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SUMMARY

Title

Development of next—-generation concept-based immune-system control compound
using polar organism resources

Purpose and Necessity of R&D

Screening the lead compounds from polar environment specific organism to
modulate apoptotic cell clearance (eat me signaling) or immune checkpoint
(don’ t eat me signaling)

Developing platform technology and novel compounds that could modulate the
integrated immune systems beyond current immune modulators

Contents and Extent of R&D

Screening and mechanical study of immune modulatory compounds using natural
compounds—1Iibrary derived from polar organism

: Discovery of new compounds that could control immune systems by modulating

apoptotic cell clearance (novel concept)

Developing new immune checkpoint modulator (related to don’” t eat me
signaling) based on the current concept, immune checkpoint inhibitors in
anti-cancer therapy
Verifying the immune modulatory effects of lead compounds in vivo model
systems
Developing new compounds that could have modulatory effects in various
immune related diseases [cancer, rheumatoid arthritis, Systemic Lupus
Erythematosus (SLE), and inflammatory bowel disease (IBD)]

(Strong points and knowhow of my group)

. Already established various in vitro cell lines and in vivo animal model

systems to discovery new immune modulators.

Ability to mass-produce the new candidates and verify safety through
col laboration with another groups of synthetic biology/systems biology or
toxicology/ pharmacokinetics in College of Pharmacy, Gyeongsang National
University
Significance of the development of integrated immune regulatory systems
based on novel concept & Differences from previous compound screening
systems based on target proteins

_4_



Previous compound screening systems are inefficient because of poor hit
ratio compared to used library and uncertainty of hit compounds

New compound screening that we suggest is functional/systemic screening
methods based on integrated immune modulation beyond targeting one protein

. R&D Results

Establishment of a library of materials derived from polar organisms and
classification of candidate immunomodulatory compoundss.

Discovery of immunomodulatory compounds through High-throughput microplate
reader /FACS screening (HTMFS) at the cellular level.

Screening of various immunomodulatory functional compounds, including
immune anticancer and anti-allergic effects, through additional activity
evaluations.

Confirmation of the immunomodulatory functionality at the cellular level
using various in vitro systems for immunomodulatory  compounds
(anti-inflammatory, anti-cancer efficacy).

Identification of the molecular mechanisms of additional immunomodulatory
compounds and confirmation of increased efficiency in eliminating
apoptotic cells by bone—marrow derived dendritic cells.

Establishment of various in vivo systems to verify the effects of
immunomodulatory compounds at the individual level (syngraft model, PCA
mode !, DNCB-induced allergy model, sepsis model, etc.).

Confirmation of the wutility of immunomodulatory compounds using the
established animal models..

. Application plans of R& Results

Technology transfer of new lead compounds as immune modulators to
pharmaceutical- or bio— company
Developing the mass-production technology of Ilead compounds based on
synthetic biology
Ensuring intellectual properties through application of domestic or
international patent and publishing the papers
Contribution to technology development through joint development with
domestic or international pharmaceutical company

: Driving joint development of remedy derived from polar organisms against

immune-related diseases
Ensuring the priority of biomedical engineering by contributing to the
development of immune modulatory medicines

— Continuous utilization of the research platform to develop new compounds

based on polar organisms resources

_5_



Researching various bioactivity and application of candidate compounds
using big database of wuseful compound derived from polar organisms

resources
— Contribution to the advancement of polar organism research through the

research for practical application
. Suggesting the direction to develop immune modulatory medicines based on

natural compounds from polar organisms
. Development of well-trained manpower involved in the development of immune

modulators
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clearance (eat-me signaling) and immune checkpoint (don’t eat me signaling))®] %3t
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“Eat-me” signal

) Apoptotic cell
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Apoptotic cell clearance (eat-me signaling) Immune checkpoint (don't eat-me signaling)

A v
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< Normal cell>
Don’t eat me signal HEM =0 ofgt T3 3 HAH AT
<Cancer cell>
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“Don’t eat me” signal

. Cancer cell

- Apoptotic cell clearance

(eat-me signaling) : &
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a1 4143 A apoptotic cell clearance”} ©]F o] A A ¢h= AFE A EZE2 secondary necrosis
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<3 1>

<2 2>

: library thgh wetdlolE gH 9 Hit &4 A

FE=E

No =47 <

1 An-14 Pseudephebe pubescencs o

2 An-L6 Cladonia horealis

3 An-L7 Cetraria aculeata ICD, " Ao, a9
4 An-L9 Collema sp. ]

5 An-L10 Lecania brialmontii Ao

6 An-PL1 Deschampsia antarctica Ao, L&A
7 An-PL2 Colobanthus quitensis o], &e] x|
8 An-PL2-GH Colobanthus quitensis(=4!) A o]

Colobanthus

9 | An-PLZ-GHS quitensis (=2 % 3b) , 2]
10 An-Ag4 Desmarestia antarctica el

11 An-Agh Palmaria decipiens ke x|, WA o
12 An-Msl Warnstorfia fontinaliopsis &S, HA
13 An-Ms2 Sanionia uncinata G99 S, A A
14 An-Ms3y Syntrichia filaris S, WA A
15 An-Ms4 Chorisodontium aciphyllum gAS

16 An-MsbH Ceratodon purpureus TS, WA o
17 An-Ms6 Andreaea depressinervis gAZ, FLHA
18 An-Ms7 Polytrichum strictum SR

19 An-Ms9 Ditrichum hyalinocuspidatum TS, WA
20 An-Ms10 Syntrichia saxicola

21 An-Msll1 Andreaea regularis ]

22 An-Msl12 Bartramia patens

23 An-Ms13 Syntrichia magellanica o A o]
24 An-Ms16 Bryum argenteum & A o
25 An-Ms17 Bryum pseudotriquetrum o A o]
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An-Msl18 Pohlia cruda dda5, &

Unkl Cladonia fimbriata ddF,
SAA Stereocaulon alpinum et
SAAH Stereocaulon alpinum ™ o A
SAAE Stereocaulon alpinum Bty
SAMH Stereocaulon alpinum e
SAME Stereocaulon alpinum kol 1

MushHH ER &k, IC

MushHEA U AL ek, I

LW2H Fakol N (FEFAH F) gl ICD, #

LW2EA G N(FER F) &, ICD, |

dadF, I
O X ZE ] = ’
LW2B FARIN(FE F) w o1 4 o]
LW3H Akl 7(FEH F) ek, 1IC
At std oA
[e) 2z =
LW3EA —,—)‘\_}0]7]](0 oXo ’6‘) Uj‘?—,ﬂXﬂO]
LW3B T 7(F 5 F) et 1
HE-Ace Haematomma erythroma ket T

9dEH Hit =2)

=24 EdT=x AL
OH OH
1,3,7,9-tetrahydroxy—2,8—dimethyl
-4 6-di(ethanoyl)dibenzofuran HO O o O OH 4
o (o)
Atranol had 152

5,7-dihydroxy—-6-methyl-1(3H)-i

sobenzofuranone [ [ p» 180

2,6—dimethoxy |
5-hydroxy-p-terphenyl 306

2,5,6—trimethoxy-p-terphenyl Q O O 320

2-1sopropyl-5-methyl-6,7,8-triox b0, |
abicyclo[3,2,1]Joctane—1-carbaldeh W 229
yde-o-methyl oxime i

2-1sopropyl-5-methyl-6,7,8-triox
abicyclo[3,2,1]octane-1-carbaldeh

yde-o-methyl oxime

229

_‘l(?_
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High-throughput microplate reader/FACS screening (HTMFS) ¥H S o] &
2 2329 (FACS analysis &&)

: LR73 phagocyteoll 51 <A sample 2,39 AFEANEAA &Ao] oF 50%0|4 HAH

o
T

3k

A At 28 A9

= 14

: LR73 phagocyteol| A | U F==

S
=

Hel (18 4) : gIEA

45,70 AVEAE A FAd o] A

_20_
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2-isopropyl-5-methyl-6,7,8-triox fj )
8 | abicyclol3,2,1]octane-1-carbaldeh NN 229 ISl
yde—-o—methyl oxime J—
(Z)-1-((3S,5S)-5-ethyl-1,2,4-trio s
9 | xolan-3yl)ethan-1-one O-methyl o 'NK 175 SIE R
. /I~ 1
oxime 0-0
(E)-5-propyl-6,7,8-trioxabicyclo[ N-OGH.
10| 32.1]octane-1-carbaldehyde o 215 A%
O-methyl oxime
(E)-5-isopropyl-6,7,8-trioxabicyc N-OCH-
11 | lo[3.2.1]octane-1-carbaldehyde HL@C@’L 215 W o A o
O-methyl oxime
12 5-hexyl-1,3-benzenediol \Q/\/\/\ 194 Weg A oA
16 7-ketodeoxycholic acid 406 | 24U F 5
17 cholic acid 408 | AU F =
18 belamcandol A f;r”“‘ 362 | Webd @A oAl
! ) F9%, dehd
19 | 9,11-dehydroergosterol peroxide 426 G4 ol
20 tenuiorin Ty, | 49 A=
o )
21 methyl orsellinate 0\5\1/ 182 | AgdEA =
WA fFaEd HAA

rok

=)

<

[

o

o,

o3

A=
=

(
-



Polar 1 Polar 2 Polar 3
Control
#vg: 005 Avg. 14 Avg. 6.06 s Avg 681
" 12% - -51.52% -45.52%
99.6% | | - - ‘
Negative 1 4 \\___, L
Avg. 1.985 e e P
Polar 8 Polar 9 Polar 12
b Avg. 134 . Avg. 13.35 st Avg 111
72% | | ea% “11.2%

Control: LR73/ Negative: LR73 + Apoptotic Jurkat + Cytachalasin Dy Positive: LR73 + Apoptotic Jurkat

nog 0518
- fj -97.8%

control

Negative

Control: LR73/ Negative: LR73 +

Marine 3 Marine 4 Marine 5
Avg. 985 Avg. 16.85 Avg. 124
944% 78.6% 31.4%
Marine 6 Marine 7 Marine 3

Avg. 836
-11.4%

Avg. 112
18.71%

Avg. 13.85
47.85%

+ Apoptotic Jurkat + Cytochalasin D/ Positive: LR73 + Apoptotic Jurkat

<3 3> <1 3>
O B A g5 o] 9= WY Ao] cell-based ~238Yd WHS o] &dle] & EHAE
o 7leARE HFE.

H M E(RAW  264.7 macrophage)©l A

assay, DCF-DA® #AZ=3 (19 5/6).

255

A5 NO/ROS APx4AE&

Griess

- 21

£ | ) o~
amiiie eI T 1
L : gl il
R R O P
£ . g = ':120 « i
il SHIIE
e P RN RIS
o <3 s> o o <d% 6> "
ZAAEAY 78 B2 238d 2 g3 HdA0] VA EF FHAA
O 7]& 1A E] 73 “FAATE AL"S o] &3ste] HAA ] #HA X &AQ] ~A8Y
o A8t
1A Ee 578 FEEdES 2839 Mast cellol A Histamin ¥ B-hexosaminidase
SAL T LA 25 FAF. <a" 7, 8



Histamine

Histarnime (% ofcontrol)
-8 SEBEBEES

IgEfDNP -

Sample (25uM) -
Ketotifen{40ug/ml) -
Dex (20puM) -

200 -

150

100

Histamire (3 of comtral)

o -
IE/DNR -
Sample{25uM]) -
Ketotifen{d0ug/mi} -
Dex{20uM) -

+

H 4
|

Histarnime (% ofcartral)

o
IgEfONp -
Sample{25pM] -
Ketotifen{40ug/mi} -
Dex{20pM] -

+ o+ o+ o+ o+ + o+ o+
= 2 (HEEO@E
- T - - = s +

<12 7

B-Hexosaminidase activity

B-Hexosaminidass activity (%6 of

IgE/DNE -

Sample (25pM) -
Ketotifen{40pug/ml) -
Dex (20pM) -

V)

o
1gE/DNP
Sample{25pM} -
Ketotifen{20ug/mi}
Dex {20pM}

gceceocch

350

e P

I3
&

4

et cartral )

BFHeromminidas activity

+

o

IgE/DHPE -

Sample{25uM} -
Ketotifen{40ug/mil}
Diax (20uM)

+ o+ o+ o+ o+ o+ o+
15 7 (1) 1 @EEE)

<2 g

O 1AdE 2aeYe o Hud AgAel B SHYAE A WIAZRAW

264.7 macrophage)oll Al = #] #] ] F(Antarctic lichen)? Stereocaulon alpinumol~ @<

2,5,6-trimethoxy-p-terphenyl (TP1)& 24hzt #2]3 & MTT assays Sd A¥X=

o138l <a1d¥ 9>
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120 4

100

Cell viahility (%)

20 4

o -

LPS (0.1pg/mL)
TP1 (uM)

(o]

Ao

L |
Aol FaE=EY AEZFEAA 7S

sel 7]

=

=

Blot, qRT-PCR, FACS)E& €&

: WA EL(RAW 264.7 macrophage)ol| A =F%] #] 9]

=]

A

REEHY AxFEAAY 7T

LS S K

o

3

=

A%
gelatr] S8l thde HS A2~ " (Western
vapig

#9ol Stereocaulon alpinumo A 2l

2,5,6-trimethoxy-p-terphenyl (TP1)2] pro-inflammatory cytokine (TNFa IL-18 %

IL-6) mRNA levele gRT-PCRZ #HZ3% <219 10>

Tnf-a n-ig Il-6
_ 3 * _ 2 * _ 12 *
- Fo £ 20 I
s 25 5 § 0.8
E 20 g 15 g
E 15 I 5:”‘ 10 I % &
=2 10 - Zoa
g . l g s £ 02
& 0 —— = [} — L = o -—.
LPS - + + LPS - + + LPS + +
TP1 (25 uM) - = = TP1 (25 pM) = = = TP1 (25 pM) = =
<13 10>
c A M EZ(RAW 264.7 macrophage)ol Xl =X A 21721 Stereocaulon alpinumol~ 2l

d

X
=

S

2,5,6-trimethoxy-p-terphenyl (TP1)2] pro-inflammatory enzymes GNOS, COX-2)2]

western blot& €3 AS5d <I21¥ 11>

- 14
LPS + . —"" 12
=
TP1 (25 pM) i - 210
]
5 8
iNOS | — o 6
1.
COX-2 - a_‘_' 5
B-actin | — — — o
LPS
TP1 (25 pM)

<8 11>

iNOS COX-2

BoE NN o
o @ o a o

Protein expression level

o w

LPS
TP1 (25 uM)
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D HAAEZ(RAW 264.7 macrophage) ol A =2 A & 71 Stereocaulon alpinumol| A &)
H  256-trimethoxy-p-terphenyl (TP1)2] pro-inflammatory enzymes(iNOS, COX-2) 4%
pro—inflammatory cytokine (IL-18 % IL-6)¢] 233} AHAS ZHsE Aoz Id#A
NF-kB9] subunit®! p65e] 31 S 29 translocations immunocytochemistrysS &3l 335

3k <19 12>

TP1 withLPS

25uM

DAPI

Merged

<8l 12>

SAE hAlE (BI6F10 celDoll Al SA X951 Ramalina terebrata®l X =i
1,3,7,9-tetrahydroxy—2,8-dimethyl-4,6-di[ethanoyl]ldibenzofuran ~ (DB3)el  ¢]3&  Cell
viabilityE &<l3s}l7] 93] MTT assay 2 colony formation assay® % d.<1H13>
w3k DB3el| 93t IAXE F2A A9 metastasis ®3E CFSE proliferation assay <}t

soft-agar colony formation assay@® 759 <I1¥ 14>

Cell viability CFSE proliferation assay
DB3 = - s +

Ohr ad Ohr | —Ohr

Count

| 12hr

g :
> 80 *
=
E - W 24hr
7 L
3 *  mashr
5 490 1 * z 7
(%] CFSE intensity

Soft-agar colony formation assay

DB3 (uM) © 15 25 50 140 -

*
1. c

80

DB3

50 -

- 40 4
* !!." s 20 -
0 4
DB3 - +

Colony size (%)

+

<1 Elﬂ] 13> <1 Enl 14>

SAE AAE (BI6GF10 cel)ol A SA A7/ Ramalina terebrataol ¥ &€

1,3,7,9-tetrahydroxy-2,8-dimethyl-4,6-di[ethanoylldibenzofuran (DB3)¢] &< &%<& 3

_24_



7vel7] §18l 24, 48 AlZF A2l $ apoptosis (Annexin V/PI staining), cell cycle analysis

assay® A5, <19 15, 16>

DB3

24hr

24hr

Pl
Count

48hr 4ashr

FITC-Annexin V Pl
120 -
o
100 4 —3 — 24hr 48hr
= 150 - i & 150 1 . =
=
e e F [a
= . =24h - 100 .- 100 --
§ O24h + -+ -+
‘g a0 - = 48h - 50 50
=
4 20 o . = o o
[ Phase GO/G1 S G2/M Phase GO/G1 S G2/M
o -
Live cell Apoptotic cell
<3 15> <3 16>

AL HAE (BI6F10 celDol Al A A 95+ Ramalina terebrata®l < %
1,3,7 9-tetrahydroxy-2,8-dimethyl-4,6-dilethanoylldibenzofuran (DB3)°l o] 3l
proliferation pathway ¢} #& ¥ protein W& el Wst <17 17> 2 cell cycle pathway

Hdprotein F3 Ho] W3S western blot analysis® FAZ=3%F <1¥ 18>

24h 24h 24h ash
bz - I DE3 = + DB3 - + = +
P-ERK 44, 42KDa P-AKT S — 60KDa cdka — —— 34KDa
B-actin — — 48KDa B-actin e—— 48KDa B-actin — — —— 4BKDa
p-p38 — 43KDa Cyclin D1 — — 37KDa
B-actin —— 48KDa B-actin — ——— ——— 48KDa
a— -
P-INK 46, 54KDa
B-actin — — 48KDa
<8 17> <% 18>

HGA ] FEEZY NEFFAAY F71 71548 AF

< BEEAY MEFFAAM F7F 7T AdEs Eelsty] 8 o
=4 7154 (mechanism) <1

D HWAE (Mast celDol A SAZF Desmarestia antarctica, Palmaria decipiens ¥ =
| X] 9] 7 <] Sanionia uncinata, Syntrichia filaris, Chorisodontium aciphyllum, Ceratodon
purpureus, Andreaea depressinervis, Polytrichum strictum &9 F&EZA B

~hexosaminidase ¥ Histamine 542 &3] ¥ A S5 H7HE <29 19>, T3
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=+ 9] Sphaerophorus globosus, Umbilicaria antarctica 5ol freld @A &= B

~hexosaminidase % Histamine 54 &3 F&elA] 25& H7Fsr <17 20>
300 450 -
z 5 4004 2
= 250 4 =
;g, z i s X p_‘:, 350 1 * 4 «
£ 20 ; £ £ 300 A L
T o T 250 { £
150 - g %
] 2 200 i
[} I ]
| =
£ 100 E 150 4
E E
3 2 1001 g
2 50 S
: 3 50
& &
0 - y g
DNP-IgE/HSA - + O+ O+ O+ O+ O+ F O+ F o+ o+ DNPJgE/HSA - + + + + + + + + T Qs
Polar sample - 1 2 3 4 5 6 7 8 9 10 11 Polar sample - 12 13 14 15 16 17 18 19 20 21
Ketotifen - - - - B A Ketotifen = N + o+ o+
140 - 140 -
= L - = *
':::120- % L £ 120 1 . =
Ll o ®
& 100 - i 5 100 1
. &
_'E 80 - 2 80
e : E
2 60 e 5 2 I &« ¥ s 97
g ' =
E 97 S
= ]
2 = 20
0 y
DNP-IgE/HSA - + 0+ 0+ O+ O+ o+ ¥ + + o+ DNPHE/HSA - + + + + + + + + + o+ o+
Polar sample - 1 2 3 4 5 6 7 8 9 10 11 Polar sample - 12 13 14 15 16 17 18 19 20 21
Ketotifen - - - - - + o+ o+ o+ o+ Ketotifen = R + o+ o+
<% 19> <J1% 20>
o Sl o) O 7 =] =)
zagds Fdl AEF BE4FT =2 Fo Wgxd 75A4S ©rhstr] S8, C57BL/6
npg-20] ZFMEE Bt #8412 bone-marrow dendritic cell (BMDC)E -85}
phagocytosis®] A4S H7E st 21S SYsta <ad 21, 22>, "A=DCE
maturations FACSE &3l H7tst7| s =05 g3 <17 23>
BMDC isolation Phagocytosis
BMDC + + +
. T > . /, Cancer cell - + +
e (@ | oneo 5
I - suspended cells = =
9-10 days culture L/ . e e e prres T
with GM-CSF and IL-4 mDC g " — ™
8 | _
Oday 3day 6day i 9day ) :
D o £ = ; CypHer 5E*
<% 21> <8 22>
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Maturaion of DC

BMDC + +
LPS + LPs +
N, L\
[ o e
:h 812 G 536
B4 T
=] =
.n""i |
w9 '):
LS P 1o
FH
., o
-
<d% 23>

AZSEZANA A% FRTAES FEALS B8] A9, BFE in vivo assay A2

12 T5E F 0% BEHe] ANFENN WY FAELES I

o= TWo ™.
22 %) o] 7 Ramalina terebrata®l A e Rl
1,3,7, 9-tetrahydroxy-2,8-dimethyl-4,6-dilethanoylldibenzofuran (DB3)E& A&l 2] 3%t

BI6F10 Alxe] ¢ AZAAE B7tetr] S8l 85" C57BL/E v -9l $%F
implant 3 & $U%AA AEES H75EA L, control group WH] dAA 3 FEFAF (TS
By 50 % ol A4S el e <19 24>, 3 sotde gaE Hrlshr sk

vaccination T 5529 =3 <19 25>

Syngraft model anti-cancer immune model
dying
E0771 cell or PBS (s.c.)
- 0 ‘ ' P e NMeasuring growth of
fiEd .'a\..—:'. 8y second tumars

+ ‘ & © '0 day T

Contralateral re-inject
live EO771 cell

Dying
1200 PBS b

‘Tumor volume (mm?)

o 8 10 12 14 16 18 20 21
Days after injection

<18 23> <18 25>
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A5 S5 H7sk7] 98 8% BALB/c

[e)

=

AA(HAFF 30 T 50%A3A]) TS A

5 H7HE 98 DNCBel 9& s+

[SIRT]

T <+

=

o
=

v}

=z B

<19 26>,

2 PH39

Stereocaulon alpinumol| <l 2] ¥ 25,6-trimethoxy-p-terphenyl (TP1)2] 7l A

L

e Ferel

=

o]
=

o

-~ 2 sepsisi

gk A

’

=N

)

=<a9 27>,

Sepsis model

<% 26>

DNCB-induced allergy model

DNCB

;nr*n!!
/ ’,

<12 27>

el E5g
8+% BALB/c "9 4
Evans blue 5% Z7AE 283} effluix® AEE =

H7FE 913 Passive cutaneous Anaphylaxis(PCA)

anti-DNP-IgEE  intraderma injectiond} ]

wag 72579

P77k <18 28>,

<14 28>

PCA model
Evans Blue
PBS 0.5% 1% 4%
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O Sold= 7= =4 &

Aol A4S Ao] [AE AE A A (apoptotic cell clearance :

3 AE FTAAM FHT AdeS

ol g3tel AT Adel W

Mo BE (immune checkpoint : don’t eat me signaling) #|°]] & < = Hit

= (> 3%)

ol

- =1
X A3ag A 7™ o7

Sx| MEXA Kol THE ejoj=eia] 22

“eat me"” signal

Cancer cell &
apoptotic cell

EMIE HF 7i¥F (eat me signal)
o M2 =7 7| Uk (don't eat me signal)

In vitro screening &
mechanism

X gene KOyTG

Bouble KO/TG study

2. AbAich 7ol Heix|of 71 2 W A of 7| =t

o <@ e

KO/TG X gene KOYTG KOyTG
In vivo inhibitor/activator study

o)
L]

Ulcerative colitis

Control of immune diseases

=X S=53 w2l SHolusa]

In vitro model

=3
eat me signaling) =4 %

o

=

e e 5349 Al

W #d AR, AUPEF A (FrlE s #3AdA), 954
2 A7+ I (SCIE) =

A A A 2 e

A o F2d FAyHEs 2= g
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2. FXEAE (A7 A

L

T2 e ATEER AN SN E 9=
O “FAAFL"] MPA+E T3 Tel/e4de AdE Jn 4
545 g58e] HAE library 7% 2 ‘IHASFYEAY
SAAEAY ) B WA B FAFAEALE s A =24 100 %
gol B e ~z8Y library & i °
14 O FAgFE 2 FAY¥FEE9 data mininge T3 1AHo=Z
e 2021 FaEd MY 9 FEet
O  High-throughput  microplate  reder/FACS  screening
(HTMFS) H& o] &3 WA f& 54 ~3eY
Aol & 8 A3 0o ® dA3de FyHol 9t cell-based AW (NO/ROS| 100 %
assay)e & FRERES YT VsHe FHHeR &
a4
O E AFHd FyHo Q& cell-based AW
ZAAEAY 8 =4 |(Histamin/B-hexosaminidase assay % melanognensis
23gd 2 gt |assay)e B FEELAE VsAHS FrE 23EYd 100 o
- (0
AdAY 715 B |((FdEA)
23 =y O 2384ds B3 g v WAoo FaEdo
A
g | 2022 =4%97rs A9
O FRE FaEAde HAAY 75AHS AELFFAA
HoAe] 8 229 [thest ASA]2®l(Western Blot, Pull down analysis,
MEFF A 754 [qRT-PCR, FACS)S &83slo] H7t 100 %
e O MY 2 JANXE 83l FaEdE &4/
& 7SS g2
O fraEEde WHdx4d 7|54 F718 AF+E 919
SAB =AY Fdl |CE7TBL/6 whg-2=9 &FAEE Eeste] #3471 BMDC
HAAo] FaEHe] |5 83l phagocytois B2 H7Fsta, wA<DCE 100 %
- _ (0]
M EFFo A2 F71 |maturation H7}1S 33t
3z} 0023 1A AE O H|RFAIXZ (mast cel)S 83l FaEdse Uy
d= A s E B
O Wozd FRE4 MAFFdA B HFE 3
in vivo system %% |in vivo assay AlZ~¥S &89S 100 %
A D EYYAHEERD, PCARY, WEF 2, DNCB #% ’
dHA RS 58
!
= @A
T 8 FA2A AR GHAE | THARAZR) H| 3L
(1) (1)
23 |scim | - - - - | % - -
20 Sl scimy | - 2 2 200 % |29 1 29 12 =% 28 23} 94
= - - - - | % - -
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Abstract

Melanoma 15 one of the most aggressive and lethal skin cancers, Lucidadiol is a triterpenod isolated from Ganoderma
tucidurn and is known o have various bislogical functions, including antibactenal effects. Haowever, the anti-Cancer
effects and machanism of action of lucidadiol in malignant melanoma are unknown. In this study, lucidadiol signifi-
cantly reduced B16 melancma cell viability in a dose- and time-dependent manner. In addition, lucidadiol induced
apoptosis and suppressed cell mobility in B16 melanoma cells, Moreover, our findings revealed that lucidadiol remark-
ably downregulated phospho-AkUERKSINE, but not p38. Taken together, our results suggest that lucidadiol could
exerts its anti-cancer effects by inducing apoptosis via modulation of the Akt/MAFK pathway. Therefare, lucidadiol

may be a potential cancer therapeutic agent for malignant melanoma.

Keywords: Melanoma, Lucidadiol, Anti-cancer, Akt, MAPK

Introduction

Melanama is one of the most lethal types of skin cancer,
developing from melanocytes located in the basal layer of
epithelial surfaces [1]. Although it accounts for only 4%
of all skin cancers, melanoma-associated mortality is esti-
mated to be approximately 80% [2]. The main risk factors
for developing melanoma are the number of melanoeytic
nevi, genetic susceptibility, mutagenesis, and exposure
to ultraviolet radiation, which induces genotoxic effects
[3]. Current therapies include surgery, radiotherapy,
and chematherapy: however, these are only effective for
early-stage melanoma, which is less invasive [4]. Notably,
melanoma has a poor prognosis at later stages of tumor
progression, often progressing to an unresectable stage
or advanced metastatic disease. Moreover, the current
therapeutic agents used to treal melanoma have several
side effects, often inducing resistance to conventional
chemotherapy and radiation [5]. Thus, there is an urgent
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need to develop an carly diagnosis system and improve
therapeutic agents for melanoma.

MNatural products are a critical source for the develop-
ment of novel anti-cancer drugs, as they are considered
to be less toxic and have fewer side effects than syn-
thetic drugs [6]. As such, interest in chemotherapy drugs
originating from natural sources has been progressively
increasing for various cancer types, including melanoma
[7-9].

Lucidadiol (Fig. 1A} is a lanostane-type triterpenoid
isolated from Garmodermu licidim, commaonly known
as Lingzhi. This species has been previously used as a
medicinal mushroom to treat various diseases, as well as
for its life-prolonging effects [10]. Its anti-cancer proper-
ties are mainly attributed to triterpenoids, which are one
of the main constituents [11]. Until now, lucidadiol has
been reported to have antiviral activity against influenza
virus A and herpes simplex virus (HSV) 1 [12], However,
the anticancer mechanism of lucidadiol in melanoma
cells has yet to be investigated.

Fecent studies have found that melanoma has the
highest mutation frequency among cancers analyzed
te determine genetic factors of malignancies [13], In
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of p53 is sufficient to trigger apoptosis by inducing the
pro-apoptotic Bax protein family and inhibiting the anti-
apoptotic Bel-2 protein family, leading to the activation
of caspase-3 (effector caspase) [42, 43]. Consequently,
cleaved PARP levels are increased by cleaved caspase-3
factivated form). which plays a role in apoptotic pro-
cesses, including DNA repair and cell cycle regulation
[44]. As shown in Fig. 3, lucidadiol induces a potential
increase in the apoptotic cell population through an
apoptosis-related molecular mechanism. Owverall, our
findings indicate that the lucidadiol-induced decrease in
melanoma cell viability is mediated by apoptosis and cell
cycle arrest.

Given that distant metastasis is a leading cause of
death in melanoma patients, it is important to elucidate
the mechanisms underlying caneer cell metastasis [45].
Cancer metastasis is a complex process involving multi-
ple steps such as migration, invasion, and adhesion |46,
MMPs are involved in cancer cell invasion and metas-
tasis by cleaving extracellular matrix proteins [34]. In
particular, MMP-9 has been found to be an indicator of
melanoma invasiveness [47]. Our findings showed that
lucidadiol treatment reduced the migration of melanoma
cells by suppressing MMP9 expression levels, This sug-
gests that lucidadiol may also have anti-metastasis effects
in melanoma.

The Akt and ERK pathways have been shown to play
crucial roles in the tumorigenesis of many cancers,
including melanoma, by promoting the translation of
target genes associated with cell proliferation, migration,
and invasion [48]. Therefore, several studies have empha-
sized that inhibition of the PI3KfAkt and ERK signaling
pathways may be a promising strategy for melanoma
treatment [49-51). In this study, lucidadiol treatment
decreased the phosphorylation of Akt and ERK1/2 in Bl
melanoma cells. As a result, we speculated that the altera-
tion of bialogical activity induced by lucidadiol treatment
in Bl6 melanoma could be, in part, attributed to its abil-
ity to inhibit the Akt/ERK pathway. In addition, the JNK
signaling pathways, which are a subfamily of MAPEK, have
been shown to have paradoxical roles in carcinogenesis,
with both tumor growth and tumor suppressor propertics
[52]. Alexaki et al. reported that [NK supports the viabil-
ity of melanoma cells by modulating cell cycle arrest and
apoptosis [33], while Qin et al reported that a decrease
in [NK activation is involved in suppressing melanoma
cell growth [54). Accordingly, our results indicate that
lucidadiol induces apoptosis and cell cycle arrest through
the inhibition of INK activation. Another subfamily, p38
MAPK, is also activated by diverse pro-inflammatory
and stressful stimuli. Although the role of p38 MAPK in
tumors is complicated. many studies have suggested that
p38 MAPK functions as a tumor suppressor associated

Page B of 10

with apoptosis in some cell systems |21, 55]. In addition,
She et al reported that p38 MAPK activates p53 and p53-
induced apoptosis [56]. Moreover, activation of the ERK
and p38 pathways is inversely regulated and high p38
activity levels inhibit ERK activity and prevent tumori-
genesis [18]. Overall, our findings suggest that lucidadiol
induces apoptosis of melanoma cells via cell cycle arrest
and blocking of migration by suppressing Akt, ERK, and
MK activation while activating p38 MAPK.

To the best of our knowledge, this is the first demon-
stration of the anti-cancer mechanism of lucidadiol in
melanoma cells. Taken together, our findings not only
reveal the important role of the Akt/MAPK pathway in
lucidadiol-induced bicactivity in melanoma cells but also
suggest that lucidadiol may be a promising novel thera-
peutic agent for melanoma treatment.
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Abstract: The clearance of apoptotic cells is known to be a critical step in maintaining tissue and or-
ganism homeostasis. This process is rapidly/ prompily mediated by recruited or resident phagocyles.
Phagocytes that engulf apoptotic cells have been closely linked to the release of anti-inflammatory
cvtokines to eliminate inflammatory responses. Defective clearance of apoptotic cells can cause severe
inflammation and autoimmune responses due to secondary necrosis of apoptotic cells, Recently
sccumulated evidence indicates that apoptotic cells and their dlearance have important physiological
rales in addition to immune-related functions. Herein, we review the current understanding of the
mechanisms and fundamental roles of apoptotic coll clearance and the beneficial roles of apoptotic
cells in physiclogical processes such as differentiation and development.

Keywords: apoptosis; apoptotic cell clearance; differentiation; development; inflammation; phagocyte

1. Overview of Apoptotic Cell Clearance

There ane varous tvpes of cell death such as apoptosis, pyroptosis, necroptosis, ferropto-
sis, and NETosis. In pyroplosis, pathologic stimuli and inflammatory caspases fonm pores
in oell membranes [1]. Necroptosis is a programmed inflammatory cell death characterized
by both apoptosis and necrosis [2]. Ferroptosis is an iron-dependent programmed cell death,
in response to intracellular oxidative perturbations [3]. NETosis is a regulatory neutrophil
cell death that oocurs with the formation of neutrophil extracellular traps (NETs) [4]. These
coll death types ane also referred to as “regulated ocll death” because various pathways
define them at the molecular level [5]. In this review, we focused on apoptotic cell death and
apoptotic cell clearance. Apoptosis is referred to as “programmed cell death”, which mediates
normal development and tissue homeostasis in multicellular organisms [6-8], Dysregulated
apaptosis is known to cause a variety of pathological diseases, including cancer and neurade-
generative disorders [Y9=11]. Furthermore, cellular senescence is a state of irreversible cell
cyele arvest exhibiting apoptosis resistance, and recent studies have found that it increases
with aging and aging-related disease [[2]. One form of cellular senescence called SASP
{senescence-associated secretory phenotype) results in pathological cutcomes [13], During the
past several decades, many eritical results and scientific research data in the field of apoptosis
have been obtained at the level of dyving cells [6,9,14]. Currently, the removal of cell corpses
after apoptosis in vive is a major focus issue in this field [6].

Apoptotic cells arise under a variety of pathophysiological conditions, such as tissue
remodeling during normal development, aging of cells, infection by viruses and bacteria,
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interrelationships and crosstalk among “eat me” signals, receptors, and/or phagocytes
have not been determined. Additionally, downstream molecules and pathways of engulf-
ment receptors need to be identified and characterized. Furthermore, investigating the
function of apoptotic cells and their clearance in other pathophysiological processes, and
identifying the “eat me” signals, engulfment receptors, and signaling pathways involved
in differentiation and development processes will be the first step in understanding and
verifying the new concept. Meta-data analysis and integration of new information and
knowledge through systemic approaches such as the proteomic/genomic approach will be
helpful in answering the above questions.
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Abstract: Inflammation is an immune response o cellular damage caused by various stimuli (internal
or external) and is essential to human health. However, excessive inflammatory responses may
be detrimental to the host. Considering that the existing drugs for the treatment of inflammatory
discases have various side effects, such as allergic reactions, stomach uleers, and cardiovascular
problems, there is a need for research on new anti-inflammatory agents with low toxicity and fewer
shdde effects. As 4'..ﬁ-dimi'l]‘li:kylm;:ﬂ.h‘m1l:—r?r!.]rﬂrd15||.l¢11|jyrn:ll.ﬂi.dl; {wisling s a ph:..-l:xlu-m-c.ti that
belongs to an soflavonoid family, we investigated whether wistin could potentially serve as a novel
anti-inflammatory agent. In this study, we found that wistin significantly reduced the production
of nitric oxide and intracellular reactive oxygen species in lipopolysaccharide-stimulated RAW
264.7 cells. Moreover, wistin reduced the mRNA levels of pro-inflammatory enzyvmes {(inducible
nitric oxide synthase (INOS) and cyclooxygenase (COX-21) and cytokines (interleakin (IL)>-15 and
IL-6) and significantly reduced the protein expression of pro-inflammatory enzymes (iNOS and
COX-2). Furthermore, wistin reduced the activation of the nuclear factor-cB and p38 signaling
pathways. Together, these results suggest that wistin is a prospective candidate for the development
of anti-inflammatory drugs.

Keywords: inflammation; phytochemical; wistin

1. Introduction

Inflammation is the body's immune response and defense mechanism against tissue
damage caused by exposure to harmful or toxic external agents, infections, and physical
injuries [1]. Inflammation resulling from infection or injury is associated with inflammatory
responses such as immune cell recruitment and accumulation, release of inflammatory
mediators, and changes in blood vessel permeability [2]. Generally, there are two types of
inflammation: acute and chronic, Acute inflammation is a rapid process that repairs quickly
to minimize damage and restore tissue homeostasis [3]. However, in chronic conditions,
the inflammatory response continues, resulting in severe organ damage [4]. Chronic in-
flammation promotes the progression of several diseases, including cardiovascular disease,
inflammatory bowel disease, rheumatoid arthritis and diabetes [5], Crohn's disease (CD) is
the most prevalent IBD syndrome treated using é-mercaptopurine (6=MIPP) and its prodrug
azathioprine (AZA) [5]. As immunosuppressive drugs, 6-MP and AZA inhibit inflamma-
tion by blocking the body’s immune response; however, they may cause disease recurrence
and side effects, such as hepatotoxicity [6]. Sulfasalazine, a medication for patients with
rheumatoid arthritis, has immunomodulatory properties and suppresses pro-inflammatory
cytokines; however, it can cause gastrointestinal side effects, such as headache, dizziness,
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Afrormosin exerts an anticancer effect e

via MAPK and AKT signaling pathways in B16F10
cells

Huiji Kim', Minjoo Han', Seong-Ah Shin', Jangeun An', Mi-Jeong Ahn', Jun Hyuck Lee®?, Hyun Ho Park* and
Chang Sup Lee''®

Abstract

Melanoma is a deadly skin cancer with high mortality, and its incidence is increasing every year, Although nurmerous
anticancer drugs have been developed, these treatments have various sicde effects, such as skin rash, fatique, diarrhea,
cough, and muscle pain, Therefore, thene is a need for research on novel anticancer drugs with low cytotoxicity and
few side effects. |n this study, we investigated whether afrormosin (7-hydroxy-4" 6-dimethoxyisaflavong), a member
of the isoflavonoid family, could have the potential as a novel anticancer drug. Afrormosin decreased the viability of
B16F 10 melanoma cells in a time- and dose-dependent manner. We also found that the afrormosin-induced decrease
in cell viability was caused by the reduction of cell proliferation through Go/G1 arrest and the induction of apoptosis
in B16F 10 melanoma cells. Furthermore, afrormosin decreased the metastatic activity (cell invasion and migration) of
Bi1aF 10 melanoma cells. At the molecular level, afrormosin reduced the levels of Bel-2, an anti-apoptotic protein, and
augrmented the levels of Bax, a pro-apoptotic protein, and p33, a tumor suppressor. Additionally, procaspase-3 levels
were reduced by afrormosin treatment. When we examined the signaling pathways affected by afrormosin, we found
that the AKT/ERK pathways were inhibited and the p38/JNK pathway was activated by afrormosin, Collectively, these
results suggest the potential anticancer effect of afrormaosin, making it a prospective candidate for developrnent as an

anticancer drug.
Keywords: Afrormosin, Phytochemical, Anticancer

Introduction

The skin is an innate immune system that functions as
the fArst defense barrier and protects the human body
from various environmental attacks [1]. The skin is par-
ticularly vulnerable to exposure to various harmiul sub-
stances, sun damage, and microbes [1]. A combination
of genetic and environmental risk factors causes most
skin cancers [2]. The three major types of skin cancer
include melanoma, squamous cell carcinoma (55C), and
basal cell carcinoma (BBC) Melanomia is a lethal skin
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cancer whose incidence rate is increasing rapidly every
yvear [3]. Although melanoma constitutes approximately
2% of skin cancers, it has a highly metastatic property
that leads to the majority of deaths [4. 5]. Early diagnosis
and rapid treatment are required to decrease the mortal-
ity rate of malignant melanoma; however, it is difficult
to distinguish melanoma from spots, and early diagno-
sis is difficult becavuse of its rapid spread [6-8]. Several
chemotherapeutic drugs are available for the treatmoent
of inoperable or metastatic melanoma. Dacarbazine and
temozolomide have mainly been used to treat metastatic
melanoma,. Both dacarbazine and temozolomide sup-
press cancer cell division and trigger cancer cell death by
methylating nucleic acids. thereby causing DNA damage
[9, 10]. However, they damage some healthy cells and
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Moreover, afrormosin decreased the invasion and
migration of the BI6F10 cells, In terms of apoptosis,
afrormosin reduced the level of anti-apoptotic protein
Bel2, augmented the level of pro-apoptotic protein
BAX, increased the level of tumor suppressor protein
pa3, and activated caspased, an important mediator of
apoptosis. The MAPK pathway regulates various bio-
logical functions such as differentiation, apoptosis,
proliferation, invasion, migration, and stress responses.
The |WE/p38 pathway primarily involves cellular stress
and apoptosis, and the ERK signaling pathway regulates
cell proliferation and growth [32]. The PI3K/AKT path-
way also controls cell proliferation, growth, cell cycle,
angiogenesis, and motility [33]. Afrormosin decreased
the phosphorylation of ERK and AKT and augmented
the phosphorylation of INK and p38. These results sug-
gest that afrormosin may exert anticancer effects by
activating the JNK/p38 pathway to induce apoptosis
and inhibit proliferation by downregulating the ERK
and AKT pathways. In addition, isoflavones, as diphe-
nolic compounds, have estrogen-like chemical struc-
tures. They can interact with estrogen receptor alpha
{ERa) and beta (ERP) to regulate various biological
functions [34]. Therefore, it needs to investigate next
whether afrormosin, a member of the isoflavone family,
can mediate anticancer effects through ER,

In conclusion, we found that afrormosin activated
the [NK/p38 pathway in BI6F10 cells to induce apap-
tosis and downregulate the ERK and AKT pathways to
induce GOJG1 arrest and inhibit proliferation (Fig. 9).
These results imply that the phytochemical afrormao-
sin has the potential to become a new alternative drug
with fewer side effects through the regulation of apop-
tosis and proliferation in the future for the treatment of
malignant melanoma.
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Abstract: Cancer immunotherapy strategies are based on the utilization of immune checkpoint
inhibiters to instigate an antitumor immune response,. The efficacy of immumse checkpoint blockadse,
directed at adaptive immune checkpoints, has been demonstrated in select cancer types, However,
only a limited subset of patients has exhibited definitive outcomes characterized by a sustained
response after discontineation of therapy. RBecent investigations have highlighted the significance
of imreene checkpoint molecules that are overexpressed in cancer celis and inhibit myeloid incage
immune oells within a tumor microenvitonment, These checkpoints ane identified as potential targets
for anticancer immune responses. Notably, the immune checkpoint molecules CO24 and CO200
have garnensd attentbon owing to their involvement in tumor immune evasion. CD24 and CO200
are overexpressed across diverse cancer types and serve as signaling checkpoints by engaging their
respective receptors, Sighec-10 and CD200 receptor, which are expressed on tumor-associated myveloid
oefls. In this review, we summarized and discussed the latest advancements and insights into CD24
and CO200 as emergent immune checkpoint moeties, further delving into their therapeutic potentials
for camcer tneatment.

Keywords: immune checkpoint mobecules; CD24; COXN; Siglee-10; CO20 receptor

1. Introduction

Cancer is a perpetually advancing disease characterized by the development of abnor-
mal cells that are uncontrollably divided [1]. Despite advancements in anticancer therapics,
cancer remains one of the leading causes of mortality [2]. The immune system substantially
affects the development of cancer cells and the pertinent treatment approaches. Cancer
immunotherapy involves multiple immunomodulatory strategies to control the progression
of malignant tumors. Recently, immunotherapy via immune checkpoint blockade has been
successfully used to treat several cancer types [3].

Immune checkpoints include costimulatory molecules, such as CD28, and co-inhibitory
signaling molecules, including cviotoxic T-lvmphocyte-associated protein 4 (CTLA-4) and
programmed cell death protein 1 (PD-=1), which are required for immune homeostasis [4],
These checkpoints influence the balance between costimulation and co-inhibition, facilitat-
ing self-tolerance under physiological conditions, However, tumor cells exploit immuane
checkpoint pathways to evade immune surveillance, thereby suppressing antitumor ime-
mune responses [5]. Immune checkpoint molecules, such as CTLA-4 and PD-1, disrupt
antitumor immunity by atbenuating T-cell activation in the event of malignancy, leading to
a highly immunosuppressive tumor miceoenvironment [6]. Immune checkpaoint inhibitors
(ICIs) targeting PD-1, such as nivolumab, comiplimab, and pembrolizumab, and those
targeting CTLA-4, such as ipilimumab, have been clinically approved for the treatment of
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activation [135], In the present review, wie propose that the CD24-Siglec-10 and CD200-
COAOR axes are emerging immune checkpoints, Recently, increasing evidence has proven
that CD24, highly expressed in multiple cancer cells, serves as a "Don’t eat me” signal and
modulates macrophage activity in concert with Siglec-10. Therefore, blocking the interac-
tion between CD24 and Siglec-10 may improve the host immune response against cancer
cells by targeting phagocytic checkpoints in cancer immunotherapy. CD200 is an immune
checkpoint molecule that suppresses innate immune cell activation by interacting with
CO200R. CD2000 is highly expressed in various malignant tumor cells and has a pro-tumor
effect [95]. The receptor for CO200, CO200R, is predominantly expressed in myeloid cells,
including macrophages [127]. The impact of the CD200-CD200R axis on tumor growth and
progression has been confirmed in various lumor microenvironments,

Collectively, several preclinical and clinical studies have demonstrated the significance
of the CD24-Siglec-10 and CD200-CD20R axes as targels for immune checkpoint blockade.
Although no drugs have entered the clinical stages, the effectiveness of targeting these two
immune checkpoint axes meeds to be investigated in further clinical studies across multiple
cancer bypes and combinatorial studics with other chemotherapy and diverse immunother-
apy approaches in the near future, Blocking other immune checkpoint molecules, such
as PD-1 and CTLAS, along with CD24 or CD2K, may synergistically enhance antitumor
immunity. Based on the current knowledge of CD24 and CD200, further research suggests
that CD24- and CD200-targeted treatments are potential immunotherapeutic drugs for
patients with cancer.
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taligrant melanoma s a fatal disease with an increasing global incidence. Despite numerows studies focused

on anti-cancer drugs, a vanety of side effects of cancer treatment remain challenging. Thus, there is a pressing need
o identify novel anti-cancer agents with minimal cytataxicity and side effects. DBE3 (1 3 7, %-tetrabydrosy-2 B-dirmathiyl-
4 a-difethanoyijdibenzofuran) is a member of the dibenzofuran family and is extracted from Ramaling rerelvata
(Antarchc hohen). We investigated f DB2 exerted an antitumaseffect on B16F 10 melanoma cells. The results revealed
that DB3 exerted time- and dose-dependent reduction of cell wability by inducing apoptosis and significantly sup-
pressing cell prolderation through cell cycke arrest in the G0A31 phase in B16F10 melanoma ceils. Additonally, DE3
impeded the migration and invasivenass of B16F10 cells. Subsequently, we observed that DB3 decreased the expros-
sion bevels of Cdk4/Cyelin D1 and the phosphorylation of p38, MK, ERE, and AXT. Furthermore, DB3 decreased
rielanama wmor growth in a mouse umar syngraft madel. Based on these findings, we propase that DB3 possesses
potential for use as an ant-cancer agent for malanoma treatment.
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Introduction

Melanoma originates from genetic mutations in melano-
cytes and can manifest in the skin, eye, and inner ear,
and it is one of the most aggressive and lethal types of
cutaneous cancer [1]. Although melanoma constitutes a
small proportion of total skin cancer cases, it is respon-
sible for B0% of related mortalities [2]. The incidence of
melanoma is rising more rapidly than that of other can-
cers, with projections indicating a potential doubling in
the number of patients within the next 10-20 vears [Z].
Melanoma is indistinguishable from dysplastic nevi in
terms of its morphological characteristics, thus making it
difficult to dizgnose in its early stages [3].

Cancer cells, including melanoma cells, are charac-
terized by their ability to proliferate limitlessly and are
marked by uncontrolled growth and reduced ability to
undergo apoptosis [4, 5]. The diminished apoptosis capa-
bility enables cancer cells to survive for longer periods of
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