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Abstract

BackgroundOsteosarcom&OS)s the most commomalignant primary bone tumor that appears

in childhood and adolescence. It was recently demonstrated that OS possesses a small population
with stemtlike features, CSCs, which are responsible for the hetgreity and regenerative ability

of tumor cells and are considered responsible for the resistance to conventional therapies, namely
chemotherapy and radiotherapy. Metformin (METF) is one of the most prescribed drugs to treat
type Il diabetes and in the padecade METF gained special attention in cancer treatment because

of its anticancer properties. In this study we propose to explore the potential role of METF as an
adjuvant of doxorubicin (DOX) to target CSCs from é3floring the effects and sigliag

pathways underlying the anticancer properties of metformin on OS CSCs.

Methods: CSCs were isolated from two human OS cell lines MNNG/HOS a68 WMéugh the
spherg;forming assay and then characterized regarding the expression of sterapeelfic
transcription factors by immunofluorescence The effects of MEFT on cell viability and
proliferation was evaluated using the MTT and BrdU assays, respectively, and on sphere formation
and selfrenewal of CSCs. We also studied the chemosensitizing propertislE0F on DOX
cytotoxicity in both parental and corresponding CSCs. The metabolic state of cells following
exposure to METF was assessed based®iFDG uptake. The phosphorylated form of AMPK,
which is the main target of METF and of mTOR were analys@étebtern blot.

Results:Both human OS cell lines MNNG/HOS and-83&ontain spherdorming cell subsets

with stemtlike properties expressing Gcaind Nanog pluripotency markers, which are relatively
more resistant to DOX than their differentiated countarts. METF reduced the proliferation rate

and viability of both cell types but was preferentially cytotoxic to CSCs relative to parental cells in
a dosedependent mannerand decreased the sphefferming and selfenewal ability of both

CSCs populations. dveover, METF potentiate the cytotoxic effects of DOX in both cell
populations, although the chemosensitizing effect has been more pronounced against CSCs. METF
stimulates[*®FJFDGuptake in parental differentiated cells but not in CSCs. Exposure to METF

induced dosedependent increase in AMPK activation, with a more pronounced effect in CSCs.

Conclusion: MEFT demonstrated a preferential cytotoxicity against CSCs relatively to
corresponding parental cells and inhibit the sphéoeming and selfenewal of CSCMETF

induce activation of AMPK and potentiates the cytotoxic effects of DOX mainly in CSCs. Collectively
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our results suggest that METF combined with DOX may be an effective treatment strategy for
targeting CSCs in OS.

Keywords:osteosarcoma; cancer stemltse metformin; doxorubicin; cadjuvant
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Resumo

Introducao: Ostemsarcoma(OS)representa 0 tumordsseo primario mais comum aparecendo
frequentemente na infancia e adolescéncia. Recentemente foi demonstrada a presenca de uma
popula@o com caracteristicas de células estaminais em OS, as células estaminais cancerigenas
(CSCs), que sédo consideradas responsaveis pela heterogeneidade e capacidade regenerativa das
células tumorais. Para além disso, sdo também responsaveis pela resistérierapias
convencionais, como quimioterapia e radioterapia. Metformina (METF) € um dos farmacos mais
prescritos natratamento da diabetes tipo Il. &Nultima década tem ganho especial atencdo no
tratamento contra o cancro devido as suas propriedades amtedgenas. Neste estudo foi
proposto explorar o papel da METF como adjuvante da doxorrubicina (DOX) tendo como alvo as
CSCs de OS, para tal analisamos os efeitos e as vias de sinalizacdo subjacentes as propriedades

anticancerigenas da METF nestas CSCs.

Métodos: As CSCs foram isoladas a partir das linhas humanas BNRG/HOS e M®3 pelo

método de formacao de esferas e posteriormente caracterizadas tendo em conta a expresséao de
fatores de transcricdo especificos de células estaminais, por imunofluorésc@scefeitos da

METF na viabilidade e proliferacdo celulares foi avaliada através dos ensaios de MTT e BrdU,
respetivamente, e na formacéo de esferas e awwovacao das CSCs. Também foi analisado o
STSAl2 aOKSY2aSyaAridAl Ay DOXeRICSCsassi@ coyio em@inhiagas2 E A C
linhas parentais. O estado metabdlico das células apés tratamento com METF parentais foi
permitido pela andlise de captacéo fl&FJFDG A forma fosforilada de AMPK, que representa o

principal alvo da METF e o mTOR foeamalisados poWestern Blot

ResultadosAmbas as linhas celulares @S MNNG/HOS e ME3 contém uma subpopulacao de
célulascom caracteristicas detlulas estaminais quexpressammarcadores de pluripoténcia,
Oc# e Nanog. METRs quais sais sao relativamente mais resisteat€&0X do que as células
parentais. A MEHreduzu a taxa de proliferagéo e viabilidade em ambos os tipos celulares mas
foi preferencialmente citotéxico para as CS§Endo este efito deperdente da doseTambém
diminuiua capacidade de formacéo de esferas ®ua capacidade dmito-renovacao Para além
disso,a METHpotenciouo efeito citotoxico da DOX em ambas as populacdes celulares, embora
esse efeitaenha sido mais pronunciado nas CSCs. MiEhfentoua capacéode [*®FFDGnas
células parentais diferenciadas mas ndas CSCs. Exposicdo a METF induziu um aumento

dependente da dosmaativagdo de AMPK, com um efeito mais pronunciado nas CSCs.
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ConclusdoA METF demonstrou umeitotoxicidadepreferencialparaas CSCeelativamente as
células parentaipara além degue diminuiua formacgéo de esferas asua capacidade dauto-
renovacdo METF indum a aivacdo de AMPK @otencibu os efeitos citotdxicas de DOX,
principalmente nas CSCsEm conjuntg 0s nossos resultados sugerem que o tratamento

combinado de METF e D¥de ser urma abordageneficaz naeliminacdode CSCso OS.

PalavrasChave:Osteossarcoma; células estaminais cancerigenas; metformina; doxorrubicina;

adjuvante
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Chapter 1¢ Introduction

1.1. Osteosarcoma

1.1.1 Epidemiology

Osteosarcoma (OS) is the most common malignant primary bamer that appears in
childhood and adolescence, comprising 20% of all kaners and 5% opediatric tumors
overall It represents the sixth most common cause of cancer in > 15 years old children, and is
considered an aggressive neoplasdacording to epidemiological studies in United States
(US), it is a relatively rare bomgmor with approxmately 400 new cases dagear[1].

OS affects more males than females with a ratio.6f1lThe peak of incidence in females
is earlier than in males due to the earlier onset of growth support. This disease appears
frequently during puberty, wherthe growth supporis highestsuggesting that the incidence
of OS must be correlated with faster growing bone rate in puberty. Furthermore, several
studies show that young OS patients at a growing age were taller than the normabgon
with the same age pedR].

Thistumor has a limodal age distribution with a peak igince of OS identified in young
adults and the second peak of incidence identified in elderly adults. In the ledt, it is
associated witlPagef disease of the bonasharacterisé by an abnormal bone remodeld,
or as a consequence aktatment for a different cancd, 4].

OS was reported to occur in all bones of the body; however, it is most frequent in the lower
long bones, arising at sites of rapid bone growth, such as distal femur (40%), proximal tibia
(20%) and proximal humerus (10%). OS can also occur in axial skeleton, less than 10% of cases
in the pediatric age group, most commonly in pel@$ grows radially forming a mass; when
it penetrates the bone cortex it compresses the surrounding soft tisslibis pressure forms
apsewoOl LJadzt | NJ f @ SNE S KA OKS&ARA NS FENNBIRY5,G2S F ar b
7].
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T 2 y Kiéroscopic extensions can also appear and are referred to as satellite legidapted fromWittig et al.,
2002)

1.1.2 Riology

The etiology of this neoplasia is currently unknown; however, some genetic alterations have
correlated with OS diseas®©S ischaracteris@l by extensive and heterogeneous genetic
complexity, which is reflecteldy the high level of genomic exisy alterationg8].

Retinoblastomaumor suppressor gene (RB1ycated on chromosome 13, hasnain role
in the pathogenesis of OS. Geiuealterations in RB1 increase approximately 1000 times the
incidence of OS. If a child has alterations in RB1, the most frequent saamad is OS,
increasing 500 times more the risk of developing OS when compared with healthy population.

Genetic analyseoftumor cells of OS show that 70% of the patients have homozygous loss
of the RB gene and/or an alteration in RB gene production. The product of RB gene is a nuclear
phosphoprotein (pRB) involved in the cell cycle contbating G1/S transitiont binds to E2F
factors resulting in its activation and promotion of DNAthesis and G1 to S transitifiy 9).

Furthermore, genetic alterations on p38mor suppressor gene (TP53) have also been

related with OS occurrencéctivation of p53 gene indua®llular programmes including cell

4
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cycle arrest, apoptosis or senescence that avoid accumulation of genetically altered cells.
Moreover, p53also playa role in angiogenesis, invasion and motility, glycolysis and
autophagy. These findings suggest that p53 cdat@ variety of cellular genes network
leading to the pevention of cancer developmef8, 9]. Some studies show that OS appears
spontaneously with high prevalence in mice which have heterozygous or homozygous
mutation in the p53 gene. Also, the OS celkkd manifest p53 lossf-function mutation that

leads to lack of terminal differentiation of the osteogenic lineage. These findings support the
hypothesis that OS occurs associated with a varietyutftions and a growth stimulyg1].

Also amplificatbn and overexpression of murine double minute 2 (MDM2) and cyclin
dependent kinase (CDKHAxave been seen in OS patients, suggesting that these genes are
involved in OS pathogenesis. The MiDbinds to p53 and sequesteitsin the nucleolus,
preventing the inativation of p53 by the action of p14 protein; CDK4 gene product forms a
complex with cyclin D1 (CCNDIichphosplorylates and inactivates the pRinpairing the
cell cycle regulation Moreover, @myc and dos protooncogenesare important in the
regulation of cell growth and have been found to be amplified or egpressed in OS cells.
CGmyc product is involved in regulating cell growth and DNA replication, dod f@gulates
genes involved in cell growth, differentiation, trsformation and bone metbolism[2, 9]

In similarity with the previously mentioned genetic alterations tként/b-catenin,
Transforming GrowthFactor | 0 ¢, 3@hic Hedgaly (Shh) and Delttotch signahg
pathways, which are involved in cellular survival and proliferation, can appear unregulated in
tumors, as in human Js, 12]

Other predisposing factors that could lead to the OS pathogenieslude exposure to
A2YyAT Ay3a NIRAFGAZ2Y | YR exgosu® toenizingRadiatidr isir&ed h{ R
and occurs after a long period of tinaad is mainhassociated with a higher incidence of OS

in adult[1].

1.1.3 Pathology and Origin of OS

The cell of origin ofOShas been subject tintensive investigation but it is not completely
clarified. Thébone is a reservoir of growth factors and adult stem/progenitor cells and is also
an organ with regeneration capacity. OS asismmmonly near the gwth plates of
adolescents, the region witthe most rapid skeletal growthin whichbone progenitorcells
are actively in expansion, proliferation and differentiation. Hence, these cells have the

supportto develop malignant phenotypd43].
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Increasing eidence suggest thaODS arise from mesenchymal stem cells (MSCs) or
osteoprogenitor cells caused by genetic and/or epigenetic disruption that occurs during the
osteoblast differentiation pathway, being characterized by the production of osteoid, an
amorphaus mineralized extracellular matrix lacking the characteristics of mature bone.
Therefore OS has been regardas a differentiation diseagbat results from any disruption
occurring along thalifferentiation of MSCs intasteoblass. MSCs araon-hematopaetic
multipotent stem cellgirst discoveredn adult bone marrowalthough theycan be found in
adipose tissuand umbilical cord bloo9, 14] These cells displaseltrenewal ability and
multilineage differentiation potential along mesenchymal lineagecluding osteoblasts,
chondroblasts and adypocytes, but also in cells of-m@senchymal lineage (myocytes,

cardiomyocytes, fibroblast&jigure 1.2)4, 15].

chondrocyte
progenitor myoblast
progenitor

@ ) 4 ; > adipocyte

commitment

\ £/, N - -
g‘\ . osteoblast

mesenchymal pro-differentiation

stem cell —l— differentiation
lineage
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Figure 1.2. Differentiation of MSCs and progression of the osteoblastic ieedSCs can differentiate into
nonhaematopoietic cell types, such as chondrocytes, myoblasts, adipocytes and osteoBldatgef fromBasu
Royet al., 2012)

At diagnosis, 80% of OS is localized in one bone site and 2D¥sefcases haveresent
lungmetastasis. The lung is the most common site of metastasis, followed by bone. This type
of pulmonary lesions are responsible for high mortality in OS patients.

The typical symptoms present in OS patients include pain and swelling that manifest after
trauma or vigorous physical exercise. It appears later as a hard consistency mass and
limitations in the join movement, alguathologic fractures may occi®, 7, 24]

In order to confirm these symptoms radiological studias be performeduch as Xays,

magnéic resonance imaging (MRI) and computed tomography (CT) to study the extension of
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the tumor and the involvement of surrounding structures (vessels, nerves, soft tissue); to
check or determine the sites of metastatic disease and the intraosseous exttre tfmor

can be performed a bone scintigrapfAyhe diagnosis is confirmed by histological examination
of tumor obtained through an incisional or needle biog&y 7]. Moreover, biochemical
studies show an increase in alkaline phosphatase and also anagecri@ lactic de
hydrogenase, these could be related withmor volume and prognosis. Other prognostic
indicators include extent of disease at diagnosis, size and location tiinin@r, response to
chenotherapy and surgical remissi¢).

OS cells have sitarities with osteoblast which are characterisedtamors that produce
osteoidand can be classified tlifferent subtypes of osteosarcoma depend on clinical,
radiological and histological featurg$4, 17] According to the World Health Organization
(WHO), OS is histologically classified in three major subtypes: osteoblastic, the most common
(70%), fibroblastic and chondroblastic (10% each), depending on the predominant type of
matrix within the tumor (osteoid, fibrous or chondroidther less frequet types of OS are
the telangiectatic, small cell, parosteal, periosteal, highde surfae and secondary
osteosarcomd9, 24].

OS is considered a clinically and molecularly heterogeneous group of malignancies
characterised by varying degrees of mesenchldifferentiation. In order to access this, we
must underlie the alterations that occur in differentiation pathway and the stage of MSCs
differentiation. Hence, studies of Cdnk2/p16 expression mRNA, which is the key regulator of
MSC malignant transformain, can help us understand what can be affected in osteoblastic
differentiation pathway. Loss of Cdkn2, in a later stage, is an important alteration which leads
to MSC malignant transformation. This suggests that the MSCs give rise to osteogems
after malignant transformation. Mohseny and collaborators (2009) confirmed this idea
through in vitro and in vivo studies, where the loss of Cdkn2 locus is recurrent with
consequent OS formation. Therefore, alterations in osteoblastic differentiation pathway
cause production of osteoid (defective and immature) and/or bamaor cells and there is
highly proliferaive malignant MSCE, 16] Furthermore, it is believed that defects in the
early stages of osteoblast differentiation pathway lead to the developmah more

aggressive and undifferentiatedS, as we can see in Figure[2]3
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Figure 1.3. Osteosarcoma formatiobefects on osteogenic differentiation can lead to OS development. The
genetic and epigenetic alterations can occur at différgtages of osteogenic differentiation leading to the
development of more aggressive and undifferentiated @8apted fromTanget al., 2008)

1.1.4 Therapeutic approach

Before the 1970s the use of effective chemotherapy was not successfully established which
lead to a poor outcome for patients with OS, witty@ar overall survival rates of 1520%
following surgical resection and/or radiotherapy. 80% to 90% of those patients dexklop
metastatic recurrence.

Over the past three decadeshe introduction of hifp-dose multiagent neoadjuvant
chemotherapy followed by surgical resection and adjuvacbhemotherapylead to a
significantimprovement in survival rates to approximately 65%#b6 in patients without
clinical evidence of metadia disease at diagnosj§, 18, 19.

Nonmetastatic OS treatment regimens include jgerative and posbperative
chemotherapy.The goal of pe-operative or neoadjuvant chemotherapy the reduction of
tumor burden and the eradication ahicrometastasisThe histological response fore-
operative chemotherapy, based on the % of tumor necrosis (based on the Huvos grade) has
proven to be a prognostic factor for the clinical outcome of OS pati@atients that present
>90% oftumor necrosis are considered good responders and have a goagnostic with
reported 5year survival rate of 65%5%. On the other hand, patients with < 90% tumor
necrosis following therapy are considerpdor responders and havewsorse prognostic|[1,

20, 21]. Despite the great improvement in survival rates wilte introduction of multimodal
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therapy,20%40% of patients with nometastatic O&t diagnosistill relapse and dienostly
related withthe development ofresistance to this current treatment [122].

However, some studies shedthat an intensificatbn of chemotherapy regimens can lead
to the improvement of histological response but did not translate a survival benefif20,
23).

Presently, accordingly with European and American Osteosarcoma Group Study
(EURAMO$S) the most common protocols of chmtherapy applied are the administration
of Doxorubicin (DOX), Cisplatin (CIS) and adhigb of Methotrexate (MTXR, 24, 25.
Doxorubicin (DOX), also known as Adriarrﬂ/,ciﬂ an anthracycline antibiotievith strong
antitumor activity againsé widenumber of tumors includindoreast ovary, lung, liver and
stomachcancers, Hodgky Q& f @ YLK 2[V,R6. YR 2 (i KSN&

DOX acts by binding to DMAsociated enzymes, it can intercalate the base pairs of the
5b! Q4 R2dzot S KStAE® . & A& il & vaniétyyoRdytgtckic éffects (i 2 LI2 A
occur in addition to antiproliferation, resulting in DNA damage. Thus, the main mechanism of
action of DOX appears to be the poisoning of topoisomerase Il that results in esicdnhel
DNA breaks, resulting in apoptoskurthermore, it has been demonstrated that DOX also
forms adducts with DNA and these lesions are more cytotoxic than those induced by
G2LI2A42YSNI aAS LL AYLI ANESyQ da Al iIRSRdzOWya 5 bNB GRS\
sugar group is covalently linked N2-amino group of guanine. The apoptosis pathway is
triggered when the attempt to repair the breaks in DNA fail and cellular growth is inhibited
at phases Gand G. Moreover, DOX can intercalate itself into the DNA, with the inhibition of
both DNA andRNA polymerase, ceasing DNAlieation and RNA transcriptid@7, 28]. This
anticancer drug has a limited application due to its potential cardiotoxicity that provokes
cardiomyopathy.Furthermore, DOX also can cause indirect toxicity in the brain and some
patients present liver injuriegR6, 27].

ClShas a central role in cancer chemotheramyinly in testicular cancer [2%ut can also
be used in many others cancers, such as ovarian, cervical, head ansoesknallcell lung
cancer [30land in O$31].

The main action of 1Soccurs when it is activated by aquation and subsequently covalently
binds to DNA forming DNA adducts. These adducts cause distortions in DNA and are
recognized by several cellular proteins interfering with sal/signattransduction pathways
that provoke apoptotic cell death. Adducts formed®\Sand DNA can also avoid replication

and transcription leading to the denatufan of DNA duble helix[7, 34. CIS also presesit
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several side effects, such aspieotoxicity, peripheral neuropathy and ototoxicity, limiting
the applicationof this anticancer agerj, 18, 29.

MTX is another chemotherapeutic agent widely used in the treatment of several
malignancies, namely breast, head and neck,dtda cances, OS and noehlodgkin
lymphoma [33, 34]. MTX is anantifolate that blocks the folatelependent enzyme
dihydrofolate reductase (DHFR). This enzyme catalyses the conversion of dihydrofolate (DHF)
to tetrahydrofolate (THF). DHFR is necessary fontaiaing the intracellular poa¥f THF and
its derivativesare essential cofactors in orearbon metabolism. Furthermore, DHFR is
pivotal in providing purines, pyrimidine and thymidines precursors for the biosynthesis of
DNA, RNA and amino acids. Inhditiof DHFR through MTX reduces the folate pools
necessary for the formation of purine and thymidine leading te dlisruption of DNA
replication[35]. Likelyother chemotherapeutic agents MTX hsecondary effectgprovoking
mainly renal failure accompardeoy gastrointestinal, hematologicahd hepatic dysfunction
[7, 33.

Ifosfamide (IFO) can also be &ipd in the treatment of O$31]. This agent causes cress
linking of DNA strands, inhibiting the synthesis of DNA and proteins. This drug also presents
toxicity leading to haemorrgic cystitis and renal failul@]. However, the combination of
IFO and the chemotherapeutic agents used does not lead to an iraprent in the survival
rate [31].

1.2 The Cancer Stem Cell Hypothesis

OS like other bone sarcomas characteriseé bymarkedclinical, histological and molecular
heterogeneity[36]. A significant functional and morphological heterogeneity can also exist
within tumor cells comprising the tumor with significant ingaltions in response to therapy
[37]. Several factorscancontribute to this phenotypic and functional heterogeneity, including
genetic mutations, epigenetic changes, interactions between tenor and the
microenvironment [38

Two models have been proposed to explain thenor heterogeneity: he clonal evolution
or stochastic model and the cancer stem cell (CSC) model. The clonal evolution model
postulates that mutantumor cells with growth advantages are selected and expanded and
that all cells within this dominant population have equal cafyato regenerate theaumor.
Furthermore, clonal evolution also providd® basis to understand the genetic mechanism
of therapy resistance thatan be acquired by cancer cqlty, 39. During the last few years,

the phenotypic and functional heterogenicharacteristics of solidumors have been
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subject of intense research and the CSCs theory emerged as a model to establish the
heterogeneity and regenerative ability ttfmor cells.

Accordinglyto the CSCs hypothesimumors are hierarchically organizeguch that only a
small subset of cells with stefike properties, which represents a reservoir of sltaining
cells with the ability to selfenew, is responsible for sustaininymorigenesis and
establishing the cellular heterogeneity inherent iretprimarytumor. These sel§ustaining
cells reside at the apex of the developmental pathway and were named as cancer stem cells,
sharing some charactetiss with normal stem cell§40, 43. These two models are

represented in Figure 1.4.
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Figue 1.4.TumorHeterogeneity Models{A) In the nonhierarchical model mutations arisingtimor cells can
confer to them a selective growth advantage. (B) Accordinglthéo CSAmnodel, tumors are hierarchically
organized and sustained by a subset of ogith stem cell properties. These cells have the ability to generate
heterogeneity through differentiation and maintain themorigenesis by selfenewal. Adapted fromVisvader

et al, 2012)

The CSCs have three distinct properties: the selective capadititiate tumors and drive
neoplastic proliferation; the ability to create unlimited copies of themselves byraedwal,
and the potential to form mature nostem cell cancer pgeny by differentiation process
[37, 38, 42 These cells can divide asyratrically leading to the formation of an identical
daughter cell and a more differentiated cell, which, on subsequent divisions, creates the
majority oftumor bulk, as described in Figure 1The exact origin of CSCs is not completely
clarified.It is hymthesized that these CSCs may arise through malignant transformation in

normal stem cells or progenitor cells or in differentiated cells. Once these stem cells are more
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susceptible to accumulate genetic mutations due to their long life span when compared t
more differentiated cells, this is postulated. Furthermoreutations can occur in
differentiated cellghat acquirethe properties of stem cells and developed tba&pacity to

undergo selrenew[42-44].
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Figure 1.5. Cancer stem celSancestem cells can arise by mutations in normal stem cells or in progenitor cells,
and subsequently undergo several divisions and differentiate to create primagr bulk. Adapted fromJordan
et al, 2007)

1.2.1 Methods of identification ofCSCs

The first evidace of the existence of CSCs subpopulatiotuimors, also termedumor-
initiating cells (IC), arise from studies on acutgyeloid leukemia (AML) in 19945]. Bonnet
and Dick (1997)dentified asmall subset of cells with stetike properties based on he
CD34CD38 cell surface phenotypeomprising 0.041%of the total populationthat induced
leukemia, similarly to the primaryumor when transplanted into immunodeficient mice
confirming theirtumorigenic ability The generation of leukaemiiéke tumors was obsenge
by serialtransplantation into secondary immunodeficient mjcdemonstrating the self
renewal potential of such cells and their abilityrssestablish the phenotypic heterogeneity
existing in the originalumor [45, 44.

Since then, CSCs have been imoldrom several types of solidimors, including breast,

lung, colon, pacreas, liver, brain and 8, 4752).
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Several approachesncluding functional assays and evaluation of immunophenohge
beenexploredto identify and isolateCS&from both hematologic and solitmors. However,
any single method is capable of yielding a pure population of dilegrcels [42].

A panel of cell surface markerither singly or in combinatidmave beenused to identify
CSCs in several tumorkhis panel includemmorg others CD133, CD44, CDagithelial cell
adhesion molecd (EpCAM), AFBInding cassette B5 addBCG2Nevertheless, even with a
wide range of markers used to discern CSCs, none of these markers are exclusively expressed
in CSCs of solitimors, whity emphasize the importance of establishing more specific
markers, improving the knowledge of these markéur every tissue typgl4, 54.

The CD133/AC133 (promirin) antigen is a pentaspan membrane glycoprotein, initially
identified in neuroepithelial &m cells. CD133 wédsund to be expressed icancer initiating
cellsin braintumors,hepatocarcinoma, breast, pancreatic, luaigd colon carcinomas anit
OS andnelanoma being considered a cancer steefi marker.A population 0iCD133cells
in brain tunors but not CD133 had the ability to grow under anchoragedependent
conditions formed tumors in immunocompromised mice, and exhiigmlike features,
such as differentiation ability, high proliferation eaand resistance to therag$5, 54.

CD24and CD44 have been proposed as markers for CSCs in sexrerad. However, while
some literature data referred to the existenceapopulation of cewith the CD44/CD24
phenotype and with stem cell characteristiceh breast, prostate, colon, pancreatiand
hepatic cacinoma, and also in melanoma [5other literature data demonstrated that a
subpopulation of CD24ells could possess stem cell characteristics in colon and pancreatic
tumors [58, 59, showed that the lack of CD24 is rastessential feture of CS(56].

ABCG2 is a member of the AB@perfamily oftransporters, which pump a variety of
endogenous and exogenous compounds out of cells. Itis recognized as a marker of stem cells
and plays an important role in promoting stem cells prolifematamd in the naintenance of
its phenotype[60]. The overexpression of ABCG2 in CSCs is the molecular determinant for
the identification of aside-population (SPpy flow cytometry based on the extrusion of
certain dyes, such as Hoechst 33342 and Rhodaf#8§61, 63. Isolation of CSC through SP
is a widely used method and supported byaaiety of studieghat revealed the presence of
SP fraction in divees human tumors, namely glioma [63], breast [p4ovarian ad
gastrointestinal cancer®5, 64. Moreover, studies performed in our group, show the high
expression of this drug efflux transporter and efjigcoprotein (Pgp) other transmembrane

transporter belonging tethe ABC superfamily in human (83].
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The identification of CS@ased onthe ALDH1 expmsion was successfulappliedto a
hematopoietic stem cell population I8torms and collaborators (1999hese cells have high
expression of ALDH1, a cytosolic enzyme that is responsible for oxidizing a variety of
aldehydes into carboxylic acids; ALDHh @also catalysé¢he conversion of vitamin A to
retinoic acid, which is invodd in stem cell differentiatiof68, 69] High levels of ALDH activity
have been shown to characterize highly clonogenic, undifferentiated multipotential
stem/progenitor cells ad has been detected in many cancers including breast [ive}, [71],
colon [72],AML [73 and OS [74%uggesting the presence of a subpopulation of cells with
stemtlike features.

Anotherfunctionalmethod widely used to isolate CSCs is the sphere fagragsay based
on the ability of undifferentiated cells to form spherical colonies when cultured in séreen
medium under anchoragandependent conditionsUnder thesestressful growthconditions
of anchorage independence and serum starvatimmly undiferentiated cells can proliferate
growing as spherical colonies in suspension, whewdiierentiated cells are unable to
proliferate and died These spherical coloniesriched in sterdike cellscan longterm self
renew by serially passagesand differentate along multiple lineages which are defining
properties ofCSC. This method firstly performed faural stem cells isolation hagenused
successfully with minor modifications, the isolation of CSCs derived from a variety of
tumors, including bredsneuronal and also in bortemors[37, 75.

Gibbs and collaborators (2005) weltee first to demonstrate the existence of CSC in OS
through the sphere forming assay. Heeauthors observed the formation of spherical
colonies designed as sarcosphemsben cultured in serumfree methylcellulosebased
medium in the presence of growth factorand under non-adherent conditions. The
sarcospheres expresd pluripotency markers characteristic of embryonic stem ¢éligher
supporing the hypothesis that bonéumors contain cells withattributes of stem cellghat
can be isolatedising the spherdorming assay36].

Studies performed by Martinsleveset al., in our laboratoryusing identical methodology
with few alterations,demonstrated the presence afarcospleresin another OS cell line
MNNG/HOS. Those cells, not only express pluripotency mabatsand Nanoghut can also
differentiate towards osteogenic, chrondrogenic and adipogenic lineages when cultured in
specific differentiating conditionsyhich reveal their multipotency towards mesenchymal

lineages, a MSaracteristic
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1.2.2 Therapeutic Implications of CSCs

The existence of CSCstimors has significant therapeutic implications, once these cells
possess several characteristics thairn them more resistant to conventional therapy
relatively to their more differentiatetmorigenic counterparts-eatures comprising relative
dormancy/slow cell cycle kinetics, efficient DNA repair mechanisxpgession of specific
drug-detoxifying enzymespver expres®n of multidrug resistancerelated membrane
transporters, resistance to apoptosis and protection by a hypoxic niche environment, with
high production of freeadical scavengers can provoke the resilience of CSCs tartioe
[76]. Despitethe considerableytotoxicity of conventional chemotherapeutic drugs, rait
cells present inumor bulk arechemasensitivepreventing an efficient eradication of tumor
cells that subsequently leads tecurrencein following treatment[77]. Increasing evidence
point out CSCasresistant to both conventionachemo and radiotherapy anésponsible for
the recurrences commonly observed in cancer patients. The studies of Maktinsset al.,
identified a resistant phenotype to both chemo and radiotherapy in sarcosphevtgdd
from the MNNG/HOS OS cell lifi®].

As mentioned aboveCSCs can acquire resistance to chemotherapy and radiotherapy
through a range of mechanisms alreatlscribed CSCs are recognized for their capacity to
enter in a quiescent nodividing G-state, without losing their proliferative abilitywhich
appears to be necessary for preserving the-setiewal ability of stem cells. This feature is a
critical factor in the resistance of CSCs to chemotherapy, since conventional
chemotherapeutic agents taeg preferentially cells with high proliferative activity. CSCs that
survive chemotherapy renter the cell cycle and initiate a cell division procesd tea
initiates the tumor growth77].

Another feature of these cells, which confers their resistancehtemotherapy, is the high
expression of drug efflux transporters from the ABC gene family, includgtgcBprotein
(Pgp) and breast cancer resistance protein (BCRP). These pumps allow normal stem cells to
preserve their genome protecting them against ofieal agents. Data obtained by Martins
Neveset al. studies demonstrate a significant high expression of Pgp and BCRP in CSCs
derived from human OS cell line compared to parental cells, which could explain the higher
resistance of CSCs to chemotherapeutjersts (DOX and MTX). The reversal of resistance to
chemotherapy with a nospecific inhibitor of ABC transporters and a transport substrate of
Pgp and BCRP pumps sustain the hypothesis theeguyiation of such transporters prevent
the intracellular accoulation of chemotherapeutic agents at toxlevels resulting in

resistance[19]. SP cells can be isolated from a variety of cancer cell lines namely breast,

15



Chapter 1¢ Introduction

hepatocellular, gastrointestinal and thyroid that have shown high expression of ABC
transporters vihen compared to the noisP cell§62].

Moreover, those CSCs possess highly activated DNA repair mechanisms and possibly
enhanced efficiency on DNA damage response activity. This property tluese CSCs
radioresistant since they have enhanced capacityrdpair lethal damages and present
decreased production of ROS potentially as a result of increased levels of free radical
scavengers. Furthermore, this capacity restsdirem from undergoing apoptosis even with
higher doses ofriadiation and drug$19]. In glioma patients with CD133tem cellsthose
cellsconferredresistance to radiotherapy with a more efficient mechanism of DNA damage
repair and underwent less apoptodi®0].

Activation of apoptoticorogrammehas been shown to be responsible for chenamd
radiation induced cytotoxicity itumor cells, whereasnactivation of apoptosis sigtiag
pathways help CSCs to evade the cytotoxicity dgtofimost anticancer therapigs4].

Recent studies inur laboratory,demonstrated that CSCs isolated fram MNNG/HOS OS
cell line display increased resistance to Bf{icing apoptosis as compared with parental
cells, due to defects in # ap@totic mitochondrial signiing pathway. Analysis of the
expression levels of the prapoptotic and antiapoptotic poteins following exposure to DOX
showed a significant overexpression tfe antrapoptotic proteins BeR and BelX
simultaneously with a reduction of prapoptotic protein Bak in CS@h relation to parental
cells[82].

Similar results were observed biyi and collaborators (2006) in glioma céfiat found high
levels of BeR and BelX in CD133cellsas compared with thenon-stem cell fraction CD133
cells,further supportingthe hypothesis that alteration in apoptosis pathways contribute for
chemotherapy resistancen CSC§78, 83.

All these studies suggest th@SCs have molecular pathways that promote their survival
which increase the urgendy develop new therapietargetingspecifically CSCs and achieve
their ablation from theumor [78].

Despie the current treatment with chemotherapy could shrink theémor bulk the CSCs
remain unharmed and following treatment these CSCs caramdfiv and reshape the bulk
of tumor leading totumor recurrence as depicted in Figure 1.6 ddwever, whether a CSC
targeted therapy is combined with conventional therapy, CSCs would be killed anarthe
bulk also shunk. Posttherapy any remaining ne@SCs could divide but with limited
proliferative capacity and cells capatite reform the tumor bulk would be eliminated, so

tumor recurrence vould not occur aslemonstrated in Figure 1.6 (fd4].
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Figure 1.6. Impact othe CSCs model on antiimorigenic therapy.A) Chemotherapy alone shrinks
the tumor bulk. However, CSCs that is chegsistant might survive to this therapy and then can self
renew and differentiate in order to reform th@mor bulk. B) Combined chemotherapy will not only
kill the tumor cells but also the CSCs. The remaining@8&@&umor cells will die due to their limited

proliferation capacity and the complete eradication of tluenor was achieved. (Adapted from Siclari

et al.,, 2010)

1.3 Metformin

Metformin (METF, 1, -tiymethylbiguanide hydrochloride) is an insudi@nsitizing semi
synthetic biguanide with two methyl groups bind to the nitrogen nucleus as shown in

Figure 1.7. This compound is derived from the hypoglycemic substance galegine and has

potent antihyperglycemic properties [84]
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Figure 1.7Chemical structure of MetforminA semisynthetic biguanide withwwo methyl groups
binding to the nitrogen nucleugAdapted from Ruggierbopezet al., 1999)

METF is one of the most prescribed drugs to treat typdidbetes. This drug exerts its
antidiabetic effects by decreasing hepatic glucose production and byasicrg insulin
sensitivity as well as glucose uptake anidizdtion by peripheral tissug85]. The mechanism
behind these actions is thought to be mediated by the inhibition of the mitochondrial
oxidative phosphorylation leading to ATP/AMP imbalancecinésults in the activation of
AMPactivated protein kinase (AMPK), a central regulator of metabolic pathways. AMPK
activation results in the inhibition of protein synthesis and gluconeogenesis during cellular
stress.

Other indications of METF treatmeirtclude polycystic ovarian syndrome (PCOS), where
insulin resistance is a key factor for development of metabolic disturbances, and the
management of metabolic syndrome and diabetes er&ion in highrisk populationg85].

In the past decade METF has gainspecial attention for its anticancer properties.
Epidemiological studiewave found thattype 2 diabeic patients have alincreased risk of
developng liver, pancreatic, colorectal, endometrial, kidney, urinary, bladder and breast
cancer Insulin resisance and associated mitogenic hyperinsulinemia connect diabetes,
obesity and metabolic syndrome with cancBlumerous populatiofbased epidemiological
studies have found a lower incidence of cancer and lower mortality related with cancer in
diabetic paties who have been treated witMETF in comparison with patients that had
been treatedwith other antidiabetic drugg84].

These epidemiological studies were performadifferent tumor types includingmong
others endometrial, colorectal or pancreatic caromas. Morepatients with colorectal and
pancreatic carcinomas who had been treated with METF showed a 30% improvement in
survival when compared with patients treatedth other antidiabetic agent484, 89] In
addition, early epidemiological studiesgglested an inverse relationship between diabetes
and prostate cancer, presenting a 44% risk reduction of prostate cancer incidence i

Caucasian men on METF ther®¥4].
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These findings from retrospective clinical studies suggest that METF may be asssitfated
a decrease risk of developing cancer and with a better response to therapy, increasing the
initial interest of METF as an anticancer agent. In fact, METF have received on last years,
particular attention for its potential ariumorigenic effects tha are thought to be
independent of its hypoglycemic activity, and weecently suggested as an adjuvant
treatment for cancer or gestational diabetes, and for the prevention in-chabetic
populations

Moreover, a retrospective study showed an increas¢him effectiveness of neoadjuvant
chemotherapy in breast cancer patients who took METF concomitantly with systemic therapy
in patients with and without diabetef84, 85]

1.3.1 Anti-cancermechanisms of METF

The beneficiagffects andpotential mechanismef METF in treatment of cancer have been
attributed mainly to the activation of the AMPKTORpathwayunder control of LKBLKB1
is serinethreonine acting as a tumor suppressor protein that is somatically inactivated in a
variety of tumors. METF action glucose metabolism is mediated through the activation of
the tumor suppressor gene LKBL1 in liver, as been suggested by Ketiatli©nce activated
LKB1 phosphorylates AMPK, which is inactive unless itis phosphorylated by upstream kinases
in respong to cellular metabolic stress. A direct consequence of the activation of AMPK is
the inhibition of the mammalian target of rapamycin (mTOR), a downstreffector of
growth factor signling via tuerous sclerosis 2 protein (TACMTOR is involved ingelating
consuming cellular processes and plays a critical role in modulating cell growth and
proliferation by controlling mRNA translation and ribosome biogenesis. The inhibition of
MTOR decreases phosphorylation of S6 kinase, ribosomal protein S6 Fdtebiading
protein 1, leading to cell clearrest and growth inhibitiof85].

Cancer cells are more sensitive to nutrient starvation than-needignant cellsSnce AMPK
is a major regulator of cell metabolisihisactivated byany condition that incrases the ratio
of AMP/ATP, leading to suppression of cellular metabolism and cellular proliferation. AMPK
phosphorylates substrates which inhibit anabolic processes and induce catabolic processes
to reverse the high AMP/ATP ratio. METF blocks the compliesxiidative phosphorylation,
which provokes an increase in NADH/NAdio and blocks the fatty O A-dXidationand
subsequentincrease of AMP/ATP ratio. Due to this activation, AMPK inhibits protein
synthesis by inhibition of both elongation factdr and mTOR pathway. AMPK
phosphorylatesTS2 that form a tumor suppressor complex, TSECC1, and the TSC2
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subunit inhibits Rheb GTPase activity leading to mTOR inhibition with a subsequent decrease
Ay OSft ¢ ANRPGUGK YR LINRPEAFSNIGA2YD® ¢KAA a9¢CQ:
neoplastc actions. Furthermore, AMPK activation assists in adaptation to metabolic stress
not only by cell growth and proliferation inhibition but also by inducing cell cycle arrest
and/or apoptasis through p53 phosphorylatidB5, 86, 92]
Activation of AMPK by EITF has been shown in a variety of cancers, such as paftgas

breast [93, melanoma [8] and thyroid carcinom§94].

Some studies performed in muscle tissue show that treatment with METF can induce a
reductioninGLUM O2y Sy G I y R invdvasihe aubcelila dedidtribuiicn afy
GLUTL in the skeletal muscle. However, METF treatment had no effect on the subcellular
distribution of another transporter, the GLUIT Probably this is the main effect of METF to
lowering the plasma glucose kg, hovever the main action is unknow85]. Malignant cells
have accelerated metabolism, high glucose requirements and increased glucose uptake. The
increased glucose transport in malignant cells has been associated with increased and
deregulated expressn of glucose transporter (GLUT) proteins, with main characteristic
features the overexpression of GLAWTANd/or GLUT. Each of the GLUT proteins possesses
different affinities for glucose and others hexoses. GlLldhd GLUB have a high affinity for
glucose, enabling a high rate of transport of glucose under physiological conditions. Since
tumor has higher rates of glycolysis there is an increase activity of enzymes involved in
glycolysis. Furthermore, upregulation of GEUBNnd GLUB expression occurin the
transformation process and could be a keje in the neoplastic proce$96]. Furthermore,
have been shown the presence of GELAnhd GLUB in OS cell lines. In OS, insulin stimulates
glucose transport due to increased GEUMRNA expression arndcreagd expression of
GLUTL protein[97]. So, METF could have an effect in cancer glucose uptake, which varies

with tumor characteristics.

Other mechanisms include the induction eflcycle arrest and apoptosis independently of
AMPK activation. It wafound that METF blocked cell cycle progressiong:Ghase in
glioma cells and reduced levels of cyclin D1 in prostate cancer cells and blocked cell cycle in
&/G; phase without AMPK activation. Furthermore, in pancreatic cancer cells METF was able
to induce apoptosis by &wation of the caspase pathwd§5, 89]

In addition,increased levels ohsulin growth factor 11GF) are associated with malignant

transformation and tumorigenesis. Additionally, IGF1 has been shown to inhibit
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chemotherapyinduced apoptosis by activation of the PI3K/Akt pathway. Since METF
increases peripheral insulin sensitivity, thereby reverses hyperinsulinemia and inhibits the
negative feedback of insulin on insulin growth factor binding protein (IGFBP1), IGF1 could be
ausefize (F NBHSG T2NJ ag9¢cCcQa FyGAyS2LX | adA0 GNBIFGY
in insulin levels results in increased IGFBP1 levels. Consequently, IGF does not binds to its
receptor and is not able to activate the PI3K/Akt/mTOR pathway, wtiaysa role in the

control of protein synthesis and cell proliferation, leading to a decreasaior growth and

proliferation [86]. Besides, Kourelist al. (2012) demonstrated that METF did not activate

AMPK in lung tissue but inhibited phosphorylation @iilin growth factod receptor (IGF1R),

Akt and mTOR, supporting the hypothesis that METF could have other targets toeaithie

anti-carcinogenic actiof85]. The main actions of METF are depicted in Figure 1.9.

21



Chapter 1¢ Introduction

LKB1
Mitochondria

7 83

Glutnnnmem,/

#I

Electron l
transport AMPK

P53,p27,cyclinD *

Figure 1.8PossiblemechanismsunderlyingMETHnducing anticancer activityActivation of AMPK
by METHnhibits mTOR, induces cell cycle arrest and inhibits protein synthesis. METF could acts
independently of AMPK through phosphorylation of cyclin D1 and p53, decreasing aiguratilin
levels and exerting toxic effects on GS@dapted from Kourelist al., 2012)

Recent studies suggest thMETFis preferentially toxic to CSCOne of the proposed
YSOKIFyAaya 2F (KAa STFSOG Ay todddBesadyste@ic y OSNI A &
metabolic biomarkers such as insulin, IGF1 and estradibich are components of the
mitogenic niches ancegulabrs ofthe generation and/or maitenance of CSCs in their niche
[84].

Bao and collaborators (2011) show that METF could spebifafédct the formation of CSCs
and their seHrenewal ability from pancreatic cancer cells interfering with the expression of
markers of CSCs, namely CD44 and EpCam, altering their genetic or epigenetic plasticity.
Further in this study, the authors shailvat METF could decrease the gene expression of
Enhancer ofZeste Homologue ZEZH2) which is a histone methyltransferase involved in
epigenetic regulation of gene transcription. Overexpression of EZH2 is relatedewitivo
suppression of multiple genemm human cancers and might cause normal cells to
dedifferentiate into stem cellike by epigenetically repressing cell fatsgulating genes and
tumor suppressor genes, which promotes the development of tumors. As well as EZH2, the
expression levels of CBA4Oc# and other pluripotency and stemness markers of CSCs were

decreased dér CSCs were treated with MEBB]. These studies suggest thagatment with
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METF can decrease the capacity of sphere forming in breast and pancreatic eaneffect
that was equally observed inng and prostate cancef88, 98, 10(.

Moreover, METF have been inh SR A Yy -céitéqif signlfidi pathway regulation
through AMPK activation. Unpublished data performed in our group, confirm the expression
2 T-catenin in CSs derived from human OS cell lines. Since METF have been shown t
I GG Sy dzl @dfenid gk y 3 0 &8 -ONBIRSYOWY AINRP G SA Yy f S@Sta A
catenin is expressed in CSCs from OS, can be suggested that METF acts on CSCs trough
regulation of survival pathwayg499]. Hirsch and collaborators (2008how that the
combination of METF with the chemotherapeutic agent D@ both CSCsand non
stem cancer cellgopulationsin culture and also provokes a reduction in tumor growth
and prolongd remissia in vivo[99]. In addition, the combination of these two drugs
increased the efficacy of therapy and diminished the side effel@sce, animportant
effect of METF is decreasing the doses of conventional chemotherapagénts without
decreasingheir effectiveness, namely DQX00].

Although typically the antitumorigenic effect of METF has been attributed to its ability to
activate the LKB1/AMPK/mTOR pathway as well inhibition of ingutiwth mechanisms, the
mechanign of action of this drug is complex and involve a multiple a variety of molecules and

pathways with key ries in cell growth and survivgs].

1.4 Objectives

The main objective of this study was to explore the potential role of METF as adjuvant of

DOX fo targeting CSCs in OS. To achieve this goal we propose to:

V lIsolate subpopulations of cancer stem cells (CSCs) in two human OS cells lines

(MNNG/HOS and M&3) using the sphere formation assay;
V Evaluate the effect of METF on cell viability, proliferatiod aretabolic activity;
V Evaluate the effect of METF on sphere formation andregléwal abilities of CSCs;

V Evaluate the chemosensitizing effect of METF on cytotoxicity of DOX in parelfgahd
CSCs;

V Explore the signailg pathways underlying the anticanceoperties of METF in OS CSCs
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2.1. Cell Culture

The human osteosarcoma cell lines MNNG/HOS and6®I@vas obtained from the
American Type Culture CollectihTCC, Rockville, MD). Cells were culturethonolayer
with RPM#1640 medium (R4130, SignaddricH, St. Louis, USA) supplemented with 10%
(v/iv) of heatinactivated fetal bovine serum (FBS, 1021®, Gibc§ Invitrogen Life
Technologies), 1% (v/v) antibiotic/antimicotic containing 100 mg/ml stneptcin, 100
units/ml penicillin and 0.25 ug/ml amphotericin (A5955, Sightdrict®, USA) at 37°C in a
humidified atmosphere with 5% G@nd 95% air. Cells were subcultivated at a ratio of 1:5
twice a week when the cells reached approximately 80% of cortkiebhis procedure was

made in sterile conditions in a laminar flow chamber.

2.1.1. CellCounting andViability

Cell counting and viability was determined before all experiments through the trypan blue
exclusion method. For this procedure equal volumes ofstedpension and trypan blue 0.4%
(SigmaAldricH) (20ul) were mixed, transferred into a Neubauer chamber hemocytometer
(Marienfeld, Germany) and then were observed and counted in an inverted microscope
(Nikon, Eclipse TS 100). This experiment is basetieprinciple that viable and live cells
with intact cell membranes can exclude the dye, while dead or injured cells with damaged
membrane do not. In accordance with this, viable cells emerge brilliant with clear cytoplasm
whereas nonviable cells appear bluCell viability was calculated as a percentage of viable
cells relative to the total number of cells. Only cells exhibiting viability > 90% were used in all

experiments.

2.2. Sphere Formation Assay

CSCs were isolated from MNNG/HOS and@8@arental cell fies through the sphere
formation assay in which cells were cultured in sefite®e medium under anchorage
independent conditions as describaslsewhere. [19IMNNG/HOSand MG63 cells at a
confluenceof approximately 80% were detached with trypsathylenedaminetetraacetic
acid EDTA(T4049, SigmaldricH) and seeded at a density of 30%t@lls/mL in Petri culture
dishes previously coated with 2.7 mg/€of PolyHEMA (P3932, Sigrsddrict) solution,
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containing 13 mL of N2 medium with 1% methylcellal¢®10837, SigmaldricH). The N2
YSRAdzYy O2yaraita 2F 5dz 0500204 az2RAMAAMSR 9 3t &
(DMEM/F12, D2906, Sigr#ddrict) supplemented with 1.2 g/L sodium bicarbonate (S6297,
SigmaAldrictf), 20 nM progesterone (P7556, SigwlaricH), 100 pM putrescine (P5780,
SigmaAldrict), 1% (v/v) insulitransferrinseleniumA supplement (Gib&nvitrogen Life
Technologies) and 1% (v/v) antibiotic/antimicotic. This medium was mixed with equal volume
of sterile 2% methylcellulose solution te@d the singlecell aggregation. Fresh aliquots of
human epidermal growth factor 10 ng/mL (EGF, E9644, Sijdit) and of human basic
fibroblast growth factor 10 ng/mL (bFGF, Prepotech EC, London, UK) were added twice a
week. Cells were maintained a7°C in a humidified atmosphere of 5%,@8d 95% air for

7-10 days.

After that, the spherical colonies formed were removed and transferred to adherent
surfaces (T25 flasks, Orange Scientific, Belgium) and cultured in DMEM Low Gluco$e (Gibco
Invitrogen Lfie Technologies) medium supplemented with 10% of Mesenchymal Stem Cell
qualified serum (MSC), 2 mM Glutamine (59202C, SigiaiacH) and 1% (v/v)
antibiotic/antimicotic. After reaching #80% confluence, cells were-seeded as singleell
in serumfree medium and in noradherent conditions for secondary sphere forming assay.
This procedure was repeated three times for evaluating thersgléwal capacity of spheres.
Second or third generation spheres were used in subsequent experiments and were termed

assarcospheres o€SCs.

2.3. Immunofluorescence assay

The expression and stdellular localization of the pluripotency transcription factors Oct
and Nanog was analysed by immunofluorescence. Both parental (MNNG/HOS a68) MG
and corresponding CSCs were platada density of 150xf0and 130x18 cells/well,
respectively, in @vell plates covered with coverslips. After 48 hours the culture medium was
removed and the cells washed with PBS (3 x 5min). After that the cells were fixed with 4%
paraformaldehyde (PFR6148, Sigmaldrict), during 10 minutes at room temperature and
then washed with PBS (3 x 5min). After fixation cells were permeabilized during 10 minutes
with 1% TritorX at room temperature and subsequently washed with PBS (3 x 5 min)
followed by inculation with blocking buffer (goat serum diluted in PBS/0.02% BSA) during 30
minutes in a humidified chamber. After blocking, cells were incubated with primary antibody

diluted in PBS/0.02% BSA during 1 hour at room temperature, in a humidified chamber. The

28



Chapter 2; Material and Methods

primary antibody solution was removed and cells washed with PBS (3 x 5 min). After that cells
were incubated withAlexa Fluor 594abeled goat antrabbit IgGsecondary antibody diluted

in PBS/0.02% BSA during 1 hour at room temperature, in a humidifeedbzr protected

from light. Afterwards, cells were washed with PBS (4 x 5 min) and incubated with 5 pg/mL
Hoechst solution during 5 minutes for nuclei staining. Finally the cells were washed (3 x 5
min) in the dark, and the coverslips were mounted with ®akd sealed with nail polish.
Images were captured on eonfocal microscope (LSM 710 META, Carl Zeiss, Gottingen,

Germany).

2.4. Cytotoxicity Studies to DOX and METF

Both parental MNNG/HOS and M&3 cells andorrespondingCSCwhereassayed tdheir
sensitvity to DOXwhich isthe most widely chemotherapeutic agent used in the treatment
of OSand METFas single agents or in combinatiofhe cytotoxicity of DOX was analysed
using the [3(4, 5Dimethylthiazol2-yl)-2, 5Diphenyltetrazolium Bromide] (MTT)
colorimetric assaya widely used method to assess cell viability. The effect of METF was
analysed on cell viability using the MTT assay and on cell proliferation usiBétoeno-H -Q
deoxyuridine (BrdU) incorporation ass&yince we intend to explore therssrgy between
METF and DOX on cell viability, the effects of the combined drugs was evaluated using the
MTT assay.

Both parental MNNG/HOS and M®3 and corresponding CSCs, previously expamaded
adherent conditions and at0%confluence, were detached withypsiEDTA counted and
seeded in 9évell plates (Sarstedt, Inc. Newton, US#)a density of 7500 cells/well for
MNNG/HOS and corresponding CSCs and 6000 cells/well f&3M&d corresponding CSCs.
Plates were maintained at 37°C overnight to allow dttachment of cells.

Next day, cells were incubated with different concentrations of drugs as a single dose and

combined as described in Table 2.1.
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Table 2.1Drug concentrations and combinations used in cytotoxicity assays.

Single dose Combineddrugs
DOX (M) METF (mM) | DOX (uM)  + MET (mN
0.0001 0.05 0.05
0.1
0.01 0.1 1
0.25
0.10 1 2
0.25 2 5
0.50 5 0.05
0.1
1
0.50 1
5 2
10 >
50 0.05
0.1
100
1.0 1
2
5

Stock solution of DOX (DOX€@IFF, 2mg/mL) wasgliluted with PBS at appropriate working
concentrations before adding to the cells. A stock solution of METF (Sigiriah) was
prepared in PBS at a concentration of 1 mg/mL and was then filtered and diluted to yield the

appropriate working concentrations

2.4.1. Cell Viability Studieg MTT colorimetric Assay

Cell viability was determined using the MTT colorimetric assay. This experiment is based on
the reduction of the yellow tetrazolium salt into purple formazan crystals by the
mitochondrial enzyme succinatdehydrogenase of metabolic active cells, enabling the
guantification of viable cell§102]. The amount of formazan crystals formed can be
measured, after dissolution with acidified isopropanol, spectrophotometrically using an ELISA
microplate reader.The colour intensity resultingrom dissolution of formazan crystals is
proportional to the enzyme activity and consequently to the number of viable cells.

Cell viability was determined after 48 h of treatment with DOX or METF as single doses and
in combinatia asdescribed in table 2.1. The culture medium was removed and 50 pyL of MTT
solution 0.5 mg/mL (M2128, Siga#ddricH) were added to each well. The cells were further
incubated at 37°C in the dark during 4 hours, the necessary time for the reductionTof MT

with consequent formation of formazan crystals. Then, 50 pL of acidified isopropanol (0.04
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M HCI) were added in order to dissolve the formazan crystals. The absorbance was read in an
automatic ELISA microplate reader at 570nm with a reference filte2@hén.

The percentage of viable cells relatively to the controls was calculated using the following
formula (1) Untreated or DOXreated cells were used as controls for sindl@se and drug

combination studies, respectively.

Abzorbance (Sample)

% Cellular Viability = x 100 (1)

Absorbance (Control)

The chemosensitivity of both parental and CSCs to DOX was estimated based on the
calculation of theconcentration of DOX needed to inhibit cell viability in 50%p)I& dose
response curve was plotted on a selmj scale with a percentage of viable celersus
concentration of DOX and fitted to a sigmoidal function, accordingly with the equation (2).

(2)

Al-42

y=Al+—tear

Where Al and A2 are the bottom and top asymptotes, respectively, aigitle |G and p

the slope. The curve fitting was performed using GraphPad Prism software Version 5.0.

2.4.2. Cell Proliferation Studieg BrdU colorimetric Assay

Theeffects of METF on celigdiferationwere evaluatedising the Sbromo-H -@eoxyuridine
(BrdU) incorporation assay. BrdU is a synthetic nucleoside analogue of thymidine that is
incorporated intathe newly synthesize®NA in proliferating cell¥he assay was carried out
after the 48h incubation with MET#&sing a commercial kit of Cell Proliferation ELISA, BrdU
(Roch& Germany) according to the manufacturer instructions. After cells treatment, the
culture medium was removed and the cells were incubated with 100 pL of fresh medium
containing10 pL of BrdU solution (100 uM) at 37°C with 5% @@ng 3 hours. After that
the medium containing BrdU was removed and the cells were incubated with 200 pL/well of
fixative solution FixDenat during 30 minutes at room temperature to denatuttee DNA
Then, the fixative solution was removed and cells were incubated with 100 pL/well of anti
BrdUPOD solution, during 90 minutes at room temperature. Finally, cells were washed 3
times with 200 pL/well of washing solution and were incubated with 1Q0of substrate
solution for 30 minutes at room temperature. The absorbance was read in an ELISA reader at
370 nm with a reference filter of 492 nrAbsorbance valuesere expressed gsercentages

relativeto untreatedcontrols.
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2.4.3. Analysis of combined drugjeffect

CompuSyn software was used to calculate the combination indices (Cl) that indicate
whether the effect of two drugs combination is higher than either alone, using the-dose
response curves for each drug and the combination. Cl values less tharin@iéate
synergism, values equal to 0.90 indicates additivity and values greater than 1 indicates

antagonism.

2.5. Cellular metabolic activity [*8F]JFDG uptake

The metabolic activity of both adherent OS cells (MNNG/HOS and63y1Gand
corresponding CSCs wasassed using®] fluoro2-deoxyglucose {F]JFDG), which is a PET
radiopharmaceutical analogue of glucose approved by Food and Drug Administration (United
States of America) for routine clinical PET imaging studies.

Cells were seeded imBell plates ata density of 150xcells/well and allowed to attach
overnight. Then, cells were incubated with increasing concentrations of METF5(@n05)
during 48 hours. After this period®F]FDG (0.75 MBg/mL) was added to the culture medium,
and the cells werenicubated for 1 hour in a humidified incubator at 37°C with 5%. CO
Afterwards the culture medium was collected to glass tubes. The cells were washed twice
with PBS, scraped and collected into glass tubes. Both tubes containing the collected culture
medium and washing solutions or the scrapped cells were assayed for radioactivity in a
Radioisotope Calibrator WeCounter (CR@5W Capintec, USAyithin the 8F sensitivity
energy window of 40600 keV.

After reading radioactivity, cells were lysed with 1% 80'8) in PBS (pH 7.0) and the total
protein was quantified using the bicinchoninic acid (BCA, B9643, Sitgirialf) method with
bovine serum albumin (BSA, A2153, Sighttrict) as a standard in a 98ell cell culture
plate thatwere used to generate aatibration curve. The reactiomasincubated at 37°C for
30 min. The absorbance waead at 570nmin an ELISA microplate readdResults are
reported as the percentage of cell radioactivity in relation to the total radioactivity added and
were normalized pr gram of protein. The cellular uptake SHJFDG was expressed as a ratio

to the levels found in METF treated cells to untreated cells.
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2.6. Effects of METF on sphefierming ability and seHrenewal potential

To examine whether METF interferes with #ghereformation ability of MNNG/HOS and
MG-63 cells, we performed a spheferming assay as previously described in section 2.2 in
the presence of METF at concentrations varying from 0.05 mM to 5 mM.

To further evaluate the effects of METF on the -seifewal of CSCsyhich is a critical
property of stemlike cells, first generation spherical colonies were enzymatically dissociated
and platted in N2 serudAree medium containing METF (0.05 mM to 5 mM) in-adherent
surfaces to induce the formation of sendary spheres.

After 7-10 days in culturethe spherical colonies werebserved andounted in an inverted
microscope (Nikon, Eclipse TS 100j)e spherdorming efficiency (SFE) was calculagsthe
number of spheres formed divided by the original nwentof single cells seeded and
expressed as the percentage. The spheim and morphological appearance was also
evaluated. Images of the spherical colonies were acquined fluorescence microscope

(Leica DFC350 FX, Leica Microsystems, BannockbutdAlL, E

2.7. Analysis of Protein Expression by Western Blot

2.7.1. Expression of energy sensor AMPK and downwards targets

In order to explore whether exposure to METF induce the activation of AMPK, a major
energy sensor in the cells, and lead to the inhibition of RM@th consequeninterference
in proteinsynthesis andell proliferation, we analysed the expression levels of the activated
form of AMPKand mTORN both parental andcorresponding CSCs af#h treatment with
METF at different concentrations.

With this purpose, cells dissociated from sarcospheres and parental cell lines (MNNG/HOS
and MG63) were seeded in-@ell cell cultures plates (Orange Scientific, Belgium) in their
corresponding culture medium at a density of 150%aélls/well and allowed to atteh
overnight. Five increasing concentrations of METF ranging from 0.05mM to 5mM were added
to each well. After 48 hours, the cellular extracts were prepared and the proteins analysed

by Western Blot accordingly with the description in the section below.

2.7.1.1. Preparation of cellular extracts
The total extracts of MNNG/HOS and M&and corresponding CSCs were prepandtie

control situation and after 48h exposure to METF in the concentrations above mentioned.
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Cellswith a confluence of 780% were washed anccimped with PBS and then were
centrifuged at 1400 rpm for 10 minutes. The cellular pellets were incubated with lysis buffer
¢ RIPA [50mM THBICI(pH 8.0), 150mM NaCl (Merck), 1% (v/v) Tritd00§ 0.5% (w/v)
sodium deoxycholate, 0.1% (w/v) sodium dodestylphate (SDS, 161307, BieRad™) and
2mM EDTA], supplemented with a mixture of proteases and phosphatases inhibitors
(Roché), 2mM sodium orthovanadate, 1mM sodium fluoride (NaF) and 1mM dithiotreitol
(DTT). After incubation for 30 minutes at 4°C inARbBffer, samples were sonicated dipped
in ice in an ultrasound device (Vibra cell Sonics and Materials Inc. Danbury, CT USA) at 40
MHz, with 35 pulses for 5 seconds.

The protein concentration was quantified using the bicinchoninic acid (BCA, B9648&; Sigm
AldricH) method with BSAA2153, SigmaldricH) as a standard in a 96ell cell culture
plate. This experiment is based on the formation of proteirff@oemplexes under alkaline
conditions, followed by reduction of €o Cu*. This reduction is proptional to the amount
of protein present in the sample. Under alkaline conditions, the chelation of BCA with Cu
develop a blue/purple complex, which can be read in an automatic ELISA micrealdes r
at a wavelength of 562 nfi103].

The protein samplewere mixed with an equal volume of 2x denaturing solution [0.25M
TrisHCI (pH 6.8), 200mM DTT, 20% (w/v) glycerol (G2025, Silgimet), 4% (w/v) SDS and
0.05% (w/v) bromophenol blue], and were heated at 95°C during 5 minutes for protein

denaturation. Tle protein samples were stored frozen-20°C until their use.

2.7.1.2. Sodium dodecyl sulphate polyacrylamidgel electrophoresis (SDBAGE)
and electrotransference

Polyacrylamide gel preparation implies the crosslinking of acrylamide monomers used to
supportand separate the molecules based on size, shape or isoelectric point. The samples
were loaded in SDEolyacrylamide gels [7.5 or 12% of acrylamide {2648, BieRad™)] and
separated by electrophoresis during 90 minutes at 110V in buffer solution of 5S0rsMCl
(pH 8.68.5) containing 50 mM bicin@B3876, Sigmaldrich) and 0.1% (w/v) SDS. 60ug of
the total extract protein from parental cells (MNNG/HOS and-68% and corresponding
CSCs were used for immunoblot assay. A protein marker with known moleegilgint ¢
Precision PlusProtei¥ Standards (160373, BieRad") was used in the electrophoresis.

After the electrophoresis, proteins were electtiansferred from the electrophoresis gel
into hydrophobic polyvinylidenedifluoride membranes (PVDF,Millipgr&JSA), previously

activated in methanol (Merck, Germany). The eled¢temsference was performed in transfer
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buffer [12.5mM TrisHCI (pH 8.8.5) containing 96mM glycine (G8898, Sightdrict) and
20% (v/v) methanol], applying a current of 110V du®dgminutes at 4°C.

2.7.1.3. Immunoblotting and Quantification

After transfer, membranes were blocked with 5% (w/v) f#iabhdry milk in TrilBuffered
Solution (TBS: 20mM Tris, pH 7.6, 137mM NaCl) containing 0.1% (v/v) Tween20 (437082,
VWR)(TBST) during 1 hour atoom temperature with soft agitation in order to reduce the
non-specific protein interactions and to reduce the background signal. After that, the
membranes were incubated overnight at 4°C with primary antibodies at appropriate
dilutions, as shown in TabR 2, in Phosphate Buffer Saline (PBS pH 7.4) containing 0.1% (v/v)
Tween 20 (PB¥), containing 5% (w/v) BSA or in IB&ntaining 1% (w/v) nefat dry milk.

At the end of incubation period, membranes were washed 3 times for 10 minutes with PBS
T and tlen incubated with alkaline phosphatasenjugated secondary antibodies (anti
mouse or antrabbit) for 1 hour at room temperature with agitation. Finally, membranes
were washed again 3 times for 10 minutes with HBSd then revealed using the enhanced
chemofluorescence substrate (ECF, Western blotting Reagent Pack, GE Lifesciences,
Pittsburg, PA). The reactive bands were visualized on a Thyphoon FLA 9000 (GE Healthcare
Bioscience, AB, Uppsala, Sweden) and were quantified using the ImajeJ software {Researc
Service Branch). The membranes were stripped using 0.2M NaOH for 5 minutes and then
reprobed with antitotal-AMPK antibody in the case of pAMPK and with the-iactin
antibody as loading control, in the case of mTOR, followed by incubation with segondar
antibody and revelation as described previously. The band intensities were normalized to

their corresponding controls.
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Table 2.2 Primary and secondary antibodies used on Western Blot, and corresponding dilutions.

/m.rggg/ st;ur:?r Dilution Company i\eni?bnoddi/ry Dilution
PAMPK 62 kDa 1:1000  CellSignaing Tecnology®  Anti-Rabbit  1:20000
AMPK 62 kDa 1:1000  CellSignaing Technolog§ ~ Anti-Rabbit  1:20000
mTOR 289 kDa 1:2000 Millipore™ Anti-Rabbit ~ 1:20000
i -Actin 43 kDa 1:10000 Millipore™ Anti-Mouse  1:20000

2.8. Statistical Analysis

All the results were presented as mean + standard deviation (SD) or as#rsgandard
error of mean (SEM), with indicating the number of experiments performethe Kruskal
Wallis nonparametric ANOVAest, with5 dzy' y' S G (i Q & wa3 paxidiBedar inadtifle
comparisons within the same cell line throughout different condisiomheMann-Whitney
non-parametric testwas used to perform comparisons betweemo cell types under the
same conditios. The statistical analysis was performed by using the GraphPad Prism

software Version 5.0rhep-value<0.05 was considered as stattslly significant.
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3.1. Isolation and characterization of CS€em MG-63 and MNNG/HOS

cell lines

3.1.1. Isolation of sarcospheres from human OS cell lines

The presence of putative cells with stdike properties in MNNG/HOS and M&3 OS cell
lines was identified through the sphere formation assay, in which parental cells were cultured
in 1% methylcellulose serwnee medium, in anchoragmdependent conditions. Under
these conditions, both cellles grew in suspension and formed spherical colonies, named
sarcosphereas depicted in Figure 3.Whentransferred to adherent flasks and expanded in
culture medium suitable for MSCcellsstarted to migrate from the colonies and to adhere
to the bottom of the flask. When reseeded again in serum freaedium they formed
secondary spherical colonies. This capacity to form spherical colonies was observed at least
in a third round of sphere formation assay, which reveals therseléwal ability of these
cels which is considered an important characteristic of sléka cells. Sarcospheres of

second and third generation were used in succeeding studies and wenedeasCSCs.

Figure 3.1.0S parental cell lines form sarcospheres iusefree medium under anchoragedependent
conditions.A. Adherent MNNG/HOS parental cell lif.Sarcospheres isolated from MNNG/HOS cell line
after 7 days in noradherent conditionsC.Adherent MG63 parental cell lineD. Sarcospheres isolated from
MG-63 cell line after 7days in neadherent conditions. (Original magnification: 200x)
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3.1.2. Expression of pluripotency markers in human OS CSCs

Octd andNanog are embryonic steftell specific transcription factors that play a role in the
maintenance of selfenewal and pluripotency of stem cells amds been found to be up
regulated inCSCsConfocal immunofluorescence analysgvealed the expression of Qict
and Nanog in CSCs subpopulations localized bdtfeimuclei and the cytoplasm bubne
of the pluripotency-associatedmarkerswere detected inMNNG/HOS or M@&3 parental

cells.

A.MNNG/HOS B.MG-63
G5Cs Parental cells C5Cs Parental cells

Oct4 Oct4

Figure 3.2 Representative confocal microscopy imagesrohunofluorescence staining for pluripotency
markers Oct and Nanog itA) MNNG/HOS and derived CSCs @B)MG-63 and derivd CSC<ells were
counterstained with Hoechst 33342 to identify cell nuclei. Arrows indicate the expression 4fandt
Nanog in CSCs localized in the nuclei and in the cytoplasm. (Magnification 400x)

3.2. Effects of METF on cell viability and proliferatiari OS cells
3.2.1. Effects of METF on cell viability of OS cells

Before starting the studies of edministration of METF with DOX, we analyzed the effects
of METF by itself in cells viability and proliferation, using the MTT and BrdU assays,
respectively. Thistgdy was performed after 48h incubation with 0.05mM, 0.1mM, 1mM,
2mM and 5mM of METF.

METF induced a progressive decrease in cell viability of both MNNG/HOS a68 MG
parental cells and corresponding CSCs, although the effects are more pronounced fas CSCs

depicted in Figure 3.3 and Table 3.1
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For concentrations above 1 mM (for M&3 cells) or 2 mM (for MNNG/HQOS cells) the
percentage of viable CSCs is significantly lower (p<0.05) when compared with that in
corresponding parental cells exposed to equalamntrations of METF.

The MG63 cell line is less susceptible to MEA#ucing cytotoxicity compared with
MNNG/HOS cells. For MNNG/HOS cells, the reduction in cell viability was mooeipced
(Figure 3.3, Table 3.)Yand was significant for concentratis starting from 0.1mM, whereas
for the MG63 the effect on cell viability was inferior and only significant for concentrations

above 1 nM (Figure 3.3, Table 3.1
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Figure 3.3 Percentage of viable cells after treatment with different concentnasi of METF (0.65mM),

for MNNG/HOS cells and G3£) and MG63 cells and CS(B). These results were presented as mean *
standard deviation (SD) from three independent assays (n=3) performed in triplicate.

*p<0.05 when compared with corresponding contoells (untreated)
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Table 3.1Effect of METF on cell viability of parental MNNG/HOS ané®Iicells and corresponding
CSCs.

Cell Viability (%)

METF (mM) MNNG/HOS CsC MG-63 CsC
0 100.00+£5.03 100.00+3.07 100.00+%.64 100.00+4.78
0.05 92.97+14.64 89.95+10.16 100.63+4.64 100.07 £9.56
0.1 82.45+8.83* 93.47+8.11 100.63+10.59 96.90+11.31
1 71.60+13.11* 69.88+5.79* 92.42+6.14* 59.37 £ 9.39*%+F
2 76.39+6.90* 41.44+£12.48*% 86.97 £ 4.69* 55.82+10.60*t
5 33.03+5.80* 18.03+ 11.89* 78.82+4.11* 29.40+ 11.59*%

Abbreviations:METF, metformin. Celgere incubated with increasing concentrations of METF (616#)

for 48 hours. Cytotoxicity was evaluated using the MTT colorimetric assay. Results are expressed as mean £
standard deviation (SD) of at least three independent experiments performed licati

*p<0.05 when compared with control cellgntreated)

ULF ndnp 6KSY O2YLI NBR ¢gAGK O2NNBalLRYyRAy3a LI NByidalt OS

3.2.2. Effects of METF on cell proliferation of OS cells

To investigate the effects of METF on cell proliferatiorperdormed a BrdU incorporation
assay. METF at low concentrations of 0.05 mM and 0.1 mhhiG the range of the
recommended therapeutic dosedjd not reduced significantly cell proliferation neither of
parentalcellsnor of corresponding CSCs populations, gsatedin Figure 3.4 and Table 3.2
Significant antproliferative effects of METF were observed for concentrations equal or

above 1 mM in both parental and CSCs.

From the two CSCs populations, the one obtained from the MNNG/HOS cell line appears to
be more susceptible to the anfproliferative effect of METF, as indicated by the lower
percentage of actively proliferative cells comparatively to-B&derived CSCs exposed to

the same concentrations of ME{iHgure 3.4 and Table 3.2
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Figure 34. Percentage of proliferative cells after treatment with different concentrations of METB-(0
5mM), for MNNG/HOS cell line and correspondings@SCand M@E63 cell line and corresponding GIB).
These results were presented as mean + standard devigg8@) from three independent assays (n=3)
performed in triplicate for parental cell lines and in duplicate for CSCs.

*p<0.05 when compared withntreatedparental cells

U LF n @ n pomgaedwith corresponding parental cell line, in the same conditions

Table 3.2Effect of METF on cell proliferation of parental MNNG/HOS anébB1&lls and corresponding
CSCs.

Cell Proliferation (%)

METF (mM) MNNG/HOS CcsC MG-63 CcsC
0 100.00+7.32 100.00+10.23 100.00+8.01 100.00+7.82
0.05 98.34+8.19 101.01+14.43 93.25+£8.95 94.58+8.92
0.1 94,72+ 8.53 101.73+14.02 88.70+7.44* 88.02+11.15
1 79.19+ 14.48* 46.91+6.29*t 80.09+5.71* 66.06+ 15.51*+
2 72.21+19.80* 41.89+11.08*+ 68.53+9.41* 56.14+6.26%F
5 75.78+ 19.36* 10.20+ 3.55%+F 63.38+9.89* 56.90+ 8.53*

Abbreviations:METF, metformin. Cells were incubated with increasing concentrations of METH1(EM)G

for 48 hours. Cytotoxicity was evaluated upsthe BrdU incorporation assay. Results are expressed as mean
+ standard deviation (SD) of three (n=3) independent assays performed in triplicate for parental cells and in
duplicate for CSCs.

*p<0.05 when compared with parental cell lifntreated)

U LI Siwhen compared with corresponding parental cell line, in the same conditions

3.3. Sensitivity of parental OS cell lines and CSCs to DOX

The cytotoxic effects of DOX, the main chemotherapeutic drug used in the treatment of OS,

were evaluated in both parenttNNG/HOS and M&3 cells and in corresponding CSCs. Cell
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viability was assessed using the MTT colorimetric assay after 48h incubation with increasing
concentrations of DOX (0.04D0uM).

The individual doseesponse curves obtained and correspondingo I€alues are
represented in Figure Band Table 3, respectively.

The treatment with DOX induced a decrease in cell viability in both parental MNNG/HOS
and MG63 cells and corresponding GSi@ a dosedependent manner. However, this effect
was less marketbr the CS€compared to parental cells, as depicted in the dosgponse
curve of CS&that is shifted to the right side; indicating that G8€ed a higher concentration

of DOX to accomplish the same cytotoxic effect obsermamiresponding parental csll
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Figure 3.5Representative doseesponse curves for DOX in MNNG/HOS/CSCs (A) a6@/MSCs (B) fitted
to a sigmoidal function

The mean 1§ value for CSCs isolated from the MNNG/HOS cell lines wag 1.96 uM,
significantly higher (p<0.0%han that estimated for parental cells (0.64 + 0.19 uM) (Table
3.3). Regarding the M&3 cell line, the 1§ values obtained for CSCk 47+ 0.11uM) was
higheralthough not statistically significant as compared wtitlat in parental cell§1.39 +

0.25 uM)(Table 3.3)
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Table 33. 1Govalues of DOX in parental cell lines, MNNG/HOS an&#8)@nd in corresponding CSCs.

[Go (ULM)
MNNG/HOS CSe6 MG-63 CSe6
DOX  0.64+019(n% L1.96+1.00" ("= 1.39+0.25 (n=3) 1.97 £ 0.11 (n=3)

Abbreviations: Gy, hdf maximal inhibitory concentration; DOX, doxorubicPells were incubated with
increasing concentrations of DOXI00uM) during 48 hours. Cytotoxic effect was evaluated using the MTT
colorimetric assay. The dQralues were obtained from a sigmoidaltifig of the doseresponse curves.
Results are expressed as mean + standard deviation (SD) of at least three independent assays performed in
triplicate.

*p< 0.05 when compared with MNNG/HOS cells.

3.4. Effect of METF on DOKduced cytotoxicity in parental cedl and
CSCs

Based on our previous observations that CSCs are more susceptible to METF than their
differentiated counterparts, as indicated by the MTT and BrdU assays, we attempt to analyze
the chemosensitizer effects of METF when administered in combinaitbrDOX (a standard
chemotherapeutic drug for OS) in what concerns cell viability. To further identify any
potential synergy or additivity between DOX and METF we used different drug combinations.
DOX was tested dliree different concentrationgqual, kelow and above the Wgof parental
cells (0.25 uM; 0.5 uM and 1 uM). Each of these DOX concentrations was combined with 0.05
mM, 0.1 mM, 1 mM, 2 mM and 5 mM of METF.

The effects of METF in combination with DOX on cell viability of MNNG/HOS and derived
CSG are presented in Figure 3afid Table 3.4A chemosensitizing effect of METF was mainly
observed when cadministered with the lowest tested concentration of DOX (0.25 uM),
which by itself induced a slight decrease in cell viability to 78.41 +9%.82MNNG/HOS cells
and of 92.42 + 10.35 % in CSCs. The combination with METF increased the susceptibility of
both parental MNNG/HOS and CSCs to DOX, as evidenced by the lower percentage of viable
cells that decreased significantly in relation to the controddted cells with 0.25 uM). This
effect, in parental MNNG/HOS cells, was not very pronounced (although significant) and was
maintained almost constant within the range of METF concentrations between 0.05 mM and

2 mM. For 5 mM of METF cell viability decexh$o 34.82+ 4.71 % which correspond to
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relative percentage variation of 55%. For concentrations of DOX of 0.5 pM or 1 M, the
chemosensitizing effects of METF were not digait except when used atrdM.

In CSCs, the chemosensitizing effect was also emdent when combined with 0.25 pM
DOX. The decrease on cell viability was more pronounced and occurredse-dependent
manner (Figure 3.8nd Table 3t). A dose of 2 mM or 5 mM of METF combined with 0.25 pM
DOX decrease the percentage of viable Ct86C83.07 + 12.69 % and 9.38% 6.35 %,
respectively, which corresponds to a relative percentage variation with respect to treated
cells with 0.25 uM DOX of 31% and 89.96, respectively. The same combination of drugs in
MNNG/HOS cells resulted in a smaller reapercentage variation df2.5 %and of55.6%

(Table 3.4). When combined with higher concentrations of DOX, the chemosensitizing effect
of METF was significant when used at the highest concentratiomdA2nd 5 mM).

Thecombination indeXCl) obtainedy using doseesponse curves for each drug alone or
in combination varied between 0.49 and 0.60 for METF concentrations inferior to 1 mM,
indicating a strong to moderate synergistic effect. For METF concentrations equal or above 1

mM the CI emerge in the rge of 0.85 and 0.95 indicating an addictive effect.
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Figure 3.6 Percentage of viable cells aftdBh of treatment with DOX (0.25uM, 0.5uM and 1 A
combination with different concentrations of METF (0.05rBMM) as assessed by the MTT assay i
MNNG/HOS (A) and CSCs (B). The results were presented as mean + standard deviation (SD) from three
independent assays (n=3) performed in triplicate.

*p<0.05 when compared with contréfreatment of DOX alone)
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Table 3.4Effects of METF on cytotoxiciof DOX in MNNG/HOS and CSCs.

cell Viability (%) - MNNG/HOS

Metf (mM)
0 0.05 01 1 2 5
Dox (uM) RPV RPV RPV RPV RPV
0.25 7841:592  6581:678*  16.1% 66.14:6.64* 15.6% 64.81£2.68% 17.3%  68.60£1.82*  125% 34.82:471*  55.6%
0.50 47.49£11.25 47.17£7.82 067% 5373:572 -13.1% 47.47:7.09 004%  56.63:523  -192% 37.97£950*  20.0%
1.00 39.90+9.13 36.56£8.83  8.37%  38.45:6.01  3.63% 3123£5.07% 217%  32.42£¢7.12%  187% 30.12£7.22*%  24.5%
Metf (mM)
0 0.05 01 1 2 5
Rox(bn] RPV RPV RPV RPV RPV
0.25 9242+1035  8535:971  7.65%  74.56£10.21* 19.3% 73.20£270%  20.8% 63.07:1269* 317% 9.38:6.35* 89.9%
0.50 68.891 9.99 7007:7.44  -171%  61.96£9.99 10.1% 60.54:434%  12.1% 56.41:9.64*  18.1% 5.87£3.49% 91.5%
1.00 63.45+3.24 54.37£410*  143%  53.13:5.64* 16.3% 55.79£5.09*  12.1% 54.12:7.80* 14.7% 2.48:101* 96.1%

Abbreviations:METF, metformin; CSCs, Cancer Stem Cells; RPV, Relative Percentage Variation. Cells were
incubated with DOX (0.25.0pM) in combination with increasing concentrations of MEF&n{) for 48

hours. Cytotoxicitywas evaluated using the MTT colorimetric assay. Results are expressed as mean *
standard deviation (SD) of four (n=4; 0.05 and 0.1mM of METF in MNNG/HOS) and three (n=3) independent
assays performed in triplicate.

*p<0.05 when compared with parental cétie (treatment of DOX alone)
The relative percentage variation (RPV) was calculated by dividing the difference on cell viability between
DOX and DOMIETF treated cells by the viability of DOX treated cells.

The results obtained with the M&3 cell linewere similar to those observed with the
MNNG/HOS cells. METF exerted a small chemosensitizing effect in cells treated with 0.25 uM
DOX. The cytotoxic response of M@ cells to 0.5 uM or 1 uM of DOX was not significantly
altered when administered in comhation with METF, (except when administered at 5 mM)
as indicated in Figure 3\7and Table 3.5.

As shown in Figure 387 a dosadlependent effect was observed in the viability of CSCs
treated with DOX in combination with increasing concentrations of METIE.eflect was
abrupt and significant for a METF concentration equal or above 1 mM and was observed for
all DOX concentrations testelieing the strongest effects achieved with 5 mM of METF
(Figure 3.B, Table 3.).

The Cl values obtained from the Compusyftvgare identify a synergism between DOX and
METF at concentrations between 0.05 and 1mM, with Cl values between 0.62 and 0.85. For

METF concentrations above 1 mM the Cl values emerge in a range of 0.9 to 0.95 identifying

an additive effect.
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Figure 3.7. Percentage of viable cells after 48 treatment with DOX (0.25uM, 0.5uM and 1 Nh
combination with different concentrations of METF (0.05BMM) assessed by the MTT colorimetric assay
in MG63 (A) and CSCs (B). These results were presentedas + standard deviation (SD) from three
independent assays (n=3) performed in triplicate.

*p<0.05 when compared with control (treatment of DOX alone)

Table 3.5Effecs of METF on cytotoxicity of DOX in {@&and CSCs.

Abbreviation: METF, metforminCSCs, Cancer Stem Cells; RPV, Relative Percentage Variation. Cells were
incubated with DOX (0.25.0uM) in combination with increasing concentrations of METF {BrOb1) for

48 hours. Cytotoxicity was evaluated using the MTT colorimetric assay. Theke vese presented as

mean = standard deviation (SD) from three independent assays (n=3) performed in triplicate.

*p<0.05 when compared with parental cell li(teeatment with DOX alone).

The relative percentage variation (RPV) was calculated by divigindifference on cell viability between

DOX and DOMIETF treated cells by the viability of DOX treated cells.
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