Archives of
barmacal Researeh

Arch 2harm Res Vol 26, No 10, 861-867, 2003

http://apr.psk.or.kr

Antitumor Activity of the Korean Mistletoe Lectin is Attributed
to Activation of Macrophages and NK Cells
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Inhibitory effect of the lectins (KML-C) isolated from Korean mistletoe (KM; Viscum album col-
oratum) on tumor metastases produced by murine tumor cells (B16-BL6 melanoma, colon 26-
M3.1 carcinoma and L5178Y-ML25 lymphoma cells) was investigated in syngeneic mice. An
intravenous (i.v.) administration of KML-C (20-50 ng/mouse) 2 days before tumor inoculation
significantly inhibited lung metastases of both B16-BL6 and colon 26-M3.1 cells. The prophy-
lactic effect of 50 ng/mouse of KML-C on lung metastasis was almost the same with that of
100 ug/mouse of KM. Treatment with KML-C 1 day after tumor inoculation induced a signifi-
cant inhibition of not only the experimental lung metastasis induced by B16-BL6 and colon 26-
M3.1 cells but also the liver and spleen metastasis of L5178Y-ML25 cells. Furthermore, multi-
ple administration of KML-C given at 3 day-intervals after tumor inoculation led to a significant
reduction of lung metastasis and suppression of the growth of B16-BL6 melanoma cells in a
spontaneous metastasis model. in an assay for natural killer (NK) cell activity, i.v. administra-
tion of KML-C (50 ng/mouse) significantly augmented NK cytotoxicity against Yac-1 tumor cells
2 days after KML-C treatment. in addition, treatment with KML-C (50 ng/mouse) induced
tumoricidal activity of peritoneal macrophages against B16-BL6 and 3LL cells. These results
suggest that KML-C has an immunomodulating activity to enhance the host defense system
against tumors, and that its prophylactic and therapeutic effect on tumor metastasis is associ-
ated with the activation of NK cells and macrophages.
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INTRODUCTION 1979; Mertzer et al., 1985; Haijto et al., 1986). Moreover,

antitumor activities of the EM extract were related to its

Mistle oe is a semiparasitic plant growing on deciduous
trees all over the world. it has been shown that the extracts
of EJropean mistletoe (EM; Viscum album Loranthaceae)
possess a variety of biological activities such as induction
of va-ious cytokines (Mueller et al., 1990b; Hajto et al.,
1990 Nannel et al., 1991), enhancement of natural killer
(NK ce | activity (Kuttan et al., 1992; Mueller et al., 1989;
Muelier et al., 1990a; Hulsen et al., 1989; Hamprecht et
al., 1387) and immunoadjuvant activities (Bloksma et al.,
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capability of enhancing the cytotoxic activity of NK cells,
lymphokine-activated killer (LAK) cells and macrophages
(Kuttan et al.,1990; Mueller et al., 1990c; Kuttan et al.,
1992). it was reported that the mistletoe preparations
exhibited direct cytotoxicity against tumor cells in culture
(Gilles et al., 1986). The responsible active components
of the EM extract were determined to be lectins: ML, -II,
and -lll (Mertzer et al., 1985; Franz et al., 1986). Among
those three lectins, ML-l has been studied most in its
antitumor and immunomodulating activities (Franz et al.,
1986). The ML-I consists of A and B subchains linked by
disulfide bonds (Olsnes et al., 1982), and, recently, the
amino acid sequence of the A chain was completely
determined (Stiefel ef al., 1996).
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On the other hand, Korean mistletoe (KM; Viscum album
Coloratum), a different subspecies of Viscum album from
EM, was shown to be more cytotoxic io tumor cells than
EM in in vitro experiments using L1210 murine leukemia
cells (Khwaja et al., 1980). We also found that the water
extract of KM (KM-110) inhibits tumor metastasis by
suppressing tumor growth and tumor-induced angiogenesis
(Yoon et al., 1995), and enhances natural killer celi activity
in mice (Yoon et al., 1998). In a series of studies on the
biological activities of KM and its components, we isolated
the lectins (KML-C) from the KM extract and determined
the difference of chemical properties between the lectins
of KM and EM (Yoon et al., 1999). Our previous study
revealed that KML-C was cytotoxic to various tumor cells,
and its cytotoxicity was associated with induction of
apoptotic cell death. Recently, in addition, we demonstrat-
ed that KML-C acted as an immnoadjuvant to enhance
humoral and cellular immune responses specific to foreign
antigens (Yoon et al., 2001). Even though the lectin
fraction of KM-110 was proven as one of the active
components of KM responsible for suppressing tumors
(Yoon et al., 1999), the underlying mechanisms involved
in its antitumor activity in vivo have not been fully under-
stood yet.

In this study, we investigated antitumor activity of KML-
C with respect to the prophylactic and therapeutic inhibition
of tumor metastasis using experimental metastasis models
in syngeneic mice, and partly analyzed the mechanism
attributed to its antimetastatic effect in the aspect of en-
hancement of host defense system against tumors through
activation of NK cells and macrophages.

MATERIALS AND METHODS

Animals

Seven-to-eight weak old female specific pathogen-free
Balb/c, C57BL/6 and CDF1 mice were purchased from the
Shizuoka Laboratory Animal Center, Hamamatsu, Japan,
and were maintained at the Laboratory of Animal Experi-
ments, the Institute of Biomedical Research, Handong
University, Korea.

Cells cultures

B16-BL6 melanoma (Yoo et al., 1997), a highly metastatic
line of colon26 carcinoma (colon26-M3.1) (Yoon et al.,
1995) and 3LL lung carcinoma cells were maintained as
monolayer cultures in Eagle's minimal essential medium
(EMEM) supplemented with 7.5% fetal calf serum, vitamin
solution, sodium pyruvate, nonessential amino acids and
L-glutamine. Liver metastatic L5178Y-ML25 T lymphoma
cells (partially metastasizing to the spleen) were main-
tained in RPMI-1640 supplemented with 5% FBS and L-
glutamine [24].
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Preparation of Korean mistletoe extract (KM-110)
and Lectin (KML-C)

An aqueous extract (KM-110) and lectin (KML-C) from
KM were prepared according to the method as previously
described (Yoon et al., 1999). Briefly, the chopped leaves
of Korean mistletoe plants were grinded in approximately
10 volumes of distilled water by homogenizing for 30 sec
and left being stirred overnight at 4°C. After centrifugation
at 15,000xg for 30 min, the supernatants were filtered by
the stages with 60, 20, 7.2, 0.45 and 0.2 mm pore size
and lyophilized. The protein fraction obtained from KM-
110 was applied to a Separose 4B column which had
been hydrolyzed for 2.5 h with 0.2 M HCI. The absorbed
material was eluted with a lactose-containing buffer (0.1 M
lactose and 10 mM sodium phosphate in 0.14 M NaCl, pH
7.3). The fraction containing lectins was pooled, dialysed
against water and freeze-dried. An appropriate amount of
each of KM-110 and KML-C was dissolved with PBS and
stored at 4°C until use.

Experimental lung metastasis or liver and spleen
metastasis

In experimental lung metastasis, Balb/c or C57BL/6 mice
were inoculated i.v. with colon26-M3.1 carcinoma or B16-
BL6 melanoma cells (2.5x10%mouse), respectively, and
given various doses of KM-110 or KML-C on the indicated
days before or after tumor inoculation. The mice were sac-
rificed 14 days after tumor inoculation. The number of lung
tumor colonies was counted using a dissecting microscope
after fixing the lung samples in Bouins solution (Yoon et
al., 1995). An assay for liver and spleen metastasis was
conducted by i.v. inoculation of L5178Y-ML25 lymphoma
cells (4x10%/mouse) into CDF1 mice as described previ-
ously (Yoo et al., 1995). The weights of the liver and the
spleen were recorded 14 days after tumor inoculation to
evaluate tumor metastasis.

Spontaneous lung metastasis

C57BL/6 mice were inoculated s.c. with B16-BL6 mela-
noma cells (5x10%mouse) into the right hind footpad, and
administered i.v. with KML-C on the indicated days before
or after the primary tumor inoculation (Yoon et al., 1995).
The primary tumors were surgically removed by amputa-
tion 21 days after tumor inoculation. Tumor volume at the
time of tumor amputation was calculated by the following
formula; (LxW?)/2, L; long axes, W; width. The mice were
sacrificed 35 days after tumor inoculation for the evaluation.

In vitro assay of macrophage-mediated cytotoxicity

Macrophage-mediated cytotoxicity was assessed by a
radioactive release assay as described elsewhere (Yoo et
al., 1994). Briefly, [*l]-ldURd-labeled target cells (B16-
BL6 cells) were added to the macrophage monolayer in a
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96-well plate to obtain a macrophage:target cell ratio of
20:1, and the culture was incubated for 2 days. After
incubiiticn, the plate was centrifuged for 10 min at 900xg.
The s.pernatants (100 pL) from each well was absorbed
on coton swabs and monitored for radioactivity using a
gamir a counter. The percentage of macrophage cytotoxicity
generated was calculated from the radioactivity (count
min™") according to the following formula: Cytotoxicity (%)
= [(ex3etimental release — spontaneous release)/(maxi-
mum -elease spontaneous release)lx100.

Assay of NK-mediated tumor cytotoxicity

An Nk-mediated assay was carried out by the radio-
active *'Cr-release assay as described previously (Yoo et
al., 1€97). Three Balb/c mice per group were administered
i.v. wit1 the indicated doses of KML-C, and their splenocytes
were larvested 2 days after KML-C treatment. Single cell
suspensions of the splenocytes were added to 5'Cr-
labeled “Yac-1 cells (1x10%well) to obtain effector-to-target
cell retio (E/T ratio) of 100:1, 50:1 or 25:1 in a U-bottomed
96 well plate, and the cultures were incubated for 6 h.
After incubation, the plate was centrifuged for 10 min at
900 ¢. The supernatants (100 uL) of each well were
abscrbed onto cotton swabs, and their radioactivity was
monitared using a gamma counter. NK cell cytotoxicity was
calculated from the radioactivity (count min™) according to
the fallowing formula: Cytotoxicity (%) = [(experimental re-
lease — spontaneous release)/(maximum release sponta-
neous; release)ix100.

Deplation of NK cells or macrophages in vivo

Depleion of NK cells and macrophages in vivo was
performed as the methods described previously (Yoon et
al., 199¢; Hayakawa et al., 1998) with some modifications.
To deplete NK cells, mice were injected intraperitoneally
(i.p.) twice with 500 pl/mouse of 50-fold diluted rabbit
anti-esiclo GM1 serum (Wako Pure Chemicals Industries,
Ltd., 12saka, Japan) 1 and 3 days before tumor inoculation.
Deple:ticn of macrophages was carried out by i.p. injection
of carajenan (1.2 mg/mouse) twice 1 and 3 days after
tumo - inoculation.

Statistical analysis

The statistical significance of differences between the
groups was determined by applying the Student's two-
taileo t-test.

RESUIL.TS

Inhibitory effect of KML-C on experimental tumor
metzstasis

Te investigate the inhibitory effect of KML-C on tumor
metastasis, we first examined the prophylactic activity of
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KML-C against experimental lung metastasis produced by
B16-BL6 melanoma and colon 26-M3.1 carcinoma cells.
As shown in Table I, i.v. administration of KML-C 2 day
before tumor inoculation significantly reduced lung metas-
tasis of both highly metastatic tumor cells, and KML-C
treatment was still active as low a dose as 5 ng/mouse.
The antimetastatic effect of KML-C at the dose of 50 ng/
mouse was almost equivalent to that produced by 100 ug/
mouse of KM-110. Furthermore, KML-C treatment 1 day
after tumor inoculation induced a significant inhibition of
experimental lung metastasis of B16-BL6 and colon 26-
M3.1 cells in a dose dependent manner (Table II). The
therapeutic effect of KML-C on tumor metastasis was also
found in liver and spleen metastasis produced by L5178Y-

Table I. Prophylactic effect of KML-C on lung metastasis produced
by i.v. inoculation of colon 26-M3.1 carcinoma or B16-BL6 melanoma
cells

Number of lung metastasis (% inhibition)

Treatment ?%Sge)‘ colon 26-M3.1 B16-BL6
MeantSD  Range  MeantSD  Range
Untreated (PBS) 5517 (39-80) 6613 (52-80)
KM-110 100 1215 (782)° ( 6-19) 37+11(43.8)° (26-49)
KML-C  0.05 12£8 (78.2)® ( 0-22) 36+8 (45.5)° (28-45)
0.02 28+11(49.1)° (17-41) 426 (36.4)° (35-51)
0.005 50+14(9.1) (30-74) 55%10(16.7) (46-71)

Groups of five C57BL/6 or Balb/c mice were inoculated iv. with 4 x10* B16-
BL6 melanoma or 2.5x10* colon 26-M3.1 carcinoma cells, respectively.
All mice were administered i.v. with the indicated doses of KM-110 or
KML-C 2 days before tumor inoculation, and sacrificed 14 days after
tumor inoculation for evaluation.

p<0.001; "p<0.01, compared with the untreated group (by Student's
two-tailed f-test)

Table Il. Therapeutic effect of KML-C on lung metastasis produced
by i.v. inoculation of colon 26-M3.1 or B16-BL6 tumor cells

Number of lung metastasis (% inhibition)

Dose

Treatment (mg) colon 26-M3.1 B16-BL6
Mean+SD Range Mean+SD Range
Untreated (PBS) 10013 (85-117) 89+ 16 (53-105)
KM-110 100 60 £ 13 (40) ® (42-74) 48 12 (46.1)° (36-60)
0.05 64 £ 16 (36) ° (47-81) 5218 (41.6)° (44-60)
KML-C 0.02 74 +21(26)° (53-93) 58 + 11 (34.8)° (47-69)
0.005 98+ (87-109) 74 £ 19 (55-94)

Groups of five C57BL/6 or Balb/c mice were inoculated iv. with 4 x10*
(B16-BL6) or 2.5x10* (colon 26-M3.1) tumor cells, respectively. All mice
were administered i.v. with the indicated doses of KM-110 or KML-C 1
day after tumor inoculation, and sacrificed 14 days after tumor inocula-
tion for evaluation.

3p<0.01; °p<0.05, compared with the untreated group (by Student's
two-tailed t-test)
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ML25 lymphoma cells (Table Ill). These results suggest
that KML-C prophylactically as well as therapeutically
inhibit the tumor metastasis of both lung metastatic tumor
cell lines (B16-BL6 and colon 26-M3.1), and reduce tumor
metastasis of hematogenous tumor cells (L5178Y-ML25).

Inhibition of spontaneous lung metastasis by KML-
Cc

The inhibitory effect of KML-C on a spontaneous tumor
metastasis was investigated in a spontaneous lung me-
tastasis model in which KML-C (50 ng) was administered
5 times at an interval of 3 days beginning with the day 5
after tumor inoculation. As shown in Table IV, the multiple
administration of KML-C before the amputation of the
primary tumors resulted in a significant inhibition of spon-
taneous lung metastasis. In addition, the multiple adminis-
tration of KML-C apparently suppressed the growth of the
primary tumors 21 days after tumor inoculation. The muiti-

Table lll. Therapeutic effect of KML-C on liver and spleen metas-
tasis produced by L5178Y-ML25 lymphoma cells

Mean weight (g} + SD, (% inhibition)

Dose
Treatment (k) Liver Spleen
Normal 107 £0.1 0.09 £ 0.02
Untreated (PBS) 3.54+048 0.21£0.05
KMA10 100 1594022 (565)°  0.14:£0.02 (333)°
KML-C 005  183+048(483)°  0.15+0.04 (28.6)°
002 212+035(40.0)° 0.7 006 (19.)
0.005 321£1.31 0.22£0.04

Groups of five CDF1 mice were inoculated iv. with 5x10* L5178Y-
ML25 lymphoma cells, and given i.v. injection of the indicated doses of
KM-110 or KML-C 1 day after tumor inoculation. Mice were sacrificed
14 days after tumor inoculation for evaluation.

*p<0.01; °p<0.05, compared with each vehicle control (by Student's two-
tailed t-test)

Table IV. Inhibitory effect of KML-C on tumor growth and sponta-
neous lung metastasis of B16-BL6 melanoma cells

Primary tumor volume No. of lung meiastasis
z'reagmint (mm?) (% inhibition)
on day
Mean + SD (% inhibition) ~ Mean £ SD Range
Untreated 980 + 253 56 + 13 (33-69)
58,11,1417 495+ 149 (49.2)° 249 (57.1)%(15-34)
22,25,28,31,34 29 +13 (48.2) °(16-42)

Groups of five C57BL/6 or Balb/c mice were administered iv. with
KML-C (50 ng) on the indicated days after footpad inoculation of B16-
BL6 cells (5X10%site). The primary tumors were amputated surgically
21 days after tumor inoculation. Mice were sacrificed 14 days after
tumor inoculation for evaluation.

p<0.01, compared with the untreated group (by Student's two-tailed t-
test)
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ple administration of KML-C after tumor amputation was
also therapeutically active.

Activation of NK cell activity by KML-C

The ability of KML-C to enhance NK activity was esti-
mated by its cytotoxic activity against Yac-1 NK-sensitive
cells in 6 h *'Cr-release assay 2 days after KML-C treat0
ment. As seen in Fig. 1, the splenocytes of the mice
treated with KML-C (550 ng/mouse) showed a higher NK
activity than that of the control mice 2 days after KML-C
treatment. This increased activity was E/T ratio-dependent,
and maintained even at a low dose of 20 ng/mouse.

Induction of macrophage-mediated cytotoxicity
against tumor cells by KML-C

It is well known that macrophages play important roles
in non-specific immune response against tumors, and
activated macrophages can eliminate neoplastic cells. We
examined whether KML-C was able to elicit macrophages
having tumoricidal activity. As depicted in Fig. 2, treatment
with various doses of KML-C 2 days before assay showed
a higher macrophage-mediated cytotoxic activity against
B16-BL6 tumor cells than the untreated control. The
tumoricidal macrophages activated by KML-C also effec-
tively killed another tumor cells (3LL lung carcinoma).

Effect of the depletion of NK cell and macroph-
ages on KML-C-induced antitumor activity

To address the contribution of NK cells and macrophages
to the inhibitory effect of KML-C on tumor metastasis in
vivo, KML-C (50 ng/mouse) was administered into NK-
depleted or macrophage-depleted mice 2 days before

* O Control
801 W 50ng
*+ A 20ng
* ® 5ng
*%k
601 .
i)
2 *
=1 401
®
201
0 T ¥ T
100 50 25
E/T ratio

Fig. 1. Effect of KML-C on enhancement of NK cell activity. Three
Balb/c mice per group were administered i.v. with KM-110 (100 ug/
mouse) or KML-C (50 ng/mouse). NK activity was determined by a 6
hr-incubation assay using splenocytes (effector) and Yac-1 cells (target)
2 days after KML-C treatment as described in Materials and Methods.
*p<0.01; **p<0,001, compared with the untreated group (by Student's
two tailed ttest)
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O Control

Hl 50ng
P i 20 ng
N 5ng
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B16-BL6 3LL

Tumor target
Fig. 2 Efect of KML-C on induction of tumoricidal macrophages.
C57BL/6 inice were administrated intraperitoneally with KML-1 (50 ng/
mouse), end the peritoneal macrophages were collected 2 days after
treatri:nt. "lHabeled B16-BL6 or 3LL tumor cells were plated in a 96-
well cLlturs plate at 1x10%well with macrophages and incubated for 48
hr. Then te radio activity was measured by a g-ray counter. *p<0.05;
**p<C, 1, compared with the untreated group (by Student's two tailed ¢-
test).

tumo: inoculation. Both NK- and macrophage-depletion by
anti-zsizlo GM1 serum or carragenan, respectively, resulted
in a 1naked increase of experimental lung metastasis as
comrared with that of the untreated control (Table V).
Treatment with KML-C reduced experimental lung metas-
tasis in NK-depleted as well as macrophage-depleted
mice al‘hough its inhibitory effect was not significant.

Table V. Effect of anti-asialo GM1 serum and carragenan on KML-
C-incl ced inhibition of lung metastasis of colon 26-M3.1 carcinoma
cells

Number of fung metastasis (% inhibition)

Mean + SD Range
Untr:ated (PBS) 122+ 20 (107-214)
KML-C 4217 (65.6)° ( 35-50)
a-as alo GM1 354 + 38 (306-394)
a-as alo GM1 + KML-C 305 = 41 (265-347)
Caragenan 174 £35 (138-209)
Catagenan + KML-C 128 £37 ( 91-165)

Grougs o’ five Balbic mice were inoculated i.v. with 2.5X10* colon 26-
M3.1 zarsinoma cells. To delete NK cells and macrophages in vivo,
mice wele injected i.p. with 50-fold diluted rabbit anti-asialo GMt1
serurr (530 mi/mouse) or carragenan (1.2 mg/mouse)!1 and 3 days
before tumor inoculation, respectively. In KML-C-treated group, mice
were idninistered i.v. with KML-C (50 ng/mouse) 2 days before tumor
inoculatio 1. All mice were sacrificed 14 days after tumor inoculation for
evalue tior .

®p<0 (C1, compared with the untreated group (by Students two-tailed t-
test)
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DISCUSSION

The lectins purified from EM were shown to possess a
variety of immunostimulating actions and antitumor activ-
ities (Bloksma et al., 1979; Kuttan ef al., 1990; Ribereau-
Gayo et al., 1986). It was also documented that the water
extract (KM-110) of Korean mistletoe (KM), a different
subspecies of Viscum album from EM, stimulated macro-
phages to produce IL-1 and TNF-a in vitro system (Yoon
et al, 1994), and activated NK cells to enhance its
cytolytic activity against tumor cells (Yoon et al., 1998). In
addition, the protein fractions isolated from KM-110 by
80% ammonium sulfate precipitation induced TNF-a from
macrophages in mice (data not shown). These data
strongly suggest that the active materials of KM-110
responsible for nonspecific potentiation of immune-related
cells are mainly contained in its protein part.

Recently, we isolated KM-derived lectins (KML-C) specific
to N-acetylgalactosamine and galactose, and found its
two different biological functions such as apoptosis-induc-
ing activity in tumor cells (Yoon et al., 1999) and immuno-
adjuvant activity to augment cellular and humoral immune
responses against protein antigens (Yoon et al., 2001).
These findings let us suppose the possibility that KML-C
is able to induce antitumor activity through either of
apoptotic cell death of tumor cells or immunomodulating
activity, or through both mechanisms. As expected, i.v.
administration of KML-C 2 days before tumor inoculation
significantly inhibited lung metastasis caused by two
different murine tumor cells, B16-BL6 and colon 26-M3.1
cells in a dose-dependent manner (Table 1). Moreover, the
administration of KML-C 1 day after tumor inoculation
resulted in a significant inhibition of experimental lung
metastasis of both tumor cells (Table Il). The therapeutic
effect of KML-C was also found in liver and spleen metas-
tasis produced by L5178Y-ML25 lymphoma cells (Table
1Il}, and in spontaneous lung metastasis of B16-BL6 celis
(Table 1IV). Considering the prophylactic inhibition of tumor
metastasis by KML-C in a lung metastasis model in which
KML-C was administered 2 days before tumor inoculation
(Table 1), it seemed that the antitumor activity of KML-C
administered prior to tumor inoculation was due to im-
munological pathway rather than apoptotic death of tumor
cells.

Numerous experimental and clinical studies have shown
that natural immunity plays an important role in both
immuno-surveillance and blockade of metastasis from the
primary tumors (Schantz et al., 1987; Poilack et al., 1982).
In addition, the relevant effectors responsible for natural
immunity against tumors have been identified as NK cells
(Barlozzari et al., 1985), LAK cells (Grimm et al., 1982)
and macrophages (Andreesen et al,, 1990). Since it is
possible that the functional stimulation of these immune-
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related cells results in suppression of tumors, the activation
of NK cells and macrophages by biological response
modifiers has been thought to be an useful tool to sup-
press tumor growth and tumor metastasis (Barlozzari et
al., 1985; Andreesen et al., 1990). Actually, many investi-
gators demonstrated that the activation of NK cells and
macrophages by immuno-stimulants led to reduction of
metastatic colonization of tumors (Herberman et al., 1984;
Hanna et al.,1985). Thus, we analyzed the mechanism of
the prophylactic effect of KML-C on tumor metastasis in
the paint of NK cell and macrophage activation.

When mice were treated with KML-C, NK cell activity
and macrophage-mediated cytotoxicity against tumor
cells are apparently raised 2 days after treatment (Fig .1
and Fig. 2), indicating that NK cells and macrophages
activated by KML-C are responsible for KML-C-induced
prophylactic effect on tumor metastasis. However, although
it seemed that the both immune-related cells are asso-
ciated with KML-C-induced antitumor activity, the depletion
of either of NK cells or macrophages elicited just a slight,
not significant, reduction of lung metastasis (Table V).
These results suggest that co-activation of the both NK
cells and macrophages is required for full antitumor activ-
ity induced by KML-C; either of these immune-related cells
alone is limited in its antitumor activity.

Here we demonstrated that KML-C inhibited tumor
metastasis prophylactically as well as therapeutically, and
its antitumor activity was partly associated with activation
of NK cells and macrophages. The present study suggests
that the KML-C is one of potent molecules responsible for
antitumor activity of Korean mistletoe.
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