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Various mitogens have been described 
which act on different subpopulations 
of mouse and/or human peripheral 
lymphocytes. In recent years it has been 
mainly Japanese and German research 
teams that have isolated polysaccharide 
fractions with immunomodulative prop
erties [1-3, 17]. In addition to fungal 
polysaccharides such as lentinan, schizo
phyllan, and PSK polysaccharide, which 
are basically in the experimental step of 
clinical use [6, 10, 13], the focus of atten
tion has mainly been on plants belonging 
to the asteracean family, such as Echi
nacea purpurea and E. angustifolia, where 
an increase in granulocyte phagocytosis 
is observable. Thuja occidentalis L., a 
Cupressaceae, has hardly been investi
gated up till now. 

Several authors have demonstrated 
that allopathic extracts of this plant 
could be strong antiviral agents directed 
against plant and animal viruses [12, 3]. 
Polysaccharide fractions with molecular 
weights ranging between 5 x 105 and 
1 x 106 and higher have been isolated 
from aqueous alkaline extracts of the 
herbal parts of Thuja occidentalis by 
ethanol precipitation and ultrafiltration 
using a Satorius Ultra Sart filtration cell 
[5]. 
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A high molecular weight subfraction 
of Thuja polysaccharides (TPSg) proved 
to be highly mitogenic in peripheral 
blood leukocytes (PBL) (Figs. 1, 2). It 
was shown using alkalic phosphatase 
anti-a1calic phosphatase (APAAP) [7, 8, 
9] and Pappenheim staining methods 
that the mitogenic and cluster-forming 
activity of TPSg causes T-cell induction 
rather than induction of B-cells [11]. In 
detail, more than 90% of all TPSg
induced blasts were shown to be Tpan
positive (T3, T11 and IOTla marker); in 
contrast, Bpan-positive (CD22 marker) 
lymphoid cell induction occured in less 
than 4%. In particular, TPSg was identi
fied as a potent T-cell mitogen which acts 
preferentially on the Okt4/0kt17-posi
tive [14] T-cells (Fig. 3). As well as induc
tion of the Okt4/0kt17 T-cell fraction, 
TPSg-induced generation of Okt16-posi
tive immature T-cells/null cells was ob
served, whereas only a little stimulation 
ofOkt8-positive T-cells was seen (Fig. 4). 
More than 75% of all TPSg-induced 
blast cells were shown to be Okt4/0kt17-
positive, whereas less than 5% of all 
blasts generated were Okt8-positive. 
About 20%-25% of all TPSg-induced 
blasts were shown to be immature T -cells 
or null cells. 

The Okt4/0kt17-positive T -helper/in
ducer cell generation is connected with 
increased production of interleukin-2. 
Furthermore, TPSg-dependent enhanced 
expression of the interleukin-2 receptor 
(75%) on the TPSg-triggered cells has 
been observed [15]. The cluster-forming 
ability and mitogenity of TPSg correlates 
well with [3H]thymidine uptake and 
seems to be interleukin-1 and interferon
y dependent, as was shown by blocking 



Fig. 1. Phase contrast micrograph of a 4-day-old culture of TPSg-triggered peripheral blood 
leukocytes. Magnification 550 x . Peripheral blood leukocytes (PBL) were obtained by means of 
density gradient centrifugation (Ficoll-Hypaque, Pharmacia). The "buffy coat" was harvested 
after having been centrifugated for 20 min and washed 5 times with phosphate buffered saline 
pH 7.2. 5 x 105 cells were seeded out per well in a flat bottomed 96-well microtiter plate with a 
final volume of 100 III Du1beccois modified Eagle's medium (DMEM) + 10% pooled human 
blood group AB serum. The cells were incubated with 100 Ill/well ofa TPSg solution in DMEM 
+ 10% pooled human AB serum with a final concentration of 1 mg/ml of TPSg 
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Fig. 2. Kinetics of the DNA-synthesis in PBL and the influence of TPSg. Thuja polysaccharide 
fraction. 5 x 105 PBL, resuspended in RPMI 1640, supplement with 6% fetal calf serum (FCS) 
and 4% human AB serum, were incubated at a final concentration of 1 mg/ml per well in a flat 
bottomed, microtiter plate. On days 0, 2, 4, 6, and 8, 0.5 IlCi/50 III RPMI 1640 was added for 
the last 12 h of incubation. Afterwards the cells were harvested (Scatron cell harvester) and the 
DNA synthesis rate was measured in a f3-liquid scintillation counter. Supplemented medium was 
used as low control and Phytohemagglutinin. PHA-P, final concentration 10 Ilg/ml, was used as 
high control. Both controls were incubated under the same conditions as the TPSg cultures. All 
cultures were performed in triplicate. The results shown are the mean values of two experiments 
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Fig. 3. Anti-Okt4 alkaline phosphatase anti-alkaline phosphatase (APAAP) staining of TPSg
triggered peripheral blood leukocytes. Magnification 630 x . Air-dried cells were stained by the 
APAAP method (Erber et al.). The cells were fixed for 1 min with an acetone, methanol and 
formaldehyde (95: 95: 10) fixative. The following steps were carried out at room temperature 
(25°C) in a humidified chamber. The first CD4 + surface antigen specific antibody (Dakko, cat. 
no. M716, Denmark) was incubated for 30 min. Subsequent washing was done using TBS 
(Tris-buffered saline, pH 7.6) unless otherwise indicated. After washing with TBS (1 min), the 
second incubation step with rabbit anti-mouse (RaM) bridge antibodies (Dakko, cat. no. Z259) 
was carried out for another 30 min. After washing, the third incubation with APAAP complex 
(Dakko, cat no. D651) was carried out for another 30 min. The quality of the staining can be 
improved if all incubation steps are done twice. The "fast red" method was used as a detection 
system. The sample was washed after APAAP incubation and was incubated with the substrate 
[dimethylformamide (200 J.lI); levamisole (30 J.lI); "fast red" (10 mg); 0.1 M Tris, pH 8.2; naph
thol-AS-MX-phosphate (2 mg)] for a period of 30 min. After washing counterstaining with 
hematoxylin was done (1 min). All slides were placed in Apathy's mountian medium, Highman's 
modification 
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Fig. 4. Anti-T-sup
pressor/cytotoxic 
staining (OKT8 
marker). Magnifica
tion 630 x . For de
tails of methods 
used see Fig. 3 
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Fig. 5. The influence ofTPSg and enriched T-Iymphocytes in the presence or absence of peri ph
eral blood monocytes. The peripheral blood monocytes were separated from the lymphocyte 
fraction by the monocyte adherence method described elsewhere and incubated separately under 
standard conditions. 5 x 105 PBL and 5 x 105 enriched T -cells were incubated with TPSg 
medium, final concentration 1 mg/ml, or with non-lectin-supplemented complete medium. The 
T-cell enrichement was performed according to the standard procedure using nylon wool as 
separation column. The T-cell fraction was obtained by rinsing the nylon wool 2 times with cold 
PBS. It could be shown that TPSg only works as a mitogen on PBL and enriched T-cell fractions 
in the presence of autologous monocytes. All results are mean values of two independent 
experiments. All concentrations per experiment were determined in triplicate 

the mitogenic effect with interleukin-l
and interferon-y-specific antibodies. It 
was also shown that Okt4-positive T-cell 
induction depends on the presence of 
autologous monocytes/macrophages 
(Fig. 5). Whether it is possible to use this 
polysaccharide fraction as an adjuvant in 
the therapy of immune deficiency syn
dromes and cancer must now be further 
investigated. 
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