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RESUMO 

 

Calcificação Cerebral Primária Familiar (CCPF) é uma doença neurológica 

caracterizada por depósitos de fosfato de cálcio nos gânglios basais e outras regiões 

cerebrais sendo frequentemente associada com alterações motoras e comportamentais. 

Mutações nos genes SLC20A2, PDGFB, PDGFRB e XPR1 estão associadas à CCPF e 

são preditos como alvo para alguns agentes reguladores, como os microRNAs 

(miRNAs). MiRNAs são pequenas sequências de RNAs não codificantes que regulam 

negativamente a expressão gênica no nível pós-transcricional. O MiRNA-9 (miR-9) é 

um tipo de miRNA seletivamente expresso em tecidos neuronais que desempenha um 

papel essencial no desenvolvimento neuronal e sabidamente regula a expressão de 

PDGFR-beta em cardiomiócitos. Nosso objetivo foi observar a influência do miR-9-5p 

no desenvolvimento ou aprimoramento da calcificação in vitro, focado nos genes 

ligados à CCPF. Um estudo in silico, utilizando os softwares online TargetScan e 

DianaTools, foi feito para verificar se o miR-9-5p regula genes envolvidos na CCPF. As 

células utilizadas no modelo in vitro foram as SaOs-2 (osteosarcoma) e HEK293 

(embrionária renal) foram mantidas em DMEM (Dulbecco's Modified Eagle's medium) 

suplementado com 10% de soro bovino fetal, 0,5% de glutamina 200 mM e 10,000 

U/mL de penicilina/estreptomicina. O meio osteogênico é composto do meio de 

manutenção adicionado de ácido ascórbico 250 μM e 1 mMβ-glicerofosfato como 

modelo para a calcificação. O meio das células cultivadas foi substituído a cada 3 dias, 

exceto o ácido ascórbico que foi adicionado todos os dias. A identificação e 

quantificação de marcadores de osteoblastos (coloração de citoquímica – Alizarin Red) 

foram realizadas nos dias 0, 7 e 14. Verificamos a co-expressão do o miR-9-5p em 

genes envolvidos na CCPF através da transfecção em células durante 24hutilizando 

lipofectamina 2000.O processo de calcificação e co-expressão foram analisados por 

qPCR e western blotting. Foi feito um estudo eletrofisiológico para verificar a 

funcionalidade do miR-9-5p em células SaOs-2. Observamos que durante o processo de 

calcificação o perfil de expressões de genes envolvidos na CCPF é alterado. Com 14 

dias de calcificação, comprovado com o Alizarin Red, o miR-9-5p mostrou uma 

tendência a aumentar com a proteína PiT2 (SLC20A2) diminuída, comprovando a 

regulação predita. Com o aumento da expressão do o miR-9-5p, observamos uma 

significante diminuição do PiT2 e PDGFrB. O uso de um inibidor de o miR-9-5p 

confirmou os achados prévios. Dados adicionais eletrofisiológicos mostraram a atuação, 

após 24h de transfecção, do miR-9-5p alterando o perfil nas correntes de entradas e 

saídas de membrana, mostrando uma atuação mais efetiva via canais de potássio e sódio 

dependente de voltagem. Concluímos que o miR-9-5p é um importante regulador de 

genes envolvidos no CCPF, durante a calcificação, podendo ser uma via de estudo para 

entender melhor o processo de calcificação e um potencial alvo terapêutico.  
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ABSTRACT 

 

Primary familial cerebral calcification (PFCC) is a neurological disease characterized by 

deposits of calcium phosphate in the basal ganglia and other brain regions. This clinical 

condition has been seen as associated with neurobehavioral and cognitive impairment. 

Mutations in SLC20A2, PDGFB, PDGFRB and XPR1 genes are associated with PFCC. 

and are targets predicted to be modulated by many agents, including MicroRNAs 

(miRNAs). miRNAs are small molecules of non-coding RNAs that negatively regulate 

post-transcriptional gene expression. MiRNA-9 (miR-9) is a type of miRNA selectively 

expressed in tissue neurons that plays an essential role in neuronal development at also 

regulates a PDGFR-beta expression in cardiomyocytes. Our objective was to observe an 

influence of miR-9-5p on the development and enhancement of in vitro calcification. In 

silico study, using the online softwaresTargetScan and DianaTools, was done to check 

if the miR-9-5p is predicted to regulate genes linked to PFCC. SaOs-2 (osteosarcoma) 

and HEK293 (embryonic kidney) cells were maintained in DMEM (Dulbecco's 

Modified Eagle's medium) supplemented with 10% fetal bovine serum, 0.5% glutamine 

200 mM and 10,000 U / ml Penicillin / streptomycin. The environment with 

maintenance medium compound added with 250 μM ascorbic acid and 1 mMβ-

glycerophosphate for the calcification model. The medium of the cultured cells was 

replaced every 3 days except ascorbic acid which was added every day. Identification 

and quantification of osteoblast markers (cytochemical staining - Red Alizarin) were 

performed on days 0, 7 and 14. We found a co-expression of miR-9-5p in genes 

involved in PFCC through transfection in cells for 24 hours using lipofectamine 2000. 

The calcification and co-expression process were analyzed by qPCR and western 

blotting analysis. It was an electrophysiological study to verify the functionality of miR-

9-5p in SaOs-2 cells. We observed that during the process of calcification the profile of 

genes expression involved in PFCC was altered. With 14 days of calcification, stained 

with Alizarin Red, miR-9-5p showed a tendency to increase with a decreased PiT2 

(SLC20A2) protein, proving a predicted regulation. With increased expression of miR-

9-5p, we observed a significant decrease in PiT2 and PDGFrB. The use of a miR-9-5p 

inhibitor confirmed the previous findings. Additional electrophysiological data showed 

that, 24hours after of transfection, miR-9-5p altered the electrophysiological profile in 

the inputs and outputs currents, aiming at a more effective modulation through 

potassium and sodium channels voltage-dependent. We conclude that miR-9-5p is an 

important regulator of genes involved in PFCC during calcification and may be a 

pathway of study for the understand the calcification process and a potential therapeutic 

target. 
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1 INTRODUÇÃO 

Calcificação Cerebral Primária Familiar (CCPF) também conhecida como 

“doença de Fahr”, é um distúrbio neuropsiquiátrico, caracterizado por depósitos de 

cálcio nos gânglios basais e outras áreas do cérebro, visualizado por neuroimagem. As 

calcificações são insidiosas e se expandem progressivamente através dos vasos e 

parênquima. Esta condição clínica tem sido frequentemente associada com alterações 

neurocomportamentais e cognitivas. A maioria dos indivíduos afetados permanece 

durante grande parte da vida aparentando ter uma vida saudável. Apenas entre a quarta e 

quinta década de vida começam a aparecer graduais e progressivos distúrbios 

neuropsiquiátricos e de movimento, apesar de haver casos pediátricos. Em pacientes 

portadores de CCPF, foi observada a presença de um padrão de herança autossômica 

dominante, recentemente relatada a várias famílias portadoras de mutações no gene 

SLC20A2. CCPF é geneticamente heterogênea, geralmente herdada de forma 

autossômica dominante. Mutações em quatro genes diferentes foram identificadas como 

causadores das calcificações cerebrais familiar primárias: SLC20A2, PDGFRB PDGFB 

e XPR1 (LEGATI et al., 2015) (ARTS et al., 2015). 

MicroRNAs (MiRNAs) são reguladores da expressão gênica em muitos 

processos biológicos, incluindo desenvolvimento, proliferação, apoptose e resposta de 

stress. São uma classe de pequenos RNAs não-codificantes, composto por 21-23 

nucleotídeos. MiRNAs regulam a estabilidade ou a eficiência translacional do RNA 

mensageiro alvo através da interação complementar com a região 3’ não traduzida dos 

genes alvo (ZIMMERMAN; WU, 2011). MiRNA-9 (miR-9) é seletivamente expresso 

em tecidos neurais, onde desempenha um papel essencial no desenvolvimento, 

proliferação e diferenciação neuronal (COOLEN; KATZ; BALLY-CUIF, 2013). 

Grande parte do conhecimento atual sobre doenças neurológicas foi adquirida a 

partir de estudos pós-morte devido às limitações para obtenção de tecido cerebral vivo. 

Diferenças entre espécies dificultam a simulação de doenças neurológicas humanas em 

modelos animais. Portanto, a modelagem de doença simulando o fenótipo da doença in 

vitro e em populações celulares é um importante avanço e tornaria possível 

compreender os mecanismos celulares e moleculares de desordens neurodegenerativas. 

 O objetivo desse trabalho foi observar a influência do miR-9-5p no 

desenvolvimento ou aprimoramento da calcificação in vitro. 
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2 REVISÃO BIBLIOGRÁFICA 

 

2.1 CALCIFICAÇÕES CEREBRAIS FAMILIAR PRIMÁRIAS 

O primeiro relato de calcificações vasculares nos gânglios da base foi em 1850 

por Delacour, sobre um homem de 56 anos que teve, clinicamente, rigidez e fraqueza 

dos membros inferiores com tremor, o exame revelou a presença de calcificações 

bilaterais e esclerose. Bamberger, em 1855, descreveu a histopatologia de calcificações 

em finos vasos cerebrais, em uma mulher que tinha retardo mental e convulsões 

(MANYAM, 2005). Fahr descreveu um relato de caso de um homem, possivelmente, 

com hipoparatiroidismo cuja necropsia revelou calcificação na substância branca com 

pouca calcificação nos Gânglios basais. O nome de Fahr tornou-se associado com todas 

as formas de calcificações bilaterais nos gânglios basais e em outras partes do cérebro, 

apesar de não ter sido o primeiro a descrever calcificação no cérebro nem ter 

contribuído significativamente para a compreensão desta doença. Fritzsche, em 1924, 

fez a primeira descrição da condição radiográfica.  (MANYAM; WALTERS; NARLA, 

2001). O interesse foi atraído novamente para esta doença quando Boller et al, em 1977, 

descreveu nove membros de uma mesma família com calcificações cerebrais familiar 

idiopáticas (PRESS, 2015). 

A nomenclatura “calcificações cerebrais familiar primárias” sofreu uma série de 

modificações desde seu primeiro nome, em 1939, “Calcificação cerebral simétrica” 

(MANYAM, 2005), o que causava um certo transtorno na padronização dos casos. 

Durante algum tempo ficou conhecida como “Calcificação idiopática familiar dos 

gânglios basais” pois as calcificações mostravam uma certa predileção pelos gânglios da 

base e advinham de causas desconhecidas. Com a descoberta do primeiro gene 

envolvido o termo idiopático tornou-se inapropriado, e mutações encontradas no mesmo 

gene estarem diretamente associadas a calcificações cerebrais, a utilização do termo 

“calcificações primárias” tornou-se mais apropriada, visto que calcificações secundárias 

podem ser de origem infecciosas, inflamatórias, tóxicas entre outras (SOBRIDO et al., 

2014).  

Atualmente o termo mais usual e pertinente na literatura é calcificação cerebral 

primária familiar (CCPF). CCPF é uma doença neurodegenerativa, herdada de forma 
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autossômica dominante, caracterizada por calcificação cerebrais simétricas bilaterais 

detectadas por tomografia computadorizada, predominantemente nos gânglios da base, 

mas também no cerebelo, tálamo e tronco encefálico, como visto na figura 1 (DE 

OLIVEIRA; DE OLIVEIRA, 2013). As características clínicas envolvem alterações 

neurológicas e psiquiátricas, mais comumente são descritos transtornos de movimentos, 

como parkinsonismo, mas podem ocorrer enxaqueca, psicose, demência e mudanças de 

humor (LEMOS et al., 2015). Por outro lado, pode ocorrer de forma assintomática, 

como relatado em 2016, onde uma mulher de 55 anos não possuía nenhum transtorno 

neurológico ou psiquiátrico, não relatou nenhum sintoma anteriormente, e depois de 

uma queda foi solicitado um exame de imagem onde foram encontradas calcificações 

extensas e difusas nos gânglios basais e núcleo denteado (GAGLIARDI et al., 2017).  

 

 

Figura 1 - Padrões de calcificações cerebrais frequentemente encontrados em pacientes com calcificação 

cerebral primária familiar. Na figura a esquerda, uma imagem obtida a partir de tomografia 

computadorizada, mostrando a presença de calcinose, seguindo padrão de imagens de indivíduos com 

CCPF. A direita, uma visão macroscópica (a) mostra descoloração marrom do globo pálido (seta), que 

tinha uma consistência arenosa na autópsia. Na histologia, as colorações  von Kossa (b) e a hematoxilina-

eosina (c-l) mostram calcificações generalizadas das regiões profundas do cerebelo (b, c, grande 

calcificações pleomórficas = seta, calcificação redonda compacta escura = ponta da seta), vasos 

sanguíneos do cerebelo (d, setas), núcleo denteado (e, calcificação redonda escura = ponta de flecha), 

córtex do cerebelo (f, grande calcificação pleomórfica = setas), córtex visual (g, h, calcificação 

pleomórfica = setas, calcificação redonda escura = ponta de flecha), giro denteado do hipocampo (i, j, 

setas) e substância branca (k, l, calcificação perivascular = flechas, rodada escura calcificação na 
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proximidade de um capilar = ponta de seta). Fonte: retirado de DE OLIVEIRA; DE OLIVEIRA, 2013 e 

WIDER et al., 2009, respectivamente. 

 

A calcificação geralmente desenvolve-se dentro da parede do vaso e no espaço 

perivascular, em última análise, que se estende até o neurônio. Ocorre secundariamente 

em torno de uma estrutura composta de glicosaminoglicanos e substâncias relacionadas. 

Progressiva mineralização dos gânglios basais tende a comprimir o lúmen do vaso, 

iniciando assim uma circulação sanguínea prejudicada, lesão de tecido neural e 

deposição mineral. Composição mineral das calcificações varia com a localização 

anatômica e proximidade com as calcificações vasculares. Pode ser devido ao anormal 

metabolismo de cálcio e fósforo, enquanto alguns relatos tendem a contradizer esta 

conclusão. Os depósitos são compostos por minerais como carbonato de cálcio e 

fosfato; gliconato, glicosaminoglicanos e metais incluindo ferro, cobre, magnésio, 

zinco, alumínio, prata e cobalto (SALEEM et al., 2013).  

Os critérios de diagnóstico foram determinados a partir de Moskowitz et al. 

1971, Ellie et al. 1989 e Manyam 2005. Entre os critérios podemos destacar: 

Calcificações cerebrais bilaterais visualizadas em neuroimagem; Disfunção neurológica 

progressiva, que geralmente inclui uma desordem de movimento e/ou manifestações 

neuropsiquiátricas; A idade de início na quarta ou quinta década, embora esta disfunção 

também possa se apresentar na infância; Ausência de alterações bioquímicas e somática; 

Ausência de uma causa infecciosa e tóxica, ou traumática; Histórico familiar consistente 

com herança autossômica dominante (MANYAM, 2005; MUFADDEL; AL-HASSANI, 

2014).  

CCPF é geneticamente heterogênea. Mutações em quatro genes foram 

identificadas como causadores da CCPF. Em 2012, o primeiro gene foi identificado, o 

SLC20A2 (Solute Carrier Family 20 Member 2), que codifica um transportador de 

fosfato inorgânico (Pi) dependente de sódio tipo III (PiT2).  Em 2013, os genes 

PDGFRB, codifica os receptores do fator de crescimento derivado das plaquetas, e 

PDGFB, que codifica o seu principal ligante, foram também associados ao CCPF. 

Mutações no gene SLC20A2 leva a um acúmulo de Pi e, subsequentemente, à deposição 

de fosfato de cálcio. Mutações em PDGFB e PDGFRB também resultam em 

calcificação, no entanto, por meio de processos indiretos. Recentemente, um quarto 

gene, XPR1 (Xenotropic And Polytropic Retrovirus Receptor 1), foi mostrado 
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envolvido na fisiopatologia do CCPF (TADIC et al., 2015). Embora mutações nos 

quatro genes representem 60% dos casos de CCPF ainda não há uma conhecida via 

comum de sinalização para formação das calcificações. Até o momento, sabe-se que 

SLC20A2 e XPR1 estão envolvidos diretamente no metabolismo do fosfato, enquanto 

PDGFRB e PDGFB estão associados à integridade da barreira hematoencefálica e 

manutenção  de pericitos (OLIVEIRA; OLIVEIRA, 2016) (Figura 2).  

 

 

Figura 2 - Representação esquemática de mecanismos responsáveis pela calcificação cerebral. Em A, os 

genes envolvidos na calcificação cerebral primária familiar e suas vias atuação. Em B, dois genes que 

codificam transportadores envolvidos diretamente no transporte de fosfato inorgânico, PiT2 e XPR1 

agindo em sentidos antagônicos. Em C, uma representação da barreira hematoencefálica (BH), 

demostrando a presença de componentes celulares (pericitos e células neurais) e o envolvimento de 

PDGFrB e seu ligante PDGFB na manutenção e sinalização da BH. Fonte: Produção do próprio autor.  

 

2.1.1 SLC20A2 

O fosfato inorgânico (Pi) é componente biológico estrutural e está envolvido no 

crescimento, desenvolvimento, formação óssea, regulação ácido-base e metabolismo 

celular (TO, 2009). A manutenção da homeostase do Pi envolve uma rede de 

hormônios, fatores de crescimento e tipos celulares (SAPIO; NAVIGLIO, 2015). Nos 

seres humanos, as reservas de fosfato são distribuídas em 85% nos ossos, 14% em 

células e 1% em soro e fluidos extracelulares de tecidos moles (BLAINE; 

CHONCHOL; LEVI, 2015). Diversos fatores podem alterar a regulação dos níveis de 

fosfato (Figura 3). A manutenção dos níveis fisiológicos Pi total ocorre de forma 
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altamente regulada através da captação intestinal e reabsorção renal envolvendo famílias 

de cotransportadores - SLC (solute carrier families): SLC17, SLC34 e SLC20 (tabela1).  

 

Tabela 1 Cotransportadores de fostato inorgânico 

Transportador Local Envolvimento 

SLC17  

Cotransportador  

Na+/Pi tipo I (NaPi-I)  

Fígado e rins   Transporte transmembranar de ânions 

orgânicos 

 Transporte de glutamato vesicular 

(VGLUT1-3)  

 Transportador de ácido siálico lisossomal 

(Sialina). 

SLC34 

Cotransportador  

Na+/Pi tipo II (NaPi-II) 

Intestinos e rins  Absorção e reabsorção de Pi na membrana 

apical de muitos epitélios. 

 

SLC20 

Cotransportador  

Na+/Pi tipo III (NaPi-

III) 

Ampla distribuição 

tecidual 

 Menos bem definidas 

 Absorção intestinal ; Expresso tanto em 

tecido epitelial quanto não- epitelial. 

 

A família SLC20 é também conhecida como transportadores Na+/Pi tipo III 

(NaPi-III), eletrogênico e simporte onde sódio e fosfato, na proporção 2 : 1,  fluem para 

o meio intracelular. Inicialmente identificados como receptores retrovirais e 

posteriormente demonstrado serem co-transportadores Na+/Pi, atualmente representado 

por duas isoformas, PiT-1 e PiT-2 (SLC20A1, SLC20A2, respectivamente) (INDEN et 

al., 2013). PiT1 (SLC20A1, Glvr-1 - Leukemia virus receptor 1 homolog) e  PiT2 

(SLC20A2, Ram-1 - murine amphotropic retrovirus), tem 62% de homologia cuja a  

organização topológica foi proposta com base em gráficos de índice hidropático, ambos 

contêm 12 domínios de extensão transmembrana com um único grande domínio 

intracelular, considerados genes housekeeping, já que atuam na manutenção da 

homeostase do Pi (BØTTGER et al., 2006). 

SLC20A2 é localizado no cromossomo 8p.11.21, codifica o transportador de 

fosfato inorgânico PiT-2. Mutações no SLC20A2 foram as primeiras a serem associadas 

a CCPF. Inicialmente, Wang et al. (2012) relatou 7 famílias com CCPF da China, 
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Espanha e Brasil, com diferentes mutações no PiT2 (WANG et al., 2012).  Atualmente 

entre os casos encontrados envolvendo os genes candidatos, representam, 

aproximadamente, 55% das mutações (75 de 137). Mutações em SLC20A2 são 

herdadas de forma autossômica dominante. Entre os tipos mutações patogênicas 

encontradas, há relatos de missense, frameshift, deleções, non-sense, splice site, 

mutação de novo e grandes deleções genômicas, como observado na figura 3 (LEMOS 

et al., 2015) (BATLA et al., 2017). 

O transporte de fosfato inorgânico é crucial para a homeostasia do cálcio e 

fosfato celular e a deficiência na função do PiT2 pode contribuir para a deposição de 

fosfato de cálcio na matriz extracelular vascular. A fisiopatologia da calcificação 

associada a SLC20A2 foi estudado usando camundongos Slc20a2-nocautes (KO) e 

modelo celular. Jensen et al. (2013) relatou através de seções cerebrais de camundongos 

KO (slc20a2 -/-), extensos agregados irregulares bilaterais de esferas calcificadas no 

tálamo, semelhantes as CCPF, usando coloração com Von Kossa (JENSEN et al., 

2013). O KO de Slc20a2 foi suficiente para causar calcificações em camundongos e 

fortalecer a ligação entre mutações em SLC20A2 e CCPF. Jensen et al. (2015) mostrou 

aumento nos níveis de fosfato inorgânico (Pi) no líquido cefalorraquidiano (LCR) em 

camundongos KO (slc20a2 -/-), confirmando que o PiT2 regula Pi no CSF.  Essa ideia 

foi ratificada por Wallingford et al. (2016a, b) que descreveu a importância dessa 

regulação acrescentando fenótipos centrais e periféricos em camundongos KO 

incluindo: níveis de fosfato elevado em tecidos produtores de LCR (plexo coróide, 

células ependimais, músculo liso arteriolar), calcificação de tecido nervoso óptico e 

hidrocefalia (WALLINGFORD et al., 2016)(WALLINGFORD; GAMMILL; 

GIACHELLI, 2016). Em células SaOs-2 através de indução química, Keasey et al. 

(2016), relataram uma diminuição da expressão do PiT2 com a diferenciação 

osteogênica, confirmada pelo corante alizarin red (KEASEY et al., 2016). 

PiT2 é expresso em maiores níveis nas regiões do cérebro afetadas por CCPF, 

como revelado no Allen Institute Human Brain Atlas ( http://www.brain-map.org/) e por 

ligantes do PiT2 no cérebro de camundongo. Este padrão de expressão pode explicar a 

vulnerabilidade regional, pois as calcificações vasculares e pericapilar são encontradas 

apenas na região cerebral.  
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Figura 3 - Organização topológica e mutações no PiT2 e alterações no transporte do fosfato. Na figura 

acima temos a estrutura do PiT2 com 12 domínios transmembrana, responsável pelo co-transporte 

eletrogênico de Na+/ Pi (2:1). Na tabela a esquerda, podem ser observados fatores que alteram a absorção 

do fosfato. O transporte de fosfato pode ser alterado devido a mutações no PiT2, o principal gene 

envolvido na calcificação cerebral primária familiar. A tabela a direita mostra as mutações dos tipos 

missense, frameshift, deleções, non sense, splice site, mutação de novo e grandes deleções genômicas 

encontradas em pacientes diagnosticados com CCPF. Fonte: Produção do próprio autor. 

 

2 .1.2 PDGFRB/PDFGB 

PDGFRВ (PDGFR-β) e seu principal ligante PDGFB são outros genes 

envolvido nas CCPF. PDGFB é localizado no 22q13.1, enquanto que PDGFRB no 

5q32. Mutações nos genes PDGFB e PDGFRB são responsáveis por 31% e 11% dos 

casos, respectivamente (BATLA et al., 2017). 

PDGFB foi descoberto em 1970 como um importante fator de crescimento 

sérico de fibroblastos, de células musculares lisas e de células gliais derivado de 

plaquetas. PDGFs são formados por dímeros de ligações dissulfureto podendo ser 

composto por quatro cadeias homodiméricas (PDGF-AA, PDGF-BB, PDGF-CC e 

PDGF-DD) e uma heterodimérica (PDGF-AB). Os PDGFs atuam através de dois 

receptores de tirosina quinase (RTK) (PDGFRA e PDGFRB)(RAICA; CIMPEAN, 

2010).  
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PDGFRВ é crucial para manter a barreira hematoencefálica (BH) e a perda de 

função devido a presença de mutações pode, potencialmente, levar a permeabilidade 

alterada em pericitos ao redor dos vasos sanguíneos cerebrais, podendo gerar deposição 

de cálcio. O ligante PDGFB está envolvido em recrutamento de pericitos, regulação da 

BH e angiogênese. A perda da regulação do cálcio através da BH,  possivelmente, leva a 

progressiva calcinose (LEMOS et al., 2015). Também foi proposto que as proteínas 

PDGFs tem funções reguladoras sobre transportadores de fosfato XPR1 e PiT2 no 

cérebro. As possíveis interações entre os mecanismos de deposição de cálcio 

relacionado a PiT2, pericitos e BH continuam a serem esclarecidos (LEGATI et al., 

2015). 

Mutações em PDGFB e PDGFRB seguem o padrão de herança autossômico 

dominante. Estudos anteriores mostram que densidade reduzida de pericitos está 

correlacionada com o aumento do diâmetro e redução da densidade de vasos. Genes 

nocautes de PDGFB ou PDGFRB em camundongos podem causar fenótipos 

caracterizados por perda de pericitos, hiperplasia endotelial, dilatação vascular, 

hemorragia, edema e morte no final da gestação ou perinatal (SORIANO, 1994) 

(KELLER et al., 2013). Mutações parciais em PDGFB ou PDGFRB, por outro lado, são 

compatíveis com a vida adulta, mas causam disfunção renal e cardiovascular e 

mudanças neurológicas. Hipoplasia dos pericitos, desenvolvida como uma consequência 

da redução da sinalização PDGFB/PDGFRB prejudica a maturação da barreira 

hematoencefálica, durante o período pré-natal, um defeito que persiste na fase adulta. 

PDGFB é um estimulador potente e seletivo transportador de fosfato inorgânico nas 

células vascular do músculo liso, um efeito principalmente mediado pelas PLCy 

(fosfolipase C-γ). Esta possível ligação entre PDGFRB, PLCy e transporte de fosfato 

merecem uma investigação mais aprofundada, uma vez que mutações no transportador 

de fosfato inorgânico PiT2 (SLC20A2), e o exportador de fosfato XPR1 também estão 

ligados a CCPF (DANEMAN et al., 2010)(ARMULIK et al., 2010)(NICOLAS et al., 

2013). 

 

2.1.3 XPR1 

XPR1 é um tipo de receptor retroviral, utilizado por MLV (vírus da leucemia 

murina) xenotrópico (X-MLV) e politrópico (P-MLV), dois retrovírus que podem 
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infectar células humanas. XPR1, cuja função permaneceu indescritível por bastante 

tempo, a partir de estudos de homologia com genes SYG1 de levedura e Pho81 de 

planta, funcionalmente foi associado a transdução de sinal, e detecção e transporte de 

fosfato, respectivamente (KOZAK, 2010).  Estudos anteriores mostraram, XPR1 foi up-

regulado após a ativação de uma via de sinalização (RANKL-RANK) durante a 

osteoclastogênese (SHARMA et al., 2010). XPR1 está ativamente expresso em células-

tronco neurais e cérebros humanos, bem como é expresso em várias regiões do cérebro 

de camundongos. Envolvimento direto de XPR1 na exportação de fosfato e seu padrão 

de expressão no cérebro apoiam o seu papel na homeostase do fosfato cerebral 

(LEGATI et al., 2015).  

XPR1 foi o último gene associado a CCPF (LEGATI et al., 2015). São 

responsáveis por poucos casos relatados (6 casos), e entre os achados clínicos estão 

parkinsonismo, a disartria e a coreia, até o momento nenhum caso foi descrito com dor 

de cabeça, distonia ou ataxia cerebral (BATLA et al., 2017). Recentemente, foi 

mostrado que mutações em XPR1 diminuiu, especificamente, o efluxo de fosfato, como 

efeito da deficiência de XPR1 (PIMENTEL; LEMOS; OLIVEIRA, 2017). 

Tendo em vista a perspectiva das CCPF serem uma doença poligênica e 

multifatorial, é fundamental estudar mecanismos que regulem genes envolvidos nessa 

condição neuropsiquiátrica. 

 

2.2 MICRORNA  

Os microRNAs (miRNAs) são RNAs não codificantes de aproximadamente 21 a 

25 nucleotídeos, que controlam inúmeras atividades desde desenvolvimento à morte 

celular. São estruturas de fitas simples que se ligam ao RNAm de forma parcial levando 

a regulação pós-transcricional da expressão gênica, podendo agir via degradação ou 

bloqueio da tradução (WAHID et al., 2010). 

Historicamente, em 1993, o primeiro miRNA, lin-4, foi descoberto em 

Caenorhabditis elegans; o segundo, let-7, em 2000, ambos associados ao tempo de 

desenvolvimento do nematódeo. Depois desses achados,  inúmeros relatos sobre as 

relações miRNA-RNAm e os resultados da regulação funcionais foram documentados 

(KAUR; ARMUGAM; JEYASEELAN, 2012). O conceito inicial de miRNAs como 
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reguladores do desenvolvimento tem sido expandido. Em situações patológicas, 

incluindo câncer, hepatite e doenças cardiovasculares, apresentam-se desregulados. Essa 

desregulação é devido a eventos genômicos, como mutações, deleções, inserções ou 

alterações transcricionais, ou defeitos na biogênese do miRNA devido a mutações ou a 

downregulação de enzimas envolvidas na formação do miRNA maduro 

(RUPAIMOOLE; SLACK, 2017). 

MiRNAs são transcritos a partir de regiões intergênicas, embora uma minoria 

considerável, de regiões intrônicas. Aproximadamente 50% de miRNAs são 

encontrados próximos a outros miRNAs, indicativo de cluster de miRNAs serem 

transcritos a partir de uma única unidade de transcrição policistrônica (poligênica). Uma 

análise detalhada da expressão do gene mostraram que os genes de miRNAs podem ser 

transcrito a partir de seus próprios promotores, e que o miRNAs em cluster são gerados 

como transcritos primários policistrônico (pri-miRNAs) (KIM, 2005). 

Os miRNAs de mamíferos são transcritos pela RNA polimerase II ou RNA 

polimerase III, gerando um miRNA primário (pri-miRNA), formado por uma ou mais 

estruturas em forma de grampo. Os pri-miRNAs são processados/clivados por um 

complexo microprocessador nuclear composto pela enzima Drosha (um tipo de RNase 

III), e um essencial cofator DGCR8. Nocautes em DGCR8 em camundongos e células-

tronco embrionárias promovem, respectivamente, letalidade e defeitos na proliferação e 

diferenciação, mostrando a sua importância durante o desenvolvimento. O produto do 

microprocessamento nuclear é o pré-miRNA, formado por ~70 nucleotídeos. Alguns 

pri-miRNAs intrônicos, após o processo de splicing, apresentam um tamanho 

apropriado e uma conformação de grampo semelhante a um pré-miRNA. Nesse caso, 

ignoram a clivagem pela DROSHA e são levados diretamente ao citoplasma para 

continuar o processo. Após a formação do pré-miRNA, este é protegido e transportado 

ao citoplasma em associado ao complexo Exportin-5-RAN-GTP-dependente (SIOMI; 

SIOMI, 2010).  

No citoplasma, o pré-miRNA é processado pelo complexo enzimático 

DICER/TRBP/PACT, perdendo a configuração em “grampo” e originando duas fitas 

simples de miRNA de aproximadamente 22 nucleotídeos (duplex). Os duplex de 

pequeno RNA gerados por DICER são posteriormente carregados sobre uma proteína 

argonauta (AGO) para formar um complexo efetor chamado complexo de silenciamento 
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induzido por RNA (RISC). Em humanos, os duplex de miRNA podem ser carregados 

por 4 tipos de AGO (AGO1-4). Após o carregamento do duplex miRNA, o miRNA 

maduro (5p) é retido no miRISC, enquanto que a fita complementar, conhecida como 

miRNA estrela - miR * (3p), é liberada. A fita guia (5p) é definida durante a etapa de 

carregamento da AGO, principalmente com base na estabilidade termodinâmica relativa 

entre as extremidades do pequeno RNA duplex, sendo a cadeia com terminal 

relativamente instável no lado 5', selecionado como a fita guia. Um determinante 

adicional da escolha é o primeiro nucleotídeo da sequência, pois as proteínas AGO 

selecionam como fita guia, a sequência de nucleotídeo que possuir um U na posição 1. 

O RISC, contendo o microRNA, liga-se aos mRNAs-alvo, geralmente na 3´-UTR, mas 

pode se ligar a qualquer outra região que apresente complementariedade, aumentando a 

diversidade de alvos de cada miRNA (COOLEN; KATZ; BALLY-CUIF, 

2013)(WINTER et al., 2009)(KIM, 2005)(WAHID et al., 2010). A figura 4 ilustra a 

biogênese e atuação dos miRNAs descritos previamente. 

 

 

Figura 4 - Esquema da biogênese e atuação dos miRNAs. Os genes miRNA são transcritos por RNA 

Polimerase II em transcritos de miRNA primários (pri-miRNAs) com um CAP 5' e uma cauda poli 

(A). Pri-miRNAs são processados no núcleo para pré-miRNAs, composto por ~ 70 nucleotídeos, pelo 

complexo nuclear DGCR8 e RNase III enzima Drosha. Os pré-miRNAs são exportados para o 
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citoplasma pela Exportina-5 e processados pela DICER, para ~ 22 nucleotídeos miRNA de cadeia 

dupla - duplex que são carregados em uma proteína argonauta no miRISC. Durante este processo, o 

miRNA maduro é mantido em miRISC, enquanto a cadeia complementar, conhecida como a estrela 

miRNA (miR *) é liberada. MiRISC se liga parcialmente aos sítios complementares nos alvos 3 'UTRs 

dos mRNAs para promover repressão tracnslacional, deadenilação e degradação. AntimiR modificados 

sequestram o miRNA maduro em competição com mRNA alvo celular, levando a inibição funcional 

do miRNA e não repressão dos alvos diretos. Fonte: adaptado de Stenvang et. al, 2012. 

 

 MicroRNA é uma conhecida ferramenta de regulação gênica, envolvido na 

regulação  de diversos processos biológicos (ZIMMERMAN; WU, 2011). Em 

mamíferos, mais de 1000 miRNAs foram identificados ou preditos in silico. Prevê-se 

que um único miRNA pode atingir centenas de alvos, por outro lado, a expressão de 

cerca de um terço de genes humanos é regulada por vários miRNAs, já sendo 

associados a regulação da proliferação, apoptose, resposta ao stress, desenvolvimento 

embrionário, ciclo celular,  a iniciação e progressão do tumor, metástase e diferenciação 

de células-tronco (WANG; BLELLOCH, 2010). 

Identificação e validação experimental é um pré-requisito essencial para 

descobrir papéis biológicos mediados por miRNAs e integração de redes reguladoras de 

genes. Isso acelerou o desenvolvimento de vários recursos computacionais, 

bioquímicos, abordagens genéticas e funcionais para miRNA (M. WITKOS; 

KOSCIANSKA; J. KRZYZOSIAK, 2011). Atualmente, três abordagens são usadas no 

estudo de perda função de miRNA: nocautes genéticos, miRNAs esponjas e 

oligonucleotídeos. Uma abordagem amplamente empregada é o uso de 

oligonucleotídeos anti-sense modificados quimicamente, denominados antimicroRNAs 

(antimiR), que sequestram o miRNA maduro em competição com alvo celular, 

conduzindo à inibição funcional do miRNA e desregulação dos alvos (EBERT; 

NEILSON; SHARP, 2013). A inibição de miRNA por antimiRs requer otimização de 

oligonucleotídeos para melhorar a afinidade de ligação, resistência melhorada à 

nuclease e entrega in vivo. Esse melhoramento pode ser alcançado usando uma 

variedade de modificações químicas, incluindo modificações do açúcar, nas bases 

nucleotídicas ou nas ligações internucleotídicas (STENVANG et al., 2012). 

O miRNA tem sido amplamente utilizado em estudos funcionais de genes, em 

uma variedade de campos, como uma nova ferramenta na regulação da expressão 
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gênica. Como uma tecnologia emergente, tem potencial para ser empregado no 

desenvolvimento farmacológico. Os avanços recentes na pesquisa forneceram mais 

informações sobre a biogênese, função e sítios de ligação do miRNA.  Sendo assim, os 

miRNAs identificados e associados a patologias são promissores alvos terapêuticos. 

 

2.2.1 MicroRNA-9 

O microRNA-9 (miR-9) vem sendo amplamente estudado por apresentar alta e 

específica expressão no sistema nervoso central (SNC) e possuir sequência altamente 

conservada em metazoa (COOLEN; KATZ; BALLY-CUIF, 2013). Ao passo que sua 

função e seu espectro de ação começaram a ser desvendados, o miR-9 revelou-se 

altamente versátil, exercendo várias atividades, às vezes antagônicas, dependendo do 

contexto celular e das espécies. 

MiR-9 tem a habilidade de regular o crescimento, a diferenciação, a migração, e 

apoptose de células cancerosas, seja como oncogênese ou como supressor tumoral 

dependendo do tipo de câncer (CHEN et al., 2015). MiR-9 maduro vem dos três 

transcritos primários pri-miR-9-1, pri-miR-9-2 e pri-miR-9-3, localizados nas regiões 

cromossômicas 1q22, 5q14.3 e 15q26.1, respectivamente, podendo originar miR-9-5p 

(miR-9) e miR-9-3p (miR-9*) (Figura 5).  A fita complementar (miR-9*) é menos 

estudada e tem menor taxa de expressão (NOWEK et al., 2016).   A expressão de miR-

9* está correlacionada ao desenvolvimento neural e à modulação do crescimento 

dendrítico (STAPPERT; ROESE-KOERNER; BRÜSTLE, 2015). A associação de miR-

9 e miR-9* (miR-9/miR9*) pode potencializar a regulação de um alvo ou atuar de forma 

antagônica. Esse antagonismo foi observado na relação miR-9/ cMYC , onde miR-9 é 

up-regulado por c-MYC, (ZAWISTOWSKI et al., 2013), cujo papel está relacionado 

com progressão do ciclo celular, apoptose e diferenciação (DANG et al., 1999), e o 

aumento da expressão do miR9* levou a redução da expressão da proteína c-MYC. Por 

outro lado, a simultânea ação do MiR-9/ MiR9* regula a autorrenovação até a 

diferenciação neuronal em células-tronco neuroepiteliais ( células lt-NES) via NOTCH 

(ROESE-KOERNER et al., 2016). 

Em células progenitoras neurais adultas (NPCs), miR-9 regula a proliferação 

celular e acelera as diferenciações neurais, enquanto que nos primeiros estágios do 
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NPCs provenientes de células-tronco humana ,estágio de neurosfera, o miR-9 aumenta a 

proliferação e suprime a migração de NPCs (TOPOL et al., 2016). De modo geral, os 

estudos mostram que o miR-9 possui funções dependentes do estágios do 

desenvolvimento do cérebro, da região cerebral,  da espécie e tipo celular , podendo 

promover ou suprimir a proliferação e diferenciação de NPCs (COOLEN; KATZ; 

BALLY-CUIF, 2013). Informações sobre o papel do miR-9 em outros tecidos não são 

muito comuns, embora tenha sido detectado durante diferenciação dos hepatócitos, 

desenvolvimento da retina e associado a regulação de respostas inflamatórias (LUKIW 

et al., 2012). 

 

 

Figura 5 - Sequência miR-9. O miR-9 pode vir de diferentes loci gênicos. A figura acima mostra a 

sequência de origens, dos três transcritos primários pri-miR-9-1, pri-miR-9-2 e pri-miR-9-3, localizados 

em 1q22, 5q14.3 e 15q26.1, respectivamente, dando a origem a duas sequências reguladoras miR-9 e 

miR-9*. Informações obtidas de http://www.mirbase.org/. Fonte: Produção do próprio autor. 

 

No câncer de fígado, o miR-9 atua potencialmente como um oncogênese, 

regulando a iniciação do tumor, crescimento e metástase, apresentando um nível de 

expressão proporcional à gravidade e extensão do tumor. A inibição da expressão de 

miR-9 (anti-miR-9) bloqueia as propriedades tumorais de células de câncer de fígado, 

incluindo crescimento celular e migração, sugerindo ser um potencial alvo terapêutico 

(DRAKAKI et al., 2015). 

http://www.mirbase.org/
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MiR-9 foi identificado como uma espécie indutora de PDGFB que pode interagir 

diretamente com o sítio 3'UTR do PDGFRB, podendo regular o PDGFRB quando os 

níveis intracelulares estão aumentados, o que resultou em uma diminuição da 

capacidade angiogênica em cardiomiócitos. Além disso, o bloqueio induzido por 

antagonista do miR-9 atenuou uma diminuição da regulação de PDGFRB em 

cardiomiócitos, fornecendo forte evidência de regulação de PDGFRB envolvendo miR-

9 (ZHANG et al., 2011). O fator de crescimento derivado das plaquetas-BB (PDGFB) 

tem um aumento da regulação mediada por miR-9, que regula negativamente a 

proliferação em monócitos, diferenciação neuronal, bem como migração de células 

progenitoras neuronais (NPCs) (YANG et al., 2013). Estudos in silico, mostrou o miR-9 

como regulador do PDGFRB e SLC20A2. Essa regulação foi confirmada in vitro 

através de células HEK293, mostrando a capacidade supressora de genes ligados a 

calcificação cerebral primária familiar via miR-9 (PAIVA; KEASEY; OLIVEIRA, 

2017). 

A diversidade de alvos e modo de atuação do miR-9 torna-o uma importante 

ferramenta e alvo biológico no estudo de diversos tipos de câncer. Além de tecidos 

tumorais, o miR-9 tem predileção por tecido neural, fato que pode ser confirmado 

devido a habilidade de regular dois dos principais genes associados com calcificação 

cerebral.  

Os estudos em pacientes com calcificação cerebral são bastante invasivos o que 

implica em limitações éticas, por conta disso, para entender melhor essa via de 

regulação, é necessária a criação de modelos de estudos para entender melhor a 

calcificação cerebral primária. 

 

2.3 SAOS-2 / HEK293 – MODELOS CELULARES IN VITRO  

 

Modelos in vitro geralmente são mencionados como a manipulação de tecidos, 

células e biomoléculas em um ambiente artificial e controlado. Vários modelos de 

cultura celular são empregados para tentar mimetizar condições e torná-las mais 

próximas das características in vivo. Modelos in vitro contornam conflitos de ordens 

éticas como estudos in vivo, envolvendo manipulação de animais, abortos e estudo em 
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seres humanos. Cultura celular é uma atrativa ferramenta para estudo de sistemas 

devido ter inúmeras linhagens celulares conhecidas e bem caracterizadas, podendo 

ainda algumas células serem obtidas por cultura primária. 

Cultura primária é um processo de cultivo celular artificial, cuja fonte são 

células ou tecidos isolados por desagregação mecânica, desagregação enzimática e 

explante. As células são mantidas e propagadas (repicadas) in vitro em meio nutritivo 

adequado ao tipo celular. São células com perfis heterogêneos devido a características 

individuais como fatores genéticos e idade do indivíduo, que podem alterar a 

caracterização e respostas celular . Embora as células primárias ofereçam vantagens, a 

obtenção de uma população uniforme pode ser um processo complexo e adverso, pois 

são sensíveis, exigem suplementação de nutrientes não inclusos nos meios clássicos. 

Para otimizar a sobrevivência e o crescimento, as células primárias funcionam melhor 

em meios especiais personalizados para cada tipo celular. Linhagens celulares são 

células geneticamente manipuladas tendo como origem as linhagens primárias, devendo 

exibir e manter propriedades mais próximas das originais. São fáceis de manusear e 

fornecem uma população pura de células. As linhagens celulares podem alterar seu 

fenótipo, genótipo, funções e respostas durante sucessivas passagens, podendo gerar 

uma cultura heterogênea a longo prazo (FERREIRA; ADEGA; CHAVES, 2013; 

MACK et al., 2013) 

Entre as linhagens mais comuns estão as células HEK-293 (Human Embryonic 

Kidney 293 cells) com propriedades de crescimento e transfecção que as tornam 

atraentes ferramentas para as indústrias biofarmacêuticas. As células HEK293 são úteis 

para muitas experiências de transfecção, particularmente a propagação de vectores 

baseados em adenovírus e retrovirais. São facilmente cultivadas em meio de cultura sem 

soro, tem alto índice de crescimento e transfecção, e são altamente eficientes em 

produção de proteínas (DUMONT et al., 2016).  

As células SaOs-2 (Osteosarcoma Cell Line) são uma linhagem imortalizada de 

osteosarcoma humano com propriedades de osteoblasto, cuja principal característica é a 

presença de matriz mineralizada, associada com elevada fosfatase alcalina (RODAN et 

al., 1987). Além disso, estudos citoquímicos e moleculares mostraram a expressaram de 

marcadores osteoblásticos, sialoproteína óssea, decorina; e pro-colágeno-I, outras 

proteínas como colágeno tipo III e osteoprotegerina (OPG), que só foram detectadas, 
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aproximadamente, em 15% das células (PAUTKE et al., 2004). Essa predisposição a 

diferenciação osteogênica, devido a propriedade inatas e adquiridas durante o processo 

de imortalização, faz das células SaOs-2 um interessante modelo para estudo de 

calcificação.   

A habilidade de diferenciação, faz das células SaOs-2 um controle positivo para 

estudo de calcificação para outros tipos celulares e protocolos experimentais (MORI et 

al., 1999). Keasey et al., mostrou que a partir de indução química com ácido ascórbico e 

β-glicerolfosfato as células SaOs-2, após 14 dias de diferenciação, adquiriram um 

fenótipo ósseo, caracterizado por deposição de hidroxiapatita, confirmada pela 

coloração alizarin red. O aumento da calcificação foi associado a diminuição da 

expressão do PiT2 (KEASEY et al., 2016).  

Grande parte do conhecimento atual sobre doenças neurológicas foi adquirida a 

partir de estudos pós-morte devido às limitações para obtenção de tecido cerebral vivo. 

Isto torna problemática a compreensão do desenvolvimento e progressão da doença, 

pois amostras pós-morte só representam o estágio final da doença, e os aspectos da 

patologia observadas nestas amostras pode ser secundária e não fielmente refletir o 

fenótipo da doença exata a um nível celular. Diferenças entre espécies dificultam a 

simulação de doenças neurológicas humanas em modelos animais. Portanto, a 

modelagem de doença simulando o fenótipo da doença in vitro e em populações 

celulares é um importante avanço e tornaria possível compreender os mecanismos 

celulares e moleculares de desordens neurodegenerativas. 

Estudos mais recentes começaram a também a caracterizar aspectos da 

eletrofisiologia da SaOs-2, investigando também a caracterização de canais iônicos e 

resposta à ação de alguns inibidores de potencial de membrana (Seabra et al, 2016). 

http://www.cell.com/biophysj/abstract/S0006-3495(15)03576-6 

Ainda há muito a ser estudado em relação ao fenômeno das calcificações em 

partes moles (vasos, olhos, articulações, mamas, válvulas cardíacas, etc). Por isso, é 

fundamental se explorar modelos e métodos que possam replicar, in vitro, processos 

patológicos vistos em pacientes. Isso vai permitir um melhor entendimento das bases 

moleculares das CCPF e também facilitará a identificação de novas metodologias 

diagnósticas e terapêuticas. 
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Nossa abordagem se limitou a alguns modelos que pareceram replicar 

satisfatoriamente parte dos achados visto em pacientes, principalmente com o uso de 

métodos de indução química 
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3 Objetivos 

 

Objetivo Geral 

 Observar a influência do miR-9-5p no desenvolvimento ou aprimoramento da 

calcificação in vitro, focado nos genes ligados à CCPF.  

 

Objetivos específicos 

 Criar modelos in vitro para estudo das calcificações cerebrais familiar primárias 

ligadas aos genes SLC20A2 e PDGFRB. 

 Estudar Calcificações cerebrais familiar primárias (CCPF) em SaOS-2, in vitro. 

 Observar a presença do microRNA-9 no desenvolvimento ou na potencialização 

de calcificações, in vitro. 
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4 ARTIGO 1 : NEW STUDIES ON KNOCKOUT MOUSE FOR THE SLC20A2 

GENE SHOW MUCH MORE THAN BRAIN CALCIFICATIONS, PUBLICADO 

NA JOURNAL MOLECULAR NEUROSCIENCE 
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5 ARTIGO 2 : MIR-9-5P DOWN-REGULATES PIT2, BUT NOT PIT1 IN 

HUMAN EMBRYONIC KIDNEY 293 CELLS, PUBLICADO NA JOURNAL 

MOLECULAR NEUROSCIENCE 
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6 ARTIGO 3 : MIR-9-5P REGULATES GENES LINKED TO BRAIN 

CALCIFICATION IN OSTEOGENIC DIFFERENTIATION MODEL AND 

LEADS TO A UBIQUITOUS HALT IN ION CHANNELS 
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Fator de impacto: 4.259 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

MIR-9-5P REGULATES GENES LINKED TO BRAIN CALCIFICATION IN 

OSTEOGENIC DIFFERENTIATION MODEL AND LEADS TO A 

UBIQUITOUS HALT IN ION CHANNELS 

 

Bezerra DP1, Aguiar JP2, Keasey M3, Rodrigues CG2, Oliveira JRM1,4* 

1-Keizo Asami Laboratory, Federal University of Pernambuco, Recife, PE, Brazil.  

2-Department of Biophysics and Radiobiology, Federal University of Pernambuco, 

Recife, PE, Brazil.  

3-Department of Biomedical Sciences - Quillen College of Medicine, East Tennessee 

State University, Johnson City, TN, USA.  

4-Neuropsychiatry Department, Federal University of Pernambuco, Recife, PE, Brazil.  

 

 

Corresponding author: João Oliveira-Neuropsychiatry Department, Federal University 

of Pernambuco, Recife, PE, Brazil. joao.ricardo@ufpe.br. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:joao.ricardo@ufpe.br


48 
 

MicroRNA-9 (miR-9) modulates gene expression and present high structural 

conservation and wide expression in the central nervous system. Bioinformatics analysis 

predicts almost 100 ion channels, membrane transporters and receptors, including genes 

linked to primary familial brain calcification (PFBC), as possible miR-9-5p targets. 

PFBC is a neurodegenerative disorder, characterized by bilateral and symmetrical 

calcifications in the brain, associated with motor and behavioral disturbances. In this 

work, we seek to study the influence of miR-9-5p in regulating genes involved in 

PFBC, in an osteogenic differentiation model with SaOs-2 cells. After characterizing 

different levels changes in the expression of SLC20A2, PDGFβ and PDGFRβ, we 

confirmed the findings using a miR-9-5p inhibitor and also probed the cells in an 

electrophysiological analysis, to access if such microRNA might affect a broader range 

of ion channels, membrane transporters and receptors. Our electrophysiological data 

show that the increase of the miR-9-5p in SaOs-2 cells decreased the density and 

amplitude of the output ionic currents, corroborating that it might influence the activity, 

and maybe the expression, of some ionic channels. Additional investigations should 

define if such effect is specific to miR-9-5p and if it could be used, together with the 

miR-9-5p inhibitor, as therapeutic or diagnostic tool. 

 

Key words: miR-9-5p, brain calcification, SaOs-2 cells, ion channel 
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Introduction 

MicroRNAs (miRNA) regulate many physiological and pathological processes such as 

cell growth and differentiation, neurogenesis, apoptosis, and tumor invasion, through 

gene expression modulation. They are non-coding RNAs (21–23 nucleotides long) and 

act by binding target messenger RNAs (mRNAs), leading to post-transcriptional 

repression or degradation. MiRNA can have reduced function by miRNAs inhibitors, 

that bind to mature miRNA, irreversibly, or interpose on biogenesis of miRNA 1. 

Amongst many, microRNA-9 (miR-9) is often studied due to its high structural 

conservation and expression in the central nervous system (CNS)(COOLEN; KATZ; 

BALLY-CUIF, 2013). MiR-9 can be transcribed from three independent gens MIR9-

1(1q22), MIR9-2 (5q14.3) and MIR9-3 (15q26.1), producing two functional forms of 

miR-9 (miR-9-5p) and miR-9* (miR-9-3p), generated from the 5' strand and 3' strand, 

respectively(BARBANO et al., 2017). The manipulation of miR-9 expression levels and 

patterns in the nervous system has demonstrated the critical role they play in 

neurogenesis (ZHANG; SHYKIND; SUN, 2012) and in different types of cancer 

(ALEXIOU et al., 2009).  

Bioinformatic analysis predicted possible target of miR-9-5p in hundreds of genes, 

some of them  linked to primary familial brain calcification (PFBC) (PAIVA; 

KEASEY; OLIVEIRA, 2017). Our group is focused in finding cell models to study 

genes linked to PFBC and an in vitro osteogenic differentiation model with SaOs-2 cells 

coincides with down regulation in PiT1, PiT2 and XPR1(KEASEY et al., 2016). 

However, we still miss information about other genes linked to PFBC, such as PDGFRβ 

and PDGFβ, and how it might be affected by miR-9-5p in a similar osteogenic 

differentiation model.  
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PFBC is a rare neurodegenerative disorder, characterized by bilateral calcification in 

basal ganglia and other brain areas such as cerebellum, thalamic nuclei, and subcortical 

regions. Symptoms might include parkinsonism, dementia, headaches, mood swings and 

psychosis. Four genes were linked to familial and sporadic cases, including two 

inorganic phosphate transporters (SLC20A2-enconding PiT2 and XPR1) and two genes 

involved with vascular integrity and pericyte stability (PDGFRB and PDGFB - platelet-

derived growth factor b).   

There is a recent interest in developing cell models to study PFBC and to test new 

therapeutic agents, using different cell lines, including HEK293, SaOs-2 and 

neuroblastoma SH-SY5Y 5-7. 

In this work, we seek to study the influence of miR-9-5p in regulating other genes 

involved in PFBC, during the calcification process, and also evaluated the cells by 

electrophysiological techniques to infer how the miR-9-5p can influence the functioning 

and expression of ion channels.  

Results 

In silico analyses                   

 

Targetscan, a web server (http://www.targetscan.org/vert_71/), was used to search for 

potential targets for miR-9-5p. Table 1(Supplementary Table S1) lists 27 ion channels, 

17 transporters and 40 receptors amongst a total of 1378 targets. We observe two groups 

of potassium channels, large conductance calcium and voltage-activated potassium, 

potentially regulated by miR-9-5p and specific inhibitors (data obtained in June 2017) 

 

Osteogenic differentiation in SaOs-2 cells and gene expression analysis 

Alizarin Red staining in SaOs-2 cells (Human epithelial-like osteosarcoma cell line) 

revealed increased mineral deposition in day 7 and day 14 (Fig. 1A), quantify in Figure 

2B, under an osteogenic induction protocol (See methods). Gene expression was 

measured across the differentiation in at least 3 independent experiments. SLC20A1 and 

SLC20A2 showed a significant down-regulation in day 7 (Fig 1C) (31.9% and 32.44%, 
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respectively) and day 14 (Fig. 1D) (11.7% and 6% respectively). On day 14 (Fig. 1D), 

PDGFRβ and PDGFB presented with a 52.8% down-regulation and 63.60% up-

regulation. 

 We thus profiled the expression of miR-9-5p in the same pooled RNA samples as those 

described above. In the figure 1C, miR-9-5p in three individual groups of cells in 

triplicates, showed level of expression similar at time 0, however, a tendency to increase 

was observed on day 14 (Fig.1D) but was not significant. In Fig.1E, the western blot 

confirmed the decrease to protein expression PiT2 and PDGFrB, on day 14 of 

differentiation, being more remarkable in PiT2. 

 

MiR-9-5p and miR-9-5p inhibitor in SaOs-2 cells culture regulated SLC20A2 and 

PDGFRβ 

 

Induced over-expression of miR-9-5p was achieved by transfection of a mimic in SaOs-

2 cells, Twenty-four hours’ post-transfection, miR-9-5p was increased to ~ 4x103 fold 

above negative control (Fig.1). Overexpressed of miR-9-5p showed significant 

decreased levels of SLC20A2 and PDGFRβ, reduced 70% and 44%, respectively (Fig. 

2B). In presence of miR-9-5p inhibitor (Fig 2C) could be observed the trend of up-

regulating of SLC20A2, PDGFRβ and PDGFB, due to downregulation of miR-9-5p, 

reduction of 70% expression miR-9-5p (Fig. 2A), approximately, but not significant. 

PDGFB no showed any regulation in presence of miR-9-5p.   

Probably, 24h was not enough to result in changes at protein level because PiT2 and 

PDGFrB proteins had similar expressions that controls (Fig. 2D). On the other hand, 

both, PiT2 and PDGFrB showed a tendency to increase to expression in presence of 

miR-9-5p inhibitor (Fig. 2D). 

 

Electrophysiological evidence of miR-9-5p in the regulation expression of potassium 

channels in SaOs-2 cells 

 

Membrane currents were activated by 500 ms voltage steps from a holding potential of 

–80 to –100 mV up to +60 mV (10 mV increments, sweep interval 2 s) shown in Figure 

3B. Two types of ionic currents activated by voltage steps in SaOs-2 cells are displayed 

in Figure 3A.  In the potential of +60 mV was observed a fast activation component 

with noisy oscillations similar to a calcium-activated potassium channels (IKCa). 
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Another component showed a gradually activating current at +20mV and +40mV, like 

to delayed rectifier K+ current (IKDR). The exposure of the cells to miR-9-5p reduced 

approximately 85 % all current profiles (Fig. 3B). In figure 3C even the cells exposed to 

miR-9-5p inhibitor are observed current profiles with intensity of only 20% in relation 

to the control. The current density decreased under both conditions in the presence of 

miR-9-5p or inhibitor miR-9-5p (Fig.3D). 

 

 

Discussion 

 

In vitro osteogenic differentiation is the process chemically induced by dexamethasone 

(Dex), ascorbic acid (Asc) and β-glycerophosphate (β-Gly), leading to bone cell like 

features. Differentiated osteoblasts have extracellular calcium deposits that can be 

confirmed with alizarin red S stain, alkaline phosphatase activity and specific bone 

markers such as osteocalcin (OC), transforming growth factor-beta (TGF-b), estrogen 

receptor-alpha (ER-a), osteopontin (OPN), type I collagen (Col1), matrix bone 

sialoprotein (MBS) and bone morphogenetic protein (BMPs)(SILA-ASNA et al., 2007) 

(HUANG et al., 2007) (BIRMINGHAM et al., 2012) (ARPORNMAEKLONG et al., 

2009). This methodology is considered a good model to understand the mechanisms of 

calcification. The mineral deposits in PFBC are visualized as bilateral calcifications 

characterized, by the accumulation of calcium (Ca++) in hydroxyapatite deposits 

(calcium phosphate crystals)(MOURA; OLIVEIRA, 2015), around the walls of 

capillaries, arteries and veins(TAGLIA et al., 2015), however is not clear how different 

mutations can show the same brain phenotype. The present study performed an 

osteogenic differentiation model for 14 days that was used to analyze the effects of the 

mineral deposits on the genes linked to PFBC. The experiments performed in the 

present work revealed similar results as previously published by Keasey et al 2015, in 

which the decrease of SLC20A2 expression was observed after 7 days of differentiation 

and a lower level was detected after 14 days. On the other hand, the changes found in 

SLC20A1 expression can be due to a reduction of β-Gly concentration (10nM to 1nM) 

in the differentiation protocol. On day 14 of differentiation, PDGFRβ reduced 

expression while, contrary, PDGFβ increased expression level suggesting a 

compensatory relation.  
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In silico studies can be the first assay to identify miRNA their targets, since prediction 

directs to better triage and understand a biological function of miRNAs. Usually, the 

most used programs are PicTar, TargetScan, DIANA microT, MicroCosm and 

miRanda. The principle of Target Scan is the perfect seed recognition, considering 

conservation in many genomes and features surrounding mRNA (BERNARDO et al., 

2012). In preview studies, in silico, we showed that miR-9-5p in predict regulate 

SLC20A2 and PDGFRβ. This relation was confirmed overexpressing miR-9-5p in 

HEK293 cells, getting a downregulation of PiT2 indicating an inverse relation(PAIVA; 

KEASEY; OLIVEIRA, 2017). That relation can be observed in calcification process of 

SaOs-2 cells, in addition to decreased of SLC20A2 expression, PDGFRβ have the same 

behavior through increasing the expression of miR-9-5p. Our findings, in SaOs-2 cells, 

ratify that interaction where overexpression of miR-9-5p change the profile of 

expression of PiT2 and PDGFrB, and down-expression of miR-9-5p attenuated the 

inhibitory effect, in PiT2 and PDGFrB, by reverse the action of miR-9-5p. Two factors 

could explain the inhibitory effect is not so effective: time and concentration. The 

exposure for a short period of time (24h) of SaOs-2 cells to miR-9-5p inhibitor and the 

concentration (30nM) may not be enough to revert the regulatory role of miRNA 

endogenous. Mutation in SLC20A2 and PDGFRβ are mains responsible for the number 

of patients with PFBC, SLC20A2 (PiT2) accounts for about 54% of cases, 40 % of 

familial form and 14 % of sporadic cases, while P PDGFRβ and PDGFβ mutations are 

likely rare (TAGLIA et al., 2015). Differentiation osteogenic in SaOs-2 cells is an 

attractive model do study PFBC, because mimetic the molecular status of patients, 

reducing the expression of the main genes involved. 

 

MiRNAs regulate numerous biological processes through of translation and degradation 

of target gene expression by binding at 3′UTR and coding regions of their target 

mRNAs by an imperfect base pairing (Watson-Crick), involved in developmental and 

physiological processes, and altered expression is linked to human diseases (FELEKKIS 

et al., 2010). Among the miRNA, miR-9-5p has a sequence conserved, expressed 

differently between species, highly and specifically expressed in NPCs (neural 

progenitor cells) (YUVA-AYDEMIR et al., 2011) and CNS (central nervous system), 

regulating proliferation and differentiation process(COOLEN; KATZ; BALLY-CUIF, 

2013).  
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In this work, multiple possible targets, including transports, receptors, and ion channels, 

are predicted to be regulated by miR-9-5p. Others studies identified miR-9-5p 

regulating different ion channels. KCNMA1 gene transcribes pore-forming α subunit of 

the BK channel, known as MaxiK, a large-conductance calcium- and voltage-activated 

potassium channel (PIETRZYKOWSKI et al., 2008), and sodium voltage-gated 

channels (SCN) Gene, β2-subunit of voltage-gated sodium channels (Navβ2)(SUN et 

al., 2015) levels of both channels in brain regions, in adverse conditions, were 

negatively regulated while miR-9-5p expression increased. Data involving functional 

point of view between miR-9-5p and ion channels are scarce in literature. 

 

BK channels play a central role in the regulation of neuronal excitability, controlling 

neurotransmitter release and the shaping of action potentials in many brain regions. On 

a cellular level, BK serves as an integrator of regulatory processes, because it is 

activated by both voltage and intracellular calcium(SHIEH et al., 2000). This channel 

has a very high conductance, and sustained activation would likely have serious 

consequences for nervous system function(GE et al., 2014). 

 

Our electrophysiological data show that a miR-9-5p increase (Fig 3B and Fig 3D) in 

SaOs-2 cells decreases the current density (amplitude) of the output currents, which 

include the BK channels. One of the mechanisms that could explain this behavior was 

suggested in the modeling study carried out by Pietrzykowski et al, 2008 when they 

associated the alcohol tolerance involving miRNA. Clinically relevant alcohol 

concentrations rapidly increased miR-9-5p levels in central neurons within minutes of 

alcohol exposure. Only one out of three BK channel 3' UTRs contains an miR-9-5p 

Recognition Element (MRE) with complementarity to miR-9-5p. Thus, there is a 

selective degradation of mRNA resulting in reorganization of BK splice variant profile. 

Therefore, the increase in miR-9-5p causes a reduction in the number of BK channels. 

The miRNA interaction with its target mRNA usually results in downregulation of that 

target, or translation repression (PIETRZYKOWSKI et al., 2008). 

One siRNA molecule with miRNA-like features can degrade several target molecules in 

a very short time 19,(ZAMORE, [s.d.]),(KYLE et al., 2013) . This could also explain why 

we observe such a massive downregulation of BK mRNA in a very short period of time 

(Fig.3D). 
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In addition, suppression of the actions of miR-9-5p with specific inhibitor could help to 

establish the consequences of its regulation (Fig. 3C). 

There are already some reports in which miR-9-5p controls the progression of 

neurogenesis (KRICHEVSKY et al., 2006),(LEUCHT et al., 2008),(DELALOY et al., 

2010), (BONEV; PISCO; PAPALOPULU, 2011), (COOLEN et al., 2012; COOLEN; 

KATZ; BALLY-CUIF, 2013) mainly in the development of zebrafish (COOLEN et al., 

2012; LEUCHT et al., 2008) and in models with Human Embryonic Stem Cell-Derived 

Neural (DELALOY et al., 2010). In general, in these studies, suppression of miR-9-5p 

activity promoted a delay in cell proliferation.  

It is already known that ion channels can also contribute significantly to cell mitotic 

biochemical signaling, cell cycle progression, as well as cell volume regulation. These 

functions are critically important for the proliferation of cells, including cancer cells 

(LANG et al., 2005; RAO et al., 2015). Potassium channels play a key role in this 

process (GLASSMEIER et al., 2012; JANG et al., 2009; KACZMAREK, 2006; 

URREGO et al., 2014; WANG et al., 2007; YASUDA; CUNY; ADAMS, 2013). 

In this context, the absence of miR-9 is likely to retard cell proliferation, via ion 

channels, by paralyzing / blocking the cells in the G0 / G1 phase of the cell cycle, where 

the permeability to K+ ions is lower (RAO et al., 2015). This could explain one of the 

mechanisms by which the potassium current density in SaOs-2 cells is decreased in the 

presence of the miR-9-5p inhibitor compared to the control (Fig.3D).  Recently in 

another study it has been shown that miR-26a also delays cell proliferation, but by 

another Wnt / β catenin signaling pathway (QU et al., 2015). 

 

 

 

Methods 

Bioinformatics prediction 

The binding affinity of the miR-9-5p to genes link to PFBC and ion channel, 

transporters and receptors was predicted using the online algorithms TargetScan is 

available online at http://www.targetscan.org/docs/UTR_profiles.html.  
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Cell culture 

 

SaOs-2 cells were obtained from the Rio de Janeiro Cell Bank. The cells were cultured 

in Dulbecco's modified eagle medium (DMEM) (Cat # 12100046, Gibco) supplemented 

with 10% fetal bovine serum (SFB) (Cat # 10437028, Gibco), 1mM glutamine (Cat 

#25030081, Gibco) and 10,000 U/mL penicillin and streptomycin (Cat# 15140122 

Invitrogen, USA). Cells passaged every 3 days and maintained at 37 °C with 5% CO2 

with approximately 95% humidity. 

 

Transfections 

 

Cells were seeded onto 6-well plates (1x105 cells per mL). After 24hr (50% confluent), 

the medium was removed and stored for later use (Conditioned media). SaOs-2 cells 

were transfected with miR-9-5p (30nM, Cat# PM10022, Ambion) or miR-9-5p inhibitor 

(30nM, Cat#MIMAT0000142, Dharmacon). All transfections were carried out in 

triplicate with Lipofectamine 2000 (Cat# 11668027, Invitrogen) and Opti-MEM 

medium (Cat#31985070, Gibco). After 4 Hours, medium was removed and replaced 

with the conditioned media. RNA and Protein were extracted after 24 hours.  

 

Osteogenic induction 

 

Approximately, 2x105 cells were placed 6-well plates and 2.5x104 in 96-well. The 

osteogenic medium composing of the maintenance medium added 250 μM ascorbic acid 

(Sigma), 1 mM β-glycerophosphate (Sigma). The medium of the cultured cells was 

replaced every 3 days, except ascorbic acid that was added every day. Identification and 
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quantification of osteoblast markers (cytochemistry staining) were done on days 0, 7 

and 14. Cytochemistry staining of osteogenic induced was done with Alizarin red in 96 

wells. Initially, the medium was removed, and the cell layers were fixed with PA 4% for 

15 minutes. After, the cells were washed with destiled water e added the alizarin for 20 

minutes. The stain was removed and the cell washed multiple times. Some images were 

made before to make the quantification of staining. The quantification was done with 

cetylpyridinum chloride 5%. After well-washed add cetylpyridinum chloride 5% 

100µL/well, for 10 minutes, in the stained plate. Remove 100µL in plate 96 well and 

read in spectrometer at 570nm. 

 

Western blot 

 

Protein isolation was performed according to Keasey et al (KEASEY et al., 2013). 

Antibodies used were PiT2 (sc-377326 - 1:1000, Santa Cruz, CA, USA) and GAPDH 

(sc-25778, 1:1000, Santa Cruz). Signal was developed with a HRP conjugated anti-

rabbit (sc-2030) and anti-mouse (sc-2005) secondary antibody and ECL substrate (Cat# 

WP20005, Invitrogen) in Chemidoc (Bio-Rad). PiT2 and PDGFrB protein levels were 

quantified by densitometry using the ImageJ system, and expressed as ratio relative to 

GAPDH. 

 

Real time qPCR (qRT-PCR) 

RNA isolation, cDNA  and qPCR were performed according to Keasey et al (KEASEY 

et al., 2016).  With 0.5μL of 20× TaqMan Gene Expression Assay (GAPDH, 

#Hs02758991_g1; SLC20A2, #Hs00198840_m1; SLC20A1, #Hs00965587_m1; FBN2 

#Hs00266592_m1; PDGFrB #Hs00387364_m1; miR-9-5p #PN4427975; U6 
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#PN4427975_m1 from Applied Biosystems). The normalized relative transcription 

levels were calculated by 2-ΔΔCTmethod(LIVAK; SCHMITTGEN, 2001). 

 

Electrophysiology  

 

Electrophysiological recording was performed in the whole-cell configuration using a 

patch clamp amplifier (Axopatch 200B; Axonm Instruments/Molecular Devices Corp., 

Union City, CA, http://www. moleculardevices.com). Borosilicate glass electrodes (1.2-

mm outside diameter; Warner Instruments, Hamden, CT, http://www. 

warneronline.com) were pulled with a vertical pipette puller (model PP-830; Narishige, 

Tokyo, http://www.narishige.co.jp) and had tip resistances of 2–3 Mᾨ when filled with 

pipette solution. After a giga-seal was obtained by negative suction, the cell membrane 

was ruptured by gentle suction to establish the whole-cell configuration. All recordings 

were performed at room temperature. The sampling rate used was 500,000 kHz and the 

recorded signal was filtered at 2 kHz and transferred to a computer using the Digidata 

1550A interface (Axon Instruments). Acquired whole cell current data were analyzed 

with the pCLAMP program (version 10.5; Axon Instruments). For electrophysiological 

recordings, the cells were transferred to a small chamber and allowed to attach to the 

glass bottom for 30 minutes. The suspension was stored at room temperature and used 

within 4-6 hours. Electrophysiological recordings were performed using ball-shaped 

cells obtained after trypsin-EDTA treatment of the cultures. We used 10mM 

Tetraethylammonium (TEA) (Sigma, St Louis, MO, USA) an inhibitor of voltage-gated 

K+ channels. 

Experimental Solutions 
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The normal Tyrode solution contained 140 mM NaCl, 5.4 mM KCl, 0.5 mM MgCl2, 

2,0 mM CaCl2, 10 mM glucose, and 10 mM HEPES; the pH was adjusted to 7.4 with 

NaOH. The pipette solution contained 130 mM KCl, 10mM NaCl, 10 mM HEPES, 5.0 

mM EGTA; the pH was adjusted to 7.2 with KOH. Both intracellular and extracellular 

solutions are filtered by a 0.22 μm filter. 

 

Statistics 

 Data were analysed using GraphPad Prism (Version 5a) software using a One-Way 

Anova with a Dunnett’s post-hoc test (p < *0.05 and **0.01). 

 

Additional Information: We acknowledge the support of CNPq (310150/2016-7, 

454077/2014-9) and FACEPE (APQ-0707-2.09/15) 
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Figures 

 

 

Figure1. Osteogenic differentiation in SaOs-2 cells express different profile of genes. SaOs-2 cells 

were osteogenic differentiation (A), in T0, the control to experiment, wasn’t stain to Alizarin Red 

staining. On the other hand, T7 and T14 were positive Alizarin Red, after chemistry induction, and 

quantified with Cetylpyridinium chloride (B). qRT-PCR analysis for mRNA expression during the course 

of differentiation in 4 independent experiments, except miR-9-5p (3 independent experiments). Relative 

expression of SLC20A1, SLC20A2, PDGFRB, PDGFB and MiR-9-5p was measured by qRT-PCR in T7 

(C) and T14 (D). SLC20A1 and SLC20A2 expression in cell differentiation in T7 e T14 was decreased. 

In T14, PDGFRB and PDGFB showed an antagonistic profile, where PDGFB increased an expression 

and PDGFRB decreases, significantly. MiR-9-5p showed a tendency to increased. Western blot analysis 

(E) of PiT2 and PDGFrB proves the protein expression in T7 and T14 differentiation days. The bar 

graphs show mean ± SEM, *P < 0.05 and **P < 0.01 compared to control cells versus non-induced group. 
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Figure 2. Overexpression of miR-9-5p reduces SLC20A2 and PDGFRB expression in SaOs-2. In 

A, miR-9-5p (30nM) and miR-9-5p inhibitor (30nM) transfected in SaOs-2 cells expression was assayed 

by qRT-PCR, after 24h. The overexpression of miR-9-5p showed altered mRNA expression in SLC20A2 

and PDGFRB (B), reduced both expression, but no significant change was seen in cells treated with miR-

9-5p inhibitor (C). (D) Western blot analysis of PiT2 and PDGFrB expression in cells transfected with 

30-nM of miR-9-5p and miR-9-5p inhibitor. The bar graphs show mean ± SEM, *P < 0.05 and 

**P < 0.01 compared to control cells versus non-induced group. 
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Figure 3. Influence of the MiR-9-5p on the ionic currents through the plasma membrane of 

osteosarcoma cells (SaOs-2). (A) Control, two components of outward currents are present, one is a 

rapidly activating current with noisy oscillation, such as Ca2+-activated K+ current (IKCa) at potentials +60 

mV (black record); and another is a slowly activating current like as delayed rectifier K+ current (IKDR) at 

potentials from +20 (blue record) and +40 mV (purple record). (B) Cells incubated with MiR-9-5p at the 

concentration of 30 nM presented reduction in all the ionic currents profile. (C) Cells incubated with 

miR-9-5p inhibitor at the concentration of 30 nM presented partial recovery in all the ionic currents 

relative to the control. (D); Current-voltage relationship in the control (■), cell incubated with the miR-9-

5p (●), or, the miR-9-5p inhibitor (Δ). Membrane currents were elicited by 500 ms voltage steps from a 

holding potential of –80 to –100 mV up to +60 mV (10 mV increments, sweep interval 2 s) (as shown in 

the inset of [B]). 
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Supplementary Information 

 

 

 

Table S1.  MiR-9-5P regulates multiples Ion Channels, Transporters and Receptors 

 ION CHANNELS 

27 

 TRANSPORTER 

17 

 RECEPTORS 

40 

ASIC1 acid-sensing (proton-gated) ion channel 1 SLC10A3 solute carrier family 10 (sodium/bile 

acid cotransporter family), member 3 

PPARA peroxisome proliferator-activated 

receptor alpha 

CACNB2 calcium channel, voltage-dependent, beta 2 

subunit 

SLC20A2 

(*) 
solute carrier family 20 (phosphate 

transporter), member 2 

CNTFR ciliary neurotrophic factor receptor 

CACNA1E 

(-) 

calcium channel, voltage-dependent, R 

type, alpha 1E subunit 
SLC12A5 solute carrier family 12, (potassium-

chloride transporter) member 5 
PNRC2 proline-rich nuclear receptor 

coactivator 2 

CLCA2  chloride channel accessory 2 SLC27A4 solute carrier family 27 (fatty acid 

transporter), member 4 

LDLRAP1 low density lipoprotein receptor 

adaptor protein 1 

CLCN4  chloride channel, voltage-sensitive 4 SLC30A3 solute carrier family 30 (zinc 

transporter), member 3 

GPR124 G protein-coupled receptor 124 

CLCN5  chloride channel, voltage-sensitive 5 SLC16A12 solute carrier family 16, member 12 

(monocarboxylic acid transporter 12) 
NR2E1 nuclear receptor subfamily 2, group E, 

member 1 

CLCN6  chloride channel, voltage-sensitive 6 SLC19A2 solute carrier family 19 (thiamine 

transporter), member 2 
GIT2 G protein-coupled receptor kinase 

interactor 2 

CLIC4 

(*) 

chloride intracellular channel 4 Suh 2014 SLC26A2 solute carrier family 26 (sulfate 

transporter), member 2 
TNFRSF21 tumor necrosis factor receptor 

superfamily, member 21 

HCN2 hyperpolarization activated cyclic 

nucleotide-gated potassium channel 2 

SLC7A1 solute carrier family 7 (cationic amino 

acid transporter, y+ system), member 1 

EPHB4 EPH receptor B4 

PIRT  phosphoinositide-interacting regulator of 

transient receptor potential channels 
SLC6A6 solute carrier family 6 (neurotransmitter 

transporter, taurine), member 6 
PTPRK protein tyrosine phosphatase, receptor 

type, K 

KCTD10 potassium channel tetramerization domain 

containing 10 
SLC39A14 solute carrier family 39 (zinc 

transporter), member 14 
NR5A2 nuclear receptor subfamily 5, group A, 

member 2 

KCTD12 potassium channel tetramerization domain 

containing 12 
ATP8A1 ATPase,aminophospholipid transporter 

(APLT), class I, type 8A, member 1 
GPR137C G protein-coupled receptor 137C 

KCTD2 potassium channel tetramerization domain 

containing 2 
SLC31A2 solute carrier family 31 (copper 

transporters), member 2 
EPHA7 EPH receptor A7 

KCTD2 potassium channel tetramerization domain 

containing 2 

SLC5A3 solute carrier family 5 (inositol 

transporters), member 3 

LDLRAD3 low density lipoprotein receptor class 

A domain containing 3 

KCNK10 potassium channel, subfamily K, member 

10 

SLC7A8 solute carrier family 7 (cationic amino 

acid transporter, y+ system), member 8 

DRD2 dopamine receptor D2 

KCNK4 potassium channel, subfamily K, member 4 MAGT1 magnesium transporter 1 TGFBR2 transforming growth factor, beta 

receptor II (70/80kDa) 

KCNN3 potassium intermediate/small conductance 

calcium-activated channel, subfamily N, 

member 3 

SLC1A1 solute carrier family 1 

(neuronal/epithelial high affinity 

glutamate transporter, system Xag), 

member 1 

GPR123 G protein-coupled receptor 123 

KCNJ2 potassium inwardly-rectifying channel, 

subfamily J, member 2 

  ACVR1C activin A receptor, type IC 

KCNMB2 potassium large conductance calcium-

activated channel, subfamily M, beta 

member 2 

  GABRB2 gamma-aminobutyric acid (GABA) A 

receptor, beta 2 

KCNQ3 

(*) 
potassium voltage-gated channel, KQT-like 

subfamily, member 3. yang 2016 

  PDGFRB  

(*) 

platelet-derived growth factor 

receptor, beta polypeptide 

KCNB1 potassium voltage-gated channel, Shab-

related subfamily, member 1 

  RIPK5 receptor interacting protein kinase 5 

KCNA1 potassium voltage-gated channel, shaker-

related subfamily, member 1 (episodic 

ataxia with myokymia) 

  LIFR leukemia inhibitory factor receptor 

alpha 

KCNH5 potassium voltage-gated channel, 

subfamily H (eag-related), member 5 

  NCOR2 nuclear receptor co-repressor 2 

SCN2B sodium channel, voltage-gated, type II, beta 

subunit 

  NCOA3 nuclear receptor coactivator 3 

TRPM7 transient receptor potential cation channel, 

subfamily M, member 7 

  RTN4RL1 reticulon 4 receptor-like 1 

VDAC3 voltage-dependent anion channel 3   LYVE1 lymphatic vessel endothelial 

hyaluronan receptor 1 

    GRIK3 glutamate receptor, ionotropic, kainate 

3 

 

* Genes linked to Primary Familial Brain Calcification 

(*) Genes express in SaOs-2 cells 

(-) Genes no express in Saos-2 cells 
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=8273
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=5465
http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000165995.14
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6575
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=1271
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7781
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7048
http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000143603.14
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7 CONCLUSÃO 

 

Neste trabalho, investigamos como miR-9-5p, um regulador da expressão 

gênica, poderia estar envolvido no desenvolvimento ou na potencialização de 

calcificações, in vitro. Observamos que o miR-9-5p possui sitio de ligação para o 

SLC20A2 e PDGFRB, regulando-os negativamente. Concluímos que o miR-9-5p é um 

importante regulador de genes envolvidos na calcificação cerebral familiar primária, 

durante a calcificação, podendo ser uma via de estudo para entender melhor o processo 

de calcificação e um potencial alvo terapêutico.  

Um modelo, in vitro, foi usado para estudar as calcificações e genes associados a 

calcificações cerebrais primárias familiar (CCPF). Uma linhagem de osteosarcoma 

(SaOs-2), através de indução química mostrou ser um modelo adequado modelo celular, 

visto que possui capacidade de calcificação, levando à redução dos principais genes, 

SLC20A2 e PDGFRB, envolvidos nas CCPF. 
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ANEXO B - NORMAS DO PERIÓDICO SCIENTIFIC REPORT 

 

General information for preparing manuscripts 

Format of articles 

 

Scientific Reports publishes original research in one format, Article. In most cases we 

do not impose strict limits on word count or page number. We do, however, strongly 

encourage authors to write concisely and to adhere to the guidelines below. 

Articles should ideally be no more than 11 typeset pages in length. As a guide, the main 

text (not including Abstract, Methods, References and figure legends) should be no 

more than 4,500 words. The maximum Article title length is 20 words. The Abstract — 

which must be no more than 200 words long and contain no references — should serve 

both as a general introduction to the topic and as a brief, non-technical summary of the 

main results and their implications. 

For the main body of the text, there are no explicit requirements for section 

organization. According to the authors' preference, the text may be organized as best 

suits the research. As a guideline and in the majority of cases, however, we recommend 

that you structure your manuscript as follows: 

 

    Introduction 

    Results (with subheadings) 

    Discussion (without subheadings) 

    Methods 

A specific order for the main body of the text is not compulsory and, in some cases, it 

may be appropriate to combine sections. Figure legends are limited to 350 words. As a 

guideline references should be limited to 60 (this is not strictly enforced). Footnotes 

should not be used. 
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We suggest that Articles contain no more than 8 display items (figures and/or tables). In 

addition, a limited number of uncaptioned molecular structure graphics and numbered 

mathematical equations may be included if necessary. To enable typesetting of papers, 

the number of display items should be commensurate with the word length — we 

suggest that for Articles with less than 2,000 words, no more than 4 figures/tables 

should be included. Please note that schemes are not used and should be presented as 

figures. 

Authors must provide a competing financial interests statement within the manuscript 

file. 

Submissions should include a cover letter, a manuscript text file, individual figure files 

and optional supplementary information files. For first submissions (i.e. not revised 

manuscripts), authors may incorporate the manuscript text and figures into a single file 

up to 3 MB in size; the figures may be inserted in the text at the appropriate positions, 

or grouped at the end. Supplementary information should be combined and supplied as 

a single separate file, preferably in PDF format. 

ONLY the following file types can be uploaded for Article text: 

    txt, doc, docx, tex 

A submission template is available in the Overleaf template gallery to help you prepare 

a LaTeX manuscript within the Scientific Reports formatting criteria. 

Scientific Reports is read by scientists from diverse backgrounds. In addition, many are 

not native English speakers. Authors should, therefore, give careful thought to how their 

findings may be communicated clearly. Although a shared basic knowledge of science 

may be assumed, please bear in mind that the language and concepts that are standard in 

one field may be unfamiliar to non-specialists. Thus, technical jargon should be avoided 

and clearly explained where its use is unavoidable. 

Abbreviations, particularly those that are not standard, should also be kept to a 

minimum. Where unavoidable, abbreviations should be defined in the text or legends at 

their first occurrence, and abbreviations should be used thereafter. The background, 

rationale and main conclusions of the study should be clearly explained. Titles and 
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abstracts in particular should be written in language that will be readily intelligible to 

any scientist. We strongly recommend that authors ask a colleague with different 

expertise to review the manuscript before submission, in order to identify concepts and 

terminology that may present difficulties to non-specialist readers. 

The format requirements of Scientific Reports are described below. 

Scientific Reports uses UK English spelling. 

Cover letter 

 

Authors should provide a cover letter that includes the affiliation and contact 

information for the corresponding author. Authors should briefly explain why the work 

is considered appropriate for Scientific Reports. Authors are asked to suggest the names 

and contact information for scientific reviewers and they may request the exclusion of 

certain referees. Please ensure that your cover letter also includes suggestions for 

Editorial Board Members who would be able to handle your submission. Finally, 

authors should indicate whether they have had any prior discussions with a Scientific 

Reports Editorial Board Member about the work described in the manuscript. 

Format of manuscripts 

 

In most cases we do not impose strict limits on word counts and page numbers, but we 

encourage authors to write concisely and suggest authors adhere to the guidelines 

below. For a definitive list of which limits are mandatory please visit the submission 

checklist page. 

Articles should be no more than 11 typeset pages in length. As a guide, the main text 

(not including Abstract, Methods, References and figure legends) should be no more 

than 4,500 words. The maximum title length is 20 words. The Abstract (without 

heading) - which must be no more than 200 words long and contain no references - 

should serve both as a general introduction to the topic and as a brief, non-technical 

summary of the main results and their implications. 
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The manuscript text file should include the following parts, in order: a title page with 

author affiliations and contact information (the corresponding author should be 

identified with an asterisk). The main text of an Article can be organised in different 

ways and according to the authors' preferences, it may be appropriate to combine 

sections. 

As a guideline, we recommend that sections include an Introduction of referenced text 

that expands on the background of the work. Some overlap with the Abstract is 

acceptable. This may then be followed by sections headed Results (with subheadings), 

Discussion (without subheadings) and Methods. 

The main body of text must be followed by References, Acknowledgements (optional), 

Author Contributions (names must be given as initials), Additional Information 

(including a Competing Financial Interests Statement), Figure Legends (these are 

limited to 350 words per figure) and Tables (maximum size of one page). Footnotes are 

not used. 

For first submissions (i.e. not revised manuscripts), authors may choose to incorporate 

the manuscript text and figures into a single file up to 3 MB in size - the figures may be 

inserted within the text at the appropriate positions, or grouped at the end. 

Supplementary Information should be combined and supplied as a separate file, 

preferably in PDF format. The first page of the Supplementary Information file should 

include the title of the manuscript and the author list. 

Authors who do not incorporate the manuscript text and figures into a single file should 

adhere to the following: all textual content should be provided in a single file, prepared 

using either Microsoft Word or LaTeX; figures should be provided as individual files. 

The manuscript file should be formatted as single-column text without justification. 

Pages should be numbered using an Arabic numeral in the footer of each page. Standard 

fonts are recommended and the 'symbols' font should be used for representing Greek 

characters. 

TeX/LaTeX - Authors submitting LaTeX files may use the standard ‘article’ document 

class (or similar) or may use the wlscirep.cls file and template provided by Overleaf. 

Non-standard fonts should be avoided; please use the default Computer Modern fonts. 

For the inclusion of graphics, we recommend graphicx.sty. Please use numerical 
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references only for citations. Our system cannot accept .bib files. If references are 

prepared using BibTeX (which is optional), please include the .bbl file with your 

submission (as a ‘related manuscript file’) in order for it to be processed correctly; this 

file is included automatically in the zip file generated by Overleaf for submissions. 

Please see this help article on Overleaf for more details. Alternatively ensure that the 

references (source code) are included within the manuscript file itself. As a final 

precaution, authors should ensure that the complete .tex file compiles successfully on 

their own system with no errors or warnings, before submission. 

Manuscripts published in Scientific Reports are not subject to in-depth copy editing as 

part of the production process. Authors are responsible for procuring copy editing or 

language editing services for their manuscripts, either before submission, or at the 

revision stage, should they feel it would benefit their manuscript. Such services include 

those provided by our affiliates Nature Research Editing Service and American Journal 

Experts. Please note that the use of Nature Research Editing Service is at the author's 

own expense and in no way implies that the article will be selected for peer review or 

accepted for publication. 

Methods 

Where appropriate, we recommend that authors limit their Methods section to 1,500 

words. Authors must ensure that their Methods section includes adequate experimental 

and characterization data necessary for others in the field to reproduce their work. 

Descriptions of standard protocols and experimental procedures should be given. 

Commercial suppliers of reagents or instrumentation should be identified only when the 

source is critical to the outcome of the experiments. Sources for kits should be 

identified. Experimental protocols that describe the synthesis of new compounds should 

be included. The systematic name of the compound and its bold Arabic numeral are 

used as the heading for the experimental protocol. Thereafter, the compound is 

represented by its assigned bold numeral. Authors should describe the experimental 

protocol in detail, referring to amounts of reagents in parentheses, when possible (eg 

1.03 g, 0.100 mmol). Standard abbreviations for reagents and solvents are encouraged. 

Safety hazards posed by reagents or protocols should be identified clearly. Isolated mass 

and percent yields should be reported at the end of each protocol. 
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References 

References will not be copy edited by Scientific Reports. References will be linked 

electronically to external databases where possible, making correct formatting of the 

references essential. 

References should be numbered sequentially, first throughout the text, then in tables, 

followed by figures; that is, references that only appear in tables or figures should be 

last in the reference list. Only one publication is given for each number. Only papers or 

datasets that have been published or accepted by a named publication, recognized 

preprint server or data repository should be in the numbered list; preprints of accepted 

papers in the reference list should be submitted with the manuscript. Published 

conference abstracts and numbered patents may be included in the reference list. Grant 

details and acknowledgements are not permitted as numbered references. Footnotes are 

not used. 

BibTeX (.bib) bibliography files cannot be accepted. LaTeX submission must either 

contain all references within the manuscript .tex file itself, or (for authors using the 

Overleaf template) can include the .bbl file generated during the compilation process as 

a ‘related manuscript file’ (see the "Format of manuscripts" section for more details). 

Scientific Reports uses standard Nature referencing style. All authors should be 

included in reference lists unless there are six or more, in which case only the first 

author should be given, followed by 'et al.'. Authors should be listed last name first, 

followed by a comma and initials (followed by full stops) of given names. Article and 

dataset titles should be in Roman text, only the first word of the title should have an 

initial capital and the title should be written exactly as it appears in the work cited, 

ending with a full stop. Book titles should be given in italics and all words in the title 

should have initial capitals. Journal and data repository names are italicized and 

abbreviated (with full stops) according to common usage. Volume numbers and the 

subsequent comma appear in bold. The full page range should be given (or article 

number), where appropriate. 
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The guidelines below detail the creation, citation and submission of Supplementary 

Information - publication may be delayed if these are not followed correctly. Please note 

that modification of Supplementary Information after the paper is published requires a 

formal correction, so authors are encouraged to check their Supplementary Information 

carefully before submitting the final version. 

 

    Multiple pieces of Supplementary Information can be combined and supplied as a 

single file, or supplied separately (e.g. supplementary videos, spreadsheets [.csv or 

.xlsx] or data files). 

    Designate each item as Supplementary Table, Figure, Video, Audio, Note, Data, 

Discussion, Equations or Methods, as appropriate. Number Supplementary Tables and 

Figures as, for example, "Supplementary Table S1". This numbering should be separate 

from that used in tables and figures appearing in the main article. Supplementary Note 

or Methods should not be numbered; titles for these are optional. 

    Refer to each piece of supplementary material at the appropriate point(s) in the main 

article. Be sure to include the word "Supplementary" each time one is mentioned. Please 

do not refer to individual panels of supplementary figures. 

    Use the following examples as a guide (note: abbreviate "Figure" as "Fig." when in 

the middle of a sentence): "Table 1 provides a selected subset of the most active 

compounds. The entire list of 96 compounds can be found as Supplementary Table S1 

online." "The biosynthetic pathway of L-ascorbic acid in animals involves intermediates 

of the D-glucuronic acid pathway (see Supplementary Fig. S2 online). Figure 2 

shows..." 

    Remember to include a brief title and legend (incorporated into the file to appear near 

the image) as part of every figure submitted, and a title as part of every table. 

    File sizes should be as small as possible, with a maximum size of 50 MB, so that they 

can be downloaded quickly. 
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Further queries about submission and preparation of Supplementary Information should 

be directed to email: scientificreports@nature.com. 

Figure legends 

 

Figure legends begin with a brief title sentence for the whole figure and continue with a 

short description of what is shown in each panel in sequence and the symbols used; 

methodological details should be minimised as much as possible. Each legend must 

total no more than 350 words. Text for figure legends should be provided in numerical 

order after the references. 

Tables 

 

Please submit tables in your main article document in an editable format (Word or 

TeX/LaTeX, as appropriate), and not as images. Tables that include statistical analysis 

of data should describe their standards of error analysis and ranges in a table legend. 

Equations 

 

Equations and mathematical expressions should be provided in the main text of the 

paper. Equations that are referred to in the text are identified by parenthetical numbers, 

such as (1), and are referred to in the manuscript as "equation (1)". 

 

If your manuscript is or will be in .docx format and contains equations, you must follow 

the instructions below to make sure that your equations are editable when the file enters 

production. 

 

If you have not yet composed your article, you can ensure that the equations in your 

.docx file remain editable in .doc by enabling "Compatibility Mode" before you begin. 

To do this, open a new document and save as Word 97-2003 (*.doc). Several features of 
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Word 2007/10 will now be inactive, including the built-in equation editing tool. You 

can insert equations in one of the two ways listed below. 

 

If you have already composed your article as .docx and used its built-in equation editing 

tool, your equations will become images when the file is saved down to .doc. To resolve 

this problem, re-key your equations in one of the two following ways. 

 

    Use MathType to create the equation. MathType is the recommended method for 

creating equations. 

    Go to Insert > Object > Microsoft Equation 3.0 and create the equation. 

 

If, when saving your final document, you see a message saying "Equations will be 

converted to images", your equations are no longer editable and we will not be able to 

accept your file. 

General figure guidelines 

 

Authors are responsible for obtaining permission to publish any figures or illustrations 

that are protected by copyright, including figures published elsewhere and pictures 

taken by professional photographers. The journal cannot publish images downloaded 

from the internet without appropriate permission. 

 

Figures should be numbered separately with Arabic numerals in the order of occurrence 

in the text of the manuscript. When appropriate, figures should include error bars. A 

description of the statistical treatment of error analysis should be included in the figure 

legend. Please note that schemes are not used; sequences of chemical reactions or 

experimental procedures should be submitted as figures, with appropriate captions. A 

limited number of uncaptioned graphics depicting chemical structures - each labelled 
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with their name, by a defined abbreviation, or by the bold Arabic numeral - may be 

included in a manuscript. 

 

Figure lettering should be in a clear, sans-serif typeface (for example, Helvetica); the 

same typeface in the same font size should be used for all figures in a paper. Use 

'symbols' font for Greek letters. All display items should be on a white background, and 

should avoid excessive boxing, unnecessary colour, spurious decorative effects (such as 

three-dimensional 'skyscraper' histograms) and highly pixelated computer drawings. 

The vertical axis of histograms should not be truncated to exaggerate small differences. 

Labelling must be of sufficient size and contrast to be readable, even after appropriate 

reduction. The thinnest lines in the final figure should be no smaller than one point 

wide. Authors will see a proof that will include figures. 

 

Figures divided into parts should be labelled with a lower-case bold a, b, and so on, in 

the same type size as used elsewhere in the figure. Lettering in figures should be in 

lower-case type, with only the first letter of each label capitalized. Units should have a 

single space between the number and the unit, and follow SI nomenclature (for 

example, ms rather than msec) or the nomenclature common to a particular field. 

Thousands should be separated by commas (1,000). Unusual units or abbreviations 

should be spelled out in full or defined in the legend. Scale bars should be used rather 

than magnification factors, with the length of the bar defined on the bar itself rather than 

in the legend. In legends, please use visual cues rather than verbal explanations such as 

"open red triangles". 

 

Unnecessary figures should be avoided: data presented in small tables or histograms, for 

instance, can generally be stated briefly in the text instead. Figures should not contain 

more than one panel unless the parts are logically connected; each panel of a multipart 

figure should be sized so that the whole figure can be reduced by the same amount and 

reproduced at the smallest size at which essential details are visible. 

Figures for peer review 
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At the initial submission stage authors may choose to upload separate figure files or to 

incorporate figures into the main article file, ensuring that any inserted figures are of 

sufficient quality to be clearly legible. 

 

When submitting a revised manuscript all figures must be uploaded as separate figure 

files ensuring that the image quality and formatting conforms to the specifications 

below. 

Figures for publication 

 

Each complete figure must be supplied as a separate file upload. Multi-part/panel 

figures must be prepared and arranged as a single image file (including all sub-parts; a, 

b, c, etc.). Please do not upload each panel individually. 

 

Please read the digital images integrity and standards section of our Editorial and 

Publishing Policies. When possible, we prefer to use original digital figures to ensure 

the highest-quality reproduction in the journal. For optimal results, prepare figures to fit 

A4 page-width. When creating and submitting digital files, please follow the guidelines 

below. Failure to do so, or to adhere to the following guidelines, can significantly delay 

publication of your work. 

 

Authors are responsible for obtaining permission to publish any figures or illustrations 

that are protected by copyright, including figures published elsewhere and pictures 

taken by professional photographers. The journal cannot publish images downloaded 

from the internet without appropriate permission. 

 

Springer Nature remains neutral with regard to jurisdictional claims in published maps 

and institutional affiliations. 
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1. Line art, graphs, charts and schematics 

 

For optimal results, all line art, graphs, charts and schematics should be supplied in 

vector format, such as EPS or AI, and should be saved or exported as such directly from 

the application in which they were made. Please ensure that data points and axis labels 

are clearly legible. 

2. Photographic and bitmap images 

 

All photographic and bitmap images should be supplied in a bitmap image format such 

as tiff, jpg, or psd. If saving tiff files, please ensure that the compression option is 

selected to avoid very large file sizes. 

 

Please do not supply Word or Powerpoint files with placed images. Images can be 

supplied as RGB or CMYK (note: we will not convert image colour modes). 

 

Figures that do not meet these standards will not reproduce well and may delay 

publication until we receive high-resolution images. 

3. Chemical structures 

 

Chemical structures should be produced using ChemDraw or a similar program. All 

chemical compounds must be assigned a bold, Arabic numeral in the order in which the 

compounds are presented in the manuscript text. Structures should then be exported into 

a 300 dpi RGB tiff file before being submitted. 

4. Stereo images 
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Stereo diagrams should be presented for divergent 'wall-eyed' viewing, with the two 

panels separated by 5.5 cm. In the final accepted version of the manuscript, the stereo 

images should be submitted at their final page size. 

Statistical guidelines 

 

Every article that contains statistical testing should state the name of the statistical test, 

the n value for each statistical analysis, the comparisons of interest, a justification for 

the use of that test (including, for example, a discussion of the normality of the data 

when the test is appropriate only for normal data), the alpha level for all tests, whether 

the tests were one-tailed or two-tailed, and the actual P value for each test (not merely 

"significant" or "P < 0.05"). It should be clear what statistical test was used to generate 

every P value. Use of the word "significant" should always be accompanied by a P 

value; otherwise, use "substantial," "considerable," etc. 

 

Data sets should be summarized with descriptive statistics, which should include the n 

value for each data set, a clearly labelled measure of centre (such as the mean or the 

median), and a clearly labelled measure of variability (such as standard deviation or 

range). Ranges are more appropriate than standard deviations or standard errors for 

small data sets. Graphs should include clearly labelled error bars. Authors must state 

whether a number that follows the ± sign is a standard error (s.e.m.) or a standard 

deviation (s.d.). 

 

Authors must justify the use of a particular test and explain whether their data conform 

to the assumptions of the tests. Three errors are particularly common: 

 

    Multiple comparisons: When making multiple statistical comparisons on a single data 

set, authors should explain how they adjusted the alpha level to avoid an inflated Type I 

error rate, or they should select statistical tests appropriate for multiple groups (such as 

ANOVA rather than a series of t-tests). 
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    Normal distribution: Many statistical tests require that the data be approximately 

normally distributed; when using these tests, authors should explain how they tested 

their data for normality. If the data do not meet the assumptions of the test, then a non-

parametric alternative should be used instead. 

    Small sample size: When the sample size is small (less than about 10), authors should 

use tests appropriate to small samples or justify their use of large-sample tests. 

 

There is a checklist available to help authors minimize the chance of statistical errors. 

Chemical and biological nomenclature and abbreviations 

 

Molecular structures are identified by bold, Arabic numerals assigned in order of 

presentation in the text. Once identified in the main text or a figure, compounds may be 

referred to by their name, by a defined abbreviation, or by the bold Arabic numeral (as 

long as the compound is referred to consistently as one of these three). 

 

When possible, authors should refer to chemical compounds and biomolecules using 

systematic nomenclature, preferably using IUPAC. Standard chemical and biological 

abbreviations should be used. Unconventional or specialist abbreviations should be 

defined at their first occurrence in the text. 

Gene nomenclature 

 

Authors should use approved nomenclature for gene symbols, and use symbols rather 

than italicized full names (for example Ttn, not titin). Please consult the appropriate 

nomenclature databases for correct gene names and symbols. A useful resource is 

LocusLink. 
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Approved human gene symbols are provided by HUGO Gene Nomenclature Committee 

(HGNC), e-mail: hgnc@genenames.org; see also www.genenames.org. Approved 

mouse symbols are provided by The Jackson Laboratory, e-mail: 

nomen@informatics.jax.org; see also www.informatics.jax.org/mgihome/nomen. 

 

For proposed gene names that are not already approved, please submit the gene symbols 

to the appropriate nomenclature committees as soon as possible, as these must be 

deposited and approved before publication of an article. 

 

Avoid listing multiple names of genes (or proteins) separated by a slash, as in 

'Oct4/Pou5f1', as this is ambiguous (it could mean a ratio, a complex, alternative names 

or different subunits). Use one name throughout and include the other at first mention: 

'Oct4 (also known as Pou5f1)'. 

Characterization of chemical and biomolecular materials 

 

Scientific Reports is committed to publishing technically sound research. Manuscripts 

submitted to the journal will be held to rigorous standards with respect to experimental 

methods and characterization of new compounds. Authors must provide adequate data 

to support their assignment of identity and purity for each new compound described in 

the manuscript. Authors should provide a statement confirming the source, identity and 

purity of known compounds that are central to the scientific study, even if they are 

purchased or resynthesized using published methods. 

1. Chemical identity 

 

Chemical identity for organic and organometallic compounds should be established 

through spectroscopic analysis. Standard peak listings (see formatting guidelines below) 

for 1H NMR and proton-decoupled 13C NMR should be provided for all new 

compounds. Other NMR data should be reported (31P NMR, 19F NMR, etc.) when 

appropriate. For new materials, authors should also provide mass spectral data to 
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support molecular weight identity. High-resolution mass spectral (HRMS) data are 

preferred. UV or IR spectral data may be reported for the identification of characteristic 

functional groups, when appropriate. Melting-point ranges should be provided for 

crystalline materials. Specific rotations may be reported for chiral compounds. Authors 

should provide references, rather than detailed procedures, for known compounds, 

unless their protocols represent a departure from or improvement on published methods. 

2. Combinational compound libraries 

 

Authors describing the preparation of combinatorial libraries should include standard 

characterization data for a diverse panel of library components. 

3. Biomolecular identity 

 

For new biopolymeric materials (oligosaccharides, peptides, nucleic acids, etc.), direct 

structural analysis by NMR spectroscopic methods may not be possible. In these cases, 

authors must provide evidence of identity based on sequence (when appropriate) and 

mass spectral characterization. 

4. Biological constructs 

 

Authors should provide sequencing or functional data that validates the identity of their 

biological constructs (plasmids, fusion proteins, site-directed mutants, etc.) either in the 

manuscript text or the Methods section, as appropriate. 

5. Sample purity 

 

Evidence of sample purity is requested for each new compound. Methods for purity 

analysis depend on the compound class. For most organic and organometallic 

compounds, purity may be demonstrated by high-field 1H NMR or 13C NMR data, 

although elemental analysis (±0.4%) is encouraged for small molecules. Quantitative 

analytical methods including chromatographic (GC, HPLC, etc.) or electrophoretic 
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analyses may be used to demonstrate purity for small molecules and polymeric 

materials. 

6. Spectral data 

 

Detailed spectral data for new compounds should be provided in list form (see below) in 

the Methods section. Figures containing spectra generally will not be published as a 

manuscript figure unless the data are directly relevant to the central conclusions of the 

paper. Authors are encouraged to include high-quality images of spectral data for key 

compounds in the Supplementary Information. Specific NMR assignments should be 

listed after integration values only if they were unambiguously determined by 

multidimensional NMR or decoupling experiments. Authors should provide information 

about how assignments were made in a general Methods section. 

 

Example format for compound characterization data. mp: 100-102 °C (lit.ref 99-101 

°C); TLC (CHCl3:MeOH, 98:2 v/v): Rf = 0.23; [α]D = -21.5 (0.1 M in n-hexane); 1H 

NMR (400 MHz, CDCl3): δ 9.30 (s, 1H), 7.55-7.41 (m, 6H), 5.61 (d, J = 5.5 Hz, 1H), 

5.40 (d, J = 5.5 Hz, 1H), 4.93 (m, 1H), 4.20 (q, J = 8.5 Hz, 2H), 2.11 (s, 3H), 1.25 (t, J = 

8.5 Hz, 3H); 13C NMR (125 MHz, CDCl3): δ 165.4, 165.0, 140.5, 138.7, 131.5, 129.2, 

118.6, 84.2, 75.8, 66.7, 37.9, 20.1; IR (Nujol): 1765 cm-1; UV/Vis: λmax 267 nm; 

HRMS (m/z): [M]+ calcd. for C20H15Cl2NO5, 420.0406; found, 420.0412; analysis 

(calcd., found for C20H15Cl2NO5): C (57.16, 57.22), H (3.60, 3.61), Cl (16.87, 16.88), 

N (3.33, 3.33), O (19.04, 19.09). 

7. Crystallographic data for small molecules 

 

Manuscripts reporting new three-dimensional structures of small molecules from 

crystallographic analysis should include a .cif file and a structural figure with 

probability ellipsoids for publication as Supplementary Information. These must have 

been checked using the IUCR's CheckCIF routine, and a PDF copy of the output must 

be included with the submission, together with a justification for any alerts reported. 

Crystallographic data for small molecules should be submitted to the Cambridge 
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Structural Database and the deposition number referenced appropriately in the 

manuscript. Full access must be provided on publication. 

8. Macromolecular structural data 

 

Manuscripts reporting new structures should contain a table summarizing structural and 

refinement statistics. Templates are available for such tables describing NMR and X-ray 

crystallography data. To facilitate assessment of the quality of the structural data, a 

stereo image of a portion of the electron density map (for crystallography papers) or of 

the superimposed lowest energy structures (≳10; for NMR papers) should be provided 

with the submitted manuscript. If the reported structure represents a novel overall fold, a 

stereo image of the entire structure (as a backbone trace) should also be provided. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


