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ABSTRACT

Despite all the efforts that have been made to find better and more effective treatments to cure
cancer, this disease remains one of the leading causes of death worldwide. The better understanding
of cancer characteristics in recent years has also allowed the exploitation of new biological targets for
treatment. The field of oncological research has been moving fast with new treatments and new

molecules being discovered that can stop the growth of cancer cells avoiding damage to healthy tissues.

Previous data from the Human Genetics and Cancer Therapeutic Lab@FCT demonstrated that
Cobalt and Zinc complexes with PhenDion (TS265 and TS262, respectively) have an excellent
antiproliferative potential in a highly metastatic immortalized canine mammary tumor cell line, FR37-
CMT. Moreover, both complexes were able to reduce tumor volume in human colorectal cancer

xenografts with low accumulation in healthy tissues.

Based on these results, in this work, six metal complexes, all containing PhenDION as ligand,

were tested against this metastatic canine tumor cell line, FR37-CMT.

Cell viability was assessed by the MTS Tetrazolium assay (MTS) and results indicated that
JHOR9 and F (manganese) and VO(dipic)(DION) (vanadium) were the most highly cytotoxic with ICso
below 10 uM (JHOR9 (6.41 pM), F (8.20 uM) and VO(dipic)(DION) (0.28 uM)).The compounds seems
to be more selective to cancer cells compared to normal cells. The loss of FR37-CMT cell viability could

be attributed to the increase of reactive oxygen species and induction of autophagy.

Before proceeding to in vivo tests, the complex with greatest potential was selected based on
a Value Creation Wheel (VCW) . Based on the filters used, results indicated that the vanadium complex

was the most adequate to be further selected.

Therefore, and given that this research is at a very embryonic stage, deeper studies are still
needed for a better definition of the most suited business model for the project. Regulations required in
testing in vivo and research and development having in mind the cost benefit relationship to costumers
are aspects that should be taken into consideration. The possibility of patenting and, later on, licensing
the complex is a strategy that should not be discarded at this stage, as well as the possibility of exploring

the technology as a spin off from Nova University.

Keywords: cancer; metal complexes; financial analysis; market research



RESUMO

Apesar de todos os esfor¢cos que tém sido feitos para encontrar tratamentos melhores e mais
eficazes para curar o cancro, esta doenca continua a ser uma das principais causas de morte em todo
o mundo. O melhor conhecimento das caracteristicas do cancro ao longo dos Ultimos anos, permitiu a
exploragdo de novos alvos bioldgicos para o tratamento. O campo da pesquisa oncologica vem
surgindo rapidamente com novos tratamentos e novas moléculas a ser descobertas que podem impedir

o crescimento de células cancerigenas evitando danos aos tecidos saudaveis.

Dados anteriores do Human Genetics and Cancer Therapeutic Lab@FCT demonstraram que
os complexos de Cobalto e Zinco com PhenDion (TS265 e TS262, respectivamente) tém um excelente
potencial antiproliferativo em uma linha celular de tumor maméario canino imortalizada altamente
metastética, FR37-CMT. Além disso, ambos os complexos foram capazes de reduzir o volume tumoral
em xenoenxertos de cancro colorretal humano com baixo acimulo em tecidos saudaveis. Neste
trabalho, seis complexos metalicos (contendo DION como ligante) foram testados contra uma linhagem
celular de tumor mamario canino imortalizada altamente metastatica, FR37-CMT. Com base nesses
resultados, neste trabalho, seis complexos metalicos, todos contendo DION como ligando, foram

testados contra esta linhagem de células tumorais caninas metastaticas, FR37-CMT.

A viabilidade celular foi avaliada pelo ensaio MTS e os resultados indicaram que JHOR9 e F
(manganés) e VO(dipic)(DION) (vanadio) foram os mais altamente citotoxicos com ICso abaixo de 10
UM (JHORS9 (6,41 pM), F (8,20 uM ) e VO(dipic)(DION) (0,28 uM)).Os compostos parecem ser mais
seletivos para células cancerosas em comparacgao com células normais. A perda de viabilidade celular

FR37-CMT pode ser atribuida ao aumento de espécies de oxigénio e inducao de autofagia.

Antes de proceder aos testes in vivo, o complexo com maior potencial foi selecionado
recorrendo a Value Creation Wheel (VCW). Com base nos filtros utilizados, os resultados indicaram

que o complexo de vanadio foi 0 mais adequado para ser selecionado.

Assim, e dado que esta investigacdo se encontra numa fase muito embrionaria, sdo ainda
necessarios estudos mais aprofundados para uma melhor definicdo do modelo de negdcio mais
adequado ao projeto. As regulamentacdes exigidas em testes in vivo e pesquisas e desenvolvimento
tendo em vista a relacdo custo-beneficio para os clientes sdo aspetos que devem ser levados em
consideracdo. A possibilidade de patentear e, posteriormente, licenciar o complexo é uma estratégia
gue ndo deve ser descartada nesta fase, assim como explorar a tecnologia como um spin off da
Universidade Nova.

Palavras chave: cancro; complexos metalicos; analise financeira; estudo de mercado.
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CHAPTER 1: INTRODUCTION

1.1. Cancer: incidence and models for the study of human
cancer

Cancer is a group of diseases, with more one hundred different cancer types, characterized by
the emergence of abnormal cells that divide and expand uncontrollably in any part of the body, invade
nearby tissues, and migrate to other organs, causing harm to healthy tissues in a process called
metastization (Cekanova and Rathore, 2014; Rojas, 2017; Seyfried et al., 2010; Welch and Hurst, 2019).

The ordered renewal of cells in a healthy body enables our body's tissues to heal and grow in
harmony. Mutations in crucial genes associated with cell cycle progression and/or DNA repair induces
permanent damage in the genetic material, which drives cancer development. The next stage results in
the unchecked growth of abnormal cells, not recognized as abnormal by the immune system, and
disease progression. (Seyfried et al., 2010). Throughout its multistep development, cancer has been
characterized by several characteristics, that will highlighted in more detail in section 1.2, and include
maintaining proliferative signalling, inhibiting growth suppressors, enabling replicative immortality,
resisting cell death, tumor-promoting inflammation, inducing angiogenesis, activating invasion and
metastasis, genome instability and mutations, dodging immune destruction, and deregulating cellular

energetics (Cekanova and Rathore, 2014).

Worldwide, the incidence and death of cancer are rising at a faster speed. In 2020, about 10

million people died with cancer deaths and 19.3million new cases appeared worldwide (Sung, 2021).

Diet, smoking, virus infections, excessive radiation exposure, exposure to specific chemicals
and hormones, and genetic influences are just a few of the variables that might cause cancer to develop.
Up until the disease is recognized, these causes may function singly or in combination over a long period
of time (Akram et al., 2017). For example, in breast cancer, a diet high in fat and poor in fiber, as well
as alcohol consumption, are frequently linked to preventable risk factors (apart from age-related factors).
Because adipose tissue encourages the synthesis of estrogen and other hormones that either stimulate
or inhibit cell proliferation, being overweight is also linked to an increased incidence of breast cancer
(Akram et al., 2017). The understanding of factors that may contribute to cancer is important for its

prevention. To study cancer and to develop new treatment regimens good models are necessary.

In carcer research, animal models and human/animal primary and/or immortalized cancer cell
lines have been used to fully assess cancer complexity. . Highly controlled circumstances, homogeneity,
the identification of molecular pathways, and reproducibility are benefits of using in vitro cancer models.
However, the selection of phenotypic and genotypic cellular populations during adaptation to in vitro

conditions, accumulation of mutations in cells over time, and the loss of the tumor microenvironment in
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vivo complexity are some of the main drawbacks of using this in vitro cancer models. Despite the
mentioned drawbacks, this has been and will continue to be the primary system model of choice for

cancer studies (Cekanova and Rathore, 2014; Selo et al., 2021).

Animal models have been used over the years as a key component of numerous research on
cancer, identification of targets, and evaluation of novel therapeutic agents and treatments (Lannagan
etal., 2021), however, the 3Rs policy (Replacement, Reduction and Refinement) poses some limitations
to the use of these models Yadav and Singh, 2021). Moreover, the development of tumors in mice is
not a natural phenomenon as in man, dog, and cat counterparts (Pang and Argyle, 2009). For example,
in xenograft cancer models, immunocompromised mice are used to implant human or animal cancer
cells beneath the skin or directly into the organ to give rise to a tumor meaning that their immune systems
do not behave as in a natural cancer model (Cekanova and Rathore, 2014). So careful must be used
for these interspecies (e.g. mice) translational studies in what concerns drug development for human
application. In companion animals such as dogs, cancers occur in animals with an intact immune
system. Tumors are heterogeneous, develop recurrent, drug-resistant disease, and metastasize to
distant sites. These tumors capture the essence of human cancer better than any other model system
(Cekanova and Rathore, 2014).

In this regard, choosing an approach based on a natural animal model will also allow us to
approach the veterinary industry, which is also a growing industry (Hernandez et al., 2022). Companion
animals fill the gap between in vitro and in vivo studies in the pet population by having many desired
traits, and these traits have proven crucial in understanding many intricate molecular components of

human cancer (Garden, 2018).

Due to similarities in clinical behavior, biological traits, epidemiology, histological morphology,
molecular targets, hormonal etiology and genetics, prognostic factors, mode of metastatic progression,
and response to conventional treatments, it is already well established that the bitch is an excellent
model of study for breast cancer in women. The fact that dogs are exposed to carcinogens in the shared
environment (an important factor in the development of cancer) with humans, as well as the fact that
the genomic map of dogs has been found to approach surprising human, support the idea that female
dog mammary cancer is a good model for spontaneous breast cancer in women (Gray et al., 2020;

Timmermans-Sprang et al, 2017).

Mammary neoplasms are the most prevalent tumor in female canines and breast cancer is the
second most frequently diagnosed disease in women. The hormone reliance, pattern of metastatic
spread, age, and contribution of environmental factors to disease start are just a few of the similarities
between human and canine mammary cancers (Cekanova and Rathore, 2014). In section 1.3 canine

mammary tumors will be highlighted in more detail.
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1.2. Molecular Biology of Cancer

As previously explained, cancer begins as a disease of the genome at the cellular level. The
development of a carcinogenic tissue is a complex process that is related to the sequential accumulation
of genetic mutations in the cells that constitute the tissues, leading to the deregulation of gene activities,
essential for healthy tissue development, involved in the control of cell growth, regulation of programmed

cell death. and maintenance of genetic stability (Pecorino, 2021).

1.2.1. The hallmarks of cancers

Hanahan and Weinberg identified six hallmarks that contribute to the emergence of cancer in
the early 2000s, including signs of autonomous growth, evasion of inhibitory growth signals, evasion of
apoptosis cell death, unlimited potential for replication, angiogenesis (the growth of new blood vessels),
invasion, and metastasis. Years later, to these six hallmarks were added, two emerging hallmarks. More
research in this field to understand their relationship to the previously required pre-defined hallmarks
and their role in the genesis of cancer is needed, these emerging hallmarks, are reprogramming energy
from the metabolism and preventing immune destruction (Figurel) (Hanahan and Weinberg, 2011;
Pecorino, 2021).

Evasion Of Growth
Inhibitory Signals

Avoiding Immune
Destruction
=

Invasion And
= Metastasis

Evasion Of
Cell Death

Unlimited
Replicative Potential

Figure 1: Hallmarks and emerging hallmarks of cancer (Adapted from: (Pecorino, 2021))

These hallmarks of cancer cells result from mutational changes that give them distinctive

properties that enable their continuous growth and development (Pecorino, 2021).

The search for new cancer characteristics was not stationary, and more recently, in 2021, 4
more additional hallmarks were suggested as likely to be added to the already known ones, these being:
dedifferentiation/ transdifferentiation, epigenetic desregulation, altered microbiomes and altered nerve

signaling (Pecorino, 2021; Senga and Grose, 2021).
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Most antitumor drugs used in therapy affect the process of cell division, their main effect is
exerted on cell division, also affecting normal tissues with rapid division, producing adverse effects. Lack
of selectivity against tumor cells versus normal cells is the main problem with conventional medicines
and their underlying therapies. An analysis and a good knowledge of these hallmarks are important to
find new possible targets for cancer therapies and help to design new possible oncological drugs
(Pecorino, 2021).

1.2.2. Programmed cell death mechanisms

One of the hallmarks of carcinogenesis is the resistance to death by apoptosis in cells that have
escaped the control of normal growth and differentiation exerted by soluble factors or by cell-cell
contacts or cell-extracellular matrix up to that induced by DNA damage, hypoxia, or reactive oxygen
species (ROS), has been explored over the years with a view to developing new therapies to fight
cancer, as well as exploring another program of death mechanism, autophagy. In the following

subsections we will address these cell death mechanisms (Grivicich et al., 2007; Pecorino, 2021).

1.2.2.1. Apoptosis

Apoptosis, Type | programmed cell death, is a highly controlled physiological mechanism of cell
death not only affects developmental morphogenesis but also regulates cell proliferation and gets rid of
damaged cells. This is a mechanism that is crucial in the suppression of malignancies because
apoptosis destroys cells with substantial genetic damage, cells that might later grow into cancer
(Pecorino, 2021; Thorburn, 2008).

Cell shrinkage, membrane blebbing and budding, chromatin condensation, and fine
fragmentation are all signs of apoptosis and all contribute to the net destruction of the cell. Contrast this
with the "messy" process of necrosis, in which cells enlarge, cell walls become permeable, and cells
exude their contents into the surrounding tissue, triggering inflammation. External factors like infections

or injuries can lead to necrosis (Pecorino, 2021).

Cells can undergo apoptosis in response to both external signals and internal physical or
chemical stimuli, such as oxidative stress or DNA damage. There are two different pathways possible
in apoptosis, extrinsic and intrinsic molecular pathways, which are different but not mutually exclusive.
Caspases are essential components of both routes and are present in both. These proteases are
produced by procaspases, dormant proteins that must be cleaved into aspartate residues in order to
become active. The intrinsic pathway is started by cellular stressors that cause the release of
cytochrome-c from mitochondria, while the extrinsic mechanism involves ligand interaction to a death

receptor (Figure 2) (Millimouno et al. 2014; Pecorino, 2021).
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Figure 2: Extrinsic and intrinsic pathways of apoptosis cell death. The schematic diagram describes the
signalling molecules involved in the extrinsic (death receptor) and intrinsic (mitochondrial) apoptosis pathways.
(Source: Loreto et al., 2014)

A transmembrane cell death receptor recognizes a death factor, such as FAS ligand or tumor
necrosis death factor, in the extrinsic pathway of apoptosis. To transmit the signal into the cell after this
interaction, the receptors go through a conformational shift and form homotrimers. Procaspase-8
molecules are recruited, and those that are near to one another become activated by self-cleavage.
These activated caspases encourage the release of active enzymes into the cytoplasm, allowing the
cleavage and activation of caspase effectors including caspase-3, and starting the sequence of events
leading to apoptotic cell death (Millimouno et al. 2014; Pecorino, 2021, Ranjan et al., 2012).

The intrinsic process of apoptosis can be activated without the aid of an outside stimulus. Interior
stimuli activate this apoptotic pathway through BCL-2 family members that operate on the outer
membrane, as was already explained. The proteins in this family may promote or inhibit apoptosis in
opposing ways. Healthy cells have a protein called BCL-2 on their mitochondrial membranes, which
normally inhibits apoptosis. When cell is damaged, it stimulates a protein, BAX, to move onto outer
mitochondrial membrane and inhibits BCL-2. The mitochondria are the primary target of the signals that
are transduced in response to these stimuli. By integrating cell death stimuli, this organelle causes
mitochondrial permeabilization and the subsequent release of pro-apoptotic chemicals. This entire
process is started by the permeabilization, promoted by BAX, of the mitochondrial membrane, there is
a collapse of the potential of the inner mitochondrial membrane (Ay) and the release of pro-apoptotic

substances that have been accumulated and a conformational change occurs. These stimuli cause
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increase the mitochondrial secretion of cytochrome-c into the cell cytoplasm, when this binds to and
activates procaspase-9 and apoptotic protease activating factor 1. This pathway is characterized by the
loss of cellular homeostasis, interrupting ATP synthesis and increasing the production of ROS, and
induction of caspases. Then, the apoptosome activates caspase-3, which leads to the cleavage of
proteins. Through the cleavage of Bid by caspase-8, the intrinsic and extrinsic apoptosis pathways
interact. (Galluzzi et al. 2012; Grivicich et al., 2007; Pecorino, 2021).

All of these changes lead to the cellular fragmentation that preserves organelle integrity by
retaining the cytoplasm in subcellular apoptotic bodies. The apoptotic bodies are then phagocytosed by

macrophages and broken down on phagolysosomes after that (Grivicich et al., 2007; Pecorino, 2021)

1.2.2.2. Autophagy

The metabolic pathway known as autophagy, also known as Type Il programmed cell death, is
a dynamic, multistep process that involves the degradation of protein aggregates, lipids, ribosomes, and
damaged or unneeded organelles, is characterized by dynamic membrane rearrangements and crucial
for maintaining cellular homeostasis and has a variety of physiological and pathological functions. Due
to its potential as a therapeutic target, particularly for cancer, where it operates in an ambiguous manner
and can either repress or stimulate the tumor depending on the situation, it has been the subject of

numerous investigations (Do Nascimento Silva and Martins, 2020; Thornburn, 2008).

During autophagy, senescent organelles and cellular proteins are sequestered in autophagic
vacuoles, which subsequently bind to lysosomes, where they are ultimately degraded, and whose
degradation products are reused by anabolism. Defects in this process have been commonly associated
with various diseases such as cancer (Do Nascimento Silva and Martins, 2020; Galluzzi et al., 2017,
Saha et al., 2018).

There are three main types of autophagy: microautophagy, chaperone-mediated autophagy and

macroautophagy (Do Nascimento Silva and Martins, 2020).

The entire process of autophagy by activating signaling molecules, protein kinases (including
the mTOR 1 complex) relay information about the metabolic condition of the cell, become activated and
signal to the autophagic machinery. After induction of autophagy, the formation of a double membrane
structure called a phagophore occurs in the cytoplasm (Figure 3). The phagophore elongates enveloping
organelles and macromolecules, becoming a double membrane vesicle, which after maturation is called
an autophagosome (Do Nascimento Silva and Martins, 2020; Yu et al., 2018). A membrane precursor,
such as an autophagopore formed from the ER's lipid bilayer, the trans-Golgi network, the mitochondrial
outer membrane, or the plasma membrane, is necessary for the creation of autophagosomes. The
membrane precursor subsequently expands to engulf the intracellular components. This, after fusing
with the lysosome, becomes an autolysosome capable of degrading the vesicular contents due to the

action of lysosomal hydrolases (Do Nascimento Silva and Martins, 2020). The by-products are released
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back into the cytosol where they can be utilized again for metabolism and the synthesis of new

macromolecules (Glick et al. 2010).
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Figure 3: Autophagy process (Source: (Li et al., 2019))

1.3. Canine mammary tumors: an overview

Domestic animals are developing neoplasms at an increasing rate, either as a result of longer

lifespans or the development of diagnostic and therapeutic techniques (LeBlanc,2020).

About 25% of dogs will experience neoplasia at some point in their lives, and over 50% of dogs
over the age of 10 will experience malignant neoplasms, or cancer. CMT are the most prevalent
neoplasm in female dogs, accounting for 52% of all neoplasms, and the second most common tumor in
dogs, only after skin cancer (Candellone et al., 2021). Due to the structure of the canine lymphatic
system, the local lymph nodes and lungs are most likely to be afflicted by metastasis since they are
approximately 50% malignant and have a higher likelihood of spreading to other parts of the body. Less
frequently than the liver, kidney, bone, skin, brain, and adrenal gland, cancer metastasizes into these

organs (Clemente et al,2010).

Only 1% of male dogs have this condition, making it an unusual occurrence in male canines.
CMTs are prevalent in both sterilized and post-first heat cycle sterilized dogs (Kaur et al., 2022). Older
or middle-aged female canines are more likely to get the tumor (Zatlouka et al, 2005). Approximately

70% of canine females get malignant tumors (Valdivia et al, 2021).

There is still much to learn about the precise reasons why dogs acquire mammary tumors. It's
common knowledge that exposure to certain hormones, like progesterone, raises the possibility of
developing cancer. Because progesterone promotes growth factors that lead to mammary cell
duplication (Rao et al, 2009).

There is little data on the lifetime morbidity and mortality of female client-owned dogs related to

female reproductive pathology. Mammary cancers are said to be prevented by spaying before the first
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or second oestrus in older research. But over the past ten years, it has been noted that the statistical
reliability of these has been low, and numerous epidemiological studies have since demonstrated that
early spaying of female dogs, depending on the breed, is significantly linked to an increased risk of
osteoarthritis, cruciate ligament rupture, immune-mediated diseases, epilepsy disorders, and/or some

cancers (Beaudu-Lange et al, 2021)

It seems that some breeds are more frequently impacted. There is still much to learn in
veterinary medicine regarding the genes and mutations that might cause canine mammary cancers
(Kaszak et al, 2018). Research in humans has demonstrated a clear link between the BRCA gene and

the emergence of breast cancer (Eccles, 2015).

Dogs have a roughly three times higher incidence of cancers than humans do. Many
environmental, ecological, clinical, genetic, and pathological characteristics, including a striking
histological and molecular heterogeneity, are shared by canine mammary and human breast cancer.
CMT has been hailed by many authors as an effective spontaneous model for the study of HBC (Valdivia
et al, 2021)

1.3.1. Characterization

CMTs are the neoplasms with the highest degree of morphological variety, resulting from a wide
range of cell types that are frequently present in the same tumor (Gray et al., 2020) The three types of
them are carcinomas, sarcomas, and carcinosarcomas. Carcinomas are malignant epithelial or
myoepithelial CMTs that develop from epithelial cells, mammary gland tubules, or other cells found in
the mammary chain. These tumors are divided into four categories: in situ (non-infiltrating), complex
(involving myoepithelial cells), simple, and mixed (with mesenchymal cells involved) (Canadas et al,
2019; Raposo et al, 2017). Malignant CMTs with mesenchymal origin known as sarcomas include
fibrosarcoma, osteosarcoma, and other breast cancers. The final one, known as carcinosarcoma, is a
rare variety of breast mixed tumor in which the tumor's mesenchymal and epithelial components are

both cancerous (Raposo et al, 2017).

The most frequent of these malignant CMTs are epithelial carcinomas (Raposo et al, 2017).

The dog's mammary cancer, as well as the woman's, affects in more advanced stages of life
and the diet practiced, as well as the dogs' constitution, demonstrate to have an influence on the
development of the disease. CMT can also show significant histological variation both within a single
individual tumor and between various tumors in the same dog. This can happen in more than one gland
(often females present five pairs). There is a substantial likelihood that canine mammary carcinomas
will spread to nearby lymph nodes, metastasizing, which is the biggest cause of death associated with

this type of cancer (Gray et al., 2020).
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The mammary ridge in female dogs is usually built up of five pairs of mammary glands. The
mammary chain is a collection of five glands that run either down the left or right side of the body. The
next sets of pairs of glands are the cranial thoracic, caudal thoracic, cranial abdominal, caudal

abdominal, and inguinal (Borecka et al., 2020).

The majority of CMTs, 70%, are found in older, intact female canines, and they most frequently
involve the caudal abdominal and inguinal mammary glands, as well as numerous tumors in one or both
mammary chains. Patients who have had prior CMTs are more likely to acquire new mammary tumors,
which are frequently situated on the same side as the prior one (Raposo et al, 2017). As in HBC,
differences in the number of genomic copies are the genetic alteration more common in CMTs (Raposo
et al, 2017).

CMT development is impacted by steroid hormones. Additionally, it appears that progesterone
and estrogens are necessary for CMTs to develop malignant behavior (Raposo et al, 2017).
Mammary neoplasias have an unknown specific cause, however it is thought that genetic,
environmental, dietary, and hormonal variables have a role in their development (Andrade et al, 2010;

Diamantini-Kandarakis et al, 2009).

1.3.1.1. Hormonal Factors

It is well recognized that ovarian hormones, particularly estrogens and progesterone, are
important in the development of CMT. As a result, the age at which a female dog has her ovariectomy
affects the likelihood that she will acquire malignant tumors. Felines that are neutered after the second
estrous cycle had a 26% risk, compared to 8% for those that are neutered after the first estrous cycle in
chihuahuas (Benavente et al, 2016, Howe, 2015).

Steroid hormone levels were found to be higher in malignant mammary tumor tissue
homogenates than in benign ones, suggesting that these hormones may operate as local growth factors
in the malignant forms, promoting their proliferation (Benavente et al, 2016, Queiroga et al, 2005). Other
hormones and growth factors may also have an impact on the growth of breast tumors in addition to

steroid hormones (Benavente et al, 2016).

1.3.1.2. Genetic Factors

Mammary tumor formation is influenced by genetic changes, according to several studies, and
some breeds may be more predisposed to the cancer than others (Benavente et al, 2016, Dobson,
2013). Compared to other breeds, tiny breeds appear to have a decreased incidence of malignant

tumors (Benavente et al, 2016).

Malignant and benign CMT have been found to have HER-2 mutations and overexpression;

research suggests that this mutation increases angiogenesis in mammary carcinomas (Benavente et
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al, 2016; Kaszak et al, 2018; Klopfleisch et al, 2011).

P53 is another gene implicated in the development of breast tumors. This tumor suppressor
gene produces both benign and malignant p53 mutations, which affect the protein that usually controls
cell cycle and programmed cell death (Benavente et al, 2016; Klopfleisch et al, 2011).

Mutations in the breast cancer 1 tumor suppressor gene have been found in CMT. As a nuclear
protein, BRCAL1 may exhibit an aberrant cytoplasmatic distribution if its function is lost. BRCALl
expression is related with cancerous features in dogs when it is absent (Benavente et al, 2016; Nieto et
al, 2003).

Nuclear DNA abnormalities have been identified in CMT, more frequently in malignant than
benign varieties. In fact, dogs with identified malignant mammary tumors have lower survival chances

when their DNA is aneuploid (Benavente et al, 2016).

1.3.1.3. Nutritional Factors

Since adipose tissue can produce several steroid hormones, nutritional considerations are of
some importance. Due to its aromatase activity, which changes androgens into estrogens, adipose
tissue is a significant source of estrogens. Increased breast adipose tissue increases to the gland's
exposure to estrogens, which is known to encourage the development of mammary tumors. Studies
showed a strong link between obesity and an increased risk of breast cancers (Benavente et al, 2016;
Wang et al, 2015).

1.3.1.4. Environmental factors

The presence of environmental pollutants may affect the genesis of mammary tumors and the

development of breast cancer in dogs (Andrade et al, 2010; Vascellari et al, 2016).

1.3.2. Treatments

The most popular therapeutic approach is surgical excision, which is the preferred course of
treatment but in many cases, the procedure alone is ineffective due to existing micro-metastases.
Additionally, potential alternative treatment approaches are not possible due to the lack of efficient
chemotherapy and radiotherapy protocols. Whereby, There has been a noticeable and expanding
interest in this topic in fetuses, leading to the discovery of other therapeutic strategies targeted at more

precise targets (Timmermans-Sprang et al, 2017)..
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1.3.2.1. Conventional therapy

Most procedures utilized for canine patients are based on treatments provided for human
patients because CMTs and HBC are extremely similar. Early detection and swift treatment are

necessary to stop local or remote transmission (Novosad, 2003).

Except for circumstances when surgery is impossible, such as inflammatory carcinoma and
distant metastases, mastectomy surgery is the preferred treatment for CMT (Valdivia et al, 2021,
Benavente et al, 2016). Adjuvant therapies, such as chemotherapy, are used in cases of patients with
the most advanced/aggressive stages of the disease. Adjuvant therapy haven't yet been shown to
clearly assist dogs with CMT, though. Dogs with mammary neoplasms do not frequently receive precise
therapy (Valdivia et al, 2021).

Over 40% of patients with CMT die within a year of their diagnosis, which is a rather high
mortality rate (Valdivia et al, 2021). Current treatment protocols are ineffective, as evidenced by the
continually high mortality rate of female dogs following surgical removal of malignant mammary tumors
(Stratmann, 2008).

1.3.2.1.1. Surgery

Surgery continues to be the major method of controlling CMTs. The dog has undergone a variety
of surgical techniques, from local excision to radical excision. It is anticipated that all afflicted tissue will
be removed with clean margins, and in certain situations, future tumor growth in the residual glands will
be stopped (Clemente et al, 2010; Raposo et al, 2017; Novosad, 2003).

There seems to be no difference between a standard mastectomy and a radical procedure in

terms of recurrence rates or survival durations (Novosad, 2003).

Other therapies can be administered following surgery to reduce the possibility of developing

future metastases and recurrences (Raposo et al, 2017).

1.3.2.1.2. Chemotherapy

There seems to be no difference between a standard mastectomy and a radical procedure in

terms of recurrence rates or survival durations (Novosad, 2003).

Is occasionally advised for mares with invasive mammary cancers and a high risk of metastasis

or recurrence (Benavente et al, 2016).

However, there is no one chemotherapy treatment plan that demonstrates the effectiveness of

chemotherapy in the management of canine mammary cancers. This is typically the therapy of choice
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in people. One of the most effective treatments for individuals with chronic conditions is doxorubicin. In
vitro models have demonstrated some activity of this medication against CMT cell lines. Both this
medication and docetaxel have been tried in the treatment of MMT, but neither had any success
(Benavente et al, 2016; Novosad, 2003).

The risk of unfavorable tissue effects such the production of reactive oxygen species leading to
oxidative stress and cellular alterations from DOX remains a top concern (Abdelmegeed and
Mohammed, 2018).

Following mastectomy, an in vivo study of a chemotherapy program using cyclophosphamide
and 5-fluorouracil showed promising outcomes in terms of the time that the treated dogs remained

tumor-free and their survival rates (Benavente et al, 2016).

1.3.2.1.3. Radiotherapy

Radiotherapy may be utilized in a palliative setting for nonresectable or inflammatory mammary

carcinomas or to help manage local iliness for tumors that have been partially removed (Novosad, 2003).

This treatment modality is not available in the Portuguese territory. When dogs need to practice
this type of treatment, they must be transferred to clinics outside the country, to countries like Spain and

France, which entails high costs, which many people cannot afford (Appendix 3).

1.3.2.2. Precision therapy

Research advancements in cancer have made it possible to identify previously unidentified
chemicals implicated in the carcinogenic process and design treatments intended to prevent these

compounds (Benavente et al, 2016).

1.3.2.2.1. Hormonal therapy

Because of this tumor's hormonal reliance, hormone-based therapy may be an option to
examine (Benavente et al, 2016). In individuals with estrogen receptor-positive breast cancer, hormonal
therapy is a generally approved treatment option that prolongs patient survival. (Novosad, 2003;

Benavente et al., 2016)

Despite the documented dependence of CMT development on estrogens and progesterone, the
use of antiestrogens such as tamoxifen (selective estrogen receptor modulator) showed significant
activity in humans but inconsistent outcomes in tests with dogs. Such therapies may have negative
effects on the reproductive organs, such as vulvar enlargement, vaginal discharge, pyometra in intact

females, and stump pyometra in females who have had spaying (Raposo et al, 2017; Benavente et al,
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2016; Novosad, 2003).

The use of PR antagonists found in MMT as adjuvant therapy appears to be an option.
Aglepristone has demonstrated efficacy in preventing canine mammary cancer cells that are PR positive

from proliferating (Benavente et al, 2016).

In test therapy utilizing gonadotropin-releasing hormone agonist, the size of the tumors was
reduced and the survival time in cases with hormone-dependent mammary carcinomas was improved
(Benavente et al, 2016).

1.3.2.2.2. Non-steroidal anti-inflammatory drugs

One of the two isoforms of prostaglandin synthases is cyclooxygenase-2 (COX-2). Unlike COX-
1, which is a constitutive enzyme that ensures the synthesis of prostaglandins required for physiological
functions in the majority of tissues, COX-2 is an enzyme induced by growth factors, tumor promoters,
and inflammatory processes. It has been proven that this enzyme contributes to the growth and spread
of tumors. COX-2 is expressed in a wide variety of canine tumors, including those of the mammary
gland. The PGs made by COX-2 boost the tumor's susceptibility to apoptosis, promote angiogenesis,

spur tumor cell growth, and inhibit the immune system (Benavente et al, 2016).

Due to COX-2's role in the tumor, selective COX-2 inhibitors have been suggested as a possible
treatment. In vitro tests have shown that the anti-inflammatory drugs piroxicam and meloxicam can stop
the growth of breast cancer cell lines. There have already been in vivo studies with piroxicam that
showed an improvement in the patient's health and superior outcomes to those seen with conventional

treatment (Benavente et al, 2016).

1.3.2.2.3. Peptides with antitumor proprieties

As a selective agonist for the vasopressin 2 membrane receptor, desmopressin, also known as
1-deamino-8-d-arginine vasopressin, is a synthetic peptide analog of the antidiuretic hormone
vasopressin. DDAVP is already used to manage diabetic insipidus and possesses hemostatic and
antidiuretic properties. Additionally, this peptide has shown antiproliferative activities in human breast

cancer cell lines and antimetastatic effects in a mouse model (Benavente et al, 2016).

When given to dogs with breast cancer following mastectomy, DDAVP had a positive impact on
their overall survival and time spent free of disease, with no negative side effects (Raposo et al, 2017;
Benavente et al, 2016)

1.3.2.2.4. Receptor tyrosine kinase inhibitor

Tyrosine kinase receptors, are overexpressed or constitutively activated in canine tumors,
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catalyze a series of phosphorylation of target proteins that play a significant role in cell proliferation,
metabolism, motility, survival, and apoptosis, as well as endothelial cell activation, leading to

neovascularization (Raposo et al., 2017; Valdivia et al., 2021).

Tyrosine kinase inhibitors cause the dysregulation of cellular proliferation and differentiation by
competitively inhibiting ATP binding. The majority of TKIs are administered orally, which has significant
positive effects on animal welfare by reducing stressful conditions and making administration by the

owner simpler (Valdivia et al., 2021).

1.3.2.2.5. Anti-Her-2

HER-1, HER-2, HER-3, and HER-4 are the four tyrosine kinase receptors found on human
epidermal receptors. These receptors drive a variety of signaling pathways, which control tumor cell

metastasis as well as cell survival and proliferation (Valdivia et al., 2021).

In certain cases of breast cancers, the HER-2 gene has been amplified or the HER-2 protein

has been overexpressed (Valdivia et al., 2021).

While several anti-HER-2 drug classes have been created for HBC, only gefitinib has been
shown effective in CMTs. A canine mammary cancer cell line demonstrated anti-proliferative effects in
in vitro tests. The use of HER-2 inhibitors in CMT has not been the subject of any published clinical
studies (Valdivia et al., 2021).

1.3.2.2.6. Antitumor Suppressor Gene p53

The P53 protein prevents the growth of new cells by starting cell cycle arrest and death. Its
tumor-suppressor activity is frequently disrupted by mutations, which also result in genomic instability.

Numerous malignancies in dogs have been linked to p53 gene mutations (Valdivia et al., 2021).

P53 levels have been shown to be higher in malignant tumors than benign tumors, and they
have also been found to be higher in higher-grade tumors with higher rates of proliferation. Increases in
p53 expression are significantly correlated with mutations associated with shorter OS (Valdivia et al.,
2021)..

With KPT-185 and KPT-355, designed compounds that block exportin-1 on canine mammary

carcinoma cells, in vitro induced cell cycle arrest, death, and decreased proliferation, there is the only

one research on p53 treatment in canine mammary cancer cells (Valdivia et al., 2021).
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1.4. Metal complexes in medicine

Most compounds investigated in modern medicine are based on organic molecules. Despite all
the advancements in several fields, such as oncology, the mortality rates for the same have not much
improved, necessitating new treatment approaches. In recent decades, more attention has been paid
to metal complexes and their potential. These compounds offer different mechanisms of action
compared to organic molecules due to their unique properties, making them new drug candidates
(Karges, 2020).

Metal complexes offer distinctive properties, such as high structural diversity, redox properties,
catalytic properties and tendency to ligand exchange, in comparison to organic compounds that enable
unigue modes of action. The inability to distinguish between therapeutic and hazardous doses, however,
continues to be a significant problem for the majority of the medicinal scientists. However, it is impossible
to generalize about a complex's lethality because it depends on a variety of variables, including the
metal used, the oxidation state, the coordination geometry, and the kind of coordinated ligands (Karges,
2020)

This type of compounds seems to be of little practice in the field of veterinary oncology, there
are still few studies in this regard and cisplatin is regularly used in the treatment of cancer, despite all
its disadvantages (Appendix 3).

More information on the state of art in relation to metal complexes will be explored in Chapter

1.5. Market analysis

The veterinary market can be said to be expanding, with the field of veterinary oncology also
growing, with an expected increase in market value of almost 400% in 10 years (Dash and Suman,
2021). This growth is largely explained by the importance that four-legged companions have come to
represent in families, being seen in them as another member of the family, who must have access to

the same care as humans (Appendix 3).

Despite the investments made over the years in the field of oncology, there have been no
significant effects in reducing deaths. More relatively, focusing on canine breast cancer, surgery remains
the treatment of choice, often not being enough, but other adjuvant treatments have not been shown to

have efficient protocols (Stratmann, 2008).

These data reveal the need to investigate new treatments in this area, thus revealing a "fertile

soil" to invest with metal complexes.
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1.6. Translational medicine- From dogs to humans

Numerous studies and proposals for animal models for studying HBC have been made, with
particular emphasis on the dog as a model for human cancer. Dogs with intact immune systems
spontaneously form mammary tumors and other cancer types, which share certain clinical traits with
HBC (Ustiin Alkan et al., 2014).

The beginning age, hormonal etiology, and duration of the diseases are just a few of the clinical
parallels between mammary cancers in humans and dogs. Tumor size, stage, and lymph node invasion
are other characteristics that influence how the disease may manifest. Steroid receptor, epidermal
growth factor (EGF), proliferation markers, overexpression of metalloproteinases and cyclooxygenases,

and p53 mutation are examples of molecular characteristics (Ustiin Alkan et al., 2014).

Positive results when testing the complexes in animals, such as dogs, due to the similarities, as
referred above, between the two beings, may indicate that they could also have interesting results when
applied to humans (Ustiin Alkan et al., 2014). Therefore, the first objective of the thesis would be, after
the in vitro tests, to move on to in vivo tests and possible establishment in the veterinary medicine

market, if the results in living beings allow it, aiming to reach the world of human medicine.

1.7. Short summary of the main goals of the thesis

This thesis initial aim was to study human cancer diagnostic and treatment, which, despite years
of advancements in this field, continues to be a leading source of morbidity and mortality (Mattiuzzi and
Lippi, 2019). Animal models have been crucial in cancer research because human experimenting on
humans has both practical and ethical issues. Although cell lines were employed in this study, future

research on a compound's effects might move on to studying it in people (Mak et al, 2014).

This thesis underlines two objectives: first, to study the application of new metal complexes
forthe treatment of canine mammary cancer, in light of the subject's growing importance and secondly,

to discuss a possible technology market strategy for this technology.

Someone unfamiliar with scientific subjects like biotechnology and drug research should be
alarmed by the concept of employing a drug that contains a metal because of the possibility of their
toxicity in the environment when this sort of treatment is presented. The truth is that many
commercialized medications today, not only those used in chemotherapy, have metals in their
constitution, being commercialized, so we managed to say that they are not dangerous for the living

being.

The experiments were performed at the Human Genetics and Cancer Therapeutics

laboratory@UCIBIO coordinated by Professor Alexandra R Fernandes at the Nova School of Science
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and Technology, whose is interested in developing novel treatments strategies for human and canine

mammary tumors.

1.8. Thesis outline

This thesis is structured in the following way: In this chapter, chapter 1, a introduction was made

to all the themes added to the theme of this thesis.

A brief review of the literature on metal complexes and the models used for the study of human
cancer is provided in Chapter 2.

Chapter 3 addresses for the experimental work carried out with the various complexes and

respective experimental results

Chapter 4 addresses market analysis which includes market dimension and competitors as well
as interviews with potential customers (dog owners), prescribers- veterinarians who are going to use
the treatment and manufactures as pharmaceutical companies as well as practitioners (veterinarians)
and researchers. Also a business model and intellectual property strategy will be presented and
discussed.

The conclusion summarizes the main empirical findings as well as the go-to market preferred

strategy and also suggests future research that still need to be done.
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CHAPTER  2: REVIEW OF THE
LITERATURE: METAL COMPLEXES (AND
LIGANDS) AND MODELS FOR THE STUDY OF
HUMAN CANCER

2.1. Metal complexes

Composts used in medicine nowadays are mostly based on organic compounds. However,
there are more and more research addressing the use of metal complexes and their ligands in many
medical specialties. Metal ions are special particles that can be used to create novel medications with

various modes of action (Karjes, 2020; Ndagi et al, 2017).

Despite making up less than 1% of the atoms in living organisms, metals play a crucial part in
biochemical processes and are necessary for the survival of living things. They are frequently present
in the catalytic domain of enzymes and are engaged in the exchange of electrons for catalysis or
structural functions. Many cellular activities involve the essential metals gallium, zinc, cobalt, silver,
vanadium, strontium, manganese, and cooper, whose presence is required in cells in specific
concentrations. On the other hand, some metals, such as nickel, cadmium, chromium, and arsenic, can

cause carcinogenesis and have less advantageous effects. (Ndagi et al., 2017; Karjes, 2020).

Due to their pharmacological properties, such as their anticancer, anti-inflammatory, antioxidant,
and antibacterial activity among others, metal-based medicines have garnered a great deal of attention.
Numerous studies have suggested the possibility of an infinite number of therapeutic agents based in
metal complexes with various ligands, taking advantage of the properties of metal complexes such as
high structural diversity, redox and catalytic properties, and tendency to ligand exchange (Ndagi et al.,
2017).

Metal ions and complexes have been used medicinally since the beginning of time, and Barnett
Rosenberg's 1960 discovery of cisplatin's anticancer properties provided a springboard for further
research in this field (Karjes, 2020; Habala and Valentova, 2018).

The metallic complexes constitute a class of antineoplastic agent of high clinical interest, in
which one or more metal ions coordinated to specific ligands play a role a key role in the drug's

mechanism of action (Martins et al., 2016).

The toxicity attached to these complexes is the main barrier to their utilization. Most of the time,
while exploring a new complex of this sort, the main goal is to develop a molecule with the highest
selectivity possible, that is, the biggest difference between these two doses: the therapeutic doses and

the hazardous ones are frequently extremely close to one another
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The type of ligands, the oxidation state, the geometry of coordination, and the metal at the core

of the complex are the variables that may have an impact at this point (Karjes, 2020; Ndagi et al, 2017).
The complexes based on platinum, which are typically used in the market and have undergone

extensive research in the battle against cancer, the most important metal complexes and the type of
cancer treatment are shown in table 1:

Table 1: Platinum-based complexes: modes of action, disadvantages, and the types of cancer for which they are

used.

. . Cancer
Complex Formula Mechanism of action Drawbacks treatment References
-Nausea
-Vomiting -Treatment  for
-Neuropathy | various
-Myeloid malignancies,
-Formation of stable DNA | suppression with success
. . adducts that block or inhibit | -Ototoxicity rates for genital
Cisplatin [PUNH3)2Cl2] transcription, impacting the | -Kidney cancers ranging
development of tumors. toxicity from 70 to 90%,
-Resistance as well as for
after 4/6 | bladder, head,
treatment and neck cancer
cycles
-Treatment  of | (Oun et al,
-Formation of stable DNA various types of | 2018)
. adducts that block or inhibit | -Myeloid cancer  (mainly
Carboplatin | CeH12N204Pt oo . ) . cancer of the
transcription, impacting the | suppression |
development of tumors. ung, _ovary,
upper digestive
tract, and brain)
-Numbness
-Tiredness
-Formation of stable DNA | -Nausea -Treatment of
. . adducts that block or inhibit | -Diarrhea lung, ovarian
Oxaliplatin CaH1aN204Pt transcription, impacting the | -Low blood | and colon
development of tumors. cell counts cancer
-Allergic
reactions

The three platinum-based complexes mentioned in the table (Table 1) —cisplatin, carboplatin,
and oxaliplatin— are used in around half of chemotherapy treatments, although they have drawbacks
include drug resistance, a narrow spectrum of effectiveness, and the potential for adverse effects
(Karjes, 2020; Ndagi et al, 2017).

These platinum-based antineoplastics seems to act, by the formation of stable DNA adducts

that block or inhibit transcription, impacting the development of tumors (Oun et al, 2018).

Platinum complexes have seen the most advancement, although a great number of other metal
complexes with endless combinations of various metals and ligands have also developed. Many of these

medications are currently undergoing clinical trials or waiting for ethical approval to be added (Karjes,
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Figure 4: Chemical structure of platinum-based antineoplastics- cisplatin, carboplatin and oxaliplatin (Source:
Dospivova et al., 2012))

Platinum medications were quite effective in chemotherapy, but they have limitations. The low
solubility and reduced cellular bioavailability of these take to the research for new complexes
metals with antineoplastic properties. The objective is to develop a metal-based compound with
cytotoxic properties that can overcome all the constraints imposed by platinum compounds (Ndagi et al,
2017).

The last two decades have withessed the emergence of various metal complexes that do not
contain platinum, while it is still theoretically possible and obviously extremely desirable that new
platinum compounds appear capable of overcoming the restrictions of cisplatin. With the variation of the
metal, consequently, change its chemical properties, has been verified spectrum of therapeutic action,
toxicity and mode of action are different from cisplatin compounds (Karjes, 2020; Ndagi et al, 2017).

Many different types of metal complexes, especially transition elements from different places
like silver, copper, zinc, iron, ruthenium and vanadiumas well as main group elements like gallium, and
bismuth have been synthesized and tested on the last decade (Claudel et al., 2020).The complexe of
transition metals have been the main study targets, the partial filling of the d orbital layers give transition
metals the electronic properties necessary for the establishment of coordination compounds
represented by a metallic center coordinated to a surrounding matrix of molecules or ions (Martins et
al., 2016).

Regarding the canine model, most drugs used in the treatment of neoplasms are in the category
of organic compounds, such as doxorubicin. There is only one metal complex, cisplatin, among the

chemotherapy drugs that are frequently used to treat cancer in canines (Appendix 3).

The mastectomy and ovariohysterectomy are the principal treatments for the bitch's mammary
cancer, though. Adjuvant therapy most of the times may be necessary because about half of CMTs are
malignant, however medications frequently used to treat human breast cancer have not been
demonstrated to significantly benefit canines. Mammary cancer cells have been demonstrated to be

exceedingly resistant to the drug cisplatin when used to treat this form of cancer. In the FR37-CMT cell
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line, a concentration of up to 50 UM has not been shown to have any appreciable effects (Raposo et al.,
2017).

There is great evidence of the need to study and develop new treatments for this morbidity.
There is no strong evidence of the use of complexes in CMTs. Data available are the testing of two
complexes with DION as a ligand of zinc (TS262) and cobalt (TS265) in the aforementioned cell line,
FR37-CMT. These two complexes had already undergone impressive testing in human cancer cell lines
(Appendix 7). When testing these compounds in the CMT cell line, these two presented IC50 values in
these cells, of approximately 1 uM. This means that the IC50 of these compounds is significantly less
than that of cisplatin (50 times lower) and five times less than that of doxorubicin, which are frequently

the chemotherapy drugs of choice when chemotherapy is actually necessary (Raposo et al., 2017).

The significant potential of these drugs against CMT is highlighted by the dearth of effective
chemotherapeutic treatments for breast cancer in the bitch (Raposo et al., 2017). And it gives us

perspectives of new possibilities for compounds to be explored with the same purpose.

2.1.1. Ligands

Metal complexes are made up of metal ions and ligands that are coordinated together. The
majority of ligands are neutral or anionic compounds, however cationic compounds are also known but
are less prevalent. While anionic ligands are only stabilized when they are coordinated to core metals,
neutral ligands are independently stable molecules in their free states (Alcarazo, 2014; Robertson and
Cronin, 2002).

2.1.1.1. 1,10-phenanthroline-5,6-dione

The complex's properties and mode of operation will be influenced by the metal in its core,
binding it as well. We concentrated on complexes of 1,10-phenanthroline-5,6-dione throughout the
laboratory work,either due to its high biological activity, as it has already been cellular and tested in the
same composite line with the same interesting results (Raposo et al., 2017). Being the only complexes

with this ligand tested in the bitch under study's breast cancer line.

This is a ligand with a phenanthrene base that is a derivative of the traditional chelating agent
1,10-phenanthroline (Calderazzo et al, 2002; McCann et al, 2012). The structure is comparable to that
of 1,10-phenanthroline, but it also includes two carbonyl groups linked at positions 5 and 6 (Granato et
al, 2017) .

32



Figure 5: Structure of 1,10-phenanthroline-5,6-dione (Source: (Deegan et al., 2006))

The phenanthroline derivative DION is a bifunctional quinone oxidant that may form stable
complexes with a range of metal ions (Wu et al, 1996; Goss and Abruna, 1985; Roy et al, 2008). This
one shown its own ability to be cytotoxic against human kidney and hepatocellular carcinomas (Deegan
et al,2006; Silva et al, 2013).

This ligand exhibits redox activity as well as the ability to bind with DNA and create covalent

connections with proteins (Silva et al, 2013).

Due to its dual functions, redox properties, the presence of two oxygen atoms, and Lewis base
behavior brought on by the presence of two diiminic nitrogen atoms, DION is a very flexible ligand with
unique reactivity at its quinonoid and diiminic sites (Calderazzo et al, 2002; Calucci et al, 2006). DION
is capable of redox reactions thanks to its quinonoid activity, and its two N atoms in close proximity
make it the perfect candidate for chelating transition metal ions (Calderazzo et al., 2002; Calucci et al,
2006).

Many intriguing biological characteristics, including anticancer and antibacterial effects, are
thought to be present in phendione both in its metal-free state and when coupled to metal ions (McCann
et al., 2004, 2012; Deegan et al., 2006; Roy et al., 2008; Pivetta et al., 2014; Viganor et al, 2016).

In order to interact with DNA, phenanthrolines and their metal complexes aromatically stack
between base pairs. The helix lengthens, stiffens, and unwinds due to this contact. DION exhibits strong

anticancer properties, both in the presence and absence of a coordinated metal (Roy et al,2008).

Many members of this family of compounds, some of which are listed in Appendix 7 as example,
even at the HG&CT lab, have already been examined in a variety of cell lines with a wide range of

combinations.

2.2. Animal models for the study of human cancer

During the tests carried out within the scope of this, only in vitro tests were carried out, in cells,

for further studies and possible entry of the compound into the pharmaceutical market, the next steps
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would involve testing in living beings (Mak et al, 2014).

Due to practical and ethical concerns associated with human experimentation, animal models

have been essential in cancer research.

The discovery and development of any drug is a time-consuming and expensive process. The
rising expense of drug research is partially explained by the ineffectiveness of conventional in vitro

instruments and animal models (Ayuso et al.,2021; Singh et al., 2021).

Traditional cell culture studies commonly fail to predict drug sensitivity, the culture environment
does not best mimic the human tumor environment, which is the best explanation for this failure in
sensitivity predictions. This barrier is removed by using animal models to research cancer since they

can simulate tumor growth in a more pathologic setting (Ayuso et al.,2021; Mendes et al., 2020).

When studying new compounds for oncological treatment in humans, animal models are often
used. These have historically played an important role in several studies about the disease, identification
of targets and in the evaluation of new therapeutic agents and treatments (Ayuso et al.,2021). As animal
models, a variety of animals include fish, birds, reptiles, rabbits, rats, mice, ungulates, and non-human
primates can be employed. Researchers must be able to select the species that will best suit the

research they are planning by considering the diversity that is accessible (Conn, 2013).

When selecting an animal model, the researcher must have in mind: the purpose of the study,
the species available, the advantages and disadvantages of each species, the cost of the animals,
maintenance costs, ease of handling, the necessary equipment, and ethical considerations (Fagundes
and Taha, 2004).

The difficulties for the study and testing of new compounds, are real, at the level of human
medicine, it was then decided to opt for the study of an animal cancer. Choosing an animal model will
allow us not only a translational study for the human case, if this present some similitaries with, but it
will also give us an opening to approach the veterinary business, which is also an expanding business
(Ayuso et al.,2021; Singh et al., 2021).

The understanding of the mechanisms governing the initiation, progression, and metastasis of
cancer has greatly benefited from the use of animal models, particularly those of the mouse
(representing more than 80% of the animal models used), zebrafish, and drosophila (Figure 6). This
understanding has also made it possible to find and preclinically validate new cancer treatments.

malignancy, enabling the recreation of tumor growth in a more pathologic setting (Mendes et al., 2020).

34



Figure 6: Animal models most used as a model for human cancer (mouse, drosophila and zebrafish)

2.2.1. Rodent Models

Mouse models are great biological models mimetics of physiology, both species follow similar
stages of embryonic development and their bodies have the same type complex regulatory bodies and
mechanisms. Genomes share a high degree of homology, and there is an overlap in the function of their
genes. Furthermore, the mice have a shorter lifespan, allows you to study development and progression
of diseases such as cancer in a viable period of time. The economic part, keeping these animals is easy,
as is their handling. The use of mice can follow several different approaches, such as Patient Derived
Xenografts (Mendes et al., 2020).

Despite being such a well-known model, the mouse's ability to accurately represent human
conditions has been questioned due to the apparent lack of correlation between the two organisms.
Reproducibility issues in preclinical research have drawn the attention of several researchers. Pre-
clinical studies have a significant global economic impact due to the estimated 51-89% irreproducibility
of the data presented in clinical trials (DaMatta, 2010; Justice and Dhillon, 2016).

They do not adequately represent several features that define cancer in humans, including long
periods of latency, the complex biology of cancer recurrence and metastasis and outcomes to novel

therapies (Ranieri et al., 2013).

2.2.2. Zebrafish

Zebrafish is growing in popularity as a versatile in vivo model, embryologically and genetically
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tractable illness model, for understanding the mechanisms of cancer development and advancing drug
discovery because of the optical clarity of embryos and larvae, real-time imaging of growing diseases is
possible thanks to zebrafish biology, which provides easy access to all developmental phases, which it
uses to supplement traditional studies in mice. The development of the "casper" fish, a transparent adult
zebrafish model, has greatly facilitated the analysis of transplanted and endogenous tumors in adult
animals. Additionally, embryos and larvae are transparent optics, offering conditions for in vivo imaging.
Additionally, processes as survival processes of neoplastic cells, angiogenesis, migration, invasion, and
metastasis can be better observed due to the transparency of the beings (Lieschke and Currie, 2007;
Mendes et al., 2020).

Some data obtained from fish cannot be applied to humans due to cellular differences and their
molecular characteristics that are divergent, with fish being a much simpler system than us. Requires

more infrastructure and higher maintenance cost compared to other study models (Reis et al., 2017).

2.2.3. Drosophila

This is a model that is pertinent to the study of cancer, according to numerous researches. The
fruit fly Drosophila melanogaster has developed into a crucial model system for research on cancer.
The characteristics that make Drosophila an important role as a model organism to study the
carcinogenesis model include the reduced redundancy in the genome compared to that of humans,
conservation in the processes driving the development of cancer between the two species, and the
ability to drive genetic screenings by carrying out genetic alterations in specific cells and tissues
(Mendes et al., 2020).

Studies are fast compared to those using mammals, and the maintenance cost of fruit flies is
low. However, these models are not able to model more complex biological processes and human

diseases multifactorial (Pandey and Nichols, 2011).

2.2.4. Dogs

The aforementioned models are extremely simpler than the human model and most of the time
they are not subject to the same type of stimuli, which often interfere in the development of the tumor,
so when compared, this simplicity shows shortcomings. (Ranieri et al, 2013). Due to the biologic

complexity of human cancer, additional models that better investigate the human disease are needed.

Medium-sized animals, such as dogs, are excellent models for experimentation, however, they

need elaborate facilities and are expensive (DaMatta, 2010).

In the pet population, companion animals have many desired characteristics that fill the gap
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between in vitro and in vivo studies, and these characteristics have proven to be important in
understanding many complex molecular aspects of human cancer. With special references to the dog,
cancer is a spontaneous disease and dogs naturally develop cancers that share a wide variety of
epidemiologic, biologic, and clinical features with human cancer, which makes this animal model both

attractive and underused in oncology research (Ranieri et al, 2013; Pinho et al, 2012).

In terms of nucleotide divergence and rearrangements, dog and human lineages are more
comparable than human and rodent lineages. Numerous investigations have revealed a substantial

homology for a known cancer-associated gene between dogs and humans (Ranieri et al, 2013).

In relation to breast cancer, more specifically, studies have shown the existence of an important
similarity in canine and human genes that were dysregulated at the time of the disease compared to

normal samples (Pinho et al., 2012).
The key challenges with this model will be the high expenditures associated with the entire

process, the big size of the animals, and the required upkeep when compared to the other models (Kim
et al., 2020).
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CHAPTER 3: EXPERIMENTAL RESULTS

This chapter presents all the laboratory results on mammary canine cancer treatment with metal

complexes under a laboratory environment.

Female dogs provide a good comparative model to understand various aspects of
carcinogenesis in both species because the epidemiological, clinical, and biological characteristics of
these cancers in female dogs are similar to those in women (Andrade et al., 2010; Ustiin Alkan et al.,
2014).

Due to the frequent and extensive use of mammography screening and the raised awareness
of dog owners, there has been an upsurge in the reported prevalence of HBC and CMT in recent years.
The greater sample size for clinical studies in comparative medicine is made possible by the higher
incidence of CMT (Ustiin Alkan et al., 2014).

3.1. Laboratory experiments

3.1.1. Materials and Methods

3.1.1.1. Cell line and compounds

The cell line used was FR37-CMT, this cell line was immortalized in a previous work in the

laboratory, Human Genetics and Cancer Therapeutics, by the Doctor Luis Raposo (Raposo et al, 2017).

This CMT line when compared exhibits greater resistance to doxorubicin and cisplatin than
others, exhibits the ability to restructure the collagen matrix, expresses vimentin and CD44, and exhibits
the loss of E-cadherin, which is thought to be a crucial step in the epithelial to mesenchymal transition
(Raposo et al, 2017).

Different metallic compounds with DION as ligand were tested. Two with a metallic center of
manganese (JHOR 9 and F), ruthenium (JHOR10 and JHOR11), iridium (MI12) and vanadium (VO
(dipic)(DION)), previously synthesized by Oscar Lenis-Rojas (ITQB) and Katarzyna Choroba, PhD
researcher in the group of Dr. Barabra Machura, From the Institute of Chemistry, University of Silesia,
Sxkolna Katowice, Poland. For confidentiality reasons, the structures of the compounds will not be

shown.

As controls were used cisplatin and doxorubicin. Cisplatin 3 mM stock solution in 0.9% (v/v)
NaCl2 (Teva Parenteral Medicines, Teva Pharmaceuticals, Petah Tikva, Israel) and doxorubicin
hydrochloride (Sigma, Munich, Germany) 0.4 mM stock solution was made in DMSO (Sigma) and kept
at 4°C.

38



3.1.1.2. Cell culture maintenance

FR37-CMT cell line was grown in an incubator (SANYO CO: Incubator, Electric Biomedical Co.,
Osaka, Japan) maintained in a humidified atmosphere of 5% (v/v) CO2 and 37 °C in DMEM
supplemented with 10% (v/v) FBS,100 U/mL penicillin and 100 mg/mL streptomycin (Life Technologies).
FR37-CMT cell line was maintained in 25 cm? vented cell culture flasks (SPL Life Sciences, Korea).
Every week cells were subcultured, thus allowing the continued growth, ensuring the necessary
nutrients in the medium and avoiding inhibition of growth due to contact. For this purpose, initial medium
was discarded and replaced by 2 mL of TrypleTM Express (Invitrogen, New York, EUA), this is a trypsin
analogous that allow to detach attached cells from the culture flaks. After 10 min, this action was stopped
by adding 1 mL of fresh medium, DMEM. The cell suspension was centrifuged for 5 min at 500 x g
(Sigma 3-16K 10280, Tuttlingen, Germany). The supernatant obtained was discarded and the remaining
pellet was resuspended in 1 mL of fresh medium. Cells were counted resorting to an hemocytometer
(Hirschmann, Eberstadt, Germany) from a mixture of 350 yL of DMEM medium, 100 pL of 0.2% (v/v)
trypan blue (Sigma, St. Louis, EUA) and 50 uL of cellular suspension obtained, trypan blue exclusion
method. The reagent used, trypan blue, stain cells with compromised membranes being excluded from
healthy cells, allowing to count the viable cells. The cells were observed (Olympus CXX41 inverted
microscope, Tokyo, Japan) and 1x 10° cells//T-flask were seeded in a new T25 flask (Raposo et
al,2017).

3.1.1.3. Cell viability assay (MTS)

Cells viability was evaluated by the MTS colorimetric assay, based on the production of a
soluble product, formazan, by the intracellular dehydrogenase, enzymes found in active cells in the

presence of an electron coupling reagent, as tetrazolium salt, MTS (Stockert, 2018)

FR37-CMT cell line was seeded in 96-well plates (VWR) at a concentration of 0,75x10° cells
per milliliter and incubated in the conditions described previously. After 24h the media was then removed
and replaced with fresh media with the appropriate dilutions of complexes or controls, DMSO and DOX.
After 48 h of cell incubation in the presence or absence of compound, cell viability was evaluated through
CellTiter 96® AQueous Non-Radioactive Cell Proliferation Assay. Briefly, the medium was removed and
100 pL of a solution mixture of fresh medium and MTS reagent (15 pL reagent + 85 pL of medium) was
added to each well. Then 96-well plates were incubated during 30 min, protected from light. Afterwards,
the absorbance at 490 nm was measured with Tecan Infinite F200 Microplate Reader (Tecan,
Méannedorf, Switzerland) (Silva et al, 2012).

Cell Viability (%) = Samples absorvance (490 nm) — Complex absorvance (490 nm) < 100
VI ) = "HMS0 absorvance (490 nm) — Medium absorvance (490 nm)

Equation 1- Calculation of the percentage of viable cells present in the sample in analysis
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The methodology allows to determine the number of viable cells (Equation 1), taking account
that the amount of formazan measured in the assay is directly proportional to the number of living cells
in a culture (Wang et al., 2010). The relative 1Cso, compound concentration that causes 50% of cell
metabolic inhibition, was calculated from dose-response curves resorting to GraphPadPrism 8 Software,

with a confidence interval of 95% (Neubig et al. 2003).

3.1.1.4. Annexin V-FITC and PI double stanning assay (Apoptosis)

The annexin V-binding assay using flow cytometry is used to detect and distinguish between

early apoptosis and late apoptosis, as well as necrosis (Henry et al., 2013).

FR37- CMT cells were seeded in 6-well plates (VWR, Europe) at 1x105 cells/mL and incubated
in the conditions described previously. Culture medium was removed after 24 h and replaced with 2 mL
of fresh medium containing either ICso compound concentration, 0.1% (v/v) DMSO (vehicle control), 5
UM of CIS or 0.4 uM of DOX. Cells were incubated for 48 h, collected by trypsinization and centrifuged
for 5 min at 500 x g (Sigma 3-16K 10280, Tuttlingen, Germany). The obtained pellet was rinsed twice
with 1 mL of PBS 1x intercalated with 5 min of centrifugations at 750 x g. Following centrifugations, 100
pL of annexin binding buffer 1x, 5 yL of annexin V-FITC and 1 uL of Pl (Annexin V-FITC Apoptosis
Detection Kit; Invitrogen, USA) was added to all samples and incubated for 15 min in the absence of
light. Afterwards, to these cellular suspensions were added 400 uL of annexin binding buffer 1x. Cells
were analyzed using an Attune ® Acoustic Focusing Flow Cytometer (ThermoFisher Scientific,
Waltham,MA, USA) with the acquisition of at least 10 000 events per sample. Data presented here are

from at least two independent experiments.

3.1.1.5. Assessment to autophagic potential

Autophagy was studied using the Autophagy Assay Kit (Abcam, Cambridge, UK). The detection
reagent used becomes fluorescent in vesicles produced during autophagy allowing quantification of

autophagic cells.

FR37- CMT cells were seeded in 6-well plates (VWR, Europe) at 1x10° cells/mL and incubated
in the conditions described previously. Culture medium was removed after 24 h and replaced with 2 mL
of fresh medium containing either 1ICso compound concentration, 0.1% (v/v) DMSO (vehicle control), 5
UM of CIS or 0.4 uM of DOX. 15 h before the ending of the 48h of incubation, 0.5 uM rapamycin, an
autophagy inductor, was added to the corresponding well. At the end of the 48h incubated, Cells were
collected with trypsin, washed with Assay Buffer 1 x, and incubated in DMEM culture medium with Green
Stain solution and 5% (v/v) FBS for 30 min. Cells were then collected and washed with Assay Buffer 1x.
Samples were resuspended in Assay Buffer 1 x and analyzed using an Attune ® Acoustic Focusing
Flow Cytometer (ThermoFisher Scientific, Waltham,MA, USA) with the acquisition of at least 10 000
events per sample. Data presented here are from at least two independent experiments.
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3.1.1.6. H2DCF-dA staining assay (Measurement of production of intracellular
ROS)

Reactive oxygen species (ROS) Detection Reagents (Life Technologies, InvitrogenTM, USA)
let us detect the accumulation of intracellular ROS. The reagent used, H2DCF-dA, when oxidized by
peroxides is converted into a high fluorescent component, 2,7-dichloroflurescein, directly proportional
to amount of ROS in cells (Marchi et al. 2012).

For the H2DCF-dA staining assay, FR37-CMT cells were in 6-well plates (VWR, Europe) at
1x10° cells/mL and incubated in the conditions described previously. After the incubation period, the
medium was removed and replaced by fresh medium containing ICso of compounds, 0.1% (v/v) DMSO
(Negative control solvent), 18.1 uM of TBHP(positive control), 5 uM of CIS or 0.4 uM of DOX (Positive
control). After 48 h of exposure cells were washed with PBS 1x and stained with 100 mM of H2DCF-dA
in PBS 1x and incubated for 20 min at 37°C, protected from light. Cells were analyzed using an Attune
® Acoustic Focusing Flow Cytometer (ThermoFisher Scientific, Waltham,MA, USA) with the acquisition
of at least 10 000 events per sample. Data presented here are from at least two independent

experiments.

3.1.1.7. Measurement of mitochondrial membrane potential (AY M)

The mitochondrial membrane potential (AWM) shows us if mitochondria are functioning or not,
being an indicator of cell health (Christensen et al., 2013). To measure AWM JC-1 (Abnova Corporation,

Walnut, CA, USA) was used, a lipophilic cationic dye.

FR37- CMT cells were seeded in 6-well plates (VWR, Europe) at 1x105 cells/mL and incubated
in the conditions described previously. Culture medium was removed after 24 h and replaced with 2 mL
of fresh medium containing either ICso compound concentration, 0.1% (v/v) DMSO (vehicle control), 5
UM of CIS or 0.4 uM of DOX. Cells were incubated for 48 h and later collected, washed with PBS 1 x,
and incubated with JC-1 probe for 20 min. Afterward, cells were collected, resuspended in PBS 1 x, and
analyzed using an Attune ® Acoustic Focusing Flow Cytometer (ThermoFisher Scientific, Waltham,MA,
USA) with the acquisition of at least 10 000 events per sample. Data presented here are from at least

two independent experiments.

3.1.1.8. Wound healing assay or cell migration assay

FR37-CMT cell line was seeded in 24-well plates (VWR) at a concentration of 2x105 cells per milliliter
and incubated with controlled atmosphere, 5% (v/v) CO2 and 99% (v/v) humidity at 37°C. After 24h

hours a scratch was made with a sterile 100 UL micropipette tip on the surface of the wells. Cells were
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then exposed to ICso of compounds, 0.1% (v/v) DMSO (vehicle control) or 0.4 uM of DOX and incubated
for 24h in the same conditions describe previously. Cell cultures were photographed, and the remission
percentage was calculated by measuring the width of scratches with the use of ImageJ 1.49v software.

Data presented here are from two independent experiments (Raposo et al., 2017).

3.1.1.9. Statistical analysis

All data were expressed as mean + SEM from at least two independent experiments. Statistical
analysis was performed using GraphPad Prism v.8.0.1 through One or Two-way ANOVA for comparing
the control group with treatment groups for statistical significance. Statistical significance was
considered when p-value < 0.05.

3.1.2. Results

3.1.2.1. Cell viability assay

The cytotoxic potential of two substances containing the DION ligand, TS262 and TS265, was
examined in earlier research conducted by Raposo et al., 2017, in this cell line, FR37-CMT. In light of
this, during the current experiment, the antiproliferative activity of additional compounds from this family

was examined in this cell line at doses ranging from 0.01 to 50 uM with a 48-hour exposure time.
The in vitro antiproliferative effect of the six complexes were analyzed in the canine mammary

cell line, FR37-CMT, to identify which metal complex induces a more pronounced growth inhibition
(Figure 7).
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Figure 7: Cell viability (%) of FR37-CMT cells after 48 hours of exposure to different concentrations of complexes.
DMSO 0.1% (v/v) was used as vehicle control. Represented data are the mean + SEM of two independent
experiments (* p < 0.05, ** p<0.01, *** p £0.001, **** p £ 0.0001). Relative IC50 was calculated from dose-
response curves resorting to the GraphPad Prism 8 software.

Based on the results presented in Figure 4, the respective ICso of the compounds were
calculated using the GraphPadPrism 8 Software (Table 2). The selectivity index (SI) was calculated for
FR37-CMT cell line compared to fibroblasts (Table 3).

ICsy in fibroblasts
ICso in FR37 — CMT

Equation 2: Calculation of the selectivity index of each tested compound

Seletivity index (SI) =

Figure 4 shows a decrease in cell viability after 48 h of exposure to increasing concentrations
of JHOR9, JHOR11, F, VO(dipic)(DION) and MI12 complexes. Complex JHOR10 does not seem to

induce cytotoxicity in tumor or normal cells with ICso higher than 50 uM (Table 2)
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Table 2: Values for the relative ICso of FR37-CMT after 48 h exposure to JHOR9, JHOR10, JHOR11, F,
VO(dipic)(DION) and MI12 obtained using the GraphPadPrism 8 Software. Concentrations are expressed in yM.

Relative ICso (UM)
JHOR9 JHOR10 JHOR11 F VO(dipic)(DION) MI12

| FR37-CMT 6.41 >50 19.80 8.20 0.28 10.22

For the FR37-CMT cancer cell line, the ICso, of the regularly used anticancer medicines, cisplatin

and doxorubicin, is greater than 50 uM and 5.3 uM, respectively (Raposo et al.,2017).

The cytotoxic potential is more pronounced for VO(dipic)(DION) complex with an ICso
concentration value in canine mammary cancer cell line, FR37-CMT, of 0.28 uM. After this compound,
the compounds with the highest cytotoxicity are the manganese complexes, JHOR9 and F, with an IC50
lower than 10 pyM. In fact, complexes JHOR9 and F are structurally similar, with complex

F having one additional acridine ligand compared to complex JHORO9.

Complexes JHOR9 and F have an antiproliferative effect in FR37-CMT in the same order of
magnitude of doxorubicin and higher than cisplatin. As for the vanadium complex, it has greater
antiproliferative effect in this cells higher than that to chemotherapics, DOX and CIS. This may indicate

that these three complexes may represent alternatives to these known drugs.

The selectivity index (SI) in all complexes are very low, close to the unit , thus not being able to
affirm that there is selectivity for the tumor cells. The Sl results should present values greater than 5/10.
Despite all this, when choosing a complex for a more effective treatment for this cancer, the best would
be vanadium, as the therapeutic margin is greater (> Sl). It can then be said that this is the compound
with the highest antiproliferative and most selective potential among all the compounds of this family
studied in this cell line so far. To calculate the Sl values, data from literature on ICsoin fibroblasts of the

compounds under study were used (Table 3) (Lenis-Rojas, 2021; Raposo et al, 2017).

The values presented in fibroblasts demonstrate that these compounds can be very cytotoxic
in normal cells. For that reason in previous studies, the compounds TS262 and TS265 were
nanovectorized in order to be more selective. This nanovectorization increased the antiproliferative

power of these compounds (Raposo et al, 2017).

Table 3: Values of selectivity (ICso of Fibroblasts /ICso FR37-CMT ratio) of JHOR9, F and VO(dipic)(DION) and
previously tested DION compounds, TS262 and TS265.

1C50 (uM) FR37-CMT | Fibroblasts | Selectivity index (SI)
TS262 1.05 0.6 0.57
TS265 1.39 0.62 0.44
JHOR9 6.41 8.4 131
F 8.2 8.9 1.09
VO(dipic)(DION) 0.28 0.65 2.29

44



The other compounds of this family have been previously tested, TS262 and TS265 in vitro and
in vivo and demonstrated that they were not able to induce systemic toxicity in mouse xenografts, and
do not accumulate in the liver and brain of the mice but instead, the treatment is targeted to the tumor
(Fernandes et al., 2017; Pedrosa et al., 2019). However, as can be seen from Table 5, these the

complexes under evaluation in this work present a higher selectivity compared with the two former.

The vanadium complex, in addition of being the complex that demonstrated the lower ICsp in
FR37-CMT cells, also demonstrates a higher selectivity for the mammary tumor cell line when compared
to normal cells, human fibroblasts (Table 3). it would have been interesting, for this work, to compare in
a model of normal bitch epithelial cells and not using human fibroblasts as a comparison due to different
species-specific sensitivities.

By showing a greater cytotoxic effect in FR37-CMT cell line and better selectivity compared to
the previous studied complexes (TS262 and TS265) (Fernandes et al., 2017; Pedrosa et al., 2019;
Raposo et al., 2019) the manganese and vanadium complexes were chosen for the further biologic
assays and characterization of the mechanism underlying the loss of cell viability above observed
(Figure 7 and Table 4).

3.1.2.2. Apoptosis study

To discriminate between necrotic and apoptotic cell death, double labeling with annexin V-FITC
and PI was utilized. The physical traits and metabolic alterations allow for simple differentiation.
Phosphatidylserine is translocated to the outer membrane when apoptosis occurs, allowing the annexin
to bind the PS (Brumatti et al., 2008). While late stages of apoptosis and necrosis alter the integrity of
cell membranes, allowing the PI to reach the nucleus and attach to DNA molecules (Brun et al. 2012).
It is feasible to identify and count cells using this staining by flow cytometry (Henry et al., 2013):

e Viable cells: Annexin V (-) and PI (-)
e Early apoptotic cells: Annexin V (+) and PI (-)
e Late apoptotic cells: Annexin V (+) and PI (+)

e Necrotic cells: Annexin V (-) and PI (+)

When FR37-CMT is exposed to JHOR9 and VO(dipic)(DION), a small but not statistically
significant increase in the percentage of apoptotic cells is observed (early and late apotosis) compared
to the vehicle control, DMSO (Figure 8). The fraction of necrotic cells remained very low with complex

exposure (Figure 8).

On the other hand, the percentage of apoptotic cells after exposure to the concentration of ICso

of the manganese compound F shows to be the same as when the cells were exposed to the vehicle
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control, DMSO (Figure 8).

== Necrosis

Late Apoptosis
100 —==— == Early AE)popptosis
,o@ mm Viable
E Kkkk
>
3
o 50
JI)
O
0
Q
SICENCR
o L R S P Y 1
07 4% P o (¥ o
@ O+ ®) ) « N
N Q & é
Q L O\O
D \!
&
&
©

Figure 8: Evaluation and quantification of apoptosis and necrosis by flow cytometry with annexin V-FITC and PI
double staining. FR37-CMT cells after 48 h of exposure to IC50 concentrations of JHOR9, F and
VO(dipic)(DION). 0.1% (v/v) DMSO was used as vehicle control and 5 uM cisplatin and 0.4 yM doxorubicin as
positive control. Data are presented as the mean + SEM and statistics was performed by Two-way ANOVA
compared to control of at least two independent experiments using the GraphPad Prism 8 software. (* p < 0.05, **
p <0.01, ** p <0.001, **** p <0.0001).

These results seem to indicate that when FR37-CMT cells are exposed to these complexes,
apoptosis is not trigger and other cell death mechanism might be responsible for loss of cell viability
observed above (Figures 7 and 8). To further confirm these results the measure of mitochondrial
membrane potential was accessed.

3.1.2.3. Measurement of mitochondrial membrane potential (A% M)

Changes in the AWM in cells treated with the different compounds were analyzed to check the
functional activity of the mitochondria. JC- 1 dye is lipophilic charged positively (naturally exhibiting
green fluorescence) which spontaneously accumulates in the matrix of mitochondria in healthy cells due
to the negative potential of the inner mitochondrial membrane, start forming reversible aggregates.
These aggregates exhibit fluorescence in the red spectrum. In healthy cells with normal AWM, the red
fluorescent aggregates were formed. By contrast, in unhealthy cells or apoptotic, due to the increase of
membrane permeability and consequent loss of electrochemical potential, in this conditions JC-1 does
not reach a sufficient concentration to form aggregates, remaining in its monomeric form (green
fluorescence). So in presence of unhealthy cells, with low AWM, were observed the loss of red
fluorescence and an increase in cytoplasmic green fluorescence cause the AWM to decrease, making
it a valuable measure of the health and functional condition of cells (Perelman et al. 2012; Sivandzade,

2019). Cells were analyzed by flow cytometry and results are shown in Figure 9.
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As expected, based on the previous apoptotic results (Figure 5) no induction of depolarization
of mitochondrial potential is observed for the tested complexes (Figure 6) as the ratio between
monomeric and aggregated form are similar (no statistically significant results). Moreover, the
concentrations used for the two common antitumor drugs, doxorubicin and cisplatin, contrary to what is
seen in human cell lines (Raposo et al., 2017) do not seem to trigger mitochondria dependent apoptosis

(Figure 8 and Figure 9).
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Figure 9: JC-1 monomer/aggregate fluorescence ratio in FR37-CMT cells after 48 h of exposure to ICso
concentrations of JHORY, F and VO(dipic)(DION). 0.1% (v/v) DMSO was used as vehicle control and 5 yM
cisplatin ,0.4 yM doxorubicin and 18.1 uM TBHP as positive control. Data are presented as the mean + SEM and
statistics was performed by One-way ANOVA compared to control of at least two independent experiments using
the GraphPad Prism 8 software. (ns - statistically non-significant).

Figure 9 shows that exposure of FR37-CMT to the different complexes induced permeabilization
of the mitochondrial membrane (ratio > 1). Despite ratios greater than 1, none of the results with the
three different complexes was statistically significant. With these results, therefore, we cannot confirm
that the loss of cell viability after exposure to ICso concentrations is correlated with the triggering the

intrinsic pathway of apoptosis.

Based on these results other cell death, autophagic cell death, mechanism was assessed.

3.1.2.4. Assessment to autophagic potential

To determine if JHORY, F, and VO(dipic)(DION) also produce autophagic cell death in addition

to apoptosis, the assessment of autophagic cell death was also examined.

Cyto-ID® Green dye, a 488nm-excitable green, fluorescent reagent that becomes intensely

luminous in vesicles created during autophagy and can be recognized by flow cytometry, was used in
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the experiment for this purpose (Guo, 2015).

Compared to the control group, the complexes-treated cells showed a substantial increase in
autophagy (Figure 10). The manganese compounds tested showed a percentage of autophagy 3.4
times higher than the negative control and the slightly higher vanadium complex, 3.7 times higher. When
our compounds were compared with the positive control (rapamycin) and the antitumor drugs, we found
that the percentage of autophagy observed when exposed to IC50 concentrations of the compounds is
very close to, between 0.7 and 0.9 times, the percentage of cells in autophagy recorded in the positive
control and the known drugs (Figure 10).

These results suggest that exposure of FR37-CMT cells to both compounds can induce a non-
apoptotic cell death in cancer cells such as autophagy.
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Figure 10: Induction of autophagy after exposure of FR37-CMT cells after 48 h of exposure to ICso concentrations
of JHOR9, F and VO(dipic)(DION). 0.1% (v/v) DMSO was used as vehicle control and 5 yM cisplatin ,0.4 yM
doxorubicin and 0.5 yM rapamycin as positive control. Data are presented as the mean + SEM and statistics was
performed by One-way ANOVA compared to control of at least two independent experiments using the GraphPad
Prism 8 software. (* p < 0.05, ** p <0.01, *** p £0.001, **** p < 0.0001).

The autophagic process, a form of programmed cell death, is commonly induced during cancer
treatments, such as chemotherapy (Rahmati et al., 2020).

To further understand the reason for this loss of cell viability via autophagy and knowing that
metal complexes are known to induce oxidative stress, we accessed the production of reactive oxygen

species in FR37-CMT cells exposed for 48h to the complexes.

3.1.2.5. Measurement of production of intracellular reactive oxygen species

Metal complexes are known to cause cell death by producing ROS, and in this regard, FR37-
CMT cells were exposed to the ICso of each complex for 48 hours. Following that exposure time,
intracellular ROS levels were measured using H2DCF-dA, a cell-permeable, non-fluorescent substance
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that accumulates inside of cells upon de-acetylation and interacts with ROS to produce highly

fluorescent molecules (McKenzie et al., 2017; TungalLeung et al., 2014) (Figure 11).
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Figure 11: Reactive oxygen species (ROS) induced in FR37-CMT cells after 48 h of exposure to IC50
concentrations of JHOR9, F and VO(dipic)(DION). 0.1% (v/v) DMSO was used as vehicle control and 5 yM
cisplatin ,0.4 uM doxorubicin and 18.1 yM TBHP as positive control. Data are presented as the mean + SEM and
statistics was performed by One-way ANOVA compared to control of at least two independent experiments using
the GraphPad Prism 8 software. (* p < 0.05, ** p <0.01, *** p < 0.001, **** p < 0.0001).

An increase in ROS levels was observed in cells treated with the three metal complexes when
compared to control cells (Figure 11). Moreover, cells treated with the manganese complexes ( JHOR9
and F) produced 2x the level of ROS while cells treated with the vanadium complex a 1.5x ROS levels
(Figure 11) Interestingly, the manganese complexes produced levels of ROS similar to the ones
produced by the positive control TBHP or the common antitumor drugs, cisplatin and doxorubicin (Figure
11).

The complexes cause FR37-CMT cells to experience an increased oxidative stress, which
triggers autophagic programmed cell death mechanisms above observed (Figure 10). These results
also agree with the literature and with the oxidative stress induced by manganese and vanadium

complexes (Kowalski, 2020; Lenis-Rojas et al., 2021).

3.1.2.6. Wound healing assay or cell migration assay

Researchers have used cell migration assay for many years to investigate cell polarization,
remodel the tissue matrix, or calculate the rates of cell migration and proliferation in various cell types
and culture environments. This "wound" leaves an open gap that is later examined under a microscope

as the cells fill the wound over time. Depending on the type of cell, the environment, and the surface
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area, or space between cells, the "healing" effect can take several hours to many days. The different
shapes and sizes of the wounds prevent consistent outcomes and lead to fluctuation from one well to
another. Additionally, "the scratch wound" experiment frequently results in cell damage around the

wound's edge, which might obstruct cell migration into the wound site and hinder healing. (Trepat, 2012)

Previously, data from our lab has demonstrated that FR37-CMT cells have a strong migration
capability which is in line with the loss of E-cadherin expression, which is essential for controlling

epithelial-mesenchymal transition (Raposo et al., 2017).

As observed in Figure 12, all complexes can reduce the migration of cells leading to a lower
percentage of remission compared to control vehicle. The percentage of remission is F>
VO(dipic)(DION) = Doxorubicin > JHOR9, meaning that JHOR9 can sustain FR37-CMT cell migration
in a higher extend (Figures 12). Interestingly, JHOR9 shows an ability to interfere with FR37-CMT

migration in a higher extent compared to the antitumor drug doxorubicin (Figure 12).
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Figure 12: a) Migration assay of FR37-CMT cells exposed to IC50 concentrations of JHOR9, F and
VO(dipic)(DION). 0.1% (v/v) DMSO was used as vehicle control and 0.4 yM doxorubicin as positive control. The
remission rates were calculated by measuring scratches at time Oh and after 24h of exposition. Data are
presented as the mean + SEM and statistics was performed by One-way ANOVA compared to control of two
independent experiments using the GraphPad Prism 8 software. (* p <0.05, ** p < 0.01, **p <£0.001, ***p <
0.0001). b) Representative images of wound healing assay at Oh and 24h of exposure to the IC50 concentrations
of JHOR9, F and VO(dipic)(DION), 0.1% (v/v) DMSO and 0.4 uM doxorubicin.

The manganese compound, JHOR9, which has a wound remission rate around four times lower
compared to the control (DMSO), has the most influence on cell migration and matrix remodeling ability,
according to the findings of this study (Figure 12).

3.2. Final Remarks

These experiments were conducted to determine which complex would be most suited to

continue the required in vivo testing and, perhaps, with interest to the veterinary pharmaceutical
industry's.

It would be interesting to proceed with one of these compounds for future tests. But which is the

most interesting compound to proceed with testing? In order to answer this question in a systematized
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way this thesis uses the Value Creation Wheel (VCW) methodology (Lages et al, 2020; Lages, 2016).
The Value Creation Wheel (VCW) is a decision-making meta-framework that helps to identify, analyse,
and solve problems recommended to face all kinds of challenges. This framework allows the creation
of value for society and all stakeholders involved in the value chain. In this session is going to be discuss
the most appropriate metal complex to proceed testes for the treatment of cancer treatment. All the
compounds of the family of compounds with DION as ligand previously tested in FR37-CMT cell line
were considered and made as well as several criteria that should be considered for choosing the specific

complex.

In the application of this VCW, eliminatory filters will not be applied, but copulative filters. That
is, instead of eliminating a complex that does not satisfy the predispositions of a filter, it will receive
points each time it fulfills one of the requirements. The selected complex will be the one with the most

points after applying all the filters.

The filters chosen were for this VCW: cytotoxicity, selectivity, possibility of patentability and in

vivo tests. These four filters are then ranked from 15t to 4™, in the order they are presented.

Cytotoxicity (1t) will refer to the results obtained during the viability tests performed, complexes
with ICso lower than 10 uM, respect this requirement, as well as selectivity (2"9), which refers to the
comparison between the IC50 doses between tumor cells, FR37-CMT, and fibroblasts. The patentability
filter (39) this filter will select the complexes that are subject to patent, that is, the complexes which there
are no publications or published information about them, fulfilling the patentability requirement with
regard to intellectual property, this prerequisite will be explored more in the next chapter. As for the last
filter, we have the in vivo results tests (4 ™), the complexes that fulfilled this requirement will be the ones

that already have good results in previous tests in live models.

As we can see none of the compounds meets all these assumptions. The only compound that
fufill 3 out of 4 criteria (Table 4) was the vanadium complex. This one meets the requirements of
cytotoxicity, selectivity (having been the only one to "scored" in this requirement due to the low selectivity
of all the complexes, this being the one with the best results) and possibility of patentability. The single
requirement that this chemical is that we didn’t know how it behaves in live models, in vivo experiments
have not yet been performed with this.

Table 4: Value creation Funnel on the DION complexes tested in the laboratory in FR37-CMT cell line. With 1 is
marked when satisfies a requirement, with 0 when it does not and with (-) when something has not been tested yet.

Citotoxicity Selectivity Patenteability In vivo results
JHOR9 1 0 0 1
JHOR10 0 0 0 -
JHOR11 0 0 0 -
F 1 0 0 1
MI12 0 0 1 -
VO(dipic)(DION) 1 1 1 -
TS262 1 0 0 1
TS265 1 0 0 1
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The only complexes that were previously tested in an in vivo model were the manganese ones,
JHOR 9 and F, and the TS262 and TS265 complexes. These last two were tested in murine models,
while manganese were tested in xenograph models in zebrafish, others in mouse models and in
embryos. All these did not show systemic toxicity in the presence of high concentrations of the
complexes (Fernandes, 2017; Lenis-Rojas,2022; Pedrosa, 2019).

However, it can be confirmed that none of the other compounds analized have undergone in
vivo testing. It is anticipated that it will function in a manner consistent with its documented systemic

toxicity, as studied in zebrafish, mouse models, and embryos (Lenis-Rojas,2022; Raposo et al., 2017).

After these in vitro testing, the goal is to go on to in vivo studies and if possible towards clinical
validation in dogs, and VO(dipic) (DION) complex seems to be the complex that would be most
appealing for those studies.

We may be interesting to use nanotechnology techniques to create structures to vectorize the
compound (Raposo et al 2017). In this regard, if it turns out during the in vivo tests that the vanadium
complex is not specific for the tumor and accumulates in other organs, such as the brain and liver,
targeted delivery, and increasing drug bioavailability with less side effects, might prompt to a better
therapeutic efficacy (Freitas et al., 2011). This branch of study has experienced rapid advancement in
recent years and has proven to be quite effective in resolving issues of this nature (Fernandes, 2017;
Freitas and Muniz, 2020; Pedrosa, 2019).

The next chapter will discuss technology market transfer strategy. A key element is the

Intellectual Property strategy which is also going to be addressed in Chapter 4.
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CHAPTER 4: TECHNOLOGY MARKET
TRANSFER STRATEGY

Intellectual Property Rights should be analysed in before commercialization of a breakthrough

technology. It may help increase the chances of commercial success.

4.1. Intellectual Property Protection

Inventions can be protected by a patent or trade secret. This strategy creates a barrier against

market competitors which may foster businesses to innovate.

Patents are intangible assets that are important in creating value, increasingly important, which
are sources of value in the most important competitive advantages. But what is this intangible asset?
They are considered as rights to future benefits that do not materialize physically or financially (Gu and
Lev, 2001).

Identification and preservation of intellectual property assets reveal to be one of the key external
aspects in a company's strategy to generate value in the health/biotechnology sector, where there is
continual need for scientific and technical innovation, being crucial for the success of investment choices
and use of a specific technology. Following the product's research and development phase, it is
determined to investigate create a sufficient property management strategy for commercial intellectual
properties that ensures us have a commercial edge in canine oncology. But the obstacle in this industry,

it is difficult and highly demanding to secure these rights to a corporation (Krejcar, 2020).

There are a few conditions that must be met before an invention can be patented; these include
that it must not yet be protected, not yet be known to the public, and not yet have been advertised or
described by the inventor, the applicant, or anyone else in Portugal or any other nation.

In this work, the potential of six complexes in canine cancer cells was investigated and two more
of these complexes had previously been tested. The truth is that of these, in total eight complexes, only
two would be eligible to be patented, the six others having already been published, being then of public
knowledge. The complexes that could be patented are MI12 and VO(dipic)(DION).

The patent will be a benefit in the acquisition of value for this technology. This procedure takes
both time and money, and the complexity of the entire process might vary depending on the entities

involved.

European legislation on patents enshrines the principle of non-patentability of medical or

surgical treatment methods for people or animals (Sterckx, 2010).Therefore, the treatment with the
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complex in question would not be patentable, in this case what would be the target of protection would

be the structure of the complex.

In a possible intellectual property process with one of the two possible complexes, there would
be some differences in the all process between them. The iridium complex is a complex synthesized in
an institution, ITQB, belonging to the university to which the FCT is also part, the UNL, which would
facilitate the entire process. On the other hand, we have the vanadium complex, which obtained better
results in the in vitro tests, as it was possible to verify in the previous chapter, this was synthesized by
a faculty outside the UNL, even outside Portugal, in a university in Poland, a patent of this it would then
involve two institutions and even two different countries, possibly with possible regulations, which could

complicate and delay the whole process.

In the process of patenting the vanadium compound, the two institutions would need to be
involved, the University of Silesia, Sxkolna Katowice, in Poland, for being responsible for the synthesis
of the compound and the FCT, more specifically the HG&CT laboratory, for the results and for the entire

process of testing the compound in cell lines.

4.2. Regulation

In terms of regulation for testing on animals, for clinical trials, is increasingly demanding over
the years, these must ensure both their physical well-being and the efficacy and safety of veterinary
medications. These can only be carried out by qualified technicians with the necessary scientific training,
research experience, and expertise, particularly in the area of testing clinical proposals, under veterinary
supervision. They can only be done at locations with the equipment and staff necessary to provide the

level of scientific rigor and excellence required (Appendix 4).

The DGAV and INFARMED must approve clinical studies before they can be conducted. The
protocol and other technical-scientific material that supports the goals of the clinical trial and specifies
the veterinary medicine being tested must be included with the authorization request, which should be

sent to the director general of Veterinary (Appendix 4).

The National Institute of Pharmacy and Medicine, often known as INFARMED, must give its

approval before veterinary medical items can be sold (Coelho, 2013).

Based on information in DGAV’s site, in Portugal, experimental projects or any use that involves
the use of animals, must be under cover Decree-Law n.° 113/2013 , must be previously evaluated and
authorized by the DGAV and, for that, they must go through a Project Authorization Process with it. To
request a Project Authorization, it is necessary to provide documentation with the same: application
requesting project authorization, a form for requesting a Project Authorization, Non-binding opinion

issued by the Agency Responsible for Animal Welfare, Non-technical Abstract Template of project,
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together with the respective payment and proof.

Authorization request form for the use of animals project for scientific purposes is divided into
six sections: administrative details about the project, people and establishments involved, information
about the project, objectives and potential benefits of the project, information about the animals,

information about the procedures and experimental design and declaration of responsibilities.

As for the non-technical summary model of the project, it consists of an excel, where the main
information of the project is placed, such as title and language, project purposes, expected damages
and destination of the live animals.

Next session addresses market analysis which includes market dimension and the following

one discusses the competitors.

4.3. Market Research and Analysis

The value of market knowledge is comparable to a study that involves gathering and utilizing
data as a crucial decision-making tool, enabling discussion of the viability of upcoming endeavors or

enterprises.

The market for veterinary oncology worldwide, which was estimated to be worth US$297.30
million in 2020, is anticipated to expand to US$819.84 million by 2030, with a CAGR of 10.8% between
2021 and 2030 (Dash and Suman, 2021).

The COVID-19 pandemic is anticipated to hinder the expansion of this market segment. Due to
the strain on health systems around the world and the growing need for human treatment facilities and

diagnostic technologies, investments in other areas were reduced (Carreiras et al, 2022).

We now constantly worry about potential conflict scenarios that play out on a European scale
and which we may believe may have an impact on our businesses. Violent disputes show to have no
influence on the establishment of new businesses, which does not seem to be proof for this (Briick et
al, 2010).

The rise in demand for veterinary oncology therapy, the prevalence of animal cancer, the rise
in funding from private and public organizations for animal care facilities, and the rise in research and
development for oncology treatments for pets are the main drivers of the global veterinary oncology

market's expansion (Dash and Suman, 2021).

Due to the development in R&D activities in the animal health sector, the rise in the number of
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chemotherapy treatments in animals for the treatment of cancer, and the rise in the adoption of
chemotherapeutic procedures in pets, chemotherapy dominated the market in 2020 and this trend is
anticipated to continue. The number of research studies for the treatment of animals and the rise in the
use of certain therapies for pets, however, are projected to cause the radiology segment to expand
significantly (Figure 13) (Dash and Suman, 2021).

I 2020 [ 2030

Surgery Radiology Chemotherapy Others

Figure 13: Segmented review of veterinary oncology market by therapy (Source: (Dash and Suman, 2021)).

The pharmaceutical market vet is about 30 times less than the worldwide pharmaceutical
industry devoted to human health. Animal health is now the sole focus of business divisions of the
majority of large pharmaceutical corporations. They only account for 5% of its overall profits (Capanema
et al, 2007).

The market for animal health is expanding as a result of a shift in consumer behaviour, pet
owners now view their animals as members of the family and place a higher priority on their welfare.
The owners list food and health as their top concerns, and they also rank comfort and hygiene as major
sources of worry (Appendix 3) (Capanema et al, 2007; Fragoso, 2022).

Few data are available at the veterinary level., some experts have estimated that there are close
to 500 million dogs in the globe. According to pet food producers, there are 85 million individuals living
in Europe (Overgaauw, 2020; Sykes et al., 2020). With an estimated 2.1 million canines living in
Portuguese households, our nation's pet population is still behind that of the most industrialized
European nations (Fragoso, 2022).
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Figure 14: A visual depiction of the number of dogs in the world, in Europe and in Portugal (estimate).

Considering that male dogs are mostly unaffected by breast cancer, the majority of targets are
female dogs. We may then narrow our attention to only half of the canine population by assuming that
the percentage of the two sexes will be equal. One of the most common neoplasms among female dogs,

who make up half of the canine population, is breast cancer, which affects 45% of them (Campos, 2020).

Table 5: Estimation of possible cases of breast cancer likely to be studied and of interest

World Europe Portugal
Number of dogs (from data) 500 million 85 million 2.1 million
Female dogs (estimative) 250 million 42.5 million 1.05 million
Dogs with breast cancer (potential number) | 112.5 million | 19.125 million | 473 thousand

With these figures in mind, we can thus predict that Portugal will have close to 473 thousand
potential patients for our therapy. While there may be 19 million in Europe and 113 million worldwide
(Table 5). After all the tests and regulations with the therapy of interest and when it is prepared for
commercialization, the number of potential patients should represent a bigger number given the
developing trend in the number of cancer cases that has been recorded over the course of so many

years.

4.4 Competitors

A product's positioning, which is expressed by the relationship of position among competitors,
is the image or identity that the product transmits to potential customers (Krejcar, 2020).The metal
complex treatment is positioned as a solution for the treatment of breast cancer with easy reproducibility
and more direct production, low systemic cytotoxicity, and a significant price advantage over some other

treatments available right now (Appendix 2).

In an effort to address all the therapeutic limitations that the present treatments have
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demonstrated, this treatment will be promoted as an alternative.

The biggest bottleneck that can then be pointed out to this treatment technology is its premature
state with regard to tests, having only been carried out in vitro tests and still without even patenting, all
results in live models are being measured. taking into account other compounds of the same family,
then I intend this vanadium compound to have a similar behavior with regard to in vivo toxicity than the
others and accumulation at the tumor site not in other organs such as liver and brain (Raposo et al.,
2017; Rojas et al., 2022).

Bearing in mind that cancer treatment strategies have been showing a tendency to move
towards targeted treatment strategies and if this is not the case, this can be seen as a disadvantage,
however this will be a point that can be overcome with the subsequent functionalization. of the compost,
if this proves to be necessary. When hospital waste is burned as part of the waste treatment process,
chemotherapeutic compounds are released into the atmosphere. At this time, it is unknown whether or
not these products will be harmful to us or our atmosphere/world. Given the condition of our planet and

the responsibility we all have to preserve it, this can be noted as a potential drawback.

DION complex l Advantages:
. Treatment of disease
| VO(dipic)(DION) |

* More direct synthesis
* Ease of purification

* Extremely active

* Non toxic

Bottlenecks:

* Undirected treatment

* Possible environmental pollution
* Premature stages of testing

* Low systemiccytotoxicity
* Reduced production price

Figure 15: lllustrative diagram showing the benefits and drawbacks of DION complexes, namely the
VO(dipic)(DION).

Medical experts in veterinary medicine that were consulted for this dissertation claim that the
key elements of a successful treatment for these conditions are the treatment of the illness without
endangering the rest of the animal's health because, in many cases, secondary conditions resulting
from oncological treatment appear. The treatment itself, affect both healthy and tumor cells, which
complicates cases where organ failure of vital organs for the animal's healthy life results, what is
intended to be avoided through a suitor for new treatment. Animal carers really place the greatest
emphasis on this; issues like expense and environmental pollution appear to be fairly minor concerns
in their thinking (Appendix 1,3 and 4).

We can point to three main therapies competing with metal complexes mammary cancer

treatment: surgery, chemotherapy and radiotherapy (Table 6).
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Table 6: Main models of cancer treatment (surgery, chemotherapy and radiotherapy), their advantages and
disadvantages

Surgery Chemotherapy Radiotherapy
-Administration can be: oral,
intravenous, intramuscular,

subcutaneous, intrathecal and

-Visible tumor mass removals.
-Most used method of treating

- Genetic damage to directly kill or
induce apoptosis.

breast cancer in dogs. toplqal.
-Acts on cells in process of
division.
Advantages
-Preservation of normal tissues
- Quick method. - Prevention of tumor proliferation. and Qestructlon of microscopic
portions of neoplastic tissue.
-No need for hospital admission.
Drawbacks
- Limitation in the cure of
metastases.
- Evasive treatment. -It does not demonstrate efficiency

- There is no defined protocol for
breast cancer in the bitch that has
been shown to be effective.

in the treatment of metastases.
-Requires expensive equipment.

-Possible collateral damage:
bleeding, blood clots, damage to

nearby tissues/organs, drug -Not available in all countries.
reactions, pain, infection, slow
recovery.

Surgery is the most popular method of therapy for breast cancer in female dogs. Chemotherapy
and radiation, the other two therapeutic options, have not yet demonstrated a generally effective
regimen for treating the same condition and are frequently only employed as adjuvant therapy in this

instance.

Despite being more commonly used, surgery also does not have the desired results, and the
mortality associated with this type of cancer is still high. In addition, this technique is a very invasive
modality, requiring hospitalization, and presents several possibilities of side effects. Breast cancer is
also characterized by its high capacity to metastasize, with metastases occurring most of the deaths
associated with breast cancer and not with primary tumors. Score. Point on which our treatment modality

through the metallic DION complex would have the main advantage.

4.5 Business Model

The presentation of the central, cohesive structure of all foundational components through
which a product/service generates value for its target customers is known as the business model

(Krejcar, 2020). These has 3 essential components: value proposition, value capture and value delivery.

4.5.1. Value Proposition

How much value the idea creates and what advantages it will have when it is properly delivered

is stated in the Value Proposition.

There have been few positive benefits in terms of lowering mortality over time, despite all the

advancements achieved in the field of cancer, whether for humans or animals. Surgery continues to be

60



the preferred form of treatment for the cancer in study, insufficient to fight cancer most of the times,
while other forms of treatment have essentially stagnated, there are no protocols for either
chemotherapy or radiotherapy that have demonstrated significantly important results with regard to the

effective cure of cancer.

The value proposition of the proposal of the treatment with the DION complex, VO(dipic)(DION)
intended to be the delivery of a treatment that allows the effective fight against mammary cancer in
dogs and does not negatively impact the welfare of the animal. As described previously in this chapter,

these complexes are distinguished by having high activity and little systemic toxicity.

4.5.2. Value Capture

In the above section, the possibility of patentability was mentioned. The intellectual protection
of the compound, not the treatment, would be our greatest weapon in capturing the value created, at
the same time creating a barrier for competitors to take it. At the same point that the sale of the

treatments to competent entities and patients would also allow to receive the value created in return.

In addition to the therapy's potential as a potent tool in the successful treatment of cancer, the
patent will be our strongest tool for securing the complex at the market level and will also be our most

effective means of generating profit.

By building long-lasting and reliable connections with the organizations to whom it delegated
the distribution of treatment, we hope to expand sustainably and steadily increase the number of

consumers.

The revenue model is predicated on the ongoing development of value and its capture,

continuously placing bets on the high caliber of the generated product.

4.5.2.1. The power of veterinary health professionals in the dissemination of
treatment

The power that advertising can have on the success or failure of a business cannot be ruled

out.
Before talking about advertising, it is important to mention that in the veterinary environment,
as well as in human medicine, there are prescription and non-prescription medicines (Fialho, 2018;

Gomes, 2021).

Advertising of veterinary pharmaceutical products may then be directed to veterinarians and

other animal health professionals, distributors and other entities legally authorized to transfer veterinary

61



medicinal products or holders’ animals and the general public. Our treatment will be in the category of
drugs subject to medical prescription. In other words, its advertising can no longer be addressed to the
general public (animal holders included). Since our focus is all professionals in the area, it is important
to establish a relationship of trust with them (Fialho, 2018; Gomes, 2021).. These will then be the ones
who will or will not suggest our treatment as a treatment modality available to the target audience
(Appendix 3).

4.5.3. Value Delivery

Value delivery is connected to the commercialization strategy, or how we plan to get our product
to market, hopefully recouping the investment invested and compensating all the prior work put into
treating the ailment being studied in animals. And it may involve the creation of a spin off from Nova

University (or start-up).

With the intention of advancing the project, research and contacts were made in an attempt to
proceed with in vivo tests, with no positive response in this regard, having to adapt the initial plan. So
two value delivery strategies were introduced in our open, one of which would shift from patenting to
patent sale to the pharmaceutical industry while the other would initially involve the patenting of the
composite compound, setting aside the development, testing, and subsequent direct sale of the product.

The figure below provides an overview of these two tactics (Figure 16).

In vitro tests

\ 4

F Patenting H

Start-up Sales to the
creation Pharmaceutical industry
In vivo tests In vivo tests
Commercialization Commercialization

Figure 16: Diagram of the two business models: On the left is the model where, following patenting, a start-up is
established that will be in charge of the subsequent in vivo testing and commercialization, and on the right is the
model where, following the sale of the compound's patent to them, a pharmaceutical company will be in charge of
these final two steps.

If a spin off from Nova University or start- up were to be created, we would have to make a
bigger investment in both the formation of the start-up and workers and the in vivo testing that would be
required before it could be sold. If we kept going in this direction, we would run into complications with

the increasingly strict standards governing animal testing. The costs would be somewhat impracticable
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for us, taking into account, for example, that for the performance of phase 1 in vivo tests only, in addition
to the aforementioned regulation, the costs associated with them would be high, mainly due to the exams
and follow-up analyses, in this case having two possible views, either these would be carried out by the
owner, almost impossible to happen, or we would have to have access to outside investment or a grant

to carry out this project.

Given that they will be able to move forward with the testing more readily, it appears that the
method that entails patenting and then selling it to the pharmaceutical business is the most appropriate
for this situation. Contacts in this direction have already been made, but they were unsuccessful due to
the region's veterinary pharmaceutical institutes' lack of resources or their lack of interest as a result of

the compounds' limited success and theoretically little worth since there was no patented.

4.6. Financial Projections: a preliminary overview

It is challenging to define a financial projection at this point of the research because it has just

conducted in vitro testing and is still in its very early stages.

In addition to production expenses, the price of these medicines will be greatly influenced by
the outcomes of in vivo examinations. In vivo experiments can also inform us the optimal way to
administer the medication, such as orally or intravenously. As a result, these values will have a
significant impact on the cost of therapy. They will also make it possible to estimate which doses will be
required for treatment, without injuring the animal, and how many sessions of the same would be
advised. It is challenging to define a financial model at this point of the research because it has just

conducted in vitro testing and is still in its very early stages.

In this industry, the costs for newly introduced chemotherapy drugs are rising. The increased
costs for new cancer therapies can be justified by the very specific targets of which one, therefore, only
marketable to a small segment of patients. The higher prices allow the producers to recover the expense
of development in the face of limited sales (Scalo,2014).

The price of new cancer innovations for the pharmaceutical industry is influenced by
development costs, production costs, potential market size, competitors' prices, and the value of the

new product on the market (Meropol et al., 2009).

For production costs what can you then make a small estimate of the cost of producing small
portions of compost. However, this is always very relative, since there are certain variables that are
complicated to estimate such as: electricity, water, equipment, liquid nitrogen, nitrogen line (gas),

personal reagents for synthesis and analysis, such as nuclear magnetic resonance (Table 7).
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Table 7: Costs of reagents to produce 15 grams of ruthenium compound with DION as ligand

Ruthenium precursor 240 €
Ligands 750+ 90 €
Solvent 271 €

The table shows the costs values of the reactants, in the scale-up of one of the tested ruthenium
compounds, just to produce 15 grams of it. These data were provided by the researcher Oscar Rojas,
involved in its synthesis. Having been told by the same that is always possible to optimize the reaction
to obtain a greater amount, but this will also involve costs, but they can be adjusted if the reaction is
done on a larger scale.

For the production 15 grams of the ruthenium complex cost, only in reagents, a total of 1351€.
This will then serve for us as a small perspective of the order of how much it could cost to produce the
compound from the family of compounds with DION as a ligand that will be commercialized, the
vanadium complex, taking into account that the metallic center and most of the reactants could be
different, with interference in the total cost (Appendix 2).

The final costs are not estimable and depend a lot on the scale of production, so far only small
amounts of the complex have been synthesized when compared to what can be produced in an
industrial environment. This large-scale production, in order to satisfy market needs, will lead to a
significant cost reduction. At this moment, what we can assess is the price charged by the current
competitors, radiotherapy was not taken into account as it is not a treatment modality practiced at
national level, having the same as a reference for the definition of the possible price to be practiced. We
then have where in Portugal, the price of the surgery is a fixed price that will be around 200/300 euros
and the other possible modality of treatment, chemotherapy, costs are already less predictable, since
each treatment session will cost around 200 euros, and the number of sessions will depend on the
protocol and the case, which can cost well over 1000 euros. In addition to the costs associated with
these treatments, we always have control analyses, such as blood collection and follow-up
consultations, which can certainly add a cost of over 1000 euros to the entire process (Table 8)
(Appendix 1).

Table 8: Summary of costs involved in the treatment of dog breast cancer in Portugal (surgery and chemotherapy)

Surgery Chemotherapy
Cost per session 200/300€ 200€
Number of sessions 1 Protocol dependent
Adjacent costs +1000€

The metallic complex's suggested treatment is somehow similar to the present chemotherapy,
thus it is reasonable to assume that the accompanying costs for the owner of the sick dog will be of a

similar scale. Taking into account the fact that these chemicals' production was found to be more
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straightforward and to be less expensive (Appendix 2) . In contrast, the object under investigation we
are looking at offers a more compelling value proposition than any potential rivals, providing greater
value that could support a higher price.

4.7. Final Remarks

Human genetics and cancer therapeutics at NOVA University of Lisbon is now testing metal
center complexes with DION as a ligand. Throughout this endeavour, the goal is to in describing the
marketing plan that will introduce our market with the highest success of this innovation. This makes it
vital to define and clarify the laboratory's function throughout the marketing strategy's execution and in
response to such inquiries as: Is it preferable to entrust production and marketing to a business already
well-known in the health industry or to launch a start-up specifically for this purpose? Then it will is it
important to have a distribution channel for the products when starting a start-up? Or is it acceptable to
delegate this task to a third party due to the needs of the distribution market? These inquiries suggest
a more thorough examination of the resources already available, the advantages and drawbacks of

each solution, and the financial commitment necessary to complete the task.
In this chapter, a market analysis, business model and financial planning were carried out.

As for the market analysis, the veterinary oncology market is expected to have a growing trend
over these years. Despite limited data about the veterinary world, an estimate was made and it is
expected that of the 500 million dogs around the world approximately 112.5 million of them will develop

breast cancer at some stage of their life, thus representing 112.5 million millions of potential customers.

This new technology intends to compete head-on with the technologies available so far for
cancer treatment, surgery, chemo and radio (not available in Portuguese territory), this represents some
advantages over these.

For the business model, among the two possibilities between creating a start-up or selling the
patent to a pharmaceutical company, it was considered that in this case the second case will be more
appropriate, due to all the necessary regulations and knowledge and training that would be needed to
carry out tests on animals, resources that already exist in large industries, the creation of a start-up
would make the whole process more expensive and delay the delivery of the product to the market. Due
to the embryonic stage of the project, it is not yet possible to predict the cost that the treatment with the
complex may have, being able only to observe the prices charged by others and analyze the cost of

producing a reduced amount of compounds from the same family.
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CHAPTER 5: CONCLUSIONS

In general, in terms of cancer treatments, despite all the advances that have been made and
despite the increasing knowledge of the biological phenomena associated with the carcinogenesis
process, there is still a high mortality associated with this disease. When it comes to breast cancer in
the bitch, the treatment of choice is surgery, but this often proves to be insufficient, however, there are

no other protocols, neither chemo nor radiotherapy that have been shown to be significantly effective.

During the present study, it was demonstrated that some of the compounds showed an effective
antiproliferative potential against canine cancer cell lines, respectively manganese and vanadium. What
was observed is that they present a low selectivity when compared with the results obtained in human
fibroblasts, being even so the vanadium compound that presented a greater selectivity, although this
comparison was being made with cells from different organisms, that is, different sensitivities.

Notably, data demonstrated by flow cytometry that possibly a non-apoptotic mechanism of cell
death, autophagy, was mostly the programmed death process responsible for the loss of viability, with
ROS contribution. With these compounds, there was also a decrease in the ability of wound healing and
cell migration, with special relevance for the manganese compound, JHOR9, which showed a lower cell

migration than when cells were exposed to the known drug, doxorubicin.

Of all the compounds tested so far, vanadium seems to be the most suitable to proceed to in
vivo tests and then to the market, not only because of the results demonstrated in the laboratory, but
also because it is one of the few that could be patented, which will be essential part of our business
model.

When analysing the oncology market, it was found that this is an expanding market. With great
investment potential, even more revealing the gaps in the capacity to deal with the treatment of cancers
as common as the dog's breast cancer.

A business strategy and financial planning were difficult steps to define due to the prematurity
of the project, and the next steps to follow are preponderant in its follow-up. What was found is that
when it came to the business model, one could follow the creation of a start-up or opt for the path of
selling the patent of the compound to the pharmaceutical industry, the second model seemed more
suitable in the context of the project, due to to their better knowledge of the market and the regulation
(extremely important), streamlining the entire process, being able to reduce costs for the customer and
faster arrival of the technology to the same. In terms of the financial plan, the price to be charged is
somehow related to the results that can be obtained in in vivo tests, not being able to make an estimate,
being able to only observe for the production costs of small amounts of compost and for the prices

charged by other competitors.
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Being a work still in an embryonic state, there are many steps that can be taken after this work

has already been carried out, proposals for the next work can be found in the following section.

5.1. Future Work

The next step would then be to carry out these tests, in vivo, and within the scope of this thesis,
several veterinarians and companies in the veterinary industry were contacted for this purpose, not
having obtained a positive opinion, mainly due to lack of resources and also due to little by little tests

still carried out with the complexes.

In order to add value to the complex and gain credibility in the market to later be able to find

partners and resources to advance with the technology, the first step will be the patenting of the complex.

Post-patenting or during the process of the same, it would then be intended to proceed with the
in vivo tests, for these it was then suggested the sale of the patent / partnership with a company in the
pharmaceutical industry that already has all the materials and knowledge for such tests. What can be
verified during the tests is that the delivery of the chemotherapeutic drug is not as directed as expected,
and it may have to find a way to overcome this barrier, for example, vectoring the complex, using

nanotechnology techniques.
Bearing in mind the significant similarities between female and female breast cancer, ultimately,

in case of a positive opinion in veterinary use, one could consider translating the drug to use in human

oncology, which, if possible, our last major project objective.
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APPENDICES

Appendix 1. Summary table of the interview with the
veterinary doctor, Rita Pinho Lopes (January 11, 2022)

SKILLS

Specialty

Small animal clinic. Surgery for dogs and cats.

Years of involvement in veterinary
practice

Almost 23 years ago.

Link to university/research in the
veterinary field

No.

Use of innovativel/little tried

treatments

They're not really accessible. Therefore, little tried drugs are not innovative, some do
appear from time to time. One or another that interests us we have already tried, but in
fact we don't get to the clinic, clinical practice, things that are little tried, it's not very
easy.

Work with clinics abroad

Not in partnership, he was in some places outside, even more when he was finishing
the course, as an internship, but in partnership he did not work with any clinic.

INCIDENCE, MORTALITY AND FUTURE TRENDS OF CANINE CANCER

Types of cancers that appear most
frequently in veterinary clinics

In dogs, perhaps the most frequent are breast tumors, they are very common in dogs

and cats, in fact, in female dogs they are very common. It is also very common for
melanomas, carcinomas, fibrosarcomas, lipomas to appear, which are even benign
tumors, but they do appear and maybe lymphomas.

Ease of diagnosis

On the one hand comes practice and clinical experience, but on the other hand we
have laboratories that are working very well.

There are tumors that are more frequent in a certain breed or in a certain age group or
have a location in the animal that already tells us more or less what it can be, the
appearance and thus, this concerns clinical practice. Then | could confirm, as in human
medicine, with biopsies, and there are laboratories working very well in this area here
in Portugal, so samples are taken, sent to the laboratory and always being able to know
for sure what is going on there.

Cancer with the highest mortality

Not being absolutely sure, pointed to lymphoma. This can appear in various organs at
various stages of evolution, sometimes not diagnosed so early. And as they can appear
in various organs, whether in dogs or cats, sometimes they are inoperable and
sometimes those that are inoperable we do chemotherapy treatments, but maybe they
are the ones that lead to more deaths.

Canine mammary cancer

When you get breast cancer they have a resolution. They are very common in dogs
and cats, but the resolution is not that complicated, it involves surgery and we are often
successful in this surgery, when it has not progressed much and we do not have
metastases.

Observation of a growing trend in
the number of cancer cases

Yes, in all, it probably has to do with cancers in animals, it is often not possible to know
the cause, but it has genetic, environmental, nutritional, hormonal causes and,
therefore, yes, like people, there has been an increase in frequency.

Itis also no less true that people are more aware, they appear more at the clinic.

Similarity of canine and human
cancers

Yes, in some cases yes.

EXISTING TYPES OF TREATMENT

Most used canine cancer treatments

The first approach whenever possible is surgical. Many cancers whose solution is
surgical and until a few years ago this was the only thing that could be done.
Currently, chemotherapeutic treatments are much more widespread, not being very
similar to those of humans, we already have a range of chemotherapeutic treatments
that are used in canine treatments.

Sometimes owners can't move forward because they have no economic possibility to
pay for treatments that are really very expensive, but that there is already a lot on the
market, and the first approach in most of them, at least in my opinion it is surgical.

Prices

Surgery is a treatment that begins and ends, the person has a value of 200-500 euros.
The problem is chemotherapy treatments, people spend around 200 euros per
treatment and the treatment is weekly. Then it depends on the protocols, but the
complete treatment far exceeds one thousand euros.

It's not just the treatment, but everything else that is done as in human medicine, doing
control of analyses, taking blood frequently to see how the animal is evolving, follow-
up consultations, that is, everything together is surely more than 1000 euros in a simple
protocol, because it can evolve much more than that.
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Variables to consider when
choosing the most appropriate
treatment

First comes the type of cancer and for us veterinarians, along with the suffering of the
animal, then the cost of treatment has to come without a doubt, as | told you, it is an
extremely important factor. And then finally the characteristics of the animal.

EXPECTATIONS REGARDING A NEW TREATMENT METHOD

Test proposal of a
chemotherapeutic treatment

new

Of course, regulation.

The promise of effectiveness or the expectation of effectiveness and animal suffering,
which is a very decisive factor here.

On the other hand, price and cost play a key role.

RESPONSIBILITY AND SOCIAL SCREENING

Pollution by compounds and

possible barrier to treatment

Handling veterinary products can be dangerous for us, so much so that there are
products that are only handled by veterinarians and not by owners. It is important to be
approved, in addition to animal safety, you have to take into account human safety
Sustainability and the environmental footprint, nowadays you have to be careful with
that.

Appendix 2:

Summary table of the interview with the

researcher, Oscar Rojas (March 8, 2022)

Is there reproducibility in the

synthesis of compounds?

* In the vast majority of compounds, yes.
» Most of the time, the reaction is performed 1 or 2 times to ensure the reproducibility of
the reaction

Could there be any difficulties for
the large-scale production of
compounds? Scale-up may not be
possible?

» The more steps the reaction has, the more complicated the scale-up will be.

* Basically, doing large-scale production is different from doing small-scale production,
as the yield will be different than usual.

» Sometimes it is better to do several small reactions than to do just one large reaction.

What factors can lead to a non-
possibility of scale-up?

* The number of steps involved in the synthesis.

Since the main source of costing a
treatment with the compounds will
be associated with the cost of the
synthesis process, can you
estimate prices for it?

« It is difficult to predict, as it varies depending on the metallic compound.

* We have elements such as ruthenium which are more expensive, then we have
elements such as manganese which are more abundant, that is, it is cheaper.

* The ligand will also influence the price.

» There are treatments currently used that are much more expensive than the use of
metal complexes.

What could make the synthesis
process more expensive?

* A synthesis that requires a lot of heating.
* The purification process is very time consuming and expensive.
» The more steps, the more time and the more difficult the purification.

How long does the synthesis of a
new compound take on average?

» Depends on the complex in question, generally between 2 to 4 days.

What do you think is the biggest
advantage of using these
complexes as a treatment for
cancer?

* More direct synthesis.

« Purification is affordable.

* DION complexes show great activity.

* They do not show in vitro and in vivo toxicity.

Do you recognize the potential of
these DION compounds in in vivo
treatments?

*Yes, a lot. These are very active and non-toxic, unlike platinum compounds that have
this problem.

Could the use of these complexes
as treatment have an impact on the
health of animals/people or even on
the environment?

+ At the environmental level, it is difficult to predict, because if applied in clinical practice,
their waste will be treated in a specific way that it is not known if it could lead to
problems.

* As for health in living beings, no toxicity was observed with this family of compounds
in zebrafish embryos, even using high concentrations of the compounds (500 mg), so
it is expected that there will be no problems for higher living beings.

» Xenografts were also used in the in vivo toxicity study and compounds from this family
decreased the number of cancer cells without inducing toxicity

Appendix 3:

Summary table of the interview with the

veterinary doctor, Ana Eira (March 11, 2022).

SKILLS

Specialty

It does not have any specialty recognized by the European or American college.
But he has an area of interest that is oncology and abdominal ultrasound.
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Years of involvement in veterinary
practice

Since 2006, that is, 16 years.

Link to university/research in the
veterinary field

No.

Use of innovativel/little tried

treatments

The treatments they administer are always something experienced, generally in other
countries.

For them to test new treatments is not clinical practice.

The most common treatment used in the clinic today is electrochemotherapy.

Work with clinics abroad

She has already visited some such as the Royal College and University of Tennessee.

INCIDENCE, MORTALITY AND FUTURE TRENDS OF CANINE CANCER

Types of cancers that appear most
frequently in veterinary clinics

Lymphoma, whether in dogs or cats.

Then in dogs we have skin tumors and mast cell tumors, angiosarcoma, osteosarcoma
and breast cancer.

And breast cancer and skin fibrosarcomas in cats.

Ease of diagnosis

It really depends on the tumor.
Most are easily diagnosed and identifiable by owners and at a diagnostic appointment.
Others are more complicated, especially those that arise at the level of internal organs.

Cancer with the highest mortality

Melanomas are very difficult to treat, often the diagnosis is made in very advanced
stages of cancer with a high level of metastases.

Canine mammary cancer

70% are benign and 30% are malignant, of which % are treatable with surgery alone.
The remaining grade 2 and 3 often metastasize to the lymph node and lung, which
leads to the death of dogs due to metastasis.

Observation of a growing trend in
the number of cancer cases

Yes, alot.

Factors:

- Animals live longer

- Environmental factors (food/pollution). City animals end up having higher rates of
cancer, but they also live longer than others, in rural environments, which usually die
earlier due to other diseases, such as leishmaniasis.

- Trend related to races (genetics)

- Greater investment by people with regard to the health of their animals.

-More accurate diagnoses, knowledge of the causes of death of dogs.

Similarity of canine and human
cancers

There are many and there are already several studies about it. There are comparative
oncology organizations.

EXISTING TYPES OF TREATMENT

Most used canine cancer treatments

In Portugal, after surgery, the only possible option is chemotherapy, which is even the
main treatment for inoperable cancers.

In Portugal, there is no institution with conditions to offer radiotherapy, it is
inconceivable for any clinic in Portugal to make investments in this regard, given the
price of the material and its maintenance. For those who are able to do so, they can
only access this treatment if they are transferred to other countries, such as Spain or
France.

The greatest hope at this moment is that with the support of the state at the level of
academies there will be adaptation of some machine in disuse in human medicine in
veterinary practice.

In addition to conventional chemotherapy, what is most different at the moment offered
by the clinic is electrochemotherapy.

Vincristine + Cyclophosphamide + Doxorubicin (treatment of lymphomas)
Lomustine

c’\agrsr:otherapgﬁ?cn;?ggments used stplatin (highly toxic in cats, very toxic in handling)
Vinblastine

Tocenarib

Depends on the tumors.

In the case of lymphomas, for example, these lead to a long period of remission of the

disease, which is very positive.
Efficacy of chemotherapy | Chemotherapy is often used for palliative purposes, to improve living conditions and
treatments not to treat the disease itself, with the aim of delaying the progression of the disease.

Most animals benefit from treatment, whether it is remission, cure or simply
improvement of living conditions.
Chemotherapy is not a miracle cure.

Disadvantages of chemotherapy

Care must be taken with pets in treatment that live with small children.
Costs, many are not able to afford the costs of treatments.
Treatments can induce side effects (often overcome by other treatments).

Variables to consider when
choosing the most appropriate
treatment

Adapt according to the type of tumor.
Greater or lesser possibility of people in terms of economics and time.
Check what is most beneficial for the animal.

EXPECTATIONS REGARDING A NEW TREATMENT METHOD
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Test proposal of a
chemotherapeutic treatment

new

It would be difficult, there is no such openness at the hospital and client level.
University institutions may be more open to this type of test.

It causes some distress not to know the effect of these treatments tested practically
only in vitro in dogs.

But it doesn't completely turn its back on this type of approach, but the molecule has
to be very well grounded.

Clients of the clinic, when they arrive there, go looking for more experienced
information, they do not see much openness on their part.

RESPONSIBILITY AND SOCIAL SCREENING

Pollution by compounds
possible barrier to treatment

and

The main objective in the treatment is to treat the dogs, the possible impacts that can
arise from them are always a concern, but they are not the main focus.

There are always some precautions to be taken, the use of the molecule is not abused
just because and the hospital is very careful with regard to the way in which these
residues are dispensed.

As for the care that people take during these treatments, it is more complicated to
control, many recommendations are given in order to reduce environmental pollution,
such as disinfecting with bleach, but many people neglect this process.

More than fear of the impacts they may have on the environment, they are more
concerned about the impacts they may have on other beings. For example, in the case
of an intravenous treatment, there is a great excretion in the following 24/48 hours of
residues and since the children are in a stage of development of their immune system,
it is necessary to avoid their contact with animals in treatment.

Appendix 4: Summary table of the interview with doctors,
Alexandre Trindade e Maria Jo&do Soares (March 30, 2022)

Needs to advance dog studies:

Obtain consents from DGAV and the ethics committee.
Make an alignment of the experience (know which contrals, ...).

Critical points of this process:

Need to secure funding.
Great complexity of the dossier to be delivered to the competent authorities.
Obtained and significant results.

Financing need:

With no funding:
e Costs would have to be borne by the animal owners (less acceptance of
project participation)
e Some clinics participating in the project would even be able to afford the costs
of some necessary follow-up tests, but not all (ultrasound, blood count,
radiography, ...

Possible experience design:

¢ Need to get funding

e Regulatory part (lengthy process)

e  First, before getting to phase 2 tests, trying out the complexes in bitches with
cancer, it would be necessary to do phase tests on healthy dogs.

e Knowledge of patient recruitment processes.

e It would have to be done in a multicentric context (a single veterinary center
will not have the necessary samples).

e Test on patients without any kind of alternative.

Appendix 5: Summary table of the interview with doctor,
Diogo Pereira (June 28, 2022)

e Attempt of new contacts in the veterinary pharmaceutical industry.

Appendix 6: Summary table of the interview with doctor,
Joaquim Henriques (July 13, 2022)
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VETERINARY ONCOLOGY

Current scenario:

Veterinary oncology has been the subject of extensive investigation.

It involves many billions of euros.

Diagnostics have advanced.

They serve as a comparative study for human oncology.

There is a lot of market where to sell the product.

After validation in the animal, it is usually transferred to a human model.

Canine breast cancer:

Very heterogeneous, as of the woman.

One of the most interesting to be studied, high incidence in both bitches and
women.

Very interesting to study the phenotype and see if there are mutations or not.
Treatment generally the same as humans.

Through the literature, we can see that we have more and more knowledge
about carcinoma, but the treatment remains the same, with a great need for
development.

IN VITRO TESTS:

Results already obtained with our
complexes:

Interesting results for carcinoma.

Complexes do not accumulate in the liver or brain.

Little genetic cytotoxicity.

Improvements can be made, such as incorporating them into a liposome (not
appearing to be necessary yet)

Competitors:

Too early to talk about competitors.

IN VIVO TESTS:

Clinical trials:

Mouse models are often chosen as the translational model (low translation
capacity)

Validation depends on the industry that purchased the patent.

There is a lot of product currently in the pipeline.

Costs:

Costs nowadays do not prove to be a barrier in the development of a new
treatment, the most important variables are toxicity and efficacy.

Putting the values in the treatment of a patient to give him another 3/4 months
of life is around 6000 euros per day.

Few existing insurances.

Needs for clinical trials:

Arrange sponsorship or submit a project in order to obtain financial funds.
A tutor will not want to pay for a trial treatment.

Have to withstand a lot of tests.

Unguarded animals cannot be tested (legislation).

Laboratory animals can be used.

Regulation (DGAV).

Contact Infarmed.

Timeline:

It can take up to 1 year for a follow-up.

1/3 month for acute cytotoxicity study.

It will always be necessary to know what happened to the animal in the long
term after undergoing treatment.

All phase 1 tests (to study toxicity vs. therapeutic effect) have to be done
before moving on to phase 2 tests.

Appendix 7:
different cell lines

Metal complexes with DION as ligand on

Metal | Formula IC50 values (uM) Notes Reference
A-498 1.4 - Capable of decreasing
cancer cell viability through
Hep-G2 0.86 an inhibiton of DNA
synthesis. (Deegan et
Ag () | [Ag(DION)|CIO4 - No involvement of either | al., 2006)
CHANG 0.3 intercalation or mutation.
-Don’t cause an increased
AK-2 08 risk of genotoxicity.
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- Disruption of cytoskeleton
integrity

A549 1786 | . BPA have the ability to
Au transport itself across the cell | (Varol et al.,
(L)) Au(BPA)(DION) memgrane through the L- (2018)
amino-acid-transport system
HUVECS 7.82 - Lack of selectivity for cancer
cells
[Co(DION)2(DA)CI(ClIO4)2 16.3 (Krishnaveni
MCE-7 - Can intercalate into DNA | and
[Co(DION)2(DA)2](ClO4)3 12.2 base pairs Kumaraguru,
2017)
- Higher citoxicity than
HCT116 0.206 cisplatin and doxorubicin
- Slight specificity to human
Hep-G2 0.582 colorectal  carcinoma  cell (Silva et al
’ lines. 2013) v
Co -Vectorization platforms for
(i) MCE-7 0.69 f[hese cor_npOL_Jnds can
B : increase their efficacy
[CoCI(H20)(DION)2][BF4] - Activation of the expression
of apoptotic genes
) - Cleaving agent in a | (Raposo et
FR37-CMT | 1.39 concentration-dependent al., 2017)
fashion by redox chemistry
-Specific  interaction  with
MCF10A 5.14 HAS
Human 0.611 - Decreased expression of | (Silva et al.,
Fibroblasts ) anti-apoptotic proteins 2013)
A-498 0.88 - Capable of decreasing
Hep-G2 0.78 cancer cell viability through
CHANG 0.2 an inhibiton of DNA
synthesis Deegan et
[Cu(DION)z](ClOa)2-4H20 -yNo involvement of either g\l., 2806)
HK-2 0.5 intercalation or mutation
-Don’t cause an increased
risk of genotoxicity
Cu (1) CRL-7065 6.30
DU-145 4.10 - High DNA binding constants
HEP-G2 1.70 -Appear to act via a different | (Pivettaetal.,
[CU(DION)2(OH2)(OCIO=)](CIO4) SK-MES-1 | 3.10 mechanism from that of | 2014)
CCRF-CEM | 3.80 cisplatin
CCRF-SB 1.21
Hep2 1.7 . . .
[CU(DION)(PNT):] MCE-7 0.96 éiS;;gt?ner cytotoxicity than glzrezrgga) et
Hep-G2 0.24 v
- Disruption of cytoskeleton
integrity
A549 14.04 - BPA have the hability to
transport itself across the cell | (Varol et al.,
PBPA)(DION) membrane through the L- | 2018)
amino-acid-transport system
HUVECS 9.74 - Lack of selectivity for cancer
cells
Pt (Ill) A-498 4.9 - Conformational change in
EVSA-T 3.05 DNA
H226 3.27 - Similar to or more effective
IGROV-1 2.67 than cisplatin against five of
M19-MEL 0.812 the nine cell lines tested, | (Roy et al,
PYDION)CI2 MCE 338 including  the  cisplatin | 2008)
WIDr 195 resistant line A2780R
A2780 0.827 - Nuclease activity of
complex was significantly
A2780R 0.683 lower than that of DION itself
T98G >50 (Kaplanis et
Re (I) | [Re(CO)s(DION)CI] PC3 >50 al., 2014)

85




- Binds with the grooves of
the DNA double helix
retaining its overall structure

MCF-7 > 50 - Cytotoxicity against all cell
lines tested is almost
completely lost
-Introduction of the
amphiphilic ligand LPYA into
their coordination sphere | (Jan et al,
Ru (1) | [Ru(DION)2(LPYA)ICI2 Hela 57 significantly increases the | 2021)
toxicity of these metal
complexes.
-Introduction of the
Hela 57 amphiphilic ligand LPYA into
their coordination sphere | (Jan et al,
V(V) | [VO(DION)(LPYA)ISO4 significantly increases the | 2021)
HEK-293 98 toxicity of these metal
complexes
RAW 264.7 | 2 - Inhibit  cyclooxygenase (Deb et al
[Zn(DION)(NPR)2(H20)2] MDA-MB- 05 pathway displaying anti- 2020) o
231 ) inflammatory activity
-Inhibit cyclooxygenase
RAW 2647 | 1.7 pathway displaying anti-
inflammatory activity
[Zn(DION)(MFN)2] Delays in vitro cellular (2%‘33) et al,
MDA-MB- migration and down
231 0.4 regulates EMT-related
genes.
A549 55.7 - Complex binds to DNA (Anjomshoa
[Zn(DION)s](PFes)2] electrostatic and via partial
MCF-7 0.21 intercalative binding etal., 2016)
-Vectorization platforms for
these compounds can
Zn (IN increase their efficacy Raposo et
FR37-CMT | 1.05 -Reduction of viability was gl 20})
accompanied with a slight "
impairment
[Zn(DION)ZCl. of ool mobility
HCT116 0.217
Hep-G2 0.978 .
(Silva et al.,,
MCF-7 0.73 2013)
Human 0.60 . o
Fibroblasts ' - Higher citoxicity than
HCT116 0.37 cisplatin and doxorubicin.
Hep-G2 2.45 (Silva et al
[ZnCl(kO-PTA=0)(DION)][BF4] MCF-7 1.68 v
2013)
Human Between
Fibroblasts | 1 and 2
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