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Summary

Summary

Osteosarcoma is the most primary bone tumor and its peak incidence occurs in the second
decade in children and adolescents. Diseases like retinoblastoma or Li-Fraumeni syndrome
predisposed osteosarcoma at higher risk. Generally, high grade osteosarcoma is associated
with bad chemotherapy response, rising chemotherapy resistances, poor prognosis and
outcome. New therapy approaches, and drug discovery are essential for the improvement of
survival. Complementary mistletoe therapy is widespread in the European countries and is
applied mainly as adjuvant therapy in adult tumors. Commercial Viscum album preparations
are water-based, contain mainly mistletoe lectins and viscotoxins but hydrophobic triterpene
acids are nearly not included. These triterpene acids were solubilized by 2-hydroxypropyl-R3-
cyclodextrins for our studies. Both hydrophilic as well as hydrophobic substances possess high
anti-tumoral properties. By combining an aqueous (viscum) and a triterpene acid (TT) extract
a whole mistletoe extract (viscumTT) was recreated and their unified anti-tumoral potential was
investigated in pediatric osteosarcoma.

In this work, viscum, TT and viscumTT inhibited proliferation and induced apoptosis in a dose-
and cell line-dependent manner. Additionally, viscumTT-mediated effect was always
synergistic and nearly same effective in each tested cell line by seemingly non-essential role
of TP53 in vitro. Mistletoe extracts mainly induced caspase-dependent apoptosis by triggering
intrinsic and extrinsic components. High anti-tumoral effect was confirmed in an osteosarcoma
xenograft model in vivo as viscumTT was also more effective than the single extracts. A closer
look to alterations in cell cycle progression gave insights into molecular mechanism of action.
Viscum arrested cell cycle either in G1 phase in TP53 wild-type and null-mutant cells or in S
phase in TP53 mutant cells, whereby TT led to G1 arrest in each cell line. ViscumTT did not
change arrested stadium by single extracts exceptin TP53 mutant cells as no distinct cell cycle
arrest was detectable. ViscumTT-mediated alterations resulted from induced gene expression
by single extracts by up-regulation of GADD45A and CDKN1A as well as down-regulation of
SKP2 whereas the effect was lower in TP53 null mutant cells. Further investigations indicated
the role of GADD45A and CDKN1A also in induction of apoptosis. Additionally, viscumTT
triggered environmental stress response via MAPK8 activation as well as inactivation of
survival associated pathways MAPK1/3 and STAT3. Especially, BIRC5 and MYC that are often
associated with poor prognosis were down-regulated. Moreover, viscumTT-mediated
synergistic effect might be based on a complex interaction of targets that were affected by
viscum and TT as single extracts. All findings of this work could qualify viscumTT as high

potential promising therapy approach for osteosarcoma patients.



Zusammenfassung

Zusammenfassung

Das Osteosarkom ist der haufigste primare Knochentumor mit einem erhéhten Vorkommen im
zweiten Lebensjahrzehnt bei Kindern und jungen Erwachsenen. Genetische Pradispositionen,
wie das Retinoblastom oder Li-Fraumeni Syndrom, erhéhen das Risiko, an einem
Osteosarkom zu erkranken. Es ist mit einem schlechten Ansprechen auf Chemotherapie,
erhohtem Risiko fur Chemotherapieresistenzen und schlechter Prognose assoziiert. Das
macht die Entwicklung neuer Medikamente und Therapieansatze essentiell. Die Misteltherapie
wird in der komplementaren Medizin in Europa bei Erwachsenentumoren haufig angewendet.
Kommerzielle Praparate beinhalten hauptsachlich hydrophile Bestandteile, wie die
Mistellektine und Viscotoxine. Hydrophobe Substanzen, wie die Triterpensauren, die durch 2-
Hydroxypropyl-3-Cyclodextrin flir unsere Studien solubilisiert wurden, sind so gut wie nicht
enthalten. Allerdings besitzen sowohl die hydrophilen als auch die hydrophoben Bestandteile
eine hohe antitumorale Wirksamkeit. Durch die Kombination eines wassrigen (viscum) und
eines lipophilen (TT) Extraktes wurde ein Gesamtmistelextrakt (viscumTT) hergestellt und auf
dessen antitumorale Eigenschaften im Osteosarkom untersucht.
In dieser Arbeit zeigten viscum, TT und viscumTT eine konzentrations- und
zelllinienabhangige Inhibierung der Proliferation sowie Induktion der Apoptose. Dartberhinaus
erzielte viscumTT immer einen synergistischen und nahezu gleichen Effekt in den hier
getesteten Zellen, in dem TP53 scheinbar keine essentielle Rolle spielte. Die Mistelextrakte
induzierten unter der Beteiligung von intrinsischen und extrinsischen Komponenten Caspase-
abhangig Apoptose. Der hohe antitumorale Effekt wurde in einem Osteosarkom Modell in vivo
bestatigt, in dem viscumTT auch eine héhere Wirksamkeit als die Einzelextrakte aufwies.
Untersuchungen des Zellzyklus zeigten, dass viscum TP53-Wildtyp und -Nullmutante Zellen
in G1 oder TP53-Mutante Zellen in S Phase arrestierte, wahrend TT in allen Zelllinien einen
G1 Arrest induzierte. ViscumTT flhrte ebenfalls zu einem G1 Arrest, allerdings zu keinem
eindeutigen Zellzyklusarrest in TP53-Mutante Zellen. Die durch viscumTT induzierten
Zellzyklusveranderungen basierten auf der Wirkung der Einzelextrakte durch die
Hochregulation der Gene GADD45A und CDKN1A sowie durch die Herunterregulation von
SKP2. Aulerdem waren GADD45A und CDKN71A auch an der Induktion der Apoptose
beteiligt. ViscumTT aktivierte die stressinduzierte Signalantwort iber MAPKS8 und inaktivierte
zellwachstumsstimulierende Signalwege wie MAPK1/3 und STAT3. BIRCS und MYC, die mit
einer schlechten Prognose assoziiert sind, wurden herunterreguliert. Der Synergismus von
viscumTT resultierte vermutlich aus einem komplexen Zusammenspiel verschiedener
Zielproteine, ausgeldst durch die Einzelextrakte viscum und TT. Alle Ergebnisse dieser Arbeit
verdeutlichen das hohe therapeutische Potential von viscumTT als ein mdglicher, neuer
Therapieansatz fir Osteosarkom Patienten.

Vi
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1. Introduction

11 Viscum album

Viscum album, also known as the European white berry mistletoe, is a species of the hemi-
parasitic, evergreen plant mistletoe in the family of Santalaceae. It grows in different host trees,
such as apple (Malus), ash (Fraxinus), oak (Quercus), fir (Abietis), and pine (Pinus). Mistletoe

attaches and penetrates branches to absorb water and nutrients, but is able to carry out

photosynthesis by itself (Figure 1) [1].

Figure 1 Viscum album. Infested host tree (left, https://pixabay.com/de/mistel-baum-der-parasit-natur-2684556/)

white berries and new shoots (right, https://pixabay.com/de/mistel-schmarotzer-heilpflanze-229837/).

The founder of anthroposophic medicine, Rudolf Steiner, recognized parallels of mistletoe
growth and tumor growth. Together with Ita Wegmann, he established mistletoe as cancer
therapy approach in 1917 [2]. Since then, different mistletoe preparations have been
developed, which have found their way into complementary cancer therapy. Today they are
most widely used in Europe [3]. Mistletoe therapy is clinically relevant for the improvement of
quality of life and the reduction of side effects associated with standard therapies, such as
chemotherapy, surgery, and irradiation. This effectiveness has been demonstrated in several
studies [4-6]. Besides, the positive effects on general state of health in patients, mistletoe has
specifically anti-tumoral properties based on its large number of effective ingredients [7].
Therefore, a widespread range of biologically active substances is already known. The
composition of active substances is depending on host trees, harvesting period, and
manufacturing process [7]. Mistletoe contains hydrophilic as well as lipophilic substances,
including mistletoe lectins (MLs), viscotoxins (VTs), phenolic acids, flavonoids, oligo- and
polysaccharides, alkaloids, and triterpene acids [8-13]. Today, commercially applied Viscum
album preparations are water-based and mainly contain hydrophilic substances, such as MLs

and VTs that represent the best investigated ingredients in mistletoe [8, 9]. Commercial
1
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anthroposophic Viscum album preparations (AbnobaViscum®, Helixor®, Iscador®, Iscucin®) are
commonly applied subcutaneously (s.c.), but as off label use intravenously (i.v.), intratumorally
(i.t.) and intrapleurally (i.p.) are also possible routes of administration [14]. These preparations
differ in manufacturing process, type of mistletoe lectin, and host tree and their application
depends on tumor type and clinical staging [15]. In the following sub-chapters the main

ingredients of Viscum album will be characterized in detail.

1.1.1 Mistletoe lectins

MLs are the main compounds of Viscum album and belong to the group of glycoproteins. In
mistletoe plants, three different MLs (ML I-1ll) and the chitin-binding mistletoe lectin (with over
20 isoforms) were identified. The type of ML and its amount depends on the host tree as well
as the season. Therefore, ML | mainly appears in mistletoes grown in deciduous trees,
whereas ML Il is often found in mistletoes, which infested coniferous trees [12]. A higher
content of ML | can be found in winter on deciduous trees [16]. ML I-lll are heterodimeric and
composed of a catalytic A and a binding B chain, which are disulfide-linked (Figure 2). They
differ in their molecular weight and binding to different carbohydrate structures on cell
membrane receptors [17]. Therefore, ML | binds specifically to D-galactose, ML Ill to N-acetyl-
galactosamine and ML Il to both carbohydrates [8, 18]. MLs are classified as type Il ribosome
inactivating proteins (RIP type Il) due to their ribosomal ribonucleic acid (rRNA)-cleaving
enzyme activity of the A chain, whereby the uptake mechanism is similar to that of other RIP
type Il toxins like ricin [19]. Especially, the uptake is initiated via binding of B chain to
carbohydrate structure on the cell surface and internalization is mediated via clathrin-
dependent and clathrin-independent endocytosis [20]. Furthermore, the uptake takes place
superficially in small vesicles in the cell periphery, including lamellapodia and cell contact
regions [21, 22]. Dissociation of ML into catalytic and binding subunit and intracellular
trafficking through cytoplasm are central steps of mechanism [23, 24] and are responsible for
unfolding of biological effects, e.g., immunomodulatory [18, 25]. Especially, enzymatic activity
is exerted by A chain by inactivating ribosomes (Figure 2) [17, 26, 27], particularly, by removing
the essential adenine residue (adenine 4324) of the 28s rRNA subunit [28]. Finally, protein
biosynthesis stops and affected cells undergo apoptosis [29, 30]. These properties make MLs

medical important for cancer therapy and will described below in more detail.
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A chain

Figure 2 Chrystal structure from ML | from Viscum album. ML | is classified as RIP type Il protein with catalytic
A and binding B chain. ML | binds to D-galactose by its B chain on the cell surface and is internalized by endocytosis.
Inside the cells A chain is responsible for enzymatic properties. Protein data bank in Europe [31], modified.

1.1.2 Viscotoxins

VTs are small cysteine-rich, cationic proteins consisting of 46 amino acid residues stabilized
by disulfide bridges (Figure 3) [12, 32]. So far, six different isoforms of VTs have been
described: VT A1, A2, A3, B, 1-PS, U-PS [33], whereby A2, A3, and B are the most common
[34]. However, VT A3 reveals the highest cytotoxic potential, whereas VT B demonstrates the
least (Figure 3) [9, 35]. VTs interact with membranes, have high affinity to DNA, and induce
permeabilization of the cell membrane [36-38]. These properties underlie cytotoxic potential of
VTs, mean an additional benefit in effectiveness of Viscum album preparations and will be
elucidated in the section below.

Figure 3 Chrystal structure of VT A3 from Viscum album. VT A3 is one of the most occurred VTs in the European

mistletoe and has the highest cytotoxic potential. Protein data bank in Europe [39].



Introduction

1.1.3 Triterpene acids

Triterpene acids are the lipophilic fraction of mistletoe extracts. The main compounds,
oleanolic- and betulinic acid (OA, BA), belong to the pentacyclic triterpenes and consist of six
isoprene units (Figure 4). Because of the resulting C-30 backbone, triterpene acids are strongly
water insoluble. In 1987 Fukunaga et al. were able to isolate OA and BA out of Viscum album
for the first time using R-amyrin acetate [40]. In commercial water-soluble mistletoe
preparations triterpene acids are nearly not included [41] and a new extraction method for
triterpene acids was established. Therefore, mistletoe herb was hackled and isolated with n-
heptane under pressure at 120°C. After cooling and drying, OA and BA were solubilized with
2-hydroxypropyl--cyclodextrins (CD) and sodium phosphate buffer (pH 7.3) and a yield of OA
up to 80 % could be reached [42, 43]. Due to their high biological potential, triterpene acids
represent an interesting field in research. Especially, they possess anti-inflammatory [44, 45],
anti-oxidant, immunomodulatory [46] and cytotoxic properties [47], which qualify triterpene

acids also as anti-cancer drugs and is annotated in the next paragraph.

Oleanolic acid Betulinic acid

Figure 4 Structure of OA and BA. OA and BA are as lipophilic compounds nearly not included in water-soluble

commercial mistletoe extracts [41], modified.

1.2 Main effective compounds of Viscum album extracts and their
mechanistic effects against cancer

Due to mistletoe-containing main active compounds as described above, it represents a

promising therapeutic in different fields. The following paragraph depicts chosen knowledge of

mistletoe-containing compounds MLs, VTs and triterpene acids and their mechanistic action

especially against cancer after the current state of research.

Mistletoe is well known for its anti-cancer effects based on its valuable ingredients. Commercial

Viscum album preparations inhibit proliferation and induce apoptosis in various cancer cell
4
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lines, such as leukemia [48], lymphoma, and melanoma [49] as well as head and neck
squamous cell carcinoma [50]. In human lymphocytes MLs are responsible for induction of
apoptosis, whereby ML Il possesses the highest potential followed by ML Il and ML | [51].
Only the holoprotein is able to implement apoptosis and activates caspase-3 (CASP3). Isolated
A or B chain do not have such ability, their effect is rather based on the interaction [52].
Induction of apoptosis by Korean mistletoe as well as recombinant ML is based on triggering
extrinsic and intrinsic pathway in a TP53-independent mechanism with the involvement of
mitochondrial anti- and pro-apoptotic proteins [53-55]. Further, an inactivation of survival
phosphoinositide 3-kinase/protein kinase B (PISK/AKT) pathway [50, 56] and an activation of
c-Jun-N-terminal kinases/p38 mitogen-activated protein kinase (MAPK8/MAPK14) pathway
was demonstrated [57]. Additionally, cytotoxic and anti-tumoral effects were also observed in
lymphoblastic leukemia [58], Ehrlich ascites carcinoma [59], and melanoma in vivo [60].
However, besides the relevance to re-activate the apoptotic function in the fight against cancer,
also triggering of the immune system is considered to be highly important. Multiple studies
have shown that mistletoe extracts are able to stimulate the specific and unspecific immune
response, for instance, by increasing the number of CD4+ and CD8+ T helper-cells in patients,
activation of macrophages and monocytes like-cells as well as production of pro-inflammatory
cytokines in vitro [61-67].
On the other hand, VTs, as second compound in water-based extracts, have no apoptotic but
cytotoxic properties [51]. Cytotoxicity of different VTs was demonstrated in several tumor cells,
such as cervix carcinoma, myeloid and lymphoid leukemia [68, 69]. VTs mainly induce necrotic
cell death with intermediate production of reactive oxygen species [35]. Furthermore,
immunomodulatory effects have been also described. As VTs lead to a slightly increase of
granulocytes activation, phagocytosis, and burst activity [70, 71] and increased natural kKiller-
cell mediated cytotoxicity [72]. Klein et al. investigated different sera from patients with various
tumors and were able to prove immunoglobulins against VTs and ML |, which indicate the
induction of a specific immune response against mistletoe extracts consequently a pro-
inflammatory stimulation [73].
Moreover, OA and BA, as lipophilic compounds in mistletoe and their synthetic derivatives also
show apoptotic potential in a variety of tumor entities. They lead to inhibition of cell proliferation
and apoptosis, for instance, in leukemia [74, 75], hepatocarcinoma [76], ovarian cancer [77],
and hepatoblastoma cells [78] in vitro. An OA derivative, 3-oxo-OA, inhibits tumor growth in
melanoma xenografts [79] and ursolic acid (UA), another triterpene acid, enhances anti-
tumoral effectiveness of oxaliplatin in colorectal cancer in vivo [80]. On mechanistic level, the
TP53-dependent activation of extracellular signal-regulated kinase (MAPK1/3, ERK),
activation of mitochondria-mediated apoptosis as well as inhibition of AKT pathway was
described for OA [81, 82]. CDDO-Me, an OA derivative, is able to activate the MAPK8 pathway
5
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[83]. OA also down-regulates inhibitor of apoptosis protein (IAP) X-linked inhibitor of apoptosis
(XIAP) in hepatocellular carcinoma cells [84]. Additionally, an induction of cell cycle arrest in
Gap 1 (G1) phase was multiple described in leukemia [85], prostate cancer [82], and
hepatocellular carcinoma [86]. Furthermore, CDDO-Me inhibits the signal transducer and
activator of transcription 3 (STAT3) pathway in ovarian cancer cells and BA induces apoptosis
via mitochondrial associated B-cell lymphoma 2 (BCL-2) proteins TP53-independently in

melanoma cells [87].

1.3 Osteosarcoma

Osteosarcoma is a rare disease, but it is the most common type of primary malignant bone
tumor with a worldwide incidence of four to five cases annually per million [88]. Incidence is
bimodally distributed with a first peak in the age between ten to 14 years and a smaller second
peak in older adults over 60 years [89]. Higher number of cases in children and young adults
correlate with pubertal growth spurt and boys are slightly more affected than girls with a
worldwide male-to-female ratio in ages zero to 24 years of 1.43:1 (Figure 5) [90].
Osteosarcoma mainly occurs in the long bones of the limbs, including femur (42 %), tibia
(19 %) and humerus (10 %) at the metaphyseal growth plate [91]. Osteosarcoma is diagnosed
and defined by malignant osteoblastic cells producing osteoid and immature bone [92]. The
cell of origin of osteosarcoma is unknown, but mesenchymal stem cells as well as cells along
the differentiation lineage and osteoblastic precursors are possible [93]. Osteosarcoma is
classified in primary and secondary osteosarcomas, whereas the primary conventional
osteosarcoma is the most common form. The World Health Organization classified primary
osteosarcoma in further sub-types: intramedullary/central (osteoblastic, chondroblastic,
fibroblastic, small cell, telangiectatic, low grade central) and surface osteosarcomas
(parosteal, periosteal) [88]. Risk factors for primary osteosarcoma are related to physiological
growth in metaphyseal area [90]. However, secondary osteosarcoma often correlates with pre-
existing conditions, for instance, irradiation or chemotherapy [94]. Osteosarcoma has an
aggressive clinical course with local bone and soft tissue destruction followed by metastasis
primarily in lungs and other organs. Since the introduction of combined chemotherapy survival
rates for localized osteosarcoma patients raised up to 78 %. Despite further treatment options
and improved monitoring prognostic outcome and survival rates stagnated in the last two to
three decades. Prognosis highly depends on the stage of diagnosis. High-grade osteosarcoma
patients have a survival rate up to 66 %, whereas patients with advanced or metastatic stage
have a poor prognosis with only a survival rate of 20 to 30 % [95-97]. Until today, the standard
therapy is surgery with ideally complete tumor resection followed by neoadjuvant or adjuvant

chemotherapy [98]. Current treatment of osteosarcoma based on different combined
6
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chemotherapeutic drugs of high-dose methotrexate with leucovorin rescue, doxorubicin,
cisplatin, cyclophosphamide, and ifosfamide [99]. Unfortunately, these therapies are always
accompanied with severe side effects and often limited by increasing chemotherapeutic drug
resistances [100]. Therefore, novel agents are urgently needed to improve the survival of

patients suffering from osteosarcoma, especially for those in metastatic stage.

12
® Male

® Female

—
T

[ee]
1

Rate per million
D
1

4

2

G 6 I | O)I N I ql x I qI b"I qI b‘l Ql b&l ) I N I QI * | qI b\l * 1
Q /Q /Q /\’ /\’ ;\’ /r\’ /0’ /r)’ /b‘ /b‘ /(') /0’ Z /‘0 ;\ ;\ /ab %(7
F F N A GO F T T TS

Age at diagnosis (years)
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modified.

1.3.1 Molecular Pathogenesis

In general, osteosarcomas are characterized by a high level of genetic instability and
heterogeneity. Often osteosarcomas are predisposed in patients with hereditary familiar
syndromes, such as retinoblastoma and Li-Fraumeni. Alterations in syndromes associated
genes (retinoblastoma 1 (RB7), tumor protein TP53 (TP53), respectively) may play an
important role in pathogenesis [102, 103]. RB1, located at chromosome 13q14, is the best
characterized gene found in osteosarcoma. Patients suffering from retinoblastoma have a
1000 times higher risk to be affected by osteosarcoma compared to healthy population.
Additional, loss of function of RBT1 is associated with high-grade osteosarcoma and poor
prognosis [104]. Alterations of any kind that are associated with inactivation of RB7 occur in
about 50 % of osteosarcomas [105]. RB1 encoded RB1, functioned as tumor suppressor and
blocks the transition from G1 to synthesis (S) phase after DNA damage [106]. Thereby, active
RB1 (dephosphorylated state) binds and suppresses members of E2F transcription factor
family, which further blocks the progression from G1 to S phase. Phosphorylation and
inactivation of RB1 is driven by cyclin-dependent kinase 4 (CDK4)/cyclin D (CCND), cyclin-

dependent kinase 6 (CDKG6)/CCND and subsequently cyclin-dependent kinase 2
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(CDK2)/cyclin E (CCNE) complex that leads to release of E2F and progression into S phase
[107]. Also, dysregulation of other components of RB pathway, including CDKs and/or cyclin-
dependent kinase inhibitors (CDKNs) are often described as genetic alterations in
osteosarcoma. Amplifications of CDK4 and CCNE as well as deletions of cyclin-dependent
kinase inhibitor 2A (CDKN2A, p16) or 2B (CDKN2B, p15) promote osteosarcoma growth [108-
110].

TP53 is located at the short arm of chromosome 17 at 13.1 and somatic mutations often occur
in several cancer types ,e.g., ovarian, lung, colorectal, and pancreatic cancer as well as
sarcomas [111]. Germline mutation results in Li-Fraumeni syndrome, which is strongly
associated with tumor development, including an up to 12 % of osteosarcomas [112, 113].
TP53 is like RB1 a tumor suppressor and involved in many cellular processes, including cell
cycle regulation, DNA repair, senescence, and apoptosis [114]. In response to DNA damage
wild-type TP53 leads to up-regulation of CDKN1A (p21), which further inhibits CDK4/CCND,
CDK6/CCND or CDK2/CCNE complexes, resulting in cell cycle arrest. Prolonged and severe
DNA damage induce TP53-dependent apoptosis [115, 116]. Alterations in TP53 itself and in
its regulators or effectors, such as mouse double minute 2 (MDM2) are found in osteosarcoma
and are associated with tumor progression by dysfunctional cell cycle and apoptosis
mechanism [103, 117]. MDM2 inactivates RB1 and TP53 and is in turn transcriptionally up-
regulated by TP53. MDM2 also functions as E3 ubiquitin ligase, targets TP53 for its
ubiquitination and blocks its translocation into the nucleus [118]. Overexpressed MDM2 is
associated with metastasis in osteosarcoma [119]. Besides dysregulated RB1 and TP53 many
other molecular pathological mechanisms are related to the development of osteosarcoma.
Therefore, aberrations in run-related transcription factor 2 (RUNX2) or wingless-type MMTV
integration site family (WNT) signaling, which play a role in normal osteogenesis, dysregulation
of diverse signaling pathways like PI3/AKT, MAPK1/3 and Janus kinase (JAK)/STAT and
abnormal expression of oncogenes like Aurora A kinase (AURKA) and MYC proto-oncogene
(MYC) are found [120]. High heterogeneity and demonstrated characteristics in osteosarcoma

pathogenesis reveal many potential targets for new strategies in therapeutic approaches.

1.4 Apoptosis versus cell cycle

Tissue homeostasis is maintained by regulated cell proliferation and programmed cell death.
Imbalance of both processes can result in either tissue atrophy or tissue growth, therefore cell
cycle and apoptosis are strictly controlled. Development of tumors can result from decrease in
cell death or increase in proliferation. On the one hand, mitotic and apoptotic cells display
several similar morphological features, including lose substrate attachment, become rounded,

cell shrinkage, condensed chromatin and membrane blebbing. On the other hand, there are
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distinct differences in both processes, for instance, DNA degradation of approximately 180bp
fragments or multiples thereof as property of late apoptosis and DNA segregation in mitotic
cells. Finally, apoptotic cells are phagocytosed, whereas mitosis ends with cytokinesis and cell
division in two identical daughter cells [121]. A direct link between cell cycle and apoptosis was
evidenced by manipulation of the cell cycle, which further led to induction or prevention of
apoptosis [122]. Tumor suppressors, such as TP53, RB1, E2F, MYC and various CDKs have

been shown to participate in both processes as molecular linkage [122].

1.4.1 Cell cycle regulation

The cell cycle is an event in which cellular components are first doubled and second accurately
segregated into two daughter cells. It is divided into four phases: G0/G1, G2, S and mitosis
(M). Many postmitotic cells enter into a quiescence stadium, the so called GO phase, which
can be prolonged for various time intervals. Most of these cells are able to re-entry into the cell
cycle. In G1 phase cells grow and are prepared for the following S phase, where DNA
replication takes place. Then cells progress into G2 phase, where protein synthesis occurs,
and cells are prepared for M. In more molecular detail, key regulators of cell cycle progression
are CDKs and cyclins (CCNs, Figure 6). Over the whole cell cycle, CDK protein levels remain
stable, whereas their activators CCNs occur periodically [123]. CDKs are a family of
serine/threonine protein kinases and until now nine have been identified, whereof five are
involved in the cell cycle. Moreover, 16 CCNs are described of which not all are related to the
cell cycle. Three CCNDs are known (CCND1, CCND2, CCND3) that form complexes with
CDK4 and CDKG6 in early G1 phase [124]. In contrast to the other CCNs, CCND is not
expressed periodically [125]. Activation of these complexes leads to inactivation of RB proteins
(RB1, RB transcriptional corepressor like 1, 2 (RBL1, RBL2)). CCNE is expressed, binds, and
activates CDK2 in later G1 phase [126]. This complex regulates G1 to S progression and is
completely inactivated by the phosphorylation of RB proteins [127]. The level of CDK2/CCNE
complex reaches its maximum in G1/S and promotes S phase entry [128]. Negative regulators
of CDKs are the CDKNs that are divided into two families and also periodically expressed. The
families are: the inhibitors of CDK4 family (INK4) with CDKN2B, CDKN2A, CDKN2C (p18),
CDKN2D (p19) as members and CDK inhibitors of Cip/Kip family, including CDKN1A,
CDKN1B (p27) and CDKN1C (p57) [129]. Inhibitors of INK4 family block CDK4 and CDKG6
during G1 phase, whereas Cip/Kip inhibitors are able to inhibit CDK activity in each phase of
the cell cycle. These inhibitors play a regulatory role in G1/S transition. The cell cycle
progression is tightly controlled via checkpoints that decide to pass or fail the next phase. They
strictly monitor the order and recognize defects during DNA synthesis or segregation and
prevent progression into S or M phase, respectively. Activated checkpoints lead to cell cycle

arrest and allow cells to repair failures. In case of genotoxic stress in healthy cells, CDKN1A
9



Introduction

is TP53-dependently induced, binds and inactivates CDK4, 6/CCND and CDK2/CCNE
complex, which further results in RB inactivation and G1/S arrest [130, 131]. After successful
DNA repair cells re-entry into the cell cycle. In case of prolonged or severe damage, cells
undergo apoptosis. CDK2/CCNA complex is essential during S phase [132]. The replication
checkpoint (S to G2 transition) prevents mitosis in presence of unsuccessful DNA replication
or arrested replication forks. This checkpoint differs from the others as it is more tolerant in
response to DNA damage leading to a delay of the cell cycle [133]. After complete DNA
replication in S phase, CDK1/CCNA complex in G2 promotes entry into M phase [134]. As next
essential key transition, cells have to pass G2 checkpoint. DNA damage at this state of the cell
cycle leads to TP53-dependent or -independent G2 arrest by inhibition of CDK1. Therefore,
ataxia telangiectasia mutated (ATM) and ataxia telangiectasia and Rad3-related (ATR) are
activated, which can directly phosphorylate TP53. Activation of checkpoint kinase 1 (CHK1)
and checkpoint kinase 2 (CHK2) by ATM results in phosphorylation and simultaneously
inactivation of cell division cycle 25 (CDC25), which further maintained CDK1 in its inhibited
form [135]. TP53 is also able to initiate dissociation of CDK1/cyclin B complex by induction of
growth arrest and DNA damage inducible alpha (GADD45A) [136]. Cells in G2 arrest are
affected by the DNA repair machinery. If successful, cells pass M phase, which is regulated
by CDK1/CCNB complex [137]. The whole cell cycle is accompanied by the ubiquitination
machinery for proteolysis of CCNs, CDKs and their inhibitors as posttranslational process
[138]. The ubiquitination cascade consisting of E1 ubiquitin-activating, E2 ubiquitin-conjugating
enzymes and E3 ubiquitin ligases. Especially, the E3s, SKP1-cullin 1-F-box (SCF) and
anaphase-promoting complex/cyclosome (APC/C), are known for cell cycle control [139]. SCF
mainly regulates S phase and mitotic entry by particularly ubiquitination of CDKNs, G1 and S
phase CCNs and mitotic inhibitors [140]. In this complex F-box proteins, 70 of that are known,
are variable and possess substrate specificity [141]. S phase kinase-associated protein 2
(SKP2) is one of that F-box proteins and targets, for instance, CDKN1B [142], CDKN1A and
CCND1 [143] and MYC [144]. APC/C regulates mitosis progression and subsequent G1 and
targets, e.g., CCNA, B and Aurora kinases A, B (AURKA, B) [140]. Both complexes control
each other and especially APC/C mediates SKP2/cyclin-dependent kinase regulatory subunit
1 (CKS1) degradation in G1phase [145] and prevents S phase entry.
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Figure 6 Cell cycle progression via major key regulators. Mainly cells occur in GO phase of the cell cycle and
re-enter the cell cycle via mitogenic signals that activate cascades of CDKs and CCNs (cyclins). CDK4/6/CCND
promote transition from G1 to S phase by phosphorylation of targets like RB. Hyperphosphorylation of RB leads to
activation of E2F family of transcription factors and growth suppressive function is attenuated. CDK2/CCNE is
essential for S phase progression. G2 and M phases are also controlled by CDKs/CCN complexes and other
proteins, such as Polo-like kinase 1 (PLK1) and Aurora A. The cell cycle is regulated by members of INK4 and
CIP/KIP family inhibitors. DNA damage induces TP53 (p53) and initiates cell cycle arrest. CHK1/2, checkpoint
kinase 1/2; CDC25, cell division cycle 25; DP, dimerization partner transcription factor [146], modified. Black arrows:

activation, P: phosphorylation, blue ovals: negative regulators, violet ovals: positive regulators.

1.4.2 Apoptosis

Apoptosis, as one form of programmed cell death, is necessary for the maintenance of balance
in different cell processes, including normal cell turnover, proper functioning of the immune
system and chemical-induced cell death. Characteristically morphologic changes during this
form of cell death were long known before it firstly termed apoptosis in 1972 [147]. Apoptosis
is a highly complex and energy-dependent process triggered by extrinsic or intrinsic signals.
Therefore, two main signaling pathways of apoptosis were described as the intrinsic or
mitochondrial and extrinsic or receptor-mediated pathway (Figure 7). Briefly, various cell death
receptors, for instance, FAS cell surface death receptor (FAS), tumor necrosis factor receptor
1 (TNFR1) and death receptor 5 (DR5, TRAILR2) are involved in triggering extrinsic apoptosis
when binding its ligand. Via adapter molecule, FAS-associated protein with death domain
(FADD), caspase cascade is initiated, starting with recruiting of proCASP8, followed by its
activation and initiation of proteolytic processing of proCASP3 in its active form CASP3. The
extrinsic process ends with substrate cleavage, for instance, poly (ADP-ribose)-polymerase
(PARP). The intrinsic pathway can be activated by multiple non-receptor-mediated stimuli,

including radiation, DNA damage, hypoxia, hyperthermia, and free radicals. All of these stimuli
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lead to changes in the mitochondrial membrane and initiate mitochondria outer membrane
permeabilization (MOMP). Consequently, pro-apoptotic signals are released into cytoplasm,
e.g., cytochrome c, direct inhibitor of apoptosis-binding protein (DIABLO), and HtrA-serine
peptidase 2 (HTRA2). Cytochrome c binds the adaptor protein apoptotic protease activation
factor 1 (APAF1) and forms the apoptosome leading to the activation of CASP3 and cleavage
of PARP. Both signaling pathways are linked by mitochondria as crosstalk organelles via BH3
interacting-domain death agonist (BID) cleavage mediated by CASP8 [148]. MOMP is tightly
regulated by pro- and anti-apoptotic members of B-cell ymphoma 2 (BCL-2) family proteins.
The balance between anti-apoptotic proteins like BCL-2, B-cell lymphoma like protein 1,
(BCL2L1, BCLXL) or myeloid leukemia cell differentiation protein 1 (MCL-1) (to mention a few)
and pro-apoptotic BCL2 associated X (BAX) and BCL2 homologous antagonist killer (BAK) is
crucial for initiating apoptosis. Often the BCL-2/BAX ratio is determined for the cellular
apoptotic fate [149]. Another subgroup of BCL-2 protein family, so called BCL2-homology 3
(BH3-family), including TP53 up-regulated modulator of apoptosis (BBC3, Puma), phorbol-12-
myristate-13-acetate-induced protein 1 (PMAIP1, NOXA), and BID binds and regulates
function of BCL-2 family proteins to promote apoptosis [150]. Furthermore, proteins, which are
important for the tightly regulation of apoptosis, are the group of inhibitor of apoptosis proteins
(IAPs) that are able to inhibit initiator and effector caspases. Eight mammalian members are
known baculoviral inhibitor of apoptosis repeat-containing 1-8 (BIRC1-8) [151] and are further
controlled by mitochondria proteins like DIABLO and HTRA2 [152, 153]. Besides caspase-
dependent cell death, a caspase-independent programmed cell death exists, which is
characterized by signals that normally induce apoptosis receptor- as well as mitochondrial-
mediated, but without caspase activation [154]. Therefore, different processes are found that
are involved in caspase-independent cell death. The mature form of HTRAZ2 binds directly to
X chromosome-linked inhibitor of apoptosis (XIAP), inhibits its caspase inhibition and induces
cell death that cannot block by caspase inhibitors [155]. Furthermore, increase of calcium ions
by mitochondria stimulation led to activation of calcium-activated enzymes, including calpains,
which are related to caspase regulation during apoptosis. Calpains directly inactivate CASP7,
-8 and -9 preventing CASP3 activation and cytochrome c release [156], but initiate apoptosis-
like death program ,e.g., cell shrinkage, membrane blebbing, and phosphatidylserine
externalization [157]. In apoptosis TP53 is defined as key regulator [158, 159]. Under normal
conditions, TP53 is low expressed and becomes stabilized after stressful stimuli. Then it
initiates direct transcription of genes related to apoptosis, e.g., FAS, DR5, BAX, BBC3, BID to
name a few. Since, calpain seems to be also responsible for activation or proteolytic cleavage
of TP53 [160, 161] and further its stabilization indicates a regulatory role in both programmed
cell death events by TP53.
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Figure 7 Intrinsic and extrinsic signaling pathway of apoptosis. In the extrinsic pathway binding of ligands to

death receptors (TNFR1, TRAILR1/2, and FAS) lead to activation of initiator caspases. Proteolytic processing of

proCASP8 and proCASP10 activate effector CASP3 and CASP7 and initiate apoptosis. Cellular stresses stimulate

intrinsic pathway via shifting the members of BCL2 proteins and BH3 proteins towards MOMP. This lead to
cytochrome c release that forms with APAF1 the apoptosome and activates CASP9. Further CASP3 and CASP7
are activated and apoptosis is induced. Apoptotic process is regulated via inhibitors of apoptosis like XIAP and in

turn via its inhibitor second mitochondria-derived activator of caspases (SMAC) which is also released following

MOMP. Both processes are crosslinked via MCL1, BID and truncated BID (tBID), BAX, BCLXL. ER, endoplasmic
reticulum [162]. Black arrows: activation, blocked lines: inhibition.

13



Aim of the work

1.5 Aim of the work

It is quite known that Viscum album has high anti-tumoral potential and is already used in adult
oncologic complementary medicine as adjuvant therapy. Therefore, classical Viscum album
preparations are mainly administered for improvement of the quality of life and reduction of
side effects of standard therapies in diverse tumor entities. These applied extracts have hardly
included lipophilic triterpene acids. Earlier studies with a mixture of water-based viscum extract
(viscum) and a CD solubilized triterpene extract (TT), the so called viscumTT has shown an
enhanced anti-tumoral effect in vitro and in vivo in different pediatric tumors. Some insights of
mechanism of action are already known, but direct impact on osteosarcoma was still not
investigated.

The focus of this work is the examination of viscumTT regarding its anti-tumoral properties in
comparison to its single extracts (viscum, TT) in osteosarcoma in vitro as well as in vivo.
Furthermore, especially the direct effect on three different osteosarcoma cell lines that possess
various types of TP53 should to be analyzed. Viscum, TT and viscumTT are to be investigated
regarding their anti-proliferative and apoptotic potential and moreover their effect on the cell
cycle. Additionally, this work should give more insights into the mechanistic action and define
new direct targets of mistletoe extract in osteosarcoma cells. All in all, this work should provide
more knowledge about mistletoe effectiveness as well as confirm the high therapeutic potential

in pediatric solid tumors as osteosarcoma.
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2. Material and Methods
2.1 Material

211 Equipment
Biological Safe Cabinet Maxi Safe
ChemiDoc™ Molecular imager
Heraeus™ Centrifuge MEGAFUGE™ 8
Centrifuge MIKRO™ 22R
Centrifuge Rotanta™ 460 R
Cytoperm™ CO; incubator
Desk centrifuge
Excelsior™ ES Tissue Processor
FACS Calibur ™
Freezing Container Mr. Frosty™
HistoStar™ Embedding Workstation
Light Microscope Nikon TMS
Microscope Axiostar plus
Microtom HM340E
Mastercycler
Microplate Reader Multiskan Ascent
NanoDrop ™ 2000 spectrophotometer

Pipetboy

Pipettes Eppendorf Research Plus
pH meters
StepOnePlus™ Real Time PCR System

Spectrophotometer
TC20™ cell counter
Trans-Blot® Turbo™ Transfer System

Vortex Genie 1 Touchmixer

Material and Methods

Thermo Scientific, Dreieich, Germany
Bio-Rad, Munich, Germany

Thermo Scientific, Dreieich, Germany
Hettich, Tuttlingen, Germany

Hettich, Tuttlingen, Germany

Thermo Scientific, Dreieich, Germany
NeolLab, Heidelberg, Germany
Thermo Scientific, Dreieich, Germany
BD Bioscience, Heidelberg, Germany
Thermo Scientific, Dreieich, Germany
Thermo Scientific, Dreieich, Germany
Niko, Tokio, Japan

Zeiss, Gottingen, Germany

Thermo Scientific, Dreieich, Germany
Eppendorf, Hamburg, Germany
Thermo Scientific, Dreieich, Germany
Thermo Scientific, Dreieich, Germany
Integra Bioscience, Fernwald,
Germany

Eppendorf, Hamburg, Germany
WRW, Weilheim, Germany

Applied Biosystems, Darmstadt,
Germany

Bio-Rad, Munich, Germany

Bio-Rad, Munich, Germany

Bio-Rad, Munich, Germany

Scientific Industries, New York, USA
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2.1.2 Consumables

Cannulas

Cell Counting slides
Cell culture flasks (T25, T75, T175)

Cover Slides

CryoPure tubes, 1.6 mL
FACS tubes

Falcon tubes (15 mL, 50 mL)
MicroAmp Fast Optical 96-well Reaction Plate

MicroAmp Optical Adhesive Film

Microscope slides, superfrost

Microtiter Plates (96-, 12-, 6-well), flat bottom for
adherent cells

Microtome disposable blades

Millex Syringe Filter Units, 0.22 uym, polyvinylidene
difluoride (PVDF) membrane

PCR Single Cap 8er Soft Strips

Pipette Tips (10, 100, 1000 pL)

Serological Pipettes (5, 10, 25 mL)

Safe Seal Reaction Tube (0.5, 1.5, 2.0 mL)

Safe Seal SurPhob Pipette Filter Tips (10, 100,
1000 pL)

Syringe, luer lock, 5 mL

Syringe, 5 mL

Trans-Blot® Turbo transfer packs, nitrocellulose

Material and Methods

B. Braun Melsungen AG, Melsungen,
Germany

BD Bioscience, Heidelberg, Germany
BD Bioscience, Heidelberg, Germany
Gerhard Menzel
Glasbearbeitungswerk GmbH & Co.
KG, Braunschweig, Germany
Sarstedt, Nimbrecht, Germany

BD Bioscience, Heidelberg, Germany

BD Bioscience, Heidelberg, Germany
Applied Biosystems, Darmstadt,
Germany

Applied Biosystems, Darmstadt,
Germany

R. Langenbrinck GmbH,
Emmendingen, Germany

BD Bioscience, Heidelberg, Germany

Thermo Scientific, Dreieich, Germany

Merck Millipore, Darmstadt, Germany

Biozym Scientific, Hessisch Oldendorf,
Germany

Sarstedt, Nimbrecht, Germany

BD Bioscience, Heidelberg, Germany
Sarstedt, Nimbrecht, Germany
Biozym Scientific, Hessisch Oldendorf,
Germany

BD Bioscience, Heidelberg, Germany
B. Braun Melsungen AG, Melsungen,
Germany

Bio-Rad, Munich, Germany
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2.1.3 Chemicals and reagents

4-[3-(4-lodophenyl)-2-(4-nitro-phenyl)-2H-5-

tetrazolio]-1,3-benzene disulfonate
soluble tetrazolium (WST-1)]
4-hydroperoxyifosfamide (4-OOH)

[(Water

4-(2-hydroxyethyl)-1-piperazineethanesulfonic

acid (HEPES)
5,6,6-tetrachloro-1,1,3,3-

tetraethylbenzimidazolcarbocyanine iodide (JC-1)

AEC High Sensitivity Substrate Chromogen

Annexin V APC

Ammoniumpersulfate

Bovines serum albumin

Bradford Protein Assay

Calciumchloride dehydrate (CaCl*2H.0)
Carbonyl cyanide

3- chlorophenylhydrazone (CCCP)
Chloral hydrate (C2HsCl505)

Citric acid (CeHsOy7)

Citric acid monohydrate (CsHsO7*H.0)

cOmplete™ Protease Inhibitor Cocktail

DAB Peroxidase Substrate Kit

Dimethylsulfoxide (DMSO)
Doxorubicin (Doxo-Cell 150 mg)

Dithiothreitol (DTT)

Dulbecco’s PBS

Eosin phloxine

Ethanol, absolute
Ethanol 70 %

Ethanol 96 %, denatured
Etoposide (VP16)

FACS Flow

Material and Methods

Roche Diagnostics, Mannheim,

Germany

Niomech, Bielefeld, Germany

Sigma-Aldrich, Seelze, Germany

AAT Bioquest, Sunnyvale, CA, USA

Dako, Santa Clara, CA, USA

BD Bioscience, Heidelberg, Germany
Carl Roth, Karlsruhe, Germany
Sigma-Aldrich, Seelze, Germany

Bio Rad, Munich, Germany
Sigma-Aldrich, Seelze, Germany

Sigma-Aldrich, Seelze, Germany

Fisher Scientific, Schwerte, Germany
Fisher Scientific, Schwerte, Germany
Merck, Darmstadt, Germany

Roche Diagnostics, Mannheim,
Germany

Vector Laboratories, Burlingame, CA,
USA

Sigma-Aldrich, Seelze, Germany

Cell Pharm GmbH, Hannover,
Germany

Fluka Feinchemikalien GmbH, Neu-
Ulm, Germany

Gibco, Darmstadt, Germany

Merck, Darmstadt, Germany

Fisher Scientific, Schwerte, Germany
Carl Roth, Karlsruhe, Germany

Carl Roth, Karlsruhe, Germany
Sigma-Aldrich, Seelze, Germany

BD Bioscience, Heidelberg, Germany

17



Fetal calve serum (FCS)

Glacial acetic acid (CH3COOH)

Goat serum

Hematoxylin

Hydrogen peroxide

Isopropanol

Kaiser’s Glycerine Gelatine

Laemmli sample buffer 4x
Lipofectamine™ RNAIMAX transfection reagent
Lysis Buffer 17

McCoys

Mounting medium

Paraffin Paraplast Plus

Pierce ECL Western Blotting Substrate

Penicillin-Streptomycin
Pepstatin A
PHOSstop™

Potassium aluminium sulfate (Kal(SQOa)
Potassium chloride (KCI)

Potassium hydrogen phosphate (KH2PQO4)
Power SYBR® Green Master Mix

Precision Plus Protein Dual Color
Propidium iodide (PI)
Recombinant desoxyribonuclease (rDNAse)

Recombinant ribonuclease (rRNAse)

RIPA Buffer

Rotiphorese Gel-40 (Acrylamide)
RPMI 1640

Sodium dodecyl sulfate (SDS)
Sodium azide (NaNs)

Sodium chloride (NaCl)

Sodium citrate (Nas;CsHs07)

Material and Methods

Biochrom, Berlin, Germany

Carl Roth, Karlsruhe, Germany
Invitrogen, Karlsruhe, Germany
Merck, Darmstadt, Germany
Merck, Darmstadt, Germany
Carl Roth, Karlsruhe, Germany
Merck, Darmstadt, Germany

Bio Rad, Munich, Germany
Invitrogen, Karlsruhe, Germany
R&D Systems, Minneapolis, MN, USA
Gibco, Darmstadt, Germany
Sigma-Aldrich, Seelze, Germany
Leica Biosystems, Nussloch, Germany
Life Technologies, Darmstadt,
Germany

Biochrom, Berlin, Germany
Sigma-Aldrich, Seelze, Germany
Roche Diagnostics, Mannheim,
Germany

Merck, Darmstadt, Germany
Merck, Darmstadt, Germany
Sigma-Aldrich, Seelze, Germany
Applied Biosystems, Darmstadt,
Germany

Bio Rad, Munich, Germany
Sigma-Aldrich, Seelze, Germany
Macherey-Nagel, Diren, Germany
Roche Diagnostics, Mannheim,
Germany

Sigma-Aldrich, Seelze, Germany
Carl Roth, Karlsruhe, Germany
Gibco, Darmstadt, Germany
Carl Roth, Karlsruhe, Germany
Sigma-Aldrich, Seelze, Germany
Carl Roth, Karlsruhe, Germany

Carl Roth, Karlsruhe, Germany
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Sodium iodate (NalOs)

Sodium hydrogen phosphate (Na;HPO.)
SP600125 (MAPKS Inhibitor)
Tetramethylethylenediamine (TEMED)
Trypsin/EDTA, 0.05 %

Tween-20

Xylene

H.O, nuclease free

zVAD-FMK

Material and Methods

Merck, Darmstadt, Germany

Arcos Organics, Geel, Belgium
Sigma-Aldrich, Seelze, Germany

Bio Rad, Munich, Germany

Gibco, Darmstadt, Germany

Carl Roth, Karlsruhe, Germany

Carl Roth, Karlsruhe, Germany
Thermo Scientific, Dreieich, Germany
R&D Systems, Minneapolis, MN, USA

2.1.4 Viscum album extracts

All Viscum album extracts (lot # 154) in this work were prepared from mistletoe harvested from
apple trees (Malus) and were kindly provided by Birken AG (Niefern-Oschelbronn, Germany).
Therefore, viscum was manufactured from collected one year old young shoots and TT from
mistletoe herb (Herba Visci Albi, Kottas Heilkrauter, Vienna, Austria). The extraction process
of Viscum album extracts was described previously [42, 163, 164]. Included intact ML |
(A+B chain) in the viscum extract was quantified by ELISA as described earlier [165].
Quantification of OA and BA in the lyophilized TT (containing CD) extract was carried out by
gas chromatography-flame ionization detector [42]. Both lyophilized extracts (viscum, TT) were
reconstituted in PBS to a final concentration of 1 ug/mL intact ML in viscum and 4000 pg/mL

OAin TT (Table 1). ML for viscum and OA for TT were used as marker substances.

Table 1 Composition of mistletoe extracts.

Extract CD mg/mL OA ug/mL BA pg/mL ML I ng/mL VT ug/mL
viscum 230 / / 570 22.13
T 230 3600 270 / /
viscumTT 230 3600 270 570 22.13
CD 230 / / / /

2.1.5 Triterpene acid standards

Both triterpene acid standards OA (lot #153.1) and BA (lot #156) were purchased from Birken
AG (Niefern-Oschelbronn, Germany) as pure substances from Extrasynthese (Lyon, France).
Then standards were lyophilized and solubilized in CD like TT extract by them and kindly

provided.
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Material and Methods

2.1.6 Chemotherapeutic drugs

VP16 was purchased from Sigma-Aldrich (Seelze, Germany) and 4-OOH (active metabolite of
ifosfamide) was obtained from Niomech (Bielefeld, Germany). VP16 and 4-OOH stock
solutions were diluted in DMSO and stored at -20 °C. Doxo was produced from Doxo-Cell
150 mg and was kindly provided by the hospital pharmacy of Charité and stored at 4 °C.

Working solutions were prepared freshly for every chemotherapeutic drug immediately before

treatment.

2.1.7 Buffer
Annexin binding buffer, 10 x
Blocking buffer histological
analyses
Blocking buffer histological
analyses
Blocking buffer western blot
Citrate buffer

Phosphate-buffered saline (PBS),
10 x

Separating gel buffer

Stacking gel buffer

SDS-PAGE running buffer, 10 x
Tris-buffered saline with Tween,
(TBST), 10 x

2.1.8 Staining solutions
Mayer’'s hematoxylin solution:

Hematoxylin solution

Eosin solution

0.1 M HEPES, 1.4 M NaCl, 25 mM CaCl*2H,0, pH 7.4
1 x TBST, 2 % goat serum

1 x TBST, 0.5 % BSA

1 x TBST, 5 % BSA, pH 7.6

0.1 M CgHgO7, 0.1 M NazCeHs0O7, mix 1:5.5 + 450 mL
dmH20, pH 6.0

137 mM NaCl, 2.7 mM KCl,
1.47 mM KH2POg4, pH 7.4

1.5 M Tris base, 0.4 % SDS, pH 8.8

0.5 M Tris base, 0.4 % SDS, pH 6.8

250 mM Tris base, 1 % SDS (v/v), 2 M Glycine (w/v)
0.5M Tris base, 1.5M NaCl, 1% Tween 20 (v/v),
pH 7.6

4.3 mM NazHPOq,

3.3 mM Hematoxylin, 1 mM NalOs, 5M Kal(SO4)z,
0.3 M C2H3CI302, 4 mM CeHsgO7*H20, add 1 L dmH>O
96 % Ethanol 110 mL,
CH3COOH 10 mL, add 1 L dmH-0O

770 mL, Eosin phloxine
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Green Caspase Staining Kit
High Capacity RNA-to-cDNA Kit
NucleoSpin® RNA Kit
MycoAlert™
RT? Profiler™ PCR Array Human
Cell Cycle

2.1.10 SDS-Page gels
Separating gel 12.5 %

Stacking gel 4.5 %

2.1.11 Antibodies
R-Actin (ACTB) #A3854
BCL2 #2870
BIRCS #2803
CASP3 #9662
CDK2 sc-163
CDK4 sc-260
Cleaved-CASP3 RBK009-05
MYC #9402
CCNA sc-239
CCND1 ab134175
CCNE sc-247
GADDA45A #9662
GAPDH sc-25778
MKI-67 ab16667
CDKN1A #2947

Material and Methods

Roche Diagnostics, Mannheim, Germany
Applied Biosystems, Darmstadt, Germany
Macherey-Nagel, Diren, Germany

Lonza AG, Basel, Switzerland

3.75 mL Rotiphorese gel

3.00 mL Separating gel buffer
5.20 mL dmH20

96 uL 12.5 % APS (w/v)

7.5 yL TEMED

0.83 mL Rotiphorese gel

1.85 mL Stacking gel buffer
4.80 mL dmH;0O

60 uL 12.5 % APS

7.5 yL TEMED

Sigma-Aldrich, Hamburg, Germany

Cell signaling Technology, Danvers, MA, USA
Cell signaling Technology, Danvers, MA, USA
Cell signaling Technology, Danvers, MA, USA

Santa Cruz Biotechnology, Heidelberg, Germany
Santa Cruz Biotechnology, Heidelberg, Germany
Zytomed, Berlin, Germany

Cell signaling Technology, Danvers, MA, USA
Santa Cruz Biotechnology, Heidelberg, Germany
Abcam, Cambridge, GB

Santa Cruz Biotechnology, Heidelberg, Germany
Cell signaling Technology, Danvers, MA, USA
Santa Cruz Biotechnology, Heidelberg, Germany
Abcam, Cambridge, GB

Cell signaling Technology, Danvers, MA, USA
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pMAPK1/3 (ERK1/2) #4370 Cell signaling Technology, Danvers, MA, USA
PARP #9542 Cell signaling Technology, Danvers, MA, USA
pMAPKS sc-6254 Cell signaling Technology, Danvers, MA, USA
pSTAT3 Ser727 #94994 Cell signaling Technology, Danvers, MA, USA
pSTAT3 Tyr705 #9145 Cell signaling Technology, Danvers, MA, USA
SKP2 sc-7164 Santa Cruz Biotechnology, Heidelberg, Germany
STAT3 #4904 Cell signaling Technology, Danvers, MA, USA
TP53 sc-73566 Santa Cruz Biotechnology, Heidelberg, Germany
2.1.12 Primer
All primers were predesigned and purchased from Integrated DNA Technologies (IDT, Leuven,
Belgium).
B2M Hs.PT.58v.18759587
CDKN1A Hs.PT.58.40874346.9
GADDA45A Hs.PT.58.38974274
GAPDH Hs.PT.39a.22214836
SKP2 Hs.PT.58.39891597.g
2.1.13 siRNA

De-salted siRNA was purchased from Eurofins Genomics GmbH, Ebersberg, Germany.
Silencer™ Negative Control No.1 siRNA was used as non-targeting siRNA (AM4611, Thermo

Scientific, Dreieich, Germany).

CDKN1A Sense 5'-GAUGGAACUUCGACUUUGU-3'
Antisense 5'-ACAAAGUCGAAGUUCCAUC-3'
GADDA45A Sense 5'-AAAGUCGCUACAUGGAUCAAU-3'

Antisense 5'-AUUGAUCCAUGUAGCGACUUU-3'

2.1.14 Celllines

The human osteosarcoma cell lines U20S, 143B, and Saos-2 were obtained from American
Type Culture Collection (ATCC, Manassas, VA, USA) and human foreskin fibroblastic cell line
(VH7) was kindly provided by AG Eggert (Charité, Berlin, Germany). All cell lines were routinely
tested for mycoplasma and mycoplasma free cells were used for experiments. 143B is a
human osteosarcoma cell line established from the bone of a 13 years old Caucasian girl.
Saos-2 cells are human osteosarcoma cells from a bone of an eleven years old Caucasian

girl. U20S osteosarcoma cell lines were established from the bone of a 15 years old Caucasian

girl.
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2.2 Methods

2.21 Cell culture

Cells were cultured at 37 °C in a humidified atmosphere at 5 % CO.. 143B, Saos-2, U20S and
VH7 cells were split every two or three days. Therefore, cells were washed with PBS, treated
with 0.05 % Trypsin/EDTA for 2-4 min at 37 °C and fresh media were added. For subculture,

cells were centrifuged (220 g, 5 min), resuspended and splitted in defined ratios.

2.2.1.1 Cell lines

143B cells were cultured in RPMI 1640 medium with L-glutamine, Saos-2 and U20S cells were
maintained in McCoys medium with L-glutamine and VH7 cells were cultured in DMEM high
glucose medium. Media were supplemented with 10 % heat-inactivated FCS, 100 U/mL
penicillin and 100 pg/mL streptomycin (1 % P/S). All cell lines were cultured up to 90-100 %

confluency and were used for experiments to a maximum of 20 passages.

2.2.1.2 Cryopreservation of cells

For cryopreservation, cells were washed with PBS, treated with 0.05 % Trypsin/EDTA for 2-
4 min at 37 °C and counted using TC20™ cell counter. Then, cells were centrifuged at 220 g
and resuspended in 90 % FCS and 10 % DMSO and stored at -80°C for at least 90 min in

freezing container. For long-term storage, cells were transferred into liquid nitrogen.

2.2.1.3 Treatment with Viscum album extracts

2x10°/mL 143B and U20S cells, 5x10°%/mL Saos-2 cells and 3x10°/mL VH7 cells were seeded
onto 6-well plates (2 mL), 12-well plates (1 mL) or 96-well plates (100 pL), T75 cell culture
flasks (15 mL) or T175 cell culture flasks (35 mL) depending on experimental set-up. Cells
were allowed 24 h for attachment. Then, after media change, cells were treated for 24 h with
rising concentrations of viscum (ML), TT (OA) and the combination of both, viscumTT.
Untreated control cells were used as reference. CD as solvent control was excluded as no

influence to the cells was detected previously [163].

2.2.1.4 Chemotherapeutic drugs assays

For analyzing whether viscum, TT and viscumTT have additional effect on chemotherapeutic
drug-treated cells, treatment combination experiments were performed. Therefore, cells were
seeded onto 12-well plates in respective cell counts. After 24 h of attachment, cells were
treated with Doxo, VP16 and 4-OOH alone and in combination with viscum, TT and viscumTT

in rising concentrations for additional 48 h.
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2.2.2 Cell biological analyses
2.2.2.1 Measurement of cell proliferation/WST-1 Assay

143B, Saos-2, U20S and VH7 cells were seeded in respective cell counts onto 96-well plates.
After 24 h of attachment, cells were treated with viscum, TT and viscumTT in rising
concentrations for further 24 h. Afterwards, cells were treated with WST-1 reagent for 2 h at
37 °C in a humidified atmosphere at 5% CO,. Because of mitochondria active
dehydrogenases, WST-1 is cleaved to formazan. Increase of formazan correlates directly with
the number of metabolically active cells in the culture. The absorbance of formazan is

measured at 450 nm against 690 nm as reference wavelength with a spectrophotometer.

2.2.2.2 Measurement of apoptosis

Apoptotic cells were stained with Annexin V/Pl and analyzed by flow cytometry. After treatment
with viscum, TT and viscumTT in rising concentrations for 24 h in 6-well plates, cells were
harvested and washed twice with PBS (220 g, 5 min, 4 °C), resuspended in 100 uL Annexin V
binding buffer and stained with 5 yL APC-conjugated Annexin V for 25 min and 4 °C in the
dark. Immediately before measurement, 1 uL Pl (1 mg/mL in PBS) was added and cells were
analyzed by flow cytometry using FL2 for PI fluorescence and FL4 for APC fluorescence. The

results were evaluated with FlowJo® Software (FlowJo, Ashland, OR, USA).

2.2.2.3 Measurement of mitochondrial membrane potential

Changes in mitochondrial membrane potential (AYm) were measured by JC-1 staining and
analyzed by flow cytometry. After 24 h of incubation with viscum, TT and viscumTT in
increased concentrations in 6-well plates, cells were harvested, washed with PBS (220 g,
5 min, 21 °C), resuspended in 750 pL PBS and stained with 10 yL JC-1 (0.1 mg/mL in DMSO)
for 30 min, 37 °C, in the dark. 1 yL CCCP (50 mM in DMSO), a mitochondria membrane
disrupter, was added to untreated cells as positive control. After staining, cells were washed
twice with PBS (220 g, 5 min, 21 °C) and analyzed by flow cytometry. Intact AWm was
displayed in FL2 (red) and disrupted AWYm was measured in FL1 (green). The results were

evaluated with FlowJo® Software.

2.2.2.4 Measurement of active caspases

Active CASP8 and CASP9 were measured using the Green Caspase Staining Kit with the
nontoxic, irreversibly caspase-binding cell-permeable FITC-IETD-FMK and FITC-DEVD-FMK.
After the treatment with viscum, TT and viscumTT for 24 h in 6-well plates, cells were
harvested, washed with PBS (220 g, 5 min, 4°C), resuspended in 300 uyL PBS and stained
with 1 uL FITC-IETD-FMK (CASP8) and FITC-DEVD-FMK (CASP9) for 30 min, 37 °C, in the
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dark. Subsequently, cells were washed twice with the kit's washing buffer and analyzed by
flow cytometry. CASP activity was detected in FL1. The results were evaluated with FlowJo®

Software.

2.2.2.5 Inhibitor assays

143B and Saos-2 cells were preincubated for 1 h with pan-caspase inhibitor zZVAD-FMK
(100 uM) and 143B and U20S cells with SP600125 (MAPKS inhibitor, 5 uM) before treated
with the highest viscum (ML 10ng/mL), TT (OA 60 ug/mL) and mean viscumTT
(ML 5 ng/mL+ OA 50 pg/mL) concentration in 12-well microtiter plates for 24 h. DMSO was
carried along as solvent control. Afterwards, apoptotic cell death was measured by flow

cytometry after Annexin V/PI staining. The results were evaluated with FlowJo® Software.

2.2.2.6 Cell cycle analyses

For cell cycle studies, ethanol fixed cells were stained with Pl and analyzed by flow cytometry.
Therefore, Saos-2 and U20S cell line were cultured in FCS-reduced (0.04 %) McCoys and
143B cells in FCS-reduced RPMI 1640 media in 6-well microtiter plates for 24 h for
synchronization in G1 phase. Afterwards, cells were treated with viscum (ML 10 ng/mL), TT
(OA 60 pg/mL) and viscumTT (ML 5 ng/mL+ OA 50 ug/mL) for 3-24 h. After incubation time,
cells were harvested and washed with ice-cold PBS (220 g, 5 min, 4 °C). 1x10° cells were fixed
with dribs and drabs -20 °C cold 70 % ethanol under gently vortexing and following stored at
- 20 °C until analysis. Within two weeks, DNA fragmentation was stained with PI. Briefly, fixed
cells were centrifuged (220 g, 5 min, 4°C) and subsequently washed with ice-cold PBS (220 g,
5 min, 4 °C). Then, cells were treated with 100 yL RNAse (50 pg/mL) for 30 min at 37 °C.
Finally, cells were stained with 200 pL of PI (50 pug/mL) for further 30 min at 4 °C in the dark.
DNA content was analyzed after exclusion of cell duplexes (FL2-A against FL2-W). Cell cycle

phases were evaluated by FlowJo® Software includes Dean Jett Fox method [166].

2.2.3 Molecular biological analyses

2.2.3.1 RNA isolation

For RNA isolation by spin columns using NucleoSpin® RNA Kit, cells were incubated with
10 ng/mL ML for viscum, 50 ug/mL OA for TT and 5 ng/mL ML+50 pg/mL OA for viscumTT for
3-24 h in T175 cell culture flasks. After incubation time, cells were harvested and RNA was
isolated according to the manufacturer’s protocol. Afterwards, concentration and purity were
determined by OD260/280 and OD260/230 using NanoDrop™ 2000 spectrophotometer. On a

denaturing agarose gel, RNA integrity was checked. RNA was stored in -80 °C freezer.
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2.2.3.2 RNA to cDNA transcription
As preparation for RT-gPCR analyses, RNA was transcribed into cDNA by using High Capacity
RNA-to-cDNA Kit. Therefore, 0.5 ug RNA from cells were used and cDNA was produced

according to the manufacturer’s protocol.

2.2.3.3 RT? Profiler™ PCR Array

Alterations in 84 cell cycle genes were analyzed by RT? Profiler™ PCR Array Human Cell
Cycle (Qiagen, Hilden, Germany) after 24 h treatment. Array was performed with all three cell
lines according to the manufacturer’'s protocol. Briefly, cDNA template were prepared in
SYBR® Green master mix and 25 uL of each sample were given to the SYBR® Green
optimized primers assay. Then standard RT-qPCR program was used (10 min, 95 °C; 15 s,
95 °C and 60 s, 60 °C, 40 x). Array was performed once for every cell line. The threshold was
manually setto 1 and CT values were uploaded as an easy-to-use Excel-based file. For further
analysis software from Qiagen Analysis Center was used. Data analysis is based on the AACT-
method with normalization of the raw data to either housekeeping genes. Fold-change higher
than one indicated an up-regulation. Fold-changes higher/lower than two were interpreted as
significant by the software. The fold-regulation is equal to the fold-change. Fold-change less
than one indicates a down-regulation. The fold-regulation is the negative inverse of fold-
change. Calculation of fold-regulation correlates with fold-change values in a biologically

meaningful way.

2.2.3.4 RT-gPCR analyses

To confirm over-expressed genes (GADD45A, CDKN1A) and down-regulated gene (SKP2) in
RT2 Profiler™ PCR Array, gene expression was validated by RT-gPCR on a StepOnePlus™
System in 96-well fast plates with Power SYBR® Green Master Mix, including ROX as passive
reference. RT-gPCR was performed under standard conditions (10 min, 95 °C; 15 sec, 95 °C
and 60 sec, 60 °C, 40 x). Threshold was manually set to 1. A “no template control” and a “no
reverse transcriptase control” were carried along. Quantitative RT-gPCR reaction was set up
in total volume of 20 ul containing 5ng cDNA and 500 nM primers. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) levels for 143B and Saos-2 cells or [3-2-microglobulin
(B2M) levels for U20S cells were used as housekeeping genes and for normalization. The
relative expression of genes was calculated by AACT method with further reckoning the fold-

regulation (see above).

AACT = (CT(target, untreated) ~ CT(reference,untreated)) - (CT(target, treated) — CT(reference, treated))
Formula 1 Calculation of AACT for quantification of RT-qPCR results.
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The fold-change of gene expression relative to untreated control was derived from following

formula:

fold — change = 274ACT

Formula 2 Calculation of fold-change for quantification of RT-qPCR results.

2.2.3.5 Western blot analyses

To check alterations of apoptotic- as well as cell cycle-associated proteins, western blotting
was performed. Therefore, cells were incubated in T175 cell culture flasks with viscum
(ML 10 ng/mL), TT (OA 60 pg/mL) and viscumTT (ML 5 ng/mL+OA 50 ug/mL) for different
time points depending on proteins of interest. After incubation, cells were harvested and
washed with 4 °C-cold PBS three times. Cells were lysed for 30 min either with Lysis Buffer
17 or RIPA buffer, both containing cOmplete™ Protease Inhibitor Cocktail, pepstatin A and
PHOSstop™. Then, cells were centrifuged for 5min at 24100 g. Afterwards, protein
concentration was measured by Bradford assay reagent regarding to BSA standard series or
protein lysates were stored in -80 °C freezer for later use. SDS-PAGE was performed with
30 pg protein per lane and separation of proteins passed off 4.5 % stacking gel and 12.5 % or
10 % separating gel in 1 x SDS running buffer at 80 V for 20 min followed by 120 V for 60 min.
Subsequently, proteins were transferred from gel to nitrocellulose membranes by Trans-Blot™
Turbo Transfer System and Trans-Blot™ Turbo nitrocellulose transfer packs and incubated in
blocking buffer for 1 h at room temperature (RT). Next, blots were incubated with primary
antibodies diluted in TBST containing 5 % BSA overnight at 4 °C. Afterwards, blots were
washed three times for 10 min in TBST and incubated 1 h with HRP-conjugated secondary
antibodies. After further three washing steps, protein expression was visualized by enhanced
chemiluminescence (ECL) solution on a Molecular Imager ChemiDoc™. ACTB or GAPDH

were used as loading controls.

2.2.3.6 siRNA knockdown

For siRNA knockdown experiments, U20S and 143B cells were reverse transfected with
Lipofectamine™ RNAIMAX transfection reagent and P/S-free, 0.04 % FCS containing McCoys
or RPMI 1640 media for 48 h. Non-targeting negative control siRNA was carried along.
Afterwards, media was changed into P/S-free, 10 % FCS containing RPMI or McCoys and
cells were incubated with viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and viscumTT (ML
5 ng/mL+OA 50 ug/mL) for further 24 h. siRNA knockdown were confirmed by western blotting.
After transfection and treatment, cells were analyzed for induction of apoptosis and cell cycle
phase distribution. Therefore, cells were stained as described above. Data were evaluated

with FlowJo® Software.
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2.2.4 Osteosarcoma xenografts

Mice experiments were performed by EPO Berlin-Buch GmbH, but planning the study,
interpretation of the results and statistical analysis were performed independently. Eight-
weeks-old female NOD.Cg-Prkdcs I12rg"™'S"9/JicTac mice were obtained from Taconic
(Biosciences GmbH, Cologne, Germany). Animals were housed in a pathogen-free facility
under pathogen-free conditions and fed autoclaved standard diet (Sniff, Soest, Germany) with
acidified drinking water ad libitum. 1x10” Saos-2 cells were s.c. injected into the left flank.
When tumor was palpable (day 21), treatment started. Viscum (0.75/1.25/1.75 pg/kg ML), TT
(50/70/90 mg/kg OA) and the combination thereof, viscumTT, were intratumorally (i. t.) applied
twice weekly, whereby each concentration was giving two times. Control mice were treated
with CD. To assess health and side effects or symptoms of toxicity, mice were daily monitored.
Body weight and tumor volume were measured and documented twice a week. For calculation
of individual tumor volumes caliper-like instrument was used and volume was evaluated with

the following formula related to the values at the first day of the treatment (relative tumor

volume):
W?ZxL
Vems = >

Formula 3 Calculation of tumor volume by caliper-like measurement. Vy3: tumor volume, W: width, L: length.

On day 43 mice were sacrificed by cervical dislocation considering when moribund (tumor
volume >1.2cm? or >10% body weight loss) sacrificed earlier. Animal study was performed in
accordance with German legislation on the care and use of laboratory animals and in
accordance with the United Kingdom Coordinating Committee on Cancer Research Guidelines
for the Welfare of animals in Experimental Neoplasia to minimize suffering. Approval for the
study was obtained from the Regional Office for Health and Social Affairs (LaGeSo, approval
A0452/08).
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2.2.5 Histological analyses

2.2.5.1 De-hydration, tissue embedding and sectioning

Tumor tissue of osteosarcoma xenograft was fixed in 4 % formaldehyde. For storing tissue
and remove fixation medium, tissue was transferred to 1 x PBS. Before embedding tissue was
de-hydrated by Thermo Scientific Excelsior™ ES by standard protocol overnight:

2 x 1 min Ethanol 50 %

2 x 30 sec Ethanol 70 %

2 x 1 min Ethanol 96 %

1x1h Xylene
2x15h Xylene
1x1h Paraffin

2x15h Paraffin

After de-hydration tissue was immediately embedded in fresh paraffin by Thermo Scientific
HistoStar™. Paraffin-embedding tumor tissue were cut in 4 ym sections by microtome and

dried on microscope slides overnight in drying cabinet at 37 °C. Samples were stored at RT.

2.2.5.2 Preparation for staining: de-paraffinization and antigen retrieval

To perform tissue staining, paraffin-embedded tissue had to de-paraffinized in decrease
alcohol-series as follows.

2 x 5 min Xylene

2 x5 min Ethanol 96 %

1 x 3 min Ethanol 80 %

1 x 3 min Ethanol 70 %

1 x 3 min Ethanol 50 %

1 x5 min dmH20

For immune histological staining, antigens were demasked by heat induced epitope retrieval
(HIER). De-paraffinized tissue was dipped into citrate buffer (pH 6.0) and heated in microwave

for 4 x 5 min. Subsequently, slides were immediately cooled down for 30 min before staining.

2.2.5.3 H&E staining

As overview, hematoxylin and eosin staining (H&E) was performed. Therefore, de-paraffinized
tissue was dipped in Mayer's hematoxylin into histological glas cuvettes for 3 min, rinsed in
tap water for 10 min and counterstained by eosin solution for 1 min. Stained tissue was

embedded in Kaiser’s glycerin gelatin.
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2.2.5.4 MKI67 and cleaved CASP3 immunostaining

De-paraffinized tumor tissue was used and de-masked by HIER before the marker of
proliferation KI-67 (MKI67) and apoptotic marker cleaved CASP3 were stained. Therefore,
non-specific background staining was reduced by pre-treatment with 2 % H>O- solution.
Furthermore, tissue was blocked by 0.5 % BSA for MKI67 and 2 % goat serum for cleaved
CASP3in 1 x TBST for 1 h at RT and stained with primary antibodies MKI67 (1:100) or cleaved
CASP3 (1:50) overnight at RT. Then, stained tissue was washed with 1 x PBS three times and
was incubated with secondary antibodies diluted in 0.5 % BSA TBST (1:100) for 1 h at RT.
After further three washing steps with 1 x PBS, tissues were counterstained with Mayer’s
hematoxylin for 1 min, rinsed in tap water for 10 min before embedding with Kaiser’s glycerin
gelatin and analyzed by Olympus BX43 microscope. Pictures were made by Olympus
cellSens™ 17 software and quantification was performed with Image J software by fix
thresholding for area with positive events related to total area in five representative pictures of

each sample of each tumor of each group.

2.3 Statistical analyses

All in vitro experiments were independently performed thrice, except RT? Profiler™ PCR Array
was performed once for each cell line. For all the other experiments, means + standard
deviation (SD) was calculated. Two-way ANOVA was used for calculating significance. Tukey’s
multiple comparison test was used for significant difference between all groups. All significant
results are indicated as *p<0.05, **p<0.01, ***p=<0.001, ****p<0.001related to untreated control,
non-significant results are displayed as ns. Chosen p-values for group effect are listed in
supplementary data section (Sec. 6). For mice experiments, two-way ANOVA and Bonferroni
correction was used for determination of significance as well as differences between all
xenograft groups.

For synergistic effect, combination index (CI) of Bliss-independence model was calculated.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1) [167]. Therefore, following formula

was used:

apoptotic cells treqteq — apoptotic cells yntreated

cl _Eq+Ept.. AEn—Eg*Ep —EqxEp —Ep x En—...—Eg xEp x .. x Ey

Eab...n
Formula 4 Calculation of Cl of two or more compounds after Bliss-independence model: Ea: effect of
substance a, Eb: effect of substance b, Eab: combinatory effect of substance a and substance b, Cl: combination

index.

30



Results

3. Results

3.1 Viscum, TT and viscumTT lead to morphological changes and inhibit

proliferation

For a first overview, cells were evaluated under the light microscope after viscum, TT and
viscumTT treatment. After 24 h incubation time untreated controls revealed 100 % confluency
in each cell line. Already morphological changes and reduced cell numbers were observed
after viscum, TT and viscumTT treatment in tumor cells (Figure 8 a, b, ), but not in VH7 healthy
foreskin fibroblasts (Sec. 6.1, Figure S1a). Also differences in sensitivity towards the extracts
were obvious. Therefore, U20S (TP53 wild-type) and 143B (TP53 mutant) cells seemed to be
more sensitive to viscum than Saos-2 (TP53 null-mutant) and observations to TT were similar
in each cell line. However, in all three cell lines, stronger effectiveness of viscumTT was

suggested in microscopic consideration and is illustrated as an example in Figure 8a-c.

Ctrl viscum

Figure 8a Morphological changes in U20S cells. Cells were evaluated under the light microscope. Represented
are viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and viscumTT (10 ng/mL+60 pg/mL) as an example after 24 h of

treatment.
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Figure 8b Morphological changes in 143B cells. After 24 h of viscum, TT and viscumTT treatment, cells were
evaluated under the light microscope. Pictures illustrate viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and viscumTT
(10 ng/mL+60 pg/mL) as an example.
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Figure 8c Morphological changes in Saos-2 cells. After the treatment, cells were evaluated under the light
microscope. Images demonstrate viscum (ML 10 ng/mL), TT (OA 60 ug/mL) and viscumTT (10 ng/mL+60 pg/mL)
after 24 h as an example.

To investigate whether the extracts led to inhibition of proliferation, cells were incubated with
viscum, TT and viscumTT in rising concentrations for 24 h and analyzed by WST-1 proliferation
assay. In all three cell lines a dose-dependent inhibition of proliferation was observed.
However, TP53 wild-type U20S as well as TP53 mutant 143B cells were more sensitive in
lower concentrations to viscum than TP53 null-mutant Saos-2 cells and confirmed microscopic
evaluation (Figure 9). On the other hand, TT was more effective in U20S and Saos-2 cells
than in 143B cells. In higher concentrations each single extract revealed to be significant in
each cell line. No changes were demonstrated in VH7 cells for the single extracts (Sec. 6.1,
Figure S1b, left).

Interestingly, viscumTT led to an equally enhanced inhibition of proliferation in all three
osteosarcoma cell lines (Figure 9), which corresponded to the observations under the light
microscope. ViscumTT-mediated effect was proved as significant already in the lowest
combination of concentrations, but not in healthy fibroblasts (Figure S1b, left). Synergistic
effect for viscumTT was pointed out as additive (Cl=1) or synergistic (Cl<1) and was seen in
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each cell line at each combination of concentrations (Table 2). For healthy fibroblasts (VH7
cells) neither additive nor synergistic effect was observed for inhibition of proliferation. Taken
together, viscum, TT and viscumTT initiated inhibition of proliferation in tumor cells and
effectiveness of the single extracts (viscum, TT) seemed to be influenced by TP53 status of

the cells. Interestingly, efficacy of viscumTT was the same in each cell line.
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Figure 9 ViscumTT synergistically inhibits proliferation. U20S, 143B, and Saos-2 cells were treated with
viscum, TT and viscumTT in rising concentrations for 24 h and inhibition of proliferation was measured by WST-1
assay. The results are presented as percentage of untreated control (Ctrl). Ctrl was set to 100 %. Mean + SD of at
least three independent experiments are displayed. Significant results are indicated: *p<0.05, **p<0.01, ***p<0.001,

*kkk

p<0.0001 related to Citrl, ns: non-significant.

34



Results

Table 2 Combination index (Cl) of viscumTT for inhibition of proliferation.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Cell line viscumTT (ML ng/mL+OA pg/mL)
2+30 2.5+40 5+50 10+60
U208 0.80 0.82 1.00 0.88
143B 0.97 1.08 0.77 0.76
Saos-2 0.59 0.45 0.80 0.86

3.2 ViscumTT induces stronger apoptosis than its single extracts

Whether viscum, TT and viscumTT were also able to induce apoptosis, Annexin V/PI staining
was performed. To exclude necrosis, lactate dehydrogenase (LDH) release was measured in
the supernatant of 143B and Saos-2 cells, but no early toxicity was seen [168]. For detection
of apoptosis, cells were treated with increasing concentrations with each extract for 24 h. The
single components of TT, OA and BA, were analyzed separately and results are demonstrated
and discussed in supplementary data section (Sec. 6.2, Figure S2 a, b).

In each cell line a dose-dependent induction of apoptosis was observed after the treatment
with viscum, TT and viscumTT. Moreover, at the highest viscum concentration (ML 10 ng/mL)
U20S (TP53 wild-type) cells were more sensitive to viscum (up to 50 % apoptotic) in
comparison to 143B (TP53 mutant, 16 %) and Saos-2 (TP53 null-mutant, 20 %) cells (Figure
10). Additionally, U20S and Saos-2 cells were more resistant to TT in lower concentrations
than 143B cells. At highest TT concentration (OA 60 pg/mL) cells were approximately 40 %
(U20S, Saos-2) and 60 % (143B) apoptotic (Figure 10). Already both single extracts led to
significant effects starting from lowest or mean concentration cell line-dependent. No
significant induction of apoptosis was observed in healthy fibroblasts (VH7 cells, Figure S1b,
right).

ViscumTT showed independent from the cell line an equal, significant and dose-dependent
increase of apoptotic cells. At highest concentration (ML 10 [ng/mL]+OA 60 [ug/mL]) all three
cell lines were apoptotic by 77 to 87 %. VH7 cells showed only a weak significant induction of
apoptosis (15 %, Figure S1b, right). Each viscumTT concentration revealed to be synergistic
(Cl<1) and is depicted in Table 3. To conclude the results, viscum and TT led to different
apoptotic responses, whereas viscumTT initiated an equally induction of apoptosis in every

tested cell line.
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Figure 10 Viscum, TT and viscumTT induce apoptosis. Cells were incubated with viscum, TT and viscumTT in
rising concentrations for 24 h, stained with Annexin V/PI and analyzed by flow cytometry. Mean of apoptotic cells
are presented in percentage + SD of at least three independent experiments. Significant results are indicated as
*p=<0.05, **p=<0.01, ***p<0.001, ****p<0.0001 related to untreated cells (Ctrl), ns: non-significant.

Table 3 Combination index (Cl) of viscumTT for induction of apoptosis.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Cell line viscumTT (ML ng/mL+OA pg/mL)
2.5+40 5+50 10+60
U20Ss 0.95 0.86 0.81
143B 0.22 0.65 0.71
Saos-2 0.90 0.65 0.58

To confirm induction of apoptosis cells were incubated with viscum, TT as well as viscumTT
and whole cell lysates were analyzed by western blotting. Activation of CASP3 and cleavage
of PARP were used as classical apoptotic markers after 24 h of treatment with highest
concentration of viscum (ML 10 ng/mL), TT (OA 60 ug/mL) and mean concentration of
viscumTT (ML 5 ng/mL+OA 50 pg/mL). In each cell line decrease of proCASP3 and cleaved
PARP were detected (Figure 11). U20S and 143B cells showed no active CASP3 and slight
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cleavage of PARP in comparison to Saos-2 cells. Nevertheless, protein levels supported

observed induction of apoptosis.

U20S 143B Saos-2
pr— - ‘ [ — [ ——— P
- - — — — cleaved PARP

\-—--.-‘ ‘- _-—‘ l---—-‘ proCASP3
‘ ‘ ’i‘ - : ? ‘ .- -ﬁ‘ cleaved CASP3
‘---— ‘ |-~—-‘ }----{ ACTB

- + - + - + - + - + - + viscum

- - + + - - + + - - + + TT

Figure 11 Western blots confirm induction of apoptosis. U20S, 143B, and Saos-2 cells were treated with
viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and viscumTT (ML 5 ng/mL+OA 50 pg/mL) for 24 h. Protein expression
was analyzed in whole cell lysates using western blotting. Representative blots are shown from three independent

experiments. ACTB was used as loading control.

3.3 Viscum, TT and viscumTT alter TP53 protein expression in wild-type and

mutant cells

Regarding TP53 status of the cells, alterations of protein level were analyzed by western
blotting. Viscum, TT and viscumTT almost completely down-regulated wild type TP53 in U20S
cells whereby the level of mutant TP53 in 143B cells were distinctively reduced after viscum
and viscumTT, but not after TT treatment. Null-mutant Saos-2 cells showed no TP53 protein

expression (Figure 12).

U20S 143B Saos-2
— | (- — -] | | TPS3
‘-—--‘ \g e g—— -‘ ‘- — —‘ GAPDH
- + - + - + . + - + - + viscum
- - + + - - + + - - + + TT

Figure 12 Down-regulation of TP53 protein expression after visum, TT and viscumTT treatment. Blots
demonstrate TP53 protein level after the treatment with viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and viscumTT
(5 ng/mL+50 pg/mL). Representative blots are shown from three independent experiments. GAPDH was used as

loading control.
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3.4 Viscum, TT and viscumTT facilitate induction of apoptosis of

chemotherapeutic drugs

It is already known that conventional Viscum album preparations are able to improve the effect
of standard chemotherapeutic drugs. In order to investigate enhanced induction of apoptosis,
cell lines were in additional to viscum, TT and viscumTT co-treated with Doxo, VP16 or 4-OOH
in lower rising concentrations for 48 h.

0.05 pg/mL Doxo in combination with viscum, TT and viscumTT showed a slightly additional
apoptotic effect in U20S cells (5-10 %, Figure 13a). Each co-treatment was significant to
untreated control, but also a significant combinatory effect within the groups was revealed for
viscumTT (ML 2 ng/mL+30 pg/mL) co-treated with Doxo (p<0.05, Sec. 6.3, Table S1a). In all,
a weaker effect was shown, when cells were co-treated with VP16 (0.5 pg/mL) and within the
groups no significance was found. Furthermore, 0.5 ug/mL 4-OOH in combination with viscum,
TT and viscumTT led dose-dependently to 5-15 % higher induction of apoptosis when
compared to each single treatment. Here a significant group effect was evaluated for viscumTT
(ML 2 ng/mL+OA 30 ug/mL) and 4-OOH (p<0.001) and induction of apoptosis was
approximately 25 % enhanced (Figure 13a). Additionally, several of the co-treatments were
calculated even as synergistic (Cl<1, Table 4a).

In 143B cells 0.01 pg/mL Doxo induced 29 % apoptosis, thus they were the most sensitive
cells to Doxo compared to the other cell lines. In comparison to each single treatment,
induction of apoptosis was enhanced up to 30 % for viscum, TT and Doxo as well as up to
43 % for viscumTT and Doxo (Figure 13b). Furthermore, 0.05 ug/mL VP16 led only to 9 %
apoptotic cells, but an increase was seen for viscum, TT and viscumTT co-treated with VP16
(up to 28 %, 40 %, 35 %, respectively and dose-dependent). Moreover, in both treatments the
number of apoptotic cells increased in a dose-dependent manner and combinatory effect
revealed significance to control as well as within some co-treated groups (p<0.01, p<0.0001,
Table S1b). On the other hand, such additional effect was not seen for co-treatment with 4-
OOH. Here, no significant group effect was calculated, but in highest TT (OA 40 pyg/mL) and
viscumTT (ML 2.5+OA 40 pg/mL) concentration addition of 4-OOH led to 15 % increase of
apoptosis. A synergistic effect (Cl<1) was evaluated for Doxo, VP16 and 4-OOH in nearly each
combination of concentrations with viscum and TT and in individual ones with viscumTT (Table
4b).
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Figure 13a Viscum, TT and viscumTT co-treated with Doxo, VP16 and 4-OOH enhance induction of
apoptosis in U20S cells. Viscum, TT and viscumTT-treated cells were co-treated with Doxo, VP16 and 4-OOH
for 48 h. Apoptotic cells were stained with Annexin V/PI and analyzed by flow cytometry. Mean percentage of
apoptotic cells + SD are displayed of at least three independent experiments. Significant results are indicated as
*p=<0.05, **p=<0.01, ***p<0.001, ****p<0.0001 related to untreated control (Ctrl), ns: non-significant.

Table 4a Combination index (Cl) of viscum, TT and viscumTT co-treated with chemotherapeutic drugs for
induction of apoptosis in U20S cells.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Drug viscum (ML ng/mL) TT (OA pg/mL) viscumTT
(ng/mL) 0.25 0.5 1 20 30 40 0.25+20 0.5+30 1+40
060 060 0.66
Doxo 0.05 1.21 0.95 1.06 1.04  0.91 0.85 065 059 0.81
VP16 0.5 085 098 0.86 052 072 0.80 052 065 084
4-O0H 0.5 0.81 0.76  0.93 1.31 0.93 1.12 097 057 0.86
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Figure 13b Co-treatment with Doxo and VP16 strongly increase apoptotic response in 143B cells. 143B cells
were incubated with viscum, TT and viscumTT in low rising concentrations and co-treated with Doxo, VP16 and 4-
OOH for 48 h. Induction of apoptosis was analyzed by Annexin V/PI staining and flow cytometry. Graphs display
mean percentage of apoptotic cells + SD of at least three independent experiments. Significant results are indicated

as *p=0.05, **p=0.01, ***p=<0.001, ****p=<0.0001 related to untreated control, ns: non-significant.

Table 4b Combination index (Cl) of viscum, TT and viscumTT co-treated with chemotherapeutic drugs for
induction of apoptosis in 143B cells.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Drug viscum (ML ng/mL) TT (OA pg/mL) viscumTT
(ug/mL) 0.25 0.50 1.00 20 30 40 0.25+20 0.5+30 1+40
1.34 1.06 1.01
Doxo 0.01 082 093 090 072 073 0.76 1.27 1.04 1.28
VP16 0.5 0.41 0.54 0.58 0.31 040 0.58 0.76  0.77 1.09
4-O0H 0.5 0.73 0.84 1.03 087 091 0.78 1.33 1.26 1.34

Contrary to the other cell lines, Saos-2 cells were in all more resistant to TT and viscumTT
treatment in low concentrations, but a moderate dose-dependent induction of apoptosis was
still observed. Especially towards viscum treatment, cells demonstrated a prolonged
resistance also after 48 h of incubation (Figure 13c). However, Saos-2 cells showed a better
apoptotic response to Doxo than U20S and to VP16 as well as 4-OOH compared to both other
tested cell lines. Nevertheless, only in individual combinations of concentrations slightly
additional effects were seen for TT and viscumTT when combined with Doxo or VP16 (up to

5 %, 10 %, respectively) and referred to be significant within the treatment groups regarding
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to viscum, TT and viscumTT (p<0.01, Sec. 6.3, Table S1c). Such weak, but significant
enhanced apoptosis was also observed for TT in lowest concentration (OA 20 yg/mL) co-
treated with 4-OOH (p<0.001, ClI<1), but not for viscum or viscumTT (Figure 13c, Table 4c).
Taken these co-treatment experiments together, cell lines showed differences in apoptotic
response depending on chemotherapeutic drug as well as administered concentration. 143B
cells were the most sensitive ones followed by U20S and Saos-2 cells regarding to Doxo and
VP16 co-treatment. Additionally, the best enhanced apoptotic effect for co-treatment was also
observed for 143B cells. However, demonstrated results indicated good combinatory
effectiveness for viscum, TT and viscumTT and tested chemotherapeutic drugs.
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Figure 13c Viscum, TT and viscumTT co-treated with Doxo, VP16 and 4-OOH slightly increase apoptosis in
Saos-2 cells. Cells were incubated with Doxo, VP16 and 4-OOH for 48 h, stained with Annexin V/PI and analyzed
by flow cytometry. Mean percentage of apoptotic cells + SD are illustrated of at least three independent experiments.

Significant results are proved as *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 related to untreated control (Ctrl), ns:
non-significant.
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Table 4c Combination index (Cl) of viscum, TT and viscumTT co-treated with chemotherapeutic drugs for
induction of apoptosis in Saos-2 cells.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Drug viscum (ML ng/mL) TT OA (ug/mL) viscumTT
(ug/mL) 0.25 0.50 1.00 20 30 40 0.25+20 0.5+30 1+40
1.07 0.87 0.90
Doxo 0.05 1.39 1.19 1.18 1.21 1.23 1.23 1.45 1.23 1.27
VP16 0.5 1.17 112 0.99 1.01 1.00 1.06 1.20 1.08 1.07
4-O0H 0.5 1.34 1.17 1.16 0.82 0.81 0.96 1.26 1.10 1.17

3.5 ViscumTT depolarizes mitochondria membrane potential

To get more insights into the apoptotic action of viscumTT, AWm was measured by JC-1
staining with following flow cytometry analysis relative to untreated control cells. All three cell
lines were treated with viscum, TT and viscumTT in rising concentrations for 24 h. CCCP, a
mitochondrial membrane disrupter, was used as positive control. Single treatment of viscum
as well as TT significantly dose-dependently induced loss of AWm in U20S (up to 47, 49 %,
respectively) and Saos-2 cells (up to 30, 39.7 %, respectively) (Figure 14). In 143B cells effect
on mitochondria was less (up to 15 %) for each single treatment.

ViscumTT enhanced depolarization in all three cell lines and approximately 80 % of U20S and
Saos-2 cells lost their AYm at the highest concentration. A synergistic effect (Cl<1) was
reached for Saos-2 and 143B for each and for U20S cells at the highest concentrations (Figure
14, Table 5). These results indicated an involvement of intrinsic apoptosis pathway in

mechanism of apoptotic action of viscumTT and validated synergistic induction of apoptosis.
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Figure 14 ViscumTT induces apoptosis via depolarization of mitochondrial membrane potential in U20S,
143B, and Saos-2 cells. Cells were incubated with increasing concentrations of viscum, TT and viscumTT and
loss of mitochondrial membrane potential (AYm) was measured by JC-1 staining and flow cytometry. CCCP, a
mitochondria disrupter, was used as positive control. Bars show the mean percentage of cells with low AWm + SD
of at least three independent experiments. Significant results are indicated: *p<0.05, **p<0.01, ***p<0.0001,

****p<0.001 related to untreated control (Ctrl), ns: non-significant.

Table 5 Combination index (Cl) of viscumTT for loss of mitochondrial membrane potential.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Cell line viscumTT (ML ng/mL+OA pg/mL)
2.5+40 5+50 10+60
u20Ss 1.12 1.38 0.91
143B 0.10 0.49 0.63
Saos-2 0.49 0.46 0.65
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3.6 ViscumTT activates CASP8 and CASP9

For further investigations of the apoptotic mechanism, CASP8 and CASP9 activity was
analyzed in all three cell lines. Therefore, cells were treated with viscum, TT as well as
viscumTT in increasing concentrations for 24 h. After staining with FITC-LEHD-FMK and FITC-
IETD-FMK flow cytometry was performed. All three cell lines demonstrated a similar
significantly dose-dependent increase of CASP8 activity regarding viscum, whereby the
strongest activity was observed in U20S cells (up to 52 %). TT led also to significant and dose-
dependent activation of CASP8, but stronger in Saos-2 (up to 57 %) than in U20S and 143B
cells (Figure 15a). On the other hand, viscumTT equally activated CASP8 in each cell line (up
to 77 % in U20S, 60 % in 143B and 74 % in Saos-2 cells). Additionally, a synergistic effect
(C<1) was reached nearly for every concentration of viscumTT (Table 6a). These findings
indicated an involvement of the initiator caspase, CASP8, of the extrinsic signaling pathway of
apoptosis.

Alike, a dose-dependent increase of CASP9 activity was detected in U20S cells after viscum,
TT and viscumTT treatment (up to 51, 39, 81 %, respectively), whereas in 143B and Saos-2
cells only TT and viscumTT caused such effect (Figure 15a). Furthermore, 143B cells showed
no and Saos-2 cells only at highest concentration (ML 10 ng/mL) CASP9 activity after viscum
treatment (19.7 %). ViscumTT led to a stronger activation of CASP9 in all three cell lines and
effect was calculated as synergistic in almost each concentration (Cl<1, Table 6b). With these
experiments the involvement of CASP9, the initiator caspase of the intrinsic apoptosis
pathway, was elucidated for viscumTT-induced apoptosis and further validated the results of

loss of AWm.
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Figure 15a ViscumTT induces apoptosis via CASP8 and CASP9 activation. U20S, 143B, and Saos-2 cells

were treated with rising concentrations of viscum, TT and viscumTT and CASP8 and CASP9 activity was analyzed
using FITC-LEHD-FMK and FITC-IETD-FMK staining. Graphs display mean activity £+ SD of at least three

independent experiments. Significant results are indicated as *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 related

to untreated control (Ctrl), ns: non-significant.

Table 6a Combination index (Cl) of viscumTT for CASP8 activity.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Cell line viscumTT (ML ng/mL+OA pg/mL)
2.5+40 5+50 10+60
u20s 0.92 0.87 0.87
143B 0.80 0.34 0.63
Saos-2 1.28 0.85 0.81
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Table 6b Combination index (Cl) of viscumTT for CASP9 activity.
Synergism (Cl<1), additive effect (Cl=1), antagonism (CI>1)

Cell line viscumTT (ML ng/mL+OA ug/mL)
2.5+40 5+50 10+60
u20S 1.09 1.19 0.86
143B 0.86 0.51 0.57
Saos-2 0.84 0.65 0.62

To investigate whether the activation of caspases play an important role in viscum, TT and
viscumTT-induced apoptosis, 143B and Saos-2 cells were preincubated with zZVAD-FMK, a
pan-caspase inhibitor, for 1 h. After 24 h of treatment induction of apoptosis was analyzed in
absence or presence of zZVAD-FMK. In 143B and Saos-2 cells viscum-mediated apoptosis was
significantly inhibited by approximately 14 % and TT-induced apoptosis up to 15 % (143B) and
25 % (Saos-2). Moreover, zZVAD-FMK prevented viscumTT-mediated apoptosis by 26 % in
143B and 31.3 % in Saos-2 cells (Figure 15b). These results confirmed an essential role of

caspases in viscum, TT and viscumT T-induced apoptosis.
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Figure 15b zVAD-FMK pan-caspase inhibitor reduces induction of apoptosis in 143B and Saos-2 cells. 143B
and Saos-2 cells were 1 h pretreated with zZVAD-FMK and additional incubated with highest viscum (ML 10 ng/mL),
TT (OA 60 pg/mL) and mean concentration of viscumTT (5 ng/mL+50 pg/mL) for 24 h before stained with Annexin
V/PI and flow cytometry measurements. Bars represent mean inhibition of apoptosis + SD of at least three
independent experiments. Significant results are displayed as *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 between

treated cells related to untreated control (Ctrl), ns: non-significant.
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3.7 Viscum, TT and viscumTT induce cell cycle arrest cell line-dependent

To analyze whether viscum, TT and viscumTT may have an influence on the cell cycle,
synchronized, treated U20S, 143B, and Saos-2 cells were fixed with ice-cold ethanol after
different time points and analyzed for cell cycle distribution by PI staining and flow cytometry.
In all three cell lines an influence on the cell cycle was observed after viscum, TT as well as
viscumTT treatment. 60-80 % of the cells of each cell line were synchronized in G1 phase at
the beginning of the examinations (Figure 16a-c). Untreated U20S cells (TP53 wild-type)
passed periodically the cell cycle (Figure 16a). Therefore, cells went from G1 to S phase after
about 14 h and simultaneously the number of cells increased in G2/M phase. After the
treatment with all three extracts, the majority of the cells (approximately 60 %) starting from
9/14 h were not able to progress in S, but rather the cells in G1 phase increased in comparison
to control. U20S cells were significantly arrested in G1 phase after viscum, TT and viscumTT
incubation over the whole tested time points (Figure 16a). However, treated cells showed a
weak, but not significantly enhanced S phase after 14 h, which indicated a not fully stagnation.
A slight increase of number of cells in G2/M phase were observed after 48 h for TT treatment
(Figure 16a).

In contrast, synchronized 143B (TP53 mutant) control cells went into S phase already after 3-
6 h and prolonged in this stage around 20 h (Figure 16b). 143B control cells revealed a faster
growth rate compared to the other cell lines. After treatment with viscum, TT and viscumTT
cells arrested in different phases of the cell cycle. Here, viscum treatment led to prolonged S
phase, which was referred as significant after 48 h. On the other hand, TT significantly arrested
cells in G1 phase already after 3/6 h, whereas the number of cells in S phase decreased
drastically from 18 h (Figure 16b). Incubation with viscumTT showed no clear cell cycle arrest,
neither in G1 nor in S phase, but rather an enhanced cell number in both phases was
significantly demonstrated after 14 h in G1 and after 48 h in S phase.

The Saos-2 (TP53 null-mutant) control cells passed the cell cycle similar to U20S cells. Each
extract led to drastic G1 arrest starting from 14 h, which was proved as significant. 20 % of the
Saos-2 cells were still able to progress in S phase, but the number was significant lower than
in control cells (Figure 16¢). Additionally, number of cells in G2/M phase were significant lower
to control, but suggested a not complete stagnation of the cell cycle after viscum, TT and
viscumTT treatment.

These results showed an influence of viscum, TT and viscumTT to mainly G1 or S phase of
the cell cycle depending on cell type, which might be resulting from the TP53 status of the
cells. The increase of cell number in G2/M phase in some individual cases indicated that the

cell cycle did not undergo complete arrest, but rather a delay in progression.
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Figure 16a Viscum, TT and viscumTT arrest U20S cells in G1 phase. Synchronized U20S cells were treated

with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean viscumTT (5 ng/mL+50 pg/mL) concentration for

3-48 h. Cell cycle analysis was performed by PI staining and flow cytometry. Graphs display mean cells [%] £ SD

of at least three independent experiments and their cell cycle progression after treatment over indicated time period.

Significant results are revealed as *p<0.05, **p<0.01, ***p<0.0001, ****p<0.001 related to control (Ctrl), ns: non-

significant.

48



Results

Ctri viscum
100 100
ns
80| 80- '
X 60 X 60
0 0 .
3 40+ S 40+
20 20 *k
0 T T T T T T 0 T T T T T T T
3 6 14 18 24 48 3 6 9 14 18 24 48
hours hours
TT viscumTT
100 100
ns ns
80- . 80- '
X 604 SR Py s
S 40 3 40-
20 ok 20 %
0 T T | T T ] 0 T T T T T T
3 6 9 14 18 24 48 3 6 9 14 18 24 48
hours hours
- G1 - S G2/M

Figure 16b Viscum, TT and viscumTT block cell cycle progression in 143B cells. 143B cells were synchronized
and incubated with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean viscumTT (5 ng/mL+50 pg/mL)
concentration for indicated time points. Cell cycle distribution was analyzed by PI staining and flow cytometry.
Images illustrate mean cells [%)] in cell cycle phase + SD of at least three independent experiments. Significances

are displayed as *p<0.05, **p<0.01, ***p<0.001, ****p=<0.0001 related to control (Ctrl), ns: non-significant.
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Figure 16¢c Viscum, TT and viscumTT lead to G1 arrest in Saos-2 cells. Saos-2 cells were synchronized and
treated with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean viscumTT (5 ng/mL+50 pg/mL)
concentration for 3-48 h. Cell cycle analyses were performed by PI staining and flow cytometry. Graphs represent
mean cells in cell cycle phase [%] + SD of at least three independent experiments. Significant results are displayed

as *p=0.05, **p=0.01, ***p=<0.001, ****p=<0.0001 related to control (Ctrl), ns: non-significant.

Cell cycle progression is regulated by CDKs and CCNs. In order to viscum, TT and viscumTT-
mediated cell cycle arrest, western blotting were used to detect alterations of different CCNs
and CDKs, especially those which are essential in G1 and S phase progression and transition,
after 24 h. CDK4 and CCND1 that are required for G1 progression were drastically down-
regulated in each tested cell line independent from the treatment. Protein levels of CDK2 and
CCNE that are mainly involved in G1/S transition were distinctively reduced in U20S and 143B
cells after viscum, TT and viscumTT incubation, whereas Saos-2 cells still showed more
expressed CCNE. CCNA, which in complex with CDK2, is essential for S phase progression,
was also strongly down-regulated after each treatment (Figure 17). Reduction of these proteins
confirmed the observed influence on G1 and S phase by the extracts and corroborated the

block of cell cycle progression.
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Figure 17 Viscum, TT and viscumTT down-regulate key regulators of G1/S transition. Synchronized cells
were incubated with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean concentration of viscumTT
(5 ng/mL+50 pg/mL) for 24 h. Whole cell lysates were analyzed by western blotting regarding protein expression.

Representative blots are shown from three independent experiments. GAPDH was used as loading control.

3.8 Viscum, TT and viscumTT alter expression of cell cycle-associated genes

For further investigations of the molecular alterations of cell cycle regulation, a RT? Profiler™
PCR Array, including 84 human cell cycle genes, was performed. At first glance, gene
expression pattern was completely different in every cell line (Figure 18a-c). No gene was
noticeable exclusively expressed in viscumTT-treated cells. After merging the results, genes
were selected according to different criteria. On the one hand, the gene had to be up- or down-
regulated in each tested cell line and on the other hand, genes should have been relevant for
all treatments (viscum, TT and viscumTT). Based on this, three different cell cycle genes were
found. These genes were not expressed at the same level, but were detected in all three cell
lines. The first gene GADD45A was strongly up-regulated in U20S and 143B cells
predominantly after viscum (U20S) or viscumTT (143B) treatment by approximately 20-30-
fold increase related to control (Figure 18a, b). However, in Saos-2 cells GADD45A was not
as strong over-expressed, but still an up-regulation of up to 6-fold was documented after
viscum treatment (Figure 18c). In none of the three cell lines GADD45A expression was

detected after TT incubation.
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Figure 18a Viscum, TT and viscumTT alter expression of cell cycle-associated genes in U20S cells. U20S
cells were incubated with highest viscum (ML 10 ng/mL), TT (OA 60 pug/mL) and mean viscumTT
(5 ng/mL+50 pg/mL) concentration for 24 h. Gene expression of 84 cell cycle genes were analyzed by RT?

Profiler™ gPCR Array. Bars represent + fold-regulation related to untreated control. For evaluation + 2-fold
regulation and p<0.05 was set as cut off.

As second gene CDKN1A was chosen and its up-regulation was found in each cell line, but
superficially observed in TT-treated cells (U20S 2.61-fold, in 143B 6.47-fold and in Saos-2
cells 3.49-fold increase). Moreover, viscum led to no significant alteration of CDKN1A in U20S
and Saos-2 cells, but increased 5.06-fold to untreated control in 143B cells. The highest
expression was detected for viscumTT (>10-fold-increase) in143B cells (Figure 18b).

SKP2 was identified as third gene and was predominantly down-regulated by viscum and
viscumTT-treated U20S (109, 100-fold decrease, respectively), 143B (18, 20-fold decrease,
respectively) and Saos-2 cells (viscumTT: 2.2-fold decrease). The exact values for every
significant up- or down-regulated gene with corresponding clustergrams are represented in
supplementary data section (Sec. 6.4, Figure S3a-c, Table S2a-c) of this work for each tested
cell line. These findings indicated transcriptionally differences in affected cell cycle-associated
genes by viscum, TT and viscumTT. Similarities were found in GADD45A and CDKN1A up-

regulation as well as SKP2 down-regulation and further investigations are demonstrated in the
next paragraph in detail.
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Figure 18b Viscum, TT and viscumTT lead to up- and down-regulation of cell cycle-associated genes in
143B cells. Cells were treated with highest viscum (ML 10 ng/mL), TT (OA 60 pug/mL) as well as mean viscumTT
(5 ng/mL+50 pg/mL) concentration for 24 h and alteration of cell cycle-related genes were analyzed by RT?
Profiler™ Human cell cycle gqPCR Array. lllustrated are genes with + fold-regulation >2 that were defined as
significant change related to ontrol (p<0.05).
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Figure 18c Viscum, TT and viscumTT alter expression pattern of cell cycle-related genes in Saos-2 cells.
Synchronized Saos-2 cells were incubated with highest viscum (ML 10 ng/mL), TT (OA 60 pyg/mL) and mean
viscumTT (5 ng/mL+50 pg/mL) concentration for 24 h and 84 cell cycle-associated genes were examined using

RT? Profiler™ Human cell cycle gPCR Array. Represented are + fold-regulation of genes related to untreated
control, (cut off was set to + 2-fold, p<0.05).

3.9 ViscumTT up-regulates CDKN1 and GADD45A and down-regulates SKP2
cell line-dependent

For the validation of the RT? Profiler™ Human cell cycle gPCR Array results, expression level
of CDKN1A, GADD45A and SKP2 were analyzed at different time points of treatment in
synchronized U20S, 143B, and Saos-2 cells by RT-gPCR. U20S and 143B cells showed a
comparable expression pattern, whereas that of Saos-2 cells was completely different (Figure
19). In detail, CDKN1A expression significantly increased even after 6 h (approximately 3-fold),
peaked at 14 h (approximately 6-7-fold) and decreased again after both, viscum and TT
treatment, in a similar manner in U20S and 143B cells. This was also the case for TT, but not
for viscum-treated Saos-2 cells as the highest expression was reached at 7.6-fold after 24 h.
Interestingly, the treatment of viscumTT triggered a stronger CDKN1A expression than the
single extracts, viscum and TT, in U20S and 143B cells, but not in Saos-2 cells.
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Figure 19 Viscum, TT and viscumTT alter CDOKN1A, GADD45A and SKP2 expression cell line-dependent.
Synchronized cells were incubated with highest viscum (ML 10 ng/mL), TT (OA 60 ug/mL) and mean viscumTT
(5 ng/mL+50 pg/mL) concentration for 3-24 h and gene expression was analyzed using RT-qPCR. Bars represent
mean fold-regulation + SD normalized to housekeeping genes related to untreated control of at least three
independent experiments. Significant results are displayed as *p<0.05, **p<0.01, ***p=<0.001, ****p<0.0001 related

to control, ns: non-significant.

Furthermore, the experiments demonstrated a significant GADD45A up-regulation
predominantly in viscum-treated cells that peaked at 14 h (59-fold in U20S, 8-fold in Saos-2
cells) or 18 h (36-fold in 143B). The single treatment of TT led to no significant up-regulation
in all three cell lines and GADD45A expression was less induced by viscumTT than by viscum
(Figure 19).

Additionally, SKP2 was strongly, time-dependently down-regulated after viscum treatment in
U20S cells (up to 150-fold decrease related to control) and 143B (about 25-fold decrease
related to control), but not in Saos-2 cells. This expression level was attenuated after the
addition of TT. TT itself triggered down-regulation of SKP2 up to 8-fold decrease in U20S after
9 h, 9-fold decrease in 143B and 3.6-fold decrease in Saos-2 cells after 24 h. These
observations were in line with the demonstrated RT? Profiler™ qPCR Array results, apart from

some variations in the amount of up- or down-regulation. Nevertheless, COKN1A, GADD45A
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and SKP2 seemingly functioned as transcriptional targets and are further involved in

alterations in cell cycle progression mediated by viscum, TT and viscumTT.

3.10 ViscumTT up-regulates GADD45A and down-regulates CDKN1A and SKP2
at protein level

Western blotting was used to analyze protein expression of CDKN1A, GADD45A and SKP2
after different time points. 6 h of viscum incubation CDKN1A was still highly expressed with
afterwards stronger decreased level in all three cell lines, exempted from Saos-2 cells in
comparison to control. TT triggered down-regulation after 14 h (U20S, Saos-2) or 18 h of
treatment (143B), whereas after viscumTT application distinctly lower expression of CDKN1A
was detected starting from 6 h (U20S, 143B) compared to control. In Saos-2 cells nearly no
alteration was demonstrated after viscumTT treatment in comparison to control cells (Figure
20).

In U20S cells GADD45A was low expressed in untreated control, whereas its level increased
after 6 h of viscum treatment before it decreased again after 18 h. TT led to no change in
GADD45A protein expression, but viscumTT showed the highest expression after 6 h in U20S
cells. In 143B cells GADD45A was lower expressed 6 and 9 h after viscum treatment, but then
increased to similar level and achieved higher level at 24 h compared to control cells. Alike
control TT showed an GADD45A expression that decreased after 18 h, whereas viscumTT led
to prolonged protein level over the whole 24 h. On the other hand, in relation to control viscum
and viscumTT equally increased and TT reduced GADD45A expression in Saos-2 cells.
(Figure 20).

Depending on the cell line SKP2 was expressed in a similar way starting from 6 or 14 h after
termination of synchronization. Incubation with viscum led to its down-regulation in U20S and
143B, but less in Saos-2 cells, while TT decreased SKP protein level in 143B and Saos-2, but
in a lower manner in U20S cells (Figure 20). In viscumTT-treated cells an enhanced decrease
was demonstrated in 143B and Saos-2 than in U20S cells.

These results correlated with gene expression experiments except for CDKN1A. It was
increased at transcriptional level, whereas it was decreased at protein level at equal time
points. However, protein level analyses of affected targets confirmed their involvement in

viscum, TT and viscumTT action.
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Figure 20 ViscumTT induces up-regulation of GADD45A and down-regulation of CDKN1A and SKP2 at
protein level. Synchronized cells were treated with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean
concentration of viscumTT (5 ng/mL+50 pg/mL) for indicated time points. Whole cell lysates were analyzed for
protein expression using western blotting. Representative blots are shown from three independent experiments.

GAPDH was used as loading control.

3.11 Knockdown of CDKN1A and GADD45A attenuate viscum, TT or viscumTT-
mediated cell cycle arrest and induction of apoptosis

To evaluate the crucial role of CDKN1A and GADD45A for viscumTT induced cell cycle arrest
and apoptosis, siRNA experiments were performed. Therefore, cells were transfected with
both, single siRNAs and their combination, and further analyzed regarding cell cycle
distribution and induction of apoptosis (Figure 21, 22). siRNA knockdown was confirmed by
western blotting (Figure 22). Neither siRNAs nor non-targeting negative control siRNA
influenced untreated control U20S cells (Sec. 6.5, Figure S4).

After 24 h, 37.5 % of control U20S cells were in G1, 34.2 % in S and 28.5 % in G2/M phase.
All three treatments led to significant G1 arrest, whereas TT arrested cells strongerin G1 phase
(64.64 %) than viscum (55.22 %) or viscumTT (55.38 %). With the knockdown of GADD45A a

significant decrease (p<0.05) of G1-arrested cells after viscum and viscumTT treatment was
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obtained, whereas TT-induced G1 arrest was not prevented. However, transfection with
siCDKN1A led to a reduction of cells in G1 phase after all three treatments, whereby revealed
as significant for TT and viscumTT (p<0.01). After simultaneously knockdown of GADD45A
and CDKN1A, viscum-treated cells were nearly equally distributed, such as untreated control
cells and number of cells in G1 phase were significantly reduced (p<0.05). The siRNA
combination led significant prevention of G1 arrest (p<0.0001) in TT-treated cells, but not to
complete phase distribution of untreated control cells. In viscumTT-treated cells knockdown of
GADD45A and CDKN1A resulted in significant (p<0.05) less number of cells in G1 and led to
nearly the same distribution after single knockdown of CDKN1A or GADD45A (Figure 21).
Consequently, each knockdown variant prevented viscumTT-induced G1 arrest in U20S cells,
but was accompanied with increase of cells in S phase.

In untreated control were 50 % of 143B cells in G1 phase, 33.7 % in S and 16.3 % in G2/M
phase. Viscum led to a weak, but non-significant increase of cells in S phase (41.7 %) after
24 h. GADD45A knockdown prevented such enhanced S phase and led to nearly equally
distribution of untreated control cells. sSiCDKN1A as well as combination of both siRNAs had
not such attenuating effect and cell cycle distribution remained almost unaffected in viscum-
treated cells with a slight increase of cells in S phase (p<0.05 for siRNA combination). In
contrast, TT led to significant G1 arrest in 143B cells (62.64 %). This effect was significantly
strengthened by GADD45A knockdown (p<0.001, 71.69 %, Figure 21). Interestingly,
siCDKN1A and the combination of both siRNAs nearly prevented the complete TT-induced G1
arrest (51.35 %, 47.83 %, respectively), whereby the siRNA combination was proven as
significant (p<0.01). No clear cell cycle arrest was seen after 24 h of viscumTT treatment. All
p-values within groups are listed in supplementary data section (Sec. 6.5, Table S3a, b).
Taken together, these results demonstrated prominant roles of CDKN1A and GADDA45A in

viscum, TT or viscumT T-mediated cell cycle arrest.
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Figure 21 Viscum, TT and viscumTT-mediated cell cycle arrest is prevented by CDKN1A and GADD45A
knockdown cell line-dependent. U20S and 143B cells were reverse transfected with different siRNA variants for
48 h and further treated with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean viscumTT
(5 ng/mL+50 pg/mL) concentration. Cell cycle distribution was analyzed by PI staining and flow cytometry. Bars
display cells [%] in cell cycle phase + SD of at least three independent experiments. Significances are indicated as
*p<0.05, **p=<0.01, ***p=<0.001, ****p<0.0001 related to control (Ctrl).

To clarify whether GADD45A and CDKN1A play a further role in induction of apoptosis,
transfected U20S and 143B cells were analyzed after 24 h of treatment. As described above
(Figure 10), 143B cells were more resistant to viscum than U20S cells, whereas U20S cells
were more resistant to TT in lower concentrations, but both cell lines were equally sensitive
towards viscumTT. U20S cells showed induction of apoptosis of 52 % when treated with
viscum (ML 10 ng/mL). After GADD45A knockdown apoptosis was significantly inhibited by
27 %. siCDKN1A and siRNA combination led to weaker inhibition of apoptosis (Figure 22, left).
TT induced apoptosis in 41.5 % of U20S cells and GADD45A knockdown prevented this effect
by 41 %. Surprisingly, knockdown of CDKN1A as well as the combination of both siRNAs
enhanced induction of apoptosis by TT. Moreover, viscumTT-initiated apoptotic effect was
inhibited by 25 % by GADD45A knockdown, 14.6 % by CDKN1A knockdown and 11.6 % by
both siRNAs.

In 143B cells viscum induced only 19.3 % apoptosis, which was not rescued by siGADD45A.
By contrast, knockdown of CDKN71A prevented apoptosis induction by 56.2 % and the
combination of both siRNAs led to almost complete inhibition of apoptosis. TT-induced
apoptosis (62.2 %) was inhibited by knockdown of GADD45A as well as CDKN1A and the
combination thereof by approximately 50 % (Figure 22, right). Knockdown of CDKN1A
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prevented stronger apoptosis (65 %) in viscumTT-treated 143B cells, whereas siGADD45A
and the combination of both siRNAs showed a similar inhibitory effect.
To conclude demonstrated findings and comparing both cell lines, both GADD45A and

CDKNH1A, are also involved in apoptotic process mediated by viscum, TT and viscumTT.
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Figure 22 ViscumTT-induced apoptosis is attenuated by CDKN1A and GADD45A knockdown. Knockdown
experiments by siRNA were performed and cells treated with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL)
and mean viscumTT (5 ng/mL+50 pg/mL) concentration for 24 h. Cells were stained by Annexin V/PI and analyzed
by flow cytometry. Bars represent mean inhibition of apoptosis [%] + SD of at least three independent experiments.
Significant inhibition is displayed as *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 related to control, ns: non-
significant.

3.12 ViscumTT activates MAPKS8 and inactivates MAPK1/3

Due to the direct interaction of GADD45A and MAPK pathways, protein expression and
phosphorylation of MAPK8 and MAPK1/3 was investigated. Therefore, cells were treated with
highest viscum, TT and mean viscumTT concentration for 24 h and cell lysates were analyzed
by western blotting. In U20S and 143B control cells, MAPK8 isoform 46 was weakly activated
through phosphorylation in comparison to Saos-2 untreated control cells. However, in each
cell line, MAPK8 was phosphorylated after viscum and viscumTT treatment (Figure 23a). TT
also increased MAPKS8 activation slightly in U20S, higher 143B cells, but in Saos-2 cells
phosphorylated MAPK8 was decreased. As opposed to phosphorylation status of MAPKS8 in
control cells, MAPK1/3 was strongly activated. After the treatment with viscum, TT and
viscumTT, pMAPK1/3 was drastically dephosphorylated in all three cell lines, except in 143B
cells. Here TT did not alter the phosphorylation status (Figure 23a). For closer look to MAPK8
and its role in induction of apoptosis, U20S and 143B cells were preincubated with the MAPK8
inhibitor SP600125. Interestingly, only viscum-induced apoptosis was inhibited by SP600125
by approximately 40 % in U20S cells. In 143B cells weak apoptosis induction by viscum

treatment was also suppressed. On the other hand, SP600125 led to no inhibition of apoptosis
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in TT-treated cells, whereas even an enhanced induction of apoptosis was observed in
viscumTT-treated U20S cells. In 143B cells SP600125 increased the number of apoptotic cells
mediated by TT as well as viscumTT (Figure 23b). These results led to the assumption that
viscum, TT as well as viscumTT initiated their apoptotic properties via involvement of MAPK

pathway signaling.
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Figure 23a Viscum, TT and viscumTT activate MAPK8 and inactivate MAPK1/3 pathway. U20S, 143B, and
Saos-2 cells were treated with highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean concentration of
viscumTT (5 ng/mL+50 pg/mL) for 24 h. Protein expression was analyzed by western blotting. Representative blots

are shown from three independent experiments. ACTB and GAPDH were used as loading controls.
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Figure 23b Inhibition of MAPK8 leads to decrease or increase of viscum, TT and viscumTT-mediated
apoptosis. U20S and 143B cells were pretreated with MAPKS8 inhibitor SP600125 and further incubated with
highest viscum (ML 10 ng/mL), TT (OA 60 pg/mL) and mean viscumTT (5 ng/mL+50 pug/mL) concentration for 24 h.
Cells were stained with Annexin V/PI and analyzed by flow cytometry. Bars display mean percentage of inhibition
of apoptosis + SD of at least three independent experiments. Significance is indicated with *p<0.05, **p<0.01,

***p<0.001, ****p=<0.0001 related to control, ns: non-significant.
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3.13 ViscumTT inactivates STAT3 pathway

In order to further determine the mechanistic impacts of viscum, TT and viscumTT, STAT3 and
its two different activation sites were investigated. The classical STAT3 Tyr705
phosphorylation site is mainly regulated by JAK1 and often constitutively activated in
osteosarcoma. The second phosphorylation site at Ser727 seems to be regulated by MAPKs.
All cells lines were treated with highest viscum, TT and mean viscumTT concentration for 24 h
and cell lysates were examined by western blotting. STAT3 and its phosphorylation at both
sites occurred in each of the control cells, whereas in 143B cells Ser727 phosphorylation was
less. In U20S cells all three extracts completely dephosphorylated and consequently
inactivated both STAT3 Tyr705 and Ser727 (Figure 24) with simultaneously down-regulation
of total STAT3. Total STAT3 level was distinctively higher in viscum-treated 143B and Saos-2
cells, but STAT3 Tyr705 and Ser727 was nearly not detectable after each treatment.
Furthermore, BIRC5 and MYC, two proteins, which are often over-expressed in osteosarcoma
and are direct targets of STAT3, were completely down-regulated by viscum, TT and viscumTT
in U20S. In 143B cells viscum and viscumTT led to stronger down-regulation of BIRC5 than
TT and MYC was also slightly affected by viscum and viscumTT. In Saos-2 cells BIRC5 and
MY C were down-regulated by all three extracts (Figure 24). In all, TP53 wild-type (U20S) cells
showed a better response to inhibition of BIRC5 and MYC in comparison to TP53 mutant
(143B) and TP53 null-mutant (Saos-2) cells. However, and to sum up these findings a strong
prevention of STAT3 signaling pathway by viscum, TT and viscumTT extract was seen and

revealed another involved mechanism of action.
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Figure 24 ViscumTT inactivates STAT3 pathway. Cells were treated with highest viscum (ML 10 ng/mL), TT (OA
60 pg/mL) and mean viscumTT (5 ng/mL+50 pg/mL) concentration for 24 h. Protein expression was analyzed using
western blotting. Representative blots are shown from three independent experiments. ACTB was used as loading

control.

3.14 Viscum, TT and viscumTT reduce tumor volume in osteosarcoma

xenograft

To investigate a cytotoxic effect of viscum, TT and viscumTT in vivo, an osteosarcoma
xenograft with Saos-2 cells was established. Tumors were grown s.c. in female NOD.Cg-
Prkdcs 112rg"™"S¥9/JicTac mice and were treated two to three times per week with viscum
(0.75/1.25/1.75 pg/kg ML), TT (50/70/90 mg/kg OA) and a combination thereof (viscumTT).
Each dose was applied twice i.t.. As control group mice were treated with CD. Figure 25
displays the reduction of tumor volume (left) at the end of the study and the course of the mean
body weight (right). Viscum as well as TT significantly reduced the tumor volume approximately
by 30 % compared to control group. ViscumTT led to an even enhanced reduction of tumor
volume compared to viscum, TT and reduced tumor volume by almost 50 % in comparison to
control group. Each treatment group showed a slightly variance and viscumTT treatment
revealed significant results to control and viscum group (p-values for group effect are listed in
Sec. 6.7, Table S4). Each applied extract was tolerated well with no side effects, toxicity
symptoms or significant body weight loss. These observations led to the assumption that
viscum and TT as single treatment effectively inhibited tumor growth and further viscumTT

administration suppressed osteosarcoma growth even stronger in mice xenografts.
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Figure 25 Viscum, TT and viscumTT reduce tumor volume. Xenografts were i.t. treated with CD, viscum
(ML 0.75/1.25/1.75 ug/kg), TT (OA 50/70/90 mg/kg) or a combination thereof (viscumTT). Box plots represent
tumor volume * SD relative to control group (CD, left) and lines represent the mean body weight (right). Significance
are displayed related to CD group (* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001).

viscum

Figure 26a H&E staining as overview of Saos-2 xenograft tissue. Images illustrate tumor tissue after treatment
and H&E staining by 4 x magnification.
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H&E staining gave a first overview of texture and differences of the tumor tissue of the
respective group. Here, a damaged structure of the tissue was observed nearly in each tumor
of each group and is demonstrated in Figure 26a as a representative example. In almost every
tumor an augmented presence of erythrocytes was found. Necrotic areas were also seen in
CD control tissue as well as extract-treated groups certainly amount varied depending on
tumor size. As distinct evaluation of differences between groups was not to be assessed with

this staining. Microscopic 20x magnification of H&E-stained tumors are illustrated in Figure
26b.

viscum
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Figure 26b Tumor tissue of Saos-2 xenograft after H&E staining. Images illustrate tumor tissue after treatment
after H&E staining by 20 x magnification.

3.15 ViscumTT does not affect weakly expressed MKI67 in vivo

For further histological investigations, proliferation marker MKI67 was analyzed using
immunohistochemical staining. After detailed consideration only a small amount of MKI67
positive cells were found. Already in CD-treated control tissue MKI67 protein was not strongly

expressed. After the evaluation of five representative pictures of each tumor of each group a
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slight, but not significant tendency of decreased MKI67 was observed (Figure 27 a, b left).
Nevertheless, no clear statement regarding alteration of MKI67 expression after viscum, TT

and viscumTT treatment was possible, because of its faint occurrence in that tissue.

viscum

Figure 27a MKI67 immunostaining of Saos-2 xenograft tissue. Images demonstrate 20 x magnified tumor tissue
after treatment and MKI67 immunostaining.
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Figure 27b Quantification of MKI67 and cleaved CASP3 immunostaining. Five representative images out of
one sample of each tumor of each group were quantified by positive area in relation to whole tissue. Box plots
represent percentage of positive stained area + SD. ns: non-significant.
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3.16 ViscumTT does not increase CASP3 activity in vivo

For analyzing induction of apoptosis in vivo, cleaved CASP3 was stained by
immunohistochemistry. Already, the first consideration of stained tissue showed a distinct
CASP3 activity in each treatment group. Against all expectations, in CD-treated group up to a
quarter of tumor tissue was stained positive (Figure 28, 27b right). The viscum, TT and
viscumTT-treated groups revealed only a weak, but no significant increase.

Figure 28 Viscum, TT and viscumTT did not higher activate CASP3 in vivo. Images demonstrate 20 x

magnified tumor tissue after treatment and cleaved CASP3 immunostaining.

In conclusion H&E staining showed bad tissue quality which made the assessment more
difficult and based poor requirements for MKI67 and cleaved CASP3 immunostaining. None
of that proved to be suitable for confirmation the good response in reduction of tumor volume
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4. Discussion

The results of this work demonstrated the high potential of a combined mistletoe extract, so
called viscumTT, in pediatric osteosarcoma. It possesses distinct anti-tumoral properties
regarding inhibition of proliferation, induction of apoptosis, and alteration in cell cycle
progression in vitro. An enhanced reduction of tumor volume was observed after viscumTT
treatment in comparison to its single extracts in vivo. Multiple signaling pathways and targets,
which crosslinked apoptosis and cell cycle were affected and emphasized its potential as new

therapy approach for pediatric osteosarcoma.

41 VisumTT synergistically induces inhibition of proliferation and apoptosis

The single extracts, viscum and TT, affected cells differently, whereas viscumTT showed
nearly the same potential in inhibition of proliferation and induction of apoptosis in the tested
cells. Therefore, viscum led to dose-dependent inhibition of proliferation in TP53 wild-type
(U20S), mutant (143B) and null-mutant (Saos-2) cells. But, only TP53 wild-type cells were
sensitive regarding apoptosis. 143B cells harbor a point mutation at DNA-binding domain of
TP53 at Arg156Pro, leading to high, but non-functional protein expression [169, 170]. In
Studies with recombinant ML, ML isolated from Korean mistletoe as well as ML Il extracted
from European mistletoe an induction of apoptosis independent from TP53 status of the cells
were described [53, 55, 171], whereby further down-regulation of total and nuclear TP53 was
described probably due to the protein synthesis-inhibiting subunit inactivation by the A chain
[171]. Inhibitors of protein synthesis suppressed the increase of TP53 after DNA damage [172].
Also in this work, viscum (including ML ) decreased total TP53 in TP53 wild-type (U20S) and
TP53 mutant (143B) cells as well as in leukemia cells in earlier study (HL-60, TP53 mutant)
[164] indicating a TP53-independent mechanism of action. Additionally, in two Ewing’s
sarcoma cell lines, harboring different TP53 mutant forms, a suppression of protein expression
was also seen, but cells were not resistant to viscum [173]. Furthermore, surface
characteristics of the cells play a role for variable sensitivity [8] and could be another cause for
viscum resistance in tested osteosarcoma cell lines.

On the other hand, TT showed a stronger growth inhibitory effect in TP53 wild-type (U20S)
and null-mutant (Saos-2) cells than in TP53 mutant (143B) cells, whereas the apoptotic
response was vice versa certainly dose-dependent. Contrary, studies with OA described a
mitochondrial and TP53-dependent apoptosis mechanism by translational up-regulation of
TP53 in gallbladder carcinoma [174] and transcriptional increase of TP53 in murine melanoma

cells [175]. However, BA induced in neuroectodermal tumors and UA in melanoma cells
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intrinsic apoptosis pathway without changes in TP53 level [176, 177]. In this present work, TT
also decreased TP53 at protein level stronger in wild-type than in mutant osteosarcoma cells,
whereas in Ewing’s sarcoma cells suppression correlated with higher sensitivity and is
seemingly dependent from type of mutation [173]. However, this does not exclude a
participation of functional TP53 in inhibition of proliferation and apoptotic response but
suggesting a secondary role for its involvement and has to be further investigated.
Interestingly, for viscumTT these differences between the cell lines were not observed, neither
in inhibition of apoptosis nor in induction of apoptosis, but rather led always to a synergistic
effect and overcame potential TP53 dependence. Furthermore, investigations with a whole soy
plant extract showed also higher apoptotic potential than its single extracts in pancreatic
cancer cells [178]. Hong-Fang Ji et al. reviewed such enhanced effects of natural products in
drug combinations not only in cancer therapy [179].

The exact mechanism of action of viscum, TT and viscumTT has not been completely
understood yet. Apoptosis induced by both single extracts was mediated via CASP8 and
CASP9 activation, suggesting participation of components of extrinsic- and intrinsic apoptosis
pathway in TP53 wild-type (U20S) cells. Furthermore, TP53 mutant and null-mutant cells
showed no loss of AWYm and CASP9 activation in response to viscum, whereas null-mutant
cells demonstrated the strongest cleavage of PARP and CASP3 activation, which evidenced
a stronger DNA fragmentation by absence of TP53 [180]. Induction of apoptosis via extrinsic
and intrinsic components was also seen in other pediatric tumors, including leukemia and
Ewing’s sarcoma [163, 164, 173] seemingly independent from TP53 status. A CASP9
activation was also initiated in leukemia cells treated with a commercial Viscum album
preparation [48].

Since ML | activates CASP8 without death receptor stimulation [181], triggering extrinsic
apoptosis pathway by viscum and viscumTT is possible via a feedback mechanism. Here,
cytochrome ¢ and activated CASP3 were able to activate CASP8 [182, 183]. Additionally,
CASPS8 activation was also evidenced in ML I-treated FAS-resistant or FADD negative mutants
[181]. Hence, other death receptors may play a role in mistletoe extrinsic apoptosis activation.
Antagonizing TNFR1 attenuate Korean mistletoe-induced cytotoxicity in colorectal
adenocarcinoma cells [54] and DR4 as well as DR5 were enhanced after viscum and viscumTT
treatment in AML cells [164]. Another study reported that CASP10 played a role in viscum and
viscumTT-induced apoptosis in rhabdomyosarcoma cells [184] and gave grounds for
assumption that extrinsic pathway is mediated by CASP10 FADD-dependent, but independent
of death receptor stimulation [185]. However, an exact interaction with death receptors has not
been demonstrated so far, consequently, triggering extrinsic pathway by mistletoe extracts

remains unclear.
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OA, its synthetic derivatives, and BA themselves induced apoptosis in a caspase-dependent
manner in different tumor entities, such as neuroectodermal tumors [186], leukemia [74],
breast cancer [187], hepatocarcinoma [76], and osteosarcoma [188]. Ito et al. demonstrated
that the OA derivative CDDO induced CASP8 and CASP3 in BCL2L1 ((BCL-X(L))
overexpressing osteosarcoma and leukemia cells and mediated cytochrome c release via BID
cleavage [188, 189]. A crosstalk between extrinsic and intrinsic apoptosis pathway mediated
by BID cleavage into tBID initiate by CASP8 is also conceivable for TT mechanism of action.
BID cleavage was recently evidenced in TT, but not in viscumTT-treated 143B and Saos-2
cells [168]. A second indication for a crosstalk function of TT is the induction of nearly the same
activation level of CASP8 and CASP9, especially in U20S cells. Partially inhibition of CASP-
dependent apoptosis by zZVAD-FMK in viscum, TT and viscumTT-treated 143B and Saos-2
cells supposed other forms of cell death might be triggered by mistletoe extracts. Previously,
spontaneous necrosis was excluded [168].

CDDO as well as UA induced caspase-independent cell death by apoptosis-inducing factor
(AIF) [190, 191] that released from mitochondria and directly induced chromatin condensation
and large-scale DNA fragmentation [192]. Since TT and viscumTT increased the cellular
autophagy marker microtubule-associated protein 1A/1B light chain 3B (LC3B-Il) in Ewing’s
sarcoma cell lines [193], an additional event was revealed as mechanistic action. UA induced
autophagy in different cell lines [194]. Transcriptome and proteome analyses of Ewing’s
sarcoma cell line gave more insights of mechanism of action of viscum, TT and viscumTT
[193], but basic molecular processes for synergistic action of viscumTT has not been fully
clarified. ViscumTT led to synergism in CASP8, -9 activation and loss of AWYm also in viscum
resistant cells. One study with 143B cells indicated that TT improved viscum uptake [195]
possibly as result of the property of OA and other triterpene acids to embed into lipid
membranes [196]. Explicit knowledge about target molecules of each drug component in a
combination preparation is required to understand combinatory processes of action. Therefore,
synergistic effects often resulted from triggering the same or different targets in same or related
pathways by the single components [197]. Further insights to this are given in the following

paragraphs.

4.2 ViscumTT sensitizes osteosarcoma cells to chemotherapeutic drugs

Chemotherapy resistances are a rising problem in the treatment of cancer and limit the
therapeutic success, also in osteosarcoma. In general, osteosarcoma is considered as
relatively chemotherapy resistant. Classical therapies, for instance, vincristine and 5-
fluorouracil, which are common applied in solid pediatric tumors, are not effective in

osteosarcoma [198]. The most common administered chemotherapeutic drugs with moderate
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to good responding are high dose methotrexate, Doxo, ifosfamide, and cisplatin [199].
However, nearly 50 % of osteosarcoma patients are priori resistant or acquire chemotherapy
resistance [200]. Several clinical trials and case reports described an improvement of the
quality of life resulting from reduction of side effects when chemotherapy is combined with
commercial Viscum album preparations in various tumor entities [4, 201, 202]. Such results
were also reported for osteosarcoma patients treated with oral etoposide and s.c. classical
Viscum album preparation [203]. In this work, a stronger induction of apoptosis when
chemotherapeutic drugs were co-treated with viscum or TT was shown, but achieved its
highest effectiveness with viscumTT. The best combinatory effect was reached with viscum,
TT or viscumTT with Doxo or VP16 in 143B cells. Generally, the combinatory benefit was
lowest when co-treated with 4-OOH, suggesting mistletoe extracts are more effective in
combination with topoisomerase Il inhibitors than with DNA intercalating agents like ifosfamide
in vitro. This is in line with other studies that demonstrated enhanced cytotoxicity of Doxo in
breast and pancreatic cancer and T-cell leukemia cells after the treatment with commercial
Viscum album extracts and Korean mistletoe preparation [204-206]. The combination with sub-
apoptotic Doxo concentrations achieved the best anti-tumoral effect in leukemia cells [207]
and isolated ML | was shown to increase VP16-induced apoptosis in T-cell leukemia cells
[181]. Meanwhile, many molecular chemotherapeutic drug resistance mechanisms are known,
but not fully understood. Often drug resistances are accompanied by over-expressed ABC-
transporters, such as ABCB1 (MDR1, P-gp) on tumor cell surface [208], which are also
associated with Doxo resistance in osteosarcoma [209]. ABCB1 and other members of the
ABC-subfamily act as an energy-dependent efflux pump of different chemotherapeutic drugs
[210]. Valentiner et al. showed that ML I-IIl similarly inhibit cell proliferation in HT29 ™™ as
well as HT29 ™" colorectal cancer cells independent of the presence of the ABCB1 transporter.
High sensitivity of HT29 ™™ cells are accompanied with increase glycosylation, which
consequently results in higher density of ML binding sites [29], since binding to cell surface
determined ML-induced cytotoxicity [8, 211]. ML | binds directly to sugar structures of ABCC5
(MRP5), another protein of the ABC-transporters, which is also related to developing multi-
drug resistance when over-expressed [212]. Furthermore, UA sensitizes colon cancer cells by
inhibiting ABCB1 [213]. OA decreases ABCC1 (MRP1), but not ABCB1 activity [214]. Since
constitutively activation of MAPK1/3 as consequence of non-functional TP53 sensitizes to
Doxo [215], supports the observation that highest combinatory effect was achieved in 143B
cells. Consequently, the underlying molecular mechanism and mutation status determine the
successful increase of induction of apoptosis in viscum, TT and viscumTT co-treatment with
chemotherapeutic drugs. However, in vitro results of this and other works emphasize a
combinatory effect of mistletoe extracts and different chemotherapeutic agents beyond the
improvement of quality of life, but rather regarding direct enhanced anti-tumoral effects. To
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improve these effects, it will be of advantage to optimize the concentration of each member of

the co-treatment in the future.

4.3 GADD45A and CDKN1A are involved in cell cycle modulatory effects and

induction of apoptotis by viscumTT

Children with retinoblastoma or Li-Fraumeni syndrome have a higher risk to develop
osteosarcoma, which is often accompanied by dysregulation of the cell cycle and uncontrolled
cell growth caused by dysfunction in the RB and TP53 pathway. Viscum, TT and viscumTT
initiated distinct alterations in cell cycle-associated genes and proteins resulting in cell cycle
arrest. Each treatment led to distinct down-regulation of CDKs and CCNDs that are involved
in G1/S transition. After viscum treatment cells were arrested in G1 (U20S, Saos-2) or in S
phase (143B), which led to the conclusion that cell cycle arrest is cell-type dependent. In line
to this, commercial Viscum album preparations arrested cells in different phases, for instance,
G2/M arrested in breast cancer cells [216] as well as none, G1, S or G2/M arrest in a panel of
cell lines, including small cell lung cancer, adenocarcinoma from the lung, breast or colon
cancer [217]. Another standardized Viscum album extract was able to induce cell cycle arrest
in every phase dependent on the type of myeloma cell line [218]. Viscum album agglutinins
also initiate none cell cycle arrest in leukemia cell line U937 [219]. The underlying mechanisms
of induction of cell cycle arrest of mistletoe extracts in different phases are relatively unknown.
OA affected the cell cycle and arrested hepatocellular carcinoma cells [86], gallbladder cancer
cells [220], and colon cancer cells [221] in GO/G1 phase and pancreatic cancer cells in G2/M
phase [222]. G1 arrest can be even induced by BA [223, 224]. The majority of these studies
are in line with the induction of G1 arrest after TT treatment in this work.

Cell cycle progression is driven by periodically ubiquitin-dependent degradation of key cell
cycle regulators. Especially, the SCF protein complex is responsible for regulation of G1/S
transition. SKP2, as F-box protein in this complex, targets among others CDKN1A [225],
CCND [143] and CCNE [226] for protein degradation. High expression levels of SKP2 are
observed in osteosarcoma and associated with metastasis and poor prognosis [227]. Recent
studies demonstrated that an SKP2 up-regulation promoted osteosarcoma growth and
inhibited apoptosis [228], whereas its down-regulation suppressed proliferation and invasion
[229]. In this work, a strong down-regulation of SKP2 by viscum and viscumTT at gene and
protein level was demonstrated that prevented cell cycle progression of each cell line.

In healthy cells GADD45A is highly expressed during G1, decreased in S phase and also
interacts directly with CDKN1A [230, 231]. GADD45A as well as CDKN1A are induced in

response to cellular stress and DNA damage in a TP53-dependent mechanism [232, 233]. In
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this case, GADD45A initiates G2/M [136] and CDKN1A G1 arrest [233]. This is contrary to the
results of TP53 wild-type U20S cells in connection to GADD45A.

In general, cells with dysfunctional TP53 or CDKN1A actually lose their G1/S checkpoint and
are not able to arrest in G1 phase [234]. In contrast, TP53 mutant 143B and TP53 null-mutant
Saos-2 cells arrested mainly in G1 phase (expect 143B in response to viscum and viscumTT
(S)), which supports the theory of TP53-independent mechanism of action of the mistletoe
extracts via induction of GADD45A and CDKN1A. TP53-independent G1 arrest is often
accompanied by up-regulation of CDKN1A [235, 236]. Besides, other natural compounds also
induced G1 arrest with simultaneous increase of GADD45A expression [237] in a TP53-
independent manner [238]. Another study illustrated that expression of GADD45A after DNA
damage is associated with CDKN1A expression and results then either in G1 or in G2 arrest
[239]. Both, GADD45A and CDKN1A, mediated their function in a TP53-dependent and
- independent mechanism [240, 241]. Therefore, CDKN1A is able to induce TP53-independent
G1 [242] and S arrest [243], which may explain viscum-mediated observed S arrest with
increased CDKN1A expression in TP53 mutant 143B cells. Additionally, an observation of
prolonged G1/S transition is possible to result in S arrest [244]. At protein level, CDKN1A was
faster degraded in viscum-treated than in TT-treated cells, which reinforce the message that
TT-mediated G1 arrest is primarily driven by CDKN1A. G1 arrest is associated to CDKN1A
expression, which was also described for OA and UA [245, 246]. ViscumTT initiated distinct
G1 arrestin TP53 wild-type U20S and null-mutant Saos-2 cells, whereas in TP53 mutant 143B
cells first G1 followed by slight S arrest was observed, which might have resulted from the
combination of the single extract effects. The increased number of cells in G2/M phase of the
cell cycle in this study indicated a not complete stagnation, but delay of the cell cycle. In
arrested stadium cells had time for DNA repair, which finally allowed cells to continue cell cycle
progression, whereby prolonged cell cycle arrest often results in apoptosis.

In further consideration, both GADD45A and CDKN1A, played a role in induction of apoptosis
by viscum, TT and viscumTT as siRNA attenuated apoptotic effect. Knockdown of CDKN1A in
U20S cells increased apoptotic response, which was already described in colon cancer cells
[247] and prevented in combination with TT CDKN1A pro-survival function. In addition to UA,
CDKN1A was induced in TP53 wild-type and mutant colon cancer cells and compromised
apoptotic effect via MCL1 up-regulation. Further inhibition of CDKN1A led to a pro-apoptotic
effect [245]. Pro-survival effect of CDKN1A is prevented via TP53-dependent and
- independent fashion, but based mechanisms are mostly unknown. So up-regulation of pro-
apoptotic BAX [248] and enhanced apoptotic effect of cisplatin in ovarial carcinoma [249]
correlated with CDKN1A expression. In case of GADD45A, its pro-apoptotic function under

involvement of MAPK14/8 was recently shown in lymphocytes by riboflavin and ultraviolet light
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[250] and previously in TP53-independent response to breast cancer 1 (BRCA1) expression
[251].

Taken together, viscum, TT and viscumTT mediated their cell cycle modulatory and pro-
apoptotic effect via involvement of CDKN1A and GADD45A under secondary role of TP53
particiption. Therfore, they are qualified for osteosarcoma treatment, especially for such
osteosarcomas with occurred dysfunction in TP53 and RB1 resulting from retinoblastoma and
Li-Fraumeni syndrome. Finally, the roles of GADD45A and CDKN1A differ versus cell cycle
alterations and induction of apoptosis initiated by viscum, TT and viscumTT, but might depend

on cell line and their TP53 status.

4.4 ViscumTT activates stress-induced MAPK8 and inactivates survival-
associated MAPK1/3 pathway

Regarding the above mentioned mechanisms, GADD45A directly interacts with MAP3K4
(MEKK4) and initiates MAPK14/MAPKS8 pathway in environmental stress response [252]. As
central regulation cascade, MAPK pathways are involved in similar cellular processes,
including proliferation, differentiation, survival, apoptosis, and stress response. Key players
are three kinases that activate sequential kinase within the cascade and finally the regulatory
target protein. Four mammalian MAPK components are known, named MAPK1/MAPKS3,
MAPKS8, MAPK14, and MAPKY7 (ERKS). In this present work, activation of MAPK1/MAPKS3 and
MAPKS8 were investigated after viscum, TT and viscumTT treatment. MAPK1/3 is mainly
involved in proliferation and survival, whereby MAPKS is initiated after several stress signals,
such as ER stress [253], oxidative stress [254] irradiation [255], and DNA damage [256].
Several studies demonstrated a MAPK8 pathway activation after mistletoe treatment with
various extracts [57, 193, 257], which is in line with present results. Viscum and viscumTT
strongly activated (phosphorylated) MAPKS8 in each cell line. This correlated to GADD45A
expression of the extracts as discussed in the previous section.

For BA and OA also MAPKS activation is reported certainly in controversy discussion. On the
one hand, activation resulted in apoptosis [258, 259] and on the other hand, it mediated cancer
cell protection by autophagy [260]. Surprisingly, activation of MAPK8 was not prevented by its
inhibitor SP600125, but rather enhanced apoptosis induction was seen in TT and viscumTT-
treated cells. This could be explained with the inhibition of the OA-induced autophagy effect,
resulting in stronger apoptosis [260, 261]. Such enhanced apoptosis was also shown by
inhibition of autophagy mediated by UA [262, 263]. Interestingly, autophagy is mainly induced
in G1, less in S and never in G2/M phase when TP53 is dysfunctioned [264]. Furthermore,
autophagy is induced in TT and viscumTT, but not in viscum-treated Ewing’s sarcoma cells

[193] and led to the assumption that apoptosis as well as autophagy are simultaneously
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induced also in osteosarcoma. Viscum, TT and viscumTT dephosphorylated MAPK1/3 in
U20S, but not in TT-treated 143B. Opposing results were also shown for the activation of
MAPK1/3 by OA derivative [265] or inactivation by UA [266, 267], but both induced apoptosis.
TP53 plays different roles in MAPK signaling and deals with its activation as well as inactivation
to maintain cell death and survival in response to DNA damage [268]. In conclusion, viscum,
TT and viscumTT results suggest again TP53-independent action by involvement of MAPK1/3
and MAPKS8 pathway in triggering apoptosis induction.

4.5 ViscumTT inhibits survival-associated STAT3 pathway and down-
regulates its anti-apoptotic downstream targets

STAT3 is one of seven cytoplasmic transcription factors that receives signals, mainly via
interleukin-6 (IL-6) and JAK2, from the cell membrane and relays them into the nucleus to
regulate transcription of different genes involved, for instance, in cellular survival and
proliferation. In osteosarcoma and other tumors, STAT3 is often over-expressed and
constitutively activated by its phosphorylation on Tyr705 and promotes tumor growth [269,
270]. STAT3 can also be phosphorylated at Ser727, but its role is discussed controversial.
Studies suggested that Ser727 phosphorylation is necessary for full activity of Tyr705-
phosphorylated STAT3 [271]. It was found that MAPK1/3 and MAPKS8 are responsible for that,
but MAPKS8 led simultaneously to its negative regulation [272]. Today, Ser727 phosphorylation
seems to play a more complex role in tumorigenesis [273, 274]. In this work, STAT3 was
phosphorylated at both sites in untreated control cells. Viscum, TT and viscumTT treatment
dephosphorylated STAT3 at Ser727 as well as Tyr 705 with simultaneously total STAT3
degradation. A study with gastric cancer cells has shown that depletion of STAT3
simultaneously led to SKP2 down-regulation with further increase of CDKN1A and CDKN1B
[275]. Since CCND1 is revealed as transcriptional target of STATS3, it indicates a direct
crosstalk of STAT3 pathway and cell cycle progression [276]. Therefore, strong down-
regulation of STAT3 correlated with those of SKP2 and confirmed targeting STAT3 by viscum
and viscumTT. Down-regulation of STAT3 was previously described for a fermented
commercial Viscum album preparation in gliomas [277] and for OA in colorectal cancer [278].
Furthermore, STAT3 down-stream targets, MYC and BIRC5, were also decreased in this
study. Moreover, down-regulation of BIRC5 was recently published for AML and Ewing’s
sarcoma [164, 173]. IAP family member BIRCS is often over-expressed in several cancer types
and is associated with chemotherapy resistance and poor prognosis [279]. MYC over-
expression in osteosarcoma is associated with cell invasion [280], but promotes survival
depending on E2F transcription factor activity [281]. Taken together, viscum, TT and viscumTT

prevented the STAT3-mediated survival benefit with further depletion of BIRC5 and MYC. Due
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to their negative-associated function in tumor development when overexpressed, they

represent additional interesting targets for treating osteosarcoma.

4.6 ViscumTT is more effective in Saos-2 xenograft than its single extracts

Observed anti-tumoral effects of viscum, TT and viscumTT in vitro were confirmed in vivo as
tumor volume was significantly reduced. The high effective potential in vivo of these extracts
was multiple shown in Ewing’s sarcoma, leukemia, and murine melanoma [164, 173, 282]. In
an AML study viscumTT has shown a similar therapeutic effectiveness like cytarabine, a
standard chemotherapeutic drug in leukemia treatment. The single effects of both treatments
were additionally enhanced when combined administered [164]. On the other hand, viscumTT
application either i.t. or i.v. showed no significant difference in Ewing’s sarcoma xenograft and
was nearly as effective as Doxo [173]. In contrast to another study with rhabdomyosarcoma
patient-derived xenografts as viscumTT showed higher effectiveness when administered i.t.
than i.v.. However, in the same study, an additional reduction of tumor volume was seen for
viscumTT compared to viscum or TT single treatment, but Doxo had no effect [184]. In this
present work, a significant stronger reduction of tumor volume was observed for viscumTT to
control and viscum group and confirmed higher therapeutic effectiveness of viscumTT also in
Vivo.

However, implementation of mice experiments can be assessed critical. On the one hand,
calculation of tumor volume is less meaningful than tumor weight, because of subjective
measurement and non-invasive technics. On the other hand, tumor volume should be
approved by endpoint histological stainings that correlate in best case with assessed tumor
volume. Unfortunately, neither decreased MKI67 nor increased CASP3 activity were
significantly observed, which was also seen in CASP3 activity results in murine melanoma
study [282]. Mills et al. analyzed different sarcoma cell lines, including proliferative and invasive
behavior of Saos-2 cells in vitro and in vivo, respectively. Interestingly, they documented that
classical in vitro markers like MKI67 do not correlate with histopathology in s.c. xenografts
[283]. Consequently, MKI67 seems to be a poor marker for assessment of Saos-2 proliferation
in xenografts. In addition to this, seemingly i.t. application vastly influences tissue, which could
explain the bad tissue texture and difficulties to stain the samples. Also, the relatively high
amount of necrotic areas and the positive cleaved CASP3 staining in control group could result
from this route of administration. Moreover, this study should not to be interpreted as evident
result due to the small and unequal sample size (eight mice in control and five mice in each
treatment group).

Nevertheless, the in vivo results indicated a high anti-tumoral effectiveness of viscum and TT

that was additionally enhanced by viscumTT with regard to the remarkable reduction of tumor
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volume and good tolerability as potential therapy for osteosarcoma considering poor chosen

histological markers.

4.7 The whole context — a hypothesis for synergistic action of viscumTT and

its high potential as new therapeutic approach in osteosarcoma

To conclude the results of this work, the high potential of a whole mistletoe extract, viscumTT,
combined the advantages of its single extracts thus enhanced their anti-tumoral effects and
led to a higher efficiency in osteosarcoma.

Studies with recombinant ML | and Korean mistletoe extract described a TP53-independent
induced apoptosis [53, 55]. In this present work, TP53 mutant (143B) and null mutant (Saos-
2) cells were more resistant to viscum treatment than wild-type (U20S) cells, regarding to
induction of apoptosis, but not to inhibition of proliferation. Reasons for TP53-independent
mechanism of action of mistletoe extracts were revealed when TP53 mutant and null mutant
cells were able to arrest in G1 phase and when distinct down-regulation of TP53 was detected
in wild-type and mutant cells. In healthy cells TP53 is low expressed, possesses a half-life of
a few minutes, but is rapidly transcriptionally induced and increasingly translated in response
to DNA damage or stress signals. Then TP53 is stabilized and mediates its function mainly at
protein level by transcriptional regulation of target genes or protein-protein interactions [284].
Since 143B cells express non-functional TP53 and Saos-2 cells are TP53 deficient [169],
down-stream regulation by TP53 does not occur. However, a wild-type TP53 participation in
induction of apoptosis and cell cycle alterations by viscum, TT and viscumTT could not be
completely excluded, but its function was not essential in this case.

The observation that the inhibition of MAPKS8 led to stronger apoptosis in TT and viscumTT,
but not in viscum-treated cells, opened new insights of a possible synergistic mechanism of
viscumTT. Since synergistic and antagonistic effects of co-treatments resulted from same or
related targets in the same or related pathways, the dual role of MAPK8 activation was of
particular interest. Consequently, it can be hypothesized that viscum is able to shift the balance
between autophagy and apoptosis towards apoptosis or even functions as inhibitor of
autophagy in the context of TT and lead consequently to synergistic induction of apoptosis in
MAPKS8-dependent mechanism. Different observations gave notes for this assumption.

First, MAPK8 was induced by viscum and viscumTT, but less by TT in TP53 wild-type and
mutant cells and was also involved in the induction of both, autophagy and apoptosis [285].
Triterpene acids, especially UA via phosphorylation of MAPKS, are able to trigger autophagy
as well as apoptosis [286]. Furthermore, MAPKS8 could not be inhibited in TT or viscumTT-
treated cells, rather stronger apoptosis was induced instead. Inhibition of OA-induced

autophagy mediated by MAPKS8 resulted in stronger apoptosis induction [260]. In this case,
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viscum could possess a role as autophagy inhibitor, which might be the reason for viscumTT-
mediated action.

Second, CDKN1A knockdown was also associated with enhanced induction of apoptosis in
TT-treated TP53 wild-type cells. Some studies have demonstrated that a higher CDKN1A
expression resulted in autophagy and by its inhibition apoptosis was induced [287, 288].
Additionally, apoptosis after knockdown of CDKN1A was caspase- and MAPK8-dependent
[289]. The initiation of autophagy in Ewing’s sarcoma cell line after TT and viscumTT, but not
after viscum treatment [193], supported the hypothesis that autophagy and apoptosis are
similarly triggered after viscumTT treatment. It seemed that viscumTT unifies an inducer of
apoptosis (viscum, TT) and an inhibitor or suppressor of autophagy (viscum), which
consequently results in synergistic induction of apoptosis. In this case, viscum could shift the
balance between apoptosis and autophagy towards apoptosis with MAPKS8 as key regulator
(Figure 29).

Other molecular events that were found in this work demonstrated the multiple targets in
viscumTT treatment. Up-regulation of GADD45A and CDKN1A seemed to be central players
in viscumTT mechanism of action. Additionally, expression of GADD45A was also associated
with sensitizing osteosarcoma cells to chemotherapeutic drugs [290] and medulloblastoma
cells to irradiation [291]. Furthermore, viscumTT-mediated functions were accompanied by
inactivation of constitutively activated survival pathways, such as STAT3 and MAPK1/3. The
down-regulation of often over-expressed and with poor prognosis associated proteins, such
as BIRC5, MYC, and SKP2 revealed viscumTT-possessed high potential in more detail.
Additionally, its strong influence on the cell cycle, its synergistic apoptotic effect, its non-
essential requirement of TP53 in mechanism of action as well as its good therapeutic
effectiveness in vivo qualify viscumTT as promising therapeutic approach in pediatric

osteosarcoma patients.
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Figure 29 Possible synergistic mechanism of action of viscumTT. Viscum (ML I) binds with its B chain to D-
galactose and is internalized by endocytosis. The uptake of TT is mediated by unknown mechanism, but it is able
to embed into membranes. Inside the cell both, viscum and TT, initiate cell cycle arrest, inhibition of proliferation
and induction of apoptosis via involvement of CDKN1A, GADD45A, CASPS, -9, -3, STAT3 and MAPK pathways.
TT may lead also to autophagy whereas viscum induce apoptosis via MAPK8 as key regulator of mechanism of
action of viscumTT. Finally, TT functions as an autophagy inducer whereas viscum inhibits this effect, whereby
apoptosis is enhanced. Black arrows: activation, up black arrows in circle: up-regulation, down arrows in circle:
down-regulation, grey arrows: non-essential role (TP53), up grey arrows in circle: low activation (MAPKS8), blocked

line: inhibition, double-sided arrow: interaction.
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5. Outlook

This present work raised many further questions for future investigations. A central point
should be the based mechanism of synergistic effect of viscumTT. It has to be analyzed
whether induction of autophagy also occurs in osteosarcoma cells by TT and viscumTT.
Further inhibition, knockdown, knockout or over-expression experiments should be carried out
to understand the dual role of MAPK8 and to support the hypothesis viscum as inhibitor of
autophagy. Therefore, examinations of MAPK8 should be intensified, especially its role in
viscumTT-mediated action regarding its activation sites. It is also of importance to understand
the function of the single extracts viscum and TT and which affected targets are further involved
in MAPKS8 activation. Also, examinations of other cell death forms besides apoptosis have to
be elucidated in the future. A deeper role of TP53 participation in viscum, TT and viscumTT-
initiated processes should be in focus of prospective studies.

For better assessment of therapeutic effectiveness an additional osteosarcoma mice
experiment with more mice per group should be performed. Therefore, an alternative route of
administration to i.t., for instance, i.v. should be used to include a systemic effect. This would
also be an advantage for improvement of the tissue texture. Additionally, other and better

histological markers have to be used to confirm actual high therapeutic potential in vivo.

80



Supplementary Data

6. Supplementary Data
6.1  Viscum, TT and viscumTT do not affect healthy fibroblastic VH7 cells

Ctrl viscum

-9

Figure S1a Morphological changes in VH7 healthy fibroblastic cells. Cells were incubated with highest viscum
(ML 10 ng/mL), TT (OA 60 pg/mL) and viscumTT (10 ng/mL+60 pg/mL) concentrations for 24 h and were evaluated
under light microscope.
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Figure S1b Viscum, TT and viscumTT neither inhibit proliferation nor induce apoptosis in VH7 cells. Cells
were treated with increasing concentrations of viscum, TT and viscumTT for 24 h and analyzed either by WST-1
proliferation reagent (left) or stained by Annexin V/PI (right). Graphs display mean percentages of cells + SD of at

least three independent experiments. Significance is indicated with *p<0.05 related to control; ns, non-significant.

6.2 TT-mediated apoptosis is based on active compounds oleanolic and
betulinic acid

The apoptotic effect of TT is based on the main active compounds, OA and BA. In order to
this, induction of apoptosis was analyzed in U20S and 143B cells regarding to OA and BA
standards, the combination thereof as well as combined with viscum and compared to TT. OA
as well as BA standards were applied in concentrations as included in TT. After the treatment
of 24 h, cells were stained with Annexin V/Pl and analyzed by flow cytometry. OA led to
stronger induction of apoptosis than TT, but was dose-dependent in both cell lines. The
treatment of OA at 60 ug/mL showed 69 % (U20S) and 75.6 % (143B) apoptotic cells,
whereas BA at 5 ug/mL had no apoptotic potential (Figure S2 above). Surprisingly, when OA
was combined with BA, induction of apoptosis was strongly reduced by almost 50 %. On the
other hand, TT was able to trigger approximtately 50 % apoptosis in comparison to the
standards at same concentrations. The combinatorial treatment of OA at 60 pg/mL and viscum
at 10 ng/mL ML reached 80 %, whereas OA and BA at 5 ng/mL in combination with viscum
only led to 30 % apoptotic cells (Figure S2 below). However, viscumTT led to approximately
80 % apoptosis in 143B cells and in U20S cells viscum plus the standard substances had a
slightly stronger effect than viscumTT. These results indicated that OA and BA are responsible
for apoptotic effect of TT although single treatment of OA was more potent than OA and BA in
combination. Nevertheless, viscumTT was more effective than viscum combined with OA and
BA in 143B cells.
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Figure S2a TT-induced apoptosis is predominantly mediated by OA. U20S and 143B cells were incubated
with OA and BA in concentrations as included in TT for 24 h (above). Cells were additionally treated with viscum
for 24 h (below). Mean percentage + SD of apoptotic cells of at least three independent experiments are presented.
Significant results are indicated: *p<0.05, **p<0.01, ***p<0.001, ****p<0.001 between treated cells related to

untreated control (Ctrl); ns, non-significant.

In order to TT-containing main compounds, OA and BA, apoptotic potential was tested with
their standards. Contrary to our expectations, OA itself induced apoptosis stronger than the
combination with BA. The amount of BA is to less for induction of apoptosis, but certainly
sufficient to prevent OA effectiveness. Contrarily, combination of OA and UA synergizes the
inhibition of proliferation in melanoma cells [292]. However, triterpene acids, including OA, BA
and UA possess autophagic and apoptotic properties [261, 293]. Since autophagy is discussed
controversial due to its balanced role in protecting cells by preventing apoptosis or promoting
cell death [294], antagonistic action by combined OA and BA treatment could be explained.
Autophagy promotor rapamycin enhanced the number of OA-mediated autophagosomes,
compromised its apoptotic effect and increased cell viability [295]. Potze et al. have been
shown an autophagic rescue function already at low BA concentrations (<7.5 yg/mL) and
autophagy as well as apoptosis was blocked by inhibition of MOMP in HeLa and MCF-7 cells
[296]. Additionally, BA was able to trigger apoptotis by inhibition of autophagy in myeloma cells

83



Supplementary Data

at higher concentration (20 ug/mL) [297], leading to assumption underlining decision between
cell survival and cell death is dose-dependent. Therefore, autophagy keeps the balance in a
dose-dependent manner until reached threshold shifting to apoptosis. Consequently, low dose
BA may prevented induction of apoptosis by OA causing enhanced autophagic potential.
Nevertheless, TT induced stronger apoptosis than combined OA and BA indicating additional
substances within the TT extract. Hence, autophagic effect was attenuated, which was further
enhanced by viscum and finally results in viscumTT effect.

The lower effectiveness of TT in comparison to OA standard could be further explain due to
TT manufactured from mistletoe herb used in this work (TT154). Comparative data revealed
higher apoptotic potential by TT extract produced from one-year new shoots (TT167, TT172)
are more potent than TT lots from mistletoe herb (Figure S2b).
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Figure S2b TT from one-year new shoots is more effective than TT from mistletoe herb. 143B and Saos-2
cells were incubated with different TT lots (154, 167, 172) and apoptosis was analyzed by Annexin V/PI staining
and flow cytometry. TT154 was produced from mistletoe herb and TT167, 172 was provided by one-year old new
shoots. Mean percentage + SD of apoptotic cells of at least three independent experiments are presented.
Significant results are indicated: *p<0.05, **p<0.01, ***p<0.001, ****p<0.001 between treated cells related to

untreated control (Ctrl); ns, non-significant.

6.3 Viscum, TT and viscumTT significantly enhance chemotherapeutic drug
treatment

Table S1a P-values of co-treatment with Doxo of U20S cells.

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Row 1
Ctrl vs. Doxo -7.414 -18.32t0 3.496 No ns 0.4209
Ctrl vs. viscum -9.33 -20.65 to 1.992 No ns 0.1872
Ctrl vs. viscum+Doxo -13.09 -24.41t0-1.768 Yes * 0.0119
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Ctrlvs. TT -2.993 -14.3210 8.328 No ns 0.9918
Ctrl vs. TT+Doxo -9.542 -20.86t01.78 No ns 0.1654
Ctrl vs. viscumTT -21.79 -34.4510-9.132 Yes i <0.0001
Ctrl vs. viscumTT+Doxo -30.96 -42.28t0-19.63 Yes i <0.0001
Doxo vs. viscum -1.916 -12.83 t0 8.994 No ns 0.9994
Doxo vs. viscum+Doxo -5.676 -16.59t0 5.234 No ns 0.7442
Doxovs. TT 4.421 -6.4891t0 15.33 No ns 0.9137
Doxo vs. TT+Doxo -2.127 -13.04 t0 8.782 No ns 0.9988
Doxo vs. viscumTT -14.38 -26.67 to -2.085 Yes * 0.0105
Doxo vs. viscumTT+Doxo -23.54 -34.45t0-12.63 Yes i <0.0001
viscum vs. viscum+Doxo -3.76 -15.08 to 7.562 No ns 0.9693
viscumvs. TT 6.337 -4.985 to 17.66 No ns 0.6675
viscum vs. TT+Doxo -0.2117 -11.53 to 11.11 No ns >0.9999
viscum vs. viscumTT -12.46 -25.12t00.198 No ns 0.057
viscum vs. viscumTT+Doxo -21.63 -32.95t0-10.3 Yes i <0.0001
viscum+Doxo vs. TT 10.1 -1.225t0 21.42 No ns 0.1173
viscum+Doxo vs. TT+Doxo 3.548 -7.773 t0 14.87 No ns 0.9778
viscum+Doxo vs. viscumTT -8.7 -21.36 to 3.958 No ns 0.4059
viscum+Doxo vs. viscumTT+Doxo -17.87 -29.19 to -6.545 Yes i <0.0001
TT vs. TT+Doxo -6.548 -17.87104.773 No ns 0.6293
TT vs. viscumTT -18.8 -31.4510-6.139 Yes i 0.0003
TT vs. viscumTT+Doxo -27.96 -39.29t0 -16.64 Yes hx <0.0001
TT+Doxo vs. viscumTT -12.25 -24.91 to 0.4097 No ns 0.0654
TT+Doxo vs. viscumTT+Doxo -21.42 -32.74 10 -10.09 Yes hx <0.0001
viscumTT vs. viscumTT+Doxo -9.167 -21.82 to0 3.491 No ns 0.3374
Row 2
Ctrl vs. Doxo -7.414 -18.32t0 3.496 No ns 0.4209
Ctrl vs. viscum -25.47 -37.34t0-13.59 Yes hx <0.0001
Ctrl vs. viscum+Doxo -32.47 -45.13 to -19.81 Yes i <0.0001
Ctrlvs. TT -4.595 -15.9210 6.727 No ns 0.9131
Ctrl vs. TT+Doxo -12.56 -23.89t0 -1.242 Yes * 0.0187
Ctrl vs. viscumTT -49.72 -63.59 t0 -35.85 Yes hx <0.0001
Ctrl vs. viscumTT+Doxo -68.07 -81.94 to -54.2 Yes i <0.0001
Doxo vs. viscum -18.05 -29.53 to -6.569 Yes bl 0.0001
Doxo vs. viscum+Doxo -25.05 -37.34 t0 -12.76 Yes i <0.0001
Doxovs. TT 2.819 -8.0911t0 13.73 No ns 0.9928
Doxo vs. TT+Doxo -5.149 -16.06 to 5.761 No ns 0.827
Doxo vs. viscumTT -42.31 -55.84 to -28.77 Yes i <0.0001
Doxo vs. viscumTT+Doxo -60.66 -74.19t0 -47.12 Yes i <0.0001
viscum vs. viscum+Doxo -7.002 -20.16t0 6.153 No ns 0.7216
viscumvs. TT 20.87 8.997 to 32.75 Yes hx <0.0001
viscum vs. TT+Doxo 12.9 1.028 to 24.78 Yes * 0.0232
viscum vs. viscumTT -24.25 -38.57 t0-9.933 Yes i <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
viscum vs. viscumTT+Doxo -42.6 -56.92 to -28.28 Yes i <0.0001
viscum+Doxo vs. TT 27.87 15.21 to 40.53 Yes i <0.0001
viscum+Doxo vs. TT+Doxo 19.9 7.246 to 32.56 Yes bl 0.0001
viscum+Doxo vs. viscumTT -17.25 -32.23t0-2.275 Yes * 0.0125
viscum+Doxo vs. viscumTT+Doxo -35.6 -50.58 to -20.63 Yes i <0.0001
TT vs. TT+Doxo -7.968 -19.29t0 3.353 No ns 0.3745
TT vs. viscumTT -45.13 -58.99 to -31.26 Yes i <0.0001
TT vs. viscumTT+Doxo -63.48 -77.34 t0 -49.61 Yes i <0.0001
TT+Doxo vs. viscumTT -37.16 -51.02t0 -23.29 Yes i <0.0001
TT+Doxo vs. viscumTT+Doxo -55.51 -69.37 to -41.64 Yes i <0.0001
viscumTT vs. viscumTT+Doxo -18.35 -34.36 to -2.339 Yes * 0.0132
Row 3
Ctrl vs. Doxo -7.414 -18.32t0 3.496 No ns 0.4209
Ctrl vs. viscum -45.2 -57.08 t0 -33.33 Yes i <0.0001
Ctrl vs. viscum+Doxo -46.38 -58.25t0 -34.5 Yes i <0.0001
Ctrlvs. TT -8.613 -19.94 t0 2.708 No ns 0.2759
Ctrl vs. TT+Doxo -17.78 -29.1 to -6.455 Yes i 0.0001
Ctrl vs. viscumTT -76.78 -88.66 to -64.91 Yes i <0.0001
Ctrl vs. viscumTT+Doxo -83.67 -96.33t0 -71.01 Yes i <0.0001
Doxo vs. viscum -37.79 -49.27 to -26.31 Yes i <0.0001
Doxo vs. viscum+Doxo -38.96 -50.45 to -27.48 Yes i <0.0001
Doxovs. TT -1.199 -12.111t0 9.711 No ns >0.9999
Doxo vs. TT+Doxo -10.36 -21.27 to 0.5475 No ns 0.0754
Doxo vs. viscumTT -69.37 -80.85 to -57.89 Yes i <0.0001
Doxo vs. viscumTT+Doxo -76.26 -88.55 t0 -63.97 Yes i <0.0001
viscum vs. viscum+Doxo -1.174 -13.58t0 11.23 No ns >0.9999
viscumvs. TT 36.59 24.72 to 48.46 Yes hx <0.0001
viscum vs. TT+Doxo 27.43 15.55 t0 39.3 Yes i <0.0001
viscum vs. viscumTT -31.58 -43.98 t0 -19.18 Yes i <0.0001
viscum vs. viscumTT+Doxo -38.47 -51.62 to -25.31 Yes i <0.0001
viscum+Doxo vs. TT 37.76 25.89 to 49.64 Yes hx <0.0001
viscum+Doxo vs. TT+Doxo 28.6 16.73 to 40.48 Yes i <0.0001
viscum+Doxo vs. viscumTT -30.41 -42.81to0-18 Yes i <0.0001
viscum+Doxo vs. viscumTT+Doxo -37.29 -50.45 to -24.14 Yes i <0.0001
TT vs. TT+Doxo -9.163 -20.49t0 2.158 No ns 0.2058
TT vs. viscumTT -68.17 -80.04 to -56.3 Yes il <0.0001
TT vs. viscumTT+Doxo -75.06 -87.72t0-62.4 Yes hx <0.0001
TT+Doxo vs. viscumTT -59.01 -70.88t0 -47.13 Yes hxr <0.0001
TT+Doxo vs. viscumTT+Doxo -65.9 -78.55t0-53.24 Yes i <0.0001
viscumTT vs. viscumTT+Doxo -6.888 -20.04 to 6.266 No ns 0.7379

86



Supplementary Data

Table S1b P-values of co-treatment with VP16 of U20S cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
Row 1

Ctrl vs. VP16 -5.298 -17.2310 6.638 No ns 0.8674

Ctrl vs. viscum -9.33 -21.27 to 2.606 No ns 0.2439

Ctrl vs. viscum+VP16 -16.59 -28.52 to -4.651 Yes i 0.001
Ctrlvs. TT -2.993 -14.93 10 8.943 No ns 0.994

Ctrl vs. TT+VP16 -11.34 -23.86t0 1.179 No ns 0.1057
Ctrl vs. viscumTT -21.79 -35.13t0 -8.445 Yes hxE <0.0001
Ctrl vs. viscumTT+VP16 -34.83 -46.76 to -22.89 Yes hxE <0.0001
VP16 vs. viscum -4.032 -15.97 to 7.904 No ns 0.9663
VP16 vs. viscum+VP16 -11.29 -23.22t0 0.6476 No ns 0.0778
VP16 vs. TT 2.305 -9.631to0 14.24 No ns 0.9988

VP16 vs. TT+VP16 -6.042 -18.56 t0 6.477 No ns 0.8097
VP16 vs. viscumTT -16.49 -29.84 to -3.147 Yes ** 0.0053
VP16 vs. viscumTT+VP16 -29.53 -41.46t0 -17.59 Yes hxE <0.0001
viscum vs. viscum+VP16 -7.257 -19.19t0 4.679 No ns 0.5673
viscumvs. TT 6.337 -5.599 t0 18.27 No ns 0.7238
viscum vs. TT+VP16 -2.01 -14.53t0 10.51 No ns 0.9997
viscum vs. viscumTT -12.46 -25.8t0 0.8848 No ns 0.0855
viscum vs. viscumTT+VP16 -25.5 -37.43 t0 -13.56 Yes i <0.0001
viscum+VP16 vs. TT 13.59 1.657 to 25.53 Yes * 0.0142
viscum+VP16 vs. TT+VP16 5.247 -7.272t017.77 No ns 0.8983
viscum+VP16 vs. viscumTT -5.203 -18.55t0 8.141 No ns 0.9285
viscum+VP16 vs. viscumTT+VP16 -18.24 -30.18 t0 -6.304 Yes i 0.0002
TT vs. TT+VP16 -8.347 -20.87 t0 4.172 No ns 0.4461

TT vs. viscumTT -18.8 -32.14 t0 -5.452 Yes i 0.0008
TT vs. viscumTT+VP16 -31.83 -43.77t0-19.9 Yes hxE <0.0001
TT+VP16 vs. viscumTT -10.45 -24.32103.418 No ns 0.2873
TT+VP16 vs. viscumTT+VP16 -23.49 -36.01to -10.97 Yes hxE <0.0001
viscumTT vs. viscumTT+VP16 -13.04 -26.38 to 0.3082 No ns 0.0606

Row 2

Ctrl vs. VP16 -5.298 -17.2310 6.638 No ns 0.8674

Ctrl vs. viscum -25.47 -37.98t0-12.95 Yes hxE <0.0001

Ctrl vs. viscum+VP16 -30.14 -43.49t0-16.8 Yes hxE <0.0001
Ctrlvs. TT -4.595 -16.53 to 7.341 No ns 0.9329

Ctrl vs. TT+VP16 -12.12 -24.05t0-0.179 Yes * 0.044

Ctrl vs. viscumTT -49.72 -64.34 to -35.1 Yes hxE <0.0001

Ctrl vs. viscumTT+VP16 -57.85 -70.37 to -45.33 Yes hxE <0.0001
VP16 vs. viscum -20.17 -32.69t0 -7.649 Yes hxE <0.0001
VP16 vs. viscum+VP16 -24.84 -38.19t0-11.5 Yes hxE <0.0001
VP16 vs. TT 0.7033 -11.23t0 12.64 No ns >0.9999

VP16 vs. TT+VP16 -6.817 -18.75t05.119 No ns 0.6439
VP16 vs. viscumTT -44.42 -59.04 t0 -29.8 Yes hxE <0.0001
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Supplementary Data

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
VP16 vs. viscumTT+VP16 -52.55 -65.07 to -40.03 Yes hxE <0.0001
viscum vs. viscum+VP16 -4.677 -18.54 10 9.192 No ns 0.9666
viscumvs. TT 20.87 8.352 to 33.39 Yes hxE <0.0001
viscum vs. TT+VP16 13.35 0.8324 to 25.87 Yes * 0.0279
viscum vs. viscumTT -24.25 -39.35t0-9.156 Yes i <0.0001
viscum vs. viscumTT+VP16 -32.38 -45.46 t0 -19.31 Yes hxE <0.0001
viscum+VP16 vs. TT 25.55 12.2 to 38.89 Yes hxE <0.0001
viscum+VP16 vs. TT+VP16 18.03 4.683 to 31.37 Yes ** 0.0015
viscum+VP16 vs. viscumTT -19.58 -35.37 t0 -3.788 Yes ** 0.0051
viscum+VP16 vs. viscumTT+VP16 -27.71 -41.57 10 -13.84 Yes hxE <0.0001
TT vs. TT+VP16 -7.52 -19.46t0 4.416 No ns 0.5212
TT vs. viscumTT -45.13 -59.74 to -30.51 Yes hxE <0.0001
TT vs. viscumTT+VP16 -53.25 -65.77 t0 -40.73 Yes hxE <0.0001
TT+VP16 vs. viscumTT -37.61 -52.22 10 -22.99 Yes hxE <0.0001
TT+VP16 vs. viscumTT+VP16 -45.73 -58.25 to -33.21 Yes hxE <0.0001
viscumTT vs. viscumTT+VP16 -8.128 -23.23t06.97 No ns 0.7094

Row 3

Ctrl vs. VP16 -5.298 -17.2310 6.638 No ns 0.8674
Ctrl vs. viscum -45.2 -57.72 t0 -32.69 Yes i <0.0001
Ctrl vs. viscum+VP16 -56.26 -70.88 to -41.64 Yes hxE <0.0001
Ctrlvs. TT -8.613 -20.55 10 3.323 No ns 0.3416
Ctrl vs. TT+VP16 -17.15 -29.08 to -5.211 Yes i 0.0006
Ctrl vs. viscumTT -76.78 -89.3 to -64.27 Yes hxE <0.0001
Ctrl vs. viscumTT+VP16 -77.47 -89.4 to -65.53 Yes hxE <0.0001
VP16 vs. viscum -39.91 -52.42 10 -27.39 Yes hxE <0.0001
VP16 vs. viscum+VP16 -50.96 -65.58 to -36.34 Yes hxE <0.0001
VP16 vs. TT -3.315 -15.25 t0 8.621 No ns 0.9889
VP16 vs. TT+VP16 -11.85 -23.78 t0 0.08764 No ns 0.0532
VP16 vs. viscumTT -71.49 -84 to -58.97 Yes hxE <0.0001
VP16 vs. viscumTT+VP16 -72.17 -84.1 t0 -60.23 Yes hxE <0.0001
viscum vs. viscum+VP16 -11.06 -26.15 t0 4.042 No ns 0.3229
viscumvs. TT 36.59 24.07 to 49.11 Yes hxE <0.0001
viscum vs. TT+VP16 28.06 15.54 to0 40.58 Yes hxE <0.0001
viscum vs. viscumTT -31.58 -44.66 to -18.5 Yes i <0.0001
viscum vs. viscumTT+VP16 -32.26 -44.78 10 -19.74 Yes hxE <0.0001
viscum+VP16 vs. TT 47.65 33.03 to 62.27 Yes hxE <0.0001
viscum+VP16 vs. TT+VP16 39.11 24.49 t0 53.73 Yes hxE <0.0001
viscum+VP16 vs. viscumTT -20.52 -35.62 to -5.426 Yes ** 0.0014
viscum+VP16 vs. viscumTT+VP16 -21.21 -35.82 10 -6.586 Yes i 0.0005
TT vs. TT+VP16 -8.533 -20.47 t0 3.403 No ns 0.3537
TT vs. viscumTT -68.17 -80.69 to -55.65 Yes hxE <0.0001
TT vs. viscumTT+VP16 -68.85 -80.79 to -56.92 Yes hxE <0.0001
TT+VP16 vs. viscumTT -59.64 -72.16 t0 -47.12 Yes hxE <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
TT+VP16 vs. viscumTT+VP16 -60.32 -72.251t0 -48.38 Yes o <0.0001
viscumTT vs. viscumTT+VP16 -0.681 -13.2t0 11.84 No ns >0.9999

Table S1c P-values of co-treatment with 4-OOH of U20S cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
Row 1
Ctrl vs. 4-O0OH -3.066 -15.04 to 8.908 No ns 0.9931
Ctrl vs. viscum -9.33 -20.75 t0 2.086 No ns 0.1947
Ctrl vs. viscum+400H -18.13 -30.89 to -5.361 Yes i 0.0007
Ctrlvs. TT -2.993 -14.41108.423 No ns 0.992
Ctrl vs. TT+400H -5.695 -17.11t0 5.721 No ns 0.7805
Ctrl vs. viscumTT -21.79 -34.5510 -9.026 Yes hx <0.0001
Ctrl vs. viscumTT+400H -22.15 -36.13t0 -8.165 Yes hx <0.0001
4-O0H vs. viscum -6.264 -18.24 t0 5.71 No ns 0.7365
4-OO0H vs. viscum+400H -15.06 -28.32t0-1.7%4 Yes * 0.0148
4-O0OHvs. TT 0.07267 -11.9to 12.05 No ns >0.9999
4-O0OH vs. TT+400H -2.629 -14.6 t0 9.345 No ns 0.9973
4-OOH vs. viscumTT -18.72 -31.99t0 -5.459 Yes i 0.0008
4-OO0H vs. viscumTT+400H -19.08 -33.52t0 -4.64 Yes ** 0.0022
viscum vs. viscum+400H -8.795 -21.56 to 3.969 No ns 0.4003
viscumvs. TT 6.337 -5.08t0 17.75 No ns 0.6743
viscum vs. TT+400H 3.635 -7.781t0 15.05 No ns 0.9753
viscum vs. viscumTT -12.46 -25.22 t0 0.3038 No ns 0.0609
viscum vs. viscumTT+400H -12.82 -26.8t0 1.165 No ns 0.0972
viscum+400H vs. TT 15.13 2.368 to 27.9 Yes ** 0.009
viscum+400H vs. TT+400H 12.43 -0.3338 to0 25.19 No ns 0.0621
viscum+400H vs. viscumTT -3.665 -17.65t0 10.32 No ns 0.9921
viscum+40O0H vs. viscumTT+400H -4.022 -19.12t0 11.08 No ns 0.9913
TT vs. TT+400H -2.702 -14.12t08.715 No ns 0.9957
TT vs. viscumTT -18.8 -31.56 t0 -6.033 Yes i 0.0004
TT vs. viscumTT+400H -19.15 -33.14t0-5.171 Yes ** 0.0013
TT+400H vs. viscumTT -16.1 -28.86 to -3.331 Yes ** 0.0042
TT+400H vs. viscumTT+400H -16.45 -30.43t0 -2.47 Yes ** 0.0099
viscumTT vs. viscumTT+400H -0.3567 -15.46 t0 14.75 No ns >0.9999
Row 2
Ctrl vs. 4-O0OH -3.066 -15.04 to 8.908 No ns 0.9931
Ctrl vs. viscum -25.47 -37.4410-13.49 Yes hx <0.0001
Ctrl vs. viscum+400H -39.35 -52.11 t0 -26.58 Yes hx <0.0001
Ctrlvs. TT -4.595 -16.01 to 6.821 No ns 0.9153
Ctrl vs. TT+400H -10.63 -22.04 t0 0.7897 No ns 0.0872
Ctrl vs. viscumTT -49.72 -63.7 to -35.74 Yes hx <0.0001
Ctrl vs. viscumTT+400H -74.61 -88.59 to0 -60.62 Yes hx <0.0001
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Supplementary Data

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
4-OO0H vs. viscum -22.4 -34.9110-9.8%4 Yes i <0.0001
4-OO0H vs. viscum+400H -36.28 -49.54 to -23.01 Yes i <0.0001
4-O0OHvs. TT -1.529 -13.5t0 10.44 No ns >0.9999
4-OOH vs. TT+400H -7.561 -19.531t04.413 No ns 0.5162
4-OOH vs. viscumTT -46.65 -61.09 to -32.21 Yes i <0.0001
4-OO0H vs. viscumTT+400H -71.54 -85.98 to -57.1 Yes i <0.0001
viscum vs. viscum+400H -13.88 -27.14 t0-0.6144 Yes * 0.0336
viscumvs. TT 20.87 8.897 to 32.84 Yes i <0.0001
viscum vs. TT+400H 14.84 2.866 to 26.81 Yes ** 0.0052
viscum vs. viscumTT -24.25 -38.69t0-9.813 Yes i <0.0001
viscum vs. viscumTT+400H -49.14 -63.58 t0 -34.7 Yes hx <0.0001
viscum+40O0H vs. TT 34.75 21.99 to 47.51 Yes i <0.0001
viscum+400H vs. TT+400H 28.72 15.95 t0 41.48 Yes hx <0.0001
viscum+400H vs. viscumTT -10.38 -25.48 t04.727 No ns 0.4043
viscum+40O0H vs. viscumTT+400H -35.26 -50.36 to -20.16 Yes hx <0.0001
TT vs. TT+400H -6.032 -17.4510 5.385 No ns 0.7267
TT vs. viscumTT -45.13 -59.11t0 -31.14 Yes hx <0.0001
TT vs. viscumTT+400H -70.01 -83.99 to -56.03 Yes hx <0.0001
TT+400H vs. viscumTT -39.09 -53.08 to -25.11 Yes hx <0.0001
TT+400H vs. viscumTT+400H -63.98 -77.96 to -50 Yes hx <0.0001
viscumTT vs. viscumTT+400H -24.89 -41.03t0 -8.742 Yes i 0.0002
Row 3
Ctrl vs. 4-O0OH -3.066 -15.04 to 8.908 No ns 0.9931
Ctrl vs. viscum -45.2 -57.18 10 -33.23 Yes hx <0.0001
Ctrl vs. viscum+400H -52.03 -64 to -40.06 Yes hx <0.0001
Ctrlvs. TT -8.613 -20.03 t0 2.803 No ns 0.2844
Ctrl vs. TT+400H -11.76 -23.18 t0 -0.3437 Yes * 0.0387
Ctrl vs. viscumTT -76.78 -88.76 to -64.81 Yes hx <0.0001
Ctrl vs. viscumTT+400H -81.23 -93.99 to -68.46 Yes hx <0.0001
4-OO0H vs. viscum -42.14 -54.64 t0 -29.63 Yes hx <0.0001
4-OO0H vs. viscum+400H -48.96 -61.47 to -36.46 Yes hx <0.0001
4-O0OHvs. TT -5.547 -17.5210 6.426 No ns 0.8383
4-O0OH vs. TT+400H -8.694 -20.67 t0 3.28 No ns 0.3321
4-OOH vs. viscumTT -73.72 -86.22 to -61.21 Yes hx <0.0001
4-OO0H vs. viscumTT+400H -78.16 -91.42 t0 -64.89 Yes hx <0.0001
viscum vs. viscum+400H -6.826 -19.33t05.68 No ns 0.6927
viscumvs. TT 36.59 24.62 to 48.56 Yes hx <0.0001
viscum vs. TT+400H 33.44 21.47 to 45.42 Yes hx <0.0001
viscum vs. viscumTT -31.58 -44.09 to -19.07 Yes i <0.0001
viscum vs. viscumTT+400H -36.02 -49.29 t0 -22.76 Yes hx <0.0001
viscum+40O0H vs. TT 43.42 31.44 to 55.39 Yes hx <0.0001
viscum+400H vs. TT+400H 40.27 28.3 to 52.24 Yes hx <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value

viscum+40O0H vs. viscumTT -24.75 -37.26t0 -12.25 Yes i <0.0001
viscum+40O0H vs. viscumTT+400H -29.2 -42.46 t0 -15.93 Yes i <0.0001
TT vs. TT+400H -3.147 -14.56 t0 8.27 No ns 0.9893

TT vs. viscumTT -68.17 -80.14 to -56.2 Yes i <0.0001

TT vs. viscumTT+400H -72.61 -85.38 t0 -59.85 Yes i <0.0001
TT+400H vs. viscumTT -65.02 -77 to -53.05 Yes i <0.0001
TT+400H vs. viscumTT+400H -69.47 -82.23t0 -56.7 Yes hx <0.0001
viscumTT vs. viscumTT+400H -4.441 -17.71 t0 8.824 No ns 0.9674

Table S1d P-values of co-treatment with Doxo of 143B cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
Row 1
Ctrl vs. Doxo -24.97 -34.63t0 -15.31 Yes hx <0.0001
Ctrl vs. viscum -14.05 -24.41 10 -3.688 Yes ** 0.0012
Ctrl vs. viscum+Doxo -43.4 -54.08 to -32.72 Yes i <0.0001
Ctrlvs. TT -9.078 -19.44 t0 1.282 No ns 0.1337
Ctrl vs. TT+Doxo -44.09 -55.63 to -32.54 Yes hx <0.0001
Ctrl vs. viscumTT -17.17 -27.5310-6.812 Yes hx <0.0001
Ctrl vs. viscumTT+Doxo -39.98 -52.14 t0 -27.82 Yes hx <0.0001
Doxo vs. viscum 10.92 0.558 to 21.28 Yes * 0.0309
Doxo vs. viscum+Doxo -18.43 -29.12t0 -7.754 Yes i <0.0001
Doxovs. TT 15.89 5.528 to 26.25 Yes i 0.0001
Doxo vs. TT+Doxo -19.12 -30.67 to -7.573 Yes hx <0.0001
Doxo vs. viscumTT 7.794 -2.566 t0 18.15 No ns 0.2966
Doxo vs. viscumTT+Doxo -15.01 -27.17 to -2.858 Yes ** 0.0049
viscum vs. viscum+Doxo -29.35 -40.67 to -18.04 Yes i <0.0001
viscumvs. TT 4.97 -6.045 to 15.99 No ns 0.8648
viscum vs. TT+Doxo -30.04 -42.18t0-17.9 Yes hx <0.0001
viscum vs. viscumTT -3.124 -14.14 to 7.891 No ns 0.9885
viscum vs. viscumTT+Doxo -25.93 -38.65 to -13.21 Yes i <0.0001
viscum+Doxo vs. TT 34.32 23.01 to 45.64 Yes hx <0.0001
viscum+Doxo vs. TT+Doxo -0.6846 -13.1t0 11.73 No ns >0.9999
viscum+Doxo vs. viscumTT 26.23 14.91 to 37.55 Yes i <0.0001
viscum+Doxo vs. viscumTT+Doxo 3.421 -9.56 to 16.4 No ns 0.9926
TT vs. TT+Doxo -35.01 -47.15 10 -22.87 Yes hx <0.0001
TT vs. viscumTT -8.094 -19.11 t0 2.921 No ns 0.3266
TT vs. viscumTT+Doxo -30.9 -43.6210-18.18 Yes hx <0.0001
TT+Doxo vs. viscumTT 26.91 14.78 to0 39.05 Yes hx <0.0001
TT+Doxo vs. viscumTT+Doxo 4.106 -9.597 to 17.81 No ns 0.9841
viscumTT vs. viscumTT+Doxo -22.81 -35.53 t0 -10.09 Yes i <0.0001
Row 2
Ctrl vs. Doxo -24.97 -34.63 t0 -15.31 Yes hx <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value

Ctrl vs. viscum -22.88 -33.24t0-12.52 Yes i <0.0001

Ctrl vs. viscum+Doxo -45.05 -55.41 to -34.69 Yes i <0.0001

Ctrlvs. TT -18.94 -28.8t0-9.08 Yes i <0.0001

Ctrl vs. TT+Doxo -53.49 -64.17 to -42.81 Yes i <0.0001

Ctrl vs. viscumTT -36.31 -46.99 to -25.63 Yes i <0.0001

Ctrl vs. viscumTT+Doxo -68.99 -81.15t0 -56.84 Yes i <0.0001
Doxo vs. viscum 2.089 -8.271t0 12.45 No ns 0.9986

Doxo vs. viscum+Doxo -20.08 -30.44 t0 -9.723 Yes i <0.0001
Doxovs. TT 6.026 -3.834 t0 15.89 No ns 0.5721

Doxo vs. TT+Doxo -28.53 -39.211t0-17.85 Yes i <0.0001
Doxo vs. viscumTT -11.34 -22.02t0 -0.66 Yes * 0.0287

Doxo vs. viscumTT+Doxo -44.03 -56.18 to -31.87 Yes i <0.0001

viscum vs. viscum+Doxo -22.17 -33.19t0-11.16 Yes i <0.0001
viscumvs. TT 3.937 -6.609 to 14.48 No ns 0.9464

viscum vs. TT+Doxo -30.62 -41.93t0-19.3 Yes hx <0.0001
viscum vs. viscumTT -13.43 -24.75t0-2.113 Yes ** 0.0083

viscum vs. viscumTT+Doxo -46.12 -58.84 t0 -33.4 Yes i <0.0001

viscum+Doxo vs. TT 26.11 15.56 to 36.66 Yes hx <0.0001
viscum+Doxo vs. TT+Doxo -8.444 -19.76 t0 2.873 No ns 0.307
viscum+Doxo vs. viscumTT 8.742 -2.575t0 20.06 No ns 0.2641

viscum+Doxo vs. viscumTT+Doxo -23.94 -36.66 to -11.23 Yes i <0.0001

TT vs. TT+Doxo -34.55 -45.41 10 -23.69 Yes hx <0.0001

TT vs. viscumTT -17.37 -28.23 t0 -6.506 Yes hx <0.0001

TT vs. viscumTT+Doxo -50.05 -62.37 t0 -37.74 Yes hx <0.0001
TT+Doxo vs. viscumTT 17.19 5.576 to 28.8 Yes bl 0.0003
TT+Doxo vs. viscumTT+Doxo -15.5 -28.48 t0-2.519 Yes ** 0.0077

viscumTT vs. viscumTT+Doxo -32.69 -45.67 to -19.71 Yes i <0.0001

Row 3

Ctrl vs. Doxo -24.97 -34.63 t0 -15.31 Yes hx <0.0001

Ctrl vs. viscum -32.39 -43.46 t0 -21.32 Yes hx <0.0001

Ctrl vs. viscum+Doxo -569.7 -70.77 to -48.63 Yes i <0.0001

Ctrlvs. TT -42.98 -53.66 t0 -32.3 Yes hx <0.0001

Ctrl vs. TT+Doxo -69.15 -80.69 to -57.6 Yes hx <0.0001

Ctrl vs. viscumTT -58.9 -70.45t0 -47.36 Yes hx <0.0001

Ctrl vs. viscumTT+Doxo -81.38 -92.93 t0 -69.84 Yes hx <0.0001
Doxo vs. viscum -7.421 -18.49 to 3.647 No ns 0.4489

Doxo vs. viscum+Doxo -34.73 -45.8 to -23.66 Yes i <0.0001

Doxovs. TT -18.01 -28.7 to -7.334 Yes hx <0.0001

Doxo vs. TT+Doxo -44.18 -55.73 10 -32.63 Yes hx <0.0001

Doxo vs. viscumTT -33.94 -45.48 t0 -22.39 Yes hx <0.0001

Doxo vs. viscumTT+Doxo -56.42 -67.96 to -44.87 Yes i <0.0001

viscum vs. viscum+Doxo -27.31 -39.63 to -15 Yes i <0.0001
viscumvs. TT -10.59 -22.56 t0 1.375 No ns 0.1253
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Supplementary Data

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
viscum vs. TT+Doxo -36.76 -49.51 to -24.01 Yes i <0.0001
viscum vs. viscumTT -26.52 -39.26 to -13.77 Yes i <0.0001
viscum vs. viscumTT+Doxo -49 -61.74 to -36.25 Yes i <0.0001
viscum+Doxo vs. TT 16.72 4.749 to 28.69 Yes bl 0.0007
viscum+Doxo vs. TT+Doxo -9.447 -22.19 to0 3.301 No ns 0.3157
viscum+Doxo vs. viscumTT 0.7959 -11.95t0 13.54 No ns >0.9999
viscum+Doxo vs. viscumTT+Doxo -21.68 -34.43 to -8.937 Yes i <0.0001
TT vs. TT+Doxo -26.16 -38.58t0-13.75 Yes i <0.0001
TT vs. viscumTT -15.92 -28.33t0 -3.509 Yes ** 0.0029
TT vs. viscumTT+Doxo -38.4 -50.81 to -25.99 Yes i <0.0001
TT+Doxo vs. viscumTT 10.24 -2.923 to 23.41 No ns 0.2556
TT+Doxo vs. viscumTT+Doxo -12.24 -25.4t0 0.9284 No ns 0.0895
viscumTT vs. viscumTT+Doxo -22.48 -35.65t0-9.314 Yes i <0.0001
Table S1e P-values of co-treatment with VP16 of 143B cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Row 1
Ctrl vs. VP16 -3.286 -14.58 t0 8.011 No ns 0.9855
Ctrl vs. viscum -16.27 -27.04 to -5.496 Yes i 0.0002
Ctrl vs. viscum+VP16 -46.37 -57.67 to -35.07 Yes hx <0.0001
Ctrlvs. TT -12.17 -22.94 to -1.401 Yes * 0.0154
Ctrl vs. TT+VP16 -48.26 -59.55 to -36.96 Yes hx <0.0001
Ctrl vs. viscumTT -19.66 -30.43 t0 -8.893 Yes hx <0.0001
Ctrl vs. viscumTT+VP16 -44.64 -56.69 to -32.6 Yes hx <0.0001
VP16 vs. viscum -12.98 -24.28t0 -1.684 Yes * 0.0128
VP16 vs. viscum+VP16 -43.08 -54.88 10 -31.29 Yes hx <0.0001
VP16 vs. TT -8.886 -20.18 to 2.411 No ns 0.237
VP16 vs. TT+VP16 -44.97 -56.77 to -33.17 Yes hx <0.0001
VP16 vs. viscumTT -16.38 -27.67 to -5.081 Yes i 0.0005
VP16 vs. viscumTT+VP16 -41.36 -53.87 t0 -28.84 Yes hx <0.0001
viscum vs. viscum+VP16 -30.1 -41.4 t0 -18.81 Yes hx <0.0001
viscumvs. TT 4.095 -6.676 to 14.87 No ns 0.9372
viscum vs. TT+VP16 -31.99 -43.29 t0 -20.69 Yes hx <0.0001
viscum vs. viscumTT -3.397 -14.17 t0 7.374 No ns 0.977
viscum vs. viscumTT+VP16 -28.38 -40.4210-16.34 Yes hx <0.0001
viscum+VP16 vs. TT 34.2 22.9t0 45.49 Yes hx <0.0001
viscum+VP16 vs. TT+VP16 -1.886 -13.68109.913 No ns 0.9997
viscum+VP16 vs. viscumTT 26.71 15.41 10 38 Yes hx <0.0001
viscum+VP16 vs. viscumTT+VP16 1.726 -10.79t0 14.24 No ns 0.9999
TT vs. TT+VP16 -36.08 -47.38t0-24.79 Yes hx <0.0001
TT vs. viscumTT -7.492 -18.26 to 3.279 No ns 0.3901
TT vs. viscumTT+VP16 -32.47 -44.51 10 -20.43 Yes hx <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value

TT+VP16 vs. viscumTT 28.59 17.3 to 39.89 Yes i <0.0001
TT+VP16 vs. viscumTT+VP16 3.612 -8.903t0 16.13 No ns 0.9862

viscumTT vs. viscumTT+VP16 -24.98 -37.02t0-12.94 Yes i <0.0001

Row 2

Ctrl vs. VP16 -3.286 -14.58 t0 8.011 No ns 0.9855

Ctrl vs. viscum -27.81 -38.58t0 -17.03 Yes i <0.0001

Ctrl vs. viscum+VP16 -56.04 -66.81 to -45.27 Yes hx <0.0001

Ctrlvs. TT -21.1 -31.87t0-10.33 Yes i <0.0001

Ctrl vs. TT+VP16 -58.68 -69.45 to -47.91 Yes hx <0.0001

Ctrl vs. viscumTT -40.49 -51.26 t0 -29.72 Yes i <0.0001

Ctrl vs. viscumTT+VP16 -75.8 -87.09 to -64.5 Yes hx <0.0001

VP16 vs. viscum -24.52 -35.8210-13.22 Yes i <0.0001

VP16 vs. viscum+VP16 -52.75 -64.05 to -41.46 Yes hx <0.0001
VP16 vs. TT -17.82 -29.11 to0 -6.521 Yes i 0.0001

VP16 vs. TT+VP16 -55.39 -66.69 to -44.1 Yes hx <0.0001

VP16 vs. viscumTT -37.2 -48.5t0-25.9 Yes hx <0.0001

VP16 vs. viscumTT+VP16 -72.51 -84.31 10 -60.71 Yes hx <0.0001

viscum vs. viscum+VP16 -28.24 -39.01t0 -17.46 Yes hx <0.0001
viscumvs. TT 6.702 -4.069 to 17.47 No ns 0.538

viscum vs. TT+VP16 -30.88 -41.65 to0 -20.1 Yes hx <0.0001
viscum vs. viscumTT -12.68 -23.45 to -1.911 Yes ** 0.0097

viscum vs. viscumTT+VP16 -47.99 -59.29t0 -36.7 Yes hx <0.0001

viscum+VP16 vs. TT 34.94 24.17 to 45.71 Yes hx <0.0001
viscum+VP16 vs. TT+VP16 -2.64 -13.41 10 8.131 No ns 0.9948
viscum+VP16 vs. viscumTT 15.55 4.783 to 26.32 Yes bl 0.0005

viscum+VP16 vs. viscumTT+VP16 -19.76 -31.05 to -8.461 Yes hx <0.0001

TT vs. TT+VP16 -37.58 -48.35 to -26.81 Yes hx <0.0001

TT vs. viscumTT -19.38 -30.15t0-8.613 Yes hx <0.0001

TT vs. viscumTT+VP16 -54.69 -65.99 t0 -43.4 Yes hx <0.0001

TT+VP16 vs. viscumTT 18.19 7.423 to 28.96 Yes hx <0.0001
TT+VP16 vs. viscumTT+VP16 -17.12 -28.41 to0 -5.821 Yes i 0.0002

viscumTT vs. viscumTT+VP16 -35.31 -46.61 to -24.01 Yes hx <0.0001

Row 3

Ctrl vs. VP16 -3.286 -14.58 t0 8.011 No ns 0.9855

Ctrl vs. viscum -34.19 -45.48 t0 -22.89 Yes hx <0.0001

Ctrl vs. viscum+VP16 -62.67 -73.97 to -51.37 Yes hx <0.0001

Ctrlvs. TT -41.05 -52.34 10 -29.75 Yes hx <0.0001

Ctrl vs. TT+VP16 -74.37 -85.67 t0 -63.08 Yes hx <0.0001

Ctrl vs. viscumTT -65.62 -76.39 t0 -54.85 Yes hx <0.0001

Ctrl vs. viscumTT+VP16 -84.66 -95.96 to -73.37 Yes hx <0.0001

VP16 vs. viscum -30.9 -42.7 to -19.1 Yes hx <0.0001

VP16 vs. viscum+VP16 -59.38 -71.18 t0 -47.59 Yes hx <0.0001

VP16 vs. TT -37.76 -49.56 to -25.96 Yes hx <0.0001
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Supplementary Data

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
VP16 vs. TT+VP16 -71.09 -82.89t0 -59.29 Yes i <0.0001
VP16 vs. viscumTT -62.33 -73.63t0-51.03 Yes i <0.0001
VP16 vs. viscumTT+VP16 -81.38 -93.18 t0 -69.58 Yes i <0.0001
viscum vs. viscum+VP16 -28.48 -40.28 t0 -16.69 Yes i <0.0001
viscumvs. TT -6.86 -18.66 t0 4.939 No ns 0.6231
viscum vs. TT+VP16 -40.19 -51.99 t0 -28.39 Yes i <0.0001
viscum vs. viscumTT -31.43 -42.73 t0 -20.13 Yes i <0.0001
viscum vs. viscumTT+VP16 -50.48 -62.28 to -38.68 Yes i <0.0001
viscum+VP16 vs. TT 21.62 9.825 to 33.42 Yes hx <0.0001
viscum+VP16 vs. TT+VP16 -11.7 -23.5 to 0.09485 No ns 0.0535
viscum+VP16 vs. viscumTT -2.947 -14.24 t0 8.35 No ns 0.9924
viscum+VP16 vs. viscumTT+VP16 -21.99 -33.79t0-10.2 Yes i <0.0001
TT vs. TT+VP16 -33.33 -45.13t0 -21.53 Yes hx <0.0001
TT vs. viscumTT -24.57 -35.87 t0 -13.27 Yes i <0.0001
TT vs. viscumTT+VP16 -43.62 -55.42 10 -31.82 Yes hx <0.0001
TT+VP16 vs. viscumTT 8.757 -2.54 t0 20.05 No ns 0.2537
TT+VP16 vs. viscumTT+VP16 -10.29 -22.09 to 1.509 No ns 0.1351
viscumTT vs. viscumTT+VP16 -19.05 -30.34t0-7.75 Yes hx <0.0001
Table S1f P-values of co-treatment with 4-OOH of 143B cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Row 1
Ctrl vs. 4-O0OH -2.878 -16.03 to 10.27 No ns 0.9972
Ctrl vs. viscum -17.5 -31.45 to -3.557 Yes ** 0.0047
Ctrl vs. viscum+4-OOH -27.26 -41.2110-13.32 Yes hx <0.0001
Ctrlvs. TT -11.99 -25.94 t0 1.958 No ns 0.1446
Ctrl vs. TT+4-OOH -15.91 -29.86 to -1.962 Yes * 0.0145
Ctrl vs. viscumTT -19.04 -32.99 t0 -5.095 Yes ** 0.0015
Ctrl vs. viscumTT+4-O0OH -25.41 -39.36to -11.46 Yes hx <0.0001
4-OO0H vs. viscum -14.63 -28.57 t0 -0.6792 Yes * 0.0331
4-OO0H vs. viscum+4-OOH -24.39 -38.33t0-10.44 Yes hx <0.0001
4-O0OHvs. TT -9.111 -23.06 t0 4.836 No ns 0.4635
4-OOH vs. TT+4-O0H -13.03 -26.98 t0 0.9158 No ns 0.0842
4-OOH vs. viscumTT -16.16 -30.11 to -2.217 Yes * 0.0122
4-OOH vs. viscumTT+4-O0OH -22.53 -36.48 to -8.584 Yes hx <0.0001
viscum vs. viscum+4-OOH -9.76 -24.46 to 4.941 No ns 0.4422
viscumvs. TT 5.515 -9.186 to 20.22 No ns 0.9375
viscum vs. TT+4-OOH 1.595 -13.111t0 16.3 No ns >0.9999
viscum vs. viscumTT -1.538 -16.24 t0 13.16 No ns >0.9999
viscum vs. viscumTT+4-OOH -7.905 -22.611t06.796 No ns 0.7007
viscum+4-OOH vs. TT 15.28 0.5738 t0 29.98 Yes * 0.036
viscum+4-OOH vs. TT+4-O0OH 11.36 -3.346 to 26.06 No ns 0.2519
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Supplementary Data

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
viscum+4-OOH vs. viscumTT 8.223 -6.479 t0 22.92 No ns 0.6576

viscum+4-OOH vs. viscumTT+4- 1.855 -12.85t0 16.56 No ns >0.9999
TT vs. ?’10'144-OOH -3.92 -18.6210 10.78 No ns 0.9906

TT vs. viscumTT -7.053 -21.75 to 7.649 No ns 0.8062

TT vs. viscumTT+4-O0H -13.42 -28.12t0 1.281 No ns 0.0989
TT+4-OOH vs. viscumTT -3.133 -17.83t0 11.57 No ns 0.9976
TT+4-OOH vs. viscumTT+4-O0OH -9.5 -24.2 to 5.201 No ns 0.4778
viscumTT vs. viscumTT+4-O0OH -6.368 -21.07 t0 8.334 No ns 0.8753

Row 2

Ctrl vs. 4-O0OH -2.878 -16.03 to 10.27 No ns 0.9972

Ctrl vs. viscum -26.91 -40.86 to -12.97 Yes hx <0.0001

Ctrl vs. viscum+4-OOH -34.72 -49.9 to -19.54 Yes hx <0.0001
Ctrlvs. TT -22.63 -36.58 to -8.682 Yes hx <0.0001

Ctrl vs. TT+4-OOH -26.76 -40.71t0 -12.82 Yes hx <0.0001

Ctrl vs. viscumTT -38.97 -52.92 to -25.02 Yes hx <0.0001

Ctrl vs. viscumTT+4-O0OH -45.97 -61.16 t0 -30.79 Yes hx <0.0001
4-OO0H vs. viscum -24.04 -37.98t0 -10.09 Yes hx <0.0001
4-OO0H vs. viscum+4-OOH -31.84 -47.03 t0 -16.66 Yes hx <0.0001
4-O0OHvs. TT -19.75 -33.7 to -5.804 Yes i 0.0009

4-OOH vs. TT+4-O0H -23.89 -37.8310-9.939 Yes hx <0.0001
4-OOH vs. viscumTT -36.09 -50.04 to -22.15 Yes hx <0.0001
4-OOH vs. viscumTT+4-O0OH -43.1 -58.28 to -27.91 Yes hx <0.0001
viscum vs. viscum+4-OOH -7.807 -23.69t0 8.072 No ns 0.7861
viscumvs. TT 4.285 -10.42t0 18.99 No ns 0.9842

viscum vs. TT+4-O0OH 0.15 -14.55t0 14.85 No ns >0.9999
viscum vs. viscumTT -12.06 -26.76 to 2.644 No ns 0.1878
viscum vs. viscumTT+4-OOH -19.06 -34.94 t0 -3.181 Yes ** 0.0082
viscum+4-OOH vs. TT 12.09 -3.787 t0 27.97 No ns 0.2683
viscum+4-OOH vs. TT+4-O0OH 7.957 -7.922 10 23.84 No ns 0.7695
viscum+4-OOH vs. viscumTT -4.251 -20.13t0 11.63 No ns 0.9904
viscum+4-OOH vs. viscumTT+4- -11.25 -28.23t05.722 No ns 0.4442
TT vs. ??&-OOH -4.135 -18.84 t0 10.57 No ns 0.9871

TT vs. viscumTT -16.34 -31.04 to -1.641 Yes * 0.0189

TT vs. viscumTT+4-O0OH -23.35 -39.22 to -7.466 Yes i 0.0005
TT+4-OOH vs. viscumTT -12.21 -26.91t0 2.494 No ns 0.1758
TT+4-OOH vs. viscumTT+4-O0OH -19.21 -35.09 to -3.331 Yes ** 0.0074
viscumTT vs. viscumTT+4-O0OH -7.003 -22.88 10 8.877 No ns 0.8648

Row 3

Ctrl vs. 4-O0OH -2.878 -16.03 to 10.27 No ns 0.9972

Ctrl vs. viscum -43.17 -58.35 t0 -27.99 Yes hx <0.0001

Ctrl vs. viscum+4-OOH -43.4 -58.59 to0 -28.22 Yes hx <0.0001
Ctrlvs. TT -43.38 -58.57 to -28.2 Yes hx <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Ctrl vs. TT+4-OOH -57.45 -72.63t0 -42.27 Yes i <0.0001
Ctrl vs. viscumTT -66.4 -80.34 to -52.45 Yes i <0.0001
Ctrl vs. viscumTT+4-O0OH -80.95 -94.9 to -67 Yes i <0.0001
4-OO0H vs. viscum -40.29 -55.48 to -25.11 Yes i <0.0001
4-OO0H vs. viscum+4-OOH -40.53 -55.71 10 -25.34 Yes i <0.0001
4-O0OHvs. TT -40.51 -55.69 to -25.32 Yes i <0.0001
4-OOH vs. TT+4-O0H -54.57 -69.76 t0 -39.39 Yes hx <0.0001
4-OO0H vs. viscumTT -63.52 -77.47 to -49.57 Yes i <0.0001
4-OOH vs. viscumTT+4-O0OH -78.07 -92.02 to -64.12 Yes hx <0.0001
viscum vs. viscum+4-OOH -0.2333 -17.21t0 16.74 No ns >0.9999
viscumvs. TT -0.2133 -17.19t0 16.76 No ns >0.9999
viscum vs. TT+4-OOH -14.28 -31.26 t0 2.695 No ns 0.1637
viscum vs. viscumTT -23.23 -39.1t0-7.347 Yes bl 0.0005
viscum vs. viscumTT+4-O0OH -37.78 -53.66 to -21.9 Yes i <0.0001
viscum+4-OOH vs. TT 0.02 -16.96 to 17 No ns >0.9999
viscum+4-OOH vs. TT+4-O0OH -14.05 -31.02 t0 2.929 No ns 0.1792
viscum+4-OOH vs. viscumTT -22.99 -38.87t0-7.113 Yes i 0.0006
viscum+4-OOH vs. viscumTT+4- -37.55 -53.42 t0 -21.67 Yes hx <0.0001
TT vs. ??J:-OOH -14.07 -31.04 to 2.909 No ns 0.1778
TT vs. viscumTT -23.01 -38.89t0-7.133 Yes i 0.0006
TT vs. viscumTT+4-O0H -37.57 -53.44 t0 -21.69 Yes hx <0.0001
TT+4-OOH vs. viscumTT -8.946 -24.82106.933 No ns 0.6493
TT+4-OOH vs. viscumTT+4-O0OH -23.5 -39.38t0-7.619 Yes i 0.0004
viscumTT vs. viscumTT+4-O0OH -14.55 -29.25t0 0.1487 No ns 0.0543
Table S1f P-values of co-treatment with Doxo of Saos-2 cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Row 1
Ctrl vs. Doxo -21.56 -32.85t0-10.27 Yes hx <0.0001
Ctrl vs. viscum -4.563 -15.85106.729 No ns 0.9098
Ctrl vs. viscum+Doxo -18.09 -29.38 t0 -6.794 Yes bl 0.0001
Ctrlvs. TT -7.473 -18.76 t0 3.819 No ns 0.4464
Ctrl vs. TT+Doxo -22.71 -34 to -11.42 Yes hx <0.0001
Ctrl vs. viscumTT -8.995 -20.29 t0 2.296 No ns 0.2178
Ctrl vs. viscumTT+Doxo -22.99 -34.28t0-11.7 Yes hx <0.0001
Doxo vs. viscum 17 5.706 to 28.29 Yes bl 0.0003
Doxo vs. viscum+Doxo 3.475 -7.816 t0 14.77 No ns 0.9784
Doxovs. TT 14.09 2.796 to 25.38 Yes ** 0.0051
Doxo vs. TT+Doxo -1.15 -12.44t010.14 No ns >0.9999
Doxo vs. viscumTT 12.57 1.274 to 23.86 Yes * 0.0187
Doxo vs. viscumTT+Doxo -1.43 -12.72 t0 9.861 No ns >0.9999
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
viscum vs. viscum+Doxo -13.52 -24.81 to -2.231 Yes ** 0.0084
viscumvs. TT -2.91 -14.2 to 8.381 No ns 0.9924
viscum vs. TT+Doxo -18.15 -29.44 t0 -6.856 Yes i <0.0001
viscum vs. viscumTT -4.433 -15.72 t0 6.859 No ns 0.9216
viscum vs. viscumTT+Doxo -18.43 -29.72t0 -7.136 Yes i <0.0001
viscum+Doxo vs. TT 10.61 -0.6786 to 21.9 No ns 0.0807
viscum+Doxo vs. TT+Doxo -4.625 -15.92 to 6.666 No ns 0.9037
viscum+Doxo vs. viscumTT 9.09 -2.201 t0 20.38 No ns 0.2067
viscum+Doxo vs. viscumTT+Doxo -4.905 -16.2t0 6.386 No ns 0.8736
TT vs. TT+Doxo -15.24 -26.53 t0 -3.946 Yes ** 0.0018
TT vs. viscumTT -1.523 -12.81109.769 No ns 0.9999
TT vs. viscumTT+Doxo -15.52 -26.81 t0 -4.226 Yes ** 0.0014
TT+Doxo vs. viscumTT 13.72 2.424 to 25.01 Yes ** 0.0071
TT+Doxo vs. viscumTT+Doxo -0.28 -11.57 to 11.01 No ns >0.9999
viscumTT vs. viscumTT+Doxo -14 -25.29t0 -2.704 Yes ** 0.0055
Row 2
Ctrl vs. Doxo -21.56 -32.85t0-10.27 Yes hx <0.0001
Ctrl vs. viscum -5.785 -17.08 to 5.506 No ns 0.7491
Ctrl vs. viscum+Doxo -21.87 -33.16 to -10.58 Yes i <0.0001
Ctrlvs. TT -13.67 -24.96 to -2.381 Yes ** 0.0074
Ctrl vs. TT+Doxo -26.34 -37.63t0-15.05 Yes hx <0.0001
Ctrl vs. viscumTT -19.3 -30.59 to -8.009 Yes hx <0.0001
Ctrl vs. viscumTT+Doxo -32.65 -43.94 t0 -21.36 Yes hx <0.0001
Doxo vs. viscum 15.78 4.484 to 27.07 Yes ** 0.0011
Doxo vs. viscum+Doxo -0.3075 -11.6t0 10.98 No ns >0.9999
Doxovs. TT 7.888 -3.404 t0 19.18 No ns 0.3755
Doxo vs. TT+Doxo -4.783 -16.07 to 6.509 No ns 0.8874
Doxo vs. viscumTT 2.26 -9.031t0 13.55 No ns 0.9984
Doxo vs. viscumTT+Doxo -11.09 -22.38 t0 0.2011 No ns 0.0578
viscum vs. viscum+Doxo -16.08 -27.37 to -4.791 Yes bl 0.0008
viscumvs. TT -7.888 -19.18 t0 3.404 No ns 0.3755
viscum vs. TT+Doxo -20.56 -31.8510 -9.266 Yes hx <0.0001
viscum vs. viscumTT -13.52 -24.81t0-2.224 Yes ** 0.0084
viscum vs. viscumTT+Doxo -26.87 -38.16 to -15.57 Yes i <0.0001
viscum+Doxo vs. TT 8.195 -3.096 to 19.49 No ns 0.3266
viscum+Doxo vs. TT+Doxo -4.475 -15.77 t0 6.816 No ns 0.9179
viscum+Doxo vs. viscumTT 2.568 -8.724 t0 13.86 No ns 0.9965
viscum+Doxo vs. viscumTT+Doxo -10.78 -22.07 to 0.5086 No ns 0.0718
TT vs. TT+Doxo -12.67 -23.96 t0 -1.379 Yes * 0.0172
TT vs. viscumTT -5.628 -16.92 to 5.664 No ns 0.7743
TT vs. viscumTT+Doxo -18.98 -30.27 to -7.686 Yes hx <0.0001
TT+Doxo vs. viscumTT 7.043 -4.249t0 18.33 No ns 0.524
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
TT+Doxo vs. viscumTT+Doxo -6.308 -17.6 to 4.984 No ns 0.6589
viscumTT vs. viscumTT+Doxo -13.35 -24.64 to -2.059 Yes ** 0.0097
Row 3
Ctrl vs. Doxo -21.56 -32.85t0-10.27 Yes i <0.0001
Ctrl vs. viscum -6.368 -17.66 t0 4.924 No ns 0.6481
Ctrl vs. viscum+Doxo -22.46 -33.75t0-11.17 Yes i <0.0001
Ctrlvs. TT -30.93 -42.22t0-19.63 Yes hx <0.0001
Ctrl vs. TT+Doxo -37.36 -48.65 to -26.06 Yes i <0.0001
Ctrl vs. viscumTT -39.48 -50.77 to -28.19 Yes hx <0.0001
Ctrl vs. viscumTT+Doxo -43.69 -54.98 t0 -32.4 Yes i <0.0001
Doxo vs. viscum 15.19 3.901 to 26.48 Yes ** 0.0018
Doxo vs. viscum+Doxo -0.9025 -12.19t0 10.39 No ns >0.9999
Doxovs. TT -9.365 -20.66 to 1.926 No ns 0.1769
Doxo vs. TT+Doxo -15.8 -27.09 to -4.504 Yes ** 0.001
Doxo vs. viscumTT -17.92 -29.21 10 -6.626 Yes i 0.0001
Doxo vs. viscumTT+Doxo -22.13 -33.42t0-10.84 Yes i <0.0001
viscum vs. viscum+Doxo -16.1 -27.39 to -4.804 Yes bl 0.0008
viscumvs. TT -24.56 -35.85t0-13.27 Yes hx <0.0001
viscum vs. TT+Doxo -30.99 -42.2810-19.7 Yes hx <0.0001
viscum vs. viscumTT -33.11 -44.4 t0 -21.82 Yes i <0.0001
viscum vs. viscumTT+Doxo -37.32 -48.61 to -26.03 Yes i <0.0001
viscum+Doxo vs. TT -8.463 -19.75t0 2.829 No ns 0.2872
viscum+Doxo vs. TT+Doxo -14.89 -26.18 to -3.601 Yes ** 0.0024
viscum+Doxo vs. viscumTT -17.02 -28.31t0-5.724 Yes bl 0.0003
viscum+Doxo vs. viscumTT+Doxo -21.23 -32.52t0-9.934 Yes i <0.0001
TT vs. TT+Doxo -6.43 -17.72 t0 4.861 No ns 0.6368
TT vs. viscumTT -8.553 -19.84 t0 2.739 No ns 0.2746
TT vs. viscumTT+Doxo -12.76 -24.05 to -1.471 Yes * 0.0159
TT+Doxo vs. viscumTT -2.123 -13.41t09.169 No ns 0.9989
TT+Doxo vs. viscumTT+Doxo -6.333 -17.62 t0 4.959 No ns 0.6544
viscumTT vs. viscumTT+Doxo -4.21 -15.5t0 7.081 No ns 0.9394
Table S1g P-values of co-treatment with VP16 of Saos-2 cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Row 1
Ctrl vs. VP16 -12.52 -21.2510-3.798 Yes i 0.0006
Ctrl vs. viscum -3.052 -11.78 t0 5.672 No ns 0.9587
Ctrl vs. viscum+VP16 -12.98 -21.7 to -4.256 Yes i 0.0003
Ctrlvs. TT -5.152 -13.88t0 3.572 No ns 0.6015
Ctrl vs. TT+VP16 -16.86 -25.58t0-8.134 Yes hx <0.0001
Ctrl vs. viscumTT -9.006 -17.73 10 -0.282 Yes * 0.0379
Ctrl vs. viscumTT+VP16 -17.24 -25.97 t0 -8.518 Yes hx <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
VP16 vs. viscum 9.47 0.746 to 18.19 Yes * 0.0236
VP16 vs. viscum+VP16 -0.458 -9.182 to 8.266 No ns >0.9999
VP16 vs. TT 7.37 -1.354 to 16.09 No ns 0.1624
VP16 vs. TT+VP16 -4.336 -13.06 t0 4.388 No ns 0.7837
VP16 vs. viscumTT 3.516 -5.208t0 12.24 No ns 0.9148
VP16 vs. viscumTT+VP16 -4.72 -13.44 t0 4.004 No ns 0.7021
viscum vs. viscum+VP16 -9.928 -18.65 to -1.204 Yes * 0.0144
viscumvs. TT -2.1 -10.82 t0 6.624 No ns 0.9953
viscum vs. TT+VP16 -13.81 -22.53t0 -5.082 Yes i 0.0001
viscum vs. viscumTT -5.954 -14.68 t0 2.77 No ns 0.413
viscum vs. viscumTT+VP16 -14.19 -22.91 to0 -5.466 Yes hx <0.0001
viscum+VP16 vs. TT 7.828 -0.896 to 16.55 No ns 0.1122
viscum+VP16 vs. TT+VP16 -3.878 -12.6 to 4.846 No ns 0.8652
viscum+VP16 vs. viscumTT 3.974 -4.75t012.7 No ns 0.8498
viscum+VP16 vs. viscumTT+VP16 -4.262 -12.99 t0 4.462 No ns 0.7982
TT vs. TT+VP16 -11.71 -20.43 t0 -2.982 Yes ** 0.0017
TT vs. viscumTT -3.854 -12.58 t0 4.87 No ns 0.8689
TT vs. viscumTT+VP16 -12.09 -20.81 to0 -3.366 Yes ** 0.0011
TT+VP16 vs. viscumTT 7.852 -0.872t0 16.58 No ns 0.11
TT+VP16 vs. viscumTT+VP16 -0.384 -9.108 t0 8.34 No ns >0.9999
viscumTT vs. viscumTT+VP16 -8.236 -16.96 t0 0.488 No ns 0.0787
Row 2
Ctrl vs. VP16 -12.52 -21.2510-3.798 Yes i 0.0006
Ctrl vs. viscum -3.858 -12.58 t0 4.866 No ns 0.8683
Ctrl vs. viscum+VP16 -14.19 -22.92t0 -5.47 Yes hx <0.0001
Ctrlvs. TT -11.88 -20.6 to -3.154 Yes ** 0.0014
Ctrl vs. TT+VP16 -22.97 -31.69t0-14.25 Yes hx <0.0001
Ctrl vs. viscumTT -20.43 -29.16 to -11.71 Yes i <0.0001
Ctrl vs. viscumTT+VP16 -25.64 -34.36 to -16.91 Yes hx <0.0001
VP16 vs. viscum 8.664 -0.05999 to 17.39 No ns 0.053
VP16 vs. viscum+VP16 -1.672 -10.4 to 7.052 No ns 0.9989
VP16 vs. TT 0.644 -8.08 to 9.368 No ns >0.9999
VP16 vs. TT+VP16 -10.45 -19.17t0-1.724 Yes ** 0.008
VP16 vs. viscumTT -7.912 -16.64 t0 0.812 No ns 0.1045
VP16 vs. viscumTT+VP16 -13.12 -21.84 t0 -4.392 Yes i 0.0003
viscum vs. viscum+VP16 -10.34 -19.06 to -1.612 Yes ** 0.0091
viscumvs. TT -8.02 -16.74 t0 0.704 No ns 0.0952
viscum vs. TT+VP16 -19.11 -27.8410-10.39 Yes hxr <0.0001
viscum vs. viscumTT -16.58 -25.3t0-7.852 Yes i <0.0001
viscum vs. viscumTT+VP16 -21.78 -30.5 t0 -13.06 Yes hxr <0.0001
viscum+VP16 vs. TT 2.316 -6.408 to 11.04 No ns 0.9914
viscum+VP16 vs. TT+VP16 -8.776 -17.5 t0 -0.05201 Yes * 0.0476
viscum+VP16 vs. viscumTT -6.24 -14.96 t0 2.484 No ns 0.3514
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
viscum+VP16 vs. viscumTT+VP16 -11.44 -20.17t0 -2.72 Yes ** 0.0024
TT vs. TT+VP16 -11.09 -19.82t0 -2.368 Yes ** 0.0037

TT vs. viscumTT -8.556 -17.28t0 0.168 No ns 0.0587

TT vs. viscumTT+VP16 -13.76 -22.48 10 -5.036 Yes i 0.0001
TT+VP16 vs. viscumTT 2.536 -6.1881t0 11.26 No ns 0.9853
TT+VP16 vs. viscumTT+VP16 -2.668 -11.39 t0 6.056 No ns 0.9803
viscumTT vs. viscumTT+VP16 -5.204 -13.93 to 3.52 No ns 0.5891

Row 3

Ctrl vs. VP16 -12.52 -21.2510-3.798 Yes i 0.0006

Ctrl vs. viscum -4.878 -13.6 to 3.846 No ns 0.6661
Ctrl vs. viscum+VP16 -16.92 -25.65t0 -8.198 Yes hx <0.0001
Ctrlvs. TT -29.82 -38.55t0 -21.1 Yes i <0.0001
Ctrl vs. TT+VP16 -36.28 -45 to -27.55 Yes hx <0.0001
Ctrl vs. viscumTT -37.61 -46.33 t0 -28.88 Yes i <0.0001
Ctrl vs. viscumTT+VP16 -42.41 -51.14 t0 -33.69 Yes hx <0.0001
VP16 vs. viscum 7.644 -1.08 to 16.37 No ns 0.1307

VP16 vs. viscum+VP16 4.4 -13.12t04.324 No ns 0.7708
VP16 vs. TT -17.3 -26.03t0 -8.578 Yes hx <0.0001
VP16 vs. TT+VP16 -23.75 -32.48t0-15.03 Yes hx <0.0001
VP16 vs. viscumTT -25.08 -33.8110-16.36 Yes hx <0.0001
VP16 vs. viscumTT+VP16 -29.89 -38.61t0 -21.17 Yes hx <0.0001
viscum vs. viscum+VP16 -12.04 -20.77 to -3.32 Yes ** 0.0011
viscumvs. TT -24.95 -33.67 to -16.22 Yes hx <0.0001
viscum vs. TT+VP16 -31.4 -40.12 to -22.67 Yes hx <0.0001
viscum vs. viscumTT -32.73 -41.45 to -24 Yes i <0.0001
viscum vs. viscumTT+VP16 -37.53 -46.26 to -28.81 Yes hx <0.0001
viscum+VP16 vs. TT -12.9 -21.63t0-4.178 Yes i 0.0004
viscum+VP16 vs. TT+VP16 -19.35 -28.08 t0 -10.63 Yes hx <0.0001
viscum+VP16 vs. viscumTT -20.68 -29.41t0-11.96 Yes hx <0.0001
viscum+VP16 vs. viscumTT+VP16 -25.49 -34.21 10 -16.77 Yes hx <0.0001
TT vs. TT+VP16 -6.452 -15.18 t0 2.272 No ns 0.3089

TT vs. viscumTT -7.782 -16.51 to 0.942 No ns 0.1166

TT vs. viscumTT+VP16 -12.59 -21.311t0 -3.864 Yes i 0.0005
TT+VP16 vs. viscumTT -1.33 -10.05 to 7.394 No ns 0.9998
TT+VP16 vs. viscumTT+VP16 -6.136 -14.86 t0 2.588 No ns 0.3733
viscumTT vs. viscumTT+VP16 -4.806 -13.53t03.918 No ns 0.6826

Table S1h P-values of co-treatment with 4-OOH of Saos-2 cells.

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
Row 1

Ctrl vs. 4-OOH -6.284 -14.45t0 1.887 No ns 0.2613

Ctrl vs. viscum -4.004 -12.17 to 4.167 No ns 0.7954
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
Ctrl vs. viscum+40O0H -7.508 -15.68 to 0.6626 No ns 0.0955
Ctrlvs. TT -6.688 -14.86t0 1.483 No ns 0.1929
Ctrl vs. TT+400H -15.34 -23.51t0-7.165 Yes i <0.0001
Ctrl vs. viscumTT -10.31 -18.48 t0 -2.137 Yes ** 0.0041
Ctrl vs. viscumTT+400H -13.55 -21.7210 -5.383 Yes i <0.0001
4-OO0H vs. viscum 2.28 -5.891 t0 10.45 No ns 0.9884
4-OO0H vs. viscum+400H -1.224 -9.395 t0 6.947 No ns 0.9998
4-O0OHvs. TT -0.404 -8.57510 7.767 No ns >0.9999
4-OOH vs. TT+400H -9.052 -17.22t0-0.8814 Yes * 0.0192
4-OO0H vs. viscumTT -4.024 -12.19t0 4.147 No ns 0.7913
4-OO0H vs. viscumTT+400H -7.27 -15.44 t0 0.9006 No ns 0.1185
viscum vs. viscum+400H -3.504 -11.67 to 4.667 No ns 0.8854
viscumvs. TT -2.684 -10.85 to0 5.487 No ns 0.9706
viscum vs. TT+400H -11.33 -19.5t0 -3.161 Yes ** 0.001
viscum vs. viscumTT -6.304 -14.47 to 1.867 No ns 0.2576
viscum vs. viscumTT+400H -9.55 -17.72t0 -1.379 Yes * 0.0107
viscum+40O0H vs. TT 0.82 -7.351 10 8.991 No ns >0.9999
viscum+400H vs. TT+400H -7.828 -16 to0 0.3426 No ns 0.0704
viscum+400H vs. viscumTT -2.8 -10.97 to 5.371 No ns 0.963
viscum+40O0H vs. viscumTT+400H -6.046 -14.22102.125 No ns 0.3081
TT vs. TT+400H -8.648 -16.821t0 -0.4774 Yes * 0.0301
TT vs. viscumTT -3.62 -11.79 to 4.551 No ns 0.867
TT vs. viscumTT+400H -6.866 -15.04 to 1.305 No ns 0.1672
TT+400H vs. viscumTT 5.028 -3.1431t013.2 No ns 0.5494
TT+400H vs. viscumTT+400H 1.782 -6.389 10 9.953 No ns 0.9974
viscumTT vs. viscumTT+400H -3.246 -11.42t0 4.925 No ns 0.9205
Row 2
Ctrl vs. 4-O0OH -6.284 -14.45 10 1.887 No ns 0.2613
Ctrl vs. viscum -5.304 -13.47 to 2.867 No ns 0.4794
Ctrl vs. viscum+400H -9.61 -17.78 t0 -1.439 Yes ** 0.0099
Ctrlvs. TT -13.67 -21.84 to -5.497 Yes hx <0.0001
Ctrl vs. TT+400H -23.56 -31.73t0-15.39 Yes hx <0.0001
Ctrl vs. viscumTT -20.19 -28.36 t0 -12.02 Yes hx <0.0001
Ctrl vs. viscumTT+400H -23.1 -31.27 t0 -14.93 Yes hx <0.0001
4-O0H vs. viscum 0.98 -7.191t0 9.151 No ns >0.9999
4-OO0H vs. viscum+400H -3.326 -11.5t0 4.845 No ns 0.9104
4-O0OHvs. TT -7.384 -15.55t0 0.7866 No ns 0.107
4-O0OH vs. TT+400H -17.28 -25.4510-9.109 Yes hx <0.0001
4-OOH vs. viscumTT -13.9 -22.07 t0 -5.733 Yes hx <0.0001
4-OO0H vs. viscumTT+400H -16.82 -24.99 to -8.649 Yes hx <0.0001
viscum vs. viscum+400H -4.306 -12.48 to0 3.865 No ns 0.7289
viscumvs. TT -8.364 -16.53 t0 -0.1934 Yes * 0.0409
viscum vs. TT+400H -18.26 -26.43t0-10.09 Yes hx <0.0001
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value

viscum vs. viscumTT -14.88 -23.05t0-6.713 Yes i <0.0001
viscum vs. viscumTT+400H -17.8 -25.97 t0 -9.629 Yes i <0.0001
viscum+400H vs. TT -4.058 -12.23t04.113 No ns 0.7841
viscum+400H vs. TT+400H -13.95 -22.1210-5.783 Yes i <0.0001
viscum+400H vs. viscumTT -10.58 -18.75 t0 -2.407 Yes ** 0.0029
viscum+40O0H vs. viscumTT+400H -13.49 -21.66 t0 -5.323 Yes i <0.0001
TT vs. TT+400H -9.896 -18.07 to -1.725 Yes ** 0.007

TT vs. viscumTT -6.52 -14.69 to 1.651 No ns 0.2197

TT vs. viscumTT+400H -9.436 -17.61t0 -1.265 Yes * 0.0122
TT+400H vs. viscumTT 3.376 -4.795t0 11.55 No ns 0.9038

TT+400H vs. viscumTT+400H 0.46 -7.711 10 8.631 No ns >0.9999
viscumTT vs. viscumTT+400H -2.916 -11.09 to 5.255 No ns 0.954

Row 3

Ctrl vs. 4-O0OH -6.284 -14.45 10 1.887 No ns 0.2613

Ctrl vs. viscum -6.64 -14.81 to 1.531 No ns 0.2003

Ctrl vs. viscum+400H -10.78 -18.95 t0 -2.605 Yes ** 0.0022
Ctrlvs. TT -30.66 -38.831t0-22.49 Yes hx <0.0001

Ctrl vs. TT+400H -36.43 -44.6 to -28.26 Yes hx <0.0001

Ctrl vs. viscumTT -37.75 -45.92 t0 -29.58 Yes hx <0.0001

Ctrl vs. viscumTT+400H -37.84 -46.5 t0 -29.17 Yes hx <0.0001

4-O0H vs. viscum -0.356 -8.527 t0 7.815 No ns >0.9999
4-OO0H vs. viscum+400H -4.492 -12.66 to 3.679 No ns 0.6846
4-O0OHvs. TT -24.37 -32.54t0-16.2 Yes hx <0.0001

4-O0OH vs. TT+400H -30.15 -38.32t0-21.98 Yes hx <0.0001
4-OOH vs. viscumTT -31.46 -39.63t0-23.29 Yes hx <0.0001
4-OO0H vs. viscumTT+400H -31.55 -40.22 t0 -22.89 Yes hx <0.0001
viscum vs. viscum+400H -4.136 -12.31t04.035 No ns 0.7673
viscumvs. TT -24.02 -32.19t0-15.85 Yes hx <0.0001

viscum vs. TT+400H -29.79 -37.96 to -21.62 Yes hx <0.0001
viscum vs. viscumTT -31.11 -39.28t0 -22.94 Yes hx <0.0001
viscum vs. viscumTT+400H -31.2 -39.86 to -22.53 Yes hx <0.0001
viscum+400H vs. TT -19.88 -28.05to0 -11.71 Yes hx <0.0001
viscum+400H vs. TT+400H -25.66 -33.83t0-17.49 Yes hx <0.0001
viscum+40O0H vs. viscumTT -26.97 -35.1410-18.8 Yes hx <0.0001
viscum+40O0H vs. viscumTT+400H -27.06 -35.7310-18.39 Yes hx <0.0001
TT vs. TT+400H -5.778 -13.95 10 2.393 No ns 0.366

TT vs. viscumTT -7.09 -15.26 to 1.081 No ns 0.1386

TT vs. viscumTT+400H -7.18 -15.8510 1.486 No ns 0.1808
TT+400H vs. viscumTT -1.312 -9.483 t0 6.859 No ns 0.9996
TT+400H vs. viscumTT+400H -1.403 -10.07 to 7.264 No ns 0.9996

viscumTT vs. viscumTT+400H -0.0905 -8.757 t0 8.576 No ns >0.9999
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6.4 Viscum, TT and viscumTT alter expression of cell cycle-associated genes

Table S2a Up- and down-regulated genes by viscum, TT and viscumTT in U20S cells.

RefSeq Number Gene Description Fol.d-regulation
viscum
NM_000051 ATM Ataxia telangiectasia mutated -7.28
NM_001184 ATR ATR Ataxia telangiectasia and Rad3 related -2.09
NM_003600 AURKA Aurora kinase A -5.3
NM_004217 AURKB Aurora kinase B -7.28
NM_016567 BCCIP BRCA2 and CDKN1A interacting protein -2.69
NM_000633 BCL2 B-cell CLL/lymphoma 2 -9.37
NM_001168 BIRC5 Baculoviral IAP repeat containing 5 -9.05
NM_007294 BRCA1 Breast cancer 1, early onset -10.83
NM_000059 BRCA2 Breast cancer 2, early onset -3.19
NM_001237 CCNA2 Cyclin A2 -20.01
NM_031966 CCNB1 Cyclin B1 -5.57
NM_004701 CCNB2 Cyclin B2 -3.17
NM_053056 CCND1 Cyclin D1 -2.52
NM_001759 CCND2 Cyclin D2 -3.72
NM_001760 CCND3 Cyclin D3 -3.19
NM_001238 CCNE1 Cyclin E1 -8.09
NM_001761 CCNF Cyclin F -12.84
NM_004060 CCNG1 Cyclin G1 -3.1
NM_003903 CDC16 Cell division cycle 16 homolog ((Saccharomyces (S.). -2.19
cerevisiae))
NM_001255 CDC20 Cell division cycle 20 homolog (S. cerevisiae) -10.89
NM_001789 CDC25A Cell division cycle 25 homolog A (S. pombe) -8.18
NM_004359 CDC34 Cell division cycle 34 homolog (S. cerevisiae) -3.12
NM_001254 CDC6 Cell division cycle 6 homolog (S. cerevisiae) -8.14
NM_001786 CDK1 Cyclin-dependent kinase 1 -5.09
NM_001798 CDK2 Cyclin-dependent kinase 2 -3.39
NM_000075 CDK4 Cyclin-dependent kinase 4 -3.73
NM_003885 CDK5R1 Cyclin-dependent kinase 5, regulatory subunit 1 (p35) -5.02
NM_001799 CDK7 Cyclin-dependent kinase 7 3.68
NM_004936 CDKN2B Cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4) 3.73
NM_005192 CDKN3 Cyclin-dependent kinase inhibitor 3 -3.76
NM_001826 CKS1B CDC28 protein kinase regulatory subunit 1B -3.53
NM_003592 cuL1 Cullin 1 -2.11
NM_003591 cuL2 Cullin 2 -2.06
NM_005225 E2F1 E2F transcription factor 1 -9.34
NM_001950 E2F4 E2F transcription factor 4, p107/p130-binding -2.02
NM_013376 GADD45A Growth arrest and DNA-damage-inducible, alpha 24.79
NM_016426 GTSE1 G-2 and S-phase expressed 1 -10.9
NM_004507 HUS1 HUS1 checkpoint homolog (S. Pombe) 3.26
NM_014708 KNTC1 Kinetochore associated 1 -2.27
NM_002266 KPNA2 Karyopherin alpha 2 (RAG cohort 1, importin alpha 1) -4.09
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RefSeq Number Gene Description Fol.d-regulation
viscum
NM_002358 MAD2L1 MAD2 mitotic arrest deficient-like 1 (yeast) -7.17
NM_004526 MCM2 Minichromosome maintenance complex component 2 -5.44
NM_002388 MCM3 Minichromosome maintenance complex component 3 -9.69
NM_006739 MCM5 Minichromosome maintenance complex component 5 -4.31
NM_002392 MDM?2 Mdm2 p53 binding protein homolog (mouse) 3.82
NM_002417 MKI67 Antigen identified by monoclonal antibody Ki-67 -6.21
NM_005590 MRE11A MRE11 meiotic recombination 11 homolog A (S. cerevisiae) -4.28
NM_002485 NBN Nibrin -3.96
NM_002853 RAD1 RAD1 homolog (S. pombe) -2.28
NM_002875 RAD51 RAD51 homolog (S. cerevisiae) -6.14
NM_002894 RBBP8 Retinoblastoma binding protein 8 -4.49
NM_002895 RBL1 Retinoblastoma-like 1 (p107) -5.24
NM_005611 RBL2 Retinoblastoma-like 2 (p130) -7.09
NM_013376 SERTAD1 SERTA domain containing 1 8.33
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -109.43
NM_005563 STMN1 Stathmin 1 -2.64
NM_007111 TFDP1 Transcription factor Dp-1 -18.4
NM_002046 GAPDH Glyceraldehyde-3-phosphate dehydrogenase -3.05
NM_000194 HPRT1 Hypoxanthine phosphoribosyltransferase 1 -3.23
RefSeq Number Gene Description Fold-regulation
T
NM_003600 AURKA Aurora kinase A -3.6
NM_004217 AURKB Aurora kinase B -2.89
NM_001168 BIRC5 Baculoviral IAP repeat containing 5 -4.5
NM_001237 CCNA2 Cyclin A2 -4.33
NM_031966 CCNB1 Cyclin B1 -3.33
NM_004701 CCNB2 Cyclin B2 -3.7
NM_001761 CCNF Cyclin F -4.7
NM_001255 CDC20 Cell division cycle 20 homolog (S. cerevisiae) -4.93
NM_001790 CDC25C Cell division cycle 25 homolog C (S. pombe) -3.64
NM_001786 CDK1 Cyclin-dependent kinase 1 -3.32
NM_000389 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) -2.48
NM_004064 CDKN1B Cyclin-dependent kinase inhibitor 1B (p27, Kip1) 2.61
NM_005192 CDKN3 Cyclin-dependent kinase inhibitor 3 -2.62
NM_005225 E2F1 E2F transcription factor 1 -2.44
NM_016426 GTSE1 G-2 and S-phase expressed 1 -3.33
NM_002266 KPNA2 Karyopherin alpha 2 (RAG cohort 1, importin alpha 1) -2.84
NM_002358 MAD2L1 MAD2 mitotic arrest deficient-like 1 (yeast) -2.27
NM_002388 MCM3 Minichromosome maintenance complex component 3 -2.17
NM_005914 MCM4 Minichromosome maintenance complex component 4 -2.5
NM_002417 MKI67 Antigen identified by monoclonal antibody Ki-67 -3.37
NM_002853 RAD1 RAD1 homolog (S. pombe) -2.28
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RefSeq Number Gene Description Fold-regulation
T
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -2.87
NM_005563 STMN1 Stathmin 1 -2.56
NM_007111 TFDP1 Transcription factor Dp-1 -2.15
NM_001101 ACTB Actin, beta -2.79
RefSeq Number Gene Description Fold-regulation
viscumTT
NM_013366 ANAPC2 Anaphase promoting complex subunit 2 -2.11
NM_001184 ATR ATR Ataxia telangiectasia and Rad3 related -2.47
NM_003600 AURKA Aurora kinase A -4.23
NM_004217 AURKB Aurora kinase B -3.84
NM_016567 BCCIP BRCA2 and CDKN1A interacting protein -3.09
NM_000633 BCL2 B-cell CLL/lymphoma 2 -2.24
NM_001168 BIRC5 Baculoviral IAP repeat containing 5 -5.55
NM_007294 BRCA1 Breast cancer 1, early onset -9.87
NM_000059 BRCA2 Breast cancer 2, early onset -2.23
NM_001237 CCNA2 Cyclin A2 -11.78
NM_031966 CCNB1 Cyclin B1 -4.2
NM_004701 CCNB2 Cyclin B2 -3.11
NM_053056 CCND1 Cyclin D1 -2.21
NM_001759 CCND2 Cyclin D2 -5.57
NM_001760 CCND3 Cyclin D3 -3.37
NM_001238 CCNE1 Cyclin E1 -5.67
NM_001761 CCNF Cyclin F -8.3
NM_004060 CCNG1 Cyclin G1 -3.59
NM_004354 CCNG2 Cyclin G2 3.75
NM_003903 CDC16 Cell division cycle 16 homolog (S. cerevisiae) -2.75
NM_001255 CDC20 Cell division cycle 20 homolog (S. cerevisiae) -9.57
NM_001789 CDC25A Cell division cycle 25 homolog A (S. pombe) -6.15
NM_004359 CDC34 Cell division cycle 34 homolog (S. cerevisiae) -3.64
NM_001254 CDC6 Cell division cycle 6 homolog (S. cerevisiae) -6.35
NM_001786 CDK1 Cyclin-dependent kinase 1 -4.04
NM_001798 CDK2 Cyclin-dependent kinase 2 -4.16
NM_000075 CDK4 Cyclin-dependent kinase 4 -2.72
NM_003885 CDK5R1 Cyclin-dependent kinase 5, regulatory subunit 1 (p35) -5.12
NM_016408 CDK5RAP1 CDKS5 regulatory subunit associated protein 1 -2.78
NM_001799 CDK7 Cyclin-dependent kinase 7 3.14
NM_000389 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 2.89
NM_004936 CDKN2B Cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4) 2.93
NM_005192 CDKN3 Cyclin-dependent kinase inhibitor 3 -3.97
NM_001274 CHEK1 CHK1 checkpoint homolog (S. pombe) -3.23
NM_007194 CHEK2 CHK2 checkpoint homolog (S. pombe) -3.16
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RefSeq Number Gene Description Fold-regulation
viscumTT
NM_001826 CKS1B CDC28 protein kinase regulatory subunit 1B -2.81
NM_003591 cuL2 Cullin 2 -2.22
NM_005225 E2F1 E2F transcription factor 1 -9.67
NM_001950 E2F4 E2F transcription factor 4, p107/p130-binding -2.3
NM_013376 GADD45A Growth arrest and DNA-damage-inducible, alpha 20.79
NM_016426 GTSE1 G-2 and S-phase expressed 1 -6.51
NM_004507 HUS1 HUS1 checkpoint homolog (S. Pombe) 2.71
NM_014708 KNTC1 Kinetochore associated 1 -2.77
NM_002266 KPNA2 Karyopherin alpha 2 (RAG cohort 1, importin alpha 1) -3.22
NM_004526 MCM2 Minichromosome maintenance complex component 2 -4.98
NM_002388 MCM3 Minichromosome maintenance complex component 3 -11.55
NM_005914 MCM4 Minichromosome maintenance complex component 4 -7.91
NM_006739 MCM5 Minichromosome maintenance complex component 5 -5.75
NM_002392 MDM?2 Mdm2 p53 binding protein homolog (mouse) -2.71
NM_002417 MKI67 Antigen identified by monoclonal antibody Ki-67 -3.28
NM_005590 MRE11A MRE11 meiotic recombination 11 homolog A (S. cerevisiae) -5.76
NM_002485 NBN Nibrin -4.97
NM_002853 RAD1 RAD1 homolog (S. pombe) -2.64
NM_002875 RAD51 RAD51 homolog (S. cerevisiae) -5.86
NM_004584 RADYA RAD9 homolog A (S. pombe) -2.28
NM_002894 RBBP8 Retinoblastoma binding protein 8 -3.62
NM_002895 RBL1 Retinoblastoma-like 1 (p107) -4.97
NM_005611 RBL2 Retinoblastoma-like 2 (p130) -6.94
NM_013376 SERTAD1 SERTA domain containing 1 6.69
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -100.51
NM_007111 TFDP1 Transcription factor Dp-1 -13.66
NM_006286 TFDP2 Transcription factor Dp-2 (E2F dimerization partner 2) -2.06
NM_002046 GAPDH Glyceraldehyde-3-phosphate dehydrogenase -3.05
NM_000194 HPRT1 Hypoxanthine phosphoribosyltransferase 1 -2.5
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Figure S3a Clustergram of U20S cells after viscum, TT and viscumTT treatment.
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Table S2b Up- and down-regulated genes by viscum, TT and viscumTT in 143B cells.

RefSeq Number Gene Description Fol.d-regulation
viscum
NM_013366 ANAPC2 Anaphase promoting complex subunit 2 3.19
NM_001184 ATR ATR Ataxia telangiectasia and Rad3 related 512
NM_007294 BRCA1 Breast cancer 1, early onset -3.2
NM_000059 BRCA2 Breast cancer 2, early onset 2.48
NM_001237 CCNA2 Cyclin A2 -2.39
NM_001759 CCND2 Cyclin D2 2.86
NM_001238 CCNE1 Cyclin E1 -2.12
NM_001239 CCNG1 Cyclin G1 -3.38
NM_001240 CCNH Cyclin H 3.96
NM_001259 CCNT1 Cyclin T1 2.54
NM_001254 CDC6 Cell division cycle 6 homolog (S. cerevisiae) -3.53
NM_001798 CDK2 Cyclin-dependent kinase 2 -2.5
NM_016408 CDK5RAP1 CDKS5 regulatory subunit associated protein 1 3.16
NM_001259 CDK6 Cyclin-dependent kinase 6 3.52
NM_001799 CDK7 Cyclin-dependent kinase 7 6.09
NM_000389 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 5.06
NM_004064 CDKN1B Cyclin-dependent kinase inhibitor 1B (p27, Kip1) 2.76
NM_005225 E2F1 E2F transcription factor 1 -4.2
NM_013376 GADD45A Growth arrest and DNA-damage-inducible, alpha 27.99
NM_004507 HUS1 HUS1 checkpoint homolog (S. Pombe) 8.86
NM_006341 MAD2L2 MAD2 mitotic arrest deficient-like 2 (yeast) -2.25
NM_002388 MCM3 Minichromosome maintenance complex component 3 -2.1
NM_005914 MCM4 Minichromosome maintenance complex component 4 -2.33
NM_002392 MDM?2 Mdm2 p53 binding protein homolog (mouse) 3.82
NM_002431 MNAT1 Menage a trois homolog 1, cyclip H assembly factor (Xenopus 2.39
NM_002853 RAD1 RAD1 honi?)(lagglls()s. pombe) 2.55
NM_002875 RAD51 RAD51 homolog (S. cerevisiae) -4.55
NM_000321 RB1 Retinoblastoma 1 2.26
NM_005611 RBL2 Retinoblastoma-like 2 (p130) -2.74
NM_013376 SERTAD1 SERTA domain containing 1 8.01
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -18.07
NM_005563 STMN1 Stathmin 1 -4.42
NM_007111 TFDP1 Transcription factor Dp-1 -3.9
NM_006286 TFDP2 Transcription factor Dp-2 (E2F dimerization partner 2) 2.69
NM_000546 TP53 Tumor protein p53 2.1
NM_003390 WEE1 WEE1 homolog (S. pombe) 2.49
RefSeq Number Gene Description Fold-regulation
T
NM_001168 BIRC5 Baculoviral IAP repeat containing 5 2
NM_031966 CCNB1 Cyclin B1 -2.2
NM_001759 CCND2 Cyclin D2 2.1
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RefSeq Number Gene Description Fold-regulation
T
NM_001239 CCNG2 Cyclin G2 3.05
NM_001786 CDK1 Cyclin-dependent kinase 1 -2.27
NM_000389 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 6.47
NM_005192 CDKN3 Cyclin-dependent kinase inhibitor 3 -2.26
NM_016426 GTSE1 G-2 and S-phase expressed 1 -2.08
NM_002358 MAD2L1 MAD2 mitotic arrest deficient-like 1 (yeast) -2.25
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -3.1
NM_007111 TFDP1 Transcription factor Dp-1 -2.45
RefSeq Number Gene Description Fold-regulation
viscumTT
NM_013366 ANAPC2 Anaphase promoting complex subunit 2 3.88
NM_001184 ATR ATR Ataxia telangiectasia and Rad3 related 5.39
NM_016567 BCCIP BRCA2 and CDKN1A interacting protein 219
NM_007294 BRCA1 Breast cancer 1, early onset -2.85
NM_000059 BRCA2 Breast cancer 2, early onset 219
NM_001237 CCNA2 Cyclin A2 -2.01
NM_005190 CCNC Cyclin C 2.18
NM_053056 CCND2 Cyclin D1 2.95
NM_001238 CCNE1 Cyclin E1 -2.09
NM_001239 CCNG1 Cyclin G1 -3.25
NM_004354 CCNG2 Cyclin G2 -217
NM_001239 CCNH Cyclin H 4.38
NM_001240 CCNT1 Cyclin T1 3.07
NM_003903 CDC6 Cell division cycle 16 homolog (S. cerevisiae) -2.79
NM_001254 CDK2 Cell division cycle 6 homolog (S. cerevisiae) -2.81
NM_001798 CDK5RAP1 Cyclin-dependent kinase 2 3.02
NM_001259 CDK6 Cyclin-dependent kinase 6 3.28
NM_001799 CDK7 Cyclin-dependent kinase 7 5.1
NM_000389 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 11.23
NM_004064 CDKN1B Cyclin-dependent kinase inhibitor 1B (p27, Kip1) 2.46
NM_003592 cuL1 Cullin 1 215
NM_003590 CUL3 Cullin 3 217
NM_005225 E2F1 E2F transcription factor 1 -4.96
NM_001924 GADD45A Growth arrest and DNA-damage-inducible, alpha 31.38
NM_004507 HUS1 HUS1 checkpoint homolog (S. Pombe) 7.69
NM_002388 MCM3 Minichromosome maintenance complex component 3 -2.6
NM_005914 MCM4 Minichromosome maintenance complex component 4 -3.07
NM_002392 MDM?2 Mdm2 p53 binding protein homolog (mouse) 3.32
NM_002431 MNAT1 Menage a trois homolog 1, cyclip H assembly factor (Xenopus 2.96
NM_002853 RAD1 RAD1 honl?)(lagglls()s. pombe) 2.91
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RefSeq Number Gene Description Fold-regulation
viscumTT
NM_005611 RBL2 Retinoblastoma-like 2 (p130) -2.24
NM_013376 SERTAD1 SERTA domain containing 1 8.76
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -20.43
NM_005563 STMN1 Stathmin 1 -3.04
NM_007111 TFDP1 Transcription factor Dp-1 -4.45
NM_003390 WEE1 WEE1 homolog (S. pombe) 2.28
NM_001101 ACTB Actin, beta -2.65
NM_004048 B2M Beta-2-microglobulin 2.36
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Figure S3b Clustergram of 143B cells after viscum, TT and viscumTT treatment.
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Table S2c Up- and down-regulated genes by viscum, TT and viscumTT in Saos-2 cells.

RefSeq Number Gene Description Fol.d-regulation
viscum
NM_001184 ATR ATR Ataxia telangiectasia and Rad3 related 2.21
NM_053056 CCND1 Cyclin D1 3.24
NM_004354 CCNG2 Cyclin G2 2.61
NM_001239 CCNH Cyclin H 2.29
NM_001240 CCNT1 Cyclin T1 3.17
NM_001259 CDK6 Cyclin-dependent kinase 6 2.73
NM_001799 CDK7 Cyclin-dependent kinase 7 29
NM_004936 CDKN2B Cyclin-dependent kinase inhibitor 2B (p15) 2.66
NM_001950 E2F4 E2F transcription factor 4 2.02
NM_001924 GADD45A Growth arrest and DNA-damage-inducible, alpha 4.51
NM_004507 HUS1 HUS1 checkpoint homolog (S. pombe) 3.4
NM_002431 MNAT1 Menage a trois homolog 1, cyclip H assembly factor (Xenopus 2.37
NM_002853 RAD1 RAD1 honi?)(lagglls()s. pombe) 224
NM_002895 RBL1 Retinoblastoma-like 1 (p107) 2.11
NM_013376 SERTAD1 SERTA domain containing 1 4.63
RefSeq Number Gene Description Fold-regulation
T
NM_003600 AURKB Aurora kinase A -2.21
NM_001168 BIRC5 Baculoviral IAP repeat containing 5 -3.11
NM_001237 CCNA2 Cyclin A2 -3.03
NM_053056 CCND1 Cyclin D1 2.65
NM_001759 CCND2 Cyclin D2 2.52
NM_001259 CCNG2 Cyclin G2 245
NM_001789 CDC25A Cell division cycle 25 homolog A (S. pombe) -2.17
NM_004359 CDC34 Cell division cycle 34 homolog (S. cerevisiae) 2.06
NM_001786 CDK1 Cyclin-dependent kinase 1 -2.88
NM_000389 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 3.49
NM_005225 E2F1 E2F transcription factor 1 -2.01
NM_016426 GTSE1 G-2 and S-phase expressed 1 -2.11
NM_002358 MAD2L1 MAD2 mitotic arrest deficient-like 1 (yeast) -2.44
NM_005914 MCM4 Minichromosome maintenance complex component 4 -2.35
NM_002417 MKI67 Antigen identified by monoclonal antibody Ki-67 -2.1
NM_000321 RB1 Retinoblastoma 1 2.52
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -2.46
NM_005563 STMN1 Stathmin 1 -2.09
NM_000546 TP53 Tumor protein p53 2.52
NM_001101 ACTB Actin, beta -2.54
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RefSeq Number Gene Description Fold-regulation
viscumTT

NM_013366 ANAPC2 Anaphase promoting complex subunit 2 2.44
NM_001184 ATR ATR Ataxia telangiectasia and Rad3 related 2.04
NM_005190 CCNC Cyclin C 2.1

NM_053056 CCND1 Cyclin D1 6.02
NM_004354 CCNG2 Cyclin G2 3.66
NM_001239 CCNH Cyclin H 22

NM_001240 CCNT1 Cyclin T1 2.58
NM_003903 CDC16 Cell division cycle 16 homolog (S. cerevisiae) 2.21
NM_004359 CDC34 Cell division cycle 34 homolog (S. cerevisiae) 2.39
NM_001259 CDK6 Cyclin-dependent kinase 6 2.16
NM_001799 CDK7 Cyclin-dependent kinase 7 2.46
NM_001260 CDK8 Cyclin-dependent kinase 8 2.27
NM_000389 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 3.8
NM_001924 GADD45A Growth arrest and DNA-damage-inducible, alpha 2.05
NM_004507 HUS1 HUS1 checkpoint homolog (S. Pombe) 2.56
NM_002431 MNAT1 Menage a trois homolog 1, cyclip H assembly factor (Xenopus 2.28
NM_013376 SERTAD1 SERTA dorlszi\gsc)ontaining 1 3.15
NM_005983 SKP2 S-phase kinase-associated protein 2 (p45) -2.2
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Figure S3c Clustergram of Saos-2 cells after viscum, TT and viscumTT treatment.
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6.5 siRNA knockdown does not alter cell cycle phase distribution in control

U20S cells
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Figure S4 siRNA knockdown experiments did not influence cell cycle distribution in U20S control cells.
U20S cells were reverse transfected with different siRNA variations and non-targeting negative siRNA (si neg Ctrl)
and not further treated with viscum, TT and viscumTT. Cell cycle distribution was analyzed by PI staining and flow

cytometry. Bars display cells [%] in cell cycle phase + SD of at least three independent experiments.

6.6 Knockdown of CDKN1A and GADD45A significantly attenuate cell cycle

arrest

Table S3a P-values of siRNA experiments of the cell cycle in U20S cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
viscum
G1
Ctrl vs. viscum -17 -27.11 t0 -6.89 Yes b 0.0002
Ctrl vs. +siGADD45A -4.366 -15.09 to 6.359 No ns 0.7754
Ctrl vs. +siCDKN1A -6.894 -18.57 t0 4.782 No ns 0.4576
Ctrl vs. +siGADD45A+siCDKN1A -3.987 -15.66 to 7.689 No ns 0.867
viscum vs. +siGADD45A 12.64 1.91 to 23.36 Yes * 0.0136
viscum vs. +siCDKN1A 10.11 -1.568 to 21.78 No ns 0.1183
viscum vs.
+siGADD45A+siCDKN1A 13.01 1.339 to 24.69 Yes * 0.022
+siGADD45A vs. +siCDKN1A -2.528 -14.74 t0 9.683 No ns 0.9762
+siGADD45A vs.
+siGADD45A+siCDKN1A 0.3792 -11.83 to 12.59 No ns >0.9999
+siCDKN1A vs.
+siGADD45A+siCDKN1A 2.907 -10.15t0 15.96 No ns 0.9689
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
viscum
S
Ctrl vs. viscum 5.638 -4.474 t0 15.75 No ns 0.5149
Ctrl vs. +siGADD45A -1.913 -12.64 t0 8.813 No ns 0.9863
Ctrl vs. +siCDKN1A 0.1033 -11.57 to 11.78 No ns >0.9999
0.5879
Ctrl vs. +siGADD45A+siCDKN1A 6.033 -5.643t0 17.71 No ns
viscum vs. +siGADD45A -7.551 -18.28 t0 3.175 No ns 0.2824
viscum vs. +siCDKN1A -5.535 -17.21 t0 6.141 No ns 0.6639
viscum vs.
+siGADD45A+siCDKN1A 0.3953 -11.28 to 12.07 No ns >0.9999
+siGADD45A vs. +siCDKN1A 2.016 -10.2to 14.23 No ns 0.9897
+sSiGADD45A vs.
+siGADD45A+siCDKN1A 7.946 -4.265 to0 20.16 No ns 0.3592
+siCDKN1A vs.
+siGADD45A+siCDKN1A 5.93 -7.124 t0 18.98 No ns 0.6981
G2/M
Ctrl vs. viscum 11.06 0.9444 to 21.17 Yes * 0.0258
Ctrl vs. +siGADD45A 6.028 -4.697 to 16.75 No ns 0.507
Ctrl vs. +siCDKN1A 6.361 -5.315t0 18.04 No ns 0.5376
Ctrl vs. +siGADD45A+siCDKN1A -3.359 -15.03 t0 8.317 No ns 0.9239
viscum vs. +siGADD45A -5.028 -15.75 to 5.697 No ns 0.673
viscum vs. +siCDKN1A -4.695 -16.37 to 6.981 No ns 0.7832
viscum vs.
+siGADD45A+siCDKN1A -14.41 -26.09 to -2.739 Yes ** 0.0087
+siGADD45A vs. +siCDKN1A 0.3333 -11.88 to 12.54 No ns >0.9999
+SiGADD45A vs.
+siGADD45A+siCDKN1A -9.387 -21.6 t0 2.824 No ns 0.2043
+siCDKN1A vs.
+siGADD45A+siCDKN1A -9.72 -22.77 t0 3.334 No ns 0.2314

Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
T
G1
Ctrlvs. TT -26.59 -37.1t0-16.08 Yes ol <0.0001
Ctrl vs. +siGADD45A -24.03 -34.54 t0 -13.52 Yes i <0.0001
Ctrl vs. +siCDKN1A -10.62 -21.77 to 0.5237 No ns 0.0688
Ctrl vs. +siGADD45A+siCDKN1A -6.569 -17.72 t0 4.579 No ns 0.465
TT vs. +siGADD45A 2.564 -7.946 to 13.07 No ns 0.9582
TT vs. +siCDKN1A 15.97 4.82t027.12 Yes ** 0.0015
TT vs. +siGADD45A+siCDKN1A 20.02 8.875t0 31.17 Yes ol <0.0001
+siGADD45A vs. +siCDKN1A 13.4 2.256 to 24.55 Yes * 0.0109
+sSiGADD45A vs.
+siGADD45A+siCDKN1A 17.46 6.311 to 28.61 Yes bl 0.0004
+siCDKN1A vs.
+siGADD45A+siCDKN1A 4.055 -7.696 to 15.81 No ns 0.8658
S
Ctrlvs. TT 16.98 6.47 to 27.49 Yes bl 0.0003
Ctrl vs. +siGADD45A 13.67 3.164 to 24.18 Yes ** 0.0048
Ctrl vs. +siCDKN1A 2.418 -8.73t0 13.57 No ns 0.9726
Ctrl vs. +siGADD45A+siCDKN1A 0.99 -10.16to 12.14 No ns 0.9991
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
T
TT vs. +siGADD45A -3.306 -13.82to0 7.204 No ns 0.9002
TT vs. +siCDKN1A -14.56 -25.71t0-3.415 Yes * 0.0046
TT vs. +siGADD45A+siCDKN1A -15.99 -27.14 t0 -4.842 Yes * 0.0015
+siGADDA45A vs. +siCDKN1A -11.26 -22.4t0-0.1088 Yes * 0.0467
+siGADD45A vs.
+siGADD45A+siCDKN 1A -12.68 -23.83t0-1.536 Yes * 0.0182
+siCDKN1A vs.
+siGADD45A+siCDKN 1A -1.428 -13.18t0 10.32 No ns 0.9969
G2/M
Ctrlvs. TT 10.56 0.0538 to 21.07 Yes * 0.0483
Ctrl vs. +siGADD45A 11 0.4918 to 21.51 Yes * 0.0359
Ctrl vs. +siCDKN1A 8.376 -2.772t0 19.52 No ns 0.2266
Ctrl vs. +siGADD45A+siCDKN1A 6.451 -4.697 t0 17.6 No ns 0.4834
TT vs. +siGADD45A 0.438 -10.07 to 10.95 No ns >0.9999
TT vs. +siCDKN1A -2.189 -13.34 t0 8.959 No ns 0.981
TT vs. +siGADD45A+siCDKN1A -4.114 -15.26 to 7.034 No ns 0.835
+siGADDA45A vs. +siCDKN1A -2.627 -13.77 to 8.521 No ns 0.963
+siGADD45A vs.
+siGADD45A+siCDKN 1A -4.552 -15.7 to 6.596 No ns 0.778
+siCDKN1A vs.
+siGADD45A+siCDKN 1A -1.925 -13.68 t0 9.826 No ns 0.9903
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
viscumTT
G1
Ctrl vs. viscumTT -17.93 -28.56 to -7.306 Yes o 0.0001
Ctrl vs. +siGADD45A -5.258 -15.88 to 5.368 No ns 0.6315
Ctrl vs. +siCDKN1A -3.974 -15.24 to 7.296 No ns 0.8558
Ctrl vs. +siGADD45A+siCDKN1A -5.196 -16.47 t0 6.074 No ns 0.6906
viscumTT vs. +siGADD45A 12.67 2.048 to 23.3 Yes * 0.0119
viscumTT vs. +siCDKN1A 13.96 2.688 to 25.23 Yes * 0.0082
viscumTT vs.
+siGADD45A+siCDKN 1A 12.74 1.465 to 24.01 Yes * 0.0194
+siGADDA45A vs. +siCDKN1A 1.284 -9.986 to 12.55 No ns 0.9976
+siGADD45A vs.
+siGADD45A+siCDKN 1A 0.0615 -11.21t0 11.33 No ns >0.9999
+siCDKN1A vs.
+siGADD45A+siCDKN 1A -1.223 -13.1t0 10.66 No ns 0.9984
S
Ctrl vs. viscumTT 7.842 -2.784 t0 18.47 No ns 0.2418
Ctrl vs. +siGADD45A 2.6 -8.026 to 13.23 No ns 0.9575
Ctrl vs. +siCDKN1A -3.853 -15.12t0 7.418 No ns 0.8691
Ctrl vs. +siGADD45A+siCDKN1A -3.843 -16.11 to 8.426 No ns 0.9011
viscumTT vs. +siGADD45A -5.242 -15.87 t0 5.384 No ns 0.6342
viscumTT vs. +siCDKN1A -11.69 -22.96 t0 -0.4243 Yes * 0.0384
viscumTT vs.
+siGADD45A+siCDKN 1A -11.69 -23.95 t0 0.5841 No ns 0.069
+siGADDA45A vs. +siCDKN1A -6.453 -17.72t04.818 No ns 0.4931
+siGADDA45A vs.
+siGADD45A+siCDKN 1A -6.443 -18.71 t0 5.826 No ns 0.5773
+siCDKN1A vs.
+siGADD45A+siCDKN 1A 0.009167 -12.82t0 12.84 No ns >0.9999
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
viscumTT
G2/M
Ctrl vs. viscumTT 11.1 0.4724 t0 21.72 Yes * 0.0366
Ctrl vs. +siGADD45A 3.574 -7.052t0 14.2 No ns 0.8756
Ctrl vs. +siCDKN1A 7.041 -4.23 to 18.31 No ns 0.4044
Ctrl vs. +siGADD45A+siCDKN1A 9.848 -2.421t022.12 No ns 0.1718
viscumTT vs. +siGADD45A -7.524 -18.15t0 3.102 No ns 0.28
viscumTT vs. +siCDKN1A -4.058 -15.33t07.213 No ns 0.8462
viscumTT vs.
+siGADD45A+siCDKN1A -1.25 -13.52 to 11.02 No ns 0.9984
+siGADD45A vs. +siCDKN1A 3.467 -7.804 to 14.74 No ns 0.9069
+SiGADD45A vs.
+siGADD45A+siCDKN1A 6.274 -5.995 to 18.54 No ns 0.602
+siCDKN1A vs.
+siGADD45A+siCDKN1A 2.808 -10.02 to 15.64 No ns 0.9715
Table S3b P-values of siRNA experiments of the cell cycle in 143B cells.
Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
viscum
G1
Ctrl vs. viscum 5.897 -6.365t0 18.16 No ns 0.6355
Ctrl vs. +siGADD45A 0.6967 -11.57 to 12.96 No ns 0.9998
Ctrl vs. +siCDKN1A 5.453 -6.809t0 17.72 No ns 0.6992
Ctrl vs. +siGADD45A+siCDKN1A 10.58 -1.682t0 22.84 No ns 0.1169
viscum vs. +siGADD45A -5.2 -17.46 to 7.062 No ns 0.7342
viscum vs. +siCDKN1A -0.4433 -12.71to0 11.82 No ns >0.9999
viscum vs.
+siGADD45A+siCDKN1A 4.683 -7.579t0 16.95 No ns 0.8011
+siGADD45A vs. +siCDKN1A 4.757 -7.505t0 17.02 No ns 0.7921
+SiGADD45A vs.
+siGADD45A+siCDKN1A 9.883 -2.379t0 22.15 No ns 0.161
+siCDKN1A vs.
+siGADD45A+siCDKN1A 5.127 -7.135t0 17.39 No ns 0.7441
S
Ctrl vs. viscum -10.39 -22.66 to 1.869 No ns 0.1276
Ctrl vs. +siGADD45A -4.223 -16.49 to 8.039 No ns 0.8537
Ctrl vs. +siCDKN1A -8.04 -20.3t0 4.222 No ns 0.3382
Ctrl vs. +siGADD45A+siCDKN1A -14.87 -27.13 to -2.608 Yes * 0.0114
viscum vs. +siGADD45A 6.17 -6.092 to 18.43 No ns 0.5955
viscum vs. +siCDKN1A 2.353 -9.909 to 14.62 No ns 0.9802
viscum vs.
+siGADD45A+siCDKN1A -4.477 -16.74t0 7.785 No ns 0.8256
+siGADD45A vs. +siCDKN1A -3.817 -16.08 to 8.445 No ns 0.8935
+sSiGADD45A vs.
+siGADD45A+siCDKN1A -10.65 -22.91t0 1.615 No ns 0.1132
+siCDKN1A vs.
+siGADD45A+siCDKN1A -6.83 -19.09 to 5.432 No ns 0.4994
G2/M
Ctrl vs. viscum 4.087 -8.1751t0 16.35 No ns 0.8678
Ctrl vs. +siGADD45A 3.417 -8.8451t0 15.68 No ns 0.926
Ctrl vs. +siCDKN1A 2.237 -10.03to 14.5 No ns 0.9836
Ctrl vs. +siGADD45A+siCDKN1A 4153 -8.109 to 16.42 No ns 0.861
viscum vs. +siGADD45A -0.67 -12.93 to 11.59 No ns 0.9998
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
test Value
T
viscum vs. +siCDKN1A -1.85 -14.11to 10.41 No ns 0.992
viscum vs.
+siGADD45A+siCDKN1A 0.06667 -12.2t0 12.33 No ns >0.9999
+siGADD45A vs. +siCDKN1A -1.18 -13.44 t0 11.08 No ns 0.9986
+SiGADD45A vs.
+siGADD45A+siCDKN1A 0.7367 -11.53t0 13 No ns 0.9998
+siCDKN1A vs.
+siGADD45A+siCDKN1A 1.917 -10.35t0 14.18 No ns 0.9908
G1
Ctrlvs. TT -9.323 -16.58 to -2.071 Yes ** 0.0066
Ctrl vs. +siGADD45A -21.45 -28.71t0-14.2 Yes i <0.0001
Ctrl vs. +siCDKN1A -2.643 -9.895 to 4.609 No ns 0.8265
Ctrl vs. +siGADD45A+siCDKN1A -0.003333 -7.2551t07.249 No ns >0.9999
TT vs. +siGADD45A -12.13 -19.38 to -4.878 Yes bl 0.0003
TT vs. +siCDKN1A 6.68 -0.572t0 13.93 No ns 0.0825
TT vs. +siGADD45A+siCDKN1A 9.32 2.068 to 16.57 Yes ** 0.0067
+siGADD45A vs. +siCDKN1A 18.81 11.56 to 26.06 Yes i <0.0001
+SiGADD45A vs.
+siGADD45A+siCDKN1A 21.45 14.2t0 28.7 Yes i <0.0001
+siCDKN1A vs.
+siGADD45A+siCDKN1A 2.64 -4.612 to 9.892 No ns 0.8271
S
Ctrlvs. TT 6.5 -0.752t0 13.75 No ns 0.0959
Ctrl vs. +siGADD45A 18.49 11.24 t0 25.74 Yes i <0.0001
Ctrl vs. +siCDKN1A 1.427 -5.825t0 8.679 No ns 0.9784
Ctrl vs. +siGADD45A+siCDKN1A -0.6533 -7.905 to 6.599 No ns 0.9989
TT vs. +siGADD45A 11.99 4738 t0 19.24 Yes bl 0.0004
TT vs. +siCDKN1A -5.073 -12.33t02.179 No ns 0.2771
TT vs. +siGADD45A+siCDKN1A -7.153 -14.41 to 0.09865 No ns 0.0546
+siGADD45A vs. +siCDKN1A -17.06 -24.32 t0 -9.811 Yes i <0.0001
+sSiGADD45A vs.
+siGADD45A+siCDKN1A -19.14 -26.4 t0 -11.89 Yes i <0.0001
+siCDKN1A vs.
+siGADD45A+siCDKN1A -2.08 -9.332t05.172 No ns 0.9185
G2/M
Ctrlvs. TT 3.063 -4.189 to 10.32 No ns 0.737
Ctrl vs. +siGADD45A 2.993 -4.259t0 10.25 No ns 0.7529
Ctrl vs. +siCDKN1A 1.403 -5.849 to 8.655 No ns 0.9796
Ctrl vs. +siGADD45A+siCDKN1A 0.5 -6.752 t0 7.752 No ns 0.9996
TT vs. +siGADD45A -0.07 -7.322t07.182 No ns >0.9999
TT vs. +siCDKN1A -1.66 -8.912 to 5.592 No ns 0.9626
TT vs. +siGADD45A+siCDKN1A -2.563 -9.815t0 4.689 No ns 0.8417
+siGADD45A vs. +siCDKN1A -1.59 -8.842 to 5.662 No ns 0.9679
+sSiGADD45A vs.
+siGADD45A+siCDKN1A -2.493 -9.745 t0 4.759 No ns 0.8545
+siCDKN1A vs.
+siGADD45A+siCDKN1A -0.9033 -8.155 to0 6.349 No ns 0.9962
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Tukey's multiple comparisons Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P

test Value
viscumTT
G1
Ctrl vs. viscumTT -1.133 -8.331 to 6.066 No ns 0.9913
Ctrl vs. +siGADD45A -12.14 -19.34 to -4.942 Yes bl 0.0002
Ctrl vs. +siCDKN1A -1.228 -8.426 t0 5.971 No ns 0.9882
Ctrl vs. +siGADD45A+siCDKN1A 3.685 -3.513t0 10.88 No ns 0.5941
viscumTT vs. +siGADD45A -11.01 -17.67 to -4.343 Yes bl 0.0003
viscumTT vs. +siCDKN1A -0.095 -6.759 to 6.569 No ns >0.9999
viscumTT vs.
+siGADD45A+siCDKN1A 4.818 -1.847 to 11.48 No ns 0.2564
+siGADD45A vs. +siCDKN1A 10.91 4.248 to0 17.58 Yes bl 0.0003
+SiGADD45A vs.
+siGADD45A+siCDKN1A 15.83 9.161 to 22.49 Yes i <0.0001
+siCDKN1A vs.
+siGADD45A+siCDKN1A 4913 -1.752 to 11.58 No ns 0.2389
S
Ctrl vs. viscumTT -1.365 -8.563 to 5.833 No ns 0.9825
Ctrl vs. +siGADD45A 9.4 2.202 t0 16.6 Yes ** 0.005
Ctrl vs. +siCDKN1A -0.4675 -7.666 to 6.731 No ns 0.9997
Ctrl vs. +siGADD45A+siCDKN1A -4.263 -11.46 to 2.936 No ns 0.4524
viscumTT vs. +siGADD45A 10.77 41011t017.43 Yes bl 0.0004
viscumTT vs. +siCDKN1A 0.8975 -5.767 to 7.562 No ns 0.9952
viscumTT vs.
+siGADD45A+siCDKN1A -2.897 -9.562 to 3.767 No ns 0.7289
+siGADD45A vs. +siCDKN1A -9.868 -16.53 t0 -3.203 Yes ** 0.0012
+SiGADD45A vs.
+siGADD45A+siCDKN1A -13.66 -20.33 to -6.998 Yes i <0.0001
+siCDKN1A vs.
+siGADD45A+siCDKN1A -3.795 -10.46 to 2.869 No ns 0.4916
G2/M
Ctrl vs. viscumTT 2.462 -4.736 to 9.66 No ns 0.8651
Ctrl vs. +siGADD45A 2.862 -4.336 to 10.06 No ns 0.7882
Ctrl vs. +siCDKN1A 1.417 -5.781t0 8.615 No ns 0.9799
Ctrl vs. +siGADD45A+siCDKN1A 0.6717 -6.526 to 7.87 No ns 0.9989
viscumTT vs. +siGADD45A 0.4 -6.264 to 7.064 No ns 0.9998
viscumTT vs. +siCDKN1A -1.045 -7.709t0 5.619 No ns 0.9914
viscumTT vs.
+siGADD45A+siCDKN1A -1.79 -8.454 t0 4.874 No ns 0.939
+siGADD45A vs. +siCDKN1A -1.445 -8.109 to 5.219 No ns 0.9714
+SiGADD45A vs.
+siGADD45A+siCDKN1A -2.19 -8.854 t0 4.474 No ns 0.881
+siCDKN1A vs.
+siGADD45A+siCDKN1A -0.745 -7.409t0 5.919 No ns 0.9977
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6.7 ViscumTT reveals significant group effect in Saos-2 xenograft

Table S4 P-values of osteosarcoma xenograft.

Bonferroni's multiple Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
comparisons test Value
Row 1
CD vs. viscum 0.000675 -0.129 t0 0.1303 No ns >0.9999
CDvs.TT 0.000675 -0.129 t0 0.1303 No ns >0.9999
CD vs. viscumTT 0.000875 -0.1288 to 0.1305 No ns >0.9999
viscumvs. TT 0 -0.1438 t0 0.1438 No ns >0.9999
viscum vs. viscumTT 0.0002 -0.1436 to 0.144 No ns >0.9999
TT vs. viscumTT 0.0002 -0.1436 to 0.144 No ns >0.9999
Row 2
CD vs. viscum 0.01918 -0.1105 to 0.1488 No ns >0.9999
CDvs.TT 0.01038 -0.1193 t0 0.14 No ns >0.9999
CD vs. viscumTT -0.002225 -0.1319 to 0.1274 No ns >0.9999
viscumvs. TT -0.0088 -0.1526 to 0.135 No ns >0.9999
viscum vs. viscumTT -0.0214 -0.1652 to 0.1224 No ns >0.9999
TT vs. viscumTT -0.0126 -0.1564 to 0.1312 No ns >0.9999
Row 3
CD vs. viscum 0.04943 -0.08022 to 0.1791 No ns >0.9999
CDvs.TT 0.03323 -0.09642 to 0.1629 No ns >0.9999
CD vs. viscumTT 0.07423 -0.05542 to 0.2039 No ns 0.7678
viscumvs. TT -0.0162 -0.16 to 0.1276 No ns >0.9999
viscum vs. viscumTT 0.0248 -0.119t0 0.1686 No ns >0.9999
TT vs. viscumTT 0.041 -0.1028 to 0.1848 No ns >0.9999
Row 4
CD vs. viscum 0.1113 -0.01834 to 0.2409 No ns 0.1386
CDvs.TT 0.0947 -0.03494 to 0.2243 No ns 0.3162
CD vs. viscumTT 0.1453 0.01566 to 0.2749 Yes * 0.0192
viscumvs. TT -0.0166 -0.1604 to 0.1272 No ns >0.9999
viscum vs. viscumTT 0.034 -0.1098 t0 0.1778 No ns >0.9999
TT vs. viscumTT 0.0506 -0.09323 to 0.1944 No ns >0.9999
Row 5
CD vs. viscum 0.1068 -0.02289 to 0.2364 No ns 0.1754
CDvs.TT 0.07675 -0.05289 to 0.2064 No ns 0.6936
CD vs. viscumTT 0.1184 -0.01129 to 0.248 No ns 0.0949
viscumvs. TT -0.03 -0.1738 t0 0.1138 No ns >0.9999
viscum vs. viscumTT 0.0116 -0.1322 t0 0.1554 No ns >0.9999
TT vs. viscumTT 0.0416 -0.1022 to 0.1854 No ns >0.9999
Row 6
CD vs. viscum 0.1783 0.04868 to 0.308 Yes ** 0.002
CDvs.TT 0.1729 0.04328 to 0.3026 Yes ** 0.0029
CD vs. viscumTT 0.2775 0.1479 t0 0.4072 Yes hx <0.0001
viscumvs. TT -0.0054 -0.1492 to 0.1384 No ns >0.9999
viscum vs. viscumTT 0.0992 -0.04463 to 0.243 No ns 0.403
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Bonferroni's multiple Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P
comparisons test Value
TT vs. viscumTT 0.1046 -0.03923 to 0.2484 No ns 0.3224
Row 7
CD vs. viscum 0.3392 0.2096 to 0.4689 Yes i <0.0001
CDvs.TT 0.3824 0.2528 to 0.5121 Yes hx <0.0001
CD vs. viscumTT 0.5264 0.3968 to 0.6561 Yes i <0.0001
viscumvs. TT 0.0432 -0.1006 to 0.187 No ns >0.9999
viscum vs. viscumTT 0.1872 0.04337 to 0.331 Yes ** 0.0039
TT vs. viscumTT 0.144 0.0001726 to 0.2878 Yes * 0.0495
Row 8
CD vs. viscum 0.2825 0.1528 to 0.4121 Yes hx <0.0001
CDvs.TT 0.2337 0.104 to 0.3633 Yes hx <0.0001
CD vs. viscumTT 0.4155 0.2858 to 0.5451 Yes hx <0.0001
viscumvs. TT -0.0488 -0.1926 to 0.09503 No ns >0.9999
viscum vs. viscumTT 0.133 -0.01083 to 0.2768 No ns 0.0872
TT vs. viscumTT 0.1818 0.03797 to 0.3256 Yes ** 0.0055

123



10.

11.

References

References

Tésitel J, Plavcova L, Cameron DD: Interactions between hemiparasitic plants and their
hosts: The importance of organic carbon transfer. Plant Signaling & Behavior 2010,
5(9):1072-1076.

Kienle GS KH, Albonico HU: Anthroposophic Medicine: Effectiveness, Utility, Costs,
Safety. Stuttgart, New York: Schattauer Verlag; 2006.

Molassiotis A, Fernadez-Ortega P, Pud D, Ozden G, Scott JA, Panteli V, Margulies A,
Browall M, Magri M, Selvekerova S et al: Use of complementary and alternative
medicine in cancer patients: a European survey. Annals of Oncology 2005, 16(4):655-
663.

Troger W, Galun D, Reif M, Schumann A, Stankovic N, Milicevic M: Quality of life of
patients with advanced pancreatic cancer during treatment with mistletoe: a
randomized controlled trial. Deutsches Arzteblatt International 2014, 111(29-30):493-
502, 433 p following 502.

Piao BK, Wang YX, Xie GR, Mansmann U, Matthes H, Beuth J, Lin HS: Impact of
complementary mistletoe extract treatment on quality of life in breast, ovarian and non-
small cell lung cancer patients. A prospective randomized controlled clinical trial.
Anticancer Research 2004, 24(1):303-309.

Kienle GS, Glockmann A, Schink M, Kiene H: Viscum album L. extracts in breast and
gynaecological cancers: a systematic review of clinical and preclinical research.
Journal of Experimental Clinical Cancer Research 2009, 28:79.

Bussing A, Schietzel M: Apoptosis-inducing properties of Viscum album L. extracts
from different host trees, correlate with their content of toxic mistletoe lectins.
Anticancer Research 1999, 19(1A):23-28.

Franz H, Ziska P, Kindt A: Isolation and properties of three lectins from mistletoe
(Viscum album L.). Biochemical Journal 1981, 195(2):481-484.

Jung ML, Baudino S, Ribereau-Gayon G, Beck JP: Characterization of cytotoxic
proteins from mistletoe (Viscum album L.). Cancer Letters 1990, 51(2):103-108.

Orhan DD, Kupeli E, Yesilada E, Ergun F: Anti-inflammatory and antinociceptive
activity of flavonoids isolated from Viscum album ssp. album. Zeitschrift fiir
Naturforschung C 2006, 61(1-2):26-30.

Luczkiewicz M, Cisowski W, Kaiser P, Ochocka R, Piotrowski A: Comparative analysis

of phenolic acids in mistletoe plants from various hosts. Acta Poloniae Pharmaceutica
2001, 58(5):373-379.

124



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

References

Nazaruk J, Orlikowski P: Phytochemical profile and therapeutic potential of Viscum
album L. Natural Product Research 2016, 30(4):373-385.

Mueller EA, Anderer FA: A Viscum album oligosaccharide activating human natural
cytotoxicity is an interferon gamma inducer. Cancer Immunology Immunotherapy 1990,
32(4):221-227.

Steele ML, Axtner J, Happe A, Kréz M, Matthes H, Schad F: Safety of Intravenous
Application of Mistletoe (Viscum album L.) Preparations in Oncology: An Observational
Study. Evidence-based Complementary and Alternative Medicine : eCAM 2014,
2014:236310.

Horneber MA, Bueschel G, Huber R, Linde K, Rostock M: Mistletoe therapy in
oncology. The Cochrane Database of Systematic Reviews 2008(2):CD003297.

Scheffler A, Richter, C., Beffert, M., Errenst, M. and Scheer, R. : Differenzierung der
Mistelinhaltsstoffe nach Zeit und Ort. Stuttgart: Hippokrates Verlag; 1996.

Ziska P, Franz H: Studies on the interaction of the mistletoe lectin | with carbohydrates.
Experientia 1981, 37(3):219.

Franz H: Mistletoe lectins and their A and B chains. Oncology 1986, 43 Suppl 1:23-34.

Lee RT, Gabius HJ, Lee YC: The sugar-combining area of the galactose-specific toxic
lectin of mistletoe extends beyond the terminal sugar residue: comparison with a
homologous toxic lectin, ricin. Carbohydrate Research 1994, 254:269-276.

Llorente A, Rapak A, Schmid SL, van Deurs B, Sandvig K: Expression of Mutant
Dynamin Inhibits Toxicity and Transport of Endocytosed Ricin to the Golgi Apparatus.
The Journal of Cell Biology 1998, 140(3):553-563.

Moisenovic M, Tonevitsky A, Agapov |, Niwa H, Schewe H, Bereiter-Hahn J:
Differences in endocytosis and intracellular sorting of ricin and viscumin in 3T3 cells.
European Journal of Cell Biology 2002, 81(10):529-538.

Moisenovich M, Agapov I, Marx U, Bereiter-Hahn J, Tonevitsky A: Intracellular
transport of plant toxins ricin and viscumin from different plasma membrane sites.
Arzneimittelforschung 2003, 53(6):470-475.

Tonevitsky A, Agapov |, Chelnokova O, Moisenovich M, Marx U: Comparison between
the mechanisms of action of plant toxins ricin and viscumin on the stage of intracellular
dissociation. Arzneimittelforschung 2002, 52(6):500-505.

Agapov, I, Tonevitsky AG, Moysenovich MM, Maluchenko NV, Weyhenmeyer R,
Kirpichnikov MP: Mistletoe lectin dissociates into catalytic and binding subunits before
translocation across the membrane to the cytoplasm. FEBS Letters 1999, 452(3):211-
214,

125



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

References

Elsasser-Beile U, Voss M, Schihle R, Wetterauer U: Biological effects of natural and
recombinant mistletoe lectin and an aqueous mistletoe extract on human monocytes
and lymphocytes in vitro. Journal of Clinical Laboratory Analysis 2000, 14(6):255-259.

Wiedlocha A, Sandvig K, Walzel H, Radzikowsky C, Olsnes S: Internalization and
action of an immunotoxin containing mistletoe lectin A-chain. Cancer Research 1991,
51(3):916-920.

Stirpe F, Sandvig K, Olsnes S, Pihl A: Action of viscumin, a toxic lectin from mistletoe,
on cells in culture. The Journal of Biological Chemistry 1982, 257(22):13271-13277.

Barbieri L, Battelli MG, Stirpe F: Ribosome-inactivating proteins from plants. Biochim
Biochimica et Biophysica Acta 1993, 1154(3-4):237-282.

Valentiner U, Pfuller U, Baum C, Schumacher U: The cytotoxic effect of mistletoe
lectins 1, Il and Il on sensitive and multidrug resistant human colon cancer cell lines in
vitro. Toxicology 2002, 171(2-3):187-199.

Bussing A, Stein GM, Pfuller U, Schietzel M: Differential binding of toxic lectins from
Viscum album L., ML | and ML lll, to human lymphocytes. Anticancer Research 1999,
19(6B):5095-5099.

Krauspenhaar R, Eschenburg S, Perbandt M, Kornilov V, Konareva N, Mikailova I,
Stoeva S, Wacker R, Maier T, Singh T et al: Crystal structure of mistletoe lectin | from
Viscum album. Biochemical and Biophysical Research Communications 1999,
257(2):418-424.

Florack DE, Stiekema WJ: Thionins: properties, possible biological roles and
mechanisms of action. Plant Molecular Biolog 1994, 26(1):25-37.

Urech K, Schaller G, Jaggy C: Viscotoxins, mistletoe lectins and their isoforms in
mistletoe (Viscum album L.) extracts Iscador. Arzneimittelforschung 2006, 56(6A):428-
434.

Pfueller U: Chemical Constituents of European Mistletoe (Viscum Album L.). In:
Mistletoe. edn.: CRC Press; 2000.

Bussing A, Stein GM, Wagner M, Wagner B, Schaller G, Pflller U, Schietzel M:
Accidental cell death and generation of reactive oxygen intermediates in human
lymphocytes induced by thionins from Viscum album L. European Journal of
Biochemistry 1999, 262(1):79-87.

Woynarowski JM, Konopa J: Interaction between DNA and viscotoxins. Cytotoxic basic

polypeptides from Viscum album L. Hoppe Seylers Zeitschrift fiir Physiologische
Chemie 1980, 361(10):1535-1545.

126



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

References

Coulon A, Berkane E, Sautereau A-M, Urech K, Rougé P, Lopez A: Modes of
membrane interaction of a natural cysteine-rich peptide: viscotoxin A3. Biochimica et
Biophysica Acta (BBA) - Biomembranes 2002, 1559(2):145-159.

Giudici M, Pascual R, de la Canal L, Pfuller K, Pfuller U, Villalain J: Interaction of
viscotoxins A3 and B with membrane model systems: implications to their mechanism
of action. Biophysical Journal 2003, 85(2):971-981.

Debreczeni JE, Girmann B, Zeeck A, Kratzner R, Sheldrick GM: Structure of viscotoxin
A3: disulfide location from weak SAD data. Acta Crystallographica D Biological
Crystallography 2003, 59(Pt 12):2125-2132.

Fukunaga T, Kajikawa |, Nishiya K, Watanabe Y, Takeya K, Itokawa H: Studies on the
Constituents of the European Mistletoe, Viscum album L. Chemical & Pharmaceutical
Bulletin 1987, 35(8):3292-3297.

Jager S, Winkler K, Pfuller U, Scheffler A: Solubility studies of oleanolic acid and
betulinic acid in aqueous solutions and plant extracts of Viscum album L. Planta Medica
2007, 73(2):157-162.

Strih CM, Jager S, Schempp CM, Scheffler A, Martin SF: A Novel Triterpene Extract
from Mistletoe Induces Rapid Apoptosis in Murine B16.F10 Melanoma Cells.
Phytotherapy Research 2012, 26(10):1507-1512.

Jager S, Trojan H, Kopp T, Laszczyk MN, Scheffler A: Pentacyclic triterpene
distribution in various plants - rich sources for a new group of multi-potent plant
extracts. Molecules 2009, 14(6):2016-2031.

Safayhi H, Sailer ER: Anti-inflammatory actions of pentacyclic triterpenes. Planta
Medica 1997, 63(6):487-493.

Tsai SJ, Yin MC: Antioxidative and anti-inflammatory protection of oleanolic acid and
ursolic acid in PC12 cells. Journal of Food Science 2008, 73(7):H174-178.

Martin R, Hernandez M, Cérdova C, Nieto ML: Natural triterpenes modulate immune-
inflammatory markers of experimental autoimmune encephalomyelitis: therapeutic
implications for multiple sclerosis. British Journal of Pharmacology 2012, 166(5):1708-
1723.

Fernandes J, Castilho RO, da Costa MR, Wagner-Souza K, Coelho Kaplan MA,
Gattass CR: Pentacyclic triterpenes from Chrysobalanaceae species: cytotoxicity on
multidrug resistant and sensitive leukemia cell lines. Cancer Letters 2003, 190(2):165-
169.

Park YK, Do YR, Jang BC: Apoptosis of K562 leukemia cells by Abnobaviscum F(R),
a European mistletoe extract. Oncology Reports 2012, 28(6):2227-2232.

127



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

References

Kovacs E, Link S, Toffol-Schmidt U: Cytostatic and cytocidal effects of mistletoe
(Viscum album L.) quercus extract Iscador. Arzneimittelforschung 2006, 56(6A):467-
473.

Klingbeil MF, Xavier FC, Sardinha LR, Severino P, Mathor MB, Rodrigues RV, Pinto
DS, Jr.: Cytotoxic effects of mistletoe (Viscum album L.) in head and neck squamous
cell carcinoma cell lines. Oncoogyl Reports 2013, 30(5):2316-2322.

Bussing A, Suzart K, Bergmann J, Pfiller U, Schietzel M, Schweizer K: Induction of
apoptosis in human lymphocytes treated with Viscum album L. is mediated by the
mistletoe lectins. Cancer Letters 1996, 99(1):59-72.

Vervecken W, Kleff S, Pflller U, Bissing A: Induction of apoptosis by mistletoe lectin |
and its subunits. No evidence for cytotoxic effects caused by isolated A- and B-chains.
The International Journal of Biochemistry and Cell Biology 2000, 32(3):317-326.

Lyu SY, Choi SH, Park WB: Korean mistletoe lectin-induced apoptosis in
hepatocarcinoma cells is associated with inhibition of telomerase via mitochondrial
controlled pathway independent of p53. Archives of Pharmacal Research 2002,
25(1):93-101.

Khil L-Y, Kim W, Lyu S, Park WB, Yoon J-W, Jun H-S: Mechanisms involved in Korean
mistletoe lectin-induced apoptosis of cancer cells. World Journal of Gastroenterology:
2007, 13(20):2811-2818.

Hostanska K, Vuong V, Rocha S, Soengas MS, Glanzmann C, Saller R, Bodis S,
Pruschy M: Recombinant mistletoe lectin induces p53-independent apoptosis in
tumour cells and cooperates with ionising radiation. British Journal of Cancer 2003,
88(11):1785-1792.

Choi SH, Lyu SY, Park WB: Mistletoe lectin induces apoptosis and telomerase
inhibition in human A253 cancer cells through dephosphorylation of Akt. Archives of
Pharmacal Research 2004, 27(1):68-76.

Park R, Kim MS, So HS, Jung BH, Moon SR, Chung SY, Ko CB, Kim BR, Chung HT:
Activation of c-Jun N-terminal kinase 1 (JNK1) in mistletoe lectin Il-induced apoptosis
of human myeloleukemic U937 cells. Biochemical Pharmacology 2000, 60(11):1685-
1691.

Seifert G, Jesse P, Laengler A, Reindl T, Lith M, Lobitz S, Henze G, Prokop A, Lode
HN: Molecular mechanisms of mistletoe plant extract-induced apoptosis in acute

lymphoblastic leukemia in vivo and in vitro. Cancer Letters 2008, 264(2):218-228.

Cebovic T, Spasic S, Popovic M: Cytotoxic effects of the Viscum album L. extract on
Ehrlich tumour cells in vivo. Phytotherpy Research 2008, 22(8):1097-1103.

128



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

References

Park WB, Lyu SY, Kim JH, Choi SH, Chung HK, Ahn SH, Hong SY, Yoon TJ, Choi MJ:
Inhibition of tumor growth and metastasis by Korean mistletoe lectin is associated with
apoptosis and antiangiogenesis. Cancer Biotherapy Radiopharmaceuticals 2001,
16(5):439-447.

Lyu SY, Park WB: Effects of Korean mistletoe lectin (Viscum album coloratum) on
proliferation and cytokine expression in human peripheral blood mononuclear cells and
T-lymphocytes. Archives of Pharmacal Research 2007, 30(10):1252-1264.

Lee JY, Kim JY, Lee YG, Byeon SE, Kim BH, Rhee MH, Lee A, Kwon M, Hong S, Cho
JY: In vitro immunoregulatory effects of Korean mistletoe lectin on functional activation
of monocytic and macrophage-like cells. Biological & Pharmaceutical Bulletin 2007,
30(11):2043-2051.

Lee CH, Kim JK, Kim HY, Park SM, Lee SM: Immunomodulating effects of Korean
mistletoe lectin in vitro and in vivo. Intemational Immunopharmacology 2009, 9(13-
14):1555-1561.

Gardin NE: Immunological response to mistletoe (Viscum album L.) in cancer patients:
a four-case series. Phytotherapy Research 2009, 23(3):407-411.

Elluru S, Duong Van Huyen JP, Delignat S, Prost F, Bayry J, Kazatchkine MD, Kaveri
SV: Molecular mechanisms underlying the immunomodulatory effects of mistletoe
(Viscum album L.) extracts Iscador. Arzneimittelforschung 2006, 56(6A):461-466.

Fischer S, Scheffler A, Kabelitz D: Stimulation of the specific immune system by
mistletoe extracts. Anticancer Drugs 1997, 8 Suppl 1:S33-37.

Ribereau-Gayon G, Dumont S, Muller C, Jung ML, Poindron P, Anton R: Mistletoe
lectins I, Il and Il induce the production of cytokines by cultured human monocytes.
Cancer Letters 1996, 109(1-2):33-38.

Urech K, Schaller G, Ziska P, Giannattasio M: Comparative study on the cytotoxic
effect of viscotoxin and mistletoe lectin on tumour cells in culture. Phytotherapy
Research 1995, 9(1):49-55.

Konopa J, Woynarowski JM, Lewandowska-Gumieniak M: Isolation of viscotoxins.
Cytotoxic basic polypeptides from Viscum album L. Hoppe Seylers Zeitschrift fiir
Physiologische Chemie 1980, 361(10):1525-1533.

Stein GM, Schaller G, Pfuller U, Schietzel M, Bussing A: Thionins from Viscum album
L: influence of the viscotoxins on the activation of granulocytes. Anticancer Research
1999, 19(2A):1037-1042.

Stein GM, Pfuller U, Schietzel M: Viscotoxin-free aqueous extracts from European

mistletoe (Viscum album L.) stimulate activity of human granulocytes. Anticancer
Research 1999, 19(4B):2925-2928.

129



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

References

Tabiasco J, Pont F, Fournie JJ, Vercellone A: Mistletoe viscotoxins increase natural
killer cell-mediated cytotoxicity. European Journal of Biochemistry 2002, 269(10):2591-
2600.

Klein R, Classen K, Fischer S, Errenst M, Scheffler A, Stein GM, Scheer R, von Laue
HB: Induction of antibodies to viscotoxins A1, A2, A3, and B in tumour patients during
therapy with an aqueous mistletoe extract. European Journal of Medical Research
2002, 7(8):359-367.

Zhang P, Li H, Chen D, Ni J, Kang Y, Wang S: Oleanolic acid induces apoptosis in
human leukemia cells through caspase activation and poly(ADP-ribose) polymerase
cleavage. Acta Biochimica et Biophysica Sinica (Shanghai) 2007, 39(10):803-809.

Ryu K, Susa M, Choy E, Yang C, Hornicek FJ, Mankin HJ, Duan Z: Oleanane
triterpenoid CDDO-Me induces apoptosis in multidrug resistant osteosarcoma cells
through inhibition of Stat3 pathway. BMC Cancer 2010, 10:187-187.

Yan SL, Huang CY, Wu ST, Yin MC: Oleanolic acid and ursolic acid induce apoptosis
in four human liver cancer cell lines. Toxicology In Vitro 2010, 24(3):842-848.

Gao X, Liu Y, Deeb D, Arbab AS, Guo AM, Dulchavsky SA, Gautam SC: Synthetic
Oleanane Triterpenoid, CDDO-Me, Induces Apoptosis in Ovarian Cancer Cells by
Inhibiting Prosurvival AKT/NF-kB/mTOR Signaling. Anticancer Research 2011,
31(11):3673-3681.

Eichenmuller M, von Schweinitz D, Kappler R: Betulinic acid treatment promotes
apoptosis in hepatoblastoma cells. International Journal of Oncology 2009, 35(4):873-
879.

Huang D, Ding Y, Li Y, Zhang W, Fang W, Chen X: Anti-tumor activity of a 3-oxo
derivative of oleanolic acid. Cancer Letters 2006, 233(2):289-296.

Shan J, Xuan'Y, Zhang Q, Zhu C, Liu Z, Zhang S: Ursolic acid synergistically enhances
the therapeutic effects of oxaliplatin in colorectal cancer. Protein & Cell 2016, 7(8):571-
585.

Wang X, Bai H, Zhang X, Liu J, Cao P, Liao N, Zhang W, Wang Z, Hai C: Inhibitory
effect of oleanolic acid on hepatocellular carcinoma via ERK-p53-mediated cell cycle
arrest and mitochondrial-dependent apoptosis. Carcinogenesis 2013, 34(6):1323-
1330.

Li X, Song Y, Zhang P, Zhu H, Chen L, Xiao Y, Xing Y: Oleanolic acid inhibits cell
survival and proliferation of prostate cancer cells in vitro and in vivo through the
PI3K/Akt pathway. Tumour Biology 2016, 37(6):7599-7613.

Zou W, Yue P, Khuri FR, Sun SY: Coupling of endoplasmic reticulum stress to CDDO-
Me-induced up-regulation of death receptor 5 via a CHOP-dependent mechanism
involving JNK activation. Cancer Research 2008, 68(18):7484-7492.

130



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

References

Shyu MH, Kao TC, Yen GC: Oleanolic acid and ursolic acid induce apoptosis in HuH7
human hepatocellular carcinoma cells through a mitochondrial-dependent pathway and
downregulation of XIAP. Journal of Agricultural & Food Chemistry 2010, 58(10):6110-
6118.

Pan S, Hu J, Zheng T, Liu X, Ju Y, Xu C: Oleanolic acid derivatives induce apoptosis
in human leukemia K562 cell involved in inhibition of both Akt1 translocation and pAkt1
expression. Cytotechnology 2015, 67(5):821-829.

Zhu Y-Y, Huang H-Y, Wu Y-L: Anticancer and apoptotic activities of oleanolic acid are
mediated through cell cycle arrest and disruption of mitochondrial membrane potential
in HepG2 human hepatocellular carcinoma cells. Molecular Medicine Reports 2015,
12(4):5012-5018.

Selzer E, Pimentel E, Wacheck V, Schlegel W, Pehamberger H, Jansen B, Kodym R:
Effects of betulinic acid alone and in combination with irradiation in human melanoma
cells. ournal of Investigative Dermatology 2000, 114(5):935-940.

Fletcher CDM BJ, Hogendoorn PCW, Mertens F: World Health Organization,
classification of tumours: Pathology and genetics of tumors of soft tissue and bone.
Lyon: International Agency for Research on Cancer Press; 2013.

Mirabello L, Troisi RJ, Savage SA: Osteosarcoma incidence and survival rates from
1973 to 2004: data from the Surveillance, Epidemiology, and End Results Program.
Cancer 2009, 115(7):1531-1543.

Mirabello L, Troisi RJ, Savage SA: International osteosarcoma incidence patterns in
children and adolescents, middle ages, and elderly persons. International Journal of
Cancer 2009, 125(1):229-234.

Ottaviani G, Jaffe N: The epidemiology of osteosarcoma. Cancer Treatment and
Research 2009, 152:3-13.

Bacci G, Longhi A, Fagioli F, Briccoli A, Versari M, Picci P: Adjuvant and neoadjuvant
chemotherapy for osteosarcoma of the extremities: 27 year experience at Rizzoli
Institute, Italy. European Journal of Cancer 2005, 41(18):2836-2845.

Xiao W, Mohseny AB, Hogendoorn PCW, Cleton-Jansen A-M: Mesenchymal stem cell
transformation and sarcoma genesis. Clinical Sarcoma Research 2013, 3(1):10.

Tucker MA, D'Angio GJ, Boice JD, Jr., Strong LC, Li FP, Stovall M, Stone BJ, Green
DM, Lombardi F, Newton W et al: Bone sarcomas linked to radiotherapy and
chemotherapy in children. The New England Joumnal of Medicine 1987, 317(10):588-
593.

Haddox CL, Han G, Anijar L, Binitie O, Letson GD, Bui MM, Reed DR: Osteosarcoma
in pediatric patients and young adults: a single institution retrospective review of
presentation, therapy, and outcome. Sarcoma 2014, 2014:402509.

131



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

References

Isakoff MS, Bielack SS, Meltzer P, Gorlick R: Osteosarcoma: Current Treatment and a
Collaborative Pathway to Success. Journal of Clinical Oncology 2015, 33(27):3029-
3035.

Aljubran AH, Griffin A, Pintilie M, Blackstein M: Osteosarcoma in adolescents and
adults: survival analysis with and without lung metastases. Annals of Oncology 2009,
20(6):1136-1141.

Lamplot JD, Denduluri S, Qin J, Li R, Liu X, Zhang H, Chen X, Wang N, Pratt A, Shui
W et al: The Current and Future Therapies for Human Osteosarcoma. Current Cancer
Therapy Reviews 2013, 9(1):55-77.

Carrle D, Bielack SS: Current strategies of chemotherapy in osteosarcoma.
International Orthopaedics 2006, 30(6):445-451.

Housman G, Byler S, Heerboth S, Lapinska K, Longacre M, Snyder N, Sarkar S: Drug
Resistance in Cancer: An Overview. Cancers 2014, 6(3):1769-1792.

Gianferante DM, Mirabello L, Savage SA: Germline and somatic genetics of
osteosarcoma [mdash] connecting aetiology, biology and therapy. Nature Reviews
Endocrinology 2017, 13(8):480-491.

Hansen MF, Koufos A, Gallie BL, Phillips RA, Fodstad O, Brggger A, Gedde-Dahl T,
Cavenee WK: Osteosarcoma and retinoblastoma: a shared chromosomal mechanism
revealing recessive predisposition. Proceedings of the National Academy of Sciences
of the United States of America 1985, 82(18):6216-6220.

Mirabello L, Yeager M, Mai PL, Gastier-Foster JM, Gorlick R, Khanna C, Patifio-Garcia
A, Sierrasesumaga L, Lecanda F, Andrulis IL et al: Germline TP53 Variants and
Susceptibility to Osteosarcoma. Journal of the National Cancer Institute 2015,
107(7):djv101.

Feugeas O, Guriec N, Babin-Boilletot A, Marcellin L, Simon P, Babin S, Thyss A,
Hofman P, Terrier P, Kalifa C et al: Loss of heterozygosity of the RB gene is a poor
prognostic factor in patients with osteosarcoma. Journal of Clinical Oncology 1996,
14(2):467-472.

Wadayama B-i, Toguchida J, Shimizu T, Ishizaki K, Sasaki MS, Kotoura Y, Yamamuro
T: Mutation Spectrum of the Retinoblastoma Gene in Osteosarcomas. Cancer
Research 1994, 54(11):3042-3048.

Goodrich DW, Wang NP, Qian YW, Lee EY, Lee WH: The retinoblastoma gene product
regulates progression through the G1 phase of the cell cycle. Cell 1991, 67(2):293-
302.

Hinds PW, Mittnacht S, Dulic V, Arnold A, Reed SI, Weinberg RA: Regulation of
retinoblastoma protein functions by ectopic expression of human cyclins. Cell 1992,
70(6):993-1006.

132



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

References

Lopez-Guerrero JA, Lopez-Gines C, Pellin A, Carda C, Llombart-Bosch A:
Deregulation of the G1 to S-phase cell cycle checkpoint is involved in the pathogenesis
of human osteosarcoma. Diagnostic Molecular Pathology 2004, 13(2):81-91.

Nielsen GP, Burns KL, Rosenberg AE, Louis DN: CDKN2A gene deletions and loss of
p16 expression occur in osteosarcomas that lack RB alterations. American Journal of
Pathology 1998, 153(1):159-163.

Lockwood WW, Stack D, Morris T, Grehan D, O'Keane C, Stewart GL, Cumiskey J,
Lam WL, Squire JA, Thomas DM et al: Cyclin E1 Is Amplified and Overexpressed in
Osteosarcoma. The Journal of Molecular Diagnostics 2011, 13(3):289-296.

Olivier M, Hollstein M, Hainaut P: TP53 Mutations in Human Cancers: Origins,
Consequences, and Clinical Use. Cold Spring Harbor Perspectives in Biology 2010,
2(1):a001008.

Li FP, Fraumeni JF, Jr., Mulvihill JJ, Blattner WA, Dreyfus MG, Tucker MA, Miller RW:
A cancer family syndrome in twenty-four kindreds. Cancer Research 1988,
48(18):5358-5362.

Ognjanovic S, Olivier M, Bergemann TL, Hainaut P: Sarcomas in TP53 germline
mutation carriers: a review of the IARC TP53 database. Cancer 2012, 118(5):1387-
1396.

Zilfou JT, Lowe SW: Tumor Suppressive Functions of p53. Cold Spring Harbor
Perspectives in Biology 2009, 1(5):a001883.

Schwartz D, Rotter V: p53-Dependent cell cycle control: response to genotoxic stress.
Seminars in Cancer Biology 1998, 8(5):325-336.

He G, Siddik ZH, Huang Z, Wang R, Koomen J, Kobayashi R, Khokhar AR, Kuang J:
Induction of p21 by p53 following DNA damage inhibits both Cdk4 and Cdk2 activities.
Molecular Biolology of the Cell 2005, 24(18):2929-2943.

Miller CW, Aslo A, Won A, Tan M, Lampkin B, Koefflar HP: Alterations of thep53, Rb
andMDM2 genes in osteosarcoms. Journal of Cancer Research and Clinical Oncology
1996, 122(9):559-565.

Alarcon-Vargas D, Ronai Z: p53-Mdm2--the affair that never ends. Carcinogenesis
2002, 23(4):541-547.

Ladanyi M, Cha C, Lewis R, Jhanwar SC, Huvos AG, Healey JH: MDM2 gene
amplification in metastatic osteosarcoma. Cancer Research 1993, 53(1):16-18.

Denduluri SK, Wang Z, Yan Z, Wang J, Wei Q, Mohammed MK, Haydon RC, Luu HH,

He T-C: Molecular pathogenesis and therapeutic strategies of human osteosarcoma.
Journal of Biomedical Research 2016, 30(1):5-18.

133



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

References

King KL, Cidlowski JA: Cell cycle regulation and apoptotis. Annual Review of
Physiology 1998, 60(1):601-617.

Evan GI, Brown L, Whyte M, Harrington E: Apoptosis and the cell cycle. Current
Opinion in Cell Biology 1995, 7(6):825-834.

Evans T, Rosenthal ET, Youngblom J, Distel D, Hunt T: Cyclin: a protein specified by
maternal mRNA in sea urchin eggs that is destroyed at each cleavage division. Cell
1983, 33(2):389-396.

Sherr CJ: Mammalian G1 cyclins. Cell 1993, 73(6):1059-1065.

Assoian RK, Zhu X: Cell anchorage and the cytoskeleton as partners in growth factor
dependent cell cycle progression. Current Opinion in Cell Biology 1997, 9(1):93-98.

Ohtsubo M, Theodoras AM, Schumacher J, Roberts JM, Pagano M: Human cyclin E,
a nuclear protein essential for the G1-to-S phase transition. Molecular Cell Biology
1995, 15(5):2612-2624.

Malumbres M, Barbacid M: Cell cycle, CDKs and cancer: a changing paradigm. Nature
Reviews Cancer 2009, 9(3):153-166.

Koff A, Giordano A, Desai D, Yamashita K, Harper JW, Elledge S, Nishimoto T, Morgan
DO, Franza BR, Roberts JM: Formation and activation of a cyclin E-cdk2 complex
during the G1 phase of the human cell cycle. Science 1992, 257(5077):1689-1694.

Xiong Y: Why are there so many CDK inhibitors? Biochimica et Biophysica Acta -
Reviews on Cancer 1996, 1288(1):01-05.

El-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R, Trent JM, Lin D, Mercer
WE, Kinzler KW, Vogelstein B: WAF1, a potential mediator of p53 tumor suppression.
Cell 1993, 75(4):817-825.

Dulic V, Kaufmann WK, Wilson SJ, Tisty TD, Lees E, Harper JW, Elledge SJ, Reed SlI:
p53-dependent inhibition of cyclin-dependent kinase activities in human fibroblasts

during radiation-induced G1 arrest. Cell 1994, 76(6):1013-1023.

Girard F, Strausfeld U, Fernandez A, Lamb NJC: Cyclin a is required for the onset of
DNA replication in mammalian fibroblasts. Cell 1991, 67(6):1169-1179.

Rhind N, Russell P: Checkpoints: It takes more than time to heal some wounds. Current
biology 2000, 10(24):R908-R911.

Furuno N, den Elzen N, Pines J: Human Cyclin a Is Required for Mitosis until Mid
Prophase. The Journal of Cell Biology 1999, 147(2):295-306.

134



135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

References

Sanchez Y, Wong C, Thoma RS, Richman R, Wu Z, Piwnica-Worms H, Elledge SJ:
Conservation of the Chk1 checkpoint pathway in mammals: linkage of DNA damage to
Cdk regulation through Cdc25. Science 1997, 277(5331):1497-1501.

Wang XW, Zhan Q, Coursen JD, Khan MA, Kontny HU, Yu L, Hollander MC, O'Connor
PM, Fornace AJ, Jr., Harris CC: GADD45 induction of a G2/M cell cycle checkpoint.
Proceedings of the Natlional Academy of Science 1999, 96(7):3706-3711.

Rhind N, Russell P: Signaling Pathways that Regulate Cell Division. Cold Spring
Harbor Perspectives in Biology 2012, 4(10):a005942.

Glotzer M, Murray AW, Kirschner MW: Cyclin is degraded by the ubiquitin pathway.
Nature 1991, 349(6305):132-138.

Mocciaro A, Rape M: Emerging regulatory mechanisms in ubiquitin-dependent cell
cycle control. Journal of Cell Science 2012, 125(2):255-263.

Teixeira LK, Reed SI: Ubiquitin Ligases and Cell Cycle Control. Annual Review of
Biochemistry 2013, 82(1):387-414.

Nakayama Kl, Nakayama K: Regulation of the cell cycle by SCF-type ubiquitin ligases.
Seminars in Cell and Developmental Biology 2005, 16(3):323-333.

Xu S, Abbasian M, Patel P, Jensen-Pergakes K, Lombardo CR, Cathers BE, Xie W,
Mercurio F, Pagano M, Giegel D et al: Substrate Recognition and Ubiquitination of
SCFSkp2/Cks1 Ubiquitin-Protein Isopeptide Ligase. Journal of Biological Chemistry
2007, 282(21):15462-15470.

Yu ZK, Gervais JL, Zhang H: Human CUL-1 associates with the SKP1/SKP2 complex
and regulates p21(CIP1/WAF1) and cyclin D proteins. Proceedings of the Natlional
Academy of Science 1998, 95(19):11324-11329.

Kim SY, Herbst A, Tworkowski KA, Salghetti SE, Tansey WP: Skp2 regulates Myc
protein stability and activity. Molecular Cell 2003, 11(5):1177-1188.

Bashir T, Dorrello NV, Amador V, Guardavaccaro D, Pagano M: Control of the
SCF(Skp2-Cks1) ubiquitin ligase by the APC/C(Cdh1) ubiquitin ligase. Nature 2004,
428(6979):190-193.

Otto T, Sicinski P: Cell cycle proteins as promising targets in cancer therapy. Nature
Reviews Cancer 2017, 17(2):93-115.

Kerr JF, Wyllie AH, Currie AR: Apoptosis: a basic biological phenomenon with wide-
ranging implications in tissue kinetics. British Journal of Cancer 1972, 26(4):239-257.

Luo X, Budihardjo I, Zou H, Slaughter C, Wang X: Bid, a Bcl2 interacting protein,
mediates cytochrome c release from mitochondria in response to activation of cell
surface death receptors. Cell 1998, 94(4):481-490.

135



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

References

Khodapasand E, Jafarzadeh N, Farrokhi F, Kamalidehghan B, Houshmand M: Is
Bax/Bcl-2 Ratio Considered as a Prognostic Marker with Age and Tumor Location in
Colorectal Cancer? Iranian Biomedical Journal 2015, 19(2):69-75.

Youle RJ, Strasser A: The BCL-2 protein family: opposing activities that mediate cell
death. Nature Reviews Molecular Cell Biology 2008, 9(1):47-59.

Deveraux QL, Reed JC: IAP family proteins--suppressors of apoptosis. Genes and
Development 1999, 13(3):239-252.

Yang QH, Church-Hajduk R, Ren J, Newton ML, Du C: Omi/HtrA2 catalytic cleavage
of inhibitor of apoptosis (IAP) irreversibly inactivates IAPs and facilitates caspase
activity in apoptosis. Genes and Development 2003, 17(12):1487-1496.

Srinivasula SM, Datta P, Fan XJ, Fernandes-Alnemri T, Huang Z, Alnemri ES:
Molecular determinants of the caspase-promoting activity of Smac/DIABLO and its role
in the death receptor pathway. Journal of Biological Chemistry 2000, 275(46):36152-
36157.

Tait SWG, Green DR: Caspase-independent cell death: leaving the set without the final
cut. Oncogene 0000, 27(50):6452-6461.

Suzuki Y, Imai Y, Nakayama H, Takahashi K, Takio K, Takahashi R: A Serine Protease,
HtrA2, Is Released from the Mitochondria and Interacts with XIAP, Inducing Cell Death.
Molecular Cell 2001, 8(3):613-621.

Chua BT, Guo K, Li P: Direct Cleavage by the Calcium-activated Protease Calpain Can
Lead to Inactivation of Caspases. Journal of Biological Chemistry 2000, 275(7):5131-
5135.

Wolf BB, Goldstein JC, Stennicke HR, Beere H, Amarante-Mendes GP, Salvesen GS,
Green DR: Calpain Functions in a Caspase-Independent Manner to Promote
Apoptosis-Like Events During Platelet Activation. Blood 1999, 94(5):1683-1692.

Godefroy N, Lemaire C, Renaud F, Rincheval V, Perez S, Parvu-Ferecatu I, Mignotte
B, Vayssiere JL: p53 can promote mitochondria- and caspase-independent apoptosis.
Cell Death and Differentiation 2004, 11(7):785-787.

Fridman JS, Lowe SW: Control of apoptosis by p53. Oncogene 0000, 22(56):9030-
9040.

Kubbutat MH, Vousden KH: Proteolytic cleavage of human p53 by calpain: a potential
regulator of protein stability. Molecular and Cellular Biology 1997, 17(1):460-468.

Sedarous M, Keramaris E, O'Hare M, Melloni E, Slack RS, Elce JS, Greer PA, Park

DS: Calpains mediate p53 activation and neuronal death evoked by DNA damage.
Journal of Biological Chemistry 2003, 278(28):26031-26038.

136



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

References

Ichim G, Tait SWG: A fate worse than death: apoptosis as an oncogenic process.
Nature Reviews Cancer 2016, 16(8):539-548.

Delebinski CI, Jaeger S, Kemnitz-Hassanin K, Henze G, Lode HN, Seifert GJ: A new
development of triterpene acid-containing extracts from Viscum album L. displays
synergistic induction of apoptosis in acute lymphoblastic leukaemia. Cell Proliferation
2012, 45(2):176-187.

Delebinski Cl, Twardziok M, Kleinsimon S, Hoff F, Mulsow K, Rolff J, Jaeger S, Eggert
A, Seifert G: A Natural Combination Extract of Viscum album L. Containing Both
Triterpene Acids and Lectins Is Highly Effective against AML In Vivo. PLoS ONE 2015,
10(8):e0133892.

Gloger O, Witthohn K, Miller BW: Lyoprotection of aviscumine with low molecular
weight dextrans. International Journal of Pharmaceutics 2003, 260(1):59-68.

Fox MH: A model for the computer analysis of synchronous DNA distributions obtained
by flow cytometry. Cytometry 1980, 1(1):71-77.

Foucquier J, Guedj M: Analysis of drug combinations: current methodological
landscape. Pharmacology Research and Perspectives 2015, 3(3):e00149.

Kleinsimon S, Kauczor G, Jaeger S, Eggert A, Seifert G, Delebinski C: ViscumTT
induces apoptosis and alters IAP expression in osteosarcoma in vitro and has
synergistic action when combined with different chemotherapeutic drugs. BMC
Complementary and Alternative Medicine 2017, 17:26.

Ottaviano L, Schaefer KL, Gajewski M, Huckenbeck W, Baldus S, Rogel U, Mackintosh
C, de Alava E, Myklebost O, Kresse SH et al: Molecular characterization of commonly
used cell lines for bone tumor research: a trans-European EuroBoNet effort. Genes
Chromosomes and Cancer 2010, 49(1):40-51.

Petitiean A, Mathe E, Kato S, Ishioka C, Tavtigian SV, Hainaut P, Olivier M: Impact of
mutant p53 functional properties on TP53 mutation patterns and tumor phenotype:
lessons from recent developments in the IARC TP53 database. Human Mutation 2007,
28(6):622-629.

Bussing A, Multani AS, Pathak S, Pfuller U, Schietzel M: Induction of apoptosis by the
N-acetyl-galactosamine-specific toxic lectin from Viscum album L. is associated with a
decrease of nuclear p53 and Bcl-2 proteins and induction of telomeric associations.
Cancer Letters 1998, 130(1-2):57-68.

Kastan MB, Onyekwere O, Sidransky D, Vogelstein B, Craig RW: Participation of p53

Protein in the Cellular Response to DNA Damage. Cancer Research 1991, 51(23 Part
1):6304-6311.

137



173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

References

Twardziok M, Kleinsimon S, Rolff J, Jaeger S, Eggert A, Seifert G, Delebinski Cl:
Multiple Active Compounds from Viscum album L. Synergistically Converge to Promote
Apoptosis in Ewing Sarcoma. PLoS ONE 2016, 11(9):e0159749.

Feng L, Au-Yeung W, Xu YH, Wang SS, Zhu Q, Xiang P: Oleanolic acid from Prunella
Vulgaris L. induces SPC-A-1 cell line apoptosis via regulation of Bax, Bad and Bcl-2
expression. Asian Pacific Journal of Cancer Prevention : APJCP 2011, 12(2):403-408.

Pratheeshkumar P, Kuttan G: Oleanolic acid induces apoptosis by modulating p53,
Bax, Bcl-2 and caspase-3 gene expression and regulates the activation of transcription
factors and cytokine profile in B16F. Journal of Environmental Pathology, Toxicology
and Oncology: Official Organ of the International Society for Environmental Toxicology
and Cancer 2011, 30(1):21-31.

Fulda S, Friesen C, Los M, Scaffidi C, Mier W, Benedict M, Nufez G, Krammer PH,
Peter ME, Debatin K-M: Betulinic Acid Triggers CD95 (APO-1/Fas)- and p53-
independent Apoptosis via Activation of Caspases in Neuroectodermal Tumors.
Cancer Research 1997, 57(21):4956-4964.

Harmand PO, Duval R, Delage C, Simon A: Ursolic acid induces apoptosis through
mitochondrial intrinsic pathway and caspase-3 activation in M4Beu melanoma cells.
International Journal of Cancer 2005, 114(1):1-11.

Hsu A, Bray TM, Helferich WG, Doerge DR, Ho E: Differential effects of whole soy
extract and soy isoflavones on apoptosis in prostate cancer cells. Experimental Biology
and Medicine (Maywood, NJ) 2010, 235(1):90-97.

Ji HF, Li XJ, Zhang HY: Natural products and drug discovery. Can thousands of years
of ancient medical knowledge lead us to new and powerful drug combinations in the
fight against cancer and dementia? EMBO Reports 2009, 10(3):194-200.

Charlot JF, Pretet JL, Haughey C, Mougin C: Mitochondrial translocation of p53 and
mitochondrial membrane potential (Delta Psi m) dissipation are early events in
staurosporine-induced apoptosis of wild type and mutated p53 epithelial cells.
Apoptosis 2004, 9(3):333-343.

Bantel H, Engels IH, Voelter W, Schulze-Osthoff K, Wesselborg S: Mistletoe lectin
activates caspase-8/FLICE independently of death receptor signaling and enhances
anticancer drug-induced apoptosis. Cancer Research 1999, 59(9):2083-2090.

Slee EA, Harte MT, Kluck RM, Wolf BB, Casiano CA, Newmeyer DD, Wang H-G, Reed
JC, Nicholson DW, Alnemri ES et al: Ordering the Cytochrome c—initiated Caspase
Cascade: Hierarchical Activation of Caspases-2, -3, -6, -7, -8, and -10 in a Caspase-
9-dependent Manner. The Journal of Cell Biology 1999, 144(2):281-292.

138



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

References

Ferreira KS, Kreutz C, Macnelly S, Neubert K, Haber A, Bogyo M, Timmer J, Borner C:
Caspase-3 feeds back on caspase-8, Bid and XIAP in type | Fas signaling in primary
mouse hepatocytes. Apoptosis 2012, 17(5):503-515.

Stammer RM, Kleinsimon S, Rolff Jaeger S, Eggert A, Seifert G, Delebinski CI:
Synergistic Antitumour Properties of viscumTT in Alveolar Rhabdomyosarcoma.
Journal of Immunology Research 2017, 2017:13.

Park SJ, Wu CH, Gordon JD, Zhong X, Emami A, Safa AR: Taxol induces caspase-10-
dependent apoptosis. Journal of Biological Chemistry 2004, 279(49):51057-51067.

Fulda S, Debatin KM: Betulinic acid induces apoptosis through a direct effect on
mitochondria in neuroectodermal tumors. Medical and Pediatric Oncology 2000,
35(6):616-618.

Akl MR, Elsayed HE, Ebrahim HY, Haggag EG, Kamal AM, El Sayed KA: 3-O-[N-(p-
fluorobenzenesulfonyl)-carbamoyl]-oleanolic acid, a semisynthetic analog of oleanolic
acid, induces apoptosis in breast cancer cells. European Journal of Pharmacology
2014, 740:209-217.

Ito Y, Pandey P, Sporn MB, Datta R, Kharbanda S, Kufe D: The novel triterpenoid
CDDO induces apoptosis and differentiation of human osteosarcoma cells by a
caspase-8 dependent mechanism. Molecular Pharmacology 2001, 59(5):1094-1099.

Ito Y, Pandey P, Place A, Sporn MB, Gribble GW, Honda T, Kharbanda S, Kufe D: The
novel triterpenoid 2-cyano-3,12-dioxoolean-1,9-dien-28-oic acid induces apoptosis of
human myeloid leukemia cells by a caspase-8-dependent mechanism. Cell growth and
Differentiation 2000, 11(5):261-267.

Konopleva M, Tsao T, Estrov Z, Lee RM, Wang RY, Jackson CE, McQueen T, Monaco
G, Munsell M, Belmont J et al: The synthetic triterpenoid 2-cyano-3,12-dioxooleana-
1,9-dien-28-oic acid induces caspase-dependent and -independent apoptosis in acute
myelogenous leukemia. Cancer Research 2004, 64(21):7927-7935.

Yang L, Liu X, Lu Z, Yuet-Wa Chan J, Zhou L, Fung K-P, Wu P, Wu S: Ursolic acid
induces doxorubicin-resistant HepG2 cell death via the release of apoptosis-inducing
factor. Cancer Letters 2010, 298(1):128-138.

Cande C, Cohen |, Daugas E, Ravagnan L, Larochette N, Zamzami N, Kroemer G:
Apoptosis-inducing factor (AIF): a novel caspase-independent death effector released
from mitochondria. Biochimie 2002, 84(2-3):215-222.

Twardziok M, Meierhofer D, Borno S, Timmermann B, Jager S, Boral S, Eggert A,
Delebinski Cl, Seifert G: Transcriptomic and proteomic insight into the effects of a
defined European mistletoe extract in Ewing sarcoma cells reveals cellular stress
responses. BMC Complementary and Alternative Medicine 2017, 17(1):237.

139



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

References

Leng S, Hao Y, Du D, Xie S, Hong L, Gu H, Zhu X, Zhang J, Fan D, Kung HF: Ursolic
acid promotes cancer cell death by inducing Atg5-dependent autophagy. International
Journal of Cancer 2013, 133(12):2781-2790.

Mulsow K, Enzlein T, Delebinski C, Jaeger S, Seifert G, Melzig MF: Impact of Mistletoe
Triterpene Acids on the Uptake of Mistletoe Lectin by Cultured Tumor Cells. PLoS ONE
2016, 11(4):e0153825.

Han SK, Ko YI, Park SJ, Jin IJ, Kim YM: Oleanolic acid and ursolic acid stabilize
liposomal membranes. Lipids 1997, 32(7):769-773.

Jia J, Zhu F, Ma X, Cao ZW, Li YX, Chen YZ: Mechanisms of drug combinations:
interaction and network perspectives. Nature Reviews Drug Discovery 2009, 8(2):111-
128.

Pratt CB, Meyer WH, Howlett N, Douglass EC, Bowman LC, Poe D, Mounce K, Kun
LE, Houghton JA: Phase Il study of 5-fluorouracil/leucovorin for pediatric patients with
malignant solid tumors. Cancer 1994, 74(9):2593-2598.

Ferrari S, Smeland S, Mercuri M, Bertoni F, Longhi A, Ruggieri P, Alvegard TA, Picci
P, Capanna R, Bernini G et al: Neoadjuvant chemotherapy with high-dose Ifosfamide,
high-dose methotrexate, cisplatin, and doxorubicin for patients with localized
osteosarcoma of the extremity: a joint study by the Italian and Scandinavian Sarcoma
Groups. Journal of Clinical Oncology 2005, 23(34):8845-8852.

Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, Kotz R, Salzer-
Kuntschik M, Werner M, Winkelmann W et al: Prognostic factors in high-grade
osteosarcoma of the extremities or trunk: an analysis of 1,702 patients treated on
neoadjuvant cooperative osteosarcoma study group protocols. Journal of Clinical
Oncology 2002, 20(3):776-790.

Mabed M, El-Helw L, Shamaa S: Phase Il study of viscum fraxini-2 in patients with
advanced hepatocellular carcinoma. British Journal of Cancer 2004, 90(1):65-69.

Troger W, Zdrale Z, Stankovic N, Matijasevic M: Five-year follow-up of patients with
early stage breast cancer after a randomized study comparing additional treatment with
viscum album (L.) extract to chemotherapy alone. Breast Cancer: Basic and Clinical
Research 2012, 6:173-180.

Longhi A, Reif M, Mariani E, Ferrari S: A Randomized Study on Postrelapse Disease-
Free Survival with Adjuvant Mistletoe versus Oral Etoposide in Osteosarcoma Patients.
Evidence-based Complementary and Alternative Medicine 2014, 2014:210198.

Weissenstein U, Kunz M, Urech K, Baumgartner S: Interaction of standardized
mistletoe (Viscum album) extracts with chemotherapeutic drugs regarding cytostatic
and cytotoxic effects in vitro. BMC Complementary and Alternative Medicine 2014,
14(1):6.

140



205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

References

Hong CE, Park AK, Lyu SY: Synergistic anticancer effects of lectin and doxorubicin in
breast cancer cells. Molecular Cell Biochemistry 2014, 394(1-2):225-235.

Sabova L, Pilatova M, Szilagyi K, Sabo R, Mojzi§ J: Cytotoxic effect of mistletoe
(Viscum album L.) extract on Jurkat cells and its interaction with doxorubicin.
Phytotherapy Research 2010, 24(3):365-368.

Srdic-Rajic T, Tisma-Miletic N, Cavic M, Kanjer K, Savikin K, Galun D, Konic-Ristic A,
Zoranovic T: Sensitization of K562 Leukemia Cells to Doxorubicin by the Viscum album
Extract. Phytotherapy Research 2016, 30(3):485-495.

Weinstein RS, Kuszak JR, Kluskens LF, Coon JS: P-glycoproteins in pathology: the
multidrug resistance gene family in humans. Human Pathology 1990, 21(1):34-48.

Gomes CMF, van Paassen H, Romeo S, Welling MM, Feitsma RIJ, Abrunhosa AJ,
Botelho MF, Hogendoorn PCW, Pauwels E, Cleton-Jansen AM: Multidrug resistance
mediated by ABC transporters in osteosarcoma cell lines: mRNA analysis and
functional radiotracer studies. Nuclear Medicine and Biology 2006, 33(7):831-840.

Gottesman MM, Fojo T, Bates SE: Multidrug resistance in cancer: role of ATP-
dependent transporters. Nature Reviews Cancer 2002, 2(1):48-58.

Schumacher U, Stamouli A, Adam E, Peddie M, Pfuller U: Biochemical, histochemical
and cell biological investigations on the actions of mistletoe lectins I, Il and Il with
human breast cancer cell lines. Glycoconjugate Journal 1995, 12(3):250-257.

Nehmann N, Schade UM, Pfuller U, Schachner M, Schumacher U: Mistletoe lectin
binds to multidrug resistance-associated protein MRP5. Anticancer Research 2009,
29(12):4941-4948.

Shan J-z, Xuan Y-y, Zhang Q, Huang J-j: Ursolic acid sensitized colon cancer cells to
chemotherapy under hypoxia by inhibiting MDR1 through HIF-1a. Journal of Zhejiang
University Science B 2016, 17(9):672-682.

Braga F, Ayres-Saraiva D, Gattass CR, Capella MAM: Oleanolic acid inhibits the
activity of the multidrug resistance protein ABCC1 (MRP1) but not of the ABCB1 (P-
glycoprotein): Possible use in cancer chemotherapy. Cancer Letters 2007, 248(1):147-
152.

Kumari R, Chouhan S, Singh S, Chhipa RR, Ajay AK, Bhat MK: Constitutively activated
ERK sensitizes cancer cells to doxorubicin: Involvement of p53-EGFR-ERK pathway.
Journal of Bioscienc 2017, 42(1):31-41.

Weissenstein U, Kunz M, Urech K, Regueiro U, Baumgartner S: Interaction of a

standardized mistletoe (Viscum album) preparation with antitumor effects of
Trastuzumab in vitro. BMC Complementary and Alternative Medicine 2016, 16:271.

141



217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

References

Harmsma M, Ummelen M, Dignef W, Tusenius KJ, Ramaekers FC: Effects of mistletoe
(Viscum album L.) extracts Iscador on cell cycle and survival of tumor cells.
Arzneimittelforschung 2006, 56(6A):474-482.

Kovacs E: Investigation of the proliferation, apoptosis/necrosis, and cell cycle phases
in several human multiple myeloma cell lines. Comparison of Viscum album QuFrF
extract with vincristine in an in vitro model. Scientific World Journal 2010, 10:311-320.

Miyoshi N, Koyama Y, Katsuno Y, Hayakawa S, Mita T, Ohta T, Kaji K, Isemura M:
Apoptosis induction associated with cell cycle dysregulation by rice bran agglutinin.
Journal of Biochemistry 2001, 130(6):799-805.

Li H-F, Wang X-A, Xiang S-S, Hu Y-P, Jiang L, Shu Y-J, Li M-L, Wu X-S, Zhang F, Ye
Y-Y et al: Oleanolic acid induces mitochondrial-dependent apoptosis and G0/G1 phase
arrest in gallbladder cancer cells. Drug Design, Development and Therapy 2015,
9:3017-3030.

Li J, Guo WJ, Yang QY: Effects of ursolic acid and oleanolic acid on human colon
carcinoma cell line HCT15. World Journal of Gastroenterology 2002, 8(3):493-495.

Wei J, Liu M, Liu H, Wang H, Wang F, Zhang Y, Han L, Lin X: Oleanolic acid arrests
cell cycle and induces apoptosis via ROS-mediated mitochondrial depolarization and
lysosomal membrane permeabilization in human pancreatic cancer cells. Journal of
Applied Toxicology 2013, 33(8):756-765.

Shen H, Liu L, Yang Y, Xun W, Wei K, Zeng G: Betulinic Acid Inhibits Cell Proliferation
in Human Oral Squamous Cell Carcinoma via Modulating ROS-Regulated p53
Signaling. Oncology Research 2017, 25(7):1141-1152.

Foo JB, Saiful Yazan L, Tor YS, Wibowo A, Ismail N, How CW, Armania N, Loh SP,
Ismail IS, Cheah YK et al: Induction of cell cycle arrest and apoptosis by betulinic acid-
rich fraction from Dillenia suffruticosa root in MCF-7 cells involved p53/p21 and
mitochondrial signalling pathway. Journal of Ethnopharmacolgy 2015, 166:270-278.

Bornstein G, Bloom J, Sitry-Shevah D, Nakayama K, Pagano M, Hershko A: Role of
the SCFSkp2 ubiquitin ligase in the degradation of p21Cip1 in S phase. Journal of
Biological Chemistry 2003, 278(28):25752-25757.

Yeh KH, Kondo T, Zheng J, Tsvetkov LM, Blair J, Zhang H: The F-box protein SKP2
binds to the phosphorylated threonine 380 in cyclin E and regulates ubiquitin-
dependent degradation of cyclin E. Biochemical and Biophysical Research
Communication 2001, 281(4):884-890.

Liao QD, Zhong D, Chen Q: Protein expression of Skp2 in osteosarcoma and its
relation with prognosis. Journal of Central South University, Medical Science 2008,
33(7):606-611.

142



228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

References

Ding L, Li R, Sun R, Zhou Y, Zhou Y, Han X, Cui Y, Wang W, Lv Q, Bai J: S-phase
kinase-associated protein 2 promotes cell growth and motility in osteosarcoma cells.
Cell Cycle 2017, 16(16):1547-1555.

Ding L, Li R, Han X, Zhou Y, Zhang H, Cui Y, Wang W, Bai J: Inhibition of Skp2
suppresses the proliferation and invasion of osteosarcoma cells. Oncology Reports
2017, 38(2):933-940.

Kearsey JM, Coates PJ, Prescott AR, Warbrick E, Hall PA: Gadd45 is a nuclear cell
cycle regulated protein which interacts with p21Cip1. Oncogene 1995, 11(9):1675-
1683.

Zhao H, Jin S, Antinore MJ, Lung FD, Fan F, Blanck P, Roller P, Fornace AJ, Jr., Zhan
Q: The central region of Gadd45 is required for its interaction with p21/WAF1.
Experimental Cell Research 2000, 258(1):92-100.

Fornace AJ, Nebert DW, Hollander MC, Luethy JD, Papathanasiou M, Fargnoli J,
Holbrook NJ: Mammalian genes coordinately regulated by growth arrest signals and
DNA-damaging agents. Molecular and Cellular Biology 1989, 9(10):4196-4203.

Macleod KF, Sherry N, Hannon G, Beach D, Tokino T, Kinzler K, Vogelstein B, Jacks
T: p53-dependent and independent expression of p21 during cell growth,
differentiation, and DNA damage. Genes and Development 1995, 9(8):935-944.

Deng C, Zhang P, Harper JW, Elledge SJ, Leder P: Mice lacking p21CIP1/WAF1
undergo normal development, but are defective in G1 checkpoint control. Cell 1995,
82(4):675-684.

Shen G, Xu C, Chen C, Hebbar V, Kong A-NT: p53-independent G1 cell cycle arrest
of human colon carcinoma cells HT-29 by sulforaphane is associated with induction of
p21CIP1 and inhibition of expression of cyclin D1. Cancer Chemotherapy and
Pharmacology 2006, 57(3):317-327.

Jeong J-H, Kang S-S, Park K-K, Chang H-W, Magae J, Chang Y-C: p53-Independent
Induction of G1 Arrest and p21WAF1/CIP1 Expression by Ascofuranone, an Isoprenoid
Antibiotic, through Downregulation of c-Myc. Molecular Cancer Therapeutics 2010,
9(7):2102-2113.

Yoshiko S, Hoyoku N: Fucoxanthin, a natural carotenoid, induces G1 arrest and
GADD45 gene expression in human cancer cells. In Vivo 2007, 21(2):305-309.

Saha A, Kuzuhara T, Echigo N, Fujii A, Suganuma M, Fujiki H: Apoptosis of human
lung cancer cells by curcumin mediated through up-regulation of "growth arrest and
DNA damage inducible genes 45 and 153". Biological and Pharmaceutical Bulletin
2010, 33(8):1291-1299.

143



239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

References

Fan W, Richter G, Cereseto A, Beadling C, Smith KA: Cytokine response gene 6
induces p21 and regulates both cell growth and arrest. Oncogene 1999, 18(47):6573-
6582.

Zeng YX, el-Deiry WS: Regulation of p21WAF1/CIP1 expression by p53-independent
pathways. Oncogene 1996, 12(7):1557-1564.

Hirose T, Sowa Y, Takahashi S, Saito S, Yasuda C, Shindo N, Furuichi K, Sakai T:
p53-independent induction of Gadd45 by histone deacetylase inhibitor: coordinate
regulation by transcription factors Oct-1 and NF-Y. Oncogene 0000, 22(49):7762-7773.

Shao ZM, Dawson MI, Li XS, Rishi AK, Sheikh MS, Han QX, Ordonez JV, Shroot B,
Fontana JA: p53 independent GO/G1 arrest and apoptosis induced by a novel retinoid
in human breast cancer cells. Oncogene 1995, 11(3):493-504.

Wyllie FS, Haughton MF, Bond JA, Rowson JM, Jones CJ, Wynford-Thomas D: S
phase cell-cycle arrest following DNA damage is independent of the p53/p21(WAF1)
signalling pathway. Oncogene 1996, 12(5):1077-1082.

Zhu H, Zhang L, Wu S, Teraishi F, Davis JJ, Jacob D, Fang B: Induction of S-phase
arrest and p21 overexpression by a small molecule 2[[3-(2,3-dichlorophenoxy)propyl]
aminoJethanol in correlation with activation of ERK. Oncogene 2004, 23(29):4984-
4992.

Zhang X, Song X, Yin S, Zhao C, Fan L, Hu H: p21 induction plays a dual role in anti-
cancer activity of ursolic acid. Experimental Biology and Medicine 2016, 241(5):501-
508.

LiL, Wei L, Shen A, Chu J, Lin J, Peng J: Oleanolic acid modulates multiple intracellular
targets to inhibit colorectal cancer growth. International Journal of Oncology 2015,
47(6):2247-2254.

Xia M, Knezevic D, Vassilev LT: p21 does not protect cancer cells from apoptosis
induced by nongenotoxic p53 activation. Oncogene 2011, 30(3):346-355.

Kang KH, Kim WH, Choi KH: p21 Promotes Ceramide-Induced Apoptosis and
Antagonizes the Antideath Effect of Bcl-2 in Human Hepatocarcinoma Cells.
Experimental Cell Research 1999, 253(2):403-412.

Lincet H, Poulain L, Remy JS, Deslandes E, Duigou F, Gauduchon P, Staedel C: The
p21cip1/wafl cyclin-dependent kinase inhibitor enhances the cytotoxic effect of
cisplatin in human ovarian carcinoma cells. Cancer Letters 2000, 161(1):17-26.

Yang P, Wen H, Zhong T, Hu H, Zhu B, Xia K, Xu M, Bian M: GADD45alpha is involved

in the apoptosis of lymphocytes induced by riboflavin and ultraviolet light. Transfusion
2017, 57(3):646-656.

144



251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

References

Harkin DP, Bean JM, Miklos D, Song Y-H, Truong VB, Englert C, Christians FC, Ellisen
LW, Maheswaran S, Oliner JD et al: Induction of GADD45 and JNK/SAPK-Dependent
Apoptosis following Inducible Expression of BRCA1. Cell 1999, 97(5):575-586.

Takekawa M, Saito H: A Family of Stress-Inducible GADD45-like Proteins Mediate
Activation of the Stress-Responsive MTK1/MEKK4 MAPKKK. Cell 1998, 95(4):521-
530.

Urano F, Wang X, Bertolotti A, Zhang Y, Chung P, Harding HP, Ron D: Coupling of
stress in the ER to activation of JNK protein kinases by transmembrane protein kinase
IRE1. Science 2000, 287(5453):664-666.

Wang S-F, Yen J-C, Yin P-H, Chi C-W, Lee H-C: Involvement of oxidative stress-
activated JNK signaling in the methamphetamine-induced cell death of human SH-
SY5Y cells. Toxicology 2008, 246(2):234-241.

Fritz G, Kaina B: Activation of c-Jun N-Terminal Kinase 1 by UV Irradiation Is Inhibited
by Wortmannin without Affecting c-jun Expression. Molecular and Cellular Biology
1999, 19(3):1768-1774.

Hamdi M, Kool J, Cornelissen-Steijger P, Carlotti F, Popeijus HE, van der Burgt C,
Janssen JM, Yasui A, Hoeben RC, Terleth C et al: DNA damage in transcribed genes
induces apoptosis via the JNK pathway and the JNK-phosphatase MKP-1. Oncogene
2005, 24(48):7135-7144.

Eggenschwiler J, Patrignani A, Wagner U, Rehrauer H, Schlapbach R, Rist L, Ramos
MH, Viviani A: Gene expression profiles of different breast cancer cells compared with
their responsiveness to fermented mistletoe (Viscum album L.) extracts Iscador from
oak (Quercus), pine (Pinus), white fir (Abies) and apple tree (Malus) in vitro.
Arzneimittelforschung 2006, 56(6A):483-496.

Tan Y, Yu R, Pezzuto JM: Betulinic acid-induced programmed cell death in human
melanoma cells involves mitogen-activated protein kinase activation. Clinical Cancer
Research 2003, 9(7):2866-2875.

Chen JY, Zhang L, Zhang H, Su L, Qin LP: Triggering of p38 MAPK and JNK signaling
is important for oleanolic acid-induced apoptosis via the mitochondrial death pathway
in hypertrophic scar fibroblasts. Phytotherapy Research 2014, 28(10):1468-1478.

Liu J, Zheng L, Zhong J, Wu N, Liu G, Lin X: Oleanolic acid induces protective
autophagy in cancer cells through the JNK and mTOR pathways. Oncology Reports
2014, 32(2):567-572.

ShiY, Song Q, Hu D, Zhuang X, Yu S, Teng D: Oleanolic acid induced autophagic cell
death in hepatocellular carcinoma cells via PI3K/Akt/mTOR and ROS-dependent
pathway. The Korean Journal of Physiology & Pharmacology : Official Journal of the
Korean Physiological Society and the Korean Society of Pharmacology 2016,
20(3):237-243.

145



262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

References

Shin SW, Kim SY, Park J-W: Autophagy inhibition enhances ursolic acid-induced
apoptosis in PC3 cells. Biochimica et Biophysica Acta - Molecular Cell Research 2012,
1823(2):451-457.

Cao C, Wang W, Lu L, Wang L, Chen X, Guo R, Li S, Jiang J: Inactivation of Beclin-1-
dependent autophagy promotes ursolic acid-induced apoptosis in hypertrophic scar
fibroblasts. Experimental Dermatology 2017 .

Morselli E, Tasdemir E, Maiuri MC, Galluzzi L, Kepp O, Criollo A, Vicencio JM, Soussi
T, Kroemer G: Mutant p53 protein localized in the cytoplasm inhibits autophagy. Cell
Cycle 2008, 7(19):3056-3061.

Deeb D, Gao X, Liu YB, Gautam SC: Inhibition of cell proliferation and induction of
apoptosis by CDDO-Me in pancreatic cancer cells is ROS-dependent. Journal of
Experimental Therapeutics and Oncology 2012, 10(1):51-64.

Li Y, Lu X, Qi H, Li X, Xiao X, Gao J: Ursolic acid induces apoptosis through
mitochondrial intrinsic pathway and suppression of ERK1/2 MAPK in HelLa cells.
Journal of Pharmacology Science 2014, 125(2):202-210.

Wu CC, Cheng CH, Lee YH, Chang IL, Chen HY, Hsieh CP, Chueh PJ: Ursolic Acid
Triggers Apoptosis in Human Osteosarcoma Cells via Caspase Activation and the
ERK1/2 MAPK Pathway. Journal of Agricultural and Food Chemistry 2016,
64(21):4220-4226.

Wu GS: The functional Interactions Between the MAPK and p53 Signaling Pathways.
Cancer Biology and Therapy 2004, 3(2):156-161.

Chen CL, Loy A, Cen L, Chan C, Hsieh FC, Cheng G, Wu B, Qualman SJ, Kunisada
K, Yamauchi-Takihara K et al: Signal transducer and activator of transcription 3 is
involved in cell growth and survival of human rhabdomyosarcoma and osteosarcoma
cells. BMC Cancer 2007, 7:111.

Abou-Ghazal M, Yang DS, Qiao W, Reina-Ortiz C, Wei J, Kong LY, Fuller GN, Hiraoka
N, Priebe W, Sawaya R et al: The incidence, correlation with tumor-infiltrating
inflammation, and prognosis of phosphorylated STAT3 expression in human gliomas.
Clinical Cancer Research 2008, 14(24):8228-8235.

Wen Z, Zhong Z, Darnell JE, Jr.: Maximal activation of transcription by Stat1 and Stat3
requires both tyrosine and serine phosphorylation. Cell 1995, 82(2):241-250.

Lim CP, Cao X: Serine phosphorylation and negative regulation of Stat3 by JNK.
Journal of Biological Chemistry 1999, 274(43):31055-31061.

Sakaguchi M, Oka M, Iwasaki T, Fukami Y, Nishigori C: Role and Regulation of STAT3

Phosphorylation at Ser727 in Melanocytes and Melanoma Cells. Journal of
Investigative Dermatology 2012, 132(7):1877-1885.

146



274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

References

Xiong A, Yang Z, Shen Y, Zhou J, Shen Q: Transcription Factor STAT3 as a Novel
Molecular Target for Cancer Prevention. Cancers 2014, 6(2):926-957.

Wei Z, Jiang X, Qiao H, Zhai B, Zhang L, Zhang Q, Wu Y, Jiang H, Sun X: STAT3
interacts with Skp2/p27/p21 pathway to regulate the motility and invasion of gastric
cancer cells. Cellular Signalling 2013, 25(4):931-938.

Leslie K, Lang C, Devgan G, Azare J, Berishaj M, Gerald W, Kim YB, Paz K, Darnell
JE, Albanese C et al: Cyclin D1 is transcriptionally regulated by and required for
transformation by activated signal transducer and activator of transcription 3. Cancer
Research 2006, 66(5):2544-2552.

Podlech O, Harter PN, Mitteloronn M, Péschel S, Naumann U: Fermented Mistletoe
Extract as a Multimodal Antitumoral Agent in Gliomas. Evidence-based
Complementary and Alternative Medicine 2012, 2012:501796.

Li L, Lin J, Sun G, Wei L, Shen A, Zhang M, Peng J: Oleanolic acid inhibits colorectal
cancer angiogenesis in vivo and in vitro via suppression of STAT3 and Hedgehog
pathways. Molecuar Medicine Reports 2016, 13(6):5276-5282.

Coumar MS, Tsai FY, Kanwar JR, Sarvagalla S, Cheung CH: Treat cancers by
targeting survivin: just a dream or future reality? Cancer Treatment Review 2013,
39(7):802-811.

Han G, Wang Y, Bi W: C-Myc overexpression promotes osteosarcoma cell invasion via
activation of MEK-ERK pathway. Oncology Research 2012, 20(4):149-156.

Santoni-Rugiu E, Duro D, Farkas T, Mathiasen IS, Jaattela M, Bartek J, Lukas J: E2F
activity is essential for survival of Myc-overexpressing human cancer cells. Oncogene
2002, 21(42):6498-6509.

Struh CM, Jager S, Kersten A, Schempp CM, Scheffler A, Martin SF: Triterpenoids
amplify anti-tumoral effects of mistletoe extracts on murine B16.f10 melanoma in vivo.
PLoS One 2013, 8(4):e62168.

Mills J, Matos T, Charytonowicz E, Hricik T, Castillo-Martin M, Remotti F, Lee FY,
Matushansky I: Characterization and comparison of the properties of sarcoma cell lines

in vitro and in vivo. Human Cell 2009, 22(4):85-93.

Oren M: Regulation of the p53 Tumor Suppressor Protein. Journal of Biological
Chemistry 1999, 274(51):36031-36034.

Wei Y, Pattingre S, Sinha S, Bassik M, Levine B: JNK1-mediated phosphorylation of
Bcl-2 regulates starvation-induced autophagy. Molecular Cell 2008, 30(6):678-688.

147



286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

References

Xavier CPR, Lima CF, Pedro DFN, Wilson JM, Kristiansen K, Pereira-Wilson C: Ursolic
acid induces cell death and modulates autophagy through JNK pathway in apoptosis-

resistant colorectal cancer cells. The Journal of Nutritional Biochemistry 2013,
24(4):706-712.

Fujiwara K, Daido S, Yamamoto A, Kobayashi R, Yokoyama T, Aoki H, Iwado E,
Shinojima N, Kondo Y, Kondo S: Pivotal role of the cyclin-dependent kinase inhibitor
p21WAF1/CIP1 in apoptosis and autophagy. Journal of Biological Chemistry 2008,
283(1):388-397.

Capparelli C, Chiavarina B, Whitaker-Menezes D, Pestell TG, Pestell RG, Hulit J, Ando
S, Howell A, Martinez-Outschoorn UE, Sotgia F et al: CDK inhibitors (p16/p19/p21)
induce senescence and autophagy in cancer-associated fibroblasts, “fueling” tumor
growth via paracrine interactions, without an increase in neo-angiogenesis. Cell Cycle
2012, 11(19):3599-3610.

Yosef R, Pilpel N, Papismadov N, Gal H, Ovadya Y, Vadai E, Miller S, Porat Z, Ben-
Dor S, Krizhanovsky V: p21 maintains senescent cell viability under persistent DNA
damage response by restraining JNK and caspase signaling. The EMBO Journal 2017.

Yang C, Yang S, Wood KB, Hornicek FJ, Schwab JH, Fondren G, Mankin H, Duan Z:
Multidrug resistant osteosarcoma cell lines exhibit deficiency of GADD45alpha
expression. Apoptosis 2009, 14(1):124-133.

Asuthkar S, Nalla AK, Gondi CS, Dinh DH, Gujrati M, Mohanam S, Rao JS: Gadd45a
sensitizes medulloblastoma cells to irradiation and suppresses MMP-9-mediated EMT.
Neuro-Oncology 2011, 13(10):1059-1073.

Soica C, Oprean C, Borcan F, Danciu C, Trandafirescu C, Coricovac D, Crainiceanu
Z, Dehelean CA, Munteanu M: The synergistic biologic activity of oleanolic and ursolic
acids in complex with hydroxypropyl-gamma-cyclodextrin. Molecules 2014,
19(4):4924-4940.

Lewinska A, Adamczyk-Grochala J, Kwasniewicz E, Deregowska A, Wnuk M: Ursolic
acid-mediated changes in glycolytic pathway promote cytotoxic autophagy and
apoptosis in phenotypically different breast cancer cells. Apoptosis 2017, 22(6):800-
815.

Eskelinen E-L: The dual role of autophagy in cancer. Current Opinion in Pharmacology
2011, 11(4):294-300.

Yarong Song PZ, Yadong Sun, Xuechao Li, Lifeng Chen, Yajun, Xiao YX: AMPK
activation-dependent autophagy compromises oleanolic acid-induced cytotoxicity in
human bladder cancer cells. Oncotarget 2017, 8:67942-67954.

Potze L, Mullauer FB, Colak S, Kessler JH, Medema JP: Betulinic acid-induced
mitochondria-dependent cell death is counterbalanced by an autophagic salvage
response. Cell Death and Disease 2014, 5(4):e1169.

148



References

297. YangLJ, ChenY, HeJ, YiS, Wen L, Zhao J, Zhang BP, Cui GH: Betulinic acid inhibits
autophagic flux and induces apoptosis in human multiple myeloma cells in vitro. Acta
Pharmacoical Sinica 2012, 33(12):1542-1548.

149



Publications

8. Publications
8.1 Research Articles

Kleinsimon S, Longmuss E, Rolff J, Jaeger S, Eggert A, Delebinski C, Seifert G: GADD45A
and CDKN1A are involved in apoptosis and cell cycle modulatory effects by viscumTT with
further inactivation of STAT3 pathway. submitted.

Stammer RM, Kleinsimon S, Rolff J, Jaeger S, Eggert A, Seifert G, Delebinski Cl: Synergistic
Antitumour Properties of ViscumTT in Alveolar Rhabdomyosarcoma. Journal of Immunology
Research 2017, 2017:13.

Kleinsimon S, Kauczor G, Jaeger S, Eggert A, Seifert G, Delebinski C: ViscumTT induces
apoptosis and alters IAP expression in osteosarcoma in vitro and has synergistic action when
combined with different chemotherapeutic drugs. BMC Complementary and Altemative
Medicine 2017, 17:26.

Twardziok M, Kleinsimon S, Rolff J, Jaeger S, Eggert A, Seifert G, Delebinski Cl: Multiple
Active Compounds from Viscum album L. Synergistically Converge to Promote Apoptosis in
Ewing Sarcoma. PLoS ONE 2016, 11(9):e0159749.

Delebinski Cl, Twardziok M, Kleinsimon S, Hoff F, Mulsow K, Rolff J, Jaeger S, Eggert A,
Seifert G: A Natural Combination Extract of Viscum album L. Containing Both Triterpene Acids
and Lectins Is Highly Effective against AML /n Vivo. PLoS One 2015, 10(8):e0133892.

Delebinski Cl, Georgi S, Kleinsimon S, Twardziok M, Kopp B, Melzig MF, Seifert G: Analysis
of proliferation and apoptotic induction by 20 steroid glycosides in 143B osteosarcoma cells in
vitro. Cell Proliferation 2015, 48(5):600-10.

8.2 Oral presentations

Kleinsimon S, Rolff J, Jaeger S, Eggert A, Delebinski C, Seifert G: Well tolerated triterpene—
containing mistletoe extract viscumTT reduces tumor volume in pediatric sarcoma xenografs.
9" European Congress for Integrative Medicine (ECIM) 2016, Budapest, Hungarian.

Kleinsimon S, Rolff J, Jaeger S, Eggert A, Delebinski C, Seifert G: Untersuchung der
antitumoralen Wirksamkeit eines Mistelgesamtextraktes viscumTT im Osteosarkommodell in
vitro und in vivo. 6. Mistelsymposium 2015, Nonnweiler, Germany.

Kleinsimon S, Rolff J, Jaeger S, Eggert A, Delebinski C, Seifert G: Whole mistletoe extract
viscumTT has anti-cancer effects on osteosarcoma in vitro and in vivo. 28. Jahrestagung der
Kind-Philipp Stiftung 2015, Wilsede, Germany.

150



Publications

8.3 Posters

Kleinsimon S, Kauczor G, Jaeger S, Eggert A, Seifert G, Delebinski C: Whole mistletoe
extract viscumTT has multiple anti-cancer effects in osteosarcoma cell lines. European
Association for Cancer Research (EACR) Series 2016 — A matter of life or death: Mechanisms
and relevance of cell death for cancer biology and treatment 2016, Amsterdam, Netherlands.

Kleinsimon S, Kauczor G, Jaeger S, Eggert A, Seifert G, Delebinski C: Multiple active
compounds from Viscum album L. induce apoptosis synergistically and effect cell cycle.
European Cell Death Organization (ECDO) 23" Conference 2015, Geneva, Switzerland.

Kleinsimon S, Delebinski C, Twardziok M, Jaeger S, Rolff J, Eggert A, Seifert G: A triterpenic-
containig mistletoe extract (Viscum album L.) induces apoptosis via extrinsic and intrinsic
pathway in leukemia cells. 9" International Conference of Anticancer Research (ICAR) 2014,
Sithonia, Greece

151



List of Abbreviations

List of Abbreviations

4-O0H
ABCB1
ACTB
AML
AKT
APAF1
APC
APC/C
APS
ATM
ATR
AURKA
B2M
BA
BAK
BAX
BBC3
BCL2
BCL2L1
BH3
BID
BIRC5
BRCA1
BSA
CASP
CCCP

CCN

CD
CDC25
CDDO-Me
CDK
CDKN
cDNA
CHK1/2

4-hydroperoxyifosfmide

ABC transporter B1

3-Actin

Acute myeloid leukemia

Protein kinase B

Apoptotic protease activation factor 1
Allophphycocyanin

Anaphase promoting complex/cyclosome
Ammoniumpersulfate
Ataxia-telangiectasia mutated
Ataxia-telangiectasia and Rad3 related
Aurora A kinase

Beta-2-microglobolin

Betulinic acid

BCL2 homologous antagonist killer

BCL2 associated X

TP53 up-regulated modulator of apoptosis
B-cell lymphoma 2

B-cell ymphoma like protein 1
BCL2-homology 3

BH3-interacting domain death agonist
Baculoviral inhibitor of apoptosis repeat-containing 5
Breast cancer 1

Bovine serum albumin

Caspase

Carbonyl cyanide m-chlorophenyl hydrazine
Cyclin

2-hydroxypropyl-R-cyclodextrin

Cell division cycle 25

C-28 methyl ester of 2-cyano-3,12-dioxoolean-1,9-dien-28-oic acid
Cyclin-dependen kinase
Cyclin-dependent kinase inhibitor
Complementary DNA

Checkpoint kinase 1/2
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Cl
CKS1
dmH20
DIABLO
DMSO
DNA
Doxo
DR5
E2F
ECL
e.g.

ER
FADD
FAS
GADD45A
GAPDH
HIER
HRP
HTRA2
IAP
INK4
IL6

i.p.

i.t.

iv.

JAK
LC3B-II
LDH
MAPK
MCL-1
MDM2
ML
mRNA
MYC
ns

OA

List of Abbreviations

Combination index

SKP2/cyclin-dependent kinase regulatory subunit 1
Demineralized water

Diablo IAP-binding mitochondrial protein
Dimethyl sulfoxide

Deoxyribonucleic acid

Doxorubicin

Death receptor 5

E2F transcription factor

Enhanced chemiluminescence

Exempli gratia

Endoplasmic reticulum

FAS-associated death domain

FAS cell surface death receptor

Growth arrest and DNA damage
Glyceraldehyde 3-phosphate dehydrogenase
Heat induced epitope retrieval

Horseradish peroxidase

HtrA serine peptidase 2

Inhibitor of apoptosis protein

Inhibitors of cyclin-dependent kinase 4
Interleukin 6

intrapleural

intratumoral

intraveneous

Janus kinase

Microtubule-associated protein 1A/1B light chain 3B
Lactate dehydrogenase

Mitogen-activated protein kinase

Myeloid leukemia cell differentiation protein 1
Mouse double minute 2

Mistletoe lectin

Messenger RNA

MYC proto-oncogene

Non-significant

Oleanolic acid
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PARP
PI3

P

PBS
PMAIP1
P/S
PVDF
RB1
RBL1
RNA
rRNA
RT
RUNX2
s.c.

S. cerevisiae
SCF
Sec.
SD
SDS
SKP2
SMAC
STAT3
tBID
TBS
TBST
TEMED
TNFR1
TP53
TRAILR
UA
VP16
VT
WNT
WST-1

XIAP

List of Abbreviations

Poly(ADP-ribose)-polymerase 1

Phosphoinositide 3-kinase

Propidium iodide

Phosphate buffered saline
Phorbol-12-myristate-13-acetate-induced protein 1
Penicillin/streptomycin

Polyvinylidene difluoride

Retinoblastoma 1

RB transcriptional corepressor like 1

Ribonucleic acid

Ribosomal RNA

Room temperature

Run related transcription factor 2

subcutaneous

Saccharomyces cerevisiae
SKP1-cullin-F-box-protein complex

Section

Standard deviation

Sodium dodecyl sulfate

S phase kinase protein 2

Second mitochondria-derived activator of caspases
Signal transducer and activation transcription factor 3
truncated BID

Tris buffered saline

Tris buffered saline with Tween-20
Tetramethylethylenediamine

Tumor necrosis factor receptor 1

Tumor suppressor 53

TNF-related apoptosis inducing ligand receptor
Ursolic acid

Etoposide

Viscotoxin

Wingless-type MMTYV integration site family
4-[3-(4-lodophenyl)-2-(4-nitro-phenyl)-2H-5-tetrazolio]-1,3-
benzene disulfonate (Water soluble tetrazolium)

X-linked inhibitor of apoptosis
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