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Abstract - Ellagic acid (EA) is a phenolic compound in fruits

National University, Samcheok 245-907, Korea

and nuts including raspberries, strawberries, grapes and

walnuts. Previous studies have indicated that EA possesses antioxidant activity, growth-inhibition and apoptosis-promoting
activity in cancer cells. However, macrophage mediated cytotoxicity and immunomodulating effects on cancer cells have
not been clarified. In the present study, we show that EA increased effects on macrophage mediated tumoricidal activity and
NO production without direct tumor cell cytotoxicity. To further determine whether TLR4 (toll like receptor 4) is involved
in anti-tumor activity, cells were treated TLR4 signaling inhibitor, CLI-095 in the presence of EA. CLI-095 treatment
partially reduced macrophage-mediated tumoridial activity. EA also has inhibitory effects of NO production induced by
LPS, whereas phagocytic activity was not changed. These results suggest that EA induces macrophage mediated
tumoricidal activity which is partially related to TLR4 signaling and has a potential adjuvant in cancer therapy.
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Fig. 1. Ellagic acid structure.
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Gupta, 2001, Larrosa et al,, 2006, Pacheco—Palencia
et al, 2008; Edderkaoui et al, 2008). EA= A2 &
HF710A G1& AA A B8-S FHAI7IH(Gonzdlez—
Sarrias et al, 2009; Li et al, 2005), &AE7} p53<]
FPOIARHAE Thlek 28 ATk B vl 9]
tH(Mertens—Talcott et al, 2005). 0|2} Z-& EAQ] &)t
A&l it A Ak o bAlaze] diRh A2l 2
Boll thet a7t A A glon, "N B4dE st
o Yoju= 3tamte] U3t At o FolR A gkt

QAo Hez2d 2G| A tf A4 E(macrophage)= A
o] nE zZof| BEXZSPHA 11X 02 At (bacteria),
wlolelz 5o 744 WA oz sk A
E, YHIE 5ol dis BAl2-8(phagocytosis)e Y27 <l
A $ERT R0E AT ol g 4w giek, et
Ohe A AL 5L ofF 7 eickine?
A4S wleto] 22t ﬁ = FHETE
& viAA g yepde), 2 ﬂ% "H”*ﬂioﬂ/ﬂ ]
8} cytokine %A@ EH o= IL-1B, IL-6, nitric
oxide(NO), TNF-a 50| &&{A Ql=Hl, ol= dAlEe] o
3+ AAH A AL YelW 7% sth(Zhang et al, 2007;
Kang and Sohn, 2010; Hamsa and Kuttan, 2011), ©]
o Zro] AN Z = AL ZZ(NK cell), THEZF-S}
of Sl ek W sk 74 AZE e ol
5t 20 GUAE B2l o A 2 2
A ABg mke oE Bz ey AEE 4 ol A
29SS AR e $8% BAR QA
Qlth(Shen et al, 2008; Jofre—Monseny et al, 2007).

TLR(toll like receptor)s= Al|Zuro] EAjol= Tzl

g A=A v elol/uloldA0] B4 HAES o3}
A 21 4 el AR Sflel 2l

ool olgel TR TS e 14N WA
(1nnate immue response)o] =83+ ZAx}o|t}t A7t
] 137]19] TLRo] B384 9)2™(Shi et al, 2011), A|ZEL}
7] W) SAH W BEPYS ekl 217} Sol=e)
Z7IEE el a A YO AT A7 SHAEIA) A
A 9] kinasesS LASIA| IS ZH ThoFsH AARIAI &S
SAJstAZIt, 11 AT} o) 7HA] cytokine, chemokine,
interferong A/JO 2 71 BIH Q1 1214 9 2344
AgHS-S fri=sto] 7HAlE HAoRRE B =
Al Egto] 7] ofjitt,
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O] LPSE QlAsh= ~8-A| = A]
A& 7:}05.011 gk A5 W= vi7hgic}, TLR—-49] A&
A2 MyD88 oA Z=e} vloEd Ae= 1
=] 7= MyD88 Q&4 HEE Fo deuheS ol
sl=t, NF-kBE Z7]o SASAAA H5A cytokine
= A Shth(Akira,, 2003), Z WA M2}t 2
2ol Al TLR47} FH QJstA| daEcty Busqict, da
ot 4| TLR4/MyD88/NF—«B A&7} 7|5 o= 23t
o d#xlon 11 AW HFA cytokined AJ/grtal
HA e}, Olﬁ‘r 2 AEA cytokine A 59
HAA| LS felete] d54 nAlgHE& B8kl E3t 5
L}é‘*ﬂ:‘&‘% TEA 2 AHA o7 A-gsto] sty
0Fo] Hsjof kS u|AtHKelly et al, 2006). E
b FAHEE (mitosis) 42 FAARE AMSEHE= F
B A =&73) g (Taxol® , paclitaxel) = TLR49]
E]7]—C§/\—] 228 UERHTH L EE A 9o, paclitaxel
o] 28-S TLRA7} Q= AEZojA= Ueua gong
TLR4 Al HEZ-80]| TaxolS ¢lAISI=1| Tofst= Ao
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2 o251 QltiKawasaki et al, 2000; Chen et al,,
2008). 0|2} Zo] TLR4o| A sto] Wiz 2Ta}
N2S TLRA 2340 AL nhidZol} oS 2| =3}
7] 93 WAz A2 HLo] 753 AoR HIilEHo]
Qltt, olof B Lo A= EAS] oJgk TRl e] HexE
292 23l0] RN EZ e EAste) ot FoF aRtE )
oF3} ZFwof| A BHolst A} BFH .o, EAo| o3t ot a )
} TLRA AE AR Bzl YIS AEsng
sHlch,
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RAW264,7(murine macrophage cells), B16/F1(murine
melanoma) A= American Type Culture Collection
(ATCC, Manassas, VA) oA 45101, 10% FBS, 1% penicillin—
streptomycin(penicillin 10,000 U/mL, streptomycin
10,000 pg/mL)S A7}3t RPMI 1640(GIBCO BRL, Grand
Island, NY) #jz|of| -2} wjeysiel om 37C, 5% CO, &
Ag FASA. BAS ERS}0] AHSE AoFES BEu
AFo] glo™ HE: Sigma—Aldrich Co. (St Louis, MO)

oA FJ8Act TLR—4 signaling inhibitor 2% CLI-095
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(Invivogen, San Diego, SF)& AR3}4ict,
Peritoneal macrophage?] £3]

Peritoneal macrophage+ thiolycollate(Difco Lab,
Detroit, MDE o|43fe] 9|2A0] th G4 4
A golE 4 =2 inflammatory macrophage ATE|=
W50 “3"3]-0111]- AF o 4,05%2] thioglycollate 1,5 mL
= Sof dtH D-PBSE H7& AlH
o] BAEE Ho AL B2 25 Bkl #eaby
) EAEE F8ke] 1000 rpmoilA] 10
7+ YA E T skt AAE AEE 10% FBS, RPMI1640
media®l] ES 3 petri disho] 1x10° cell/mLO.Z B3
0]-01 macrophage”} HFEho]| 28I EE 819t 2471 o]
5 petri disho] F&8}#] 9k2 A|3EE D-PBSE washd}
o] A|AsE3AT
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Macrophage—mediated tumoricidal activity
A7)of A s B o 2 B8)% peritoneal macrophage
o]-85} gloka k= AJFolA] E2J3} peritoneal macrophage
96—well plated] 1X10° cell/wello] TE= HZ3}7
oFst == 9] EAS X T]5}o] effector AR ARESHL,
target A|3EZ = Bl16/F1 YAH|EE 0]85F4] 10:19 H]&
2 20 A|7ZHECH &7 wljofst $of] MTT assay S ©]-8510]
540 nmollX FBE=S AT RAW264, THIZFS
o]- &3t P A= T2 RS o853k EA Ao 9
3 2dshe hAAlEY] FUAEE thy A o]&st]

AtsFTt.

_V; i ru{m

Tumoricidal activity (%) = 100 — {[O.D, (Effector cells
+ Tumor cells) — O.D.(Effector cells)]
/ O.D.(Tumor cells) x 100}

Macrophage ] NO £4]

RAW264.7 A|3E(1X10° cell/mL)E 96-well microplate
of 100 LA FAAR] 2 EAS FE=EE X350, 24 A
7t o] HljoF AFSH 100 uLE F3}¢] 96 well microplate
2 &7 ¥ 100 uL Griess Reagent(1% sulfanilamide,
0.1% napthyl—ethylenediamine dihydrochloride/2.5%
HsPOY)E Yl 10 271 A0 A ®}A|8F & ELISA reader
£ ARESto] 8= 540 nmoflA S7g3813iTh. LPSof| of s

242k t|X|= FF Toll-like receptor 4 H& 2RE7|H At

T=E A58l RAW264.7 HlZLS] NO A oA
242 B 9lsto] 9lot 2 W oR S,

Sodium nitrite 3
NOZ Attt
Macrophage phagocytosis 22 zymosan particle
9] HHH 3} NBT(nitro blue tetrazolium chloride) 3¢
HE o] gl A3t RAW264.7 AXEE 96—well
plated] 1X10° cell/wello] L& 3lo] HaIAA EAS &
THE Aeska At &, BFAY0] 5X10° particle/mL
zymosani} 0.6 mg/mL NBTA|9FS 22} 71516 zymosan
I} 917 NBT A|ofo] uptake SHe% 3F¢{th NBT 2H &=
AQl AHeH 584 formazan®] S 540 nmof|A
SO ZH phagocytosis 58 S48

FHFPHORRE JAN I Bujste

A9 Aube 33 wHEsiglon, 7 oA 9l At
Byt + Fy A meant S E.M)E UERHSILL, <
0.052} **p ( 0,012 Student #—testE A
Algt s A5

=F

7:1;_)_'. =1 —_’l—E

=

Ellagic acid(EA)¢] Hasx AR
2 AP BEAZE Ao A A7 54 e
u-s—t« HefollAl tjAlA 2] ES w7 Ret AlE =4
5 %Eﬂ o] glomg B Ao A}
, 10, 100 uMe} vk Al7F H 9] ol
1% B16/F1 Aﬂi°ﬂ qm M54 9 BEE 7t Bt
7} 98-8 AP Ao A Felsta 435t tHdata not

shown).

AN 2 EAdof 93] WA= FEaTe} TLR49
ik ey

EAC] o5 EAJ3lE RAW264.7 A|3Eo| ol5) atotaa}
7} Jeh=2] 2ol 7] 95l RAW264.7 Ao EAS
= E 225l target AJZES] B16/F1o] @11 20A]7F
T AE AFEEE ST AP A EA 100 uM A
glollA 94 Sl FURIE & 5 SUtHFig, 24),
E3F, EAO) 93k RAW264.7 N3Z2] 3ot F37} TLR4E
A=A gelsly] 9Jste] etanyt vehtel EAQ)
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Fig. 2. (A) The effect of ellagic acid (EA) on RAW264.7
cells-mediated tumoricidal activity. (B) The effect of tumori-
cidal activity through TLR4 on RAW264.7 cells. (C) The
effect of EA on macrophage-mediated tumoricidal activity.
RAW264.7 cells were pretreated with various doses of EA,
CLI-095 and co-cultured with B16/F1 target cells for 20
hrs. The macrophage-mediated tumoricidal activity of EA
was assessed by MTT assay. Cell density was measured
at 540 nm. The results are mean + S.E. of quintuplicate
from a representative experiment. (*p <0.05, **p <0.01;
significantly different from the vehicle, #p <0.05; significantly
different from the CLI-095 untreated group).
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100 uM ] 2]<tof] TLR4 signalingZ blockingdl= CLI-
095(CLDE 37 Aejsto] thA] tadts 46k
Figure 2BoJ|A] UEl= HEC} o] RAW264.7 A|3ZojlA]
EA 100 uMA 2|3 Fotadts B3l R EASL CLIE o
A A2t ollAs Fanrh veh ] it ol2jgt &
5 Aelstr] ffsiial BaolA A5 223t peritoneal
macrophages ©]-85}0] &A|EQ} co—cutluredte] EAY]
ol o) S QAAEe] Forate shlst,
EAS} CLI-0955 7 Aejdt Advg HARITO=ZH
2o AEE Bl Peban 2AUsHE Blskrt
Figure 2CoJ|A] UEh = Hle} 0] peritoneal macrophage
oA EA= 10 uM 2} 100 uMol|A] H5F Fetaals vep
%om, EA 100 uM&} CLIE 3 A2jgh FollA= EA &
= Aol A vehd Faanrt dAEE 205 vE
ek, ol Axk= EASY ofste] thAlMlEE w7 =3t &
oF Agol Y, EAo] ofgh A TLRAE A4+
she AleAdd 713 de ARAeR HojE Holtt, g
U EAY] 93 JeERd 3Feta iyt CLIQ) TLR4 signaling
Aol sl e8] AR 9 Z(RAW264, TA| 22
A% 39.4% Zr4, peritoneal macrophge®] 7% 60.9%

of i Holohs AR oSd.

NO A 9 Zulzdo| djg a3}

AN 27 FHSH= AR 540=E ) shel NO A
doll tigt EAS] 32 Yobid7] ffste] thAA| e Rk
g w29 EAS A sto] NO Adwa 2lskgich A9
A3} EA Ao st} NO A4 9 #H]7t S7kstiem,
238 1 uM AF=ollA 8L F7kslt), o] EAZY
macrophage?] NO A& Z7}A]A macrophage?] 3¢t
Agol 7]ofd Aoz ASEHA|N, FAae} NO AR
o] thet Fremfglo] YAHA] e AL R Kol thE o
AaI7|Ho] EASt= Ao® HArk(Fig. 3A).

NOE: F2 LPS FE= TNF-a 59| 925453
3 A= Al A5 AU o EHlske A

NEAZE 4HA tHKwon et al, 2001). ©]
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o] 93}l L—citrulline® H3}5l= L—arginine—nitric oxied
ARE Foto] YEtMarletta et al, 1998), HAA|
, 557 59 WelEel A9RAE, Bl Ba,
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9 71% A A|3zo]| Q)= inducible nitric oxide synthase
(iNOS) a40] /o] o8 NO7} vhgF A& A7)
T=sHA| B NO= 9% whe2 doXivkar deA 9l
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Fig. 3. (A) The effect of ellagic acid (EA) on the pro-
duction of NO by RAW264.7 cells. It were treated with
various doses of EA for 20 hrs. The 20 hrs-coditioned
media were collected for NO, assay. The results are mean
+ S.E. of quintuplicate from a representative experiment.
(*p<0.05, **p<0.01; significantly different from the vehicle
group) (B) The effect of EA on the production of NO by
RAW264.7 cells in the presence LPS. After RAW264.7 cells
were pre-treated with LPS for lhr, it were treated with
various doses of EA for 20 hrs. The 20 hrs-conditioned
media were collected for NO, assay. The results are mean
+ S.E. of quintuplicate from a representative experiment.
(#p < 0.05; significantly different from LPS alone treated
group, **p <0.01; significantly different from the vehicle
and LPS treated group).
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Azgo] n|x= G} Toll-like receptor 4 H& 2871 A4
LPSE RAW264.7 Tj24|Zo] <192 og Hajsted NOZ
TheF A G AL ST BAS Ha]5le] NO A
o] A 2AEEE=A] 9l 8}3“;@(Flg 3B). LPS HHE3]
2] o v|sto] LPSo| EAS 3 A 2|3k FellA NO9| 44
ol s= gEH o r Fo4 A Fastqitt ol t A
= EA7F NOZAo| tjsto] 0|5 fvH(dual effect)”} S
ohe 2 Uehit, FAS gotast 59| §ele Z70407]
L Z2wlolA NS A4S Z7IA713 glew, Lps @
IFN—vol ©Jg NOS| Tl tshe ol auE 1t
o] S FAA7I= Aelth o]2jgk NO 249
o5 A= NEY p38 5t SHGI o] rest
SH B 20t AE 59 Al Aol whE AR ARl
Z24do] osff Yehh=s A o= HaE vf QIthWon et al,
2004; Do et al, 2010),
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Fig. 4. The effect of ellagic acid (EA) on the phagocytosis
of RAW264.7 cells. It were treated with various doses of
EA for 20 hrs. RAW264.7 cells were then incubated with
5x10° particles of zymosan and 0.6 mg/mL of NBT. Phago-
cytosis was measured at O.D. 540 nm. The results are mean
+ S.E. of quintuplicate from a representative experiment.
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1984; Choung and Sohn, 2011), EAS Wﬂ?_ ) AIA| 3

o] kA Y zymosane 7}5ko] B 28-S ¢l o 7] Aul EA
© A2 B TEe STHAI7IA tTh(Fig. 4). °]
o5 AT BAS Held fANze) By S 3ot &
ol FFE vlAA] A vl

3 Q17 BAS] ofgt PANIE] BHEE ol B Par
ot PRIAET Tl AT W Bl
sttt A A EAo) o]3) RAW264, TA|E Y
macrophage R4 a7t F7rstglon, F7HE
AIA32 0] et = TLR4 signaling blockingdle=
CLI-095% Til AZjslsie ] U Zamsich ol
BAG] S| o B3k HEHOR TLRIS AR 7]

Aoz et AL ofujgict, Eat, EAo| tiat thAlA)|
__\&4 NO HH]ZPG J,]__z;ggl.o:lou:] EAL: EHM/\ﬂg;g]
NO AL F7HIACL, U9HOT HEE FEA7 NO
2 ThEsp) 2l Al NO Bu1E o3l2] el

7= 2IE UEIZIT o]9f o] EA] ofgt NO=Ho
et olF Adte Al HASHY FAS Ak

peritoneal

Aol autE Yell& ®WeFo R A5 QJOHF EA
g o83 Pramo) Ha % AelnaA2HO| 2o
frojg azi A}ﬂﬂu} @ EA°ﬂ et ot 28 4
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