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RESUMO

BRASIEL, Poliana Guiomar de Almeida, M.Sc., Universidade Federal de Vigosa,
fevereiro de 2020. Efeito do consumo materno de kefir na lactagdo e na
puberdade sobre a microbiota intestinal, parametros inflamatérios e
susceptibilidade a carcinogénese colorretal na progénie de ratos Wistar
programados pela superalimentagcao neonatal. Orientadora: Maria do Carmo
Gouveia Peluzio.

Alteragdes nutricionais durante periodos criticos de desenvolvimento, como a lactacéo
e a puberdade, tém impacto no risco de desenvolver doengas na vida adulta. Nesse
sentido, o modelo da superalimentagdo neonatal pode resultar em programagéo
alterada, levando ao aumento da suscetibilidade a obesidade, inflamacdo e
complicacgdes relacionadas. O kefir, um leite fermentado, originado a partir da acéo da
microbiota natural presente em seus graos, apresenta uma mistura complexa e
especifica de bactérias acido-laticas, acido-acéticas e leveduras em uma matriz de
proteinas e polissacarideos. Com caracteristicas probidticas, estd associado a
atividade antimicrobiana e de imunomodulagao. Neste estudo investigamos os efeitos
da programacao pelo kefir/ superalimentacdo durante o periodo de lactagao e
puberdade da prole na idade adulta induzida a carcinogénese de célon por 1,2
dimetilhidrazina (DMH), sobre a adiposidade, inflamag¢ao, microbiota intestinal e o
desenvolvimento da carcinogénese colorretal. Ratas Wistar em lactagdo foram
divididas em quatro grupos: Controle (C, n = 7 filhotes); Controle Kefir (CK, n = 8
filhotes); Superalimentado (S, n = 7 filhotes); Superalimentado Kefir (SK, n = 7
filhotes). As maes dos grupos C e S receberam 1 ml de agua destilada por gavagem,
uma vez ao dia. Para os outros grupos de teste, os animais receberam 1 ml de kefir
de leite (108 UFC/ml) por gavagem uma vez ao dia durante os 21 dias de lactag3o.
Apos o desmame, todos os filhotes continuaram recebendo o mesmo tratamento
materno (agua ou kefir) até os 60 dias de idade. Na idade adulta (24 semanas apés a
ultima aplicagdo do DMH), o grupo S apresentou maior somatério de tecido adiposo
em comparagao ao C (+53,83%; p <0,001), CK (+48,85%; p <0,001) e SK (+20,04 %;
p <0,01) grupos. O kefir suprimiu significativamente o nimero de tumores, mesmo no
grupo superalimentado (SK: -71,43%; p <0,01). Houve aumento de citocinas proé-
inflamatadrias (IL-1B, IL-6 e TNF-a) no tecido do célon do grupo S. Para a produgao de

oxido nitrico foi observado um aumento nos animais S, mas que foi reduzido pelo kefir



(grupo SK) (-69,9%, p <0,001). Investigamos pela primeira vez os efeitos do consumo
de kefir durante periodos criticos de desenvolvimento e identificamos sua capacidade
de reduzir tumores do coélon, danos histolégicos e citocinas pro-inflamatérias, bem

como diminuir a adiposidade e modular a microbiota intestinal da prole adulta.

Palavras-chave: Céancer colorretal. Kefir. Microbiota intestinal. Programacéao.

Superalimentacgao.



ABSTRACT

BRASIEL, Poliana Guiomar de Almeida, M.Sc., Universidade Federal de Vicosa,
February, 2020. Effect of maternal kefir consumption on lactation and puberty on
intestinal microbiota, inflammatory parameters and susceptibility to colorectal
carcinogenesis in progeny of Wistar rats programmed by neonatal overfeeding.
Advisor: Maria do Carmo Gouveia Peluzio.

Nutritional changes during critical periods of development, such as lactation and
puberty, affect the risk of developing a disease later in life. In this sense, the neonatal
overfeeding model may result in altered programming, leading to increased
susceptibility to obesity, inflammation, and related complications. Kefir, a fermented
milk product originated from the action of natural microbiota present in its grains,
presents a complex and specific mixture of lactic acid, acetic acid bacteria, and yeast
in a matrix of proteins and polysaccharides. With probiotic characteristics, it is
associated with antimicrobial and immunomodulation activity. In this study, we
investigated the effects of programming by kefir/overfeeding during lactation and
puberty in 1,2-dimethylhydrazine (DMH)-induced colon cancer, on adiposity,
inflammation, intestinal microbiota, and the development of colorectal carcinogenesis.
Lactating Wistar rats were divided into four groups: Control (C, n =7 pups); Kefir control
(CK, n =8 pups); Overfeeding (S, n = 7 pups); Overfeeding Kefir (SK, n =7 pups). The
dams of groups C and S received 1 ml of distilled water by gavage once a day. For the
other test groups, the animals received 1 ml milk kefir (108 cfu/ml) by gavage once a
day during the 21 days of lactation. After weaning, all pups continued to receive the
same maternal treatment (water or kefir) until 60 days of age. In adulthood (24 weeks
after the last application of DMH), the S group presented a higher sum of adipose
tissue compared to the C (+53.83%; p <0.001), CK (+48.85%; p <0.001) and SK
(+20.04%; p <0.01) groups. Kefir significantly suppressed the number of tumors, even
in the overfeeding group (SK: -71.43%; p <0.01). There was an increase in
proinflammatory cytokines (IL-18, IL-6, and TNF-a) in the SL group colon tissue. For
nitric oxide production, an increase was observed in SL animals but was reduced by
kefir (SK group) (-69.9%, p <0.001). We investigated for the first time the effects of

kefir consumption during critical developmental periods and identified its ability to



reduce colon tumors, histological damage, and proinflammatory cytokines as well as

its potential to decrease adiposity and modulate the gut microbiota of adult offspring.

Keywords: Colorectal cancer. Kefir. Gut microbiota. Programming. Overnutrition.
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1. INTRODUCAO

A prevaléncia de doengas crénicas nao transmissiveis (DCNT) esta
aumentando em todo mundo, com destaque para a obesidade e o cancer, que
apresentam grande impacto na morbimortalidade, sendo considerados importantes
problemas de saude publica. Desta forma, é essencial a compreensio dos fatores
envolvidos na génese e protegdo dessas enfermidades, que sao de origem
multifatorial, mas que apresentam uma associacao entre si (DEKKER et al., 2019).

Segundo dados do Instituto Nacional de Cancer (INCA, 2019), estima-se para
0s proximos anos a ocorréncia de 625 mil novos casos de cancer no Brasil, sendo os
canceres de maior incidéncia, com excecao do de pele nao melanoma, os de proéstata,
colon e reto e pulmao nos homens e mama, colon e reto e colo de utero nas mulheres.
Para o cancer colorretal, a estimativa para cada ano do triénio de 2020-2022, & de
20.520 novos casos em homens e 20.470 em mulheres, evidenciando-se assim, um
aumento de casos deste tipo de cancer.

O desenvolvimento do cancer colorretal é resultado de uma interagédo complexa
de fatores ambientais e nutricionais e fatores internos de natureza somatica ou
hereditaria. Para o cancer colorretal, apenas 20% dos casos sdo de origem
hereditaria. Os casos mais frequentes séo resultantes da exposi¢géo a carcindbgenos
ou fatores ambientais de risco (INCA, 2019).

O padrao alimentar inadequado, tal como alto consumo de calorias, gorduras,
carnes vermelhas, acidos graxos trans e baixo consumo de frutas e hortaligas,
associado ao excesso de peso, contribuem para o desencadeamento de uma série de
alterac¢des endocrino-metabdlicas e no sistema imune, que contribuem para a geragéo
de inflamacéo cronica de baixo grau (subclinica), resisténcia a insulina, estresse
oxidativo e desequilibrio na microbiota intestinal (CONCEICAO et al., 2013; MASSODI
et al., 2015). Este ultimo favorece a proliferacdo de bactérias oportunistas, com
consequente degradacao de acidos biliares e produgdo de agentes carcindbgenos
(LIEBERMAN, 2003; STAMP, 2002; KHAN; AFAQ; MUKHTAR, 2010), e também a
maior permeabilidade intestinal, que pode gerar translocacéo de lipolissacarideos
(LPS), contribuindo para perpetuagao da inflamacao (SANZ & MOYA-PEREZ, 2014),
e criacao de um microambiente favoravel ao desenvolvimento neoplasico, invaséao,
metastase e angiogénese (HOOPER et al, 2012; LIU et al, 2014; URONIS et al, 2009).
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Paralelamente a estes achados, estudos tém associado o desenvolvimento da
obesidade e outras DCNT, com a ocorréncia de insultos ou alteracdes nutricionais e
endocrino-metabdlicas em periodos criticos do desenvolvimento, como gestagao e
lactacdo. Esta relagédo tem sido denominada de “programacao” (DUTRA et al., 2007;
DUTRA et al., 2011; PASSOS et al., 2007; PASSOS et al., 2009; RODRIGUES et al.,
2007; SAMUELSSON et al., 2008; VIEIRA et al., 2018; XIAO et al., 2007). Tem sido
proposto que as condi¢gdes ambientais experimentadas no inicio da vida podem
influenciar profundamente a biologia humana e a saude a longo prazo. A janela da
plasticidade do desenvolvimento se estende da pré-concepcgao a primeira infancia e
envolve respostas epigenéticas as mudangas ambientais, que exercem seus efeitos
durante as transi¢coes das diferentes fases da vida (BARKER, 1993; FERNANDEZ-
TWINN & OZANNE, 2010; SOMINSKY et al., 2018).

Embora diversos estudos relacionem o processo de carcinogénese colorretal
com a exposicao a fatores nutricionais, que podem atuar como moduladores de risco
e prevencao no seu desenvolvimento (BUTT & SULTAN, 2009; KIM & KWON, 2009;
MARSHALL, 2008), poucos trabalhos relacionam esta exposi¢cao durante periodos
criticos do desenvolvimento, com a carcinogénese colorretal (LOPES, 2014; XIAO et
al., 2007). Desta forma, a relagdo entre programacado e cancer colorretal ainda
demanda mais estudos, em especial os que relacionam a obesidade neonatal com o
desenvolvimento desta neoplasia.

Assim, um modelo experimental de programacao neonatal por reducdo da
ninhada, foi proposto como uma forma de simular o cenario nutricional atual e o
desenvolvimento de doencgas. Neste modelo, os animais desenvolvem aumento da
adiposidade corporal, hiperinsulinemia e estresse oxidativo. Acreditamos que estes
animais também apresentam maior ativagao de vias inflamatdrias e alteragcdo da
microbiota intestinal. Todos esses fatores associados poderiam favorecer o
desenvolvimento da carcinogénese colorretal. Desta forma, este modelo é
interessante para se estudar fatores envolvidos na relagéo entre obesidade e cancer
colorretal. Por outro lado, nao identificamos estudos que tenham avaliado parametros
inflamatdrios e a microbiota intestinal nesse modelo, até a presente data.

Considerando a importancia de fatores nutricionais na carcinogénese
colorretal, estudos apontam que os probidticos parecem atuar como preventivos, uma
vez que apresentam potencial na modulagdo da imunidade intestinal, induzindo a

maturacao de células dendriticas e subsequente ativagao das células T presentes no
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intestino. Seu consumo também tem sido correlacionado a maior produgao de IL-10 e
defensinas (AZCARATE-PERIL et al., 2011; CHAN et al., 2009; KHOURY et al., 2014).

Nesta perspectiva, os probidticos vém sendo estudados e inseridos na
alimentacao humana. Entretanto, ha diferengcas em seus efeitos em relagéo ao tipo de
cepa que € consumida. Varias cepas de bactérias, incluindo Lactobacillus acidophilus
e Eubacterium aerofaciens estao associados ao baixo risco para o desenvolvimento
de cancer colorretal, enquanto Streptococus bovis e Escherichia coli, foram
demonstradas com maior risco (ARTHUR et al., 2012; REDDY et al., 1985). Desta
forma, ainda ndo ha um consenso quanto ao seu papel nesta neoplasia, e muito se
deve as diferencas entre as cepas utilizadas, ao modo de preparo do probidtico e as
doses administradas.

O kefir € um leite fermentado, originado a partir da agao da microbiota natural
presente em seus graos ou grumos. Apresenta uma mistura complexa e especifica de
bactérias acido-laticas, acido-acéticas e leveduras em uma matriz de polissacarideos
e proteina. Sua composicdo bioquimica e microbiolégica o classifica como um
probidtico, sendo associado a atividade antimicrobiana e de imunomodulagao
(FARNWORTH, 2005; SARKAR, 2008). O baixo custo e a facilidade no preparo
impulsionam sua utilizagdo, e exigem mais pesquisas que comprovem a seguranga
de seu consumo e beneficios a saude (HONG et al., 2009; RATTRAY & O’'CONNEL,
2011; SILVA et al., 2009).

Existem poucos estudos avaliando o efeito do consumo materno de kefir ou
outro probidtico em periodos criticos do desenvolvimento, como a lactagao, sobre a
saude da progénie. Entretanto, € conhecido que a colonizagao intestinal do recém-
nascido € essencial para a maturacao, estabelecimento e manutencao da barreira da
mucosa intestinal. Tem-se evidencias que a colonizagdo microbiana inicial exerce
forte impacto sobre a saude do lactente e do individuo adulto. (EDWARDS, 2017;
MOHAJERI et al., 2018; SUOGREN et al., 2009).

Desta forma, considerando que a prole pode adaptar seu desenvolvimento em
resposta a modificagdes no inicio da vida, e tendo em vista a auséncia de estudos que
relacionem os possiveis efeitos da superalimentagcdo neonatal e/ou do consumo de
kefir sobre a suscetibilidade ao cancer colorretal nos descendentes adultos, torna-se
relevante avaliar as consequéncias dessa exposicdo precoce sobre o0

desenvolvimento deste tipo de neoplasia, bem como as alteragcdes em biomarcadores
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inflamatorios e na microbiota intestinal, na progénie adulta programada pela

superalimentacédo neonatal.

2. JUSTIFICATIVA

Esse trabalho possibilitara definir os mecanismos da programacédo e a
suscetibilidade ao desenvolvimento do cancer colorretal, abrindo novos caminhos
nesta area, e direcionar o desenvolvimento de estudos de intervengao para prevenir
doencas adquiridas na idade adulta como a obesidade e o cancer colorretal, que
representam um importante problema de saude publica em nosso pais e ho mundo.
Da mesma forma, determinar os efeitos do consumo do kefir em fases criticas do
desenvolvimento, e o seu impacto na prevencado de alteracdes inflamatdrias e da
microbiota intestinal, que possam ter impacto na suscetibilidade ao desenvolvimento

da carcinogénese colorretal na idade adulta.
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3. REVISAO BIBLIOGRAFICA

3.1 Cancer Colorretal

As doencgas cronicas nao transmissiveis (DCNT) representam as principais
causas de morbimortalidade no mundo, com destaque para as doengas
cardiovasculares e o cancer, representando 48% e 21% das DCNT, respectivamente
(WHO, 2013).

No mundo, os tipos de cancer mais incidentes foram o de pulmé&o (1,8 milhdo),
mama (1,7 milh&o), intestino (1,4 milh&o) e prostata (1,1 milhdo). Nos homens, os mais
frequentes foram pulmao (16,7%), prostata (15,0%), intestino (10,0%), estébmago
(8,5%) e figado (7,5%). Em mulheres, as maiores frequéncias foram encontradas na
mama (25,2%), intestino (9,2%), pulmao (8,7%), colo do utero (7,9%) e estdmago
(4,8%) (FERLAY et al., 2013).

Estima-se, para o Brasil, no triénio de 2020-2022, a ocorréncia de 625 mil casos
novos de cancer, para cada ano. Com excec¢ao do cancer de pele ndo melanoma,
ocorrerao 450 mil casos novos de cancer (INCA, 2019). Considerando o célculo global
corrigido para o sub-registro, tem-se a ocorréncia de 685 mil casos novos (MATHERS
et al., 2003). Essas estimativas refletem o perfil de um pais que possui os canceres
de préstata, pulmao, mama feminina e célon e reto entre os mais incidentes, entretanto
ainda apresenta altas taxas para os canceres do colo do utero, estbmago e eséfago
(INCA, 2017).

A distribuicdo da incidéncia por regido geografica mostra que a Regidao Sudeste
concentra mais de 60% da incidéncia, seguida pelas Regides Nordeste (27,8%) e Sul
(23,4%). Existe, entretanto, grande variagdo na magnitude e nos tipos de cancer entre
as diferentes regides do Brasil. Nas Regides Sul e Sudeste, o padrdo da incidéncia
mostra que predominam os canceres de prostata e de mama feminina, bem como os
canceres de pulmao e de intestino (INCA, 2019).

Considerando o cancer de célon e reto, para o Brasil, estimam-se 20.520 casos
novos em homens e 20.470 em mulheres para cada ano do triénio 2020-2022. Esses
valores correspondem a um risco estimado de 19,63 casos novos a cada 100 mil
homens e 19,03 para cada 100 mil mulheres. Representando a segunda neoplasia
mais frequente em homens e mulheres (Figura 1) (INCA, 2019).
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Distribui¢ao proporcional dos dez tipos de cancer mais incidentes estimados para 2020 por

sexo, exceto pele nao melanoma*

Prostata 65.840 29,2% Homens Mulheres Mama feminina 66.280 29,7%

Colon e reto 20.520 9,1% Colon e reto 20.470 9,2%

Traqueia, brénquio e pulmao 17.760 7,9% Colo do utero 16.590 7.4%
Estomago 13.360 5,9% Traqueia,brénquio e pulmao 12.440 5,6%

Cavidade oral 11.180 5,0% Glandula tireoide 11.950 5,4%

Esdfago 8.690 3.9% Estdmago 7.870 3,5%

Bexiga 7.590 3,4% Ovario 6.650 3,0%

Linfoma nao Hodgkin 6.580 2.9% Corpo do ttero 6.540 2.9%
Laringe 6.470 2,9% Linforna nao Hodgkin 5.450 2,4%

Leucemias 5.920 2,6% Sistema nervoso central 5.220 2.3%

~ *Nameros arredondados para rﬁdrlriipios de 10.

Figura 1. Distribuicao proporcional dos dez tipos de cancer mais incidentes estimados para 2020 (INCA,
2019).

O cancer de cdlon e reto possui relevancia epidemiolégica mundial, uma vez
que é a terceira neoplasia maligna mais comumente diagnosticada e a quarta principal
causa de morte por cancer, representando 1,4 milhdo de casos novos e quase 700
mil ébitos no ano de 2012. O padrao da incidéncia difere entre os sexos, com taxas
de 20,6/100 mil para os homens e de 14,3/100 mil para as mulheres (FERLAY et al.,
2013). Uma grande variagédo geografica tem sido observada, com taxas elevadas nos
paises mais desenvolvidos comparados aos menos desenvolvidos (CENTER; JEMAL,;
WARD, 2009; FERLAY et al., 2013, 2015).

As taxas de incidéncia e de mortalidade por cancer colorretal apresentam
grande variagdo no mundo segundo o indice de Desenvolvimento Humano (IDH),
sendo identificados trés padroes de distribuicdo da doenca: elevagcao de ambas as
taxas nas mais recentes décadas em paises que passaram por uma rapida transigao
econdmica, entre eles o Brasil; aumento da incidéncia e diminuicdo da mortalidade
em paises com alto IDH, incluindo Canada, Reino Unido, Singapura e Dinamarca; e
diminuicdo de ambas as taxas nos paises com IDH muito elevado, como Estados
Unidos, Japéao e Franga (ARNOLD et al., 2016).

O cancer colorretal € uma doenga multifatorial influenciada por fatores
genéticos, ambientais e relacionados ao estilo de vida. Os fatores hereditarios, como
o histdrico familiar de cancer de colon e reto e as doencgas inflamatérias intestinais,
representam apenas uma pequena propor¢ao da variagao observada na carga global
da doenca. Nesse sentido, as diferencas geograficas observadas na incidéncia

possivelmente refletem a ado¢&o de habitos de vida ocidentais (ARNOLD et al., 2016).
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E evidente a ocorréncia de uma transicdo nutricional, em todo o mundo, que afeta
principalmente os paises em desenvolvimento. Assim, os fatores de risco ligados ao
estilo de vida sdo modificaveis e incluem: o consumo de bebidas alcodlicas, a baixa
ingestao de frutas e vegetais, o alto consumo de carnes vermelhas e de alimentos
processados, a obesidade, o tabagismo e a inatividade fisica (BOUVARD et al., 2015;
FEDIRKO et al., 2011; HARRISS et al., 2009; WALTER, 2014; WORLD CANCER
RESEARCH FUNDATION, 2012).

As doencas inflamatdrias intestinais, incluindo a Retocolite ulcerativa e a
doenca de Crohn, também estdo associadas a um risco aumentado de
desenvolvimento do céncer colorretal. Varias vias de sinalizagdo imunologica
associada a colite parecem ligadas ao cancer. Modelos de inflamacéao intestinal
cronica foram determinados para apoiar a iniciagao do tumor através de mutacoes
induzidas por estresse oxidativo. Um microambiente pré-inflamatério que se
desenvolve possivelmente como resultado da modificacdo da fungcdo de barreira
intestinal e interagcdes hospedeiro-microbiota, parecem contribuir para a promog¢ao do
tumor. Diversas vias moleculares, incluindo TNF/NF-kB ou IL-6/STAT3 (signal
transducer and activating factor of transcription 3), foram identificadas como
importantes contribuintes para o desenvolvimento do cancer colorretal associado a
colite, sendo alvos terapéuticos promissores para a prevencao e tratamento dessa
neoplasia (WALDNER; NEURATH, 2015).

A carcinogénese € um processo complexo, envolvendo uma série de mudancgas
genéticas e epigenéticas que ocorrem em niveis morfologicos, celulares e moleculares
podendo ser dividida em trés estagios principais: iniciagdo, promogao e progressao
(PITOT, 2001, 2007; VICENT & GATENBY, 2008).

No caso da carcinogénese colorretal, a transformacgédo neoplasica da mucosa
colénica normal em um adenoma e, posteriormente em um adenocarcinoma, envolve
uma seérie de alteragdes genéticas e eventos progressivos conhecidos como
sequéncia adenoma-adenocarcinoma (FEARON & VOLGESTEIN, 1990; YANG et al.,
2018). O desequilibrio fisioldgico e ciclico da renovagéao epitelial (proliferagao e morte
celular) resulta nas neoplasias no epitélio intestinal onde o aumento na proliferagao
celular é considerado o evento celular mais precoce da carcinogénese de célon
(CAMPLEJOHN et al., 2003; FEARON, 2011).

Conforme a teoria da sequéncia adenoma-carcinoma, a maior parte dos casos

de cancer colorretal € de origem multifatorial, incluindo fatores intrinsecos (idade,
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obesidade, polipose adenomatosa familiar, e doenga inflamatéria intestinal) e
extrinsecos (fumo, alcool, e alto teor de gordura na dieta), grande parte se desenvolve
a partir de pdlipos de adenoma pré-formados. O potencial maligno do pdlipo
adenomatoso esta associado ao seu tamanho, grau de displasia e gravidade de atipia.
Alteragbes moleculares, genéticas e imunoldégicas parecem estar envolvidas nesta
sequéncia (Figura 2) (CUI et al., 2017; BARKER et al., 2009).
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Figura 2. Diferentes estagios durante a progressao do cancer colorretal (Adaptado de Donovan et al.,
2017).

Trés vias moleculares do cancer colorretal foram identificadas, e incluem:
instabilidade cromossGmica, caracterizada por caridtipos anormais, aneuploidia e
perda de heterozigose; instabilidade de microssatélites, com silenciamento de
mecanismos de reparo do DNA; e fendtipo metilador das ilhotas CpG (CIMP),
associado a hipermetilagdo e silenciamento de genes supressores de tumor
(MARMOL et al., 2017; MUNDADE et al., 2014).

Do ponto de vista clinico, evolutivo e comportamental, as neoplasias sao
divididas em duas categorias: benignas e malignas. As neoplasias benignas em geral,

tém suas células bem diferenciadas, as atipias celulares e arquiteturais sédo discretas,
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possuem baixo indice mitético, o crescimento tende a ser lento e expansivo e o tumor
€ bem delimitado. As neoplasias malignas tém células mais indiferenciadas,
caracterizadas por expressiva atipias celulares, alto indice mitético e geralmente
provocam metastase (INCA, 2011).

Considerando a relevancia da doenca neoplasica, além da necessidade de
entender a fisiopatologia do surgimento das lesdes precoces, utilizam-se diversos
modelos experimentais de carcinogénese colorretal (FEARON & VOGELSTEIN, 1990;
BIRD, 1995). O modelo de Bird promove a carcinogénese por 1,2 dimetilhidrazina
(DMH) ou azoximetano (AOM) e avalia a formagao de criptas aberrantes em mucosa
célica de roedores, sendo amplamente utilizado em pesquisas experimentais. As
lesdes induzidas por estas drogas ocorrem de modo semelhante ao cancer colorretal
em humanos (BIRD, 1987; RONCUCCI et al., 2000; BIRD, 2000).

3.2 Programacao Metabdlica

Desde o periodo de desenvolvimento intrauterino pode-se expor o feto ao risco
de desenvolver doencas na idade adulta. Nesse aspecto, a hipétese denominada de
Origens Desenvolvimentistas da Saude e da Doenga (DOHaD), destaca a relagao
entre os estimulos em fases iniciais da vida e o posterior desenvolvimento de doengas.
Esse modelo investiga as adaptagdes que ocorrem no feto em resposta a sinais do
ambiente intrauterino, que resultam em permanente ajuste de sistemas homeostaticos
com a finalidade de ajudar na sobrevida imediata e na melhora do sucesso em um
ambiente pds-natal adverso. No entanto, interpretacées inadequadas ou mudancas
ambientais podem levar a uma incompatibilidade entre as previsdes pré-natais e a
realidade pés-natal (GLUCKMAN et al.,, 2008; LAKER et al.,, 2013, CHANGO &
POGRIBNY, 2015).

Logo, essas adaptagdes conhecidas como respostas adaptativas preditivas,
podem ser desvantajosas na vida adulta, conduzindo para um aumento do risco de
doencgas que podem ser transmitidas as préximas geragdes. Nesta perspectiva, tem-
se estabelecido que alteragdes nutricionais e enddcrino-metabdlicas na mée e no
neonato em fases de desenvolvimento, podem levar a alteragbes em tecidos e 6rgaos,
que se estendem ao longo da vida; podendo ainda, haver um periodo de laténcia e as

manifestagdes ocorrerem somente da vida adulta, originando doencgas. Esta relagao
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tem sido denominada de “programacédo” (BARKER, 1993; FERNANDEZ-TWINN &
OZANNE, 2010; PATEL; SRINIVASAN, 2011; SUTTON et al., 2016).

A capacidade de um gendétipo produzir diferentes fenétipos em resposta a
ambientes distintos, denominada plasticidade, parece apresentar atividade maxima
durante o desenvolvimento. A plasticidade na programacao evoluiu para fornecer as
melhores chances de sobrevivéncia e sucesso reprodutivo. Desta forma, as condi¢oes
ambientais no inicio da vida podem influenciar profundamente aspectos bioldgicos
humanos, e a saude em longo prazo. A nutricdo e o estresse s&o algumas das
condigdes que influenciam o risco para o desenvolvimento de doengas metabdlicas,
diabetes mellitus tipo 2 e doencas cardiovasculares na vida adulta (HOCHBERG et
al., 2011).

Sinais de disponibilidade energética podem modular essa plasticidade, tanto de
forma intrinseca (interno), como extrinseca (ambiental). Entre os sinais intrinsecos
tem-se, a leptina, o eixo hipotalamo-hipéfise-adrenal, grelina, horménios tireoidianos,
insulina e cortisol. Enquanto fazem parte dos sinais ambientais, a nutricdo pré e pos-
natal, estressores e desreguladores endécrinos (HOCHBERG et al., 2011;
KAMITAKAHARA et al., 2018).

Propbem-se que mecanismos epigenéticos estao envolvidos na plasticidade
fenotipica e na programagao adaptativa. A epigenética fornece um mecanismo
molecular para programacao, ligando genes, ambiente pré-natal, intrauterino,
crescimento e suscetibilidade a doencgas. A reprogramacgao representa um exemplo
do estado dindmico epigenético. Essa flexibilidade contrasta com a repressdo em
longo prazo que é provocada pela metilagcado do DNA e associada a modificagdes de
histonas, sendo observado em genes cruciais para a pluripoténcia durante a
diferenciacao (FEINBERG, 2007; STOVER et al., 2018).

Neste sentido, os nutrientes e intermediarios metabdlicos relacionados podem
atuar como moléculas sinalizadoras que alteram as fungdes do genoma, permitindo
adaptagdes celulares ao meio ambiente. Os nutrientes e seus metabdlitos regulam a
expressao génica através de diversos mecanismos, incluindo a atuagao como ligantes
para fatores de transcricdo de receptores nucleares e influenciando a atividade de
microRNA e outros pequenos RNA que regulam a fungéo génica (NOLTE-T HOEN et
al., 2015; RABHI et al., 2017).
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E importante ressaltar que os nutrientes e metabdlitos relacionados podem
modificar diretamente elementos da cromatina, incluindo a sequéncia primaria de DNA
e as proteinas histonas em locais distintos que determinam a estrutura da cromatina,
levando a alteragdes nos niveis de expressao génica e estabilidade do genoma. A
variagdo genética humana interindividual pode influenciar a arquitetura epigenética e
a capacidade de resposta as mudangas na exposicdo de nutrientes e atividade
metabdlica, estando estes mecanismos envolvidos em varios desfechos de saude,
como crescimento, desenvolvimento, risco para DCNT, como o cancer e expectativa
de vida (NOLTE-T HOEN et al., 2015; RABHI et al., 2017; STOVER et al., 2018; TEH
et al., 2014).

Em consonéncia, estudo inicial desenvolvido por Kennedy (1953), onde se
alterou o plano de nutricdo durante o periodo de amamentagao pela manipulagéo do
tamanho da ninhada, observou que ratos criados em ninhadas pequenas, com pouca
concorréncia para o leite materno, ganharam mais peso durante a lactagdo e
permaneceram mais gordos e mais pesados ao longo da vida, mesmo quando
alimentados com uma dieta padrao. Porém, os ratos criados em ninhadas grandes
recebem menos leite e, consequentemente, ganharam menos peso. Estes animais
permanecem com menor peso ao longo da vida. Com base nestes resultados foi
sugerido que o apetite era determinado durante o periodo de amamentacéo e que o
hipotalamo tinha um papel importante na mediacdo desses efeitos. Esses achados
foram apoiados por pesquisas posteriores (BOURET; LEVIN; OZANNE, 2015; PATEL,;
SRINIVASAN, 2011; WIDDOWSON; MCCANCE, 1963).

Um nuamero crescente de estudos destaca a relevancia da nutrigdo materna, da
concepgao a lactagdo, na programagao de sistemas e vias homeostaticas da prole
(Figura 3). Neste contexto, o sistema imunolégico em desenvolvimento pode ser
particularmente vulneravel. De fato, exemplos de programagéo imunoldgica mediada
por nutricdo podem ser encontrados na literatura, atuando sobre retardo do
crescimento intra-uterino, deficiéncias de micronutrientes maternos e alimentacao
infantil. Um mecanismo de programacgao envolvido € a ativagéo do eixo hipotalamo-
hipéfise-adrenal materno em resposta ao estresse nutricional. A exposicao fetal ou
neonatal a hormonios do estresse elevados esta ligada a alteragdes nas interagdes
neuroendocrino-imunes, com manifestagdes diversas, como resposta inflamatéria
atenuada ou resisténcia reduzida a colonizagao tumoral (LEE, 2015; SOMINSKY et
al., 2018).
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Figure 3. Complexa rede que modula a programacdo metabdlica e o desenvolvimento de doencgas
(Hochberg et al., 2011).

Modificagdes epigenéticas induzidas por alteragdes na nutrigdo materna podem
modificar células T reguladoras em desenvolvimento, e subsequente risco para
alergias ou asma; afetar mecanismos de transferéncia placentaria e/ou via leite
materno, influenciando na quantidade e qualidade dos fatores transferidos. As
implicagbes para a saude publica da programagdo mediada pela nutricdo sdo de
particular importancia no mundo em desenvolvimento, onde as DCNT e as doencas
imunomediadas apresentam grande impacto na morbimortalidade da populacéo
(CHADIO et al., 2016; PALMER, 2011).

Os mecanismos envolvidos na programagao ainda nao foram totalmente
elucidados, mas acredita-se que haja uma relagdo com alteracbes no
desenvolvimento estrutural dos 6rgaos, ou alteragado persistente ao nivel celular,

sendo postulado de acordo com Koletzko et al. (2011):

» Participagdo da memoria epigenética, com modificagdo no processo de

transcricao;

» Alteragdo da estrutura dos o6rgdos na vascularizagdo, inervaciao e

justaposicdo, como por exemplo, a posicdo dos hepatdcitos, células
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endoteliais e células de Kuppfer, que durante a organogénese podem

modificar o metabolismo de forma permanente;

» Ocorréncia de hiperplasia ou hipertrofia, levando a altera¢gdes no numero e

tamanho de células;

» Crescimento anormal das células de proliferagdo rapida em condicdes

metabdlicas especificas (Selegcao Clonal);
» Processo de diferenciacdo metabdlica.

Nota-se que os mecanismos moleculares propostos, incluem as alteracdes
agudas ou crénicas na expressao génica, atraveés de diversas vias epigenéticas, onde
existe uma inter-relagdo entre determinados genes, exposicao a fatores ambientais e
eventos biolégicos posteriores (HANLEY et al.,, 2010). Dado que a regulagéo
epigenética durante o desenvolvimento sofre alteragdes dinédmicas, o epigenoma
apresenta uma natureza instavel, o que lhe permite responder e adaptar-se as

pressdes do ambiente, incluindo as modificagdes nutricionais (VICKERS, 2014).

Ainda assim, ha muito que se compreender, embora a epigenética ajude a
entender como a exposicdo aos fatores ambientais, em periodos criticos de
desenvolvimento levam a alteragdes na vida adulta. E necessario desvendar as
modificagdes pods-epigenéticas envolvidas nos diferentes processos que levam ao
surgimento das doencgas (KOLETZKO et al., 2011).

3.3 Superalimentagao

Em modelos experimentais com animais, a modificagdo no tamanho da ninhada
pode ter efeitos em longo prazo na homeostase metabdlica, com ninhadas reduzidas
promovendo a superalimentacdo. Sugere-se que os efeitos sejam devidos a
mudancas na ingestado alimentar durante a amamentagao e/ou maternal (ARGENTE-
ARIZON et al., 2016; STEFANIDIS; SPENCER, 2012).

Trabalhos que utilizaram ninhadas reduzidas (3 a 4 filhotes/méae lactante)
demonstraram que na idade adulta, a prole apresentou massa corporal aumentada,
aumento de adiposidade central e total, hiperfagia, hipertensao arterial, resisténcia a

insulina, hiperleptinemia, aumento do estresse oxidativo e alteragbes em estruturas
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hipotalamicas de controle alimentar (ARGENTE-ARIZON et al., 2018; BEl et al., 2015;
CONCEICAO et al., 2013; RODRIGUES et al., 2009; RODRIGUES et al., 2011;
VELKOSKA et al., 2005).

A hipoétese de superalimentagcado na lactagao é sustentada pelo fato de que o
animal neonato parece nao ter controle da ingestdo até o 14°-16° dia de vida pos-
natal. Assim, quando ha grande oferta de leite, os filhotes ingerem o volume maximo
da capacidade gastrica. Esta abundante ingestao pode levar a hiperalimentacéo, visto
que o controle hipotalamico no inicio da vida pds-natal ainda n&o esta totalmente
estruturado. Portanto, a inducdo do excesso de alimentagcdo perinatal tem sido
relacionada a instalagao de excesso de peso e hiperfagia na vida adulta (MCMILLEN;
ADAM; MUHLHAUSLER, 2005; SEKAR; WANG; CHOW, 2017).

Esse modelo tem sido utilizado para determinar o papel da nutricdo neonatal
na capacidade inflamatoria do tecido adiposo e na disfuncdo metabdlica. O tecido
adiposo branco, em particular, contribui para este estado de inflamacédo metabdlica ou
"meta-inflammation", e sofre modificagcdes consideraveis na composicao de leucocitos
e producgao de citocinas e adipocinas na obesidade. Macrofagos do tecido adiposo
sdo contribuintes centrais para a “meta-inflammation”, onde a obesidade leva ao
influxo de macréfagos tipo 1 pro-inflamatérios (M1) que superam a proporgao
decrescente de macrofagos residentes e anti-inflamatorios do tipo 2 (M2). Os
macrofagos M1 recrutados secretam uma série de citocinas e quimiocinas que
perpetuam a inflamacao e prejudicam a func¢ao dos adipdcitos (AOUADI et al., 2013;
GREGOR; HOTAMISLIGIL, 2011; KAYSER; GORAN; BOURET, 2015).

Diante o exposto, a atual epidemia de obesidade no mundo pode estar ndo sé
associada ao padrao de consumo alimentar ocidental, mas ao fato de que as novas
geracbes estdo sendo expostas durante as fases de desenvolvimento, como
gestacéo, lactagao e adolescéncia, a fatores que podem programar para sobrepeso e
obesidade na vida adulta, mesmo com a ingestdo de uma dieta adequada apds esses
periodos criticos (ARGENTE—ARIZON et al., 2016; BARKER, 2007; COLLDEN et al.,
2015; LONG et al., 2015; SPENCER, 2012).

3.4 Kefir

O kefir € um leite fermentado, de facil preparo e economicamente acessivel,

originado da agao da microbiota natural presente em seus graos ou grumos
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(MARCHIORI, 2007). Os graos sao descritos como uma associagao simbidtica de
leveduras, bactérias acido-laticas e bactérias acido-acéticas, envolvidas por uma
matriz de polissacarideos denominados kefiram. A composigdao microbiana dos graos
de kefir apresenta variacdo dependente da regido de origem, tempo de utilizagao,
substrato de proliferacdo dos graos e as técnicas utilizadas em sua manipulagéo
(LEITE et al.,, 2015; SATIR; GUZEL-SEYDIM, 2016; VIEIRA et al.,, 2015;
WESCHENFELDER et al., 2011).

A composigdo microbiolégica do kefir o caracteriza como um alimento
complexo, com um grande numero de microrganismos simbioticos, dos quais varias
bactérias tém sido identificadas como probidticas (Figura 4) (FARNWORTH et al.,
2005).
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Figura 4. Bactérias e leveduras encontradas no kefir e em seus graos (Farnworth, 2005).
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Os gréaos sao adicionados ao leite em recipiente de vidro, esterilizado, o qual

fermenta em temperatura ambiente (£ 25 °C) por aproximadamente 24 horas. Apds a
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fermentacdo, os grdos sao coados, e o liquido resultante é o kefir, que pode ser
consumido fresco ou maturado. A maturacio consiste em fermentacao secundaria por
24 horas ou mais a temperatura de aproximadamente 10°C, para promover o
crescimento de leveduras e conferir sabor e aroma especificos a bebida. Os gréos
podem ser adicionados novamente ao leite, e o processo repetido (RATTRAY;
O’CONNEL, 2011).

Varias propriedades probiodticas do kefir ja foram relatadas na literatura, bem
como seus efeitos como agente antimutagénico, anticarcinogénico,
hipocolesterolémico e anti-inflamatério. Também sao descritos efeitos sobre o perfil
lipidico, controle glicémico e da presséo arterial (DE LIMA et al., 2017; KLIPPEL et al.,
2016; OSTADRAHIMI et al., 2015; PRADO et al., 2016; RATTRAY & O’'CONNEL,
2011; SHARIFI et al., 2017; TUNG et al., 2018; YAMANE et al., 2018). Os metabdlitos
presentes na fracdo ndo microbiana do kefir, produzidos durante a fermentacéo,
também apresentam relevancia na protegdo da mucosa intestinal contra patégenos
(HAMET et al., 2016; IRAPORDA et al., 2017; VINDEROLA et al., 2006).

Segundo a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) probiéticos sao
definidos como microorganismos vivos capazes de melhorar o equilibrio microbiano
intestinal, produzindo efeitos benéficos a saude do individuo. A quantidade minima
viavel de probidticos deve estar situada na faixa de 108 a 10° Unidades Formadoras
de Colbnias (UFC), na recomendacgao diaria do produto pronto para o consumo.
Valores menores podem ser aceitos, desde que sua eficacia seja comprovada pelo
fabricante (ANVISA, 2002).

Entre os possiveis mecanismos de acdo atribuidos aos probidticos, tem-se
(Figura 5) (CIORBA, 2012; MALEKI et al.,, 2016; VARANKOVICH; NICKERSON;
KORBER, 2015):

» Competicdo por nutrientes e por sitios de adesdo, denominada excluséo
competitiva.

» Alteragao do metabolismo microbiano, por meio do aumento ou da diminuigéo
da atividade enzimatica.

» Estimulo da imunidade do hospedeiro, por intermédio do aumento dos niveis

de anticorpos e da atividade dos macrofagos.
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Figura 5. Mecanismos de acao dos probidticos no trato gastrointestinal. “A Gastroenterologist's Guide
to Probiotics” (Ciorba, 2012).

Segundo a legislacao brasileira vigente (BRASIL, 2007), tem-se como definigao
para o kefir como o “produto resultante da fermentacdo do leite pasteurizado ou
esterilizado, por cultivos acido lacticos elaborados com graos de kefir, Lactobacillus
kefir, espécies dos géneros Leuconostoc, Lactococcus e Acetobacter com produgao
de acido lactico, etanol e didéxido de carbono. Os graos de kefir sdo ainda constituidos
por leveduras fermentadoras de lactose (K. marxianus) e leveduras nao
fermentadoras de lactose (S. onisporus, S. cerevisiae e S. exiguus), Lactobacillus
casei, Bifidobaterium spp. e Streptococcus salivarius ssp. thermophilus”.

Os microrganismos mais comumente isolados de graos de kefir compreendem
0s géneros Lactobacillus (L. brevis, L. casei, L. kefiri, L. acidophilus, L. plantarum, L.

kefiranofaciens subsp. kefiranofaciens, L. kefiranofaciens subsp. kefirgranum, L.
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parakefir), Lactococcus (L. lactis subsp. lactis), Leuconostoc (L. mesenteroides),
Acetobacter, Kluyveromyces (K. marxianus) e Saccharomyces (CHEN et al., 2008;
DERTLI; GON, 2017; NALBANTOGLU et al., 2014).

Os probidticos também tém sido associados a prevencao de cancer através de
mecanismos como o estimulo do sistema imunoldgico, diminuindo a incidéncia de
infeccbes, regulando a inflamacdo intestinal e ligando-se a compostos toxicos
(MALEKI et al., 2016).

No caso das leveduras, a capacidade de aglutinar patégenos, resistir ao pH
acido e aos sais biliares do trato gastrointestinal estdo entre os mais importantes
critérios para sua pré- selecdo como probiéticos (GARCIA-HERNANDEZ et al., 2012).

O consumo do kefir é estimulado por sua longa histéria de efeitos benéficos a
saude, o alimento ocupa um importante lugar na dieta humana, principalmente no
Sudoeste da Asia, Europa, America do Norte, Japao, Oriente Médio, Norte da Africa
e Russia (SARKAR, 2008). No Brasil, ainda € pouco conhecido, sendo elaborado a
nivel doméstico (FARNWORTH, 2005; FARNWORTH; MAINVILLE, 2008; MIGUEL et
al., 2011).

3.5 Microbiota Intestinal

Existem pelo menos 100 trilhdes de microrganismos vivendo no trato
gastrointestinal humano, incluindo bactérias, virus, fungos e protozoarios, que
constituem a microbiota. A microbiota intestinal humana € um ecossistema complexo,
com uma biomassa de aproximadamente 1,5 kg. Ademais, as composi¢gdes de
microrganismos sao variadas em diferentes partes do intestino, incluindo célon
ascendente, coélon distal, ileo proximal e jejuno, e eles sao criticos para o
funcionamento adequado, homeostase e saude, incluindo a digestdo dos alimentos,
biossintese de vitaminas, respostas comportamentais e prote¢gdo contra patégenos
(SEARS; GARRETT, 2014). A maioria das bactérias endégenas em adultos saudaveis
sao representadas pelos dois filos, Firmicutes e Bacteroidetes, que representam
aproximadamente 90% da microbiota. A microbiota pode trabalhar com o hospedeiro
para promover saude, mas pode também iniciar ou promover a doenga (ZOU; FANG;
LEE, 2018).

As novas tecnologias que permitem analisar em grande escala o perfil genético

e metabdlico da comunidade microbiana do intestino, tem permitido uma melhor
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compreensao da composic¢ao e fungdes da microbiota intestinal humana (MARCHESI
et al., 2016).

Evidéncias emergentes mostram que a disbiose intestinal pode levar a
alteracao da fisiologia do hospedeiro, resultando nos processos patogénicos de
diferentes doencas. A microbiota intestinal pode promover o desenvolvimento e a
progressao do cancer colorretal por diferentes processos, incluindo a indu¢gado de um
estado inflamatdrio cronico, alterando a resposta imune e a dinamica celular, a
biossintese de metabolitos toxicos e genotdxicos, afetando o metabolismo do
hospedeiro (Figura 6) (TSILIMIGRAS; FODOR; JOBIN, 2017; YU; FANG, 2015; ZOU;
FANG; LEE, 2018).
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Figura 6. Possiveis mecanismos microbianos envolvidos na promog¢éo do cancer colorretal (Nistal et
al., 2015).

Sugere-se que a dindmica e funcdo da microbiota pode ser influenciada por
muitos fatores, incluindo genética, dieta, idade e agentes toxicolégicos como fumaca
de cigarro, contaminantes ambientais e drogas. A ruptura deste equilibrio, chamada
disbiose, estda associada com uma infinidade de doengas, incluindo doencgas

metabdlicas, doenca inflamatdria intestinal, doenca pulmonar obstrutiva crénica,
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periodontite, doencgas de pele e disturbios neurolégicos. A importancia da microbiota
para a saude humana também levou ao surgimento de novas abordagens terapéuticas
a manipulagao intencional da microbiota, seja restaurando fungbes ausentes ou
eliminando agentes nocivos (SCOTTI et al., 2017).

Em trabalho que analisou a composi¢cdo da microbiota intestinal em modelo
animal de cancer de colén induzido por DMH, ao realizar o sequenciamento da regido
V3 do gene 16S rRNA, foi evidenciada diferencas significativas na composi¢cao
microbiana do Iumen intestinal entre os grupos controle e tumoral. Com maior
abundancia de Firmicutes, e redugdo de Bacteroidetes e Spirochetes em ratos
induzidos ao tumor (ZHU et al., 2014).

E conhecido que em condicdes estaveis a microbiota modula o
desenvolvimento e a fungado de diversas células imunes, assim como a sintese de
interleucinas (IL). Desta forma, alteragcbes na microbiota e no sistema imune do
hospedeiro, gerado por exemplo, por fatores nutricionais, podem levar a inflamagao
intestinal e ao cancer. Estas alteragdes também contribuem para a geragao de
inflamacao subclinica evidenciada na obesidade, uma vez que o LPS age em
receptores do tipo Toll-Like 4 (TLR4), ativando a via do NF-kappa B e a transcri¢ao
subsequente de citocinas inflamatérias, tais como o fator de necrose tumoral (TNF-a),
interleucina 6 (IL-6) e interleucina 1 (IL-1) (CANI et al., 2007; SANZ & MOYA-PEREZ,
2014). Essas alteragdbes também parecem estar implicadas na carcinogénese
colorretal (JOSHI et al., 2015).

Estudo conduzido em humanos por Ortiz-Andrellucchi et al. (2008), o consumo
materno de Lactobacillus casei durante o periodo pds-parto foi capaz de modular a
resposta imune materna, com redugdo das concentragcbes de TNF-a no leite, e
diminui¢ao da incidéncia de episodios gastrointestinais no bebé.

O desenvolvimento da microbiota intestinal perinatal é influenciado por
multiplos fatores, incluindo idade gestacional, tipo de parto, microbiota materna,
método de alimentagado infantil, genética e fatores ambientais, como a dieta de
seguimento. A diversidade microbiana aumenta rapidamente durante os primeiros
meses da infancia. Ao nascer, a microbiota é aerdbica, com baixo numero e baixa
diversidade. Dentro de alguns dias, o ambiente intestinal torna-se anaerdbico
resultando em crescimento de bactérias como Bifidobacterium, que é o género
dominante no intestino do lactente nos primeiros meses de vida (BEZIRTZOGLOU,
1997; EDWARDS, 2017; MOHAJERI et al., 2018).
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Fatores que promovem a microbiota saudavel em neonatos incluem parto
vaginal, parto a termo, aleitamento materno, e exposicdo a uma variedade de
microrganismos. Em contraste, cesariana, parto prematuro, formula infantil e a
exposig¢ao a antibidticos tem um impacto negativo na diversidade e composi¢cdo da
microbiota em lactentes. Prematuros demonstram colonizagdo tardia da microbiota
intestinal com Bifidobacterium, e tém alta prevaléncia de Enterobacteriaceae,
Staphylococcus e Enterococcaceae (COLLADO et al., 2014; RODRIGUEZ et al.,
2015).

Desta forma, a colonizagao intestinal do recém-nascido € essencial para a
maturacgao, estabelecimento e manutencao da barreira da mucosa intestinal. Existem
evidencias que a colonizagdao microbiana inicial exerce forte impacto sobre a saude
do lactente e do individuo adulto. Em condigdes normais, a microbiota materna € a
principal fonte para colonizacdo do trato gastrointestinal do recém-nascido, e
posteriormente o consumo alimentar contribuira na sua instalacéo. Desta forma, o leite
materno apresenta-se com grande relevancia neste processo (KALLIOMAKI et al.,
2001; GOHIR et al., 2015; PENDERS et al., 2006; SIOGREN et al., 2009).

4. OBJETIVOS

4.1. Objetivo geral

Avaliar os efeitos do consumo materno de kefir durante a lactagdo e sua
continuidade até a puberdade sobre a microbiota intestinal, parametros inflamatérios
e a suscetibilidade a carcinogénese colorretal induzida na progénie adulta de ratos

Wistar, programados pela superalimentagédo no periodo neonatal.

4.2. Objetivos especificos

- Realizar uma revisédo sistematica da literatura sobre o papel dos probidticos em

modelos murinos de carcinogénese colorretal.

- Avaliar os efeitos do consumo materno de kefir na lactacéo e sua continuidade até a
puberdade sobre o estado nutricional, marcadores inflamatérios, microbiota intestinal,

tumores e caracteristicas histopatolégicas do célon da prole adulta.
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5. METODOLOGIA

5.1 — Modelo experimental

Todos os procedimentos seguiram os preceitos éticos para o uso e cuidado de
animais experimentais. O projeto foi aprovado pela Comissao de Etica para o Cuidado
e Uso de Animais Experimentais (CEUA) da Pré-reitoria de Pesquisa da Universidade
Federal de Juiz de Fora (UFJF) (n°21/2016).

Ratas Wistar (Rattus norvergicus, albinus) (3 meses), nuliparas, mantidas em
biotério com temperatura (22+2°C), umidade (55£10%) e ciclo claro-escuro (07-19h)
controlados foram acasaladas na proporcao de 3 fémeas para 1 macho e tiveram livre
acesso a ragao comercial e agua filtrada (VIEIRA et al., 2018). Ao nascimento, as
ratas lactantes com suas respectivas proles, foram divididas randomicamente em

quatro grupos experimentais (RODRIGUES et al., 2009):

1) Grupo Controle (C): cuja ninhada foi ajustada para 10 filhotes, e a rata lactante
recebeu ragdo comercial + administracdo de agua (1mL/dia) por gavagem durante a

lactacao (n= 6 ninhadas; 60 filhotes machos).

2) Grupo Controle Kefir (CK): cuja ninhada foi ajustada para 10 filhotes, e a rata
lactante recebeu ragdo comercial + administragdo de kefir (1mL/dia — 108 UFC/ dia)

por gavagem durante a lactagao (n= 6 ninhadas; 60 filhotes machos).

3) Grupo Superalimentado (S): cuja ninhada foi ajustada para 3 filhotes, e a rata
lactante recebeu racdo comercial + administracdo de agua (1mL/dia) por gavagem

durante a lactacéo (n= 21 ninhadas; 63 filhotes machos).

4) Grupo Superalimentado Kefir (SK): cuja ninhada foi ajustada para 3 filhotes, e a
rata lactante recebeu ragdo comercial + administragdo de kefir (1mL/dia — 108 UFC/
dia) por gavagem durante a lactagdo (n= 21 ninhadas; 63 filhotes machos).
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Figura 7. Modelo experimental.

A via de administracdo e a quantidade a ser utilizada do kefir de leite, foram
estabelecidas considerando estudos que avaliaram que esta dosagem € considerada
segura e apresenta efeitos desejaveis (ROSA et al., 2017). Ressalta-se que foi
utilizado o numero de UFC considerada pela legislacao vigente (ANVISA, 2002) como

tendo acao probidtica.

Durante a lactacdo, as ratas receberam ragao comercial (Nuvilab®, Parana,
Brasil) e agua ad libitum. A eutanasia das ratas lactantes ocorreu ao final da lactagao
(21 dias). Nesse periodo, as proles dos grupos C, CK, S e SK seguiram recebendo
por gavagem o mesmo protocolo de tratamento de suas respectivas maes, ao
desmame até 60 dias de idade. Apds este periodo, foram submetidos a inducéo da
carcinogénese colorretal, conforme descrito abaixo (item 5.2). Para a avaliagdo da
evolugdo da tumorigénese, os animais foram eutanasiados apds 24 semanas da
ultima aplicagdo da DMH (240 dias de idade).

Para eutanasia, os animais foram mantidos em jejum por 8 horas e
anestesiados com uma combinagdo de Xilazina (10 mg/Kg de peso corporal) e
Cetamina (90 mg/Kg de peso corporal). Foram excisados os tecidos, intestino delgado
e célon, ceco, tecido adiposo (epididimal e

retroperitoneal), e figado.
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5.2- Inducgao da carcinogénese colorretal

Foi utilizada a 1,2 dimethilhidrazina (DMH, Sigma Chemical CO, Mo, EUA) para
indugdo da carcinogénese do cdélon preparada imediatamente antes do uso,
dissolvendo em solugdo de NaCl 0,9% com 1,5% de EDTA e 10 mM de citrato de
sodio trifosfato, e pH final ajustado para 8 (LARANJEIRA et al., 1998). Os animais
induzidos receberam quatro injegdes de DMH, na dosagem de 40mg/kg de peso
corporal, via intraperitoneal (i.p.) num intervalo de tempo de duas semanas com dias
alternados (RODRIGUES et al., 2002). Desta forma, a DMH foi aplicada nos dias 46,
48, 52 e 54 apos o desmame (67, 69, 73 e 75 dias de idade) (MOHANIA et al., 2014).

O manuseio e aplicagdo da DMH foram realizados com equipamentos de
protecao individual (EPI) e os residuos do carcindbgeno descartados conforme

recomendacgao para residuos toxicos.
5.3 — Obtencao e preparo do kefir de leite

O método de producgao da bebida kefir ocorre pela adi¢ao direta dos graos ao
substrato de preferéncia. No presente estudo, foi empregado o leite pasteurizado
integral como substrato e utilizados gréos de kefir, oriundos de manipulagéo familiar
existentes no Laboratorio de Bioquimica Nutricional do Departamento de Nutricao e
Saude (DNS) da Universidade Federal de Vigcosa (UFV), Minas Gerais, Brasil. Para o
cultivo foi seguido rigorosamente o protocolo experimental garantindo a qualidade do
kefir a ser ofertado aos animais.

Os graos de kefir congelados a -20°C foram ativados e cultivados diariamente
durante o periodo de tratamento dos animais. Os graos foram inoculados na
proporgéo de 1:10 em leite pasteurizado integral (Benfica®, Juiz de Fora, MG, Brasil),
em recipiente de vidro esterilizado, e mantidos em estufa a 25°C+ 2°C, durante 24
horas, em meio aerdbio. Posteriormente, os graos foram separados do leite
fermentado utilizando-se uma peneira e lavados com agua destilada. A tamisagem foi
realizada com peneira, sob assepsia. Os graos retidos na tamisagem foram
novamente inoculados ao leite, repetindo as etapas descritas. O leite fermentado
fresco foi ofertado aos animais (OTLES & CADINGI, 2003; CZAMANSKI, 2003; ROSA
et al., 2017).
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Durante todo o tratamento dos animais, foi realizada periodicamente, duas
vezes por semana, a contagem de bactérias acido-laticas (BAL) totais e de leveduras
do kefir, garantindo a oferta da contagem microbiolégica programada.

A contagem de BAL foi realizada pelo método de plaqueamento em superficie
por meio da técnica de microgotas a partir de diluigbes decimais seriadas (IBBA,
ELASKY, 2016). Na superficie de cada placa, contendo o meio agar de Man, Rogosa
e Sharpe (MRS), foram inoculados 20 yL das diluigdes decimais (104, 10-%, 10, 107)
do kefir. As placas foram incubadas a 37 °C por 24-48h horas em estufa para a
contagem de unidades formadoras de colénia (UFC). A contagem de leveduras
também foi realizada pelo método de plaqueamento em superficie a partir de diluicbes
decimais seriadas. Na superficie de cada placa contendo agar de batata e dextrose
(BDA) acidificado com solugédo de 10 % de acido tartarico, foram inoculados 100 pL
das diluigdes decimais (102, 10-3, 104, 10-°, 10%) do kefir. As placas foram incubadas
a 25 °C em estufa incubadora durante 5 dias.

A partir da féormula: (média final da contagem de UFC x fator de
diluicdo)/aliquota utilizada para o plaqueamento, determinou-se a quantidade de
UFC/mL de kefir (BRASIL, 2003).

Além da analise microbiolégica, foi determinada a composigéo centesimal do
kefir de leite. Para tanto, foram realizadas analises em triplicatas por métodos ja
descritos pela Association of Official Analytical Chemist — AOAC (1989, 2005), e ja
padronizados no Laboratério de Composicao e Valor Nutricional de Alimentos do
Departamento de Nutricdo da UFJF. Foram analisados: umidade por secagem direta
da amostra em estufa a 105 °C; determinacdo do teor de cinzas, realizado por
incineracdo em mufla a 550 °C e posterior resfriamento em dessecador até a
temperatura ambiente; teor de lipideos totais foi obtido por secagem da amostra em
estufa a 105 °C, seguido por extragdo com éter, em extrator do tipo Soxhlet, e posterior
remocao do solvente, por destilacdo; teor de proteinas foi determinado pelo método
de Kjeldahl (AOAC, 1990). A quantificagdo de carboidratos foi determinada pelo
calculo da diferenga percentual, subtraindo-se do total da soma de umidade, cinzas,

lipideos e proteinas.
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5.4 — Avaliagao do estado nutricional e adiposidade

O consumo de ragao pelas ratas lactantes foi monitorado diariamente por toda
a lactacao (21 dias) e de seus filhotes, apds o desmame até o dia da eutanasia, de 4
em 4 dias.

A massa corporal (MC) das ratas lactantes e das proles foi acompanhada
diariamente durante a lactagdo. Apos o desmame, a MC dos filhotes foi aferida de 4
em 4 dias até a eutanasia.

O calculo do coeficiente de eficacia alimentar (CEA) foi estabelecido pela
relacdo entre o ganho de peso/consumo alimentar (NERY et al., 2011).

A adiposidade foi avaliada pela pesagem da gordura das regides epididimal,

visceral e retroperitoneal.

5.5 — Concentragao de citocinas e 6xido nitrico no homogenato de célon

Para anadlise de citocinas no célon, 100 mg de tecido de cada animal foi
homogeneizado em 1 ml de tampao PBS contendo 0,05% de Tween 20, 0,5% de
albumina de soro bovino e inibidores de proteases (0,01 mM de EDTA e 20 Ul de
aprotinina A) utilizando um homogeneizador. O homogenato resultante foi
centrifugado (10.000 rpm por 10 min. a 4°C) e o sobrenadante empregado em teste
de Imunoensaio Enzimatico (ELISA). As concentragdes de interleucina-1 (IL-1p) (faixa
de sensibilidade do teste: 63-4000 pg/mL), IL-6 (faixa de sensibilidade do teste: 31-
2000 pg/mL), Interferon (IFN-y) (faixa de sensibilidade do teste: 63-4000 pg/mL), e
Tumor Necrosis Factor Alpha (TNF-0) (faixa de sensibilidade do teste: 63-4000
pg/mL), foram mensuradas com uso do kit de ELISA (PeproTech Inc., Rocky Hill, NJ,
USA) sanduiche para citocinas seguindo as instrugdes do fabricante. Os resultados
finais foram expressos em pg/mL.

A dosagem da acumulagao total de 6xido nitrico (NO) no tecido do cdlon foi
realizada com base no método desenvolvido por Miranda et al. (2001), que se baseia
na reducao de nitrato pelo cloreto de vanadio Ill em nitrito combinado com a detecg¢ao

do nitrito total pela reagéo de Griess.
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5.6 — Contagem e categorizacao dos focos de criptas aberrantes (FCA) e tumores

intestinais

O colon foi removido para quantificacdo e categorizagdo dos FCA. Apds a
retirada, o intestino foi lavado em solugao salina fisioldgica, aberto longitudinalmente,
medido e dividido em trés seguimentos iguais. O tecido foi colocado em placas de
isopor, e fixado em formol a 10% por 48 horas. Assim, foi realizada a contagem dos
tumores e registrada sua localizagdo. Para a contagem dos FCA, os seguimentos
foram corados em solugdo de azul de metileno a 0,1% por 30 segundos e lavados em
tampao fosfato. A contagem das lesdes foi realizada por microscopia 6ptica por dois
avaliadores treinados, de forma independente. A categorizacdo dos FCA foi realizada
considerando o numero de criptas aberrantes por foco, assim, focos com 1, 2, 3, 4

criptas e focos com 5 ou mais criptas (BIRD, 1987).

5.7 — Analise histopatologica

Os tecidos intestinais (célon) foram fixados em formol e previamente
preparados para analise histopatoldgica. As laminas foram coradas com hematoxilina
e eosina (H&E) e examinadas por um patologista experiente e cegado em microscopio
Optico quanto a presencga de infiltrado de células inflamatérias, hiperplasia, perda de
células caliciformes e criptas irregulares.

Os tecidos do célon fixados em formol foram desidratados, embebidos em
parafina e fatiados em secdes de 5 ym. As se¢des foram hidratadas e coradas com
H&E. A pontuacdo microscopica foi realizada conforme o método descrito por
Faramarzpour et al (2019). As laminas histolégicas foram examinadas em microscoépio
optico quanto a gravidade de edema, inflamagao e danos a cripta. Os escores de
gravidade do edema foram: 0 = edema ausente no colon; 1 = edema leve na mucosa;
2 = edema na mucosa e submucosa; 3 = edema em toda a parede do colon; e 4 =
edema grave em toda a parede do cdélon. Os escores de gravidade da inflamagao
foram: 0 = nenhum; 1 = leve; 2 = moderado; e 3 = grave. Os escores de dano a cripta
foram: 0 = nenhum; 1 = 1/3 basal danificado; 2 = 2/3 basal danificado; 3 = criptas

perdidas e epitélio superficial presente; e 4 = criptas e epitélio perdidos.
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5.8 — Caracterizagao da microbiota intestinal

Amostras cecais foram escolhidas aleatoriamente entre os grupos controle (n
= 5), controle kefir (n = 5), superalimentado (n = 5) e superalimentado kefir (n = 5) para
a analise da microbiota intestinal. O DNA genémico total foi extraido de amostras de
fezes coletadas diretamente do ceco em tubos estéreis, e utilizou-se o kit de extragao
de DNA gendmico (MagaZorb® DNA Mini-Prep Kit, Promega), conforme instrugées do
fabricante. O DNA foi inicialmente avaliado pela razdo 260/280-nm com o NanoDrop
1000 espectrofotometro (Thermo Fisher Scientific, Wilmington, DE, EUA). Apés uma
pré-selecdo, as amostra passaram pelo sistema Bioanalyzer para controle de
qualidade de alta sensibilidade e precisao. Para cada amostra um sequenciamento de
alto rendimento na plataforma Illumina MiSeq (lllumina, San Diego, CA, EUA) foi
realizado na empresa GenOne Biotechnologies (Rio de Janeiro, Brasil). As regides
V3-V4 do gene 16S rRNA bacteriano foram sequenciadas e os dados obtidos,
atribuidos e analisados.

A filtragem de qualidade dos dados brutos de sequenciamento foi realizada
para obter tags limpas de alta qualidade, que foram posteriormente analisadas usando
o software QIIME (Quantitative Insights Into Microbial Ecology) com configura¢des
padrao. Um conjunto de sequéncias em um nivel semelhante de 97% foi agrupado em
uma Unidade Taxondmica Operacional (OTU) pelo pipeline UPARSE, e usando
Mothur como algoritmo de atribuigéo e Silva como banco de dados de referéncia. Uma
sequéncia foi escolhida como representante de cada OTU para anotar informacdes
taxondémicas.

Usando o Pipeline do Ribosomal Database Project (RDP)
(http://pyro.cme.msu.edu/index.jsp; Cole et al., 2009), as sequéncias foram
processadas. O RDP-Classifier foi utilizado para a classificacdo taxonOmica das
sequéncias representativas de cada OTU. A diversidade alfa (Chao1, Shannon,
Simpson e Dominance) foi quantificada usando o software Past.

5.9 — Andlise estatistica

Os dados foram analisados pelo programa estatistico GraphPad Prism 5 e
expressos como média * erro padrao da média. O teste de normalidade Kolmogorov-

Smirnov foi aplicado. Para valores com distribuicado normal a analise de variancia uni-
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ou bivariada foram utilizados para analise. Testes ndo-paramétricos foram realizados
para os valores que nao apresentaram distribuicdo normal. As diferengas foram

consideradas significativas quando p<0,05.
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Abstract

Background: Colorectal cancer, the second major cause of cancer deaths, imposes a
major health burden worldwide. There is growing evidence that supports that the use
of probiotics is effective against various diseases, especially in gastrointestinal
diseases, including the colorectal cancer, but the differences between the strains, dose
and frequency used are not yet clear. Aims: Perform a systematic review to compile
the results of studies carried out in animal models and investigated the effect of
probiotics on colorectal carcinogenesis. Methods: Studies were selected in
PubMed/MEDLINE and Scopus according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines. Search filters were developed
using three parameters: probiotics, colorectal cancer, and animal model. Results: From
a structured search, we discovered 34 original articles and submitted them to a risk of
bias analysis using SYRCLE’s tool. The studies show a great diversity of models, most
were conducted in rats (565.8%) and used 1,2 dimethylhydrazine (DMH) as the drug to
induce colorectal carcinogenesis (61.7%). The vast majority of trials investigated
Lactobacillus (64%) and Bifidobacterium (29.4%) strains. Twenty-six (86.6%) studies
found significant reduction of lesions or tumors in the animals that received probiotics.

The main methodological limitation was the insufficient amount of information for the
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adequate reproducibility of the trials, which indicated a high risk of bias due to
incomplete characterization of the experimental design. Conclusions: The different
probiotics strains showed anticarcinogenic effect, reduced the development of lesions
and intestinal tumors, antioxidant and immunomodulatory activity, and reduced fecal

bacterial enzymes.

Keywords: Colorectal neoplasms; carcinogenesis; probiotics; animal model;

systematic review

1. Introduction

Chronic non-communicable diseases are responsible for the majority of global
deaths, and cancer represents an important cause of morbidity and mortality
worldwide. Cancer incidence is related to the westernization of lifestyle, and social and
economic transition in countries’.[1] The GLOBOCAN 2018, published by the
International Agency for Research on Cancer (IARC), estimated the occurrence of 18.1
million new cases and 9.6 million cancer deaths worldwide in 2018. For colorectal
cancer, 1.8 million new cases and 881,000 deaths are estimated to occur in 2018,
representing the third neoplasia in incidence and second in cause of mortality, with
average case fatality higher in countries with lower HDI (Human Development Index).
[2, 3]

With multifactorial etiology, cancer is associated to genetic factors, nutrition and
inflammatory processes. The increase in incidence of colorectal cancer is associated
with changes of dietary patterns, obesity, and factors related to lifestyle.[4] There is
convincing evidence that shows that processed meat, alcoholic drinks and
accumulation of body fat increase the risk of development of the disease. On the other

hand, physical activity is a protective factor.[4-6]

There is evidence that indicates the role of diet in the development of colorectal
cancer. Dietary compounds may influence pathways by which carcinogens are
metabolized and epigenetic changes that lead to cancer development.[4, 7] There is
indication that some probiotics strains can affect the host’s immunologic response,
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stimulating anti-inflammatory cytokines, antioxidants and anti-carcinogenic
compounds.[8] In this respect, probiotics are associated with anticancerous and
antimutagenic activity.[9,10] According to the Food and Agriculture Organization/World
Health Organization (FAO/WHO), probiotics are defined as “live microorganisms which
when administered in adequate amounts confer a health benefit on the host”.[11]
However, the differences between the strains, doses and frequency used, as well as

the mechanisms by which they exert their effects are not yet clear.

Given the difficulty of studying the effects of several treatments, including
nutritional aspects, in colorectal carcinogenesis, preclinical models for colorectal
carcinogenesis are used to induce lesions similar to colorectal cancer in humans, being
widely used in experimental studies.[12] However, as the findings of preclinical studies
often originate from relatively small experiments and are quite heterogeneous, they
may not always be applicable in a translational context to enhance human health and
well-being. [13,14] Based on this, the objective of the present study was to
systematically review the preclinical evidence in a qualitative manner (unlike the widely
used narrative reviews). We believed that a study like this might provide us with reliable
and solid new evidence on whether or not probiotic supplementation could be
beneficial in the context of colorectal carcinogenesis. We performed a critical analysis
of preclinical studies in order to improve the quality of the reports and to prevent the
spreading of methodological failures, which could compromise the development of

future clinical studies.
2. Methods

The systematic review was elaborated according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyzes — PRISMA [15], whose methods include data
source and search, study selection, eligibility criteria, data extraction, analysis of
results and risk of bias. The protocol was registered at the International Prospective
Register of Systematic Reviews - PROSPERO (registration number:
CRD42018111201).

2.1 Search strategy

The bibliographic search was performed using the electronic databases

MEDLINE (PubMed platform - https://www.ncbi.nlm.nih.gov/pubmed) and Scopus
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(https://www.scopus.com/home.uri), admitting only studies in animal models. The
keywords for the construction of the filters followed three criteria: probiotics AND
colorectal cancer AND animal models (Supplementary file S1). The hierarchical
distribution of the MESH terms was the strategy used to develop the filter on the
PubMed platform. We applied a standardized filter in the Scopus platform for animal
studies and the same PubMed search strategy was adapted and used. Views,

comments, notes and unpublished studies were not included.

No restrictions were imposed for language or date of publication. The
bibliographies of the eligible studies were checked manually to find possible

publications of interest.
2.2 Selection of studies

We included all the original experimental studies that evaluated the
administration of probiotics in an animal model (in vivo) of colorectal carcinogenesis.
Prespecified eligibility and exclusion criteria were set using the PICOS (Population,
Intervention, Comparison, Outcome and Study design) strategy. The following

exclusion criteria were used:

1) Studies that analyzed the associated effect of probiotics with prebiotics and/or

nutritional supplements;
2) In vitro studies;

3) Descriptive studies, such as annals of congresses, editorials, letters, case reports

and review works;

4) In vivo studies with humans were also excluded. Abstracts or unpublished reports

have been disregarded.

The evaluation of the eligibility of the studies was performed independently by
two reviewers (P.G.A.B. and S.C.P.D.L). In the case of disagreements, another group
of reviewers (R.V.G., M.C.G.P and R.D.N.) decided whether the study met the
inclusion and exclusion criteria. Inclusion or exclusion was verified by evaluating the

full text of potentially relevant studies.
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2.3 Extraction and synthesis of data

A detailed examination of the studies was carried out in order to evaluate the

strength of the evidence and the validity of its inclusion in this review.

Data extraction and compilation tables were developed according to the
following information: (i) Publication characteristics: authors, publication year and
country; (ii) Characteristics of the experimental model (animal model, sex, age, number
of animals, control group and carcinogenic model) and main characteristics of the
intervention (strain, dose and duration); (iii) Effects of probiotics and its main outcomes.
When essential information was absent, the authors were contacted in order for us to
obtain it. The outcomes on the development of aberrant crypt foci (ACF), intestinal
tumors, fecal enzymes activity, antioxidant activity, and immune markers were
analyzed and presented. The data was subsequently compared and conflicting

information was identified and corrected after discussion among the reviewers.
2.4 Risk of bias

The risk of bias was analyzed using the SYRCLE tool (Systematic Review
Centre for Laboratory animal Experimentation), based on Cochrane Collaboration
(RoB 2.0), which aims at evaluating the methodological quality of the studies. This
instrument was adjusted for bias aspects that play a specific role in animal intervention
studies. The objective was to establish consistency and to avoid discrepancies in the
evaluation of methodological quality in the field of animal experimentation. In order to
increase transparency and applicability, signaling issues have been formulated to
facilitate judgment, based on the following areas: 1. Random sequence generation. 2.
Baseline characteristics. 3. Allocation concealment. 4. Random housing. 5.
Investigator blinding. 6. Blinding of outcome assessment. 7. Blinding of outcome. 8.
Incomplete outcome data. 9. Selective outcome reporting. 10. Ethical considerations.
[16]

3. Results
3.1.1 Study Selection

Initially 778 references were found in the databases. By reviewing titles and
abstracts, 738 citations were excluded for different reasons (human model, in vitro
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studies, intervention or outcome not pertinent, review articles, other diseases). Forty
articles were selected for full text examination, then nine studies were excluded due to
insufficient data (n= 3), full text not available (n= 1), other tumors (n= 1) and other
treatments (n= 4). Three additional citations were included by manual search after
research in the references of the articles that were initially included. Figure 1 shows

the flow diagram of the study selection process.
3.1.2 Study Characteristics

Thirty-four studies with different probiotic preparations were selected and
reviewed. The selected studies were performed in 12 different countries, most of them
in the USA (23.5%) followed by India (17.6%), Argentina (11.7%), Canada (8.8%) and
Japan (8.8%). All studies were published in English. The articles selected for this
qualitative review show a great diversity of models, age of animals (21 days to 20
weeks old) and duration of treatment (7 days to 36 weeks). Most of the studies were
conducted in rats (55.8%), and the remainder in mice (44.2 %). The proportion of the
animals' sex was 52.9% male (n = 18), 26.4% female (n = 9), 11.8% both (n = 4), and

three studies omitted the animals’ sex (8.9%).

The majority of studies investigated the Lactobacillus (64%) and the
Bifidobacterium (29.4%) genera (Table 1). For the dietary treatment, either as isolated
strain, combined formulation, or probiotic food (e.g., kefir), the works mostly used
commercial bacterial cultures, and reported no microbiological counting. Out of the 34
studies included, 25 used only isolated strains (73.5%), 3 investigated the effect of two

or more combined strains (8.8%), and 6 evaluated probiotic foods (17.7%).
3.2.1 The effect of probiotics in the development of lesions and intestinal tumors

Probiotics have been tested individually or in combination with different
concentrations. Our results showed that the majority of studies offered the probiotic
source daily (91%). Thirty studies (88.2%) presented results of development of ACF,
early pre-cancerous lesions, and/or intestinal tumors after the subjects were exposed
to the carcinogen. In 26 studies (86.6%), there was a significant reduction of lesions or

tumors in the animals that received probiotics.

Of the articles included, twenty-one (61.7%) used 1,2 dimethylhydrazine (DMH)

as the inducing drug of colorectal carcinogenesis, and the doses varied from 15 to
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40mg/kg. The second most used drug was azoxymethane (AOM) (17.6%). Out of the
34 studies, 27 (79.4%) utilized chemically induced models by DMH or AOM, and the
usage duration of these chemicals carcinogens, were of 14.3% for the administered
for up to 2 weeks; 47.6% between 3 and 19 weeks and 38.1% for 20 or more weeks.
For AOM, 50% of the studies used the carcinogen for up to 2 weeks, the remainder
between 3 and 19 weeks. Application frequency occurred once a week (77.7%) or

twice a week (22.3%).

The studies that have evaluated the effects of the Lactobacillus genus
(acidophilus, casei, fermentum, delbrueckii, gasseri, rhamnosus, plantarum species),
observed reductions in lesions [17, 18, 27-30, 19-26] in the intestinal tumors. [31, 32,
41, 42, 33—40] Table 2 presents the main effects of different probiotics' strains on the

development of histopathological parameters in the studied models.

In the groups supplemented with milk fermented by L. bulgaricus and S.
thermophiles or isolated L. bulgaricus [43, 44], the strains had no significant effect on
the incidence of tumors. It was also shown that the effects depended of the dose,
meaning that the protective effect of Lactobacillus bulgaricus was only detected in
those animals treated with the higher dose. [44] When the administration of
Bifidobacterium was evaluated, almost every study showed inhibition in the
development of ACF compared to the control groups. [17-19, 23, 45] Using genetically
modified strains (Streptococcus thermophilus and Lactococcus lactis subsp. cremoris),
the analysis of histologic damages showed the highest scores in the samples obtained
from the DMH and L. lactis group. Mice that received genetically modified lactic acid
bacteria showed decreased damage scores compared to the DMH group. [46] Seven
studies worked with fermented foods [26, 34, 38, 39, 43, 47, 48], including kefir (2),
yogurt (3), probiotic curd (1) and Dahi (1), showing that the oral administration of milk
and soy milk kefirs inhibited tumor growth significantly. [34] When the use of yogurt
was evaluated, only one study observed results in the development of intestinal
tumors, signaling that the yogurt diet significantly reduced the number of colorectal

tumors induced by DMH in male rasH2 mice. [39]
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3.3 The secondary effects of probiotics
3.3.1 Antioxidant activity

Five studies evaluated the antioxidant activity exerted by probiotics. [25, 35, 46,
48, 49] Two studies of the same group assessed the effects of different genetically
modified lactic acid bacteria. Mice that received a catalase-producing L. lactis strain
(L. lactis KAT) presented an increase in catalase activity in samples taken from small
and large intestines. H202 concentrations were slightly lower in samples from animals
that were supplemented with L. lactis KAT as opposed to L. lactis NZ or no bacterial
supplementation (DMH group) [35]. The same pattern was observed for Streptococcus
thermophilus and Lactococcus lactis subsp. cremoris - which produced antioxidant
enzymes (catalase or superoxide dismutase).[46] The evaluation of the antioxidant
capacity of the probiotic strains revealed that the malondialdehyde level was
significantly lower in animals that received probiotics when compared to those that
received DMH alone. The DMH treatment of animals significantly decreased the
amount of glutathione and the activities of the enzymes glutathione-S-transferase,
superoxide dismutase, catalase and glutathione peroxidase. These changes appear to

be reversed by probiotic supplementation. [25, 49]
3.3.2 Fecal bacterial enzymes

The activity of fecal bacterial enzymes was evaluated in 6 studies,
demonstrating decrease within all included studies. Fecal bacterial activity of [3-
glucuronidase declined significantly in animals that received probiotics. [17-19, 24, 25]
Whole yoghurt maintained the enzyme levels lower or similar to control. [47] Bacterial
B-glucosidase activity was reduced by the administration of different probiotics,
including Lactobacillus acidophilus, Lactobacillus rhamnosus and Bifidobacterium
bifidum. [24, 25] Were also observed significant decrease of nitroreductase activity in
groups that received Lactobacillus casei and plantarum. [25] In large intestine fluid,
whole yoghurt feeding decreased or maintained enzyme levels, similar to the non-
treatment control. These mice were fed with yoghurt cyclically again after eight weeks.
The animals from yoghurt-DMH-yoghurt group showed lower nitroreductase activity
compared to the group that received only DMH. [47]
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3.3.3 Immune system

Cytokines and immune cells were evaluated in 6 studies, presenting different
results, but in general the probiotics seem to modulate immune response. In model
Apc (Min/+) mice, results show that the average levels of inflammatory cytokine IL-6
reduced after the mice received L. acidophilus. [37] In the same group, mice receiving
a probiotic yogurt formulation containing microencapsulated live Lactobacillus
acidophilus showed higher concentrations of CD8 cells than the tissue of animals in
the control group. Relatively similar Mac-1 expressions were found in animal tissues
from both control and treatment groups, 6.02 and 5.43% similarity, respectively.
Results suggest that oral administration of the probiotic formulation may lower the
expression of markers directly related to intestinal inflammation. [40] Mice receiving L.
casei had significantly decreased MCP-1 and TNF-a pro-inflammatory cytokines levels
in the intestinal samples and had increased levels of the anti-inflammatory cytokine IL-
10, compared to other groups. [27, 30] The mucosal IgA were verified by Liu et al[27],
indicating that feeding milk kefir and soy milk kefir significantly increased the total IgA

level in the tissue from the small intestine.
3.3.4 Protein expression

Four studies have evaluated the expression of proteins involved in
carcinogenesis, demonstrating that B. longum significantly suppressed the expression
ras-p21 in colonic mucosa. [33] In another paper, the authors observed that the
expression cleaved caspase-3 was reduced, 11.36 in control group vs. 6.09% in
treatment group (L. acidophilus).[40] Probiotic supplementation was able to restore the
normal expression of both p53 and Bcl-2 after DMH administration. [49] The
administration of L. acidophilus + L. fermentum (46.2+3.4%), led to reduced aberrant
B-catenin signaling and nuclear staining of B-catenin when compared to saline group
(54.7£0.9%), meaning that the aberrant B-catenin signaling in the tumors was

suppressed by probiotic strains administration. [29]
3.4.1 Study quality and risk of bias

The results of our risk of bias assessment of the 34 studies included in this
systematic review are shown in Figure 2. None of the studies presented a low risk of

bias in all the methodological criteria and reached the desired quality. Considering
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each criterion analyzed individually, none of the studies reported information as
investigator blinding, and declared the sample calculation for the number of animals
used. However, most of the studies displayed food availability information during the
experiment, use of standardized diets, management conditions, details of animal
allocation and experimental groups, food consumption and body weight. Mortality

information and comments on study limitations were poorly addressed.
4. Discussion

Our results indicated that a large variety of probiotics strain were effective in
reduction of development of lesions and intestinal tumors in animal models. The vast
majority of the studies evaluated the administration of Lactobacillus and/or
Bifidobacterium genera, which is supported by the safety evidence of these strains.
[50, 51] Furthermore, the probiotics presented other benefits, such as modulation of
the immune system, antioxidant activity and decrease of fecal bacterial enzymes, all
associated with the main result. This data thus provides evidence that probiotics can
act as an effective strategy on prevention of colorectal cancer. The results in Table 2

are consistent with this.

Despite the fact that the studies included in this review show wide
methodological variability, some common ground was observed. Murine models were
the main animal model used for the study of carcinogenesis. The use of animals
provides lower costs, allowing more controlled and careful analysis of the outcome
measures, which is particularly important because it presents itself as a viable tool for
research regarding colorectal cancer, a disease that has great relevance in the world
morbidity and mortality. [52] Male animals were often chosen, which may have
occurred due to sex-specific mechanisms. However, the relationship between sex and

the development of colorectal cancer is not completely clear. [53, 54]

A wide variation was found for the age of the animals used in the experimental
models. The vast majority of studies used animals of 5 or more weeks of age. However,
some studies did not report the age of the animals. It is interesting to note that the
relevance of the preclinical model for age-dependent carcinogenesis, since the cancer
is predominantly a disease of elderly people. [56, 57] The studies included in this
review evaluated animals between 3 and 20 weeks of age, but only two studies

evaluated the consumption of probiotic in the early stages of life, as in post-weaning.
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[18, 26] This is particularly relevant, as it indicates the lack of information on the use
of probiotics in critical periods of development and their long-term effect, since it is
known that early exposure to different substances can program the individual's in

adulthood, beneficially or not. [58]

The studies analyzed presented a great variability in relation to carcinogens,
mainly the type, dose and frequency in which these compounds are administered to
animals. There is evidence that high doses can affect the number and growth features
of ACF and of tumor outcome. The ACF are the earliest visible lesions in the colon and
rectum and are considered potential precursors of colorectal cancer, being also
identified in patients at a high risk of colorectal cancer. [12] The two chemical
substances with carcinogenic potential that were the most used were DMH and AOM,
an active metabolite of DMH, which enables the chemopreventive and
chemotherapeutic study of other compounds, such as probiotics.[59-61] The intestinal
mucosal injury DMH-induced involves a sequential process with gradual increase in
the number of ACF, which may lead to the development of colorectal cancer. The
majority of these tumors develops mutations in the -catenin gene, which is similar to
hereditary nonpolyposis colorectal cancer, with inactivation of the 3-catenin destruction
complex, generally by APC (adenomatous polyposis coli) mutations. [59, 62] The use
of genetically modified animals in the study of colorectal carcinogenesis was also
observed, especially of Apc (Min/+) mice, in which the Apc gene is the homolog of
human APC gene. Due the fact that its standard molecular and pathologic structure is
similar to human familial adenomatous polyposis, it is widely use to study the
development, treatment, and prevention of colorectal cancers that contain somatic
APC mutations. [52, 63, 64]

In this review, the most common investigated genera were Lactobacillus
followed by Bifidobacterium, once lactic acid bacteria represent the main
microorganisms added to probiotic products. [65] The two lactic acid bacteria
employed in the production of yogurt from milk are the Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus. These bacteria appear to be involved in
the prevention of carcinogenesis and in immune stimulation, decreasing colorectal
cancer risk. [65-67] Included in the classification of fermented foods, the kefir, a
probiotic fermented milk with a complex composition of bacteria and yeasts in a

polysaccharides matrix, has demonstrate anti-proliferative, anti-inflammatory, and anti-
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mutagenic activity. [68, 69] These effects are consistent with the results found in the

studies included in this systematic review. [34, 48]

Our findings indicate that several of the studies did not submit or could not
establish the dose administered. [17, 18, 40, 43, 46-48, 70, 19, 20, 22, 27, 32-34, 39]
This lack of information was caused by not counting the colony forming units (cfu) or
by ad libitum offer of probiotic supplementation in water or in experimental diets, that
led to estimations of consumption, but not the exactly values. The use of probiotic
microorganisms must grant health benefits to the host in the studied dosage and
duration of use. It is not possible to establish a general minimum dose because each
strain is effective at a specific dose. [71] The different probiotics differ in depending on
the way the complex interactions between food, microbiota, microorganism, and
intestinal mucosa takes place. [72] Surprisingly, this important information was often
underreported in this review, hindering the studies reproducibility and representing an

important indicator of heterogeneity among the preclinical models.

Some of the studies included analyzed the expression of markers involved in
carcinogenesis, as ras-p21, cleaved caspase-3, Mac-1, Ki-67, B-catenin, E-cadherin,
p53, Bcl-2, Bax, caspase-9 and caspase-3. [29, 33, 40, 49] The identification of these
markers plays an important role in the early diagnosis and identification of colorectal
cancer and in the development of prevention strategies. With the exception of a few
specific cases, colon and rectum cancers have remarkably similar patterns of genomic
alteration. In almost all tumors there are diverse alterations involving the TGF- and

p53 pathways [62], reinforcing the results found in studies included in this review.

In this sense, some protective effects are attributed to probiotics, including the
maintenance or enhancement of intestinal barrier function, explained in part by the
increase of the expression of the genes involved in tight junction signaling in intestinal
epithelial cells.[73] Other mechanisms that relate to probiotic action involves the fecal
bacterial enzymes, including B-glucuronidase, B-glucosidase and nitroreductase,
which catalyze the release of procarcinogenic substances in the intestine. The
alteration of the intestinal metabolism by modulating the activity of these bacterial
enzymes may be one of the possible mechanisms by which probiotics may reduce the

risk for the onset of colorectal cancer.[74] According to the results presented,
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consumption of probiotics reduced fecal bacterial enzymes in all studies that evaluated
this effect. [17, 18, 20, 24, 25, 47]

Another important mechanism is in the relation of the intestinal mucosa and the
host-microbiota. Although the intestinal microbiota was not the focus of the included
studies [75, 76], three studies evaluated fecal bacteriology and observed that the
probiotic strains were recovered in the feces of all the rats that were given probiotic
supplementation.[32] In another study, the L. acidophilus group had fecal pH, aerobic
bacteria and E. coli count reduced[24], and when comparing the concentration of
probiotics strain in feces before and after treatment, significant increase was found (L.
acidophilus 4 to 74% and B. bifidum 1 to 36%).[30] These effects may be mediated by
adherence to enterocytes, intestinal pH reduction and mechanisms of competition with
bacterial pathogens. [24, 32, 74]

Probiotic bacteria also show immunomodulatory activity, stimulating production
of IL-10 and IgA in intestinal epithelial cells and decreasing pro-inflammatory pathways
(via reduction of IL-1B, IL-6 and TNF-a).[75, 77, 78] Several mechanisms have already
been related to the modulation of intestinal barrier function, include the innate and
adaptive defense responses, such as of IgA, Toll-like receptors, cytokines, gut
associated lymphoid tissues and signaling pathways. [75, 77, 79] Some of the
mechanisms were verified in the studies we reviewed, such as the reduction in levels
of IL-6 and TNF-a and the increase of IL-10 and IgA. [27, 30, 34, 37]

Complementarily, a few probiotics show antioxidant activity, inhibiting the
generation of reactive oxygen species (ROS), such as superoxide ions, free radicals
and peroxides. These reactive species in excess result in oxidative stress and they
can lead to damage in the cellular structure and in its constituents (DNA, RNA, proteins
and lipids). Therefore, oxidative stress has an important role in diseases of the
gastrointestinal tract, including inflammatory bowel diseases and colon cancers. Thus,
reduction of its levels may represent an effective strategy against the development of

tumors.

As a result of the high variability of experimental designs and of the finding of
methodological bias, the preclinical evidence for the probiotics is still delicate and
inconclusive. The data heterogeneity, with different strains, doses and duration of

treatment, as well as the extremely diverse induction model of colorectal
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carcinogenesis represent a limitation for evidence availability. The risk of bias analysis
(SYRCLE) was performed individually as a way to ensure the validity of the findings
and assessing the methodological quality of the studies, demonstrating that the
application of standard protocols is essential to the reproducibility and synthesis of

results.
5. Conclusions

The probiotics were effective in preventing colorectal cancer and the
development of pre neoplastic lesions, demonstrating that their effects and the
metabolic pathways involved are diverse and depend on the probiotic strain
administered, on the dose and on the duration. The limited methodological description,
incomplete characterization of protocols and outcomes was a limitation we found, as
well as the methodological heterogeneity in studies. We believe that our critical
analysis can promote new preclinical research with lower methodological bias, enable
researchers to determine the exact mechanisms by which probiotics act, along with
their long-term effects and more importantly guide public health policies that may have

an impact on the reduction of colorectal cancer worldwide.
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Table 1. Characteristics of the experimental model and intervention of the studies regarding the use of probiotics in studies of colorectal

carcinogenesis in animal models.

Author, year  Country  Animal Sex Age N2 Control group Strain Dose Duration  Carcinogenesis model
model (weight)  animals/ L.
(probiotic)
Group
Goldin and USA F344rats 4 6-8 wk 11-22 Meat diet L. acidophilus 10%°- 10" cells 20/36 wk  DMH (20mg/kg) s.c.
Gorbach,
1980[17]
Shackelford et USA F344rats o 4 wk 28 Commercial diet L. bulgaricus ? 20 wk DMH (20mg/kg) s.c.
al, 1983[18]
Streptococcus
thermophilus
Kulkarni and USA F344 rats g 5 wk 11 Semi-purified diet (AIN- B. longum 1.5and 3% in diet 13 wk AOM (20mg/kg) s.c.
Reddy, 1994[19 76A
y [19] ) (2x10%°cells/g)
Abdelalietal, France Sprague- g 26d 6 Commercial diet B.? ~6x10° cells 4 wk DMH (25mg/kg) i.p.
1995[20] Dawley rats
Goldin et al, USA F344rats ? 8-21 Experimental diet L. GG 1% in diets 24/27 wk  DMH (20mg/kg) s.c.
1996([21 5%/20% corn oil
[21] (5%/20% ) ~2-4 x 10™ cells/d
Challa et al, USA F344rats 4 7 wk? 15 Semi-purified diet (AIN- B. longum 0.5% in diet 13 wk AOM (16mg/kg) s.c.
1997[22] 76A)

(1 x 108 cells/g)
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Singh et al, USA F344rats 4 5 wk 12 Semi-purified diet (AIN- B. longum 2% in diet 16 wk AOM (15mg/kg)
1997[23 76A
(23] ) ~2x10% cells/g s.C.
Balansky et al, Bulgaria BD6 rats dl/Q 16-20 wk  30-327? Commercial diet L. bulgaricus 1.3g/2.5g/animal 8 months DMH (21mg/kg) s.c.
1999[24
[24] (180-220g) (FFM.B144 or  FFM.B144: 4 x 10’
FFM.B5) cfu/g

FFM.B5: 3 x 10°

cfu/g
Rao et al, USA F344rats 4 6 wk 12 Semi-purified diet L. acidophilus 2%/ 4% in diet 10 wk AOM (15mg/kg) s.c.
1999(25] (modified AIN-76A)

4.2 x 10° cells/g
Gallaherand  USA Wistar rats ? 15-20 Semi-purified diet B.? 108-10° cfu/animal 3.5to 5wk DMH (15mg/kg)
Khil,1999(26] (modified AIN-76A) + gavaged

skim milk
Liu et al, Taiwan ICR mice Q 6-7 wk 10 Commercial diet + water Kefir ? ? 30 days S$180 tumor cells in
2002[27] 2440.8 saline (1x108 cells/ml)
(2420.8g) 0.2 mls.c.

Tavan et al, France F344 rats g ? 15 Commercial diet + 20% B. animalis 5.441 x 108 cfu/day 15 wk HAA (115 pl) in diet
2002[28] water

Streptococcus
thermophilus
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De Moreno and Argentina BALB/c mice ? ? 45-50 Commercial diet + skim Yogurt ? 10 days DMH (20mg/kg) s.c.
Perdigdn, milk (cyclically)
2005;;29] (25-30g) (L. delbrueckii + 2 x 108 cells/ml

Streptococcus

thermophilus)
Lee et al, Korea F344 rats g 5 wk 9 Commercial diet Bacillus 3 x 10 ® cfu/d 10 wk DMH (30mg/kg) s.c.
2007[30 olyfermenticus

[30] (185+10g) polyf in diet
De Moreno et Argentina BALB/c mice F/? 6 wk 30-35 Commercial diet Lactococcus 1 x10° cfu/d 6 months DMH (20mg/kg)
al, 2008[31] (25-30g) lactis NZ/KAT
-5Ug s.C.

Takagi et al, Japan BALB/cBy! Q 6 wk 12 Commercial diet L. casei Shirota  ~ 10° cells/mg cells 12 wk 3-Methylcholanthrene
2008[32] mice (1mg/0.1 ml) s.c.

L. fermentum 0.005% (w/w)

L. acidophilus

L. plantarum

L. reuteri

L. rhamnosus
Cenesizetal, Turkey BALB/c mice F/Q 12 wk 5 Commercial diet Kefir ? ? 13 wk AOM (5mg/kg) s.c.
2008(33

[33] (average 50% (w/v) ad
31.5g) libitum instead of
water
Urbanska et al, Canada C57BL/6l- g 7-8 wk 11 Commercial diet + saline L. acidophillus 10 cfu/ml 8, 10 and 12 Apc (Min/+)
2009([34] Apc Min/+ (20-25¢) wk
-2o8

mice




83

Kumar et al, India Rats ? ? 10 wk 25 Experimental basal diet Probiotic curd ? 15 wk DMH (20mg/kg) s.c.
2010[35] Probiotic cultures:

L. acidophilus + L.

casei
Narushima et al,Japan rasH2 mice F/? 8 wk ? Commercial diet + non- Yogurt (L. ? 3 wk DMH (20mg/kg) s.c.
2010[36] fermented milk delbrueckii +

Streptococcus

salivarius)
Foo et al, Taiwan ICR mice g 6 wk 5-18 Semi-purified diet (AIN- B. longum B. longum ~ 5 x 10°15/24 wk  DMH (20mg/kg) i.m.
2011[37] 76A) + skim milk . cfu/g

L. gasseri

L. gasseri ~ 1 x 10!
cfu/g
Chang et al, Korea F344rats 5 5 wk 15 High-fat diet (HF) L. acidophilus 2 x 10° cfu/ml 10 wk DMH (20mg/kg) i.m.
2012[38]
(average
130g)

Verma and India Sprague ? ? 6 Commercial diet + saline L. rhamnosus 1x10° cfu 7 wk DMH (20mg/kg) i.p.
Shukla, Dawley rats .
2013(39)] (100-150¢g) L. casei

L. acidophilus
L. plantarum

B. bifidum
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Urbanska et al, Canada C57BL/6l- 5-6 wk 24 Commercial diet + saline L. acidophilus + ? 17 wk Apc (Min/+)
2014[40] Apc Min/+ 2% yogurt
Mohania et al, India Wistar rats g 3 wk 24 Experimental basal diet Dahi culture Dahi culture 1% 8, 16 and 32 DMH (40mg/kg) s.c.
2014[41] + buffalo milk (BM) ) ) 0 wk
L. acidophilus + B. 2 x 10° cfu/g, B.
Bifidum bifidum and L.
acidophilus each
Verma and India Sprague g ? 8 Commercial diet L. acidophilus 1 x 10° lactobacilli 19 wk DMH (20mg/kg) i.p.
Shukla, Dawley rats 100-200 ! rh
2014[42] (100-200g) . rhamnosus
Walia et al, India Sprague Q ? 6 Commercial diet L. plantarum 10 cells 8 and 16 wk DMH (30mg/kg) s.c.
2015[43] Dawley rats
(125-175g) L. rhamnosus
Shin et al, Japan BALB/c mice Q 5 wk 6 Commercial diet L. plantarum 10 mg 3wk Meth-A tumor cells (1
2016[44] x 108 cells) s.c.
Lenoir et al, Argentina C57BL/6 Q 6 wk 30-35 Commercial diet L. lactis 1% in the drinking 3, 4, 5 and 6 DMH (20mg/kg) s.c.
2016[45] mice 59.95 ; ) water (average months
(22-25¢) - casel 1£0.4 x 10°
cfu/mouse)
del Carmen et Argentina BALB/c mice Q 6 wk 10 Commercial diet Streptococcus 1x10%° cfu/mlin 3to6 DMH (20mg/kg) s.c.
al, 2017[46] (22-25¢) thermophilus”  the drinking water months

(average intake ~

Lactococcus lactis 3m|/animal/d

subsp. cremoris’
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Irecta-Ndajera et Mexico BALB/c mice 14-16 wk 10 Commercial diet L. casei 106 cfu 31 wk DMH (20mg/kg) s.c.
Q

al, 2017[47] (25:2g)
Kahoulietal, Canada C57BL/6) g 4 wk 5 Commercial diet + saline L. acidophilus + L. 1 x 10%° cfu 12 wk Apc (Min/+)
2017[48] Apc Min/+ fermentum
Walia et al, India Sprague Q ? 6 Commercial diet L. plantarum 2 x 10 cells 16 wk DMH (30mg/kg) s.c.
2018[49 Dawley rats

149] Y (125-200¢g) L. rhamnosus
Agah et al, Iran BALB/c mice g 6-8 wk 9-10 Commercial diet L. acidophilus 1 x 10° cfu/g 5 months + AOM (15mg/kg) s.c.
2018[50 10 days

(0] B. bifidum (1.5 g probiotics in y

water)

Abbreviations: wk week; d day; ? absent or unclear information; USA United States of America; & Male; @ Female; L. lactobacillus; B.
bifidobacterium; DMH 1,2 dimethylhydrazine; AOM azoxymethane; s.c. subcutaneous; i.m. intramuscular; i.p. intraperitoneal; HAA heterocyclic
aromatic amines; Apc (Min/+) germ line mutations in the APC gene that lead to spontaneously development of neoplasms; ICR Institute of Cancer
Research; HF: high-fat diet resembling the one of some Western human population; Curd culture: Lactococcus lactis biovar. diacetylactis; Dahi
culture: Lactococcus lactis ssp. cremoris and Lactococcus lactis ssp. lactis biovar diacetylactis; Yogurt culture: L. delbrueckii subsp. bulgaricus
and S. thermophilus; Lactococcus lactis NZ isogenic non-catalase-producing strain; Lactococcus lactis KAT catalase-producing L. lactis strain;
(*) genetically modified strains.
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Table 2. Effects of different probiotics on the development of histopathological parameters in

animal models of colorectal carcinogenesis.

Probiotic strain Effect Sample Outcomes Percentage of
size inhibition (p value)*

Lactobacillus Reduction n=9 Incidences of colonic lesions [50] 57% (p < 0.05)

acidophilus n=20 Colon cancer [17] 37% (p < 0.02)
n=12 Total number of ACFin colon [25]  29-39% (p < 0.01 -

0.001)
n=15 Total number of ACF in colon [38] 41.1% (p < 0.05)
n=6 Percentage of ACF [39] 96% (p < 0.05)
n=11 Adenomas in large intestine [34] 12.5-50% (p > 0.05)
Without n=8 Incidence of tumor [42] 0% (p ?)
alteration

Lactobacillus Reduction n=21 Smallintestinal tumors [21] 28.5% (p < 0.02)

rhamnosus n=6 Percentage of ACF [39] 98% (p < 0.05)
n=8 Incidence of tumor [42] 11.12% (p ?)
n=6 Tumor incidence [43] 33.4% (p ?)

Lactobacillus Without n =28 Colontumor [18] 0% (p > 0.05)

bulgaricus alteration

Lactobacillus Reduction n=6 Percentage of ACF [39] 45% (p < 0.05)

casei n=5 Number of damage score [45] 45% (p < 0.01)
n=10 Number of ACF [47] 68.1% (p < 0.01)

Lactobacillus Reduction n=6 Percentage ACF [39] 89% (p < 0.05)

plantarum n=6 Tumor incidence [43] 50% (p ?)

Bifidobacterium Reduction n=11 Number of ACF [19] 43-53% (p < 0.01-

longum 0.001)
n=10 Total number of ACF in colon [22] 23.3% (p < 0.05)
n=12 Intestinal tumor incidence [23] 31.2% (p < 0.05)
n=9 Number of microadenomas and 35-43% (p < 0.05)

adenomas [37]

Bifidobacterium Reduction n=6 Percentage ACF [39] 74% (p < 0.05)

bifidum n=9 Incidences of colonic lesions [50] 27% (p > 0.05)

Bifidobacterium Reduction n=9 Number of ACF [37] 25-30% (p < 0.05)

longum +

Lactobacillus

gasseri

Lactobacillus Reduction n=5 Intestinal polyp [48] 40% (p < 0.05)

acidophilus +

fermentum

Mix? Reduction n=10 Number of tumors [46] 100% (p ?)

ACF aberrant crypt foci; n number of animals in the treatment groups; ? absent or unclear information.
!Mix: Genetically modified S. thermophilus strain that produces the antioxidant enzymes catalase and superoxide

dismutase, combined with L. lactis IL-10. *Results extracted from the original studies.



87

5 Literature database search in PubMed and
© Scopus
J
= (n=2808)
=
c
]
=2
Exclusion of duplicates
v (n=30)
60 \d
E Records excluded
@ Title and abstract screening (n=738)
3 (n=778) Human studies (n = 40)
Different treatment (n = 74)
g Out theme (n = 198)
— Review (n =75}
. il In vitro (n = 44)
Other diseases (n = 307)
Full-text articles for
Fy examination
2 (n=40)
:i:ﬂ Full-text articles excluded,
w > with reasons
(n=9)
¥ Insufficient data (n= 3)
Full-text articles included Full text not available (n= 1)
f \ by manual search Other tumors (n= 1}
{n=23) Other treatments (n=4)
° ¥
o . .
= Studies included in
f= qualitative synthesis
(n=234)

Figure 1. Flow diagram of the search results of our systematic literature review. Based on
“Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement”. www.prisma-statement.org From: Moher D, Liberati A, Tetzlaff J, Altman DG, The

PRISMA Group (2009).
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Kefir regulates inflammatory cytokines and reduces DMH-associated colorectal

cancer in adult Wistar rat offspring

Abstract

Nutritional changes during critical periods of development, as lactation and puberty,
have an impact on the risk of developing disease in adult life. In this sense, the
neonatal overfeeding may result in altered programming leading to increased
susceptibility to obesity, inflammation, and related complications. This study
investigated the programming effects by kefir/overfeeding during the lactation and
puberty period on adulthood offspring in 1,2 dimethylhydrazine (DMH)-induced
experimental colon carcinogenesis, about adiposity, inflammation, gut microbiota and
colorectal cancer development. Lactation Wistar rats were assigned to four groups:
Control (NL, n=7 pups); Kefir control (KNL, n=8 pups); Overfeeding (SL, n=7 pups);
Kefir overfeeding (KSL, n=7 pups). Dams in the NL and SL groups were given 1 ml
distilled water by gavage once per day. For the other test groups, animals were given
1 ml of milk kefir (108 cfu/mL) by gavage once per day during the 21 days of lactation.
After weaning, all pups continued receiving the same maternal treatment (water or
kefir) until 60 days of age. In adulthood (24 weeks after the last application of DMH),
the SL group showed biggest sum of adipose tissues compared to NL (+53.83%; p <
0.001), KNL (+48.85%; p < 0.001) and KSL (+20.04%; p < 0.01) groups. The kefir
suppressed significantly the tumor number, even in the overfeeding group (KSL: -
71.43%; p < 0.01). There was increased of pro-inflammatory cytokines (IL-183, IL-6,
and TNF-a) in colon tissue of SL group. For nitric oxide production was observed an
increase in SL rats, but was reduced by kefir administration (KSL group) (-69.9%, p <
0.001). We investigated for the first time the effects of kefir consumption during critical
periods of development and identified its ability to reduce colon tumors, tissue damage,
and proinflammatory cytokines, decrease adiposity and modulate the intestinal

microbiota of adult offspring.

Keywords: Colorectal neoplasms; kefir; overnutrition; microbiota; inflammation.
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Introduction

The “developmental origins of health and disease” (DOHaD) hypothesis
proposes that environmental conditions during fetal and early post-natal development
influence lifelong health through permanent effects on growth, structure and
metabolism, known as ‘programming’. Environmental conditions that are experienced
in early life can profoundly influence human biology and long-term health. The window
of developmental plasticity extends from preconception to early childhood and involves
epigenetic responses to environmental changes, which exert their effects during life-
history phase transitions. The epigenetic responses influence development, cell- and

tissue-specific gene expression, and could be transmitted transgenerationally (1,2).

A model widely used for induction of overfeeding in newborn rat pups is to
reduce the litter size for newborn rat pups to 3 pups/dam (small litter; SL). Due to the
increased consumption of milk, SL rats were overweight as well as hyperinsulinemic,
hyperleptinemic and hyperglycemic during the suckling period. In the post-weaning
period, SL rats demonstrated hyperphagia and maintained increased body weight gain

throughout life, insulin resistance, and increased oxidative stress (3-5).

It is known that excessive adipose tissue accumulation, mainly visceral, triggers
a series of metabolic and immune changes that contribute to the generation of low-
grade chronic inflammation and also been associated with dysbiosis and increased
intestinal permeability, which may contribute to perpetuation of inflammation(6), which

represents a favorable microenvironment for tumor development(7).

The gut dysbiosis mediated inflammation and the consecutive regulation of
innate and adaptive immune responses might constitute a link with the initiation,
development and progression of cancer (8,9). Data show that various metabolites
derived from the microbiota might control several factors playing a key role in the
regulation of epigenetics (10). The composition of gut microbiota affects the health
status of the host, specifically associated with the development of obesity, creating a
microenvironment favorable to neoplastic development. The microbiota is involved in
the energy balancing, intestinal integrity, and immunity against invading pathogens;
thereby microbiota controls the overall health status of the host (11,12). It was already
demonstrated that a significant difference in intestinal bacterial exists between healthy

rats and colorectal cancer animals (13).
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Data published by the International Agency for Research on Cancer (IARC),
estimated the occurrence of 18.1 million new cases and 9.6 million cancer deaths
worldwide in 2018. For colorectal cancer, 1.8 million new cases and 881,000 deaths
are estimated to occur in 2018, representing the third neoplasia in incidence and
second in cause of mortality (9,14,15). There is evidence that indicates the role of diet
in the development of colorectal cancer. Dietary compounds may influence pathways
by which carcinogens are metabolized and epigenetic changes that lead to cancer
development(16,17). There is an indication that some probiotics strains can affect the
host’s immunologic response, stimulating anti-inflammatory cytokines, antioxidants

and anti-carcinogenic compounds (18,19).

For this reason, the kefir, probiotic fermented milk, produced from grains and
containing a complex mixture of bacteria, yeasts in association with a matrix composed
of protein, and polysaccharide, has gained evidence. Health effects attributed to the
consumption of kefir include modulation of intestinal microbiota, antioxidant action,
immunomodulation, and metabolic effects (20,21). Previous studies suggest that the
probiotics, especially lactic acid bacteria have different anticancer properties. The
mechanisms involved include the interaction with several cellular pathways and
regulate biological processes (antioxidative process, apoptosis and proliferation),
activation of macrophages and phagocytosis and nitric oxide (NO) production,
secretion of cytokines, and suppressed Th2 immune response and activated Th1

immune response that induce anti-allergic effect (22—-25).

Thus, concerning the long history of kefir, its probiotic effects, ease of
preparation and low cost, we investigated for the first time the effects of its consumption
during critical developmental periods about intestinal microbiota, inflammatory

biomarkers and the development of colorectal carcinogenesis in adulthood progeny.
Materials and methods

All procedures involving animals were conducted in accordance with local
regulations (Brazilian Council for Control of Animal Experimentation, CONCEA, Brazil).
The study was approved by the Ethical Committee for Animal Handling of the Federal
University of Juiz de Fora at Minas Gerais, Brazil (protocol 21/2016).



92

Experimental design and procedures

Three-month-old Wistar rats (200-250 g) were obtained from the Center of
Reproduction Biology of the Federal University of Juiz de Fora, Minas Gerais, Brazil.
On the first day after the birth of the puppies, the litters were adjusted to three males
pups for each dam (small litter, SL), and ten pups for each dam were considered
normal litter (NL)(3). At the beginning of the study (birth), there were no differences
between the offspring of groups in body weight (NL: 6.15+0.05; KNL: 5.97+0.06; SL:
6.08+0.05; KSL: 6.20+0.04). All animals were housed in plastic cages under controlled
conditions of humidity (44-65%), light (12h light/dark cycle) and temperature (22+2°C).

All rats had free access to normal rat chow and water.

To evaluate the effects of kefir intake of kefir/overfeeding during lactation, the
rats with their offspring were randomly divided into four groups: Control (NL, n=7 pups);
Kefir control (KNL, n=8 pups); Overfeeding (SL, n=7 pups); Kefir overfeeding (KSL,
n=7 pups). Offspring from different litters per group were used to avoid litter effects
(NL: 6 litters; SL: 7 litters). Dams in the NL and SL groups were given 1 ml distilled
water by gavage once per day. For the other test groups, animals were given 1 ml of
milk kefir (108 cfu/mL) by gavage once per day during the 21 days of lactation. After
weaning, all pups continued receiving the same maternal treatment (water or kefir) until
60 days of age (Figure 1). In addition to their respective treatments, all animals were
allowed free access to standard rodent chow (Nuvilab®, Parana, Brazil) and drinking

water ad libitum.

At 67 days of age, started to the induction of colorectal carcinogenesis was
performed. All animals received an intraperitoneal injection of 1,2-dimethylhydrazine
(DMH, Sigma-Aldrich, St. Louis, MO, USA), at a dose rate of 40 mg/kg body weight,
twice weekly for 2 consecutive weeks. DMH was prepared fresh before use dissolved

in 0.9% saline solution containing 1 mM EDTA and 10 mM sodium citrate, pH 8 (26).

At 240 days old, 24 weeks after the last DMH injection, the animals were
euthanized with a lethal dose of Ketamine (90 mg/kg) and Xylazine (10 mg/kg), and

the tissues and feces were collected and stored in the freezer at - 80°C until analysis.
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Preparation and analysis of milk kefir

Kefir grains used in the study were obtained from the Department of Nutrition
and Health, Universidade Federal de Vigosa, Vigosa, Brazil. Prepared with pasteurized
whole milk (Benfica®, MG, Brazil) was added to kefir grains on a 1:10 (m/v), and was
incubated at 25+2 °C for 24h. At the end of the incubation, the grains were separated
from the kefir drink by filtration through a plastic sieve and washed. This procedure
was repeated daily for the fresh kefir during the treatment period (20). A sample of milk
kefir was collected and analyzed for the chemical composition according to reference
methods of the Association of Official Analytical Chemist - AOAC (27).

Periodically, twice a week, during the whole period of the treatment of animals
was determined the concentration of viable microorganisms in kefir appropriate
dilutions in 0.85% physiological saline. The homogenized samples were serially
diluted, and were then plated using specific media by the pour plate method. The MRS
(Man-Rogosa-Sharpe) agar for lactic acid bacteria (LAB) was used for the enumeration
of bacteria in respective plates. The plates were incubated at 37°C for 24-48 h
aerobically. For yeast count the sample was grown on potato dextrose agar (PDA)
slants at 25 °C for five days. The number of colonies was counted as colony forming

unit cfu/mL. The experiment was done in triplicate(28).

The kefir used for the animal treatment has been analyzed in the laboratory and
contained 2.99/100g fat, 3.1g/100g protein, 4,19/100g lactose, 0.7g/100g ash, and
89.2g/100g moisture. The pH ranged between 4.14 and 4.3. Throughout the period the
count of 108 cfu/mL of LAB and 108 cfu/mL for yeasts was maintained, thus meeting

the values proposed by international body Codex Alimentarius (29).
Nutritional evaluation, adiposity and anatomical characteristics of organs

Body mass (BM) of the offspring were monitored daily during lactation. The food
intake (FI) and BM were evaluated once every 4 days after weaning until they were
240 days old. Food conversion efficiency (FCE) was calculated, dividing the body

weight gain by food consumption.

Total body fat was measured as the sum of the following individual fat pad

weights: epididymal fat + retroperitoneal fat + visceral fat. The adiposity index was
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calculated as (total body fat/final BM) x 100. The adiposity index was used as a

measure of adiposity (30).

The hepatosomatic index was obtained by dividing the liver weight by the BM of
the animal x 100. After intact removal of the colon from the abdominal cavity, colon
length was measured from the ileocecal valve to the anus in a relaxed position without

stretching, using a millimeter ruler.
Tumors counting and analysis of aberrant crypt foci

A thorough necropsy was then made, and the vital organs including the liver,
the spleen, the small bowel intestinal, the brain, and the colon were scrutinized for
lesions and metastatic deposits. The number, tumor incidence (percentage number of

animals having tumors) and location of tumors were assessed.

After removal, the colon was washed in saline solution, opened along the
mesenteric margin, placed in paraffin plates with the mucous facing the top of the plate,
and fixed. Following fixation, the number of aberrant crypts foci (ACF) were determined
in the proximal, medial and distal segments, and were also expressed for the entire
colon; stained with 0.1% methylene blue for 30 seconds to quantify aberrant crypt foci
under a BX-60 light microscope (Olympus, Tokyo, Japan) with a magnification of 10x.
The number of ACF was counted, as described by Bird(31). The ACF categorization
was based on the number of aberrant crypts per focus: 1, 2, 3, 4 and foci with five or
more aberrant crypts (AC/focus=5). All tissue was assessed for two independent

assessors in a blind fashion.
Histological evaluation of the colon

Colon was fixed in 10% buffered formalin for 48h. For histological examination,
the fixed tissues were embedded and sectioned at 5 mm intervals. Tissue was stained
with standard hematoxylin and eosin (H&E) for light microscopic examination, and
examined under a light microscope (with 10x and 40x magnification). Two independent
assessors in a blind fashion reviewed tissue sections. Any discrepancy between these
two investigators was resolved through the reevaluation until a consensus of opinion
was reached. Histopathologic evaluation was performed according to the three

parameters edema, inflammation and crypt damage severities (32).
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Cytokine measurement

For measurement of the cytokine levels, 100 mg tissue (medial colon) from each
animal was homogenized in 1 ml PBS buffer containing 0.05% Tween 20, 0.5% bovine
serum albumin and protease inhibitors (0.01 mM EDTA) and 20 IU aprotinin A, using
a tissue homogenizer (PHD Equipamentos MTDHH4; Piracicaba, SP, Brazil). The
resulting homogenate was centrifuged (13.500 rpm for 20 min. 4°C) and the
supernatant was stored at -80°C for further cytokine quantitation. Interleukin-1 (IL-1(3)
(assay sensitivity: 63-4000 pg/mL), IL-6 (assay sensitivity: 31-2000 pg/mL), interferon
gamma (INF-y) concentrations, and tumor necrosis factor alpha (TNF-a) were
measured by the cytokine sandwich ELISA kit (PeproTech Inc., Rocky Hill, New
Jersey, USA) following the manufacturer's instructions. The results of colonic tissue

cytokine levels were expressed as pg/mL.
Determination of tissue nitric oxide

Measurement of total nitric oxide (NO) accumulation in colonic tissue was
performed based on the method developed by Miranda et al., which is based on the
reduction of nitrate by vanadium lll chloride to nitrite combined with detection of total

nitrite by Griess reaction(33).

Microbiota analysis using 16s rRNA high-throughput sequencing and

bioinformatics

Caecal samples were randomly chosen from the groups of NL (n =5), KNL (n =
5), SL (n = 5), and KSL (n = 5) for gut-microbiota analysis. DNA was isolated from
samples using the MagaZorb® DNA Mini-Prep Kit (Promega, Madison, WI, EUA). A
high-throughput sequencing on the lllumina MiSeq platform for each sample was
performed at the GenOne Biotechnologies enterprise (Rio de Janeiro, Brazil).
Hypervariable regions of V3-V4 of bacterial 16S rRNA genes were sequenced and

data obtained, assigned and analysed.

On the DNA samples extracted were performed highly accurate and precise
DNA electrophoresis with the Bioanalyzer DNA analysis and used to amplify a small
(~300 bp) fragment of the 16S rRNA gene using the primers F515 (50
GTGCCAGCMGCCGCGGTAA30) and R806 (50GGACTACHVGGGTWTCTAAT30)

for further high-throughput sequencing. PCR reactions and 16S sequencing were
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performed at the Molecular Research LP (MRDNA, Shallowater, Texas USA). The
MiSeq instrument (lllumina, San Diego, USA) was used for sequencing the 16S
amplicons following the manufacturer's instructions. This technology has been used in
several studies and is recommended by the Earth Microbiome Project (33). Raw 16S
data were obtained and analyzed using the freely available bioinformatics pipeline
QIIME v.1.8 with default parameters. MRDNA conveniently provides users with files
containing joined reads (full.fasta and full.qual files). These files were combined in one

single fastq file using QIIME.

A set of sequences at a similar level of 97% was grouped into one operational
taxonomic unit (OTU). The OTU table generated by this approach was used for all
diversity and taxonomic analyses. In this study we used the v. 13_5 of the GreenGenes
OUT representative 16S rRNA sequences as the reference sequence collection. The
phylogenetic method UniFrac (Unique Fraction metric) was used to investigate
differences in microbial communities. We conducted an analysis of the Good’s
coverage, diversity estimator (Shannon), and rarefaction curve. Statistical analysis of
Bray—Curtis dissimilarities were calculated using the relative abundances of bacterial

genera using Adonis function in R (version 3.2).
Statistical analysis

Data were analyzed by statistical program GraphPad Prism version 5
(GraphPad Software, Inc., La Jolla, CA, USA) and expressed as means * standard
error of the mean (SEM). The normality of the data was evaluated by the Kolmogorov-
Smirnov test. For parametric analysis, one-way ANOVA followed by Newman-Keuls
post-test determined the differences between the groups. Non-parametric Kruskal-
Walllis test, followed by Dunn’s multiple comparisons test was applied for values that
do not present normal distribution. The differences were considered statistically

significant when p < 0.05.
Results
Nutritional evaluation, adiposity and anatomical characteristics of organs

During the lactation, both SL and KSL offspring showed higher BM gain
compared to groups NL and KNL (p <0.05) from the beginning of lactation (D) until 21
days (Figure 2A). At weaning, the offspring from the SL and KSL groups presented
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greater BM compared to the NL group (+34.84% and +30.24%, respectively, p <
0.001). These rats from small litters continued to weigh more than those from NL pups
throughout the study (Figure 2B). At the end of the study, SL rats remained weighed
more than NL rats (+21.78%; p < 0.01), KNL (+15.43%; p < 0.05) and KSL (+10.98%;
p > 0.05) (Figure 2C). The animals have shown a great variation of Fl, with SL and
KSL group had a higher food intake during the part of the study. Groups NL and KNL
presented a sporadic increase of Fl along with the experiment (Figure 2D). No
significant differences between groups have been observed in the food conversion

efficiency (not presented).

In adulthood, the SL group showed biggest sum of adipose tissues compared
to NL (+53.83%; p < 0.001), KNL (+ 48.85%; p <0.001) and KSL (+20.04%; p < 0.01)
groups. The animals of SL group maintained larger liver weight compared to NL
(+26.02%; p < 0.01) and KNL (+22.59%; p < 0.01) groups (Figure 3A and C). No
differences were found between the groups in the adiposity index and for the

hepatosomatic index (Figure 3B and D).

Table 1 presents the results of weight of the cecum, colon weight and length,
colon weight/length ratio. The caecal weight was significantly higher in KSL group
compared to NL (+34.7%; p < 0.05), KNL (+61.26; p < 0.001) and SL (+30.85%; p <
0.05).

Tumors number and aberrant crypt focus

We investigated the effect of kefir on tumor growth in the DMH-induced colon
cancer model. No tumors developed in the KNL group within the entire length of the
experimental time. The kefir suppressed significantly the tumor growth, even in the
overfeeding group (KSL: -71.43%; p < 0.01) (Figure 4A). The reduction of tumors was
observed predominantly in the medial part of the colon where the majority of tumors
were formed (Figure 4B). A representative image of tumors in the colon is shown
in Figure 4C. The tumor incidence was 100% in animals of SL group, with a percentage
of reduction of both, NL and KSL of 71.43% (table 2).

The colon mucosa of rats in the four DMH—groups, show any microscopical
alterations compatible with the presence of ACF (Figure 5). The number of

preneoplastic lesions in the colon did not present significant differences between
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groups (total ACF; p > 0.05). ACF followed a regional distribution along the colon that
was similar in all groups. Noteworthy, there were also no differences in the number of
ACF considering the segments of the colon, proximal, medial and distal (p > 0.05)
(Table 3).

The number of AC in each focus or crypt multiplicity was also determined (Table
3). Most of the lesions were formed by five or more crypt (49.5%), followed by the
number of foci containing 3 crypts (15.7%), while thereafter, the foci comprising 2, 1
and 4 crypts were progressively lower, appearing at a 12%, 11.8% and 11%,

respectively (p > 0.05).
Histological findings

Histopathological examination of colon tissues revealed severe loss of mucosal
architecture associated with severe inflammatory cell infiltration and submucosal
edema in SL rats. The colon of rat from group KSL showing moderate mucosal
inflammatory cells infiltration associated with moderate edema; The colon of rat from
group NL showing slight submucosal edema with inflammatory infiltration, and
glandular dilation; Colon of rat from group KNL showing slight mucosal inflammatory
cells infiltration, with no hyperplasia. The administration of kefir prior to DMH appear
reduce hyperplasia and inflammatory cell infiltration (Figure 6). To evaluate the overall
impact of the treatment procedure, after 24 weeks of induction, histology of the colon

lesions was analyzed and compared with that of control animals.

Cytokine and nitric oxide measurement

Inflammatory cytokines showed a strong decrease in the concentration of IL-13
in the KNL group compared with NL (-66.65%; p < 0.001). The KSL group also
presented diminution in the cytokine concentration versus SL group (-52.48%; p <
0.001) (Figure 7A). The KSL rats showed a decline in IL-6 compared to SL group (-
14.35%; p < 0.01), that has also been observed for the KNL versus NL groups (-
76.23%; p < 0.001) (Figure 7B). KNL animals had a decreased TNF-a production
versus NL (-82.08%; p <0.001) (Figure 7C). In addition, the release of IFN-y, a cytokine
critical to innate and adaptive immunity, and that functions as the primary activator of
macrophages, was reduced in the KNL group compared to NL and SL groups (-15.5%

and -17.87%, respectively, p < 0.01) (Figure 7D). For nitric oxide production was
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observed an increase in overfeeding rats, but was reduced by kefir (KSL group) (-
69.9%; p < 0.001). The KNL group also presented a reduction of the NO versus NL (-
71.75%; p < 0.001) (Figure 7E).

Characterization of gut microbiota

To investigate the role of kefir and overfeeding in modulating the gut microbiota
composition we evaluated whether kefir treatment under a murine model of colorectal
cancer may induce changes in specific bacterial populations. The 16S rRNA amplicons
obtained from DNA samples extracted from caecal contents were sequenced, resulting
in 1,436,821 high quality sequences, ranging between 63,155 and 79,576 with an
average value of 71,841 sequences per sample. Reads were clustered into 2,168 OTU
based on 97% nucleotide sequence identity between reads. To assess whether
sampling provided sufficient OTU coverage to describe the bacterial composition of
each sample accurately, individually based rarefaction curves were generated for each
sample (Figure S1). We used the Venn diagram to show the interrelationship of OTU

in the caecal samples among different groups (Figure 8A).

According to the taxonomic results, for all groups, the three most commonly
found phyla were Bacteroidetes, Firmicutes and Proteobacteria. Bacteroidetes
accounting 61.62, 46.26, 47.16 and 23.34% of the gut microbiota in NL, KNL, SL and
KSL groups, respectively, was the most predominant phylum in NL, KNL, and SL.
While Firmicutes followed by Proteobacteria were the most predominant phylum in the
KSL group. The overall microbial composition for each group at the phylum and family
level is shown in Figure 8. At the genus level, our studies found the microbial

composition differed significantly between the groups (Figure 9A).

The microbial alpha diversity was estimated based on the originally observed
count values prior to any pre-processing. Figure 9B presents the Shannon index of the
groups. The value of Good’s coverage for each group was over 93%, indicating that
the 16S rRNA sequences identified in the groups represent the majority of bacteria

present in the study samples.
Discussion

Epidemiological and animal studies have indicated that changes during early

life can have lasting effects on adulthood, which represent a critical window for
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development (35-37). In the present study, we used a well-established animal model
of reduction of litter size to study for the first time the role of neonatal overfeeding/kefir
consumption on the development of colorectal cancer, and their relation to gut
microbiota and inflammation. Neonatal overfeeding led to the greatest weight gain
during the lactation (SL and KSL groups), which remained throughout Ilife,
programming to overweight in adult life (240 days), without consistent changes in food

intake, but only in SL offspring, indicating a long-term protective effect of kefir.

The overfeeding animals also developed a greater sum of adipose tissue at
adulthood, but in the KSL group occurred reduction in fat deposition compared to the
SL group, demonstrating that early postnatal nutrition influences the inflammatory
phenotype of adipose tissue induced by kefir. Gao et al. (38) investigated the role of
milk kefir and observed that its administration for 8 weeks reduced the gain in body
weight and abdominal fat mass of the rats. Other work has also identified that kefir
peptides may act as an anti-obesity agent to prevent body fat accumulation and
obesity-related metabolic diseases on high fat diet (HFD)-induced obesity in rats(39).
Indeed, obesity is considered as the leading risk factor for metabolic diseases. Studies
show that body fat is as a risk factor for the development of several cancers, including
colorectal cancer. Among the mechanisms that associate obesity and cancer is chronic

low-grade inflammation(12,40).

In addition, we observe that animals whose mothers received kefir during
lactation and the offspring maintained their consumption at puberty, presented a
reduction in the number and incidence of colon tumors induced by DMH. This animal
model is one of the most frequently used for the study of chemopreventive agents since
it develops morphological and histological features similar to those observed in
colorectal cancer, which is sporadic and the most common in humans (41,42).
Interestingly, the administration of the kefir totally inhibited neoplastic lesions in KNL
group, these animals also shown lower adipose tissue than the KSL group, an
important component that has a strong connection with inflammation(43). The
protective effects of kefir have already been confirmed in previous studies with a
murine model of colorectal carcinogenesis (44,45). However, this is the first study to
assess the impact of their consumption during critical periods of development, and no
adverse effects were observed. These results are consistent with the lack of toxicity

reported for the kefir in animal models (25,46) and humans (47).
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We have not found significant differences in ACF counts between groups;
however, animals of the KNL group show a greater number of preneoplastic lesions.
We believe that this can have been reflected in the delay in the development of tumors

in this group, since animals have not presented tumors.

To the best of our knowledge, this is the first report to demonstrate the impact
of kefir in critical period of development (lactation and puberty) to reduce DMH-induced
colon tumors. We observe that neonatal overfeeding increase the tumor number (SL
group), which was reversed by kefir administration (KSL group). The greater fat
deposition in animals SL can justify the tumor development increased. It is known that
excessive adipose tissue accumulation is associated with an increased risk of cancer,

especially colon cancer(12).

The adipose tissue, especially the visceral, secretes various growth factors and
cytokines that play a role in the low-grade, chronic inflammatory state that is linked to
their obesity and subsequent cancer risk(48). Besides the function of energy
homeostasis, the adipose tissue also acts as an endocrine organ, releasing hormones,
growth factors and adipokines, the cell signalling proteins produced by adipose
tissue(49). Epithelial cells, when stimulated, can produce immunomodulatory
mediators that can interfere with neoplastic phenotypes such as angiogenesis and cell
growth and survival(50). With the consequent release of inflammatory cytokines and
adipokines from adipocytes and infiltrating immune cells, there are clear links between
inflammation and dysregulated metabolic pathways, such as TNF production

correlating with insulin resistance(49).

In this respect, we find a higher concentration of inflammatory cytokines, IL-1j3,
IL-6 and TNF-a in SL group, animals that also had greater tumor development and
accumulation of adipose tissue. These results reinforce the role of adipose tissue in
the state of the chronic inflammatory state characterized by progressive infiltration of
macrophages and other immune cells, and that entails the increased adipose secretion
of proinflammatory cytokines such as TNF, IL-18 and IL-6(51). The inflammation is an
important hallmark of cancer, is related to cancer development through the production
of free radicals, suppression of the immune system or aberrant cell signaling and
upregulation of proliferative and anti-apoptotic pathways as well as angiogenesis and

cell migration(52).
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Epidemiologic and experimental studies have already shown an increase
expression of IL-6 or other inflammatory markers in serum and tissue samples of
patients with cancer or induced animals, besides correlates with poor
prognosis(44,53-55). TNF exacerbates inflammation by recruiting inflammatory
monocytes and neutrophils, and increasing the production of reactive oxygen species
(ROS). The KNL animals showed less IFN-y concentration in the colon; and although
of the complexity of the role of IFN-y in cancer, your signaling is involved in Th1-
mediated immune responses, promotes the development of regulatory T cells, and
alters the colonic epithelial barrier. The increased intestinal permeability can drive

intestinal inflammation and promote colorectal cancer formation(56).

We also identified an increase of NO in the SL group compared to levels of the
KNL and KSL groups, reinforcing the important role of kefir in the normalization of these
values. NO can damage DNA, by direct or indirect means; interfere in your repair, and
cause post-translational modification, leading to tumor initiation, establishment and
progression(57). NO may mediate pro-tumorigenic activities, including capillary
leakage, angiogenesis, leukocyte adhesion and infiltration, and eventually,
metastasis(58). Therefore, justify the largest number of tumors identified in these
overfeeding animals, since it the NO involved in the inflammatory process and

carcinogenesis.

The gastrointestinal tract microbiota in development has been gaining evidence
as essential to a potent and balanced immune system occurring during mammalian
early life. The “hygiene hypothesis” concept involves insufficient microbial exposures
early in life that predispose the individual to inflammation-associated pathologies later
in life(59). There is suggested that gut bacteria-host signaling is continuous and
reciprocal throughout life, constituting a vast gut immune-endocrine-brain signaling
axis(40).

The role of the gut microbiota in the pathogenesis of colorectal cancer has been
extensively studied, and it is known that dietary habits may cause relevant differences
in the gut microbiota structure(60,61). In our study, overfeeding animals (SL) revealed
a rise in Lactobacillus genera, a member of the Lactobacillaceae family and of
Firmicutes phylum; which may be justified by the higher food intake of this group (SL),
and consequently higher consumption of breast milk, favoring colonization by

Lactobacillus, since breastfeeding is critical for the establishment of gut
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microbiota(62,63). Furthermore, the caecal communities in overfeeding rats differed
from the other communities in being less rich in terms of OTU content, and exhibit
lower diversity index. Interestingly, the KNL group had the highest Shannon diversity
index, and the values of the KSL group approached the control (NL).

In addition, the kefir in the KNL group led to the sharp increase of Lactobacillus,
microorganisms comprising gram-positive bacteria that produce lactic acid as the
major metabolic end-product of carbohydrate fermentation that contributes to the
health status(64,65). Indeed, the kefir presents several health benefits, and as involved
mechanisms are the anti-inflammatory, anticarcinogenic and antimicrobial activity, with
an impact on gut microbiota and in the restoration of the intestinal barrier(66,67). A
challenge for comparison of our results was the presence of a wide methodology
difference with other studies, as the use of the diseased host, age of animals, caecal
samples, age and period of treatment, that substantially influence the outcome. It is
important to point out that this is the first study to evaluate the microbiota of adult

animals programmed by kefir/overfeeding.

An impoverished microbiota might result in an immune deficit, whereas defects
in innate immunity lead to an altered gut microbiota, which might transfer inflammatory
and metabolic disease phenotypes upon faecal transplantation. Modulation of
inflammatory and metabolic processes by the microbiota presents implications for
several diseases beyond the gut, including diabetes, obesity and related
complications. The interaction of microbiota, immunity, and metabolism begins in the
intestinal epithelium. The immune and metabolic functions of the epithelium are
functionally interconnected and inversely regulated; thus, disturbed host metabolism
with excess fat storage might arise from defects in innate immunity(59). As microbial,
inflammatory and metabolic signaling pathways are interlinked and are influenced by
diet, it is suggested that identification and manipulation of the microbiota and/or
alteration of the inflammatory response offer new therapies to the management of

obesity related disease(70,71).

In conclusion, our data expand the knowledge on the role of kefir/overfeeding in
colon cancer. The antitumorigenic effects of kefir are multiple in that it declined the
adipose tissue and reduces inflammatory cytokines involved in the tumor
microenvironment. These effects are evident with the reduced production of TNF-q, IL-
1B, IL-6 and NO in the tissue, which are key molecules that link inflammation with colon
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cancer; influenced by changes in mucosal function and structure as well as in the

colonic bacterial microbiota. Therefore, knowledge of kefir antineoplastic effects may

provide an interesting basis for a new prevention strategy early to colon cancer. Further

clinical studies involving human subjects are required to clarify the role of kefir on

colorectal cancer prevention and to investigate the potential combined effect of their

dietary intake in association with a pharmacological strategy to obtain effective

protection.
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Table 1. The caecal weight, colon weight, length and weight/length ratio.

Groups Caecal weight (g) Colon weight (g) Colon length (cm) Colon weight/length ratio
NL 1.70+0.09* 2.24%+0.20 20.13+0.38 0.11 + 0.008
KNL 1.4210.10%** 2.2410.21 21.41+0.61 0.10 + 0.007
SL 1.75+0.18* 244 +0.26 21.42+0.71 0.11 + 0.009
KSL 2.29+0.07 2.7610.21 21.67 +0.57 0.12 + 0.008

Results are expressed as mean £ SEM (n = 6—8) and were analyzed by one-way ANOVA, followed by
Newman-Keuls test (* p < 0.05, ** p< 0.01, *** p <0.001 vs. KSL).

Table 2. Effect of kefir/overfeeding in development of colon carcinogenesis in the DMH rat model.

Groups Colon tumor Total number of tumors  Percentage of inhibition
incidence

NL 57% 0.57 £ 0.20** -71.43%

KNL 0% 0** - 100%

SL 100% 2+0.57 0%

KSL 28% 0.57 £ 0.42%* -71.43%

Results are expressed as mean + SEM. Significantly different from SL group by one-way analysis of
variance followed by Newman-Keuls test (* p < 0.05, ** p< 0.01).

Table 3. Effect of kefir/overfeeding on number of ACF in colon, number of crypt per focus and colonic
segments.

Groups Total of ACF No. of crypts per focus Segments

1 2 3 4 25 Proximal Medial Distal
NL 15.7513.63 2.8%1.4 1.6%0.2 2404 1.2+0.2 7.611.8 5.512.6 5.012.6 8.614.9
KNL 44.71+14.06 3.2%1.2 5.5%2.5 7.1%2.3 4.7+1.2 24.2%7.7 9.3%3.3 28.519.3 16.2+5.3
st 14.3315.48 4.04 1.3%0.3 1.3+%0.6 2.311.2 6.611.8 2.612.6 4.0+2.6 7.3%2.8
KSL 17.00+11.12 3.0%1.7 3.0+2.0 3.6%3.1 2.312.3 10.0¢5.1 O 4.5+4.5 3.0%1.5

Results are expressed as mean + SEM (n = 6-7) and were analyzed by one-way ANOVA, followed by
Newman-Keuls test. No significant differences (p > 0.05) were found between groups submitted at the
different treatments. ACF aberrant crypt foci.
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PNO DMK
Kefir (102 cfu/mL/day) ‘ KSL
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Kefir (102 cfu/mL/day) ‘ KNL
| Water (1 mL/day) ‘ NL
PN1 PN21 PNG0 PN240
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I T |

Figure 1. Experimental model. At PN1, litters from both diet dams were adjusted to either ten pups for
normal litters (NL) or three pups for small litter (SL) groups. The groups of dams were maintained on
treatment kefir or water, control component, for 21 days of the lactation period. Progeny were weaned
to the same treatment as their dams. The four groups’ litters received the treatment up to PN60 and
after maintained on commercial chow until PN240, when the experiments were conducted. Delivery
was considered PNO. Offspring (NL, KNL, SL, and KSL) received DMH (red arrows) at postnatal days (PN)
67, 69, 73 and 75. After 24 weeks, gastrointestinal tissues were evaluated for presence of tumors.
Colony forming unit (cfu).
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Figure 2. Body weight of Wistar rats during the lactation (A); Body weight of the groups that received
1,2-dimethylhydrazine (DMH) twice a week for two weeks until 240 days old (B); Body weight at 240
days old (C); Food intake at weaning until 240 days old (D). Results are expressed as mean + SEM (n =
6—8) and were analyzed by one-way ANOVA, followed by Newman-Keuls test (* p < 0.05, ** p< 0.01,

*%% 5 < 0.001).
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Figure 3. Liver weight (A); Hepatosomatic index (B); Sum of adipose tissue (C); Adiposity index (D).
Results are expressed as mean + SEM (n = 6-8) and were analyzed by one-way ANOVA, followed by
Newman-Keuls test (* p < 0.05, ** p< 0.01, *** p <0.001).
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Figure 4. Tumor evaluation. In each colon, tumors were assessed the sum for number all tumor (A),
and in each part of colon was calculated (B). Representative histological images of tumors is indicated
with a circle (C). Results are expressed as mean + SEM (n = 7-8) and were analyzed by one-way ANOVA,

followed by Newman-Keuls test (** p< 0.01).
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Figure 5. Aberrant crypt foci (ACF) observed under a light microscope after staining of the colon with
methylene blue (magnification of x10). The images show the appearance of colon the of animals in (A)
normal crypts; and a topographic view of ACF indicated by a white arrow (B, C, D and E).
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Figure 6. Representative photomicrographs of histological sections of the colon segments of NL, KNL,
SL and KSL rat. Upper section, 10x magnification; lower section, 40x magnification. Normal litter NL,
Kefir normal litter KNL, Small litter SL, and Kefir small litter KSL.
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Figure 7. Concentration of inflammatory cytokines, IL-1B (A), IL-6 (B), TNF-a (C), IFN-y (D) and nitric
oxide (NO) (E). Results are expressed as mean + SEM (n = 6) and were analyzed by one-way ANOVA,
followed by Newman-Keuls test (* p < 0.05, ** p< 0.01, *** p <0.001).
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Figure S1. Rarefaction curves generated for each samples.



118

8. CONCLUSOES GERAIS

Nossos resultados expandem o conhecimento sobre o papel do kefir e da
superalimentacdo no céncer de colon. Os efeitos antitumorigénicos do kefir sao
multiplos, pois diminuem o tecido adiposo e reduzem as citocinas inflamatorias
envolvidas no microambiente tumoral. Esses efeitos sao evidentes com a produgéao
reduzida de TNF-q, IL-1f3, IL-6 e oxido nitrico no tecido, moléculas-chave que ligam a
inflamacao ao cancer de cdélon; influenciado por alteracées na fungao e estrutura da
mucosa, bem como na microbiota bacteriana colénica. Portanto, o conhecimento dos
efeitos antineoplasicos do kefir podem fornecer uma base interessante para uma nova
estratégia de prevengao precoce ao cancer de colon. Sugere-se que a ingestao
materna de kefir durante a lactacédo e sua continuidade pela prole no pés-desmame
até a pubertade, desempenhe papel essencial na prevencédo ao desenvolvimento de
tumores de colon induzidos na prole adulta; contribuindo para integridade da mucosa
intestinal e modulando a resposta inflamatéria no célon dos animais adultos. Estudos
clinicos adicionais envolvendo seres humanos sao necessarios para esclarecer o

papel do kefir na prevencéo do cancer colorretal e a obtencao de protecao eficaz.
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COMISSAO DE ETICA NO USQ DE ANIMAIS - CEUA

CERTIFICADO

Certificamos que o protocolo n®. 21/2016 — CEUA sobre “Avaliagiio dos efeitos do consumo
materno de kefir na lactagio sobre a microbiota intestinal, parimetros metabélicos,
inflamatérios e susceptibilidade a carcinogénese colorretal na progénie adulta de ratos Wistar.
programados pela superalimentagéo neonatal” projeto de pesquisa sob a responsabilidade de
SHEILA CRISTINA POTENTE DUTRA LUQUETTI com a colaboragio de ANA PAULA
BORONI MOREIRA, ALINE DE AGUIAR NEMER, NATHERCIA PERCEGONI,
EDUARDA KINGMA e MAIRA SCHUCHTER FERREIRA esti de acordo com os
Principios Eticos na Experimentagdo Animal, adotados pelo Conselho Nacional de Controle
de Experimentagdo Animal (CONCEA), e foi aprovado pela COMISSAO DE ETICA NO
USO DE ANIMAIS (CEUA) da PRO-REITORIA DE PESQUISA/UFJE, em reunido
realizada em 06/12/2016. Para o desenvolvimento da pesquisa serdo utilizados 10 maes (90
dias) com ninhadas de 2 dias de 10 machos cada e 26 mies (90 dias) com ninhada de 2 dias de
3 machos cada de ratos Wistar totalizando 214 animais, conforme solicitado e que serdo
utilizados no periodo 01/01/2017 a 01/01/2019.

CERTIFICATE

We certify that the protocol n®. 21/2016 — CEUA about “Avaliagio dos efeitos do consumo
materno de kefir na lactagdo sobre a microbiota intestinal, pardmetros metabolicos,
inflamatérios e susceptibilidade a carcinogénese colorretal na progénie adulta de ratos Wistar,
programados pela superalimentagdo neonatal” under responsability of SHEILA CRISTINA
POTENTE DUTRA LUQUETTI and collaboration of ANA PAULA BORONI MOREIRA,
ALINE DE AGUIAR NEMER, NATHERCIA PERCEGONI, EDUARDA KINGMA and
MARA SCHUCHTER FERREIRA is in agreement with the Ethical Principles in Animal
Research adopted by Brazilian Council for Control of Animal Experimentation (CONCEA)
and was approved by the PRO-REITORIA DE PESQUISA/UFJF — ETHICAL COMMITTEE
FOR ANIMAL HANDLING (CEUA) in 06/12/2016. For the development of the research
will be used 10 mothers (90 days) with 2-day litters of 10 males each and 26 mothers (90
days) with 2 days' litter of 3 males each of Wistar rats totalizing 214 animals, will be
delivered as requested in the period of 01/01/2017 to 01/01/2019.

Juiz de Fora, 19 de dezembro de 2016
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