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RESUMO

Estimulacdo Magnética vem sendo utilizada no tratamento de varias patologias do
sistema nervoso central, mas a compreensdo de sua acao em nivel celular precisa
ser melhor investigada. Sendo assim, o0 objetivo principal desta dissertacao foi
estabelecer, em cultura celular, um método de Estimulacdo Magnética Estatica (E-
ME) e avaliar seu efeito em diferentes tipos celulares. Para tanto, foi desenvolvido
um suporte de placa de cultura com imés NeFeB (neodimio-ferro-boro) com a forma
cilindrica de 12mm de diametro por 6mm de altura. Cada suporte apresenta seis
imas espacados, de modo que 0s campos magnéticos nao interajam entre si. As
células de neuroblastoma humano SH-SY5Y foram plaqueadas 1x10° células por
poco e cultivadas em placas de 24 pocos. A andlise microscépica das placas
demonstrou que as células adaptaram-se ao novo ambiente, demonstrando
aderéncia e crescimento adequados a superficie da placa. ApGs este primeiro passo,
as células SH-SY5Y foram estimuladas utilizando 0,1 T, 0,2 T e 0,3 T por 60
minutos, buscando determinar a melhor intensidade de EME. Apds, este periodo de
estimulacdo, para avaliar a viabilidade celular, foi realizado o ensaio de MTT
(brometo de [3- (4,5-dimetiltiazol-2yl)-2,5-difenil tetrazolium) nos grupos de células
estimuladas e nado estimuladas. N&o tendo sido observada diferenca
estatisticamente significativa entre os grupos avaliados. A partir da obtencéo destes
dados, foram definidos os parametros de intensidade e periodo de estimulacédo da
EME. Os experimentos foram, entéo, realizados aplicando 24 horas de estimulacao
com intensidade de 0,3T em culturas de diferentes tipos celulares. Optamos por
utilizar, além de células de neuroblastoma humano SH-SY5Y, outro tipo de células
tumoral, células de melanoma vaginal; e células de neuroblastoma diferenciado em
células neuronais e células mesenquimais derivadas de adipécitos. Com estas
escolhas objetivamos determinar a resposta de diferentes tipos celulares a EME.
Para tanto, cada tipo celular foi dividido em 4 grupos, 2 grupos nao estimulados
(controles) avaliadas imediatamente (Cl) e 24h apés o final do experimento (C24), e
2 grupos estimulados por 24h, que foram avaliados imediatamente (El) e 24h apés o
final da exposicdo a EME (E24). Para verificar a resposta celular a EME foram
avaliados parametros de toxicidade (MTT, PI (lodeto de propideo) e HO (Hoechst),
de neuroplasticidade (expressdo do gene do receptor de BDNF (PCR em tempo
real)) e ciclo celular (citometria de fluxo). Os resultados obtidos demonstram que
imediatamente apés a EME, houve uma diminuicdo significativa na viabilidade
celular das células SH-SY5Y indiferenciadas (Kruskal Wallis, P<0,05). Ja no grupo
24h, nao houve diferenca estatisticamente significativa em nenhum dos gru



pos avaliados (Kruskal Wallis, P>0,05). Visto que, houve uma diminuicdo da viabili-
dade celular nas células SH-SY5Y, imediatamente apés a estimulacdo, na busca de
encontrar o mecanismo de acao pelo qual estas células apresentavam uma diminui-
cao celular, utilizamos as técnicas de Pl e de HO para avaliar apoptose e necrose
celular, respectivamente. Adicionalmente avaliamos o ciclo celular. Desta forma e,
considerando que apenas as células de neuroblastoma humano SH-SY5Y apresen-
taram diminuigao significativa na viabilidade celular, somente neste tipo celular foi
feito esta avaliagdo. Nao foi encontrada diferenca estatisticamente significativa entre
0s grupos. No entanto, a analise descritiva demonstrou que, 24h apds o estimulo, as
células SH-SY5Y nao diferenciadas apresentaram uma reducdo de duplicacéo
celular (Kruskal Wallis, P >0,05). Outro fator avaliado nas células SH-SY5Y
diferenciadas e néo diferenciadas, como parametro de neuroplasticidade, foi
expressao do gene do receptor Trk-B. Nao foi encontrada diferenca significativa, no
entanto na analise descritiva, as células SH-SY5Y néo diferenciadas avaliadas 24h
apos a aplicacdo de EME, apresentaram um aumento na expressao deste gene,
sugerindo um aumento da neuroplasticidade. Estes resultados demonstram um
efeito de longa duracdo da EME, por pelo menos até 24h apés o final da EME,
corroborando com dados prévios de nosso grupo de pesquisa, utilizando modelos
animais e ETCC (estimulacdo transcraniana por corrente continua), outra técnica
neuromodulatoria, que mostraram efeito por até 7 dias apds o termino da tratamento.
Interessantemente, ndo foram observadas diferencas na viabilidade celular nas de-
mais culturas celulares analisadas. Estes resultados s&o muito relevantes, pois
demonstram que, em relacdo aos parametros de viabilidade celular analisados, a
EME é uma técnica segura no protocolo utilizado (24h de 0,3T de EME). Os dados
desta dissertacdo demonstram que a EME apresenta diferentes efeitos em relacao a
toxicidade em células de tumores neuronais, tumores ndo neuronais e células com
morfologia normal. A diminuicdo da viabilidade celular nas células SH-SY5Y
indiferenciadas € um resultado surpreendente e favoravel considerando ser linhagem
celular tumoral. Desta forma estes resultados avaliados em conjunto sugerem que a
EME é uma técnica segura que, em células normais ndo provocou alteracbes
importantes nos parametros avaliados e em tumores de células ndo neuronais ndo
alterou o crescimento celular. No entanto, ainda se faz necessario aumentar o
numero amostral da avaliacdo das fases do ciclo celular a expressao do gene Trk-g,
assim como mais estudos para avaliar outros parametros de toxicidade e também
diferentes protocolos de estimulag&o celular utilizando a EME.



ABSTRACT

Magnetic stimulation has been used in the treatment of various pathologies of the
central nervous system, but the understanding of its action at the cellular level needs
to be investigated. Thus, the main objective of this dissertation was to establish, in
cell culture, a method of Static Magnetic Stimulation (SMS). For this purpose, a cul-
ture plate holder with NeFeB (neodymium-iron-boron) magnets with a cylindrical
shape of 12mm in diameter by 6mm in height was developed. Cells were plated
1x10° cells per well and cultured in 24-well plates. Microscopic analysis of plaques
demonstrated that the cells adapted to the new environment, demonstrating ade-
qguate adhesion and growth to the plaque surface. This was extremely important to
the development of this article. After this first step, human neuroblastoma cells (SH-
SY5Y) were stimulated using 0.1 T, 0.2 T and 0.3 T for 60 minutes, in order to de-
termine the best intensity of static magnetic stimulation. After this stimulation period,
to evaluate cell viabilty, the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium] assay was performed on stimulated (stimulated group) and non-
stimulated (control group) cells. No significant difference was observed between the
groups evaluated. From the data obtained, it was defined the use of the highest in-
tensity tested, an increase in the period of stimulation and application in other cell
types. The experiments were then performed applying 24 hours of stimulation with
0.3T intensity in cultures of different cell types. Considering that the cells initially used
were of neuronal tumor, we chose to use, in addition to human neuroblastoma cells,
another type of tumor cells (vaginal melanoma cells), and cells with normal character-
istics in their morphology, such as SH-SY5Y differentiated into neuronal cells and
mesenchymal adipocyte-derived cells. With these choices we aimed to determine if
different cell types would respond in the same way to SMS. In order to do so, each
cell type was divided into 4 groups, 2 non-stimulated groups (controls) evaluated im-
mediately (Cl) and 24h at the end of the experiment (C24), 2 groups stimulated for
24h, which were evaluated immediately (Sl) and 24h after the end of exposure to
SMS (S24). To assess the cellular response to EME, toxicity parameters [MTT, PI
(Propidium iodide) and HO (Hoechst)] and cell cycle (flow cytometry) were done. The
results obtained demonstrate that immediately after SMS, a significant decrease in
cell viability of undifferentiated SH-SY5Y cells was found (Kruskal Wallis, P <0.05). In
the 24h group, there was no statistically significant difference in any of the groups
evaluated (Kruskal Wallis, P> 0.05). Since there was a decrease in cell viability in
SH-SY5Y cells, immediately after stimulation, in the search to find the mechanism of
action by which these cells had a cellular decrease, we used the Pl and HO tech-
niques to evaluate apoptosis and death cell and respectively. Additionally, we evalu-
ated the cell cycle. In this way, and considering that only SH-SY5Y human
neuroblastoma cells showed a significant decrease in cell viability, only this cell type
was evaluated. There were no statistically significant differences between groups.
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However, the descriptive analysis demonstrated that, 24 h after the stimulus, undif-
ferentiated SH-SY5Y cells present a decrease in cytoplasm division in the G1 phase
and, in G2 phase, a decrease in nuclear division, leading to a reduction of cell dupli-
cation (Kruskal Wallis, P> 0.05). Another factor evaluated in differentiated and undif-
ferentiated SH-SY5Y cells as a parameter of neuroplasticity was expression of the
Trk-B gene. No significant difference was found, however in the descriptive analysis,
the undifferentiated SH-SY5Y cells evaluated 24h after the application of SMS
showed an increase in the expression of this gene, suggesting an increase in neuro-
plasticity. These results demonstrate a long-term effect of SMS for at least 24 hours
after the end of the SMS, supporting previous data from our research group, using
animal models and TDCs (transcranial direct current stimulation), and another
neuromodulatory technique, which showed effect for up to 7 days after the end of
treatment. Interestingly, no differences in cell viability were observed in the other cell
cultures analyzed. These results are very relevant because they demonstrate that, in
relation to the cell viability parameters analyzed; SMS is a safe technique in the pro-
tocol used (24h of 0.3T of SMS). The data from this dissertation demonstrate that
SMS has different effects in relation to toxicity in cells of neuronal tumors, non-
neuronal tumors and cells with normal morphology. Decreased cell viability in undif-
ferentiated SH-SY5Y cells is a surprising and favorable finding considering that it is a
tumor cell line. Thus, these results evaluated together suggest that SMS is a safe
technique that in normal cells did not induce important changes in the evaluated pa-
rameters and in non-neuronal cell tumors did not alter the cell growth. However, it is
still necessary to increase the sample number of the evaluation of the phases of the
cell cycle and the expression of the Trk-B gene, as well as more studies to evaluate
other parameters of toxicity and also different protocols of cellular stimulation using
SMS.
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1. INTRODUCAO

Estudos eletrofisiologicos tém aumentado muito o entendimento da atividade
cerebral normal e em condi¢cdes de doenca. Os avangos tecnolégicos podem ser
observados em pesquisas de ponta em diversas areas como neurologia, psiquiatria,
psicologia e no incremento de terapias farmacologicas e ndo farmacoldgicas. Um
dos grandes achados, a partir de estudos utilizando eletrofisiologia, tem sido a
utilizacao de estimulacéo cerebral (NOOHI; AMIRSALARI, 2016).

As técnicas de estimulagéo cerebral ndo invasiva tém demonstrado resultados
muito favoraveis, por serem métodos ndo invasivos, oferecendo minimo ou nenhum
risco ao paciente. Desta forma, tem sido possivel a obtencdo de resultados
significativos de- correntes de estimulacdo focal em é&reas do cortex cerebral.
Adicionalmente, varios métodos vém sendo desenvolvidos, entre eles a Estimulagcéo
Magnética Transcrani- ana (EMT) (NOOHI; AMIRSALARI, 2016).

A técnica de EMT baseia-se na geracdo de um campo magnético por meio de
uma bobina acoplada a um gerador. Este campo magnético aplicado no escalpo
produz uma corrente elétrica capaz de despolarizar a membrana neuronal(BARKER,;
JALINOUS; FREESTON, 1985; ROSSI et al., 2009). O estimulo magnético atinge
aproximadamente 2cm de profundidade, podendo variar de acordo com a bobina
utilizada (ZANGEN et al., 2005). No entanto, este estimulo, além de atingir regides
corticais, pode atingir também, de forma indireta, regides subcorticais (LEFAU-
CHEUR, 2006).

Estudos demonstram que estimulacédo de alta frequéncia (igual ou superior a

5Hz) promovem um aumento na excitabilidade do cortex motor (CHEN et al., 1997,
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MUELLBACHER et al., 2000), indexado pelo aumento da amplitude do potencial e-
vocado motor (MEP), observado ap6s EMT Repetitiva (EMTr) (PASCUAL-LEONE et
al., 1994). Enquanto que estimulacdo de baixas frequéncias (em torno de 1Hz) dimi-
nuem a excitabilidade em cértex motor (CHEN et al., 1997).

O foco maior de pesquisas tem sido o uso da EMT no tratamento da depres-
sdo, com efeito utilizando baixa frequéncia no cértex pré-frontal dorso lateral es-
querdo (GEORGE, 1998). A aplicacdo também tem demonstrado bons resultados
em pacientes pos acidente vascular encefalico, doenca de Parkinson, epilepsia e dor
neuropatica (FREGNI; PASCUAL-LEONE, 2007).

Ha muitos estudos demonstrando o efeito da EMTr, porém ela ainda pode
provocar algum desconforto. Sendo assim, alguns cientistas estédo utilizando a Esti-
mulacdo Magnética Transcraniana estatica (EMTe), por ser mais confortavel (OLIVI-
ERO et al., 2011) e segura para pacientes saudaveis (OLIVIERO et al., 2015). EMTe
sobre o cértex motor inibe transitoriamente os potenciais evocados motor (PEMS),
mas ndo modula o limiar motor de repouso (LMR) (ROSEN, 2003), indicando que o
EMTe pode néo afetar a excitabilidade da membrana dos neurdnios piramidais, mas
induzir mudancas em nivel sinaptico.

Outro interessante estudo avaliou o efeito do campo magnético estatico entre
proliferacdo celular e morte celular em células renais de ratos, demonstrando que as
células tratadas com EMTe apresentam diminuicdo na proliferacdo e aumento de
morte, comparadas as células nao tratadas. Este tratamento, em astrocitos corticais,
induziu efeitos inversos. As células tratadas apresentaram maior proliferacdo e me-
nos morte, sugerindo que células diferentes respondem de diferentes formas ao es-

timulo do campo magnético estatico (BUEMI et al., 2001).
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Apesar de evidéncias pré-clinicas (modelos animais e raras in vitro) e clinicas
gue utilizam técnicas de neuromodulacao, o efeito dessas técnicas em ceélulas neu-
ronais precisa ser melhor investigado.

Considerando que neurdnios e glia sdo os principais tipos celulares constituin-
tes do sistema nervoso, células de neuroblastoma (Linhagem SH-SY5Y) tém sido
amplamente utilizadas em ensaios in vitro para estudos do efeito do campo magnéti-
co (MARCHESI et al., 2014; TRILLO et al., 2013). No entanto, como estas células
sdo obtidas de uma linhagem celular isolada de um neuroblastoma, apresentam ca-
racteristicas neoplasicas, como alta taxa proliferativa e estagio de diferenciacéo pre-
coce, caracterizado pela baixa presenca de marcadores neuronais.

Dessa forma, as células SH-SY5Y proliferativas ndo representam um modelo
experimental adequado para o estudo de mecanismos celulares e moleculares rela-
cionados a neuropatologias. Recentemente, foi desenvolvido um protocolo de dife-
renciacao celular objetivando estabelecer condi¢des ideais para a diferenciacao de
células SH-SY5Y proliferativas em células com perfil neuronal dopaminérgico com
caracteristicas morfolégicas e bioguimicas de neurbnios dopaminérgicos (LOPES et
al., 2010). Com esta nova ferramenta, esta sendo possivel desenvolver novos traba-
Ihos, com uma metodologia mais adequada para o estudo de doencas relacionadas
ao sistema nervoso central, visto que este modelo utiliza células de origem humana
com caracteristicas neuronais, diminuindo as limitagdes inerentes ao uso de células
tumorais (MIYAKOSHI, 2005).

Sendo assim, o objetivo principal desta dissertacéo foi estabelecer, em cultura
celular, um método de Estimulacdo Magnética Estatica (EME) e avaliar o que esta

estimulacao pode gerar a diferentes tipos celulares.
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2. REVISAO DA LITERATURA

2.1 Estratégias para localizar e selecionar as informagdes

Esta dissertacdo tem como objetivo avaliar os efeitos da estimulacdo magné-
tica estatica em células de neuroblastoma (SH-SY5Y), neuroblastoma diferenciado,
células de melanoma vaginal (HMV II) e células mesenquimais derivadas de adipoci-
tos. Avaliamos viabilidade, morte e ciclo celular, além de verificarmos a expressao
do gene Trk-8 nestas células apds estimulacdo. A busca envolveu as seguintes ba-
ses de dados: LILACS, PubMed e Embase, no periodo de 2015 a 2017. Foram reali-
zadas buscas através dos termos “Transcranial Magnetic Stimulation”, “SH-SY5Y”,
“Differentiated SH-SY5Y”, “Mesenquimal cells”, “HMV II”, “Trk-B”, “Cell cycle”. Esta

pesquisa representada na Figura 1.
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Figura 1- Estratégia de busca de referéncias bibliograficas de bases que fundamen-
taram os objetivos deste estudo. Caixas preenchidas indicam quantos artigos foram
incluidos na dissertacdo. Este é o resultado da busca da combinacao das palavras-

chave.
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2.2 Estimulacdo Magnética

O desenvolvimento de técnicas de estimulagéo cerebral ndo-invasivas (ECNI)
conduziram a uma revolucao conceitual e tecnoldgica nas pesquisas pré-clinicas e
clinicas em neurociéncias. Algumas técnicas destinam-se a aplicagdo em areas ce-
rebrais especificas, modificando padrbes de atividade neuronal envolvidos em pro-
cessos cognitivos e comportamentais. Assim, a ECNI oferece uma relacdo causal
entre regides anatbmicas e tais comportamentos e/ou impulsionar melhorias funcio-
nais em pacientes saudaveis ou com danos cerebrais. Até agora, a fonte mais utili-
zada como ECNI tem sido a eletromagnética (VALERO-CABRE et al., 2017). Em
1980, Merton & Morton, estabeleceram a técnica néo invasiva de estimulacéo cere-
bral com eletrodos no escalpo e a utilizaram com éxito para estimular areas motoras
do cérebro através do escalpo, surgindo a Estimulacdo Transcraniana por Corrente
Continua (ETCC) (MERTON; MORTON, 1980). Um rapido estimulo elétrico de alta
voltagem no cortex primario motor (M1) produziu uma breve resposta sobre o poten-
cial evocado motor. Este resultado sugeriu aos pesquisadores que esta poderia ser
uma ferramenta terapéutica interessante em diversas situagdes clinicas, porém ain-
da muito dolorosa e desconfortavel ao paciente.

Cinco anos apos, Barker et al. (BARKER; JALINOUS; FREESTON, 1985), a
partir da resolucdo de varios problemas técnicos, demonstraram que era possivel
alterar a excitabilidade cerebral com Estimulacdo Magnética Transcraniana (EMT),
com pouca ou nenhuma dor. A nova técnica de EMT foi estimada para ser “sem dor,
sem necessidade de contato direto com o escalpo, nédo invasiva e de facil aplicagéo”

(BARKER; JALINOUS; FREESTON, 1985). As respostas encontradas com a utiliza-
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c¢do do EMT foram reportadas como: “Quando a bobina é colocada no escalpo, so-
bre a regido apropriada do cértex motor, movimentos da m&o ou perna opostos sdo
facilmente obtidas sem causar angustia ou dor” (BARKER; JALINOUS; FREESTON,
1985).

Desde entédo, a EMT vem sendo utilizada como uma ferramenta efetiva para o
entendimento da neurofisiologia, assim como para diagndstico e monitoramento de
doencas neurodegenerativas como Doenca do Neurdnio Motor e Esclerose Multipla
(CARAMIA et al., 2004). Em decorréncia disto, o interesse do EMT foi aumentando
na pesquisa clinica, demonstrando potencial terapéutico para o tratamento de enxa-
quecas (LIPTON et al., 2010), acidente vascular cerebral (NAM et al., 2017), doen-
cas psiquiatricas (GUO; LI; WANG, 2017), doencas neurodegenetativas como doen-
ca de Parkinson’s (revisado KASHEZHEV; SINKIN; SKRIPKINA, 2017) e doenga de
Alzheimer (ZHAO et al., 2016).

EMT é baseada em principios de indu¢do magnética descobertos por Faraday
na primeira metade do século XIX (WAGNER; VALERO-CABRE; PASCUAL-LEONE,
2007), uma corrente elétrica de alta intensidade circula por um loop de fio condutor
dentro de uma caixa protegida, sendo aplicada em qualquer area do escalpo. O uso
terapéutico baseia-se na aplicacdo de um pulso magnético intenso na regido a ser
tratada através do cranio, rapida e intensa variacdo do campo magnético gera uma
forca eletromotriz induzida naquela regido, provocando o aparecimento de correntes
elétricas neste meio condutor. Aplicada em areas corticais, a corrente induzida des-
polariza neurénios proximos a bobina e gera efeitos neurofisiolégicos (PASCUAL-

LEONE; WALSH, 2001; WAGNER; VALERO-CABRE; PASCUAL-LEONE, 2007).
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EMT induz a neuroplasticidade por meio da modulacéo da eficicia sinaptica,
a partir de diferentes estimulos, podendo ser uma opc¢ao terapéutica. Se o estimulo
vem da mesma via sinptica, € denominado homossinaptica, se vem de diferentes
vias, é chamada heterosinaptica. O aumento da eficicia sinaptica € conhecido como
potenciacdo de longa duracdo (PLD) e sua diminuicdo, depressao a longa duracdo
(DLD) (HALLETT, 2007).

A influéncia de campos Magnéticos Estaticos em sistemas biologicos tem sido
de consideravel interesse. De modo diferente da EMT repetitiva, o0s campos magné-
ticos estaticos ndo sao associados com a inducdo de corrente elétrica, exceto quan-
do hd movimento dentro do campo. Seus efeitos bioldgicos séo classificados con-
forme a intensidade do campo magnético: fraco (< 1mT), moderado (1mT a 1T), forte
(1T a 5T) e super-forte (>5T). Campos geomagnéticos fracos sdo usados por varios
organismos para orientacdo espacial e navegacdo (ROSEN, 2003). Campos fortes e
ultra fortes tém intensidade suficiente para alterar a orientacdo preferencial de uma
variedade de moléculas organicas. Exemplos de acéo biolégica desses campos in-
cluem a alteracao dos planos de clivagem em ovos de Xenopus apds exposicéo a
16,7T (DENEGRE et al., 1998) e mudancas no eletroencefalograma de macacos
durante a exposicdo do sistema nervoso central a campos de 2-9T (BEISCHER,;
KNEPTON, 1966).

Os efeitos da Estimulacdo Magnética Estatica (EME) na faixa moderada fo-
ram examinados em VAarios biossistemas, e 0s resultados sobre o sistema nervoso
foram mais consistentes. Foram descritas alteracbes no eletroencefalograma em
coelhos com campos de apenas 20mT (KHOLODOV; KHOLODOV, 1974). Foram

relatadas alterac6es no potencial evocado somatossensorial em ratos durante a ex-
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posicédo a campos de 50-400mT (CHANGES IN BRAIN-EVOKED POTENTIALS
UNDER THE INFLUENCE OF A PERMANENT MAGNETIC FIELD | SPRINGER-
LINK, [s.d.]) e mudancas no comportamento em ratos expostos a uma campo de
600mT (NAKAGAWA; MATSUDA, 1988).

EME é uma técnica confortavel e segura para o paciente (OLIVIERO, Antonio
et al., 2011) e sujeitos saudaveis (OLIVIERO et al., 2015). A estimulagdo é produzi-
da colocando um pequeno ima de terras raras (neodimio-ferro-boro ou samario-
cobalto) sobre o cértex motor humano, capaz de modular a excitabilidade M1 (OLI-
VIERO et al., 2011). EME sobre o cértex motor inibe transitoriamente os potenciais
evocados motor (PEM), (ROSEN, 2003), indicando que EME pode afetar a excitabi-
lidade da membrana dos neurdnios piramidais, induzindo mudancas no nivel sinapti-
co.

Além disso, uma reducdo no LMR foi causada por inibicéo intracortical de la-
téncia curta (NOJIMA et al., 2015), demonstrando que a modulacdo induzida por
EME foi mediada por alteracdes plasmaticas nos circuitos inibitorios intracorticais

que estao associados aos receptores acido gama aminobutirico (ZIEMANN, 2004).

2.3 Modelos celulares

Os modelos experimentais in vivo s&o muito empregados para verificar a fisi-
opatologia e progressédo de doenca. Os animais mais comumente utilizados séo ra-
tos e camundongos, porém torna-se limitado extrapolar estes modelos para
avaliacdo de mecanismos moleculares e celulares. Além disso, ha uma variabilidade
muito grande intraespécies e muitos fatores podem influenciar a pesquisa. Desta
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forma séo utilizados modelos in vitro, como cultivo celular, que pode ser dividido em
trés areas: culturas primarias, organotipicas e de linhagens (SCHULE; PERA;
LANGS- TON, 2009).

Cultura primaria é advinda diretamente animais, onde o macerado celular é
realizado no momento da morte. Para obtencdo de culturas primarias sao utilizados
animais prenhes para a obtencdo de embrides, o0 mesencéfalo do feto € retirado e,
apoés o isolamento, as células sdo mantidas em meio especifico (HAN et al., 2003). A
utilizacao de culturas de células primarias apresenta algumas vantagens em relacdo
a avaliacBes morfolégicas e bioquimicas, porém demonstram algumas limitagdes. O
principal contraponto é a dificuldade de manipulacédo das células, pois além do pro-
cesso de isolamento ser trabalhoso, a diferenciacdo culmina na formacéo de neurd-
nios maduros, e as células ndo crescem na mesma velocidade. Além disto, culturas
primarias dificilmente sdo homogéneas, dificultando a reprodutibilidade dos dados
(KOVALEVICH; LANGFORD, 2013).

Cultura organotipica envolve o crescimento celular em trés dimensdes (3D),
ao contrario do que é usualmente utilizado. Esta cultura 3D € bioquimica e fisiologi-
camente similar ao tecido in vivo, porém € uma técnica desafiadora e complexa para
a realizacao de ensaios de viabilidade celular (FALKENBURGER; SCHULZ, 2006).

Linhagem celular é uma alternativa muito utilizada em estudos in vitro por se-
rem células imortalizadas, que podem ser mantidas por um longo tempo em cultura
por terem uma alta taxa de proliferacdo, mas principalmente, por ser uma cultura
homogénea, tendo uma alta reprodutibilidade (KOVALEVICH; LANGFORD, 2013).
Neste contexto, o tipo celular neuronal mais utilizado é a linhagem de neuroblastoma

humano SH-SY5Y.
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Originalmente derivada de sitio metastatico de medula éssea, células SH-
SY5Y (ATCC® CRL-2266™) sdo subclones derivados das SK-N-SH (ATCC® HTB-
11™). SK-N-SH séo células subclonadas trés vezes, primeiramente em SH-SY, en-
tdo em SH-SY5 e, finalmente, em SH-SY5Y. Desde 1970 sdo armazenadas na
ATCC® de propriedade de June L. Biedler (KOVALEVICH; LANGFORD, 2013). Es-
tas células sdo caracterizadas morfologicamente por corpos celulares nao polariza-
dos de tipo neuroblastico com poucos processos truncados. Elas tentem a crescer
em grupos e podem formar aglomerados onde as células crescem umas sobre as
outras. As culturas apresentam células aderentes e células flutuantes. Alguns estu-
dos demonstram que as células flutuantes sdo mais suscetiveis a diferenciacdo. As
células SH-SY5Y séao células que expressam marcadores tumorais imaturos que se
proliferam continuamente. O que é uma desvantagem, visto que neurénios apresen-
tam uma baixa taxa de proliferacdo (PAHLMAN et al., 1984). Apesar da origem tu-
moral, existem técnicas que possibilitam a diferenciacdo das células SH-SY5Y em
neurénios dopaminérgicos.

A possibilidade de diferenciar as células de neuroblastoma SH-SY5Y em célu-
las com um fendtipo mais maduro e semelhante a um neurénio, manipulando o meio
de cultura, proporcionou inimeros beneficios no campo da neurociéncia. Com ina-
meras vantagens em relacdo a cultura primaria: a) capacidade de expansdo em
grande escala, com relativa facilidade e baixo custo (ROSS; SPENGLER; BIEDLER,
1983); b) por ser uma linhagem celular, ndo ha as preocupacdes éticas; c) células
SH-SY5Y sao derivadas de seres humanos, expressando uma série de proteinas
especificas que ndo estariam presentes em culturas primarias de roedores (ENCI-

NAS et al., 2000). Além disto, a diferenciagdo neuronal envolve uma série de even-
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tos especificos, incluindo formacgéo e extensdo de processos neuriticos, aumento da
excitabilidade elétrica da membrana plasmatica, formacéo de sinapses funcionais,
neurotransmissores e receptores especificos de neurdnios (ADEM et al., 1987).

Um dos métodos mais utilizados e melhor caracterizados para a inducdo de
diferenciacdo em células SH-SY5Y é a adicdo de Acido Retindico (AR) ao meio de
cultura. AR é um derivado de vitamina A, conhecido por possuir grande capacidade
de inibir o crescimento e a diferenciacdo celular. De fato, a deficiéncia de vitamina A
esta ligada ao desenvolvimento de metaplasia escamosa em varios tecidos epiteli-
ais, enquanto a administracédo de vitamina A, pode reverter esses efeitos e restaurar
a diferenciacao celular normal. Tipicamente, o AR é administrado a uma concentra-
¢ao de 10uM durante um minimo de 3-5 dias, em meio de cultura com uma baixa
guantidade ou sem soro, para induzir diferenciacéo celular (CHEUNG et al., 2009). A
diferenciacéo celular acontece pelo aumento da formacao de catecolaminas, aumen-
to da expressdo da enzima enolase e pela expresséo de fatores de crescimento. Es-
tes eventos geram projecdes citoplasmaticas (neuritos), promovendo modificacdes
na morfologia celular de epitelial para estrelada. O processo de diferenciacéo provo-

ca um aumento de marcadores dopaminérgicos, como tirosina hidroxilase e trans-
portador de dopamina (EDSJO; HOLMQUIST; PAHLMAN, 2007).

Além da busca de um maior conhecimento sobre o efeito da Estimulacdo
Magneética Estéatica (EME) sobre a linhagem celular SH-SY5Y e sua diferenciagao,
diferentes tipos celulares séo necessarios para termos um melhor entendimento do
funcionamento da EME, entdo utilizamos, também, células mesenquimais e de
mucosa vaginal.

As células tronco mesenquimais (CTM) vém sendo empregadas em diversas
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situacgbes por serem células indiferenciadas, adultas, multipotentes e com capacida-
de de autorrenovacgdo. Estas células sédo caracterizadas pela aderéncia ao plastico
quando em cultura, morfologia fibroblastica e capacidade de diferenciar-se em adi-
pocitos, condrocitos e ostedcitos (GEBLER; ZABEL; SELIGER, 2012; SHI et al.,
2012). As CTM estdo presentes em praticamente todos os tecidos (medula éssea,
tecido adiposo, tecido cardiaco, placenta, corddo umbilical, tecido nervoso), onde
permanecem até serem recrutadas para a recuperacdo de tecidos que sofreram al-
guma injuria, migrando para o local da lesdo (CAPLAN, 2009; SHI et al., 2012).

A linhagem celular de mucosa vaginal foi estabelecida a partir de um mela-
noma maligno vaginal de uma mulher de 65 anos com tipo sanguineo B. Sua morfo-
logia é epitelial e ndo se tem um cari6tipo definido (Cat. No. EC92042701). No en-

tanto, ha poucos estudos envolvendo esta linhagem celular.
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Figura 2 - Marco conceitual que exemplifica este estudo
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4. JUSTIFICATIVA

Estimulacdo magnética é um procedimento ndo invasivo, que tem sido inves-
tigado e proposto como alternativa terapéutica em diversos processos crénicos, co-
mo fibromialgia, epilepsia e depressao. Estudos prévios tém demonstrado que técni-
cas de neuromodulacdo promovem melhora na resposta nociceptiva, tanto em
ensaios pré-clinicos quanto clinicos. Porém poucos estudos abordam os efeitos inter
e intracelulares da estimulacdo magnética estatica (EME). Desta forma, esta
dissertacdo de mestrado buscou estabelecer um método de EME em cultura de
células e seu efeito e diferentes tipos celulares. Para tanto, avaliamos o efeito de
diferentes protocolos de exposicdo de estimulacdo magnética em campo estatico em
culturas celulares de neuroblastoma humano SH- SY5Y, de SH-SY5Y diferenciadas,
de Melanoma Vaginal (HMV-II) e de mesenquimais derivadas de adipdcitos. Além de
avaliarmos a toxicidade da técnica, se ela contribui para o aumento da
neuroplasticidade e se interrompe alguma fase do ciclo celular. A escassez de
estudos relacionados a cultura celular frente as técnicas de EME reveste esta
dissertacdo de fundamental importancia para a compreensdo do funcionamento
intrinseco destas técnicas, para que ela seja utilizada com seguranca tanto em

pesquisa clinica como para o tratamento de doencas.
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5. OBJETIVOS

5.1 Objetivo primario

Esta dissertacdo de mestrado buscou estabelecer um método de estimulacdo
magneética estatica em cultura de células e seu efeito em diferentes tipos celulares.
Para tanto, avaliamos o efeito de diferen- tes protocolos de exposicdo de
estimulacdo magnética em campo estatico em cultu- ras celulares de neuroblastoma
humano SH-SY5Y, de SH-SY5Y diferenciadas, de Melanoma Vaginal (HMV 1l) e de
mesenquimais derivadas de adipocitos, utilizando parametros de toxicidade, de

neuroplasticidade e divisao celular.

5.2 Objetivos secundarios

- Desenvolver um modelo de placas magnéticas compativeis com placas de
cultura celular para exposicéo das células ao campo magnético estatico;

- Promover diferenciacdo de células de neuroblastoma humano SH-SY5Y em
células neuronais;

- Avaliar os efeitos da estimulacdo magnética estatica em culturas de células
de neuroblastoma humano SH-SY5Y, de melanoma vaginal, de neuroblastoma dife-
renciado em células neuronais e de mesenquimais derivadas de adipocitos.;

- Avaliar viabilidade celular nos diferentes tipos celulares utilizados (ensaio de
MTT);

- Avaliar apoptose e necrose nos diferentes tipos celulares utilizados (colora-
29



cao de lodeto de Potéassio e Hoescht33342, respectivamente)
- Avaliar o ciclo celular em culturas de células de neuroblastoma humano SH-

SY5Y (Citometria de Fluxo);
- Avaliar expressao do gene Trk-B em culturas de células de neuroblastoma
humano SH-SY5Y e de neuroblastoma diferenciado em células neuronais (PCR em

Tempo Real).
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Abstract: Magnetic Stimulation has been used in the treatment of various pathologies of the
nervous system, but the understanding of the exact mechanism of action of this technique on the
cellular response needs to be better investigated. Thus, the main objective of this article was to
establish, in cell culture, a method of Static Magnetic Stimulation (SMS). For this, a culture plate
holder with NeFeB (neodymium-iron-boron) magnets was developed. The cells were plated
1x10° cells per well and cultured in 24-well plates. Microscopic analysis of plaques demonstrated
that the cells adapted to the new environment. After this first step, human neuroblastoma cells
(SH-SY5Y) were stimulated using 0.1T, 0.2T and 0.3T for 60 min, in order to determine the best
intensity of static magnetic stimulation. The experiments were performed applying 24 hours of
SMS with 0.3T intensity in cultures of different cell types. We used SH-SY5Y cell, vaginal
melanoma cells, SH-SY5Y differentiated into neuronal cells and mesenchymal adipocyte-derived
cells. Each cell type was divided into 4 groups, 2 non-stimulated groups (control group) evaluated
immediately (Cl) and 24h at the end of the experiment (C24), 2 groups stimulated for 24h, and
evaluated immediately (SI) and 24h after the end of exposure to SMS (S24). In order to verify the
cellular response to SMS, toxicity parameters (MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium], Pl (Propidium iodide) and HO (Hoechst)), neuroplasticity [BDNF receptor

expression, Trk-B (Tropomyosin receptor kinase B)] and cell cycle (flow cytometry) were done.
The results demonstrate statistically significant decrease in the cell viability of undifferentiated
SH-SY5Y cells immediately after SMS (Kruskal Wallis, P <0.05). In the 24h group, there was no
statistically significant difference in relation to control (Kruskal Wallis, P> 0.05). In addition, no
greater cell death or cell cycle arrest was found in SH-SY5Y (Kruskal Wallis, P >0.05). In the
other cells type there was no decrease in cell viability or a greater cell death. Another factor
evaluated in differentiated and undifferentiated SH-SY5Y cells as a parameter of neuroplasticity
was expression of the Trk-B gene. No significant difference was found, however in the descriptive

analysis, the undifferentiated SH-SY5Y cells evaluated 24h after the application of SMS showed
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an increase in the expression of this gene, suggesting an increase in neuroplasticity. These
results evaluated together suggest that SMS is a safe technique that in cells with normal
morphology did not induce important changes in the evaluated parameters and in non-neuronal
cell tumors did not alter the cell growth. Decreased cell viability in undifferentiated SH-SY5Y cells
IS a surprising, and favorable finding, considering that it is a tumor cell line. More investigations

are needed to understand what causes the decrease in cell viability of SH-SY5Y cells.

Key-words: Neuroblastoma cells, Static Magnetic Stimulation, Cell Death.
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1. INTRODUCTION

Over the years, electrophysiological studies have expanded the understanding of normal
brain activity and its pathological conditions. Technological advances have shown an important
part in the improvement of therapies or in the research of several areas such as neurology,
psychology, and psychiatry (ZIEMANN, 2017). One of the greatest findings of the
electrophysiology has been the brain stimulation. In this way, the non-invasive brain stimulation
has shown favorable results, and it is possible to perform treatments with less risk to the patient.
Thus, it is possible to reach significant results with focal stimulation of the areas of the cortex,
without to induce important adverse effects (HALLETT, 2007). Several methods were developed,
among them, the Transcranial Magnetic Stimulation (TMS).

The TMS technique is based in the magnetic field generation through a colil attached to a
generator. This magnetic field goes through the skull, and it produces an electric current capable
of depolarize the neurons membranes. The magnetic stimulation reaches to approximately 2cm
depth. This parameter can vary accordingly to the coil used (BARKER; JALINOUS; FREESTON,
1985). The Static Magnetic Stimulation (SMS) is not associated to induction of electric current,
except when there is movement within the field (ROSEN, 2003). There are few studies explaining
their effects on the nervous cells. Previous study compared the effect of the static magnetic field
in the cell proliferation, and cell death in the renal cells and cortical astrocytes in rats. This study
showed that treated renal cells presented a proliferation decrease, and rise in the apoptosis and
necrotic cell compared to non-treated cells. On the other hand, cortical astrocytes showed the
inverse effect; the treated cells showed more proliferation and less death (BUEMI et al., 2001).
These results suggest that different cells types are able to respond by different ways to the static
magnetic field. In 1993, Rosen, reports on the advantages of using magnetic stimulation in breast
cancer, increasing cell death in this type of cell (ROSEN, 1993).

In this way, it is necessary a better understanding about the effects and action mechanism
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of SMS in cell cultures. Therefore, in this pre-clinical investigation, we aim evaluated the SMS
effects on human neuroblastoma cells SH-SY5Y, differentiated cell SH-SY5Y, cell line HMVII and
mesenquimal, analyzing viability, apoptosis, necrosis and cell cycle of these cells. After this, we
will be a better understanding of the cellular morphology and physiology in response to the static

magnetic stimulation.

3. METHODS

3.1. Cell culture and differentiation: Human neuroblastoma cell line SH-SY5Y, obtained from
ATCC (American Type Culture Collection), were maintained in 1:1 Ham's F12 and Dulbecco’s
Modified Eagle Medium (DMEM Low) (GIBCO, USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS) (GIBCO, Brazil), and 1% penicillin/streptomycin (GIBCO, USA), in 5%
of CO2 in air at 37 °C. The cels were seeded in 24-well plated the density of 1x10° cells per well
and all stimulations were performed when cells were 75% confluence. Differentiation was
induced, 24h after plating with specific medium culture: FBS 1% plus retinoic acid (RA) at 10ul
during 4, 7 and 10 days (LOPES et al., 2010). This treatment was replaced each three days to
replenish RA the culture medium. To evaluate the differences in cell morphology in proliferative
and cells differentiated for 4, 7 and 10 days, the cells were evaluated under phase contrast light
microscopy.

3.2 Cell lineage HMVII and mesenchymal stem cells: HMVII cells were maintained in Roswell
Park Memorial Institute Medium (RPMI) 1640 (GIBCO, USA) supplemented with 10% heat-
inactivated FBS and 1% penicillin/streptomycin (GIBCO, Brazil) in 5% of CO2 in air at 37 °C.
Mesenquimal stem cells were maintained in DMEM (GIBCO, Brazil) with 20% heat-inactivated
FBS (GIBCO, Brazil) and 1% penicillin/streptomycin(GIBCO, Brazil) 5% of CO2 in air at 37 °C.
The time and intensity of stimulation was the same of the SH-SY5Y. Both cells types were

seeded in a 24-well plated the density of 1x10° cells per well.
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3.3. Static magnetic stimulation: Cell culture stimulation was done in a special designed plate
attached a stand 24 wells plate with NeFeB (neodymium-iron-boron) magnets with the cylindrical
shape of 12mm diameter by 6mm height. Each stand had six magnets spaced out so that the
magnetic fields do not interact. It had an adjustment of the distance between the culture plate
and the support to guarantee the magnetic field strength in the wells of the culture plate. The
magnetic field traversed a layer or several layers of cells, in the same way, i.e., cell grouping or
density no change the field. The adjustment of the magnetic field was performed with customized
screw and to measure the magnetic field was used a Hall Effect Gaussmeter (Kashava 5),
available at the HCPA Biomedical Engineering Laboratory (Figure 1). Initially, we chose three
magnetic field intensities 0.1T, 0.2T and 0.3T ( = 2% tolerance). After this, we choose 0.3T for 24
hours of static magnetic stimulation (SMS) cells exposure.

3.4. Application of magnets (Figure 2): Initially was made one session with magnetic
stimulation for 60 minutes with 0,1T, 0,2T e 0,3T intensities. After this, the intensity of magnetic
stimulation was 0,3T to be applied for 24 hours. Each cell type was divided into 4 groups, 2 non-
stimulated groups (controls) evaluated immediately (Cl) and 24h at the end of the experiment
(C24), 2 groups stimulated for 24h, which were evaluated immediately (SI) and 24h after the end
of exposure to EME (S24). All experiments were done immediately and 24h after magnetic
stimulation.

3.5. MTT assay: The assay with 3- (4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide
(MTT) (Sigma Aldrich, Brazil) is a colorimetric assay that reflects cell viability. Immediately and
24h after SMS exposure, cells were incubated with MTT in saline (132mM NacCl, 4mM KCI, 1mM
CaCl2, 6mM glucose, 10mM HEPES, pH 7.4). Without removing the medium from the cells,
0.75mg/ml MTT was added, incubated for 1 hr at 37°C and dimethyl sulfoxide (DMSO) added for
cell disruption. The absorbance was determined at a wavelength of 570nm, using a wavelength

of 620nm as a reference in an ELISA reader. Cell viability was expressed as a percentage
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relative to the absorbance determined in the control cells.

3.6. Identification of cells death: Viable and dying cells were identified after staining of the
nuclei with Propidium lodide (PI) (Thermo Fischer, UK) and Hoechst 33342 (HO) (Sigma Aldrich,
Brazil). The cells were incubated in a solution containing Pl and HO 5mg/ml for 15 minutes and
visualized in to fluorescence microscopy. To quantify the number of dead/alive cells, ten photos
per well were taken, randomly chosen. The images were analyzed using ImageJ software.

3.7 Cell cycle: cells were treated, trypsinized, centrifuged, and washed with PBS (Laborclin,
Brazil) twice. Then, cells were resuspended in 50 ug/ml PI (Sigma-Aldrich, Brazil) and 0.1%
Triton X-100 PI (Sigma-Aldrich, Brazil) in a 0.1% sodium citrate solution (Sigma-Aldrich, Brazil),
maintaining the ratio of 1 x 10° cells/ml P! solution. Cells were incubated on ice for 15 min prior to
analysis using the flow cytometer Attune® Acousting Focusing Cytometer (Applied Biosystem-
Life-Thermo).

3.8 Trk-B: the total RNA was extracted as recommended by the manufacturer RNeasy Mini Kit
(Qiagen, USA). Complementary DNA was synthesized from 1ug RNA using SuperScript VILO™
(Invitrogen, Brazil). PCR reactions were prepared using MasterMix TagMan (Applied Biosystems,
USA) and using StepOne™ Real-Time PCR System (Applied Biosystems, Germantown, MD,
USA). Real-time PCR was optimized to run under the initial incubation conditions of 95 ° C for 2
min, 95 ° C denaturation for 15 sec, annealing at 60 ° C for 1 min for 45 cycles. The expression
level of the Trk-B gene was normalized with the Glyceraldyehyde-3-phosphate Dehydrogenase
(GAPDH) with AACT correlation.

3.9 Statistical analysis: Data are presented as median (interquartile 25; interquartile 75), the
data were evaluated with Kruskal Wallis. Values of P <0.05 were considered significant. All
analyzes was performed using the statistical software SPSS (Statistical for Social Science-
Version 22.0 Inc., Chicago, IL, USA).

4. RESULTS
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4.1. Cell viability and cell death: after plating the SH-SY5Y cells in 24-well plates, three
different intensities of 0.1T, 0.2T, 0.3T of SMS for 60 min, and the control without SMS exposure
were tested. MTT was then performed to evaluate the citotoxicity levels induced by SMS. The
median  (interquartile  25; interquartile 75) were: control:0.64nm(0.64nm;0.71nm);
105mT:0.71nm(0.65nm;0.71nm); 198mT:0.70nm(0.70nm;0.71nm);
305mT:0.64nm(0.58nm;0.66nm). Using this time and these intensities no statistical differences
between the groups were found (Kruskal Wallis, P>0.05 Figure 3).
After this, a highest intensity of 0.3T, and a longer time (24 hours) have been chosen.
After 24h of SMS exposure, the group evaluated 24h after SH-SY5Y cells did not show
significant difference in the MTT assay in ration to control group (C24=0.63nm(0.54nm;0.72nm);
S24=0.67nm(0.54nm;0.84nm); Kruskal Wallis P>0.05). However, when the stimulated SH-SY5Y
cells were evaluated immediately after the SMS there was a significant decrease in the MTT
levels (C1=0.71nm(0.65nm;0.75nm), SI=0.58nm(0.45nm;0.63nm); Kruskal Wallis P<0.05, figure
4, panel A) in relation to control group; thus, there is a cellular viability decrease. Despite, when
the differentiated SH-SY5Y cells were used, there was no difference between groups
(C1=0.14nm(0.14nm;0.16nm),  SI=0.15nm(0.13nm;0.20nm); C24=0.17nm(0.15nm;0.17nm),
S24=0.14nm(0.13nm;0.16nm); Kruskal Wallis P>0.05, Figure 4, Panel A). Also, when the
adipose-derived mesenchymal cells and HMV Il cells were evaluated, there were no differences
between groups (CI=0.33nm(0.32nm;0.35nm), SI1=0.36nm(0.43nm;0.39nm); Figure 4, Panel A;
C24=0.52nm(0.32nm;0.36nm), S24=0.37nm(0.27nm;0.41nm); Figure 4, Panel B; Kruskal Wallis
P>0.05) and (and (Cl=1.11nm(1.07nm;1.30nm), SI=1.09nm(0.92nm;1.27nm); Figure 4, Panel A;
C24=1.90nm(1.47nm;2.38nm), S24=1.85nm(1.54nm;2.18nm); Figure 4, Panel B; Kruskal Wallis
P>0.05), respectively.
Considering the significant decrease in the MTT levels, observed in the SH-SY5Y cells

submitted to 24h SMS exposure, and evaluated immediately after SMS stimulation, we
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performed the staining of Pl and HO to evaluate live cells, necrosis and apoptosis. We did not
find an increase in cellular death in this group (CI=1.15%(0.54%;1.70%),
S1=1.43%(0.35%;3.36%); Kruskal Wallis P>0.05, Figure 5, Panel A). The SH-SY5Y cells, from
the 24h group, also did not demonstrate higher cellular death (C24 =1.28%(0.66%;2.05%),
S24=0.91%(0.54%:;3.03%); Kruskal Wallis P>0.05, Figure 5, Panel B). The other three cell types
were analyzed, SH-SY5Y differentiated (C1=7.09%(3.11%;18.55%), SI=6.90%(4.42%;8.12%);
Figure 4, Panel A; C24=26,05%(18.10%:;30.54%), S24=23.98%(14.84%;39.97%); Kruskal Wallis
P>0.05), mesenchymal (Cl=8.40%(0.98%;18.55%), SI1=10.15%(1.57%;12.08%); Figure 4, Panel
A; C24=26.05%(18.10%;30.54%), S24=23.98%(14.84%39.97%); Figure 5, Panel B; Kruskal
Wallis P>0.05), and HMV Il (Cl=2.65%(1.32%:;9.96%), SI=2.02%(1.07%;7.14%); Figure 5, Panel
A; C24=23.59%(17.10%:;42.97%), S24=22.03%(16.89%;50.96%); Figure 5, Panel B; Kruskal
Wallis P>0.05). The four cell types were submitted the same protocol, but we did not find any
significant differences.

4.2. Cell cycle: In non-differentiated SH-SY5Y cells, flow cytometry was performed to verify in
which phase of the cycle these cells were found. In the SI, when we evaluated the sub-G1, G1,
S, G2 and >4N phases there was no statistical differences in ration to its control group (ClI: sub-
G1=2.92%(1.0%;4.68%), G1=44.55%(37.03%;41;63%), S=13.56%(12.39%;21.02%), G2
=19.97%(12.93%;27.54%), >4N =9,01%(8.54%;14.97%), SI. sub-G1=3.57%(0.47%;3.95%),
G1=44.36%(42.78%;62.11%), S=13.58%(11.88%,21.68%), G2=19.09%(13.49%:;25.10%), >4N
=9.92%(8.46%;12.72%); Kruskal Wallis P>0.05, Figure 6, Panel A). In 24h group, there are no
difference in sub-G1, G1, S and G2, but in >4N there was an increase in relation to the control
(C24: sub-G1=3.24%(0.72%;4.32%), G1=44.46%(40.09%;62.74%), S=13.57%(12.14%;21.35%),
G2=19.53%(13.21%;26.32%), >4N=9.23%(8.73%;12.85%), S24: sub-
G1=3.32%(1.33%;19.61%), G1=34.41%(14.06%;48.97%), S=19.80%(15.91%;39.78%),

G2=14.14%(9.6%;15.02%), >4N =13.23%(13.13%;34.54%); Kruskal Wallis P>0.05, Kruskal
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Wallis P>0.05, Figure 6, Panel A).

4.3 Expression of Trk-B: these results were analyzed descriptively. In the undifferentiated SH-
SY5Y cells evaluated immediately after end the SMS, there was a small decrease in gene
expression in relation to the SH-SY5Y no stimulated. However, when we evaluated the SH-SY5Y
cells 24h after the end of SMS, there was a large increase in this expression (C=1.48(0.49;2.31),
SI=0.48(0.17;0.94), S24=5.28(3.52;5.38), Kruskal Wallis, P> 0.05, Figure 7, Panel A). However,
no statistically significant difference was found between groups. In differentiated SH-SY5Y cells,
we found no statistically significant difference between the groups (Fig. 5) (C=0.90(0.63;1.73),

S1=0.83(0.71;0.92), S24=0.47(0.44;0.49), Kruskal Wallis, P> 0.05, Figure 7, Panel B).

5. DISCUSSION AND CONCLUSION

This study demonstrates that SH-SY5Y cells exposed to 24 hours of SMS showed a
decrease in cell viability immediately after the end of exposure. However, this was not long
lasting effect because at 24h after exposure the cell returned to its initial state. On the other
hand, other cell types evaluated did not present alteration in the viability cell. Previous study
using glioblastoma cells submitted to SMS for 24h corroborate our result in cell viability (KIM et
al., 2016). However, in the present study we observed that differentiated SH-SHY5 cells,
mesenchymal cells and HMV 1l did not change in the cell viability. Previous study showed that
SMS affects the membrane excitability of piramidal neurons, inducing change in the synaptic
level. In addition, the SMS effects using in moderate fiedl were examined in many biosystems,
and the results on CNS were more significant, because SMS acts by synaptic efficiency
modulation (HALLETT, 2007). In this way, we can suggest that SMS selectivity acts in cells
excitable, and that do not have normal morphology as the SH-SY5Y cells.

To better understand the cell viability decrease in SH-SY5Y cells, we performed the
46



staining of Pl and HO to evaluate if there was an increase in cell death, but we did not find a
difference in relation to their respective control group, immediately and 24h after 24h of SMS.
Previous study using SH-SY5Y cells demonstrated a increase necrotic cell death when the cells
were submitted to SMS and cisplatin compared to treatment using SMS alone. Cisplatin is a drug
used by cancer patients, then the authors suggested that the SMS may need to be used with
other medicines to present a more harmful response (VERGALLO et al., 2014).

Other cell types did not present higher cell death in relation to their controls, corroborating
to the result found in relation to cell viability. Another study analyzed six human solid cancer cell
lines including colon cancer, skin cancer, lung cancer, breast cancer, prostate cancer and
bladder cancer cells, using SMS with 1T of intensity, and it found an increase in cell death
(ZHANG et al., 2017). Thus we can suggest that in our study could be necessary to increase the
intensity of the magnetic stimulus to find cell death.

As we did not find an increase in cell death in SH-SY5Y cells in the immediate group, we
performed flow cytometry to analyze the cell cycle, once there could be some alteration in the cell
cycle that would justify the decrease of cellular viability. No difference was observed between the
groups (Cl and SI) in the differents phases of cell cycle. The descriptive analysis of
undifferentiated SH-SY5Y cells, 24 h post-challenge, demonstrate: (i) sub-G1 phase increase
over control; (i) decreased cytoplasmic division in the G1 phase; (iii) increased chromatic
doubling in the S phase; and (iv) decrease in nuclear division in G2 phase (Fig. 8). These factors
led to a reduction of cell duplication, reducing the total number of new cells. The group analyzed
immediately after the stimulation remains the same as the control at all stages of the cell cycle.

When we analyzed group 24h, there were no differences between the phases of the cycle,
but in the >4N, which would be polyploid cells, has an increase in relation to the control no
stimulated. These cells may be in senescence or entering in mitotic catastrophe. It would be

interesting to do nuclear morphometry to analyze if this is truly happening.
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Through Real-Time PCR, we evaluated the Trk-B gene, which is a BDNF receptor, a
neurotrophin involved in the neuroplasticity process. This gene had its expression increased,
although not statistically, in SH-SY5Y 24h cells after stimulation. These results of cell cycle and
expression of Trk-B, even analyzed in a descriptive way, can showed a long-term effect of SMS,
corroborating previous data from our research group, using animal models and TDCs, another
neuromodulatory technique, which demonstrated a long-lasting effect.

This study has as a limitation the short sample number. In the future, we aim to increase
the sample number of the experiments to find more precise results in order to decrease
variability. We can also test other methodologies such as using Western Blot to analyze cell
death, since it would be a technique with less bias and more reproducibility.

In conclusion, the objective of this study of to development of a suitable support for SMS,
in that all cells receive the same magnetic intensity, practical and easy to handle, very different
from those found in the literature, was reached. The adaptation analyze to the new environment
of cells showed that they grew very well, and continued to adhere to the surface of the plaque.

The results obtained in this study are very relevant because they demonstrate that,
considering the parameters analyzed, SMS is a safe technique in the protocol used (24h of 0.3T
SMS). The decreased cell viability in undifferentiated SH-SY5Y cells is a surprising and favorable
finding considering that it is a tumor cell line. These results demonstrate that SMS has different
effects in relation to toxicity in neuronal tumor cells, non-neuronal tumors and healthy cells. What
suggests to us that SMS is a safe technique that, in normal cells did not induce important
changes in the evaluated parameters, and in non-neuronal cells did not induce cell growth.
Further investigations into this area will be necessary better to understand as the SMS acts in the

culture cells.
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LEGENDS

Fig 1. Magnetic support for static magnetic stimulation

Fig 2. Plate on SMS

Fig 3. Analysis of MTT of the SH-SY5Y, stimulated (305mT) for 60 min and controls. Mean
values + SEM, p<0,05.

Fig 4.

Panel A Analysis of the MTT levels in the SH-SY5Y, SH-SY5Y differentiated cells, HMV Il and
stimulated MSCh (305mT) in ration its controls, immediately after SMS exposure. The data were
expressed in the median (interquartile 25; interquartile 75). The same letters indicates no
difference between groups and different letter indicates statistical difference (Kruskal Wallis,
P<0,05).

Panel B Analysis of the MTT levels in the SH-SY5Y, SH-SY5Y differentiated cells, HMV II and
stimulated MSCh (305mT) in ration its controls, 24 hours after SMS exposure. The data were
expressed in median (interquartile 25; interquartile 75). The same letters indicates no difference
between groups and different letter indicates statistical difference (Kruskal Wallis, P<0,05).

Fig 5.

Panel A Analysis of the Pl and HO in ration its controls, immediately after SMS exposure in the
SH-SY5Y, SH-SY5Y differentiated cells, HMV Il and stimulated MSCh (305mT). The data wee
expressed in median (interquartile 25; interquartile 75), p<0,05. The same letters indicates no
difference between groups and different letter indicates statistical difference (Kruskal Wallis,
P<0,05).

Panel B Analysis of the Pl and HO and their controls, 24 hours after SMS exposure SH-SY5Y,
SH-SY5Y differentiated cells, HMV Il and stimulated MSCh (305mT). The data were expressed in
median (interquartile 25; interquartile 75), p<0,05. The same letters indicates no difference

between groups and different letter indicates statistical difference (Kruskal Wallis, P<0,05).
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Fig 6.

Panel A analysis of SH-SY5Y, stimulated (305mT) for 24h and after performing cytometry to
evaluate cell cycle and control. The data were expressed in median (interquartile 25; interquartile
75), p<0,05.

Panel B Analysis of SH-SY5Y, stimulated (305mT) for 24h and and after a further 24h without
stimulation performing cytometry to evaluate cell cycle and control. The data were expressed in
median (interquartile 25; interquartile 75), p<0,05.

Fig 7.

Panel A Analysis of the gene expression of the SH-SY5Y cell Trk-B gene in the stimulated group
for 24h and soon after RNA extraction and in the group stimulated for 24h and 24h later, without
stimulation, RNA extraction was performed.

Panel B Analysis of the gene expression of the Trk- gene of the differentiated SH-SY5Y cells in
the group stimulated for 24h and soon after RNA extraction and in the group stimulated for 24h
and 24h later, without stimulation, RNA extraction was performed.

Fig 8. Analysis of the cell cycle in undifferentiated SH-SY5Y cells, in the group stimulated for 24h
and soon after cytometry and in the group stimulated for 24h and 24h later, without stimulation,

performed cytometry.
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Figure 4
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Figure 5
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Figure 6
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Fig 7.
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Fig 8
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8. CONSIDERACOES FINAIS

O desenvolvimento de um suporte adequado para EME, atingiu o objetivo de
que todas as células recebam a mesma intensidade magnética. O suporte desenvol-
vido é prético e de facil manuseio, muito diferente dos descritos na literatura. A ava-
liacdo microscopica demonstrou que as células se adaptaram ao novo ambiente,
aderindo e crescendo de forma adequada na superficie da placa

A diferenciacdo das células SH-SY5Y deve ser destacada, pois foi executada
com éxito. Sendo muito importante o cuidado da troca de meio e principalmente a
adicdo do Acido Retindico em quantidade adequada.

O fato da EME alterar a viabilidade celular das células SH-SY5Y imediata-
mente apds a exposi¢do a 24h de EME, deve ser mais bem investigado, visto que
nao foi encontrada morte ou alteracdo no ciclo celular. O achado, na analise descriti-
va, da menor duplicacdo celular nas células SH-SY5Y 24 horas ap6s a EME, indica
a necessidade de aumento do nimero amostral, buscando diminuir a variabilidade e
obter diferenga estatisticamente significativa.

Por fim, este estudo contribuiu para o desenvolvimento de um modelo de Es-
timulacdo Magnética Estatica in vitro, o0 que subsidiard a realizacdo de outros estu-
dos buscando um melhor entendimento dos efeitos e mecanismos de acdo da EME

em cultura celular.
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9. PERPECTIVAS FUTURAS

Apods o desenvolvimento do suporte magnético estatico definindo o tempo e
intensidade proposto, iremos aumentar o numero amostral, diversificar nossas prati-
cas para avaliar ciclinas, e ver sua interferéncia no ciclo celular, canais de calcio,
interleucinas e outros testes para entendermos ainda mais sobre essa técnica.
Achamos importante estabelecer uma curva de tempo e intensidade de estimulacéo.

Em futuros estudos buscaremos estabelecer novos protocolos com intensida-
des variaveis e menor tempo de estimulacdo. Desta forma buscaremos avaliar se
seus efeitos sdo duradouros e dependentes do tempo e ainda. Outro objetivo sera a
avaliacdo da resposta a SMS de outros tipos celulares, como células da glia e cultu-
ra primaria de outros tipos celulares do SNC, assim como, em experimentos in Vvivo,
utilizando animais.

A escassez de estudos relacionados a cultura celular frente as técnicas de
EME demonstra a necessidade de estimular novos estudos que avaliem o funciona-
mento intrinseco destas técnicas, para que sejam utilizadas com seguranca tanto em

pesquisa clinica como no tratamento de doencas.
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