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Abstract

Background: Viscum album (VA) preparations consist of
aqueous extracts of different types of lectins of VA. Mistle-
toe lectins have both cytotoxic and immunomodulatory
properties that support their study for the development for
cancer therapy. However, the mechanisms of the anti-
tumoral properties in vivo of mistletoe lectins are not fully
understood. Because endothelial cells (EC) play a pivotal
role in tumor angiogenesis, we tested the hypothesis that
VA extracts induce endothelial cell death and apoptosis.

Material and Methods: We investigated the effect of var-
ious VA preparations on both human venous endothelial
cell (HUVEC) and immortalized human venous endothe-
lial cell line (IVEC) using morphologic assessment of EC,
FACScan analysis after propidium iodine and annexin V

labeling, and detection of cleavage of poly(A)DP-ribose
polymerase (PARP).

Results: All tested VA preparations, except Iscador P,
were cytotoxic in IVEC. Apoptosis, assessed by morpho-
logic examination, annexin V labeling, and Western blot
analysis for PARP cleavage, was involved in HUVEC cell
death induced by VA preparations derived from plants
that grow on oak trees (VA Qu FrF).

Conclusions: Results from the present study suggest that
VA extract-induced endothelial apoptosis may explain the
tumor regression associated with the therapeutic use of VA
preparations and support further investigations to develop
novel anti-angiogenic compounds based on mistletoe
compounds.

Introduction

Viscum album (VA) preparations consist of aqueous
extracts from different types of lectins of Viscum
album or European mistletoe (1,2). Mistletoe lectin
(ML) I, II, and III belong to the ribosome-inactivating
protein (RIP) family of type II, such as highly toxic
ricin and abrin (3). RIP of type II are composed of an
N-glycosidase (A chain) and a galactoside-recognizing
lectin (B-chain) connected by a disulfide bridge (4).
In several in vivo experimental model of tumoral im-
plantation, treatment with VA extracts or purified ML
has been associated with tumor regression (5-7). In
vitro experimental studies have demonstrated both
cytotoxic and immunomodulatory properties of ML
that may support its anti-tumoral effect (8,9). Recent
evidence suggests that the cytotoxic effect in tumor
cells of mistletoe extracts may depend on the induc-
tion of apoptosis (10-20). However, the mechanisms
underlying VA extract-induced apoptosis have not
been fully elucidated (20). Several reported studies
on the immunomodulatory effect of mistletoe extracts
concern the use of isolated lectins and not the entire
preparation used therapeutically, which consist (apart
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from mistletoe lectins and viscotoxins) of several en-
zymes, peptides (e.g., viscumamide), amino acids,
thiols, amines, polysaccharides, cyclitoles, lipids,
phytosterols, triterpines, flavonoids, phenylpropanes,
and minerals (2). Scant information is available on
the interaction of mistletoe extracts and the endothe-
lial cell (EC) compartment.

Angiogenesis is the development of new blood
vessels from preexisting ones. Tumor angiogenesis
plays an essential role in tumor progression and
metastasis (21). The mechanisms involved in tumor
angiogenesis consist of a wide range of phenomena
including enhanced division of ECs within the tumor,
up-regulation of cell adhesion molecules, and pro-
duction of angiogenic factors (22,23). Novel anti-
cancer therapy, based on several anti-angiogenesis
approaches, has emerged and is undergoing extensive
study in Phase I-1II trials (24). The anti-angiogenesis
effect of ML was examined previously by chorial-
lantoic membrane assays in C57BL6 mice inoculated
with B16-BL6 melanoma cells and treated with
Viscum album-L. coloratum agglutinin (25). However,
the molecular mechanisms underlying this effect at
the level of EC have not been fully elucidated.

The contribution of an EC-mediated effect in the
anti-tumoral properties of ML thus needs to be inves-
tigated. In this respect, we assessed the interactions
between VA extracts and EC. Our in vitro study
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focused on the ability of VA extracts to induce EC
death, which in turn may influence tumor angio-
genesis. Using primary human venous endothelial
cell (HUVEC) and the immortalized human venous
endothelial cell line (IVEC), we show that ML induce
EC death in a dose- and time-dependent manner.
We also demonstrate that VA-mediated EC death
involves apoptosis. Together our results provide a
new insight into the therapeutic effects of VA extracts.

Material and Methods
VA Extracts

VA Qu FrF and Iscador Qu Spez are aqueous extracts
of mistletoe plants growing on oak trees, and Iscador
M Spez and Iscador P (Weleda AG, Arlesheim,
Switzerland) are aqueous extracts of mistletoe plants
growing on apple and pine trees, respectively. Iscador
Qu Spez, M Spez and P are fermented extracts. Iscador
Qu Spez and M Spez contain standardized concentra-
tions of MLs. These mistletoe preparations also con-
tain several other substances, including amino acids,
polysaccharides, and lipids.

Cell Culture Conditions

HUVEC were obtained as previously described (26)
from umbilical cords collected from healthy newborns
after normal pregnancy and delivery. IVEC (27) were
a gift of Professor P. Vicart. The EC were cultured in
0.2% gelatin-coated (Sigma, St. Louis, MO, USA)
75-cm? tissue culture flasks (Costar, Cambridge, MA,
USA) in M199 medium (Life Technologies, Inc., Grand
Island, NY, USA) containing Earle’s salts, L-glutamine,
and 25 mmol/L HEPES, 100 U/ml penicillin, 100 mg/
ml streptomycin, and 0.25 mg/ml fungizone (Life
Technologies). HUVEC and IVEC were supplemented
with 20% and 10% fetal calf serum (FCS), respectively
(Dutscher, Brumath, France). HUVEC were used at
second or third passage. For all experiments, cells
were grown for 3—4 days in the appropriate medium
containing optimal FCS concentration to confluency.
All experiments were performed in triplicate.

Assay for Cell Toxicity: Propidium lodide Uptake

Confluent IVEC and HUVEC were incubated for var-
ious periods of time (up to 48 hr) with increasing
concentrations of VA preparations (6.25-200 ug/ml)
in low serum condition. Cell death was determined
by the uptake of propidium iodide (PI) (Sigma)
followed by FACScan analysis. At the end of the in-
cubation period, cells were washed twice in PBS,
and resuspended in PBS-azide before adding PI
(50 ng/ml) to each sample. The uptake of the dye by
dead cells was immediately assessed by fluorescence
analysis using a FACScan flow cytometer (Becton
Dickinson, Mountain View, CA, USA).

Phase Contrast and Cytologic Examinations

Confluent HUVEC were incubated for 48 hr with
either M 199 with 20% FCS or in low FCS condition

with increasing concentrations of VA Qu FrF
(50-200 wg/ml). At the end of incubation, cells were
observed under a phase contrast microscope for
morphologic features. HUVEC were then gently
trypsinized, cytocentrifuged, and stained with May
Gruenwald Giemsa. Apoptotic EC were defined by
cell shrinkage and cytoplasmic and chromatin con-
densation (28).

Assay for Apoptosis: Propidium Iodide
and Annexin V Labeling

HUVEC were incubated for various periods of time
(24-48 hr) with increasing concentrations of VA
Qu FrF in low serum condition. Annexin V label-
ing was carried out by staining cells with annexin
V-FITC (AnV) (Bender Medsystems, BioWhittaker,
France) (2.5 pg/ml) for 30 min on ice. Cells were
gently trypsinized, washed with 1X PBS-Azide with
2 mM CaCl, and resuspended in PBS-Azide before
adding PI (50 pug/ml) to each sample. Samples were
analyzed for green fluorescence (AnV labeling) and
for red fluorescence (PI uptake) using a FACScan
flow cytometer. Cells were considered undergoing
apoptosis if they were AnV positive and PI negative.

Detection of Cleavage of Poly(A)DP-Ribose Polymerase

HUVEC were incubated for with increasing concen-
trations of VA Qu FrF (0-50 ug/ml) for 12, 24, 36,
and 48 hr in low serum condition. Western blot for
the detection of the cleavage of poly(A)DP-ribose
polymerase (PARP) was performed as previously
described (29). Cells were harvested and lysed in
RIPA buffer. After centrifugation at 5000 Xg for
5 min at 5 °C, equal amounts of the lysates were
boiled with sample buffer containing SDS and R-
mercaptoethanol, separated on a SDS-PAGE (12.5%)
prior to transfer of the proteins on to PVDF membrane.
The membrane was blocked with 5% BSA in PBS for
1 hr at room temperature. The membranes were incu-
bated overnight with mouse monoclonal anti-PARP
antibody at 4 °C. After washing with PBS containing
Tween-20 (0.01%) (PBST) and PBS alone succes-
sively, HRP-conjugated sheep anti-mouse antibodies
(Amersham France, SA, France) in PBST containing
1% BSA was added and interacted with the mem-
brane overnight at 4 °C. The membrane was washed
with PBST and PBS, and the signal detected by means
of ECL detection system (Amersham). The density of
the bands corresponding to cleaved and uncleaved
PAPR was measured using an NIH Image processor.

Results

Viscum album Extracts from Different Host Trees
Induce Variable Cytotoxicity on Immortalized
Human Venous Endothelial Cell Line

As shown in Figure 1, VA Qu FrF induced a potent
and dose-dependent mortality of IVEC as assessed
by the uptake of PI. Va Qu FrF was the most
effective preparation. Iscador Qu Spez and Iscador
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M Spez had almost similar cytotoxic properties.
IVEC were insensitive to Iscador P at any tested con-
centration. Because VA Qu FrF was the most effec-
tive preparation, further experiments with HUVEC
were performed with VA Qu FrF.

Viscum album Qu FrF Induces Cytotoxicity on Human
Venous Endothelial Cells

Figure 2 depicts the cytotoxic properties of VA Qu
FrF toward HUVEC as assessed by the uptake of PI.
VA Qu FrF was highly cytotoxic toward HUVEC in
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Fig. 2. Cytotoxic effect of VA extracts toward human ve-
nous endothelial cells. HUVEC were grown until confluency
in M199 with 20% FCS. Cells were incubated in low serum
condition with increasing concentrations of VA Qu FrF for 24 h
(open bars) or 48 h (black bars). Cells were then trypsinized,
rinsed in PBS and labeled with PI for FACS analysis, (N = 3
experiments, comparison to control, * = p < 0.05).

*

centage of dead cells (PT") with VA Qu FrF

(black bars), Iscador Qu Spez (open bars), Iscador
M Spez (hatched bars), and Iscador P (grey bars).
N = 3 experiments. *p < 0.05 compared to control.
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a time- and dose-dependent manner. Cytologic stud-
ies under phase contrast microscopy of VA Qu FrF-
treated HUVEC is illustrated in Figures 3A, 3B, and
3C. In controls, HUVEC grown in monolayer has a
cobblestone appearance (Fig. 3A). Cell morphology
was unchanged when cells were incubated with low
concentrations of VA Qu FrF (12.5 and 25 pg/ml, data
not shown). At medium concentration (50 ug/ml:
Fig. 3B), HUVEC were elongated, had refractive bor-
ders, and exhibited cytoplasmic projections. In addi-
tion, numerous cell remnants were present. High
concentrations (100-200 ug/ml, Fig. 3C) were highly
cytotoxic. The majority of cells were detached and
HUVEC were vacuolated with cytoplasmic inclusion
and blebs of the plasmic membrane.

Viscum album Extract-Induced Cytotoxicity
Involves Apoptosis

VA extracts induced apoptosis on EC was assessed
by three different types of experiments. Cytologic
analysis of HUVEC showed typical apoptotic bodies
(Fig. 3E). HUVEC grown in 20% FCS presented
no cytologic abnormalities and showed extensive
mitoses (Fig. 3D). When incubated with high
concentrations of VA Qu FrE apoptotic EC were
observed (Fig. 3E). These observations strongly sug-
gest that apoptosis is involved in cytotoxic proper-
ties of VA Qu FrF.

Results of FACS analysis are depicted in Figure 4.
The percentage of living cells undergoing apoptosis
(An"/PI7) increased in a time- and dose-dependent
manner for VA Qu FrF concentrations above 50 ug/ml.
Decreased apoptosis observed for higher concentra-
tion (200 pug/ml) is explained by the highly cyto-
toxic properties of ML at such a concentration with
necrosis overtaking apoptosis.

Western blot analysis of PARP cleavage (Fig. 5)
confirmed HUVEC apoptosis. It also demonstrated
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Fig. 3. Phase contrast analysis and cytologic analysis of HUVEC incubated with VA Qu FrF. HUVEC were grown to confluency
in M199 with 20% FCS. Cells were incubated in low serum condition without (A, D) or with VA Qu FrF at increasing concentration
(B: 50 ug/ml; C, E: 200 ug/ml) for 48 hr. Cellular morphologic features were assessed by phase contrast microscopy. HUVEC were
then gently trypsinized, cytocentrifuged, and stained with May Gruenwald Giemsa. In controls, HUVEC grown in monolayer had a
cobblestone appearance (A) with extensive mitosis (D, arrows). At medium concentration (50 ug/ml, B), HUVEC were elongated, had
refractive borders, and exhibited cytoplasmic projections. At high concentrations (200 ug/ml: C), cells were vacuolated with cytoplas-
mic inclusion and blebs of the plasmic membrane (C arrow) and apoptotic bodies (E arrow). Panels A-D, original magnification
X400; inset of the panel C, original magnification X800; panel E, original magnification X800; and the inset of panel E, original mag-

nification X1200.

that the cleavage of PARP is involved in VA Qu FrF-
induced HUVEC apoptosis.

Discussion

In the present study, we demonstrate that VA album
preparations, VA Qu FrF, Iscador Qu Spez and, Is-
cador M Spez, induce death of immortalized EC in a
dose- and time-dependent manner. However, EC are
resistant to cytotoxic effects of another ML prepara-
tion, Iscador P. Using cytology, annexin V labeling,
and Western blot analysis for PARP cleavage, we
demonstrate that apoptosis is involved in VA Qu
FrF-induced EC death.

A variation in the sensitivity to VA extract-induced
apoptosis depending on the cell type investigated, and
on the preparation used has been previously re-
ported (10,14,17,18,20). We previously observed
that B cell lines were refractory to VA Qu FrF-
induced apoptosis (20). Iscador P is devoid of any
cytotoxic properties toward B and T lymphoblastoid
and monocytic cell lines (J.-P. Duong Van Huyen,
unpublished data). Furthermore, it has recently
been reported that VA extracts have proliferative

properties on several tumor cell lines (30). These
conflicting results lead us to investigate the interac-
tion between EC and VA preparations of different
origin in view of the crucial role of EC in vascular
and cancer biology. Immortalized EC were sensitive
to VA Qu FrF, Iscador Qu Spez, and M Spez, and
fully resistant to the Iscador P preparation. The
mechanisms underlying the variable sensitivity of a
given preparation are not fully understood. Because
VA preparations contain a standardized concentra-
tion of MLs with clearly demonstrated properties,
these results suggest that effects of MLs may be
modulated, either positively or negatively, by other
components present in VA extracts. Thus, apart from
the importance for understanding the molecular
mechanisms of action of purified MLs, there is a need
for an evaluation of the properties of the entire
unfractionated VA extracts that are administered to
cancer patients for nonspecific immunostimulation
(31).

ML-induced apoptosis has been well demon-
strated in various cell types (10,13,14,18,20). The pre-
sent work demonstrates that apoptosis is involved in
VA extract-induced EC death. The mechanisms of
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Fig. 4. VA Qu FrF induced-apoptosis of HUVEC as assessed
by annexin V labeling. HUVEC were grown to confluency in
M199 with 20% FCS. Cells were then incubated in low serum
condition with increasing concentrations of VA Qu FrF for ei-
ther 24 (open histograms) or 48 hr (black histograms). Cells
were then trypsinized, rinsed twice in PBS, and labeled with PI
and AnV for FACS analysis. Representative dot-plots of control
(left) and 50 wg/ml (right) are presented in (A). Histograms (B)
represent the percentage of apoptotic cells (AnV*/PI") (N =3
experiments, compared to control. *p < 0.05).

apoptosis induced by RIP II is not well understood
as yet. Apoptotic properties of both A and B ricin
chains have been reported with contradictory results
(11-15). Recent studies have clearly demonstrated
that apoptosis mediated by ML-I requires lectin in-
ternalization and that was independent of a surface
receptor-mediated pathway (12,32). These results
suggest that the mechanisms of VA extract-induced
apoptosis may depend on the cell type investigated.
Concerning lymphoblastoid cells, using a Fas-resistant
HuT78.B1 T cell line, we recently emphasized that
the Fas pathway is not involved in ML-induced
apoptosis (20) as previously reported by others. We
have also shown that VA Qu FrF induced a dramatic
decrease in the amount of anti-apoptotic proteins
Bcl-2 and Bcl-X proteins in T lymphocytes (20), a
finding consistent with the release of cytochrome C
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Fig. 5. VA Qu FrF induced-apoptosis of HUVEC involves
cleavage of PARP. HUVEC were grown to confluency in M199
with 20% FCS. Cells were then incubated in low serum condi-
tion without or with VA Qu FrF (50 pug/ml) for 12, 24, 36, and
48 hr. PARP cleavage was assessed by Western blot (A) (non-
cleaved PARP and cleaved PARP are 116 and 85 KDa, respec-
tively). (B) Histograms of the intensity of cleavage of PARP
deduced from densitometry scanning of the electrophoretic
profiles.

from mitochondria induced by ML I (10). The mech-
anisms of EC apoptosis induced by VA Qu FrF have
not been previously evaluated. HUVEC apoptosis
was associated with the cleavage of PARP that sug-
gest that caspase activation is involved in this
process as it has been recently reported in lym-
phoblastoid T-cell lines (10,16,32). Further experi-
ments are underway to determine which caspase are
crucial in VA extract-induced EC apoptosis.

In vitro VA extract-induced EC apoptosis raises
the question of its pathophysiologic relevance and
its clinical implications and benefits in regulating
neoplasia and inflammation. In addition to its gate-
keeping role between blood and tissue, the en-
dothelium plays a pivotal role in several biological
processes. EC actively participate in the regulation
of blood flow and coagulation, in initiation and en-
hancement of inflammation, and in angiogenesis
that is fundamental to reproduction, development,
and repair (33). Tumoral angiogenesis is a critical
step in the neoplasm progression (21). Neovascular-
ization permits tumors to grow and metastasize.
Clinical applications of research on angiogenesis
have emerged for the use in diagnosis, prognosis, or
therapy of neoplasia (24,34). Several studies have
clearly demonstrated that EC apoptosis is implicated
in the physiologic inhibition of angiogenesis (22).
Anti-angiogenic peptides (angiostatin and endo-
statin) induce EC apoptosis (35,36). Mauceri et al.
(37) demonstrated a dramatic EC cytotoxicity and
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tumor regression with a combination of radiation
therapy and angiostatin. The present work clearly
demonstrates the induction of EC apoptosis by VA
extracts may provide the basis for the use of VA
preparations as anti-angiogenic compounds. This is
in agreement with the work of Yoon et al. (38), who
observed that VA coloratum extracts suppressed tumor
growth in vivo and inhibited the number of blood
vessels oriented toward the tumor mass. In addition,
in vitro experiments showed that VA coloratum
extracts inhibited the proliferation of rat EC (38).

Our results also raise the question of the safety
of VA extracts. The treatment with high doses of
ricin, another member of the RIP II family, is associ-
ated with vascular leak syndrome, thrombotic
microangiopathy, increased EC monolayer perme-
ability, and EC death (39-44). EC activation and
apoptosis have been clearly implicated in the patho-
genesis of thrombotic microangiopathy and he-
molytic and uremic syndromes (45-47). Although
these side effects have never been reported to our
knowledge with VA extracts, the therapeutic safety
of VA extracts should be further investigated.

In conclusion, the present study demonstrates
that VA extracts induce EC apoptosis that may inter-
fere with tumoral angiogenesis and thus may sup-
port some of the anti-tumoral properties of VA ex-
tracts. Further experiments that establish the
significance of inhibition of EC proliferation by VA
extract in therapeutics are currently being performed.
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