathy using Proteomic Analysis

11

Experimental design

. st step @D ® 2nd stop QEIEEITIIND
. - —— o messs
W W g » R T
e =T T sidner = 1' H TP i
m P - r . - I
’nd;; L 12{“ g
’ Has. Pepisde
apactetatan ety o
HALET ——
L ==
Proesin o —
n wakdation
B 3rd step .
| seursmuscuar ransmission
hdﬂrmmhdh:wﬂu
on
mtaboh vk oo e “:"'""“"‘““."““"‘" Figral iranedection
s pulern oesiman reddasection T
‘ Fibire assembly
Fibm elassiciy ™3 Kidney
; . e G Inficn
R 1= T - e [ PROTEOME
.I & .- T Ll “/f {
" Pratein synfaesi T
i — e Sadiia — Pratuie BY | ot H
i Prilein slorage Delosfication
Bikskranshermafisn

[ ops eitcaion i o pairvay ariris SO
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Implications of Results

A: Experimental model

High Tt clint
B ¥ ol

&+
— o 1 2 i a

Tucksr Dabstc Faarty [ZOF) Ran

C: Histopathology

ZDF rats 6 months

D: Biochemical parameters
50

e
=

*p<0.05

BUN {mgidL}

sCr jmgidL)

=

IDF  7oF  ZDF-
{Emon) | diet Huh fat

4 maonths

ZDF  ZDF+
{Gmon) L. diet High fat

Implications of Results

—— Lsan dist
—i— High fat dist

Body Wt (g)
'
2

g

200 High fat diet
100
123456 8 12 16 20 24 28 32 36
Experimental period (weeks)
C
1.2
= 1.0
= 08 =
z . =
 os p<0.08 < T
2 T =
2 o4 H
o =
t i }
(1]
IDF  ZmF  Z0F+ ZOF  20F ZDFs
{6 mon} oy {6 meonj g Rt
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Urinary excretion
Microalbumin {mgidL)

Kidney wt. (g)

Blood glucosa (mig/dL)
2 BE E B B

-
e 3

B & & &

=
£

- - - [
in - in 1%

-
-

B: Blood glucose

- ZDF eut ol i) ok
- 20F rus High bl e e
- 1
"N
// g
* 8
el &
e o
U:_.,-
1 2 3 4 5
After high fat diet {month)
"*0e0 01

IDF  ZDF+ ZDF+
(6mon) L diet High fat

— 60 1
=
S 50 -
3
E 40+ “p. 0
= __“pomt
E 30+
=
[=] -
g 2 T
£ 104
5.
ol .
7DF  ZDF+

ZDF+
(6mon, Leandiet  High fat

IDF
(& mon)

ZOF 20F+
High fat
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Results

Proteomics analysis in the kidney tissues

Results

Relative intensities of the identified proteins.

BN ossin_dmscripton

raam
1 Tubulin Sipha-ubiquicus. chain [Alpras-fubuin ubiquious] (TubulR K-3pha-1]
2 Aldo-keto reductase Smily 1
E] Pyruvats kinacs ozymes M1ME (EC 2.7.1.43) (Pynwvate kinacs mucols lcozyme) (Pyruvabs kinascs 20%) - gucoss metabolss
4 Kembn, type | cymskestal 10 (Cyhkerabn-10) (CK-10) (Serasn-10) (K10}
5 Tubealin befa chain (Tubuln beta-= chaim)
& ALEn, Cytoplasmic 1 Be-actng
7 Alhz-enoiae (EC L2111} 2-ohesphe-O-glycents hydro-irase) (Nor-neuml srnciaze) (NME) (Enalaze 1) (Phosphoynaate hydrataze) (S-myc promassr-binding prosin
(&IEP-1) (MFE-1) (Flasminogen-binding progeink
= Elongation factor 1-alpha 1 (EF-1-aipha-1) (Eiongation factor 1 A-1) (eEF14-1) (Elongation factor Tu} (EF-Tu)

(Lewkocyte recepior dusier member 7)
| Aqmexin AZ (Annexin W] (Lipocortn 1) (Calpactin | heavy chain) (Chromobindin-§) (035] (Profedn 1) (Flacental anticoagulant prodein IV (FAP-IY)
1a Heat shock cograsie 74 kDa profein {(Heat shock 70 kDa probein 8)
Galecte-1 (LECEN galactoside-tinding sokubie 1) (Seta-gaactosioe-indng ischin L-14-) (Lacsse-pinding I=can 1) (2-Lac Isctin 1) (Gakapan) (14 kDa lecan) (HFL) (HBL)
(Putative MAPY-acivwaiing protein MF12)
12 ATP synthase subunk beta, miochondrial precarsor (EC 3.6.3.14)
L-actate defypdrogenase A chaln (EC 1.1.1.27) (LDH-A) [LDH musce subunit) (LDH-M) (Profferafon-indudng gene 19 protein) (Renal carcinoma antigen NY-REN-S5) -
>glucose metabollsan
14 Apma-aconine (ApRa-achinin cytosheistal isotorm) (Non-muscis Sipha-actnin-1] (F-3chn cross-inking prossing
15 Betz-snolass (EC 4.2.1.191) {2-phospho-0-giycerats hydno-iysse) (Muscie-speciic snolase) (MEE) (2keietal muscie enolase) (Enolase 3)
18 Tyoe | collagen aipha 1 chain -= EMT activabon
7 Azpartaie , (EC 2.6.1.1) (Transaminase A) (Glutamabe oxaloaceiale ransaminase )
18  Heterogenecws nuciear fbonuciecpnoiein U (hnRMF U (Soaoid attachment facior A) (2AF-A) (01200 (P 1200
1= Impaetin beta-3 (Karyopherin beta-3) (Ran-binding prodein 5) (RanEFS)
ATF synthase subunk aipha, miochondrial precursor (EC 3.53.14)
Giyoarmidanyde-3-prosphate denyongenase (EC 1.2.1.12) (GAPTH)
Heat shock probein HBF 50-befs (HES B4) (HEP 50)
602 ribasoral profein L1 (CLL-associated anbgen KW-12]
Elongaiion fachor 2 (EF-Z)
SEum aibumin precursor
Aconitate hydratase, mitcchondrial precursor (EC 4.2 1.3) (Cltrate hydmo-iyase ) (Aconitase)
Peroredonn-1 (EC 1.11.1.15) (Thicredayin peroricase 2} (Thiorsscxin-gepandent pearoxide reductass I) (Frolferaton-associated gene protein) (FAG) (Nasural kller oall-
enhandng facior A) (NEKEF-A]
Heteropenecus NUCEAr MhoNUCEoEnasin K (hnRNP K] [Transomaton up-reguissed nucksr protein] (TUSF)
Fruciose-bisphosphaie aldolaze A (EC 4.1.2.13) (Musde-fype aldolase ) (Lung cancer aniigen NY-LU-1)
14-3-3 profen beswmpha (Protein Kinase C nhisitor prossin 1) (K5S-1) (Frossin 1058)

HRE MY HBEEHEYE

Continued
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Results

Relative intensities of the identified proteins.

3
M
]
]
w
]
]
40

e

b= - R i

Vimentin domain protein -> EMT activation

Malate dehydrogenase 1

Dihydropyrimidinase-related protein 2 (DRP-2) (Collapsin response mediator protein 2) (CRMP-2) (M2A3)

Peptidyl-prolyl cis-trans isomerase A (EC 5.2.1.8) (PPIase A) (Rotamase A) (Cyclophilin A) (Cyclosporin A-binding protein)

Histone H2B type 1-B (H28.f) (H2B/5 (H2B.1)

605 ribosomal protein L14 (CAG-ISL T)

Heat shock protein 75 kiDa, mitochondrial precursor (HSF 75) (Turnor necrosis factor type 1 receptor-assodated protein) (TRAP-1)
(TNFR-associated protein 1)

T-compdex protein 1 subunit gamma (TCP-1-gamma) (CCT-gamma) (hTRICS)

Coatomer subunit beta (Beta-coat protein) (Beta-COF)

Malate dehydrogenase, mitochondrial precursor (EC 1.1.1.37)

fibronectin type I domain protein

KWNG1 kininogen 1

GFX1 glutathione peroxidase 1

High mobility group protein B1 (High mobility group protein 1) (HMG-1) -> cell cycle

Alpha-1-acid plycoprotein

Intracellular adhesion molecular 2

Protein tyrosine phosphatase D30

Protein RCC2 (Telophase disk protein of 60 kDa) (RCCT -like protein TD-60)

Probable ATP-dependent RMA helicase DDXS (EC 3.6.1.-) (DEAD box protein 5) (RMA helicase pG8)

Retinoblastoma-associated protein (PP110) (P105-RB) (RE)

Selenium binding protein 1

Orphan nuclear receptor NR1E (Constitutive androstane receptor) (CAR) (Constitutive activator of retinoid response) (Constitutive
active response) (Orphan nuclear receptor MBEGT)

Uromodulin

Seringfthreonine-protein kinase tousled-like 2 (EC 27.11.1) (Tousled-like kinase 2) (PKLU-alpha)

605 ribosomal protein L18a

Thyroid hormaone receptor-associated protein complex 100 kDa component (Trap100) (Thyroid hormone receptor-associated protein
4) (Vitamin D3 receptor-interacting protein complex component DRIP00)

[Activator-recruited cofactor 100 kDa compaonent) (ARC100)

Results

Relative intensities of the identified proteins.

I

L)

Romon ok ey

pﬂ:“‘h‘_‘t' protein_description
3 Clathrin heavy chain 1 {CLH-17)
30 T-complex protein 1 subunit theta (TCP-1-theta) (CCT-theta) (Renal carcinoma antigen NY-REN-15)
32 T-complex protein 1 subunit defta [TCP-1-delta) (CCT-delta) (Stimulator of TAR RMA-binding)
3 Cullin-associated NEDOS-dissociated protein 1 (Cullin-assodiated and neddylation-dissociated protein 1) (p120 CAND1) (TEF-interacting protein

TIP120A) (TBP-interacting profein of 120 kDa A)

Endoplasmin precursor (Heat shodk protein 90 kDa beta rmember 1)

(94 kDa glucese-regulated protein) [GRPI4) [gpds homolog) (Tumor rejection antigen 1)

78 kDa glucose-regulated protein precursor (GRP T8) (Heat shock 70 kDa protein 5) [Imrmunaglobulin heavy dhain-binding protein) (BiP) Endopl
asmic reticulurn lumenal Ca(2 +)-binding protein grpT8)

Daolichyl-diphosphooligesaccharide--protein glycosyltransferase 48 kDa subunit precursor (EC 2.4.1.119) (Oligosacchangd transferase 48 kDa subu
nit) [DDOST 48 kDa subunit)

a2u-Globulin

Glutathione 5-transferase, pi 2 -> oxidative stress

Gamma-enolase [EC 4.2.1.11) (2-phospho-D-glycerate hydro-lyase) (Neural enolase) (Meuron-specific enolase) [NSE) (Enolase 2) - Homo sapiens
(Hurman)

Regulatory protein SIRZ homolog 1 -> aging and autophagy

Cullin-asodated MEDDE-dissociated protein 1 (Cullin-associsted and neddylation-dissociated protein 1) (p120 CAND1) (TEP-interacting protein
TIP120A) (TBP-interacting profein of 120 kDa A) -

78 kDa glucose-regulated profein precursor (GRP 78) (Heat shock 70 kDa protein 5) [Imrunaglobulin heavy dhain-binding protein) (BiP) Endopl
asmie reticulurm lumenal Ca(2+)-binding protein grpTd) -

Gamma-enolase (EC 4.2.1.11) (2-phospho-D-glycerate hydro-lyase) (Neural enolase) (Neuron-specific enolase) (NSE) (Enolase 2)

Peroxiredoxin 1 -> exddative stress

Hernoglobin beta-chain complex

T-comples protein 1 subunit theta (TOP-1-theta) (CCT-theta) (Rensl carcinorma antigen NY-REN-15)

Dalickyl-diphosphooligesaccharide-protein glycosyiransferase 48 kDa subunit precursar (EC 2.4.1.119)

[Oligosacchary transterase 48 kDa subunit) (DDOST 48 kDa subunit)
Clathin heavy chain 1 {CLH-17)

Endoplasmin precursor (Heat shodk protein 90 kDa beta member 1) (94 kDa glucese-regulated protein) (GRPI4) (gpd6 hamolog)

18
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Pathway landscape of diabetic nephropathy

Differentially expressed proteins Pathway identification

(Lean diet vs high fat diet)

Propanoate. 1*'
matabalism EfMereceptor
interaction
Wi =ignaling
Hﬂ,:olic PlaK-AKL il:.!':;‘ﬁ;
pativeays  yEGF signaling signaling TOF-bata
P pany o M S ey s
pathway
Oxidative
phesphorylaten Fotaay ) Angiogenesis P : i
Flias Pailiwiy Chumokine . Cipteiing ylobine
Sigsling e yoppa g | RooFR
B EMT Oxiddstive siress pathvway sigraling Maracion
FREEONEE [DI MTOR:I:::IIHB Pty
Motch signaling Bl
B Cell death/cell cycle d,;...., - & ®
. Actin Cﬂﬁkflm“ Anglotensin  PPAR sigaaleg  Pentase  Raenir (:. i = Cholesierol Genaral
. . . N-stimalated bty phaaphite system ard coagulation  bosyndhesis  transcripbion
B Mitochondrial function T pathway SHRY s
ugl
.
B Inflammation e
Others . . .
Pathways are marked for holding biomarker candidates (green)
19

What is pyruvate kinase M2 (PKM2) ?

Differs at only 22 out of 531 amino acid residues

A exon 8 exon 9 exon 11
/ & hnRNPA1 h
PKM1 hnRMNPAZ PKM2
[ 8 ] 9 [ 1] FTB [ 8 [ 10 ] 11|
- Highly expressed in adult 4’ - predominantly expressed in embryonig

tissues, kidney, and tumor

Nucleus ROS Cytosol

Tyrosine kinase
% RoQ? _orewmen
Fructose-1 ,6—P2
PKM1 tetramer serine

Less active form Active form
© 2012 American Association for Gancer Research

normal tissues
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Results and Discussion

A schematic illustration of the role PKM2 plays in reprogramming cancer metabolism

Mormal cells Tumor celis

Gy Glucoss

FPhosphoencipyruvabe Phosphoenclpyrusvaie

sz BB = @ ¢ S A R . s
Fig. 2. Immunchistochemical staining of PKM2 expression
. e in representative pancreatic tumor sections. (Yellow, poorly
LD Lactate diff.)

= "]uq- \ FURHMED Poltive B:m- —FULCHA Frai
] Fw L “PRMZ Hegen Gt b
i 1 ) Puaitis cassared O Pratsscmpaad
J - o i  Hepalee sl _ T PECA - CHOD
:Ir: g il |l': [ELEIL T TR 5 i H P = 001, log rank sest
] 1
Fg, T MR LTS ‘ll | " ] ||
i 1 " b i | Megathes LOHA n=1F
S = 1 - S| g ooz e -
e, j: S Sy A H [ T
;.—;—" . § r-:—-". | T E——
- N - i : b Posiths PKMZ nadi o] Postve LKA nesE
O ibmmin | e H Mo M3 w0 w0 T T
Surstval n Mo Burviwal in Masihe
Fig. 3. Immunohistochemical staining and correlation Fig. 4. Survival rates of PKM2 and LDHA expression in the
between PKM2, LDHA and Ki-67. tumor patients

Implications of Results

A: Ex perimental model B Urine collectien (High fat diet)
[i] T 8 9 (months)
' L - | - - | Kim1
‘e,ﬁusaadsﬁraamm r
- . -
Zuckes Diabetic: Fatty (ZDF) Rt i i i i i ‘ NGAL
| —— e s b s ——  PKM2
Urinw enllacaiom
- - | Vimentin
C ZDOF+Lean (6 month) ZDF+M. Diet (3 months) ZDF+High fat (9 months)

P
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Implications of Results

Kim el al., Toxicological Sci, 2016

Results

Implications of Results

Validation of new biomarkers PKM2 in the clinical trials ‘
DM Patient #
12.3!55?!}9101112 11121394 1516 17 18 18 20 21 32 2324252527232931]31323334
I= B
— —r——.—.”-l —— - NGAL
| — _._.___H p—_ H PR |PKM2
DM Patient #
35 363736 35 40 41 42 43 44 45 46 47 484950 51 52 53 54 55 56 57 5B 59 606162 63 64 65 BE 67 68 6870
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Results

Implications of Results
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Implications of Results
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Implications of Results

\

700 Wisidey W7y Can 512 . STZiMef | STZ+Dug X
o - - W iShday E2islday e - — SRR
ey
o ) -
P | =i
§ o Cantral 572 E 15
S - Ex ] *
]
= | mes e |
= — — T s
o — ]
‘ — — | NGAL = o

AT S S

Implications of Results

PKM2 monocional antibody &4 ELISA assay
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Implications of Results
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Research goals

Our research goals....!

Part i

Identification of New Biomarkers for Early Detection of
Diabetic Nephropathy using Proteomic Analysis

1
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Implications of Results

A: Experimental model B Urine collection (High fat diet)
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Results

Expression pattern of mRNA and protein in diabetic-induced nephropathy

A. mRNA levels in kidney
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Results

Are sirt1 activator prevents diabetic nephropathy?

A: Experimental design
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Implications of Results
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Implications of Results
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Implications of Results
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Implications of Results
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Results and Conclusions
Conclusions
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Science is Orchestra...!

Thank you for your time and attention..!
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Protective effect of cannabidiol
against anaphylaxis

Xiaohui Yang

(directed by professor Eun Ju Bae)

School of Phamarcy,
Jeonbuk National University,
Jeonju, Republic of Korea

Introduction

Anaphylaxis is a life-threatening allergic reaction that can be triggered by exposure to
many different substances.(By Daniel More, MD, January 27, 2023)

Signs and symptoms of

Causes of Anaphylaxis s
anaphylaxis
Swelling of the conjunctiva | Central nervous system
e - :
i : ‘\\\ " - lightheadedness
allergic reaction to: A \ - loss of consciousness

Runny nose -
- confusion

- headache
Swelling of ips, / - anxdety
tongue andfor throat
v Respiratory

i t sti food Heart and vasculature = . sharmess of breath
il oo - fast or slow heart rate - wheezes or stridor

= low blood pressure - hoarseness

- pain with swallowing
Skin
- hives
-itchiness

- cough
Gastrointestinal
o0
= - flushing

- crampy abdominal
pain

medication

- diarrhea

Pelvic pain - vomiting

Loss of
bladder control

* Foods

* Insectbites or stings

» Medications

» Latex

* Dusts and pollens

* Exercise-Induced Anaphylaxis

* Cold-Induced Urticaria/Anaphylaxis
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Introduction

Mast cells are the primary effector cells in anaphylactic reactions.

Mast cell growth/differentiation/survival Degranulation
Cell migration and adhesion Eicosanoid generation
Cytokine production Cytokine/Chemokine generation

Introduction

Cannabidiol (CBD), the mast abundant non-psychoactive constituent in the plant
Cannabis Sativa

CBD is known to possessesimmune modulatory properties.

-82-



Objective

To evaluate

» the effects of CBD on murine and human mast cells
degranulation and passive cutaneous anaphylaxis in mice.

CBD inhibits the Ag-mediated passive cutaneous anaphylactic response

A c
Passive cutaneous anaphylaxis (PCA) ,‘—|
Ear thickness = —ir—
CBD (3, 10, 30 mpk, i.p.) Extravasation = 0.4 @«
| J 203{ g o
Q@
c
I T T T | S 0.2
-24 h -15h -1h Oh 1h £
E 0.1
T T Ctl 0 3 10 30
DNP-IgE DNP-HSA + 1% Evans blue CBD (mpk)
B
PCA % 8 1
Control Vehicle CBD (3 mpk) CBD (10 mpk) CBD (30 mpk) “g 6 r
. . Q o
N " = 4
y e | S8 8 & ald B :
o 0

cti 0 3 10 30
CBD (mpk)
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CBD inhibits the Ag-mediated passive cutaneous anaphylactic response

CBD inhibits Ag- and thapsigargin-stimulated mast cell activation

D
PCA
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> w c =
= S 240 = E
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3 20 £ TZ
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D . E
* = % 'K}
209 M) ~3009 1
1.5 E
£ > 200
£1.0 ot
3 0.5 % 100 o
0.0 F oo
CBD(MM) 0 0 1 3 10 CBD(MM) 0 0 1 3 10
Ag
F va G
..
=409 1 - 60 s
L2 s [
§g3° §$40
2E £ 20
\'SI-E 10 a.é
® 0 ® 0
CBO(M) 0 0 1 3 10 CBDMM) 0 0 1 3 10
Thapsigargin Comp-48/80

-84-



CBD inhibits Ag-stimulated intracellular signaling in mast cells

A DMSO CBD (10 uM) CBD (uM)
Ag(min) 0 3 7 15 30 0 3 7 15 30 Ag(lomin) V. 0 1 3 10
p-Syk‘ e — - ‘ -ﬁ--—‘
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LAT‘----------‘ LAT | & o = o
p-PLCy‘ - e ey - w— — ‘ P'F'LCV‘ o il Sl ‘
PLOY [ == = — —— — — — —| PLCY | w o = = o]

pGab2 | - | . | pceb2 | BB UR B e
caiz| MWW “bﬂ“ Gab2 |« #= == == wm|
PAKT [ == MDA ol o - e e ] PAKT | |
wE=========| ===
p-JNK‘ iR R p-JNK = &

N e e e - i T I 33
T F pERK | . = = = =|
ERK (R SR Sn e wniaw wwwe = | ERK (M2 = = = wo|
o[ EESSeweee®] [ === =]

P38 ‘---—-‘

HSPOQ |ww == == = = |

Fluorescence emission spectral scans of intracellular calcium influx
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Summary |

» CBD inhibits FceRI-mediated mast cell signaling and
intracellular calcium mobilization, thereby suppressing mast
cell degranulation.

»Figure out the mechanism of CBD action on mast cell
degranulation.

VN
R |
i
CBD | sk o >
l ®
PI2KIAKL ®4/

JNK@,_._-—-—- es
[ Cytokine synthesis ] [ Degranulation ]

Effects of CBD on FceRI expression and IgE binding to FceRl in BMMCs

Vehicle CBD (1 uM) CBD (3 uM) CBD (10 uM)
£ e 00 52 n 8% 100
§ 35 3 i % 80
. . i . g &0
] | ls ] - it ‘ O 40
§ i1 i =
e My Ty g T Mgy e Myl | o
2 0
. 0 1 3 10
FITG-FoeRl CBD (uM)
IgE
Control Vehicle CBD (1 uM) CBD (3 uM) CBD (10 uM)
g S g S 2 S § Gatepn g Siemn
LR $hh i & Ep
ig | i i1 i iz i i _
Lol o The Lo I . Lo W o o W o
oWl »:(f B oSS oW »;(f o A T oW »;(a: o S JI A »‘:‘(a’t_“ o B T2 oWl »A:‘(.:“ W oB
PE-IgE
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CBD suppresses SCF-induced mast cell differentiation of bone marrow cells

A
Day 28 —e— \Vehicle
—e— CBD1uM
Vehicle CBD (1 uM) CBD (3 uM) CBD (10 pM) e CBD3uM
=M B wh B 1 woog o~ CBD 10 pM
] | e a9F g a a
Ak T o 17 %
1 E .
L] L -
MMM W04 (- /N - 7~ .- i M
t
cKit © =
i 0 7 14 21 28
Time (days)
B c
Il VVehicle
CBD (uM) I CBD 10 M
290
0 1 3 10 [5] *x -

Kit Cpa3 Hdc Mcpté

CBD suppresses SCF-induced mast cell differentiation of bone marrow cells

D . E
CBD (uMm) — ’;‘
0 1 3 10 1.2 12+ T 1 e
> S 5 s 192 1
carat (MBS 5] §os Tos|H B 3
_ - = 2038
poTaTs [we = = ] © 00 ° 00 ~ 00
cBD(uMy 0 1 3 10 CBD(uM)O 1 3 10 CBD(u) O 1 3 10
JAKA < g g12
0.8 % 08 & G
w 0. [}
¢ o0z
i - [G]
2 0.0 0.0 0.0
CBD(uv)O0 1 3 10 CBD(uM)O 1 3 10 CBD(MM)O 1 3 10
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CBD suppresses Ag-stimulated degranulation of human

cord blood-derived

mast cells (hCBMCs)
A B
1200 — Day0 5 A
— & [
8 e00 s 30
300 £
0 g 10
10° 102 104 108 g0
_— & clo 1 3 10
Tryptase T CBD (M) (M)
c
Ag - _—
X £ 40
PBS Vehicle CBD (1 uM) CBD (3 pM) CBD (10 pM) = 2
(2]
g L [ q w
~ E i i i
-3 63% E 3% E 287% E 163 E 14.2% 8 20
5 9 || & | : & O = 10
] : E E é 0
I I S I I SE— . E— ctl 0 1 3 10
CBD
CD6&3 (hM)

CBD inhibits Ag-stimulated mast cell degranulation independent of CB1, CB2

or GPR55 receptors

A B
MC M 60— ** e
= ] —
8 g 40-
= E 20 =1
ST I i
0 len? 1 I 1
FCSRIE AQ - + + + +F F + +F +F F 4+ + o+
HSPQOE CBD(M) - - - - - - - - 101010 1010 10 10
CP-55940 (M) - - 1 310 - - - - 1 3 10 -
HU30B(WM) - - - - - 1310 - - - - 1310
c %
1
O —
60 .
&= o .s
%%,40 —
c B t
£ 20 —
v RiRlal 1
Ag - + + + + + + + 4+ + + + + + 4
CBD (uM) - - - - - -101010 1010 10 10
Rimonabant (M) - - 1 310 - - - - 1 3 10 - - -
AMB30 (M) - - - 1310- - 1310
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CBD inhibits Ag-stimulated mast cell degranulation independent of CB1, CB2
or GPR55 receptors

D
pPBs
N ~ ~ A B Ag
§ ,o}cg’ § .ogf? B Ag+CED
@
o N T
60 = x
£ 40 -
S
>
@
c
o
E ® siCtrl siCB1 siCB2
g0 Ty . F
) el oo
L& : Er— ©
g 40 foc ] _ % 60 xow e
gg e oT° ¢ L I
5 E 20 i e 2 E
=g IS o E 40
: 11 :
. = S 20
Ag - + 4+ + 4+ 4 4+ ok ok ko ok o+ = s
CBD(UM) - - - - - - - - 101010 1010 10 10 x = siCil SIGPR55
ML193(M) - - 1 310 - - - - 1 3 10 - - -
o-1e02 (um) - - - - - 13 10- - - -1 310

Summary Il

. CBD inhibits antigen-stimulated mast cells activation independent of CB1,
CB2 or GPR55 receptors.

. CBD was also observed to exert a profound inhibitory effect on the
development of mast cells in a long-term culture.

. These findings identify that administration of CBD is a new therapeutic
intervention in mast cell-associated anaphylactic diseases.
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Profiling Cannabinoid Contents and Expression Levels of Corresponding
Biosynthetic Genes in Commercial Cannabis (Cannabis sativa L.) Cultivars
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Part2. Method _ CRISPR/Cas9

CRISPR
Clusters of Regularly Inter-Spaced Palindromic Repeats

H@o| pnad] BHH O = EMfjsie A, ua el PulES LHUE S0
M M Z7oorx|et @2 & Al SO|5 Ho|2f20] ZYEHEE o 2 S| 2 & «0f
=0 HHO| 2| A 0f pNA U 7 E T2} X0 A off A5 A HUBICE CRISPR F 2 RNAZ FIALE L E— { ) em—) W’D
EAZA T = HZE LY Caso THE T A} ZESH RNA-CHEE STHIE HET0EL 22 50| A7 O
A0l & 2UBHH, CRISPR-Cas9 S 1A 7HHFO| 22 HY| M B2 QA3 ZEior = HEts| HEE Eooit),
Casd Protein + gRNA CasQ/gRNA RNP
Wl 22|
(1) Virus invaaes _ - S7H2IDNA
bacterial cell Protospacer PAM(NGG) et ksl
Adjacent
Motif
PAM Guide RNA
(2) New spacer is Matching  sequence
— derived from virus I~ Adaptation aence
and integrated into
l CRISPR sequence
4 444 ¢ Genomic
(4) CRISPR RNA l DNA l
0 - guides molecular
& ITTTTTTTITTTTSTsTsTeT  prevTTSTTTITTTTT™
Targetlng machinery to j E
— (3) CRISPR RNA . e et
target and destroy N Production of
viral genome is formed - Repair
CRISPR RNA NHEJ HR
J Non-Homologous End Joining Homologous Recombination
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— = —
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(=]
Part2. Method_Z= %] B
SORNATw
THCAS TGGATCAATGAGAAGAATGAGAATCTTAGTTTTCCTGGTG C 540.
CBDAS TGEETTAATGAGAAAAATGAGAGTCTTAGT TTGGCTGCTGGETATTGCCCTACTGTTTGE 540+
CBCAS TGGATCAATGAGATGAATGAGAATTTTAGTTTTCCTGGTG! C 540
e * s .
SORNAZ »
THCAS TCCATGGGAGAAGATCTGTTT) AGAAAACTTTGGAATC 720«
CBDAS TCTATGGGGGAAGATCTCTTTTGGECT TTACGTGGTGGTGGAGCAGAAAGCTTCGGAATC 720+
CBCAS TCCATGGGAGAAGATCTATTT) AGAAAACTTTGGAATC 720+
Fr— A ——
SgRNA3«
THCAS AATCATGGE TTACTTCTCTTCAATTTTTCATGGTGGA 960«
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(2021, Young-Cheon Kim)
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Protoplasts are spherical bare plant cells produced by the elimination of the cell wall by
means of di i plant pr can be grown in defined environments and will

form a new cell wall, divide and, in many cases, regenerate whole plants. Protoplasts are a
unique experimental system for studying the structure and function of plant cells.
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1. Gene function analysis
2. Genome editing

Part3. =&=1_protoplast isolation

Protoplast yield (/ml, x106)

€1 €z C3 C4 C5 C6 C7 C8

Fig.2 Isolated 1 by enzyme ition and

tion, and permeating methods of digestion solution. a Images of pro-
toplasts under brightfield microscopy. b Counting results of isolated
protoplasts from various conditions. Different lowercase letters indi-

cate a signi i (p<0.05) ding to Tukey’s test, n=3.
. Error bars indicate the standard error of the mean (SEM) of three rep-
Fig.1 Two-month-old Can- Lcates

nabis plant and explant used for
protoplast isolation
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Part3. =1_subcellular localization
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Fig.3 Subcellular localization of CsCBCAS, CsCBDAS, and CsTH

p355::CsTHCAS:GFP | T _m S Schematic diagram of the constry d for this
— 10088 i of protoplast transformation was. assessed
e GFP prote n protoplasts under es the overla

SEM values are  and brighifield images

b GFP Chloroplast Bright shown (n=3). ¢ Respective CsCBCAS:GFP, CsCBDAS:GFP, and
Transfromtion
GFP vector efficiency (%)
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Profiling Cannabinoid Contents and Expression Levels of
Corresponding Biosynthetic Genes in Commercial Cannabis
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Figure 1. Bi hesis pathway of ¢ i I 1-CoA and butyl-CoA are used as substrates
to generate olivetolic and divarinic acid. Through the action of cannabigerolic acid synthase (CBGAS),
olivetolic and divarinic acids are converted into cannabigerolic acid (CBGA) and cannabigerovarinic
acid (CBGVA), the central precursor for cannabichromenic acid (CBCA), cannabidiolic acid
(CBDA), cannabidivarinic acid (CBDVA), A9-tetrahydrocannabinolic acid (A9-THCA), and A9-
tetrahydrocannabivarinic acid (A9-THCVA). After exposure to heat (AT), CBGA, CBCA, CBDA,
CBDVA, A9-THCA, and A9-THCVA decarboxylate (-CO,) are converted into cannabigerol (CBG),
cannabick (CBQ), « bidiol (CBD), c bidivarin (CBDV), A9-tetrahydrocannabinol
(A9-THC), and A9-tertrahydrocannabivarin (A9-THCV), respectively. ~ Cannabinoids A8-
tetrahydrocannabinol (A8-THC) and cannabinol (CBN) are formed by isomerization and oxidation,
respectively, of A9-THC.
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Partd. &=12_HPLC chromatograms of standard
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Figure 2. Decarboxylation of the acidic cannabinoid mixture. (a) High-performance liquid chro-
matography (HPLC) chromatograms of standard (STD) neutral and acidic cannabinoid mixtures.
(b) Resulting HPLC chromatograms after heat and non-heat treatment of acidic cannabinoid mixtures.
(c) Results for the decarboxylation of acidic cannabinoids. CBDVA, CBDA, CBGA, A9-THCVA,
A9-THCA, and CBCA signals were decreased, and their corresponding neutral cannabinoid signals
were newly detected after heat treatment. The A9-THCVA signal was non-detectable (nd) owing to
the overlap in retention time between A9-THCVA and A9-THCV after heat treatment. Error bars
indicate the SEM of three replicates (Student’s i-test, *** p < 0.001).

-96-



Partd. &=12_HPLC chromatograms of plant extract
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Figure 3. Decarboxylation results of the Cannabis plant extract. (a) HPLC chromatograms of enriched Sofke = CATCR

neutral cannabinoids, CBD, CBDV, A9-THC, and CBC after heat treatment. (b) Results for enriched
CBD, CBDV, A9-THC, and CBC signals after heat treatment. nd indicates non-detectable. Error bars
indicate the SEM of three replicates (Student’s t-test, *** p < 0.001).

Figure 4. Quantitative analysis of neutral cannabinoids. (a) Vegetative shoots (S) and true leaves (L)
of 2-month-old Cannabis plants were used for cannabinoid analysis. (b) CBDV, (c) CBD, (d) CBC, and
(e) A9-THC levels were quantified from S and L extracts of three individuals each of abacus 2.0 (AB)
and early abacus (EA), two individuals each of cherry abacus (CA), and a single plant each of cherry
diesel (CD) and merlot (ME). The Y axi:

epresents the contents of cannabinoids in fresh weight (FW).

Different lowercase letters indicate signifi dif (p <0.05) ding to Tukey’s test.
=
Part4. = 2_RT-qPCR assay
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Figure 5. Paired comparison of cannabinoid levels. Comparison of CBD content (Y axis) with the contents
of A9-THC, CBD, and CBDV (X axis) detected in vegetative shoots and leaves of independent individuals
of the Cannabis cultivars AB, EA, CA, CD, and ME. Cannabinoid values in each sample are plotted.

L _1s 3L 3s
CsCBDAS

T T T
L 1S 3L 3§
CsCBGAS

1.L ‘|.s 3'L 3.3
CsTHCAS

1L 1s 3L 3s
CsCBCAS

Figure 6. Specificity of primers for cannabinoid biosynthesis genes and RT-qPCR assay results.
(a) Diagram of the primer sets designed for RT-qPCR assay of CsCBCAS, CsCBDAS, CsTHCAS, and
CsCBGAS. Locations of gene-specific primers used for the RT-qPCR experiment are indicated.
(b) Specificity of the designed primer sets for CsSCBCAS, CsCBDAS, CsTHCAS, and CsCBGAS. The ex-
pected amplicon bands of CsCBCAS, CsCBDAS, CsTHCAS, and CsCBGAS were mainly obtained from
¢DNA and plasmids containing the corresponding open reading frames (ORFs) or 3'-untranslated
regions (UTRs). (¢) Transcriptional levels of CsCBCAS, CsCBDAS, CsTHCAS, and CsCBGAS in leaves
(L) and vegetative shoots (S) of EA1 and EA3 plants. Different lowercase letters indicate significant
difference (p < 0.05) according to Tukey’s test.
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Lysosomal SLC46A3 modulates hepatic cytosolic copper
homeostasis, mitochondrial function, and triglyceride accumulation

Jung-Hwan Kim, Ph.D

4/19/2023
N Dept. Pharmacology, College of Medicine | k_?l\ltf |
T Gyeongsang MNational University, Republic of Korea St
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Background
During Vietnam War (1955~1975)

o & I pay

e A

& LS. Air Force crew miember stands by o defoliznt mixng
machine inside ome of thres C-123 aircraft used to dear jungle

gErowth in Scuth Vietnam; August 1963.

efore
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Agent Orange

OH Clo oy Oe__omy 0
T f'U“u"L"‘*o = O\icu \/Lj]/\o:\:j\
I 1L a0
a = ta Ql ¢l
TCDD
2,4-D 2,4,5-T {2,3,7,B-Tetrachlorodibenzodioxin |

Human case: the highest concentration of TCOD: 144,000 pg//g-fat tissue

AGENT ORANGE: Painful legacy

Agent Orange, a combination of herbicides and defoliants, was used by the LS. military,
particularfy during the Vietnam War. The substance caused extensive medical problems,
incleding cancers and birth defects, amang people exposed to it.

In 1990, the Agent Orange Act mace P o
veterans exposed to the chemical o e
eligible for compensation and
madical care. Tha U.S. Department
of Veterans Affairs recognizes a
"presumplive” link betwaan Agant
Orange and a range of dlinesses:

W Type 0 diabetes

W Hocighin's disease

B Soft-tissua sarcoma

B Paripharal nauropathy

B Zpina bifidain children of veterans

B Various other forms of cancer,
including prostate and respiratory
CASEs

Added Lo the list in August 2010:
B B-cel knkemias

W Parkinson's disease

W Ischemic heart disease

(TS
i Agen
Ulige

ke
wikzar Yuzkchenks Mationsl Acsdemies Frass
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Risk of Dioxin Exposure is still on in South Korea

Defense Logistics Agency
Defense Reutilization
And Marketing Office

Pusan

cDN& microarray: 1200006F02Rk
T5% identity
{Human vs house)

SLC46A3
Fram WKipedia, e free encycopeda

Solute carrier family 46, member 3 = a proten that in humans is encaded by the SLEAEAT gene I
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Regulation of Sic46a3
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Generation and characterization of Sic46a3 7/~ mice
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Copper is a possible substrate of SLCA6A3 in lysosome.
ICP {Inductively couplad plasma) spectroscopy
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TCDD and eGFP-5LC46A3 increases the copper chaperone for superoxide dismutase.
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Copper Uptake and Distribution & Cu-requiring Proteins

/S;I[ﬂ‘ . \ Cytosolic enzyme

CCS‘ p Superoxide dismutase 1 (S001)
Mitochondrial enzyme
Cut Cytochrome oxidase (CCO)
@ 4 ATO’“ Enzymes acquiring Cu at the TGN
"""----.._,,__‘ . Ceruloplasmin (Cp; Fe oxidase)
CTR1 Hephaestin (HEPH; Fe oxidase)
“u “-»._ ATFTAIB Superoxide dismutase 3 (SOD3)
3001 N Dopamine [ hydroxylase (DBH)
SCOo2 e Peptidyl-glycine a-amidating monooxygenase
Cox17 ) . (PAM)
\ e os). - MT1,2 / Aming oxidases ( £.0., VAP-1=A0C3)
Lysyl oxidases (LOX)
| Lysyl oxidase liket, 2, 3, 4 (LOXL1, 2, 3. 4)
Cu transporters Enzyme in the melanosome
Cu* transporter (CTR1, SLC31A1) TYR (Tyrosinase)

Cu-transporting ATPases (ATPTAB)

Cu binding molecules

Cu chaperones (CCS, ATOX1, SCO1, SCQO2, COXAT)
Metallothionein (major Cu chelators; e.g., MT1, MT2)
GSH, Histidine, Cysteine, ...

' Transcription regulators affected by Cu levels
MTF1, p53, Hif1a, —
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High Copper Levels in the Liver, Intestine, and Tumar
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The athymic mice bearing human prostate cancer xenografts were received SCuCL racer via tail vain

Positren emission tomography (FET) visualized **Cu distribution.

Slc46a3 affects mitochondrial potential and morphology
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TCDD induces accumulation of hepatic triglyceride through SLC46A3,
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Ablation of the Sle46af gene decreases hepatic triglyceride levels,
(Lipidomics)
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SLCA6A3 modeling

Copper-SLC46A3 docking

Site 1 Site 2 Sile 3

Tep

Sidlw

Conclusion

Scheme showing a possible role of SLC46A3 in hepatic lipid accumulation in mice
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Lysosomal SLC46A3 modulates hepatic cytosolic
copper homeostasis
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TYRO3-targeting strategy to overcome

metastasis and immune evasion of cancer cells

Miso Park & Keon Wook Kang

College of Pharmacy, Seoul National University

Contents

Cancer cells

Circulating Small Extracellular Vesicles Activate TYRO3 cancer ol
to Drive Cancer Metastasis and Chemoresistance cell

(ParkM, et al. Cancer Res 2021) ' ‘

PART ". YAP activation

RhoA activation
|

Macrophage
KRCTO087

v

Metastasis
Chemoresistance

P Circulating Small Extracellular Vesicles (csEV)
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INTRO.

INTRO.

Small Extracellular vesicles (s )

Exosomes
. - origin: multi-vesicular endosome
small Extracellular Vesicles (sEV) - size: 50-200 nm
(smaller than 200 nm) . .
Microvesicles

- origin: plasma membrane
- size: 50-1000 nm

Secreted
P k/p’me'"s —__ Live Cell
'y

Nucleus, _"

Microvesicle Exosome,

Extracellular Vesicles

Extracellular Vesicles Commercial Potential AsBy products of Cell Manufacturing for Research
and Therapeutic Use, James A et al,, 2015; Bioprocess Helveticanational

\ P Important mediators of cell signalling

derived extracellular vesicles (TdEV)

Premetastatic niche Maligant
formation Transformation

~

Angiogenesis

Immunosuppression
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INTRO.

INTRO.

The vascular system is critical for maintaining cancer cell survival

= Qur focus has moved on...

Tumor derived extracellular vesicles (TdEV)

4

Circulatingsmall extracellular vesicles (csEV)

» The vascular system

(L Critical for maintaining

TAMR-MCF-7

Exosome
depleted

MCF-7
Exosome
1.6 pg/ml

TAMR-MCF-7 MCF-7 TAMR-MCF-7
Exosome Exosome Exosome
1.6 pg/ml 16 pg/ml 16 pg/ml

ParkMet al.,, 2019 SciRep

(2) Inevitable space for circulating tumor cells (CTC) to begin

(3) Thelevels of circulating angiogenic factors correlate with

Circulating small extracellular vesicles (

S ————
Blood vessels

Tumor Progression

Tumor derived EV (TdEV)

() Circulating small EV (cSEV)

= Thenumberin blood of patients with metastatic cancer:

Circulating tumor cells << plateletsand erythrocytes (102 fold)

— most csEVs do not originate from tumors

= Mosthave focused on the clinical potential of csEVs as a biomarker

4

Little information abouttheirrole in cancer progression.
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INTRO.

Circulating small extracellular vesicles ( )

Blood vessels

o O

PARTI

= csEVsare more abundant than TdEVsin the blood
( median value of plasma EV particle number=2x1019/mL)

csEVs play an crucial mediator in cancer

progression
Tumor Progression
Tumor derived EV (TdEV)
() Circulating small EV (csEV)
Isolation of csEV by
(1] Extracellular Vesicles (EV) lodixanol density

gradient ultracentrifugation
Microvesic les

Apoptotic
bodies
Albumin _ _ aP) F‘\
=
> serum 120,000 g

Exosomes 5%
e 15h
20%
40%

Resuspend each

- fraction in PBS,
120,00093h

i - 10,0009
i - ’ — —_— — Resuspend each
- B 30 min eay) % pelletin PBS
Cleared
conditioned

medium
Cells Dead cells Debris

edited frombiorender templates
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PARTI Effects of EV-rich fraction (F6) and

Chemotaxis migration assay

We treated csEVsto cells
in thissystems

—— Cells
Cell-permeable membrane (undersurface
may be coated with matrix proteins)
Migration buffer

(to which cytokines etc can be added)

v
After 24 h, migratory cellsare captured
by Incucyte real time imaging systems
and cell numbersare quantified
relative to initial cell numbersin upperwells

PARTI Role of

in csEV-induced migration

Chemotaxis migration assay

- —_
o [
1 1
*
*
*

Relative migration ratio
to PBS treated LNCaP-SL
(4]

o

8 i
o

s LI

Cellline: LNCaP-SL
(a subline of LNCaP cells,
a very aggressive prostate cancercell line)

10

csEVspossessinga relatively negative charge
had the most potent migratory effect

—

Role of PtdSer in EV? Myosin

ﬁ

— Actin o 57 .
. L ®

¥ Phosphatidylserine S S

# Other phospholipids S 14
® O 31
o0
c =
3
]
e LAy

NPP— [ -19.4 mV csEV (naive)
N N [ -28.4 mV csEV
ATPS  ADPS ATPS  ADPS [ -10.4 mV csEV

Cytoplasm

Int JMol Sci Uyenetal,, 2017

csEV-induced cell migration were
significantly inhibited by AnnexinV

+Ca?*

=3 o

Relative migration ratio
o
o

to csEV treated LNCaP-SL

=4
o

A
A
csEV

(1x10"/mL)

Annexin V
(1 ugfmL)

p PtdSer: fourth most abundant and most negatively charged lipid of small EVs

P Annexin V:a PS-binding protein
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PARTI Role of

in csEV-induced migration y

P Effectsof artificial liposomes

e on cancercell migration ~

/— » PCvsPAliposome 4\

8

Phosphatidlycholine (PC)
Phosphatidylserine (PS)
Cholesterol (CH)

Hydration and extrusion -

method

Relative migration ratio
to Vehicle
g B8

o

[ Vehicle

[ csEV 1x10"/mL

N PC:CH:PS=2.0:1.0:0 Liposome 10 pg/mL (L1)
PC:CH:PS=1.5:1.0:0.5 Liposome 10 pg/mL (L2)

71 PC:CH:PS=1.0:1.0:1.0 Liposome 10 pg/mL (L3)

[ PC:CH:PS=0.5:1,0:1.5 Liposome 10 pg/mL (L4)

Artificial liposomes

p PA: phosphatidicacid

2 PC PS PA
g o o 200

150 : 2 [

I 8 £ 150
- -20; -ﬁ
5 1$)
° S 100
s Eo
( < 40 ole @ o .

g 2
g ©
o [}
2 -60 o« o
N

Artifical liposomes were provided by Prof. Jinki Kim
(Hanyang Univ., South Korea)

TAM

* Theyrequireboth a bridgingproteinligand (e.g., Gas6 and PROSL)and
phosphatidylserine lipid moiety for maximizing the effector coupling of

TAM receptors

Phosphaticylserine

Gagg prOS
v

NN

AXL F ? MERTK TYRO3

+ Role of TAM receptors in cancer

Abnormalexpressionin cancer cells

~ Proliferationand invasivenessof cancer cells

-122-




PARTI

Involvement of

in csEV-induced cancer cell migration

/— P csEV-driven TYRO3 activation 4\

' ey

wawe

Relative Growth

Investigating whether csEV could activate TAM receptors

-
=1
o

£

o

il [

R

csEV
(2x10'/mL)

[ Parantal Ba/F3 (- IL3)
[ Parantal Ba/F3 (+ IL3)
[ AXL active Ba/F3
[ MerTK active Ba/F3
TYROS active Ba/F3

IP: p-Tyr
csEV (min) o 15 30 60 90
TvRos I
TVROS |sw s s s |
GAPDH [ |
8
ze’
g i -
5356
B
=<4
£3
e
252
gr
2 5o LL]
& ° ¥ 8 8 gmn

» Existence of PROSL in ¢csEV ?

KU nstained

PROSL is a ligand for TYRO3
and existsin plasma at 346 nmol/L
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SYNTHETIC DRUG DEVELOPMENT
PROCESS

Supelco.

Analytlcal Products

=

01. Merck 27

02. BE2UEe 58
03. 297§ gy
04. SAE L9 =g
05. Preformulation
06. Q&A

Supelco.

Analytlcal Products
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Supelco.
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‘:ﬁ PESA AEE AR BE + USSR
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&
E Foioie uB=el pH vE
Wy CRRNM 2R e Aes .

2E 73 400 TR
BEEER B¢
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SOLUTIONS SERVICES

FARRTK

4,200~
AES Aoy

I7o| &

500,000~
32 A~
S2E gFs
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o business,
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H3Qe| & 7] HHE

Millipore. | SAFC. BioReliance. | Sigma-Aldrich. Milli-0.  Supelco.

Preparation, Pharma & Pharma & Lab & Lab Water Analytical
Separation, Biopharma Biopharma Production Solutions Products
Filtration & Raw Material Manufacturing & Materials

Testing Products | 5g|ytions Testing Services

Medi-Chem analysis  (UJHPLC-(U\V, MS, MS/MS, ToF, etc.)

PK analysis GC-(FID, ECD, MS, etc.)

THE &4 Titration

HA (2R Karl Fischer

HEHEH Thermogravimetric analysis (TGA)

SEHE M Differential scanning calorimetry (DSC)
Nuclear magnetic resonance {(NMR)
¥-ray Powder Diffraction (XRD)
Dynamic vapor sorption (DVS)
Melting Point (MP)
Etec.

Sangseol

PROCESS B3 - 5
Jeon INNOVATION
2015.03 ~ 2021.12 PeARRT K
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Supelco.

FordE — Ho 1|
gl Ol &E| 2 (YH25448, GNS-1480): EGFR H0| H 2 34|} EEX =X
¥H12852: TtPlE BE=ZZ(irritable bowel syndrome, IBS) O ) /Q

¥H33619: H|ZEHE TYHE (Non-alcoholic Fatty Lliver Disease, NASH)

£1,255,000.000 st
s}
$ET0.000.000
ssoonopo DINEE
GILEAD
£218.1%0,000 9 4 V0L 500, D04
e Wi I @“'"I"""“
aneizs e e 28 7.1 00820 %
YH14618 sj2fzt YH33619 YH25724 ¥H12852
YHC1108 janssen

F5: pae g7 . =
Amivantamab (INJ-61186372) 850 @3 & LK
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Supelco.
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M9 (New Drug)
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LYNTHETIC DRUG DEVELOPHENT PROCESS

Supelco.

M9 {(New Drug)

SYNTHETIC DRUG DEVELOPHENT PROCESS
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Supelco.
ghgolotEel B - Alokel Aol £

MOF (New Drug) WS Y% (Modified Drug)

R&D

==

&

SFNTHETIC DRLG DEVELOPHENT PROCESS

Supelco.
o4 BN 2
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Supelco.

o327 AR FIPO h #2307
Orug Olmovery Preclinical S2age Clinical Stage I Approval

16 TINTIHETIC ORUG CEVELOS MENY PROVESS MNMERUK
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Supelco.

#3517
Approval

ojorg 7l
AT HEgE T
Drug Discovery Predinical Stage

Target identification and
validation

WUES, B 4, 1B £|HERT =8 HEgE HE

Hit dlsc:_lvery Lv;-.ad qenemtlun Lead uphmlzahun

W= B [physicochemical) W71

w SYMTHETIC DRUG DEVELDPMENT FROCESS

Supelco.
olobg i 2Hd

it |} HZdHt #5571
Drug Discovery Predinical Stage Approval
= El

1 SYNTHETIC DRUG DEVELDPMENT PROCESS
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Supelco.
oforg 7j apy

o
Drug Discovery

o D

ALEAIE (20 ~ BO) XEE g4 (100 ~ 300) MEH &5 Y4ME
HYT X@AL FEY, 0HEE Wt SRS O H7HE
A|H %2 Tolerance2t == g9, 84 3 BHEE AR g2
PK/PD &2 58 =D L2 HE =
Supelco.
olopg 7 Iy

HTE
Drug Discovery

FEE T PR

or2|AlIE

2= ALE

AL
HEREAY i

Horm s §3 g

3|8 EAH

Commeon Technical documents, CTD (=48E87/|2&24)

F] THa of Prasantatize | DOMELYYSY
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Supelco.
ojotg i 2

Common Technical documents, CTD (X327

, Wi Pas
y, o tha 1D

Module 1: ZF XY @EHET HO
Module 2: S5 3 HE

Module 3: EEETFEDA
Module 4; B 224 |FHD 204 Hoduea
Module 5: A EAD 20N g

1 Men-Canical

1 e
s

ry
iy ! !
il

& :.---.I----

%, TheLTD

Tr—— Al
Symrary | Summany

i THa of Frassntstion | DD MELTY

Supelco.
ojofg 7je 3

Common Technical documents, CTD (SH3E7|82M)

a1 AR 4 R R FREAET] - -

[Module 3: EEHIHEILA|

S SRR TR ACTD TS
HEM (R [HEE SUAM]

= THa of Frasantatise | DO MELYSTY 11571 #71 ASTkily Dew
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Research/Pharma Supelco.
Functions

PARRTK
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Research/Pharma
Functions

@

g e Scalelf £ ERF

(=]

Development
s(mL ~ L)

+(mg ~ g)

=

Research/Pharma
Functions

o
=

'

=k
Med Chem. (Process Development)
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Supelco.
Drug Development Stages — 2Hd

—— —— Pt
Drug Discovery Clinical I Stage Eligtia:.—;lEIII
-k Hasd
=5 ik
Med Chem. [Process Development) ARBY site

TR ‘m:;’

Fo THa: of Prasantsbize | DD MELYYSY

Research/Pharma Supelco.
Functions

2p A H| 21 4t 2
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Research/Pharma Supelco.

Functions -
—— - b
. e

. H|H| (Formulation)
pDs A HE, platform 78 HE (MY, ZHF ALY O oTC YHIO|%E 5)

. 'él-ﬁcr’l Al QF
= [ S |
- HYEA, T4 47, AZEY 67, YLANEBAYE AZ, cTD XY 5

- T MY
- HENA, TY @7, ATEY 47, YUNYSASE AE, CTD %Y 5

« Generic HE
- MEYME, cTDEHY S

Supelco.
Drug Development Stages — HIAl

Early D - Clinical 111 -
AE 39 o7 ‘E»

I S ) oo
4

= THa of Prasamtatios | DD MELYOY
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Research/Pharma
Functions

Supelco.

wsly

=
2

Research/Pharma
Functions

e 1

- e
(R 1 =S
Y (Y, s4=T

Supelco.

. otEE7}
= H=EEE
. EdE7

M=% 3"
- Pharmacokinetics (PK)
SEE2E
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Research/Pharma
Functions

- BEHONEIHAT, ESNESYEY > AYENE 7158 BE
(ADME, DMPK)

. Exdut
- HEd UEG E A A

- Pharmacokinetics (PK)
. EEuw

ADME: Absorption (&), Distribuion (#X), Metabolism (CHAF), Extretion (Bf&)
DMPK: Drug Metabolism and PharmacoKinetics (ZE 52T

Drug Development Stages — H| Q4

Early Drug - Clinical 111
ROEY 3Y

ora) ol Zg7lH

G ETICES

B Tha of Frassntsbizs | DO MELYTY

i
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Research/Pharma
Functions

mot

C ||

Research/Pharma
Analytical methods

E2IAME (Identification) and
A ME (Quantification)
of the active pharmaceutical ingredient

oFdd A E (stability Testing)
of drugs

HEME (Raw material control)
For API synthesis and drug formulation

Supelco.

Supelco.
|- |
- *&""ﬁ
-', \
— -

=& AE (Impurity Testing)
of drugs arising in production,
packaging, transport and storage

222 (Water Content)
of drug formulations (pills, tablets, gels,
creams, etc.)



Supelco.
Drug Development Stages — H| 24}

Early D o Clinical ITT .
‘mn’ 4 validation

24 Process 3 HE #£45% W

In-Process £4 +8

SEM W
THEE ME (7HE, “H, H7)

ko Tha of Prassrtabize | DD MALYYSY
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0S5
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Supelco.
ofobE 7H 2HY

Drug Discovery Approval

Preformulation
FEEWUO| BT o MEHT Q0| HO WS

Physicochemical property
solubility, chemical stability, solid state property, formulatability

Biological/biopharmaceutical property
permeability/efflux, metabolism, clearance, safety

k] SYNTHETIC DRUG: DEVELDPMENT PROCESS

Preformulation Supelco.

olotg 7j kg

Preformulation

FHEHO F2EEE 84 (physicochemical properties)? 821 98
Physicochemical property

solubility, chemical stability, solid state property, formulatability (HI1H4)
- Solubility: Kinetic solubility &

- Chemical stability: salt¥, 2E® 9 stability & &7

- Solid state property

- Formulatability: 28458 et HHHE =2

Biclogical/biopharmaceutical property

permeability/efflux, metabolism, clearance, safety

- Permeability/efflux: -8 S (e.g. BBE E0E)

- Metabolism: CHAF 221

- Clearance: CL, 8HA MEHX= HAHE

- Safety: ¢ Y (Margin of safety) H& S, S440 259 Bt

a1 SFNTHETIC DRLIG DEVELDPMENT FADCESS
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Preformulation Supelco.

Crystallization

Calcite (Cal0 ) Ell:la-l'l—‘-il
o Aragonite (C2C0) o= 11401

Iriams iy
i

= L & = &0 m ] L

8
University of Alberta

& SYMTHETIC DRUG DEVELDPMENT FROCESS

Preformulation Supelco.
Crystallization

TGA Thermogram
DSC Thermogram

. f\

B LN gl
Uf _
S
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Preformulation

SEM - Crack

Crack

University of Alberta

1 SYMTHETIC DRUG DEVELDPMENT PROCESS

Preformulation

blood brain barrier permeability

Fooused 4 1 |
ety 1 1
Unesmoned | |
L

= SFNTHETIC DRUG DEVELDPMENT PROCESS.
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06. Q&A

L ETT

3 I3 YouTube

g R

Product Marketing Manager
Science & Lab Solutions Life Science

Sang-seol.jeon group.com

-147-

Supelco.



2023.05.17.

Q4 Xt AHNO|LL



F AMOp7jutal a A Ajojut 2023/05/17

=22 0j7l| neurogenesis =&:
O7laH 2t o 2= 3132 Al B

—

College of Pharmacy
CHA University

Msurccegeraration |
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f
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Riskphase | Precinical phase | Proeromal phase [ Chinlcal phasa

Marker Markers B TRETS | ERBples
Diagnosis

Brask sisgming 1=2 ] g4 5~ ;
3 Wid :r.agﬁ Laba siaga

Prixfromak-Early slage

Lewy pathology = Paripham sulcromic neone  © MidSmin sshassss rigr v Cambral cores

* Madslls chicngain + Arsypsls
Nature Reviews Neurology 12622634 [2016] * Oifaciory bulb * Nudioss babls of Maynod
Bysplns - Hyposmissnorsnio + Brodykinesia. Rigicity, Tremaw -+ Demeria

= REM slasg babuvins dinordar  » Dhyuphagia » Cogrilvn dyshndion
 Constipation r Eluap delustance » Hullucinafion
- Aty + neoninense
* Dspmomn * Saousl dysfuncicn
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Monmotar symphoms Modor symploms

¥ When people are diagnosed with Parkinson's disease, they have usually lost approximately 50-
60% of the dopamine neurons in an area of the brain called the substantia nigra.

College of Pharmacy
CHA University
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Parkinson’s disease
Current therapy | L-DOPA + DCI

| +MAO-B Inhibitors |
| + COMT inhibitors |

Extrapyramidal

Dopamine D, agonists I-" .
| La 2 360 motor disorders --—| mACh antagonists
| Dopamine releaser |—-r |Bradykinesia, akinesia, tremaor,

muscle rigidity atc)

Clinical unmet needs

Neurodegeneration Nt;c“ng"nlluli:::n:.:r:ng:tc:m
|Diszasze development] maadl lisprders eto)

Meotor fluctuation in

L-DOPA therapy
{wearing-off, on-off etc)

dyskinesia and psychosis

‘ L-DOPA-induced

College of Pharmacy
CHA University

DISEASE-MODIFYING MOTOR SYMPTOM NON-MOTOR SYMPTOM

Aim to prevent, slow or halt the  The cardinal symptoms of PD

progression of PD affect mobility For quality of life

= Antioxidant

= Anti-inflammatory drugs

= Aggregates reducers:
autophagy regulators

= Neurotrophic factors

= Anxiety/Depression
« Dopamine availability = Constipation
regulation = Swallowing problems
= Cognitive decline

= Stem Cell Therapy

College of Pharmacy
CHA University

-150-



Adult hippocampal neurogenesis & mental

illness

_ = Ol 1
AZAA U | 0|4 > AZHALE why U W A B J|H
Adult Hippocampal Neuro is and Mental lliness: Data from Rodent Models
#n Wivo Assessment . . in vitro Asssmament
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Adult hippocampal neurogenesis declines in
aging

1y

ol
.

IR
g
Quiescent Irtermemiale: Intermadate brwralure || Matune

Mairal Meural Maviral Giranute || Granule
ngnrumr: F'r\cgennu-rs{l-li. PngMIMHlIIIl Meurons || Meurocns

TIAE  Cell Stem czll 22-583-529, 2018
¥ Adult hippocampal neurogenesis is

correlated with aging, epilepsy, stroke, <kl
neurodegenerative disorders, and psychiatric g S e e —
— frmeus

disorders.
tay College of Fharmacy
CHA University
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Impaired hippocampal neurogenesis in PD
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Abnormal hippocampal neurogenesis in Parkinson's
disease: relevance to a new therapeutic target for
depression with Parkinson's disease

Mirch Pharm Res 41, 943 [2018)

BDNF & neurogenesis
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]

Impaired neurogenesis in the hippocampus
of an adult VP535 mutant mouse model of
Parkinson's disease

Meurobicl Dis 153, 105313 (2021)

©

College of Pharmacy
CHA University

¥ BDNF is a member of the neurotrophin family

¥ Inthe CNS, BDNF plays a key role in the neuronal growth and differentiation, neurogenesis,

synapse formation, and neuronal survival.
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ERRy (Estrogen-Related Receptor y)

A press on

¥ LH2lM 2|7EEFERSA)R] 2 orphan nuclear receptor

¥ constitutive active transcription factor . z
¥ estrogen receptor2t FASILE estrogendt BESIR| RS o ®
¥ Tissue-specific exprassion (high metabolic demand)

v HA g2 =l 2|7HE = E6{agonist of ERRY)2}F GSK4716 (agonist of -
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Role of ERRy ligand in neuronal differentiation
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Role of ERRy in the regulation of adult neurogenesis

and PD-related depressive behaviors

¥ ERRy plays a role in the regulation of BONF/TrkB pathway signaling and
neurogenesis in the hippocampus?

¥" ERRy ligand has a potential in ameliorating dysregulated neurogenesis and
depressive behavior of Parkinson’s disease model?
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L RRK2-G2019S mutation mice model

¥ Anxiety/depression-like behaviors in LRRK2-G2019S transgenic mice appear before the
onset of the characteristic motor dysfunction of PD.
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Young female LRRK2-G2019S mice show depressive behavior

in FST and TST

Femali Male

e } b £ € TSt d FsT [ ST
Sarifoe 1 n 5
. i % : i
£ g £ FiF| =
F5T [Forced swim test)  TST (Tail suspension test) £ = & 1 = . £
b 3 - -
) , B £ £« i
E i ] i
B WT GE Wr Er ' 'l‘r i [ N WwT o5
) 2 f art g oFt h oFt o T
" (Tonal dlsranos) (Time in peripheny Mot distance] (Tiree in periphend
e . . -~ ow
= T R Ir— B : 3 1 e e
— [ H %% 2 - H o] 3 |
- - H 1 H 1
i ] § = E
OFT {Open field test) LDT (Light,/dark test) b .
e s L
k Lot 1 Lot m Lo
o (e T I dla i of 1ars
.
il . ' Bl 1
B = i g E i
£ | Rt T E |
57| : £
Bl = £ w
£ 2
L s S

College of Pharmacy
CHA University

ERRy ligand enhances hippocampal neurogenesis of LRRK2-
G2019S female mice
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ERRy ligand HPB2 ameliorates depressive behavior with BDNF

upregulation
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Role of ERRy in regulation of adult neurogenesis

and PD-related depressive behavior
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¥ ERRy plays a role in the regulation of
BDNF/TrkB pathway signaling and
neurogenesis in the hippocampus.
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Neurogenesis &

¥ Inthe CNS, BDNF plays a key role in growth
and differentiation of newly produced
neurons, formation of synapses, and neuronal
survival.

¥ ERRy plays a role in the regulation of
BDNF/TrkB pathway signaling and adult
neurogenesis.

¥ ERRy could be a new therapautic target for
regulating depressive symptom in MDD, as
well as PD-associated depression prior to the
onset of motor dysfunction.
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Role of PAK4 in HSC activation and liver fibrosis

School of Pharmacy
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Liver disease

HBC and HCV
chronic infections

\ Chronic liver

Western diet injury Liver fibrosis Liver cirrhosis HCC

S_ P o

e

Alcohol abuse/v

<& - Cellular &
molecular

mechanism

Fernando Bessone et al.
Cellular and Molecular Life Sciences Jan 2019

Role of hepatic stellate cell in liver fibrosis

Normal liver > Liver injury I

vepatooyes oot

microvilli

/] 7 4 . —
v Quiescent = : =
stellate cell > )
5 Activated
Kupffer cell Endothelial cell stellate cells
Hepatic sinusoid Deposition of Kupffer Loss of

scar matrix cell activation fenestrae

GASTROENTEROLOGY Jun4, 20186
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Activation of hepatic stellate cell

Liver Injury

Hepatocytes
. LR -.-a’\..,-"- ZioK \._J Contraction |
| e o . o
LSEC - r Inactivation
KC > - aSMAL
L ® z Col+
g ROS PPARyT
W DAMPs Proliferation
\ Cytokines
) Senescence
Perpetuation Resolution
qHSC aHSC Apoptosis
Lrat+ Lrat+ ®
Reln+ Reln+ ) ‘" @)
Col- Col+ ) N
le ’
o
Intercellular ECM
cross-talk Remodelling

P21-Activate kinase family

Group | Nobe hinge

pakz (| m

C-lobe

EE——— ——

Kinase domain | ]

PAK1

Kinase domain ]

PAK3 [ | Kinase domain [ ]

Group I

PAK4 Kinase domain

PAKS Kinase domain

PAK&

Kinase domain

PBR

. p21-binding domain Autoinhibi'tory domain Pseudosubstrate domain

Won et al. Experimental & Molecular Medicine (2019)

PAK (p21 activated kinase)

Group | (1,2,3), Group 11(4,5,8)

Initially studies on PAK, role in reorganization of the
cytoskeleton. Control cellular morphology, adhesion,

and migration.

Later, expanded to cellular functions. Cell proliferation
and survival.
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Research for PAK4 in liver

Contents lists available at ScienceDirect

Cancer Letters

journal homepage: www. elsevier.com/locate/canlet

Cancer
Molecular and Cellular Pathobiology Research

PAK4 Phosphorylates p53 at Serine 215 to

Original Article

Zic2 promotes tumor growth and metastasis via PAK4
in hepatocellular carcinoma

Shi-Xun Lu *™ ', Chris Zhiyi Zhang ", Rong-Zhen Luo *™ ', Chun-Hua Wang *",
Li-Li Liu ™", Jia Fu ™", Lanjing Zhang *“, Huamin Wang , Dan Xie ™", Jing-Ping Yun *""
“ Sam Vol Sen Uiversily Cancer (enfer, Shate Key 0 South (hina, L fof Lamcer Medicine, Linng Show
510062, China
* Depuartment of Patholegy, Sem Yol-sem Uistwrily Canorr Conter, Gangrssa ST0060, Chins
 eparment of Puthokog, University Meical Comser of rincrion, Patmbors, N USA
Stpers ey, Nework, N USA
# Department of Ptbologs. The Usersity of Tosas M. Andersn Cancer Genter, Hosston, TX 77050 USA

@QWM.\R

Biochernical and Biophysical Research Communicatians 501 (3018) 3003-3010

Contents lists available at ScienceDirect

pa é Biochemical and Biophysical Research Communications

journal homepage: www.alsevier.com/locate/ybbre

Promote Liver Cancer Metastasis

Hai-Tao Xu', Wai-Lung Lai’, Heong-Fai Liu', Leo Lap-Yan Wong',
Irene Oi-Lin Ng™*, and Yick Pang Ching"**

HEPATOLOGY @aasD

ORIGINAL ARTICLE £ Full Access

p21-activated kinase 4 as a switch between caspase-8 apoptosis and
NF-kB survival signals in response to TNF-« in hepatocarcinoma cells

Qing Li*, Xiaoyun Zhang ", Na Wei *, Shuwen Liu ®, Yagin Ling “ ™', Hae-Wang © "'

* lnsitie of Pathopitysiolegy: Collepe of Baic Medicol, Earchoe University, Lonzhou, 730000, Chine

® Pathological Department, Gansu frovimcial Cancer Hospital, Linches, 730450, Ching

* Gastrwintesiinal Surpery Departmens. Gam Provincial Gancer Hopital, Lorzfou, 730050, China

“ Key Laborutery of Ethnomedicine (Miri Usiversity of China)L Ministry of Bifwcation. g, 100081, Ching
* Orthopedics Departmest, Lamshou Unfversity Second Hospital, Lenchou, 720030, Ching

I

p21-activated kinase 4 inhibition protects against liver
ischemia/reperfusion injury: Role of nuclear factor erythroid 2-
related factor 2 phosphorylation

Yuancheng Mao, Chang Yeob Han, Lihua Hao, Younho Lee, Jung Beom Son, Hwangeun Choi, Mi Rin Lee,
Jae Do Yang, Suk Kyun Hong, Kyung-Suk Suh, Hee Chul Yu, Nam Doo Kim £ ... See all authors

d: 02 February 2022 | https://doi.org/10.1002/hep.32384

PAK4 research for liver I/R injury

Thank you
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|
siRNA as a therapeutic

= Silence disease-causing
Potential Use of the RNAI Platform
genes, particularly those that iy can Addess s Vitualy Ary Target
encode so-called ‘non- - W
druggable’ targets. 1
= Viral infections ----,\-\-"--\'i:g‘_':.-:;;ﬁ_n__ et Feph o
= Neurodegenerative diseases m--n:.—:-rlh' = ~x - ~
= Autoimmune diseases by “ s o s Ao
= Cancer (RMAI of carcinogenesis, .y "j:,;;'ﬂ“:j'f e
tumor-host interactions, tumor S, ! B ‘:?.!E“" sy ""—"""J
mSIStanm tn Grﬁmotherapy} II-J:;-TII'\IA L) II!II »FA wARA J] PLLL
+ Efficiency, potency, target S ‘.;.l.‘:‘:.:""\_" 5 __.:_4,—::-. -
specificity, availability of gy 0 ru [ g B
. " Used lor s o -----=u-—-: wnen _ 1 _ wNMA
synthetic siRNA target vadation S =
- Instability, off-target silencing, """ =
TLR3 activation
[ caae
Y3 LEQVIO’ T T e
(rcisiran S .
+ GalNac-siRNA o BRI apar . Sy
conjugate : ' b el
* Hypercholesterolemia s s ceare Epczomnt
e »_FOA approval in 2021 s e
GIVLAARI : x . .
IpREsEran = B, e e ]
m @f iy 1 [ ”.': T
» siRNA covalently = (% e
linked to a ligand = priy
{GalMac) targeting QOXLUMO GmVUttrU - + siRNA encapsulated
hepatocytes lumasiran) zeme. {wutrisiran) - in a lipid
+ Acute hepatic + GalMac-siRNA + GalNac-siRNA fresssssies nanoparticle
porphyria conjugate conjugate . H&r&dltary.
+ FDA approval in + Primary + Hereditary E transthyretin-
2013 hyperoxaluria type 1 transthyretin- el mediated
+ FDA approval in mediated L) amyloidosis
2020 amyloidosis ¢= + FDAapprovalin
Wt:&ﬁ& _%' + FDA approval in : :_'_,_\._'- 2018
&= -:““6-‘ £ ons =1l 2022 b T
s g o e T WU L S T T e
o . S Tt Tarpe 7her 2000, 51), 100 bl C o - ]
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|
Need for systemic carriers of siRNA

POt - AAOHEN

* Limited success in systemic ot a0 aroca
delivery to the organs other P 7 T
than the liver (or spleen & lungs) &% s L , el v

. . oo f b ELMAETIY o Mirrbsan
= Binds to ApoE and accumulates in "4 | -
the liver via low-density lipoprotein FEAv I
receptor (LNP =8 BT e rr
p . { } -wﬁ:sum | ] het @ :J;E )
» Potential issues related to the =l famer Vo sl
cationic carriers - R s
. . . . N i + STFTO6
+ Non-specific interaction with serum e Y= el
pmt&lns camperg A : ?;';I’;?‘
* Proinflammatory properties
Hu B Thong L) Waeg, ¥, Pang, L Huang, Y. Zhis, Y Liang, X J.,
Thinagsstie & RMA: sl of e ol Sive’ Trnnadee! Targed Thae 2000, 51}, 101,

|
NANGOSAC for systemic siRNA delivery to
solid tumors

Kimy, HL; Yuk, 5.4 Distedy, & M.; Kwon, 5. Park, J_; Meng, F; Gadalla, H H.; Cadana, M. J; Lyle, L. T; Yao, Y., ACS Nano 2021, 15, 3, 4576-45083
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Nanosac, a non-cationic and soft polyphenol capsule
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Nanosac, a non-cationic and soft pnlyphenol capsule
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NPs with pD layer remained
stable in 50% serum. Nanosac can be lyophilized and stored in dry state.
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I—
Nanosac is non-toxic, encapsulates and protects
siRNA, and silences gene expression in vitro
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|
Nanosac traffics to cytosol
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|

Nanosac, with pD layer, co-opts serum albumin and
enters CT26 cells via caveolae-mediated
endocytosis.

Serum-complemented medlum
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Softness of Nanosac helps reduce macrophage
uptake
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Nanosac extravasates into tumors better than hard
counterpart.

MSN2-cy5/pD Nanosac

Nanosac penetrates into tumor spheroids better than
hard counterpart.

240 pm ZBDim

Nanosac MSN"-cy5ipD
L
|
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siPD-L1-loaded Nanosac attenuates CT26 tumor
growth via immune checkpoint blockade.

Nanosac outperforms Lipid nanoparticles
in dual delivery of siPD-L1 & siCD47
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Wang et al. Theranostics 2023, 13(1).148-160
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|
Nanosac for systemic gene delivery

* Nanosac, a non-cationic and soft polyphenol capsule
+ Avoids toxicity, non-specific protein adsorption
* Improves transvascular and interstitial delivery of siRNA to tumors.
* Reduces macrophage uptake

* Polydopamine-mediated albuminylation

= Allows for direct delivery of siRNA to cytosol via caveolae-mediated
endocytosis.

* May mediate distinct interactions with cancer cells and endothelial
cells.

* May improves extravasation, leveraging the effect of softness.

I
Intratumoral Delivery of Inmunotherapy
Act locally, Function systemically

Laocal therapy

D . |Iwm%k
il _ Tumor

b

Dandritic cell
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|
Intratumoral Delivery of Inmunotherapy

Colery, W. B, Tha Treatmant of Inooerabls Sarcoma by Bacterial Taxdnes {lha
Mined Toxins of e Streplocoosus Erysipelas and the Bacilus Prodigiosus).
Proossdings of e Royal Sockdy of Medicins 1910, 3 (Surg Sect), 1-48

At the fifth operation, in 1884, Dr. Bull
found the tumour to involve the deep
structures so extensively that it was
impossible to remove it, and he gave up the
attempt. The case was regarded as
absolutely hopeless, when, shortly after the
operation, the man developed a very severe
attack of accidental erysipelas (infection) in
the face and neck, followed two weeks later
by a second attack. Within a few days after
the beginning of the first attack, the tumour
began to soften and decrease rapidly in size.

Feevurrmt round-called  sucoms, rECorY ing mncidental
sepepelus.  Fhowgrpl ke svan yeurs sl the sae,

Carrier consideration

* Retain immunotherapeutic agents locally to maximize
their pharmacological effects in tumors and prevent
systemic side effects

» Co-deliver multiple drugs, which share little
physicochemical features and would otherwise not
colocalize

+ Stimulate antitumor immunity to leverage
immunostimulatory effects of therapeutic agents
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Immunoactive complexes (IMAX)
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Farsia Miersg, Jianping Wang, Yarrying He, Gragary M. Cresswel, Nadia A, Lanrresn, L Tifiany Lyb, Timothy L. Ffifl, Yoo Yeo. PNAS. 2022 {110) 22 e2122505119

|
Polyethyleneimine 2E’ serves as an immunoadjuvant and enhances
derivative (2€) cancer cell uptake by antigen presenting cells
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|
royetene™  Paclitaxel (PTX) stimulates antigen-presenting cells and

darivative (2ZE')

. induces immunogenic death of tumor cells

Dendritic calls Macrophages Dendritic cells  Macrophages
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Palyethylensimine

derivative (2E") 2E’ carries paclitaxel and siPD-L1, retaining its
.&3 "P““ immunostimulatory effects.
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Prisreng and ackalion
[APCs & T clis) e
=

(e Infibration of T cels
= intn tumars
JCTLs, endothebal cells)

Canger anligen E . i
Hararsl i PO —
' “MUDFE::I = -L_,r’ :"(_\.- - of xg — AP —
:arn:nrr.nlh by T calis ! g
- ICTLs, cancer pals] |48 2
i- 5 i
i 1 H
i Ty - e e e R
TN - - 4 -
] - - poicea of | - TR s -
e ™ cancer cell antigens Kiling of zancer cels
T (gancar cal deaih) rmrmune and cancar call)
= ®m om om
Lurs pri? raed saf

Chan, . 5. & Maliman, L Onoclogy masts immunclogy: S cemoor-immunity opole. dmmuniy 39, 1-10 2003,

Polyethylensimina
derivative (2E')

; l*,IPI:I-I.I

wW
2

Paclitaxel

@ﬂﬂﬂ
PHRHHD

Single local administration
of 2ZE'/PTX/siPD-L1 induces
immediate regression of
large established tumors
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Single intratumoral injection of 2E'/PTX/siPD-L1 induces tumor regression
and protects animals from repeated tumor challenge in CT26@Balb/c model.
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Single intratumoral injection of 2E’/PTX/siPD-L1 induces and maintains
immunoactive phenotype in poorly immunogenic B16F10 tumaors.
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Single intratumoral injection of 2E’/PTX/siPD-L1 primes
systemic antitumor immunity in B16F10 tumors.
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Fariiai Merg, Jianping Wang, Yarying He, Gregony M. Cresswell, Nadia A, Lanmen, L Tifany Lyss, Timothy L. Rafiff, Yaon Yeo. PNAS. 2007 (115) 22 a2123505119

Immunoactive complexes (IMAX)

Polyethyleneimine
derivative (2E')

Tumor
s &

= antigens

/ji’ Immunogenie cE_IL'-F

Paclitaxel

(immunogenic cell
death inducer)
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]
Systemic Delivery of Immunotherapy
Enter systemically, Act locally, Function systemically

®
A, Tumor
Dendritic cell
® . Lrqph node
L )
|:j’m‘k:l
|
Summary

* An immunoactive nanoparticle (IMAX) induced immediate regression of
tumors upon a single local administration and enhanced the activation

of antitumor immunity.

« In IMAX, 2E’ activated innate immunity against tumor due to the

immunoadjuvant effect, and PTX induced immunogenic cell death, which
then activates T-cell immunity against tumors. siPD-L1 prevented tumor
expression of PD-L1 that would otherwise engage in immune checkpoint

interaction and MDSC and Treg recruitment.

= Systemic delivery of PTX by ATP-conjugated (“find-me”)
nanoparticles induced regression of CT26 tumors and generated
systemic antitumor immunity.

 Addition of anti-PD-1 antibody counteracts the resistance to PTX-loaded
Find-me nanoparticles, leading to complete remission of CT26 tumaors.
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JEONBUK NATIONAL UNIVERSITY

Total synthesis and structural confirmation of
gosodesmine

JEONBUK NATIONAL UNIVERSITY

Jeonbuk National University School of Pharmacy
Medicinal Chemistry and Organic Synthesis Lab
Jihee Han
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Natural product in drug discovery
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B : Biological macromolecule N : Unaltered natural product NB : Botanical drug (defined mixture) ND : Natural product derivative
S : Synthetic drug §* : Synthetic drug (NP pharmacophore) V : Vaccine INM : Mimic of natural product

J. Nat. Prod. 2020, 83, 770.

Natural product-based drugs
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Penicillin

- the most representative
antibiotic, was first isolated
from the Penicillium mold

- inhibits the synthesis of
bacterial cell walls, thereby
suppressing the growth
and reproduction of
bacteria.

Aspirin

initially developed based on
salicylic acid, an extract
from the bark of the willow
tree

As nonsteroidal anti-
inflammatory drug, used to
reduce pain, fever, and
inflammation
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- The flavonoid eupatilin,
which is found in Artemisia
asiatica Nak. (Ae-yeop or
Korean mugwort), has been
reported to possess anti-
ulcer effects

- Effect of improving mucosal
lesions
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Chemical defense secretion of Millipedes
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Defensive Secretion of the Millipede Floridobolus penneri 9% PRODUCTS

Athula B. Attygalle, Shang-Cheng Xu, Jerrold Meinwald, and Thomas Eisner "
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of the Defensive Secretion from Pachyiulus 4
hungaricus (Karsch, 1881) (Diplopoda, Julida, Ao nto & Mflisvons
Julidae) seenes
Slavisa Stankovié'*, Ivica Dimki¢', Ljubodrag Vujisi¢?, Sofija Pavkovié-Lugic?,
Zvezdana Je ie4, Tatjana Stevies, 2, Bojan Miti¢*, Viadimir Tomié*
1 Belgrade, Serbia, 2
o y y. Belgrade, Serbia, 3 Depariment of
Serti. 4 Oeparmentol
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Plants Research “Dr. Josil Pantic, Belgrade, Serbia

y. Belorade, Serbia, § Insiute for Medicinal

Chemical defense secretion of Millipedes

J. Nat. Prod. 1993, 56, 1700-1706.
SCIENCE. 1962, 138, 512-513.
PLoS One. 2016, 11, e0167249.
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In vitro effects of the defensive secretion against L. monocytogenes (a), methicillin-
resistant S. aureus (b) and X. arboricola (c). K) Negative control of solvent.

Name ATTC No. i:f‘:ir;?ti‘;:\ mic MBC MIC of ri ! MBC of ri icin
(mm)> (mg/ml) | (mg/ml) (mg/ml) (mg/ml)

Aeromonas hydrophila 49140 16 0.20 0.40 0.10 0.20
Pseudomonas aeruginosa 15442 10 0.60 0.80 0.20 -

Escherichia coli 25922 19 0.60 1.00 0.20 0.40
Xanthomonas arboricola 1ZB 301= 14 0.40 0.60 0.20 0.40
Listeria monocytogenes 1/2a 19111 16 0.20 0.40 0.40 -

Staphylococcus aureus 25923 25 0.40 0.60 0.20 0.40
Methicillin resistant Staphylococcus aureus (MRSA) 33591 19 0.25 0.50 0.12 0.18
Bacillus subtilis 6633 25 0.60 1.00 0.080 0.20

2The strain X. arboricolawas isolated from walnut fruit

b Mean values of three experiments, expressed as the diameter of the inhibition zone in mm includes the diameter of well (5 mm)

Antibacterial activity of defensive secret extract from Pachyiulus hungaricus
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Gosodesmine

JEONBUK NATIONAL UNIVERSITY

[ Gosodesmine Octahydroindolizine
Gosodesmus claremontus

4 Isolated from the chemical defense secretions of the millipede
Gosodesmus claremontus Chamberlin

4 Unique 7-substituted hexahydroindolizine alkaloid
4 Absolute configuration at Cg, was not elucidated

4 Any biological activities were not reported

J. Nat. Pred. 2020, 83, 2764.
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Studies Toward the Total Synthesis of

Bananamides D-F
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Retrosynthesis

Synthesis

Summary and Future Plan
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Peptide Drugs

W Hsootn

JEONBUK NATIONAL UNIVERSITY

a Global pharmaceutical market (2019)

Biologics

$1.2 53 — Peptides

trillion

Small-
molecule
drugs

< Distribution of function

Antagonists

Inhibitors 1%
9%
Decoy
4% - Osteology
Metabolic — -
‘ indications Miscellaneous
Agonists . (CNS, pain,
Endocrinology infections, etc.)

b Peptide drug approvals

5

| | L
19601979 1980-1999  2000-2019
d Therapeutic indications.

Cardiovascular
indications

Oncology

Reproductive
medicine

Gastroenterology

Nat. Rev. Drug Discov. 2021, 20, 309-325.

known ligand
of substrate
orthosteric site

kinases
proteases
ATPases
GTPases
phosphatases
deacetylases

allosteric site

Disadvantages of Linear Peptide Drugs

Non-enzyme targets

ligand
binding site?

\

intrinsically
disordered fom
region p
modifying
o site?

scaffolding proteins
structural proteins
transcription factors
chaperones
assembly/disassembly factors

protein-protein
interaction site

Chem. Biol. Drug Des. 2013, 81, 22.

Insulin
12003 SURFACES
Biologi
Protein-Protein Interactions
10001 - proteins +
- pernt antibodies
800 &
6001 _-" macrocycles + GROOVES
F 3 +

natural products ¢
UL o CLEFTS
400 ."m " +

:: small ¢
200+ 2 molecules,” POCKETS

DINUINY JIE Duriace Area (A7)

500 1000 1500 2(
Molecular Weight (Da)

Curr. Opin. Chem. Biol. 2017, 38, 141.

Table 1 Advantages and disadvantages of therapeutic peptides

(Adopted from [25])

Advantages

Disadvantages

High potency of action

High target specificity and selectivity

Wide range of targets
Low toxicity
Fewer side effects

Low accumulation in tissues

High biological and chemical diversity

Metabolic instability

Poor oral bioavailability
Poor solubility

Rapid clearance

High manufacturing cost

Poor activity

Poor membrane permeability

Journal of Biomedical Science 2017, 24, 21

Endopeptidase

+H50
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1on— @@ —coon
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Exopeptidase

Aminopeptidase

Carboxylpeptidase

'
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Target protein

(iii)

i

Pq’ﬁdlseg —> Degradation

Side effects

Crit. Rev. Eukaryot. Gene Expr. 2016, 26, 199-221



Advantages of Cyclic Peptide Drugs

Cyclic peptidomimetics

A
O
Target J. Am. Chem. Soc. 2006, 128, 14073-14080

J. Med. Chem. 2022, 65, 5072-5084
Pepridages

Crit. Rev. Eukaryot. Gene Expr. 2016, 26, 199-221
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cyclosporin A (CsA)

"open"-conformation

"closed"-conformation "open"-conformation

Mar. Drugs 2021, 19, 311

Cyclic Peptide Drugs
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Bananamides w S50o

Cers

HO
Q CsH.a 0}_)—‘37'*-5
NH HN
S‘ 1( Bananamide A é it Bananamide B é 1( Bananamide C

Cers

O»_)_CSHIQ C7H15
0 Q. HN
N HN NH HN Q NH HN ?
HO
d
H
Bananamide D Bananamide E Bananamide F

CrHqs

O HO ~ o % cn. ° Isolated from Pseudomonas species.
" + Cyclic lipopeptides
oo HN R oo md + Showed antiproliferative and
NH HN el (et antimicrobial acitivities
NH gz + The absolute configuration of each
HO/-& O o amino acid was not determined.

L( NH O HO'
);’l Isi :li o
i PLoS One 2015, 10, e0125221.
MDN-0066 Nat. Microbiol. 2016, 2, 16197.

Bananamide G
Molecules 2019, 24, 4170.

o
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Development of new anti-cancer
drugs through sphingolipid
signaling regulation

Mokpo National University
Eun-Young Park

Anticancer drugs by generation
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Why pancreatic cancer ?
514 4T HEE

Ll

Most deadliest cancer Terrible trajectory
11t for cancer incidence ITa Projectad to become 208
T cancer related - Cancer death by 2020

Silent Killer High chemoresistance
Asymptomatic metastasis (IR ety chemoresistance to
Late diagnosis

existing chemotherapy

Pancreatic Cancer

Difficult surgery Low survival rate

Surrounding vital organs
Tumeor size & early metastasis

Less than 8-13 %, 5 years O3
Poor disease prognosis

Difficulties in improving treatment efficiency of pancreatic cancer

e N

First-line freatment option

1) FOLFIRINOX
(fluorowracil, folinic acid, irinotecan, and
oxaliplatin)

2) Gemcitabine + nab-paclitaxel

- Olaparib :PARP (Poly ADP-ribose
polymerase) inhibitor

- Pembrolizumakb

\. Crit Rev Oneol Hematol. 2017 )

Urgent need of developing novel targeted therapy for the treatment
of pancreatic cancer.
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Sphingolipid rheostat and cancer
A balance to decide cellular fate

S51P phosphatase
—————————eee b

Sphingosine Kinase

SphK1/2 upregulated in Pancreatic cancer

# SphK1 and SphK2 is overexpressed in
PDAC compared to normal tissue

= Tumor and serum S1P level elevated in Sphi1

pancreatic cancer patients T a1
# Increased S1P level in PDAC correlated to

cancer progression, metastasis, poor prognosis

il v S L M A pr s
[ Fae
I." "l

# Increased S1P/ceramide ratio induce
chemeoresistance in PDAC

# SphK2 inhibitor have anticancer effect to PDAC

# SphkZ2 inhibition increased Gemcitabine

sensitivity
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Role of S1P in cancer progression
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Are inhibition of SphK activity and lowering S1P levels
promising approaches in pancreatic cancer therapy?

Inhibitors

m] @I | Sphingosine Kinase | @ l
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FTY7T20

5K1 selective

FTY720

¥ Strong anticancer efficacy
in=vitro and in=vivo

* Converted to FTY720-p by
S5phK2 and binds to S1PR1

F Immune suppressive effect
through modulation of T-cell

function

sompesnd &
LR
BEEL 4 M

5 - .
Y T ﬁ\,llhlf
W 12y BT M .
T
PF543
# Strong SphK1 inhibitor
# Highest selectivity (300 fold)
to SphK1 over SphK2

# Poor in-vitro and in-vivo

anticancer activity
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Reported sphingosine kinase inhibitors
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Problems of existing SphK inhibitors to use as anticancer therapy

T

™
E?ruv-oq._}

ARCIRR
Y Iy RS M
SN2 10, ~EC M

ABC294640
Best known SphK2 inhibitior
Week in-vitro anticancer

effect good in-vivo

anticancer effect

# The potency of SphK2

Inhibition is poor (10 um)
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Compound B79 and B80 showed significant cytotoxic effect in pancreatic cancer

-199-



Target verification of B79 and B80

Con 10 20 10 30 ABC-20uM
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Compound B78 have high SphK inhibitory effect with no selectivity, B79 showed selective
SphK2 inhibitory effect.

Compound B79 have no effect in Sphk 1/2 protein expression, decreased S1P level,
increased ceramide and Sph level.

B79 improves gemcitabine sensitivity for anticancer effect in

pancreatic cancer in-vitro

Suppression of c-Myc and RRM2 expression in pancreatic cancer cells by the
sphingosine kinase-2 inhibitor ABC294640.
Lewis et al. 2016 oncotarget
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The combination of B9 and gemcitabine increased apoptosis in MIA PaCa-2 cells more than

single
treatment
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MIA PaCa-2 tumor xenograft study in BALB/c mice

=D

- p s prs
I ! I 1
I T T 1
Deyd Dy 7 oy 28 Treaiment Dury 6
Receivesd  Tumar nocslation  BF9ARCT g g (FO] Wiand collection
BalBd  3xid plid FaCad  every day dem 30 mgdhe 0F) Saprilioe fusar ool kotion
resde mice caln weary 3 day
A (B)
e UL TR NI _...s_‘d._,_._Ldﬂ an = Con
Contral R Mk & B & ¥ ¥ & '.'Q BT
aw:.'r----a.--.fgm PSS = = =
ABCZOAGA0 I & = # = @ = 5 w e ¥ 83 'E?
| - —BT9s
Gemi flge a8 B = = & & & ® &= §1I:|
B0+Gem flan & & & & & & = -
' 0 & 12 18 24 30
Days of treatmant
<) (D)
& Con
o 000 J e 879
E & BEC
_E 00 4 = Gem =
—; - BFG-GEm t J;_--;
: %’*) g
p = = -
2 rtj- - 5
1000 t—i‘ S E
st &
L S S SN AN S e, S s Suv S S —
d 3 & @12 1518371 243730 3335 Con B73 ABC Gem BFS+Ge

Days of treatrment

Traatment group

B79 treatment reduced xenograft tumaor volume and weight in a similar way as ABC294640 treatment.

PaRcreatic candar

[EMS | (et

-201-



Inhibition of SphK activity
iIs a promising approach in colorectal cancer therapy

Inhibitors

m] @I | Sphingosine Kinase | @ l

Colorectal cancer

2022 NCCN

FOLFOX or CapeOX + bevacizumab
FOLFOX % cetuximab or panitumumab (KRAS, NRAS wild only)

FOLFIRI: bevacizumab
FOLFIRI£ cetuximab or panitumumab (KRAS, HNRAS wild only)
5-FUILV or capecitabine + bevacizumab

20 line FOLFIRI£ bevacizumak
FOLFIRI: cetuximab or panitumumab (KRAS, NRAS wild only)
FOLFOX or CapeOX = bevacizumab
FOLFOX £ cetuximab or panitumumab (KRAS, NRAS wild only)
Irnotecant bevacizumab, Irinctecan+oxaliplatin £ bevacizumab

3 fine Irinotecant cetuximab or panitumumab (KR4S, NRAS wild only)
cetuximab or panitumumab (KRAS, NRAS wild only)
Regorafenib or frifluridine, dMMR/MSI-H : Nivolumab, Pembrolizumab
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SphK1/2 upregulated in Colorectal cancer

# Sphk1 and SphK2 is overexpressed in

Colon cancer

H i

colorectal cancer compared to normal tissues i" [ E“ ;

i ]

% Tumor and serum S1P level elevated in i i {
i i i

colorectal cancer

# Increased SphK expression correlated to Sphk2
cancer progression, metastasis, low OS5 ’ T :.':. '\"‘*s._____ B Low srasion [n=te0)
| | T e
# Increased SphK2 in CRC enhance chemao- " gl " L .
resistance to 5FU *
% SphK1 inhibition have significant anticancer 1 Son T | T T R [

et .
it cem - Colorectal cancer

efficacy and increased sensitivity toward 5FU
TCGA database

Cytotoxicity and anti-proliferative effect of selective compounds in

M
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Heparin: Oldies but
Goodies
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Arromie

Natural anticoagulant

1916, Jay Mclean(1890-1957), cf (W.H. Howell)

1918-20, William Howell(1860-1945) confirmed (EtEA))
1934 First trial to prevent postoperative thrombosis
1937 Thromboembolism during blood transfusion
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History of Heparin

Historical Timeline of Therapeutic Heparin in the U.5.

Bovine 2nd U5, Approved g4 FDA Meeting on
; liwer Heparin (Bovine e 3 Reintroduction of
Dog liver - BSE Crisis Heparin
i T, in the UK Adulteration Crigis  B0Vine Heparin
: . AN LN
1996 2007-2008 '\ 2014 !
Late #0's 2008-2014 g\
Bovine lungs 15t LS. Both Bowing Bovine Sourced USP Monograph Revisions
Approved and Porcine Heparin Voluntarily (2008, 2009, 2014)
Heparin Heparins in WS,  Withdrawn from
{Bowine Lung) Market
USE caos

[=]
=
ADVANCING DEVELOPMENT AND MANUFACTURING
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Regional Analysis of the Global Heparin
Market, 2020

-51.0%

® North America » Rest of World

% North America heparin market was
valued at USD 4,498.8 million in 2020

% Low molecular weight heparin segment
dominated the global heparin market in 2020

Global Heparin Market (USD Million), 2020
& 2028

12,058.1

8,821.3

2021 $9.38 billion
2028 $12.06 billion

2019 2027
COVID-19

* =Q7t F7t
O 3.7% =7}





Structure of heparin

« Heterogeneous mixture of sulfated polysaccharide (pork, cow or ox)

* Polydisperse
« MW : 5 ~ 30 kDa, Mr: 12 kDa

GleHpSES IdoAp2S GleNpSES IdoApZS GlcNpAc/SES  GlopA GlcHpISSES  IdoApas GlcNpSaS IdoAp2S GlchpSES
H OH
CH,0S0; EH_-USU_- %H.DSD..' oo CH.0S0,; GH.0S0,
0 0 o o a o 0 Q
coor 030
o OH OH B OH OH o OH ) D50 A oM
NHS0, NHSO), OHy.  NHA OH HH3O0, gg‘q- : gg-:g

L ) IL 1 SDJ. 2 3 4 5 IL " |
Trisulfated disaccharide Disulfated disaccharide Antithrombin Pentasaccharide Binding Site Trisulfated disaccharide

flanking domain flanking domain flanking domain

n+m=16 for MW 12,000

Chemical structure of heparin: pentasaccharide sequence
essential for binding to antithrombin IlI

Heparin backbone structure





A schematic representation of heparin. In UFH (upper figure) every HA5 (black) has
sufficient sugar moieties (gray) to its left side to form a C-domain. In LMWH (lower figure)
the molecules are broken up and HAS5 domains that do not belong to a C-domain appear.

Frontiers in Medicine | www.frontiersin.org 1 November 2019 | Volume 6 | Article 254





(a) Unfractionated heparin

Unfractionated heparin

N

anti-thrombin >

FXa

Thrombin

Pentasaccharide sequence

(b) Low molecular weight heparin

Low molecular weight heparin

FXa
>

Pentasaccharide sequence

Mechanism of Heparin Action

Contact activation Tissue factor
(intrinsic) pathway (extrinsic) pathway

Damaged surface

l Trauma
TFPI
Xl Xlla P
7 T Vila VI
XI Xla = N
2 7 T\ » | Tissue factor «<—— Trauma
; IX IXa Vllla 3

pvveeeeee. Antithrombin

~. Prothrombin (1) == —> Thrombin (lla) .. Common

Va . pathway
k, “ " Fibrin

ogen (l) Fibrin (Ia) ¥

T e T L
Active Protein C Xllla XI
Protein S Cross-linked
il fibrin clot

Protein C + Thrombomodulin
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Number of pigs worldwide in 2022, by leading country (in million head)*

China 449.22 4QI‘| SXI_-l
19] 4

78 44

European Union

==
a

)

d
.

United States

Brazil

Russia

Canada

Mexico

) South Korea XI_-| HH |:|I_|-
7 I- (I%Q) Japan )
= (BX)

United Kingdom

0 50 100 150 200 250 300 350 400 450 500

Number of pigs in million head

Sources Additional Information:
US Department of Agriculture; USDA Foreign Worldwide; US Department of Agriculture; USDA Foreign Agricultural Service; April 2022**
Agricultural Service

@ Statista 2022

Source : Statistia 2022





Anticoagulant Activity
Determination /n vitro
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by swk 2013

Duodenum Jejunum lleum
jru S| Xk
HOIX|E SX 28 Special Issue
Small Extracted

intestine mucus
B s

ACS Appl. Bio Mater. 2020, 3, 5, 2897-2909

Animal Bioscience 2021; 34(3): 338-344.

Stomach Duodenum Jejunum lleum Proximal Distal

Colon

Vein
Submucosal plexus
(Meissner's plexus)
~O I--5|. XXl

.’I
L= Glands in submucosa / i
\
o V'

Submucosa

Mesentery
Artery
Nerve

Myenteric plexus
(Auerbach's plexus)

Gland in mucossa

Duct of gland
outside tract

Lymphatic tissue
Lumen

Serosa:
Areolar connective tissue
Epithelium

Mucosa:
Epithelium
Lamina propria

! Muscularis:
Muscularis mucosae

Circular muscle
Longitudinal muscle
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Heparin Manufacturing Process

Description

* Porcine intestines collected from
Mterhmﬂuanﬂmmemamd
iMumsadrgHted with enzymes

* Separation of polysaccharide material

* Complex with resins or charged ammonium
salts (heparin concentration step)

* Crude heparin released from resins

* Precipitation of heparin with water
miscible erganic solvents

lﬁddan:l base wash {viral inactivation)
* Hy0z, KMnO: or peracetic treatment
Hmhiunduﬂmrﬂﬁalimﬂnﬁmn&p]

Eu&udpﬂaﬂmﬁlu

. Hulﬂplemfrml:lnmﬁun
* Drying

Impurities Removed
Addition of sodium bisulfite

- Desulfation ??

Meutral and positively
charged impurities,
peptides and DNA
impurities, lipids e —
2o o2l

Protein and DNA
impurities, viruses,

bacterial endotoxins,
related glycosaminoglycans

!LEF 2015





Heparin Manufacturing Process

adjust to pH 8.5,

Bovine Diluted 1: 2 digj:::;;;’:nd 20 h, 55°C Resin capture
mucosa in H0 inactivation inactivate 0.25 h, and elution
80°C
20 h, 55°C
elutionin I M
MaCl, 5 h, 40°C
+MeOH (0.8 wol)
Crude bovine 20h, 4°C Methanol
heparin Centrifuge precipitation
dry pellet, 72 h
Alcal adjust to pH 8.5,
il 1: : :
Boving  DWied1:2 dig e.'fi?oans:n d ikl Resin capture
e
mucosa in H,0 inactivation  inactivate 0.25 h, and elution
80°C
20 h, 55°C
elution in 3 M
NaCl, 5 h, 40°C
+ MeOH (0.8 vol)
15 mM NaOH
NaOH il pH 11.5, 55°C, Crude bovine 20 h, 4°C Methanol
+ . -— P
treatment 20 h shaking O/N heparin P— precipitation
dry pellet, 72 h
2 layers of
Diatumgceous
Earth Filters Adjust pH 6.0, + 3% NaCl
0, &
DE 0.12% H0, wo: MeOH (0.8vol), 4C. 20h g oo heparin
= = —_—— —_———
Filtration 55°C, 20 h Bleaching  Centrifuge, API

dry pellet, 72 h

Biologiclas 67(2020) 56-61

S

AN

Methanol
/

. S

Ds

Heparin

L

Heparin signature
peak, N-Acetylated

Al

B0 7.8 7.0 685 60 S5 S0 4.5 40 35 30 2.5 20 1.5 1.0 0.5 00

LIl (ppm)
Laboratory crude Pharmaceutical-grade
baovine heparin crude bovine heparin
28 _/"’p"'“ 34
l ps’ k?)
, | i 30
\ J" ¥ 28
/ | T 1
_}L_fu' \_N,“ '-':'JL A
5.5 5.4 53 52 5.1 50 — — 2 %
10 208 200 Ll -]
18 <
16 Z
14 g
| 12 8
=
10 =
A I 8
N 6
4
2
)
= —t 0
6.0 55 5.0 4.5 4.0 358 3.0 2.8 2.0
1H (ppm)

API (porcine)

USP standard heparin

Laboratory heparin
API (bovine)





Recovery of Heparin from Pig Intestines

¢ Extraction of the crude intestinal material
- approximately 0.8 Kg per animal

¢ Following an extensive purification
- 180-260 mg of Heparin from each animal

A transmission electron micrograph of an activated mast
cell releasing granules containing heparin and histamine.
Science Photo Library /Alamy Stock Photo
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Disaccharide composition of HP/HS
from several species

| |
Halocynthia roretz [ | | H
(1) @os
Porcine intestine Il 1T [ (2) 5 N'S
3)06S
Bovine lung "l | I E 4; )
Bovine kidney [ ] [T (5) Y NS6S
6) D2SNS
Drosophil S I b
rosophila (7) B 2565
C. elegance | ‘ —::- (8) M2SNS6S

0 20 40 60 80 100

° ° 0
composition (%) From Toshihiko Toida





HPLC of unsaturated disaccharides from HP
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Safe Heparin

NY Times, 2008/04/30
Robert J Linhardt (RPI, Troy, NY)





A number of
deaths and
hundreds of
senous adverse
events reported

2008

MARCH

FDA seeks USP
collaboration to
improve heparin
standards

APRIL-MAY

USP validates
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USP releases 5

new RSs.
Soliciting batch

data to support .
specifications
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Heparin Sodium
monograph

becomes official

Fotency, Organic |

2011

STAGE 3

h

FDArequests | USP validates methods Stage 3 revised
continued Heparin Sodium
opfimization managraph is
of monograph 5 Worldwide round-robin studies to published in
methods invesfigate impurities methods and | USP37-NF32
malecular weight determinations
procedure
USP develops
methods

* NOVEMBER 1, 2012

Stage 3 revision proposal of Heparin
Sodium monograph: Optimization

of 'H MMR, anion-exchange HPLC
procedure, revised protein impurities
with tighter specification, new
nucleotidic impurities procedure with
tighter specification. USP releases 2
new RSs.

‘ NOVEMBER 2012-MARCH 2013
Standards open for public comment

MAY 1, 2014

Stage 3 revisions
become official

Nat. Biotechnol. 2016, DOI: 10.1038/nbt.3606





d Structures of disaccharide-repeating units of heparin
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b Structures of disaccharide repeating units of dermatan sulfate and chondroitin sulfate
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www.fda.gov Heparin vs OSCS
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OSCS vs Heparin potency

Table 2 Effect of OSCS on activity of unfractionated heparin

Assay type [U/mg (95% confidence limits)

Heparin Heparin + 15% OSCS
EP Sheep Plasma 165.9 (160.4-171.4) 200.1 (193.7-206.5)
Anti-Xa 172.8 (169.1-176.5) 177.5 (173.7-181.3)

Anti-Ila 168.4 (154.4-182.4) 179.0 (162.9-186.1)






A Perfect Storm
Opaque supply chain

— Many didn’t know who crude manufacturers were

(bought material from brokers/consolidators)
— Comingled materials hinder traceability

Crude material with natural impurities
Weak analytical controls

— Only test for potency
— Methods wouldn’t detect OSCS

Supply disruption causing spike in price
— Increased incentive for OSCS contamination






Adverse Event Trends
Reported Deaths
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United States Pharmacopeia (USP) heparin sodium

/Tx 2008 USSP Heparin Specifications \

FPackaging and storage

Labeling

LS reference standard

Bacterisl endotexing
H

E-I‘ﬁ on drying

Residue on igndtion

Protetn

Heavy metal

Anti-lactor Xa activity

Mitrogen condent

Assmay

'\ Potency: Mot More Than (NMT) 140 Units/mg _/

Stage 1. 2009 ﬂ Thie following tests were added to the LISP

Heparin Monograph

HI1-MMR wsing entire spectrum for identification and impurities
imcluding Over Sulfated Chondrodtin Sulfate (0505)

SAX-HF :[(L v s 1(Llll W ||'ihu u!l. nhh b

Anti-factor Xa,/anti-factor Tla ratio {0.9-

Viral inactivation tﬁr 1050

Replacing sheep plasma assay with chromogenic anti-factor a assay
Limit on Galaciosamine |L-.1|N| Mot More ]ilﬂli 1%

Dermatan sulfabe limit Mot More Than 1%

Residual solvents USP <467=

Probein |mp-n-r|ru s Mot More Than 1%

Buclele acid impurities Mot Maore Than 1%

Podency: Mot Less Than Mot Less Than 180 ISP Units mg, ’_./
Stage 2. 2014 ﬂ The fallowing tests were added to the USP
Heparin Monograph

Tighten pratein impurihies limit to Not More Than 0.1%

Weight average molecular welght
Tighten nucleatide impurities limit to Not More Than 0.1%

1. H1-NMR: identification and impurities
including OSCS

SAX-HPLC method

Anti-factor Xa/anti-factor lla ratio(0.9~1.1)
Viral inactivation

Sheep plasma assay->chromogenic anti-
factor Ila assay

Limit on galactosamine <1%

Residual solvents

Protein impurities <1%

Nucleic acid impurities <1%

10 Potency: 180USP>units/mg

*Since 2014

1. Weight average MW

2. Protein impurities < 0.1%

3. Nucleic acid impurities £ 0.1%

vk wno

O oo N O

Clinical and Applied Thrombosis/Hemostasis Volume 27: 1-14, 2021
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R;=804 orH flanking domain flanking domain fianking domain
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Al
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AT1: anomeric protons of a -glucosamine N,6 disulfated,

C1: anomeric protons of a-glucosamine N-sulfated

D1: anomeric protons of a-glucosamine N,3,6 trisulfated

A2: H2 of a -glucosamine N-sulfated

11: H1 of 2-sulfated a-iduronic acid

15: H5 of 2-sulfated a-iduronic acid

GIcNS-G: anomeric proton of a -glucosamine N-sulfate linked to B-glucuronic acid.
CH; to the N-acetyl group





Dionex lonPac® AS11-HC column characteristics (Polymer base)
-5 5 »  Bead diameter of 9 um witha 2,000 A pore size

B v Particles made of a divinylbenzene/ethylvinylbenzene polymer crosslinked at 55%
. »  Coated with microporous latex (DVB/EVB 6% cross-linked) 70-nm particles with hydroxyalkyl quaternary ammonium
ay ' functional groups
f-:-_ __!__- Z v Capacity of 290 peq/4x250 mm column
x| 15 &« USPtype: L8t
£ 1 i 10
1 -
B 0.5
10 o 15 ) P I 25

Ratention Time (min)

Anion-exchange chromatography of heparins from different animal
sources (AS-11HC) HP-I (red line), HB-I (blue line) and HP-L (green line)

Scientific Reports | 6:35619 | DOI: 10.1038/srep35619





DS/HP calibration
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Low Molecular
Weight Heparin





Low molecular weight hepatins (LMWHs)
Advantages of LMWHSs towards UFH

* less side effects such as HIT
* No needs blood level monitoring

* bioavailability

Approved name

Method of production

Parnaparin
Dalteparin
Nadroparin
Tinzaparin

Enoxaparin

peroxidolysis
nitrous acid depolymerization
isoamiy nitrite depolymerizaion
enzymatic digestion

benzylation followed by alkaline hydrolysis
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Fig. 1 Structural characteristics of the LMWHs. Adapted from Foreed J Leong W,
Hoppensteadt DA, Jeske WP, Walenga J, Bick RL Development of generic low molecular
weight heparins: a perspective. Hematol Oncol Clin North Am. 2005;19(1):53-68, v—vi: feske
WP, Walenga JM, Hoppensteadt DA, et al. Differentiating low-molecular-weight heparins
based on chemical, biological, and pharmacologic properties: impilications for the develop-
ment of generic versions of low-molecular-weight heparins. Semin Thromb Hemost. 2008;34
{1):74-85; Yan ¥, N ¥, Su N, et al. Non-anticoagulant effects of low molecular weight heparins
in inflammatory disorders: a review. Carbohydr Polym. 2017:160:71-81.
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Enaxaparin, Bemiparin, Semuloparin





Structure and NMR spectrum of Tinzaparin
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Global Low Molecular Weight Heparin Market
Market forecast to grow at a CAGR of 6.6%

USD 5,733.96 million

USD 3,658.27 million

2021 2028

RESEARCH AND MARKETS

https://www.researchandmarkets.com/reports/5547696 THE WORLD'S LARGEST MARKET RESEARCH STORE





Heparin Production & : Multitarget Effects
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Wang P et. al., Carbohydr Polym 2022, 295: 119818.





Engineered Heparin
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Biosynthesis and Recombinant Heparin
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Heparin as a Systemic Anticoagulant in COVID-19

Multi-target therapeutic effects of heparin in COVID-19
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Frontiers in Medicine(2021) 8, Article 615333





Conclusion

« Heparin is the old drug, but still essential.

* It is still produced from animal tissues.

 Regulations have become so tight since heparin crisis.
« Recombinant heparin might be available in the future.

« Non-anticoagulant heparin has high potential to be used in
antiviral therapeutic effects.
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