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This study examined the effects of zerumbone on monocyte migration. Monocytes are recognized
as important mediators of various inflammatory diseases, and the possibility of controlling
inflammatory diseases by regulating the monocyte functions, such as activity and mobility, has
been reported. MCP-1, which is a chemokine with levels that increase upon inflammation, causes
the migration of the monocyte cell line, THP-1. Migration occurred at a concentration of 10 ng/mL
MCP-1, and the highest migration occurred at 100 ng/mL and 200 ng/mL. MCP-1-induced THP-1
migration decreased by more than 40% in the presence of zerumbone. The concentration of cCAMP,
an important secondary messenger of the CCR2 signaling pathway, the MCP-1 receptor, was
increased in the culture medium after a zerumbone treatment. The concentrations of cAMP
decreased significantly under the MCP-1 treatment condition only. On the other hand, an increase

in cAMP was observed when zerumbone and MCP-1 were treated simultaneously. Erk
phosphorylation induced by an MCP-1 treatment was also found to decrease with the zerumbone
treatment. This study introduces the possibility of controlling inflammatory diseases through the
function of zerumbone, which regulates the migration of monocytes.
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71X, Apol E71Q1E] A4 - E o
24 QITHB). o]Qlo| = 7t T, B5-91e),
£ 5 zerumbone?] thEH A ETHY
53], AP 2 A 2FE o 85
&l zerumbone®] YAZL] F-
7150] Qo] BalE gl o] e}
< STAT3S] 84S AstAzioss verdti10].
zerumbone-2 p53A1 Y IS A AlA A AT
A O] A7 IAPE & F-E8HITH 1. o] 2ol = 718, 912t
oF, Bt & THSRE Ao Al EAFEAL L, o] HHR
o= Uetl= A 082 g A Qlet. ok&e, %
%=1, dextran sodium sulfate (DSS) 4 SA47

A7} zerumbone 4]0]& 53l =9 0™ (12

HE Y 2d Sl E o)A zerumbone 2FEES ¢
U= H % QJoH13]. Zerumbone> W 24
o] B E|qitt, uRe-A0] FAIN| L} v
o] zerumboneof| 2J3 B2 7J3hE] 9l o Al
A3 (peripheral blood mononuclear cell, PBMC)
A zerumbone®] o1& S7Hd o] Bal = Qlrt. 3,
zerumbone©] G2/M AM|Z257] Ha@4}, T12]1L, interleukin
IL-2, IL-12 A4 /+2H] S715 o] Ba=SinHs5]. ok
], SDF-10al] 2J3)] -5 TA|3EZE Jurkat cell®] G55 EA0|
zerumbone®] 2]3)] A= 11 = JTH14].

2 A= ASRES, SIS 8RS WA o] theft 7]
52 UEFH= zerumbone©] TH-9] R0 ofwgh QJakS: vl
A =A] Sobs 1A} XY= Qict. HA] MCP-1¢] 2] 8f] A=
< THP-19] 557} MCP- 1] &J8)] == 218 gelstgl e
™, MCP-19]| 9J3} 835 83 zerumbone] 23] 745
otk MCP-1 A 2] & 7F48H= cAMP= zerumboneo] 2]d]
oAl S7F8aL, MCP-1¢] ool f-E=%09 Erk QMAh=
zerumboneol| oJ¢} FAEGICE 0|9} T2 AVE EYE
zerumboneS 53t 9] 55 28 7143 S A Aot AL
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1. AlSF

B Lo A AREE AJoRS Zerumbone (Sigma-Aldrich,
St. Louis, MO, USA)2} Recombinant human CCL2 (MCP-1,

www.kjcls.org

BioLegend, San Diego, CA, USA)o|tt.

2. MIZ 34 MIZLHHRS

ARESE A= AR THRISEA| 2591 THP- 14| (Korean
Cell Line Bank, Seoul, Korea) ©]t}. A|aafoFel-2 Roswell
Park Memorial Institute (RPMD 1640 medium with
L-glutamine (Lonza, Walkersvill, MD, USA)°ll 10%(v/v)
Fetal bovine serum (FBS) (Gibco, Grand Island, NY, USA),
1%(v/v) Penicillin/Streptomycin (Gibco, Grand Island, NY,
USA), 1%(v/v) 4-(2-hydroxyethyl)-1-piperazineethanesul-
fonic acid (HEPES) (Welgene, Daegu, Korea), 1%(v/v) non-
essential amino acid (Welgene, Daegu, Korea)S %713}
ARSI L vl 37°C, 5% CO, 271 W=7 & o] &

8fo] 2astec

3. Transwell migration assay

A|3E 75 B71E Y80 5 um pore size2] falcon cell culture
inserts (Corning Co., NY, USA)%} 24 wells A2 falcon
companion tissue culture plate (Corning Co., NY, USA)E
AT AL migration buffer (RPMI 1640, 10 mM
HEPES, pH 7.4, 0.1% BSAYE- ©]-8-3to] 23} 1aL, A% 4 Al
= migration buffer®t e 37°C, 5% CO, THHlA
overnight starvation IH3-< AXt. o]% 274 & 2x10°9]
THP-1 A %5 200 uL2] migration buffere] 41¢] insertol] @
3, underwellof|= MCP-1°] 47} migration buffer 600 uL
£ Y3ich 284 insertE 7} underwellol 4Hlslal 37°C,
5% CO, 27gllAl viekstsiet. vief 2ol insertE AlASHL
underwell2 ©]%53F A|325-2 trypan blueE o]-8-5to] A1

Al 3kl

4. cAMP 2H|E &H

THP-1 NZFE 96 well plated] 2x10°cells/well &=
seeding & 27 & MCP-13} zerumbone= 42| 3F3AT). 44]
7F% 96 well plates HAE-e] hal A5HS dof cAMP 54
-8 ELISA kit (Cell Biolabs, San Diego, CA, USA)S ©]-8-3}9]
CAMPE “gaslSieh AlzAte] 574 el oA A¥E 2%

stk

5. Western blotS S THHZIQS 3 QI SHEE 24

THP-1 AZ3E 60 mm Bk FAJo]l 2x 10° cells/well2
seeding & MCP-1-& 100 ng/mL &%= &, zerumbone= TFF



ehE5%(1, 5, 10, 50 uM)E 2A417F F<t A 2fsf F=ict. PBSE
23] A|# gt 3 lysis buffers o8-8l Al 2E 851417132 19,000
X g, 4°ColA 1027 Pilitelsto] Tas =313t o
W21 0] 3= = [ owry protein assay kit (Bio-Rad, Hercules,
CA, USAE ol-8-3fl =kl 30 uge] TaS 10% acry-
lamide gelollAl 7] 9FE0te] Eefotoint. wejE g
nitrocellulose membrane®]| transferdtal 5% skim milkE- ©]
4-3f ALof| A 1417t blocking ¥ 212} pErk1/2, Erk, B-actin
o] 5ol 3l 14} A S 3] Alsto] 4°Cofl A overnight &<t &E
SAIFTE 14} A 2} HE-g-o] EUFH 3] Al 3 24 aFAlek A
2O A 2A17F F9E HES- Al71 AL, ThA] 33] Al %E 9 ECL kit
(Thermo, Waltham, MA, USA)2} §E-A|A X-ray filmE 0|8

of el of 9 QlAlel HES 24t

6. SAEH

A AT mean+SD = FH3FITE ANOVAS o]8-3)
5 %] o

Student t-tests E3) £<0.05 ©]3}2] AX-E Qo8 Ao g
st
4 1

1. MCP-10{| CHEH THP-1 MZE 93 Q& 50l

Transwell assay system-= -3l T2t 5=2] MCP-1 (0,
10, 50, 100, 200, 500 ng/mL) A 2] ¥ THP-12] 5= @4Jo]
kS gkelstdchFigure 1). 10 ng/mLe] MCP-1 #]2] A]
olu] 58j| o]Ake] A7} underwell 2 ©]%-3Ft}. 100, 200
ng/mL ©] MCP-1 A2] A| §5¢ Ml $7} o 45319l
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Figure 1. THP-1 cell migration after MCP-1 treatmnet. THP-1 cells
are incubated with various concentrations of MCP-1 (0, 10, 50,
100, 200, 500 ng/mL) for 4 hr. After incubation, the cells having
migrated to the underwells were counted through trypan blue
exclusion counting method. Values present mean+SD of three
separate experiments (*£<0.05, **P<0.01).
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500 ng/mL & A& -l Aokt

2. ZerumboneOl| 2|k M|IE 7 ZA

MCP-19| 93] G5l Al 457} zerumbone®] 2J8f Zra
St CHFigure 2). MCP-13F @7 theket 5%(10, 100, 500,
1000 nM)2] zerumbone= Ao A3l i1 4417 39
underwells= ©]& 3t M 22E Al4=6199TE 10 nM zerumbone
< Al F94S df °F 30% o] §F7F Ao, 100 nM
zerumbone A 2] A 50% o2 73t -f5= 2A A4te] eyt
t}. 500 nM zerumbone A& Alofli= 100 nM zerumbone&
AP o} vjs3t Ar o] 5 A7) UERsdt

3. ZerumboneOi| 2|3t cAMP & 25t

Zerumbone 9 MCP-1 2] A], cAMP & HH3}-= Wbt
2 =4 Aejo] 74k ELISA kit o]-83}o] 24 - 4] 3lsich.
2x10°/well®] THP-1 Al #Z zerumbone, MCP-1 TH% 4 2]
2 A HE|oto] 4417t uiek 3 A e olo] AFHe o
. ELISA kit A|2Ae] At o] whet 5 1] cAMP

243}t o]Hek AJoFo R X 2|iA] oFokE wio]
0ng/mL ] cAMP7} 4 %2131, zerumbone TH505
223 92 ol 95 ng/mLE 27181982 Frolstelrt.
HFHo MCP-1 =0 & X 2|3l 315 wiolli= cAMP =7}
45 ng/mL & 7431 ch MCP-1 = A 2]of 23t cAMP2)
= zerumbones 2ol Aol 91 74-9-80 ng/mL A=
T TRA] A5 ol thFigure 3).
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Figure 2. Inhibition of MCP-1 induced THP-1 migration by zerum-
bone. THP-1 cells are incubated with or without MCP-1 (100 ng/mL).
The cells incubated with MCP-1 are simultaneously treated with
various concentrations of zerumbone (0, 10, 100, 500, 1000 nM).
After 4 hr of incubation, the cells of underwells were counted
through trypan blue exclusion counting method. Values present
mean+SD of three separate experiments (*£<0.05, **P<0.01).

www.kjcls.org



180 Sa Hyun Kim et al. Zerumbone Inhibits THP-1 Migration

120

®
I *

0 I I I
- . + +

+ - +

) =
2 5
& 8 8 8

Concentration of cAMP (ng/mL)

0
S

MCP-1 (100ng/mL)
Zerumbone (100 nM)

Figure 3. Increase of CAMP expressions after treatment of zerum-
bone. THP-1 cells were incubated with zerumbone, MCP-1, and
both reagents for 4 hr. After culturing, supernatant was obtained
and cAMP concentration was measured. Values present mean+SD
of three separate experiments (*£<0.05, **£<0.01).

Erk ehi o] olAks} A= A|3E T 273} zerumbone
o A 2] 2olA] sk glgl ot MCP-18& B0 & A2
3 FS u S718FAckFigure 4). 124, zerumboned
MCP-13}FAlofl A2l 32905 wofli= ThAl Al T 2 =
< zerumbone T 2713} B|S3E 3 0 & R4S Erk
chal A 24| 9] oFS MCP-1, zerumbone T X 2] 3-8 A
x2] A A Mo} gigiet. dix thil Aol B-actin®] U=
ofm Q1= WSS YR A] gl

A

B B4 fe AEEA BHE U AAS St 24
3} Y70 2 o] Fte), T3l A AAIE L Eol 44

TE :
FA 02 ol Tt B¢ A Y A2 S5 EFf = AT
& S, o] it R0 2 24 0% o] 58t polli= 1
o ikS A A whEof ofste 82 A Hrt. dtet 71er
A Hl2So] 24 W ol @2 SRS dorl= AR
7}Ql(chemokines)& &3l ¥ ct. ] 3fta4d G-eHid

A7 F1=8-4(G protein-coupled chemokine receptors,
GPCR)9} S Al 2 g 7H4 o] EA4J31= Foff 218t o5
o] Yol 22| 0 2 o] g-5= T2 CC chemokine family
receptor 2 (CCR2)E o] Tdstal glrt. CCR2= A58Hs:
% =7 A w= MCP- 13} A eol= 4=8-A|tH16]. MCP-19]]
Ofgf] FE = oY = A Sl et A Ae Wy

S
=1 fu
oo TS FPRlA T8.9F ofulE AUAL o2 AT dee]
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Figure 4. Decrease of phosphrylation of Erk induced by MCP-1
after treatment of zerumbone. Changes in the phosphorylation
patterns of Erk proteins after zerumbone and MCP-1 treatment
were analyzed. Phosphorylation of Erk was increased by MCP-1
and was decreased when MCP-1 and zerumbone were simultane-
ously treated. Zerumbone treatment alone doesn’t induce the
phosphorylation.

Z1egol] AtE]o] Qirt. 3] /e st Zeta g4 3 A
XY et 7] TA= g ] gEA] QIeH1. o] Tl
S 2= A 0B SIS - A8T 7t
73S A7) & vk otk

olgjgt Hj A0 &, B AT zerumbone©| MCP-19f| &]3]
FEH 5 A4l wX]= Gkl el otk iz} Y]]

oZ
N
O

t}. Zerumbone> oFd A7 U Zingiber zerumbet
Smith®] 8 & B4 Adtolth. Ag ol AM-H THP-1 A
=54 T W AEA] et AR T
o715, 7% 714, Ale gy, et gl ojAA|E V)5 5

o
caRet el 2l el de] AMgEl QlrH17). $AH0.
&, MCP-19] 9J3 THP-19] 57 ihA8H=A] o} 2.2 gol

4t} 500 ng/mL FEE AL, AP & He sk
MCP-10f| &J¢f} 5= @ o] BAyeh 22 15k chFigure 1).
Transwell assay system = AR85F111, 4417H8lF S underwell
= 0|8 THP-1412£2] 42E trypan blueE ©]-8-5}¢] A5}
ok 7HE A 5SS R MCP-19] 5= 200
ng/mL O| ARk, @A} H 912} A|oF ] 9] gol 4 T2 a3 o]
o] e A¥o] 100 ng/mL & FEE ARSI
Ch2-© & zerumbone ©] 55 FAof| u]X|= J 3k Yot
7] 1l transwell assay % TF3 52 zerumbones A 2]
3l St} MCP-1 (100 ng/mL)& =0 & Hejs] & 219
Al ol g St A L] R VIO R 7}
olF N0 Ml 255 ok WA 0 & A7 skl MCP-1
¥} zerumbones EAf A28 F3E& 8-, Al Bew =
[e]

== ¥ zerumbone 2] &
_]




1000 nMeflAt= R4 A o] thas F7Foh= =S T3l

o] &3t zerumbone?] 5= A4 {4 7] 50] o B A LRt
= 71 gotR 7] 98] cyclic adenosine monophosphate
(CAMP) 4]t Erk TR 0] ¢latol B9} Q-2 w-41519]
th. cCAMP+= MCP-19] 584191 CCR2 Ao 77 5 58
St Al W 24k A 5 shtolth18]. cAMP S74& 13h
THP-1 A% zerumbone, MCP-1 Z}Z} tH=0 & A 2]af &
27, 5 AlokE sAlofl Aol & 29 v W cAMP 5=
£ S5l thFigure 3). A2 =0 2 vl ofsf] =91 o] v
3fj41, zerumbone T5 A2 A] HjFH W cAMP 2 557} 30%
o] S7F5FATt MCP-1 T X 2] Alofl= Bttt A== A
S A& 2IS 4= 9l giet. Z1e{u, MCP-13 zerumbone S &
Aol A2} & W CAMPE] &= THA AA] 45313t
o] ZHe- cCAMPO] AF5-2- zerumbone THE X 2] A] A= 1] %]
A Z30 o1t MCP-1 A 2]e]l 2J3 cAMP 74 kS F8-6] =
5okl W2 Ao ayE HoXoh thgo=, A<l
MCP-1 5 THP-1 Al 24 Tl Erk o] QIARSE 7ok 1
S A HITH19]. ZerumboneRt X 2] 3] 918 = o} A

(e

4). MCP-1& @50 = X |sf & Z-f-ofli= 2ot Erk e Ql4k
st 3= 931, MCP-13} zerumbone S-Alof 28] &
a0l thA] QA Aot Fhaekolc).

2 A= zerumbone©| T Al £52Q1 THP-1 Al £2] &
T A AL & a2 AARI 5 A4 e I AF
B3 MCP-1-2 95 5k Al Ed - 2| == t a4 AR
O 2, oju] W2 AE Fof FAs WAL A SISk Tt
O] o] 5ot A} H4E - L gtk Abdo] A STt 12
0E, & A8 7= zerumbones o83t S/E 4 9t St
94 9 AT IHE A 7S Hoftt o) & Slel A4
ARre] GfofA] Befeh B-E o]-8-3te] zerumbone?| 715
< RRlelofF g P a7} ik, Yo/t FEd R AS o]-8-5to]

zerumbone®| ZIE FIsfjof & Aot T3t zerumbone ]
248 71731 9] 7] Sl Kok pAet AYeeta A7) 2 8.6t
o} MCP-12 H5 HRke 17 ol A 5891 7] 5= UrEh
=, 53] S48 skt Ak A g Aeke] 27, 7
off A= o] = A o= deiA] QrH20l. MCP-1 s A2 %
43 cAMP2] 3% = zerumbone X 2]E £3 thA] AH53}
Fa=tl, o]of tigk ZpARE 71 A7t E g3t cAMPo 213
o] 571E]= cAMP-dependent protein kinase A (PKA)

= A% 7ok T3 cAMP2F Erk 914}
2HA A 8ok sk, CCR29F 22

o, Y,
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GPCR Ala "7t o] th2 Ex52] 4ol zerumbone?]|
O]} of w3t oS BH=R] FAlof HloF o 7] 0 & Azt ),

2 o

=
>

A= zerumbone©] TH-9] f50f] of w ek FkS
SA| GopE 1A} AP =] Ik, Tt thefet A A
SHofZALR Q1A=L glow, B 5 5 B9 7]E

= &9l de Aghe 2E8l= 7 o] Hal Ha itk s
A Al 7R AEZFIL MCP-19] ofaf Wit A
THP-19] 57} = A 2elseit). 10 ng/mLe]
of| A 6571 ghAlstd 01, 100 ng/mLy} 200 ng/mLe] %
oA 7 & 5 Aol YEldTh MCP-10] ofelf #3
THP-1 == zerumbone &4 A] 50% ©l&F Aot
MCP-1 =841 CCR2 Al g 7g 2] S8 24 A=l
CAMP 2] vljoFol U} 355 = zerumbone T X 2] A] A|E tHe
ey 220 vlsf 57kt om, MCP-1 @ A 2] Alofli= 9]
A Zasteiet. 18y, zerumboned}t MCP-1& E-Alof 4
22 wolli= thAl cAMPO] F7H7F 2R = iek. MCP-1 A 2]
of] 9Jsf) dofifi= Erk 2140t zerumbonet EA] 42| A] 7
Ak A IR 2 AT A5/ Aol T8t ui7h

o
BN ol
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