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Abstract

Macrophages play a pivotal role in the innate and adaptive immune systems. This study investigated the immuno-modulatory
activities of polysaccharides separated from Chrysanthemum zawadskii var. latilobum (CZPS) in macrophages. Polysaccharides
from Chrysanthemum zawadskii var. latilobum were extracted by the ethanol precipitation method. RAW 264.7 mouse
macrophage cell line was treated with CZPS (4 to 128 ng/mL), and there was no cytotoxicity at a dose below 32 pg/mL.
The levels of nitric oxide (NO) and pro-inflammatory cytokines (tumor necrosis factor (TNF)-a and interleukin (IL)-6, IL-13)
production in the CZPS treated group (32 pg/mL) were 6.5£0.12 pyM (NO), 1252.8+£79.85 (TNF-a), 305.4+£29.41 (IL-6),
and 683.3+59.71 (IL-1(3), respectively, and they were significantly increased when compared to the control group; 2.2+0.03
UM (NO), 452.3£38.34 (TNF-a), 31.7+£5.75 (IL-6), and 184.1+11.52 (IL-1PB). Additionally, protein expression of inducible
nitric oxide synthase (iNOS) and phosphorylation of MAPKs and NF-kB expression were significantly increased upon CZPS
treatment. Therefore, these results indicated that polysaccharides separated from Chrysanthemum zawadskii var. latilobum
(CZPS) may have a potential immunomodulatory activity in macrophages through MAPKs and NF-kB signaling, and this
information is useful for the development of immune enhancing adjuvant materials using a natural ingredient.
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e FEotH, A2 HolE JAA 7= AL B
thHa S 2003).

A0 HAA = v et ohekdst |
A2 2Argo] oste] 1 A|A7F ATk 4
F YA Fdo] AAUWE AYshdS of 7P HA ¥H3-s
= "IN 22 = D383 (monocyte), & FH(neutrophile) L 3Z
A A 3Z(phagocyte) 5-0] QTtHCha & Lim 2014). o]& & ¢j4]
Alze &2 ZANZEHN R FdS A5k, HY
ZZ A2 nitric oxide(NO)%} pro-inflammatory cytokine2- &
Wstol MAEe) YL FET Bk opfel, o3 gL
Q14J3te] We] TH|Zo Aeste] ewelxsule] BAo]
= 37 71osl= ALe2 BiEI QItiErwig & Rees 1999).
PANESS BAZAR L cytokine5E HH|po.R W]
WFSS t e 2, hAAIERRE 2ulE choRt cytokine
REL A7) AAE BT AA ZAREE FIN7IA,
Ex AQUANE, FAPAE 5o AHEAL vrfei
HZR ohek, AEwelS Bels TAZTE B4 o7
U 2818 2@t weld drkling 5 2010).

T4 Z(Chrysanthemum zawadskii var. latilobum)+= <+3}3}o]|
&5t thad 220 =, 39 99 9Y9 Zole Eolghe &
o7 FUR(LHFZHLE S, gl 249 AkA] E
AR oA ZAFBRAL A H o2 PR, T, BAo E F
oA gtk ePHARE FH2E 97 B¢ A 9F
0 2915 5ol RelHe] oA g} grov), 1 &
Atgol 7ol Aho] wEs] LAY W AL A=
skt B okl g2 A UthLee & Lee 2007). 7]&4]
AFollA FE2 trAQ FYEY 2R ST olE
A&4] linarino] F2] = o™, linarini= A WHolA FEF,
Y W 7 85 282 Poky B IEICHKim 5 2001). 1
Solw Faz 232 3ok, FASH U Fulnt So] wwy
HE Qe (Kwon 5 2006; Chung & Jeon 2011; Park 5 2015),
Tz BT el Wel By Eilo] B ATE
oF477) Bl Aol

£ e FEzAA B3 R Aggdsel #st
of sfobiiy] $I5ke] vh92s 7]91e] hAIH TR RAW 2647
of FExA EHT HIFFE At HIxE 29
NO, pro-Inflammatory cytokine 2] £-H]%3} inducible nitric oxide
synthase(iNOS) Tl ¥4, mitogen-activated protein kinase
(MAPK) ¢14F3} 9 nuclear factor(NF)-kB2] W& Sof mjz]=
FEFol Tho] LobH gkt
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2. 7= ZOEKCZPS) =

AzE THAZE AF] E7](NSG-1002SS, Hanil, Seoul,
Korea)2 EH3tx, 7d8% B 10 gof] 200 mLY] distilled
waterE 7Fsto] 100 CollA 2A17F B¢t @4 &3k &
&2 Filter paper(No. 4, Whatman, Kent, UK)Z &1}5}31, &
Tefof] 70% oe-E-2 7hsto] 4To|A 1247 5 FX|gE
¢, YAHEZ(5,000 rpm, 20 min)ske] X E 2THHCZPS)S
st o] & FAAXsI] Aol AMESHATh LEx 2
258 ol 209 &L 3.42%(g/2) At

M M o

3. M[ZEZHH¥

oA thAI N ZF0] RAW 264.7 cell 2§+ A ZF23
(Seoul, Korea)ol 4] E-e¥ito} ALga}gend, AlZujoke 913
100 unit/mL 2] penicilin & streptomycin®} 5% fetal bovine serum
(FBS)& 3Z3}s}= Roswell Park Memorial Institute(RPMI) 1640
Hl| X](Welgene, Namcheon, Gyeongsan, Korea)S AR2-3}% 0™,
A|ZE= 37T, 5% CO, incubator(Thermo Fisher Scientific, Carlsbad,
CA, USA)lA ul st

4. NE MES "o}

CZPS9| Aol wE thA] A2 Al PE& L NO %
cytokine #H]5 9] 432 Byun & Byun(2015)9] X1 of w2}
$33F T RAW 264.7 cell-& 96 well plateo]] 3x10* cell/well
9l T2 BFS T 37T, 5% incubatorof| A 12A]7F F<F v
FslHA MEE ¢A3] F2HA7])3L, CZPSE phosphate buffered
saline(PBS; Welgene, Namcheon, Gyeongsan, Korea)o]| 83|35}
o 4,8, 16, 32, 64 B 128 ugmLe] EE2 2447+ St 2
3Tk Welld 20 pL2] 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide; thiazolyl blue(MTT; Sigma-Aldrich, St.
Louis, MO, USA) MTT £-9(1 mg/mL)& d7}slo] 4A]7F 5
Qb WESAIRTE MTT AloFe] H7k= AY7] formazang: 50]7]
84 dimethyl sulfoxide(DMSO, Sigma-Aldrich)E 100 L&
75k, 1A)17F 3 micro-plate reader(Epoch, BioTek, Winooski,
VT, USA)Z o] 85te] 517 nmelld SHE=S ZgsHg.om,
Control(medium only)®] T4 % 7S 7|£0 2 A ZAZES

u) et

5. Nitric oxide(NO) RES H7|
48 well plateo]] RAW 264.7 cell& 5x10* cell/well 2 B3}
3, 37T, 5% CO, incubatoro]] 12A]7F 59 vjokslH A A x
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£ &3] §2A714L, PBSOf| §3llE CZPS(8, 16 3 32 ng/
mL) 2 00“5‘ =221 lipopolysaccharide(LPS; Sigma-Aldrich)&
g ml 55552 Aolel 20412 59 O 5, o 45
b Helolgich LeIE Wk A 100 Lol 5] Griss
(Slgma-Aldnch) A2k X E5le] 105 St gAloA B]-——A]
71 & micro-plate readerE ©]-&3t4] 517 nmoj| A SF=5 =
AstE T NOY X += sodium nitrite(NaNO,, Sigma-Aldrich)
£ ARgSte] 42 EF AAF} Hlwstoe] A&kt

6. Cytokine £H| == T™J|

48 well plateo]] RAW 264.7 cellS 5x10* cell/well 2 E33}
% 37T, 5% CO; incubatoro]] 12A]17F ¢+ v FstHA NES

QA3 BA| 7] 3, PBSO] £3E CZPS(S, 16 L 32 pg/mL)
9 oFA 22l lipopolysaccharide(LPS; Sigma-Aldrich)& 1 ng/
mlL FE2 AHZste] 247 Fet vt & it e
Eestsich E2E vk /45 AoNlA] tumor necrosis factor( TNF)-q,
interleukin(IL)-138 % 1L-69] S =435}l Cytokine 3t
2F2 ELISA kit(eBioscience Co., San Diege, CA, USA)S AR
shol 24519.00), ol cyokined] = kil ZaFslo] ¢
£ BEgolonny A4EH EERMon Ry A4t

7. Western blot analysis

RAW 264.7 TR A ZE 6 well plated]] 1x10° cell/well9] %
T2 JBFsto] 1247 ¢t 8] RAFA7)aL, CZPSE 18
% 32 pgmL ] =R Aeistor 085 o] B AE
5 3 5}te] PBSZ 33] A|A3H tF2, NP40 Cell lysis buffer
(Biosource, Seoul, Korea)Z 7} & 13,000 rpmoi| A 2057
AHEBA cell lysateS 22|53k 3 o] ehlaS Hast
7] I3l cell lysateo]] AT £H528[10 mM N-(2-hydroxyethyl)
piperazine-N'-(2-ethanesulfonic acid)(HEPES), pH 7.9, 1.5 mM
magnesium chloride(MgCl,), 10 mM potassium chloride(KCl),
0.5 mM dithiothreitol(DTT), 1 uM leupeptin®} 0.2 mM phenyl
methyl sulfonyl fluoride(PMSF)]& 20&-7+ i&a]z‘v 3 12,000xg
oA 157 QAL ste] Mz e Belsigon), Be)
H #HE 7AA &EMH20 mM HEPES, pH 7.9, 25% glycerol,
420 mM ethylene diamine tetra acetic acid 0.5 mM DTT, 1 uM
leupeptin, 0.2 mM PMSF]& # &3} 10,000xgo| A 2087F
APEstel guae FEstdck LeE BHLS BCA
protein detection kit(Thermo Fisher Scientific Inc., Rockford, IL,
USAYE AHg3te] Tl e AASHEOw, well 20 1g
9] cell lysateE 10% polyacrylamide gelol|] Z+Z} loadingd}<d
SDS-PAGEZ Al £2|5}9t} ©]E polyvinylidene difluoride
membrane(Millipore, Merck KGaA, Darmstadt, Germany)2 =
transfer 3} 11, membrane-2 anti-body2] H] Eo0|& AgS W

o) YANE B4 433

Z|5F7] €38l blocking solution(skim milk 5%) 20 mLoj|A] 2A]
7+ Z¢F HH2)3} gtk o]F TBST(20 nM tris-HCI, 150 mM NaCl,
0.05% Tween-20, pH 7.5)2 102X 33] A|25l4 2., iNOS,
p-38, phosphate-p38, ERK, phosphate-ERK % phosphate-NF-kB
o) wraleke ZAat7] 913 13} SA|(Cell siginaling Technology,
Danvers, MN, USA)E 1:1,0002.2 3]45}a] 4 Cof| A overnight
Al7]1aL, TBSTE 1027 33] A&ttt ©]$ 23} 34 (goat-
anti rabbit 1gG, Calbiochem, La Jolla, CA, USA)E 1:4,0002.2
s)4al] 2417 Fk WHSA|7| T, TBSTR 1087 53] A8}
Fom, HARS 9519 electrochemiluminescence(ECL; Millipore
Merck KGaA) reagentE ARE-3le] Q1354 Tt

8. SHEA

olge] BE U@L 33 o4 Moz ojgeigon], A
¥ A1}= Statistical Package for Social Scienecs(SPSS, 10.0,
IBM, Chicago, IL, USA) sotfwareS ©]-85}] one way ANOVA
test2 BA5}H 0o, A& 7H] §9]A-& Student's two tailed
ttest2 "P<0.05, "P<0.01 ¥ TP<0.001 $=Fo)| A v wEtgch

Zu o pa

1. CZPSe| CHAIMIE MZS0| nixls st

CZPS7} AN AEERS BIA L Gae gobny]
QA RAW 264.7 cellof 5= CZPSE A E|sto] CZPSo|
gt A2 YEES MTIT RS 551 B7FskchFig. D).
CZPSE 4, 8, 16, 32, 64 9 128 pg/mLe] =2 AT 3}9S
o, 4, 8, 16 & 32 ng/mL9| FEoA AlZ54 0] UEh}A|
P, 64 B 128 ngmlo| FEOA NE=AHS UER
o wheha] iAo TRt CZPS S| H S &/ 5(cytokine H
NO2| A/d%) B7F Al CZPSY| F=5 Al 540 UEA]
U= =Y 8, 16 ¥ 32 ngmlE aste] AT

2. CZPSQ| iNOS ZHH NO MM O|Xl= A&k

AN ZE #XMM:‘TA&} A AAESE Sdshs S8
AZ2ZA, A2 Y= Gl tiste] 27 (self) LD v]z;
7](non-self) 5 Q1A15to] 97 WA FUS ZAs= 94T
< st R ZRE EojeE H|Z7|(non-self) o]
A ol AANE ul, P A EZ7} 0] F ELA]3te] AJ3tE]
H, ZAH o st JEE F-gHYG A2 FH @lb;
& 4—6@6% HANEQ] T Ao AA|5k] AZuj7i4 |
ojdtiliang 5 2010). w2hA] A W—MH g
A 9JEH Fol tigt W7 e sYste o axFe|n
2, et AAE9] WYyl S4 oRE dust=d 9l
A A EZ GG JRE F2 Bt
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Fig. 1. Effect of Chrysanthemum zawadskii var. latilobum
polysaccharide (CZPS) on cell proliferation in RAW 264.7
cells. CZPS were treated at the concentration of 4, 8, 16,
32, 64, and 128 pg/mL and LPS (1 pg/mL) used as a positive
control. After 24 h, cell proliferation was determined by
MTT assay. Results are expressed as the mean£S.D. (n=3).
Statistical analysis was performed using Student's two tails
t-test with a significant level of "p<0.05, and “p<0.01 com-
pared to control (CON) group. ™5: denoted no significance.

Czpse] A7k WAAZS] Bl 0= FFL B
517] 913l RAW 264.7 wup--2 A A o] CZPSE A 2%t
B N3 AR5Ho)| A pro-inflammatory cytokine@l TNF-q, 1L-13
4 IL-62F INOS Tl 2 9l NO Aol thsliA] grobi gt
th NZ=A4] FFE XA = T=9 8, 16 & 32 ng/
mLE CZPS= A 2|slo] iNOS Thild ¥ 9 NO9| £H]5
= RIgH A}, CZPSO] A2z iNOSQ| Tl d o] My o] &
/g9t oh 2l NO9| Hul5% 5= oEH o= FTH7|=
Aoz WHEIKFig 2). £ 2 AFolA A d2F=
AMEE LPS A 2o whE NO EH|FH 23S B lS
o, CZPS H2}7] NO £u|eo] A Lehhs Ao o}
H=F G5 WSOl 93t cytokine EHl= obd AL R ALR
ot dAAIE YEofl= neuronal NOS(nNOS), endothelial NOS
(eNOS) I iNOS9] A EE9] NOS7} Z73}, nNOS2} eNOS
= AN RN 4 ol FA1EE vhHof, iINOS+= &
33} Aol Ant Wdo] F7lsks A2 dEA Utk Miyasaka
& Hirata 1997). & EA5te] ASHE thAAlZ= Al Z
W5-2] iNOS Tzl o] WhES F7HAZ S ZH, Al YellA]
L-argining NOZ 3k S =31c)(Schmidt & Walter 1994). 24
3he tfAA| 27} EH]SHs NO= 78t o] 97 Atz =
t A= AEE AZY GAZY FA4Z Aojst= 59 o
&t A7l s2 7R e A W 2% Edolth
(Lee 5 2006). 3tA|Rt 73k NOQJ HHl= dF4 A
Tsto] Al 9 Ao &S dsle Aeg HuH vk gl
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Fig. 2. Effect of Chrysanthemum zawadskii var. latilobum
polysaccharide (CZPS) on iNOS-mediated NO production
activity of RAW 264.7 macrophage cells. (A) Dose-dependent
effect of CZPS (8, 16, and 32 pug/mL) on NO production
was analyzed by Griess reagent assay. LPS (1 ug/mL) used
as a positive control (B) Effect of CZPS (16, 32 ng/mL)
of iINOS expression in cell lysate was investigated by western
blotting. Results are expressed as the meanS.D. (n=3).
Statistical analysis was performed using Student's two tails

sk

t-test with a significant level of “p<0.01, and ~p<0.001,

compared to control (CON) group.

oA, AlE 9 Ao &4 FA ¥ AET NO 5=5
SRS Aol ul> @ 35lthJeong 5 2012). Wt AZE
do] Y= =04 iINOS Td % NO A4 F7h= AW
HAX LS 243 A7) Aoz dddd 4 Qi & 47
NNE AE E4E FAT 4= ¢l 8, 16 X 32 ng/ml 5=
oAl CZPSE A23tQS uf, iNOS T a uHg 2l NO Bl
0] Tk YETHLoE FTIete AR WHE| CZPSY A
2l HHAEZE B3 F=AA AW WA Y S
SN = Aer Almdrh

3. CZPS9| cytokine &H|SO O|Xl= sk

Cytokine2 HHYHE-9] vj7jA= A HAULGS F=35h=
ol 3lof vj-¢ F83 4TS FPste WA HIA o, of
A M| EZo| A EH|3l= HEF S F pro-inflammatroy cytokine 2
A TNF-q, IL-18 9 IL-67} 9JthJeong 5 2012). EAstE H
HA|Zo A EH]| == TNF-a= FFYARIRZA FEA|E
of tigt MEZ5AHES dov]= EFOlAT, LPS 59 &7 &
ol &Jste] 1 o]l AUAA ol 544 9 T A5
HA|Z O] BTN dojutes HRESS Tt B
A E R Wang 5 2003). E3F IL-18 L [L-6= F4HE 9]
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Fig. 3. Effect of cytokine (TNF-a, IL-18, and IL-6) pro-
duction of Chrysanthermum zawadskii var. latilobum polysaccharide
(CZPS) in RAW 264.7 macrophage cell line. CZPS were
treated at the concentration of 8, 16, and 32 pg/mL in
RAW 264.7 cells. LPS (1 ug/mL) used as a positive control.
After 24 hr, cytokine productions in culture supernatant were
investigated by using ELISA kits. Results are expressed as
the meantS.D. (n=3). Statistical analysis was performed using
Student's two tails #-test with a significant level of “p<0.05,

sk

“p<0.01, and *"p<0.001, compared to control (CON) group.
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1 E A HLebovic 5 2000; Mcdaniel 5 1996).

2 AFtolA CZPSe] A 2j7tF tHAAIEZ Y cytokine #-H| 5
o u]X = Jaell Bakel B lasto] RAW 2647 o
& AN 2o = CZPSE A3 & A|Z vid 45
Hof| A cytokine THegol] Tato] TSI TH(Fig. 3). HA Al
5/ AgolA HAANIEZ E40 G2 AR G F
A =58, 16 U 32 ng/mL)2 CZPSE A 23t cytokine &
= EHlsol st AR Ax, CZPSY A= TNF-q,
IL-1B 9 IL-69] BH|[5& 5k YEF o= FTH)7]= AL
2 BEEY gy FEx=RE £ tdRQel CZPS
= NOY| #H|5Z S7HZ But oz, ey =4 &
Q1 cytokine®] HH|5 EFF F7HAA HAIA|Z ] HAZA
of 7|tz Aoz AlmETh

4. CZPS2| MAPKs QIAlS} Al NF«B2| EHSi0]| O|X|= &k

AA WY Wt gnEny fass 3US A4
sha EAISHRA WSk AARGRESo] GlolH MAPKs
oF B vl$: $03 48 Sashs 24 Axolch

A
CZPS Conc.(ug/mL) 20 7
CON LPS 16 32 > e 28 sk x
p-ERK1/2 ‘?-: P — ﬂ‘ "o = 2% b
2R 15 2 ﬁ
£ 2 c = *%k
— S o
g,
e [ - - <3
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p-p38 ‘_---‘ g 1ol — €4 1
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Fig. 4. Effect of Chrysanthemum zawadskii var. latilobum polysaccharide (CZPS) on MAPKSs phosphorylation and NF-xB
expression in RAW 264.7 macrophage cells. CZPS were treated at the concentration of 16 and 32 pg/mL for 30 min. LPS
(1 ng/mL) used as a positive control. MAPKs phosphorylation and NF-kB expression evaluated by western bolt analysis
using specific antibodies to p38, phospho-p38, ERK1/2, phospho-ERK1/2 (A) and phospho-NF-kB (B). Results are expressed
as the mean+S.D. (n=3). Relative band intensity of each protein was expressed. Statistical analysis was performed using

Student's two tails ¢-test with a significant level of “p<0.05,

“p<0.01, and ""p<0.001, compared to control (CON) group.
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A2 Y A% Ao Bsh= MAPKs= F-27E Al
Q2 Solot Aol ik ALzl daiA Yt doiut
31, NF-kB7} & U| 2 o]Z3slHA] 3 UJ52] AP-1 transcription
factor @ cAMP-responsive element binding protein(CREB) 5
9] ekt AARIAES SASHAZITtHBrewer 5 1992). @A)
7hA] Mejulee 2-se Aog da g MAPKEE
ERK1/2, INK ¥ p380] Qloem(Kang 5 1995), Z Tl & o]
Qitste] SJsiA B4 75 BETthDong 5 2002). &
A3lEl MAPKs= 21" Z © 2 inhibitory kappaB(Ik-B)S ¢lAF
8} N OZH 1B 2 o] EAISH: NExkB7L 243k}
Y= =E Fr=ste, /43t NF-kB7} o Y2 0|53t
3 ol HARIALRA MY S5t Eatel f= 9 A
o|E7FeIE o] Aol TRARL chepat U] YIS f
Z=3tHChun & Surh 2004).

& AtollA CZPSe] Ao wh th2iA| 22 B/d3te] Al
T Qe ASAD 73] Bato] dotn] S A
AM|3zof CZPSe] F=& 16 W 32 pg/mLZ *]&]3}al, MAPKSs
(p38, ERK)2} NF-kB&] QIAHS} J=8 wastfint. A2,
CZPS9] A7 &7} Z7}84=2 MAPKs(p38, ERK)9] 214t
37t S7Fhs A2 R yEbdth 22u W NFkBe| Q14t
Sh= CZPS F= FHjjof] T Aol HolA| kAL di=
CzPs B Hlmate] ¥ ), folHom Z7hE A
o2 WEEUTKFig 4). Wk B Aol A CZPSY] A o
I3t A28 ARG o) YL NO o ke
HH|7} $71E AL MAPKs @ NF-kBE] 9143} 719 w2
gkol Aoz /\}E%q-.

[¢]

o OF
I

2 d7e ATHAR F2 A8 HE FEzA 2%
FCZPS)7F A 3 4%95@1011&1 TFAL 9L+
Hote AN EZ LAste] mA= YTl st wEst
Ack FEzAA £ thFHE whes fof fAAES
] RAW 264.7 cello]] X 23t92 ), iNOSS] ¥Hal 2 zA3}
o] NO9J Qo] S7he|glem, £ e £ TNF-q,
IL-1B 9 IL-6 59] cytokine®] £H]50] S7HEow, o]
3 HGSA diA]RS] NO 2 cytokine] Z710] glo] T3t
et "My sG] dote] doh AR, CZPS
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