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Inhibitory effects of Broussonetia kazinoki twig extract on
allergic inflammatory reactions in TNF-&/IFN-7-stimulated
HaCaT and IgE-sensitized RBL-2H3 cells
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Abstract Broussonetia kazinoki twig extract (BKT) is recognized for its antioxidant and anti-cancer
effects and natural whitening properties. So, it is used as a raw material for cosmetics. B. kazinoki
twig is also an edible raw material. B. kazinoki has been used in Asia for paper production and
oriental medicine, has anti-diabetic effects, and contains various flavonoids and alkaloids. In this
study, to evaluate the efficacy of BKT on allergic skin inflammatory responses, we investigated its
effects on factors related to skin inflammation in HaCaT keratinocytes and allergic responses in
RBL-2H3 cells. There was no cytotoxicity of the 70% ethanol extract against HaCaT and RBL-2H3
cells. In HaCaT cells, stimulation with tumor necrosis factor-alpha (TNF-¢) and interferon-gamma
(IFN-y) increased the production of several chemokines, including thymus and activation-regulated
chemokine (TARC), macrophage-derived chemokine (MDC), and regulated on activation, normal T
cell expressed and secreted (RANTES). However, it was observed that this elevation was notably
mitigated in a concentration-dependent manner upon treatment with BKT. Furthermore, BKT
treatment demonstrated a significant reduction of A-hexosaminidase and inflammatory cytokines
TNF-¢ and IL-4 in IgE-sensitized RBL-2H3 cells. Thus, it is expected that BKT can be used as
a natural cosmetic and food ingredient that effectively suppresses allergic inflammatory reactions.

Keywords Broussonetia kazinoki, anti-inflammation, anti-allergy, HaCaT keratinocytes, RBL-2H3
cells

1. M2

[

Ao ARSlo A mEASI G A w2 AZF AT 4] dofl JFE vAE= et EAR
ZHEE, olfet EAl= 24, 37 o, gE 24 9 ghejEjot k&, 544 89 5 ohet
07 Qlsf F7kstal Qe “7‘401‘4@66 5 2014). o]3t HEHZH deA] vhe-2 DR AEA L
4 HIN O Sstel AT Akl ogf Y, BRAE AlE 2 2R &5 2E2 A5 ¥

A9] AYE 2Este H £ 42 FK(Chung 5, 2011; Kim 5, 2023). 5 1 Z-EFGA|
QI keratinocyte= H1Fof| EAsk= F8 4 AZE, Al £33 B 1
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B. kazinoki alleviates allergic inflammation

QITHOS} Jang, 2015). 0|23t B RZHA L7} 2
PRI FEotal AEHA o] a2 =W thgRt ARl
(chemokine)@} AFO]EZ}FR](cytokine) 5 F5 W7 AAE A
ARk (lo, 2022). A7)0 TR 2402 ARzt Ao]E
7ielo] A4How AYEY BRAS 9 AZS FUsiol 3
54, 24, o= 3] F(atopic dermatis, AD) 52 3|72
go] F=Hth(Hudson, 2006). Ao 23] WAol= HFE-A
A% F ol 94 AD+= T-helper 2-type Al %(Th2)<] 1
Weozo A W Thy B AlEFIY Qe
(Interleukin, 1L)-4, IL-5 ¥ IL-139] £H] Z712 A9 th(Lee
5, 2010). t5E9] AD 3HR}= Thl A E 47} ZASHL Th2
BH&o] 8 4 U AEHEFN-)T 22 Thi Afo|E7}
019] w7} Yon(Lee 5, 2010), %7] WIZEEY E
(immunoglobulin E, IgE) AJAF & o|& A =2 A/IgE ¥H-S-3}
o] QU 7hs/dol =2 A= U#A SlthBergmann 5,
1998). Th2 A% Thymus and activation-regulated chemokine
(TARC/CCL17)1} macrophage-derived chemokine (MDC/
CCL22)9]| 9J5ff FE==H, TARC ¥ MDC= ADS} 22 g%
s Aghe] el $aT AL ot A0 AR o
o] Ao A, AD 29| E3 5 TARCS} MDC AR7IRI 4=
o] AASHA 55t ol2fet ARl 29 A5 At
o A9 A4T Tt AHEAE Sl AR AHUG
(Furukawa %, 2004; Hashimoto 5, 2006). T&0], ADQ} &
2o] Q&= E o2 A& 7}QI9] Regulated on activation, normal
T cell expressed and secreted (RANTES/CCL5)x AD2} 0|
Je Aoz Ad#A JrHomeye}t Zlotnik, 1999). RANTES/
CCL5%= AD 3219 miolA £2 L& HEEon, o
AmziRle] F8 FFYE Y HfoME=E gRIFSIt
(Schroder 5, 1996).

AR W2 FH] Aol ofsf FEEH, BTEAZ(mast
cel)} S 7| HHY 113 immunoglobulin E (IgE) 4
121 FeeRIol| A3ttt o] ¥Hg-2 L2 A] T APo]E7R1
4 92 2, Al W ¥ AFAFROS) B4 9 F A=
ggslE o]ojAti(Itoh 5, 2011). E3, histamineT} p-
hexosaminidase 5°] W& 1, G54 Alo|E7FRI[rat tumor
necrosis factor (TNF-¢), interleukin-4 (IL-4) 513 95 wi7i
AE FEsto] 2R Ag o 23 dTS SHrh(Chung
%, 2013; Sicherer¥} Sampson, 2018).

S (Broussonetia kazinokiy= OA|o} 7oA Q 259t
o] Az ¢ oSt G2 AGE|S] gtk JuUbE FEES
ostofl A 3M, =T T HFEAS e ARGEH Tk,
JUEY 850 913(Cha 5, 2008), EJ2ALA] E Hzid gt
d(Hwang®} Lee, 2007)7} AFsHd 4 74k AA(Ryu 5,
2003)5h= A5l HEQIh &R HkEolA guE ot
7}A]o] &= broussonol A, B, C, D, 12|31 E (Zhang 5., 2001)
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9} Z+2. Zg}H 1-0|E9} broussonetines A, B, W, X, 181
31 (Tsukamoto 5, 2001y ¥ Y=o|ES 331 A
o7 A UL, guF E7] E AA9] FAF, TEHA
50| H1% 9Ot (Lee 5, 2008; Lee, 5, 2010), AA7HA|

U 7K 529 duREF, YA A5 HAEA] &
ottt et E o] Al+= HaCaT (human keratinocyte cell
type) A|3EoA TARC, MDC, RANTES A= H3slE 53t
SUE 71K 2&259] $95 857, RBL-2H3 (rat basophilic
leukemia cell line) A3 B-hexosaminidase <%, TNF-¢,
L4 455 Wste B8 YRR B WA stk

Q1L ol

I

2. M=z 4 diH

2.1. 7 I === HZE

AZEH 9YUF 7M1= A 2k%(Chungju-si, Korea)ol| Al
Fsto] AHgSHRTE. ST AL 510 mme] 2712 B4t
Atk FE= AXE Fsto] Z4E ST 7HA 1 keofl 20 L
9] 70% ofer2-S 7lstal, 80T OA 6A17F B9t 222 51Tt
Filter paper (Advantec, Tokyo, Japan)E ©]-&dto] FEHS o
73t 5, 314 7Hts3:7](Tokyo Rikakikai, Tokyo, Japan)&
=0l 5Z2AX(FDU-2100, EYELA, Tokyo, Japan)s}od
£ 2US A22 A8

2

2.2, HaCaT O2ZtEME £ RBL-2H3 ME HISf

AR HiFS Lee 5(2020)9] A3 WHE o]&stgich Ad
of AREH 9I7t 98 HaCaT fHZHEAMEE cell line service
(CLS, Eppelheim, Germany), RBL-2H3 A|ZX= American Type
Culture Collection (ATCC, Rockville, ND, USA)Z 5§ £oF
who} AR5} 01, HaCaT THEZHEA X E 10% fetal bovine
serum, 1% penicillin-streptomycing Z7}3t Dulbecco’s modified
Eagle’s Medium (DMEM) ¥ A], RBL-2H3 Al|Z+= 10% fetal
bovine serum, 1% penicillin-streptomycing 7}t Minimum
Essential Medium (MEM) B A& AR&5}] 5% CO,, 37C Hj
G704 wiFste] Aol ARg-SHH

2.3. HaCaT LI2ZIZUHE & RBL-2H3 ME ¥Z=

5y

ST 714 3529 HaCaT 3 F22A| 22} RBL-2H3 A
o] gt AlE E44E Ha 5(2020), Lee 5(2023)9] S Far
S} 0, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assayS ©]-&5}o] H75}3tt. HaCaT I %2}
AA|ZLE 2x10° cells/well 2 96 well plateo]] E35}+11 24A|7¢
9 v &, 10 ng/mLe] TNF-¢%} interferon-y (IFN-y)7}
238 DMEM 180 pLe A& 20 uLE d7}8Ha 24417 A
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oFateict. RBL2H3 AZL 3x10° cells/well] &2 24
well plateo] 255111 24A]17F 59 v 2 anti-dinitrophenyl-
immunoglobulin E (anti-DNP-IgE)S 373t MEM HiZ| & AF
85109 24 well plateo]] AL E B3 24417 B 4oL
A& A8 T 5 pg/mL MTT7} £3HE DMEM HiA 2 243}
T 4A17F B9 HjFtLE. o] A5G AAST DMSOS
go] PAH formazan AAL &5t 550 nmoA SFEE
24319,

2.4, HaCaT DIEZIZHEE 0S5t G5 24 55

HaCaT WEZEA| LS 0|83t FHT B4L Lee 5(2014)
o] W& o]8ato] A5t HaCaT HREZAAAN RS 2x10°
cells/well= 96 well plateo] H-5}31 24A17F B9t w53t
0]% AS5HS W% AHASIIL 10 ng/mLe] TNF-¢2} interferon-
7y (IFN-y)7} 235 DMEM 180 pLe} A% E+= silymarin
(positive control) 20 pLE A7}5tal 24417t AjulFstich
TNF-g/interferon-y (T+I) 10 ng/mLE 3% HaCaT 347}
QAR IR A4 2250 €T SHL MTT assayE o
$5j0] B7HSIelc). ek W% F AEOl] £ASHE TARC,
MDC, RANTES §=F2 R&D systemsol| A 7-J$t Quantikine
ELISA KitE ©o]-&sto] ARAl 230 wet Z74st3ict.

2.5. RBL-2H3 MEE 0/&3} f-hexosaminidase
Ao Y 53

SUR 2330 goex s Fls] skl 4
hexosaminidase WE&FS S45FAU Tt f-hexosaminidase W<
F 574 Lee 5(2020)9] A3 WS 0]-&5}3ith RBL-2H3
M EE 3x10° cells/wellQ] B]E&ZE 24 well plateo] E3=5}11 24
AZE &3 HjglGint. o] % ZF AlZE5S 1X PBSE ©|-&5t
A|A35}aL 0.05 pg/mLY anti-dinitrophenyl-immunoglobulin E
(anti-DNP-IgE)S 3H33F MEM HJXS ARRSlo] 24 well
plateo] A|EZE EF5HL 2447 B ARSI AAE
RBL-2H3 A|ZZ 1% FBSE X g5H= MEM HIA|Z 23] A|F
3 ¥, 160 uL WA @Aak 2087 wepatelck, e 3
S5 SR 3|Asto] Ajaof AP star 1A17F vk #, 0.1
pg/mL DNP-HSA (Human serum albumin)E #2|8}al 4A|7F
St i & ATHS AAEE 4T, 13,000 rpm, 104)5}%
o AR F A4S 25 ulE 96 well plateo] &7]1,
0.1 M sodium citrate buffer (pH 4.5)°] 10 mM=Z 3|4 %]o]
Q1= 4-p-nitrophenyl-N-acetyl-8-D-glucosaminide2 50 pL &
gote] 1A &Rt 37ColA §HESHTE 0.1 M carbonate
buffer (pH 10.0)E H7}5t0] §H3-2 FZA7]1L 405 nmof| 4] 2]
5% E microplate reader (Bio-Tek Instruments, Winooski,
VT, USA)E ©]&sto] 731t

https://www.ekosfop.or.kr

2.6. Cytokine 45 =&

A|ZuiFe! 9] rat TNF-¢ (Abcam), rat IL-4 (Abcam,
Cambridge, UK) 32 Chung 5(2020)9] BH-S 115t
ou, ELISA kitZ o]-&3to] A ZA} A o] wa} microplate
reader2 =73}t

2.7. &Hxe/

2 A7 AnES 33 B 49L Suoly, Bad 1en
ZHmean+tSD)E UEF T Z+ Hlo]E|+= statistical package
for social sciences (SPSS 29.0, 2.0, IBM Corp., Armonk,
NY, USA) softwareE ©]-85}0] one-way ANOVAES At
% 99)40] Leht 29 Wk 7+ 9229 Zol2 Duncan]
AFAR <0052 ek 740] Aol AR

3. 2at A uF

3.1. §LIF 7IX] £=5ES HaCaT celldf tfst HZ

=4

HaCaT Z|RZPEA| Lo 5/44& YehiiA] ebe 9y 714
2Z250] L2 AXs}7| 9J5to] MTT assayS 0|83t A X
BEEL RIIY T HaCaT W ¥Z-EAE0] 10 ng/mL T+
9} A|ZE 100-1,000 pg/mL HE2 #2]3 AI(Fig. 1A), &
U 7] 2282 1,000 pg/mL =714 R dib] A%
=70 WehtA] st

3.2. g&E AL ¥ A =2

YU 71 $2E9] HaCaT A|2o] tigt TARC, MDC,
RANTES /40| u]X|= S H7Iotqiet. 10 ngmL T+HE
Aot P& &3t HaCaT oRZHAA|ZLo] gt G424
Am7Ql B4 A 835 SHT A= Fig 29 2ok 2
A8 o4 10 ng/mL T+I A2 E B3 HaCaT TFE-ZZAAEL
9] TARC, MDC, RANTES AJ4Jo] Z7}5]9).2.H(Fig. 2A-2C),
100, 250, 500, 1,000 pg/mL9] TH}FE 717 2&E2S A5}
%< ©f TARC, MDC, RANTESE T2 tju] g&4 A=
7}el A AA&o] 27+ At 60.45%, 50.94%, 69.65%=,
positive control?] silymarin 2t} § &2 AAEAALS UM
on, FEo&F 0l dF4 Arsiel A4 AAS UERfI.

AR 2+ Ed AEFQ HaCaT A= G354 A&
7}QI(TNF-¢ Z IFN-y, T+I) #2] A] IL-62} Z-2 Alo|E7}QI,
IL-8, TARC, MDC 9 RANTES®} Z-2 AR7IQl 2ulE £
sto] ADE Fidol= Ao2 A SthEom 5, 2022; Ha
> 2020). ERL, AAo)A] m)F o] EAfE o] Flo] Aol
XEotd 2t/ dM = TSLPE &H|oto] =214 AlZE #
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Fig. 1. Cytotoxicity of Broussonetia kazinoki Twig extract (BKT) on (A) HaCaT and (B) RBL-2H3 cells. Cell viability was measured
by MTT assay. Values are meantSD (n=3). Different letters (*™°) on the bar indicate significant differences (p<0.05). NS, not significant.
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Fig. 2. Effect of Broussonetia kazinoki Twig extract (BKT) on (A) TARC, (B) MDC and (C) RANTES production in TNF-a/IFN-y
stimulated HaCaT cells. HaCaT cells were co-treated with BKT and TNF-a + IFN-7 for 24 h. After treatment, the production levels
of TARC, MDC and RANTES were determined in cell cultured media and using a commercial ELISA kit. Values are meantSD (n=3).
Different letters () on the bar indicate significant differences (p{0.05).

23] TARCS} 7+ Am7}1019] AL Z7}A|7ItHLee, 2010). 2001). G4 AR FFHS-S vj7sH= QAR M85
ol#gt AR YA FF, AD, A HIF SolA & o] REAS 59 FEUATE € S long miAS T
SJstA F7tohe AREA AL, Hl”“ilit Th2 NZES 4 Aol A9t ARE HeAE ol AFA AmIRI A
Z 9= olgAl7lE IS Ftrk(Sandoval-Lopezd} Teran, ‘do] AA|=]ojof gttt

Ol
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U 7 &80 37HA] ARl TARC, MDC,
RANTES A/g0ll 2= F3-& R1st A7}, 10 ng/mL T+
o 9J8] Z7}¥ TARC, MDC, RANTES 84S 8-2/5H4 <
At & AFATs ST A7 JRAEA LA A
BRI RH|E oAste] gAY TR A4F WS ATHC
Z AT £ A AR AREE S 1SS AARE

ok
i)

3.3 EILIF 71X ===9 RBL-2H3 MZ0f Lzt A
7z =4

RBL-2H3 A|2o]| /5 UehA] = Uy 7 55
o] F=E ZA5t7] 95t MTT assayE °]87F A ZBES
< 3915}tk RBL-2H3 A|XE DNP-IgEE 7&35t 3 A|5
£ 100-1,000 pg/mL FE= 2|t A¥}(Fig. 1B), S+ 7t
A 2ZEL 1,000 pgmlL SE7HA] R g Al ZEA o]
UERA] gkttt

3.4. EILIZ X =520/ f-hexosaminidase 2=
ol Ojxf= Zgf

DNP-IgEo] 9J&f 725 RBL-2H3 AJEOA HUE 71X
25 100, 250, 500, 1,000 pgmL &%= A7} g-
hexosaminidase ¥I&0] U&= J& Fig. 33} Zt}. RBL-2H3
cello] DNP-IgE 7H2F & DNP-HSA *2]+= S-hexosaminidase
WE2 7ML, $7HE B-hexosaminidase= SHUHF 71X
2280] oo SEATHOE FASHOH, UT A4 =
Z5 100, 250, 500, 1,000 pg/mL FTofA ZZ 2.70%,
6.50%, 54.25%, 98.35% ZFAS}HT

HRHA 2= 2f2]9] F8210] B HIAZREA, HITHA
Zetyl B olf= Hof Hls] Aol Wi Al=d o
TS Bol Zia Q7] fiiZoloh. wEhA] LEA] HITAIE BE

[
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a a
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Fig. 3. The inhibitory effect of Broussonetia kazinoki Twig extract
(BKT) on B-hexosaminidase release in IgE-sensitized RBL-2H3
cells. IgE-sensitized RBL-2H3 cells were pretreated with BKT
for 1 h prior to exposure to DNP-HSA for 4 h. Values are
meantSD (n=3). Different letters (™°) on the bar indicate significant
differences (p<0.05).
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2 5¥7] AM*%E(basophils) RBL-2H3 A|Z7} Wo] ARE-E 3L Q]
TH(Chen 5, 2012; Passante@} Frankish, 2009). E3F, o]& H|
THA| 22 7F E4951E Q1S o] EH| 5= S|AERI] 5=71 Wol 9
AEMIT} 3HA BH|E= B-hexosaminidase A4S 202
A Y =g & 4 AH(Chung -5, 2011; Chung 5, 2013;

=
o
>
o
9
3.
2.
o
2
o
o
i
12
)
fols
={
i
N
N,
N,
0
Lo
s
i

-0
LA WSS GAT 5 Ut AFOR ALY 1 LS
AT 5 Y ARl BET S %S Aol APIUE
WERZAE L 5 AN Lof]
2 A7o4 A8 R 1
52 PFoRA YL E} 9L ¢ 4 Ak

o

3.5. L7 FX] =20/ TNF-a, IL-4 &&0) 0/x/

CE-E

YUF 7HA] 555 DNP-IgEof| 93] 72 RBL-2H3
Ao A3t A1}, TNF-g, [L-4 H&o] 0]H]= JFL Fig.
49} 7t} RBL-2H3 cello] DNP-IgE 732} & DNP-HSA A2
+ TNF-¢, IL-49] W& S7HFH L, 571 TNF-¢, IL-4=
SRR 7hx] 22E 250, 500 12T 1,000 pg/mL S5 4
of o3 #Aastion, U 7] FEE 100, 250, 500,
1,000 pg/mL SEo]A TNF-¢7} Z+2+ 22.52, 49.23, 89.10,
98.13% ZAsl L, IL-4= 6.03, 63.35, 89.18, 89.22% 74
steict

WL A|E7 SR TNF-o9} IL49] el B} 5
7Hel= A0 ® gEA QUth(Lee T, 2023). QFEAlOPA S 323
3 Bepuio|s 5 teRgt AxfSo] YeiA AERY EL 5
SR04 A 7RI S AT EN LA T A
2 43 E = 9l Aolge EiEo] 1 (Chung 5,
2011), A5 G4 F2E A7 2 9 4EA| T AR
7FI(TNF-¢ 181 IL-4)9] S AATOEN FATA|
7t ok B sk th(Lee 5, 2023).

SUE A5A0R Folo A, 954 A% © A
& A®mdh= Fo R Aot TS, U= o]axyds}
(isoprenylated) %! &I S](prenylated) S=Fk(flavan), Broussoneinine
M, O, Pe} Z2 Q&4 e xddote Z0E dEA
QltH(Cho 5, 2014; Shibano &, 1997). GUYFE Z35t S
kg AlEol= UG 2 AR B50] Qe By S
ol=g me HmA SgEel Egsol Yos(Cho 5,
2014; Diaz 5, 2012), 9u7e 33k, FALEG, EEAIUA
9 dztd 4 A 5(Cha 5, 2008; Hwang¥} Lee, 2007;
Ryu 5, 2003)2] o8] &50] B &It ofof & AFolA+=
SRR Zp7b 848 TR 293 HES] HaCaT A%}
S9714 WEY BTA|EQ] RBL-2H3 Al Zo|A AR, -

for
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Fig. 4. Effect of Broussonetia kazinoki Twig extract (BKT) on (A) TNF-¢ and (B) IL-4 production levels in IgE-sensitized RBL-2H3
cells. IgE-sensitized RBL-2H3 cells were pretreated with BKT for 1 h prior to exposure to DNP-HSA for 4 h. Values are meanSD
(n=3). Different letters () on the bar indicate significant differences (p¢0.05). TNF-o and IL-4 production levels were determined

in cell cultured media and using a commercial ELISA kit.

hexosaminidase W&, @54 At|EZFQIQ] EHo] el FgF
< ‘:‘“6}%“%

AT A, GUF 7HA] FE80] HTA 27t 243k
us -‘:',._—H]Ht B-hexosaminidase @ AFC]EZ}QI(TNF-¢ 18|11
IL-4)9] F&EZ A oHA JAI B2 HFNZR Qg &
4] §h E= A5 Adtoto] LEA] Aet s &

EZ 4 g A0 Az,

4. 9
SURL GuS FY AT ohet A nsl s
O %

& 9o} i}xo% A2 A Shipre] dat AR 4
:  41go] 7hse golch SR ofAlofol 4
Fo] A= % Ty T2 AGHUT FPu 59 Tl
glo], thyet Befri-o|=of AR =S BFelE R
i Sitt. 2 Ao Sy 389 59 924 2ol
A 8l e 858 Wheb] Aok, maeT 24P P4
o 5% oAel RBL2HD A9 Sl B oAs B
A A DA Y] Tt oﬂ%owu} HaCaT %
RBL-2H3 A3£o] gt 70% ofle-E F2E9] AZ=42 Ve
UHA] QFQET}. HaCaT A|3Zo]A] TNF-¢9} IFN-y ] A=0& #
27I9I(TARC, MDC, RANTES) AJ4Jo] Z7lslgion, Al
Aol weh sroEdos oy A HasiAH e,
IgE A&z Z/4stE RBL-2H3 AM|ZA F7H6k= 8-
hexosaminidase H[&3} JZ4 Alo|E7}Q] TNF-q, IL-4 A
o] AlZ HYE folHom Ftashs S Sl ue
S A SRS Y @3S A5 auE 2 A
5 SPAE 9 AE g &8o] 7pss Aorg dAl=T)
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