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Mistletoe therapy for human cancer: the role of the natural

killer cells
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Extracts produced from Viscum albumL. (mistletoe) as well as
certain isolated components are able to stimulate different
functions of the immune system.The natural killer cells have
been suggested as one of the candidates for direct tumour cell
destruction.These cells are defined by their ability to mediate
non-major histocompatibility complex (MHC) restricted cyto-
toxicity without prior sensitization against a specific antigen.
However, their-effectiveness in tumour defence /n vivois un-
clear. In general, natural Killer cells are unable to lyse fresh
autologous tumour cells in vitrounless activated by interleukin-
2-preincubation.The results of clinical studies are contradic-
tory, but there is evidence that they may contribute to the
prevention of the development of recidives and metastases. In
this regard it is interesting that mistletoe extracts are able to
stimulate natural killer cell-mediated cytotoxicity /n vitro di-
rectly as well as indirectly in a cytokine-like manner, with the
active components being carbohydrates rather than lectins.
Clinical application of mistletoe extracts or isolated lectins is
reported to induce augmentation of both number and activity
of natural killer cells in peripheral blood in a dose-dependent
manner; however, non-responders also have been described.
In future work it has to be clarified whether a mistietoe-derived
modaulation of the natural killer system is of benefit in the tu-
mour defence of cancer patients.
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Introduction

Since the introduction of extracts from Viscum album L.
(mistletoe) as putative anti-cancer drugs in the 1920s, based
- on the anthroposophical view of the relation between drug
and disease, many investigations were performed to define
scientifically acceptable effects of mistletoe therapy on pa-
rameters and processes important for tumour defence. These
studies showed that mistletoe extracts under certain condi-
tions can act as potent biological response modifiers, able to
stimulate nearly all cellular parts of the immune system, at
least in vitro, including those directly involved in tumour cell
destruction [1-4]. Of special interest are observations that
extracts or components isolated from mistletoe are also able
to elicit cytokine release such as interleukin-1, interleukin-6,
tumour necrosis factor-o and possibly interleukin-2 or inter-
feron-y from immune cells [2,5]. In vivo, these intercellular
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messengers may induce reaction cascades which appear to
strengthen the host defence mechanisms of the cancer pa-
tient. One of the candidates for a direct or cytokine-mediat-
ed indirect stimulation by mistletoe therapy are the natural
killer cells. Together with the cytotoxic T lymphocytes and
macrophages, these cells build up the defence system re-
sponsible for the direct killing of neoplastically degenerated
somatic cells.

General characteristics of natural killer cells

Natural killer cells were originally defined by their ability to
mediate non-major histocompatibility complex (MHC) re-
stricted cytotoxicity without prior sensitization against a
specific antigen [6}. It has been shown also that a subset of T
lymphocytes and other leukocytes can exhibit non-MHC re-
stricted cell killing either spontaneously or upon activation
[7,8]. However, both mature and precursor natural killer cells
are unequivocally distinct from T, B, and myeloid cells and,
therefore, represent a distinct leukocyte subset. They are
usually identified by their large granular lymphocyte mor-
phology [6], although some natural killer cells can also be of
medium size and agranular [9], and by the presence of some
characteristic surface markers. Most natural killer cells there-
fore express the CD56 (neural cell adhesion molecule) cell
surface antigen and a specific form of the low affinity recep-
tor for the Fc¢ portion of immunoglobulin G (FcyRIIIA or
CD16), while no rearrangement or effective transcription of
T-cell receptor or immunoglobulin genes takes place [10,11].

The presence of the FcyRIII enables natural killer cells to
bind to cell targets opsonized with immunoglobulin G and
lyse them. Actually, the natural killer cell subset is mainly
responsible for the phenomenon called antibody-dependent
cell-mediated cytotoxicity [12]. Although resting natural kill-
er cells are constitutively provided with natural cytotoxic
ability, their activity and target susceptibility can be consid-
erably increased by treatment in vitroor in vivowith various
cytokines, particularly interferon-a, interferon-y, interleukin-
2, interleukin-7 and interleukin-12, with interleukin-2 being
the most effective [13). It was demonstrated that CD56+ and/
or CD16+ cells are responsible for the major part of the lym-
phokine-activated killer activity induced in separated periph-
eral blood mononuclear cells cultured in the presence of this
cytokine [14,15].

Anti-Cancer Drugs » Vol 8, Suppl 1 » 1997 S47



M. Schink

Role of natural killer cells in cancer:
experiments with animals and clinical
observations

The first indications of an important role for natural killer
cells in the immunological surveillance against cancer came
from animal studies [16-18]. Treatments such as the applica-
tion of the alkylating drug cyclophosphamide diminished
the natural killing activity and led to increased development
of spontaneous and experimental tumour metastases in
mice. Adoptive transfer of natural killer cells rich in spleno-
cytes or large granular lymphocytes mediated or restored the
antimetastatic ability of the animals.

In humans, some diseases associated with deficient natu-
ral killer cell activity, such as Chédiak-Higashi syndrome [19]
or X-linked lymphoproliferative syndrome [20], coincide with
augmented cancer risk. While the results of the numerous
investigations of natural cytotoxicity in cancer patients are
contradictory with respect to type and stage of discase, ex-
tensively reviewed elsewhere [21-23), several studies involv-
ing large numbers of subjects demonstrated a clear relation-
ship between natural killer cell activity and the outcome of
metastases or of local recurrence in patients with different
primary tumours [24-20]. Despite extensive investigation, it is
at present unclear whether an impaired natural cytotoxicity
is the result or 4 cause of the stage of disease, but there is
evidence that it may contribute to the prevention of the de-
velopment of new cancer burdens and the establishment of
regional and distant metastases.

Natural killer activity in vitro: measurement and
target cell susceptibility

Natural killer cells can lyse a variety of target cells in vitro,
including both normal and tumour-derived cells. However,
different cells vary significantly in their susceptibility to natu-
ral killer cells. The human erythroleukaemia-derived cell line
K562, highly sensitive and lacking detectable amounts of
MHC class I and IT antigenic determinants [27,28], is the most
frequently used target for measuring natural cytotoxicity of
human peripheral blood mononuclear cells. The most com-
monly used cytotoxic assay is the *'Cr-release assay, in
which release of the radiolabelled chromium upon lysis of
previously labelled target cells is determined {29].

The determination of the lytic capacity of natural killer
cells against a target cell line such as K362, while highly
sensitive but also highly adjusted to in vitro culture condi-
tions, is of limited use for the prediction of the lytic capacity
of these cells against tumour cells in vivo. Therefore, the
cytolysis of fresh autologous tumour cells by the natural kill-
er cells of the same patient has been broadly assessed. It was
usually found that autologous tumour cells are normally nat-
ural killer cell resistant [6], although some authors reported
autologous cell killing capacity in the blood of 10-50% of
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cancer patients tested, depending on tumour types and me-
tastases [30]. On the other hand, the incubation with inter-
leukin-2 (i.e. induction of lymphokine-activated killer activi-
ty) results in an expansion of natural killer cells® in vitro
antitumour potential for a wider spectrum of targets includ-
ing fresh tumour cells [31]. This effect may essentially con-
tribute to the antitumour effects observed after adoptive
lymphokine-activated killer therapy. Therefore, it can be sup-
posed that immunotherapies when stimulating natural killer
cell activity i1 vivo may also stimulate the putative potential
of natural killer cells to reduce the patient’s risk of recidive or
metastasis outcome after surgical tumour rejection. This has
to be proved by means of well designed clinical trials.

Effects of mistietoe extracts and isolated
components on natural killer activity of
peripheral blood mononuclear cells in vitro

Since biological response modifiers may influence natural
killing either by direct activation of the effector cells or indi-
rectly by the induction of cytokine release with natural killer
cell stimulating properties, it is of special interest to first an-
alyse their influence on a definite effector/target system in
vitro. In the case of mistletoe preparations, several of these
investigations have been performed successfully. It was
demonstrated that Iscador extracts are able to directly
stimulate the killing capacity of CD16+ CD57+ natural killer
cells against a variety of target cells when present during the
cytotoxicity assay [32,33). The active component was report-
ed to be a rhamnogalacturonan enhancing the formation of
effector/target cell conjugates by a bridging mechanism [34].
The mistletoe preparation Helixor did not exhibit any stimu-
lating effect when co-cultivated with the effector/target cell
mixture, but an enhancing effect was observed when pe-
ripheral blood mononuclear cells are preincubated with that
extract in the presence of anti-mistletoe lectin antibodies
[35,30). An oligosaccharide was isolated from the preparation
HelixorM (mali) which acts as a cytokine inducer, eliciting
tumour necrosis factor-o and prostaglandin E | release from
monocytes and interferon-y release from T lym-ph()qztes [371.
In contrast to the whole plant extracts, isolated mistletoe
lectin I did not induce any stimulation of natural killing in a
concentration range of 1-32 ng/ml but acts as an inhibitor
when anti-mistletoe lectin antibodies are absent [30].
Hulsen et al. [38—40] also investigated the influence of Is-
cador and Helixormistletoe preparations on isolated periph-
eral blood mononuclear cells by preincubation for 20 h and
subsequent addition of target cells without removal of the
plant extract. They found stimulations but also non-respons-
es, and even inhibitory effects, on the @2 vitro natural killer
activity against K562. The effect of the different mistletoe
preparations tested was also variable and strongly depend-
ent on the respective donor. The authors described the trend
of a better reactivity of cancer patients in comparison to



healthy donors as well as a more favourable situation for
female than for male cancer patients. How representative an
individual reaction pattern of the peripheral blood mononu-
clear cells from a certain patient is for the in vivo situation is
unclear and has to be elucidated in suitable clinical trials.

Influence of mistletoe (lectin) therapy on natural
killer cells in vivo

A possibly therapeutically relevant impact of mistletoe ad-
ministration on the natural killer cells in vivo was demon-
strated for the first time by Hajto et al. [41,42]. They deter-
mined the number of large granular lymphocytes in
peripheral blood and the in vitro cytotoxicity of the isolated
natural killer cells of cancer patients treated by a single intra-
venous infusion of the mistletoe preparation Iscador. A sig-
nificant increase of both parameters 2448 h after the treat-
ment was found. Thereafter, the count and activity of the
natural killer cells declined to the baseline levels. An optimal
dose for that plant preparation was postulated [43], and the
regular application of this dose over a period of 7 months led
to a significant increase in the large granular lymphocyte
count in peripheral blood of 14 cancer patients [44].

Similar effects were observed after subcutaneous adminis-
tration of isolated galactoside-specific mistletoe lectin I to
rabbits and mice {42,43]. Again, dose dependence was dem-
onstrated, with 0.8-1 ng lectin/kg body weight being the
most effective dose. The other lectins (mistletoe lectin IT and
1D from mistletoe were also found to stimulate the natural
killer cells in vivo[42], but their dose-dependence has not
yet been assessed. It has to be stressed that these lectins do
not inevitably show the same behaviour as mistletoe lectin [
and so up to now their real effectiveness is unclear. In the
mouse model, higher doses of mistletoe lectin I may also be
effective and, for example, Joshi et al. {45] demonstrated that
10 ng mistletoe lectin I/kg body weight, if applied intraperi-
toneally and injected several times on alternate days, results
in a significant increase of natural killer cell counts in the
spleen and an enhancement of natural killer cell mediated
cytotoxicity of the murine spleen cells after 12 days of lectin
treatment.

Beuth et al. [46,47] applied isolated galactoside-specific
lectin from mistletoe to humans for the first time. After re-
peated subcutaneous injections of 0.5-1 ng lectin/kg body
weight to cancer patients for 4-5 weeks, a significant in-
crease in the peripheral blood natural killer cell count could
often be achieved; however, the occurrence of non-respond-
ers was also observed. These patients did not react
immunologically to the lectin therapy and suffered from a
progressive tumour growth even under the treatment. Similar
data were presented for patients treated with the whole
plant extract Eurixor [48]. For the latter, the producer’s
statement about the lectin content of the preparation was

Mistletoe therapy and natural killer cells

used for its application at a dose corresponding to the iso-
lated component.

As mentioned above, sugar components but not lectins
from mistletoe extracts are able to support natural killer cell
killing activity in vitro. Therefore, it is likely that mistletoe
lectin [ therapy acts indirectly through the induction of cy-
tokine release, favourable for augmentation of natural killer
cell count and activity. Not only the mistletoe lectin(s) are
able to stimulate the natural immune system iz vivo, howev-
er, as Kuttan and Kuttan [49] described a significant rise in
natural killer cell activity of murine spleen cells 48-72 h after
administration of a viscotoxin-like 5 kD peptide without any
lectin properties isolated from the plant extract Iscador.
Also, the antibody-dependent cell-mediated cytotoxicity was
elevated with a maximum increase detectable 72 h after the
application of the peptide. Whether the natural killer cell-
promoting abilities of the mistletoe carbohydrates are of
therapeutic relevance is at present unclear but, with respect
to a modulation of the natural immune system, it seems that
the whole plant extract still may hold some advantages over
isolated components such as mistletoe lectin I.

Conclusions

The results stated above clearly indicate that mistletoe prep-
arations, as well as some isolated components, may be of
benefit in modulating the natural immune system of cancer
patients. On the other hand, the role of the natural killer cells
in cancer defence has not yet been clarified. Apart from ob-
vious differences with respect to type and staging of tumour
disease, several questions arise that have to be clarified in
future studies: are the results of in vitronatural killer activity
tests transferable to the in vivosituation (i.e. is there a rela-
tionship between modulation of killing of certain cell lines
and autologous tumour cells) and is there a correlation be-
tween modulation of natural killer cell activity and progress
of disease (i.e. recidive outcome or behaviour of metastas-
es)? The answers to these questions will have to determine
whether or not screening of the natural killer cell modulating
activity of mistletoe therapy is useful for the prolongation of
survival time and the improvement of quality of life.

Some of these questions are the subject of a clinical study
being performed at present at the communal hospital
Filderklinik, Filderstadt, Germany, promoted by the German
Bundesministerium fiir Bildung und Wissenschaft,
Forschung und Technologie (BMBF) [50].
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