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The Effect of Korean Mistletoe Extract M11C (Non-Lectin Components) on
the Tumor Necrosis Factor-o. Secretion from Mouse Splenic Macrophages
and on the Inhibition of Sarcoma 180-Induced Tumor Growth in Mice
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Abstract — Korean mistletoe (Viscum album) extract has been found to posses immunostimulatory activity. In this study, Korean
mistletoe extract, M11C (non-lectin components), was used to know whether this extract might activate mouse splenic mac-
rophages to produce tumor necrosis factor-o; (TNF-or) and might play a role in anticancer. To know the effect of M11C on the
production of TNF-o, the splenic macrophages were treated by the M11C, and then collected the supernatant (M11C stimulated
splenic macrophage-conditioned media; MSCM). MSCM was analyzed for the TNF-ot secretion by means of ELISA and
immunoblotting, and mRNA expression was analyzed by RT-PCR. The S-180 murine sarcoma model was established to know
the effect of M11C on the inhibition of tumor growth. M11C had the effect of TNF-o. production from splenic macrophages
performed by ELISA technique. This ELISA data was reconfirmed by immunoblotting assay. The effects of M11C on the
expression of TNF-o mRNA from the macrophages was also shown. M11C also had the inhibitory effect of S-180 tumor
growth. These data suggest that Korean mistletoe extract M11C may be used for an immunomodulator.

Key words —Korean mistletoe, non-lectin components, splenic macrophages, TNF-o. release, TNF-ot expression,
anti-tumor growth
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¥ RPMI-16402 MEM, fetal bovine serum, L-glutamine,
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Island, NY, USA)ZF-E 7913813901, 715 culwre plates,
flaskE, 1212 7% tubeS-2 Falcon(Franklin Lakes, NJ,
USA)C ZH7E] T3tk TNF-oo AARS 918 ELISA kit
% immunoblottingS $1¢+ 7} A= Chemicon (Teme-
cula, CA, USA)C ZHE FU3rt. RT-PCRE 98+ Aok
Takara(Otsu, Shiga, Japan)Z 58 T4 3 th. Chloroform,
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HRYUO|2RE] M11C F& - AP o]&d AfHo
ZRE MIIC F& A3 AAg Ak & 532
Zat et 7haks] At Ag-ate] 500 g8 SHRd
W oke B2 3§, UATEY 824, )= E3et
At 223 i ¥ R HDASH M)E AR A&
o7 wHElAY I F 3087 94#21(20,000 g, Rotor
A6.14, Kontron, Italy)dt 3, A& A5 N2 chloroform 3
hexane A ]3te] E@AAIZ] A5 AT} o] BAHE o
FHH60 um~0.45 um; Millipore, Bedford, MA 01730, USA)
& 598 & AR ZAMEES dvkelst M1IC
oz} Agh. Mi1CHe] LPS 2% ZHAR= Limulus ES 1T
kit(Wako, Osaka, Japan)2 ZAAFSIH o™, 232 42
endotoxin units(EUYmI®] 31 THdata not shown). 58 =7}l
o] Alekell LPS 23 314891 350 BUMIIH, ™ £
MIICE 3-89 118 o]l E7I8] 55 Ao] obF
d EA7F A%

MouseZ5E| HIE MMZe| £& U XF -7 57
2] Balb/c mouse(tNHE & FEME}, S4)E ZAFEIFNA
AR 3, 1S FrdeEelX 8l5e8ke] cold incomplete
RPMI-1640 medium((100 U/m! #jWd 8- 2EgErjola]l 3
7}, Gibco, USA)E 23] & & cold incomplete RPMI-
1640 mediumS 715t} Daunce 12 7| (Wheaton, USA)
Z HAS oA Bt & doEol 1087 vtk
LA (1000 g, 55, 4°C)
3 & ATAS el NEE A L9 487
hypotonic bufferZ lysisst 5~ A A3IATE L T RPMI-
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g vl A EE o] 93l 1AIZ AR wiekst & A
Z UlAM 27 BAEA] #Rlsla, UE /9 Ff AlX
58 AlFsted AASAH. MA S & Wright and Giemsa
stain O 2 ML o M) s 98% 0]/
2Jth(data not shown). M11CO &2 A}=3}7] Aol vAF 4]
A plateZ incomplete RPMI-1640 medium® = 23] o]
W &, serum free RPMI-1640 medium(+penicillin-strepto-
micyn, +L-glutamineyS 1 mi¥ FYFATE HIA ti2lA
of M11CE #71ek &, 37°ColM ZkzHe) A7t B9k A=A
#A 42 MSCMZ Ag m7hA] 20°Cell E#3isitt.

Sandwich ELISA — TNF-o %448 ELISA kit(Chemicon,
Temecula, CA, USAYE AHE-sle] AAlsld=d 7Hd38] A
B&hH thg3 2tk TNF-o standard® MSCME 96 well
(precoated with rat anti-mouse TNF-op)°l 100 w4 ¥t
223 W ¥, primary antibody?] rabbit anti-mouse TNF-o
£ HArlsle] &3 H, &20lA vt & buffer2 Ao
3lc}. o] 3¢ second antibody$! goat anti-rabbit conju-
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Table I. Primers used in RT-PCR
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Target mRNA Primer sequences Product size (bp)
TNF-0, sense: 5-GGCAGGTCTACTTTGGAGTCATTGC-3' 236
anti-sense: 5'-CATTCGAGGCTCCAGTGAATTCCAG-3'
. sense: 5'-GGAGAAGATCTGGCACCACACC-3'
B-actin 840

anti-sense: 5-CCTGCTTGCTGATCCACATCTGCTGG-3'

gated alkaline phosphateS welloll 71 5 vt ul
% ¥ wash buffer2 Aol F, ZA5GA E71€ AA
A}, E71E AAT T color reagentS ZF wellol] B3, 7t
well B2 xp8Ado] Q= F3a0o] VJERYA  stop solution
£ o] MZnke-g A7), 490 nmo|A] ELISA reader
(Bio-Tek, Highland park, Vermont, USA)2 Z%3}>] TNF-
adl ¥ BAsn”

Western blotting — MSCM<S- 16% separating gel 2 -
’d%¥ 0.1% SDS-PAGECIX @idS Eelslltt. 471%%
o] Bt gelul 9] @A -2 nitrocellulose membrane(NC;
Schieicher and Schuell, Verkaufsleiter, Germany) 9]l ©]
B A A Th NC+= blocking buffer(5% nonfat dry milk in
TBS-T buffer)ol] 3A|ofe] v 5o AS AAA A
TBS-T bufferZ 2] & TBS-T bufferS siliconized
bottle®ll ¥ 3L 7]l rabbit anti-murine TNE-o. polyclonal
primary antibodyE H7}stAth 222 @ ¥ NCE sili-
conized bottle®] ¥ 3 hybridization incubator(Robbins;
CA, USA; speed 10 rpm)°ll 4] incubation3} ATl 1 &,
TBS-T buffer2 2 ojd F, 23} A (goat anti-rabbit IgG
horseradish peroxidase conjugated affinity purified antibody)
& #7131 hybridization incubatorollA] ¥ 8I332, TBS-T
2 AoJuilth. L ¥ BCL(peroxidase substrate, Amersham,
USA)E NColl & 42 F vigfsiint. 2 F, ¢ aow
safety lamp; Kodak; USA)°lA NC7F E130+= cassettel]
X-ray filme ¥ 7Z3A171 F Xoray filmS developing,
washing, fixing, washing 4185 A% ¥ TNF-o band
o] AN} FrgE FAsn

XA FEei2l BHS(reverse transcription-polymerase
chain reaction) — 817 AN ZEHE AL F3 A
HH8-(RT-PCR)Z I Z A} ki(Takara, Otsu, Shiga, Japan) &
Z3IANES- kit(Takara, Otsu, Shiga, Japan)S o]-8-3jo] 4
Alateh” 7heks] AwebE, TRISOL(Gibeo-BRL, Grand
Island, NY, USA)Z ©] &3} total RNA®] FZ 35T
Total RNAS A} vEG 3 &8sl 42°Colld 1117t &
QF ¥HS-AIA TNF-0} B-actin®] cDNAE 3314t A
gt ZHkel cDNAE T3 w3} £33t TNF-o9t
B-actin®] RT-PCR &3S AUt o] TF AEL 1%

agarose gel 217|195 dolA EAE3AcE. Aol AMS-3L primer
o] G7INE 2 2Z2E2] F7)E Table 19 VERIAE

SEglo| 7| Ma} & AT =& HAL - MIIC
2 S5 42 308 AEE 2de] A 1 mi(5 pg/ml in
salineyS 45 2 & 30U7KA B A mice group
7 M11C thal B2l salineS F93F mice group] Ae1A
Rl wE 25 H3kE A7) mice group B3 A
st & Aol AREE R mices 6 F% Balb/C (HEH
APFEAE, S4) FASIUL. $TLS L] 213
Balb/C mouse Gel¢] S AT S-180& B W) F
Alsle] B4E oS HEAIA A A3l nonimmu-
nogenicdt RIS THS0] B4819k3x10%mi) 100 p/E mouse
o] 3= MR AR 2 Tl 3}t FARBKA 290 g
A Foko] AR A (A +A7)2)Hstet MIICE Fo g
F 7-30d0] FUAMR &, TR 2AAAE s
o}, £9F¢] =17]& calibrator(Mitotoyo, Japan)® S 31T
282 ZAAFARE M1IC 54 25¢ %] mouseE 3|44
A bz BoZ A&y slided) smeardt & SIS
o] 97 GANEG o] 83l T JPAEE FA3AT

M mouse] MELURO| 0|Xl= FEHAL - M11CY
oA ALY dOE AL moused) LS RX=
e ZAJEIAT. 7Hds] 71&sE MIICE 300 ug/ml &
=7t §52 001 M PBSl 3 A% 7 F8 A mouse
o] B FAsIeH, vhde] iz 0.01 M PBSE
7 Yol FAsEAt). 3 2F5 Y mouse SFHEIE AL
o, 319 EPA PG HAIEIT

A M2l - 2843 L HF £ meantSDE YERY
om, 72+ group 7He] BAEE AAel= PC-SAS 22 Excel
Z2a3-S o83l THABIY. p 7kol 0.05 oI5t W)
EAHoR f9] Je BT 73Tk
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not shown). M11CE B tIAAZE A=9E o 9 of
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Fig. 1. ELISA for the measurement of TNF-o. in conditioned
media obtained from LPS, medium alone (MA), or Korean
mistletoe extract (M11C) stimulated splenic macrophages. (A)
The upper panel represents the densitometric analysis of the
ELISA photograph, and each bar represents meantSD of three
replicates within one of three independent experiments
(**p<0.01, MA vs M11C). (B) The lower panel represents the
photograph of ELISA, and this result is one of three
independent experiments. LPS was used for positive control.

ZTOF ARE3F LPS(1 pg/ml) BUR= TNF-o2 A £4]
A WF, medium alone group MU= F8kAl & Ao|2
TNF-o7} T ®o] EujES 2oy 9 0H(p<0.01; Fig. 1A,
IB). o|#gt A9 A¥E oA 3 o] AFs] 918 imm-
unoblotting A AT E MIICE A EE A= E
@] TNF-07} medium alone group Rt} T} Bo] HHjgth=
AME Q13 = TH(p<0.01, Fig. 2A, 2B).

M11Ce| LHAMIZZFE TNF-o MAMFE &2 - M11C
7H A A EE A=F8iAM TNF-oF #HIsH dtke 2
S ko) o] AR A IFgs. 2~3)914 BHF Tk o218k TNF-
7 R T ojw & Al E AN AEA]
A7) 93 AEE T A3 TNF-o 328 Ak
& TNF-o 89]9} 8]5:8t S Bof F9th &, MIICE
I AN 2E ASRE o A JEFOZ ARSSE LPS
(1 ug/ml) RTH= TNF-0. mRNAZ 27 Z& A7 medium
alone group X U= -F2]31A & &o]Z TNF-o0 mRNA7}
Bo] WdEs Hod FUATHp<0.01; Fig. 3A, 3B).
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Fig. 2. Immunoblot analysis of conditioned media obtained
from LPS, medium alone (MA), or Korean mistletoe extract
(M11C) stimulated splenic macrophages using polyclonal
antibody of rabbit anti-mouse TNF-o.. LPS was used for
positive control. (A) The upper panel represents the densito-
metric analysis of the immunoblot photograph, and each bar
represents meantSD of four replicates within one of two
independent experiments (**p<0.01, MA vs M11C). (B) The
lower panel represents the photograph of immunoblot, and this
result is one of two independent experiments.

Sarcoma-18022 RFT &l el MAXINUY Olxl=
245 — SalineS F43k groupoll UotA S-18001 2J3t S
e FHAZ T ARSHIRE 4o P48 #EE 3
2.© 1 (data not shown), 79 Foll= £ 2730 ¢ Scm
AEHTHFig. 4). Fo 12~172AA =t saline T
3 ¥l M11C T30l 3lof Foke) 27)d o &
o] zpo) 7} SITHEIg. 4). 21L9AFEH = T4 Z7]e
o] M11C Fof<2o] saline FolatHt) % A717F #
g} apol & ] A28 B FATHp<0.05 52 p<00l). &
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Fig. 3. The effect of Korean mistletoe extract (M11C) on the
expression of TNF-o0 mRNA from splenic macrophages.
Expression of mRNA was detected by RT-PCR. Equivalent
quantities of mRNA were used since similar amounts of [3-
actin were expressed in each specimen. LPS and medium
alone were used for positive and negative control, respectively.
(A) The upper panel represents the densitometric analysis of
the gel photograph and each bar represents meantSD of four
replicates within one of three independent experiments
(**p<0.01, MA vs M11C). (B) The lower panel represents gel
photograph of PCR-amplified ¢cDNA from TNF-¢¢ and DNA
competitor B-actin, and this result is one of three independent
experiments.

MI11C7} £938E AdEge ST 3084 ol28
saline w9l QolX= B AAl g7 HA =7]) A%
sttt vhHe M11CE F9% groupdlMe 3 =4 &
7y vehgon, 3 10d A% ¢ $EAEE APtha
98 WY, saline 925 vs M11C $o25 =3147
vs 4115).

SLFele| FEM=S| AL oxjjof| O[X|= A& - M11C
ol 25U & FFFHel gk 22 AR vl o] HAd
H 2F, saline 9 1%, M11C o ZF9] BTES A}
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Fig. 4. The inhibitory effect of Korean mistletoe crude extract
(M11C) on tumor growth. Each bar represents meantSD of
six replicates within one of two independent experiments (*p<
0.05, **p<0.01, saline vs M11C). Saline was used for control.
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Day 17

Day 30

Fig. 5. The photograph of S-180 inoculated muscle sarcoma
cancer at 30 days after treatment of saline and Korean
mistletoe crude extract (M11C) to mouse. Saline and M11C
represent treatment of saline and M11C to mouse, respectively.

L3130}, Saline £ 259 TURALE A9 FHARE AJH
oy ®H M11C B 182 saline 5] 289 vlaf &
< PR A FAEE Ao IXE AAXNHT
(Fig. 5). °1313 22 AAL Axprt £ Y& g st
= % A7) Wsle] dxel B AAEAE 7 thFigs.



Vol. 34, No. 3, 2003

Normal Saline M11C

Fig. 6. An inhibitory effect of Korean mistletoe crude extract
(M11C) on tumor progression 25 days after treatment of the S-
180 cancer cell to mouse. Tissues were from normal mouse
(Normal), saline-treated mouse (Saline), and M11C-treated
mouse (M11C).
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Fig. 7. The effect of Korean mistletoe crude extract (M11C)

on the body weight of mature mouse. Three experiments were
carried out with five replicates.
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