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RESUMO

PESARINI, J. R. Vitamina D: Correlagdo com alteracGes bioquimicas e da composicéo
corporal em uma populacéo do Sul do Brasil e avaliacdo dos efeitos citotoxicos em células-
tronco mesenquimais do tecido adiposo humano. 2018. (Tese de doutorado) Campo Grande
— MS: Programa de Pds-Graduagdo em Saude e Desenvolvimento na Regido Centro-Oeste —
Universidade Federal de Mato Grosso do Sul. 2018.

Estudos demonstram que marcadores séricos de inflamacao, desordens metabdlicas e ganho de
peso podem estar correlacionadas a insuficiéncia de vitamina D. Diante do exposto o presente
estudo correlacionou os niveis séricos de 25(OH)D3, de uma amostra de individuos da
populacdo do Sul do Brasil, com varidveis relacionadas a desordens metabdlicas, obesidade e
habitos de vida, bem como, avaliou o efeito citotoxico do Calcitriol em células-tronco
mesenquimais derivadas do tecido adiposo (ADSCs). Os resultados indicaram que a
hipovitaminose D foi prevalente em 79,23% da populacédo estudada e que had uma correlacao (p
< 0,05) entre a baixa concentracdo sérica de vitamina D com um perfil de colesterol LDL
aumento. A andlise de regressdo linear univariada utilizando a 25(OH)D3 como variével
regressora demonstrou associacao negativa (p < 0,05) para ambiente de trabalho fechado/baixa
exposicao solar (B = -2,305), aumento da gordura corporal (B = -0,095), idade (p = -0,065) e
colesterol HDL (B =-0,109). O ensaio in vitro de MTT realizado com ADSCs utilizou Calcitriol
em cinco concentragdes (15,625, 31,25, 62,5, 125, e 250 nM) e indicou potencial citotdxico (p
< 0,05) na concentracdo de 62,5 nM em 48 e 72h e nas concentracfes de 125 e 250 nM em 24,
48 e 72h. Os resultados aqui representados corroboram entre si e sugerem importante associagdo
entre insuficiéncia de vitamina D e o desenvolvimento da obesidade, visto que as ADSCs estéo
envolvidas na hiperplasia do tecido adiposo.

Palavras-chave: Deficiéncia de Vitamina D, Calcitriol, Obesidade, Células-Tronco,
Caracteristicas da Populagao.



ABSTRACT

PESARINI, J. R. Vitamin D: Correlation with biochemical and body composition
changes in a southern Brazilian population and induction of cytotoxicity in mesenchymal
stem cells derived from human adipose tissue. 2018. (Doctorate Thesis) Campo Grande —
MS: Programa de P0s-Graduacdo em Saude e Desenvolvimento na Regido Centro-Oeste —
Universidade Federal de Mato Grosso do Sul. 2018.

Studies have shown that serum markers of inflammation, metabolic disorders and weight gain
are correlated with vitamin D insufficiency. In light of the above, the present study correlated
the serum levels of 25 (OH) D3 from a sample of individuals from the population of southern
Brazil, with variables related to metabolic disorders, obesity and life habits, as well as,
evaluated the cytotoxic effect of Calcitriol on mesenchymal stem cells derived from adipose
tissue (ADSCs). The results indicated that hypovitaminosis D was prevalent in 79.23% of the
studied population and that there was a correlation (p <0.05) between the low serum
concentration of vitamin D with an increased LDL cholesterol profile. Univariate regression
analysis using 25 (OH) D3 as the variable showed a negative association (p <0.05) for closed
working environment / low sun exposure (§ = -2,305), body fat increase ( = 0.095), age (B = -
0.065) and HDL cholesterol (B = -0.109). The in vitro MTT assay performed with ADSCs
utilized Calcitriol at five concentrations (15.625, 31.25, 62.5, 125, and 250 nM) and indicated
a cytotoxic potential (p <0.05) at the concentration of 62.5 nM in 48 and 72 h and at 125 and
250 nM for 24, 48 and 72 h. The results presented herein corroborate each other and suggest an
important association between vitamin D insufficiency and the development of obesity since

ADSCs are involved in adipose tissue hyperplasia.

Key words: Vitamin D deficiency, Calcitriol, Obesity, Stem Cells, Population Characteristics.
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1. INTRODUCAO

A vitamina D tornou-se foco de estudos, principalmente, por modular fungées relativas
a salde Ossea (BISCHOFF-FERRARI et al., 2009; FAN et al., 2016), desenvolvimento de tumores
(VuoLo et al., 2012; GEE et al., 2013; OsANAI; LEE, 2016) e desordens metabolicas (MELAMED
et al., 2008; JORDE et al., 2010; VOGT et al., 2016).

Sendo um composto essencial para o metabolismo dos seres humanos, a vitamina D
pode ser adquirida tanto por producdo enddgena quanto pela ingestao de alimentos. No entanto,
em funcdo das baixas concentracfes de seus precursores nos alimentos (HoLICK, 2007) aliado
a uma dificuldade de absorcéo, a vitamina D pode ser suplementada via oral em doses diarias
que variam de 1.000 a 50.000U1 (ALSHAHRANI; ALJOHANI, 2013) ou via intramuscular em dose
semestral/trimestral/anual de 600.000UI sob orientacdo médica (EINARSDOTTIR et al., 2010;
REDDY; RAMESH; BHATIA, 2013). Outras suplementac6es sao também indicadas e para tanto se
utiliza de cépsulas ou outras formulagGes farmacéuticas como indicado por Holick e Chen
(2008). Além da suplementacdo, para que se atinjam niveis séricos ideais, sugere-se que 0S
individuos se exponham ao sol por aproximadamente 30 minutos no periodo matutino.
Ressalta-se ainda que individuos com maior grau de pigmentacdo na pele, mesmo com
exposi¢do solar, tendem a produzir menos vitamina D e ha evidéncias de que esse fato ocorra

em todas as estacOes do ano (ARUNABH et al., 2003).

Dentre as diferentes formas da vitamina D temos o Colecalciferol (Vitamina D3) que
pode ser produzida por exposi¢do solar (producdo enddgena) e/ou ingerida/suplementada. Por
estes fatos, a Vitamina D3z provavelmente € a mais conhecida na medicina por ser amplamente
utilizada na suplementacéo em casos de hipovitaminose D. No organismo, a vitamina D3 ndo é
conhecida por modular fung¢Ges essenciais, porém, enquanto circulante na corrente sanguinea,
sofre um processo regulado para ser convertido no hormdnio bioativo da vitamina D, mais
conhecido como o Calcitriol (1,25(0OH)2D3). Para tanto, a vitamina D3 deve passar por um
processo de hidroxilagdo que ocorre principalmente no figado e é mediado pela enzima 25-
hidroxilase para sua conversdo em Calcidiol (25(OH)D3) e, posteriormente, a segunda
hidroxilagdo ocorre em sua maior parte nos rins, desta vez mediada pela enzima 1a-hidroxilase
que converte o Calcidiol em Caclcitriol (HOLLANDER; MURALIDHARA; ZIMMERMAN, 1978;
OMDAHL et al., 2001; PREMAOR; FURLANETTO, 2006; HoLIck, 2009). No entanto, como ja

citado anteriormente, mesmo com a ingestdo de alimentos ricos em vitamina D3z 0s niveis
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séricos ideais ndo sdo atingidos (Hovick, 2007), indicando a necessidade de suplementacdo
além da exposicdo do individuo ao sol, preferencialmente no periodo matutino (KIMLIN;
Downs; PARIsI, 2003; HoLIcK; CHEN, 2008; FELTON et al., 2016).

A deficiéncia de vitamina D, avaliada pelos niveis séricos de 25(OH)D3, é relatada em
criangas, adultos e idosos em todos os continentes (CASHMAN et al., 2016; CURTAIN et al., 2016;
SAVASTIO et al., 2016). Desta forma, admite-se uma deficiéncia em proporcGes globais
(HosSEIN-NEZHAD; HoLIcK, 2013; SADAF, 2016), sugerindo mais estudos populacionais
mesmo em paises onde a incidéncia solar anual é considerada alta (BENER; AL-ALI; HOFFMANN,
2009; UNGER et al., 2010; NowsoN et al., 2012; MUHAIRI et al., 2013). No Brasil, dentre os
diversos grupos de individuos analisados, a deficiéncia de vitamina D é mais preocupante por
também atingir jovens saudaveis e jovens com desordens metabolicas como, por exemplo,
portadores de Sindrome Metabdlica (PETERS et al., 2009; DE SOUSA STUDART et al., 2015;
MORAES et al., 2015; DA CUNHA et al., 2016).

Revisbes sistematicas demonstram que desordens metabdlicas como o aumento de
doencas cardiovasculares, altas concentracdes séricas de lipideos, marcadores séricos de
inflamacdo, alteracfes no metabolismo de glicose e ganho de peso estdo correlacionadas a
insuficiéncia de vitamina D (AUTIER et al., 2014; THEODORATOU et al., 2014). Todos estes
parametros citados estdo relacionados a progressdo da obesidade e sobrepeso dos seres
humanos. Contudo, sabe-se que a expansdo do tecido adiposo € mediada pela hipertrofia de
adipdcitos maduros ou pela hiperplasia de células-tronco multipotentes em diferenciacéo
adipogénica com posterior acimulo de triglicerideos no tecido adiposo (Jo et al., 2009; YE;
GIMBLE, 2011). Recentemente foi demonstrado que as células-tronco adjacentes ao tecido
adiposo desempenham um papel importante nos mecanismos de inflamacéo cronica do tecido
adiposo e, consequentemente, podem ser fator chave para um tratamento adjunto a prevencgéo
da obesidade (ELJAAFARI et al., 2015). Assim, estudos sobre a cascata genética de inibicdo da
proliferacdo e/ou de morte de células residentes no tecido adiposo sdo possibilidades
emergentes na prevencdo desta doenga (ARTAzA et al.,, 2010; DucLoux et al., 2011;

CHRISTAKOS et al., 2013; SERGEEV, 2016).

A vitamina D é descrita como inibidora de proliferacdo de células-tronco mesenquimais
e indutora de apoptose em diversos tipos celulares, incluindo os adip6citos (SERGEEV, 2009;

ARTAZA et al., 2010; CHAKRABORTI, 2011; BRAKTA et al., 2015; SERGEEV, 2016). Assim, 0 uso
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de vitamina D, em sua forma de hormonio principalmente, pode ser uma boa estratégia para a

prevencdo da obesidade.

2. REVISAO BIBLIOGRAFICA
2.1  Vitamina D: Aspectos gerais relacionados ao tema da pesquisa
2.1.1 Sintese detalhada: Da producéo endégena/alimentacdo até o horménio bioativo

A producéo enddgena de vitamina D é mediada pela conversdo do 7-dehidrocolesterol
em vitamina Dz por meio de fotorreagdo que ocorre na derme e na epiderme. Para tanto, a luz
ultravioleta deve conjugar a estrutura molecular do 7-dehidrocolesterol para que se forme a pré-
vitamina Dz. Essa, ap6s ser produzida, podera dar origem a uma série de homodimeros bio-
inativos. Mais tarde, a pré-vitamina D3 se convertera em vitamina D3 (colecalciferol) pela
reorganizacdo quimica estrutural ocasionada pelo aumento de temperatura (Figura 1A). Outra
forma de obtencdo da vitamina D é por meio de difusdo simples que acontece na regido
proximal do intestino delgado, nos enterécitos, quando essa vitamina é ingerida na alimentacéao
e/ou suplementada, tanto em sua forma de Colecalciferol como em sua forma de Ergocalciferol
(Figura 1B). No entanto, independentemente da forma de obtencdo, ao alcancar a corrente
sanguinea, o colecalciferol e o ergocalciferol sdo transportados para o figado e no reticulo
endoplasmatico, sdo convertidos em 25-hidroxivitamina D3 (Calcidiol; 25(OH)Ds) pela acdo da
enzima D3-25-hidroxilase (25-OHase). Por fim a 25(OH)Dz é convertida, nas mitocéndrias dos
tubulos contorcidos proximais dos rins, em seu horménio bioativo 1,25-hidroxivitamina D3
(Calcitriol; 1,25(0H).D3) pela agédo da enzima 1-a hidroxilase (Figura 1A, 1B) (HOLLANDER,;
MURALIDHARA; ZIMMERMAN, 1978; OMDAHL et al., 2001; OMDAHL; MORRIS; MAY, 2002;

PREMAOR; FURLANETTO, 2006; BERRY et al., 2012; HoLICK, 2017).

O transporte plasmatico do Calcitriol ocorre mediado pela Proteina de Ligagdo a
vitamina D (Vitamin D Binding Protein — DBP) (BIKLE et al., 1986). No entanto, para o
desencadeamento das suas acOes/beneficios, o Calcitriol se ligard ao receptor nuclear de
vitamina D (Vitamin D Receptor — VDR) presente em diversas celulas do organismo e
codificado por um gene de mesmo nome (BURAS et al., 1994; HANNAH; NORMAN, 1994;

HAUSSLER et al., 1998; ERBEN, 2001) incluindo os adip6citos (MUTT et al., 2014).
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Figura 1 — Sintese da Vitamina D. Por producdo endogena (A) e adquirida por ingestdo (B).
As imagens demonstram, sumariamente, 0 processo extremamente regulado que ocorre com 0
7-dehidrocolesterol, Ergocalciferol e com o Colecalciferol para que atinjam sua forma de

horménio bioativo (Calcitriol) no organismo humano. Adaptado de Adela et al. (2016).

2.1.2 Avaliacédo sérica, niveis ideais e toxicidade

Atualmente, 0 método mais comum para a avaliacdo sérica de vitamina D ocorre por
meio da quantificacdo de Calcidiol, justamente pela maior estabilidade deste composto e menor
potencial de degradacdo do que o Calcitriol. Os niveis ideais de vitamina D sérica séo
constantemente redefinidos pela literatura & medida que novas pesquisas comprovam 0S
potenciais modulatérios do Calcitriol pelo organismo da vitamina D. De acordo com (HOLICK,
2017), até o ano de 1998, data em que pouco se estudava sobre os efeitos sistémicos e
modulatérios do Calcitriol e acreditava-se que sua deficiéncia resultava em falta de fixacéo do
calcio nos ossos, levando ao raquitismo, os valores séricos de referéncia considerados
deficientes eram aqueles abaixo de 10 ng/mL e que valores considerados toxicos eram aqueles
acima de 80 ng/mL (RizzoLl et al., 1994). Ao longo dos anos seguintes e com o crescente
interesse nas atividades modulatérias do Calcitriol em vérias partes do organismo, um constante
debate em torno dos niveis séricos ideais foi iniciado. Por exemplo, Mahon et al. (2003)
realizaram uma pesquisa que visou investigar a suplementacdo de vitamina D em pacientes com
esclerose multipla. Pelo fato de a esclerose multipla reduzir a producdo de citocinas anti-
inflamatorias (KILLESTEIN et al., 2001) e de a vitamina D ter potencial para modular o sistema
imune (BHALLA et al., 1983), foi identificado que niveis séricos ideais que variavam entre 40 e
100 ng/mL aumentavam as concentracdes séricas de TGF-B1, importante citocina anti-
inflamatdria que pode inibir efeitos da esclerose multipla em modelo experimental animal
(MAHON et al., 2003) e em humanos (PIERROT-DESEILLIGNY; SOUBERBIELLE, 2017). Em outro
estudo, Zittermann (2003) prop0s que, para a maioria das doencas em que existe possibilidade
de modulacao benéfica pelo Calcitriol, os niveis ideais também seriam aqueles entre 40 e 100
ng/mL. O autor ainda vai além, citando que valores até 5,2 ng/mL séo considerados deficientes
e podem ocasionar hiperparatireoidismo e raquitismo, valores entre 5,3 e 20 ng/mL sdo
considerados insuficientes e podem ocasionar baixa absorcéo de calcio intestinal e reducdo de

densidade 0ssea, valores entre 20,1 e 40 ng/mL entram na faixa da hipovitaminose D e podem
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interferir na homeostasia do paratormonio. Contudo, em 2011, um guia elaborado pela
Sociedade de Endocrinologia (HoLIcK et al., 2011) determinou que valores abaixo de 20 ng/mL
seriam valores deficientes em vitamina D, valores entre 21 e 29 ng/mL seriam valores
insuficientes e valores entre 40 e 60 ng/mL seriam os considerados ideais. Estes valores citados
por Holick et al. (2011) sdo atualmente admitidos como valores referéncia, mas, com uma
observacao, espera-se que 0 nivel sérico suficiente seja aquele de pelo menos 30 ng/mL,

objetivando os valores ideais de 40 a 60 ng/mL (HoLICK, 2017).

Os niveis séricos de vitamina D considerados toxicos também sdo amplamente
discutidos e contraditdrios. Por exemplo, Rizzoli et al. (1994) concluiram que niveis séricos
superiores a 80 ng/mL poderiam ser considerados tdxicos e estavam associados a
hipercalcemia. Em um estudo que avaliou a seguranca da suplementacdo de concentracfes
baseadas em Unidades Internacionais Dirias (Ul/d) de vitamina D, Hathcock et al. (2007)
demonstraram que ndo houve toxicidade em pacientes com niveis séricos abaixo de 200 ng/mL.
Ja Holick (2009) recomenda monitoramento constante de niveis de calcio para individuos com
valores séricos de vitamina D superiores a 150 ng/mL. Apesar de alguns autores encontrarem
correlacdo com alguns tipos de cancer quando o individuo possui valores séricos de vitamina
D superiores a 40 e 60 ng/mL (MANSON; MAYNE; CLINTON, 2011), atualmente admite-se que a
intoxicacdo severa é rara e s0 pode ocorrer quando ha suplementacéo de grandes quantidades

de vitamina D por longos periodos e sem interrup¢do (HoLick, 2017).

2.1.3 Deficiéncia

A deficiéncia de vitamina D em escala global é reportada h& pelo menos 17 anos
(GANNAGE-YARED; TOHME; HALABY, 2001; VIERUCCI et al., 2017). Estudos realizados na
Europa, América do Norte, América Latina, Asia, Africa, Oriente Médio e Oceania, relatam
importante deficiéncia de vitamina D em amostras populacionais sejam elas de criangas, adultos
ou idosos. Ainda, essas extensas pesquisas sugerem que o quadro de deficiéncia dessa vitamina
n&o esta restrito a uma determinada faixa etaria e/ou grupo populacional (LIPS, 2001; PETTIFOR,
2004: SNIIDER et al., 2005; VUPPUTURI et al., 2006; SIDDIQUI; KAMFAR, 2007; GozDzIK et al.,
2008; Woo et al., 2008; UNGER et al., 2010; DALY et al., 2012; FIGUIREDO-DIAS et al., 2012;
PESARINI et al., 2017; VIERuccl et al., 2017). Até mesmo no Brasil, pais considerado

privilegiado pela alta incidéncia solar anual, ha deficiéncia generalizada na populacdo (UNGER
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et al., 2010; PEsARINI et al., 2017). Contudo, a maior preocupacgdo é com os individuos obesos
e com Sindrome Metabdlica, visto que estes possuem niveis sericos de vitamina D
extremamente baixos (SUN; MORRIS; ZEMEL, 2008; CERIT, 2017; WALSH; BOWLES; EVANS,
2017).

Este cenario de deficiéncia global continua a progredir mesmo com alertas e
recomendacdes de suplementacdo realizadas ao longo da ultima década (HoLick et al., 2011;
NAIR; MASEEH, 2012; HOSSEIN-NEZHAD; HoLICK, 2013; HoLICK, 2017). Devido a importancia
de que se mantenham niveis séricos ideais de Calcitriol no organismo, Naeem (2010) propde
que a conscientizacdo de agentes da saude e a populagdo, para que se obtenham resultados
benéficos a longo prazo, deve se iniciar pelas institui¢coes de salde governamentais atuando nas
alteracdes das politicas de fortificacdo de alimentos, divulgacdo da importancia da avaliacdo

sérica de Calcidiol e, principalmente, a recomendac¢éo de exposicao solar/suplementacao.

2.1.4. Provaveis implicacdes na saude relacionadas a deficiéncia de vitamina D ou a

ocorréncia de polimorfismos no gene VDR (codificador de receptor de vitamina D)

A deficiéncia de Calcidiol, consequentemente deficiéncia de Calcitriol, pode culminar
em importantes impactos na satde dos seres humanos, devido sua baixa biodisponibilidade
sérica. Porém, em alguns casos, implicacdes na saude decorrentes da vitamina D ndo estdo
diretamente ligadas a sua biodisponibilidade, e sim a codificacdo de seu receptor nuclear
(VDR). Pesquisas recentes demonstram que polimorfismos de nucleotideo Unico (SNPs), que
podem ocorrer no gene VDR, estéo relacionados a susceptibilidade e severidade de melanoma,
sindrome do ovario policistico e até mesmo um elevado risco de se desenvolver obesidade (AL-
DAGHRI et al., 2014; CAucl et al., 2017; SIDDAMALLA et al., 2017)

Em relacdo a doencas, distarbios ou disfun¢bes importantes decorrentes ou associadas
a deficiéncia ou insuficiéncia de niveis séricos de vitamina D, podemos citar além do
raquitismo, o Cancer de mama (WELSH, 2017), incidéncia de asma em criancas e adultos
(SUTHERLAND et al., 2010; HAVAN et al., 2017), a tuberculose e baixa imunidade (LUONG;
NGUYEN, 2011; COLOTTA; JANSSON; BONELLI, 2017) a esclerose mudltipla (PIERROT-
DESEILLIGNY; SOUBERBIELLE, 2017), problemas de pele como a Sindrome de Netherton
(BROWN; DE LA CERDA; STEPHEN, 2017), 0 autismo (VINKHUYZEN et al., 2017), a depresséo e

a deméncia (NIMITPHONG; HoLIck, 2011). Assim como nos casos de problemas genéticos, a
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deficiéncia de vitamina D também pode ser um fator adicional para o ganho de peso, obesidade,
desordens metabdlicas, Sindrome Metabolica, aumento do indice de massa corporal (IMC) e
do tecido adiposo (SUN; MORRIS; ZEMEL, 2008; JORDE et al., 2010; NAEEM, 2010; LEBLANC et
al., 2012; AUTIER et al., 2014; THEODORATOU et al., 2014; BARJA-FERNANDEZ et al., 2017;
CORDEIRO et al., 2017a; CORDEIRO et al., 2017b; GODALA et al., 2017). Tendo em vista os fatos
acima citados, associados ao aumento do indice de sedentarismo e uma menor exposicao solar,
podemos considerar que a vitamina D em baixos niveis séricos é fator agravante para 0 aumento

do namero de obesos, em escala global (NG et al., 2014; HIBLER et al., 2016).

2.1.5 Obesidade, adipogénese e a vitamina D

A obesidade, considerada a “doenca do século 217, possui mais de 60 comorbidades que
levam a todos os tipos de causa de morte (ROSSNER, 2002; COREY; KAPLAN, 2014). Estudos
revelam um aumento na incidéncia de, por exemplo, infarto, a hipertensdo e a insuficiéncia
cardiaca, sendo essas associadas ao perfil lipidico alterado (ZITTERMANN; GUMMERT, 2010;

BEVERIDGE; WITHAM, 2013).

O IMC, indice gque determina obesidade em seres humanos, também esta associado a
baixos niveis de vitamina D (LAGUNOVA et al., 2009; VANLINT, 2013). Os dados aqui citados
corroboram o estudo de Scragg (1981) que relata um maior nimero de 6bitos por problemas
cardiovasculares no inverno, periodo em que ha a menor producéo de vitamina D decorrente da

menor exposicao solar.

Por muito tempo, acreditou-se que adultos apresentariam nimero fixo de adipdcitos e
gue mudancas na massa adiposa eram principalmente secundarias a alteracées no volume de
gordura na célula. Nao obstante, adipdcitos adultos exibem renovacgdo notavelmente intensa e
constante. Logo, atualmente, sabe-se que o potencial de gerar novas células persiste durante
toda a vida do individuo e os adipécitos provém de células-tronco mesenquimais multipotentes,
residentes no estroma do tecido adiposo. Células-tronco mesenquimais sdo celulas
caracterizadas como células de plasticidade multipotente e podem ser isoladas de diversos
tecidos do corpo humano, como por exemplo a polpa do dente e a gordura (ULLAH; SUBBARAO;
RHO, 2015). Ainda, no tecido adiposo, podemos localizar uma grande quantidade de células-

tronco mesenquimais se compararmos com outros locais de obtencdo (BUNNELL et al., 2008).
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Essas celulas multipotentes tornam-se pré-adipécitos quando perdem a habilidade de se
diferenciar em outras linhagens mesenquimais (SPALDING et al., 2008; QUEIROZ et al., 2009).
Assim sendo, pode-se inferir que o tecido adiposo aumente no organismo ndo somente por
hipertrofia ao longo da vida em pessoas saudaveis e/ou em portadores de doencas como a
obesidade, mas, também em funcdo do aumento do nimero de células e até a ocorréncia de
hiperplasia. Frente ao exposto, e sabendo que a obesidade é uma importante questdo de salde
publica que determina altos gastos no SUS, principalmente, em funcdo das complicacGes
decorrentes da mesma, hé que se lancar mdo de novos conhecimentos que possam ser mais
efetivos em especial na prevencdo dessa enfermidade visto que os tratamentos atuais requerem
maior eficiéncia e os cirargicos além de invasivos e de alto custo, podem ter o seu tempo de
eficiéncia reduzido caso os pacientes ndo criem novos habitos saudaveis (CosTA et al., 2010;

CAMBI; MARCHESINI; BARETTA, 2015).

As atuais medidas adotadas para o combate de obesidade se mostraram ineficazes,
segundo a Associacdo Meédica Americana (AMA; American Medical Association). Esse fato
levou a AMA classificar, oficialmente, a obesidade como uma doenca crénica nao
transmissivel. Assim, temos um cenario onde a obesidade nas popula¢des necessita de mais
atencdo e por isso muitos pesquisadores buscam novas terapias para o seu tratamento. Diante
desta importante questdo de saude publica, que se agrava ano ap0s ano sem perspectiva de

melhora, podemos dizer que esta doenca é de certa forma negligenciada.

Estudos recentes discutem a possibilidade da atuagdo da vitamina D no tratamento da
obesidade (SERGEEV, 2009; DucLoux et al., 2011; CHRISTAKOS et al., 2013). A inducédo da
morte celular por apoptose dos adipdcitos esta emergindo como uma estratégia promissora para
o enfrentamento da obesidade, pois sabe-se que a perda de peso resulta ndo apenas do
decréscimo no tamanho dos adipécitos, mas também na reducdo do nimero destas células.
Desta forma, entende-se que um aumento na frequéncia, por exemplo, da apoptose em células
adiposas reduzira o acimulo deste tipo de tecido e ao longo do tempo pode levar a reducao
efetiva da gordura corporal, além de poder contribuir na manutencéao da perda de peso (QUEIROZ
et al., 2009; CHRISTAKOS et al., 2013).

O desencadeamento da apoptose em células humanas pela forma hormonal da vitamina
D é mediado por mdltiplas vias de sinalizacdo que envolvem proteinas e enzimas reguladoras

de calcio (CHRISTAKOS et al., 2013). Uma das vias mais interessantes e promissoras indica que
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a morte celular por apoptose pode ocorrer por um aumento da concentracdo de célcio
intracelular, o qual atinge niveis elevados, e ativam proteases apoptoticas calcio-dependentes
(SERGEEV, 2005).

A relacdo do Calcitriol com o calcio também foi explorada por Song e Sergeev (2012)
onde foi demonstrado que o Calcitriol induz um aumento prolongado da concentracéo de célcio
intracelular e esse aumento € diretamente proporcional ao aumento das proteases caspases
dependentes de calcio, as colpainas, que quando ativadas sdo suficientes para desencadear a
apoptose. Enquanto baixas concentracfes (1-10 nM) de Calcitriol ndo possuem efeito
citotoxico, concentragdes superiores a 100 nM apresentam este potencial, como demonstrado
por Valle; Almalki e Agrawal (2016). Contudo, sabe-se que o programa de diferenciacdo de
células-tronco mesenquimais em adipocitos envolve diferentes estagios ao longo de quatro a

sete dias.

A atuacdo de agentes pro-diferenciacdo inicia o processo de diferenciacdo celular das
ADSCs em pré adipdcitos e, posteriormente, em adipdcitos maduros. Esta etapa inicia-se pela
expressdo dos genes C/EBPfS e C/EBPJ, seguidos por um aumento na expressao dos genes
C/EBPo. € PPARy que iniciam a cascata génica para codificarem proteinas especificas do
processo de diferenciacdo celular (KoNG; L1, 2006). Concomitantemente a expressdo génica em
cascata descrita, hd também o aumento da expressdo do gene VDR, e essa disponibilidade do
gene receptor da vitamina D possibilita a influéncia do Calcitriol no processo de diferenciacdo

dos pré-adipdcitos em adipécitos (Woob, 2008).

Pode-se assim subentender que havendo uma disponibilidade adequada de célcio e
vitamina D tanto nas celulas adjacentes indifirenciadas quanto no periodo de diferenciacao dos
adipdcitos, pode ocorrer morte celular, sendo a vitamina D um potente fator nesse evento e,
portanto, a suplementacéo de calcitriol pode ser um importante hormonio capaz de gerar formas

de prevencéo da obesidade.

Diante do exposto o presente estudo correlacionou os niveis séricos de 25(0OH)D3, de
uma amostra de individuos da populagdo do Sul do Brasil, com variaveis relacionadas a
desordens metabdlicas, obesidade e habitos de vida, bem como, avaliou o efeito citotoxico do
Calcitriol em celulas-tronco mesenquimais derivadas do tecido adiposo (ADSCs)
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3. OBJETIVOS

3.1  Objetivo Geral

Correlacionar os niveis séricos de vitamina D com fatores que estdo relacionados a
obesidade em um grupo de voluntarios da populacdo do Sul do Brasil bem como avaliar o
potencial citotdxico do Calcitriol em células tronco mesenquimais extraidas do tecido adiposo

humano.

3.2  Objetivo especifico

Classificar os resultados das concentracGes séricas de vitamina D dos individuos em

modelos suficientes e insuficientes;

Realizar, com a concentra¢do de vitamina D sérica como variavel dependente, regressdo
linear univariada com as concentracdes séricas de acidos graxos livres, colesterol HDL (HDL-
c), triglicérides, glicose, colesterol LDL (LDL-c) bem como com a circunferéncia da cintura, o
IMC, a porcentagem de gordura corporal além do habito de praticar atividade fisica, exposi¢do
solar (local de trabalho), idade e uso de protetor solar para ambos os modelos

(suficientes/insuficientes);

Realizar, com a concentracdo de vitamina D sérica como variavel dependente, regressao
multivariada com as concentracGes séricas de acidos graxos livres, colesterol HDL (HDL-c),
triglicérides, glicose, colesterol LDL (LDL-c) bem como com a circunferéncia da cintura, o
IMC, a porcentagem de gordura corporal além de habito de praticar atividade fisica, exposi¢do
solar (local de trabalho), idade e uso de protetor solar para ambos os modelos

(suficientes/insuficientes);

Realizar, com a concentragdo de vitamina D sérica como varidvel dependente,
correlacdo no modelo de Pearson indicando gréficos de dispersdo com as concentragdes séricas
de &cidos graxos livres, colesterol HDL (HDL-c), triglicérides, glicose, colesterol LDL (LDL-
¢) bem como com a circunferéncia da cintura, o IMC, a porcentagem de gordura corporal além
do habito de praticar atividade fisica, exposicéo solar (local de trabalho), idade e uso de protetor

solar para ambos os modelos (suficientes/insuficientes);
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Realizar avaliagdo do potencial de citotoxicidade do Calcitriol em células-tronco
extraidas do tecido adiposo humano a fim de obter a concentracdo inibitdria de viabilidade

celular que atinja 50% das células.
4. MANUSCRITO

A presente pesquisa gerou um artigo cientifico submetido e aceito no periédico
internacional Biomedicine & Pharmacotherapy, que possui fator de impacto JCR 2.759 sendo

atualmente classificado como Qualis Capes A2 Interdisciplinar.

PESARINI, J. R.; OLIVEIRA, R. J.; PESSATTO, L. R.; ANTONIOLLI-SILVA A.C. B. M,;
FELICIDADE, I.; NARD, N. B.; CAMASSOLA, M.; MANTOVANI, M. S.; RIBEIRO, L. R.
Vitamin D: Correlation with biochemical and body composition changes in a southern Brazilian
population and induction of cytotoxicity in mesenchymal stem cells derived from human
adipose tissue. Biomed Pharmacother, v. 91, p. 861-871, 2017.
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ARTICLE INFO ABSTRACT

Article history:

Received 16 March 2017 Studies have shown that metabolic disorders, serum inflammatory markers and weight gain (obesity) are
Received in revised form 28 April 2017 correlated with vitamin D deficiency. Therefore, the present study correlated the serum calcidiol (s25
Accepted 2 May 2017 (OH)D3) levels in a sample of individuals from southern Brazil with variables related to metabolic

disorders, obesity and lifestyle habits and assessed the cytotoxic effect of calcitriol on adipose tissue-
Keywords: derived mesenchymal stem cells (ADSCs). The results showed a 79.23% prevalence of hypovitaminosis D
Vitamin D deficiency in the study population and a correlation (p < 0.05) between a low serum vitamin D concentration and an
g‘:)':;‘i:;"' elevated low-density lipoprotein cholesterol (LDL-c) level. Univariate linear regression analysis using 25

Stem cells
Population characteristics

(OH)D3 as a regressor showed a negative association (p <0.05) with an indoor work environment
(B=-2.305), increased body fat (3 = —0.095), age (3 = —0.065) and high-density lipoprotein cholesterol
(HDL-c; B=-0.109). An in vitro 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)

assay performed with ADSCs using five calcitriol concentrations (15.625, 31.25, 62.5, 125 and 250 nM)
indicated cytotoxic potential (p < 0.05) at the 62.5 nM concentration at 48 and 72 h and at the 125 and
250nM concentrations at 24, 48 and 72 h. The results reported herein corroborate one another and
suggest a key association between vitamin D deficiency and the development of obesity because ADSCs
are involved in adipose tissue hyperplasia and differentiate into adipocytes that can sequester the

bioavailable vitamin D necessary for homeostasis.

© 2017 Elsevier Masson SAS. All rights reserved.

1. Introduction

* Corresponding author at: Medicine College, Federal University of Mato Grosso
do Sul. Cidade Universitdria, S/N Campo Grande, MS, 79070-900, Brazil.
E-mail address: rodrigo.oliveira@ufms.br (RJ. Oliveira).
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Vitamin D has become a research study focus primarily because
it modulates functions related to bone health [1,2], tumour
development [3-5] and metabolic disorders [6-9].
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One of the various forms of vitamin D is vitamin Ds
(cholecalciferol), which can be produced through sun exposure
(endogenous production) and ingested/supplemented. Therefore,
vitamin D3 may be the most studied vitamin in medicine because it
is widely used as a supplement in hypovitaminosis D cases.
Through a regulated process in the body, circulating vitamin D5 is
converted to the bioactive vitamin D hormone, which is best
known as calcitriol (1,25(0OH),D3). For this purpose, vitamin D3
undergoes a hydroxylation process that primarily occurs in the
liver; this process is mediated by the 25-hydroxylase enzyme,
which causes the conversion to calcidiol (25(0OH)D3). Subsequent-
ly, the second hydroxylation mostly occurs in the kidneys and is, in
turn, mediated by the 1a-hydroxylase enzyme, which converts 25
(OH)D; into 1,25(0H),D3 [10-13]. However, optimal serum levels
are not reached, even with the ingestion of vitamin Ds-rich foods
[14]; thus, supplementation and sun exposure are needed,
preferentially during the morning period [15-17].

Vitamin D deficiency, as assessed using the serum 25(0OH)D3
level, has been reported in children, adults and elderly people from
all continents [18-20]. Because deficiency occurs worldwide
[21,22], further population studies are needed even in countries
thought to have a high annual solar incidence [23-26]. In Brazil,
vitamin D deficiency is most worrying because this condition
affects different groups of study subjects, including young healthy
individuals and young people with metabolic disorders (e.g.,
patients with metabolic syndrome) [27-30].

Systematic reviews have shown that metabolic disorders,
including cardiovascular disease (with an increasing incidence),
high serum lipid concentrations, serum inflammatory markers,
changes in glucose metabolism and weight gain, are correlated
with vitamin D deficiency [9,31-33]. These parameters are related
to obesity progression and being overweight in humans. Adipose
tissue expansion is mediated by hypertrophy of mature adipocytes
or multipotent stem cell hyperplasia during adipogenic differenti-
ation with a subsequent triglyceride accumulation in adipose
tissue [34,35]. Recently, stem cells adjacent to adipose tissue have
been shown to play key roles in the adipose tissue mechanisms
underlying chronic inflammation; therefore, these cells may be a
key factor in an adjunct treatment for obesity prevention [36].
Thus, studies on the genetic cascade of the inhibition of the
proliferation and/or death of adipose tissue cells have provided
new possibilities for the prevention of this disease [37-40].

Vitamin D has been reported to be a mesenchymal stem cell
proliferation inhibitor and an inducer of apoptosis in various cell
types, including adipocytes [37,38,41-43]. Therefore, the use of
vitamin D, especially in its hormone form, may be a good strategy
to prevent obesity.

Considering the above findings, the present study correlated the
serum calcidiol (s25(OH)D3) levels in a sample of individuals from
southern Brazil with variables related to metabolic disorders,
obesity and lifestyle habits and assessed the cytotoxic effect of 1,25
(OH),D3, which is commonly found in one type of medication, on
adipose tissue-derived mesenchymal stem cells (ADSCs).

2. Patients and methods
2.1. Population study

2.1.1. Inclusion criteria

Adult volunteers of both genders aged from 18 to 55 years who
read and signed the informed consent form and lived for at least
three months in the city of Londrina, Parana state, Brazil (Latitude:
23°18'37" South), were included in the research study. Only self-
declared Caucasian individuals participated in the research study
to follow the standards of similar studies [44,45] and to avoid
effects from skin vitamin D production due to excess pigmentation.

The study was submitted to the Ethics Committee on Research
Involving Human Subjects of the State University of Londrina
(Universidade Estadual de Londrina-UEL) and approved under
opinion number 116/2011.

2.1.2. Exclusion criteria

Patients with cardiovascular, gastrointestinal or kidney dis-
eases, thyroid disorders, diabetes, haemophilia, anaemia or cancer,
individuals who did not reside in the municipality of Londrina for
at least three months and those who were not self-reported
Caucasians were excluded from the study. Individuals who
reported the chronic use of medicines to treat diabetes mellitus
or dyslipidaemia or who used multivitamins in the last six months
were also excluded from the study.

2.1.3. Data on the initial and final sampling

The present study was announced in the Oswaldo Cruz
Laboratory (Londrina — PR) to patients waiting for the collection
of their routine exams. At that time, the researcher responsible for
this work invited patients to include the evaluated exams at no
additional cost and explained the importance of their contribution.
A total of 370 patients demonstrated an interest in participating
and authorised blood collection for vitamin D and other
biochemical variable dosing.

2.14. General data and sample collection procedures

Biological material and data on anthropometric parameters
were collected over a six-month period. The collections were
performed two weeks after the beginning of spring and two weeks
after the end of summer in 2013.

The experiment was performed with a double-blind design. The
following materials were provided to each volunteer: a standard
care questionnaire, wherein personal information (name, age,
gender, address, ethnicity and use of medicines) was recorded, and
the shortened and modified version of the International Physical
Activity Questionnaire (IPAQ; [46]). The data recorded on the latter
questionnaire were based on the objectives of the study and
included daily sun exposure determined by workplace specifica-
tions, sunscreen use habits and whether vigorous/moderate
physical activity was performed. Additionally, the volunteer was
subjected to a rapid blood glucose test (Accu-Check Active™, Roche
Diagnostics, Switzerland). If the result indicated values higher than
126 mg/dL, the subject was automatically excluded from the study
and referred for medical evaluation. After this initial evaluation,
the subjects were referred for biological material collection and
anthropometric evaluation. The aforementioned procedures were
performed in the morning from 08:00 to 10:00 AM to minimise
externalities that could cause variations between the tested
parameters.

2.1.5. Determination of biochemical variables

The s25(0OH)D; values were evaluated using an automated
chemiluminescence analyser (LIAISON™, DiaSorin Diagnostics,
Italy). Free fatty acids, high-density lipoprotein cholesterol
(HDL-c), triglycerides and glucose were assessed using the
automated enzymatic-calorimetric method (ADVIA™ 1650, Sie-
mens, Germany). Low-density lipoprotein cholesterol (LDL-c) was
calculated using the Friedewald equation [47].

2.1.6. Anthropometric evaluation

For the anthropometric examination, the waist circumference
was measured using an inelastic tape measure (Incoterm™, Brazil).
Bioelectric impedance analysis was performed using a MALTRON "
BF-906 Body Composition Analyser (Maltron International, UK) to
assess the percentage of body fat and the body mass index (BMI).
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2.2. In vitro study

2.2.1. Individuals

Individuals living in Campo Grande, Mato Grosso do Sul state,
Brazil (latitude: 20°26'34”" South), who were referred for liposuc-
tion and scheduled for surgery were contacted and informed about
the research study. Three adult female volunteers aged from 20 to
40 years who read and signed the informed consent form were
selected. The study was submitted to the Ethics Committee on
Research Involving Human Subjects of the Federal University of
Mato Grosso do Sul (Universidade Federal de Mato Grosso do Sul-
UFMS) and approved under opinion number 867.377.

2.2.2. Procedures for liposuction, lipoaspirate processing and
mesenchymal stem cell culture

After the anaesthetic procedure, asepsis and antisepsis, surgical
incisions of approximately 1.0 cm were made into the anterolateral
abdominal wall to collect the biological material. Approximately
200 mL of saline solution without a vasoconstrictor was injected
into the adipose stroma for tissue detachment. Then, the detached
adipose tissue was collected using a liposuction cannula. This 0.5-
cm medium-calibre cannula was coupled to a 50-mL syringe for fat
collection. Approximately 300mL of biological material was
collected in a sterile container with 200 mL of phosphate-buffered
solution (PBS; 8 g NaCl, 0.2 g KCl, 1.15 g Na,HPO,, 0.2 g KH,PO,4 and
1000 mL of deionised water). Shortly thereafter, the liposuction
surgical procedure was performed according to the most
appropriate technique for the patient. The crude lipoaspirate of
each patient was only stored to collect the data for the present
study and was later discarded in a biohazard waste container,
followed by hospital waste disposal. For the processing of each of
the three lipoaspirate samples, collagenase was used for sample
digestion as described by Markarian, Frey, Silveira, Chem, Milani,
Ely, Horn, Nardi and Camassola [48] with modifications. Culture
medium was composed of Dulbecco’s modified Eagle’s medium
with 10 mM HEPES (HDMEM; Sigma™ catalogue number D5523)
supplemented with 10% foetal bovine serum.

The immunophenotype was characterised by flow cytometry.
Cells were incubated with antibodies against phycoerythrin or
fluorescein isothiocyanate-conjugated antibodies specific for
human CD44, CD90, CD29, CD34, CD11b and major histocompati-
bility complex (MHC) II (PharMingen BD, USA) for 30 min at 4°C.
Control samples were incubated in the absence of antibodies. The
cells were analysed on an ACCURI C6 (Becton Dickinson, USA). The
characterisation graphs were generated with the capture of 10,000
events using the standard software for the equipment (BD ACCURI
C6 software; Becton Dickinson, USA).

2.2.3. Adipogenic differentiation

Cell samples from the three patients were subjected to the
adipogenic differentiation process at the fifth passage. To induce
differentiation, 1.0 x 10° cells were seeded into 6-well culture
plates; after cell adhesion (24h), the cells were cultured in
adipogenesis-inducing medium according to Markarian, Frey,
Silveira, Chem, Milani, Ely, Horn, Nardi and Camassola [48] with
modifications. In summary, 0.714 pL of insulin (Insunorm R™,
Aspen Pharma/Aspen Brazil, 0.35 mg/mL), 100 .M indomethacin
(0.0447 g indomethacin, Sigma™ catalogue number 17378, in 5 mL
of dimethyl sulfoxide (DMS0)), 3.5 wM rosiglitazone (0.0089 g of
rosiglitazone, Sigma™ catalogue number R2408, in 5 mL of DMSO)
and 10°M dexamethasone (Sigma™ catalogue number D4902)
were used for every 1 mL of HDMEM supplemented with 20% foetal
bovine serum. All solutions were stored in a freezer except for
indomethacin, which was stored at room temperature. The
differentiation medium was prepared on the day of use.

The differentiation medium was changed every 72h [49,50],
and the differentiation process lasted 14 days [51,52].

After the differentiation medium was discarded, the cells were
fixed for 60 min at room temperature with 10% formaldehyde.
Then, the cells were washed with isopropanol (60%) and
subsequently incubated with Oil red O (Sigma™ catalogue number
00625) for 20 min at room temperature to detect intracellular lipid
accumulation. The excess dye was removed by washing with
distilled water.

2.2.4. Osteogenic differentiation

The cells were cultured as described above for the adipogenic
induction. However, the cells were grown in their own medium for
osteogenic differentiation, as described by Markarian, Frey,
Silveira, Chem, Milani, Ely, Horn, Nardi and Camassola [48], with
modifications.

In total, 79.9 mL of HDMEM supplemented with 10% foetal
bovine serum, 100 p.L of ascorbic acid solution (50 mg of ascorbic
acid 2-phosphate, Sigma" catalogue number A8960, in 10 mL of
HDMEM), 100 mL of 3-glycerophosphate stock solution (630 mg of
B-glycerophosphate, Sigma™ catalogue number G9891, in 20 mL of
HDMEM) and 10 mL of foetal bovine serum was used to prepare the
osteogenic induction medium.

The differentiation medium was changed every 72 h for four
weeks. Osteogenic differentiation was demonstrated by the
observation of calcium deposits stained with Alizarin Red (Sigma™
catalogue number A5533) as described by Markarian, Frey, Silveira,
Chem, Milani, Ely, Horn, Nardi and Camassola [48].

2.2.5. Chondrogenic differentiation

The cells were cultured as described for the adipogenic and
osteogenic induction methods. After cell adhesion, the HDMEM
supplemented with 10% foetal bovine serum was discarded, and
the cells were cultured using a STEMPRO chondrogenic differenti-
ation kit (Gibco™ Life Technologies, catalogue number A1007101)
according to the manufacturer's instructions for 21days. The
culture medium was changed every three days.

After the differentiation medium was discarded, the cells were
fixed for 30 min at room temperature with a paraformaldehyde
solution (4%). Then, the cells were washed twice with PBS and
stained with Alcian Blue (Neon Commercial®, Brazil, catalogue
number 74240) for 5min at room temperature; excess dye was
removed by washing with distilled water [53]. Differentiation was
confirmed by the presence of a glycosaminoglycan-rich extracel-
lular matrix on the 21st day.

2.2.6. Test substance: 1,25(0H),D3

The commercial product Calcijex™ (Abbott Pharmaceuticals,
USA; 1,25(0OH);Ds, 1pg/mL) was used to assess cell viability
(cytotoxic potential). This drug was chosen because it could be
easily purchased from several locations worldwide, which
facilitated its use in treatments.

2.2.7. MTT assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay was performed as described by Mosmann [54]
with modifications [55]. Cells from the three patients were seeded
(7 x 10% cells/well, five wells per treatment) in 96-well culture
plates. After a 24-h stabilisation period, the cells were separated
into six groups as follows: a control group incubated with HDMEM
(supplemented with 10% foetal bovine serum) alone and five
treatment groups incubated with five 1,25(0OH),D; concentrations
(15.625, 31.25,62.5,125 and 250 nM) for 24, 48 and 72 h. At the end
of the treatment periods, the treatment media were removed, and
the cells were incubated at 37°C with a mixture containing MTT
(Invitrogen™ catalogue number M6494; 0.005g of MTT, 5mL of
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PBS and 10 mL of HDMEM without FBS supplementation) for 4 h.
Then, the MTT mixture was removed and replaced with 200 p.L of
dimethyl sulfoxide (DMSO) in each well to dissolve the product
(formazan crystals). Readings were performed in a spectropho-
tometer with a 570-nm filter. Cell viability (expressed as a
percentage) was calculated according to the following formula:

Cell Viability(%) =

Mean Absorbance of the treatment group
Mean Absorbance of the group without treatment

x 100

2.3. Statistical analysis

The subjects of the population study were classified according
to their s25(OH)Ds levels as vitamin D-sufficient (>30ng/mL) or
vitamin D-insufficient/deficient (<30ng/mL) subjects [24,56].
Descriptive analysis data were expressed as the mean + standard
error of the mean (SEM) or n/%, and both groups were compared
using the Mann-Whitney test. Each group was separately fitted to
the univariate linear regression model to examine the potential of
each regressor and the behaviour of both groups when s25(0H)D3
was used as the dependent variable. Then, the full multiple
regression model was analysed by variable using a stepwise
procedure. For each group, only the variables that actually
contributed to a good model fit were included to provide a
reduced model. Scatter plots were generated, and Pearson’s
correlation coefficients were calculated for s25(0OH)Ds; and the
clinical-laboratory and categorical variables selected after the
stepwise procedure. The significance level adopted for all tests was
0.05. All tests were performed in R software 2.15.0 (R, 2011).

The MTT assay results were expressed as the percentage + SEM.
The statistical analysis was performed using analysis of variance
(ANOVA)/Bonferroni's correction, with different letters indicating
significant differences (p < 0.05; GraphPad Prism 5). A non-linear
regression curve analysis was performed using the results from the
test with the five 1,25(0H),D3 concentrations (OriginPro" 2016) to
determine the half-maximal inhibitory concentration (IC50) of
1,25(0H),Ds.

Table 1
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3. Results
3.1. Population study

The subjects were categorised according to their s25(0OH)D3
levels. A total of 79.23% of the sample consisted of vitamin D-
deficient subjects (s25(0OH)D;<30ng/mL), and 20.77% of the
sample consisted of vitamin D-sufficient subjects (s25(0OH)D3 > 30
ng/mL; Table 1). The mean vitamin D concentration was
21.06 + 0.34 ng/mL for subjects with a s25(0OH)D3 concentration
<30ng/mL and 35.77 £ 0.63 ng/mL for subjects with a s25(0H)D3
concentration >30ng/mL. These serum concentrations were
significantly different (p < 0.001) and were similar to the plasma
LDL-c levels, which were 113.48 +1.96 mg/dL in the s25(OH)
D3 <30ng/mL group and 98.41-+3.48 mg/dL in the s25(0H)
D3 >30ng/mL group (p<0.001). A high coefficient of variation
was observed for these and all other tested variables, indicating
sample heterogeneity (Table 1).

A univariate regression analysis was performed for all variables
tested according to the categorisation model. Table 2 outlines the
parameter estimates, the confidence intervals of these estimates
and the p-value of Student’s t-test for the slope of the linear
regression model for the s25(0OH)D3 < 30 ng/mL subjects. For this
group, the following variables were significant: sun exposure
(indoor work environment) (p=0.001), age (p=0.032), body fat
percentage (p=0.013) and HDL-c plasma level (p <0.001). Simi-
larly, a univariate linear regression analysis was performed for the
s25(0OH)D5 >30ng/mL subjects (Table 3). However, no variables
were significant in this regression model.

Subsequently, the variables best fitted to each categorisation
model were selected. For this purpose, variables were selected
from the full model using a stepwise procedure to choose the
variables that best predicted each model. After the selection, a
multivariate regression analysis was performed for both groups.
The variables (p < 0.05) age, BMI, HDL-c and sun exposure (indoor
work environment) were selected for the s25(0OH)D3 < 30 ng/mL
model (Table 4). However, no variable had significant predictability
(p <0.05) for the s25(0H)D3 > 30 ng/mL model (data not shown).

Descriptive data (biochemical and anthropometric parameters) and categorization of the 337 individuals living in the city of Londrina, PR — Brazil, according to their serum

calcidiol (25(0OH)D3) levels.

s25(0H)D3 < 30 ng/mL s25(0H)D3 > 30 ng/mL
n=267 n=70 p*
Range 95% Cl CV (%) Range 95% Cl CV (%)
Gender (female, n/%) 189 70.80 52 74.30 0.565
Physical activity (not performed, n/%) 234 87.60 63 90.00 0.588
Sun exposure (indoor work environment, n/%) 169 63.30 38 54.30 0.169
Sunscreen use (yes, n/%) 78 29.21 23 32.86 0.555
Age (years, mean/SE) 3334 069 17.00-55.00 31.98-3470 33.80 3237 113 19.00-55.00 30.12-34.62 29.13 0.929
Waist circumference (cm, mean/SE) 8394 0.75 61.00-116.00 82.46-85.41 1459 8217 144 63.00-115.00 79.30-85.04 14.64 0.275
Body fat (%, mean/SE) 31.59 055 12.00-54.20 30.52-32.67 28.27 30.55 098 14.00-48.40 28.60-32.49 26.74 0.379
BMI (kg/m?, mean/SE) 2533 0.28 17.10-41.00 24.77-25.88 18.16 24.82 0.52 17.40-37.00 23.79-25.85 1749 0.442
HDL-c (mg/dL, mean/SE) 5463 0.72 30.00-97.00 53.22-56.05 2147 544 134 36.00-89.00 51.74-57.06 20.53 0.903
LDL-c (mg/dL, mean/SE) 11348 196 39.60-220.80 109.62- 28.28 9841 348 36.60-167.20 91.47-105.35 29.59 <0.001
117.35
Triglycerides (mg/dL, mean/SE) 102.72 396 28.00- 94.91-110.52 63.05 98.73 899 26.00- 80.79- 76.20 0.326
445.00 449.00 116.67
Free fatty acids (nmol/mL, mean/SE) 0.55 0.01 0.21-1.28 0.53-0.57 3273 056 003 0.25-133 0.51-0.61 3750 0.692
Glucose (mg/dL, median/SE) 90.09 0.50 57.00-115.00 89.10-91.07 9.09 88.51 106 60.00-109.00 86.39-90.64 10.07 0.240
25(0H)Dj (calcidiol; ng/mL, mean/SE) 21.06 034 4.09-29.90 20.39-21.73 26.54 35.77 0.63 30.00-52.70 34.52-37.03 1473 <0.001

Comparative table of biochemical and anthropometric parameters categorized by the serum calcidiol levels.

4 Statistical analysis: Mann-Whitney (p < 0.05). 95% confidence interval (95% CI).
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Table 2
Univariate linear regression model for the subjects with an s25(0H)D3 concentration <\30 ng/mL (subjects with calcidiol serum levels below 30 ng/mL).
B Coefficient 95% Cl p*

Physical activity (not performed) -1.728 —3.768 0.312 0.097
Sun exposure (indoor work environment) -2.305 -3.677 -0.933 0.001°
Sunscreen use (yes) 0.439 -1.044 1923 0.560
Age (years) —0.065 -0.125 —0.006 0.032
Waist circumference (cm) —0.008 —0.063 0.048 0.782
Body fat (%) —0.095 -0.170 —-0.020 0.013
BMI (kg/m?) -0.097 -0.243 0.050 0.194
HDL-c (mg/dL) -0.109 -0.165 -0.053 <0.001
LDL-c (mg/dL) —-0.008 -0.029 0.013 0.445
Triglycerides (mg/dL) <-0.001 —0.010 0.011 0.917
Free fatty acids (nmol/mL) -1.917 —5.609 1.776 0.308
Glucose (mg/dL) 0.037 -0.045 0.120 0.375

@ Statistical test: Student’s t-test.
" Statistically significant difference (p < 0.05). 95% confidence interval (95% CI).

Table 3
Univariate linear regression model for subjects with an s25(0H)D; concentration > 30 ng/mL (subjects with calcidiol serum levels above 30 ng/mL).
{3 Coefficient 95% Cl p*

Physical activity (not performed) 1.048 —-3.165 5.260 0.621
Sun exposure (indoor work environment) 0.943 -1.588 3.475 0.460
Sunscreen use (yes) —0.145 —2.841 2550 0915
Age (years) —0.067 —0.125 —0.006 0.325
Waist circumference (cm) —0.010 -0.116 0.096 0.857
Body fat (%) 0.083 -0.072 0.237 0.291
BMI (kg/m?) ~0.030 ~0.324 0.264 0.842
HDL-c (mg/dL) 0.008 —0.106 0.122 0.886
LDL-c (mg/dL) -0.017 —0.060 0.027 0.446
Triglycerides (mg/dL) —0.006 -0.023 0.011 0.468
Free fatty acids (nmol/mL) -1.284 -7.374 4.807 0.675
Glucose (mg/dL) 0.043 ~0.100 0.186 0.552

@ Statistical test: Student’s t-test (p < 0.05). 95% confidence interval (95% CI).

Table 4
Multivariate linear regression model for subjects with an s25(0OH)D3 concentration < 30 ng/mL (subjects with calcidiol serum levels below 30 ng/mL).
[ Coefficient 95% Cl P

525(0H)D3 < 30 ng/mL model
p<0.05*
Age (years) -0.076 -0.141 -0.010 0.02°
BMI (kg/m?) ~0.213 -0.376 ~0.050 0.01°
HDL-c (mg/dL) —0.104 ~0.159 —0.049 <0.001"
Glucose (mg/dL) 0.108 0.015 0.202 0.02°
Sun exposure (indoor work environment) -2.593 -3.933 -1.253 <0.001"

Statistical test: Multivariate regression model using significant variables for the serum 25(0H)D3 < 30 ng/mL group, wherein the 95% Cl means the 95% confidence interval and

p is the p-value of the model variable.
" Statistically significant difference (p < 0.05).

Pearson’s correlation analysis and an analysis using scatter
plots were performed with the variables used in the multivariate
regression analysis. The variables age (r=-0.131, p <0.05), BMI
(r=-0.080, p <0.05), HDL-c (r=0,229, p < 0.001) and sun exposure
(indoor work environment) (r=-0.199, p=0.05) were significant
(Fig. 1) for the s25(0H)D3 < 30 ng/mL model.

3.2. In vitro study

3.2.1. ADSC differentiation

The culture of undifferentiated cells and the confirmation of
adipogenic, osteogenic and chondrogenic differentiation are
shown in Fig. 2a-d, respectively. The accumulation of lipids
stained with Oil red O is shown in Fig. 2b, whereas calcium
deposits stained with Alizarin Red are shown in Fig. 2c. Conversely,
the glycosaminoglycan-rich extracellular matrix stained with
Alcian Blue is shown in Fig. 2d.

3.2.2. MTT assay

The MTT assay for cell viability showed the following results for
the tested concentrations (15.625, 31.25, 62.5, 125 and 250 nM):
93.90+191, 93.92+2.77, 8720+2.22, 52.74+994 and
24.70+7.03 in the 24-h period; 91.80+4.52, 88.53+2.98,
75.09+5.77, 45.10+11.48, 24.46 +7.50 in the 48-h period and
8711+3.82, 83.79+2.26, 66.22+4.87, 34.61+891 and
16.83+3.32 in the 72-h period, respectively (Fig. 3a). The
statistical analysis showed no significant differences in cell
viability between treatment with the 15.625nM and 31.25nM
1,25(0H),D3 concentrations and the control (p>0.05) at any
treatment time point. The 62.5nM 1,25(0H),D3 concentration
significantly decreased (p < 0.05) the cell viability at 48 and 72 h.
Moreover, the 125 and 250nM 1,25(0H),D3 concentrations had
significant effects (p < 0.05) on cell viability at all treatment time
points (b).
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Fig.1. Scatter plot and correlation coefficients of the variables used in the s25(0OH)D5 < 30 ng/mL group multivariate regression analysis. a) Age (years; r=-0.131,p < 0.05), b)
glucose (mg/dL; r=0.545, p=0.173), ¢) BMI (kg/m?; r=—-0.080, p < 0.05), d) HDL-c (mg/dL; r=0.229, p < 0.001) and sun exposure (work environment; r=-0.199, p=0.05).

3.2.3. IC50 calculation

The calculated IC50 of 1,25(0OH),D5 for the 24-h treatment was
138.97 nM. A qualitative evaluation was performed for the same
concentration and treatment time. The number of cells per field of
view decreased, cytoplasmic extensions were observed, the
appearance was no longer fibroblastoid, and adhesiveness
occurred; these changes caused the cells to adopt a rounded
appearance (Fig. 4).

4. Discussion

The present study detected hypovitaminosis D in a sample of
adult individuals from southern Brazil. The same finding was also
reported by other population studies conducted in cities of the
southeast, central-west and north regions [24,27,57-59], indicat-
ing that this public health problem is not limited to a specific
Brazilian demographic region.

In Brazil, the consumption of vitamin D-rich foods is considered
low [27] and is characterised as inadequate throughout the
country according to the Brazilian Family Budget Survey (Pesquisa
Brasileira de Or¢amento Familiar) [60]. This inadequate consump-
tion affects several age groups (10 to 13, 14 to 18, 19 to 59 and 60
years and older) and both genders. Furthermore, rare sun exposure
and the sedentary lifestyle typical of the study populations [61,62]
aggravate the condition, even though Brazil is a tropical country
with a high solar incidence for most of the year. Brazilian
population studies have shown weight gain and confirmed the
prevalence of hypovitaminosis D [24,63].

The two key determinants of s25(OH)D3 are sun exposure and
the body fat percentage according to Bolland, Grey, Ames, Mason,
Horne, Gamble and Reid [64]. Therefore, sun exposure should
ideally occur at least three times a week for 5 to 15 min from 10
AM to 3 PM. This exposure time would suffice for vitamin D
production under ideal conditions [65]. We should emphasise
that moderate sunscreen use has no effect on the conversion of 7-
dehydrocholesterol into vitamin D3 [66]. However, because an
increase in sun exposure tends to be insufficient in the presence
of a high percentage of body fat, supplementation is required
under these circumstances [67]. The negative association
between s25(0H)D3; and body fat may be attributed to the
sequestration of fat-soluble, skin-generated or supplemented

vitamin D in adipocytes before the transport of this molecule to
the liver for conversion into 25(0OH)D5 [24]. Therefore, we can use
these facts to explain the results from this research study, which
showed hypovitaminosis D in 79.23% of the sample.

The univariate data analysis showed that only the 25(0OH)D5 and
LDL-c levels were significantly different between the groups.
Vitamin D deficiency affects various metabolic factors of the body,
including dyslipidaemia, and thus provides a justification for
testing the correlation between vitamin D and the development of
cardiovascular diseases [68-71]. Furthermore, Yin, Sun, Zhang, Lu,
Sun, Cui and Wang [72] reported that LDL-c might be the most
important of the risk factors that increase the risk for cardiovas-
cular diseases. Thus, this dyslipidaemic factor must be studied to
improve the quality of life of the community.

Circulating LDL-c may be oxidised by free radicals, triggering
the inflammatory process in blood vessels and thereby recruiting
macrophages, which absorb LDL-c particles. Due to their inability
to hydrolyse LDL-c, macrophages become foam cells, which are
deposited and agglomerate in blood vessel walls and cause
atheroma plaques [73]. The main mechanism of LDL-c removal
is known as reverse cholesterol transport or cholesterol efflux and
occurs when the endogenous cholesterol of peripheral cells and
macrophages is removed by binding to HDL-c particles, thereby
reducing the atheromatous plaques [74]. The fat-soluble nature of
vitamin D leads to a correlation between LDL-c, HDL-c and vitamin
D, suggesting that LDL-c removal may be mediated by vitamin D
because macrophages have the vitamin D receptor (VDR) [75].
Thus, vitamin D plays a key role in regulating reverse cholesterol
transport [76], modulating genes related to the increase in the
cholesterol efflux, including ABCA1 [77] and others [78], and
inducing the polarisation of anti-inflammatory macrophages,
thereby partially limiting the formation of atheromatous plaques
[79-81].

The mean HDL-c concentration of the study population was
almost identical to and within the levels recommended by the
American Society of Cardiology [82] and was close to the values
considered optimal (HDL-c > 60 ng/mL). Conversely, the popula-
tion with s25(0OH)D; <30ng/mL showed a significant negative
correlation between vitamin D and HDL-c. This finding indicated
that vitamin D failed to modulate the HDL-c levels in the present
research study. Although most studies showed opposite results
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Fig. 2. Morphology, characterization and differentiation potential of mesenchymal stem cells derived from human adipose tissue. a) Undifferentiated culture demonstrating
cells with fibroblast characteristics, b) adipogenic differentiation culture and lipid vacuoles stained with Oil red O, c) osteogenic differentiation culture and calcium deposits
stained with Alizarin Red and d) chondrogenic differentiation culture and glycosaminoglycan-rich extracellular matrix stained with Alcian Blue. Bars represent 50 jum. e)
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from this finding [7,83,84], some studies, including vitamin D
supplementation studies, showed no increase [85] and/or a
decrease in the HDL-c profile [86-88]; thus, the vitamin D and
HDL interaction has not been completely elucidated. Other
variables of our study, including triglycerides, free fatty acids
and glucose, showed no significant results in the univariate

regression analysis. However, dyslipidaemia and hyperglycaemia
were found in obese or overweight patients [33], and the
modulating potential of vitamin D in adipogenesis was previously
examined [89].

In the present study, the general data analysis and literature
review clearly established the associations between s25(0OH)D3
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Fig. 3. Graphs representing the results obtained from the MTT assay. a) Mean -+ SEM of the cell viability of ADSCs treated with calcitriol (1,25(0H),D3) over different treatment
time periods (24, 48 and 72 h). The following results were obtained for the tested concentrations (15.625, 31.25, 62.5, 125 and 250 nM): 93.90 -+ 1.91,93.92 + 2.77,87.20 £ 2.22,
52.7449.94 and 24.70+7.03 in the 24-h period; 91.80+4.52, 88.53 +2.98, 75.09 +5.77, 45.10 + 11.48, 24.46+7.50 in the 48-h period and 87.11 +3.82, 83.79 +2.26,
66.22 +4.87,34.61 +8.91 and 16.83 + 3.32 in the 72-h period, respectively. b) Comparison of the mean cell viability between the different treatment times with calcitriol (1,25
(OH),D3; 24, 48 and 72 h). Different letters indicate significant differences (ANOVA/Bonferroni; p < 0.05). No significant difference was observed in cell viability between
treatment with the 15.625nM and 31.25nM 1,25(0H),D3 concentration and the control (p >0.05) at any treatment time point. The 62.5nM 1,25(0H),D3 concentration
significantly decreased (p < 0.05) the cell viability at 48 and 72 h, and the 125 and 250 nM 1,25(0OH),D5 concentrations had significant effects (p < 0.05) on cell viability at all

treatment time points.

Fig. 4. Photomicrograph of ADSCs. a) Culture in HDMEM and normal morphology. b) Culture in HDMEM with 138.97 nM calcitriol (1,25(0H),D3) for 24 h. Arrows indicate
detached cells with the loss of the fibroblastoid appearance. Bars represent 50 pum.
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deficiency, various anthropometric and biochemical variables and
metabolic disorders, including obesity-related diseases. No study
variable was a significant predictor of the s25(0H)D3 concentration
>30ng/mL. Conversely, BMI, age, HDL-c, glucose and sun exposure
were significant predictors of the s25(0OH)Ds concentration < 30
ng/mL.

Obesity affects approximately 13% of the global population [90].
In Brazil, obesity affects almost one in five Brazilians according to
the Ministry of Health (Ministério da Satide, Brasil) [63]. These data
are worrying and place a burden on public health spending
worldwide. Additionally, the Brazilian Unified Health System
(Sistema Unico de Satide-SUS) spends approximately 150 million
US dollars treating obesity-related diseases [91].

The body fat percentage and BMI are two key analysis
parameters for obesity, and both parameters have been reported
to be inversely correlated with obesity [92,93]. Our results also
support this inference and increase interest in a better under-
standing of the cellular biology of obesity and its correlation with
vitamin D levels. However, the relevance of vitamin D and the
differentiation and/or cell death process to the biology of obesity is
a key factor that requires further study [43]. The current
understanding indicates that obesity results from a combination
of three key events: (I) adipocyte hypertrophy; (II) hyperplasia of
ADSCs and (III) the balance between the cell differentiation process
(stem cells into adipocytes) and the cytostatic and/or cytotoxic
effects on ADSCs, pre-adipocytes or adipocytes themselves [34].
Using an in vitro test system, our study showed that the viability of
ADSCs depended on the time and concentration used for vitamin D
supplementation (i.e., the viability of ADSCs was affected by the
vitamin D concentration and exposure time). The IC50, which was
between the two highest tested 1,25(0OH),D5 concentrations, was
also calculated based on those results.

The MTT assay is commonly used to evaluate cell viability
primarily through cytotoxic evaluation of the tested compound.
Our results corroborate and complete the findings of Valle, Almalki
and Agrawal [94]. These authors examined the cytotoxicity of 1,25
(OH),D5 by testing the release of the enzyme glucose-6-phosphate
dehydrogenase in porcine ADSCs at a 100nM concentration to
assess cytotoxicity and necrosis at that tested concentration. Thus,
the experimental data reported herein may promote the study of
new anti-obesity treatments considering 1,25(0OH),D3 supplemen-
tation and the biology of obesity, particularly the cytotoxic effects
on cells that cause adipose tissue hyperplasia.

5. Conclusions

Given the above findings, the present study suggests that
hypovitaminosis D is prevalent in the southern Brazilian study
population and establishes a correlation between a low serum
vitamin D concentration and increased LDL-c, low sun exposure
(indoor work environment) and increased body fat. These findings
suggest a key association between vitamin D deficiency and the
development of obesity. Furthermore, the in vitro test performed in
this study indicates that vitamin D supplementation may be a
strategy for the development of anti-obesity treatments because
this vitamin induces cell death (i.e., has a cytotoxic effect on
ADSCs), which may be responsible for adipose tissue hyperplasia.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Prezado(a) Senhor(a)

Gostariamos de convida-lo a participar da pesquisa “Influéncia da
vitamina D na diferenciacdo de células mesenquimais em adipécitos e na
inducdo de apoptose mediada por calcio: Biomarcadores genéticos e terapia
inovadora no controle da obesidade?”. Vocé tem tempo para refletir, e a decisao
final se gostaria ou ndo de participar da pesquisa € sua. Lembre-se que, a
medida que surgirem duvidas, vocé podera perguntar ao pesquisador
responsavel.

Este estudo sera conduzido pelos Pesquisadores Jodo Renato Pesarini e
Rodrigo Juliano Oliveira com o auxilio médico de Wilson de Barros Cantero e
visa conhecer os efeitos de uma vitamina (Vitamina D) nas células de gordura
do organismo humano. Atualmente, a obesidade € uma importante questao de
saude publica, principalmente em funcdo das complicagBes decorrentes da
mesma. Logo, ha que se lancar m&do de novos conhecimentos que possam ser
mais efetivos, em especial na prevencao da obesidade, buscando o beneficio do
paciente. Caso a pesquisa seja um sucesso, a populacdo poderia ser
beneficiada com novos tratamentos (menos invasivos) para pacientes
debilitados pela obesidade.

Nesta pesquisa em especifico, cinquenta pacientes ja de posse
dos exames de risco cirdrgico e cirurgia marcada, serdo convidados a doar
durante o seu respectivo procedimento cirurgico, células de gordura de seu
organismo. Sendo assim, caso decida participar desta pesquisa, no momento de
seu procedimento cirargico suas células de gordura serdo armazenadas apenas
para obtencdo de dados desta pesquisa, sendo posteriormente descartadas.
Refor¢o a ideia de que vocé néo esta sendo convidado(a) a fazer procedimento
cirdrgico, e sim, consentindo que algumas de suas células de gordura sejam
coletadas e analisadas.

Rubrica do pesquisador Rubrica do pesquisado



Os riscos inerentes a coleta dessas células poderdo ocorrer através de
pequenos sangramentos gerando hematomas no pds-operatorio, sendo que o
pesquisador e equipe se responsabilizam em prontamente atender qualquer
situacdo que se fizer necessario.

Ainda, figue sabendo que se vocé aceitar participar, podera desistir do
estudo a qualquer momento sem prejuizos médicos, nutricionais ou pessoais,
informando esta decisdo a mim pessoalmente ou pelo telefone que encontra-se
mais abaixo.

N&o participam da pesquisa pessoas menores de 18 anos. Ndo havera
gualquer compensacao financeira para os que decidirem participar da pesquisa
e os beneficios serdo obtidos quando os resultados da pesquisa forem usados
pelos médicos que buscam novos tratamentos para a prevencao da obesidade
por alternativas acessiveis e pouco invasivas. Os dados obtidos nesse estudo
serdo armazenados e publicados em revistas, jornais, eventos, teses, porém em
nenhum momento seréo divulgados nomes, ou seja, os dados da pesquisa séo
andnimos e apenas 0 pesquisador e vocé, terdo acesso a este documento
em que consta o0 seu nome.

Para perguntas ou problemas referentes ao estudo ligue para Jo&o
Renato Pesarini, telefone (43)9933-4204 ou (67)3345-3068, Rodrigo Juliano
Oliveira (67) 8417-6510. Para perguntas sobre seus direitos como participante
no estudo vocé podera consultar o Comité de Etica em Pesquisa com Seres
Humanos da UFMS, no telefone (67)3345-7187.

Como ja informado, sua participacdo no estudo € voluntaria. Caso nao
gueira participar da pesquisa, vocé nao perdera qualquer beneficio ao qual vocé
tem direito.

Rubrica do pesquisador Rubrica do pesquisado
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Declaro que li e entendi este formulario de consentimento e todas as minhas
duvidas foram esclarecidas e que sou voluntario a fazer parte deste estudo.

Declaro que estou recebendo uma via assinada deste termo de consentimento.
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Nome do Pesauisado

Data /| Telefone (opcional)

Assinatura do pesquisador responsavel

Assinatura do Pesauisado

Jodo Renato Pesarini

Assinatura do orientador do estudo

Rodrigo Juliano Oliveira

Data / /
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Influéncia da vitamina D na diferenciagdo de células mesenquimais em adipécitos e na
inducéo de apoptose mediada por calcio: Biomarcadores genéticos e terapia inovadora
no controle da obesidade

Pesquisador: Joao Renato Pesarini

Area Tematica:

Versao: 1

CAAE: 37847714.4.0000.0021

Instituicdo Proponente: Faculdade de Medicina
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 867.377
Data da Relatoria: 02/11/2014

Apresentacao do Projeto:

Estudos recentes demonstram que a vitamina D associada ao calcio é capaz de causar apoptose, mediada
pelo gene CASP12, em pré-adipécitos. Mas, na literatura consultada nao foi encontrado nenhum trabalho
que indique esse mesmo fendmeno em células-tronco mesenquimais estimuladas a diferenciacdo. A juncdo
dessas informagoes sugere estudos que possam demonstrar se a vitamina D, o célcio e/ou o calcitriol
podem influenciar na diferenciacdo e sobrevivéncia de células-tronco mesenquimais do tecido adiposo que
podem gerar renovacdo dos adipdcitos e/ou hiperplasia desse tecido em pacientes com obesidade. Caso
esse fato seja provado, novas terapias para o tratamento da obesidade, baseadas na origem, diferenciagao
e sobrevivéncia de células-tronco do tecido adiposo, poderdo ser iniciadas com base na suplementacao
desses micronutrientes e/ou desse horménio. Frente ao exposto a presente pesquisa propée um estudo in
vitro que avaliara os efeitos da vitamina D, do calcio e do calcitriol na diferenciagdo e sobrevivéncia de
células-tronco mesenquimais e de células-tronco mesenquimais estimuladas a diferenciagao

Objetivo da Pesquisa:
Obijetivo Geral
Avaliar a influéncia da vitamina D na diferenciagdo de células mesenquimais em adipécitos e na

Endereco: Pro Reitoria de Pesquisa e Pés Graduagao/UFMS

Bairro: Caixa Postal 549 CEP: 79.070-110
UF: MS Municipio: CAMPO GRANDE
Telefone: (67)3345-7187 Fax: (67)3345-7187 E-mail: bioetica@propp.ufms.br
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induca@o de apoptose mediada por calcio no desenvolvimento de biomarcadores genéticos e de terapia
inovadora para o controle da obesidade.

Obijetivos Especificos

Influéncia da suplementagédo de vitamina D, do calcio e do calcitriol na diferenciagao de células
mesenquimais do tecido adiposo humano em modelo in vitro.

Identificar as células-tronco mesenquimais do tecido adiposo por meio de citometria de fluxo.

Diferenciar as células-tronco mesenquimais do tecido adiposo humano em adipécitos in vitro.

Avaliar a influéncia da suplementagao de vitamina D, do calcio, do calcitriol, e da associagao da vitamina D
com o célcio, da vitamina D com o calcitriol e do calcio com o calcitriol na diferenciacéo de células
mesenquimais do tecido adiposo humano em adipécitos.

Avaliar a influéncia da suplementagao de vitamina D, do calcio, do calcitriol, e da associagao da vitamina D
com o calcio, da vitamina D com o calcitriol e do calcio com o calcitriol na inducdo de apoptose durante a
diferenciagao de células mesenquimais do tecido adiposo em adipécitos.

Avaliacao dos Riscos e Beneficios:

Riscos:

O paciente serd informado sobre os riscos inerentes ao procedimentos cirdrgicos de coleta. Estes envolvem
pequenos sangramentos que poderiam causar pequenos hematomas no pé6s-operatério, o qual o

pesquisador e equipe se responsabilizam em pronto atender em qualquer situacéo que se fizer necessario.

Beneficios:

Esse estudo pode ser fonte de uma nova terapia para o tratamento/prevengdo da Obesidade, baseando-se
na morte de células-tronco mesenquimais e/ou em células induzidas ao processo de diferenciagao
adipogénica, tendo impacto em importantes questdes de saude publica. No entanto, o principal beneficio
que é visto pelos pesquisadores é a possibilidade de melhoria da qualidade de vida de pacientes que séo
acometidos pela Obesidade. Ainda, para o pesquisado, o beneficio se dara por meio de informativo sobre os
beneficios ja& comprovados da manutengéo de niveis ideais de vitamina D no organismo humano

Comentarios e Consideracoes sobre a Pesquisa:

Pesquisa de relevancia cientifica

Consideracoes sobre os Termos de apresentagao obrigatoria:
Apresenta autorizagao do hospital

Apresenta Termo de responsabilidade de descarte adequado de material

Endereco: Pro Reitoria de Pesquisa e Pés Graduagao/UFMS

Bairro: Caixa Postal 549 CEP: 79.070-110
UF: MS Municipio: CAMPO GRANDE
Telefone: (67)3345-7187 Fax: (67)3345-7187 E-mail: bioetica@propp.ufms.br
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Apresenta Autorizagao do laboratério para analise CeTroGen/NHU
Apresenta TCLE

Recomendacoes:

Conclusoes ou Pendéncias e Lista de Inadequacoées:
Projeto bem delineado, sem recomendagoes

Situacao do Parecer:

Aprovado

Necessita Apreciacao da CONEP:
Nao

Consideracoes Finais a critério do CEP:

CAMPO GRANDE, 11 de Novembro de 2014

Assinado por:
Edilson dos Reis
(Coordenador)

Endereco: Pro Reitoria de Pesquisa e Pés Graduagao/UFMS

Bairro: Caixa Postal 549 CEP: 79.070-110
UF: MS Municipio: CAMPO GRANDE
Telefone: (67)3345-7187 Fax: (67)3345-7187 E-mail: bioetica@propp.ufms.br
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I " Comité de Erica em

Pesquisa Envolvendo

. Seres Humanos U NivERSidAdE
‘ -
- =i0= Esiadual de Londrina

COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES HUMANOS
Universidade Estadual de Londrina
Registro CONEP 268

Parecer CEP/UEL: 116/2011
CAAE: 0098.0.268.000-11
Processo: 12590/2011
Folha de Rostro: 424989

Pesquisador: Jodo Renato Pesarini
Unidade/Orgédo: UNESP — Rio Claro — Instituto de Biociéncias. Programa de
Mestrado em Biologia Celular e Molecular

Prezado(a) Senhor(a):

O “Comité de Etica em Pesquisa Envolvendo Seres humanos da
Universidade Estadual de Londrina” (Reqgistro CONEP 268) — de acordo com as
orientagBes da Resolucdo 196/06 do Conselho Nacional de Saude/MS e
Resolucdes complementares, avaliou o projeto:

“Investigagcao da Associacao de niveis de Vitamina D [25(OH)D3] com
Indicadores de Sindrome Metabdlica na Populagao Brasileira”

Situacao do Projeto: APROVADO

Informamos que devera ser comunicada, por escrito, qualquer modificacdo que
ocorrera no desenvolvimento da pesquisa, bem como devera apresentar ao
CEL/UEL relatério final da pesquisa.

Londrina, 02 de Junho de 2011

Profa Dra. Alexandrina Aparecida Maciel Cardelli
Coordenadora do Comité de Etica em Pesquisa envolvendo Seres Humanos
Universidade Estadual de Londrina
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