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o FAFD olF Ee LXE slaA By A5
T YREC] BHS B o BaluA R =
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% 2% wAE A she 2 Apazie
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saponin AA¥-9] @QAlgdow 7|¥ 29l LB W3
o] &&at). v wo g 39 alkaloid AES &
8l7] 98l dragendorff reaction Al @< WA sFAT}.

F oA RE AR gig olsE St uts
A=ntETHIE o] &% 49S APsUrh TLCE
e nFGew v gk WSS ol gete
& olFdew st AEE EEste YHe

et A wed Ades 24

berberine® curcumin &S XTFOE Jlo &

A9E AYsArt. ¥EF T sHWQ berberine
a4 nlbs 2ok AAoy sEnty], SEuy 5
9, wpEEuiel 4
isoquinoline alkaloid®] &+ & F-o|t}. berberinrS &
gro]  yER AR AHEET

Mg

f

krru

ofN
o

wel  Bold Qe
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Curcumin® A2 75 Bgo] AHo=m F9l
AF A7l &ak= AEQ)
FEHe FgdE APl of B4AL 4TS
Absh, Fold=mol=gt FASALE THAH {Pi}(ﬂ]
o3k DNA &4 A A3}tsts oAsta

H

curcuma longa H-2]ol

>

o

o2/ A
Morpholinium, Imidazolium, 4% 4X2% S°] Atk
S0l 2= Br—, Cl—, NO3—, BF4— 9] 9o
oF 10820 o] A=
glo] 7} 8le] Designer solvent#til: B#t}. o]
F3olhs 29 w23kt
fAA Wske] 7] Grfol nlsta] Alaf
Astzlol el Aol Ak

A A2

m{ﬂ 2
2,
file
-

MATERIALS AND METHODS

Materials - W<, W5, &, I, berberine,

curcumin, 10% alcoholic KOH solution, acetic
anhydride, 2% acetic acid, dragendorff reagent,
Anisalaldehyde  A]¢F, TLCE® £w(n—hexane,
chloroform, ethyl acetate, methanol, water, acetic
acid), TLC plate, TLC # ¥, BminPF6, BminBF4,
=59, water bath & heater, pipette, %], Vial
20ml, I3, FHAHY,
vl EnE, A k7], dEF o], cell
dish, ¥z~ 250ml deSHxz, &)

ST 2=
&3 AFER, 2, oA

S %, L AL

culture

[HHE9 FAAIE method]
3 Borntrager reaction method — W3 1 g&
i, 88 olgded ZA Fa & o] T 05 g&

50 mlE 7}stoh

A2t Beeadl 9o F FF5
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50 °C £8oA 302859 =2Xst & AAZEatAT
o] ofatstAct. ool 10% alcoholic KOH solution
2~3 W&d 7He F A9 WEE dEsianh
WEF forth reaction method — MEF 3 g2 #
g grog ZA H4 T o] F 0.5 g2 test tube
of Wi E& 10 ml 7}3Fdvt. test tubed AlA &
4 & &lskolt.
W ¥ Liebermann—burchard method — W&%5 2.0
gg& Aot AAEgzTd Ye ¥
anhydride 12 mlE 7}8l9lt)h. 50 C 8404 10
B 23T T otest tubeol] sl A Tl A A A
3 F 05 mE Y AAER 5o A WHIs

qe A%l g AFAA

acetic

2¥ Dragendorff reaction method — 3
T, 52 olgste gA & F 05 g&
.

93 2% acetic acid 10 ml&

—

2
Ko
te o

~
PL
¥
sl

50 C &4 oA 1087 £33 I test tube
HslA ). ol Mol dragendorff reagent 3 7}

T 34 o3g vt

=
T

[TLC A% £l g3 o]3] A|¥ method]
Berberine, curcumin TLC #AA Al¥ method —

TLC plate 3}t

= vlg AR capillary tubeZ 0]

<2 5~10mm AX YAo] A=
3t

N

SN
=L R

F 89S spottingstAr}. spottingd &
AxA7 5 2

F7FE spottingd AT AEA o= 7§
A st TLC chamberol] ¥ & F74L Po} 3%
3tA AT} spotting@r TLC plate® ¥3td %
gol AMNgw7E kel ZHE w7A 7ﬂ7ﬂﬁ}%’iﬁ}.

i 92 o
o

ol
o

e e e

N

Z g
to 3 e
N

o

A7y dE=E TLC plateE AV AMNE F-E714
Ad=z g o] FAF F, 4Add] AxRAIFAT

TLC plateE UV lamp A <ol Y @53
(254nm) ¥} F94(365nm) oA A ol Ay g
U= spotd #R1% F dAd=® IAPT. UVA
spot®] EHAE A & g, TLC plated Ao
HolA wg whHEo] F Anisaldehyde A2

106

714 Heating blockol] &8 Fo} vhdo] B
7tA 7rEs § AdE st Rf A7 0.57)
2 w7A o AAE HEse] HAHY 21E Fo}
AYE FETh

[o] 2 AAE 0] 4T AHE ZA3 £ method]
F3A B oA o] AAE o] 87 sucrose &

st 28 2% method - FE7 500 mgs At}
SR ANES o] st A FAlg F 15 mL 1fe]

o] FPstaArt. TAE HFAFIE A npold
o W 5 mLE FYste F2olA 1A F<H
kgl wvkE §IaS 3¢ A Rste], FE o9
b @ o] FE ofde] o]2A AX BmimPFe,
BminTFSIE &9 5 mLA E?ﬁ]"‘ﬂ‘r. E?}% &

=4
9Ag 1A ol4 ks

FFA BEoA o] 2ARAE o) & FHYPE A
9% 2R3 8 method — 397 500 mge A}
o WRAPLE o] 435} [

Hhol gl FH3staAth. Ed| FIEAF
o]¢tol BminBF, 5 mLE FHdste] ALolr] 117+
T wnkge}, W

b3
)
i

O
i
oo
_]O

|

[N}
(e
Mo
>
o o
E
2
_O|L

RESULTS AND DISCCUSIONS

Aok E o] FQAF — 39| anthraquinone A
o] ZQIA|F O % borntrager reactione T A
a3 Rge ol figure 17 329t} Borntrager

& APstr] A g = A B
KOHE 9ol ¥v&& AIAATY HAoz WHe9l
t}. Anthraquinoned 4Z2jA) oS "ojmd H&

Ao guy gt I anthraquinone©] EoF

“

ft
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Hol & AL Fad 5 gk TLCE o]£3} curcumine, berberine A& £a A
¥ — Curcumine, berberineol] d]ale] TLC AA]
@ g Ay Ri7F 0.500 7R HA o &

=7

] 2 o}# Table 1, Table 29 79kt}.
WEF9] forth reaction A3 oF# figure 29} 29
o WEFed ES JFg Al saponinel] ©&] A]ZFO] c .

. urcumine
Aol upgy A HH 0w Afol JdH= As #F 20f ug RI
o
o 4 vk WEFo AEQl saponind A& Chloroform  Methanol 98 : 2 0.48
o o 51 A T A o - Exo 7
o AMRAZAR ASHA AFS WS SES X 1500 3 Curcumine TLC 274 Rf 23}
= & AdoAe AFo] LAEL ALEHE Ao
2 Kol WiFo] saponin Aol v o] Q)
= How noly. Berberine
2 ) gu] ulg Rf

Chloroform Methanol 85:15 0.56

Table 4. Berberine TLC &7Aa} Rf Az
WEE 0] 1B tests o} figure 39 & A7 avie erberine ol s
g 9k A9 T EErt dojve RS AT F
Qom AAWE Fow B2 Ede g ot TLCE 9] &3] curcumin, berberine A& ¥

= OO

Ag mn RFe A 29 99 S gl ST SRR S He

Zdste] HAH e 205 22 A3 curcumin® A
chloroform$} methanol®] H]&°] 98:2, berberine
chloroform®} methanol®] H]&o] 85:157} It}
TLCQ q}%g /\laﬂ./ﬂ_ﬁ'—o—v‘ EfxO]o] lr_g U;do]

o Jo rE Sk

Liebermann burchard reaction< sterol, terpenoidZ
e Aol $85E WAWSY. serole 7 T TEHA A s el F40) A4 A
o] 9l &¥7} Rigkol AXIth Righe] 0o 717h&

BEMo|A] FA = olao] o7 Mo| W
dr), MEE Ay Ay = 7/\].%91 AENE g o]E AE &YW olFdY A4S ¥ FHof

vk Aol A curcumine Wl HAHO AL
29k 2| uk berberine®] A9 o7 Weo] AlgFoE A
). A2 berberine?] &u]ZF 7oA methanol®] H]
&o] R Rigtel WF ol AH ope

Q)
2R
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2 9] dragendorff reaction A3+ o} figure 40i

YERY AT O] 2 AAZ o] &3 FAFAY AL EAY ¥ -
T WA o] 2 AAE o] &3 sucroseEA

1

o

3} ®2 A3 o}d Figure 5, Figure 69} 2¢tom

FARs HE A gyyr dex A4s Pel: Figure 7°ﬂ ER

2o] YAHE AL sHolek Al‘}i‘:} Dragendorf CAZEA Y] RS Beke] AR kY] RS

Aeko s Aol Aol AAHHA s

19K alkaloidsh W A (NG gate] A4 Fow FAstgrt *”WH fr 5

oo A 9} wEkd § 01]E alkaloid7} g . : v— %
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| . Introduction

1.1. Overview: SICHAFS O Q| AMAE|HA =t

HOIC ochAtzlof 0|28 o=
MEM 2) om vlE g

ACHFigure 1][Figure 2].

change of population distribution
(2013 - 2019)

[Figure 1. change of population distribution in Korea]

population by age group in 2019

[Figure 2. pie chart of population distribution in Korea]
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2 HxEte)

QU= senior MITHE| cycleS LIEFHCID CHH
EANCR Be ol o1t HAE

S0l AMELD 2 %

st Creret 23
DIX|HAM HZSHOE neurotransmittere] £+ IC}. Dopaminergic neuron 52 A
2Ql0| OFE] H=td| EfS{Zl 2 OfL|Lt PDOl R0 serotonergic neurone| HIMEH &40 Z23| Fgs

= 9/=(Marios Politis and Flavia Niccolini, 2015)0| LIEFLIZA HESH =E 9| neurotransmitters LX|dt=

15t serotonergic neuron?l 7|50 2l
LSt &6 7F {=™E 2R MoF ot 2 = U

ch

1.2.stem cell& 0|22 PD (Parkinson's disease) therapy

dopaminergic neuron?| AAMZ Qlof HHA
dopaminergic neuron2 CHAl MRAFEH E[2]01, PD StAMOIA L& therapys o dopaminetE F
M8 MRAFE7t E= dopaminergic neurong AMINM2E 7HA dopamine 28 ExX7t =F st=ot

tel z=zioll w2t

CHAl 2L RRAZIE A9 AL Mottt siM #eEiZ S0tk ARH0[ Ottt (g

£0, dopammergic neuron2 A Tttt O] dopaminergic neuronO| Tt A4H| LHOIAM 23|

et X4 QAEh in vitroOl M 44El dopaminergic neurong 0 Al €l2e| 2
C2M XEEX Rot AME & QUSS 1T = QUCH T2fM neuron 0401 oS

2RI0AHIA REE cellE ECHZ Sh= QUK MBXIOAIM Reti=l= XRIX Sl 7=

ZipEoz 9oz M2 SE ofot BOFS 2/t stem cell therapy
= 21 20k 7|2 sHTit Z dopaminergic neuron@2 2otE LS
(Neural Progenitor Cell, NPC) Toz M HMetHQl thawingDt culture B! differentiation

DEOIM ofet CHZ AR S0 E510 Olof CHEt Chetg ol2] EAE = =+




ZE ZOX

—

1.3.NPC2 Neurogenesis
1) AZTFH I (Neural Progenitor Cell)

self-renewal?t E4l52& 7HEl NPC(Neural Progenitor Cell)= A1ZA9] e M & siLtz2 237t 7Hssh 3

2ol 22| Extor

NEZ AMBE7|ME(neural stem cell)2] CHS EEAHO|CH NPCE embryonic stage® e 2E &
Lt dolo] wolde  hippocampus®  X|[MZl(dentate gyrus) L= H:xlM(lateral ventricle)?l = AStES

(subventricular region) IHARE SPE o= SFASICHPark et al, 2011).
2) ABUM (Neurogenesis)

o M neurons0] g RS HBMEE THHSL7| et 413

8(Neurogenesis)2 =2 8l0Hembryo)2| =4 BMOME O|R0X|I7 =

oM &
Ch adult®] neurogenesise tHEE Hippocampuse| X4 2](dentate gyrus) &S (subgranular zone, SG7)

= Zu[M(ateral ventricle) & | MSE S (subventricular zone, SVZ) St |G A MEET M E

9 HPMIEZEE M neuronSS YA TICHA Begega et al, 2017)= 2|0

s stem cellOILf progenitorcell S0 E2sHE F2 neurogenesise| A4H 0| 2JE5HH, invivo L BIOF 0] A
S| neurogenesis= neural stem cell& AASHD QL= neural tube2 RefEl SFAIZH (central nervous system,

CNS)oi| 2Jsl stern cell2 23210t cell differentiation0| 0|0 FICE,

o 1AM 22 neural tube Wi M2 # =|AT S (ventricular zone)OllA AEE7|ALE D1 2ARd S| morphology
E LIEfLE MENTIM E(neuroepithelial cel)2 YLE T, 0= SAGIHA 20| MZBHEZ E0ECH 5, |4
TH0IA neural stem cell = neural progenitor cell2] 22ts32 L0t ME A=t M=EL0] figstn Al

23] 0|R20X|=710 9&ESIH MAMNEE 0|= EF axon EE dendriteE ¥0{ neural circuitS 0| 2CH,

o stem cell2 2¢% o tExoz 2| W20 SHtel cello] 19| cell2 LS

OIREM M2 22 H i o 22 T2 JpEIC ojg 2eE MEMES
neural tubedi| Al 2! : HH cell?t synapseS FHTt pioneeraxons It MZ

GEC TN

1.4, Immunofluorescence
1) BEEZH (Immunofluorescence, IF)

HEYZH (mmunofluorescence)2 MM L g&l(antigen)t gA|(antibody)e| sensitivity@} specificitys 0| Sdh
Ed J|H S8 HYRIS(Ag- Abreaction)22 &S HA t2 =g (direct method)dh 7Hee

=, E : : i (fluorescein

(indirect method)2 2FFICH =X FES2, 04

isothianate:FITC)0| 24t=l StH|Z 0

bt
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Colored pg

: °
Slgnal 3 Product ®e \ HRPO
Fluorescent Tag

[ ]
sl — Labeled Secondary
Antibod
Light ) — Labeled Primary Antibody A\ Antivody

\ Proteins
N\

\ Proteins Primary Antlbody —_

Cell/Tissue "~ CellfTissue

[Figure 3. (a) direct method 2| immunofluorescence 2} (b) indirect immunofluorescence]

o A (direct method)

D YYOILE mA SOE tagH primary antibodyE cell E= tissueQ| antigenOf ZtAIA &

C}. secondary antibodyE £0/X| 27| W20l B|E0[&Ql 80| He| glati A[Zto] 22 AREX| 22[of #E

g JhsstLt Als SZEO0| 8753t sensitivity?t SCHe ©EO0| QUCH

o ZtE(indirect method)

‘cell £ tissue U antigen0ll &, &4 59 EXISEO| taghX| 242 primary antibody2 ZBAIZ! =, antigen

2 primary antibodyZt HA%E SSA|0|2F EXISE0| tagE secondary antibodyS primary antibody2l Fc?

OloiM At 2plg FEste YYoItt

Ol BEXIZEE primary antibodydl| tagdte B A antibody?t &4
direct method 2Lt sensitivity?t s=CF J2{LE A|Zf0] @2 ARED

Ol & O|ROX|X| Bt 22 HISOIEQ g0 48 =+ U

e

2) Antigent Antibody

gy £0lM HY5lE antigen £2l(immunoglobulin, Ig)& &Hl(antibody)2t
(antigen)0|2f SICH Antigen2 =,

®IE AU antigene| 4Ze TSt

rantigen®

= L]
2 Ad A2

o

£ X38te antigene| ZEE LIERALY,

Al

20l
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bt

antigencity®t immunogenicity & Cf % rF R (complete antigen)Ol2t StH, antigencity?rS LIEfLE=
e 2etmee(

2t M2 (incomplete antigen) &= Hl(hapten)Ol2h SHCE

2HH antibody= LBHHCOZ HHO|LE Y S0 gRE 282 = glycoproteinO|Ct 7|50] et

CIE isotypeE0| EXHSIEM, IgG, IgM, IgA, 1gD, IgE S0 Azt

[M cell £ tissueS| HE T2

of
A8E&lE antibody= IgGOICE Ol= IgG2t 71& &2ho Y20/ BAEE 1 HI[of f20p 2

57| WEO0ICt,

3) antibody A& A| DAL

° Primary antibody A=

o Secondary antibody 41&H

1st AntibodyE ddste S22 2nd AntibodyE M . &, primary antibody2| host
off et secondary antibodyE AEISICH mousediZ| Al @2 1st Antibody= 2 Antibody2l 1gGE T2 &2

£ S0 goatOfAl HAAHAH CHA| & > £ XLZ]0ll mouse IgGel Fcof £0[H

g = USH 1stAbS anti-peroxidas

Il . Methods and Result

2. 1.NPC thawing & culture
-NPCE BiSh| M CrSap 22 =20]

=

1) Flask coating :

Coating Sol. Stock conc. Volume (working conc.)
DPBS (welgene, LB001-02) -

Up to 50m

Poly-L-Ornithine (Sigma, P4957) 100 ug/m! 7.5ml (15 ug/ml)

Coating Sol. Stock conc.

DPBS (welgene, LB001-02) -

Volume (working conc.)

Up to 50 ml

Fibronectine (Sigma, FO895) 1 mg/ml 200 ul (4 ug/ml)

@ 6 - 7 ml Poly-L-Ornithine solution©2 coating®l flaskS 37°CH{ Al overnight BHFSICE

@ DPBS 10 mIZ flaskE washingdts S £ 33| gH=sict
@ #1220 5mlFibronectine solution 22 coating = flaskE 37°COIM 3hrset BIQBICE
@ DPBS 10 mIZ flaskE washingste & & 33| gHasict,

L
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2) NPC culture media:

name Cat. No. Working conc.

DMEM/F-12, GlutaMAX™ supplement Gibco, 10565-018 4883 ml
B-27 Supplement Minus AO (50X) Gibco, 10889-038 1ml
Gentamycin Gibco, 15710-064 50 ul
Human bFGF Peprotech, 100-18B 10ul
Animal-Free Recombinant Human EGF Peprotech, 100-15 10ul
Tocopherol Sigma, T3251-5G 50 ul

Tocopherol acetate Sigma, 3376-5G 50 ul

2.1.1.NPC thawing
@ media S R M2 02| 37°C2l water bath®M heatingstl, Incubatore 37°C 5% C02,3% 02

SZEEE NPCE 37 °CwaterbathOl A W22 SHEAA cell2 resuspensionstt] E201F LIS flaskol] 25

® 37°C,5%C02 3% 02 =9 incubatorOf Al HiFSHAILE

2.2.2.NPC culture

£ 7tH22 mediachange LR NPCO HEIE XAZ 2=

dayO day 4

2 circularst NPCE| AEHT} Y morphologyg 7HXl= SAI0 Aot

Tt s0jUD UIS0| LIEFLCE 2 contaminationO| AACH FMEHOE EHSHE sEE




<
i
E
A
o
H
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2.2 .NPC subculture & differentiation

2.2.1.NPCsubculture

@ subcultures t= cello] 21 flaskoll 700 ul®l AccutaseE adding & 37°C incubator0ilA <f
20~30 min H&=

@ accutase?t adding®l flaskE 214 =, cell scrapper® MIE Zal3| FOE Ao] gis
ZI3t 0 2OtM DPBSRH &7 resuspensiondstf Al conical tubeZ SAFU

@ 1500 rpm, 5 min centrifugestd HSAS ®MH = 2 cell pellettl| mediaE 4 mladding St resuspension
SR,

@ Trypan blue 10 ult cell 10UlE EgTt T hematocytometer2 cell countingE AA[SIFCE

— 2.54 X 10 cell seeding

® Poly-L-Omithine2t Fibronectin® = Coating®l Flask& DPBSZE Washingdt 1 cellS ?/0l seeding®tCl.

2.2.2.NPC differentiation

- 298 RE3V| fle mediall &4

name Cat. No. Working conc.

Gibco™ Neurobasa™ Medium Gibco, 21103-049 4785 ml
B-27 Supplement (50X) serum free Gibco, 17504-044 1ml
Gentamycin Gibco, 15710-064 500 ul
GlutaMAX™ -supplement Gibco, 35050-061 500 ul
Forskolin Sigma, F6886 Add 10 mM 50 ul
dbcAMP Sigma, D0627-100MG Add 10 mM 50 ul
Fusaric acid Sigma, F6513-1G Add 10 mM 50 ul

Day O Day 2 Day 4

[Figure 5. microscope of NPC differentiation (day O - day 6)]
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@ coating® Cover Slip 2/0f 5X 104 22 seedingTHCf.
@ Differentiation Mediag adding %, 37°C IncubatoroflA HiQIEICH
@ sy Lol prepe well® mediaE M3t & Cover SlipS 0] 4 % paraformaldehyded| 20 min H2[BCf,

2HS MM = DPRSZ washingstl differentiations 7| =t F7EK media changeS

- accutase Me|of 9l circulartt D22 EAUE NPCIF CHA| AZS LH2IX] D neuron ER9 &Ey 20

ALl LEFLER] AT differentiation0] H&SHA| O|ROXIX| k2 Aoz 2olry,

1 well 2 well

[Figure 6. Immunofluorescence & 2| well condition (X20)]

[Figure 6]2t 20|, A2 2 wello] 2 contamination2 812Lt differentiation0] M2 O[F{X|X| 24S0| =eICt,

2. 3. Immunofluorescence
1) Blocking & 1t antibody adding
@ Triton X-100& 2} welltl 500ul® adding StLCY.

300 ul¥ adding=® orbital shakerOlA 1 hr Bt}
o Blocking LY.
@ 1t Antibody (Nestin, TH+TUJ1)E wellgf 200 ul¥| adding® overnight BRSHFILE,
2) 1stantibody M7 & 2m antibody adding ; 2" antibody adding 0|= 22 2% = U0| ZMf BESA|ZICH
@ Washing(DPBS 1 ml adding =, 5 min orbital shaker0ll 2+&)E 32| ¢t ZIHBIFILCE
@ 2 antibodyZ nestine groupe| well2 mouse 488 (green), TH + TUJ1 group2| well& mouse 488 (green) +
rabbit 594 (red)oll siESt=S 2k 200 ul adding & S0l M orbital shakerOil A 1 hr 2HSSHFACEH

gtE0| Bt = 2 antibody MAES 2l Washing(DPBS 1 ml adding =, 5 min orbital shaker®f 2r8)& 39 gt

TSI ACE
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3) DAPI adding & Mounting

2r20| ZLIH DAPIE A = Washing(DPBS 1 mladding =, 5 min orbital shaker0i| 2t8)

@ DAPIE well & 220 u¥ adding & =20 204t 5 min orbital shakertil 2FEAIZICE
@

FCH
® mounting solutiong 71Xt gl= HEHOIA SHEEM slide glassOi adding BT

@ DPBSO| EHAHUE= well2| coverslipg 43| HAc2 FHof 272 HMA T FEAHM mounting solutiond|
R

® LHEHY slideglass BREOIA f 15-20 min 2HFLE

DayO Day 2

[Figure 7. Nestin of NPC differentiation (X10)]

Da},»' 2 Z)a'-," 4

[Figure 8. Nestin of NPC differentiation (X20)]
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[Figure 9. TH + TUJ1 of NPC differentiation (X10)]

[Figure 10. TH+ TUJ1 of NPC differentiation

BIGIO) TH+TUJLSl 2HS day2 O

. Discussion
3. 1. cell differentiation failuredi| Chsr A&

NPCe|l ®EtHQl conditionS HEDSH| 2 25t cellIt M2

ANZAQ)) S1F ZEALO| 7|=2 2ty N StAZXAMOl =00 M Bt
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o= = il
AMOH o2 2stA differentiation?t O|F 04

ZolM ArgE NPC 7} late phase2t= &, J2|31 SA[0] differentiation

=

mediume late phase0| ZFEO| F=UX[X| b2 2ZETE0IRI= HOA ==

YRHOZE neuron2 7[2H9l cellt= Y2 O|UXIMSE A3 DXL o S0l o ==z XHo[7t
ULt mediad|Al A2 El GibcoAlel Neurobasal™ Mediume| =M [-glutamine0 AR 7|8HE mediadlH, 2

Ql0f D-Glucose(Dextrose)2F 7|EF & : F 2 A

NPC culture THA9| celle OF b SAOIZZ cell cultured] HRIHO2 X|EE mediag ArEdst= Ciof= of

=

UXS Argstrlof 2 X&2 elth J2L 28 2AHO2 AR THAUA differentiation medias XXl

Atgste dlof QU0 late phasel &2EQ! neuron2 L-glutamineg AE3H|0l= BIZ GlutaMAX™S 3=715H04

ammoniall B2 YOrRCEt: 23| ChALY] HESHA| AI83E7[0ls R2[7F QCH HErelCh

=]

HX0] B neurons0| differentiationZt&0IIA =7]% 3t10, HOMef2 neurone= unfragmented processes

= [

2 SXECh B27 supplement?t neuron®| survival ratelt viabilityE O{=FT ZIIEE EESECID i

Neurobasal™ Medium 7|gte2 HZlst differentiation medias MMZES 249 A 0|
neuron| MEI 2utof XEFH0| ot et=s Zi(Gregory J. Brewer et al, 1994)0l4 O{=Hx late phaseS NPC
differentiationdl| risk7t 2SS 1 QUL
neuron| AEf7F H=HE
b EQICL Ol 22 42 2239 =40
= HO| S0 BHPt elelt differentiation?] THAZ E

StEE f differentiation?| cell =& 2Lt Y

HEXO
EHO

2, day 67X differentiation 0|2 Xf2h2 neurone| QEZF (AT 2ZEETD e
neuron®| EWENZE Aol BAL[X| e glutaminegl w20l XIEO0| U0 post neuronZHA|

0] ZHEK neuronO| AtE

et further study
Si7|0 LS Fo[5t0d CH{oF
SEoe IpFe| ¢t B

stem cell S70l QU0 X A oA

[

I cell metabolismZts 2| glucose YEIE IHHZ ALES
glucoseE Ol XIZ AFESIL, LIMX|= astrocytesOll 2[8f glucoseE i
St neuronOi[A MEStD neuronOAl EESH neuron LHOA pyruvateE AESHZ |0 Of 1pE

neuron0| differentiation 0|7 AAGIHM HEHE X7 ALt Deid £ QICH

13 -

bt
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T2rA pyruvateE 7IBISE o neurobasal medium AFE<)
S4B Rle] et o2 = differentiationS EHEIAZ|= o HARIXRE ZHOILE cytokine AlSfS

80| o] =& oof dlelf 4t ojojet 2ot
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I Objective(X & & %)
of

Zl sample ZOt2tEE EF IHC (immunohistochemistry)

A
=
HHES oldie = A0 uterus KA E-cadherin, PR, a-SMA 2| £3

I Introduction

1. IHCs (immunohistochemistry)

immunologyd} histology, chemistry2| 2td0]2 OfFH ZXEO|L} cell LHO|M MZE CHE proteinl|
EML &, RIKE L7] fsH AH8Ste 2HetE A HROILCE immunology® 22 AT BHS

0 2
, histology 22 MZ} ZE L{O|M, chemistry 2= stotd M g2 ALESt= A0|Ch

$e YHUSS o8 CHE] WYUsH MY, Solde olgstol £X, 22 AMZo| Y
4oz il

Ma
1l

T section, deparaffinization, rehydration, antigen retrieval, blocking2| ®Xz2|E ot

rob Jm J¥ njo
0
rot

1S ZHASoto] Eefdln|d e HAHEDE
.|

_l'_|_
>
oot

immunohistochemistry staining, counterstaining 22 A= TIBC

Al =2 paraffin 2# E2O0|CL O|F0| ZZS oMo DA = W&
of 20| EXsteE ETEZ2 sectionZ M, A €& IJCHRo| FXE

paraffines Z2&| L{O| X§2LC} O|F paraffin embedding = tissueE sectiondtH LiZtEHO 2 X{2
T =% HHO| Lts0, =Z[0| of2tEo| S2{Mto] UM dyest ZEut Htge £ QICk ME
o o metHe HAHF= deparaffinization S HXOF 2HCE Ol= 3H 2| xylene #EE 7
A O|FofTict &M Of xylene2 Lt2tEE XMASHFZI SHA|EE, O] HA| dyell stainingS
St 20| O] xylene2 alcoholZ X|&tstE rehydration IS AHMOF $iCh O] 5~6HH9)
alcohol Bt8E AKX O|FO|TIC}. washing2 &3l alcohols XAt &, HAZ AP HL0
£ endogenous peroxidaseES AtEHSHOF BHCE 2l secondary antigen2| E0| Z20{%U=
peroxidase’t H2022t BHS3t0 DABE UAMA[Z{OF Sh=0f|, 2t endogenous peroxidase® ZO|
24zt EICHH O] peroxidase® H2022F BHSE ZA0|7| WHE0]| stainingO| E[O{H{ZICt MEO

antigens 20{F7| ™ H202E H2|50] endogenous peroxidase®| activityS S0{FLCt.

ZEE fixation A2 I A8 THEW-2 antigenic site?} protein?t0| methylene bridgeE Tt
OfH EICt. =0f antigenic site?t ==%0{ AKX §OL antibody FME RISHM 0|5 =ZA7A
F|OFgtCE. O] THAIZF antigen retrieval2, O|Lt reagentES O|838HA| cross-linkS K| AtCt O|F
$E[7t 221 St= antigenO| Oftl CHE antigenO|Lt proteintte| ZetE 27| I8 blocking
bufferg AtE3t0 7|E} antigen, protein®| AghES ACHHHEICE 33 immunohistochemistry

staining &H[7} E|RAC}

min

b}

0|2 immunohistochemistry stainingg {8 antibodyE AZ|2t £ DAB &2 dyeE staining=
AZ|H RE[7F HAOX Stz 202 2AMO| Z O O] staining®l target HMMAES O & HO[A o

7| 2[sl DABS| A1} CHH|E|= AO| dyeE counterstainings T/ AT}
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SASHUS (WY, W)
Direct Indirect
. ntiger
’ ¢ o2l zI\ Primary Antibody
I ary Ar dy

Fo
=

>
I

figure.l 2EHE /

S antibody &= antigen O] HARS M 0|0 LSSt WHx[= ZAOICE XL OM=

antigen Ut S0|M 22 ZBSH= antibody & B cell O|A MAt0] antigen 1t 4 Y

antigen 2| 7|82 XSHAZ|AHL 7182 SEE aggregation AlZl T A0,

phagocyte & S3f| antigen & MHE 5= YA EIC|
=]

f
#=2F otLlet gRnt IN7E AElste HES SSO0M SRHEH BSoletn gt o] I

n

o
S antigen O 2 4 YOO, P27 Ysts SF DTS HYUKE elMse

I'

=
29 0| I CHES FUAFIH 2 SSOAM ASt= protein O CH3{ OfL
E0|XQl antibody & @2 + U1, O|Z 0|88} staining O &L + JUCH

$2|7k A8t= protein Of CHsi 02 S0|XQl antibody & Y¥=CHH, 042 protein O]
FAe

2 419 sample Of antibody S ZEAIH FUS O 1 protein Of CHaHAR
(@}

So|¥oz ZAgg Ao|ck. JUCHH antibody O R2(7F |22z Zogd = UA
=

=

H =
detecting 2F S|FCHH, f2[= R S0IHQ staining HE &

antibody &
@® primary / secondary antibody
SHEtN| B S 0|83 HCs & = Mo et XY (direct method)@t ZHE®
(indirect method)2 LI=LCt antibody S detecting St7| fI8HA&= antibody Ol tracer &
A
ES

E0|F0{0F $tCE O tracer 2+ fluorophore, HAIE S92 A~ 52 Am2E
=

*FOF

7t Al
Bag = 7| R0 2AE F2 ALSSCL ZFH YO
EIXt 8= antigen Of ETEXHOZ 2E primary antibody O O] tracer & ZO0lFE
EH
(=]

olct, ZHd¥e ZFHOZ ZE primary antibody & ICHZX|TH 07|0f| tracer

i

Z40] OfL|2} primary antibody O £+ secondary antibody Of| tracer & ZO0tF£
HOICt. E& primary antibody & mouse O|AA B0l 1, primary antibody
QIX|ste 20 TSI secondary antibody & THE = QUCE J#M X3
antibody O HFZ detecting StH & AS, o Z0| primary antibody O & secondary

antibody 2 ZH=0{ O{7[0] detecting 2 ot= ALY

0L il oX
o
¥
rir
Oo  mw

oot
rio
[
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O] O] ZAHA o|a2t signal amplification MZO0|Ct. signal amplification 2 5 #0f

ZlEcte® ofd, BAH Olfo HHhAM Z|EstAct. M HolY detection mACH=

HMZ conjugated 2t AFESHILCE A HA O|F+= conjugated primary antibody 7t Hf

HIMCH= ZO|Ct AMY indirect method £ At&dtH
antibody & THE animal protein 2 antigen 22 QIAg

LNt St protein O] E0[Xo= Aglst

In

secondary antibody = 21 animal ot E+gEt EFEFE
=~
T

ZA0|Lt. O] M secondary antibody Of tracer & &0

ZAQIX|0f &28l0| secondary antibody 7 7|2t $HC

B, conjugated primary antibody & ZHE7| fIsHME

Z2 antibody & MEE &

secondary antibody & primary
0 o Ik WMo 27t

rir

-

CHH, O™ antigen 2 #HES

I'™ detecting 3t7|7F #=&3IC}

Zt A0ttt L0l antigen Of

2y
e TQg 8joF BiCh A

E0[HQl primary antibody & THE 2, tracer & ot o2y
sample O] D% B7| WHEO 25 CHE primary antibody O tracer & 80 F7|&
=7hsotet. 20| ZAE QI HO|A indirect method & AR SHCY.
@ monoclonal / polyclonal antibody

Polyclonal antibody Monoclonal antibody

Antigen

figure.2 monoclonal / polyclonal antibody

O] I primary antibody & 5= CFA] monoclonal antibody 2t polyclonal antibody 2 Lt&=

A

4 Ut M monoclonal antibody = antigen 2 QA4S antibody 7t 2% Z

r|o

epitope 2 QA= SHLESl BFDE U= AO|1, polyclonal antibody & LS| antigen O]

b0 hE CHASH epitope 2 QA £ s O
UL O] & antibody = ZtE& #RO| 0 CH2CH
@ Inject antigen O Antigen activates @ Plasma B cells Obtain antiserum

into rabbit. B cells. produce polyclonal from rabbit containing
antibodies. polyclonal antibodies.

{/ —\) (’/S\
N

A /6

‘ 4 Becells

—_— '\ . memory B cells sl
w
\ @( 'g secreted
It

antibodies
antigen

/ l\@)

T~
(N‘W(‘ ( r»/

plasma B cells
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M EHHOZ AMB3IE polyclonal antibody £ animal 0 22|7F ¥3tE antigen
N oA etEslo] FASOZM antigen O CHEE antibody & &t
AO|CE O I = M O]y Bt=E5t0] 3= O|F =, antibody S

NEE ZHIAA affinity 7t O =2 antibody & EMSHA 3t7| siA{O[LCt.

ro

il

-

{o)

=2
RIAISH=

antibody 7t ZHSO{ZICE O|&A ZHSOZEl antibody
FE38}0] polyclonal antibody 2 AH&3HCL

/ antigen
\ spleen cells

Bl © o —

epitope =

Q )0
\—r (] Q9 2
B — |
$ Select and grow ) o)
9D Q @ hybrid cels only
op) — "¢ — a8 29

myeloma Separate hybrid

cell culture cells cells and allow

myeloma line them to proliferate
into clones
(hybridomas).

= :
3% (3% (3%
(*I*) (*1*) (e19]

Screen for
desired
antibody.

«

antibodies

Chesen hybridomais then grown o figure.4 monoclonal antibody

produce large batches of desired mAB.

monoclonal antibody %Al animal 2 O] &%l TU=S0{X|7|= oict 22 gfgoz EH-

StC} Z2
antigen 2 animal 0 BtE2Xo 2 FUSO antibody 7t MM E[A $ICE O] M, monoclonal
= antibody 7k Ot B cell & FE3HCE FHECQ B cell 2 cell culture OlA
& 217] WZ0], O] B cell @ myeloma cell, & cancer cell I} 8%A|7

A B cell @ hybridoma cells & TH=L} O|E selective medium Of

4 4

0] hybridoma cells O] E|X| 2%t B cell I} myeloma cell & MZ 5, hybridoma cell
prollferate A7 antibody & d-ESHAE ottt HIA|E F7|H 22 22l6i7t0 antibody &
FoHFOF BH7| WR2o i ¢ AlZHO] A2 Ee 7|77 HQstH, dHEHeERE:
ZX| %Ct 22 EH epitope 02t 2= antibody O|E2Z antigen O CH3t affinity = Cf
specific & Zolct. L} HE HMD ZSHO|X| RSBz HHHOZ AEE[X|
o 0| EF2 signal amplification Ol = HgotA| QICh WHE0| YEHOZE=
polyclonal antibody & AH83HA & Ch.
F/tH22 0| & antibody 25 animal 2 A= AO0|7] R0 &= =2/HQ
=7 AL & 7|=0 2t ZZ0= O] #HE =557 /s T2 antibody ¢l

nanobody £ AME3t7|= HCE

(M mn
<2 e

rr

animal 2| blood plasma Ol A

| antigen 2 0Ol2] 7H2| epitope & ZHX|L RU7| WEOf, O] animal OIM= 2{Zt

, ABLE Z2 antigen € EO|FH 2oz QlASH=E o3| ER9
=
=

A
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8 E|+= indirect method 2+ polyclonal antibody &

[«
€ I O] signal amplification O] X|CHZ ZHEHEICH

30

>
-|o b ©
3%

M polyclonal antibody & AFESHA =M, StLt| antigenOf O{2{ epitope & AXSt=
F 59| antibody £0| 4 ECt 12 antigen 2 SILEX|2t antibody & Ol2] 747+
2, amplification O] 1 X} o= AO{LtAH ElCf.

I

of
=

O| primary antibody O secondary antibody = *z2|8§F 0F St=E, O| secondary
antibody = tracer & 0 FH ECt 7IE REHEHOZ AME5HE Z0| HRP enzyme 2 F,
dye 2 9+335t0] HMA[Z|= enzyme O|Ct. O] HRP enzyme <Al amplification &
do7|=h, HZ 3t 79| secondary antibody O 0121 7HS| HRP enzyme O] £7|
20|t O|HA amplification O] 2 XtH o2 AOjLtAH =t

OpX|2t2 MAo| HHMOICH O] dye £ enzyme Of o8 ZAO| =0, dhLte
enzyme 2 3t 749| dye & BFSA|Z|1 inactive SHA|= ZO| OfL|2} A &35H0] dye ES
HEAE = Y282 o2 JHe| dye 7t BHESHHA signal amplification O] 2 Of tCf,

0| amplification 22 OtF &2 9| antigen S2E MYTH UMS AZ 4 Qlrt

o
2 o|EH o2 E0|HQl staining YHO|2tE, false positivity 2t false negativity 9|
OB oO|X|X| 7| 20| O] QoS X|Chst K| AHsHZ=0|{0F SiC}.
o
M false positivity = staining O E|A| %0}Of St= X0 staining O] &[= ZO|C}. O|=
PNl HEAH ; ol TICIAH f ot
o 1 - 1 !
KLt background ZHAOILE, tissue 2| DHEAM endogenous biotin, endogenous
=Ne] o o] O A i o] Ao E|AO H =
S — . —]
peroxidase 2| 0|7t ULt M endogenous peroxidase o] AL E0|XQl antibody £

20|17 M H,0, & M2|siF0] endogenous peroxidase 9| activity & KAHSWEL}. O

Y S endogenous peroxidase blocking O|2t1l 3L} endogenous biotin O] 24 &

AR0|& biotin blocking solution 2 AMHE3SHD, background staining 1t H|S0|& ZghK|
HSE 7| /siM= blocking buffer & M2[5t0] EX &AL #3E = JAEF SiFCL

0,

=
CH2 2R false negativity £ staining O] E/O{0F 8H=G| || & Zolct o] 7+a 2
OlfE fixation AlZ M A8t 17HMO| antigenic site @ 23310 antigen 2t
protein 7t0| methylene bridge & ZHE0| antigenic site 7t Bt3& + =& = EX(0f
UAX| 27| M-EO|C} O] methylene bridge & XMAH3HF7| fIeH LO|Lt reagent £ O|E3}

methylene bridge 2| cross-link & XMA3H=0, O 2°ES antigen retrieval 2t Bt}
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6. uterus 2 ZE[SHH EF

— o

Proestrus Estrus Metestrus Diestrus

® PO

Macroscopy

Microscopy

figure.5 estrous cycle Of [t2 uterus 3}

mouse 2| uterus = kidney Of2{2| fat O E& U2, human 2| uterus 2+ CHEA 71

ol 2Z0| A= duplex uterus O|CE O|S uterus horn O|2tn 3O, EHOLZF 71 ZHO
4dE ZY2E O|0fM AZEe=z2 EXfY # UCL O|H uterus & estrus cycle Of
¥Hoz A QY= 7|2H07] RO, cycle Off M2t =E|stY EM0| Eafrict.

.I.I.

ZoYe Y 4 Yok of

H

M proestrus A& uterus L0] SEE|0]
estrus OlA= ECM 2| 0| F7t5t0 BIS 70| E50{d=S & & UL metestrus O A
FOHoR 2GS M uterus 2] A7|7F =& EOFK| 4, leucocyte 7F BHEFE|Z| A|ZFSHCE

OFX| 2} diestrus QM= S0 71 uterus & SHEE = U1, Xtx BHO| RLIHX|7| A[EfsiC}

rr ot

-

uterus & TESHH AAH U JHA| HEHO| cell & & F UL HZRE A luminal
epithelial cell 2 lumen 2| epithelum 2 O|F11 U= cell 22, A S0 7t 2 Bt
oLtz FAO|CH CHE epithelial cell 2F OFEIEX|ZE basal lamina /0 S0 U2
HjOt7t Xt&tE|E= X O|Ct O] epithelial cell 2 estrogen 1t progesterone O 2sf F=2
ZEEM cell O] LtEEO A= RO|EE adheren junction & Z7HX| 1 RUCE

Ch222 uterus Ol 7t BE St AHX|Sts stromal cell O BHEEICH Y 02
uterus 2| supporting tissue cell £, 0] A| estrogen 1t progesterone 2| ZHET}0|| cell 2|

proliferation, remodeling 0| =& ElCt.

glandular cell 2 stromal cell ALOJALO|O] ZEX{St= SAEA S¢e XS U=
cell E2, cervix 2} uterus O|A ZAEICH Ol= Hjote| W& 5! &E0| Xl =Xt
estrogen, progesterone 2| TEES FH[TIC} cell £0| LIER[0] 7| IE0| O] FA|

adheren junction O] ZX|gtct.
OFX|ZO 2 muscle cell 2 menstrual cycle &9 uterus 7t FOLX|H dt, =4t Al

contraction @ 3l E{OI7} LR =& S} smooth muscle 2 A0 UL}
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7. E-cadherin

candherin 2 calcium-dependent adhesion 0|2} =Z2|=, epithelial cell 22 A& FO{F=
adheren junction 2| @M0| 5823 cell adhesion molecule OICt cadherin 2 type-1
transmembrane proteins 22, 1 O|EMH Ca2+ ion 2| FEZ =L cell-cell
adhesion 2 extracellular cadherin domain Of 2J3ff S &Y Z2 ZF2| candherin 7|2
Aglste 40| Zsict.  E-cadherin 2 epithelial cadherin & £53}0{ CDH1 gene Of
encode &[0 RUCL e-cadherin 2 CHEES| HOMZO| EX5I7| =0 JmM=Z 7|@
ot 72 BHHEO0| QUL E-cadherin function O|Lt expression 2| loss £ cancer
progression It metastasis & FE I} E-cadherin 2 downregulation 2 ZZ|0A cellular
adhesion 2| strength & HAA7{ MZE2| 0|5dE F7HAIZICE O] A2 cancer cell O
basement membrane 2 72 FH ZE0| HFSt= AS S5O o|= Q8 FO[7t
[ EICE E-cadherin level changeE cancer ™O|2} BH&ASIO] epithelial cell O] mesencymal
cell 2 HHF= EMT S2 METO| Q% AeS Si0f WatM e-cadherin 2 YstX o=z

cancer | TICHO|| ArSEICH

PR

Progesterone 2 female 2| reproductive function 2| ZH0| I FR23 &S o= TEECE
CHRfSh tissue O WS OIXICL OAEERAZ ANBIY WAFIIE =Fots 7|IsE 7I22E
g W OHA0M HIERE RESID S EIAFIN, A ORHE
o8ty = BtCk O] 2220 ARE 0|X|7| USHM= cell O progesterone &
O0|& 7ks8t/l s Z0| nuclear progesterone receptor 21 PR O|Ct CHE nuclear receptor 2t
O 7EX| 2 activation function (AF), inhibition function (IF)E Z&dt= upstream N-terminal @<t
downstream hinge region, C-terminal ligand binding domain = 7FX|1L RALCH

PR PRA 2} PRB 2h= isoform O QUE=EC, PRA 7F PRB 2| n-terminal O QU= amino acid 164 7H7t
HExsict 2o x40|7F ACE PR 2 coregulatory protein Jb EH progesterone-regulated gene

o

promoters 2| £ seq 0l 80 progesterone 2| Y-S ZHTHICL

ao-SMA

o —smooth muscle actin (a-SMA )= smooth muscle 2 T43St= actin filament 2| isoform
% StLfO|Ck
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M Materials

slide warmer, Xylene, 100% alcohol, 95% alcohol, 90% alcohol, 80% alcohol, 70% alcohol, MeOH,

30% H,0,, D.W, PBS, microwave antigen retrieval buffer, PBS-T, Dako-pen, primary antibody,

secondary antibody, DAB (buffer stock, DAB stock, hydrogen peroxide solution), Hematoxylin, HCI,
H,OH, 70% EtOH, 80% EtOH, 90% EtOH, 95% EtOH, 100% EtOH, mounting medium, 35§ or

Zztatsio| 4

[S R |

IV Method

1.

Deparaffinization
- 60 =M slide warmer Ol A 20~40min &¢t paraffin 2 =QICt.

- slide & Xylene O 3min &t 2 ¥ HH=3510] BHSA|ZICH

rc

Rehydration
- 100% alcohol 2 3min &2t slide & BtSA|7| 11 alcohol 2 xylene H SO0 H2IC}
- 100% HE 70% 7tX|2] alcohol Off slide & Zt 3min % HHSA|ZICE

- PBSE 3m &¢ 3% washing 2Lt

Hydrogen peroxide
- MeOH 5ml 2 30% H,0, 5ml, DW 40ml & 2835t0] 10m &¢ slide & HHSA|ZICE

Antigen retrieval

- antigen retrieval buffer (1X)0l slide & 11 microwave 0 = AIEFE 5m S¢t
T 4 H BEESM HESA[ZICL

- RTOIM 15m =¢t AlslCt

- Dako pen 22 ZZA FHE sIH HAIZ £ PBS £ F & HOEH 3m =¢
M | EES|A BERSAlZICH

- PBS-TE % &= U= 3m S HEAZIC
Blocking

- slide 0 &= PBS O 10% normal goat serum & 211 1h &2 mild shaking SHC}.

( &2 protein block serum free & MzZ|3jF=1 10m S¢t mild shaking $tCt. )

131



20208115 257| ZRH S

CHA UNIVERSITY

132

Primary antibody
- primary antibody dilution & slide 0 EO{E2[1 1h S 4 ZMOA BESA|ZICH
- antibody £ slideS FX|0| £ MM HAHstD, PBS 2 3min 52 2 &, PBS-TZ 3min

S0t ot H washing 2L}

secondary antibody

- secondary antibody dilution 2 1h &¢t BtSA|ZICH

- antibody £ slide & FX|0| 55 MM A3, PBS 2 3min &2 2 # washing
bCt.

rot

Detection
- DAB kit & 0|83l DAB staining & TI&3IC}
- DAB dye & HOILEZ|D slide & 3% £& s HO|ZOZ ZESIHA ZAMOQ|

LIEFL}™H tap water 2 washing $HCH.

rk

P S,
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V Result

figure.7 E-cadherin antibody figure.8 alpha-SMA antibody

4, =
e Ag &olg = ARULE glandular epithelial cell 2 ZAE[X| FQULE (Fig. )
E-cadherin & Z1t luminal epithelial cell O|M Z3StAH ZME[RADN glandular epithelial
cell O M= ZSHH LAME|RALCE stromal cell M= LAHE|X| QUQULCE

alpha-SMA £H& At CHE oMz EMEX] %10, smooth muscle S0 T EABE| AT}

VI Discussion

rtT

MHL2 mouse 2| =& F uterus 2| Tt plate o BHEHS 7| I8l PR, E-cadherin, a-SMA 0
CH2t antibody £ 0|83 immunohistochemistry € Z7F {21 ZHESIH immunohistochemistry

o {2|2t antibody Of 2 uterus 2| ZESH EMZ OsfE = A= HHO|IUCL

OF

=

S Ao A8E plate & microtome 2 0|83l paraffine embedded tissue E section

ol

O

f
plate O D1™HA|ZI 2 warmer 0| A paraffine & =0|1 xylene @ 2|8l deparaffinization 2 ot
tissue 7} plate O DHE|E& THERACL O|F rehydration & TS AU |, dehydration 1t E2
xylene 2 =84 Al UHSE + RUAZZE alcohol 22 X|2H{0F 517| HE0, 52 8= =22
alcohol 2 Me|stct O] mf HHMZ washing SHE alcohol 2 xylene WHSO| H{2{0F SiC}
PBS 2 washing 8= F| endogenous peroxidase 2| DAB S HIX|Sl7| {8 H,0, S A 2|3t
endogenous peroxidase ©| activity £ S{OfFCL. O If H,0, 7t & B8 £ YA =ZH<

TS =0F= MeOH & Z0| Me[siELt

ie)

o

. PBS washing & antigenic site 2} protein Zt0| methylene bridge & #®0|{F& antigen retrieval &
f

TIEstofof St M P2 JHSE F Dako pen 22 72 X|HHE F| PBS-TE cross-link &

H#sH=Ct PBS-T = PBS Off tween 20 2 T 7tet A|9fO|CE O[F blocking & %I3H normal goat
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serum EEE protein block serum & H7bSH=0l, O normal serum 2| /= 2 A antibody &

L. 1 X antibody & A2|st PBS, PBST & O|8%} washing, 2 X
antibody & Az2|8t PBS 2 washing Si=Ct O [Iff slide & £& HIEO| MM 1 A antibody &
PAl A+E835HO1OF
HSt= plate 2 =% 2[0f &2l dd0jFdez FHESIH HEFOH
AE [ 7HX|EE FAS TSI O] AlZEE M AL 2 HEHOM = positive control 0] 810

[ == R |
Of AlZtel ojoj7h SiRAX|, =2 deS & [

Ao Z=°| serum O|C

iy

Z|CHst AT Flo| HdyS T DAB Al2tS HZT FIRHs d0jdS
P

>+ |]0I-

SICE DAB A|YE L2|7

==

£ positive control 2| DAB HMAIZtE F7HEI0]

— =
CHE sample S2| ZMAZLS SYSHA X FOF otCh Ol HME AS & EHI| 8] H&E
staining S ZIASIRA LD, O] hematoxylin 2| 2tFMZS HX[SH7| 2|8 HCIZF NH4OH 2 EHMS B2
FMAM dehydration 2 StA k[=H|, Ol +&0|

AtEer TIHSHRACE 2[1 EBOH & A 2|k
_[

2 xylene 22 mounting & SiF7| @[] TAHECH 2H

f

F 20 M washing buffer 2 AFEUE PBS= HMLH2E 527 Hlgh ST 8A0|THM 012
FEStn 40| glo] EHE JMGALL cell HROIM washing & SO0 AFEEICH H|XSHA|
MZIPBS-TE QIOIM AZ 0| tween 200] EEE|0] A= buffer £, tween20 € surfactant O|LC}.
{20 tween 20 2 blocking & diF= E&ED SA[0| 7|2 HHEO| PBS O]7| =0 washing
buffer 2| d&&E ZX|1 QUL

uterus &= 3 A luminal epithelial cell, stromal cell, glandular cell, smooth muscle cell & 4742
258 = Aot 2 HE0ME PR E-cadherin, a-SMAO| L3t antibody & AtESIRACE M4 PR

progesterone receptor £ progesterone 0|2t TEE0| FEES TE cell O EXY Z0l2tn

0R

g2 wot

MZIHCE ZALSHE A luminal epithelial cell, stromal cell 2 progesterone 2| 2!
menstrual cycle Of el BtoF M2 0 glandular cell 2 O 2 progesterone 2 &£H|St= cell O] B2

PR O HO|XA| §ite Aozt ECHACH A H A A 2EO M= luminal epithelial cell,
PAE| AT, glandular cell O] @2 ZMoz WAME S &
E T 2HE 0| M = luminal
epithelial cell, stromal cell & ZAMoz WMZ AZ glandular cell & ZMO| E|X| %2 AS

= "1
solgt 4 UYL T O/ PR Of Cf 2

o)
ME

stromal cell O] XIgh ZAo=z
=]

kA O b

UACL. Ol otht DA Pl 2|0 ZE ZH=Z FHEC & A

o
[}
H

lo 1=

1=

2} olgl 2 Moz WAME 222 MzES 2EO|}=L, ol
&S PR O] Mz ol E=i Aol2tn KFH=E = AUARUACEL
E-cadherin 2 cadherin & epithelial cell AtO| adheren junction & T435l= protein 22, LIEHS|

L%l epithelial cell & AHO[OI|A] BHEE! Zio|2tn O AstRACt HEZAD luminal epithelial cell 1t
glandular epithelial cell OlM ZAMo= WME Z4g HEg = UQUCH O I XiAs| 2HESHH
LMo 2 WML epithelial cell LHS| 22 hematoxylin 22 QI8 LMo Z SME g nhErg
2 AACE 0|2 S8 E-cadherin O epithelial cell o 3 Zi70|0fl& Z=MSIX| FYEsCte AS

o5 = AUCH
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OX|2fC 2 o-SMA £ smooth muscle actin 22 smooth muscle O specific A EXst=

protein O|Ct. 20 CHE cell O] Ot 2 smooth muscle layer 52| cell O ATH BHEE o=
Ol &5t R, AA BHE ABtE muscular cell O A TH ZAlo 2 SHMEl 4 prarer 4= QAJACE

2 HYEIME MEMN JHE OoHRE RE2 TFA0 MEZD HCs OH[E0XACl W&t
AKRIX| %A =Hdsfjor HH Haf, BHESH ZE O] mouse o ZE|O|ACH= HO|CE TALE TIgstH
mouse 2| uterus 2Lt human 2| uterus Of Ciet HEIt ST YD, A4S MR
X83t7(0l= mouse 2| ZEI} human o ZZE0| Xo|7t S A ZoF HEE =0 0{2{20|
WQICH d2iLt O|ZMo =20 HiYHE IHCs & AT {20 Al StListLe] 828 & = AR D,
DAB HAO| &l ALt MRS Sl O|RE FHMEM SEHHS 7| 5+ AW A[ZHO|UC
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PRODUCT MONOGRAPH

INCLUDING PATIENT MEDICATION INFORMATION

Pr ZEPOSIA®
ozanimod capsules

0.23 mg, 0.46 mg, and 0.92 mg ozanimod (as ozanimod hydrochloride)

Sphingosine 1-phosphate receptor modulator

Date of Initial Approval:
October 2, 2020

© 2020 Celgene Corporation
ZEPOSIA is a registered trademark of Celgene Corporation, used under license by

Celgene Inc.
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EXECUTIVE SUMMARY

® Ozanimod is treatment of relapsing MS(Multiple Sclerosis), which acts as a sphingosine-1-
phosphate(S1P) receptor agonist and immunomodulatory agent.

® Dosage and administration: Ozanimod can be administered by oral. As the days go by, the dosage
increased from 0.23mg to 0.92mg

® Off-label uses: Zeposia isn’t FDA-approved to treat ulcerative colitis, but some reports show that Zeposia
may be effective for treating ulcerative colitis.

® Mechanism of Action: Ozanimod is a SIP receptor modulator that binds with high affinity to S1P
receptors and reduces the number of lymphocytes in the peripheral blood.

® Contraindication: Ozanimod is contraindicated in the patients who have sleep apnea or presence of
cardiovascular disease or used with MAO inhibitor.

® (linical Efficacy: In a study comparing ozanimod and placebo, ozanimod was better than placebo as it
had fewer number of lesions. In a study about safety and efficacy of ozanimod versus interferon beta-1a
in RMS, ozanimod was at least as effective as interferon beta-1a across all subgroups studied showing
lower ARRs with ozanimod than interferon beta-1a. In a study of comparative safety and efficacy of
ozanimod versus fingolimod for RMS, ozanimod had a lower risk of AEs, herpetic infections, bradycardia,
etc. But there were no statistically significant differences in ARRs between ozanimod and fingolimod. In
another Study of efficacy and safety of ozanimod in MS, ozanimod HC1 demonstrated continued efficacy
over 2 years, as shown by low levels of MRI lesion activity and low unadjusted ARR.

® Warning and precaution: There are some adverse effects like atrioventricular block, bradycardia,
hepatotoxicity, hypertension, etc. Also, cases of rebound syndrome have been reported after stopping
treatment with a S1P receptor modulator.

® Adverse effects: The most common adverse events reported were upper respiratory infection, hepatic
transaminase elevation, orthostatic hypotension, urinary tract infection, back pain, and hypertension.

® Drug-drug interactions: Ozanimod interacts with MAOI, BCRP inhibitors, cyclosporine, etc.

® Comparative cost: $282.74
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INTRODUCTION

Ozanimod, sold under the brand name ZEPOSIA®, is developed by Celgene Corporation. Ozanimod is FDA
approved in March 25, 2020 for the treatment of relapsing forms of MS(Multiple Sclerosis), to include clinically
isolated syndrome, relapsing-remitting disease, and active secondary progressive disease, in adults.

® It acts as a sphingosine-1-phosphate(S1P) receptor agonist and immunomodulatory agent, sequestering
Iymphocytes to peripheral lymphoid organs and away from their sites of chronic inflammation.
Ozanimod was better in reducing the risk of disease relapse in comparison to interferon fla, a product
approved for the treatment of relapsing forms of MS.

® Chemical name is 5-(3-{(1S)-1-[(2-hydroxyethyl)amino]-2,3-dihydro-1H-inden-4-y1}-1,2.4-oxadiazol-
5-yl)-2-[(propan-2-yl)oxy|benzonitrile, = monohydrochOloride. ~ Its  molecular  formula s
C23H24N403+HCI and molecular mass is 440.92. Its chemical structure is same as figure 1.

*HCI
NH
VA

Figure1: Ozanimod chemical structure

DRUG CLASS

- Immune Modulator | Immunological Agent (sphingosine 1-phosphate receptor modulators)

DOSING AND ADMINISTRATION

Adult
® Dosing

- Oral: Initial: 0.23 mg once daily on days 1 through 4; then 0.46 mg once daily on days 5 through 7,
maintenance dose: 0.92 mg once daily starting on day 8

- Note: If a dose is missed during the 2 week titration period, reinitiate the titration regimen with 0.23 mg
once daily. If a dose is missed after the first 2 weeks of treatment continue with treatment as planned.

Renal Impairment: Adult

® Dosing

There are no dosage adjustments provided in the manufacturer's labeling.

Hepatic Impairment: Adult

® Dosing
Use is not recommended in patients with hepatic impairment.
Geriatric
® Dosing
Refer to adult dosing.
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OFF-LABEL USES

Ulcerative Colitis

Inflammatory bowel disease (IBD) includes ulcerative colitis, which can
cause inflammation and ulcers in your digestive tract. Zeposia isn’t FDA-approved to treat ulcerative
colitis. But the drug is currently being studied for the treatment of moderate to severe forms of the disease.
Although the full study results haven’t been officially released yet, some early reports show that Zeposia
may be effective for treating ulcerative colitis. However, more information needs to be collected, and
more studies need to be done, to determine whether it’s safe to use Zeposia for ulcerative colitis. If you
have questions about using Zeposia or other treatments for ulcerative colitis, talk with your doctor.

MECHANISM OF ACTION

Ozanimod is a sphingosine 1-phosphate (S1P) receptor modulator that binds with high affinity to S1P
receptors 1 and 5 and reduces the number of lymphocytes in the peripheral blood by blocking the capacity
of lymphocytes to emerge from lymph nodes. The mechanism by which ozanimod exerts its therapeutic
effects in multiple sclerosis is hardly elaborated, but may involve the reduction of lymphocyte migration
into the CNS, resulting in decrease of lymphocytes available to the CNS.

PHARMACOKINETICS / PHARMACODYNAMICS

Absorption
Teaz 6 to 8 hours
[ 0.244 ng/mL(31.8%)
AUC 4.46 ng*l/mL(31.8%)
Time to Steady State 102 hours(29.2%)
Accumulation Ratio 2.40(21.1%)
Distribution
Protein binding Ozanimo¢ - 2324
(tuman plasma) CC112273 metabohtg 99.8%
CC1084037 metabolite 99.3%
Volume of distribution (Vg) | 5590 L
Elimination
. . Ozanimod 21 hours
Elimination half-life (ti2) =55 112573 CC1084037 metabolites | 11 days
Metabolism
CYP2C38
CYP3A4
SHEyITE substrate BCRP
MAO-B
inhibitor MAO-B
major CC112273 (73%)
CC1084037 (15%)
y RP101988
metabolite i RP101075
RP101509
RP101442
Excretion
Renal excretion 26%
Fecal excretion 37%
Total body clearance 192 L/hr

(*Mean following 0.92mg once daily dose in relapsing MS patients, unless otherwise specified.)

(**Cmax ¢ maximum observed plasma concentration at steady state, AUC : area under the plasma concentration-
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time curve during a dosage at steady state)

1) Absorption

After oral administration of ozanimod, it is absorbed in gastrointestinal track. The maximum observed plasma
concentration at steady state (Cmax) is 0.244ng/mL and is achieved at 6 to 8 hours after the administration,
reaching steady state at about 102 hours. The area under the plasma concentration time curve during a dosage at
a steady state (AUC) is 4.46ng*h/mL.

2) Distribution

The major metabolites of ozanimod which bind to human plasma protein are CC112273 and CC1084037. Human
plasma protein binding of ozanimod and its metabolites exceeds 98%; approximately 98.2%, 99.8% and 99.3%
respectively. The mean (CV%) apparent volume of distribution of ozanimod (VZ/F) is 5590L (27%).

3) Elimination

The mean (CV%) plasma half-life of ozanimod is ranges from 17-21 hours (coefficient of variation, 15%). In
patients with relapsing multiple sclerosis, the mean effective half-life of the CC112273 metabolite of ozanimod
and its direct interconverting metabolite CC1084037 was approximately 11 days (coefficient of variation, 104%).

4) Metabolism

After the administration of ozanimod, it is metabolized by multiple enzymes which help the formation of active
metabolites for protein binding of human plasma. Ozanimod has two major active metabolites CC112273 and
CC1084037 with four minor active metabolites, which is RP101988, RP101075, RP101509 and RP101442. The
active metabolites have similar activity and selectivity for SIP1 and S1P5. Approximately 94% of circulating total
active drug exposure is represented by ozanimod (6%), CC112273 (73%), and CC1084037 (15%), in humans.

NAT-2
RP101442
CYP3A4 [ Cypac
i RP101075 | RETEEER
Ozanimod CC112273
[ MAO-B - X
RP101988 L o=, CC108437
ALDH/ADH AKR 1C1/1C2,
3p-/11B-HSD

(*Acive enzymes in metabolism pathways of ozanimod and its metabolites)

5) Excretion

The kidneys are not the main source of elimination for ozanimod. After a single oral dose of 0.92mg radiolabeled
ozanimod was administered, about 26% of the labeled drug was accounted for in the urine and 37% of the
radioactivity was recovered in feces. In both ways, which are urine and feces, the drug was primarily in the form
of inactive metabolites. The mean apparent oral clearance of ozanimod is 192L/h.
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Ozanimod had comparative advantage in terms of efficacy comparing with interferon-betala(IFNB1a), and
fingolimod. The evaluation criteria focused on three parameters: annualized relapsing rate(ARR), mean number
of new or enlarging gadolinium-enhanced lesion, and T2-hyperintense lesion.

From placebo-controlled phase 2 trial, ozanimod 0.5mg and 1.0mg was administered to patients; it showed clear
superiority over placebo. Mean number of gadolinium-enhancing lesion and T2 lesion on brain MRI were lower
in ozanimod than placebo, and the efficacy was higher in increased dose(1.0mg) than 0.5mg.

Efficacy and safety of ozanimod in multiple sclerosis: Dose-blinded extension of a randomized phase 11

study
Study randomized, double-blind, placebo-controlled
Design
Study Study subjects | people aged >18 and <55 years with an Expanded Disability Status Scale
Metho (EDSS)(target sample size, 258 subjects)
d In total, 97.7% (252/258) of the participants completed the 24-week placebo-
controlled period
Three participants declined to enter the blinded extension
A total of 126 participants received ozanimod HC1 0.5mg, and 123 received
ozanimod HCI 1mg during the blinded extension.
Study Design | (a) ozanimod HC1 0.5mg (equivalent to ozanimod 0.46mg)
Regimen/Rout | (b) ozanimod HC1 1mg (equivalent to ozanimod 0.92mg)
e (c) Placebo single dose
Analysis —
A d for Eligibili
method ey
Excluded 108
Screening laboratory abnormality a8
Not specified, or unable to comply 28
g Excluded ongoing medical condition 20
2 Did not fulfill multiple sclerasis disease criteria 6
K Screening heart rala <45 haart per minute 4
2 Pravious use of lymphocyte-depleting agent 2
@
3 3 (" TRandomized 9
£33 (N=258)
&g
2 Ozanimed HCI 0.5 mg Placebo Ozanimod HCI 1 mg
H (n=87) (n=88) (n=83)
a
{Urscoﬂﬂnucd 2(2 uj {u scontinued 3@ v«j _[Ulwcnhwcd 101 2'\,]
Protocoal violation 1(1.1%) Lost to follow-up 1(1.1%) Withdrawal of consent 1 (1.2%)
Withdrawal of consent 1 (1.1%) Withdrawal of consent 2 (2.3%)
n=85 (97.7%) n=85 (96.6%)
et e wisrion S 00) [t e i 5150
B (Randomized 1:1 (n=83) ]
Ozanimed HCI 0.6 mg [Ozammod HCI 0.5 ng (Oun&md HCI1 mg] o
(n=85) (n=41) (n=42)
g
& 'E (Discontinued 14 (11.1%) Discontinued
25 Adverse event 3 Adverse event
i B Lack of affcacy 0 Lack o ffcacy
£ Protacol violaion 1(0.8%) Fromoot violaon
w \_ Voluntary withdrawal 6 (4.8%) Valuntary withdrawal
1
[ Completed 2-Year ] [ Completed 2-Year ]
Extension Period Extension Period
- n=112 (88.9%) n=111 (90.2%)
Descriptive statistics were used to describe outcomes in the intent-to-treat
population during the blinded extension. Demographic characteristics and safety
data were pooled by ozanimod HCl-dose group (0.5 or 1mg). Efficacy was
examined in the dose subgroups as described above.
Study endpoint | Efficacy endpoints included mean number of gadolinium-enhancing lesions,

proportions of participants free of gadolinium-enhancing lesions, mean number
of new or enlarging T2-hyperintense lesions on brain MRI, and unadjusted ARR.
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Study
Result (a) 7 (b)
45 0O Placebo - Ozanimod HCIO.5 mg
6 B Czanimod HCl 0.5 mg - Ozanimod HCI 0.5 mg 1001
O Placebo - Ozanimod HC1 1 mg .
E s W Ozanimad HCI1 mg 2 Ozanimod HCI 1 mg L e
B 5
A 3 e
g s g
@ 5
£ g 104
g 2 (' - — Placeta -» Ozanimod HCJ 0.6 mg
- T = —— Ozanmod HCEOS mg - Ozanimad HCLO.5 mg
1 3 o ~ — Placebo - Ozanimod HOL1 mg
= —— Ozanmad HCl 1 mg - Ozanimad HCL1 mg
g Week 24 Year Year2 Enilry Marith & Year 1 Year 2
Placebo-Controlled | Extension R s i = 5 =
Number of . : ;: i
Patients 41 85 42 81 38 76 37 79 37 72 36 74 » s £ ] T
(©) 1% O Placebo - Ozanimod HCIOS mg (@ 05 o O Placeto - Ozanimed HO 0.5 mg
- 10.8 @ Ozanimod HCL 0.5 mg - Ozanimod HCI 0.5 mg s B Ozanimod HCI 0.5 mg - Ozanimad HCI0.5 my
g O Placabo - Czanimod HCH 1 mg ok O Placeto 3 Ozanimod HOL1 mg
i - W Ozanimod HCL1 mg = Ozanimos HCl 1 mg b W Ozanimod HCL T mg < Ozanimod HCL1 mg
;m x 04
§e g
'§ 8 E 03
Z°® 5 02
=
ﬁ 4
E 2 ['A)}
=
L Baseline—Wees 24 Entry-Year 1 Year 1—Year 2 o Basebne-Week 24  Entry—Year 1 Year \—Year2  Baseline—£nd
Placebo-Controlled | Placebe-Controlied | Extension of Traatment
Number of Number of
Patents 41 85 42 ®1 38 76 37 7 a7 71 38 74 Patients 41 85 42 81 41 85 42 7 8 AT 41 85 42 8
Efficacy outcomes: (a) mean number of gadolinium-enhancing lesions at year 1 and year 2 of the
blinded
extension, (b) proportions of participants free of gadolinium-enhancing lesions during the blinded
extension, (¢) mean
number of new or enlarging T2 lesions over the entire study, and (d) unadjusted ARR over the
entire study.
ARR: annualized relapse rate; GdE: gadolinium-enhancing; SEM: standard error of the mean.
In the blinded extension of the phase II portion of RADIANCE, both doses of ozanimod HC1 (0.5
and 1 mg) demonstrated continued efficacy over 2 years, as shown by low levels of MRI lesion
activity and low unadjusted ARR, with apparent greater efficacy on both MRI and clinical disease
measures for ozanimod HC1 1 mg versus ozanimod HC1 0.5 mg. In addition, the efficacy observed
in participants who initially received placebo approximated that observed in participants who
received ozanimod HCl continuously
throughout the placebo-controlled portion of the study and the blinded extension. Consistent with
the 24-week placebo-controlled treatment period,6 gadolinium-
enhancing and new or enlarging T2 lesion numbers remained low in all four treatment groups
during the 2-year blinded extension.
Safety Table 2. Safety summary.
Result Core period and blinded extension
Ozanimod HCI] Ozanimod HCI
0.5mg, (n=126) I mg, (n=123)
Participants with =1 TEAE, n (%) 99 (78.6) 93 (75.6)
Participants with =1 treatment-related TEAE, n (%) 5(4.0) 4(33)
Participants with =1 serious TEAE, n (%) 12(9.5) 9(7.3)
Participants with =1 TEAE leading to treatment 3(24) 1(0.8)
discontinuation, n (%)
Treatment-related deaths, n (%) 0(0) 0(0)
TEAE: reatment-emergent adverse event.
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The most common TEAESs associated with ozanimod HC1 were nasopharyngitis,

upper respiratory tract infection, and increased alanine aminotransferase (ALT). A total of 4.9%
(12/247) of participants had increases in ALT >3-

times the upper limit of normal (ULN; ozanimod HC1 0.5 mg, # = 4; ozanimod HC1 1 mg, n = 8).
Of these participants, two (ozanimod HC1 0.5 mg, n = 1,

ozanimod HC1 1 mg, » = 1) had concurrent aspartate aminotransferase (AST) elevations, while one
participant, treated with ozanimod HC1 1 mg, had an

isolated AST elevation. There were no reports of serious opportunistic infections during the
blinded extension. No clinically significant abnormalities in

pulmonary function tests and no cases of macular edema or malignancy were reported during the
blinded extension. Four participants discontinued

treatment due to a TEAE during the 2-year blinded extension (Table 2). These discontinuations
were all attributable to increased transaminases and were

protocol-specified (participants with confirmed ALT or AST levels >5-times the ULN were
required to permanently discontinue study treatment).

All four participants recovered after discontinuation of ozanimod HCL

From active-controlled phase 3 trial, overall data supported decent efficacy of ozanimod over IFNB1a, well-

known first-line therapy for relapsing multiple sclerosis, adjusted ARRs were 0.17(95% C10.14-0.21) and 0.28(95%

CI 0.23-0.32) for ozanimod 1.0mg and INFNBIla, respectively. Number of T2-hyperintense lesion and

gadolinium-enhancing lesion scan were both lower in ozanimod as well. (Table

Safety and efficacy of ozanimod versus interferon beta-1a in relapsing multiple sclerosis (RADIANCE): a
multicentre, randomised, 24-month, phase 3 trial

Study 24-month, multicenter, randomized, double-blind, double-dummy, active-controlled, paralle-
Design group, phase 3 trial

Study Study subjects Patients aged 18-55 years with multiple sclerosis according to 2010
Method McDonald criteria

- exclusion criteria: primary progressive multiple sclerosis, disease
duration greater than 15 years and an EDSS of 2.0 or less, previous
inability to tolerate interferon beta, specific cardiovascular conditions,
resting heart rate less than 55 beats per min at screening, previous
treatment with lymphocyte-depleting therapies or lymphocyte-trafficking
blockers, any active infections

- 1695 participants were screened, 375 did not meet inclusion criteria.

- 1320 participants enrolled and were randomly assigned to ozanimod
0.5mg(n=443), ozanimod 1.0mg(n=434), interferon beta 1a)n-443)

- 7 participants were exclude from analyses(did not receive any study
drug), 175 participants discontinued before month 24.

Randomisation Participants were randomized 1:1:1
and Procedure - ozanimod 1.0mg : ozanimod 0.5mg : interferon beta-1a

Participants in the ozanimod groups were given daily oral ozanimod HCL
1.0mg / 0.5mg. Participants in the interferon beta-1a group were given
weekly intramuscular interferon beta-1a 30pg for 24months.

- At the time of screening, baseline and months
1,3,6,9,12,15,18,21,24 , study visit occurred.

- Neurological and EDSS assessments, brain MRI, liver function test,
optical coherence tomography, ophthalmology assessment,
pulmonary function test, skin examination, whole brain volume and
cortical grey matter volume measure were performed at screening
and during study.

Analysis method | - gample size of about 400 participants per treatment group was
estimated using a Poisson regression model and the method of
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Nicholas and colleagues.

- It is predicted to provide about 90% power at a two-sided
significance level of 0.025 to detect 37% lower 24-month ARR for
each ozanimod dose group. (ARR of Ozanimod group=0.19, ARR of
interferon beta-1a group=0.3).

- Primary endpoint was analysed using a prespecified Poisson
regression model adjusted for this study.

Study endpoint - Primary endpoint: annualized relapse rate(ARR) over 24 months

based on confirmed, protocol-defined relapses.

- Key secondary endpoint: number of new or enlarging T2 brain MRI
lesions over 24 months, number of gadolinium-enhancing brain MRI
lesions at month 24, time to onset of disability progression.

- Changes in cortical grey matter and thalamic volume were
prespecified exploratory endpoints

Study Result | - Adjusted ARRs were 0.17(95% CL 0.14-0.21) with ozanimod 1.0mg, 0.22(0.18-0.21) with
ozanimod 0.5mg, 0.28(0.23-0.32) with interferon beta-1a.

- The rate ratio(RR) versus interferon beta-1a, was 0.62(95% CI 0.51-0.77; p<0.0001)for
ozanimod 1.0mg, and 0.79(0.65-0.96m p=0.0167) for ozanimod 0.5mg.

- RRs and 95% CIs of ARR, new or enlarging T2 lesion count over 24 months, and
gadolinium-enhancing lesion count at month 24 indicated both doses of ozanimod were
at least as effective as interferon beta-1a across all subgroups studied.

- Reported TEAEs were similar in all groups(324 of 434 participants who received

ozanimod 0.5mg, 326 of 439 participants who received ozanimod 0.5mg, and 365 of 440
participants who received interferon beta-1a).

- Incidence of serious TEAEs was also similar across treatment groups.

Safety and efficacy of ozanimod versus interferon beta-1a in relapsing multiple sclerosis (SUNBEAM): a
multicentre, randomised, minimum 12-month, phase 3 trial

Interferon beta-1a  Ozanimod 0-5 mg group (n=451) Ozanimod 1-0 mg group (n=447)
group (n=448)
Absolute value Rate ratio vs pvalue  Absolute value Rate ratio vs p value
interferon beta-1a* interferon beta-1a*

Primary endpoint

Adjusted ARRthrough 035 (0-28t00-44) 024 (019t00:31)  0-69(0-55t00-86) 00013 018 (0-14t00-24) 0-52(0-41t0 0-66) <0-0001
month 12

Secondary endpoints

Adjusted mean 2.84(233t0345) 214(178t0258) 075(0-63t00-91) 0-0032  1.47(1-20to178) 0.52(0-43t00-63) <0-0001
number of new or

enlarging T2 lesions per

scan over 12 months

Adjusted mean 043 (030t00-64) 029(0-20t00-42) 066 (0-47t00-93) 0-0182 016 (0-11t0024) 0-37(0-26t00:54)  <0-0001
number of

gadolinium-enhancing

lesions at month 12

Numbers in parentheses are 95% Cls. ARR=annualised relapse rate. *Rate for ozanimod divided by rate for interferon beta-1a.

Table 2: Primary and secondary endpoints in rank order according to hierarchical testing (intention-to-treat population)
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in ARRs.

V. 94 2|EE ZOH

A study of comparative safety and efficacy of ozanimod versus fingolimod for relapsing multiple sclerosis

Study design

matching-adjusted
indirect
comparison(MAIC)
methodology

1) ozanimod trials : RADIANCE-B SUNBEAM randomized IFN (-
la-controlled

2) fingolimod trials : TRANSFORMS randomized IFN f-1a-
controlled, FREEDOMS I and FREEDOMS II randomized
placebo-controlled

Study methods

Study subjects
(Inclusion criteria)

-patients with relapsing multiple sclerosis

- 18-55 years of age

- have a diagnosis of RMS

1) ozanimod trials : as defined by the

2010 revised McDonald criteria; have had at least one documented
relapse in the previous year before screening (or prior 2 years with at
least one gadolinium-enhancing lesion); and have a score between 0.0
and 5.0 on the EDSS

2) fingolimod trials : as defined by the 2005 revised McDonald
criteria; have had at least one confirmed relapse during the preceding
1 year (or at least two during the preceding 2 years); and have a score
between 0.0 and 5.5 on the EDSS

Study Design
Regimen / Route

1) ozanimod trials

-RADIANCE-B : a randomized,

IFN B-la—controlled, Phase III trial, were randomly assigned in a
1:1:1 ratio to ozanimod HCI (daily oral 0.5 or 1 mg) or IFN B-1a for
2 years

- SUNBEAM : randomized (1:1:1 ratio), controlled study of
ozanimod HCI (0.5 and 1 mg) versus IFN B-1a in patients with RMS
over a minimum 12-month period.

2) fingolimod trial

-TRANSFORMS : randomized, IFN B-1a—

controlled, Phase III trial, randomly assigned in a 1:1:1 ratio to
fingolimod (oral 0.5 or 1.25 mg) or IFN B-1a for 1 year
-FREEDOMS and FREEDOMS 1I : randomized, placebo-controlled,
Phase III trials, randomly assigned in a 1:1:1 ratio to fingolimod
(oral 0.5 or 1.25 mg) or placebo for 2 years

Number of Patients

1) ozanimod trials
-RADIANCE-B : 1313 patients
-SUNBEAM : 1346 patients

2) fingolimod trials
-TRANSFORMS : 1292 patients
-FREEDOMS I : 1292patients
-FREEDOM II : 1083 patients

Study Result

Comparison of
first-dose cardiac
monitoring

-safety outcomes lower with ozanimod; risk difference more
favorable for ozanimod

1) conduction abnormalities (RD : 3.5%)

2) first-degree atrioventricular block (RD:-3.0%)

3) less reduction in systolic (difference in means: 2.2 mm Hg) and
diastolic (difference in means: 5.0 mm Hg) BP compared with
fingolimod at first dose (both p <0.001)

Comparison of 1-
year outcomes

-ozanimod lower risk of any AEs (RD:-9.9%)

1) higher absolute mean lymphocyte count (difference in means: 0.4
x 109/1)

2) lower risk of abnormal liver enzyme (alanine aminotransferase)
elevations (alanine aminotransferase=>3x upper limit of normal;
RD: —6.8%) compared with fingolimod (all p <0.05)

Comparison of 2-
year outcomes

-ozanimod having lower risk of any AE (RD: —22.7%), AEs leading
to discontinuation (RD: —7.4%), herpetic infection (RD: —4.9%),
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basal-cell carcinoma (RD: —1.8%), bradycardia (—0.5%) and
abnormal liver enzyme elevations (RD: —3.0%) compared with
fingolimod (all p < 0.05)

-No significant differences were observed in ARRs between groups
(ARR ratio: 1.06; p =0.78). Similar proportions of patients in both
groups were free of 3-month (difference in proportions: 5.2%; p =
0.12) and 6-month CDP (difference in proportions: 0.9%; p = 0.76)
Conclusion 1-year outcomes patients receiving ozanimod had a lower risk of any AEs,
Iymphocyte count reductions and abnormal liver enzymes elevations
than patients receiving fingolimod

2-year outcomes patients receiving ozanimod had a lower risk of AEs leading to
discontinuation, any AEs, herpetic infections, bradycardia and
abnormal liver enzymes elevation than patients receiving
fingolimod.

Efficacy outcomes -No statistically significant differences in ARRs or rates of 3-month
and 6-month CDP were found between ozanimod and fingolimod

- the directions and magnitudes of differences in outcomes were
generally consistent both before and after matching, indicating that
the trial findings were robust to the adjustment for multiple patient
characteristics.

According to Placebo-controlled phase 2 trial of ozanimod in relapsing multiple sclerosis, ozanimod was better
than placebo as it had fewer number of lesions.

Safety and efficacy of the selective sphingosine 1-phosphate receptor modulator ozanimod in relapsing
multiple sclerosis(tRADIANCE): a randomised, placebo-controlled, phase 2 trial

Study A placebo-controlled, randomized, double-blind
Design
Study Study subjects people aged >18 and <55 years with relapsing multiple sclerosis
Method (target sample size, 258 subjects)

Study Design (a) Ozanimod 0.5mg single oral dose

Regimen/Route (b) Ozanimod 1mg single oral dose

(c) Placebo single dose
Analysis method A total of 258 randomized patients receiving at least 1 dose of the

study drug were included in the safety analysis population. The
intention-to-treat and safety population consisted of 258
participants, 88 were assigned placebo, 87 ozanimod 0-5 mg, and
83 ozanimod 1 mg; 252 (98%) patients completed the assigned
treatment.

Study endpoint The primary endpoint was cumulative number of total gadolinium-
enhancing lesions on MRI at weeks 12-24. Secondary endpoint was
the number of gadolinium-enhancing lesions at week 24; the
cumulative number of new or enlarging T2-hyperintense lesions at
weeks 12-24.
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Study : :
Placebo (n=88) Ozanimod 0-5 mg (n=87) Ozanimod 1 mg (n=83)
Result A
MRIoutcomes
Mean (SD) cumulative number of gadolinium-enhancing lesions, weeks 12-24  11-1(29:9) 15(37) 15(3-4)
(primary endpoint)
0Odds ratio (95% C1) vs placebo - 016 (0-08-0-30); p<0-0001  0-11(0-06-021); p<0-0001
Mean (SD) number of gadolinium-enhancing lesions, week 24 32(9-8) 03(0-9) 02(0:6)
(secondary endpoint)
0Odds ratio (95% C1) vs placebo - 016 (007-0:34); p<0-0001  0.06 (0-02-0-15); p<0-0001
Mean (SD) cumulative number of new or enlarging T2 lesions, weeks 12-24 9-0(20:9) 14(32) 0-8(1-9)
(secondary endpoint)
Odds ratio (95% Cl) vs placebo 0-17 (0-10-030); p<0-0001 0-08 (0-04-0-14); p<0-0001
Clinical outcome
Mean (95% CI) annualised relapse rate (secondary endpoint)* 0.5(0-2-12) 035(0-2-0-8) 0-24 (0-1-0-6)
Odds ratio (95% C1) vs placebo 069 (0.36-1:34); p=02714  0-47 (022-1-01); p=0-0531
No adjt to the point and Clwere made. *Odds ratio and p value from a Poisson regression model adjusted for region, number of relapses in the previous
24 months, and presence of gadolinium-enhancing lesions at baseline.
Table 2: MRI and clinical (i -to-treat pop
In both primary endpoint and secondary endpoint, ozanimod was better than placebo as it had
fewer number of lesions. Especially the cumulative number of new or enlarging T2 lesions at
weeks 12-24 was decreased significantly with ozanimod 0.5 mg and 1 mg compared with
placebo. There were some differences among ozanimod 0.5mg and 1mg. Groups who took more
ozanimod showed fewer lesions.
Safety
Result Placebo Ozanimod Ozanimod
(n=88) 05mg (n=87) 1mg(n-83)
Any adverse event 52 (59%) 57 (66%) 47 (57%)
Any adverse event judged by the investigator as 11 (13%) 19 (22%) 15 (18%)
possibly related, probably related, or related to
treatment
One or more adverse event judged by the 1(1%) 1(1%) 0
investigator as related to treatment
Any moderate or severe adverse event 23 (26%) 23(26%) 13 (16%)
Any severe adverse event 1(1%) 2(2%) 1(1%)
Any serious adverse event 0 3(3%) 0
Most common adverse events in ozanimod-treated participants*
Nasopharyngitis 12 (14%) 11(13%) 5(6%)
Headache 8(9%) 5(6%) 3(4%)
Urinary-tract infection 2 (2%) 6 (7%) 2 (2%)
Cardiovascular adverse events
Orthostatic hypotension 2 (2%) 4 (5%) 3(4%)
Hypertension 1(1%) 1(1%) 2(2%)
Palpitations 1(1%) 2(2%) 0
Hypotension 2 (2%) 0 1(1%)
Angina pectoris 0 0 1(1%)
Blood pressure increasedf 0 1(1%) 0
Electrocardiogram abnormal 0 1(1%) 0
Atrioventricular block, first-degree 1(1%) 0 0
Diastolic blood pressure increasedt 1(1%) 0 0
Elevation of hepatic enzyme level =3 times the
upper limit of normal
Alanine aminotransferase 0 2 (2%) 1(1%)
Data are number of patients (%). Adverse eventswere judged mild, moderate, or severe by investigators. * A table
of adverse events occurring in 2% or more of patients in the combined ozanimod group is presented in the
appendix (pp 15, 16). tStudy sites used different terminology to record adverse events.
Table 3: Treatment-emergent adverse events (safety population)
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Ozanimod had few serious or severe adverse event. No participant discontinued the study
because of an adverse event. 156(60%) of 258 participants had at least one treatment-cmergent
adverse event(table 3). Three serious adverse events unrelated to treatment were reported in
patients assigned ozanimod 0-5 mg: optic neuritis, somatoform autonomic dysfunction, and
cervical squamous metaplasia (HPV-related). No serious infectious or cardiac adverse events
were reported, and no cases of macular oedema arose. The two most commonly reported
treatment-emergent adverse events were nasopharyngitis and headache that occurred more
frequently in patients given placebo than in those treated with ozanimod.

CONTRAINDICATION

Symptoms In Last 6 months

Ozanimod is contraindicated in the patients who have experienced the following symptoms in the last 6 months;
a myocardial infarction, unstable angina, stroke, TIA, decompensated heart failure (HF) requiring hospitalization,
or Class III or IV heart failure.

Presence Of Cardiovascular Disease

Ozanimod is contraindicated in the patients in presence of Mobitz type II second-degree or third degree
atrioventricular block, sick sinus syndrome, or sinoatrial block, unless patient has a functioning pacemaker.

Sleep Apnea

Ozanimod is contraindicated in the patients with sleep apnea syndrome
MAQO Inhibitor

Ozanimod is contraindicated with the concomitant use of monoamine oxidase inhibitor which involves un the
metabolism pathway of the drug.

WARNING AND PRECAUTION

Concerns Related To Adverse Effects

* Atrioventricular block: May result in transient atrioventricular (AV) conduction delays.

* Bradycardia: A transient, slight decrease in heart rate (<1.2 bpm) may be observed ~5 hours after the
first dose of ozanimod, with another transient decrease in heart rate upon dose titration.

* Hepatotoxicity: Elevation of aminotransferases has occurred. Obtain baseline liver enzymes and
bilirubin in all patients prior to therapy initiation (within 6 months). The median time to
development of ALT > 3 times ULN was 6 months in studies. For most patients, ALT returned to <3
times ULN within 2 to 4 weeks while remaining on ozanimod. Monitor liver enzymes and bilirubin
in patients who develop symptoms of hepatic injury (eg, unexplained nausea/vomiting, right
abdominal pain, fatigue, anorexia, jaundice, dark urine). Discontinue ozanimod if significant liver
injury is confirmed.

* Hypertension: Increased BP may occur ~3 months after initiation of therapy; monitor BP throughout
treatment.

« Infections: Serious opportunistic bacterial infections have been reported with use. Promptly evaluate and
treat patients with symptoms and signs of an infection. Consider interruption of therapy if a patient
develops a serious infection. Cases of cryptococcal meningitis and disseminated cryptococcal
infections (including fatalities) have been reported in patients taking sphingosine 1-phosphate
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receptor modulators. Patients with signs and symptoms of cryptococcal infections should undergo
prompt diagnostic evaluation and treatment. Suspend ozanimod treatment until cryptococcal
infection has been ruled out. Serious, life-threatening herpes infections, including fatalities (eg,
herpes simplex encephalitis), have occurred in patients taking sphingosine 1-phosphate receptor
modulators. Delay initiation of ozanimod in patients with active infections.

» Lymphopenia: A dose-dependent decrease in lymphocyte counts may occur; life-threatening and rare
fatal infections have occurred. Obtain a CBC, including lymphocyte count, prior to initiation of
therapy. Interrupt therapy with ozanimod in patients who develop serious infections. Due to a
potential for delayed lymphocyte recovery following treatment interruption or discontinuation,
monitor lymphocyte counts for at least 3 months after stopping therapy.

» Macular edema: Macular edema may occur. Patients may present with blurred vision, decreased visual
acuity, or without symptoms. Continuation of ozanimod treatment in patients with macular edema
has not been evaluated. Perform ophthalmologic exams (including the fundus and macula) at
baseline and if vision changes; more frequent examination is warranted in patients with diabetes or a
history of uveitis.

* Neurotoxicity: Posterior reversible encephalopathy syndrome (PRES) has been observed in patients
taking sphingosine 1-phosphate receptor modulators. Monitor for signs/symptoms of PRES (eg,
behavioral changes, cognitive deficits, cortical visual disturbances, any other neurological cortical
symptom/sign, symptoms/signs suggestive of increased intracranial pressure); symptoms are usually
reversible, but may evolve into ischemic stroke or cerebral hemorrhage. Delayed diagnosis and
treatment may result in permanent neurological sequelae. Discontinue use if PRES is suspected.

* Progressive multifocal leukoencephalopathy: Cases of progressive multifocal leukoencephalopathy
(PML) due to the John Cunningham virus have been reported in patients taking sphingosine 1-
phosphate receptor modulators. Risk factors for development of PML include HIV, AIDS, cancer
history, rheumatologic disease history, persistent lymphocytopenia, sarcoidosis, and prior
immunosuppressant use (Jamilloux 2014; Tan 2010). At the first sign or symptom suggestive of
PML, perform a diagnostic evaluation and withhold therapy; symptoms progress over days to weeks
and may include progressive weakness on one side of the body or clumsiness of limbs, vision
disturbances, and mental status changes. Cases of PML have been diagnosed based on MRI findings
without specific PML signs/symptoms. Monitoring with brain MRI for signs that may be consistent
with PML may be beneficial and allow for an early diagnosis of PML. Discontinue treatment is
PML is confirmed.

* Respiratory effects: Reductions of FEV; and forced vital capacity (FVC) are dose dependent and may
occur within the first 3 months of therapy. There is insufficient evidence to determine whether
changes in FEV; or FVC are reversible with drug discontinuation. If clinically necessary,
spirometric evaluation of respiratory function should be performed during therapy.

« Varicella zoster infections: Test for antibodies to varicella zoster virus (VZV) in patients without a
health care professional-confirmed history of varicella (chickenpox) or with documentation of a full
course of vaccination against VZV. In patients who require VZV vaccination, wait 4 weeks after a
full vaccination course has been completed before initiating ozanimod treatment.

Disease-Related Concerns

* Cardiovascular: Consult with a cardiologist before initiating ozanimod in individuals with significant
QTc¢ prolongation (QTcF >450 msec in males and >470 msec in females), with arrthythmias
requiring treatment with class Ia or class III antiarrhythmic drugs, with ischemic heart disease, heart
failure, cerebrovascular disease or uncontrolled hypertension, or those with a history of cardiac
arrest, myocardial infarction, second-degree Mobitz type II or higher AV block, sick-sinus
syndrome, or sinoatrial heart block.

* Hepatic impairment: Use is not recommended in patients with liver disease because the effects of hepatic
impairment on the pharmacokinetics of ozanimod metabolites is unknown.
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Other Warnings/Precautions

Discontinuation of therapy: Cases of rebound syndrome (clinical and radiological signs of severe exacerbation
beyond what was expected) have been reported after stopping treatment with a sphingosine 1-phosphate receptor
modulator. Monitor for development of severe increase in disability and begin appropriate treatment as needed.
Rebound symptoms have included back and extremity pain, confusion, constipation, diplopia, facial muscle
spasms, fatigue, increased leg weakness, nausea, paraparesis and paresthesias (Hatcher 2016; Willis 2017). Due
to residual pharmacodynamic effects following treatment discontinuation (eg, decreased peripheral lymphocyte
counts), use caution for 4 weeks after the last dose of therapy.

ADVERSE EFFECTS

Common Adverse Effects

Most common adverse reactions (incidence greater than or equal to 4%): Upper respiratory infection, hepatic
transaminase elevation, orthostatic hypotension, urinary tract infection, back pain, and hypertension.

Interferon beta-1agroup  Ozanimod 0-5 mg group Ozanimod 1-0 mg group
(n=445) (n=453) (n=4438)
Adverse events 336 (75:5%) 259 (57-2%) 268 (59-8%)
Severe adverse events 10 (22%) 10 (2-2%) 7(1-6%)
Serious adverse events 11 (2-5%) 16 (3-5%) 13(2-9%)
Adverse events leading to discontinuation of study drug 16 (3-6%) 7 (1:5%) 13 (2:9%)
Death 0 0 0
Adverse events occurring in at least 2% of ozanimod-treated participants and with an incidence at least 1% higher than in the interferon beta-1a group
Nasopharyngitis 36 (8:1%) 44(97%) 30(6-7%)
Headache 25 (5-6%) 27 (6:0%) 34 (7-6%)
Upper respiratory tract infection 24 (5-4%) 31(6-8%) 18 (4-0%)
Alanine aminotransferase increased 8(1-8%) 12 (2-6%) 21(4-7%)
Back pain 9(2:0%) 10 (2-2%) 17 (3-8%)
Y-glutamyltransferase increased 2(0-4%) 10 (2-2%) 15(3:3%)
Respiratory tract infection, viral 3(0:7%) 10 (2-2%) 15(3:3%)
Urinary tract infection 10 (2:2%) 8 (1-8%) 17 (3-8%)
Hypercholesterolaemia 5(1-1%) 6(13%) 11 (2:5%)
Hypertension 4(0-9%) 11(2-4%) 6 (13%)
Pharyngitis 5(11%) 6 (13%) 11 (2:5%)
Rhinitis 3(0-7%) 8 (1-8%) 9 (2:0%)
Upper abdominal pain 3(0-7%) 9 (2-0%) 6 (13%)

Data are n (%). Recurrent events in the same participant were counted only once. Only treatment-emergent adverse events are reported.

Table 4: Participants who had treatment-emergent adverse events (safety population)
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Adverse Effect By Frequency

The following adverse drug reactions and incidences are derived from product labeling unless otherwise
specified.

Comparator: Interferon (IFN) beta-1a
>10%:
Infection: Infection (35% [comparator: 34%]; serious infection: 1% [comparator: 0.8%])
Respiratory: Upper respiratory tract infection (26% [comparator: 23%])
1% to 10%:
Cardiovascular: Hypertension (4% [comparator: 2%]), orthostatic hypotension (4% [comparator: 3%])
Gastrointestinal: Upper abdominal pain (2%)
Genitourinary: Urinary tract infection (4% [comparator: 3%])
Hematologic & oncologic: Lymphocytopenia (3%)

Hepatic: Increased serum alanine aminotransferase (3 x ULN: 6% [comparator: 3%]; 5 x ULN: 2%
[comparator: 1%]), increased serum transaminases (10% [comparator: 5%])

Neuromuscular & skeletal: Back pain (4%)

<1%:
Cardiovascular: Bradycardia (0.6% to 0.8% [comparator: 0% to 0.7%]), hypertensive crisis
Infection: Herpes zoster infection (0.6% [comparator: 0.2%])

Ophthalmic: Macular edema (0.3% [comparator: 0.3%)]; increased risk in patients with a history of uveitis
or diabetes mellitus)

Nervous system: Reversible posterior leukoencephalopathy syndrome
Frequency not defined:

Hematologic & oncologic: Basal cell carcinoma of skin, malignant melanoma, malignant neoplasm
(including seminoma), malignant neoplasm of breast

Hypersensitivity: Hypersensitivity reaction

Respiratory: Decrease in forced vital capacity, reduced forced expiratory volume
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Adverse Effect By Severity

Common
e Cardiovascular: Orthostatic hypotension (4% )
e Hepatic: Elevated liver enzymes level (10% )
e  Musculoskeletal: Backache (4% )
e Renal: Urinary tract infectious disease (4% )
e Respiratory: Upper respiratory infection (26% )

Serious
e Cardiovascular: Atrioventricular conduction disorder, Bradyarrhythmia, Hypertension (4% )
e  Hematologic: Decreased lymphocyte count
e Hepatic: ALT/SGPT level raised
e Immunologic: Herpes zoster (0.6% ), Infectious disease (35% ), Systemic cryptococcosis
e Neurologic: Cryptococcal meningitis, Posterior reversible encephalopathy syndrome, Progressive multifocal
leukoencephalopathy
e  Ophthalmic: Macular retinal edema
Respiratory: Decreased forced expiratory volume.
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DRUG-DRUG INTERACTIONS
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Title

Risk rating

Summary

MAOI

Contraindicated

Concurrent use of OZANIMOD and MAOI may
result in decreased exposure of active metabolites of
ozanimod, inhibition of MAOQ, and increased risk of
hypertensive crisis.

BCRP Inhibitors

Major

Concurrent use of OZANIMOD and BCRP
INHIBITORS may result in increased exposure of
active metabolites of ozanimod.

Cyclosporine

Major

Concurrent use of CYCLOSPORINE and
OZANIMOD may result in increased exposure of
active metabolites of ozanimod.

Tricyclic antidepressants

Major

Concurrent use of OZANIMOD and TRICYCLIC
ANTIDEPRESSANTS may result in increased risk
of serious adverse reactions, including hypertensive
crisis.

Serotonin norepinephrine reuptake
inhibitors

Major

Concurrent use of OZANIMOD and SEROTONIN
NOREPINEPHRINE REUPTAKE INHIBITORS
may result in increased risk of serious adverse
reactions, including hypertensive crisis.

Alemtuzumab

Major

Concurrent use of ALEMTUZUMAB and
OZANIMOD may result in  additive
immunosuppressive effects during therapy and for
weeks following administration.

Venlafaxine

Major

Concurrent use of OZANIMOD and SEROTONIN
NOREPINEPHRINE REUPTAKE INHIBITORS
THAT PROLONG QT INTERVAL may result in
increased risk of serious adverse reactions,
including hypertensive crisis and additive effects on
heart rate.

SSRIs that prolong QT interval

Major

Concurrent use of OZANIMOD and SSRIs THAT
PROLONG QT INTERVAL may result in increased
risk of serious adverse reactions, including
hypertensive crisis, and additive effects on heart
rate.

Live virus vaccines

Major

Concurrent use of OZANIMOD and LIVE VIRUS
VACCINES may result in immunosuppressive
effects of ozanimod.

Tricyclic  antidepressants  that

prolong QT interval

Major

Concurrent use of OZANIMOD and TRICYCLIC
ANTIDEPRESSANTS THAT PROLONG QT
INTERVAL may result in increased risk of serious
adverse reactions, including hypertensive crisis, and
additive effects on heart rate.

Strong CYP2C8 inhibitors

Major

Concurrent use of OZANIMOD and STRONG
CYP2C8 INHIBITORS may result in increased
exposure of the active metabolites of ozanimod.

Opioids

Major

Concurrent use of OZANIMOD and OPIOIDS may
result in increased risk of serious adverse reactions,
including hypertensive crisis.

Opioids that prolong QT interval

Major

Concurrent use of OZANIMOD and OPIOIDS
THAT PROLONG QT INTERVAL may result in
increased risk of serious adverse reactions,
including hypertensive crisis, and additive effects
on heart rate.

Rifampin

Major

Concurrent use of OZANIMOD and RIFAMPIN
may result in decreased exposure of the active
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metabolites of ozanimod.

SSRIs Major Concurrent use of OZANIMOD and SSRIs may
result in increased risk of serious adverse reactions,
including hypertensive crisis.

QT interval prolonging drugs Major Concurrent use of OZANIMOD and QT
INTERVAL PROLONGING DRUGS may result in
additive effects on heart rate.

Drug — Food Interaction

Title Risk rating Summary

Tyramine containing food Major Concurrent use of OZANIMOD and TYRAMINE

FOODS may result in increased risk of severe
hypertension, including hypertensive crisis.

Drug — Pregnancy Interaction

Title

Risk rating

Summary

Preganancy

Moderate

No US FDA rating is available for Ozanimod.

Drug — Lactation Interaction

Title

Risk rating

Summary

Lactation

Major

Infant risk cannot be ruled out: Available evidence
and/or expert consensus is inconclusive or is
inadequate for determining infant risk when
Ozanimod is used during breast-feeding. Weigh the
potential benefits of treatment against potential risks
before prescribing Ozanimod during breast-feeding.




COMPARATIVE COST

US Pricing

Capsule Therapy Pack (Zeposia 7-Day Starter Pack Oral)

4 *0.23MG & 3 *0.46MG (per each): $282.74

Capsule Therapy Pack (Zeposia Starter Kit Oral)

0.23MG & 0.46MG & 0.92MG (per each): $ 282.74

Comparison With Other Existing Drug

V. S5 2RE S2H

Name Mechanism of | Dosing US Price Limitation
Action
Ozanimod Sphingosine 1 — | -0.23 mgonce daily | 4 * 0.23MG - Use caution in patients
(Zeposia) phosphate receptor | on days 1 through4 | 3 * 0.46MG with cardiovascular
(S1PR) modulator -0.46 mg once daily | (per each): | disease
on days 5 through 7 | $282.74 - Use caution in patients
- maintenance dose: with hepatic impairment
0.92 mg once daily
starting on day 8
Fingolimod Sphingosine 1 — | 0.5 mg orally once | 0.5 mg -Due to the risk of
(Gilenya) phosphate receptor | daily (per each): | bradycardia and AV
(S1PR) modulator $346.49 conduction delays, an
ECG is required prior to
initiation of therapy and
after the initial observation
period (6 hours) in all
patients.
-Use caution in patients
with  preexisting liver
disease
Interferon beta | The mechanism of | 30 mcg once weekly | 30mcg/0.5mL -Use with caution in
la action of interferon (per each) patients with preexisting
(Avonex) beta-la in  the $8,477.11 cardiovascular disease,
treatment of hepatic impairment,
multiple sclerosis is history of seizure disorder.
unknown -Thyroid abnomalities
Interferon beta | The mechanism of | either 22 or 44 mcg | 22mcg/0.5mL may develop with use.
la action of interferon | 3 times weekly (per0.5mL):
(Rebif) beta-la  in  the $837.14
treatment of
multiple sclerosis is 44mcg/0.5mL
unknown (per0.5mL):
$837.14
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CONCLUSIONS

Ozanimod is sphingosine 1-phosphate receptor modulator which is used to treat relapsing multiple sclerosis. We
analyzed four pivotal clinical trials of ozanimod, and one study with which addressed comparison between
ozanimod and fingolimod-another S1P receptor modulator. To access the legitimacy of integrating ozanimod into
drug formulary, thorough investigation was operated over efficacy and safety of ozanimod, and PK/PD profiles
were also on our interest.

Safety

Across four clinical trial, several treatment-emergent adverse events (TEAEs) were reported, it includes
nasopharyngitis, headache, upper respiratory tract infection, AST/ALT increment, and cardiac abnormalities.
Generally, profiles of TEAEs were under tolerable range but AST/ALT increment and cardiac abnormalities
should be carefully viewed. During placebo-controlled phase 2 trial, 4.9% of participants receiving ozanimod
experience increases in ALT>3times upper limit of normal, and AST level concurrently elevated in some
participants. Still majority of participants didn’t need to discontinue the administration, this TEAE can be
manifested in serious manner when administered to patient with underlying liver disease. In respect to cardiac
abnormalities, there were no significant events observed that to be seriously investigated.

Recommendation And Limitation

Since fingolimod is competent second-line therapy for relapsing multiple sclerosis, study directly comparing

fingolimod and ozanimod will be needed so as to state ozanimod is absolutely advantageous in terms of
efficacy and safety. Still, profiles of comparative study sufficiently support the superiority of ozanimod
regarding its safety.

Age of the participants was from 18-55, it is challenging to predict the therapeutical outcome when

administered to patients who don’t belong to this age range.

A few participants showed TEAE associated with liver function, it should be carefully prescribed to patients

with underlying liver disease

* Half-life of ozanimod is approximately 21 hours, but that of its active metabolite (CC112273) is 11 days in

relapsing multiple sclerosis patients. Assuming event which requires to reverse the plasma concentration of
ozanimod drastically, 11 days of half-life can be an obstruction.
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