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Abstract

This study investigated immunomodulatory and antimetastatic properties of polysaccharides extracted from hallabong (Citrus hybrid)
peel, focusing on their effects on macrophage activation. Crude polysaccharides (HPWP) were obtained through hot water extraction
and ethanol precipitation from dried hallabong peel powder. Macrophages isolated from mouse peritoneum were used to evaluate
cytotoxicity of HPWP against normal cells and Colon 26-M3.1 carcinoma cells. Our findings revealed no cytotoxic effects of HPWP
on either normal cells or Colon 26-M3.1 carcinoma cells. Immunoactivity was assessed by measuring cytokine production, specifically
IL-6 and IL-12, using ELISA. Results indicated a significant, concentration-dependent increases of cytokine levels. Tumoricidal
activity of NK cells was also evaluated, demonstrating enhanced tumor cell killing induced by HPWP, in a concentration-dependent
manner. This increased activity was due to HPWP’s potent antimetastatic effects, as observed in a mouse model of Colon 26-M3.1
carcinoma. In comparison with a the negative control (NC, 100%), HPWP at concentrations of 10, 100, and 1000 ug/mouse showed
antimetastatic effects of 49.4%, 61.3%, and 74.3%, respectively. These effects were attributed to only NK cell activation. These
findings suggest that HPWP has potential as a functional ingredient in food products aimed at enhancing immune response and
inhibiting cancer metastasis.
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e Q7] AL AR EA Ao, o B ol e olo] FRT AT sl taksbisiak - 2003)
o] 90% ol4fo] k4 Fopo] o Molo] e At o] WMol Aol 28 wAYSL 4K E(macrophages) X
(Sporn MB 1996). 0] o}A] Zoky} ok Z£oFS :,L_E_—a}l;__ 25|14} A% (dendritic cell)@F -0 EF4] A% (phagocytes)2] B+
F9 B4 % SPhE(Weiss L 1990), o] ZAolA F5F A 8tel THelo] I}, w3t AN Ee} B4 AEs} Hust
= WA, AR &5, AL EXA D A Eﬁs Far L thoksl AJo|EFFIZ(A]: interleukin (IL)-6, IL-12, tumor
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StetE-2 F(Citrus reticulata)T} QAR (Citrus sinensisyS
Wofstol AR sjolHIE EEOR, £ AFES Tt
Ao A 1 o]Eo] G & Qdtk(Shin 5 2021). ZEHF AR
(M) AF ofeolA] BE, 712, Wi 4%, 28F, WAl
ad Ag 9 Eo At 59 Aol ATkl Hilko] gtk
(Li 5 2009). & #A=27} vR7HA| £, tebs Adoe
pectin, flavonoids, carotenoids, limonoids, coumarins¥} Z+-2 Q1
7 A7po]| 895t 7|54 AHo] TH3L Aoz Ad#A 9t
(Tatum & Berry 1979; Hasegawa 5 1986; Horie 5 1986). L&
]4— o]—E]— _Z,_i _%_/\ ;(ﬂ}_oﬂﬂ]— E] 7@70_]4. 71—_9_ 1:1
AHES HiFE 7] E= Aol o] et 7k HAMANE
2 3 BAE op|T & oz, SARANEY MEE
B7piE %

St Ao WA U B
% AU BEY EENE

T = o=
ol © 79T #
(Jimenez-Lopez 5 2020). o]& AFo A= QX
o] I A%E 7Y, o T S EY 5 A
A¥7F Balg vp Qlov(Pal 5 2012), 53] H=EF A
Wo| T35 polymethoxyflavones7} 217t H| Y A3 o] A%k
A5} oncogenic proteing downregulationo}™, A3 A}

S DA T o)
{o 2 e e

mRm

(apoptosis)S FEdt= a7} Y=H v th(Xiao S 2009).
T e 9] Z1 Al et A7 A vl 4
“Joltt.

A HAE U35 AF 1 QoRE ARloflA] &

Ful2e 1L Fuva 900, ok Yo A2 5
B e 54, 5 2219, SEU gak, sek,
94 54 dwol v 24, FdS5 L FSF a4
skat 9 9Jst HofofA & TAS w1l Jrh(Schepetkin &
Quinn 2006; Wang 5 2010).
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2. il 2M

Ngel FAT we
phenol-sulfuric acid(Dubois & 1956)°C.2, AMJH TF
HEEZAE dlo]  m-hydroxybiphenyl
(Blumenkarntz & Asboe-Hansen 1973)0. %, Thald] sk =

Z=E bovine serum albumin (BSA)S AFE-5}0] BradfordH
(Bradford MM 1976) @A of o] 9HA W Fsto] AR&-stSich

galactoseS: HEFEZZ  5fof

galacturonic  acid&

3. TAE 2

TFAG BAL O A|EE 2 M trifluoroacetic acid (TFA)
2 121Co| 1.5A17F 714E5) 5} 7—],'7]' alditol acetate 5T
(Jones & Albersheim 1972)2 Z3FA|Z] &, gas chromatography
(GOZ EAs1¥tt. GCY HE4-2 SP-2380 capillary column
(0.2 um film, 0.25 mmx30 m, Supelco, Bellefonte, PA, USA)O|
A2 GC ACME-6100(Young-Lin Co. Ltd., Anyang, Korea)2
olgslgon, E2LE27 60°C(1 min), 60C—220C(30T
/min), 220°C(12 min), 220°C—250°C(8°C/min), 250°C(15 min)

oA BHE AAstItt. 43 mole% peakS] HZH],
flame ionization detector(FID)of| Tt vH-S-A 4 @ ZF LA
9] alditol acetate S-=H|9] BXlFo 2 HE| AAFSHSITH

JE 5~653 9] BALB/cE A &H}0] 2 (Gyeonggi, Korea)o]|
A FAste] 397 28-S AR T Ao ARSI
Mouser= ARZO| 5~10ut]®] do] 2 2313C, §k
55~70%°] AbSstlon, B3 AlRe A% §4 FHE &
Aesict MBS A7k SR A6 A 5I2022:00)
of gl wet AlAlsHek

5. CHAIMIZ 2 Colon26-M3.1 2AM|Z=0f| CHEH SM S
hAA 3o it =4S EIsty] fIste] 65+F BALBc
"t AE thioglycollate (TG) A 2|5t 3Q F-of E-7} oA tj&l
M| 3 (peritoneal macrophages)E A F oAt FFH A=
2.5 ><105/Well)]-:- DMEM H X of] FEFA]A 96-well plate]] 100
LA BZ5131, o8] 5E9 HPWPE ZF wellof 100 uLA &
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kstel 37C, 5% CO, AFHloIEIOIA] 327t Herstick

o] H% S48 711 54 Coon 26081 A1
Z(1x10°wel)Z ZF wello]] FEAZ] 3, 5% CO, QAFH| o]
oA 2417k &<t HiFeE & ?_]4}9]’ Ay 2] 4] F<4>(phosphate-
buffered saline, PBS)% Aﬂ?‘q gla] H|B2F AEE A ASH H,
g L2 2FH HPWP AE 200 LY 7fste] 37T,
5% CO, QIFFH[olE oA 347t viFstaitt

AN Z D Colon 26-M3.1 ZLFANZLO] MEEA FIH=
cell counting kit(CCK)-8(Ez-cytox, Dogen, Seoul, Korea)E 54l
54510} A-gs10] 0-6087F G A7, 7F welle] FHE
= 450 nmo]| A microplate reader(Molecular Devices, Sunnyvale,
CA, USA)YE o] 83 245k

6. Cytokine Mits =X

o]Ao| B 1g - (Shin 5 2016)0] wat TGE A9 nf
92 Bl ANES UL, FHH AE0
cells/well)= DMEM Bl X of] @EFAIZ] & 96-well plateo]] E-F
Tk &, 24t FRL vl FSIAT. PBSE A ASto] H|RAF Al
AAst o™, B2 A Ao thggt F=2] HPWP
BB 37C, 5% Oy AFFHoTEIOl A 24412 E3E ¥
QFwIgict. v} APEOY U theret AP0l E7HRI(IL-6 H IL-12)
232 A|ZAFY] A o] wle}l enzyme linked immunosorbent
assay(ELISA) kit(BD Biosciences)E Alg-5l0] =73}t

mlru mlm

7. NK cell &3

7t 155 501e]o] BALBle oh9A0] HPWPS Uiz
(iv)ot AL, FAF T 3UA o] ¥]ZFA| E(splenocytes)S A F 5k
A th(Shin 5 2012). A% H|ZA| E(effector cell, E)2} NK
cell Z5AC0R LEA ZFA EYac-1(target cell, T)(1x10°
cells/mL)yS UAE 96-well plateo]] 100:1, 50:1, 25:19] A|E H]
€8 ' 2 A5G0, 6&|7F =9t vjoFS Aot
HF & YR 5t A5 HE lactate dehydrogenase(LDH)
83} EFF . 2 wello] S 490 nmelA] CytoTox
96 kit(Promega, Madison, WI, USA)Z Z43}9t}. NK A E9]
AESY W8L oS B A8e] ANIAL.

AN Z=(%) =
[(H3< OD gt -ti&<- OD Fhy/
(FA 2 OD gt -t OD #h)]x100
8. &d0| &1t 54
A&} FFzo] A mitEs ZIsty] 9I5) BALB/c HF
2 A0]| Colon 26-M3.1 carcinoma QHA|Z(3x10* cells/mouse) S
A 2Ajstel Fdo] 2ER SEshelthson 5

sterg 7 chgo] wof

24 % Yol 305

2021). HPWP A& G AlE HE 2 Ao v 10,
100, 1,000 pg/mouse 5 =2 13] A FALSII T F S
T 1447 0| ofAE A7 AL, T A7 ES] HE
Z73}o] Bouin’s solution(Sigma)o]l 1 FA|Zl & £49] #F
5 ArAZ ol&sto] A4St 2HE, Al 93t &
& Ao] A I SUT FE5T R
AFESHAT. ESE AH77E B3 vk
T F5 AS2 skl

5He] %R

o]
20] A9k S48 A

. NK cell?] 7|S0| HIE OFAMIML| &X0| 1}

I
od 0 ©

Zo] A3H= F2 NK cello] 9J5f Yeh=
A 9]
26-M3.1 carcinoma M| XS5 0]
of NK cell¥h-2 E0]& 02 A 3[|5}= rabbit anti-asialo GM1
antibody(Wako Pure Chemicals industries, Ltd., Osaka, Japan)Z
ol g3l H Fof & UFL AP3tArkSon 5 2021),

Aoz 4
mlof i3t =2 o] 7FH FFAEF2I Colon
3 AYESE TPl =g

oo AL Zof A% HZ 12 2 32 o] HPWP A& 100
pg/mouse ‘FE = AWEASI, FF AE FF 29 Ho=
A ZALS] A Zof uwhet 508 S]4 % rabbit anti-asialo GMI

antibody(500 pL/MF-2, B4 U FAL Wako)S FHES}
9tk o]F Colon 26-M3.1 carcinoma SFA|Z(2x10* cells/
mouse)E FH FAHLY)SIALL, TF FE T 14GA 0] k%

= XA T, 2N g.g,] HA7]E2 HE Bouin’s
solutlon(Slgma)Oﬂ TAAZ] T F0Fo] 7] 22 Hu|AHL o]
8sto] Astaiet.

10. SHIAE|
= A Ads FARFHARE YUElon, SPSS
BAZEIHE o]-85t0o] P Hu A EAHEA] (one way ANOVA
test) & Duncan’s multiple range test® )23} ZF AJS 7H
9] Fo4dE p<0.05 oA AU

E
Kl
M

21

1. &2tS 2o waf CHEel LHIME

Sekg FmerE Qezas] 4 20 HPWPY
QUHEA W 7Y B4 AT AoHTable 1), 45.6%C)
F49T} 544%0) Ao TAHo] Qglon, gL
HEHA] LAt 11 5 galacturonic acid (53.7%), arabinose
(26.0%), X galactose (10.4%) % F2 FAH0] = AoF H
o} YutA 9l A EgARo] ok 3h3-Eo] 9kl &7 pectin
2 TARL Qe U ARo| A2E Ao HHe.
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Table 1. Chemical properties and sugar components of
hot water extract crude polysaccharide (HPWP) isolated
from hallabong peel

HPWP
Chemical properties (%)
Neutral sugar 45.6+0.1
Uronic acid 54.4+0.1
Protein -
Sugar component (Mole %)
Rhamnose 2.1+0.0
Fucose 0.4+0.0
Arabinose 26.0+0.1
Xylose 1.4+0.1
Mannose 1.8+0.2
Galactose 10.4+0.2
Glucose 3.540.1
Galacturonic acid 53.7+0.3
Glucuronic acid 0.7+0.0
2. 8h2tE M| wef CHEel FAME & 2ME S4

Mouse E7} 0 2B E Bt Ayl A|3EQ] macrophage?} <
9FA|ZZZ Colon 26-M3.1 carcinomaS ©]-8-5}o] gtatE x|
Q) T HPWPO] Tt A HAS B4 o]RE 2ot
1x10* cells/mL2 FA ¥ 2 A Lo HPWP 1.6~1,000 ng/
mL7HA] TSt F 2 7heto] vkt & Al O] P& ofF
£ gRlstien, 1 A¥k= Fig 10 Uehd Bief g 23
oA AAIRE vk} o] A H- T3 FA42 et

(A) 140
L
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3.501] et Al 542 TEEA] FAAIRE 200 pg/mL o4
9] oA A7} tha Hashs Ae YEHI W, o]
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3. 8212 Il F2f CHEROl cytokine AAMs

A M| 2= FoA P Altoly ol&dS 'AISH
I A AT Yol A TSt cytokines B[S FAAIA &
Sold welztgo] Tojalel WAAAS 2oL, 5
o] st AA-AAZQI A5 Ve Q= AoR o
F ofy 2} toll like receptor(TLR)O] ¥H8-5}= LPS
macrophages SO 2R T cell 2 B
Sl g 2k Bt

, IL-6, IL-10, IL-12 ¥ TNF-09} 72 t}ofst
cytokine5-2 HH ]O}— A0 R HIE I QIti(Wang 5 2003).
E-3] IL-6+= macrophage”} £-H]5}= ) # 2] Q] multifunctional
cytokine® & HFHHEo| F2% 4T & #t oy T
celld} B cell® E3}slo] 2R ZE APEA7|E o Telo]
ol & A tH(Tanigawa 5 2000; Cheng 5 2008). FESH
IL-125 NK cell®] 243} 2 THI type®] B ¥HS-S 955

= cytokineQ 2 FFA| £} -2 AN ZO gt vrSAdS
ol IS $£Yst= Ao HAET Qth(Munder 5
1998; Shida 5 2006).
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Fig. 1. Cytotoxic effects of crude polysaccharide (HPWP) isolated from hallabong peel on peritoneal macrophages of

BALB/c mice (A) and Colon 26-M3.1carcinoma cells (B). Means with different superscript letters (*) indicate significant

differences at p<(0.05 by Duncan's multiple range test.
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wed] Qe 3 fd) @%%E 2k HPWPe] A
Ao 9%t mouse E7; F# macrophage”t EH|oh=
multifunctional cytokine 1L-6 W HIZ7 2 NK cell &4J35}
of 593 9T sl cytokine IL-125 &3t AT}(Fig. 2),
I cytokine B wEO|EX 0 FTlole A UEHURL
o, 1,000 ug/mLE] BEolA= NC tiH] oF 38 =2 IL-6
2 IL-12 PAHe2 HolF=QlthFig. 2). & A¥E &3 HPWP
Aol AAQ Aog ARt

— 13 o

4. staF2 i S CHE| NK cell M=
NK cell2 AW P10 oF 5~10%F AHA|oh= A02 &

A dow vio|g s, o F Feldt Z2 H|AH7] (non-self) Al
Z} oje FUAE, A L e TARE B o
1o 25t 202 el QJrhFunk S 2003). 3 NK cell
AHZdtof| Z5H= MHC 18 AR (major histocompatibility
complex class I molecule)®] o] H|HAL AEZE H|Z}|
(non-self) A|ZZ Q1&]5}l0] A3} W&o MHC 1§ £}

Io mcm

7HAHE EHEA] 2 JHE EA6e FIAEY 4
HIZE AAD 4 AA "t ERE NK cell H]FGA 2L

EH|sl B GAZ Y] Alzmutol] LS Fol
(Farag 5 2002) granzyme©|2h= Thid Bl a4 5 FUd|
Az YWiEE AFEA7= Zex: odEA Q. ES
interferon(IFN)-y 59 cytokine& <H|3]| macrophage 2
cytotoxic T lymphocyte(CTL)T} 22 -3 H A E5H HAlsH
A71E Ao g ¥R QUthKigi 5 1994; Smyth 5 2005).

mebA S T 9 @53E 0T HPWPS) NK
celle] /45 545171 918 HPWPE 10, 100 & 1,000 pg/
mouse?] HEZ A% 39 A 194 A F Holl ZA

o T
BALB/c(6 weeks, %) mouse©] FW FEojst & FHZ O H|

739 perforin

)

1000

800

600

400 -

200 -

Production of IL-6 (pg/mL)

il

cd d d
HE PO
NC PC 1.6 8

o

200 1000
Concentration of HPWP (ug/mL)

Cl

Production of IL-12 (pg/mL)
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S 7@"6}01 NK cell& 2231900 o|Z effector cell2
StEct 1 & gAYt M EZFQl YAC-1S target cell2 d}o]
target cellof] TSt effector cell®] B]E(E/T ratioyS 100:1, 50:1,
25:12 ZASE & 6A]7F &2t co-cultured}o] effector cell?] &
FAIE Aol ) target cell2FE F2EH Y=
lactate dehydrogenase(LDH)YE &5ttt Ad Ay 5% 9
EARI FTF A2 dolls2 SAT = U 2m NC tfH] 10,
100 2 1,000 pg/mouse?] H= Lo 5Eo&H o= =
2 %0} B oS UERL O 2 HPWP A7} 953t
FLRIE 7Hth= AS Flskith(Fig. 3). 53] 100:1
ratio®f| 4] HPWP 1,000 pg/mouse®] ‘5= <F 2.58 0] &5}=

M w2 SYAE AoleS B

5. gt2ts 1ol 2 CiEel &xo| a0t

WA AFONA NK celkE Z/JSIAA FF atol| 24 7]
ofd Zolzt Atmd gete By fH d9FE 2Ud
HPWPE: o] &5te] in vivo AJolA] Blo] Lt Wrstus
3}9iTh. HPWPE 10, 100 2 1,000 pg/mouse®] 5 E & ZOFA]
I A= 29 Hof BALB/c(6 weeks, %) mouseo] A Faigt

Colon26-M3.1 carcinoma A| Z& 7§U—Hl§r 5l 14Y T ®
74712 Hl(lungye AEste] %S ASSto] o] an

g5ttt o] Aol ?l?iﬂli AR 77t
& EFoto] BE AR FolFoA AMEES

]APZAO}E _LJ—X]—E] ;q 01-21-];]. T3} U]_ _/_\__04 xﬂ%
ofE7] P15 FVAE HF 193 1490 AS=
JJF(Flg 4), 2L A5 Foiit B & B3Pt

2 HEE]IH

PBS% 151—04@ 291 NCO| FF740] AABIE 0%=

sto] HWPS] o] &S 343t 23 10, 100 & 1,000

54

Hasq~°

mhLm

1000

800
600
400 -

200
de

oL ]

NC

fﬁﬁﬂﬂ

PC 16 200 1000

Concentration of HPWP (ug/mL)

Fig. 2. Effect of HPWP isolated from hallabong peel on cytokine production by murine peritoneal macrophages. Peritoneal

macrophage (2.5 x 10° cells/well) were treated with various concentrations of HPWP in 96-well plate for 24 hr. The

concentrations of cytokine in the medium were determined by ELISA kits. NC (medium) and PC (LPS, 1 pg/mL) were used

as negative and positve control.
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Fig. 3. Effects of iv. administration of HPWP on
cytolytic activity of NK cells. NK cell were cultured with
Yac-1 target in presence or absence of HPWP for 6 hr at
37T CO, incubator. Means with different superscript letters
(APaevy indicate significant differences at p<0.05 by
Duncan's multiple range test.

ng/mouse®] B0l A 22 49.4%, 61.3% L 74.3%2] &2 3
o] ass YehithFig. 5).

ol2jgt HPWPS] ghdo] E3H= 9FA NK cell 243t X2
W A= 5kt AA|(Fig 3)5t= AI=A HPWPS] 73

o Eojo] o3t FF A 3= NK cell9] EAJSIZEEH

710% AdS ] 1ot &= QIQltth T3 B7 -2 macrophage
cytokine £H| 52 ERITH oA IR 43 IL-12
52 =l vl 9lo(Fig. 2B) IL-129] 9J3F NK cell®] &
ge7t 4ol amE ojojzl Zlojg}t ALRE U

6. NK cell0] IN|=l OIRANA Sl
o| 30| &1}

%4 ) Folo] G gl ATIE U NK celid] 7]
Folet siels 9o, of Fo] BT NK cell THE
2490l gk BHA), macrophage = AEEAH T YT
(CTLSH 2 o2 WAz A B0l o Bl
£ &QI5}17A} rabbit anti-asialo GM1 antibody(Kasai 5 1981)

2 L3 NK cello] 7152 A5l 2 gdo] aite solst
A} 5FE T HPWPS: 100 pg/mouse?] =2 AY 3Q A,

19 A & 5 Hol| 24 AW Eaoistal 29 A rabbit anti-
asialo GM1 antibodyS 9 Fof }Oﬂi} 1 & Colon26-M3.1
carcinoma A|ZE JHFo|5tT 14Y & HE3 H o] Y
Alg=sto] ol aME S5t 1 A¥k(Fig. 6), PBSHE
S 4 ZA NCRAAE AT o 677) A Hold
W HPWPE AR ABZANAL o 2579] AE

ool waf CHe

r°"

)

>,
ol
e

Bl A E P IA
25
[ 1day
[ 14 day
N.S
20 + T T L o
N.S

—_ —L T T —
2
E 15F
2
[}
H
& 10}
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[<]
=

5L
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Concentration of HPWP (ug/mouse)

Fig. 4. Effect of HPWP on body weight of BALB/c
mouse on lung metastasis produced by iv. inoculation. N.S.
means not significantly.
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= b
S L
: 60 c
2 T
°
E 40t
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0
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Dose of HPWP (ug/mouse)

Fig. 5. Inhibitory effect of i.v. administration of HPWP

on lung metastasis produced by iv. inoculation of
Colon26-M3.1 carcinoma cells in vivo. BALB/c mice were
i.v. administrated with the indicated doses of HPWP and
then inoculated i.v. with 3 x 10* Colon26-M3.1 carcinoma
cells. Mice were killed at 14 days after tumor inoculation
for evaluation of tumors. Means with different superscript
letters (*°) indicate significant differences at p<0.05 by

Duncan's multiple range test.
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Fig. 6. Effect of NK cell depletion on the anti-metastatic
activities of HPWP isolated from hallabong peel at dose of
100 pg/mouse. To deplete NK cells in vivo, rabbit
anti-asialo GM1 serum was injected into mice at 2 day
before inoculation of Colon26-M3.1 carcinoma cells. Mice
were administered iv. with sample (100 pg/mouse) 3 day
and 1 day before tumor inoculation. Mice were sacrificed
14 days after tumor inoculation for evaluation. Means with
different superscript letters (*°) indicate significant differences
at p<0.05 by Duncan's multiple range test.
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