


Cancer therapy by mistletoe was introduced clinically from 1917 on
wards. It was based on three concepts which were vibrant at that time or
in the decades to follow and continue to be under debate until now:
1. The induction of high fever, the positive prognostic relevance of

which was assessed (Wiedmann, Starnes 1994);
2. The development of strongly anti tumoural drugs with little adverse

effects;
3. The use of nanoscopic formulations with colloidal states of matter of

both drugs and excipients for parenteral administration, aiming for
improved tumour targeting and reduced induction of innate and
adapted immunity.

By putting these concepts into relation to concurrent developments in
cancer therapy and parenteral drug formulations, the following mile
stones can be viewed:

Fever induction as a remedy in cancer therapy started systematically
in the 1890s by William Coley. Until today, it offers many intriguing as
pects to activate the immune system in order to fight cancer and still asks



for an elaboration of clinical settings to be applied (Forbes 2010; Mastro
battista 2013).

Chemotherapy only started from 1946 based on the experiences of
chemical weapons in the two world wars (nitrogen mustard, see Gilman
1963). The use of biological drugs (targeted therapies) was introduced
decades later with the aim to improve selectivity in their mode of action,
to avoid cytotoxicity against healthy tissue and to overcome the for
mation of chemo resistance by tumours.

First oil in water emulsions for the aim of parenteral nutrition in
jected subcutaneously (Friedrich 1904) caused severe pain and had to be
abandoned. It took until 1962 for the first safe parenteral emulsion to be
invented (Intralipid®, Wretlind 1981). It was in 1995 when Doxil® was
approved, the first liposomal drug formulation for second line therapy of
ovarian cancer. However, the method applied for the loading of lipo
somes with doxorubicin, a topoisomerase inhibitor, is based on the diffu
sion of the small drug molecule through the liposomal membrane and its
precipitation inside due to pH change. This so called “remote loading” is
however impossible for macromolecular biological drugs.

The concept of forming asymmetric liposomes from W/O emulsions
as shown in Fig. 1 (a) was first introduced by Träuble and Grell (1971). It
took more than three decades (Pautot et al. 2003) for experimental proofs,
but these were discussed controversially since then. It therefore remains
an open challenge to encapsulate macromolecular drugs in liposomes for
targeted therapies. Also, the protection of drug delivery systems like lip
osomes from an activation of innate and acquired immunity and their
rapid elimination from the blood circulation are still facedwithmajor dif
ficulties. Although polyethylene glycol (PEG) attenuates immune reac
tions, accelerated blood clearance after repeated injection, anti PEG anti
body formation and anaphylactic reactions occur. These symptoms ask
for a better immune protection to enable long circulation of liposomes
and improved tumour targeting.

It is the second and third conceptual aspect of mistletoe therapy
which will be mainly focused here.



Detailed descriptions of the materials and methods used are provided by
the original publications of each of the results summarized here. For the
characterization of the phospholipid emulsions, different tensiometric
methods (profile analysis, du Noüy, spinning drop) were used. Quantifi
cation of average emulsion and liposome sizes was done by dynamic
light scattering, visualization by transmission electron microscopy (TEM
and cryo TEM). Mistletoe lectins were isolated by use of affinity chroma
tography and purity was demonstrated by SDS PAGE (Sodium Dodecyl
Sulfate PolyAcrylamide Gel Electrophoresis) and FPLC (Fast Protein Liq
uid Chromatography). Quantification was achieved by ELISA (Enzyme
Linked ImmunoSorbent Assay). Immune activation was tested by a
whole blood model from healthy donors without use of anticoagulants.
Avoidance of innate immune activation was monitored by ELISA and
QCM D (Quartz Crystal Microbalance with Dissipation). Cell culture
tests on murine CT26 colon carcinoma and 4T1 murine breast cancer cells
were studied by fluorescence confocal microscopy using Yokogawa Cell
Voyager CV7000s.

Fig. 1 (a) shows the concept to form liposomes from water in oil emul
sions. Drug loaded water droplets transfer a water/oil phase boundary
with its monolayer covering the droplet monolayer to form asymmetric
bilayers. Fig. 1 (d) and (e) show experimental proofs of this method with
asymmetric liposomes. In contrast, Figs. 1 (b) and (c) demonstrate the de
velopment of macroscopically visible organogels. These are formed by
self organisation at the phase boundary by most oil phases (here: squa
lene) and oppose the formation of liposomes. Therefore, detailed studies
of monolayer formation at oil/water interfaces were performed with
squalene and squalene (Hildebrandt et al. 2016a; 2016b) and their adsorp
tion kinetics was analysed (Hildebrandt et al. 2018). Water in oil emul
sions were explored using DPPC and squalene (Sommerling et al. 2018)



and proved to be unstable because of initial coalescence, followed by Ost
wald ripening (Ostwald 1897) of the droplets. Short term stabilization
could be achieved by repetitive mechanical treatment. To avoid the for
mation of organogels, the hydrophobic phase was replaced by perfluori
nated oils which proved to be suitable to formmonolayers (Ullmann et al.
2020) suitable for the formation of asymmetric liposomes.

Lysolecithin was introduced as a thermosensitive membrane constituent
(10 mol %) to enable controlled drug release when accumulated in the
tumour (de Matos et al. 2018). Fig. 2 (a) shows a schematic sketch of the



membrane conformation when heated to 42 °C. Fig. 2 (b) shows a com
parison of apoptosis induction when CT26 cells were incubated at 37 °C
or 42 °C for 1 h with mistletoe lectin 1 (ML1) containing liposomes, yield
ing IC50 values of 25 g/ml or 0.6 g/ml, respectively. Here, cells were
washed after 1 h and further incubated for 47 h at 37 °C.

Uptake of fluorescence labelled ML1 in tumour cells was monitored
by confocal microscopy, an example of which is shown in Fig. 2 (c)
(Beztsinna et al. 2018). Imaging with fluorescently labelled antibodies of
the endosomal pathway allowed to trace the mechanisms of endocytosis
and endosomal escape. Uptake was proven to take place both by caveolin
and by clathrin enabled endocytosis. Pearson’s correlation coefficientwas
applied to detect the colocalization of mistletoe lectins with early endo
somes, late endosomes, and lysosomes. It could be shown that a consid
erable fraction of ML1 escapes from early endosomes to reach the cytosol
and the ribosomes to initiate apoptosis.

Liposomes were incubated in whole blood for 90 min. to test their
haemocompatibility by measuring the cleavage of complement protein
C3 (Duehrkop et al. 2016). Fig. 3 (a) shows the increase of C3a for unpro
tected liposomes. Liposomes protected by a heparin complex attached by
electrostatic forces with 10 % of the cationic lipid DOTAP resulted in
complete suppression of the production of C3a and strong reduction of
liposomes’ leakiness due to blood compounds, Fig. 3 (b).

Fig. 3 (c) shows the development of apoptosis over 72 h of parental
4T1 murine breast cancer cells, and their multi drug resistant daughter
cells treated with 200 g/ml. Fig. 3 (d) shows a comparison of IC50 values
for parental 4T1 and chemoresistant 4T1 cells with 1.4 and 9.4 ng/ml, re
spectively. This means that the increase in IC50 is about a factor 6.9 for
ML1, while for doxorubicin a factor of 13.4 was reported (Chen et al.
2017).







The results indicate the feasibility of liposomal formulations of mistletoe
extracts and their benefits. In the future, the research partners will con
centrate on the treatment of Glioblastoma multiforme (GBM) and its
treatment by liposomal drug formulations.
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