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Donggwaja Suppresses Inflammatory Reaction Via Tumor Necrosis Factor
o.-induced Protein3 and NF-xB

Kyun Ha Kim, Jun-Yong Choi, Myungsoo Joo'*

Department of Internal Medicine, Pusan National University Korean Medicine Hospital,
1: School of Korean Medicine, Pusan National University

Donggwaja (Benincasae Semen), the seed of Benincasa hispida (Thunb.) Cogn., has been used in Korean
traditional medicine to control the body heat and water retention caused by various diseases. Both the symptoms
targeted by the herbal medicine in clinic and studies with disease mouse models support the potential
anti-inflammatory effect of Donggwaja. However, it is less understood how Donggwaja exerts its possible
anti-inflammatory effect. Here, we present evidence that Donggwaja suppresses macrophage inflammatory reactions via
expressing tumor necrosis factor a-induced protein 3 (TNFAIP3 or A20) and suppressing NF-kB activity. The ethanol
extract of Donggwaja (EED) showed no toxicity when added to RAW 264.7 cells less than 100mg/ml. When treating the
cells for 16 h, EED significantly suppressed the nuclear localization of NF-kB, suggesting that EED suppresses NF-kB
activity. Concordantly, a semi-quantitative RT-PCR analysis showed that EED decreased the expression of prototypic
pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-a, IL(interleukin)-6, and IL-1b. EED induced in RAW
264.7 cells the expression of A20, a ubiquitin modulator that suppresses inflammatory signaling cascades initiated from
TLR4 and TNF and IL-1 receptors, while not affecting the induction of Nrf2, an anti-inflammatory factor that could
suppress the effect of NF-kB. These results suggest that EED exerts its suppressive effect on inflammation, at least in
part, by expressing anti-inflammatory factor A20 and suppressing pro-inflammatory factor NF-kB activity.
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A =2 d54 AIEFII ARl mRNA 4E FAste] tumor

necrosis factor-o. (TNF-a), interleukin (IL)-6, IL-18 S3} Z&

¥% (inflammation)> AAHY (innate immunity)] 9 2 AIO|EFRIO) AB4t F7tof| Z1ojdteh. A5/ Aol EFIQI T4

geom AF A, 24, sebA A12o] ogt aAguz ¥E  AE oz Bulgol ot 5B AES BN oA A%
ANE BEsh= a3t A Wo] 7[Hott. 452 I/, W U2 shat, AT

Agha DRk ddelo] Jons ohokdt Aghe] £ e 7|4 AlRE @3EEe2 o 7|des 249 £ ot A ¥HAlE,

olat & & o). waty AZ ¥kl xEL A Xz FAg NF-kB9] ai5 9AAst= o&x ©HAQ tumor necrosis

20ho] = £ gt AFURSOA JHY Q3% AZE= AIAZ factor a-induced protein 3 (TNFAIP3)9] &4d& 53] =H4

=2
(macrophage)c}. o] AZE BZWSS A%, 97, oAl $& & Yo, TNFAIP3: A2002E Feid gid, @50z ¥
& qEe @, g Sol, AF FYol WY B9 AFol 7t HoY NF-xBo] os] wdo| QmEch AYY A0S TNF

o fus
]+ lipopolysaccharide (LPS)Z Toll-like receptor 4 (TLR4)Z receptor, IL-1B receptor, TLR4 receptor 59| recruite]o] &
=3 QA A|ZUY signal cascadeE T35 S EFX AAFQIAL =&l signalingg Z£735}= adaptor moleculeg ubiquitination
9] nuclear factor kB (NF-xB)E &4 3sH}¥. &45tsl NF-xB- F= de-ubiquitinationgtc}. Adaptor molecule9]
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ubiquitination ¥18}= receptoro|A] A]AE]= signalingS A5}
of F3Hoz e FF WL 2PF 4 AWV TLR4
signaling®] 7%, A202 TRAF6Z ubiquitinationslo] 7152 A
5tA]7]1L TRAF69] degradation2 GEstozy A5 £X8 9
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A8, Fa¥). SE(GE) Aol fol Yok stlL ¥

(BTEHIR)SI A AS(RAMER), A5V 5(EIEHR), ¥
(HEAB) G50 Yot 71=eo] JobY. o] sl2e it
7t g0l SWsEE YelEge Azol 2l g Juad.
Z3lAt Z3} (Benincasa hispida (Thunb.) Cogn.)e] X2, ¢
A%, Fast, FarEior F4g s gon?, gt L
4 Az ARME o] Y Aoz Bugch Mxet A
g FEREE o]gst AFoA FIAHE NO (nitric oxide),
IL-6, TNF-agt Zo| @3 &% Al AHE oAstu’s
serum IgE, 3|AEMI, mast cell 84& AA|5t= git7F J-20]
Bngot”. oA ZAiake SHAPL AolEFRRIE FFEA QA
o] BEE AAlstL EF Ao FAE}ezHN A5S AAT 7
& AARRI. 224 SR of| J17eg Ao EFRQlat &
EX Ax9] BdE AAlet= Ao sl & 4 A AA] drh &
ARAN = SHAF AEE FEES o|8st SAAIE TNFAIPS
HEE F=oke, NF-xB 245 dAIRIezN F5x27%0 719
& 7sdel digt AR ZAE AAlst, ol Fsl 1A 715

=
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M=ot ¥

L A} F52

S} (Benincasae Semen)S ethyl alcohol 95.0 % &0z
F&5% FEE (CA04-010)2 F=AE2FEE2% (Korea Plant
Extract Bank)o 2 YE| 29 wtol ALZ51ct.

2. M=ot IA

TLR4o]] Eo]xoz A= U+ US4 (TLR4-specific
LPS, Escherichia coli 055:B5)} human TNF-ot Alexis
Biochemical (San Diego, CA, USA)?} R&D
(Minneapolis, MN, USA)o|A] ztzh 9l5t9ich Nrf2 &4 249l
sulforaphane2 Sigma-Aldrich Co. (St. Louis, MO, USA)ojA]
FUste] A5t Western bloto]] A%l Nrf2 &A= Abcam
(Cambridge, UK)O|A] 1lstgon, 1 9 p65 RelA (NF-kB),
A20 (TNFAIP3), actin, lamin B A9} 2X} §A:= Santa Cruz

systems

Biotechnology (Santa Cruz, CA, USA)of|A] 15ttt

3. A= wj%g
RAW 264.7 M|ZX= American Type culture Collection
(ATCC, Rockville, MD, USA)o|A] tU5t3 . RAW 264.7 Al
8j9F2 L-glutamine (200 mg/L), 10 % (v/v) heat- inactivated
fetal bovine serum (FBS), 100 U/ml penicillin 3} 100 pg/ml
streptomycin  (Thermo Fisher Scientific) So] H7Id
Dulbecco’s Modified Eagle’s Medium (DMEM)2 AI2319ct Al
+ 37°C, 5 % CO, =79 HiY7IAA HigstAL A £
(passage number) 15 3] 0Tte] N2 AP0 ARE5HCH

4. A= =4 533

%t 3520 AEEHL Wrkshr] el Cell Counting
Kit-8 (CCK-8, Enzo)E A25t9ct. 96-well plated] A|ZE BEX
stn, SR 2502 SEEE AW F, 24 AT st
CCK-8 AoFe A7Ht &, 4 A7 59 %7} ujeksta microplate
reader (Model 550, Bio-Rad, Richmond, USA)S o0]&35}o 450
nm FZEA MZ =4S FHsIAT

5. RNA ¥2] ¥ RT-PCR

ARt WL semi-quantitative RT-PCRE o] &3to] &
Q53 Total RNAS RNeasy Mini Kit (Qiagen, Hilden,
olgste] F&F F  M-MLV
Transcriptase (Promega, Madison, WI, USA)E 0]&3}9]
cDNAE 3A4519tt. ¢cDNAE 1:5 end-point dilutiongt &
TagPCRx DNA Polymerase (Invitrogen, Carlsbad, CA, USA)e}t
977 S0149l primerS o] g3t} 7 SRl WAL £ARY
. PCRO| Al29 primere= COSMOGENETH (A2, Tfgtal=)o
FeARstel ARSI,
23} 7}

TNF-a: 5-CTACTCCTCAGAGCCCCCAG-3’, 5-AGGCA AC
CTGACCACTCTCC-3"; IL-1B: 5-GTGTCTTTCCCGTGGACCTT-
3’, 5-TCGTTGCTTGG TTCTCCTTG-3"; IL-6: 5 -TCTGGGTTCA
ATCAGGCGAT-3’, 5 -TGCGTTCTTTACCCACTCG T-3'; GAPD
H: 5'-GGAGCCAAAAGGGTCATCAT-3’, 5'-GTGATGGCATGGAC
TGTGGT-3’

PCR Y22 95 °ColA 5 &7t denaturation 83 &, 95 °C
oA 30 &, 55 ‘CoJlA 30 & 9I235}0] primer?} cDNAQ] ATS
855t §40] 93t polymerization Y32 60 °CoA 40 =7t
olg2ojXc}t. & cycle 25%tt. ZZ% DNAL= 1.2 % agarose
gelo] X7]9%3}3L SYBR safe DNA gel stain (Invitrogen)C 2
AAM S blue lighto]]A] bandES #9159t} GAPDHE SAA} &
9] control2 AR5} 11, Image ] (NIH, Bethesda, MD, USA)

AnEQelS olgstel WA FES $A% SHC

Germany)= Reverse

GAX Eo|A primer sequence: T}

6. Luciferase reporter assay
Nrf20] 9J3] Sw=&E= NQO19] ¥HdE NQOl/luciferase
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reporter cellg AHgsto] FASACHY.  24-wello] EiYRt
reporter AN|Zo| IR EE2L AAstn 16 A B
Luciferase assay kit (Promega, USA)9| lysis bufferg A}g-3t
of &3iAIRIch. Kit] A70d Wdol web cell lysate 9
luciferaseg W3 A|Z] & luminometer2 %735}t

7. Western blot 4

Total protein2 0.5 % NP-40 cell lysis buffer& ©0]&3}o]
Z&5l9 1, nuclear protein® NE-PER™ nuclear extraction
kit (Thermo Fisher Scientific)s ©0]&3lo] F&stYch
Bradford assay2 A% §& =2 9Fo] TiuixlS NuPAGE gel
(Thermo Fisher Scientific)ollA] A7]|g95 sttt X7|ds &
Polyvinylidene fluoride(PVDF) membrane©] transfersto], 1 X}
o} 2 A antibody® Agsto] Thild wde BAstart.

8. &7

a2

A

™ %

Lol BAMS 93] one-way analysis of variance
(ANOVA) (InStat, Graphpad Software, Inc., San Diego, CA)S
Aot L, AFEEA 2 Turkey testE AMEsIITH 2E ZAA0NA

[in

ol
d

p<0.05 9 B9 EAMOZ Sol3t Aot Yt Aoz WU
oh 2E UFe 3 oy SYHo2 APstgct.

2

L SuA 2289 AZ 54 53

LYol YT SUA ol 258 EE 2] Al
HA NZ S48 &015tYUct 24-wello] RAW 264.7 |22 ¥
st1 Zux} &2 0, 10, 25, 50, 100 pg/ml =22 X2]5tF
oh Mel 24 A7 $, CCK-8 kit ol8sto] HEY HEEL
microplate readers o] 83l £&stgct AdZAu, 1w 10 0
pe/mle] =2 NG Az BEEL Mt g dxF A
2o AE& FAA Atol7t AUHFig. 1). o] iz FHUAL F
22 100 pg/ml 55 EY UolHE Ax E4& A9 wolx| &
%ee uoiEct

=

2. SR} FEF gt NF-kBO] 3 o5 X &}

NF-kB= ¥Z%2 E£XI5l= J®A transcription factor 9]
st ol A9 WS4 (endotoxin)?l LPSo] 9] TLR4
signalingo] 4 =W AF9] x=AA}Q I-kB kinase (IKK)o| 2]3]
oA TAQl [-kB7F QMRS E]u FSjE|HA NF-kB:= 43}
SIcH?. &3t ) NF-kBE NZAO|A o2 o]Fste] dFukg
of Tojste Yt SRS AL FTH. o] MEFNE FutAt
Z&580| NF-kB 242 dAFZe2N 452 AT 71548 =
Alstgict. RAW 264.7 I 10 pg/mlit 50 ug/mlo] Skt &
Fooz 16A17F A2t &, 100 ng/ml 5%=9] LPSZ 15%i}t 30
w Az|sto] NF-kBE 2/J3tAZith. &4 © NF-kB:= 3oz o]
=stoz Xa¥ A|ZoA nuclear proteing %35}l NF-kB9]
&R subunitQl p65 RelA THRZA-E western bloto 2 ZFA}SHIL

(Fig. 2A) 1 AAE densitometerE o] 835f0] B A5t (Fig.
2B). Fig 2A0|A ¥+ uie} o], offH A2E HA] 42 A=
(lane Y4 A £59 93 2§ N (lane 29t 3)oA+=
NF-kBQ] &/do] HoJx] ¥ych. LPSE 15% A2|g 7%, NF-kB
o] & o]Fo] ZA F7181o} (lane 4), 50 pg/ml FHA} FEF
= ANYT H¢, NF-kBY 3 o]zZ SAXCZ Jou|sty Za
AZt} (lane 6, Fig. 2B). LPSE 30 #a]& 72, NF-kBQ] 3#
ol 9A A F7I5ey (lane 7), At 10 pg/mldt 50 p
g/mlZ X2 AL, NF-kB 3 o]Fo] »& Jojxoz F435Y
CHlane 83} 9, Fig. 2B). o] ZAil= A7t NF-kB 242 A
sto] 432 AAFE 7Hs/dg UEdT
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Fig. 1. Cytotoxicity of Donggwaja. RAW 264.7 cells were treated with
various amounts of Donggwaja for 24 h. Cytotoxicity was determined by
measuring the cell viability. Data represent the mean + SEM of three
independent measurements.
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Fig. 2. Donggwaja interferes with the nuclear translocation of NF-kB.
RAW 264.7 cells were treated with 10 ug/ml or 50 pg/ml of Donggwaja
for 16 h and then with LPS (100 ng/ml) for 15 min or 30 min. Nuclear
NF-kB was measured by western blotting of p65 RelA, a key component
of NF-kB (A), the blot of which was analyzed by densitometor (B). *P was
< 0.05 compared to the control treated with LPS for 15 min, and **P was
< 0.05 compared to the control treated with LPS for 30 min. Data
represent the mean + SEM of three independent measurements.

3. SRt FE29 YT FEEX AOIEFQ {FAR TE FA|
&t

NF-kB7} 310 g o] 55lH AFWgS EX5t= URA AlolE
7}9l(cytokine) §HAFQI TNF-a, IL-1B, IL-6 5-& transcription
gt} SRt 2552 NF-kBY 3 o]55 AAsl¢loog NF-kB
7 245k @54 AlolEslelel wag oM FhsAel gict. o
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S ERlst7] sl RS RAW264.7 Alxo] 10 pg/ml E&= 50

pg/mle] SE2 1647 A3 F $ 100ng/mle] LPSE 2417t B "’ *

Aalstdct. ®|2] 3, total RNAS %%35}1 semi-quantitative 2% . B :

RT-PCR 902 TNF-a, IL-1B, IL-69] mRNA £§< &olstn a4 s

(Fig. 3A) 0|2 densitometric ¥Mslo] EAR QolHe EAIHY ; Z

tHFig. 3B). Fig. 3Ad]q ®So| LPSE Aajd 7L TNF-a, = -~ a H

IL-1b, IL-6 & §74At9] ¥do] S7lstcHlane 4). 12y A S @ T 1o % o %o ,_l |;l| ,Tul T 1o 30
LPS (100 ngmh) - - - + + F = = = L2 2

FEAZ AT F¢ AOIEFIRIY THo] fojRog FAEHJG
(lane 49} 5). TNF-a9] 7%, 10pg/ml9] FIAL FEMO 22
TNF-o ¥do] £X] &9roil(lane 4, Fig. 3B) 50pg/mlQ9] Z-utx}
FEAS AT B¢, YUt TNF-o #do] Ak rHlane
5, Fig 3B). IL-189] W@le urh Qojujgt aulsh warEgich
LPSo] oJs] W IL-18 mRNAL 10pg/mlo] Satxt X502
Ag 49 fuisk dAaEAcHlane 49t 5). Bt} 2 529
50 pg/mle] SR FEAL A2l A9, IL-1ge] WAL TS
FAstithlane 4, 5, 6). SRt Q5] IL-6 WAL AA =t
IL-1p Tt QAWM 10 pe/mle] STxt 234 A 3o
IL-6 T&o] A= oyt I F=&= IfcHlane 49t 5), 22
50 pg/mio] Saxt 25U AT A9, IL-6 WAL Pl o
Alstgicthlane 6). SR FEZO| °JFH Al]EIIRI LA
densitometric 2402 xj&olst9cHFig. 3B). o] ZAit= ZiutAt
7t 4557 kel NF-kB 242 oidlsto] NF-kBo oJ3) &
A58 AlEste SAxle] WHS oY 4 AL B

o},

e

4. AL F&20 o3t TNFAIP3 (A20) 2d

¢l AN SR} FEEF0] NF-kBY #4g Astglen
2 ol HPAE FHUA FENo] F9 A signale Z/Jsto]
NF-kB &4& AT 7Is4dS =AMt TNFAIP3 (A20)=
TLR4o] Z&3l= adaptor molecule2 Z73lo] NF-kB &H4<
AAistez FHA 2&E0] A209 EHEE 2RT MeEE EA
stoich. RAW264.7 A Z=2 TNF-a (10 ng/ml, 8h) EX Sajxf
&2 (50 pg/ml, 16h)2 X2Jet £, A20 THAS WAS
western bloto. 2 ZA}SHC} Fig. 404 B vle} Zro], Zalx}b
FENB2 TNF-aft [ASH A209] 23S {25t (lane 29}
3). o] Zif= SRt A209 EAS FAFo=H NF-kB &4
2 A= 7198 E 78S BAE

'
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Fig. 3. Donggwaja suppresses the expression of prototypic
inflammatory cytokines. RAW 264.7 cells were treated with two different
amounts of Donggwaja for 16 h and then 100 ng/ml of LPS. Two hours
after LPS treatment, total RNA was extracted and the mRNAs of TNF-q,
IL-1B, IL-6 mRNA were amplified by semi- quantitative RT-PCR (A). PCR
products were run on an agarose-gel, the image of which was subject to
densitometric analysis (B). *P was < 0.05 compared to the LPS-treated
control. Data represent the mean + SEM of three independent
measurements.
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Fig. 4. Donggwaja induces the expression of A20. RAW 264.7 cells
were treated with Donggwaja (50 pg/ml). Total proteins were analyzed for
A20 by western blot.

5. SWAF £3589 Nrf2 9o O an
AFUSL A3 Axjol wHoz oY

oARjQIxtolct. waka of WolAE
].

Aot Nrf2&=

Sax 553

of B3R At Nrize] WP HNFOH AFS AT Tk
He ZAISIPCE RAW 264.7 HZ2 ST} 25 (10 pg/ml E

3
L 50 pg/ml)at Nrf2 4249l sulforaphane (SFN, 5mM)o &
16Xt A2 st ct. Nrf27t &/date|H Hog o]FstE2 nuclear
proteing F&35}o] western blotting© 2 nuclear Nrf2& &9ls}
@t} Fig SAQH BSo| SWAI: Nri2 @S SEsta] 23t
o] A= &QIsl7] 25 Nrf2-reporter cell lineg ©]-&35}o]
Nrf2e] &4 ofu.2 =ARIch RAW 264.7 A|Zo] Nrf2o] oJa) =
A&+ NQO1
£ 7FK]l= plasmidE stable transfection3d}to] ] A
NQO1-luciferase reporter cell lineg & 71X] 529] oK &
FHoz a5t 16A17t 59 luciferase activityS 435t
Fig. 5Bl Hi uiel Zo] SFNE A& Z¢ luciferase

GAA9] promoter?} luciferase reporter -GXA}
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activity?} £715H= 919H (column 2), E3}A}
activityS SHA7]1X] £8icKcolumn 33t 4). o]=

oA EIt: Nri2 FHTE B

Z &0 |yciferase
sHAY 95

U4l gleg AAKiTh

A B. B 4
z
SR (pg/mi) E 23
10 50 SN i3
£ —L
| — s WS | NRF) E:
€]
=
I
st | L1111 B |

SF\ 10
L T

Fig. 5. Effect of Donggwaja on anti-inflammatory factor Nrf2. RAW
264 cells (A) and reporter cell line (B) were treated with two different
amounts of Donggwaja and sulforaphane (5 mM) for 16 h. The nuclear
localization of Nrf2 and the induction of Nrf2-dependent luciferase
expression were measured by western blot and luciferase reporter assay,
respectively. * No statistical significance was found, compared to
untreated control. Data in the graph (B) represent the mean + SEM of
three independent measurements.

i F

ApoXE At FE5 AdtE AE Ador Qs
o, FARR AFAA 71WE FYstaAr oiych TiAAEQ
RAW 264.7Z 534 g £552 AT ¢, duAed g
=51 FAL ARl NF-xBY] &/do] JA|=|9lon] NF-kBoj| 23]
do] ZAEE AZA APO|EJFQl SAA TNF-a, IL-6, IL-1b
o] FARCE FoulsHA ZAHJY. AL HE F&
NF-xB &/4Z dAlsh= A209] HdS FLAZoY &85
ri2= 874 A71A] gt o] Aate FAATE A209]
811 NF-xBY &42 Aoz H AFYHS Ao 7]
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42 ANAeR AR
AEUSS sk daAQ YA Aot 53] A+t
S0l ate MG B oz AN E
GEste Aoz & %A Qo). LPS
t= TLR4o] 9Jaf QIAE=0], LPS7}
CD14— =53] TLR4.Q} s5lH TRAF6 % E}Oko} adaptor
moleculeo] TLR4o] ZAgstHA ANz ASHALE AA (signal
cascade)5 /3ot =50z NF-xBE %"*0}0“1 o &
= 3 9AAte] wile 9w S}, A=l TNF-o, IL-6, IL-1
B 52 autocrine FZ X /s dIAAN=mO Z-&stAY
paracrine &35 F3f 99 oE ASAE HEtt}. o]S0]
AE mWo] EAjst Abo]E7kl Eold receptoro] AYshd
receptor2 E£3l signaling cascadeZ A& NF-xB7 &X43st&]1
g4stel NF-xB: TNF-a, IL-6, IL-13 AJ4g GEdict oA
Hge B BEWSS FEHL wE ez UPshl Bo,
ojf, A202 ¥5EH39] &g anFor odFst=H Fa3 I
ske & 4 9tk A202 TLR4 signaling 9], TNF receptort}
IL-1 receptor?] signaling& 2% AT £ 7] fjFo|ct. &
A7 Aol B2@ Susks A209 PP QU WA 5
WA= ookt 9599 signaling SA]0] AF|gozH iﬂ-}@'
o2 @3NS WY Jh5Hol ot
St 2E0L A209 BHI S SUHA e A
5ol NF-xB 24 A 4 Atk g Sol, St s
A200] LW A202 IKKO| 7|52 oA|stw AW 02 NF-kB
Py AAst o2 LA YAW St AF KK Tl
2 AAFORM NF-B YL AT JFHE AT 2 9
Saxto] oa] K] o] AFHoz oRsE A @IH%
shel Eapxto] ol3t A209] Wit NF-B 4 A7t =
uw\ﬂo]-‘—x] FL A20 9Hdo] ZAulg NF-xB &40] olxﬂ;_]% ]
S 79T & 92 Zolth AW, NF-xB THL daxa 3
2ot Netzol ool 248 2 90k 1A gAA FEEe
Nrf2§ &4stA] FAdch metA oA 2220 93t 54 A
olE7191 A4 oAl A209] Wi NF-«B B4 A 2L @
w0l QI 7oz Az
d5e TANEE mFsto] 47 (neutrophil) THT
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