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Abstract
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Based on the results that the extract of Korean mistletoe (KM-110) has immunological and anti-tumor
activities and its main component is lectin called KML-U, this study was carried out to investigate the
immunostimulatory and anti-tumor activities of FKM-110, fermented KM-110 with lactobacillus, as a basic
study for the development of functional food with anti-tumor activity. The amount of lectin after
fermentation determined by ELISA was varied with the fermentation time and kinds of lactobacillus.
Cytotoxic effects of FKM-110 on the various tumor cells was significant and dependent on the
concentration of KML-U and the kinds of lactobacillus. FKM-110 stimulated macrophage and resulted in
the secretion of some cytokines such as IL-1 and IFN-y, but this effect was not corrclated with the
concentration of lectin. FKM-110 fermented with Marshall Lactobacillus casei showed the most potent anti-
tumor activity in experimental and spontaneous metastasis models. When yoghurt produced with KM-110,
Marshall Lactobacillus casei and skim milk was administered orally to mouse, the metastasis of tumor cells
was significantly inhibited.
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A g, Ax AZ) oy A 2ABl FE2A17HA
-80°Coll A} Bt} FAE Apabe] A 2718
Adsted o] 2ugtpAlE B’ SHE HlEk,
7|2 287 Fafste] 4°CollA] 16414 wnbabed
o} 2 &, (A1 E2](10,000 rpm, 30 min, 4°C)3le]
& A5 E pore size7} ©HE membrane filterol] 2} 3)
A O E A F(7.2, 0.45, 0.22 pm), HAE F
A AzAA 248 FR(EKM-1100E 2ot fikd
o 218 KM-1109} BE & 3= o2 e 44 F)9
FohATAaZNE] Bk B oy 7] fAREFE
ol-g-3le] Aoz AASPcH™. efe3tdH, Chr
Hansen's VEGE-START 10, Marshall Lactobacillus
casei, Lactobacillus plantarum, Lactobacillus kefier,
Lactobacillus-KR2, Lactobacillus-KR1-E %7} 522
20 mg/mL2] KM-110¢]] AE£3}1 30°Colir] 1, 24
efa 347 wiF F TR AE(FKM-110)3}9ch. o]
T4 AZES PBSEA 10 mg/mle] g 2A43)
o stock solution. .2 YHE F 20°Cel] #{AslmiA] A
ol AH-g-3Ht.

AEEE

B AE o) ARg-El 29l Balbic @ C57BL/6 (female,
652) vh9-~+& Shizuoka Labolatory Animal Center
(Hammatusu, Japan)ollxi -8]8}g] evi, specific-
pathogen-free (SPF)2] Z A4 ARS-314dr). AlR+
ol A8 AYHEE 7315 (Nihon Nosan Kogyo, Co.
Ltd., Yokohama, Japan)& 7-4]3}5] 12, 5+ AT 5%
& o3} A] 7] 3 autoclave® H+(121°C, 208 )8}d A
w4 Alict.
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2 Age] A% RPMI-1640% Eagle's minimal
essential medium (EMEM), fetal bovine serum (FBS),
vitamin solution, non-essential amino acid, L-glutamic
acid, thioglycollate %2 GibcoA}lol| A4}, ['H]-thymidine
(PH])-TdR, specific activity 23 pCi/mmol)x- AmershamA}
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Aol A8 oA FFAM EF2 colon26-M3.
1 lung carcinoma % B16-BL6 melanomat: B3 % of
o et Taol A 712 dot AR, 7 A
¥2] uleke 7.5% FBS, vitamin solution, sodium
pyruvate, non-essential amino acid, L-glutamineo] 3§
%l EMEM ux]& o]8-3}9it}. 1=]w wpg-n HIFo
226 445 macrophages®] vk 7.5% FBS7} &
$% RPMI-1640 wi=| & wjofsldct. 2 A E 5%
CO,, 37°C (100% humidity)e] Z7&}ol|x] A Azt ct.

In vitro et ZA}

FKM-1102] FpA o) gt M25A 538 =4
3}7] $15led colon26-M3.1 lung carcinoma A L8 1X
107100 mLe] Hx 2 FA sl zt wellel] 100 uL¥
shedch. 2 %, 2z} welle] KM-110 & FKM-110¢] 1
FX 500 pg/mLY-E] 5144351ed 2} wellol] 100 pL& A
7}8E F, 37°C (5% CO2)oll A 39 7E whekslsdct. vieks
R 6417 Aol 0.5 uCi/S0 uLe] PH}-TdRE g uiok
g &, ALY [Axrt 5% [H]-TR (Filtermate
196; Packard Instrument Company, Meriden, CT)¢] <
g Matrix 96 direct betacounter (Packard Instrument
Company)2 23] sl3ic}.

Macrophage2£E cytokinesS| T &E| TAl
Balb/c PF-2~¢f] 1% thioglycollateE 1 mL ¥-7}5A}
3lar 4 Fol| AFEEFH o vH-4E 347 F,
Hotol] RPMI 1640 vz} 10 mL-& F¢}8lx &
7HEA T B A 2E & 4olA & F Bh
A| 3 (peritoneal exudative cells; PECYE- =& slgt}. 4=
2|3} PEC-& 24 well culture plateol] 1.5x 10%well®] 3
2 2ol plating shith 2417 Fob vjosiel
macrophageZ plate -2 -, uljofo o g2 A3 dle] ¥
AEA] 2 AZE AASY. 2 F A sEE 2
AE KM-110 ¥ FKM-110& 3713k 244171 <tk
macrophage& 2}-8}91t}. Macrophage ¥ AFE-2Y o]
frx #u]F IL-1 2 IFN-y 52 232 7} cytokine
of] t &t ELISA kit (Endogen)s 7-¢]8}e] ZAps}g T}

In vivo ZUT0| &

Alge] 3ol A colon26-M3.1 lung carcinoma
%) B16-BL6 melanoma® o]t AHEE Fopdo]
29 olgaisich. 7 AETe] FPHOIE 213 AU
$22 747} Balb/c, CSTBL/6 oh$-28 ARg-3}eom,
in vitrooll 4] wleFsl EokA) ¥ 32 A E(inoculation)}
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o nke-28 & AAH Fofo] AR HE HE
¥ Bouin's g-Aoljr] HelF Fofg A F, Fof9
TAE AL, ARl 9)at dgakde] vk
FFt AE AR FAEe a2d v Aoz
FAM9 ). B16-BL6 melanomaol] 9]§F &ok2] =jod
o] mell L uljoksl FoAZE dulctel] H5FAL
(subcataneously;s.c.)8 3L 219 Fof] Foko] 4B
e o R AAsIEE £ ks AA 14d F 4
HEE Holndy 72 o dd Hdojx Fof
o] 5 AP b,

ELISA

FEEAAAE 98l AH-E] KML-UE KML-Usjl
EolAdS Z+ Y AL FAE o]4% immuno-
affinity column-g& o]-§3&}o** KML-1102. 2 HE] B
2% Zeldvt. 7t Alg Foll ¥l KML-US| A3
& 2 APl e ELISAY 0 2 Zaps}oleh™
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2FE3e] BAA o)A Student's two-tail £ test
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Foo| 2sto] HEE HRA0/(KM-110)2 jn
vitro Betd ZAL

ofg] 722 a2 A FKM-110 FollA] 2
Ao 2lte] P e et AEFA B} s
A9 WEFFT Lactobacillus kefier, Lactobacillus-
KR2, Lactobacillus-KR12} 739019137, Lactobacillus
plantarum®| 739~ A 7227} o7} Fad A
& viehiisteh, szl 2 98] el QlojAl i
of o3t AEEH] Hagatel vehix gl
WA o ©)F KM-1109] Fof4 F.of tidt A Z5A4E
447 SRR Bol4ol Ak Ao Arusch
(Fig. 1). MEZEA Aoyt o 2= KM-1109] A E54]
ZAaRTY] oS HYsA 494 = fAI, F
2% KM-1102] 254 A E3S o] & WadT
7F AR o] g3l A, MEEAE 7= B4
w3l MElE e Aog Y=gt ojde B
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Fig. 1. Effect of various lactobacillus used for the fermentation of KM-110 on the cytotoxicity of FKM-110 to colon

26-M3.1 cells.
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Fig. 2. Concentration in of lectin, KML-U in FKM-110 determined by sandwich ELISA.
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FKM-1102} cytokine RS

KM-1102] macrophage A}=-3Adol] 231 cytokines
9 &%= 9 AXEEA FE o|n] Flgglupt®,
£ ol E KM-110& f4HF2 2 HA A7) FKM-
110¢] macrophage A=A #E cytokine L5202
MR ¥R o3 KM-1109} wlwsigeny, zapsl
cytokines+= IL-13} IFN-yo]git}. Fig. 3ol viehdl vle}
z¥o] Marshall Lactobacillus casei®. &% FKM-
1102 KM-1109] vl3le] 953} IL-19] f=80] &
A8 et oo Lactobacillus kefier®] 79+ Wi

24~48A1 77k = RAT IL-19] fEge] gl
72X 7ke] A KM-1102] -$-ofl u]3le] $5%F
IL-12] f-2%58& vehfie] o] Aol IL-19] f=
o} KML-U2| &3t vleshe A3 vepilch
2] 3 Lactobacillus-KR1 % Lactobacillus-KR22 W&
%l FKM-1108] % 9-3= KM-1103} 4413 IL-18] 5
& vehigic). &9, 2 A"l 9% [FNyy 58
n] ekAle IL-19] SEA A b2 kAL el
o} & 4B M ESA 29 Y KML-US §est
vlEgArE ¢l B9S2 g8AdS vlehlgdoh(Table
0. fAakds 2 A met Bk ke
cytokine-friz. E4do] viehd 718 KM-1100] A&
o] epel ] EAR FAEE B3 Exolr] WF
of vehte d4te2 AzbE it vivt IL-19] {2
oFAlF IFN-y fFXofA o) zte]7} Qlrhs 2 Fvlg
& ApA A, vEE o] o)s)e] KM-1102) @A Ealo] +
zHog Wshd Jhsyel algg Albshe Anz
AzbEl ook &, IL-19] frxol glols] R Fo] A
9, KM-1109]) v}ate] 98k Frof4]& viepd A&
WA F2HE] 9] endotoxin E-2 ' Ao AMEECl] 2
& Al it 7)else A4S A = U
2387 [L-19] EB]E fEste 222 KML-UZL 3
8 A¥El Zleg A=) v, KM-110 F2

Marshall Lactobacillus casei Lactobacillus -KR2
200 200
5
& 100 100 1
- 50 4 47
.| 3
21

= 4 7

0- 0-

Cont 0 24 48 72 Cont 0 24 48 72
Lactobacillus kefier Lactobacillus -KR1
200 200
E 120
.
R=Y 100 100 69
— 50
=l 20
5

— - 1

0- Q-

Cont 0 24 48 72

Fermentation time (hr)

Cont O 24° 48 M2
Fermentation time (hr)

Fig. 3. Effect of KM-110 and FKM-110 on the induction of IL-1 from peritoneal macrophage stimulated with KM-

110 and FKM-110.
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Table 1. Induction of IFN-y from macrophages by the stimulation with FKM-10

Fermentation time; IFN-y (pg/mlL)

Bacterium

Medium KM-110 24 hr 48 hr 72 hr
Marshall Lactobacillus casei 3 44 45 51
Lactobacillus fefier 3 45 700 66
Lactobacillus-KR2 3 56 47 49
Lactobacillus-KR1 3 51 380 237

FKM-110o4] IFN-y8} f-¥9k2]o] KML-US] kst
A3 wlAEA| v AAE HYegd KMLUx
[FN-y inducer 29| #4J-& 7}x]7] ¢h+= 728 Byrh
web ko 7 KM-1100]4 macropage & -5€] IL-1-&
sk BAS A AR o= ofag o, dldl AR

o] Wriol o3k gapsl 9 ‘%E_Oﬂ o3 A4 "
9] whsH (fragment)el] &% FA B4 W A H90) A
Aa} 7h2 v} zARE A7 Q¥ 7o g ALEE
o, EAlol] IFN-y2] H-Ein]e} o] 9E #og
AzZbE = dd 29 i delME AxUA d7F
Al slofof & o2 ArtEe Al A Fol vt

AHESE Mo|2AojAM e EetEnt XA}

HEH Al in vivo LA BAkE
colon26-M3.1 lung carcinoma A £5-5- o]-8-8+ A3 FE
gdlofr]e] FoFdeldgAl A3fel B16-BL6 melanoma
HEFE o143 @;94 Adto] RaAlg ol 43ted &
oo F4] & FHolof vl A3E AR WA
= A-pabo)o] AdL in virool| o] N 2HA &3
cytokine®] FrE%5-& Ed 23} FofA o g AlE
A Ao} A" EEFS Marshall Lactobacillus
casei®} E-Ao| 7}4% Lactobacillus-KR1 WE 759
o]5te] WEE FKM-110& o] -83}ad in vivo Bt &7}
& =AY In vive 3 E T 24L& WEFF
Marshall Lactobacillus casei % Lactobacillus-KR1 o]
ofste] UAH ABE FFHFT 29l 13] AT
AL, FofFol Hold X dg EABIC
Table 2o viebdt ZHFel|r] B5o0] KM-1102] 75
78.2%2] FoFHe]l AA AMNE Jehr, Marshall
Lactobacillus caseiol] £)8}e] 24, 48 W 7227 k&%
H-8)(7}7} M.L.casei-24, 48, 2 72)9] Fof= <F 91~
87%24 KM-1108c} 958 3h5f Ho|AntE &
k. 22V} Lactobacillus-KR1eY 2]3}ed 24, 48 =
7247} wha sl B#(7hzh L-KR1-24, 48, % 72)9| 7
= wbE Z27]Ql 242172 B R oA gk KM-1103} 3]
53k 81% A ko] FoFde] QA ANE Bl ¥ 1
o] AAIZE WA HEL dfFETo vlEke] efzte] F

Table 2. Prophylactic effect of i.v. administration of
KM-110 and FKM-110 on lung metastasis produced
by colon 26-M3. in experimental metastasis model

No. of lung tumor
Dose of sample ——m———

Samples Mean +-SD
(hg/head) (Inhibition %)
Untreated (PBS) 55+17
KM-110 100 1245 (78.2)*
M.L.casei-24 100 543 (90.0)*
M.L.casei-48 100 6+4 (89.1)*
M.L.casei-72 100 7+3 (87.3)*
L.-KR1-24 100 10+4 (81.0)*
L.-KR1-48 100 47117 (14.5)
L-KR1-72 100 46:+6 (14.5)

*p<0.001, compared with the control group (by Student's
two-tailed ¢ test).

ople] AAEIHE ehiel ort BAT fel o)
flol, o1 EHol &% HEF Aol B AP
ekgkrt. o3t in vivo HFoF B2 FKM-110 Z+7}
of EAsH: KMLUS| gael sl2ahe Aoz et
v} KM-110 3-2 FKM-110 4] 9] &FoF &4 et
e #8232 A" A8 59 shiel KML-U
Zleg AbgE fept e,

EYo| XMool 2] EetEn AL

B16-BL6 melanoma Al 5ol 2]3}F FofFe] 4] o
o)ol] vx|+= KM-110 % Marshall Lactobacillus casei
(M.L.casei)®@} Lactobacillus-KR1 (L.-KR1) HEFFE
2417 Fot HAEY FKM-1109] & 45 FARSIIc).
Fofo] $A]8 Fofs o|AAF] H2l(Foe] a)
o] =] B FHE FHs o, ol 21U F FF
o] g AAsla QA2 RE Fgo] 53X 7
el HA(ung)E Aol FU42] colonyE S
24 ZAbsbse) Al 89 Fol= Fokef o]4] 5, 8,11,
14, 17, 22, 25, 28, 312 ol % 93] Yuj=o] sjeich
Table 328] s}l vehd vle} o] -£of eiutAo] A
28 KM-110 % M.L.casei 3-& L.-KR1el| 2j3F &

BEE wE Ao iR vlsle] EAAH R
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Table 3. Therapeutic effect of multiple administration of FKM-110 on lung metastasis produced by B16-BL6

melanoma cells in spontaneous model

Size of Volumn of No. of lung tumor
Treatment (ug/head) primary tumor (mm) primary tumor (mm’)
(mean+SD) (mean 1 SD) Mean+SD (Inhibition %)
Control 11.8+0.9 980.4+253.2 72+ 38
KM-110 (100) 89+1.0 427,94+ 150.5%** 34+ 18* (52.8)
M.L. casei (100) 8.1+0.6 268.8+127.6%** 23+ 6** (68.1)
L.-KR1 (100) 8.6+0.9 348.9+ 160.0*** 64+ 49

*p<0.05, **p<0.01, ***p<0.01, compared with the control group (by Student's two-tailed ¢ test)

Folg A ANE Jeblde)l. 53] Foke &
£4g A g z2Fol Hlsle] KM-1102 56%, M.L.
caseiS 72%, L.-KR1E 64% o|Ake] Fof2Al A&
IE veplidet eyt HEHe g Egriggl H
of Holx F<F9 colony & &AM A3 L-KR12|
739 Fofo] zpedA o] o)) Fakxie] oA A
= QIR FE ] ekgrom], KM-110 % M.L.caseiol] 2]
3 wE B-HE F AR £k HolE FolsHA
oAAsE L, 1 A A= ML caseiol] 2% WA
FH(2F 68%)°] A7} KM-110 (oF 58%)el| #]3}o
3k AE viebla, Foke] oA o) A8
el A% 9l ALE AlgE| o™ F F3l9
g3l FAJ-2 Table 29 Ao} U8l A $S et
Wk

RATOR YURAAZ] HPHO0| HIt RHES AHE
£ Mo|=oliMe] &Et Hat

WEE A& 715 AlEeR AuE S,
R Al oFFEERIL JPY AR diidel
o2 A7bE] 7)ol FKM-1102] 7 F-Fofof o7k FF
Aol A A}-g ZASISIT. Table 42 2 7ol vebfl
u}¢} 7ko] Marshall Lactobacillus caseiol] 2}3}ed 244
ZF 2 7227 HEE 8 (77 ML.casei-24 E M.L.
casei-72)2] 7 F-F-of+= colon26-M3.1 lung carcinoma
A|E o] of7F FoFo] Mol & 72t 60% H 55% H %=
Aasle] T KM-1102] 45%2] o] oAl &}
Heh $43 A4 & vhefdlle}. o]+ Table 29 39 3
Shoh FARRE A0 2A] KM-1100) H]s}o] shoabay
o] 48k Ao wedr) ik, AFFolo 2% L5
o] wpols F3l e|aL oo o3k ko] ompazs}
QA E = ul FARFL B wad Aol E o] 831 7]
SAAFLE Y 7 Qe rFeAel 383 e
oz AlLgREHe], GAF-ES Marshall Lactobacillus
caseid T2 WA AT oFF 2 E(Skim casei)E h 2T
2 g2 8ol KM-110& &% % Marshall Lactobacillus
casei WF A2 WA A7) H-F(Skim casei+KM-110)

Table 4. Prophylactic effect of oral administration of
KM-110 and its fermented preparations on lung
metastasis produced by colon 26-M3.1 in experimental
model

Sample KM-110 No. of lung tumor
(mg/head) Mean+SD (Inhibition %)
Untreated (PBS) 60+ 6
KM-110 1 3346 (45.0)*
M. L. casei-24 1 2415 (60.0)*
M. L. casei-72 1 27+15 (55.0)*
Skim-casei 54+8

Skim-casei+KM-110 1 19+ 8 (68.3)*

*p<0.01, compared with the control group (by Student's two-
tailed ¢ test)

o AFFolol o3t FopHo] JARINE 24 5l
t}. &x|-8-2 Marshall Lactobacillus casei® "8 A7)
2Tl M ¥ A7 455908 Helhe g
A Fofl 2T (FoFe] A :54-69)0) vl sle] 10%
Az o] Fold FoFo 7} 4% FHE BHo
EAA felAdel ql9dar, Skim casei+KM-110 73-9-oj]
e 68.3%2] Fokxie] AAEINT} AU ol
= Feke] KM-110 =3 2lol] 2|8 45%9) &%
of HolE ol vjsled S o] AAPLTA
FARE kAol 27 KM-110% o]-83 7|5AA e
298] Nt 7154 & sl A Al vt

Marshall Lactobacillus casei 7F3-¢) 2}&}ed W F =
FKM-110¢] 9% in vitrool 4] FofAl o) gt 3
A AXZ5A A= KM-1103} F-418F A48 v}
g, KML-US| % At 495 22
v}, in vivooll Al KM-1109] v}&}e] $-13 3}Eof A5}
E vehd e Ak whEel o)Eie] 5% KM-
1108] Y AaAME 2 a7 A}A 7} macrophagee] &4
3157 e A AF A S A A= BTt 9%
AZ AR meia B odte] FAs KM-
1102} in vivo ¥4 A&o] Asigichy Ao s W
BAZ BEo| shFoF 4L v 75 AlEL

2A9] 28 AL AN F s 2AV " 5
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et Azt goz fribd WA 2% KM-
1109] &FF B4 2 AAAS s A g 74
Al 71AE wAstr] fstd KM-1109) Had§ &
AEgAe] 24 o YA TRt Bsto]
Hop pAAe] A7t 2oy Qe Agsich w3
AT FoAA oA A A "ArEE SN
2 & ekl dg 71A % A oior & et A
Zheirt.

2 o

Al Apate] FEE(KM-110)0] st 84
2 3tEAE g glon 1 FAES ddelege
A2 o)m] ¥ha{A glrh o]ef 7)&zsle] B A=
KM-110& o] -4-3lo] ka5 7HA]+ 7544152
Nubg 9% 7] 2AF24] KM-110& 4 o2 it
FAZ] EA(FKM-110)9] &t 2 AAAFaAAE =
Abstd el FKM-1109] €l ghekd Wi Azl f4bd5
gl ukg A bl ule} clefgt WstE el £ Al
o W AEsA Adte] 33 s, o2 842
FKM-110¢]] Zaflshe "l AJ¥al KML-US| ek
ulesboich. FKM-1109] 91¢] 23 fshs macrophage
2 HE] IL-1 % IFN-y¢} 7+ cytokined] fXxH841]5
22 ZARE A3, IL-19] f RS A" sk
vl & ahg] ou), IFN-ye] 7 9= A=z A% A
5 vehle] KM-110 3-& FKM-1100]4] IFN-y2]
gL i Ro] ohdg A AlAlsledch
ole] 7}A] FAFTL R WEE EIo AR
2|t in vivodEeF A v E o] 43 FofAlo]
2 dlofla] ZA}3E A3} Marshall Lactobacillus casei @
HAE FKM-1100] 713 94281 5 8A4& et
ek o] AE AR 754 A FLE S EAE
ZA}shiral Skim milkell KM-110& &% Marshall
Lactobacillus caseiz WAA)7) 8 F2 5 A7FF
A} ol vlslod oF 68%2] Lo B Hof
KM-110 h5-2] 7A7-Fofel 27t &5 A AS%)

St AAE el 2 ol A A &
& g kRl 7]QlE s AL R AR EICh
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