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ABSTRACT

Objectives : Virus infection through the respiratory tract causes various inflammatory diseases such as pneumonia,
cystic fibrosis, and obstructive pulmonary disease, causing enormous social damage. Therefore, it is very important
to develop a treatment and prevention of infectious diseases. In this study, we investigated the effect of water extracts
of Liriope muscari (WELM), known to improve lung function, on the inflammatory response of lung carcinoma cell
line A549 cells induced by the viral double stranded RNA mimetic Polyinosinic:polycytidylic acid (Poly I:C).

Methods : The cell viability by WELM treatment was analyzed using MTS assay in A549 cells, After inducing an
inflammatory response to WELM—treated A549 cells with Poly I:C, the degree of apoptosis was confirmed through
bright field microscopy. Interferon beta (IFN—£) mRNA expression level in A549 cells was analyzed by quantitative
reverse transcription PCR (qQRT—PCR).

Results : WELM treatment has no significant effect on cell viability of A549 cells, We confirmed that pre—treatment
of WELM effectively reduces the Poly I:C—induced apoptotic cell death in A549 cells, In addition, it was confirmed that
the mRNA expression level of IFN—}, a pro—inflammatory cytokine increased by Poly I:C treatment, was significantly
suppressed by WELM treatment in A549 cells,

Conclusions : These results provide the evidence that WELM is effective at inhibiting inflammation on respiratory viral
infections and suggest that Liriope muscari might be a valuable natural substance in the prevention and treatment

of infectious diseases.
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A MARLZ HZeE 27k o718kl Ql= SARS—CoV-2
£ I vlolY A& TE7] ZEe] TAE AL, vholgaE
Bl =0l viral RNAZF AMEofA IdAH  toll-like
receptor 3 (TLR3)ell &J3fl QIR H o] HF/ Ato]E7He1o] W
#g f=siA "ot TLR37} @435 9] IFN-7, TNF-e,
IL-18, ¥ IL-65 &3 A5 AIEZFRIS] o] BA
S 4= glol F7HEW IS AT, 9T 7S Ao, AT
2 gal 7 oAk guEtgitt? | olefdt W AE o]de o
4 Aol Bzl HIRAA UE S £t A= Abo|ETL
Q Z2ZFE f=goRyn i 439 A7 i A
7% o2 <lste] Apgoz ojo]d 4 QY mut o}
Yzt @4 ¢35k SARS-CoV—-29] i3t A FE e
F2 &3 A AR hydroxychloroquine®} remdesivir 22
gretelol W gutolels oEE §= WSl AT 9
O @A vpolH AR QT Al EAY EFE AAlTte A=
A2] o] B AAolrt”,

g B AFo)A dsRNA virus®t F2H o2 FARgH uf
olg|& HARA|Q] Poly I:CE ©]-&3to] Y W& F=31%th
Poly I:Ct viral RNAS} §AFSHA TLR3ol| &sf Q14=H,
214] A] Toll-IL—1 receptor, domain—containing adapter
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pathwayZ 3} transcription factor interferon regulatory
factor 38 4% st IFN-49 LdS F=3ith T3 Poly
I:.CE AZ7} QA4 E TNF receptor associated
factor®} Receptor—interacting serine/threonine kinase7}
complexE FA3HA E o] transcription factors¢l NF—xB
9 AP-10] @435 o] 54 AF|E7FIE3 chemokine
RBRE ae,

H 7|52 ot AL gl WEE2 5=, oiv, @
Zof F2 BEols okg 22 HEHo 714, A, WA
2 A7 HaA A3 27 ooz AgEogy) &
5] WEF O 2HE &3 spicatoside AE 77 T3t A4
A wmdol &3 9 bay area lupus foundation©l Al
OVA— Eo|3 IgE ¥ Th2 AtolE7}Ql, IL-4, IL-5 %
IL-13¢] Aol FolsiA #ad AS AT A+ A7t
B deH?, =3 WREES 1PSE 22E RAW 264, 70 A
INOS, IL-6, TNF—a2] mRNA & 94|, endotoxin® 2
=8 AAZY dF JA L T AlZ &4 AA | g &%
5 Al Ao e B2 A7 AoEo] AP, 87
Tk oA W iE FEEo] vlo|g|AA o Ao w|X|= FTFel
gt 7153 A= vyt

e 2 dFolA HEF 4 F
of Liriope muscari; WELM)2] lung carcinoma cell line
A549 AN|Z29] vlolH A EF ¥ gt FFS sk
o o] Fa WELME A& %% Poly 1:CE A5t
e ARG HIEE AE PSS WA RS - SIS
Selstglch. ®at ok} Poly 1:Cell &3 F=5& IFN-49]

=5 (Water extracts

mRNA T&o] WELME| Ao o8 Fast= Ae &lst
At olHgt ZAES F3) $el= WELMo| HetA| 3z
Hlo]g A Fof ot A4 Al EvRQIS] BEdh IS oA
gl A A BAZA Q] Y 73S It
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e AZF A549 AEZ= 37C, 5% COx7b #FAE=
incubatoro] A, 10% fetal bovine serum (FBS, WELGENE,
Korea)™} 1% (v/v) Penicillin—Streptomycin (WELGENE,
Korea)©] 323t RPMI 1640 media (WELGENE, Korea)
of| A gt

3. Nz Z/x= &3

WELMo| A549 A3z &A= n|2]= F3F& &st7] ¢
3 MTS (3—(4,5—dimethylthiazol—2—yl)—5—(3—
carboxymethoxyphenyl)—2—(4—sulfophenyl)—2H—
tetrazolium, Promega, USA) assayS 4335ttt A549
A|EZE 96 well plate©] 5000 cells/well2 B33 F 12A]7F
F¢ 37T, 5% CO; =Z0A wistal, WELMS A %
36A17F F<t skt 1 & MTS §8& ZF wellofl 20 wl
Z7}8k3L microplate reader (Molecular Device, USA)S
0]-88to] 490 mm FFo|A FFEE SH5H9 . WELM A=
o o3t A M= SHY=E AL Y8t oS A&
o|-&stgtt,

Az Z4= (%)

= (E W72 FBE - (MR AA Y FBHE) / h22)
ZZx} x 100

4. Poly I:C transfection

6 well plate?] Z+ wellol] A549 A|EE 1 x 105 cells/well
2RSS F 1242 5 37T, 5% COy 2ZA vijeket &,
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WELMZ A1 3617k B2t vigFstalet. ol 2+ well T
Poly 1:C (SIGMA, USA) 1 ug2 PolyMag (OZ Biosciences,
USA)Z ©]-83}4 transfectiond} ¥t Poly 1:CE A&t
FEEHE AEZQ AFEL bright field microscope (Canon,
Japan)Z ©|u|A] &% ¥ floating phenotype Al &5 &

Zgsto] ALtst AT

9. Quantitative real—time PCR

A549 ANz o] wljJHS AAgH F PBSE AlA & Hybrid-R
RNA extraction kit (GeneAll, Korea)S ©]&3) total RNA
5 Z&3}%th Total RNA 500 ng& DEPC—treated water
o} 4ol 8 w2 RIE wE0lE F dNTP mix (10 mM) 1
w2} random hexamer (100 pmol/wl) 1 WS Z+zF dolZF
AT} 65T water bathol|A 587 ¥H-§-A1Z1 § ZA] on ice
oA 58 FoF WZtA7l & sampled] DEPC—treated water
4 w0, M—MLV RT reaction buffer 4 uwl, M—MLV reverse
transcriptase (Promega, USA) 1 w¢, RNase inhibitor
(Enzynomics, Korea) 1 WS F712 AH7Fstgch 50C
water batho|A] 1X|7F &<t ¢cDNAE &3t H, S/7+-E F
7kste] 1/102 3A3ste] Ao AMESHTH 2X Prime
Q-mater Mix (GENETBIO, Korea) 10 w02} 3]43t cDNA
3w, =5+ 4 wl, 10 pmol/ul HE=9 forward primer 1.5
wl®} reverse primer 1.5 W& £33 § AriaMx (Agilent,
USA) £ ©]&3) quantitative real-time PCR (qRT—PCR)
< +Y5tett. Primere o33t Zo] A &etch: IFN-4,
Forward 5 —AGG ACA GGA TGA ACT TTG AC-3,
Reverse 5 —TGA TAG ACA TTA GCC AGG AG-3’, -
actin, Forward 5’ —ATCA CCC ACA CTG TGC CCA TCT
ACG-3’, Reverse 5 —CAG CGG AAC CGC TCA TTG
CCA ATG-3’,

6. Renilla reporter assay

A549 A|EZE 6 well plate®] 2 x 105 cells/well2 EF3}
I 12A17F Fot vjoket §H, WELM2 A& & 36417 B9t
vjoFsltt, 1 & pRL-TK vecter 1 ug& PolyMag= o]-&
3}o] transfection 3t T 24A|7F F9F vt E T, WELM
Aglo] ©E transfectiond JAEE T¢It 8 dual
luciferase assay kit (Promega, USA) @ luminometer
(Thermo Fisher scientific, USA)S AF&-8}9] renilla reporter
assays s34t ZE AdE 7 welld] @A 5=
bradford assay (SIGMA, USA)Z A#Fst & HAsIHT)

7. A8 24 9 FA A

2o i8] A2 3942 student’s t—testZ Ak
S|4 p—value o] 0.05 " of FAHLE Folsiria
wesh T,

I, 2

1. WELM X &]o] oJ3t A549 NJZ9] S =

A549 M|z o] &= WELMe| "]zl S Eels]
5t kst == 2 (0,25, 0.5, 1, 2 mg/ml) 24A|17F &gt
H, MTS assays AAst¥T 1 231 BE oA A=z &
Aol FgFE FA @2 Aol FRA=NAY (Fig. 1). TS @]
BoE FET AEZ9 FHjol= WELMS A7t & #stE
FA gkt olHg AES Bt o] F A549 Ao A
A == WELM®] A2 5E& 1 2 ng/mlE A3t
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Fig. 1. Cell viability of the A549 cells by water extract of Liriope
muscari (WELM) treatment. Cells were treated with indicated—
concentrations of WELM and cell viability was measured by MTS
assay.

2. Poly I:CE2 fE5+& A|E APHo] WELMS]
A7t MR E B

Poly :CE AlZ W2 FYT H$ AxZE volgj2rt 3
AT AFslo 2 ¢|x|5lo] HeutLo] SxElo] Q=4 A}
o|E7}elo] MAE I A= apoptotic cell death?} FE=H T},
Poly 1:CE A549 A|3o] transfection & 24A|7F Wkt 4
I} 50% 0|4kl MZoJA cell death7} 39E-E bright field
microscopeE &3l &It (Fig. 2A). AR WELM&
2 mg/ml FER 3617 2] A2 g A549 A E& Poly 1:C
2 247 9% HH-E FESI % cell death7} FEHE Al
Zo] H|go] 20% o|tE AAFA wAFS Tolstgrt
(Fig. 2B). ol8¥ ZIEE F3dto] WELME] A2 ufol2]
A2 8 SEHE #H AEY cell deathS AT 5= Q=
7Hs & Ad HAEALE SRIEHT

3. Poly I:C& §%X& IFN-8 mRNA %389
WELMS] A&7} ulX]& 93

A AgoA WELME A2|&= Poly I:CE FE5= A549
A|329] cell deathE HAIs= Aol FRIE o 2= F714
©2 WELM7} Agl® A549 AN|ZoA Poly I:.CE AT &
APO|EFQl £FE FESH=E dEAQA 34 AlEFIY
IFN-B9] #dS sttt (Fig. 3). WELMS 36417 A
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3t A549 A3 Poly I:CE transfectiondt & 24A|7F E9t
RS i f=5+= IFN-49 mRNA ¥@ZFE RT-PCR
< Fo 1% A3 Poly 1:C A2E &3l 30008] o4 &
o] Z713t IFN—42] mRNA @& o] WELM 2 mg/ml =7}
A E A549 Ao BASHA AAFH U2 &st
@t} olF &3 WELMZ Hpo|HAZ 13| FHojA FEs+=
A3/ ARIEFIRIE IA & 4= = EFR ] L& e
glst st
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Fig. 2. Reduction of Poly |:C—induced apoptotic cell death
phenotype in A549 cells by 2.0 mg/ml WELM treatment. (A)
Representative images of WELM and Poly |:C treated A549 cells
(B) Percentage of apoptotic cell death phenotype cells by Poly
I:C or WELM treatment. * ( 0.05 versus control.
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Fig. 3. Poly I:C—induced IFN—8 mRNA expression in WELM—
treated A549 cells. IFN—8 mRNA expression level was measured
by gRT—PCR. *{ 0.05, versus control.

4, WELM A 2] 9§ A549 M| £ 9]

transfection £-& &2l

Poly I:C9] transfection& PolyMag reagentS AH&-3}o]
APl om, o]l= FAH nucleic acid®} PolyMag complex
7} endocytosisE &8 AZ2 FY=H+= HAE o83t &

L Poly 1.C9 transfection®2 FEE= AE AP ¢
IFN-8 mRNA expression £% o] WELM=S A JS A$
AA =& olf-E 5] HAste] WELMo| He|E A549 A
29 transfection &&F FstaA 35T o]F |5}
renilla reporter vector 1 ug= Poly 1:C X<} Lo Y
© 2 PolyMage ©]-83}9 transfection 3t FH 24A|7F & 3}
W H renilla®l activityE 18kt (Fig. 4). 21 A=}
WELMY A2 =7} oA 4F renilla activity7} RotA]
= AL I3t o] F3 WELMo| AZH A549 A=
A& PolyMag ©|-&3t transfection?] &-8&°] 7HAste] 9l
25 st mekA transfection &2 ZHAE WELM
A= ¢lste] A Z2] endocytosis 2H-0] A E o] YEGS
Ao g 22311 o] endocytosisES 3 H H=Eo] AY3}t

¥t vpol g A0 HAE EF WELMo|| 23] oA
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Fig. 4. Renilla activity in WELM—treated A549 cells. WELM treatment
decreases the renilla activity. ** ( 0.005, *** {0.001 versus control.
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@A COVID-19 #7t ofy2} vio| L w7 Aoz gt
g gt o sz WSt glof ofof tiet X &A| 2 o] wj-e-
da3t Aoty 28l £ AFE 53 Hiolz& w7 Aw
T2 AFTEAQ EFA AlEARIE IA T 5 U= T
& Ad WELMY a5 SRIstitt, WELMS AT 3¢
A549 A|Eo| Poly 1:CE A3l FE=+& [FN-F mRNA
Ud 9 A2 APEo] anFog A EE AL st
ESE £-2]= PolyMagol 93t Poly 1:C9] endocytosis 82
213 B 1%} renilla reporter assayS st 1 dxt
WELM?] A& %7} &ol84E renilla activityZ7} ZolR|=
A& Felste] o] 2 F3 WELMo| A2E A549 Ao A=
PolyMag& ©]&3t transfection®] fa&o] Zr4Eo] UYL
gFeldto] N2 endocytosis activity7} A E IS 7HsAS
glstgit.




HEF 4 FEE°] Poly [:CE A7 AGAZF AHE 9l G54 Aol &7 TR mAe 97 101

g7 A3 A5t} Poly 1:CE o] &3t Poly 1:C9]
transfection< Hpo| 2|27 G H AFSFS mHgich, O=2 9l
3 A= HAAE 43t 4544 ARIEAI HES &
A, AT B2 FAREE de T2 G O
Al (PBMC)E AHg-3te] COVID-199] AW 23S =3t
Aol EFRIE IR AtolA HEA Hie] YItH FF
COVID—-19 ##}2] PBMCO|A I & IFN ¥ TNF / IL-18
of o3t dF FEHLH, ol= 27| COVID-19 Aol A=
UHEREA] gk, o182 $9) 1§ IFN ¥hgo] 5% COVID-
199014 A5 AFAI7]= H 5739 98-S Soha gEx
ARE EYE g £ dFolA di®E™ed 1 3 IFNY
IFN-8E& 82 A+E APstart. 29 AL4E 53
WELMo| @34 Aol E71QIQl IFN-4 & 28-S Fo 2 A
Hiolg|s g o g Qs s ARIEAR £33 A3d
U e S T £ AUl

PolyMag& ©]&35}t9] transfection® AP AL DNA
5.2 RNAZ} Al3£9] endocytosis ZH-2 3 Al U2 59
7tk £ entolgis, CF 7hg Hpolgls, FA| Y HpolgA F
o] 9= thoFgl vlo]# A E3F endocytosise] HHH o2
Az 2 Yaer?, olafdt A uhto 2 WELMS] X2
FE 9&7F o7 A549 A|EA Poly I.C transfection level
o] AP ot= A2 WELM A gl+= ¥ AlZ] endocytosisE
A5t Hiol2 9] flE AT 4= Utk 7S AlA
gttt

£ AFETE F3 WELMLE 55 COVID-19 Szt A|A]
WA= INF-5 83802 A7 & 4= & Aozt 7|
"ot ok WELMO] A549 HlZoj|A IFN-8 mRNA H#&
AAle] zHg 7]HI} AHEZ9  endocytosis inhibition
mechanism< 3317 Y3t #7180 A7 2o Aoz
St £33 in vivo®}t lung organoid Sol4 WELMY]
8% 94 5% FEs g 9454 FE uAEY F
7HEQl AL st A7 ZaF Ao R ALRHT, o4t
Z3E 53 WELMO| endocytosisE &3l | Al|Eo] HUsh=
o HholZ 2 9 HHES AT £ e 7He S sty
WELM Abo| B}l £33 22 4354 AgE oA &
U AAEARY 2L vholg & AZAZ ST 5= e
7He/d& AT
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2. WELME X33t A549 ANEZL Poly [:CE 8&3
apoptosisE BIH o2 AAsHHTt,

3. A549 AN|Zo] WELMS] A 2]+ Poly I:CE transfection
sto] S7HE IFN-49 mRNA HEFS 57502 o
A STt

4. A549 ANZo] WELMS A&+ PolyMags ©]-&3t
transfection®] efficiencyS ZAA1F1t}

o|Ate] AMES 53 WELM2 Poly 1:Coll 93] ==&
Az Ad 2 g354 A&7l IFN-49] HES A5
50l I5S st
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