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The Effects of Heat-Treated Liriope Platyphylla Root Ethanol Extracts on
Atopic Dermatitis Chemokine Expression in Human Keratinocytes
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Abstract

This study investigated the effects of heat-treated Liriope platyphylla ethanol extract (LP) on the expression of
chemokines and skin barrier-related genes in HaCaT cells stimulated with TNF-o/IFN-y to induce atopic dermatitis
(AD). The impact of LP on cell viability was assessed using the WST assay, leading to the selection of a non-cytotoxic
concentration of <100 pg/mL for further experiments. LP’s efficacy was evaluated by measuring the mRNA expression
of inflammatory chemokines (CCL17, CCL22, CCLS), cytokine levels (IL-6, IL-1pB), and skin barrier-related factors
(FLG, LOR). The phosphorylation of NF-kB p65 was also analyzed via Western blot. LP treatment significantly reduced
the mRNA expression of inflammatory chemokines (CCL17, CCL22, CCLS5) and cytokines (IL-6, IL-1f), which were
notably upregulated by TNF-o/IFN-y stimulation. Additionally, the expression of skin barrier-related genes, such as
FLG and LOR, which had decreased due to inflammatory stimulation, was significantly and dose-dependently restored
following LP treatment. Furthermore, LP treatment inhibited the activation of TNF-o/IFN-y-induced NF-kB signaling
pathways. These findings suggest that LP has potential as a functional material for preventing and managing atopic

dermatitis by reducing inflammation and restoring the skin barrier.
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o] A golo g 283t} Thelper 1 (Thl) AlEE Al
Fuj7) W} vpold At Y ool #ofatal, T
helper 2 (Th2) A2+ A 8737 L 27] ¥H-8 frieell
ZA1A ¢l ¢8-S 3FtH(Brunner et al., 2017; Weidinger &
Novak, 2016). F47] ADSIA= Th2 WS Z 27} 43}
Al &A3tE, Th2 AEoA EH|== interleukin-6
(IL-6), IL-4, IL-5, IL-13< immunoglobulin E (IgE) A3
A E, S fr, 1 Ol e oA 52 e
sto] de|27] w3t %3] S48 ASAXITH(Gittler et
al., 2012). AD7} TH7]| 2 o] = Thl HEZ2] Hox
Z7V3le] interferon-y (IFN-y), IL-12 5-2] Afo]|E7}<] o]
F7H o2 M EY, ol A5 v 2 EHS &
A 7141, 3] o] #Zk3H hyperkeratosis) 2 2] 3-8 f
ksl o) 7] odskth(Bieber, 2008). E3F, o] 2|dt 9= vk
82 filaggrin (FLG), loricrin (LOR), involucrin (IVL)
o) w3 whul Ao Hae AsAA sl kel2)
29l 2 )l e o] s eo] s EE Aew w3
F A }H(Elias & Steinhoff, 2008).

A X7} (chemokine)-2 A SA X 0|5 23+ A
R P EER e B R R
S H3ltk(Saeki & Tamaki, 2006). 53], thymus
and activation-regulated chemokine (TARC/CCL17)3}
macrophage- derived chemokine (MDC/CCL22)< Th2
PETE Q% R IR )5S HEsle] ol wpele o
A7) AAE &efA] 9lth(Jahnz-Rozyk et al., 2005).
o17t 9B ZE M 3EQ] HaCaT A4 tumor necrosis
factor-a (TNF-a) @ IFN-y A= A] CCL17%} CCL22 &
o] F7kstH, o= olE ] v R mdoA Fa% A
2 ggHrK(Yano et al, 2015). T3k, CCL22 W3
extracellular signal-regulated kinase (ERK), p38 mitogen-

N o |

activated protein kinase (MAPK), c-Jun N-terminal kinase
(JNK), Nuclear Factor kappa-light-chain-enhancer of
activated B cells (NF-kB), Janus kinase (JAK) 52| 2
AEAG 2o} AP o] 2HHT= Allo] HuEleh
(Yano et al., 2015).

W25 (Liriope platyphylla)& FolrobollA HE= o
2713, 718A 4, S 9 25 estol] ARg-Ho] & ok
2golth($:A3} ¢, 2011). F8 AFozrE Alxd
(spicatoside, ophiopogonin), U35, dl&4 3}3E0| &
SrEo] Jlow, vt e o] RuHATHdrg 2,
2021; o1& 7 9],2009; Kim et al., 2012). 53], 9% 5
252 lipopolysaccharide (LPS)Z == th 2] A Eoj| 4]

nitric oxide (NO), IL-6, TNF-a % prostaglandin E,
(PGEy) A< AAlek= &4 a37F B HAck(Kim et
al., 2016). WE% K oto] 2.4 2312 DPPH % ABTS
2tz 2275, FRAP, A& #2138} Adls-g F7] 2]
A 7t kst S vehdl e 24 aT e
A3} catalase (CAT), heme oxygenase-1 (HO-1) 5
of ap¥el BAE F7HAA AN €] GatsPso] Belw]
ACHTruong et al., 2023). =3t LPSZ 4% &3S F=
& op92s A AEOIA WEE FAbe] 484 BTl
NO A7 A, inducible Nitric Oxide Synthase (iNOS)
4 cyclooxygenase-2 (COX-2) @& A1 & B3 & &
72 Jehlls 202 8915 %rk(Truong et al., 2023).
WEEol g ARz A7 B2 spicatoside AE
BolM Feld hEAQ AEI o2 ket 4F v
N Azt AF ihES BRSIEH AAlshe A=
e 2] 2lth(Ramalingam & Kim, 2016). & ¢354 0] 4]
%= RAW264.7 th 2 A oA A 2] s ek
5] MAPK 2519 A2 5 JAIste] NO9t 954
o|E7}Q](cytokine) HH S T AA 7= EHE B

Qo (A £, 2024), HaCaT A Z oA I g
& F5=0] CCL22 HA L frofstA A 11838t

THA 7ok 91, 2023). 1 obE v 7o A ARk
(CCL17/MDC, CCL22/TARC)¥v} ofujgl g5 Ao
BT B 9 Ak i et 7)ol vlA=
dAle] s FEE0 A o SRS W AIA &
ek wba] 2 A= QIRE 3R A E(HaCaT)E o]
83te] Ale] HEF JdlgE FEE0] oy AL A=
(TNF-a/IFN-y) 3tollA AlRTFIF A5 QAL i, o
A A2 24 2 NF-kB @9 & o v x| 3k
= TSk, o] & Sal o ey v R I Ve s

A o) Fs e s s
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1. Al2o| ®M=

2 AT e FHREFR7IEY TIRAT A
Ae) = A Al(Cheongsim) W&-5(Liriope platyphylla root,
LP)& gHE &, A23] AL FE3t] A3 Al
2 ARSI A5 o] A e Bl F22 o) d Ao 22
o2 AABFATHA A 2], 2024). WEFS FA g
3l7] 98] 2AE 72 250 C olA] 208 B Ho 5 o
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haEtedet. shag WEE2 60% eSS ARE-ske] 7
0CollA 6A13F Rt F=3F o, WAt 58715 &
Eo] mukeeltt. FEHe o3 & FF7|(EYELA,
Tokyo, Japan)Z ©o|-8-5}¢] 35°C oA 729} T=3lo] 2=
A& = ARSI

2, M|ZH{

Q17 9Bz A A ES] HaCaT A EE =M EF23
(Korean Cell Line Bank, Seoul, Korea)ol| A £aFito} A}
23133t} 1% penicillin-streptomycin (Hyclone, Victroia,
Australia)®} 10% fetal bovine serum (Hyclone, Victroia,
Australia)& X318} Dulbecco’s modified eagle’s
medium (DMEM, Gibco, USA)S A3} 5% CO,, 3
7°C Z72l 2l5fu|o|El(BB 15, Thermo Scientific Inc.,
Waltham, MA, USA)ollA] vl %3} it

3. Mz HZEE "Il

A E BEE 2HS 98] HaCaT A X 96-well plate
ol 1x10" cell/well 2 53+ 3, 37C incubatoroilA] 244]
ZF Sokvjekslgitt. 1 3 LP F&E 12.5, 25, 50, 100,
200 ng/mL-& %] § 2417k vl oFat Ack. Al Eu) gkt of
+ EZ-Cytox WST assay reagent (Daeil lab service Co.
Ltd., Seoul, Korea) 10 uLE 37} 3417 Sof plate
reader (Bio-Rad Laboratories, Inc.)E ©]-83}¢] 450 nm
N FFEE SH5Th HaCaT A 29 HEE2 F5
F A2 & 3R] 22 2T MEe] AEE U] 4 A=

BEE(%)< Atste] Yeh it

4. Quantitative real-time polymerase chain reaction
(aRT-PCR) &%

ul e

F Ato| BRI, ARSI, 7
A g A3 28k 13t 7
HEZE 6-well plateol] s} ATE 2 &, TNF-a/IFN-y
(10 ng/mL)Z o}E 3] FAL B AS F s T, LP FE25S
25, 50, 100 pg/mLz A gldte] 24A17F vjekat ).
RNAiso Plus (Takara, Shiga, Japan) 7|EE A-83}4
mRNAE 3Z3}31, BioFACT" RT-Kit (Biofact, Daejeon,
Korea)E AFg3le] cDNAES §A4J5t3ich. qRT-PCRE
BioFACT™ 2X Real-Time PCR SYBR Green Master
Mix (Biofact, Daejeon, Korea)?} QuantStudio™ 3

L

K

Real-Time PCR System (Applied Biosystems, Foster
City, California, USA)& A-&-3lo] =38l dt). 4 &
AApe] Wl 2 A0 S ALl Sk glon,
internal standard 2 GapdhE AF8-3}o] 2935} 9it)

5. Western blot &A1

NF-kB o 2 gl 845 ghe13}7] 918t] 6-well
plateol] B} 2F& HaCaT Ao TNF-a/IFN-y= 10 ng/mL
SER Ao olE v fAF S g Fol| LP &
2925, 50, 100 pg/mLE = 2]5te] 24417k wjokaF 9Tt
ool ¢k # plateS 21718 PBSE 31 4] 23k & RIPA
buffer (Thermo Fisher Scientific, Waltham, MA, USA)
£ ARgste] dAs FE319irh. Bradford reagent
(Bio-Rad)= @l d s &5 AJ=Fsl gl om, sk ol d
£ SDS-PAGEE ¥2]3ta polyvinylidene fluoride
(PVDF) Eglo s &3t fH s 3% BSA7L
$HH blocking buffer2 2-2o| A 1A]7F F<F 2petkah et
71 %, NF-kB¢} phospho NF-kB¢] 12} 3|9} wH-&-A] 71
% 22} 8}A|(anti-rabbit 1gG, Cell signaling Technology
Inc.)sh wH8-A17ich. mhlko 2, kol € ECL gl it
$-A]7]2 LuminoGraph I (ATTO, Tokyo, Japan)2 Az}
3}shgdet. Ldojzl o]m]R|:= Image J software (National
Institutes of Health, Bethesda, Maryland, USA)E A&
ape 2l ahelnt.

6. SA4I=4

A% Ay 222 SPSS (IBM SPSS Statistics 29,
SPSS Inc., Chicago, IL, USA)Z o] &-3}e] BA AL 2
AEttt 2d Aute HeEEAasE eyl 2+
w7ke] Pkl Aol dYulx] EAREA (one-way
ANOVA)IF A5 AZ 0 2 tukey’s multiple testS ©]-8-3F

glor a=0.05 FEolA] o192 AFselnt.

1. HaCaT MZ0M Ex2| BES FE2 M=
YEE "ot

g g] MiEs FZE(LP)o| HaCaT A X o] BE&9

n 2= kS E¢ls)r] 93t LPE 12.5, 25, 50, 100,
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200 ug/mL sE2 223 ick. Al AEE A= [
113} 22018 LP2] 12.5~100 ng/mL ¥ 9] ollA] Al &
of FFFE mAA G2 &8kl e 200 ng/mL e
EollM A E YEEo| A2 vl aste] frolH o
Zdhs AL o AEE5E skl & AelMe
A=A o] YERFA] -2 100 pg/mL ©]&}e] F52 23]
o] ARg-a}9dct. EE8 TNF-a/IFN-y $A] 2= SteAl =
100 pg/mL ©]3}2] LP= Al ¥ AES-S A &|5}A] o} Al
Fo] o}y {§4F 7oA LPe| F5-S H7et7]dl 4
A s MAE Fdstd 2| 1-(B)]. o] A= &
A& o] tf A A E ol o] v 54 = 9 7F Hal

=)
)=
[e]

=

al
1

5
ke
r

Q)
=

HAY AT (7o} 91, 2023; Ao #] 2], 2024)2} A A|s}
At
2, HaCaT MZo|M @xf2| BWES FE=9| HBY

A=zl REAL Lo olxl=

HaCaT Al o]l th3t TNF-a9} IFN-y #A5-2 AD ¥
o] A3 AR A& A7) AAel D] AREH, AL

(A)

Cell viability (%)

N
=3

o
I

12,5 25 50

LP (ug/mL)

100 200

[a& 1] HaCaT MlZEHM Lx2|

FZE(LP)Y A E AEE, (B) 94
2 2]} 8] ul *p<.05,

(A) A AEF g

o] E7}elo] NF-kB2} Signal transducer and activator of
transcription 1 (STAT1)S &A4l3}sle] d= & F-2%}
of ARl WAS FeA7l= AoR Hixo] it
(Gittler et al., 2012; Lee et al., 2021; Weidinger &
Novak, 2016). 2 370l [28 2]¢] 232 B, TNF-
a/IFN-y 2] 2]-& o) 2| ¥]3l CCL17/TARC, CCL22/
MDC, CCL5/RANTES mRNA 23 o] 52814 713}
Act. dAz Wi oleE FEFE(LP) 25~100 ug/mL
Al A AR LH S FE o EX 22 THAAIF S
W, AF =M A7 sk A E A o] H & A3t
+ HaCaT A|3ZejlA] CCL22 #34do] Epidermal growth
factor receptor (EGFR)<} o] 2 w7/l 2 & MAPK, NF-x
B, JAK/STATI 3= 5 419 o5 Az A A ol o
3 22 Hrk= A8 Aok A A8k, LP7} o] 2igh 349
Z 25 s AGT 75dS AlASFH(Lee et al., 2021;
Yano etal., 2015). w}gkA] LP7} CCL17/CCL22¢} CCL5

=

=

5 7 S5, ol =] 3G o) A 7 [EF gy =
7104 vehd= 7= o] Th2d 95 ofst= ¢hsld
F JLS AAEHH(Gittler et al., 2012; Weidinger &
(B)
120- .
— 100-
g
g 80 ok
g 60
= 40
[
O 20-
o-
0 125 25 50 100 200
LP (ng/mL) + TNF-a/IFN-y (10 ng/mL)
WEE HEE FESO ME MEE
2] Wi ollehg FZ5(LP) #-4 2l % TNF-o/IFN-y &5

**p<.01, ***p<.001.

»
i

104 - 2.5 -
- — 5 -
T ) # =
o 81 © 2.0 ]
g 8 g 20 W « 154
(¢ = S
€5 # 8 s " =28 o
<% 61 S @ 1.5 39
S ] NEA & o 104
1] No 32 s
~N '5_ ‘:I a ] g_
35 4 3 E 104 — 33 T
[+
°g g g s
€ 24 ¥ 0.5 %
£ [S
3 o0 LP (ugim)
LP (ug/mL) 25 50 100 LP (ng/mL) 25 50 100 (ng/mb) - - 25 50 100
TNF-a/IFN-y + + + + TNF-a/IFN-y + + + + TNF-o/IFN-y + + + +

[3& 2] TNF-«/IFN-y 2 RE=E| HaCaT MZEHM Yxiz| WES ek
A3 v 1, **p<.01, ¥**p<.001. TNF-a/IFN-y =] 2|23} H| 2, #p

FE29 Azl Ui

=
<.05, #p<.01, ###p<.001.
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Novak, 2016).

3. HaCaT M|Zo|M Exf2| WES FEE9| B
AO|E7tel RHAL el o|xl= I

Ao/ A= IL-69} IL-13+= |7 2h A 2o W
AME I AT E FTEAA By G5 TS A& L S
A7) 8 vz Ed o, o) 5ode ol of vk xj3f
4 7telg, $uk 5 olE Y R S0 ofslelw WA sl
A#A=o] 9= Aoz BuEYrHChoi & Choi, 2023;
Weidinger & Novak, 2016; Yang et al., 2018). [ 3]
o] A7}o) wp= ¥, TNF-o/IFN-y #] &3l IL-67} IL-1
B<] mRNA @&tz div] 28 S71ekem,
ol oy fAF A% B0l A E o] P55 wkgo]
ZAshdES vepdn vhd, A ] wits ofgk
(LP)S A 2st Tollr = F 34k ddo] e
491317 7+238)4], LP7} TNF-0/IFN-y 2 55
A EZRR] ME-g BH o R AAThS &R 4 9l
t}. o]=HaCaT 2 oA o] A5 245 53l ol £ 7|4
o 2o vhA v R AF Agke] A 7S AlAKR

ook
i
104 iiad o
T T
- - 25
- + +

=
of

=

&%
= st
[SY=
A

=
(¢
[e]

r X2 ox X o

IL-6
mRNA expression (fold)
o

0
LP (ng/mL) 50 100
TNF-a/IFN-y + +

[a&! 3] TNF-a/IFN-y 2 fE%E HaCaT MZHIM Zxi2| HES

TNF-a/IFN-y A= o] k= A R7FQ1F} Alo]E
7Rl WL thro] A AE 7|9 AFrollA] A== A
©o 2 HuESItHKwon et al., 2024; Lee et al., 2021). =
Wl = HaCaT A X Edo|A TNF-a/IFN-y A=)
3 theFst A5 HE A STel AL, AAE FEEE
T 8 ARl A2t ol sk ATE Hals it
w73 ¢, 2023; 249 €], 2018; 354 9], 2017).

~

4. HaCaT MZoflM Ex2| HWES FE229| u|73
7|5 REX Lo olXls I

ohz3) 3|3 BAel Bl TN A1 a
A<l filaggrin (FLG), involucrin (IVL), loricrin (LOR)
5ol b7} 5] EV, o= B3 1 7)) Adt
o & =& F7ke} I =] Jth(Furue,
2020; Kim et al., 2008). ¥ 17 ollA]= HaCaT A Z o4
TNF-a/IFN-y 255 &3 AL olEY] 95 S %
st &, A WEE FEE| 954 Vs AE {4
ol v 2= JFS I8kt [11 4]9] Ao m=
i, TNF-o/IFN-y ] 2]¢] ©]&F FLGS} LOR --34}o] uk

N w » o
N 1 f 1

IL-18
mRNA expression (fold)

o_
LP (ugimL) - - 25 50 100
TNF-a/IFN-y - + + + +

EE9| AO|ETIR]

=
el vlaL, #**p<.001. TNF-o/IFN-y A 2|2} v] L, ###p<.001.

i)
e
5 1.0
.% Pn
U] 2 it
T -
x
< 057 ook
4
o
5
0.0-
LP (ug/mL) - - 25 50 100
TNF-a/IFN-y - + + + +

[33! 4] TNF-«/IFN-y 2 REEl HaCaT MZ0M EXz| WES FE29 I7EY J|ls
A g3} v I, **p<.01, ***p<.001. TNF-a/IFN-y =] 2]

2.5+
= it
k=]
g 2.0 -
c it
2 1.5
x »
og
~ g
H 1.0
< ok
4
& 0.51
€
0.0-
LP (ugimL) - - 25 50 100
TNF-a/IFN-y - + + + +

AL 2

3} 1) 5, #4p<.01, #HHp<.001.
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LORY| WHlo] 5 o]&H o 2 Folal7 F7}8laL, &
3] 100 pg/mL A elollA BAH oz 714 & 88 537
7} B =) o]t AF= LP7) 92 A E Yol A
FFoZ <l Aste 7Ry e FHAES] HES
B HA F IS BT, 9 B 9 B 75 7
< B3l ol2y] v 3¢ S slol] 719 = 52 AL

H E0] FLG, IVL, LOR 59| %
S 3B A 2L et 7|E AT E
z ,2023; 229 9], 2018).

5. HaCaT M=o Hx2| WES

ChT w0l ofxls P

FZ29| NF-«B

NF-kB+= otE ] 9]7-¢1& Z9kek ohofeh v ¢
)5 A ko] Wl of] A1 Atz IAE U

1, NF-kB] ?liksh= A% A wd o] €515
3= 34 @A 2 2Hg-shoh(Kawai & Akira, 2007; Yang
et al., 2018). TNF-a/IFN-y2] A= HaCaT | ZojlA
NF-kB A5 d9-g &4ds)ste] 95 ke 2 o574 7]
S Aol 7lofsl= Ao 2 HuFEJrHYang et al., 2018;
Weidinger & Novak, 2016). [Z2® 5]2] Z3}o)|4] TNF-a
[IFN-y §5 A2} p-NF-kB p652] g vz o
H] of 20 £ 0 2 fFofsHA S7HAIA ol A5 AS
o oJ3 NF-kB 427} 843305 HolF+e 23 =,
A5/ Atel 7Rl H ARTRQ W F7te] Ax= A
Hoh v, A2 9Es o 558 25,50, 100

ug/mL F=2 223 Foll X p-NF-kB p652] ¥l o]

B oE&H o R aelol). dAe BEE e F5
=& AP oM e e oy frolsl HE el
p-NF-kB p65 i
NF-kB p65 T S— — N a—
LP (ug/mL) - - 25 50 100
TNF-a/IFN-y - + + + +

[38! 5] TNF-a/IFN-7y 2 SZ=l HaCaT MZuM Exz|

AR ZstE AAlshs a3 e S g1E 9l
Atk & A= A HEF e FE2E

p652] 212k3l A2 53 NF-kB 415 A= 848 A3
o 2H A5 Als e ik ApdshE bl 7o F S
< HojEr) o] 2fgh 7142 oA Sl E A RIFQI(CCLLT,
CCL22, CCL5) ¥ 454 AFolE7}FQI(IL-6, IL-1B) -4
2Lk 7] Ao} A 5 e, QA e s ol
2 FEE FYS 550 NF-kB oA 2Hgo 2 <l o
o= Ao g Almdth HAE

NF-kBe] & o] Bx= p65 12kslE Aete] A5 vhe
£ A= thefsl AEo] Rard vl glo #(Dong et
al., 2025; Ha et al., 2022; Oh et al., 2022), & A7 23} &
g WEF o FEE E3 oo} fARgE 73S S5l
ol 3] 7R 7 7152 7HE F S AT ot
A A HEF olehg FE5E2 NF-kB 42 245 5
SR AF st B aiE 7| e AAE V)
W 7157 22X Eéo] 5 0 2 Als Hrt. o] Yo}
7} &F A= NF-kB A= A o]9]dl= MAPK
(p38, ERK, JNK), JAK/STAT, Nuclear factor erythroid
2-related factor-2/heme oxygenase 1 (Nrf2/HO-1) & o}
E3) )3podst A T NEAR L 8}/ 0E 5
AgrozH, AAe] BEF oA FEE| FIF £t
b A2 208 Fol vehbeA 138 Pavt Aot

Fod% 24

IV, ook @ A

1 9370 A= TNF-o/IFN-y & o}E3] % 317
HaCaT A ¥5E B0 2 9x)e) s oehs
F9Z % oA BE T2 B 4
o}
w

o]

o

L

4z

o T O

=
s AehE FEE2 AE YESES AsfshAl

o i
Sl
T Y

_I:l

s M b
» o &

(fold)

p-NF-kB p65/NF-kB p65
2

e
o

0.0-
LP (pg/mL) - - 25 50 100

TNF-a/IFN-y - + + + +

WUSRE FEEO| p-NF-#B PBS/NF-«B p65 Tl il

T3] 2] 23} H] 3, #¥p<.01. TNF-o/IFN-y =] 23} 1] 3, ##p<.01, ###p<.001.

- 1030 -



217t m|FZEAM ZM Bx2| WES olEtE FEE0| of=m|H A2rtel Ul olXls 2ot 7

W 12125, 50, 100 pg/mL 5504 =g o, d54
AR7}QI(CCL17, CCL22, CCL5)Z} Alo]E7}FSI(IL-6,
IL-1B)] &S F-olahAl ZHaAZv). gk 97738
& §-72}2] FLG, LOR®] 98 A3}7} TNF-a/IFN-y &}
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