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Abstract

Purpose : Keratinocytes are the main cellular components involved in wound healing during re-epithelization and inflammation.
Dysfunction of tight junction (TJ) adhesions is a major feature in the pathogenesis of various diseases. The purpose of this study
was to identify the various effects of a Sparassis crispa water extract (SC) on HaCaT cells and to investigate whether these effects
might be applicable to human skin.

Methods : We investigated the effectiveness of SC on cell HaCaT viability using MTS. The antioxidant effect of SC was
analyzed by comparing the effectiveness of ABTS to that of the well-known antioxidant resveratrol. Reverse-transcription
quantitative polymerase chain reaction (QRT-PCR) is the most widely applied method Quantitative RT-PCR analysis has shown that
SC in HaCaT cells affects mRNA expression of tight-junction genes associated with skin moisturization. In addition, Wound healing
is one of the most complex processes in the human body. It involves the spatial and temporal synchronization of a variety of cell
types with distinct roles in the phases of hemostasis, inflammation, growth, re-epithelialization, and remodeling. wound healing
analysis demonstrated altered cell migration in SC-treated HaCaT cells.

Results : MTS analysis in HaCaT cells was found to be more cytotoxic in SC at a concentration of 0.5 mg/m¢. Compared to
100 1 M resveratrol, 4 mg/m¢ SC exhibited similar or superior antioxidant effects. SC treatment in HaCaT cells reduced levels of
claudin 1, claudin 3, claudin 4, claudin 6, claudin 7, claudin 8, ZO-1, ZO-2, JAM-A, occludin, and Tricellulin mRNA expression
by about 1.13 times. Wound healing analysis demonstrated altered cell migration in SC-treated HaCaT cells and HaCaT cell
migration was also reduced to 73.2 % by SC treatment.

Conclusion : SC, which acts as an antioxidant, reduces oxidative stress and prevents aging of the skin. Further research is needed
to address the effects of SC on human skin given the observed alteration of mRNA expression of tight-junction genes and the

decreased the cell migration of HaCaT cells.
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2 FAE, of HAl] B3t /1SS Hurag Yy
HRIRHREION 371 3514 98 A58 7

2o glu, I REEN] 47]% FRolA 19564

84 lodd AH 7]=o] Atk(Ga 5, 2007).
ZFo] B Al(Sparasis crispa)> H At &, TFEAOIHA

2, 2o|m AT, BaolwAbo] 431t WAoR o

guet Wk obUeh A, F3 43,

Holu]e)7 o
wxo] glrk AUFE e 2o g% EL ofw
of o Wasknl, Ao G wow Aasiu v
o gL Uu HEHoR Ao Wik E 25 L
sre Aol QLo Al ghom Mi AT Sod ol F

o ‘E}(Cho 2012)
SRR FolA AAA(TEEE F
U= "}—1—4 =74 Bl 7185tk -Hu:% d
S5t L AR AEgor AREEoo] ghomn,
=01 o] 7HA] ¢fel3] mgo] HE A AAkS5%14
2 Zhgukn 9QlthLee £, 2016).
A S53 F gk 7RI oheret dda
Bk opuet gHabsl, ¢, ek WS
| = Aoz d#A SlthAn 5, 2019).
ZEo|HAL F2 =7 QL FFETHproteoglucan)o] L}
W el ZFF7HB -glucan)S. 2 & 8 2 €l (polysaccharid

es-Krestin), 4~1 3 H(schizophyllan), l E]t(lentinan), T}
SA|-P(polysaccharide-P), &AstE oetd UH 3gE
(Active hexose correlatted compound; AHCC) 5o] &S
Ol£I rhKwak, 2019). o BHEE FAAAE
(Dendritic ~ cell; DC)o|u}  thAAH|329] A A A4S
(phagocytosis) &-gof 2-&sto] -2 F9 WY 7o
SAAA Fh DC= He 240 ALF FEo] gle
HA Az WA 7)o Agshe AlEZsolal, o]

DCeo| 8 H=el 27| 25 AA| Z(Langerhans cell)} ST
Al 2E(Kuffer cell)= 242} u] 59} Thof] 2o 1 23|

o] Wl 7]5-& ©strh(Han, 2020).

A A E A, ZFAF(gap junction), W2 j(tlght
junction), F-2}A%(adhering junction) 2 AR
(desmosome)2 E&H3F H 7}x| HEAH o]l ESH ;\ﬂ z

2 FE7F QA AT 7o) Ay 43S et 1
S

=]
oAl 7H dubAQl A2 W2k F(tight junction; TJ)OI

o, WHAHTDS AEh AE F7E Aol T
wgslo] glek. AZ ol A WHAYTHE Lete] 9@
23 T QAL o15S

Schmidt-Ott, 2017). T3+ u]F o
fR HES fAS HE Fad
(Tokudome, 2019). 12|l Fof A a]F L2}
% Claudin 12 ZHAAS 1] 2734
wol &dol wgHE Ay A} w
(Volksdorf &, 2017).
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H A3]of 100 U/mL penicillin, 100 » g/mL Dulbecco's
modified Eagle medium (WELGENE, Korea), fetal bovine
serum (WELGENE, Korea), filter paper (Advantec No.2,
Japan), 2X Prime Q-mater Mix (GENET BIO, Korea),
DPBS (Corning, USA), potassium persulfate (Sigma, USA),
Tripsin-EDTA  (WELGENE, Korea), MTS
(Promega, USA), RNase inhibitor (Enzynomics, Korea),
streptomycin (WELGENE, Korea), 5X M-MLV RT reaction
buffer (Promega, USA), ABTS (Sigma, USA), M-MLV
reverse transcriptase (Promega, USA), eCube Tissue RNA
Mini Kit (PhileKorea, Korea) 50| AR5 Qi AR5 7]

7]+ ultrasonic cleaner (Branson, USA), CO2 incubator

solution

(Thermo, USA), rotary vacuum evaporator (Eyela, Japan),
water bath (HAAKE, Germany), AriaMx (Agilent, USA),
The Qubit 2.0 Fluorometer (Invitrogen, USA), microplate
reader (Molecular Devices EMax Plus, USA) 5|t}

2. g

1) AlEY

B ool FjEAow AfE AFUYE HaCaT A
w5 L], GEAERAW 264.7), BHEA L] A
3 APUNE Folo] mEHOR ALHL Qe A
A% 24 7142 A85UcHCho 5, 2017 Han 5,

2) ZE0HA E+FE= M=
]_

FEEoIHMA 50 g} 1

ABTS radical scavenging activity (%) = (1

of ¢ H& T R APoREH 2 AR 7kgste] F

=% 7 FEAS oIA(filter paper)E o]-g5t] Y

ofgt F oS IH 557 (rotary  vacuum

evaporator) & AH&-81o] HHNHE AL, o] FHNAE F

BAXRTIE ARESH AR(FERT £T)E ARSI
AL

3) M= B

HaCaT A|3£9] vjjok& 37 T, 5 % CO2 3 A|3E ujjof
H 2ASE 1 % 100 UmL #H YA H(penicillin), 100 »
g/mL 2 E = Enlo] Al(streptomycin) @} 10 % AEjolE A
(fetal bovine serum)o] H7}7} ¥l DMEM-& o]-&3}o] Hjf
Fahcth.

ABTS assayS ©o]-83}o] ZioluAl d4=559] 3

Al égawq.AMS'7mMﬂ AL
ke

24|17 20l A X}Jo*ol =l %ﬂl °ﬂ/‘1 ‘ﬂg*ly ABTS
Arett ds WS QI ABTS ARrebt] 2% 650 nm &
F=7F 0.70] == DW=E 3 As5te] ABTS A&
(working solution)2 HFS0] AFE3}TH 96 well 9] plate
ZF wello]] sample 20 y 12} ABTS AR89l (working
solution) 80 x4 1& &5t & 4 B =oF A= Alg=2 vt
SA17Z1 F 650 nm?] &3 =& microplate reader= =%
sheleh. dAkeks 542 242 05, 1, 2, 4 mg/ml F =5}

11
of SAsHR e, = 4= ol&sl A=A

m

I~

ASample_ASampleblank

) x 100
ABlank

5) HESNE B} FERS SEUE WIS H 24 A2 stk MTS
. ) OFS A FLEF B =
THOA LPFEES HaCaT AEo] Aaig 5 1F WK 3 microplate reader$s O[gstol 492 nm
MTS sy Aaisho] AESAES spelsiqr. O SHES S AERHES 235 9
) T M dAz=E 0 alst AFIL =RI7Fo
HaCaT A|ZE 5,000 cells/well® 96 well plate o H=3} ZEoHA drsEEs AT dd SHUS A=
= 75 1o =2 7) 5 9
24 AZE HIOFSHIEE 22ke] wello] Zgoluisl @ = WP G v SAEE Hlanstel Mg
Uebh gt
20N PLEBS0| HaCaTOl HIE O B2l SAIXIe] WHlof et %& 85



RT reaction
=

=

olat3|X| MOH M=
A (%) = NBEE H7IsE 9 &3 % - Algx} 12} RNase inhibitor 1 z 1, 5X M-MLV
A TFE/ g2 TH5) x 100 buffer 4 ;4 1 712]11, M-MLV reverse transcriptase 1 plE
27k W7heksiey ALoA 10 87k 9 3o 50 o
A 1 AJ7F cDNAE 44314t ¢cDNAE DW 1/10 5%
2 3Aste] AFo AMEstStE. qRT-PCR(quantitative
RT-PCR)S AriaMxZ o] a4 Wbl aie 47
Ae] mRNA F&E =2 Hwskth cDNA 5 4 1o 10
pmol/y 1 reverse primer2} 1.5 4 Inuclease free water 2 g 1
2X Prime Q-mater Mix 10 4 1, & Y3 & HA=
95 TAlA 20 %, = HA= 58 CollAl 20 =, Al WA=
gRT-PCRE 40 cycleZ A A|3}S
= EHA AARe

al
% 197

th Ago)| AFESIEE 1QHE Primer= EFAl (A2}
Z3tE5& t]AF}lSto] genomic

6) X2¥ RT-PCR
Al oFe €3t 6 well culture dish(67] FHo] 9
vk - A], 127.5 mm X 85.5 mm X 15.7 mm)©]] HaCaT /\ﬂ
2 1 X 10° cells/well® B33+ 3 24 A|7F 59F v ksl
o} 1 5 Bho|HAl AERIES T (5 pg/nR
zgsto] Axo] A2l F 36 A7 wjaich. zzte)
A =7 A7HE viA & A ASEL PBSE A4 EE & eCube
Tissue RNA Mini Kit2 A}-23] RNAS 2Zstadch RNA /2 COIA 20
The Qubit 2.0 FluorometerS A}8-3}o] AZst & total 6
. . = exon H-Eo] A5} forward primere} reverse primersS
RNA 1 4 g& DEPC-A2|4:0] H7loto] & RS 8 4 | el e P verse p
. ZV7F = Hol2 =EF
2 2A3% 5 dNTP mix (10 mM) 1 g 19} Random T exon 915 3 =
ion®] &F =2 o} Eo]zx o =
Hexamer (100 mel/,u D1 412 955 27k 65 CofA] DNA contamination®] &E|E=2 cDNAYF E0] =2
_ 2 3o
WA 1 F olgo] WA F, DEPC-Hel 4 ol oA
Table 1, Primer sequence
Gene Primer sequence (5’ to 3°) Prod(%c;) size Annea}ilalgj e
Zo-1 F AGA GCA CAG CAA TGG AGG AA 133 58
R GAC GTT TCC CCA CTC TGA AA
Z0-2 F AGC AGG AGC AGA AGC AGA AG 148 58
R CAT ATC AGC TCT TCC ATG CC
JAM-A F TGC CTC TTC ATA TTG GCG AT 144 58
R TGT CAC GGA CTT GAA GGT GA
Occludin F TTT GTG GGA CAA GGA ACA CA 137 58
R ATG CCA TGG GAC TGT CAA CT
Tricellulin F GGC AGC TCG GAG ACA TAG AG 147 58
R TTT GCT GTT CTC AGT TCC TTG A
Claudinl F GCA GAT CCA GTG CAA AGT CT 136 58
R CAT ACA CTT CAT GCC AAC GG
Claudin3 F GCA TGG ACT GTG AAA CCT CA 145 58
R AAT ATC AAG TGC CCC TTC CA
Claudin4 F CGC ATC AGG ACT GGC TTT AT 131 58
R AGT TGA GGA CCT GGA AGG CT
Claudin6 F GGC CCT CTG AGT ACC CTA CC 136
R GCA GGA GGC AGA AAC AAA AG
Claudin7 F ATG TAC AAG GGG CTG TGG AT 132 58
R CAC CAG GGA GAC CAC CAT TA
Claudin8 F GGC TGT TTC TTG GTG GTG TT 137 58
R CAC GCA ATT CAT CCA CAG TC
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7) MR |FEM(Wound healing assay)

HaCaT A|3ZE 6 well plateo]] 6 X 105 cells/well2 £
2 uj7hx) wjeks) F9ck 200p
tipZ ©]83t¢] HaCaT A|222] ol A3 2j %] (scratch)
GRS PBSE T A|FT T ZolmAl d4id
mg/ml FE® S5k} gt & 12 A7k =

HAu & o]-g3to] AJ7tof| wE 2] +(healing)
o} 9l A=) 2| (scratch)2] H A
A2 SHA] 2 ti2wtdt tfj==s) Al
(%)= HER AT

3t H, plateo] confluent

o
=

0.25
Fsact
2

ol

1

Fstol,
tol

[e] =]
HAYS WA

2=
=

ol

AR

oo oX o2 mn

O

ol o
1o

0.5, 1, 2, 4 mg/meol| A 2+2+ 37.9, 55.5, 77.7, 90.4
Ehed g 1).

100—

H o o0
o o o

ABTS radical scavenging activity (%)
N
o

o

%= L}

25 50 100 05 1 2 4
Resveratrol Sparassis crispa
(UM) (mg/ml)
Fig 1. ABTS Radical erasing activity of SC and

resveratrol,

2. HaCaT A|Zo] tfdt NZzZd=o] g FF

m Z2 3 EEoHA 45550 HaCaT A|xzof o3k Al
AEE MTS assays AAISto] Aol AT 4= Q=
| A = FEY SRS S A} 05 ng/nee] Zolu A A
FE=ES 24 AZF F¢F A 23t HaCaT Ao A t 2=+
Holua Lz Bo] 7L FASHES ABTS tiH] 181.9 %o A2 =E YEeRY T A2 ¢l
assayS =3 SFAISHs o 2 2 e R resveratrold} B] al o] °F 200 % M| Z/dF-E 2Qlste] 0.5 mg/me o|ste] &
4 BFolsteity. 1 AT} resveratrol 25, 50, 100 4 Mo]  EE SATEA REoIHA AeFEE5 HaCaT Ao
ksl GO 7h7h 352, 567, 72.6 %% LERdon & Aefet & A-E sHtHFig 2)
FoluAl 225 A4S G50 Sparassis crispa=
A B 40
200
= s
< 150 = i
= pusg
5 100 3 20
= =
8 SO = 10
[&]
U 11 1 1 1 1 1 1 1
AV P 0 0125 o025 0.5
"~ Sparassis crispa (mg/ml) Sparassis crispa (mg/ml)
Fig 2. The effect of SC on cell viability, HaCaT cells were treated at a concentration of 24 hours,
(A) Cell viability was measured by MTS analysis, (B) The number of cells was determined by
counting them directly into the hemocytometer. *p{ .05, comparison to control,
ZA0|HA YLFE 20| HaCaT2| ME AY 23 REXte| w30l st gk 87
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H
< HaCaT A|3£0f qRT-PCRZ ©]-&-5}of &
3 9 772] mRNA WS 3
QI3 A3t ZFoMAl E4FEES 423 HaCaT Al
of|A] claudin 1, 3, 4, 6, 7, 8, Zo-1, 2, JAM-A, Claudin,
Tricellulin® mRNA ¥t&2S Z+ZF 1.11, 1.20, 1.46, 1.05,
1.05, 1.05, 121, 1.12, 1.07, 1.22, 1.15, 1.108} Z=7}5}<c}.
o] A& 3 EFolHAl dFEE0] HaCaT A9
Wiy 7074 wEel tepsll Wk} tehte 3
2 3915} Th(Fig 3).
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15 *

mRMNA expression (fold)

Fig 3. The effect of SC in tight—junction related
mRNA expression level, After 36 hours of
0.5 mg/md SC treatmented on HaCaT cells,
mRNA expression level was measured by
Quantitative RT-PCR, *p{.05, comparison
to control,
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T AT FES 05 ngnlE ZYote] RpolmAl A4
S&s AET HaCaT N[22 MEolg2 dizat o
732 %2 7HAsttHFig 4).

i

Cotrol SC 0.5mg/ml

Reiative migration area (%)
o

Cotrol SC 0.5mg/ml

Fig 4. Reduction by HaCaT cell migration of

0.5 mg/mg of SC. (A) Typical image of
healing analysis. (B)
Percentage of the mobile area of
HaCaT cells treated with SC 0.25 mg/m{
for 12 hours, *p{.05, comparison to
control,

wound

K
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§ -13-D-glucan®] FH-Fo] T HAlo] M) o
FolMale WelE 4w FAmAA deA WA g
9 ooty ofgomr: AREEI QIth(Nhu Ngoe 5,
2018). A Z=of = benzoic acid A &<l veratric acid 5 2]
Aol ThE wl Ao Hle) o] gHgEo] Qi Aom v
T 9thLee S, 2016).

e

<

88 Journal of The Korean Society of Integrative Medicine | Vol.9 No.2



At
(=]

o
for

A O] v a e} HaCaT A3zl A] W2k o of
= elstr] S AEE sheloh
At AR viE T SRt EAROIA olEgt
AZE 7HAAL = A F2EA o] thE EA49}
Ba5o] 5o E b2 s AR}
TrEolZITh EQE A EZ Yol A d7d o9} A|EE(cytosol)
o Al AAE K Vinay 5, 2014). o3t G4 AS F3}
2072 A A= Fitste TF A oo glof uf
2 = Q3}c} resveratrol2 SFAMSHES 7FX| a1 Qlo] W
A3 Ay B Eick(Mary &, 2011). o]g o]f=
ZEolA dLEFEEET) resveratrol @] HAFEE ABTS
assay= H|al Eelstgich 11 Ay iR oE 3RSk

o] =& Aoz Z AHAQ = resveratrol 100 x MO
£
=

s

K

ABTS @ttt A7 50| 726 %= =2 Uelgton Z
SoHA deFEE 4 mg/mld S EI
resveratrol 100 z M 90.4 %% H %2 resveratrol BT} &=

o gasksol Uekith. o] & B3 Rbolusl A5

%%% esvetatrohﬂL Zo] =2 ASHsS 7P7~1L AL
D:] (e}
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N _lk?_“
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03
=8
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_[i__
o HfH] 1819 %] 1]55%”*35 ‘%EMO‘EP Cho
S(2017)9] Ao A w23t S YEdlon, AlE=
g }el oF 200 % A=A 2}l 5} Liol‘ﬂ“ &

z} O

o =
FrEeEe 0.5 mg/ml °J5he] == 575}o] HaCaT Al
3L

23

Al sz 2} *11—-‘15/\@1—4 A4 8 F PRAR(tight
junction)& A A L7t

omm Mmue] Meld =ueh Audze 24
(epithelial polarity) 71% 454 Ao Zagt A3+S o
thBhat 5, 2020). WZAAJ(T)) 792 2 F 7FA]
ol 4 7] o It A 9l occludin ¥ claudin® &2 -
A=, 1 AFo]of A occludine ZO-1 / ZO-2 / ZO-39] &
A Agsts Aoz ®uwo] 9ltkHiroaki S, 2018).
Claudin 20 7} o]/%}e] ehild = P L F42; A2

o] X (apical intercellular junction)

LB
_]

L
[¢)

2z
=

2lo] "zky X4(T_]) 7tero] 3k uk chul R oo,

SR
Occludin® W ZHAZ(TAE 7]50] 7]ofsts B2t d
(TH-2AEM=0] 714 Tl g o|ch(Volksdorf 5, 2017).
Z0-1& Z7+9-d(claudin)} 2.ZF d(occludin) 1t o}y
o HEl Az ZAc] Adste FRAP M)A =3

H F8 A=z MR Z perijunctional actin?} U2F ZHgH
chanzl el © 22 (occludin)@t 22kt (claudin) Abo] ]
2% g7 4T 37| gl AskA fE gy uty
¢} ®elo] QItkDing 5, 2017). ¥HH Z0-2& E3 Zg
T Qe EHE AEd 9udR AY Alx 242
Z0-13 =549 HIAE I4Y + Sitkdoh T,
2018)

o AE ol THowA
wae g plE A%

—_
w
S

""\1

o A~
=
=]

—‘1%‘%*1 Al 8] o] EM] 5lo] Z““FEQJ
o] Aole] slolAE 2R3 ouIE A o
2 43 A thAkihiro 5, 2016).
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FEE
2]3} HaCaT AM|3EQ] AxEZo]Zo] o3t 282 3Hols]y]
8 AFA 2] g-E-A(wound healing assay)S 213)3}¢ich

AT SES 05 gl ZAIe] ZhoH A 43
282 A3 HaCaT A L] A Zo| 5L BB L T
227} thH] 732 %E AT Cho 5(2017)2 A
Fol A Bl TS vepion], o] Auke Az of
5o sty Fa3 guE AT g AT A
bt Eho|w Al d4FEES M e|T HaCaT A o]
Kol AzolE 74 @Akel] uhe 5o gt Aake o
o2 §e AT s oo} gt
olHst AWEL B BoluAl A4RBEL A
SH5e ZAA T Qo] We] AEH £4e FuHom
A2 4 Qo] WRe] &4 8 el WA= wust
Ae Aow AR, it Tholui d5FEEL
hordt WA SAxe] wde] de dorle A
o2 YZhET) FF Beolnal ApREES BE3ll
FABAE e G5 BA L AESEA 7|
AAT 5§98 QAT AT Aol Wasitin 4zt
ol x| upolr}
V.32 &

ﬂ JY
st 2o AES W 47t
1. @Atekso] vkl 78 & &2 resveratrol} H]
gletdd AA S (free
elimination ability)2 2213t 23} 4 mg/m¢ o] A4S}
52 resveratrol 100 4 M 904 %= e} dFALSH
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