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Abstract

Traditionally, mistletoe is known as an effective anti-cancer medicinal plant, and lectin is recognized as a major component
with cytotoxic and immuno-stimulant activity in mistletoe. A Korean mistletoe lectin (KML) has specificity to galactose and
galactosamine and is distinguish from European mistletoe lectin (EML). When we examined the concentration of lectin in
mistletoe originated from five different types of host trees, the result indicate that the lectin concentration is variable depending
on the host tree. Noticeably, mistletoe from chestnut tree contains ten folds higher lectins than that of an oak tree. We also
tested the concentration of KML and crude extract (KM-110) of Korean mistletoe that shows 90% cytotoxicity in
L5178Y-ML25 lymphoma cell. In addition, the cells show 90% and 70% viability by the treatment of two neutralizing
antibodies of KML, 9H7-D10 and 8B11-2C5 neutralization effect with two monoclonal antibodies of KML, 9H7-D10 and
8B11-2CS5. Therefore, the result expected that the mistletoe contain some other cytotoxic components except lectin. Finally,
the production of TNF-a and IL-6 by RAW 264.7 cells stimulated with lectin free-crude extract (LFKM-110) following
neutralization by 9H7-D10 monoclonal antibody shows higher than that of lectin containing-crude extract (KM-110). These
results suggest that the Korean mistletoe lectin ha a great potential to be developed as therapeutic agent of cancer.
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£20) AT He) @ 10] HPY AL AP Moz
aejE|ojof & AR R AR EHTHBocci V 1993). gh=rof H]
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2 Ao2 B IEQrHGabius S 1992). wabA]
HollA dd o] tiet A= =2 ML tigt A7}
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1. HRA0| FE29| M= ¥ HEIQ E2|

2 Aol ARERE Aol e ddelA Alshe 3
U (Quercus aliena), S Pyrus pyrifolia), W5 Castanea
crenata), BIP}EChaenomeles sinensis) R 71U dilanthus
altissina) S 452 31o] Azl 190] 85k Al
B A4l 19 % 20802 H Fhxle] Bolxny
T uH 7R o) s AMESHATE Z42He] AAke] 10 gofl 100
L] Z75E WIS, NS olgato] 24 7, 4ColA
16A17F wRbsHA A &35t 2428 Aol &858
LA1EE](1,800 x g, 30 min: Eppendorf, NY, USA)E £3}]
B0 v B4 1S, 3 Tl T 24 (BioRad Lab.
CA, USA)Z &3l 100 mgmLe] sz 2HsFth A4
ojzRg ¥ B 7] WEH hydrolyzed Sepharose 4B
column< ©]-g3te] B3} thKang 5 2007).

2. SEID) Of5 MET SEUS L Soj| oI5t X S

A AL 15| Yot A+ -3 wk-g(hemagglu-
tination)2 A AI5H{THKang 5 2007). 223 Z42+¢] 34k A
2 Ato| @ El(Korean mistletoe lecting KML)-2 o8 © 2 HLE] 24]|
SIAHO R & ZA3}4] 96 well round bottom plateo]] £
3192 ™, human B type] AEL(5x10° cells)S PBSe]| #EHa}
o Z} wellof] FH7FskaL, 37°Colla] 1A BhgAIZTE dE 242
e KMLY Fof 3]4u]= 489t o] 2710014 galactose,
N-acetyl galactosamine, lactose, glucose, mannoseS 100 pMALE]

=2
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3. HHUZE ENE 0I8sH HEl MHFH 2= M=E

hgAt A-94bo] dl|lof thgt U S EFA|QL OH7-D10 H
8B11-2C5= 7]&0] TEF =2l o) Aldtd HE2 A8
ah%ith(Yoon %5 2001). Eelo] AAT TF4F A9Abo] %
E(lectin-free-KM-110; LFKM-110)& A|Z3}7] ¢35} KML
3} SolF oz Hhg5t= 9HT-DI0S S3dA| 2 ARSI
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4. Sandwich ELISA

s o) S5to] ThE A9ao|zie WEl AHel KML
o] 4L 7]Z£o] 2H# 3t Sandwich ELISAHS 44X 4
o] AXFFATHYoon 5 2001). ¢F&3HH KMLo| gt U=
£ 3A|(5E10, IgM)E ELISA plate®] ZF wello]] 3131, 12
A7k &<t coating 3F3ITh HA&3to] PBS-tween S ©]-&
sko] A, 1% skim milk -85 ©]-&-3t blocking, A& T
EAX &, REEEE 2 ngml A 2v] SAHOE 156 ng
mL7}A] 314 KMLE 37FshaL, 2417t Ao A WA 2
tl. A& %, horse-radish peroxide(HRP)7} Hgsl 9H7-DI10
I1gG A 3]4-8-H(x8,0000& H7tste] 24t H ¥REAIHiTh
AlZ 3 HRPO] A2 913t 7] = TMB -§-9H(Sigma-Aldrich,
MO, USA)-Q- /\]-vQ-O]-‘,’iE]- FAHRS-2 ON H,SO; 892 35

S F¥EE 54 $ KMLo|| of
EERHE LY, 2 A2400] 2B KML B
| EEFA tidste] AwFstich

fu

flo rSL'
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5. M|IZQ| HHSF ZAL

up A PEF Aﬂ 9] L5178Y-ML25%} uf-£
A M3 RAW 264.79] w2 7.5% FBS7} 3H-3-E RPMI-1640
vl X](Gibceo, Carlsbad, CA, USAYE ©]-83}5.2.1, 5% CO,, 95%
&= 9 37T 9] u%7](Thermo Fisher Scientific Inc. Waltham,
USA)ol| A B FstRTE A= FA =z et A2 54 =
NS ko] 5x10%welle] WEg ZH 2% AZE 96-well
platee] 7} wello] plating®t %, o] 5] A RS W73 &
397k wjokstah. AR AlE S4 fvks WSTE o] &3}
= cell counting kit(EZ-Cytox, Daeil Lab., Seoul, Korea)S AR
3l A|2ARS] R Fof wt 450 nmo| A &3 =(Molecular Device
Co., Union City, USA)E =% 3}to] ALt

3 MESY

2 e o

6. CHAIMIZE X}= 2 Cytokine &4

A ATl gt cytokine®] HARE 17| $H3k RAW 2647
AN|32= 24 well culture plate] 1.5x10° cells/mLe] &2 A
slo] B3ttt 2417 59t vl 9F3}e] macrophages plate©])
B2 3, Az gt ookt 529 Agte ARE H
7He 24212 2 WhFSac MFRE . i A5
of §&= #H]E TNF-a ¥ IL-69 5742 7t cytokineof] Tzt
ELISA kit(Pharmingen, CA, USA)S 7913}o] A 2AL2] X4
of wket =it
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1. Sk=mAl HRA0| HElo| & S0|M
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2ol dd % AAZ it T2 NZEA 9 HIZ
olo A 2L 7= AEEEE <
3 Qirk °”\ﬂ:-£°ﬂ gt A5 SHoA A AL
4Fo| A El(Buropean mistletoe lectin, EML)1} Sh=2AF A -$-AFo]
@ el(Korean mistletoe lectingy KML)2 A|ZEA =}o]7} 9lo]
KMLS| 397} © & AZS42 7HITHYoon 5 2003).
B Ao A= Franz S(1981) 2 Gabius 5(1992)2] HrH-&
Bustel BUTLE 472 Aok Aol FEBKM110)
ZEE hydrolyzed Sepharose-4B columng ©]83}o] Korean
mistletoe lectin(KML)& 223191, E2]5 KMLE] & Eo]4
= ZAFsE7] fI8ke] Kang 5(2007)9] W& 3-8 AE+
OFSH}—__ ] 0(5)]31:—4 =L EX-] 1:1—0“ I:Hb‘]— 7455_3. /RE ]o]_oth:]_
HA A8 FHNSS AASk= o] 7HA B9 Ha F=
5 ZARE A3}, N-acetylgalactosamine(GalNAc)2 6.3 mM,
galactose 2] 749 12.5 mMZ UERETHTable 1). E3F lactose 2]
= galactose@l FAFSE FZollA SA-TRS0] AAEH RS
U}, glucosedl] ShHE AIEA] ke ATHE meith wheb
lactoseo]] &3t A ¥ FZ galactosed] oJst HAro R
A2 ckKang S 2007).
olfgt AME FA3| Sl st LS178Y-ML2S
lymphoma®]] Tl A|ZZF21E 90% o) JAsH= =9 KML
(60 ng/mL) ¥ EML(2,000 ng/mL)S HA| GalNAcT} galactose
of Z-z} ¥EgAIX] &, LS178Y-ML25 A| 2540 w|X|&= &3t
(54 oS AEsHch WA KMLY F9olt 5 55
o] FRoA BF e YEF SR aE EHo
GalNAcE A 2|3t 7 -0l 4] galactose Ht}h & =4 A &
-5 Hof Table 10]4 GalNAco| A-gEo A HEF S5t
S5 e Anel AAFHE Ao UekhtiFig 1A). @
H, EML2 galactoseo]| gt 5= o223 EA4J A axgt

Table 1. Inhibition of KML-mediated hemagglutination
by sugars

Sugars Minimum concentration (mM)
Galactose 12.5
N-Acetylgalactosamine 6.3
Lactose 12.5
Glucose >200
Mannose >200

Inhibition of hemagglutination of the lectin was tested by adding
different kinds of sugars in various concentrations to determine
specificities of the lectin.
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Fig. 1. Neutralizing effect of sugars on lectin-mediated
cytotoxicity. A) Viability (%) of Korean mistletoe lectin
and B) viability (%) of European mistletoe lectin. GalNAc:

N-acetylgalactosamine, Gal: galactose. ~Significant difference
compared with untreated group by student’s #-test (p<0.01)
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bt “]'2*4(cross reactivity)- Table 20 VFeb 9it}. KMLoJ|
ZA5t= 2 98 IS 24 —3}7] _'_]o}gq b—].;./q. Ao 2ko]

fe eqﬁ}oa AYE Aol & T
A AFE ST & I S 23 g IS == 2
h KMLS] B2 8o 212 Aok SRl wet 4
2 FHF Xpo]2 B GrHTable 3). TH|EAE &3

Sl 02 ASO|9] B T BT KMLE] B vl
SHA ¢h= 2IE BT Aol FEENA AlE=A
WS Bao] g 2 AEL AW RolXg 1 g
chokst izl AES kg5t oty &ElA Qlth(Kuttan
& Kuttan 1992; Tabiasco 5 2002; Hajto 5 2011). ¥]Z &7}
o] AT SFU5] TE KMLY §HF Zfol7} Uiz A
< B AT = AL o] I FAAR ARESE
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Table 2. Characterization of monoclonal antibodies against
lectin

Cross-reactivity (OD value)

Clones Subisotype
KML EML
Poly Ab 1.524 0.660 -
9H7-D10 1.196 0.004 IgGl1
8B11-2C5 0.775 0.496 IgGl1

Cross-reactivity of KML and EML was expressed by optical density
in ELISA. Poly Ab is a polyclonal antibody of Korean mistletoe
lectin. 9H7-D10 and 8B11-2C5 are monoclonal antibodies of Korean
mistletoe lectin. KML: Korean mistletoe lectin, ELM: European
mistletoe lectin.

Table 3. Concentration of KML in crude extracts of mistletoes
originated from different host trees

Host trees Total proteins KML KML/Total

(100 mg/mL) (ng/mL) (ug/mL)  Proteins (%)
Quercus aliena 1,864 65.2+11.2 3.540.6
Pyrus pyrifolia 748 94.2+7.5 12.6+1.0
Castanea crenata 1,471 460.1+22.1 31.3+1.5
Chaenomeles sinensis 1,755 112.3£10.5 6.440.6
Ailanthus altissima 935 88.8+8.4 9.5+0.9

Concentration of mistletoe extract from each host tree is 100
mg/mL. KML: Korean mistletoe lectin.
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Fig. 2. Determination of lectin by ELISA. A) Standard
curve of KML, B) standard curve of KM-110 and C) SDS-
PAGE analysis of KM and KML. KM: Korean mistletoe
extract, KML: Korean mistletoe lectin.
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I (Quercus), SHHUTH(Pyrus), B-5(Castanea), 23}
U (Chaen) 3 7V U Hdilanthus) S <52 Aehs A
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Fig. 3. Cytotoxic effect of crude extracts of mistletoes
originated from different host trees on 1L.5178Y-ML25 lymphoma
cell line. A) The results calculated against the total protein
and B) the results calculated against the concentration of
KML. KML: Korean mistletoe lectin.
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go] AA" Aol 2E2ES F0I5H7] Y5ty =
A R f8 AfAro] F2EE(KM-110)¢]] KMLe| §ol4
Q1 A2l 9H7-D10& A &3t ¥, immuno-affinity chromato-
graphy S F3ll AL AASHA 139 ReHe g e =&
E2RE d8S A3 AAT 5 gl 54 AEE
53] affinity columnol] Z-§-3t5 . KM-110237€] &S A|A
A1 BZ(LFKM-110)0| 4] &€l Q] 3=k 1 ng KML equivalent/
mL o|5}9] =2 Uelytti(data not shown). &HA|Z o] s}
o Az54 5235 Uetdlis KM-11094 KMLE= Z23%
AEZ=EA JEo = deyA Qtklagey S 1995; Beuth J 1997).
wab KM-1102} LFKM-1109] A|ZEAL vwstgoh ¢+
A1 M5178Y-KL25 lymphomao] ti3t AlZEA Ag 2
3}, 31.25 pg/mLe] HE oA KM-1103+ LFKM-110& t)=F
o H|a] MELo] 2z}t 44.5% D 85.1%%] AFE Yehfol,
LFKM-1100] KM-110¢] B|8}o] oF 28 A= T2 NZ =4
7S HYrkFig 4A).

KM-1109] Mjz2524d aap7t A9l o]of thE o] TS
slolsly] 9)3kod L5178Y-ML25 A|E3=o] djg KML, LFKM-
110 & KM-1109] Q2= 9 2= 53 535 F 714
TGUSE A2 9H7-DI0 U 8B11-2C5 A& o] 83}t H
W3t} Fig 4Bojl AAJ3t vie} Zho] KMLE] N|Z=A4] &3}
= 9H7-D10 ¥ 8BI11-2C5 Aol 2J5te] oJA|=]o], A2 BE
0| 247} 53.6% 92 50.6%% F7FIHAL, F 7HA] FAE &
ANA T B9 Aol 90%2] AlZ7t AEshe A UE
t}. waka 9H7-DI0 L 8B11-2C5 A= KMLO] A|ZE4
aNE Foetet o] wolsts 22 AARE T T,
TR F8 A KM-1109] A254 a3tE KMLY
B} 9ARSE AS Ho] 9H7-D10 U 8B11-2C5 3] =3}
of o3 Ztzt 4A & A =N e, F 7HA] FAE FA
of it 43t ¥ 2 FIEHRE Hol7]= Foh KML
o] %o mste] e FaaINF 70%)S EFHTE ESH
KM-1100.2 2 € @Elo] &A= LFKM-1102] 7%, 9H7- D10
3} §h-g-3h= KMLo] A A= ¢17] o 9H7-D10 Ao 25 Al
254 FeaI= YebA] gA|eh 8B11-2C5 FAof <
g Az F3t avke Yehdth 281 549 F IAE
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Fig. 4. Cytotoxic effect (A) and inhibitory effect of cytotoxicity
followed by neutralization (B) of LFKM-110 and KM-110
on L5178Y-ML25 lymphoma cell line. KML: Korean mistletoe
lectin, KM-110: crude extract of mistletoe originated from
Quercus aliena, LFKM-110: lectin free-crude extract of mistletoe
originated from Quercus aliena followed by neutralization
using 9H7-D10 monoclonal antibody, 9H7-D10: monoclonal
antibody that specifically bind to the Korean mistletoe lectin,
8B11-2C5: monoclonal antibody that specifically bind to both
Korean and European mistletoe lectin. “Significant difference
compared with untreated group by student’s #-test (p<0.01).

Zro] A3t A9k 8B11-2C5 FA ©=2] Ao} GASH A
ZEA FEATE B Ak 8B11-2C5 A= ML type &l
I+ MLAII type HE BE 232M8-2 3t x|o]7] f&o
(Yoon 5 2001), KMLoJ:= 8B11-2C5¢}+ Eo|3}A] BFS3t= &
Ak ML-13} 5 Ust 48 7IX & ddle &4 7FsAd
A AZEA A&32E 9H7-DI0o] §hEsh= AE AJE
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KMLo| F=2 #ofdh= A2 AR E $It(Yoon & 2001; Kang
= 2007).

ZEZ 0 Z KM-1103} KML 959] Al 254 aiH= §A}
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-+ KM-110°] KML] H]3le] $2 A5/ 3 a0s
QA A2 KM-110 Yol thg =4 Aol Boshal ok= A
£ AJAFSFETHChoi OB 2009; Hajto 5 2011). AA|2 F-HAE
A§do] Aol A AlE=A B | B0l Toishe A7
o2 e HE Qoj= B} 5 kDa A =2] viscotoxin (Tabiasco
5 2002)°] 4 polypeptides(Kuttan & Kuttan 1992)%} ThgA| A
BStein 5 1999)0]] thate] B 13t vz} Qle}. whaba] KM-110
AN HEZFHE 7= 222 KML 9o & B44E
off tgt AAIRE d77F Badt Ao ARHIH
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5. KM-110 & LFKM-1102] CHAIMIE X}=EHM

FY3 H=(10 ngmL)9] KM-110 ¥ LFKM-110 tj 2] A|3Z
Aol 23t cytokine B4Hs e AESHT Fig. 59 2t
off AR viel o] Z4zke) A== HAEE A A=T
o] TNF-a % IL-69} 22 cytokine®] A4t A Fadt B4
How, 53] dd H&o|] AAHA AESAY anrt ¥
LFKM-1109] 97} o 93k cytokine Y4t A4S H Atk

o] A= Ao FEE|A WM EE A=F3t= 4
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Fig. 5. Effect of KM-110 and LFKM-110 on the production
of TNF-a and IL-7 by RAW 264.7 murine macrophage
cell line. KM-110: crude extract of mistletoe originated
from Quercus aliena. LFKM-110: lectin free-crude extract
of mistletoe originated from Quercus aliena followed by
neutralization using 9H7-D10 monoclonal antibody, Media:
negative control treated with only media, TNF-a: tumor
necrosis factor-a, IL-6: interleukin-6. * Significant difference
compared with untreated group by student’s #-test (p<0.01).
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