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We have investigated the /in vitro responsiveness of T cells
from mistletoe-treated cancer patients and untreated donors
to various preparations of mistletoe extracts. Proliferation of
peripheral blood mononuclear cells from treated but not from
untreated patients was observed in response to therapeuti-
cally used mistletoe extracts prepared from apple (mali) or
pine (pini) host trees.The strongest proliferation was induced
by vesicle preparation of mali extract. Using a newly devel-
oped flow cytometry assay (standard cell dilution assay), we
determined that cell growth was restricted to CD4+ T cells.
Analysis with a panel of monoclonal antibodies against vari-
able regions of the T cell receptor B chain (V) revealed an
oligoclonal pattern of CD4+ T cell activation. These results
indicate that therapeutic administration of mistletoe extracts
sensitized a restricted set of CD4+ T lymphocytes in mistle-
toe-treated patients. Lymphocytes from untreated donors are
only stimulated with heat-treated mistletoe extracts. The re-
sponding T cells are y5 T cells and express variable T cell
receptor elements Vy9 and V32. The y5-stimulating activity of
heat-treated mistietoe extracts is sensitive to treatment with
alkaline phosphatase but not with proteinase K, indicating
that the ligands are non-proteinaceous phosphate-contain-
ing compounds.
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Introduction

Viscum album (mistletoe) extracts are widely used in
adjuvant cancer therapy in Germany and in other coun-
tries. Mistletoe extracts contain different compounds in-
cluding lectins, viscotoxins, oligo- and polysaccharides,
vesicles, and others [1-6]. Oligosaccharides isolated from
mistletoe extracts have been shown to increase the cyto-
toxic activity of natural killer cells [7,8]. Commercially
available preparations vary considerably in their relative
content of the various compounds. Some of the constitu-
ents have been purified and their immunomodulatory
effects investigated. The mistletoe lectin-1 is a potent in-
ducer of cytokines in macrophages and stimulates the
release of tumour necrosis factor-a and interleukin-1
[9,10]. Accordingly, some investigators standardized their
extract with respect to mistletoe lectin-I content, while
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other groups standardized their extract with respect to
the process of manufacture in that they always took the
same plants at the same time and manufactured the
preparations to standardized protocols [11,12].

Although immunomodulatory effects of mistletoe ex-
tracts on the in vitro activity of non-specific components
of the cellular immune system have been documented,
the effector cells of the specific immune system (i.e. T
lymphocytes) are also activated. Schultze et al. [13] have
reported that peripheral blood mononuclear cells from
mistletoe-treated but not from untreated patients prolif-
erate in vitro in response to an aqueous, lectin-contain-
ing mistletoe extract. However, proliferation was re-
vealed only in the presence of an autologous plasma
containing mistletoe lectin neutralizing antibodies. The
same group observed the in vitro proliferation of periph-
eral blood mononuclear cells from untreated allergic and
some healthy individuals after stimulation with a fer-
mented extract of Viscum album containing only low
concentrations of lectin {14].

We have investigated the in vitro responsiveness of T
lymphocytes from mistletoe-treated and untreated can-
cer patients, following stimulation with therapeutically
administered Viscum album extracts prepared from ap-
ple (mali) or pine (pini) host trees, as well as vesicles
prepared from mali extract [15]. Our aim was to identify
the responding T-cell subset and to determine whether
stimulation with vesicles induced polyclonal or oligo-
clonal cell activation. In the second part of our work we
demonstrate that a heat-treated mistletoe extract acti-
vates human yd T cells.

Proliferative response of peripheral blood
mononuclear cells from mistletoe-treated
patients

The in vitro proliferation response of peripheral blood
mononuclear cells from breast cancer patients treated
subcutaneously with mistletoe extracts was monitored
by *H-thymidine uptake after 7 days of culture. It was
shown that the vesicles of the mali extract ABNOBAuvis-
cum mali (0.15 mg/mD), which is largely devoid of mis-
tletoe lectin, induced much stronger proliferation of pe-
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ripheral blood mononuclear cells [15,16]. While the lym-
phocytes from an untreated control group did not prolif-
erate either following treatment for 4 weeks with the
mistletoe extract or vesicles, the lymphocytes from the
mali 4-treated group proliferated after giving the mistle-
toe extract and vesicles. Proliferative responses were
observed over a wide range (0.5-500 pg/mbD of the ex-
tract concentrations, and in response to 2.5-10 pg/ml of
the vesicles.

The vesicles were obtained after high-speed centrifu-
gation of the ABNOBAviscum mali extract and resuspen-
sion of the green coloured pellet with ultrasonication.
The vesicles consist essentially of chloroplast mem-
branes of mistletoe, which are composed of approxi-
mately 50% monogalactosyl diglyceride and 30% diga-
lactosyldiglyceride. These results support the report of
Schultze et al. [13], indicating that the presence of specif-
ically sensitized T cells in mistletoe-treated patients can
be revealed by in vitro stimulation, but only in the pres-
ence of autologous plasma. Thus, the in vitro prolifera-
tive response to mistletoe extracts depends on the thera-
peutically administered mistletoe concentrations and on
the duration of treatment.

To identify the responding T-cell subset(s), we have
used the recently developed standard cell dilution assay
to measure the absolute number of various lymphocyte
subsets after culture [17]. Stimulation with the mitogen
phytohaemagglutinin (PHA) led to the expected expan-
sion of both CD+4+ and CD8+ T lymphocytes (Fig. 1). In
contrast, stimulation with mali or pini extracts, and again
most notably with the vesicles (in response to their
stronger proliferative response), triggered the selective
activation and expansion of CD4+ T cells only. No CD8+
T-cell growth above the medium control was observed
{15,10].

Polyclonal or oligoclonal activation of CD4+ T
cells?

Immunostimulatory effects of mistletoe extracts have
been reported to modulate the non-specific cellular im-
mune defence mechanisms (macrophages and natural
killer cells). Therefore, we investigated whether the ob-
served in vitro growth of CD4+ T cells after stimulation
with vesicles was of polyclonal or oligoclonal origin. The
stimulation of peripheral blood mononuclear cells with
the polyclonal activator PHA did not significantly induce
CD4+ T cells expressing one or several particular T-cell
receptor VB elements, but rather stimulated all CD4+ T
cells equally well. As expected, superantigen SEE (enter-
otoxin E from Staphylococcus aiirens) stimulated the ex-
pansion of the same selected CD4+ subsets in all pa-
tients. In contrast, the vesicles of mistletoe extract
revealed a different pattern, since they stimulated the
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Figure 1. Cellular expansion of CD4+ and CD8+ T cells. Pe-
ripheral blood mononuclear celis from mistletoe-treated pa-
tients (between 42 and 70 years with pancreatic, colon, lung
and adenocarcinoma) were stimulated with phytohaemagglu-
tinin (PHA,; 2 ug/ml) or mistletoe preparations for 8 days. There-
after, the absolute number of viable CD4+ and CD8+ cells
was determined by standard cell dilution assay. Means + SD
of experiments with lymphocytes from nine patients are shown
[186].

sclective growth of CD4+ T cells with 2-6 different T-cell
receptor VB elements in patients. These results clearly
indicated that the stimulation of peripheral blood mono-
nuclear cells from mistletoe-treated patients with mistle-
toe vesicles induced an oligoclonal CD4+ T-cell activa-
tion in vitro. Comparing the distribution of reactive
T-cell receptor VB families among different patients, the
pattern has more similarity with an antigen-like than
with a superantigen-like stimulation [13,16].

Our results demonstrate the i1 vivo sensitization of T
cells during treatment with mistletoe extract, as revealed
by the in vitro proliferation of peripheral blood mononu-
clear cells in the presence of autologous plasma. The
strength and duration of sensitization depends on the
duration of treatment and on the concentration of the
injected extract. The most potent {2 vitro activators are
the vesicles. There are also synergistic interactions be-
tween lectins and vesicles [18). These results confirm that
mistletoe components other than lectin(s) stimulate T-
cell proliferation i vitro.

Stimulation of y5 T cells by heat-treated
mistletoe extracts

The mistletoe extracts which stimulate T lymphocytes
from mistletoe-treated cancer patients did not induce any
proliferative response in T lymphocytes from healthy
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untreated donors (data not shown) [18]. However, we
observed that heat-treated mistletoe extracts of two dif-
ferent host trees (apple and pine) induced proliferation
of peripheral blood mononuclear cells from healthy do-
nors in concentrations between 50 and 500 pg/ml, as
measured by *H-thymidine uptake (Fig. 2), which was
augmented in the presence of exogenous recombinand
interleukin-2 [19]. The phenotypic analysis of cells after 8
days of culture with heat-treated mistletoe extract and
recombinand interleukin-2 revealed a dramatic expan-

sion of Vy/V382 y3 T cells (Fig. 3). Whereas 0.9% Vy9+
and 1.9% Vy9- yd+ T cells were present before culture
(Fig. 3a), 68.3% Vy9+ y8+ T cells were measured after
culture (Fig. 3c¢), all of them co-expressing V82 (Fig. 3d).

The majority of CD3+ mature T lymphocytes express
an af T-cell receptor heterodimer. A small fraction (1-
10%) of CD3+ T cells, however, express the alternative
¥d T-cell receptor. The usage of available Vy/8 elements
among peripheral blood y8 T cells is not randomly dis-
tributed. Thus, the major fraction of human peripheral
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Figure 4. Sensitivity of heat-treated
mistletoe extracts to enzyme treat-
ment. Heat-treated mali or pini ex-
tracts were treated with alkaline
phosphatase (50U) or proteinase K
(three incubation circles with 25 nug).
Peripheral blood mononuclear cells
were stimulated with the various
preparations in the presence of 10
U/mi recombinand interleukin-2. The
cellular expansion of Vy9 cells was
determined by standard cell dilution
assay after 8 days of culture [19].
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blood yd T-cells expresses Vy9 paired with V82 [20]. Vy9/
V82+ y8 T-cells readily respond to certain micro-organ-
isms, including Mycobacterium tuberculosis and some
other gram-positive or gram-negative bacteria [21]. The
yd-stimulating ligands from M. tuberculosis have been
defined as non-proteinaceous, low molecular weight
compounds containing thymidine-phosphate conjugates
[22-24]. A second group of y8-stimulating ligands in-
cludes mycobacteria-derived, as well as synthetic, pyro-
phosphates [25].

The mycobacterial ligands stimulating Vy9/V82 T cells
are sensitive to treatment with alkaline phosphatase but
are resistant to treatment with proteinase K. As illustrated
in Fig. 4, the y&-stimulating ligands present in heat-treat-
ed mistletoe extracts share these features with mycobac-
terial ligands. Treatment with proteinase K did not de-
stroy the y38 T-cell stimulation. Thus, the ligand is a pro-
tein, but it must be a phosphorylated molecule since
treatment with alkaline phosphatase prevented the y8 T-
cell stimulation of the heat-treated mistletoe extracts.

Heat-treatment apparently destroys the toxic lectin
component of the mistletoe extracts. Investigations have
to be performed on the effect of these activated y8 T
cells. Activated y8 T cells also have a high cytotoxic ac-
tivity against tumour cells [26-29]. V81+ and V82+ y8 T
cells were found in tumour-infiltrating lymphocytes from
different tumours [30]. The presence of y8 T cells in tu-
mour-infiltrating lymphocytes suggest that they have a
function in tumour defence. In SCID mice (mice without
functional B and T lymphocytes), experiments have
been performed with Daudi tumour cells and Vy9+v§2+
T cells. Mice with human peripheral blood cells and
Daudi tumour cells survived for a longer time than mice
without human peripheral blood cells. Also  the
Vy9+Va2+ v8 T cells expanded in these mice [31,32].
$36
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Conclusion

The mistletoe extract ABNOBAviscum did not induce
proliferation of lymphocytes from untreated donors,
whereas treated donors responded with an oligoclonal
expansion of CD4+ T cells in rvitro. The T cells were
sensitized in vivo. The vesicles are a very potent stimula-
tor of the specific immune system, namely the CD4+ T
cells. Lymphocytes of untreated donors only react to
heat-treated mistletoe extracts with a y8 T-cell expan-
sion. The clinical relevance of these findings has to be
investigated.
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