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Paternal obesity; Objective: To discuss the recent literature on paternal obesity, focusing on the possible mecha-
Programming; nisms of transmission of the phenotypes from the father to the children.

Obese child; Sources: A non-systematic review in the PubMed database found few publications in which
Chronic diseases paternal obesity was implicated in the adverse transmission of characteristics to offspring. Spe-
programming; cific articles on epigenetics were also evaluated. As the subject is recent and still controversial,
Epigenetics all articles were considered regardless of year of publication.

Summary of findings: Studies in humans and animals have established that paternal obesity
impairs their hormones, metabolism, and sperm function, which can be transmitted to their
offspring. In humans, paternal obesity results in insulin resistance/type 2 diabetes and increased
levels of cortisol in umbilical cord blood, which increases the risk factors for cardiovascular dise-
ase. Notably, there is an association between body fat in parents and the prevalence of obesity
in their daughters. In animals, paternal obesity led to offspring alterations on glucose-insulin
homeostasis, hepatic lipogenesis, hypothalamus/feeding behavior, kidney of the offspring; it
also impairs the reproductive potential of male offspring with sperm oxidative stress and mito-
chondrial dysfunction. An explanation for these observations (human and animal) is epigenetics,
considered the primary tool for the transmission of phenotypes from the father to offspring,
such as DNA methylation, histone modifications, and non-coding RNA.
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Introducao

Conclusions: Paternal obesity can induce programmed phenotypes in offspring through epige-
netics. Therefore, it can be considered a public health problem, affecting the children’s future
life.

© 2017 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Pais obesos levam a metabolismo alterado e obesidade em seus filhos na idade
adulta: revisao de estudos experimentais e humanos

Resumo

Objetivo: Discutir a literatura recente sobre obesidade paterna, focalizando os possiveis meca-
nismos de transmissao dos fenotipos do pai para os filhos.

Fontes: Uma revisdo nao-sistematica no banco de dados PubMed encontrou poucas publicacdes
com obesidade paterna implicada com a transmissdo adversa das caracteristicas a prole. Arti-
gos especificos sobre epigenética também foram avaliados. Como o assunto € recente e ainda
controverso, todos os trabalhos foram considerados independentemente do ano de publicacao.
Resumo dos achados: Estudos em seres humanos e animais estabeleceram que a obesidade do
pai prejudica seus hormonios, metabolismo e funcao espermatica, que pode ser transmitida a
prole. Em humanos, a obesidade paterna resulta em resisténcia a insulina / diabetes tipo 2 e
aumento do nivel de cortisol no sangue do cordao umbilical, que aumenta os fatores de risco
para doenca cardiovascular. Notavelmente, existe associacao entre a gordura corporal nos pais
e a prevaléncia de obesidade em suas filhas. Em animais, pais obesos condicionam, na prole, a
homeostase glicose-insulina, lipogénese hepatica, hipotalamo / comportamento alimentar, rim,
prejudicam o potencial reprodutivo da prole masculina com estresse oxidativo espermatico
e disfuncdo mitocondrial. Uma explicacdo para estas observacdes (humanos e animais) € a
epigenética, considerada a ferramenta basica para a transmissao de fenotipos do pai a prole,
como a metilacdo do DNA, modificacdes nas histonas, e RNA ndo codificante.

Conclusodes: A obesidade paterna pode induzir fenotipos programados na prole através da epi-
genética. Portanto, a obesidade paterna pode ser considerada um problema de saide publica,
afetando a vida futura das criancas.

© 2017 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este € um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.
0/).

e a vida util das ilhotas pancreaticas na prole feminina.’
Os testes clinicos e em animais desafiaram as ideias con-
vencionais sobre a programacao metabdlica, sugerindo que

A obesidade tem crescido de forma desordenada, consti-
tuindo uma epidemia real descrita como ‘‘globesidade’’,
0 que representa um grave problema de salde pulblica
atualmente.’

Sabemos agora que o risco de desenvolver obesidade e
sindrome metabolica (SM) na idade adulta pode ser influen-
ciado pelo periodo de vida inicial, especialmente através
de uma nutricao inadequada disponivel para o feto e o
recém-nascido.?>* **Programacao’’ é como chamamos o pro-
cesso pelo qual os fatores iniciais da vida podem influenciar
a salde da prole na idade adulta. A programacao é con-
siderada um mecanismo essencial para o estabelecimento
da obesidade e alteracdes metabdlicas na prole.*> Varios
modelos sao utilizados para compreender os mecanismos
associados a programacdo, em que o ambiente hormonal
e metabdlico durante o periodo pré-natal ou pos-natal é
alterado por mudancas no estado nutricional materno.®-8

A maioria dos estudos epidemioldgicos e experimentais
centralizou-se na influéncia da mae na satde da prole. No
entanto, experiéncias recentes com roedores demonstraram
o envolvimento do pai afetando a homeostase da glicose

algo mais poderia estar envolvido nesse processo através da
programacao paterna. Estudos recentes agora indicam que
a salide metabodlica do pai na concepgao também pode afe-
tar a salde das criancas, com pais obesos mais propensos a
gerar uma crianca obesa. '’

Nesta revisao, relatamos as descobertas recentes e os
mecanismos propostos envolvidos na programacao do pai na
prole.

Estudos humanos

Estudos em seres humanos analisaram a relacao entre os
fatores relacionados ao estilo de vida do pai, os fatores de
exposicdo ambiental e o desfecho de salide da prole no inicio
da vida e posteriormente, sugerindo que os efeitos paternos
podem desempenhar um papel significativo na patogénese
das doencas cronicas da prole na vida adulta (por exemplo,
resisténcia a insulina e diabetes tipo 2). Mais de 60% de todos
os adultos sao classificados como tendo sobrepeso ou obesi-
dade na maioria das sociedades ocidentalizadas e, a medida
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que a prevaléncia da obesidade aumenta, é responsavel por
uma propor¢ao cada vez maior do fardo geral da doenca.® "

Ha evidéncias claras de que os fatores nutricionais do pai
desempenham um papel significativo na salde da prole. Por
exemplo, ha uma correlacao entre quantidades absolutas e
relativas de gordura corporal paterna e os mesmos parame-
tros em suas filhas com idade entre 4,8 e 8,9 anos.'? Além
disso, o indice de massa corporal do pai (IMC) pode modular o
fenotipo da prole de maneira sexo-dependente. Nos quadros
de um estudo de coorte familiar (899 trios consistindo de
pais e prole), o IMC paterno correlacionou-se com o peso ao
nascer, o diametro biparietal, a circunferéncia da cabeca, o
diametro abdominal, a circunferéncia abdominal e o diame-
tro toracico apenas nos recém-nascidos do sexo masculino.'?
Os pais'® ou avos' expostos a sobre alimentagéo ou restricéo
alimentar no periodo de idade de 9 a 12 anos predetermi-
nam longevidade reduzida na prole masculina. A segunda
geracao de descendentes desses avos teve um risco quatro
vezes aumentado de mortalidade por diabetes.'®

No norte da Suécia, o seguimento de trés geracbes
demonstrou que o consumo excessivo de alimentos de
um avo estd associado a reducdo da capacidade de
sobrevivéncia' e ao aumento do risco de diabetes'> em seus
netos. O inicio precoce do tabagismo do avlé também esta
relacionado ao aumento do IMC do neto.'® Essa evidéncia
indica que os fatores nutricionais do pai, ndao apenas antes
da concepg¢ao, mas também até mesmo na puberdade do pai,
podem afetar a prole de maneira sexo-dependente.'” Além
disso, existe uma interacao entre genes parentais e fatores
ambientais parentais que tém um efeito sobre o fenotipo
da prole."® A interacdo gene-meio ambiente torna-se ainda
mais complicada, pois também se sabe que o status socioe-
conémico de um individuo parece ter efeitos opostos sobre
a obesidade em paises pobres e ricos."’

No pai, o desequilibrio calérico imposto pelas escolhas
de estilo de vida, incluindo o alto consumo de alimentos e
a baixa atividade fisica, sdo fatores a serem considerados
em estudos de programacdo. As modificacbes epigenéti-
cas podem ocorrer durante a vida de muitos individuos
dentro de uma populacao e, assim, serem transmitidas ime-
diatamente para um grande numero de descendentes na
proxima geracéo, ao contrario dos eventos gendmicos que se
espalham lentamente por uma populacdo.?’ E provavel que
mudancas nas circunstancias em dentro do individuo ou ao
longo de varias geracdes possam recrutar alelos silenciosos
de volta ao genoma ativo e contribuir para a reversibili-
dade de mudancas adaptativas ou adquiridas. Um estudo
recente em homens obesos mostrou alteracées no microRNA
circulante (miRNA) que tém como alvo o VEGF (fator de
crescimento endotelial vascular), proteinas quinases de
mitogénio ativado no tecido adiposo, que foi reversivel apos
a perda de peso.”’

O IMC do pai durante a concepcao foi associado ao desen-
volvimento fetal da prole masculina, mas nao da prole
feminina. O IMC do pai correlacionou-se significativamente
com o peso ao nascer e o diametro biparietal perinatal, a
circunferéncia da cabeca, o didametro abdominal, a circun-
feréncia abdominal e o diametro toracico medido na prole
masculina. Nao houve correlacées significativas entre o IMC
paterno e esses parametros na prole feminina. O nivel de
cortisol do sangue do cordao umbilical também foi associ-
ado ao IMC do pai apenas na prole masculina. Os autores

concluiram que um efeito transgeracional sexo-especifico do
IMC do pai na secrecao fetal de cortisol pode representar um
fator de risco para doencas cardiovasculares em prole mas-
culina na vida adulta.'? Além disso, o aumento do IMC do pai
esta associado a diminuicdo do desenvolvimento do blasto-
cistos e taxas de nascidos vivos ap0s a fertilizaco in vitro.?
No pai obeso (IMC> 25kg/m?), detectou-se uma elevacao
nas espécies reativas de oxigénio no esperma, aumento dos
niveis de neopterina no liquido seminal (um marcador de
ativacao de macréfagos do trato reprodutor), diminuicao
da contagem de espermatozoides e niveis de testosterona
sérica e aumento do estradiol sérico.??

Estudos em animais

Modelos animais de obesidade masculina estao sendo utiliza-
dos para avaliar o impacto da programacao paterna na prole
e analisar a funcao espermatica do pai obeso. Os modelos
animais sao importantes devido as dificuldades em separar
os efeitos da composicdo genética paterna das exposicoes
ambientais do pai sobre a prole,’® bem como agrupar e
interpretar dados de estudos humanos. A melhor compreen-
sao dos mecanismos de programacao paterna pode ajudar
as intervencoes para minimizar os efeitos adversos sobre a
prole.”

Uma programacao paterna (quando os pais obesos levam
ao distirbio da homeostase glicose-insulina na prole femi-
nina) foi inicialmente descrita em animais.’ Pais obesos
também programam a lipogénese e a beta-oxidacdo no
figado? e o hipotalamo da prole (a inflamacao do hipota-
lamo foi encontrada na prole, com o aumento das expressoes
de IL (interleucina)-6 e TNF (fator de necrose tumoral).®

Os pais obesos também alteraram o rim na prole, com
danos tubulares e perda da borda em escova tubular, mas
nao danos glomerulares. O gene Acat1 (gene da colesterol-
-aciltransferase-1), envolvido na entrada de acido graxo
para a beta-oxidagao nos tubulos, mostrou up-regulacao na
prole.?¢

O desenvolvimento de células germinativas masculinas
de mamiferos é suscetivel a dano em diferentes momentos
em doencas especificas da prole na vida adulta: desenvolvi-
mento embrionario, primeira infancia e idade pré-pubere,
e preconcepcao e espermatogénese na idade adulta.?”%
A obesidade do pai afeta negativamente o potencial repro-
dutivo da prole masculina, nao sé alterando a funcéao,
qualidade e composicao molecular do esperma, mas também
aumentando o estresse oxidativo do esperma, contribuindo
para o dano ao DNA e a disfuncdo mitocondrial.>°

Muitos estudos em modelos animais concentram-se nos
fatores adversos que influenciam a exposicao do pai do
periodo pré-pubere a preconcepcao. Portanto, é mais plau-
sivel considerar que o epigenoma sofre reprogramacao
em embrides pré-implantacdo e células germinativas
primordiais. '

Tem sido sugerido que as exposicoes ambientais em
modelos animais durante esse periodo induzem efeitos
intergeracionais e transgeracionais através do epigenoma
do esperma.’? Os dados demonstram que muitos efeitos
metabolicos observados na primeira geracao continuam
na segunda geracao com fémeas F1 produzindo machos
F2 com aumento de adiposidade. A obesidade do pai
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modificou a expressao de varios microRNAs, concomitante
com alteragées no conteldo de microRNA do esperma
e uma reducdo na metilacdo global do DNA das células
germinativas.*

Desde o momento em que o blastocisto é formado, a
pré-implantacdo acabou, e uma nova etapa comeca - o
desenvolvimento dentro do Gtero. Depois de entrar nas
gonadas, as células germinativas primordiais se conver-
tem em gonocitos e em modelos de camundongos ocorre
a diminuicdo dos niveis de metilacdo do DNA.** As res-
ponsabilidades primarias nesse tempo de janela abrangem
a expressao do gene célula-especifico, a diferenciacdo de
tecidos e os epigenomas tecido-especificos.?”

Pais camundongos obesos tiveram retencao de H3 e
impressoes gendmicas no esperma e diferencas na expres-
sdo de mRNA hepatico de varios genes relacionados a sintese
de gordura na prole. Observaram-se diferencas na expres-
sao hepatica de Mt1 e Mt2 (metalotioneina-1 e -2), Fasn
(&cido graxo sintase), P450 citocromo oxidoredutase®* e
Acaca (acetil-CoA carboxilase-a) com a idade de 24 sema-
nas. O pai obeso também aumentou a ocupacao da histona
H3 nos promotores de genes responsaveis pelo desenvolvi-
mento embrionario e aumento do H3K4me1 (monometilacdo
da lisina 4 na histona H3) em genes responsaveis pela
regulacao da embriogénese nos espermatozoides. No total,
os achados sugerem que a exposicdo dietética pode modular
a composicao de histonas em genes envolvidos no processo
de desenvolvimento.*

Epigenética

Os mecanismos que explicam como o pai pode afetar o
desenvolvimento da prole ainda estao em debate. A epi-
genética € a principal ferramenta para a transmissao de
fendtipos paternos a prole, porque os estimulos nutricionais
transitorios em estagios criticos da ontogénese podem ter
influéncia na expressao de varios genes através de mudancgas
na conformacao da cromatina e na acessibilidade dos fatores
de transcricao.?®

Portanto, o termo epigenético (prefixo grego epi- (emt):
sobre, fora de, ao redor), proposto por Conrad Wadding-
ton, é descrito como um ‘‘processo de desenvolvimento
do fenétipo a partir do gendtipo’’.’” Em outras palavras,
a epigenética é qualquer modificacdo transmissivel e rever-
sivel na expressao de um gene sem alteracao estrutural na
sequéncia do DNA.* Diferente da variacao genética da linha
germinal, que permanece inalterada em todas as células do
corpo, a modificacdo epigenética é dinamica e varia entre
os tecidos em resposta a uma série de estimulos ambientais,
incluindo aqueles que direcionam a diferenciacao tecidual
durante o desenvolvimento e o crescimento e os graves ris-
cos que provocam uma resposta adaptativa das células.*

Alguns marcos epigenéticos durante a espermatogénese
podem continuar durante o desenvolvimento embriona-
rio. As exposicoes ambientais (dieta, estilo de vida e
outras exposicdes) que ocorrem na gametogénese mascu-
lina podem causar alteracoes epigenéticas irreversiveis e
consequéncias fenotipicas expressas na prole.* Os pro-
cessos epigenéticos também modulam os efeitos através
da regulacdo da transcricdo, devido a varios processos,
tais como a metilacao do DNA, alteracdes das histonas

e a transcricato do RNA nao-codificante (miRNA, por
exemplo).*"4

As modificacoes epigenéticas que atuam sobre a capa-
cidade de plasticidade celular, preparam o individuo para o
ambiente extrauterino e podem potencializar uma vantagem
de sobrevivéncia, regulando os genes diferenciais que codi-
ficam proteinas envolvidas no metabolismo energético e na
adipogénese.® No entanto, diante de uma condicdo meta-
bélica deletéria como a obesidade e alteracoes metabdlicas
relacionadas, essas modificacdes podem ser exacerbadas ou
silenciadas, especialmente a programacao das células ger-
minativas, que constituem a perpetuacao e a transmissao
fenotipica da espécie.*

Hipoteses recentes consideram que alguns padroes
alimentares paternos residem em espermatozoides car-
reando informacdes epigenéticas.”’ O ‘‘epigenoma’’ do
esperma era tradicionalmente considerado insignificante,
pois postulava-se que seu perfil de metilacao do DNA era
apagado imediatamente apos a fertilizacdo. No entanto,
nos ultimos anos, houve um aumento no nimero de casos
relatados de aparente heranca epigenética através da linha
germinal masculina, sugerindo que este epigenoma pode
transmitir informacdes entre geracées. 840

O desenvolvimento de embrides de ra derivados de
espermatozoides e espermatides permite observar que o
esperma, além da transferéncia do DNA, também contribui
para a informacao epigenética necessaria para a expressao
adequada do gene embrionario, representando a chave para
a informacao epigenética.®

Metilacao

A metilacao do DNA é uma das reacdes quimicas que ocorrem
mais frequentemente em eucariotas, como plantas, fungos,
invertebrados e vertebrados.** Esta modificacdo quimica é
caracterizada pela adicao de um grupo metil na posicao
C5 do anel de citosina, catalisada pelas metiltransfera-
ses de DNA, levando a formacdo de 5-metilcitosina. ¢4’ A
frequéncia de 5-metilcitidina é inferior a 1% do nUmero total
de nucleotideos no genoma.® Esse processo de metilacdo
atua no desenvolvimento embrionario normal, inativacao do
cromossomo X, regulacao genética, impressao genomica e
modificacdes da cromatina.®

A maior parte das metilacées do DNA ocorre em regides
chamadas ilhas CpG, que correspondem as regides genémi-
cas com mais de 1.000 pares de bases de comprimento e com
muitos dinucleotideos CG, com cerca de 55% dessas ilhas
localizadas nas regides promotoras de aproximadamente
40% dos genes de mamiferos. Estas ilhas CpG (citosina-
-fosfato-guanina) sao mantidas nao-metiladas, exceto em
genes de impressao ou quando localizadas no cromossomo
X inativo.®>" Portanto, as ilhas CpG localizadas na regido
promotora de genes constitutivos (housekeeping) e genes
reguladores do desenvolvimento com distribuicao densa de
citosina e guanina sao resistentes a metilacdo do DNA.>?
As ilhas CpG, que permitem a ligacdo de proteinas e enzi-
mas, iniciam a cascata de transcricao. Em contraste, as
ilhas CpG metiladas estao relacionadas ao silenciamento
transcricional.>?

A hipermetilacao das regides promotoras ricas em dinu-
cleotideos tem um papel significativo na perda de expressao
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Epigenética da programacao do pai sobre a prole. As alteracées metabdlicas do pai relacionadas a obesidade, podem

Figura 1

Espermatozoides portadores
de informacao epigenética paterna

resultar em modificacdes na informagao genética contida no espermatozoide. A metilacdo do DNA em regides promotoras especificas
frequentemente evita a transcricao genética ao inativar o gene em questao. Quanto as modificacdes das histonas, a hipermetilacao
(dependendo da histona e do aminoacido) favorece a condensacdo da cromatina, dificultando o acesso as proteinas reguladoras que
promovem a transcricao. No entanto, as histonas nao-metiladas garantem a cromatina descondensada, apoiando a transcricao do
gene. Em contraste, a acetilacao de histonas abre a cromatina, permitindo o acoplamento da maquinaria transcricional.

génica.>* Normalmente, a hipometilacdo do DNA desen-
cadeia um aumento na expressao génica, enquanto a
hipermetilacao diminui a expressdo dos genes-alvo.>® Além
disso, os fatores de transcricao nao reconhecem e se ligam
aos locais de inicio da transcricao devido a modificacao da
citosina em 5-metilcitidina. Tal é o caso de AP-2 (proteina
adipocita 2), cMYC / MYN (cMYC / homélogo murino de max),
CREB (proteina de ligacado ao elemento de resposta de mono-
fosfato de adenosina ciclica), E2F (fator E2) e NF-KB (fator
nuclear- kB). No entanto, esses locais de ligacao podem
ser ocupados por outras proteinas tais como MeCP-2 (pro-
teina de ligacao de metil-CpG 2), MBD (proteina de dominio
de ligacao de metil-CpG) 1, MBD2, MBD3 e MBD4, que se
ligam a citosinas metiladas e estimulam a condensacao da
cromatina, inativando o gene.*%

As enzimas responsaveis pela adicdo de um grupo
metila as moléculas de citosina pertencem a familia de
metiltransferases de DNA (DNMTs), incluindo DNMT (DNA
metiltransferase) -1, DNMT3A, DNMT3B e suas isoformas,
e DNMT3L.#>” DNMT1 é a principal responsavel pela
manutencao dos padroes de metilacao do DNA durante a
mitose. Além disso, DNMT (regides diferencialmente meti-
ladas) -s3 é responsavel pela metilacdo de novo de moléculas
de DNA recém-sintetizadas e é mais importante durante os
primeiros estagios do desenvolvimento embrionario e pode

ser o processo envolvido na programacao paterna para a
transmissao fenotipica.’®>’ Uma visao esquematica das prin-
cipais modificacdes epigenéticas paternas pode ser vista na
figura 1.

Em um processo contrario, a desmetilacdo do DNA é tam-
bém um importante componente epigenético da transcricao
génica e programacao epigenética, que ocorre através de
varias reacdes enzimaticas que fazem mediacao da oxidacao
da 5-metilcitosina em 5-hidroximetilcitosina.®® A presenca
de 5-hidroximetilcitosina em regides promotoras resulta em
aumento da transcricao, indicando um papel na regulacao
em longo e curto prazo da expressao génica.®'

Modificacdes da histona

As modificacdes da histona sao outras acdes bioldgicas
que regulam a expressdo génica. As histonas sao protei-
nas basicas encontradas nos nucleos celulares eucariotas,
que ajudam na compactacao do DNA nos nucleossomas,
os blocos de ligacdo da cromatina.®”> A cromatina deve
ser remodelada, modificando a acessibilidade das ferra-
mentas de transcricao do DNA para controlar o processo
de transcricdo.®> Eventos como acetilacdo, metilacao,
fosforilacao e ubiquitinacao, geralmente ocorrem na cauda
das histonas que se estendem a partir do centro dos
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nucleossomos.® Outras modificaces quimicas também alte-
ram as histonas, tais como a glcNAcilacdo de histona
lisina (acilacao da glucosamina), butirizacao, malonilacao
e crotonilacdo.%%

As histonas 3 e 4 (H3 e H4, respectivamente) sao comu-
mente estudadas e a acetilacdo é a principal modificacdo
epigenética considerada que ocorre na lisina e arginina e
neutraliza a carga positiva de residuos basicos. As enzi-
mas histona acetilase adicionam grupos acetil aos residuos
de histona lisina, e acredita-se que as histonas acetila-
das tenham uma afinidade reduzida entre DNA e histonas,
deixando a cromatina em estado relaxado (eucromatina) e
transcricionalmente ativa.®

Em contraste, a histona desacetilase remove os grupos
acetil, mais condensados e evita a expressao génica.®’ Essas
modificagdes quimicas alteram a interacao entre DNA e his-
tonas, alterando o grau de dobragem da cromatina e a
atividade génica.% Portanto, a heterocromatina esta relaci-
onada com hipoacetilacao para H3 e H4, e di ou trimetilacao
do nono residuo de lisina em H3 (H3K9me2 ou H3K9me3).’

RNA néao codificante (microRNA)

Além da metilacao do DNA e da modificagcdo das histonas,
o RNA do esperma pode ser um regulador epigenético. Os
espermatozoides contém um array de ambos os mRNA”? e
RNA nao codificante, incluindo o miRNA.”" A maior parte
deste RNA é entregue ao oocito. No entanto, o papel do
miRNA na fase inicial da pré-implantacao embrionaria ainda
esta sendo debatido.

A evidéncia do efeito biolégico direto dos miRNAs
no periodo pré-implantacdo € apoiada por observacoes
de camundongos com lesdo cromossomica no gene Dicer.
A perda de processamento enzimatico do miRNA Dicer em
oocitos leva a letalidade no inicio do desenvolvimento, onde
os zigotos nao conseguem sobreviver a divisdo em primeiro
lugar.”? Portanto, isso sugere a interferéncia do miRNA no
desenvolvimento do zigoto.

O miRNA é uma parte importante do grupo nao codifi-
cante tao pequeno. Esses componentes possuem moléculas
de RNA de aproximadamente 21nt de comprimento que
reprimem seu mRNA alvo.”®> No sexo masculino, eles estdo
no nucleo dos espermatozoides, mantendo o DNA conectado
as histonas durante a espermiogénese e no desenvolvimento
embrionario precoce.” O miRNA regula varias funcées bio-
logicas, demonstrando influéncia na inativacao epigenética
de genes e na protecao do DNA contra virus e transposons.’?

De uma maneira geral, o miRNA em animais esta loca-
lizado principalmente dentro dos introns de genes de RNA
codificantes ou nao codificantes de proteinas,’® sendo pro-
duzidos por transcricao da RNA polimerase Il. Nos seres
humanos, o miRNA parece ser sintetizado pela RNA polime-
rase II.77 Nos Ultimos anos, a super- ou a sub-expressao do
miRNA tem sido associada ao desenvolvimento de doencas,
mas os mecanismos e acdes ainda sao ambiguos.”®

Epigenética na programacao paterna

Varios estudos em animais e humanos demonstraram a
influéncia da dieta do pai sobre o fenétipo da prole através
do epigenoma.

Camundongos machos alimentados com uma dieta rica
em gordura geraram uma prole feminina com homeostase
glicose-insulina deficiente, associada a expressao alterada
em um dos 642 genes de ilhotas pancreaticas e ao gene
hipometilado IL13ra2 (receptor de interleucina 13 alfa 2).°
As alteracoes foram encontradas recentemente nos trans-
criptomas de tecidos adiposos retroperitoneais e de ilhotas
pancreaticas na prole feminina. No tecido adiposo retro-
peritoneal, 5.108 genes foram diferencialmente expressos
devido a dieta rica em gordura de um pai, cujas funcoes
estdo relacionadas a resposta mitocondrial e celular ao
estresse, sinalizacao da telomerase, morte e sobrevivéncia
celular, ciclo celular, crescimento celular e proliferacao e
cancer.””

Em um modelo de camundongo de dieta do pai rica em
proteinas, a prole mostrou uma metilacao elevada em PPAR
(receptor ativado por proliferador de peroxissoma)-alpha
no figado, um gene envolvido na formacao das primei-
ras enzimas para a oxidacao de lipideos nas mitocondrias,
sendo um regulador lipidico essencial.®? Além disso, a resis-
téncia a insulina do pai alterou o estado de metilacao
de varios genes sinalizadores de insulina na prole aumen-
tando a susceptibilidade ao diabetes na prole através de
alteracoes epigenéticas no gameta. Tais alteragcdes incluem
os genes Pik3r1 (subunidade 1 reguladora de fosfoinosi-
tideo 3-quinase), Pik3ca (polipeptidio alfa catalitico de
fosfinosideto-3-quinase), Ptpn1 (proteina tirosina fosfatase,
nao receptora do tipo 1) e Pik3ca no esperma.?' A dieta rica
em gordura do pai em camundongos levou a um aumento
no RNA transportador (tRNA) no esperma como uma chave
epigenética hereditaria influenciada pela dieta do pai e
relacionada a insuficiéncia metabodlica na prole, causando
intolerancia a glicose e resisténcia a insulina.®?

A obesidade paterna inicia distirbios metabolicos em
duas geracdes de camundongos, alterando o perfil trans-
cricional do testiculo e o conteldo de miRNA do esperma.
O conteldo diferencial de miRNAs candnicos no esperma
sugeriu desregulacdo na espermatogénese, desenvolvimento
embrionario e funcao metabdlica. Além disso, a dieta rica
em gordura do pai afetou o status metabdlico da prole atra-
vés de alteracbes epigenéticas nos genes da adiponectina
e leptina por duas geracées.®® Digno de nota, um aumento
no miR-29 (microRNA 29) foi associado a uma diminuicao
na metilacdao de elementos repetidos na linha germinal
masculina.’? Além disso, 13 miRNAs espermaticos foram
modulados pela dieta rica em gordura de um pai e trans-
feriram essa carga de miRNA alterada para o embridao na
fertilizacao, alterando sua trajetoéria de crescimento e afe-
tando o fenotipo da prole adulta.®

Nos recém-nascidos, havia uma associacdo entre a obe-
sidade pré-concepcao e os perfis de metilacdo do DNA na
prole, particularmente nas DMRs (regides diferencialmente
metiladas) do gene do fator de crescimento semelhante a
insulina-2 (IGF-2) imprintado. A hipometilacdo na DMR do
IGF2 na prole foi associada a obesidade do pai.®

E concebivel que os reguladores epigenéticos adicionais
ou novos (como os prions) estejam presentes no esperma,
ou que a qualidade do esperma seja afetada pela dieta, ou
que o meio-ambiente possa causar as alteracoes genéticas
(embora seja importante enfatizar que cepas de ratos con-
sanguineos foram usadas nesse estudo).® Além disto, o dano
ao DNA do esperma induzido pela radiacao y mostrou ser
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hereditario, com descendentes exibindo danos ao DNA do
esperma de maneira similar.%¢

A modificacdo epigenética é um processo continuo, e
algumas mudancas podem ser reversiveis.?’ Estes dados em
conjunto revelam o impacto da programacao paterna (par-
ticularmente através de manipulacbes nutricionais) sobre a
vida futura da prole, influenciada principalmente pela trans-
missao do fenotipo através do processo epigenético.

Consideragées finais

Dados de estudos epidemiologicos e em animais fornecem
evidéncias de que a alimentacdo paterna e as condicoes
de salde do pai podem programar as geracbes posterio-
res. Assim, a mae nao é a Unica responsavel pela salde
da prole. O pai compartilha a responsabilidade de forne-
cer uma impressao epigenética esperma-especifica para o
odcito, afetando a trajetoria do desenvolvimento embriona-
rio e a salde da prole adulta. Embora o papel da influéncia
paterna possa ser claramente identificado, nosso conheci-
mento de reprogramacao, alteracao e possivel prevencao
de efeitos paternos permanece limitado.

Até a presente data, os estudos humanos nao estao
progredindo da mesma forma que nos animais; ha pouca
informacao sobre o mecanismo e a contribuicao da
programacao paterna na salde da crianca, uma vez que
os homens sao amplamente utilizados como controle para
pesquisas em mulheres. Sendo assim, considerando que a
obesidade do pai também pode ser um problema de salde
publica, é importante melhorar os estudos epidemiologicos
para avaliar o papel exato da satde do pai no esperma e na
salide das criancas a fim de propor novas intervencoes para
a restauracao.

Conflitos de interesse
Os autores declaram nao haver conflitos de interesse.
Agradecimentos

Nosso laboratério (www.lmmc.uerj.br) é patrocinado pelo
Conselho Nacional de Desenvolvimento Cientifico e Tecno-
logico (CNPq, subsidio n° 302.154 / 2011-6 para CAML e n°
306.077 / 2013-2 para MBA) e Fundacao Carlos Chagas Filho
de Amparo a Pesquisa do Rio de Janeiro (FAPERJ, subsidio n°
102.944 / 2011 para CAML, # 103.062 / 2011 para MBA).

Referéncias

1. Huang H, Yan Z, Chen Y, Liu F. A social contagious model of the
obesity epidemic. Sci Rep. 2016;6:37961.

2. Barker DJ. The fetal and infant origins of adult disease. BMJ.
1990;301:1111.

3. Barker DJ. The developmental origins of adult disease. J Am
Coll Nutr. 2004;23:5885-95S.

4. Gusmao-Correia ML, Volpato AM, Aguila MB, Mandarim-de-
Lacerda CA. Developmental origins of health and disease:
experimental and human evidence of fetal programming for
metabolic syndrome. J Hum Hypertens. 2012;26:405-19.

5. Volpato AM, Schultz A, Magalhaes-da-Costa E, Correia ML, Aguila
MB, Mandarim-de-Lacerda CA. Maternal high-fat diet programs

20.

21.

22.

23.

24.

25.

for metabolic disturbances in offspring despite leptin sensiti-
vity. Neuroendocrinology. 2012;96:272-84.

. Ornellas F, Souza-Mello V, Mandarim-de-Lacerda CA, Aguila

MB. Combined parental obesity augments single-parent obe-
sity effects on hypothalamus inflammation, leptin signaling
(JAK/STAT), hyperphagia, and obesity in the adult mice offs-
pring. Physiol Behav. 2016;153:47-55.

. Bringhenti I, Ornellas F, Mandarim-de-Lacerda CA, Aguila MB.

The insulin-signaling pathway of the pancreatic islet is impaired
in adult mice offspring of mothers fed a high-fat diet. Nutrition.
2016;32:1138-43.

. Ornellas F, Mello VS, Mandarim-de-Lacerda CA, Aguila MB.

Sexual dimorphism in fat distribution and metabolic profile
in mice offspring from diet-induced obese mothers. Life Sci.
2013;93:454-63.

. Ng SF, Lin RC, Laybutt DR, Barres R, Owens JA, Morris MJ. Chro-

nic high-fat diet in fathers programs beta-cell dysfunction in
female rat offspring. Nature. 2010;467:963-6.

. LiL, Law C, Lo Conte R, Power C. Intergenerational influences

on childhood body mass index: the effect of parental body mass
index trajectories. Am J Clin Nutr. 2009;89:551-7.

. Nguyen DM, El-Serag HB. The epidemiology of obesity. Gastro-

enterol Clin North Am. 2010;39:1-7.

. Chen YP, Xiao XM, Li J, Reichetzeder C, Wang ZN, Hocher B.

Paternal body mass index (BMI) is associated with offspring
intrauterine growth in a gender-dependent manner. PLoS ONE.
2012;7:e36329.

. Kaati G, Bygren LO, Pembrey M, Sjostrom M. Transgenerational

response to nutrition, early life circumstances and longevity.
Eur J Hum Genet. 2007;15:784-90.

. Bygren LO, Kaati G, Edvinsson S. Longevity determined by pater-

nal ancestors’ nutrition during their slow growth period. Acta
Biotheor. 2001;49:53-9.

. Kaati G, Bygren LO, Edvinsson S. Cardiovascular and diabetes

mortality determined by nutrition during parents’ and grandpa-
rents’ slow growth period. Eur J Hum Genet. 2002;10:682-8.

. Pembrey ME, Bygren LO, Kaati G, Edvinsson S, Northstone K,

Sjostrom M, et al. Sex-specific, male-line transgenerational res-
ponses in humans. Eur J Hum Genet. 2006;14:159-66.

. Li J, Tsuprykov O, Yang X, Hocher B. Paternal programming of

offspring cardiometabolic diseases in later life. J Hypertens.
2016;34:2111-26.

. Hocher B. More than genes: the advanced fetal programming

hypothesis. J Reprod Immunol. 2014;104-105:8-11.

. Pampel FC, Denney JT, Obesity Krueger PM. SES, and economic

development: a test of the reversal hypothesis. Soc Sci Med.
2012;74:1073-81.

Slyvka Y, Zhang Y, Nowak FV. Epigenetic effects of paternal
diet on offspring: emphasis on obesity. Endocrine. 2015;48:
36-46.

Ortega FJ, Mercader JM, Catalan V, Moreno-Navarrete JM, Pueyo
N, Sabater M, et al. Targeting the circulating microRNA signa-
ture of obesity. Clin Chem. 2013;59:781-92.

Bakos HW, Henshaw RC, Mitchell M, Lane M. Paternal body mass
index is associated with decreased blastocyst development and
reduced live birth rates following assisted reproductive techno-
logy. Fertil Steril. 2011;95:1700-4.

Tunc O, Bakos HW, Tremellen K. Impact of body mass index on
seminal oxidative stress. Andrologia. 2011;43:121-8.
McPherson NO, Owens JA, Fullston T, Lane M. Preconception
diet or exercise intervention in obese fathers normalizes sperm
microRNA profile and metabolic syndrome in female offspring.
Am J Physiol Endocrinol Metab. 2015;308:E805-21.

Ornellas F, Souza-Mello V, Mandarim-de-Lacerda CA, Aguila MB.
Programming of obesity and comorbidities in the progeny: les-
sons from a model of diet-induced obese parents. PLOS ONE.
2015;10:e0124737.


http://www.lmmc.uerj.br/
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0435
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0440
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0445
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0450
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0455
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0460
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0465
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0470
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0475
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0480
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0485
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0490
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0495
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0500
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0505
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0510
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0515
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0520
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0525
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0530
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0535
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0540
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0545
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0550
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0555

558

Ornellas F et al.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

40.

1.

42.

43.

45.

46.

47.

Chowdhury SS, Lecomte V, Erlich JH, Maloney CA, Morris MJ.
Paternal high fat diet in rats leads to renal accumulation of
lipid and tubular changes in adult offspring. Nutrients. 2016;8.
Schagdarsurengin U, Steger K. Epigenetics in male reproduc-
tion: effect of paternal diet on sperm quality and offspring
health. Nat Rev Urol. 2016;13:584-95.

Soubry A, Hoyo C, Jirtle RL, Murphy SK. A paternal environ-
mental legacy: evidence for epigenetic inheritance through the
male germ line. Bioessays. 2014;36:359-71.

Wu H, Hauser R, Krawetz SA, Pilsner JR. Environmental suscep-
tibility of the sperm epigenome during windows of male germ
cell development. Curr Environ Health Rep. 2015;2:356-66.
Palmer NO, Bakos HW, Fullston T, Lane M. Impact of obesity
on male fertility, sperm function and molecular composition.
Spermatogenesis. 2012;2:253-63.

Saitou M, Kagiwada S, Kurimoto K. Epigenetic reprogramming
in mouse pre-implantation development and primordial germ
cells. Development. 2012;139:15-31.

Fullston T, Ohlsson Teague EM, Palmer NO, DeBlasio MJ, Mitchell
M, Corbett M, et al. Paternal obesity initiates metabolic distur-
bances in two generations of mice with incomplete penetrance
to the F2 generation and alters the transcriptional profile of
testis and sperm microRNA content. FASEB J. 2013;27:4226-43.
Seisenberger S, Andrews S, Krueger F, Arand J, Walter J,
Santos F, et al. The dynamics of genome-wide DNA methyla-
tion reprogramming in mouse primordial germ cells. Mol Cell.
2012;48:849-62.

Kilgore JA, Hoose SA, Gustafson TL, Porter W, Kladde MP. Single-
-molecule and population probing of chromatin structure using
DNA methyltransferases. Methods. 2007;41:320-32.

Terashima M, Barbour S, Ren J, Yu W, Han Y, Muegge K. Effect
of high fat diet on paternal sperm histone distribution and male
offspring liver gene expression. Epigenetics. 2015;10:861-71.
Gallou-Kabani C, Junien C. Nutritional epigenomics of metabo-
lic syndrome: new perspective against the epidemic. Diabetes.
2005;54:1899-906.

Waddington C. The epigenotype. Endeavour. 1942;1:18-20.

. Heard E, Martienssen RA. Transgenerational epigenetic inheri-

tance: myths and mechanisms. Cell. 2014;157:95-109.
Estampador AC, Franks PW. Genetic and epigenetic catalysts
in early-life programming of adult cardiometabolic disorders.
Diabetes Metab Syndr Obes. 2014;7:575-86.

Soubry A. Epigenetic inheritance and evolution: a paternal
perspective on dietary influences. Prog Biophys Mol Biol.
2015;118:79-85.

Li N, Shen Q, Hua J. Epigenetic remodeling in male germline
development. Stem Cells Int. 2016;2016:3152173.

ZhaoH, Zhao Y, Ren Y, Li M, Li T, Li R, et al. Epigenetic regulation
of an adverse metabolic phenotype in polycystic ovary syn-
drome: the impact of the leukocyte methylation of PPARGC1A
promoter. Fertil Steril. 2017;107:467-74, e5.

Gao Q, Tang J, Chen J, Jiang L, Zhu X, Xu Z. Epigenetic code and
potential epigenetic-based therapies against chronic diseases in
developmental origins. Drug Discov Today. 2014;19:1744-50.

. Guerrero-Bosagna C, Skinner MK. Environmentally induced epi-

genetic transgenerational inheritance of male infertility. Curr
Opin Genet Dev. 2014;26:79-88.

Teperek M, Simeone A, Gaggioli V, Miyamoto K, Allen GE, Erkek
S, et al. Sperm is epigenetically programmed to regulate gene
transcription in embryos. Genome Res. 2016;26:1034-46.
Caiafa P, Zampieri M. DNA methylation and chromatin structure:
the puzzling CpG islands. J Cell Biochem. 2005;94:257-65.

Fan H, Zhao ZJ, Cheng J, Su XW, Wu QX, Shan YF. Overexpres-
sion of DNA methyltransferase 1 and its biological significance
in primary hepatocellular carcinoma. World J Gastroenterol.
2009;15:2020-6.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

.

Yen CY, Huang HW, Shu CW, Hou MF, Yuan SS, Wang HR, et al.
DNA methylation, histone acetylation and methylation of epi-
genetic modifications as a therapeutic approach for cancers.
Cancer Lett. 2016;373:185-92.

Bird A. DNA methylation patterns and epigenetic memory. Genes
Dev. 2002;16:6-21.

Deng X, Ma W, Ramani V, Hill A, Yang F, Ay F, et al. Bipartite
structure of the inactive mouse X chromosome. Genome Biol.
2015;16:152.

Kota SK, Roy Chowdhury D, Rao LK, Padmalatha V, Singh L,
Bhadra U. Uncoupling of X-linked gene silencing from XIST bin-
ding by DICER1 and chromatin modulation on human inactive X
chromosome. Chromosoma. 2015;124:249-62.

Xu W, Wang F, Yu Z, Xin F. Epigenetics and cellular metabolism.
Genet Epigenet. 2016;8:43-51.

Egger G, Liang G, Aparicio A, Jones PA. Epigenetics in
human disease and prospects for epigenetic therapy. Nature.
2004;429:457-63.

Luczak MW, Jagodzinski PP. The role of DNA methylation in can-
cer development. Folia Histochem Cytobiol. 2006;44:143-54.
Liddle RA, Jirtle RL. Epigenetic silencing of genes in human
colon cancer. Gastroenterology. 2006;131:960-2.

Weyrich A, Lenz D, Jeschek M, Chung TH, Rubensam K, Goritz
F, et al. Paternal intergenerational epigenetic response to heat
exposure in male Wild guinea pigs. Mol Ecol. 2016;25:1729-40.
Sarabi MM, Naghibalhossaini F. Association of DNA methyl-
transferases expression with global and gene-specific DNA
methylation in colorectal cancer cells. Cell Biochem Funct.
2015;33:427-33.

Dolinoy DC, Weidman JR, Jirtle RL. Epigenetic gene regula-
tion: linking early developmental environment to adult disease.
Reprod Toxicol. 2007;23:297-307.

Moss TJ, Wallrath LL. Connections between epigenetic gene
silencing and human disease. Mutat Res. 2007;618:163-74.
Scourzic L, Mouly E, Bernard OA. TET proteins and the control
of cytosine demethylation in cancer. Genome Med. 2015;7:9.
Ficz G, Branco MR, Seisenberger S, Santos F, Krueger F, Hore TA,
et al. Dynamic regulation of 5-hydroxymethylcytosine in mouse
ES cells and during differentiation. Nature. 2011;473:398-402.
Sarkar DK. Male germline transmits fetal alcohol epigene-
tic marks for multiple generations: a review. Addict Biol.
2016;21:23-34.

Clapier CR, Cairns BR. The biology of chromatin remodeling
complexes. Annu Rev Biochem. 2009;78:273-304.

Howell PM Jr, Liu S, Ren S, Behlen C, Fodstad O, Riker Al. Epige-
netics in human melanoma. Cancer Control. 2009;16:200-18.
Jenuwein T, Allis CD. Translating the histone code. Science.
2001;293:1074-80.

Gelato KA, Fischle W. Role of histone modifications in defining
chromatin structure and function. Biol Chem. 2008;389:353-63.
Ausio J, Levin DB, De Amorim GV, Bakker S, Macleod PM.
Syndromes of disordered chromatin remodeling. Clin Genet.
2003;64:83-95.

Deobagkar DD, Chandra HS. The inactive X chromosome in the
human female is enriched in 5-methylcytosine to an unusual
degree and appears to contain more of this modified nucleotide
than the remainder of the genome. J Genet. 2003;82:13-6.
Arney KL, Fisher AG. Epigenetic aspects of differentiation.
J Cell Sci. 2004;117:4355-63.

Carrell DT. Contributions of spermatozoa to embryogenesis:
assays to evaluate their genetic and epigenetic fitness. Reprod
Biomed Online. 2008;16:474-84.

Yan W, Morozumi K, Zhang J, Ro S, Park C, Yanagimachi R. Birth
of mice after intracytoplasmic injection of single purified sperm
nuclei and detection of messenger RNAs and microRNAs in the
sperm nuclei. Biol Reprod. 2008;78:896-902.


http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0560
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0565
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0570
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0575
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0580
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0585
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0590
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0595
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0600
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0605
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0610
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0615
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0620
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0625
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0630
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0635
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0640
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0645
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0650
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0655
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0660
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0665
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0670
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0675
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0680
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0685
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0690
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0695
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0700
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0705
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0710
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0715
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0720
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0725
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0730
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0735
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0740
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0745
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0750
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0755
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0760
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0765
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0770
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0775
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0780
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0785

Obese father, sick child

559

72.

73.

74.

75.

76.

77.

78.

79.

80.

Bernstein E, Kim SY, Carmell MA, Murchison EP, Alcorn H, Li MZ,
et al. Dicer is essential for mouse development. Nat Genet.
2003;35:215-7.

Bhat SS, Jarmolowski A, Szweykowska-Kulinska Z. MicroRNA
biogenesis: epigenetic modifications as another layer of com-
plexity in the microRNA expression regulation. Acta Biochim Pol.
2016;63:717-23.
Hamatani T. Human
2012;97:275-81.
Luteijn MJ, Ketting RF. PIWI-interacting RNAs: from gene-
ration to transgenerational epigenetics. Nat Rev Genet.
2013;14:523-34.

Kim VN, Han J, Siomi MC. Biogenesis of small RNAs in animals.
Nat Rev Mol Cell Biol. 2009;10:126-39.

Borchert GM, Lanier W, Davidson BL. RNA polymerase
Il transcribes human microRNAs. Nat Struct Mol Biol.
2006;13:1097-101.

Li Y, Kowdley KV. MicroRNAs in common human diseases. Geno-
mics Proteomics Bioinform. 2012;10:246-53.

Ng SF, Lin RC, Maloney CA, Youngson NA, Owens JA, Morris MJ.
Paternal high-fat diet consumption induces common changes
in the transcriptomes of retroperitoneal adipose and pancre-
atic islet tissues in female rat offspring. FASEB J. 2014;28:
1830-41.

Carone BR, Fauquier L, Habib N, Shea JM, Hart CE, Li
R, et al. Paternally induced transgenerational environmental

spermatozoal RNAs. Fertil Steril.

81.

82.

83.

84.

85.

86.

reprogramming of metabolic gene expression in mammals. Cell.
2010;143:1084-96.

Wei Y, Yang CR, Wei YP, Zhao ZA, Hou Y, Schatten H, et al.
Paternally induced transgenerational inheritance of suscepti-
bility to diabetes in mammals. Proc Natl Acad Sci U S A.
2014;111:1873-8.

Chen Q, Yan M, Cao Z, Li X, Zhang Y, Shi J, et al. Sperm tsR-
NAs contribute to intergenerational inheritance of an acquired
metabolic disorder. Science. 2016;351:397-400.

Masuyama H, Mitsui T, Eguchi T, Tamada S, Hiramatsu Y. The
effects of paternal high-fat diet exposure on offspring meta-
bolism with epigenetic changes in the mouse adiponectin
and leptin gene promoters. Am J Physiol Endocrinol Metab.
2016;311:E236-45.

Fullston T, Ohlsson-Teague EM, Print CG, Sandeman LY, Lane M.
Sperm microRNA content is altered in a mouse model of male
obesity, but the same suite of microRNAs are not altered in
offspring’s sperm. PLOS ONE. 2016;11:e0166076.

Soubry A, Schildkraut JM, Murtha A, Wang F, Huang Z, Bernal A,
et al. Paternal obesity is associated with IGF2 hypomethylation
in newborns: results from a Newborn Epigenetics Study (NEST)
cohort. BMC Med. 2013;11:29.

Adiga SK, Upadhya D, Kalthur G, Bola Sadashiva SR, Kumar P.
Transgenerational changes in somatic and germ line genetic
integrity of first-generation offspring derived from the DNA-
-damaged sperm. Fertil Steril. 2010;93:2486-90.


http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0790
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0795
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0800
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0805
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0810
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0815
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0820
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0825
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0830
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0835
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0840
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0845
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0850
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0855
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860
http://refhub.elsevier.com/S2255-5536(17)30088-5/sbref0860

	Obese fathers lead to an altered metabolism and obesity in their children in adulthood: review of experimental and human s...
	Introdução
	Estudos humanos
	Estudos em animais
	Epigenética
	Metilação
	Modificações da histona
	RNA não codificante (microRNA)
	Epigenética na programação paterna

	Considerações finais
	Conflitos de interesse
	Agradecimentos
	Referências


