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Abstract

Cancer is a major public health problem throughout the world. It is estimated that one third of the
American population will develop the disease at some time during their lifetimes. Among these,
melanoma will account for 7% of the cases. In Brazil, in 2012, it is estimated that over six thou-
sand new melanoma cases occurred. During recent years, the incidence of melanoma has in-
creased, mainly due to a more constant exposure of the skin to sunlight. In this work, our aim is to
assess the expression of apoptotis-related genes melanoma tumors in mice treated with Viscum
album (VA). This will allow us to better understand the molecular mechanisms underlying tumor
cell death activation caused by this compound. Our results clearly demonstrate upregulation of
pro apoptotic genes (Trp53bp2, Nol3, Fadd, Tnfsf10, Trafl, Traf2, Cflar, Card10, Nod1, Casp 2,
Casp7, Xiap, Dadl, and Dffb). Further bioinformatics-based tool analysis allowed us to assess
which specific cell death-related intracellular pathways were activated by VA treatment. Two ma-
jor effects of VA in melanoma cells could be observed: generation of an immunomudulatory Th-1
like action, recruiting several interleukines, and cell death activation through Caspase7, asso-
ciated uspstream with Card10 and downstream with CAD. In summary, VA modulates apoptosis
related genes in cancer melanoma cells. Although a deeper study should be conducted, VA seems
to interfere with important signaling pathways within melanoma cells that control the cellular
mechanisms of apoptosis activation. Therapeutic approaches using VA as an antineoplastic and
adjuvant medication compounding should be considered.
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1. Introduction

In the United States, approximately 1 million people are being treated for melanoma, and the incidence esti-
mates for the disease are over 76 thousand new cases in 2012. The average age of these patients is 63 years for
men and 56 for women. Fortunately, 84% of diagnosed cases are confined to the primary site, or have a high
potential for cure [1]. In Brazil, over 6 thousand new melanoma cases were estimated to occur in 2014. The
highest rates of the disease are found in the southern part of the country, which is responsible, along with the
southeastern part, for 82% of new cases [2]. The median overall survival for all stages is 91.2% and 89.1%, re-
spectively, after 5 and 10 years [1].

Clinically melanoma is characterized by pigmented lesions displaying color change (black, brown, pink or
white), asymmetry and irregular borders. Usually these moles measure more than six millimeters in diameter
and are histologically classified as superficial spreading, nodular, lentigo maligna or acral lentiginous and des-
moplastic [3].

Despite an intense search for curative treatments for late-diagnosed malignant melanoma, the results are still
very limited [4]. Chemotherapy alone or in combination with radiotherapy has been ineffective in prolonging
survival. Upcoming approaches to treating malignant melanoma rely on immunotherapy [5] [6]. Thus far, there
is no ideal immunotherapeutic option to treat melanoma, although new drugs that fight cancer through immuno-
oncological mechanisms are under development, with a particular focus on the molecular mechanism of apopto-
sis.

Herbal extracts are sometimes used as complementary therapies for melanoma. In Europe, 15% - 73% of pa-
tients have received complementary alternative medicines as part of their treatment [7], and it is an especially
prevalent practice in German-speaking countries [8] [9]. In particular, the extract of Viscum album (VA), which
has been used for over 80 years, shows good results in some studies [10]-[12].

VA (also called mistletoe) is a hemiparasite medicinal plant, from the Lorentaceae family, hosted by several
trees in Europe, Africa and Asia. It has different therapeutic properties, which arise from the molecular interac-
tions of lectins and viscotoxins with different cellular components. Binding of lectins to polysaccharides on the
outer cell membrane leads to immunomodulatory activity while both lectins and viscotoxins contribute to cyto-
toxicity [13].

Currently, there is insufficient evidence to indicate VA as a therapy [14]. However, recent studies have sug-
gested that VA is able to increase the proliferation T-helper (CD4) and Natural-Killer cells, as well as stimulate
release of CD4-endorphins and lymphokines by macrophages, pro-inflamatory cytokines, and prostaglandin
[15]-[19]. Furthermore, VA was able to downregulate central gens involved in malignancy in glioblastoma cells
[20].

This being the case, the objective of this work is to assess the expression of apoptotis-related genes in mela-
noma tumors after VA treatment, in order to better understand the molecular mechanisms underlying the apop-
totic activation of melanoma tumor cells by VA.

2. Materials and Methods
2.1. Experimental Animals

A total of 12 female mice (Mus musculus domesticus), strain C57BL/6N, were used in this work. They were 8
weeks old and weighed approximately 25 g each. They were purchased from CEDEME-UNIFESP (Centro de
Desnvolvimento de Modelos Experimentais-UNIFESP). Mice were housed in standard laboratory conditions of
12:12 light:dark cycle and regulated temperature and humidity. Regular chow and water were available ad libi-
dum. All procedures were conducted according to the guidelines in “Principles of ethical and practical of labor-
atory animal care” (UNIFESP) and were approved by the ethics committee in the University in Sdo Paulo (CEP

0574/102).
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2.2. Experimental Groups

The mice were allocated into two different experimental groups. The control-group (n = 6) received a subcuta-
neous implant of tumor cells (see below for methods) followed by injections of distilled water. This group is
used to ensure that the data reflect the effects of the experiment itself and not the stress factor of injections. The
VA-treated group (n = 6) received subcutaneously implants of tumor cells followed by peritumoral injections of
VA (0.1 ml per injection) which were administered subcutaneously for 19 days. Injections were given around
the area that had been shaved for the injection of the B16F10 cell graft.

2.3. Tumor Cell Culture and Implant Procedure

The melanoma cell line B16F10 was cultured in RPMI 1640 medium (Gibco, Carlshad—CA) (made up of 10.00
g of RPMI, 2.00 g of sodium bicarbonate, 2.33 g of HEPES and 80.0 mg of garamicine diluted in 1.0 L of usp
water) pH 7.3 and supplemented with 10% of fetal bovine serum (Gibco, Carlshad—CA). Cells were grown in
T-25 flasks in an incubator at 37°C, 5% CO,. Cell flasks were checked daily and had their medium changed
every 72h.

Tumor cells (5 x 10* BF16-F10 cells suspended in PBS), were injected subcutaneously into the right dorsum
of each female mouse using an insulin syringe. Sham (distilled water) or VA treatment was begun on the same
day as tumor cell implantation.

2.4. Viscum album Preparations

VA Qu Spez was imported from WELEDA (Switzerland) by FAPESP, Sao Paulo, Brazil. We decide to use VA
Qu Spez because it is made for therapeutic use, and thus contains standardized levels of both lectins and visco-
toxins, thereby permitting comparisons to published literature. Viscum album Qu (Iscador Qu 5 mg special)
contains 0.375 ng of lectin per ml. We calculated the Viscum album’s dose as Van Huyen et al. (2006) based on
the lectins dosage that they had used [18].

2.5. Tumor Mass Collection

On day nineteen, animals were sacrificed for tumor mass harvesting. First, the mice were anesthetized with 0.3
mL of xylazine (Anasedan®) and 0.5 mL of ketamine (Dopalen®). The mice were then exsanguinated via intra-
cardiac puncture, in order to collect blood for separate study (Facina et al, unpublished data). The tumor mass
was then removed through a toraco-laparotomy, Tumor masses were kept in minitubes and maintained in liquid
nitrogen for later processing.

2.6 RNA Extraction, Purification and Measurement

RNA was extracted from the tumor masses using TRIzol Reagent (Invitrogen, Foster City, CA) following the
manufacturer’s instructions. The precipitated RNA from the aqueous phase was washed with 75% ethanol. The
RNA was dried and dissolved in RNase-free water. Total RNA was then purified with Qiagen RNeasy MiniKit
(Qiagen, Valencia, CA) and submitted to DNAse treatment. The amount and quality of the extracted RNA were
assessed by spectrophotometry using NanoDrop v3.3.0 (NanoDrop Technologies Inc., Rockland, DE) and by the
capillary electrophoresis system 2100 Agilent Bioanalyzer (Agilent Technologies, Palo Alto—CA) respectively.

2.7. qPCR Array

The Mouse Apoptosis RT? ProfilerTM PCR Array (SA Biosciences) was used for gene expression analysis. It
allows the simultaneous analysis of 84 genes involved in the regulation of apoptosis. Total RNA was extracted
from tumor masses and qualitatively tested through 2100 Bioanalizer (Agilent Technologies, Palo Alto CA) ac-
cording to the manufacturer’s instructions. Each total RNA sample added to qPCR reactions (control and treat-
ment) was obtained from six animals and a pool was prepared in triplicate from each animal. In each group, 1 pg
of total RNA (for plate) were used to convert cDNA via reverse transcriptase reaction using the First Strand kit
(SABiosciences, Qiagen), according to the manufacturer’s instructions. A cocktail containing cDNA and all the
optimized reagents and buffers needed for SYBR® Green were prepared based upon real-time polymerase chain
reactions. Twenty-five microliters of this experimental cocktail were added to each well on the 96-well plate,
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which was then loaded into a 7500 Fast Real-Time PCR System (Applied Biosystems) and run in a two-step
cycling program, with one initial cycle of 95°C for 10 min and 40 cycles of 15 s at 95°C and 1 min at 60°C.

2.8. Immunohistochemistry Assays

Tumoral cells were collected in neutralized formalin. The tissue was paraffin embedded and 5 pm sections were
prepared on polylysine coated glass slides from all tumors mass specimens. Immunohistochemical staining us-
ing anti-mouse Aktl and anti-mouse Bcl2 (Abcam Inc., Cambridge, MA, USA). Immunohistochemical staining
was performed using a standard polymer-peroxidase technique (Dako, Carpinteria, CA, USA). After deparaffi-
nation, rehydration and blockade of endogenous peroxidase activity, heat-induced antigen retrieval was per-
formed in Tris-EDTA buffer (pH 9.0). After antigen retrieval sections were covered with serum-free protein
block (Dako) for 1 hr, followed by incubation with anti-human Foxp3 (e-biosciences, San Diego, USA) for 1 hr
and EnVisionl anti-mouse/horseradish peroxidase (HRP) polymer (Dako) for 30 min at room temperature. Col-
or was developed using diaminobenzidine (DAB1) chromogen system.

2.9. Statistical Analysis and Data Treatment

gPCR reactions were analyzed through the online software RT2 Profiler PCR Array Data Analysis (SABios-
ciences). Descriptive statistics (means and standard deviation) and inferencial statistics were obtained through
the Student’s t-test, with significance level of 5% (p > 0.05).

Quantification Cycle values (qC) obtained were processed in a web-based software for arrays hosted by the
SA Biosciences website (a Qiagen company) called RT2 ProfilerPCR Array Data Analysis version 3.5
(http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php). This software allows uploading of Excel files
containing qC values for each group, in order to obtain the following parameters: average qC values, average
AqC fold change values, p values, fold regulation values, heat maps, scatter plots and clustergrams. We only
considered p values below 0.05 and fold regulation values higher than 2.00 to be statistically significant.

3. Results
3.1. PCR Array Analysis

In general, VA upregulated the expression of the genes related to apoptosis. The compound affected expression
of 31% of the genes in the plate when using the control group as a calibrator. No gene was downregulated by
VA. Major changes (cut-off > 2.0 fold) were observed in the following genes: Trafl, Dadl, Dffb, Trp53bp2,
Casp7, Xiap, Cflar, Nol3, Nod1, Card10, Tnfsf10 and Traf2 (Figure 1).

Moreover, different intracellular apoptotic pathways were activated by VA in the tumoral mass cells, such as
intrinsic and extrinsic pathways, the caspase family and fragmentation factors. However the main pathway acti-
vated by VA was the extrinsic apoptosis pathway, which is composed, among others, by the following genes
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Figure 1. Differentially expressed genes after treatment with VA when
compared to control without treatment. P values <0.05.
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Nol3, Fadd, Tnfsf10, Trafl, Traf2 and Cflar. All of these genes were upregulated by the treatment. The hallmark
of apoptotic cell death Dffb (DFF40/CAD endonuclease) was upregulated.

3.2. Immunohistochemistry

The immune-histochemistry assays showed the validation to the gene express assay by means qPCR. We chose
an important protein for validation, Aktl. The gene expression of this protein was not altered after g°PCR analy-
sis (fold regulation was 1.25). When comparing control and VA treated tumor cells using monoclonal antibody
against this protein, no difference was observed [% of cells: 28.4 + 7.5 (control) and 33.8 £ 4.96 (VA), p = 0.32,
N = 5; Student’s t test] (Figure 2).

3.3. MetaCore™ Analysis

Differentially expressed genes were associated with canonical pathways and provided us apoptosis related gene
networks. MetaCore™ (Thomson Reuters) analysis generated four different networks: Most genes were asso-
ciated with the group of apoptosis stimulators when compared to others groups (Figure 3).

Network 1 (NW1) is composed of the genes RINT-1, RCC1, dynamin, KNSL1, and CKS2. This network is re-
lated to the following GO processes: regulation of apoptotic process (65.0%; 1.145¢—10), regulation of pro-
grammed cell death (65.0%; 1.262e—10), regulation of cell death (65.0%; 1.886e—10), cell cycle (60.0%;
3.036e—10), and the apoptotic process (55.0%; 5.482e—10) (Data not shown).

NW?2 is composed of the genes TRAF1, c-FLIP (L), NF-kB p50/p65, ICAM1, and CD80. This network is re-
lated to the following GO processes: regulation of cytokine production (56.9%; 1.938e—34), positive regulation
of response to stimulus (72.5%; 2.214e—33), positive regulation of biological process (96.1%; 3.020e—32), im-
mune response (66.7%; 7.775e—32), and positive regulation of immune system processes (58.8%; 2.409¢—31)
(Data not shown).

Figure 2. Immuno-histochemical analysis using monoclonal anti-
body against AKT1 protein after treatment with VA when compared
to control without treatment. (a) (b) and (c): Three Different fields
for control; (d) (e) and (f):Three Different fields for VA treatment.
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Groups (%)
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Figure 3. Percentage distribution by groups of genes related to the apoptosis
pathways.

NW3 is composed of the genes IFN-beta, IFN-alpha, double-stranded RNA, Virus ssRNA extracellular re-
gion, and TANK. This network is related to the following GO processes: negative regulation of type | interferon
production (53.3%; 1.336e—19), regulation of type | interferon production (60.0%; 1.971e—19), positive regula-
tion of interferon-alpha production (40.0%; 8.498e—19), and regulation of innate immune response (73.3%;
1.915e-18), and negative regulation of cytokine production (66.7%; 2.804e—18).

NW4 is composed of the genes DAD1, BLIMP1 (PRDI-BF1), PAX5, and XBP1. This network is related to the
following GO processes: epithelial cell maturation involved in salivary gland development (25.0%; 1.804e—04),
serotonin secretion, neurotransmission (25.0%; 1.804e—04), epithelial cell differentiation involved in salivary
gland development (25.0%; 3.608e—04), cell differentiation involved in salivary gland development (25.0%;
5.412e—04), and positive regulation of endoplasmic reticulum unfolded protein response (25.0%; 7.215e—04).

3.4. Tumor Volume Analysis

We observed no statistically significant differences in tumor volume between the sham-operated and VA-treated
groups (p = 0.4846) (data not shown).

4. Discussion

In general, the apoptosis-related gene expression profile, here obtained, clearly demonstrates that VA exerts a
modulator effect on melanoma cells. This effect has an important role in driving the tumor cells to apoptosis, by
specifically activating the extrinsic apoptosis pathway.

Hamsa & Kuttan observed a decrease in the expression of Bcl-2 and an increased expression of the following
pro-apoptotic genes p53, caspase-3, 8, 9, BID and BAX in B16-F10 melanoma cells treated with an alkaloid as
opposed to VA. They suggested that both the intrinsic and the extrinsic apoptosis pathways were activated by
the alkaloid compound [21]. Another study with toxic lectin in Lymphoma cells showed similar results [22]. Al-
though Trp53bp2 (alias: ASPP2) gene expression was increased by VA, no change was observed for the Bax gene
(pro-apoptotic gene) which is induced by p53 and links to the Bcl family [23]. Tumor suppressor p53, frequently
mutated in cancers, is a tetrameric multidomain transcription factor, which bind to proteins of the ASPP family.
ASPP2, which seems to regulate selectively the apoptotic function, and not the cell-cycle, is upregulated [24].

Our protocol demonstrated activation of TNFsf10 (Alias: TRAIL), TRAF1, TRAF2 and FADD and subsequent
activation of Cflar and Nol 3. These genes translate members of the extrinsic apoptosis pathway. Nol-3 (alias:
ARC), an anti-apoptitic protein, is responsible for blocking both extrinsic and intrinsic apoptosis pathways [25].
TNF is a cytokine that has an important role in the cell cycle, as well as in cell proliferation, differentiation, sur-
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vival and death. TNF acts on cells through two different membrane-bound receptors, TNFR1 (tumor necrosis
factor receptor 1) and TNFR2 (tumor necrosis factor receptor 2): however, most of the known biological activi-
ties of TNF are triggered by the TNFR1 [26]. TRAF1 and TRAF2 (TNF receptor-associated factorl and 2) pre-
ferentially form 1:2 heterotrimers that interact with clAP [27]. clAP has a BIR domain that interacts with XIAP
and other components [28]. The death ligand TRAIL induces apoptosis by formation of DISC (death-inducing
signaling complex) and recruitment of the adapter molecule FADD [27] [29].

McLornan et al. suggest that CFLAR (Long) mRNA expression may play a prognostic role in adult acute
myeloid leukemia [30]. CFLAR is the main antipapoptotic resistance factor regulator in the extrinsic pathway
[31]. ARC antagonizes the extrinsic pathway blocking DISC assembly through Fas, FADD, and procaspase 8
cascade activation. This leads the cell to inhibit the intrinsic pathway by blocking BAX and p53 transcriptional
function [32].

Activation of caspase 8 is an ordinary action of VA [15]. Other authors have reported the absence of caspase
8 with use of lectins [22] [33]. Caspase 8 is in the end of extrinsic apoptotic pathway as well as in the beginning
of initiator caspases [34]. In our work, the gene for caspase 8 was not differentially expressed after VA treat-
ment. Another important group of differentially expressed genes triggered by VA treatment in melanoma cells
was caspase 2, caspase 7, Nodl and Card-10. Apoptosis induction by IFN-f in association with caspase 2 has
already been demonsrated and caspase 2 has been suggested as a possible measurable marker in melanoma [35].
Drugs like etoposide are able to induce apoptosis, where caspase-2 acts as an upstream activator of mitochondri-
al release of cytochrome c. This being the case, it seems like caspase 2 acts as a mitochondrial pathway effector
[36]. Altogether, we believe that caspase 2 is produced as the result of the integration of different effects of VA.

Manon et al. observed that Nod1 might interact with Card-10 in order to activate NF-xB [37]. CARD gene
family members are divided into two big groups, one activated by caspases and one activated by NF-«B [38].
Caspase-7 is an effector caspase, although it usually requires caspase-1 activity for its own activation in “in-
flammasomes” [39] [40]. The inflammasome composition depends on the type of bound nucleotides and also on
oligomerization domains (NOD). This being the case, our study clearly demonstrates that VA triggers a very
specific response in melanoma cells, while the compound employed by Hamsa & Kuttan activated both apopto-
sis pathways [41].

In addition, we also observed that the XIAP gene (X-linked inhibitor of apoptosis) was overexpressed by the
treatment. XIAP is known for inhibiting caspase 3 e 9 through BIR domains [42]. Specific alterations of the BIR
domain in XIAP render inhibition of caspases 3 and 7 to be ineffective [43]. Curiously, it could also be observed
that Dad-1 and dffb were overexpressed by VA treatment in melanoma cells. Lindhom et al. reported that dys-
function of Dad-1 gene (cell death defense molecule) is connected to programmed cell death. DAD 1 is a sub-
unit of the oligosaccharytransferase complex, located in the Endoplasmatic reticulum membrane [44]. Dadl is
associated with Neuroencocrine tumor risk [45].

Previous studies have revealed that DNA fragmentation in apoptosis is mediated by a heterodimeric complex
composed of DFFa and DFFb. This heterodimer undergoes cleavage by an effector caspase and eventually enters
the nucleus and degrade chromosomal DNA fragmentation [46]. In another previous study, Kim et al. demon-
strated that caspase 7 could alone induce DNA fragmentation and activate CAD under some special conditions [47].

5. Conclusions

In summary, our results demonstrate that VA drives melanoma cells to programmed cell death, possibly through
activation of the extrinsic apoptotic pathway, but certainly not by activating the intrinsic pathway. Cell death
induction seems to be activated by Caspase 7 in a specific manner, perhaps by recruiting nod-1 in association
upstream with card-10 and downstream with CAD.

In summary, VA modulates apoptosis related genes in cancer melanoma cells. Although a deeper study
should be conducted, VA seems to interfere with important signaling pathways within melanoma that control the
cellular mechanisms of apoptosis activation. Therapeutic approaches using VA as an antineoplastic and adjuvant
medication compounding should be considered.
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