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Immunomodulatory activities of polysaccharides extracted from
Cudrania tricuspidata fruits in macrophage

Eun-Ji Cho', Yi-Eun Kim', and Eui-Hong Byun'**
'Department of Food Science and Technology, Kongju National University
’Food Science Research Institute, Kongju National University

Abstract Macrophages play a crucial role in the host immune defense system. The current study investigated immunomodulatory
activities induced by polysaccharides extracted from Cudrania tricuspidata (CTPS) fruits in murine macrophages and their
role in signaling pathways. In macrophages, CTPS predominantly induced nitric oxide (NO), tumor necrosis factor-a, and
interleukin-6 production. In addition, CTPS significantly up-regulated expression of the macrophage surface marker (CD80/
86 and MHC class I/Il). These results indicate that polysaccharides extracted from CTPS may potentially play an
immunomodulatory role in macrophages via mitogen-activated protein kinases and nuclear factor-B signaling. These
findings may be useful in the development of immune enhancing adjuvant materials obtained from natural sources.
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4 g ¥RuvY Ay wAd Uet 482 FYshs
WA EEo] thEth A4 Beurge] Bolshs AL 2%
HAESE FAGAE Bol Jom, E 2710 BAskelel HY
ol The AnE el Ashs QBL s GASIH W
-2 suksh gkt 94 Wk Bofshs AEE T A
Esh B AEA SJsfe] ool HAY WANS F EAAE
o Slate] AAEE Ho| FAL AN APR ALE A
A ol BU4 B g FA AN FA5e] Tes

= 2996 ©

A7l AHE-S =39 Byunst Byun, 2015; Byun 5, 2016).

TR RN (Cudrania tricuspidatays B 3ol &3= 94
o2 =g HES di, F=3 gAlof FRAY Tl
2 Exsp fEuEelMe 155l A 2|4 At
o} MolrelR| oM AEekxeA AMEEe] 2 o) & 3t
2A 277t FE2 ARREM, 43 duls AEFER o8
SFeH(Choi &, 2012; Hano &, 1990). l2%E &, Bae= &3,
HAY, v 2F, P, SASEE 59 X s AMEEH
glon, =71 AE(xanthones), ZH o= 59 ZFHE A
o] o o] dlom, Elo]RAle] oA, AbsbEA], Al
Z=A, FET A4 dE 23 dEA JrkCha F, 2000;
Chen 5, 1995; Jang, 2003; Kang 5, 2002; Ottersen &, 1997).
AR o]E ATe FE F7]9 disle] B2 A77F 1 v
W, duljel] st A+e dFEA, AshH] 9 dHE 4 o
g At HaEe] g HojtiSeo &, 2013; Yound Kim,
2012). A EUE GufjellA] 22E odRe] WY g4 ade
#eE A= oA mEE dAolrt

2 dATE PR iRy tdR Aes FES 29
ThEFe] WY 2ol #ste] golidr] fIste] mhe 7o) &
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EAAHEFQ] RAW 264.70] A1 Arfjell ] Eeleh ddia
Aleted W] 2d B2 A1), HESA ACIEFRIS]
5 M=z Z¥W 2 €4, mitogen-activated protein kinase
(MAPK) 212Fs} 2 nuclear factor (NF)-xB2] ¥ Fol v]X&=
Ffel et BT

NERE R
TXE Ao E=CIER(CTPS) £&

2 AT A" A duls SAHEE oAk (Yesan,
Korea)oll A Fujate] ARE-8ISITE AZzE FAE dujgs AF4
£ E71(NSG-1002SS, Hanil, Seoul, Korea)Z 3 3}e, 2|3
Guf 9 50 goll 400 mLe] FHFDW)E 7h3ted 100°Co|A] 2
AIZE B EFFESIT FEES ASEI(No. 4, Whatman,
Kent, UK)E o3} ¥ ofzlelo]] 70% oek2-S 7lsle] 4°CollA 12
A7F For W3 & 423,200 rpm, 20 min)dle] A E
ZOYH(CTPS)S H)8lod(Khawla 5, 2016), °12 W% Ax3}
of Aol ARSI, ol dolx ZTHEFEY F&E 449%
(w/w) STk

MIZ=HR 2t

ne-20] XXM EFQ] RAW 264.7 celke A 2523
(KCLB, Korea cell line bank, Seoul, Republic of Korea)oll*]
Frol ARE-sIl o™, IS 3l 100 uniymL FAUAEY 2
100 unit‘mL Z~EWErto] 23} 10% LEjold S £ sl
Dulbecco’s modified Eagle‘s medium (DMEM) (Life Technology,
Carlsbad, CA, USAYE ARE3Iom, Al EE 37°C, 5% ©l4taler
2~ ¥j%7](Thermo, Carlsbad, CA, USA)olA vl 3l

M= dZE8 g7t

RAW 264.7 cell& 96-well platel] 3x10* cellwell®] F=Z
T8 5 37°C, 5% olitsheka: wigrlelA 12417k S wigabd
A HEZE GAS] FFA L CTPSE phosphate buffered saline
(PBS, WelGene, Dalseogu, Daegu, Korea)ol| 833l 31.25, 62.5,
125, 250, 500 3! 1,000 ug/mLe] F== 2447F F<QF A 23Tt
Welld 30 uL®]  3-[4,5-dimethylthiazol-2-yI]-2,5-diphenyltetrazolium
bromide; thiazolyl blue (MTT; Sigma-Aldrich, St. Louis, MO,
USA) &2(5 mg/mLy& F7Fste] 4AZE F<t wh3AIZTE MTTA|
oFe] H7IE A7 formazans F017] $IEiA] thol” A FAte]
E(DMSO, Sigma-AldrichyS 100 uL# 7kt 1A17F - whe] =
ZEZYo|E 2|t (microplate reader, BioTek, Winooski, VT, USAYS
o]83t 570 nmollA] FF=E S 3I93L, tEF(medium only)
o] FHE S 7IEoE X YEES vwA

Sample A&7 FF=
Sample T &Y FE=

HNE AEE (%)= x100

AMol|EFIRl 2H| RES "I}

48-well plateo] RAW 264.7 cellS 5x10* cell/wellZ2 H53 3
37°C, 5% oliksheta: wigrlolA] 12417F Bt wiekatEA AlE
E &3] F&FA)712, PBSo| &8E CTPS (31.25, 62.5, 125,
250, 500 ¥ 1,000 pg/mlL) EE AT AWATIGH
(lipopolysacchride, LPS, 200 ng/mLys =2 2|3 & 2477+ 59t
HjeFste] v Asd-e Bt EEE wd A
TNF-0, IL-6 2 A2 T3S S783190T) AllE7IR] &

2 ELISA kit (eBioscience Co., San Diege, CA, USA)S A&
slo] Z2Aslgon, olu] Alo|EFIRIL] FEE F]|EC EFE
= XF S0 28g AEd gFFHoZRE ALEAC

MSIELA(l) (Nitric oxide) BES W7t

]
oFS Azlste] 102 5 WHAIZl & whe]AREHolE 2N E
ol g3kl 517nmellN FBFES SASATE AN T
£ oL FNaNO,, Sigma-Aldrichys AMEsle] A& HFIA

3} vlste] A&,

M= =M g4 oIXk(cell surface marker) H7}

CTPS®] A7} SxA M) AE FH 84 QAo Wl
X g SHs] 95t RAW 2647 S2XAMEE 7} 6
well plateo] well & 1x10° celliwell?] =2 EF38 & CTPSE
7} 500 2 1,000 pg/mLe] FEE AT d T 24A7F Bt vkg
AIZ1AL Z}ze] NEE Sesiditt. FA19] vlEo|Xl AFS W

A&l7] Yate] 348 22k AlZel] 1 pg/mLe] Fey VI (B
Biosciences, Seoul, Korea)s *]2]3}le] 4°ColA] 2087 HHg-A1
&, TEAAE 3 4 AR 48 #1514 anti-CD80-PE, anti-
CD86-PE, anti-MHC I % II-PE (BD Biosciences)?} 72 A3
EH FAE ZH7F 1,0000) A ste] zkzhe] Ao A2]stal 30
B 59 WA FAE BAI)(FACS callibur, BD
Biosciences)E ©]-83to] CTPSS] 2|7} SXAM 2] ME ¥H
A QAo W) vXe G| Bale] B4 AT

w)

Western blot analysis

RAW 264.7 ZZ2H|EE 6-well plateo] 2x10° cell/well®] &=
2 EFE 12A7F FRF $hds] FAA]ZIAL CTPSE 500
1,000 pg/mLe] =2 AT wike] Bt AEE 31
PBSZ 33 A3 & NP40 cell lysis buffer (Biosource,
Gangnamgu, Seoul, Korea)E 7}t ¥ 13,000 rpmollA] 1587+
AAEEA cell lysateS EElstsict. 3 Wjo] dids st
7] {8k, 47 RE Ao A 8N (10 mM HEPES,
pH 7.9, 1.5mM magnesium chloride (MgCl,), 10 mM potassium
chloride (KCI), 0.5mM dithiothreitol (DTT), 1uM leupeptin©}
0.2mM phenyl methyl sulfonyl fluoride (PMSF))& 20%7F ]2
12,000 pmel A 17 RSl AEA 9L wefst
pom, Hold e A 2520 mM HEPES, pH 7.9, 25%
glycerol, 420 mM ethylene diaminetetraacetic acid (EDTA) 0.5
mM DTT, 1M leupeptin, 02mM PMSF)S =& &te] 12,000
rpmell A 2027F AEEEte] & dAs FEah EEE
cell lysatex= BCA protein detection kit (Thermo scientific,
Rockford, IL, USA)E AH&-ste] @il &S AAISIAL, well
F 20 pgel cell lysateE 10% Zg|ofaoluto]= Aof zhzt
loadingal®] SDS-PAGEZ W28t th ©]& polyvinylidene
difluoride (PVDF) membrane (Millipore, Merck KGaA, Darmstadt,
Germany)©. =2 transferstla, 22 @A 2] H|5o]4 A3 WA
3171 913l blocking solution (5% skim milk solution) 20 mLoll4]
IA17F ¥R ST ©]% TBST (20nM  tris-HCI, 150 mM NaCl,
0.05% Tween-20, pH 7.5)% 5% 33] AH32™, p-p3s, p-
ERK, p-INK 3 NF-«Be] W3S F4s17] flaf 12FaA] (Cell
signaling, Danvers, MN, USA)E 1:2,0002.Z 3]43}o] 4A|7F &
Qb WkEA17]3, TBSTZ S%7F 33] A&l o] F 23} 44
(goat-anti rabbit lgG Calbio-chem, La Jolla, CA, USA)E
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1:5,0002.2 3|43t 2A17F FF WHgAl7|AL, ddE 913k
electro-chemilumine-scence  (ECL, Millipore =~ Merck KGaA,
Darmstadt, Germany) reagentS AR&-3te] Q1313151 T

84 24

o] o] AHdollA Aojx A= Statistical Package for Social
Sciences (SPSS, ver 10.0, IBM, Chicago, IL, USA) A£ZE|o]
£ o] g3l YA oE Ao, Alg 7H oA
2 G AIFoZ p<0.05 oA HIEATh

=}

2d Xl

=

I-Ell

K
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CTPS7} EX2AE ] MEEA AR5 ERIsh] flste] &2
2JA|3E RAW 264.7 celloll == CTPSE *glsle] MEe] A=
&S MIT WS 53t H71stthFig 1). CTPSE 3125,
62.5, 125, 250, 500 2 1,000 pg/mLe] T2 3PS o =
E sroA AEsAo] YA &2 AS 3T webA
CTPSE SX2AAM| 3o MEZA F3S vXA] dRem, 5
CTPS9] A7} ARlE7II 2 Abshd(ne] AAdsel ofust
G X=X dolry] 9ske] CTPSY FEE 31.25, 62.5,
125, 250, 500 = 1,000 pg/mLE 243t 2¢ 519 T},

CTPSe| MERA(l) % AIETIl SIS

SEAMEE $76) Weurge] FHRA0l AT £
MY Felo] A el A W ZEYAE} )8
Aole] gelo] et FRE T AES) Al Alzulsjreiw

=

S0l dojdth. dvtx o iR e FEXAMEE
glol] thel We] 7|5 o] FFHo|A] drk(Brewer 5, 1992).
W] A3t ZXAMEE A U vAdE 9 blojg 2 7
AE AxE AAsk=H vl T o thLee 5, 1996). ©|+H
FxMxe] 843 = RERE FYE WRAEY] IY
o Slojr z7] ARkEe] TS UElE AREA tde &
AEe] WSS S W1 W F2 o|&HtkBios, 1958). X
2N E sl mRE JEFS Hrlsl] flsiA RAW 264.7 2

&)
o 1t

EAHE CTPSE A A E 24Z el AkstE Dt
AASA Ao|E71202 TNF-a 2 IL-62] A thafe] Lolr
steh A A= AYAA F - tigh W] 28-S
st a3 A% Ag EAZ ARPE AN S 4 (nitric oxide
synthase, NOS)2] Z-g-of 2J3] dol2XdoZzHE A= F
7] FElAE AGUES, AESA, A AeA 2 B ol B
oy AETHQ A Fst] FAoldEA, AAMEEE
g WA 9] o] EAE UEA AUth(Yu 5, 2012). 3EAIEF LPS
of 9gt w3t kel Bl 954 IS =y
Az g 24 24 Ysle 20& BHIE v QlojA Az ¥
ZAo)| A4S FX % HAg AEAAI) FESE AR5k
Zo] mj$- F23ltkSung 5, 2016). WA AE BA4o] Qe F
oA Akt A B ADTA AIEFRI Ao SV AW
HAN2EHS A3} Al7|= Aoz Je 5 gk oM A
oAl MEFAge FFES VXA Fe= TR 3125, 62.5, 125,
250, 500 % 1,000 pg/mLe] CTPSE j2]ate] AbshaA (D) #H]
T2 HUIEIE w, AElEA1) BH5o] TR EFHoR F
7Fhe Aoz #AzEo} CTPSS| Ay ZXAAIE] |gdy
< T AR AlRE

sk ExANETL Sk Ale|ETRIS WAME TF 3
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Fig. 1. Cell proliferation activity of CTPS in RAW 264.7
macrophage cells. Cells were treated with CTPS at the
concentration of 31.25, 62.5, 125, 250, 500 and 1,000 pg/mL. Cell
proliferation assay was conducted in triplicates (#n=3), and the results
are expressed as mean+SD.

28-S sl AlsAES 9 F83 Wz dxle|H,
A E7F BH|Ee AR|EFRICZE TNF-a

. TNF-oi= SX2HE7} o5l 12 A|ETRIeR
4 Az uist At Axsde YepZlx s o R
o] QAE Mo AElTEe TIMNA 59 AARAE
SASAIA 27] Wl T23% 98-S FYPIHKim T,
2004). L6 B AE T Axe] 715S 28a Adrs2
2ol W] Z2EA] 4 Hofsta, 28 28-S et
A dojupA e 98-S IrhBrewer 5, 1992).

wEhy B AFoE XA T T X EQ Al]EFIC
(TNF-a B IL-6)°] H|FS F3lx Sx2 M2 8338 A=
Lol A}, CTPSE SLEAA|F| A|FEEA 0] Y& 3125, 62.5,
125, 250, 500 B! 1,000 ug/mL®] FE= AH3AS Wl TNF-o 2
IL-69] o] & EH o2 F7Ih= 2102 Hol CTPSY] A
g FXAEY NS Frste Ao ALRHETMFig 2).

O30y ol

CTPSe| ZZAMZo| M= EH &M QIXlof| O|xl= A&t
kst WY AEFLES AZ FHY /AT Y ¥H 2R
TFzo| mE M2E TR olge FES s W(cluster of
differentiation, CD)2= X FS ARS-3H). o3 ¥ ¥ CD
= 22 R AEE EsAY £45ks dTel= v &
B3 AREEIT, Axe] Egdstel HHsle] FAg XRE AR
Hohlee &, 2001). CD80Z} CD86S AlE2] EA3} FHAS ul
T E XEF SR olEfgt el wEo] FrkeHAl =W A
Alsgol F7tete T MEzete] Alx 7F 45 2-8(cell to cell
interactionys H= A& FYPSFEE CD80 CD86S| Hd =
Ve FAGAE] EAste w9 2 e FHEe] Stk Mo
2017). T3t &M 27 HEAE Ba5 HH FHRIS
Fale T AlZoA BdAe Fd& AASHA ==, ol
A& AAslE FGolA AFHo=E AN & A F2AAF
2J B3] (major histocompatibility complex; MHC)E 53] 3+
S AFAA AL@H(Piani 5, 2000). FZAHTA B 2=
MHC class 13 17} EAI8kH Sx24 3290 2 Al27t 843t
A &3S ule A2 o] Ao AW WM EE] EA3rt
J

oo upt ol

HH B ol TdFo] FHA HAMEA T Alxe B &F
o] FLE AT < o T AHEZS SAAA FHY 1Y
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Fig. 2. Nitric oxide (NO) and cytokine (TNF-o. and IL-6)
production by CTPS in RAW 264.7 macrophage cells. Cells were
treated with CTPS at the concentration of 31.25, 62.5 125, 250, 500
and 1,000 pg/mL. Assays of NO (A) and cytokine (B; TNF-a, C; IL-
6) production were conducted in triplicates (n=3), and the results are
expressed as mean+SD. Statistical analysis was performed using the
Student’s two tailed #-test with a significance level of *p<0.05,
**p<0.01 and ***P<0.001.
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Fig. 3. Expression of co-stimulatory (CD80, 86) and MHC class (I, II) molecules by CTPS in RAW 264.7 macrophage cell.
Lipopolysaccharide (LPS) was also treated at the concentration 200 ng/mL in RAW 264.7 cells. Cells were treated with CTPS at the
concentration of 500 and 1,000 pg/mL. Measurement of CD80, 86 and MHC class I, II were conducted in triplicates (#=3), and the results are
expressed as mean+SD. Statistical analysis was performed using the Student’s two tailed #-test with a significance level of ***p<0.001.

S k3] FYPAZIthHege 5, 2003). WA CDS8O, 86,
MHC class 1 2 119] 23] F7ts SXAAME9 72 B34
Zeo| &gl wig- sk Ao rh(Piani 5, 2000). CTPS
o X7t EXAME AE 7 24 Ao dE ke n)x)
= 9FS FAE B47E Tt S CkFig 3). CTPSE
FE=HE(500 21,000 pg/mL)Z A3k CD80 86 E MHC
class 17} 119] @&o)| #3le] #A3F Ax 2E CTPS 2]l
A o] IUtEE AR dEAEeH, HEsnrt S1ES

HPe] F/kEE O ekt oled ARE vITof
o} CTPSe] At SEAMLE] AZ ERBHY RS @
2 APRoE F/MA WANEE BHINE RoE A}
A},

et b

CTPSe| MAPKs ¥ NF-B2| QIMsto| n|xls &
o) ATl o) Mego] FEHW WAME o] A&
Ag AAZE Bk ASFAL() B A EAIT e WY
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Fig. 4. Phosphorylation activity of CTPS on MAPKs and NF-xB in RAW 264.7 macrophage cells. Cells were treated with CTPS at the
concentration of 500 and 1,000 pg/mL for 45 min. Cells lysates were subjected to SDS-PAGE and immunoblotting analysis was performed
using each specific antibody to MAPKSs (phospho-p38, phospho-ERK1/2, and phospho-JNK1/2), and NF-kB (p65). Statistical analysis was
performed using the Student’s two tailed #-test with a significance level of **p<0.01, ***p<0.001.

il = Ee] #H7E SXET 27 ukgo] AlzEd we
ME W Asddol] #H3}= mitogen-activated protein kinases
(MAPKs) B NF-kB9] QI4Fs}7} o] F0JR| 31, NF-kB7} &/ 5}s
A Y ge712E YeillE Alel BRI B Ashd ] 2]
o] JEFE vA= ZoE B Xt Brewer 5, 1992). MAPKs
of &3te tEAQ @A = extracellular signal-regulated
protein kinase (ERK), serine/threnine protein kinase (p38) % c-
Jun NH2-protein kinase (JINK) 59| 3%F°] dow, &dstd
MAPKs= NF-xBZ H9 249 A5g ddsie] i o3
2 A ZL7]Hel| J8S FA "k Cobb# Goldsmith, 2000). u}
A CTPSS] Azlol] <3t SZAA|E Edste] B W)
e gohny] 9J3le] EXAME CTPSY] FEE 500 2 1,000

o] CTPSE 2|3}

3 MAPKs ¥ NF-xBY 14t} A=E #ast9e o, CTPSY
212]7} MAPK (ERK, p38 % INK) 2 NF-kB9] ¢l4tsle} s

NF-«kBe] W&o] fo2oa Zrlshe o2 HAFthFig. 4).
wEhA] 2 AgellA] CTPSe] A elol 9sled absldan 2 At
o|E7ICle] EH7} Z7lEE AS MAPKse| ¢laksl= 8 U] NF-
kBe| &4o] F7IEA7] Wil AL AlsH

ZOEF(CTPSyt 27)
EAM AN SEE
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XN 710 vl
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