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ABSTRACT : It is well-known that Korean mistletoe (Viscum album) extract has an immune activity and anticancer effect.
In this study, Korean mistletoe extract, M11C (non-lectin components), was used to examine whether this extract might acti-
vate human peripheral monocyte to produce tumor necrosis factor-o. (TNF-a). To examine the effect of M11C on the pro-
duction of TNF-a from monocyte, the monocyte were stimulated by the M11C, and then collected the supernatant (M11C
stimulated monocyte-conditioned media; MCM). MCM was treated to the TNF-a sensitive L1929 cells, and then L1929 cyto-
toxicity was measured by means of MTT. MCM had cytotoxic effect on L929. And the cytotoxic effect of MCM on L929 was
almost abolished by anti-TNF-a antibody. These data indicated that MCM contained TNF-a, suggesting the TNF-a genera-
tion from M11C-stimulated monocyte. This suggestion was confirmed from the data that TNF-a was highly detected in
MCM by immunoblotting technique. M11C effect on TNF-a production from monocyte was in the dose and stimulating
time dependent manners. Also the effect of M11C on the expression of TNF-o mRNA from monocyte was shown in the dose
and stimulating time dependent manners. As a result, Korean mistletoe extract, M11C, could be used for an immunostimu-

lator.

Key Words : Korean mistletoe (Viscum album), non-lectin components, M11C, human peripheral monocyte, .929, TNF-a genera-

tion, TNF-oo mRNA expression.

M o

AA de] B2 e A (Viscum album)dl] TSk
A7k T Eo] gkom, 53] FHLt Ae-de] dxle
oF)# a¥e} EAASEA 540] & welA Stk (Stein er
al., 2002; Tabiasco ef al., 2002; Hostanska et al., 2003).
19909 % FHHTE Sl Apzlsel oJaf it Aol
gk A77F ASHEEA Aol drle) tigk ok &%
A7 Bo] o]FX L Ut} (Lyu ef al, 2001; Yoon et
al, 2001). o= AgatolE o8 ARE wIYS H|FE
st Z4% At sl 'AZ ge] ofgHa ok 23y &
< 7k Ao ARAE ARl Agato] 'l
3 AFe wol FHEL o} (Stein er al, 2002;
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Hostanska et al., 2003), SFHIERAIE Al S=aF A4t
o] A& F vgE HEE gk A7} Wol o]FojX|x] ¢F
Atk (& &, 2000; & &, 2001; ©] &, 2003). A-5-Ak]

HjEEl AR Fol ThAl, 2213, o, Ydzol= ol

al

AT}t (Krzaczek, 1977, Khwaja et al, 1980; Mueller et
al., 1990; Edlund et al, 2000). 53] W ZHAX=

F AEES] E4E0] 0 B2 TrE Edor A o]
A& & ASE] 225 WANEE 243} ATt (Jordan
& Wagner, 1986). U223 (macrophage) 2 T--(monocyte)
< AlE mi7id Wl oM Fagh AEE 3tk tiAAE
9 Te W54, FAREEEA, vlolg 2 Fof osix &4
s, 715 WY & wiNEEES It (F &, 2000).
olg 24 Fole TFIAEESL TNF-a 5] om, by
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B HARAO| F=EF M1M1CEHE

AEE olEs AL Evlstd A 7ss sy
(Johnston, 1988; Metlay e al., 1989). B3t TNF-o= %
NEE BIAINEEAN FTEFS APEADTE Beutler &
Cerami, 1987; Pennica et al., 1984). 53] A5 Aol
o] 1929 MXE= TNF-aol o5 Wz Alxehs 2 deA
ATH Mary e al., 1991). o]e} 72 1929 Alxe] 54&
o] g3l L929 MEFE ©]83] TNF-o #H]9} e Az &
4 A7 B ARl el A=A Ak (Mary ef dl.,
1991). o]oll & A= =4 A7t e ARy s
Al AR o] &E I USS UM ERHFEER MIICY] ¥
&Y AgRE ASIAL AR 22 G7A| 2 MIICE
Aglste] TNF-o A4 2 ZH]o] vjAe FaS AT

f

a
M= o 9
1. Mo, ABIS2 9 HIZS

Mo S 98t HlYkd RPMI-164034} fetal bovine
serum (FBS), L-glutamine acid, penicillin-streptomycin
Gibco-BRL (Grand Island, NY, USA) SJAIZHE U3}
o, wFE FHolE, Fet2d, 183 FEE Falcon
(Franklin Lakes, NJ, USA) SALZFE 43Il TNF-a
ZAAFE 1% &A= Chemicon (Temecula, CA, USA) 3]A}
2Z5E FYdrh RT-PCRS ¢ AleFS Takara (Otsu,
Shiga, Japan) 3|A}ZHE YTl Chloroform, hexane,
methanol, ethanol, isoprophanole H|E3F 7258 7] &v|EL
Merck (Berlin, Germany) A2 € A3 A XSA7AAL
£ 91§ Trypan Blue®t 715 A9k Sigma 3JALRHE 79
Aot B A AMgE MEFE American Type Culture
Collection (ATCC, Rockville, Maryland, USA)SZFE] £
1S 1029 (ATCC CCL 1)°]3ith.

2. HAAOIZ2RE M11C =
AF F Z vl Yo RakE AgAbe|ZRE MIIC
2 & 5 (2001)°] WS o] &3t WE HaE A
to] 500 g& SFIol BaL kst 22 67 B9t 2B+,
1471 &L 824, tIH)E gk & wyy] @AY}, A
2 AL A&om wukslith 1 ¥ 305 B9 4
(20,000 g, Rotor A6.14, Kontron, Italy)3t &, A& A
chloroform @ hexaneS *]#3le] €xA|7] €4S A
t}. o] g4S o349t (60~0.45 um; Millipore, Bedford, MA
01730, USAYS B4t & sA7Axs e ZMEES AUt
(elsk M11C o2k Hsh. MlIcH el LpPS 3 ZHAME
Limulus ES IT kit (Wako, Osaka, Japan)® 7JA}&}3lo.H,
ZHF3-S 42 endotoxin units (EUYm ©]ATh (data not
shown). frg=71el lo] Aok LPS 7hid 818 91= 350
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=TT !

% =H[0f| DIXl= 22t
EUML QE (& 5, 2001), ¥ MIICE 38892 1/8 |3}
o E718l 5 Al o EA7F /1t
3. Yxsio=22F UPMIE 22 H A5
AlRe] SPAIE (monocyteys 319} ©] (1997)2] WY
Saiiet. A4 FAETE xS AQFHI F u
(Sigma, St Louis, MO, USA)2.2 2|3 thS Ficoll-
Hypaque (Pharmacia, Sweden)?ll <3t D=-u] 4]l
ojal] F7kgll HHIHE (mononeuclear cell)5=
Atk 29E A= A LggHoR L & A
718159tk 2 T3 RPMI-16402Z 24 well plated] TH3A|
5% platingdlitt. Fd GAEE 2o7] 98l 3A]%F
ik & A ETE BoeAl Rk, e FFe
F AlE (FE FIT)ES PBSE 2-38] AlFsk] AASIA
o} Al&3F & Wright and Giemsa stain 2.2 X3S uj
TFAEY] FFEE 98% o]l (data not shown).
MIICE A=317] Ao DFMEE  incomplete RPMI-1640
Wk oz 28] Hojdl F, FEF RPMI-1640 1 el
(penicillin-streptomicyn, L-glutamine )2 1 mé% T3S
ok S 2] o] Bl MIICE 71 ¥, 37CeA 7zt
2o AZESE AFAA
media; MCM)S #413}7]

m% o]

T p=
Je= BE

2]

b

al

;‘EON

A2 v %l (monocyte-conditioned
A7FA 20T Basiict.

4. TNF-o. 2| bioassay

TNF-05 913+ 5374 TNF-aol] ®17H8E Al 521 A5
oAl L9295 ARESIATE (Mary et al., 1991). AlEE=
A% A7 Trypsin-EDTAS AHelsle] Fufzolx e
, 96 well plateol] 7} well & 4 x 104 cells/100 £ 2] H3E
AE® plating & § 6A17F <F 37CelA wiFsisich. wig
T 7t well 9] Wi F5Ae AAsL, 7 vl
A3 MIICE A= vjgel MCM=S ZF wellell 100 402
A7k & 1677 53 5% CO, 37CelA vjgstal MTTH
(Francosis & Rita, 1986)°] <Ja] MEZ5AS HANSHI G
MTT solution (1 mg/mé, Sigma, St Louis, USA)S Z} well
50 0 7RSIl 37CelA 4r7E F3F O] EiERTh
F g A BF AAsA FHE e B84
formazang =°]7] 9|3l dimethylsulfoxide (DMSO; Sigma,
USAYE 7} welld 100 48 A7}eE T 152 < E33151
o}, Z28]22 ¢ F, ELISA reader (Pharmasia, Sweden) 540
m o] vFeM FFE (0.D)Z ZHst] % cytotoxicity
(O.D control —O.D test) x 100/0.D control) &2 % viability
(O.D test x 100/0.D control)S ZA 3t} (& &, 2000).

d -10{1

=
31

ofN

5. Anti-TNF-o. antibody0ll 2Jst MEZSH ZS9FE 24
10 pg/ml FE=2] anti-TNF-o antibodyS medium alone <



oot - ZEHS - TS - HlRi - Mo - 5] o

S MIICE A3 A o] vl MCMel H7ksk &
37CoA 24)7F Bt wiFEich mFst &, Z2ke] 100l &
L929 (10° cellsiwelly’F A= 2t wellel]l Y3t 2] 37C

N 12417+ F<t vl @ FH MTT % (Francosis &
Rita, 1986)°l 2]3t] 192952 AME AH=S ZHARITH

6. Western blotting

g MCM2 16% separating gel2 3% 0.1% SDS-
PAGE (sodium dodecyl sulfate-polyacrylamid gel -electrop-
horesisyllA] TS F2l8iolth. 7|95 0] i gelle] &
WS nitrocellulose membrane (NC; Schieicher and Schuell,
Verkaufsleiter, Germany) ¢]°l ©]&A]|#H . NCE blocking
buffer (5% nonfat dry milk in TBS-T buffer)ol]l &) <}2]
H|5o]4 Ag-g AAIZITE TBS-T buffer? Aol &, o
719l rabbit anti-murine TNF-o. polyclonal primary antibody
€ FA7FeIth. 28a ' F NCE 32004 3A17F 7PEA
EEUA wgEIATh. L ¥, TBS-T buffer2 Aoid -, 23}
A (goat anti-rabbit IgG horseradish
affinity purified antibody)s 3 7}sk]
TBS-TZ Aotk 2 & ECL (peroxidase substrate,
Amersham, USAYS NCol| & 48 & wjfsidch 2 &, ¢
A (10 W safety lamp; Kodak; USA)IA] NC7F E93)&
cassette®l] X-ray filmS ¥ 7FAIZ] ¥ Xray film
developing, washing, fixing, washing A4S AHXZl
TNF-a band®] 79} A=E 43190 (7 &, 2001).

peroxidase conjugated
F2olM mjFeAL,

—
KN
=
5
T

7. GTAL S PES

GPA Z25E] GHAL T A3 ¥EE (reverse transcrip-
tion-polymerase chain reaction; RT-PCR)S SJ7A} kit (Takara,
Otsu, Shiga, Japan) ¥ FT &AW kit (Takara, Otsu,
Shiga, Japan)& °]-&3t] AAJEIATE (F &, 2001). TRISOL
(Gibco-BRL, Grand Island, NY, USA)S ©]&3}4 total
RNA®] 3131t Total RNAS AL wHg-ollz} Egtste]
42CoA 1A7F E9F ¥HSAIA TNF-a9} B-actin®] ¢cDNAS
SHSIATE A% Z17te] cDNAES T3] whsol=t &3
slo] TNF-09} B-actin®] RT-PCR FZ AH=-S A9t} o] &
Z 2HES 1% agarose gel 7|9 F0lA 431 Aol
AR primer®] @714E B FFAES] 7)€ Table 191

Table 1. Primers used in RT-PCR.

eSS (& &, 2000).

8. S Azl

ARAXNA L HF TE mean+SEMOE vepiow, 7+
group?te] EAI8HE A= PC-SAS 3- Excel L2 13-S
olgste] THASIATE patel 0.05 o3kl o TAHo=Z
9] Y& Fgoz 7HE3nh

& o}

1. M11C2 XI5t el MCM2| 1929 SHEG=
M11C ST o&d

LO29A| = TNF-go] Rt Ax=z & dex o
(Mary et al., 1991). & AP o] gt AME |83l MI1IC
2 95 A5398 w) GEHE INF-o/t 288k A &
ol 7] 93, MIICE A= Azlgh @79 wjdlS L9294
29} 7Fo] 8AIZF E1F wiFEAA L929 A4S XTSI
o} Ad43 o8] FE (0-2000 £g/ml)e] MI11ICE 223 &
T HFA S-S L29A S} wislS wl, MIIC F% (0-
2000 g/mé)oll Wl A& MCMo] MIIC FEZF7)0| wet
L929 A|3Ee] Apdo] HA Zr)slthzE M1IC 200 pg/mlb 2 A}
Faa] A& MCMo] FHthe] 1929 APEa#E Rt} (Fig.
1). 283 MI11C 2000 zgml 2 =08 AL MCMOE
L9298 Al w 1929 APE plateau P-S XA} (Fig.
. 5, MIIC &=7} 3715l w2t TNF-o7} F7Fsicht
MI11C 200 pg/mb F=AA Hl&gFe] TNF-o7} 18-S AJAk
Jrt. olEg L929 54477 MCMe] ofzt M11Ce] Z
HAR Ax=453 wf&l A golrr] 98, MI11C 2000
1g/meOF o] LO2OA|EE 24A17F widslHA Lo20APE of B
£ Arretde, MlIcel 9gt 1929 Axxde A &z

3k 4= g1%IT) (data not shown).

2. M11CE A8t HIYY MCM2| 1929 Sdglk=
M11C XSARE oj=H

T e AdA g2
MIICE 052447k T1E
el el o R L9295 A3t o W AL A= A
IAIZE MCMellA] 1929 54 a3 Holthrh 12417 5 &

HHaH &

Target mRNA Primer sequences Product size (bp)
TNF-a. sense : 5-GGCAGGTCTACTTTGGAGTCATTGC-3' 286
anti-sense : 5-CATTCGACGGCTCCAGTGAATTCCAG-3'
B-actin sense : 5-GGAGAAGATCTGGCACCACACC-3' 840

anti-sense : 5-CCTGCTTGCTGATCCACATCTGCTGG-3'!
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Dose dependent effect of M11C on indirect cytotoxicity
of 1929 cells. 1929 cells were incubated with the
conditioned medium obtained from human peripheral
monocyte which is stimulated with indicate(f doses of
M11C for 12 hours. The cytotoxicity on L929 cells after
culture with conditioned medium is expressed as means
£ S.E.M of three independent experiments performed in
triplicates. All other details are described in “Materials
and Methods”.
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Fig. 2. Time dependant effect of M11C on indirect cytotoxicity of
L929 cells. L929 cells were incubated with the condi-
tioned medium obtained from human peripheral monocyte
which is stimulated with indicated time of M11C at
200 pg/mb. The cytotoxicity on 1929 cells after culture
with conditioned medium is expressed as means + S.E.M
of five independent experiments performed in triplicates.
All other details are described in “Materials and Methods”.
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Fig. 3. Neutralization by monoclonal TNF-a. antibody (Ab) of the

1929 cell cytotoxicity obtained from the actions of
medium alone (medium) and 200 pg/m¢ of M11C
stimulated monocyte-conditioned media (MCM). The

otoxicity on L929 cells is expressed as means + S.E.M.
All other details are described in “Materials and Methods”.
** p < 0.01, (without Ab vs with Ab in MCM).

(Fig. 2). °l& MIC7L S5 A= o A7kl wle} TNF-
oF AL BHjeHA s walFaL Sl

3. M11C2 AI=6t oo MCMoll 2Jst 19299] SM ST}
A0l 201 anti-TNF-o antibody2| &3}

471 A¥AF (Fig. 1, 2)5 48] £ uf, MCM el
TNF-o7F SAE 7Fs/dS 7l AARISIT. ol Algkls)
7] 918l TNF-o antibody (10 zg/mé)yZ L929¢] thall Zth
o] =AFIH7} UE MCM (M11C 200 pg/ml 2= 124)7F &<t
S AT B2 uiFd el Foisted 247F FQF WA
71 %, o] MCMS 1929 Al ¥ol| x2]ale] 1929 A E APH-S
AAATE 2 A3 MCMell 9]3F L929 Al ¥d] thek SA &
#7} TNF-a antibodyll 2Jal] €3] AlES Bt (Fig.
3). °]& MCMd| TNF-o7} EAl8t glom, wak L9297}
TNF-aol] 93] APEES Kol F9Uth.

4. TNF-o2| 2HI57=0ll Q0IM M11C| S% 2i&d g1t

TNF-o-sensitive L9295 ©]-&3 A% A3} (Fig. 1-3)014
MI11C7} @72 AFiA TNF-aZ #H|3HS gelsiit). o]
2 g2 4% 7]*Hel immunoblottingg ©]&3] MCMel
TNF-o. A& A&RIs7|2 slsle. ol& f18 o2 &% (0
200 zg/mb)2 12A8)7F St TS AFEIA A MCME A
gl Ak 2 A3, TNF-o BAF #H1E 918 A= FHo
B MIIC F=7F 200 pg/mlo]Pom so wet Z7t
ke HoIFQt) (Fig. 4a, 4b). ©]2|g A= TNF-o-sesitive
L9295 o] &3t AF Aol IAAAT (Fig. 1).



(a) M11C (pg/ml)
0.0020.02 0.2 2 20 200
TE-o d—————

(b)

4000
o
= 3500
= |
2 3000
=
5
5 2500
Ll
< 2000 |
=
21500 |
5]
-
< 1000 |
=
£ 500 |
o

0
0002 002 02 ° 20 200
M11C (ug/ml)

Fig. 4. The dose dependent effect of Korean mistletoe crude
extract (M11C) on TNF-a secretion from monocyte. The
cells (1 x 10° cells/well) were treated with the indicated
concentrations of M11C for 12 hours. a) TNF-a. secretion
was analyzed by immunoblotting. b) Densitometric anal-
ysis. Bars represent the mean + S.E.M for three indepen-
dent experiments with triplicates. All other details are
described in “Materials and Methods”.

5. TNF-o2] 28I750l A0IM M11Ce AISARE o)Ed
st

GE MIIC S 200 g/mlE 2L o, M11Cel
ogt A=Ak G9E 47] fg AdelA A 1A7HEE
S7ksl7] Al&sia 8A7E Bt Aol A Al TNF-o7} &
HES BT} (Fig. 5a, 5b). 283 W 5 A= 16X]7F
ol plateaud] ©|2F T} (Fig. Sa, Sb). ©]&]3t AAEL
TNF-o-sensitive L9295 ©]-83F = o] 3% ZAxjol
IXPA} (Fig. 2).

6. TNF-oo mRNA ZIAIRSE0ll 01 M11C2] S5 &M St

MIIC7F SFAEE AF3I14 TNF-0F 018H] sk A
S oko] oy A¥ A} (Fig. 1-5)4 W3lth o218k TNF-
o #H]7} TNF-o mRNA 312} @3} ojuf st JadAE
TR JeA @] Hs) APe st A A3
MIICE SHAEE AFHE wf MIIC 20 zg/ml 7} Z 2]
TNF-oo mRNA &g Holt}7t MIIC 200 ug/ml ol A =
plateau A S H AT} (Fig. 6a, 6b). o] FHt] TNF-a
mRNA FAAPEES $13F M11C2] F57F TNF-o o £4]
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Fig. 5. The time dependent effect of Korean mistletoe crude
extract (M11C) on TNF-a secretion from monocyte. The
cells (1x10° cells/well) were treated with 200 pg/mé
M11C for 0-16 hours. a) TNF-a. was analyzed by immu-
noblotting. b) Densitometric analysis. Bars represent the
mean + S.E.M for three independent experiments with
triplicates. All other details are described in “Materials and
Methods”.

2 9% St A9 e SR (Fig 4)

7. TNF-a. mRNA FIAKRE0|
o s

TNF-o. mRNA AALS 9J3F HZ AFA) 78 ¢7] 938
A oA, MIIC HF F=2 20 pgmloZ -5
S o], N7 Bote] Aol Aol g#E Sl
o|th7} 44X 7 A Hthe] TNF-o. mRNA AL S8
Atk (Fig. 7a, 7b). 283 & FH KZHEEHE FA Fishe
A& Bo] FATE M11CY TNF-ao mRNA AAMTE HA &
7} Al7Fo] TNF-o T AAAE 2] - g3 A|7kE T 44 7F
A Utk AL HAFIUT} (Fig. 5, 7).

01 M11C2| RISARE o=

5

L L 2

L

2

HAE

fr Aol Sk AgAtole tigh Aol lojA,
Fera Al dele]] gk A77F ol BAEAT (Lyu e dl.,
2001; Yoon et al., 2001; Stein et al, 2002; Tabiasco et
al., 2002; Hostanska et al., 2003). ©]o] ¥ A= AH$-4lo]

7b 45 FefRAlel AREAL tke S ARk, =t
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Fig. 6. The dose dependent effect of Korean mistletoe crude
extract (M11C) on TNF-o. mRNA expression from
monocyte. The cells (1 x 10° cells/well) were treated with
the indicated concentrations of M11C for 4 hours. a) RT-
PCR profile of monocyte TNF-a and B-actin mRNA
expression. b) Densitometric analysis. Bars represent the
mean +S.E.M for three independent experiments with
triplicates. All other details are described in “Materials
and Methods”.

Aol Qo) oFe Tl ol o s Aol o)
AME FRlETS AU BLES Eeldl] WSy 8%

< welazt st o] &S 9%
SAbo] FYFEEQ MIC7F SGTPAI EZ5E TNF-o 20| &
FE 7L ASAE 7] A% Aot =k Aol
FElQl KMLe] HE+ $3RES-S Holet] vl g4t A
Aol dY & § dF 859 A8 EES AAT F
ZE21 MIICE AgEe] ddo] 7 A+ $3485
7HA ekt (4 &, 2001). A MIICE Aol vl
g PAEEE AR ST (& 5, 2000; & 5, 2001).
E Ao AR-E H]HE (non-lectin) AJEQ1 M11C7}F F <
E7F A EE A3 TNF-a9} IL-1E #H]3t= 2
g A AFdso] TEIAT (T 5, 2000; & 5.
2001). == 771 G498t wf TNF-oE HIESE IL-1B, IL-
6, IL-12 5 2] cytokineSe] TH|Erh= Zo] 2 L&A
= ARdeltt (Johnston, 1988; Dinarello, 1989; Metlay et
al., 1989). B AFoME MIICE A ZxdAor He3dl
THAEE AFPS ] TNF-o/t A4t BHlEE XE HAKsE
71 98 TNF-a sensitive L929 A% =X 7 A}, TNF-a
neutralization, immunoblotting, RT-PCR 7|HES ©]&3}3it}.
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Fig. 7. The time dependent effect of Korean mistletoe crude
extract (M11C) on TNF-o. mRNA expression from
monocyte. The cells (1 x 10° cells/well) were treated with
200 pg/mt M11C for 0-16 hours. a) RT-PCR profile of
monocyte TNF-a and B-actin mRNA expression. b) Den-
sitometric analysis. Bars represent the mean £ S.E.M for
three independent experiments with triplicates. All other
details are described in “Materials and Methods”.

TNF-a sensitive L929 AM|¥2] EAIZAAlNA ©1S A=3F
MIIC =7} S7Fel o} a2 wjYge! MCMeo| 1929 Al
o] BALS A /AT (Fig 1), 8 MIICE ¢
AFAIZE F71) wEh & MCM©] 1929 Al Ee] ZAS &
A ZF7MAT (Fig. 2). L929 AIE SA40] TNF-o 2]&40]
e AL 28T ol Mary er al, 1991), ol Ave
MI11C7F G2 #AF3) TNF-oZ 248|8 doha ths] &
=8 F Ak oS F5o] ARdolEHH anti-TNF-a A
7F MIICE @& A58 d& MCM2] 1929 M ¥=4 &
I 3] Ao grhar 7P o] 78S ERls]
28] TNF-a neutralization 23S 3}t A8 A3 744
4 anti-TNF-o. IA7F MCMS] 1929 AlE5A a5 ¢hd
3 AT (Fig. 3). ol MIICE T2 A I
MCMe| TNE-o7} EA18He ) =7 9t} MCMo| TNF-
a’t Ak Aol ARQIA] AERIsH | $18] immunoblotting
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