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Melanoma is the most aggressive type of skin cancer, the incidence of which has been increasing annually

worldwide.

vanadium vanadium complexes vanadium nanopatrticles

| 1. Introduction

The past decades have marked important advances in the traditional view of many roles that metals and their
compounds play in biological systems. In fact, metals, inorganic compounds and/or metals-organic frameworks
show a diversity of properties that allowed them to present several and distinct biological, environmental and health
applications LIZIEIAEIGI7IEIRI10AL12]1314]IS]AGIL718I19]  Recent insights into metals applications includes for
instance, zinc nanoparticles as feed additives showing more efficiency than zinc salts, increasing growth not only in
fish & but also in plants @, besides preventing metal contaminants accumulation & and normalizing antioxidant
biomarkers W&, Very recently, zinc salts have been referred with a potential use in medicine such for the
prevention and treatment of SARS-CoV-2 infection B4 Polyoxotungstates (POTs), such as decatungstate
(W1003,%7), have shown, by photocatalytic activity, to decompose antibiotics namely sulfasalazine and
sulfapyridine with different specificities and rates [2l. Besides green biotechnology applications, it was suggested
that some POTs hamper melanoma cancer cells growth through inhibition of aquaporin-3 activity [, whereas

others POTs as well as gold compounds showed specific inhibitory activities for P-type ATPases 8],

Removal of metal contaminants, such as for example cadmium, lead, arsenic and uranium from the environmental
is still a problem to overcome in the 21st century. Recent studies highlighted the importance of uranyl speciation
and the choice of specific chelating ligands for uranium removal and recovery from wastewater using
electrocoagulation, being alizarin and iron electrode the most efficient combination [, On the other hand, metals
contaminants such as cadmium are known to induce changes in biochemical parameters in brain causing
neurological dysfunction that were proposed to be prevent by tomato and/or garlic extracts, in a rat model 2, |n
humans, cadmium levels in urine were also found to be associated with an increase of LDL (low density
lipoprotein)-cholesterol and a decrease of HDL (high density lipoprotein)-cholesterol, leading to an increased
cardiovascular risk 1],

Lithium, the well-known benefic metal and used in treatment of bipolar disease, has been recently described to
partially prevent the increase of Na*/K*-ATPase activity induced by sleep privation, as observed in rats 22, In

humans, lithium showed to be a Na*/K*-ATPase regulator once it was verified that impede the decreased of the
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Na*/K*-ATPase activity observed in chorea-acanthocytosis patients 13l Essential elements such as cobalt could
be a good choice in hip prosthesis 4. However, it was described that cobalt is accumulated and affects differently
astrocytes and neurons, inducing cytotoxicity in brain cells 24! whereas functionalized cobalt nanoflakes were
described with anticancer activities 22, Finally, a large number of different vanadium salts and complexes have
been investigated and reported to have insulin enhancing, as well as anticancer properties 18171 Regarding
vanadium and cancer, the number of articles found are higher for lung (n = 80), breast (n = 73) and liver (n = 70)
cancer, medium for colon (n = 32), leukemia (n = 26) and bone (n = 21), whereas lower numbers of studies were

found for brain (n = 10) and skin (n = 8), after a research in the Web of Science.

Although vanadium studies in skin cancer have being scarce, melanoma is the most aggressive type of skin
cancer, and its incidence has been increasing annually worldwide at a faster rate compared to any other type of
malignant tumor 29211 Usually, this pathology is diagnosed early and treated by surgery. On the other hand, its
ability to metastasize makes this pathology dangerous 21, which along with patients’ relapse driven by the
acquisition of therapy resistance 22, makes the search for novel therapeutic targets and options for melanoma

treatment a priority 23],

This disease develops from melanocytes, cells found predominantly in the basal layer of the epidermis [29[24125]
Melanocytes derive embryologically from pluripotent neural crest stem cells, which have high migratory potential
(25]126] This migratory embryonic origin of the melanocytes explains why melanoma is a type of cancer with a high
capacity for metastasis [22l. The homeostasis of these melanocytes is controlled by epidermal keratinocytes. These
last cells produce a hormone called MSH (melanocyte stimulating hormone), which allows the binding between
MC1R (melanocortin 1 receptor) and melanocytes, controlling melanocytes proliferation and preventing the
appearance of changes in DNA, through the production of melanin 29, When skin cells are exposed to excessive
ultraviolet (UV) radiation, the formation of malignant melanocytes can be induced through two different
mechanisms: direct transformation of normal melanocytes into cancerous melanocytes and the transformation of
melanocytes into benign nevi, which subsequently become malignant (Eigure 1). Direct targeting of melanocytes
normally occurs when mutations in proto-oncogenes and tumor suppressor genes emergence (TP53, NF1, PTEN,
etc.). When melanocytes are turned into benign nevi, these can stay that way for decades. However, UV rays can
cause the appearance of genetic mutations in the TERT genes (reverse transcriptase of telomerase Il) and
CDKNZ2A (cyclin 2A-dependent kinase inhibitor) for example, which lead to malignant transformation of the nevi
(Eigure 1) 291,
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Figure 1. Skin cells exposed to excessive UV radiation. Formation of malignant melanocytes by direct
transformation of normal melanocytes and/or transformation of melanocytes into benign nevi, which become
malignant (adapted from [29). ARID2, AT-rich interaction domain 2; BRAF, B-Raf proto-oncogene; CDKN2A, cyclin-
dependent kinase inhibitor 2A; KIT, KIT proto-oncogene receptor tyrosine kinase; MC1R, melanocortin 1 receptor;
MSH, melanocyte stimulating hormone; NF1, neurofiboromin 1; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-
kinase catalytic subunit alpha; PTEN, phosphatase and tensin homolog; TERT, telomerase reverse transcriptase;

TP53, tumor protein p53.

| 2. Methodology

In this systematic review, the following databases were chosen: Clinical Trials, Cochrane Library, Pubmed/Medline,
Scielo and Web of Science. Search terms used were: “Melanoma AND vanadium” and “Melanoma AND vanadate”.
The literature search was carried out between the 10 March 2021 and the 31 March 2021.

Inclusion and exclusion criteria were defined to select the articles with more relevance to this study (Eigure 2, steps

5 and 6, respectively).
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Figure 2. Methodology diagram of the articles’ selection process.

After the initial research (Eigure 2, step 1), articles which were relevant to the topic were selected by at least two

independent researchers, by applying the following steps:

» Removal of articles not published between 2000 and 2021 (Eigure 2, step 2);

» Removal of review articles (Eigure 2, step 3);
» Evaluation of titles/abstracts and obtaining all articles potentially relevant;

» Confirmation of the relevance or irrelevance of the articles obtained, checking for factors that would imply

inclusion/exclusion, through the reading of the full articles (Figure 2, step 4);
» Organization of selected studies in a reference management program.

After selecting the articles with relevance to the topic, the data were grouped and treated. Subsequently, the results
of the various investigations were studied, and the methods, doses and treatment durations, types of samples and
models used, were analyzed. The summary of the methodology used is outlined in Figure 2. From the twenty-one
studies found, twelve were eliminated, of which: nine articles for not being dated between 2000 and 2021; two
articles because they were a review; and one article for being irrelevant to the topic. Finally, nine articles were

considered for this review.

3. Types of Vanadium Based-Compounds Used in Studies
against Melanoma
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Among the eleven vanadium, vanadium complexes and/or materials found in the nine articles selected, eight are
vanadium (1V), and/or vanadium (V) compounds, two represents vanadium nanoparticles (NPs) (compounds 3 and
7) and one is an emergent material from the family of early transition metal carbides/nitrides referred to as MXenes
(compound 2) (Table 1). Regarding the eight vanadium(IV/V) solutions, seven are complexes of oxidovanadium
(IV) and/or salts of oxidovanadium (compounds 1, 5, 6, 8, 9, 10 and 11) and one is the monomeric vanadate
species itself (compound 4). The structure of these vanadium compounds and/or vanadium materials [27128][29](30]
[3LI[321[33](341(35] gre represented in Table 1. It should be noted that compound 6 can be formed with both vanadium
oxidation states 1V (oxidovanadium(lV)) and V (vanadate) being compounds 4 and 5 described in two articles 2%

(81 while compounds 5, 8 and 9 were referred in the same article (31] (Table 1).

Table 1. Representation of the structures of vanadium compounds and/or vanadium materials included in the entry.
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4. Vanadium Species, Complexes and/or Materials Effects in
Melanoma Cells

4.1. Cell Viability Effects

B16F10 cells (murine skin melanoma) were treated with several concentrations of vanadyl sulfate (VOSOj,)
(compound 1), treated with or without recombinant Newcastle disease virus (NDV). NDV, is an oncolytic agent that
has been study in pre-clinical cancer models and human clinical trials [36] After 48 h, the cellular metabolic ability

was measured using the resazurin assay. Vanadyl plus NDV reduced the metabolic activity of B16F10 cells,
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showing that cell viability decreased between 45% and 90%, 90% at the highest concentration used of VOSO,4
(200 uM). The combination between vanadyl (oxidovanadium(lV)) and the oncolytic agent NDV showed further
decrease in cell viability than either VOSO, or NDV alone, being dose-dependent. While using VOSO, alone
reduced over 50% of metabolic activity only from 100 uM and above, the combination with NDV showed a similar
inhibitory effect at the lowest dose of VOSO, tested (0.78 pM) [ZZ,

The effects of V,CT,-0X,4/V,CT,-0x4g (Compound 2) were studied in A375 cells (human malignant melanoma) and
in HaCaT cells (immortalized keratinocytes). Cells were treated with several concentrations of the two MXenes and
an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)) assay was done to measure the metabolic
activity of the cells, as a measure of cellular viability. Comparing both MXenes, the results showed that V,CT,-0X4g
provided a higher decrease in cell viability: in A375 cells, cells viability decreased between 28-65%; in HaCaT
cells, cells viability decreased between 25% and 60%. V,CT,-0X,, showed a decrease between 15% and 55% in
A375 cells and between 2% and 30% in HaCaT cells. The highest decrease in cell viability was detected at the
highest concentrations used (200 pg/mL), in both cell lines. While a decrease of 50% of cellular viability was
observed with 25-50 pg/mL of V,CT,-0x,4 only in A375 melanoma cells, a comparable inhibitory effect was

achieved with 1-5 pg/mL of V,CT,-0%4g, in both cell lines (28],

B16F10 cells were treated with several concentrations of vanadium pentoxide (V,0s5) (compound 3) during 24 h.
The MTT assay showed that the viability of the cells, treated with increasing doses of V,0s, decreased up to 70%
with the highest concentration used (50 pg/mL), showing dose-dependent inhibition levels between 15% and 70%.

A decrease of 50% of cellular viability was observed upon treatment with 10 pg/mL in melanoma cells 22,

Cytotoxic activity for compounds 4, 5, 8 and 9 (VN, VS2, VS3, and VS4, respectively) was evaluated by MTT assay
in A375 and CN-mel (human noncutaneous metastatic melanoma 7)) cells. Both cell lines were treated for 72 h at
three different concentrations (1, 10 and 100 uM) of each vanadium compound BYE1 At the lowest concentration,
cells did not show accentuated signs of decreased cell viability. On the other hand, at 10 and 100 uM, A375 cells
underwent a marked decrease in cell viability, presenting viability values never greater than 2% for all compounds,
regardless of the concentration tested. CN-mel showed a less accentuated decrease, having viability values
between 52% and 59% at 10 uM but even so, at the highest concentration (100 uM), there was a more pronounced
decrease viability, with viability values between 1.5% and 13%. In these conditions, IC50 values between 2.4 and
4.7 uM were found for A375 cells and between 6.5 and 14 uM for CN-mel cancer cells. The relative order of
potency for human noncutaneous metastatic melanoma was found to be compound 4 > 8 > 5 > 9 whereas for

human malignant melanoma, the potency was different namely compound 8 >5 > 9 > 4,

B16F10 cells were treated with several concentrations of compound 6, XGC:VO, which was cytotoxic in a
concentration-dependent fashion. After 24 h of incubation, XGC:VO treatment decreased cells viability by 23% and

50% at 2.5 ug/mL and 300 pg/mL, respectively, though similar to what was observed with the polysaccharide XGC
alone 32,
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When treated with compound 11, Pyr,enVO, in the only concentration used (50 uM) and incubated for 72 h, the
results showed 93% of cell death in A375 cells. Under these conditions, 1Csq values (uM) of 61.5 (24 h), 13.0 (48 h)

and 6.0 (72 h) were found. Similarly, when treated with Pyr,en solo (50 uM), cell mortality in A375 cells was around
18% (351,

4.2. Cell Morphology and Apoptosis Effects

To find out if apoptosis or necrosis occurs when A375 melanoma cells are incubated with compound 2 V,CT,-
0X24/VoCT,-0X4g fOr 24 h, a cytometric analysis using Annexin V-FITC and propidium iodide (Pl) was performed.
When performed in HaCaT cells, the results showed that the population of apoptotic cells was negligible, showing
that the MXenes are biocompatible with keratinocytes (over 70% survivability). A375 cells exposed to the highest

concentrations of s-V,CTz-0x48 showed the highest percentage of necrotic cells 28],

B16F10 cells were incubated with compound 3 (V,0s) and with SU-5416 (semaxanib) for 18 h 22, SU-5416 was
used as a positive control, since this substance is an inhibitor of angiogenesis and leads to suppression of tumors
through the induction of apoptosis 2238 Flow cytometry assay showed that cells treated with V,0s5 or with SU-
5416 showed an increase in the apoptotic region in the single tested concentration (10 pg/mL), in relation to
untreated cells. A TUNEL assay was also performed in the same conditions and the results exhibited TUNEL
positivity with V,05 (10 pg/mL) and SU-5416 (20 nM) for 18 h, indicating DNA damage.

Apoptosis evaluation tests were performed on cells treated with compounds 4 and 5 (VN and VS2, respectively) in
two different articles 29311 having counted the live, apoptotic and necrotic cells. In Pisano, et al. (39 yntreated and
treated cells were also treated with NAC (N-acetylcysteine), a ROS inhibitory compound 32, as control. The
Annexin V apoptosis assays suggested that treatments with the longer duration (48 h) and higher doses cause a
larger apoptotic effect in A375 cells. VN increased apoptotic population up to 48%, while VS2 increased apoptotic
population up to 52%, at the highest concentration used (20 ug/mL) in 48 h assays. In Rozzo, el al. Bl the
Annexin V apoptosis assays suggested that treatments with the longer duration (72 h) and higher doses cause
larger apoptotic effects in A375 cells, as well. VN increased apoptotic population up to 70%, while VS2 increased

apoptotic population up to 67%, at the highest concentration used (20 pg/mL) in 72 h assays.

Apoptotic analysis using flow cytometry was carried out to study the apoptotic effects of compound 6 (XGC:VO)
and XGC alone, in B16F10 cells (2. Cells were studied after 24 h treatments. The number of apoptotic cells
increased 50% after treatment with XGC:VO, at the highest concentration used (200 pg/mL). In additional
concentrations (5 and 25 pg/mL) and in cells treated with XGC (in all concentrations used), the appearance of

apoptotic cells was considered by the authors to be mild.

Finally, cell morphology changes were described for compound 10 241, This, in the tests with the compound 10, Ru-
(pbt)o(tpphz)VO(salt-L-tryp), malignant cells of human amelanotic melanoma were used. The studies were carried
out at concentrations of 5 and 20 yM, differing in the absence/presence of light. Both conditions were treated in the

same way. Briefly, after 24 h of treatment, cells were incubated for 30 min in light or in the dark, and after 3 h the
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photos were taken using the microscope. The results indicated that death occurred in treated cells in the presence

of light at the highest concentration of compound 10 (20 uM), although there are also some effects at the lowest

concentration (5 uM). Table 2 includes the effects referred above for the cellular viability, morphology and apoptosis

effects of the vanadium compounds, as well as the effects described in the following sections namely: cell cycle

effects, ROS production, mitochondrial effects, proteins expression studies and additionally in vivo anticancer

activities such as tumor regression and survival rates.

Table 2. Vanadium compounds and materials effects in human melanoma cells lines, namely A375 (human

malignant melanoma), CN-mel (human metastatic melanoma), amelanotic melanoma and B16F10 (Mus musculus

skin melanoma) namely in: Cell viability, cell morphology and apoptosis effects, cell cycle effects, ROS production,

mitochondrial effects and protein expressions. Mice in vivo anticancer studies are also included.

Cell
Compound .le.lll. Morgm)jlogy CeIfInycIe I:OS_ M'toi?ond”al Exs:g;gigns A|:|t1i(\:/a:‘r:2er
Viability Apoptosis Effects Production Effects Studies Activity
Effects
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Vo1l produces upon VOSO,
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A375 A375 cells
cells V2CTz-
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s AsTScells  Coar  ROSto s-V2CTz-
inhibition -:—h? f cycle 225%, 0x48, slight
V.CTz 2 for/l—l:% po;)uoattlgtri\co arrest in (200 increase
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VLT 140% (100
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VP 3 B16F10 B16F10 B16F10 cells Mice
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cells Increase of Anion p53 rate
apoptosis (10 superoxide downregulation  increased up
pg/mL), for formation of anti- to 47 days,
50% 18 h DNA (10 pg/mL) apoptotic (10 mg/kg)
inhibition  damage (10 No changes:
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Cell
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Tests were carried out on A375 cells, with compounds 4 and 5 (VN and VS2, respectively), to evaluate the effects
on cell cycle progression through PI cell staining 21 Cells treated with two different concentrations of VN and VS2
(10 and 20 pg/mL), for 24 h, 48 h and 72 h, were studied. Cells treated with compound 4 (VN) for 48 h and 72 h did

not survive for such periods, so it was not possible to evaluate the cell cycle progression. When treated with
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B16F10 cells were treated with DHE (dihydroethidium) reagent after compound 3 V,0g nanoparticles (10 pg/mL)
and SU-5416 (20 nM) exposure to determine the intracellular anion superoxide production. Cells treated with V,0g
or SU-5416, displayed red fluorescence indicating the formation of intracellular ROS, suggesting that the formation

of superoxide could be the plausible mechanism for the anticancer activity of vanadium pentoxide 22,

A375 cells were treated with compounds 4 and 5, VN and VS2 and the percentage of ROS that appeared after
treatments was measured through flow cytometry assay B9, Percentages of ROS were checked in
absence/presence of NAC (N-acetylcysteine). The increase of ROS with VN showed to be dependent on the
treatment duration, showing no differences between the two doses used (10 and 20 pg/mL). ROS formation
increased up to ~78% at the highest duration (48 h) and dose (20 pg/mL) used. VS2 showed to be dependent on
the duration and dose of the treatment, showing ROS formation increasing up to ~78% as well, at the highest
duration (48 h) and dose (20 pg/mL) B9,

In the studies of compound 11 Pyr,enVO assay, A375 cells were also treated with Pyr,en alone and NAC was also
used to inhibit the generation of ROS 3. The results, obtained through flow cytometry, showed that the
percentage of ROS formation did not exceed 23% (with or without NAC), reaching this value in cells treated for 24
h with the single tested concentration (100 uM) of Pyr,enVO. The increase of ROS was dependent of the duration

of treatment. Cells treated with Pyr2en alone did not show ROS generation 5],

4.5. Effects on Mitochondria Function

Mitochondrial activity after the exposure of A375 and HaCaT cells to compound 2 s-V,CTz-0x24 and s-V,CTz-0x48

at several concentrations was determined by monitoring the level of mitochondrial membrane potential (A¥Wm)
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using the JC-10 dye 28, HaCaT cells suffered a slight decrease in the AWm, in the presence of both MXenes. On

the other hand, A375 cells exposed to s-V,CTz-0x48 suffered a slight increase of the AWm.

The effects on the respiration of B16F10 cells treated with compound 6 XGC:VO (5 and 25 pg/mL) for 24 h were
studied by high-resolution respirometry in an Oxygraph-2k B2, The results showed an inhibition of cellular
respiration. Thus, in the basal state, cells respiration decreased up to 43% and 54% in treatments with 5 and 25
pa/mL, respectively. On the uncoupled state, XGC:VO inhibited the cells respiration up to 60% in treatments with 5
and 25 pg/mL. The effects of XGC:VO (5 and 25 pg/mL for 24 h) in the production of lactate and pyruvate by
B16F10 cells were also studied. The treatment with the complex resulted in a decrease of about 34% and 22.5% in
the production of pyruvate, for concentrations 5 and 25 pg/mL, respectively. Still, XGC:VO did not alter the

production of lactate (Table 2).

Finally, measurement of mitochondrial membrane potential (AWm) was done by flow cytometry (FL-2 channel) in
A375 cells treated with 100 uM of compound 11 Pyr,enVO or vehicle (Pyr2en) for 24, 48 and 72 h. The results

showed that the percentage of cells with a potential loss was 34.65% after 48 h and rose to 73.24% after 72 h 32,

4.6. Protein Expressions Effects

To begin dissecting cellular mechanisms of action, B16F10 cells treated with compound 3 V,05 NPs (10-20
png/mL) were studied through Western blot, checking the differential apoptotic proteins expression. The results
demonstrated upregulation of p53 and downregulation of anti-apoptotic protein survivin, corroborating with the

apoptosis and cell cycle analysis 22,

In Pisano, et al. B9 A375 cells were treated with the compounds 4 and 5, VN and VS2, at two different
concentrations (10 and 20 uM), for several time intervals (3, 6, 16 and 24 h). To study the levels of expression
and/or activation of some key proteins that regulate the initiation and progression of cell cycle, Western blot
experiments were carried out using specific antibodies for several proteins. A375 cells, after treatments with VN
and VS2, suffered a gradual decrease up to 20% in the levels of ERK phosphorylation (P-ERK). On the other hand,
the levels of total ERK protein expression remained unchanged, after both treatments. Levels of P-Rb suffered a
gradual decrease, reaching levels of 0% and 10%, respectively after 16 h of treatments with VN (20 uM) and after
24 h of treatments with VS2 (10 uM). The expression of the CDK inhibitor p21Cipl increased during the first hours
(3 and 6 h) of treatment with the two compounds. p21Cipl increased up to 10-14 times in compound 4, VN-treated
cells, and up to 18 times in VS2 treated cells. When P-Cdc25c was studied, the results showed a 20% and 10%
decrease in 10 and 20 uM VN/VS2 treated cells, respectively. After treatments with compound 5, VS2 (10 and 20
uM), A375 cells were subjected to a Western blot in Rozzo, et al. B, The assay showed an increasing of the
cleaved PARP band (85 kD) and decreasing of the whole PARP band (116 kD), dose-dependent, confirming
apoptosis (Table 2).

4.7. Anticancer Effects In Vivo
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C57BL/6 mice were implanted with B16F10 tumor cells intradermally and when the tumors reached 5 mm in
diameter, the treatments were initiated. The groups of animals were either injected intratumorally with phosphate-
buffered saline (PBS), compound 1 VOSO, (20 mg/kg or 40 mg/kg), Newcastle disease virus (NDV) solo, or a
combination of VOSO, plus NDV, every 48 h for a total of 3 treatments. The treatments ended when tumors
reached 15 mm in a single direction. The results showed that there was a fast tumor regression in mice treated
with VOSO, (40 mg/kg) plus NDV, after only 96 h. On the other hand, when mice were treated with a lower dose of
VOSO, (20 mg/kg) plus NDV, 50% of the mice were cured of their disease [Z. After the animals were cured, the
authors studied the hypothesis that treatment induced a tumor-specific memory. Mice were once again injected
with B16F10 tumor cell, intravenously and subcutaneously, without any treatments there was no increase in

survival rate when compared to controls, disproving the proposed hypothesis 27,

Still regarding compound 1, the effects on the tumor microenvironment (TME) and in tumor-draining lymph nodes
(TdLNSs) were studied. When tumors reached 8 mm in any one direction, the therapy was administered and after 36
h tumors were harvested from the mice. The therapy consisted in a single intratumoral treatment with PBS, vanadyl
sulfate (40 mg/kg), NDV or in a combination of vanadyl sulfate plus NDV. Several leukocyte subsets were
guantified by flow cytometry and the results showed that the relative number of IFN-y (producing NK cells) in the
TME and in TdLNs increased in the combination treatment, indicating that this therapy potentiates the innate

immune response 27,

It was also studied the cytotoxic potential of NK cells and the presence of M2 macrophages in tumors harvest from
mice administered with a single intratumoral injection of PBS, vanady! sulfate (40 mg/kg), NDV (5.0 x 107 PFU), or
vanadyl sulfate 4 h prior to NDV, after 24 h. It was performed tumor-infiltrating lymphocyte (TIL) analysis using a
specific antibody panel for this concrete study. The results showed that vanadyl sulfate plus NDV provoked the
highest percentage of NK cells producing granzyme B, a cytotoxic serine protease found in the granules of NK
cells. The results also showed that the number of M2 macrophages, identified through the presence of CD206, was
reduced in treatments with vanadyl sulfate plus NDV. The therapy with vanadyl sulfate plus NDV enhanced the
cytolytic potential of NK cells, while simultaneously decreased the immunosuppressive nature of the tumor
microenvironment 24, To investigate how this combination therapy alters the cytokine profile in the tumor
microenvironment, tumor’s cytokines were quantified in tumors harvested 36 h after treatments with PBS, vanadyl
sulfate (40 mg/kg), NDV (5.0 x 107 PFU) or of vanadyl sulfate in combination with NDV, using a flow cytometry.
There was an increase in the percentages of IFN-b, GM-CSF, MCP-1 (CCL2) and IL-6, while there was a decrease
in percentages of IL-1B3. Also, NDV or vanady! sulfate plus NDV both increased the percentages of CXCL-10 and
CCL5. The combination therapy showed changes in the cytokine profile in the TME.

To study the efficacy of compound 2 V,Os in vivo, female C57BL/6J mice were injected subcutaneously in the
lower right abdomen with B16F10 cells 29, Later, a study was carried out to verify the animals’ ability to survive.
Thus, four groups of three mice were treated with different concentrations of vanadium pentoxide (0, 1, 5 and 10
mg/kg). Doses were administered intra-peritoneally when tumors reached 50-10 mm?3, every 7 days. It was found
that after treatments, the animals’ survival rate increased, in comparison to untreated mice, at the highest dose

used. It was also performed an assay to study the sub chronic toxicity of V,Os. Three groups of 5 mice were
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treated with 0, 10 mg/kg of V,05 NPs and 20 mg/kg of V,05 NPs, injected intra-peritoneally for 7 consecutive
doses for a period of 28 days. The results showed that V,05 NPs did not bring changes in body weight or in feed
intake. After sacrifice of the mice that underwent the study of sub chronic toxicity, several analyses to assess the
effects caused by the administration of V,0s5, namely a histopathological analysis, were performed. Globally, the
mice did not show changes in the organs, and only some changes appeared, such as fatty degeneration in the liver

tissues (when treated with a dose of 20 mg/kg) and mild peri-biliary fibrosis (when treated with a dose of 10 mg/kg).

Finally, the antitumor efficiency of chemotherapy with cisplatin (CDDP) alone and incorporated into the compound
7 Y'""WVO,:Eu" NPs in vivo, was evaluated 3. Male C57BL/6 mice were injected subcutaneously into the right
dorsolateral region with viable B16F10 cells. When the tumor had reached approximately 100 mm? (18 days after
cell implantation), five groups of five mice were treated with different compounds, such as 15 mg/kg of
Y'"WVO,EU", 15 mg/kg of Y'"WVO,EU": CPTES (3-chloropropyltrimethoxysilane), 15 mg/kg of
Y'"\WVO,:Eu":CPTES:CDDP, 15 mg/ kg of Y"\VVO,:Eu'": CPTES:FA:CDDP and 5 mg/kg of CDDP, once a day and
for 5 consecutive days. The survival rate of the mice studied was 70% in the CDDP group and 100% in all other
groups. Furthermore, the group treated with CDDP solo, exhibited weight loss and liver weight decreased about
44%. It was observed that there was tumor weight reduction when treated with Y'"'VVO,:Eu'":CPTES:CDDP,
Y'"WVO,:Eu": CPTES:FA:CDDP and CDDP, but not when treated with Y'"'VVO,:Eu" and Y"\VVO,:Eu": CPTES.

After the sacrifice of the mice, histopathological analysis showed a reduction in proliferative activity in mice treated
with  Y'"\WVO,:Eu":CPTES:CDDP, Y"\WVO,Eu": CPTES:FA:CDDP and CDDP, but not when treated with
Y'"WVO,EU" and Y'"WVO,:Eu":CPTES. It was also performed a micronucleus assay through Trypan blue
exclusion, which assesses the frequency of micronuclei (genotoxic damage indicators) and this showed that there
is a greater micronuclei formation in animals treated with Y""VVO,:Eu":CPTES:CDDP only. Biochemical analysis
suggested that treatment with CDDP causes nephrotoxicity (3. The effects described above are briefly

summarized in Table 2.
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