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Resumo

O Céancer de mama é um importante problema de salde péiditgso ano de 280
serdo cerca dg,2 milhdes de casa®vo no mundoA dieta tem um papel fundamental
na etiologia do cancer e a amamentagéo assecaamamenor incidéncia de cancer de
mama.O colostro humane@ rico em componentes sollveis e celulares como fagocitos,
imunoglobulinas, citocinas guimiciocinas,além de handnios.O objetivo deste estudo

foi investigar o efeitode imunoglobulina A secrétia (SIgA) e melatonina (MLT)
adsorvidds em microesferas de polietilegiwol (PEG) em células mononuclearee
colostro humarm (MN) co-cultivadas comlinhagensde células de tumor de mama
(MCF-7). A coleta do colostro foi realizada periododiurno para os testes com SIgA,

e nos periodos dino e noturno para as andlises com MCe&lulas MN,células MCF7

e co-cultura(células MN e MCF7) foram préincubadagpor 24 hcom SIgA ou MLT,
PEGe/louPEGSIgA e PEGMLT. Na presenca d8IgA adsorvida ou ndo a microesfera
de PEGforam avaliadoeem células MN do colostro, células MZFe cocultura a
fenotipagem celular, concentrao de quimiocinas no sobrenadante de cultura,
viabilidadecelular, liberacéo de calcio intracelular e os indices de apepis presenca

de melatonina adsorvida ou ndo a microesfera de PESn dias fases(diurno e
noturno) avaliouse o estresse oxidativa liberacdo de calcio intracelulaa apoptose
Obserwvu-se guenaco-culturana quandancubadas com PESIgA houveaumentoda
expressao de células D8 , aumento ndiberacdo dsquimiocinasMIG e reducéo de
IL-8 e MCRL1. Ascélulas MN em cecultura com as células MCF, independenteméan

do tratamento, apresentarammaior liberacdode C&' intracelulare apoptoseNa
presenca denelatoninaadsorvidaa microesfea de PEG emfasenoturre, a co-cultura
apresentoaumento da liberacdo de supedd. As células MN tratadas com ML.T
independe da hora do dia,exibiram altas concentracdes ad enzima superéxido
dismutase(Cu-Zn SOD) em sobrenadante da cultura,geranto que as células M&F
apresentaram niveis elevadiessta enzimguando incubadas com PEME.T durantea

fase noturra. A co-cultura no periodo noturno, independente do tratamento, mostrou
niveis maioresda enzima. A maiorquantidade de liberacdo intracelular de?*Clai
observada em células MN e células MCEm cecultura quando tratadas por PEG
MLT durante o periodo noturno. Independentemente da fase do dia, observmlices
maiores de apoptose apresentados erouttara de células tratadas com PBART.
Esses dados sugerem quBl@A associada a microesfera de PEG foi capaauteentar

a expressao de célul@EDS', controlar a liberagdo de quimiocinas e aumentar? €a

a apoptose intracelular em-caltura podendo saim mecanismo importante do sistema
imunolégico com atividade antitumoral, enquanto que a liberacdo modificada de
melatonina associada aos efeitos deste horménio produzido fisiologicamente em maiores
concentracdes durante a noite pode controlar o estgislstivo e aumentar a atividade
efetiva desse hormonio contra tumores.

Palavras Chaves: células MCF7, células mononuclearesde colostro, melatonina,

microesfera d@olietilenoglico| SIgA.



Abstract

Breast cancer is a major public health problem and by the year 2050 will be about 3.2
million new cases in the world. Diet playkey role in the etiology of breast cancer and
breastfeeding is associated with a lower incidence of breast cancer. Human colostrum is
rich in soluble and cellular components such as phagocytes, immunoglobulins, cytokines
and chemokines, as well as horman€he objective of this study was to investigate the
effect of secreted immunoglobulin A (SIgA) and melatonin (MLT) adsorbed on
polyethylene glycol (PEG) microspheres in human colostrum (MN) mononuclear cells
co-cultured with breast tumor cell lines (MCGF). Colostrum collection was performed

in the daytime for SIgA tests, and during daytime and night time for MLT analyzes. MN
cells, MCF7 cells and ceulture (MN and MCF/ cells) were preincubated for 24 h

with SIgA or MLT, PEG and / or PESIgA and PEGVLT. In the presence of SIgA
adsorbed or not the PEG microsphere, cell phenotyping, concentration of chemokines in
the culture supernatant, cell viability, intracellular calcium release, and colony counts
were evaluated in MN cells from colostrum, MCFcdls and ceculture. apoptosis. In

the presence of melatonin adsorbed or not the PEG microsphere in two phases (diurnal
and nocturnal), we evaluated: oxidative stress, release of intracellular calcium and
apoptosis. It was observed that in thecotture wten incubated with PEGIgA there

was an increase in the expression of CD8 + T cells, increase in the release of the MIG
chemokines and reduction of-B.and MCP1. MN cells in ceculture with MCF7 cells,
regardless of treatment, had the highest releag#ratellular Ca2 + and apoptosis. In

the presence of melatonin adsorbed to the PEG microsphere in the night phase, the co
culture increased the release of superoxide. Nheated MN cells, regardless of time of

day, exhibited high concentrations of thgsroxide dismutase (&Zn SOD) enzyme in
culture supernatant, whereas MZFcells showed high levels of this enzyme when
incubated with PE@/ALT during the night phase. Gaulture at night, regardless of
treatment, showed higher levels of the enzyme. Thatgr amount of intracellular Ca 2+
release was observed in MN cells and MCEells in ceculture when treated by PEG

MLT during the night time. Regardless of the phase of the day, higher rates of apoptosis
were observed in eoulture of cells treated Wi PEGMLT. These data suggest that
SIgA associated with the PEG microsphere was able to increase the expression of CD8 +
T cells, to control the release of chemokines and to increase Ca2 + and intracellular
apoptosis in caulture, being an important meatism of the immune system with
antitumor activity, while the modified release of melatonin associated with the effects of
this hormone produced physiologically at higher concentrations at night can control
oxidative stress and increase the effective #gtdf this hormone against tumors.

Key Words: MCF-7 cells, colostrum mononuclear cells, melatonin, polyethylene glycol
microsphere, SIgA.
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1. INTRODUCAO

O céncer de mama crescentem todo omundo,e estadiretamenteelacionado
ao aumento do tempo déda, de exposicdo a fatores de risco, além das mudancas de
habitos O cancer de mama é uma doenca multifatorial e na maioria das vezes afeta
principalmenteas mulherespodendolevar amorte GHONCHEH; POURNAMDAR;
SALEHINIYA, 2016)

O cancer de mama estd intimamente relacionado a um desequilibrio entre
espécies reativas de oxigéienzimas antioxidantegprémos mecanisnmopelos quas
isso ocorre ainda ndo sdao bem compreendi@obalanco entre o dano oxidativo e a
protecao antioxidante é imprescindivel para que ocorra um equilibrio no organismo. A
eliminagcédo inadequada de radicdivres leva ao estresse oxidativo, que favorece o
surgimento de diversas doencasire esta® cancer (TASet al.,, 2005) O céancer e a
inflamacé&o crénica também estéo intimamente ligaglasnaioria das doencas cronicas,
sé@o beneficiaals pelo desquilibrio oxidativo (REUTER et al.,, 2010). Sendo assim o
controle da producdo de espécies reativas, bem como a manutencdo do equilibrio
oxidativo sdo primordiais para o controle da progresséo de tumores.

Alguns fatores como estilo deda saudavel e aleitamento materno estdo
relacionados a prevencao do cancer de m&RADIM et al., 2011).0 leite materno
contémvarios componentes sollveis e celulares, como faggitasoglobuling e
hormbnios, entre estes sdestacam a IgA secretéria (SIgA)ocemelatonina(MLT)
(HONORIO-FRANCA et al, 1997,FRANCA et al.,2009; MORCELIet al, 2013).

O colostro difere de outras secrecdes, pois contgrandes gantidades de
leucdcitos viaveis comparaveissaencontrados no sangueatuan como mediadores
antrinflamatorios (HONORIGFRANCA et al., 1997; 2001)Acreditase que tanto os
componentes soluveis como celulares interagem entre si e podem ser importarndes pa
imunidade antitumoral.

A presenca d&IgA na secrecdo confere papebtetorpara variasloencask a
principal classe de anticorpos no leite materno humano e sua atividade provavelmente
parece estar envolvida no efeito protedlaramamentacague contribui para reducao
da incidéncia d cancer de mama (HONORIERANCA et al., 2016).

Assim como a SlIgA, melatonina, um horménio produzido pela glandula pineal,

esta envolvida em varios processos fisiologicos, inclusivegudacdo funcionalo leite
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materno. A melatonina se relaciona com efeitos antioxidantes -enfemiatérios
(FRANCA-BOTELHO et al.,, 2011 efeitos préoxidantes, de suma importancia no
equilibrio do estresse oxidatiemmo mecanismo de prote¢@ depender do ambiente
em que ela ird atudKORKMAZ, 2009).

Alguns estudos témreportado que a biodisponibilidade, bioviabilidade e a
biofuncionalidade, tanto dé&lgA como da melatonina, podem ser potenciallas
guando associadas em sistemas de liberacdo modificada (FRANCA et al, 2015;
HONORIO-FRANCA et al., 2016). Entre estes sistemas, as microesferas de
polietilenaglicol (PEG) tem sido consideradas como um importante veiculo para a
administracdo de variagabas, produtos naturais e horménios (SCHERER et al,;; 2011
REINAQUE et al., 2012; FAGUNDES et al., 2012; GUIMARAES et al., 2013; HARA
et al., 2013)

A administracdo de drogas adsorvidas a sistemas carreadores, como as
microesferas de PEG tem sido umtdraento alternativo para varias doencas
(JEVSEVAR et al 2010) Esses sistemas de liberagi@m agentes promissores para a
entrega do horménio melatonina (FRANCA et al., 2015) e anticorpo cBiga
(HONORIO-FRANCA et al., 201§ prevenindca degradacédalas proteinas por enzimas
metabdlicas e principalmente aumentando a sua biodisponibilidade no organismo (YU et
al., 2005).

O controle do processo aarcinogénesesta estreitamente relacionado com o
controle @& apoptose, uma vez que a célula tumaerh esse sistema alterado
favorecendo sua proliferacdo e pronmg@ANAHAN; WEINBERG, 2011).Deste
modo, tratamentos de cancer sdo direcionados a indu¢do do aumento de apoptose das
células tumorais (NICHOLSON, 2000; WONG, 2011), o que pode ser favorecido pela
utilizacdo de agensemunomoduladores com8IgA e MLT paa atuacdo nas células
imunocompetentes e auxiliar na erradicacdo do tumor.

Assim, 0 objetivo do presente trabalho foi investigar a influéncia dos
componentes sollveis e celulares presentes no colostro h(8lg#o MLT e células
mononuclearesfomo agentes imunomoduladores em associacdo com micoesferas de
PEGfrente a células de tumor de marmamoposdveis agentes para userapéuticano

tratamento dedncer demama.
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2. REVISAO DA LITERATURA

2.1 Aspectos epidemiolégicos do cancer de mama

O Cancer de mama énuimportante problema de salde publica, com cerca de
59.700 de casos novos no Brasil, no ano de ZIN8A, 2018 e estimativa de que
627.000de mulheres morrerade cancer de manmo mundo em 2018 que equivala
15% de todas as ontes por cancer entre as mulheres (WHO, 2018)

A incidéncia mundiak mortalidade por estdoenca, estdo altamente relacionadas
e estimase que até o ano de 2050 surgirdo cerca de 3,2 milhdes de casos novos de
cancer de mama no mundo. Apesar dos avatgo®logicos, ainda existem varios
mecanismos que devem ser elucidados na direcdo da erradicacdo desta doenca que
acomete a populacdo mundial (TAO et al., 2015).

O cancer de mama é a maior @de morte por cancer nas mulheres em todo o
mundo, seguidgelo cancer de colo do Utero. E a segunda causa de morte por cancer
nos paises desenvolvidos, atras somente do cancer de pulméo, e a maior causa de morte
por cancer nos paises eesenvolvimentolNCA, 2016.

O Brasil vem sofrendo mudancas em seu perfil demografico, consequéncia, entre
outros fatores, do processo de urbanizacdo populacional, da industrializacdo e dos
avancos da ciéncia e da tecnologia. A essas novas ddiedsrdla sociedade brasileira,
unemse 0s novos estilos de vida e a exposi¢do, ainda mais intensa, a fatores de risco
préprios do mundo contemporaneo. Essas mudancas trouxeram alteracdes no perfil de
morbimortalidade, diminuindo a ocorréncia das doengfastbcontagiosas e colocando
as doencas crOnieegenerativas novamente no centro, e por esse motivo vem,
progressivamente, sendo acrescentado ao repertério tradicional da vigilancia
epidemioldgicalNCA, 2016).

A estimativa € de que no biénio 332019, no Brasil teé cerca de 600 mil casos
novos de cancer, muito semelhante aos dados da América Latina onde os canceres mais
frequentes em homens sera déspata (61 mil) e em mulheres o cancer de mama (58
mil).. Esse tipo de cancer, com exce¢do do cancer de pele ndo melanoma, é o mais
frequente nas mulheres das Regides Sul (74,80/ mil), Sudeste (68,08/00 mil),
CentreOeste (55,8700 mil) e Nordeste (38,74100 mil). Na regido Norte, € 0
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segundo tumor mais incidente (22,260 mil). Para os anos de 2014 e 2015 estis®ou
para o stado de Mato Grosso (61000 mil), Goias (1500/ 100 mil), Distrito federal
(920 /100mil) e Mato Grosso do Sul (770/ 100 nusos de cancer de manis A,
2018).

Alguns fatores de risco para o desenvolvimento do cancer de mama s&o bem
corhecidos, como: envelhecimento, historia familiar de cancer de mama, consumo de
alcool, excesso de peso, sedentarismo, exposicdo a radiacao ionizante e alta densidade
do tecido mamériglNCA, 2016).

E uma doenca em que fatores biologgemocrinos, wa reprodutiva,
comportamento e estilo de vida estdo altamente relacionados, e a idade ainda é um dos
fatores de risco mais importantes. A condicdo de nunca ter tido um filho ou ter o
primeiro filho apds os 30 anos de idade contribuem para o aumentscoala cancer
de mama. Por outro lado, a amamentacdo, pratica de atividades fisicas, alimentacao
saudavel com a manutencdo do peso corpordlp @ssociadaa um menor risco de
desenvolver esse tipo de cand&GA, 2016).

Diferentes fatoregenéticoscomo a variabilidade na frequéncia da mutacdo dos
genes BRCAIl(breast cancer 1, early onset) e BRCA2 (breast cancer 1, early onset),
supressores do céancer, podem estar diretamente relacionados quanto as diferencas
encontradaentre os diferentes paises daindo. Durante a década de 80, houve um
aumento o numero de casate cancer no Estados Unidosgendo que sapos a década
de 90, comcampanhas em torno da mamografia, onde puderam detectar e tratar os
ca®sque houve diminuicdoadincidéncia da mortalidager cancer de manfalULKA,;
MOORMAN, 2001).

No Brasil, o Ministério da Saude preconiza a mamografia bienal para mulheres
entre 50 a 69 anos, porém as que possuem risco elevado de cancer de mama, com
historico familiar, o que se recomenda € um acompanhamento individualizado, pois
mesmo tendo bom progndstjce detectado a tempo, ainda assim, se relaciona com alto
indice de rorte (INCA, 2016).

O cancer de mama € a neoplasia mais temida pelas mulheres, uma vez que a sua
ocorréncia causa grande iagto psicologico, funcional e social, atuando negativamente
nas questdes relacionadas & autoimagem, convivio social e & percepcéo da sexualidade. E
considerado de grande importancia na assisténcia a saude da mulher, devido a elevada
prevaléncia, morbidade mortalidade (PINHEIRO et.aR013).
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Estudos tem revelado que o risco relativo de se ter cancer de mama reduz cerca de
7,0% para cada filho nascido e cerca de 4,3 %, para cada 12 meses de amamentagéo. O
gue sugere que quanto maior a duracdo do pedodaleitamento materno, maior a
protecao conferida por essa pratica contra o cancer de (REMIEU et al., 19961P
et al.,2007).

A vida moderna tem favorecido o desenvolvimento de cancer de mama, hoje em
dia, muitas mulheres ndo amamentam seus filhos ou amamentam por menos tempo,
devido o retorno aos seus empregos. A academia Americana de Pediatria e a
Organizaéo Mundial da Saude (OMS) recomendam amamentagcdo exclusiva, com leite
materno, nos primeiros seis meses de vida de nascimento dos bebés, porém o que se
percebe é que cada vez mais as maes tém amamentado por pouco tempo e as que ainda
amamentam acabam inthazindo brmulas prontas na dieta doscémnascidosantes de
completarem 6 meses de vida. A amamentacdo reduz o risco de cancer, pois além de
diminuir os ciclos menstruais, deixando o organismo das maes com menor acao dos
estrogenos, tambémmadurecem as células da mama protegendo essas células contra
possiveis alteracfes na involucdo da mama no periodo pds amaménta¢@ORTH;

BAILEY; TRICHOPOULOS, 2000).

2.2Cancer de mama

As célulastumoraissurgem a partir denuta@es que ocorrem ndNA (acido
desoxirribonucleico) ou RNA (&cido ribonucleico), que podemdssencadeadgsor
radiacdo, bactérias, fungos, virus, produtos quimicos, @tcancerse desenvolve
guandoo sistema imune esta alterado e a producdo de células cancerigenas € muito
maior que a de células de defesa do proprio organismo, ou seja, o organismo debilitado
por dieta pobre, predisposicdo genétdddade avancadeonduz a umambiente perfeito
parao desenvolvimento do canod&@HARMA et al.,2010)

A estrutura da mama éonstituidade tecidos glandaftes compos® pelas
glandulas produtoras de leite e os ductos por onde passa o leite produzido e tecidos
estromados, 0s quais sao tecidos conjuntivos gordurosos e fibrosos. Além desses tecidos
a mama também é composta pelo tecido do sistema imunolégistema linfatico
(SHARMA et al.,, 2010). Para que ocorra um desenvolvimento normal do tecido da

mama € necessario que haja um equilibrio entre proliferagdo celular e apoptose.
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Enquanto que norescimento tumoral ocoreinverso, ha umeeducao dapoptos e o
aumento da proliferacd® ARTON; DOWSETT; SMITH, 2001)

O céncer de mama, € considerado uma doenca heterogénea, quanto a sua
morfologia e a clinicapcorrea partirde uma proliferacdo desordenada das células do
tecido mamario, porém cerca de 80%sdipos de tumores de mama origgg no
epitélio ductal, conhecido como carcinoma ductal invasivo (BRASIL, 2016k
carcinomas podem ser invasivos au situ. Os carcinomas invasivos, Sdo assim
chamados pois tem alto potencial metastético, ja os oamamin situ tem baixo
potencial metastaticos e podem surgir tanto em I6bulos como em ductos mamarios
(RICHIE; SWANSON, 2003). Durante a carcinogénese, as mutacdes genéticas vao se
acumulando e o fendtipo das células vao se modificando através de lesigeasma
evoluindo para o cancer invasivo (PARTON; DOWSETT; SMITH, 2001).

O sistema imunologico tem a capacidade de controlar e identifivares, porém
0s tumores desenvolvem mecanismos de escape contra a vigitdan@ogica A
chamada Ai munoedi-«00 seria capaz de altere
as mutacdes das células neoplasicas levam a uma resisténcia a esse tfm die ac
sistema imunoldgico levando a evaséo do tumor (DUNN et al., 2002).

Dentre as mutacdes, as altera¢cfes rling®rtantes que ocorrem sdo apoptose
diminuida, diferenciacdo celular reduzida, angiogénese aumentada, producao de fatores
de crescimento, menor dependéncia de fatores de crescimento externos, aumento na
secrecado de proteases, menor inibicdo celular pasidiele populacional em cultura,
menor interacdo céluleélula e célulanmatriz extracelular HANAHAN; WEINBERG,

2011, SERRANO; THEODORO; PINHAL, 2014

Os tratamentos utilizados nos pacientes com cancer de r@antaino objetivos
principais a cura, o prohgamento do tempo de vida e melharda qualidade de vida,
levando em conta principalmente a questéo psicoldgica das mulheres afetadas. A cirurgia
€ um dos primeiros recursos que pode ser utilizado, e depende do estadiamento do
tumor. Pode ser definid dependendo do tipo histolégicpodendo ser conservadora
(retirada de apenas uma parte da mama) ou nao conservadora (mastectomia da mama), e
pode ser precedida ou completada aauhioterapiae quimioterapia A radioterapia é
utilizada com o objetivo déestruir as células remanescentes apds a cirurgia ou para
reduzir o tamanhoadtumor antes da cirurgia. E umétodo capaz de destruir as células

tumorais pelo emprego de radiagdes ionizantes, atua local ou regionalmente, podendo
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ser indicada de forma exslmMa ou associada a outros métodos terapéuticos (BRASIL,
2006).

A quimioterapia, tratamento sistémico, utiliza quimioterdpicos que sdo compostos
guimicos que atuam diminuindo a multiplicacéo celular e, consequentemente, a expansao
dos tumores, utiliza-se substancias citotoxicas, isoladas ou combinadas.
quimioterapicos afetam também as células normais, porém o maiorodan@ nas
células malignagOs efeitos colaterais ndo hematologicos sdo toxicidades gastrintestinais,
cardiacas, renais, pulmonares, hepaticas, neuroldgicas, dermatoldgicas, alteracdes
metabdlicas, disfuncbes reprodutivas e reacBes alérgicas; o grupo de toxicidade
hematol6gica engloba a leucopenia, a trombocitopenia e a neutropenia (AGUIAR et al.,
2008)

Ja a hormonioterapia consiste aamininstracdo de hormoénios que impedem o
crescimento das células tumoraitilizadaem pacientes que ténmores que expressam
receptores hormonais para estrégeno e progeste@tamoxifeno,um medicamento
modulador seletivo do receptor de estrogérim um lugar estabelecido na prevencao
e no tratamento do cancer de mama, mas devido a seus efeitos colaterais, drogas de nova
geracaotém sidointroduzidas na tentativa de substituir o tamoxifeno na pratica clinica
(ABDULKAREEM; ZURMI, 2012).

A imunoterapia consiste em um processo imunomodulaéloa, utilizacdo de
substancias que modificam a resposta do sistema imunolégico do organismo (ABBAS;
LICHTMAN; PILLAI, 2011b; BRASIL, 2006, e visa aumentar a sensibilidade
sistema imunoldgico aos antigenos tumorais ou aumentar a eficacia das respostas
imunoldgicas frentea esses antigenos (EGGERMONT, KROEMER e ZITVIGEL,
2013)

A resposta esperada pela quimioterapia, radioterapia, tratamentos hormonais, € a
inducdo daaptose, pois o equilibrio entre proliferacdo e apoptose celular é
determinante para seu crescimeriidNIM; SCHRIEVER; DORKEN, 2001)

Apds o inicio da quimioterapia, dentro de 24 h, ocorre um aumento significativo na
apoptose em tumores mamarios, associado ema diminuicdo da proliferacdo. Essa
resposta pode ocorrer de maneira diferenciada, nos varios tipos de tumores, e ao final
das quimioterapias ocorre aumento dos niveis da proteina antiapoptétaoBgle
favorece a ocorréncia de células residuaismiprresistentes, que poderdo ser
importantes para recidivas do tum&ARTON; DOWSETT; SMITH, 2001
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2.3 Apoptosee Estresse Oxidativo

A apoptose pode ser definida como uma mprtggramada e regulada da célula,
ndo patoldgica, ou seja, um ferndmo fisiologicdLOCKSHIN; WILLIANS, 1964).

Perturbacdes nas vias de sinalizacdo de proliferacdo celular e nugtanpada
podem levar a inUmeras doencas como catdBrS (SIDA- acquiredmmunodeficiency
syndromg, doencas autoimunes, doencas degenerativas, entre duatrestigacdes
sobre o cancer eram baseadas no estudwalferacdo celular, porém hoje ja se sabe
gue aapoptose esta intimamente relacionada com o entendimento da progressdo da
doenca e da tumorigénese é requerida como mecanismo de defesa antineoplasica
(RUDIN; THOMPSON, 1997) Estudos revelam que varios agentes quimioterapicos
agem induzindo a apoptose de ceélulas neoplasiogge leva a uma intensa investigacao
dos mecanismos e vias de morte celygeogramadabem come sua utilizagdo no
tratamento do cancer (NICHOLSON, 2000).

A morte celular programada é ativada por duas vias de sinalizacaajlopiream
na morte da célula. A via intrinseca ou mitocondrial é ativada por leséo celular, espécies
redaivas de oxigénio, deficiéncias de fatores de crescimentosiaie de sobrevivéncia,
danos ao DNA ou dobramento das proteinas. E reguladaapdla fde proteinas B&,
sendo que alguns membros desta familia s&epoptoticos (Bax e Bak) e outrodos
antiapoptoticos (Be2 e BctXL), que na presenca de fatores de crescimento esoutr
sinais de sobrevivéncia, funcionam como reguladores da apoptose pela inibicicede Bax
Bak. Estimulos ativam as proteinas +japoptoticas da familia B@& que se
oligomerizam induzindo a permeabilizacdo mitocondrial e consequente liberacdo de
moléculas préapoptoéticas nela presentes, como o citocromo ¢ e outras proteinas pro
apoptoéticas que ativam enzimas citoplasmaticas, as caspases, inicialmaspase 9
gue entdo cliva uma série de outras caspases, ativando caspase 3, 0 quenmesulta
fragmentacdo do DNA nuclear, levando a morte apopt@BtaDIN; THOMPSON,
1997; ABBAS; LICHTMAN; PILLAI, 2011a; NICHOLSON, 2000; GRIVICICH;
REGNER; ROCHA, 2007).

A via extrinseca ou via de receptores de morte € ativada pela ligacao de receptores
na superficie da célula do grupo de receptores de membrana da superfamilia dos

receptores de fatores de necrose tumoral (rTNF). Os recepforesupado® ativam
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proteinas adaptadoras citoplasmaticas, que clivam caspase 8, que ativa varias outras
caspases, ativando caspase 3 e levando a célula a apoptose. Pode ocorrer também uma
amplificacéo da sinalizacédo de receptor de morte quando a casplaseeBativa uma
proteina préapoptotica que induz apoptopela viamitocondrial. Ocorrem alteracdes
bioquimicas na membrana plasmatica, essas alteracdes sédo reconhecidas por fagocitos e
0S corpos apoptoticos sdo rapidamente fagocitados por macrofagomwedos sem
causar um processo inflamatorio. Alteracdes nos componentes das vias apoptéticas e sua
relagdo com a ocorréncia do cancer, como mecanismo de escape, tem sido elucidados
para o desenvolvimento de novas terapias e métodos de prevencdo d@¢RIADEA!;
THOMPSON, 1997; ABBAS,; LICHTMAN; PILLAI, 2011a; NICHOLSON, 2000;
GRIVICICH; REGNER; ROCHA, 2007).

O estresse oxidativo, a inflamacéao cronica e o cancer estao intimamente ligados.
O estresse oxidativo pode levar a inflamacao cronica, que por sua vez pode mediar a
maioria das doencas crbnicas como cancer, diabetes, doencas cardiovasculares,
neurologicas e pulmonares (REUTER et al., 2010).

A inflamacdo que acompanha o desenvolvimento de tumores, se inicia como uma
resposta inflamatoria normal, que ocorre no organismo frente a alguma desordem, porém
as ceélulas cancerigenas conseguem se a@odei lesdes provocadas no tecido em sua
prépria vantagem (SHALAPOUR; KARIN, 2015).

O estresse oxidativo esta envolvido no processgadenogénese em todas as
etapas, na iniciagcdo, espécies oxidativas danificam o DNA introduzindo mutacdes
genéticas e wdracdes estruturais; na promogaocorre aumento da populacédo celular
iniciada, ou seja proliferacdo com consequente diminuicda dpoptose; ja na
progressdp as espécies oxidativagarticipam do desenvolvimento de crescimento
irreversivel do cancer (KAUNIG et al., 1998HANAHAN; WEINBERG, 2011).

Na resjracdo aerdbica, temos a atuacdo de varias enzimas que atuam nas
mitocondrias de células eucaridticas, sdo as principais fontes de estresse oxidativo
produzido dentro das células, o que incluem, além de outras, principalmente enzimas do
complexo do citocnmo P450. Externamente outras fontes contribuem para o estresse
oxidativo celular, como agentes quimicos, radiac&g $¢dentarismoetc. Os produtos
resultantes do metabolismo oxidativo sdo necessarios para varios eventos celulares,
como transducgade sind ativacdo enzimatica controle da atividade das caspases que é

ativada durante a apoptose (SOSA et al.,2013)
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As espécies reativas sdo altamente instaveis, possuemigagiartas variando de
alguns nano segundos, compostos mais reativos, ha adggosidos e horas para
compostos mais estaveis. Essas espécies reativas desencadeiam reacfes nuearesulta
oxidacdo de macromoléculas patingir estabilidadem seusrbitais. Sacconhecidas
quatro categorias de espéciemtivas de acordo com seu atomentral: espécies
reativas de enxofre (RSS), espécies reativas de cloreto, espécies reativas de oxigénio
(ROS), espécies reativas de nitrogénio (RNS). As principais espécies reativas produzidas
a partir de oxigénio moleculd©,) sao: anion superéxido Q) peroxido de hidrogénio
(H20,) e radical hidroxila (O ( BABI OR et al ., 1973; NURAL K

O radical hidroxilaé a espécie reativa mais prejudicial. J& o peréxido de hidrogénio
ndo é um radical livre propriamente dito, mas pode ter efeitos deletérios sobre DNA,
proteinas e lipidiosne concentracdes altas. A cadeia respiratoria mitocondrial também
produz 6xido nitrico (NO), que em condi¢cdes de hipdxia pode gerar outras espécies de
nitrogénio reativo (RNS) que indem a peroxidacao lipidica excessiva, o que pode
aumentar o risco de mg@nese (HALLIWELL, 2001; POYTON, 2009;
SCHRAUFSTATTER, 1988).

Alteracdes na homeostase do organismo, seja através do aumento da producéo de
ROS ou diminuicdo da remocéao, resulta em estresse oxidativo (LINMADHECO;
GONSEBATT, 2009). O dano celular qae ROS podem causar, dependeéa sua
concentracao intracelulado equilibrio entres as espécies-pidantes e antioxidantes
(SOSA et al., 2013; VESKOUKIS et al., 2012), ou seja varias patologias podem estar
relacionadas ao aumento da geracdo de radicais livre e/ou diminuicdo etlaeniv
antioxidantes (KLAUNIG et al., 1998). Espécies reativas levam aofum@ionamento
no mecanismo de reparo do DNA, garanutacdes e esse processo aumenta o
envelhecimento e a carcinogénese (MATSUI et al., 2000). Além de estar relasionad
com variasoutras doencas como Alzheimer, Parkinson, Esclerose lateral amiotrofica,
doenca cardiovascular, disfuncées do sistema imunoldgico, alergias, diabetes, doencas
inflamatérias comppor exemplo, artrite reumatoide, entre outiagrante a fagocitose
e 0 proceso infamatoripcélulas liberam mediadores quimiapse aumentam os niveis
de ROS e saturam os mecanismos antioxidantes, a defesa natural contra a acdo desses
agentes, o que afeta e danifica as células vizinhas (SOSA et al.,2013).

Antioxidantes sdo os roanismos de defesagieélulas, na tentativa de eliminar as

espécies reativas. Os antioxidantes enddgenos incluem glutat@aa, affalipoico,
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coenzima Q, drritina, acido urico, bilirrubina, metalotioneinagdrnitina, melatonina,
catalase (CAT), glationa peroxidases (GPXs), superdxido dismutase enzimatica
(SOD), entre outros. Alguns outros antioxidantes podem ser introduzidos ao organismo
pela dieta como acido ascorbico (vitamina C), tocoferol (vitamina E), betacaroteno
(vitamina A), acido lipoico.acido urico, glutationa e polifen6{SOSA et al., 2013;
YOSHIDA et al., 2003).

As SOD (enzimasuperéxido dismutasddram as primeiras enzimas antioxidantes
a serem caracterizadas, sdo metaloenzimas que estdo distribuidas pelo organismo
desempenhandoapel de defesa celular contra espécies reativas de oxigénio. Existem
trés tipos diferentes desta enzima expressas em células humanas, a enzizaowbre
Superéxido Dismutase (€ZnSOD), enzima Manganés Superdxido Dismutase -(Mn
SOD) e extracelularSOD (EC-SOD), todos os quais sao capazes de disndunian
superoxido a peroxido de hidrogénio,(4) e moléculas oxigénio P(REUTER et al.,
2010).

Em praticamente todos os tumaré&sram encontradaguantidades diminué$ de
superoxido dismutase contendo mangadéasas quantidades de superoxido dismutase
contendo cobre e zinco, estavaeduzidas em muitos tumores, mas ndo em todos.
Nestes casos a relacdo SOBNgoN superoxido estara em desequilibrio, momento em
gue ocorre o dano celular (OBERLEY; BUETHER,1979).

2.4 Cancer de mamae amamentacao

O equilibrio entre uma resposta citotoxica de protecdo e uma resposta nao
protetorapode ser reguladpelo estado imunolégico geral do individuo (DENARDO et
al., 2007). Compreender as funcdes efetoras imunes nos diferentes estagios de metastase
do tumor é fundamental para a intervencao imune eficaz.

Um grande desafio para a pesquisa de tumores tem sido a identificacdo de
alterac6es moleculares e imunolégicas associadas com as diferentes fases da progressao
do mesmo, e 0s avanc¢os destes estudos tém sido dificultados por limitacdes técnicas para
as fases privasivas dos tumores (MACCHETTI et,£006).

Durante a Uultima década, varios sdo os trabalhos sobre 0s mecanismos
relacionados a interacdo entre as células do sistema imunoldgico e progressédo do tumor.

Os resultados indicam gweimunidadeao tumor é determinada em grande parte pelo
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tipo de resposta imatdgicavigente bem como interacdes entre hormdnios, proteinas e
receptores peentes na superficie de célulb entanto, o papel do sistema imune na
prevencdo do cancer é complexo ecjgdmentecompreendiddPARODI, 2007).

E amplamente conhecido que a dieta tem um papel fundamental na etiologia do
cancer (PARODI, 2007) e que a amamentag@ssocia menor incidéncia de cancer
de mama. Neste sentidostedos tém tentado elucidar os efeitos da lactagioe o
cancer de mama (FRANGBOTELHO et al, 2012; FRANCA et al, 2013). Ha
evidéncias de que o leite humano pode conferir beneficios a longo prazo (DAVIS et al.,
2001; KENT, 2007) em numero crescente de trabalhos tem indicado que o aleitamento
matermo oferece protec@o contra o cancer de ovario e o de mama. No entanto, os efeitos
da amamentacdo sobre o risco de cancer de mama tém sido dificeis de estudar devido a
alta correlacdo com a paridade (BARNETT et al., 2008; ALSAKER et al.,, 2011).
Fatores reprdutivos podem induzir alteragcdes permanentes no epitélio da glandula
mamaria otestromecircundante (RUSSO et al., 2005; 2008).

Embora os mecanismos nao tenham sido completamente elucidados, a hipétese de
reduzir o risco de ancer da mama através da amamentagcdo parece ocorrer devido
diferenciacdo de tecido mamario ou pela reducdo do numero de ciclos ovulatérios de
vida (YANG et al., 2008)E mais provavel que as alteracdes do tecido podem tornar a
mama mais ou menos sensiveis a fatores carcinogénicos (RkiSE005).

As glandulas mamaérias lactantes sédo parte integrante do sistema imune de mucosa,
e 0s anticorpos e células presentes no leite refletem a estimulacdo antigéirecaddo
Linfoide Associado Mucosa(MALT), tanto do intesho como das vias respiratorias.
literatura tenrelatalo que anticorpos e células do leite humano tém especificidade para
uma variedade de antigenos oriundos de patdgenos intestinais e respiratérios
(GOLDMAN, 2002

O leite materno pode ser classificado a partir do inicio da lactacdo, em colegtro (1
dias apds o parto), leite de transicad b7dias pégparto) e leite maduro (15 dias pdarto)
(GOLDMAN, 1993; ALMEIDA e NOVAK, 2004; CARVALHO E TAMEZ, 2002,
FRANCA et al, 200; FRANCA et al, 2013).

O colostro difere da maioria das secrecdes por conter leucocitos viaveis (10
cel/ml) durante os primeirosas de lactacdo (ISLAM et.£2006), com quantidade

atividades comparaveis aos leucécitos do sangue (HONGRRANCA et al., 1997).
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Temos queconsiderarcomponentes de defesa presentes na secrecdo que podem
estar associadog atividade de protecdo, satomq lactoferrina, complexos analogos
(receptores), &cidos graxos (lipideos), muciBERANDTZAEG, 2003; 201§ citocinas
e quimiocinas (KVERKA et la, 2007; MEKI et al., 2003; LONNERDAL, 2003;
GAROFALO, 2010), lisozimas (LONNERDAL, 2003), probiéticamticorpos como
SIgA (imunoglobilina A secrétria) (NEWBURG, 2005), fatores antioxidantes (FRIEL
et al, 2008), entre outros componentes produzidos pelo sistema imune materno, além
de varios hormonios, como a melatonina (LONNERDAL, 2000; MIRALLES et al.,
2006; FAGUNDES et al., 2012).

2.5 Imunoglobulina A secretdria (SIgA), quimiocinas e Meltonina

O leite materno € particularmente rico anticopos SIQA(NEWBURG, 2003,
gue desempenham um papel protetor contra varias doencas. Esses anticorpos
neutralzam os patogenos e, simultaneamente, limitam os efeitos prejudiciais da
inflamacéo tecidual causada por outros tipos de anticgIp@KSON;NAZAR, 2006).

A atividade biolégica da SIgA € importante porque essa proteina € a classe de
anticorpos primariosaleite materno e porque sua atadle pode estar mais ligada com
o efeito da amamentacdo na reducdo da incidéncia de cancer de(H@NQARIO
FRANCA et al., 1997FRANCA et al., 2011p)HONORIO-FRANCA et al., 201k

Estudos sobre a natza molecular do receptor para a regido F8lga presente
na superficie dos fagocitos mostraram que este receptor € constituido por uma proteina
heterogénea, glicosilada, com tamanhos que varia de 55 a 100 KDa (CHEVALIER et al.,
1989;VIDARSSONet al.,1998; HONORIGFRANCA et al., 2001; MONTEIRO et al.,
2003) . O FcUR em fag-citos do col e78tro foli
KDa) similar a de fagdcitos do sangue (MONTEIRO, 2003). A interac&ighae seu
receptor FER (CD89) ativa os mecanismdntracelulares resultando no aumento da
fagocitose, liberacdo de anion superoxido e da atividade microbicida (HONORIO
FRANCA et al., 1997; FRANCA et al., 2011b), bem como promovdmicidade em
células tumorais, podendo ser um candidato para imup@ena combate as varias
doencas malignas (OTTEN et al.,2005).
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As quimiocinas desempenham papel crucial na nenagdo das células
mononucleares pelo corpo e sua migracao para os tecidos, contribuindo para a resposta
imune adaptativa e patogénese de véarias doencas. Os receptores de quimiocinas séo
expressos em leucocitos, células dendriticas e células de Langérmaaier variedade
de receptores é observada em Linfécitos T e sua expressdo pode definir o padrédo
migratorio e até mesmo facilitar a identificacdo de certos subtipos de Linfocitos T. A
ligacdo quimiocinaeceptor inicia uma complexa cascata de sinakzagée gera
respostas quimiotaticas, degranulacgéo, liberacdo de radicais livres de oxigénio e alteracdo
na afinidade das integrinas presentes na superficie celular (CYSTER, 1999). A expressao
de receptores de quimiocinas pode servir como um marcador pavsagcha e
diferenciagéo de linfocitos (BORISH; STEINKE, 2003).

A proteina quimiotatica de monocitds (CCL2/MCR1), € produzida
predominantemente por macréfagos e células endoteliais e é conhecida pelo
recrutamentade monaocitos, macrofagos, células T de memodria, e células dendaiticas
sitios de inflamacdo e tumores (AGARWAL et al, 2011). No tumor esta associada a
atracdo de macrofagos associados a tumores (M2) o que leva a um aumento da
angiogéneseéumoral, sustentacéda proliferacdp permiindo a metastase das células
tumorais. Evidéncias clinicas, sugerem que a liberacdo de quimiocinas, como- MCP
medeia a migracdo de mondcitos da circulacdo sanguinea para tumores mamarios, onde
se tornam macréfagos ativos, contribuindo assim para a progressao do cancer
(HULTGREN et al., 2017)

A CXCLS8/IL-8 (interleucina8) é secretada por varios tipos de células, incluindo
monacitos, linfocitos T ativados, neutrofilos, eosindfilos, fibroblastos, célulasiais,
adipdcitos, células endoteliais e queratinécitos (STEINER et al., 20@&8u principal
papel € no recrutamento de neutrofilos para osssitftamatorics e ativacdodessas
células(KOBAYASHI, 2008) é acompanhagbor atvidade quimioatrativa de baséfilos e
células T, e por potente acao fmdgiogénica (BAGGIOLINI et al., 1993).

A quimiocina CXCL9/MIG é uma pequena molécula induzida por interferon
gamma (IFNo ) por c®lulas mononucleares,éstimul:
secretadapor células da glia in vivo e por endotélio e granulocitos mediante a
incorporacao de IFN ligacdo aoreceptor tollike (TLR) (GASPERINI et al, 1999).

Age também sobre as células T CDBhl ativadas, células TCD& células NK
(MULLER et al., 2010).
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A IP-10 (CXCL10) é uma proteina induzida por interfegama com capacidade
antimicrobiana conhecié por atrair os mondcitos, madagos, células T ativadas,
células NK e células dendriticas. Células, tais como mondcitos, neutrofilos, fibroblastos,
e as células endoteliais podem produzir4#N necess8ri o para induzi
quimiocina € predominantemente sintetizada no figado e ne nrade ser ligad a
inflamac&o deste 6rgdo. E membro da familia CXC das quimiocinas, que tem o papel de
atrair os linfocitos e neutrofilos (AGARWAL et al, 2011). MIG e-1P sdo muito
semelhantes e foram relatados por compartilhar atividades biol6gicashaetes,
incluindo a capacidade de induzir quimiotaxia de células T, células NK, inibicdo de
hematopoese das células CD3rivadas da medula 6ssea e inibicdo de angiogénese
(SARRIS et al, 1993 KAl et al.,2002

Estudos tem comprovado que o aumeddoexpressdo de MIG em camundongos
imunocompetentesez com que tais camundongdssenvolvessertumoresde pulméo
menores e com menos metastases, além de que concentracées aumentadas de MIG e IP
10 no local do tumor direciam parainibicdo dos mesmos, aumentando células TCD4
(linféticos T helper) e TCD8(linfocitos T citotéxicos) no local (ADDISON et., 2000;
WALSER et al., 2007).

A quimiocina RANTES também changa CCL5, € uma quimiocina quem
resposta prdénflamatéria recruta células T, eosindfilos e basoéfilos para os sitios de
inflamacdo. E considerada um regulador chave para eosindfilos nas vias aéreas e
linfécitos e ajuda a induzir a proliferacéo e ativagéaélulasNaturalKiller (ULLER et
al.,2010)

Dentre os horménios encontrados no leite materno, destaeam presenca de
melatonina (HONORIGFRANCA et al., 2013; MORCELI et al., 2013; SILVA et al.,
2013). A melatonina € sintetizagancipalmentepela glandula pineal (CLAUSTRAT et
al., 2005). Possui papel importante no controle do ritmo circadiano, reproducé&o, sono
vigilia, esta ligada diretamée na regulacéo de diversos eixos neuroendocrinos (REITER
et al.,2013) e apresenta também outras acdes protetoras (FRBATBELHO et al,

2011; FRANCA HONORIO- et al., 2013). Estudos demonstram que a melatonina pode
aumentar a imunidade inata e a addaireestimular principalment&eucdcitos, o que
representa um importante mecanismo de protecao para doencas (FFBOIEAHO

et al., 2011; HONORIFRANCA et al., 2013; MORCELI et al., 2013). melatonina
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mostra uma versatilidade funcional notavel que egitmpriedades imunomoduladoras,
oncostaticas, antioxidantes e antienvelhecimeB&RRILLO-VICO et al., 2004)

A producdo de melatonina, por células do sistema imunolégico, ocorre por
ativacdo de agentes pirflamatorios por exemplo, porcitocinas. A melatoina
produzida por células imunocompetentes aumenta a capacidade fagocitica dos
macrofagos e linfécitos e induz a sintese de interlewdtifi-2), possuindo acao
autodcrina e paracrina (CARRILL-@ICO et al., 2004).

A acao da melatonina direta contra caiilivres tem sido cada vez mais estuad
O seu papel indireto como antioxidante foi testado e o seu efeito foi altamente eficaz na
reducdo do estresse oxidativo no organismo, quando comparada com os antioxidantes
mais conhecidos como as vitaminas C é\HEnelatonina e varios dos seus metabolitos
tem varios aspectos positivos que a tornam eficiente no combate de radicais livres, eles
atravessam facilmente a barreira hematoencefalica e placenta, além de todos os 6rgéos
maternos o que leva a uma maior pratega placenta e do feto. Outros aspectos
positivos da melatonina é que ela pode ser produzida em outros compartiregintos
pineais(fora da glandula pineagm vertebradqgscomo por exemplonasmitocéndrias
porém nao de forma circadiana, mas sim @@ntioxidante combatendogeracdo de
radicais livres (REITER et al.,20132014.

A concentracdo de melatonina no colostro humano e leite maduro repercute a
concentracdo deste horménio da circulacdo sanguinea, porém ceélulas imunocompetentes
do colostro pssam a produzir melatonina apos estimulos de injurias, como os causados
por bactérias, durantanfeccbes conmEscherichia coli.Sendo que essa producéo de
melatonina é dependente do estimektudos comprovaram qliefocitos e macrofagos
peritoneais de tas, e fagécitos de colostro humano produzem melatonina em re&posta
ativacdo, e essa producdo de melatonina no local ativa linfécitos e macréfagos para
producdo de 112, IL-6, IFN-0, o0 que aumentaa producdo de linfécitos T, a
apresentacdo de antigenos e a atividade fagocitica de macréfagos, aumentando assim o
aspectonflamatorio GARCIA-MAURINO et al., 1999PONTES et al., 2006; 2007).

Células imunocompetentes da mama permanecem altamente permeaveis ap0s o
parto, o que torna esse tipo celular bom para estudos de vias de sinalizacdo, quando
coletadas de forma ndo inwas apontando que esseélulas desempenham um papel

importante na protecao do recéaiscido(PONTES et al., 2006).
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Com concentracBes semelhantes ao do plasma sanguineo a melatonina pode
exercer um efeito aninflamatorio, regulando a migracéo celular ao inibir o rolamento e
adesao de leucdcitos (LOTUFO et al., 2006).

Estudos que avaliaram a correlacdo entrelyg@o de melatonina e producao de
TNFFU (fator de necrose tumoral alfa), encon
duas subghcias uma vez que a citocina gnflamatéria TNFU em n2vei s aumen
inibe a producdo de melatonina. Poréoélulas do stema imunolégico pode
promover a producdo de melatonina de forma autdcEsae efito entdodeve ser
caracterizado dependente do local de producdo e quantidade produzidagpeméE
pelo carater anti ou gr inflamat6rio(PONTES et al., 2006; 2007).

A melatonina exerce efeito antiproliferativo em células MCHinha celular de
adenocarcinoma de mama humano) de cancer de mama, dependente da dose fisioldgica,
além de reduzir as taxas de propriedades invasivas e metastaticas desse tip€0@&8ular (
et al., 1998) Estudos comprovaram que a melatonina diminuiu a proliferacdo celular e
aumentou a expressdo das proteinas p53 e p21 em células/,M@ibindo a
proliferacdo e induzindo a apoptose. A proteina p53 € um importante gene supressor de
tumor, p53 e®m envolvido na regulacdo do ciclo celula€QS et al, 2002). A
melatonina, via ativacdo do receptor de melatonina 1 (MT1) (ROGELSPERGER et al.,
2009), esta associadaupressao do crescimento e desenvolvimento do cancer de mama,
através da regulacdo datores de crescimento, regulacdo de expressao génica, pela
inibicdo da invasao de células tumorais e metastase e pela regulacdo do desenvolvimento
da glandula mamaria (HILL et al., 2009).

Existe aproducdo de melatonina por outras células e 6rgdos, que nao a glandula
pineal, como retina, timo, cérebro, intestino, medula éssea, ovario, testiculos, placenta,
pele, e linfécitos. Altas concentracbes de melatonina foram encontradas em
gueratnocitos da pele, o que sugere que a producdo de melatonina fora da glandula
pineal ndo esta relacionada ao ritmo circadiano claro/ escuro, mas sim como agente
antioxidante e anihflamatorio, como mecanismo de protecdo do estresse oxidativo.
Essa producade melatonina em resposta ao estresse oxidativo ocorre em todos os seres
vivos, como plantas, seres unicelulares, animais e o homem. Varias doengas como
Alzheimer, cancer, doenca cardiaca, mostram niveis baixos de melatonina nos pacientes,

porém como essadoencas produzem muitas espécies reativas de oxigénio, ainda ndo se
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sabe se ocorre uma diminuicdo da producdo da melatonina ou se a melatonina interage
com as espécies reativas e é condama reaca¢rAN et al., 2007)

Estudode HARA e colabor@dores (2013pemonstrougue a melatonina adsorvida
a microesfera de PEG foi capaz de aumentar a atividade funcional de fagdcitos do
colostro e que este sistema modificado de liberagdo do horménio pode representar uma

alternativa noratamento deloencgas.

2.6 Polietilenoglicol (PEG)

O polietilenoglicol € um polimero, muito utilizado pela area farmacéutica, pois sao
importantes para modulacéo, prolongamento da acdo da droga e ndo aprEsentaxetos
(HARRIS; CHESS, 2003). Além disso, possui pliedades que podem melhorar a
biocompatibilidade dos materiagsfluidos bioldégicos (HUANG et al.,1999; PARKSIM,

2004 RIBEIRO et al,2018.

Para a aplicacdo na terapia humana de produtos biofarmacéuticos € utilizado a técnica
de "PEGylation”, onde oca@ro acoplamento covalente de polietilenoglicol as cadeias dos
farmacosEste processo protege a formulacdo farmacéutica da sua superficie para a periferia.
Assim, a estabilidade destes conjugados contra proteases aumenta, reduz a imunogenicidade
e diminuiua excrecdo renaCom isso, aécnicaasseguraima meiavida prolongada, reduz
os efeitos secundérios e, finalmente, aumenta a eficiéncia da terapia (DAVIS, 2002;
ABUCHOWSKI et al., 1977).

Estudos visando reduzir efeitos adversoe thedicamentostém sid
desenvolvidos como novos sistemas terapéuticos, conhecidos como sistemas de liberacéo
modificada (VERMA e GARG, 2001; GIL et al., 2006; BATISTA et al.,, 2007;
KREUTER, 2007; GRABOVAC et al., 2008). mdelhoria das propriedades terapéuticas
de compostos baiivos por meiala incorporacaem microcarreadores consiste em uma
importante estratégia na obtencdo de terapfasto que sdo eliminadas alteracfes
ciclicas da concentracédo, ha disponibilidade biol6gica do composto, bem como a reducéao
na toxicidade, @ niumero de doses administradas e supressdo de reacfes adversas
(ALAGUSUNDARAM et al., 2009).

Conjugados PE€@roga estdo sendo estudados como possiveis sistemas de

liberacdo modificada para uma variedade de moléculas e drogas (GREENWALD et al.,



32

2003; PARKet al., 2005; YU et al., 2005; VERONESE e PASUT, 2005; SALMASO et
al., 2005; HEYES et al.,, 2006; RODRIGUES, 2006; SCOTT et al.,, 2010). Essa
combinacdo apresenta inUmeras vantagens qoenmanéncia prolongada no organismo,
decréscimo da degradacdo porzies metabdlicas e reducdo ou eliminacdo da
imunogenicidade de proteinas (YU et aD05).

Varios estudos mostram gqaeassociacdo de microesferas de PEG a moléculas,
horménios ou proteinas, apresenta capacidade imunomoduladora sobre os fagdcitos,
tanto do sangue como de colostro, e sugerem que a adsorcdo destes compostos a
microesferas de PEG tem efeitos imunoestimulatérios e pode ser considerado um
importante material, com potencial para futuras aplicacdes terapéuticas em doencas
infecciosas ou em tumes (SCHERER et al., 2011; FAGUNDES et, &012;
REINAQUE et al., 2012; HARA et al., 2013; GUIMARAES et al., 2013; FRANCA et
al., 2014).

Considerandese que o tecido mamario esta em contato constante e direto com 0s
componentes imunes sollveis e celidate leite materno. Eos inUmeros constituintes
imunoldgicos do leite materno, enteses altas concentracdds SIgA, melatoninae
célulasmononucleares possivel que interacdes destes componentes, de forma direta ou
por sisteras de liberagcdo modificada, com fatores presentes em células tumorais possa

constituir uma alternativa para a imunoterapia de tumores.
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3. OBJETIVOS

3.1 Objetivo Geral

O objetivo destetrabalho foi avaliar a acdo de agentes imunomoduladores
associados sistemas ddiberacdo modificadaobre célulasnononuclearesle colostro

em cocultura com células de tumor mama

3.2 Objetivos Especificos

Imunomodulador: SIgA adsorvido ou ndo a microesfera de PEG:

- Analisar aimundfenotipagem e os percentuais de cél@&x3’, CD4", CD§,
CD14 do colostro em presenca das células tunmorais

-Analisar a concentragéte quimiocinagIL-8, MIG, RANTES IP-10 e MCP-1)
no sobrenadante da cultwta células MN, MCH e cocultura(células MN e MCF7);

- Determinarviabilidade de célulasMN do colostro,célulasMCF-7 e cocultura
(células MN e MCF7);

- Verificar a liberacdo de calcio intracelulaelascélulasMN do colostrg células
MCF-7 e cocultura(células MN e MCF7);

- Avaliar osindicesde apoptosele células MN docolostrg células MCF7 e co
cultura (células MN e MCH);

Imunomodulador: melatonina adsorvido ou ndo a microesfera de PEG:

- Avaliar em células MN do co#tro, células MCF7 e cocultura (células MN e
MCF-7) a liberacdo do anion superoxieim diferentes fases do gia

- Analisar emcultura decélulasMN do colastro, células MCF/ e caocultura
(células MN e MCF/) a concentracdada enzimasuperéxido dismutas€SOD) em
diferentes fases do dia

-Verificar em células MN do colostro, células MQFe cocultura (células MN e
MCF-7) aliberacéo de calcio intracelulam diferentes fases do dia

-Quantificar os indicesde apoptosele células MN do colostro, células MCFe

co-cultura (células MN e MCF);



4. METODOLOGIA

4.1 Delineamento experimental

SIgA MLT
PEG
(Preparo e adsorc¢éo
MLT/SIgA)
Célula MN de
colostro
Células MCF7
Co-Cultura
Imunofenotipagem; Atividade SOD;
Quantificacédo de Dosagem
quimiocinas; superoxido;
Viabilidade celular; Liberacdade Cd?;
Liberagéo de C%; Apoptose
Apoptose
Efeitos

antitumorais
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4.2 Local da pesquisa

As amostras de colostro huntsforamcoletadaso Hospital Municipalde Barra
do Garcas, sendaliquotadascongeladas e enviadas BABIMUNOBIO InBio/UFMS
(Universidade Federal de Mato Grossm Sul)e Laboratério Maternorifantil UFMT
(Universidade Federal de Mato Gross@ara o processamentdcste projeto foi
aprovado com apoio financeiro do Edital Universal CNP¢447218/20140; N
308600/20158)).

4.3 Sujeitos

As amostras de colostforamobtidas de maes sa@veis, com idade entre 18 e 40
anos. As maegoram consultadas sobre a disponibiidade em doar uma amostra de
colostro (aproxnadamente 8 ml). A coleta fefetuada através de ordenha manbata
avaliar os efeitos da SIgA foram coletad@samostras deolostrg sempre no periodo
da manha e no intervalo entre duas mamadas, no periodo correspondente as primeiras 48
a 72 horas apos o parto.

Para avaliar osfeitosda melatonina coleta do colostri realizada seguindo o
protocolo desenvolvido por Franca et al. (2010). Foram cole@®amostras de leite
maternoem doisperiodos,sendoumano periododiurno e outra no periodmoturro)
totalizando 120amostras tambémno intervalo entre duas mamadas, no periodo
correspondente as primeiras 48 a 72 horas apos o. padas as maesveram seus

bebés a termo saudaveis por meigadsdo cirdrgico.

4.4 Linhagem de células tumorais e cultura de células

Para os ensaios bhiolégicos com os imunomoduladoram utilizadas linhagens
celulares ATCC (American Type Culture Collection, USig)adenocarcinoma de mama
(MCF-7).

A linhagem foi cultivada e congeladam nitrogénio liquido para estocagem.
Posteriormentdoramc ul t i vadas em uma mistura 1:1 DME
acrescido de HEPES, penicilina, estreptomicina, bicarbonato de sédio e soro fetal bovino

(SFB, Cultilab). As célulagoram cultivadas em garrafas e mantidas a 5% de €@
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temperatura de 3T até a formacdo de monocamada celularpideps garrafas de

células foranmsubmetidas a tripsinigdo, para isso, as células for&awadas com 5 mL

RPMI, e & linhagens serdo subtidas a ImL detripsina 0,05% EDTA produzidas a

partir de uma solucdo 10 vezes concentrada (In vitrogen, EUA) até o desprendimento
das células do fundo das g&fas. A seguir, as céluldsram homogeneizadas com
volumes variados do meio de cultura acigsade 10% de soro fetal bovino para a
neutralizacdo da tripsina. O volume da suspenséo celular obtido em uma fyarrafa
transferido para outras duas garrafas, de modo a obter quantidade celular adequada para
os experimentos. As células foranatadas condiferentes imunomoduladoréSIgA e

MLT) adsorvidos ou ndo a microesfera de PEG. Como demepativo, a linhagem

nao foisubmetida ao tratamento (células ndo tratadas)

4.5 Obtencao de fagoécitos do colostro

Foramcoletadas amostras de colostro camifume apoximado de 8ml. O colostro
foi centrifugado por 10 minutos a 1&@ sob refrgeracdo a “C. Apos centrifugacao
houve a formacéo dg fases diferentes: pellet celular, uma fase aquosa intermediaria e
um sobrenadante contendlpidios. A camada de gordura superior foi descartada, o
sobrenadante aquoso armazenaelR02C para a obtencdo @&gA purificado.

As células foramressuspendidas em meio de cultura 199 (Gibco), e separadas em
gradiente de densidade com Fidddque(Pharmacia) por 40 minutos a 160 G, sob
temperatura de °@. A seguir foramcontadas em camara de Newbauer, e as
concentragdes celulares ajustadas para 1®°xcélulas/ml. As célulasnononucleares
foram utilizadas nos ensaios de imunofenotipagem, liberaigh@nion superoéxido, de

atividade microbicida, liberacéo de célcio intracelular, proliferacéo e apoptose.

4.6 Purificacdo de SIgA de colostro humano

O SIgA de colostro humano foi purificado a partir de fipoolb de sobrenadante
colostro deslimlado por cromatografia de afinidade em Sephad@seativada com
brometo de cianogénio (CNEBepharosdB - Sigma, ST Loius, EUA) ligadaom
c adei ahurbanoade tovelha como proposto por March et al. Para garantir a

deplecdo de SIgA, as fi@es eluidas da coluna de cromatografia de afinidade foram
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reunidas e passadas cinco vezes pela mesma coluna. O SIgA ligado &aialodduna

comtampao 6N de glicinaHCL, pH 2,8. Os prepadaspurificados foram restaurados

para o volume inicial. A concentragao 8mA foi determinada por imunodifusdo radial
simples com um s éunana deeovetha eheplaaas dé agarsei A
concentracdo total de proteina estava disponivel pelo método de Lowry. A preparagao

de SIgA purificada também foi testada por imunoeletroforese com antisoros de cabra

antto humano e cadeia €. Tanto a | gG quanto a8
O SIgA purificado foi 4,0 g / L ajustado para uma concentracdo de 100 ng / mL. As

aliquotas foram armazenadas3@ ° C e posteriormente utilizadas para os experimentos.

4.7 Preparacao de microesferas de pdadtilenoglicol (PEG)e incubago com agentes

imunomoduladores

As microesferas forarabtidas a partir de pelilenoglicol6000, usando o método
descritopor (SCHERERet al, 2011). Em que 20 g de PEG 6000 fispenso em 100
mL de ampéao salina fosfato (PBS), fdiluida com uma solucdo de 2 g de sulfato de
sodio em PBS e incubadas &G turante 45 min. Apos a inculda; as microesferas de
PEG foramdiluidas 3:1 em PBS evadas duas vezes em PBS (5@) X% mn). As
microesferas de PEG foramssuspendidas em PB&.formacdo de microesferas foi
induzida termicamente, submetendo a solucdo &C9%lurante 5 minutos. Para a
adsorcao, as suspensdes de microsferas @, BB PBS, foranmincubadas com os
imunomoduladores MLT (Sigma, concentracao de 100 ngjmbu slgA (do proprio
colostro- concentracdo d&00 ng/ml) a 37 ° C durante 30 minuta&pds este periodo,
as microesferas de PEG c@® imunomoduladoreadsorvids foram lavadas duas vezes
em PBS (500 x g, 5 min). O carregamento eficiente da adsorcdo cfassferas de
PEGcomMLT ou SIgA foramverificados por microscopia de fluoréscia através da
marcacdo com uma solucde Dylight488 (Pierce Biotechnology, Rockford, EUA, 10
€g mL-1) em dimetilformamida a 10D:proporcdo molar de PEG: Dylight (HARA et al,
2013).

4.8 Tratamento de células MN MCF-7 e cocultura com SigAe MLT
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Paraavaliar os fenétiposde células, a viabilidade celular (teste de permeabilidade
ao iodeto de propidio), a inducado de apoptose (coloracdo de anexina) e a liberacdo de
calcio intracelular (Flue8 fluorescenteps célulasgviN, MCF-7 e coculturaforam pré
incubadas durante ™ com ou sem 50 €L de SIgA (100 ng
de polietilenoglicol (PEG) ou 50 eL-de Sl gt
SlgA) (concentracao final de 100 ng / mL).

Ja paraa liberacdode superoxido, a sugeddo dismutase em sobrenadante de
cultura, a liberacdo intracelular de célcio e a inducagdptase em célulddN, MCF-
7 e cocultura(fasesdiurno e noturm) foram préincubadas durante 24 h com ou sem 50
elL de ngl0@ngomLidaconcentracao finddonorio-Franca et al., 2013), 50
eL de microesferas de polietilenoglicol (P
microesferas de PEG (PH@LT) (concentracéo final de 100 ng / mL).

Em seguida, as células foram dias em meio RPMI 1640 suplementado com
10% de soro bovino fetal (FBS) (Sigma, St. Louis, MO, EUA), penicilina (20 U / mL) e
estreptomicina (20 eg [/ mL ) °C dusantg 2dah,em St . Lo
estufa deCO, a 5%.

4.9 Imunofenotipagemde célulasincubadas comSIgA

Apoés o tratamento da cultura, as células do colostro eaultwra ou ndo foram
coradas com 8 L d eCD& PetCP; antCD4FITC, aniCD8PEe antiCD14FITC
durante 30 min a temperatura ambiente. As células foram lavadas e ressuspensas em
solucdo salina tamponada com fosfé@@®BS contendo albumina de soro bovino (BSA
Sigma, ST lbouis, EUA; 5mg / mL) para analises de citometria de fluxo. Controle
isotipico (IgGXFITC, IgGLPE tanto de BD Biosciences). Um minimo de 10.000 células
foi analisadapor tamanho (FSC) e granularidade (SSC) com ufmeitro de fluxo
(FACSCalibu, BD Biosciences, EUA). Os dados foram analisados usando o software
Flowjo 7.2.54.4.5.

4.10 Quantificacdo de quimiocinas no sobrenadante daulturasincubados ou nao

com SIgA
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Quimiocinas interleucin® (CXCL8), RANTES (CCL5), MIG (CXCLO0), MCP-1
(CCL2) elP-10(CXCL10) no sobrenadante de culturas de células MN, células-KMCF
e cocultura (células MN e MGH) foram medidas por urkit comercial cytometric
Beads Array(CBA, BD Biosciences, EUA)de acordo com a predimentos do
fabricante. A aquisi@o de amostras foi realizada dou um citdbmetro de fluxo
(FACSCalibur, BD Biosciences, EUAg a analise dos dadpelo software CellQuest
(BD Biosciences, EUA FCAP Array3.0(BD).

4.11 Viabilidade celular das culturastratada com SIgA

Apl6s 24 h de tratamentcom SIgA, PEG e P&-SIgA, o meio de cultura foi
removido e as células (células MN e / ou células MTFPram lavadas duas vezes com
solugdo salina tamponada com fosfato (PBS). O teste de viabilidade foi realizado
utiizando o ensaio de fluorescéncia deletw de propidioAs células foramentao
coradas com 10 €L de iodeto d¥O (pE5% ep2di

EDTA (110 mM) e incubadas durante 10 raimemperatura ambiente. As células nao

o

tratadasforam usadas como controles. A fluorescéncia das células fasaategbor
citometria de fluxo(FACSCalibur BD, San Jose, EUA). A porcentagem de células
viaveis foi inversamente proporcional a intensidade de fluorescéncia média geométrica de
PI.

4.12 Liberacéo de Calcio Intracelular pelos fagécitos do colostro tratags com
SIgA e MLT

Paraverificar se os mecanismos intracelulares de atividade dos fagocitos ocorrem
na dependéncia de liberacdo de calcio intracefolautilizado o corante fluorescente
Fluo-3 (Sigma- Fagundes et al., 2012). Suspensdes ddasétie colostrdoram pré
incubadas com os imunomoduladores, misturadas®@ ®ér 30 min, sob agitacédo
continua. A seguir foram centrifugadas duas vezes (1500 rpm, 10 mig) 4
ressuspendidas em PBS contendo BSA (5 mg/mL) e incubadas sbhndés Flue3 (1
mg / mL) por 30 min a 37°C. Apds a incubacao, as células foram lavadas duas vezes em
PBS contendo BSA (5 mg/mL; 1500 rpm, 10 min, 4 °C) e analisadas por Citometria de
Fluxo FACSCalibur (BD San Jose EUA). O Hadoi detectado utilizaratse filtro na
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faixa de 530/30nm. A quantificacdo da liberacéo de célcio intracelular foi expressa como

a média geométrica da intensidade de fluorescéncia deBFluo

4.13 Ensaio de apoptose daculturasde células tratados conslgA e MLT

A coloracdo deAnnexin V foi utilizada para avaliar a apoptose. As células nao
tratadas foram utilizadas como controles negativos, e as células tratadas com
estaurosporina (Sigmébt. Louis, EUA; Pundt et al.,200Que foram utilizadas para
induzir apoptose, foram util@as como controles positivos. As células (células MN e /
OUMCF7 c¢c®l ulas) foram ressuspensas em 500
de anexina WITC (Kit de Deteccao de Apoptoses de Anexir&lVC, AlexisTM, San
Di ego, EUA) e Sncubddosdwant® 10 mm a téneppraturasambiente. A
fluorescéncia das células foi analisada por citometria de fluxo (sistema FACSCalibur,
BD, San Jose, EUA). Os dados obtidos foram analisados usando o software CellQuest.
As células foram classificadas d@ygmte forma: células viaveis (anexinaPI -), células
apoptotica precocéanexina + / P}), células apoptadticas tardias (anexina + / Pl +) e

células necroticas (anexind Pl +).

4.14 Atividade enzimatica da superoxido dismutase (SOQ)CuzZn-SOD -
E.C.1.15.1.1das culturasde células tratados com MLT

O principio do método de determinacdo da atividade enzimatica do superéxido
dismutase consiste na acdo da enzima catalisar por meio de dismutacéo o superoxido de
oxigénio e peréxido de hidrogén A enzima SOD presente na amostra inibe a reducéo
do azul de nitrotetrazolio (NBT) pelo anion superéxido. O anion superoxido é gerado a
partir da auteoxidacdo da hidroxilamina em pH alcalino.

A atividade enzimética da CuZ0OD foi medida nosobrenadantalas
culturas de MN, MCH e cocultura MN-MCF-7 dosquais foram pipetados 0,5 mL de
cada amostra e colocados em tudos de ensaio (vidro), conforme protocolos elaborados
para 0s grupos.

Junto as amostras foram adicionados 0,5 mL de miskuaf@mio-etanol (1:1),

0,5 mL da mistura reativa de NBT em conjunto com acido etilenodiamineatsit&o

(EDTA) (1:1.5) e 2,0mL de tampéo carbonato com hidroxilamina, perfazendo ao final
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uma solugdo com volume de 3,5 mL. A mistura reativa foi utitzadmo branco para
calibrar o aparelho e para a andlise do padrao foram utilizadod.0j& mistura hidre
alcodlica (1:4), 0,5mL de mistura cloroforrrédanol (1:1), 0,5nL da mistura reativa de
NBT e EDTA (1:1.5) e 2,0nL de tamp&o carbonato com hidraxilina.

Todas as reacdes foram incubadas em temperatura ambiente por 15 minutos e apos
esse periodo a reacdo fralisadeem gelo. A andlise foi realizada a partir da inibicao
da reducdo do NBT (Sigma, St Louis, MO, USA) pelo anion superd«itites com
espectrofotbmetro a 568m (CROUCH et al, 1981). A enzima catalisa o anion
superédxido que € gerado pela adi¢cdo de hidroxilamina em pH alcalino.

A quantidade de enzima foi determinada a partir da seguinte formula:

(Ab. Padrao — Ab. Amostra) NBT
50D = - x 100 = % de reducio do ———
Ab_Padrio CuZn— 50D

O resultado foi expressgor unidades internacionais (Ul) de Cu®®D
(CROUCH et al., 1981)

4.15 Dosagem de anion superoxiddas culturasde células tratados com MLT

A atividade dos fagocitos do colostro incubados eoNLT adsorvidos ou ndo a
microesferade PEG, na m@senca de células tumorais Verificada através da liberacao
de anion superoxido, utilizanese o cromogeno Ferricitocromo C, segundo o método de
Pick & Mizel (1981) e adaptado por Honofimancae colaboradore$1997. Em
presenca a anion superoxido o ferrictocromo C sofre oxidacdo passando a
ferrocitocromo C, sendo esta mudanca colorimétrica detectavel em espectrofotdmentro
com filtro de 550hm.

A leitura foi feita em espectrofotémetro para placa com filtro de 550 nm. A
concentrag@o do anion superoéxido foalculada através da seguinte relacéo:

Concentracédo 9(nmol) =D0O/6.3 x 100

4.16 Andlise estatistica
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Para andlise estatistiche todos o0s ensaidei utilizado o teste de Analise de
Variancia (ANOVA) seguida de testes demparacdes multiplas de Bonferronip
software Bioestat 5.0. As estatisticas foram consideradas significativas quando o valor de
p <0,05

4.17 Aspectos Eticos

O presenteestudo foi submetido ao CERe aprovado com Numero CAAE
45102815.3000.558Mumero de parecer 1.064.829 e data da relatoria PR/O05/
(Anexo 1). As consideracdes éticas fordraseadas no uso do material biol6gico para
fins cientificos, com sigilo da identidade da nutriz, livre de coagdo ou conflito de
interesses da instituicdai @le pessoas envolvidas no projess.coletas respeitarans
protocolos técnicos dos semg; envolvidos. As nutrizes forapmeviamente infamadas
e 0 material somente fooletado ou utilizado sob expresso consentimento em formulario
especifico (Termo d€onsentimento Livre e Esclarecidd CLE), conforme resolugéo
466/12 do Conselho Nacional de ética em PesqGENEP)(Apéndice)
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5. RESULTADOS E DISCUSSAO

5.1 Artigo 1 Publicado no International Journal of Advanced Engineering
Research and Science (IJAERS)

Melatonin bioengineered: A New Possible Strategy for Treatment of Breast

Cancer.

Objetivos: O objetivodesta revisafi detalha a influéncia des componentes sollveis e
celulares presentes no colostro humano, como o horménio MLT, e como eles podem ser
responsaveis por mecanismos que reforcam a hipétese de que a amamentacao reduz o

risco de cancer de mama.

5.2 Artigo 2: Submetido na revistaChronobiology International.

Time-dependent immune effects by melatonin on colostral cells in -@ultured with

human breast cancer cells.

Objetivos: O objetivo deste estudo foi investigar o efeito da melatonina adsorvida em
microesferas de PEG no estressadativo e apoptose em células MN de colostro

humano cecultivadas com linhagens tumorais de cancer de mama{NCF

5.3 Artigo 3: Em elaboracéo

Modulation chemokines release in culture ofcolostral mononuclear cells and
human breast cancer cellsrifluenced by nanodoses of secretory IgA adsorbed to

PEG microspheres.

Objetivos: O objetivo deste estudo foi investigar o efeito dasaasferas de PEG com
nanodosesde SIgA adsorvido nas células mononucleatescolostrohumanas co

cultivadas com linhgenscelulares tumorais de cancer de mama (MQF
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5.1 Artigo 1; Publicado no International Journal of Advanced Engineering
Research and Science (IJAERS)
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https://dx.doi.orqg/10.22161/ijaers.5.10.2

Melatonin bioengineered: A New Possible
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Strategy for Treatment of Breast Cancer
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Abstract— Breast cancer is an important public health
problem, with an estimated 3.2 million new cases by the
year 2050. Diet plays a key role in the etiology of breast
cancer and breastfeeding is associated with a lower
incidence of breast cancer. On the other hand, the
improvement of the therapeutic properties of bioactive
compounds  through  their  incorporation  into
microcarriers is an important strategy in obtaining new
therapies, since cyclical changes in concentration are
eliminated; there is biological availability of the
compound as well as the reduction in toxicity, number
dose and suppression of adverse reactions. Studies using
hormones such as melatonin extracted from human milk
adsorbed onto polyethylene glycol (PEG) microspheres
showed that the controlled release of this compound was
able to reduce viability and induce apoptosis in MCF-7
cell lines. Colostrum differs from most of the secretions
becauseit containsviable leukocytes during the first days
of lactation with a quantity and activity comparable to
blood leukocytes, and has several defense components
such as antibodies and hormones, such as melatonin
(MLT). This review details the influence of the soluble
and cellular components present in human colostrum,
such as the MLT hormone, as the modified release
systems influence the action of MLT and the possible
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mechanisms involved that contribute to the hypothesis of
reduction of breast cancer in women who breastfed.
Keywords— colostrum, melatonin, polyethylene glycol,
breast cancer, bioengineering.

I. INTRODUCTION

Breast cancer cases have increased worldwide, and
are directly related with more life expectancy, exposure to
risk factors, and habits. Breast cancer is a multifactorial
disease with a higher incidence among women, leading to
death [1]. Cancer and chronic inflammation are closely
linked and the imbalance between reactive oxygen species
and antioxidant enzymes favors the emergence of these
diseases. Thus the control of the production of reactive
species as well as the maintenance of oxidative balance
are primordial for the control of tumor progression [2, 3].

Some factors such as healthy lifestyle and
breastfeeding are related to the prevention of breast
cancer [4]. Human colostrum differs from other secretions
by containing large quantities of viable leukocytes
comparable to those found in blood acting as anti-
mflammatory mediators. It is believed that both soluble
and cellular components interact with each other and may
be important for antitumor immunity [5,6]. Breast milk is
rich in soluble and cellular components, such as
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phagocytes, secretory IgA immunoglobulin (SIgA), and
hormones, especially melatonin (MLT) [5,7.8].

Melatonin, a hormone produced by the pineal
gland, is involved in several physiological processes,
including the functional regulation of breast milk. In milk
it is related to the anti-inflammatory effects [9] and pro-
oxidant and antioxidant effects of paramount importance
in the oxidative stress balance as a protection mechanism
[10].

Some studies have reported that the bioavailability
and biofunctional function of melatonin may be
potentiated when associated in modified release systems
[11,12]. Among these systems, polyethylene glycol
(PEG) microspheres have been considered an important
vehicle for the admmistration of various drugs, natural
products and hormones [13,14,15,16,17].

The administration of drugs adsorbed to carrier
systems such as PEG microspheres has been an
altemative treatment for various diseases [18], ncluding
breast cancer. These release systems are promising for the
release of the hormone melatonin [11], preventing it from
the degradation promoted by the metabolic enzymes
increasing their bioavailability in the organism [19]. How
much combined with the MLT has been demonstrated its
ability to reduce cell viability and induce apoptosis in
tumor cell lines from breast cancer [12,11].

The control of the process of carcinogenesis is
closely related to the control of apoptosis, since the tumor
cell is able to alter this system, favoring its proliferation
and promotion [20]. Thus, cancer treatments are directed
at inducing increased apoptosis of tumor cells [21, 22],
which may be favored by the use of immunomodulatory
agents such as MLT, for acting on immunocompetent
cells and assisting in tumor eradication.

This review details the influence of the soluble and
cellular components present in human colostrum, such as
the MLT hormone, and how they may be responsible for
mechanisms  that reinforce the hypothesis that
breastfeeding reduces the risk of breast cancer.

II. BREAST CANCER

Breast cancer is a public health problem, with
around 59,700 new cases in Brazl in the year 2018 [23].
The worldwide incidence and mortality of this disease are
highly related and it is estimated that by the year 2050
will appear about 3.2 million new cases of breast cancer
in the world. Despite technological advances, there are
still several mechanisms that must be elucidated in the
eradication of this disease that affects the world
population [24].

Breast cancer is considered a heterogeneous
disease, both morphologically and clinically, and is due to
a disordered proliferation of breast tissue cells. About
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80% of the types of breast tumors originate in the ductal
epithelium, known as invasive ductal carcimoma [25].
Invasive carcinomas are so called because they have high
metastatic potential, since carcinomas in situ have low
metastatic potential and may arise in both lobes and
mammary ducts [26]. During carcinogenesis, genetic
mutations are accumulating and the cell phenotype is
changing through malignant lesions, evolving into
mvasive cancer [27].

The structure of the breast is composed of
glandular tissues composed of the milk producing glands
and the ducts through which milk produced and stromal
tissues pass, which are fibrous and fibrous connective
tissues. In addition to these tissues the breast is also
composed of the tissue of the immune system and
lymphatic system [28]. For normal development of breast
tissue to occur, there is a need to balance cell proliferation
and apoptosis. In tumor growth, there is a reduction in
apoptosis and an increase in cell proliferation [27].

The balance between a protective cytotoxic
response and a non-protective response can be regulated
by the individual's overall immune status [29]. A major
challenge for tumor research has been the identification of
molecular and immunological changes associated with the
different stages of tumor progression, and advances in
these studies have been hampered by technical limitations
to the pre-invasive stages of tumors [30].

The study with in vitro breast cancer cells began in
1973 from isolated cells from pleural effusion of a 69-
year-old woman with metastatic disease [31]. MCF-7
cells are useful for in vitro breast cancer studies by having
several particular ideal characteristics of the mammary
epithelium, such as the ability to process estrogen in the
form of estradiol via estrogen receptors in the cell
cytoplasm. This cell line is positive for the estrogen
receptor (ER) and for the progesterone receptor and
negative for HER2. These cells are very well studied with
the immense number of protocols defined which allows
researchers to use this cell line for study pathogenesis and
in the search for treatment of breast cancer through
reliable means i vitro assays [32]. During the last
decade, several work on the mechanisms related to the
interaction between the cells of the immune system and
tumor progression. The results indicate that an immune
response to a tumor is determined by the different cell
types, such as lymphocytes, NK cells, neutrophils and
others, as well as by the interactions between hormones,
proteins and receptors present on the cell surface [33].

On the other hand, tumor cells arise from a mutation in
DNA (deoxyrbonucleic acid) that can be caused by
radiation, bacteria, fungi, viruses, chemicals, etc.
Although the components of the immune system are
present and active, cancer cells can progressively grow
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and spread, thus, the body weakened by poor diet, genetic
predisposition, advanced age and exposure is the perfect
environment for the development of cancer. In addition
the cancer cells are very similar to the own cells of the
organism, which hampers even more the response of the
immune system|[28].

Among the mutations, the most important alterations that
occur are self-sufficiency in signs of proliferation,
msensitivity to growth inhibitory signals, evasion of
apoptosis, unlimited replicative potential, sustained
angiogenesis and tissue invasion and metastasis [20].

The carcinogenesis process is directly involved with the
generation of reactive oxygen species. Oxidative stress
participates in all stages of cancer development. At
nitiation, oxidative species damage DNA by introducing
genetic mutations and structural alterations; i the
promotion, there is an increase of the mitiated cell
population, which is proliferation with consequent
decrease of apoptosis; already in progression participate
in the development of ireversible cancer growth [34].

III. BREASTFEEDING AND THE IMPORTANCE
OF BREAST CANCER PREVENTION

Breast cancer is the neoplasm most feared by
women, since its occurrence causes great psychological,
functional and social impact, acting negatively on issues
related to self-image, social interaction and the perception
of sexuality. It is considered of great importance in the
health care of women, due to the high prevalence,
morbidity and mortality [35].

The role of the immune system in cancer
prevention is complex and partially understood. It is
widely known that diet plays a fundamental role in the
etiology of cancer [33] and that breastfeeding is
associated with lower incidence of breast cancer. In this
sense, studies have tried to elucidate the effects of
lactation on breast cancer [36, 37]. There is evidence that
human milk may confer long-term benefits and an
increasing number of studies have indicated that
breastfeeding provides protection against ovarian and
breast cancer [38,39].

However, the effects of breastfeeding on the risk
of breast cancer have been difficult to study because of
the high correlation with parity [40, 41]. Reproductive
factors may induce permanent changes in the epithelium
of the mammary gland or in the surrounding stromal
tissue [42,43]. Although the mechanisms have not been
fully elucidated, the hypothesis of reducing the risk of
breast cancer through breastfeeding seems to occur
because of breast tissue differentiation or reduction in the
number of ovulatory cycles [44].

Studies have revealed that the relative risk of
having breast cancer reduces about 7,0% for each child
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bom and about 43% for every 12 months of
breastfeeding. This suggests that breastfeeding duration
mothers is crucial to ensure the immunity components
acts against the breast cancer [3745] There is still
evidence that breastfeeding protects women who have had
their children under 50 years of age [46]. Another study
reported that women who breastfed several children had
the lowest risk of developing breast cancer, and mothers
who breastfed four or more children had a 60 percent
reduction in breast cancer risk. The magnitude of the
protective effect is directly related to the time of
breastfeeding [47].

Lactating mammary glands are an integral part of
the mucosal immune system, and the antibodies and cells
present in the milk reflect the antigenic stimulation of the
Mucosa-Associated Lymphoid Tissue (MALT) in both
the intestine and the respiratory tract. The literature
reports that antibodies and human mik cells have
specificity for a variety of antigens from intestinal and
respiratory pathogens [48].

Colostrum differs from most of the secretions by
containing viable leukocytes (10° cells / ml) during the
first days of lactation [49], with amount and activity
comparable to blood leukocytes [5]. On the other hand,
other defense components present in the secretion that
may be associated with protective activity, such as
lactoferrin, analogous complexes (receptors), fatty acids
(lipids), mucins [50], cytokines and chemokines [
51,52,53,54], antibodies such as IgA [55,56], lysozymes
[52], probiotics [57], antioxidant factors [58], among
other components produced by the matemal immune
system, as well as several hormones such as to melatonin
[59, 60, 15].

The concentrations of melatonin in  human
colostrum and mature milk are similar the concentration
of this hormone in the bloodstream. Also,
immunocompetent colostrum cells can start to produce
melatonin after stimuli from injuries, such as those caused
by bacteria or fungal metabolites. Studies have shown that
lymphocytes and peritoneal macrophages from rats and
human colostrum phagocytes produce melatonin in
response to activation, and this production of melatonin in
the site activates lymphocytes and macrophages to
produce 1II-12, II-6, IFN-y which increases the
production of T lymphocytes, the presentation of antigens
and the phagocytic activity of macrophages, thus
increasing the local inflammatory aspect [61,62,63] and
this synthesis of melatonin occurs by the same enzymatic
pathway that occurs in human pinealocytes [64].

Immunocompetent breast cells remain highly
permeable after childbirth, which makes this type of cell
suitable for signaling pathways when collected in a non-
mmvasive manner, suggesting that these cells play an
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important role in the protection of the newbom in
pathological conditions these cells will be the defense of
the newbom, thus consolidating the importance of
breastfeeding [62].

IV.  MELATONIN

Melatonin is synthesized by the pineal gland
[65]. It plays an important role in circadian rhythm
control, reproduction, sleep-wake, is directly linked to the
regulation of several neuroendocrine axes, protection
against cancer and action against free radicals, acting on
cell protection [66, 67]. Studies have shown that
melatonin may increase the action of innate and acquired
immunity and  stimulate  mainly leukocytes, an
immunomodulatory  property, which represents an
important mechanism of protection for several diseases
[9, 68, 8], as well as showing remarkable functional
versatility oncotic properties, antioxidants and antiaging
[69].

The action of direct melatonin agamst free
radicals has been increasingly studied and its indirect role
as an antioxidant has been tested and the effect has been
highly effective in reducing oxidative stress in the body
when compared to the antioxidants better known as
vitamins C and E. Melatonin and its metabolites have
positive aspects that make them effective in fighting free
radicals. They easily cross the blood-brain and placental
barrier, in addition to all maternal organs which leads to
greater protection of the placenta and the fetus. Another
positive aspect of melatonin is that it can be produced in
other compartments, external to the pineal gland [66], and
it has been speculated that all cells can synthesize
melatonin, mainly in their mitochondria and this local
production has the function of protection agamst radicals
free [70].

The production of melatonin by other kinds of

cells and organs has been reported, such as the retina,
thymus, brain, intestine, bone marrow, ovary, testis,
placenta, skin and lymphocytes [71]. High concentrations
of melatonin have been found in skin keratinocytes,
suggesting that the production of melatonin outside the
pineal gland is not only related to the light / dark
circadian rthythm, but rather as an antioxidant and anti-
inflammatory agent and as a mechanism of stress
protection oxidative. This production of melatonin in
response to oxidative stress occurs in all living beings,
such as plants, unicellular beings, animals and man, and
must have been the main function of melatonin in the
primitive beings, since they did not have resources in the
fight against free radicals.

The production of melatonin by cells of the
immune system occurs by activation of pro-inflammatory
agents such as cytokines, increases the phagocytic
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capacity of macrophages and lymphocytes and induces
the synthesis of interleukin-2 (IL-2), which has autocrine
action and paracrine [69].

Melatonin acts on inflammatory processes and
allergic diseases by attenuating the activation of NF-xB,
reducing the production of TNF-u and IL-6 and
promoting the survival of mast cells via a series of
enzyme kinase activation and inhibition processes [72].

Melatonin  exerts antioxidant action, which
decreases the formation of free radicals, reducing the
number of lesions that may affect cellular DNA [73]. It
exerts an antiproliferative effect on physiological dose
dependent breast cancer MCF-7 (human breast
adenocarcinoma cell line) cells, in addition to reducing
the rates of invasive and metastatic properties of this cell
type [74]. Studies have shown that melatonin decreased
cell proliferation and increased expression of p53 and p21
proteins in MCF-7 cells, inhibiting proliferation and
inducing apoptosis. The p53 protein is an important tumor
suppressor gene and is involved in the regulation of the
cell cycle [75]. Melatonin, via activation of the melatonin
1 receptor (MT1) [76], is associated with suppression of
growth and development of breast cancer through
regulation of growth factors, regulation of gene
expression, inhibition of tumor cell mnvasion and
metastasis and by regulation of mammary gland
development [77].

V. POLYETHYLENE GLYCOL (PEG) AND
THERAPEUTIC APPLICATION IN
BIOENGINEERING

Studies aimed at reducing adverse drug effects
have been developed as novel therapeutic systems, known
as modified release systems [78, 79, 80, 81, 82, 83]. The
improvement of the therapeutic properties of bioactive
compounds through their incorporation into microcarriers
Is an important strategy in obtaining new therapies, since
cyclical changes in concentration are eliminated; there is
biological availability of the compound as well as the
reduction in toxicity, number of administered doses and
suppression of adverse reactions [84].

PEG-drug conjugates and microemulsions-drug,
are being studied as possible modified release systems for
a variety of molecules and drugs [85, 86, 87, 88, 89, 90,
91, 92, 83]. This combination has many advantages such
as prolonged residence in the organism, decreased
degradation by metabolic enzymes and reduction or
elimination of the immunogenicity of proteins [87].

Several studies have shown that the association of
PEG microspheres with molecules, hormones or proteins
increases the immunomodulatory capacity of both blood
and colostrum phagocytes and suggests that the
adsorption of these compounds to PEG microspheres has
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immunostimulatory effects and can be considered a
important material/vehicle, with potential for future
therapeutic applications in infectious diseases or tumors
[13, 15, 14, 17, 16, 93].

Studies using hormones such as melatonin and
secretory IgA antibodies extracted from human milk
adsorbed onto PEG microspheres showed that the
controlled release of this compound was able to reduce
viability and induce apoptosis in MCF-7 cell lines
[11,12]. Other herbicidal and barium chloride studies,
adsorbed to PEG microspheres on human blood
mononuclear cells co-cultured with breast cancer cell
lines (MCF-7), showed a pro-apoptotic effect in breast
cancer cells MCF-7 human [94, 95]. Immunotherapy for
tumor treatments based on cytotoxic properties of
immunocompetent cells has also been the focus of many
studies. Both T cells and phagocytic cells are considered
effectors with antitumor activity [96]. The melatonin
adsorbed to the PEG microsphere was able to increase the
functional activity of colostrum phagocytes and that this
modified hommone release system may represent an
altemative in the treatment of diseases [17].

Here we hypothesize that melatonin adsorbed on
PEG microsphere may be effective in the treatment of
breast cancer. The possible interactions between
components present in human mik and therapy of

bioengineered melatonin as a strategy for the prevention
and treatment of breast cancer are shown in figure 1.

Breastfeeding

PEG microspheres
system for melatonin
delivery
Immune Cells and

Cancer Cells h bioactive components

from colostrum

Protection against
breast cancer

Fig.1: Hypothetical model of therapy with Melatonin
bioengineered

Additionally the chronotherapy, the practice of
drug administration according to the circadian rhythm, is
intended to maximize efficacy and minimize toxicity in
the body. This approach has proven advantageous in
several diseases, such as cancer and asthma [97] and has
been an alternative of treatments based on melatonin.

www.ijaers.com

On the other hand, the expected response by
chemotherapy, radiotherapy, hormone treatments, is the
induction of apoptosis, since the balance between cell
proliferation and apoptosis is determinant for its growth
[98]. After initiation of chemotherapy, within 24 h there is
a significant increase in apoptosis in breast tumors,
associated with decreased proliferation. This response
may occur differently in the various tumor types, and at
the end of the chemotherapies there is an increase in the
levels of the anti-apoptotic Bel-2 protein, which favors
the occumrence of chemoresistant residual cells, which
may be important for tumor recurrences [99]. |.

The anti-apoptotic role in normal and pro-
apoptotic cells in cancer cells has been reported in studies
with melatonin, giving prominence to this hormone, since
conventional cancer treatments can not do this
discrimination between healthy cells and cancer cells,
placing it in a prominent position in the search for
effective treatment against various types of cancer, and
especially against breast cancer [100].

VL. CONCLUSION

Major advances in cancer therapy have been
occurring, and the study of the use of melatonin in cell
culture or in vivo oncology has shown promise. The
mechanisms of action of melatonin in reducing oxidative
stress and the activation of apoptosis in cancer cells has
put this hormone as a highlight in the adjuvant use of
cancer treatment.

And considering that the breast tissue is in
constant and direct contact with the soluble and cellular
immune components in the milk, and the numerous
immunological constituents of the breast milk, among
these high concentrations of melatonin, macrophages, it is
possible that interactions of these components, directly or
modified release systems with factors present in tumor
cells may be an alternative for tumor immunotherapy.

There is still much to study and develop to
further increase the cure rates of cancer patients, as well
as eradicate the occurrence of adverse reactions that both
discomfort and incapacitate the patient, often leading to
withdrawal of treatment. There is a need to improve the
studies around melatonin as an immunomodulatory agent
of colostrum phagocytes m the action agamnst breast
cancer cells, since these cells are present in large
quantities, mainly in women who have breastfed, which
can mcrease even more the chances of prevention against
breast cancer.
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ABSTRACT

The aim of this study wa#o investigate the effect of melatonadsorbed to PEG
microspheres duringlifferent phases of the dayhoxidative stress and apoptosis
human colostrum mononuclear (MN) cells-aatured with breast cancer tumor cells
(MCF-7). The MCF7 cells were obtained from the American Type Culture Collection,
and the MN cells were obtained from volunteer donore ddils were preincubated for
24 h with or without 100 ng.nmtmelatonin (MLT), PEG microspheres (PEG) or 100
ng.mL* MLT adsorbed to PEG microspheres (REIGT). Superoxide release,
superoxide dismutase (SODntracellular calcium release and apoptosih@MN cells,
MCF-7 cellsand coecultureswere determinedlhe MN cells and caultured cells during
the nocturnal period and the M&Fcells during the diurnal period exhibited increased
superoxide release in the presence of MG . MN cells treated wih MLT during
both periods of the day exhibited the highest SOD concentrations, whereas thé MCF
cells had high SOD levels when incubated with PEEGI during the nocturnal period.
The nocturnal period eoulture, independent of treatment, showed the higbesls of

the enzyme.The highest amount of intracellular Caelease was observed in MN cells
and MCF7 cells coecultured with PEGVILT during the nocturnal periodtrespective of
the phase of dayhé highest apoptosis index was observed icutures of cells
incubated with MLTPEG. These data suggest that melatomiified release plus
physiological melatonin produced in higher concentrations during the night can increase
the effective activity of this hormone against tumors.

Key words: Breastcaner, Immune resposnse; Melatonin; colostrum MN cells; MCF
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INTRODUCTION

Clinical and experimental evidence has supported the hypothesis that colostrum is
important in the protection against breast cancer (1, 2) and can reduce the risk of disease
in women who breastfeed (3). Colostrum contains soluble and cellular components,
such as lipids, carbohydrates, proteins, viable leukocytes (particularly macrophages) (5),
and hormones, which are important for immune defense (6, 7) and exhibit a circadian
rhythm (8).

Melatonin, one of the hormones present in milk that is produced by the pineal
gland (6, 9), in colostrum mononuclear cells (10), exhibits a pronounced circadian
rhythm, has an important role in the control of the sleage cycle, and is directly
connected to the regulation of several neuroendocrine axes (11).

Many of the benefits of melatonin and its metabolites are related to their
antioxidant, antinflammatory (12, 13) and proxidative effects 14). Oxidative stress,
chronic inflammation anadtancer are closely linked. Studies have shown the action of
melatonin against free radicals (115). It is known that oxidative stress can lead to
chronic inflammation, which in turn can mediate most chronic diseases, among them
cancer (16).

Melatonin tas antitumor effects on human MCF breast cancer cells, being able
to increase apoptosis in these cells, likely because of modifications to intracelkilar Ca
release (17). However, it known that the oral bioavailability of melatonin is less than
20% dueto extensive first pass hepatic metabolism and variable rates of absorption (18
20). Thus, PEGIrug conjugates are being used as possible modified release systems for

a variety of molecules and drugs {28).
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The administration of drugs adsorbed to PE{erospheres has been an alternative
treatment for a number of diseases (29), including breast cancer. PEG microspheres are a
promising agent for the delivery of the hormone melatonin, as they can prevent its
degradation and increase its bioavailabilitghim an organism, decrease degradation via
metabolic enzymes and reduce or eliminate the immunogenicity of proteins (23). The
PEG microspheres when combined with melatonin, has shown to reduce cell viability and
to induce apoptosis in breast cancer tuo@lines (17).

Additionally, regarding disease infections, studies have reported different effects
of melatonin depending on the phase of day (7d on the actions associated with
PEG microspheres in human colostrum phagocytes (30); despite thenaafl of this
hormone on antiumor mechanisms, the effects of interactions of colostrum MN cells
and melatonin during different phases of the day on tumor cells have not yet been
elucidated.

The action of melatonin on human cells suggests that this hermanits effects
differently depending on time. Determining the best time for the actions of this hormone
is important in order to allow adequate treatment, and this information can be the basis
of possible therapeutic techniquesdditionally, the immunoradulatory potential of
melatonin on colostrum cells in the initiation of tumor cell kiling should be considered in
order to clarify itspossible use as a treatment for breast cancer. The aim of this study
wasto investigate the effect of melatonin adsartte PEG microspheresn oxidative
stress and apoptosis in human colostrum MN cellsuttured with breast cancer tumor
cell lines (MCF7).

MATERIALS AND METHODS

Subjects
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This crosssectional study evaluated 60 mothers clinically healting had no
diagnosed diseases, such as hypertension and diabetes, and who reported not consuming
alcoholic beverages or tobaced the Municipal Hospital of Barra do Gargas, Mato
Grossostate Brazil. The volunteers signed an informed consent form before entering the
study, which was approved by the local ethics committee Araguaia (Protocol Number
CAAE: 45102815.3.0000.5587The reported experiments human are in accordance
with the ethical standards of the committee responsible for human experimentation
(institutionaland national), and with the Helsinki Declaration.

Polyethylene glycol (PEG) microsphere preparation

The microspheres were obtained from polyethylene glycol (PEG) 6000 using a
modification (28) of a previously described protocol (31). Briefly, 20 g of BEG®
was resuspended in 100 mL of a 2% sodium sulfate solution in phodntifeed saline
(PBS) and incubated at 37°C for 45 min. After incubation, the PEG microspheres were
diluted 3:1 in PBS and washed twice in PBS (500 x g, 5 min). The PEG micrespher
were resuspended in PBS. The formation of the microspheres was thermally induced by
subjecting the solution to 95°C for 5 min. For adsorption, the suspensions of PEG
microspheres in PBS were incubated with MLT (Sigma, St. Louis, USA; concentration
100 rg/mL) at 37°C for 30 minutes. After this period the PEG microspheres with
adsorbed MLT was washed twice in PBS (500 x g, 5 min). The loading efficient of
adsorption the PEG microspheres with adsorbed melatonin (MLT) were then analyzed
by fluorescence micszopy using a fluorescently labeled with a solution of Dyl
(Pierce Biotechnology, Rockford, USA; 10 pug/mL) (30).
Obtaining colostrum samples and colostrum cells separation

Colostrum from each woman was collected in sterile plastilesuThe

collection of colostrum from the lactating participants was performed following the
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protocol developed by Franca et al. (8). Two breast milk samples were collected (diurnal
and nocturnal) from each mother at 3 days postpartum (colostrum) foalaotdt20
samples.

The samples were centrifuged (160 x g, 4°C) for 10 min. Cells were separated by
a FicolltPaque gradient (Pharmacia, Upsala, Sweden). The cells were adjusted at a final
concentration of 2x1Tcells/ml.
Colostrum MN cells treatment

Colostrum MN cells (diurnal and nocturnal collection) wereipoaibated for 24
h with or without 50 pL of melatonin (MLF100 ng/mL final concentration) (7), 50 pL
of polyethylene glycol (PEG) microspheres or 50 puL of melatonin adsorbed in PEG
microspheres (PE®ILT - 100 ng/mL final concentration). Next, the cells were diluted
in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) (Sigma, St.
Louis, MO, USA), penicillin (20 U/mL) and streptomycin (20 pug/mL) (Sigma, St. Louis,
MO, USA) at37°C for 24 h in a humid atmosphere containing 5%.CO
MCEF-7 cell culture

MCF-7 human breast cancer cells were obtained from American Type Culture
Collection (ATCC, USA). The cells were maintained as monolayer cultures in 75 cm
plastic culture flasks iIRPMI 1640 medium supplemented with 10% fetal bovine serum
(FBS) (Sigma, St. Louis, MO, USA), penicillin (20 U/mL) and streptomycin (20 pg/mL)
(Sigma, St. Louis, MO, USA) at 37°C in a humid atmosphere containing 5% Tb@
cells were subcultured every 5¢ays.
MCEF-7 Cell treatment

Subconfluent (80%) monolayers of MGF cells were treated with a
concentration of trypsin (Sigma, St. Louis, USA) adjusted for Sg&lls/mL. Then, the

trypsinized cells were pyacubated for 24 h with or without 50 pL of ML{TLOO ng/mL
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final concentration), 50 puL of PEG microspheres (PEG) or 50 pL of MLT adsorbed in
PEG microspheres (PEMLT) (100 ng/mL final concentration). Next, the cells were
diluted in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS)
(Sigmag St. Louis, MO, USA), penicillin (20 U/mL) and streptomycin (20 pg/mL)
(Sigma, St. Louis, MO, USA) at 37°C for 24 h in a humid atmosphere containing 5%
CO,. The cells were cultured in two periods (diurnal and nocturnal) according to
colostrum collection.
Co-culture of MN cells and MCF-7 cells

Cell co-culture systems incorporating MN and MCFREells 6x1& cells/mL)(32)
were performized using the same protocol describe above.
Release of superoxide anion

Superoxide release was determined by cytochromeignéS ST Louis, USA)
reduction (7, 33). Briefly, MN cells, MGF cells and ceaulture were treated according
to the describe above. The suspensions were then resuspended in PBS containing 2.6
mM CaC}, 2 mM MgC}, and cytochrome C (Sigma, ST Louis, USAmMg8/mL). The
suspensions (100 e€L) were incubated for 60
rates were measured by absorbance at 550 nm, and the results were expressed as
nmol/O*. All experiments were performed in duplicate.
CuZn-superoxide dismutase determination (CuZnSOD1T E.C.1.15.1.1)

Analysis of the Cuz+8OD enzyme in culture supernatant of MN, MZRnd ce
culture was performed using the nitroblue tetrazolium (NBT) reduction method (Sigma).
The individual samples were placed in glass tubet) another tube containing a
standard solution. Each tube contained 0.5 mL of the sample, and the standard tube
contained 0.5 mL of hydralcoholic solution. Next, 0.5 mL of chloroforathanol

solution (1:1 ratio) and 0.5 mL of reactive mixture (NBT imsed by EDTA) was
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added to the tubes. The experimental and standard solutions received 2.0 mL of buffer
carbonate, and the pH was increased to 10.2 after the addition of hydroxylamine. The
tubes remained still at room temperature for 15 min and were sidrggread at 560
nm (39.
Intracellular Ca * release determination

Cells were loaded with the fluorescent radiometric calcium indicator Fluo3
acetoxymethyl (FluoAM; Sigma, St. Louis, USA). Cell suspensions were incubated
with5puLof Fluo3 (1e€g/ mL) for 30 min at 37AC. Afte
or/and MCF7 cells) were washed twice in PBS containing BSA (5mg/mL; 160 x g, 10
min, 4°C) and then analyzed by flow cytometry (FACSCalibur system; BD, San Jose,
USA). Fluo-3 wasdetected using a 530/30 nm filter for intracellula®'C@he rate of
intracellular C4' release was expressed as the geometric mean fluorescence intensity of
Fluo-3.
Apoptosis assay

Untreated cells were used as negative controls, and cells treated with
staurosporine (Sigma, St. Louis, USA) were used as positive controls. The cells (MN
cellsorfand MCH cel |l s) were resuspended in 500 €L
of annexin VFITC (Annexin \LFITC Apoptosis Detection Kit, Alexi¥, San Diego,
USA)and 5 ¢L of P and then incubated for
fluorescence of the cells was analyzed by flow cytometry (FACSCalibur system; BD, San
Jose, USA). The obtained data were analyzed using CellQuest software. The cells were
classified asdllows: viable cells (annexitPl), early apoptotic cells (anneXiRl), late
apoptotic cells (annexifPl*), and necrotic cells (annexil*).

Statistical analysis
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An analysis of variance (ANOVA) was used to evaluate superoxide release,
culture superrtant SOD levels, intracellular calcium and apoptosis index of cells (MN,
MCF-7 and MN/MCF7) in the presence or absence of PEG microspheres with adsorbed
melatonin. Statistical significance was considered when P<0.05.

RESULTS
The effect of melatonin adsorled to PEG microspheres on superoxide release

Melatonin increased the release of superoxide from colostrum phagocytes
compared to the spontaneous release. Additionally, independent of the phases of day, the
phagocytes exposed to melatonin adsorbed to PE®ospheres displayed increased
superoxide release when compared to the phagocytes exposed to the PEG microspheres
alone. Furthermore, the release of superoxide during the diurnal period decreased
significantly in the presence of PEH@LT (Figure 1A).

The M7 cells showed higher superoxide release when treated with melatonin
during both phases of day when compared to untreated cells. Superoxide release during
the nocturnal period decreased significantly in the presence of melatonin adsorbed or not
to PEG mtrospheres (Figure 1B).

Melatonin increased the release of superoxide by cells-eultore. The MN cells
in co-culture with the MCF7 cells exposed to melatonin adsorbed to PEG microspheres
during the nocturnal period displayed increased superoxideeg|Eaure 1C).

The effect of melatonin adsorbed to PEG microspheres on the superoxide
dismutase (SOD) enzyme

MN cells during both periods of the day exhibited highest SOD concentrations in
culture supernatant when the cells were treated with MLT. The BEGincreased the
SOD concentration in the culture supernatant of MN cells during the nocturnal period

and decreased the concentration during the diurnal p@radule 1).
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MCF-7 cells incubated with MLT and PERALT during the nocturnal period had
high SODconcentration, whereas during the diurnal period, the cells treated with PEG
MLT exhibited a decreased concentratidihe enzyme concentration in the culture
supernatant of the MCF treatedwith MLT or MLT adsorbed to PEG microspheres
was significantly ftgher during the nocturnal peridkdan during the diurnal period (Table
1).

During the diurnal period, MN cells and M&Fcells in ceculture showed lower
SOD levels when they were incubated with PEG microspherigher SOD
concentrations were obsedvevhen the ceculture was treated witNLT adsorbed or
not to the PEG microspheres during the nocturnal period (Tabkecddmparison of the
periods showed thahé MN cells in ceculture with the MCF7 cells, independent of
treatment, showed the highdsvels ofSOD concentration during the nocturnal period
compared to the diurnal period (Table 1).

The effect of melatonin adsorbed to PEG microspheres on intracellular Carelease
Table 2 shows the rate of intracellular’Calease in MN cells, MGF cels and
co-culture of MN and MCF/ cells. The PEG microspheres reduced the release of
intracellular C&" from the MN cells during the diurnal period. When these cells were
incubated with MLT, independent of the phases of day, they showed higher intracellula

Ca* release than the ndreated cells did. The highest intracellular’Caelease was
observed in MN cells treated with MLT during the diurnal period. The MLT adsorbed to
PEG microspheres increased intracellular*Q&lease in the MN cells during the
nocturnal period (Table 2).

MCF-7 cells exhibited low spontaneous intracellular‘Qalease. When these
cells were incubated with MLT or MLT adsorbed to PEG microspheres during the

diurnal period, they exhibited increased intracellulat* @avels (Table2).
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In co-culture, independent of the day period, the cells showed higher intracellular
Ca"* release when they were incubated with MLT adsorbed or not to PEG microspheres.
The highest intracellular awas observed during the nocturnal period when #is ¢
were treated witMLT adsorbed or not to PEG microspheres (Table 2).

The effect of melatonin adsorbed to PEG microspheres on apoptosis rates

To evaluate apoptosis induction in MN cells, MZFells and ceculture (MN
and MCF7 cells) cells were staga with annexin V and analyzed using flow cytometry
(Table 3, Figure 2 and Figure 3).

The apoptosis index of the MN cells was similar when these cells were incubated
with PEG but increased in terms of necrosis during the diurnal period. MLT and MLT
PEG, ndependent of the period of day, increased the apoptosis rates (Table 3, Figure 2
and Figure 3).A comparison of the periods showed that nocturnal MN phagocytes
treated with MLT or PEGVILT exhibiteddecreased necrosis in the MN cells (Table 3).

The apoptos rate was lower in the neneated MCF/ cells than in the treated
MCF-7 cells. The PEG microspheres increased apoptosis in-MCélls during the
diurnal period and necrosis during both periods. The apoptosis rates, independent of the
phase of day, ineased in the cells that were treated with MLT, and necrosis increased
during the diurnal period. MCGFF treated with PE@/ALT exhibited increased apoptosis
during both periods and increased necrosis during the diurnal period (Table 3)
comparison of the p®ds in regard to theontreated MCF7 showed higher apoptosis
rates during the nocturnal period than during the diurnal p€fiable 3, Figure 2 and
Figure 3). When these cells were treated with MLT adsorbed or not, they showed
decreased necrosis dugithe nocturnal period (Table 3).

In general, th@poptosis rate in theo-cultures of MN cells and MCGF cells was

increased (Figure 2 and Figure 3). During the diurnal period, tfoelloare of cells with
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MLT and PEGMLT increased the apoptosis rategidg both of the periods that were
evaluated. Irrespective of the phase of dhg, llighest apoptosis index was observed in
the cocultures of cells incubated with MEPEG microspheres. The PBE@E.T
decreased the necrosis index in thecatture of cells dung the nocturnal period (Table

3). Co-culture in the presence of MLT exhibited lower necrosis during the nocturnal
period than during the diurnal period (Table 3).

DISCUSSION

Breast milk itself undergoes chronobiological changes in cell immunity. The
conposition of breast milk represents very important environmental influences on human
health. These factors can change the progression of diseases, as well as their longevity
(35). The immune system is influenced by nutrition and some nutrients can bé direct
regulated by signaling pathways, while some dietary factors have a regulatory influence
on hormones that, in turn, modulate the immune system [B8&his study, melatonin
adsorbed to PEG microspheres exhibited-tmtior activity against MCH human
breast cancer cellgspecially when in ceulture with colostrum MN cells, and this
activity oscillated as a function of the time of day.

Progress has been made in the understanding of circadian variations and of the
cell functions (7,37). Chronotherapy am underused practice of delivering therapy at
optimal times in order to maximize efficacy and minimize toxicity; however, this
approach has been shown to be advantageous in various diseases, such as cancer (38).
Polymeric matrices associated with hormohave increased the possibility of obtaining
new drugs to activate cells and act on tumor cells. The generation of free radicals is an
important mechanism of protection for the organism (39,40).

In this work, we showed that both the release of superdwade colostrum MN

phagocytes and the SOD concentration increased during both phases of day in
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association with melatonin. The adsorption of melatonin into PEG increased superoxide
and SOD, and this effect was more evident during the nocturnal perioduhiag the

diurnal period, suggesting a balance in the mechanisms of cellular oxidative stress. It was
interesting that the MGF cells treatedavith MLT or PEGMLT exhibited an increase in
superoxide release during the diurnal period, while higher comatiems of SOD were
observed during the nocturnal period. Most likely, this imbalance in cellular oxidative
metabolism may be associated with tumor cell surv8ahilar results with other cell

lines also suggested the involvement of an oxidative imbalarieeget cells (41).

In co-culture, the cells treated with PH@LT exhibited an increase in
superoxide release and the highest levelS©OD concentration during the nocturnal
period,suggesting that the antioxidant system presents variations dependimg phase
of day and that variations in the oxidative mechanisms of colostrum MN cells remain,
and most likely, the maintenance of this oxidative balance may be auxiliary in the control
of tumor cells.

Some studies have reported that the effects oatogh administration are
different depending on whether the pineal gland is present (4&phave suggested
that the presence of a daily rhythm in terms of melatonin may affect the sensitivity of
specific target tissue to this hormone and may be nféesttige during the nocturnal
period because tissues are most sensitive to the hormone at this time (43). In this study,
we confirmed that the effects of melatonin adsorbed to PEG microsphere on oxidative
metabolism in MN cells were more evidence durirgribcturnal period.

Previous studies showed that, in MZFcell cultures, periodic exposure to
melatonin was as effective as continuous exposure in terms of antiproliferative effects,
although the amount of melatonin and the time of cell exposure to theohe were

obviously half when under pulsatile exposure (43). Here, considering the phases of day,



68

we observed that, in eculture rather than in isolated cells, the treatment of melatonin
adsorbed to PEG microspheres was capable of acting on the oxidativéar
mechanisms.

Some studies of free radical regulatory mechanisms have suggested that
superoxide dismutase plays a protective role (#Hbwever, the fact that melatonin
follows a daynight variation makes it an important immunomodulatory agerit ¢ha
improve cell activation processes. Melatonin has an influence on the activity and the
expression of superoxide dismutase, under both physiological and elevated oxidative
stress (39)and acts orscavenged free radicalgdy), suggesting thathe acions of
melatonin can be considered in support of its possible antitumoral effects.

Free radical generation has been reported to be an important mechanism for
protecting the body in various processes (46,47) and physiological signaling pathways
(48). Excessively high levels of free radicals cause damage to cellular proteins,
membrane lipids and nucleic acids (49) and increase DNA damage and ATP depletion,
leading to the induction of apoptosis (50,51).

Cancer development and progression is characterizegriamic changes in the
expression and function of protein kinases (52) or their signaling pathways, which can
lead to malignant transformation of breast cells (53). Studies have reported that a
modified release system with antibodies (54) or melatonin §d&)capable of activating
the signaling pathways involving calcium intracellular mechanisms and of inducing
apoptosis in breast cancer cells.

In this study, the intracellular calcium showed chronobiological variation in the
different cells evaluated. IMN cells, melatonin increased the intracellular calcium
during both periods. In the modified release system, this hormone was capable of

increasing the calcium during the nocturnal period. This variation was different in the
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MCF-7 cells since high levelsf intracellular calcium were observed during the diurnal
period, suggesting modified actions of melatonin on the MCeells. Melatonin
introduced to the coulture increased intracellular calcium release with a profile similar
to that of the MN cells, wibh can be interpreted as immunostimulatory action towards
immune cells in ceculture with malignant cells.

Alterations in the intracellular Gainflux in human cells may cause cellular
damage that eventually culminates in the activation of cell deallwags (55), and the
excessive release of intracellular®Chas been associated with apoptosis induction in
human cells (1754, 56). In this work, independent of the phases of day, the highest
levels of apoptosis were observed in cells in the presencelafonin adsorbed to the
PEG microsphere, and the most expressive apoptosis was observed ircthieires.

The MN cells, despite the increase in apoptosis in the presence of the treatment,
maintained viability indices regardless of the time of daycifpally above 80%.
Interestingly, during the nocturnal period, a lower index of necrosis was observed, which
may be associated with the effects of endogenous melatonin. Further studies are needed
to confirm the involvement of endogenous melatonin inptloeess of necrosis.

The role of melatonin as an antiproliferative agent in breast cancer has been
extensively studied, showing that melatonin reduces the invasive and metastatic
properties of MCF7 cells (57,58). Studies have shown that melatonin dectezsde
proliferation and increased expression of p53 and p2l1 proteins inMEHs (59)
which are proteins that are capable of inducing apoptosis (59).

The importance of the period of administration and of the use of the modified
system of melatonin fothe development of future asitimor therapies should be
considered since thBEG microsphere system increases the bioavailability of hormones

in terms of both concentration and time (17).
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In the present study, the PEG microspheres were shown to be arainbpo
melatonin vehicle that were capable of improving immune responses through the
activation of colostrum cells to act on breast tumor cells. This polymer has important
properties that modulate and prolong the action of melatonin when this drug is
adminstered orally, and it seems to be more effective during the nocturnal period,
particularly under the activation of antioxidant systems.

In conclusion, these data suggested that a melatondtified release and, most likely,
physiological melatonin produced higher concentrations during the nocturnal period
can potentialize the activity of this hormone in being more effective against tumors. In
addition, an increase in apoptosis and the imbalance in oxidative status in the cancer cells
were observed, asrasult of the immunomodulatory effect of melatonin irctdtures of
colostrum cells and human breast cancer cells. These results implied that
chronobiological variations in soluble and cellular components present in the colostrum
can act as antumor agets during different phases of the day. However, clinical tests
during the nocturnal period must be performed before application of melatonin as a
supplementary agent for therapeutic use in order to confirm the efficacy of this
treatment.
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Table 1 CuZrsuperoxide dismutase concentrations in the culture supernatants from

MN cells collected during both the diurnal and nocturnal periods, from-NVICF

incubated durig the diurnal and nocturnal periods, and frorcatiures (MN cells

and MCF=7 cells during both periods).

SOD
Phases RPMI PEG MLT PEGMLT
(1V) .
Medium
Diurnal 375+5.7 245+7.9*  41.3+4.4* 21.0+ 6.0%
MN cells . .
Nocturnal 19.5+2.17*  19.9+2.7 31.7+3.8%  26.3+3.8%
Diurnal 35.#1.8 13.9+3.8* 34.143.5 24 .5+6.3*
MCF-7 cells
Nocturnal 37.6+4.3 38.8:2.2° 45.9¢1 5% 49.0£2.5%A
Diurnal 14.0+4.1 5.1+ 1.9* 9.6+1.7 9.8+2.4
Co-culture
Nocturnal 18.45.3  24.2+2.4  28.1+2.4*  30.2+2.5%

International units (IU); RPMI1640 medium; polyethylene glycol (PEG) microsphere; melatonin

(MLT); melatonin adsorbed to the PEG microspheres REG). The results represent the

mean = SD of 10 experiments. *p<0.05: comparingtneated cells taells treated with MLT or

PEGMLT, considering the same collection period (diurnal or nocturiipgp.05: comparing

MLT and PEGMLT, considering the same collection period (diurnal or nocturri*pk)p.OS

comparing superoxide release between the diffeceliéction periods (diurnal or nocturnal),

considering the same treatment.
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Table 2 Release of intracellular Tdrom the MN cells, MCF7 cells and cecultures

(MN cells Intracellular C# release is represented by mean fluorescence intensity as

determined by flow cytometry.

Intracellular
cat Phases PBS PEG MLT PEGMLT
Diurnal 12.5+5.6 5.7+2.2* 19.5+ 1.0* 15.6+ 1.5
MN cells . .
Nocturnal 4.8+ 2.5 5.4+ 2.6 10.9+ 3.7* 16.3+ 3.1*
Diurnal 56+1.7 6.7+1.5 21.5+3.4* 27.1+8.6*
MCF-7 cells
Nocturnal 5.4+0.4 6.1+0.4 6.0 +0.8 16.1+3.1%#
Diurnal 5.3+1.3 18.6+ 1.9  21.7+4.7* 16.4+ 4,5*
Co-culture
Nocturnal 6.7+1.3 6.1+ 1.6" 16.1+ 1.4 259+ 1.4

The results represent the mean * SD of five experiments. Polyethylend @BEG)
microspheres; melatonin (MLT); melatonin adsorbed to PEG microspheresMREG Q1:
Viable cells (annexifPl); Q2 (annexityPl) and Q3 (annexitPI"): total apoptotic cells; Q4:
necrotic cells (annexifPl*).*p<0.05: treated cells compared with rpeated cells?p<0.05:
comparing the different treatments (MLT and REGEGT); Ap<0.05 comparing different
collection period (diurnal or nocturnal), considering the same treatment.
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Table 3. Apoptosis (%) and necrosis (%) of colostrum Mononuclear (MN) Cells; MCF
Cells and ceculture of colostrum MN Cells and MCF Cells in the presence of MLT

adsorbedd PEG microspheres.

Phases Viables Apoptosis Necrosis
Q1 (Q2+Q3) Q4
MN Diurnal 92.9+3.6 6.7 +3.7 0.4+0.2
Nocturnal 85.1+5.2 7.3+15 0.8+0.1
MN +PEG Diurnal 80.7+ 25 9.2+ 2.9 10.2 + 1.8*
Nocturnal 86.7 + 4.9 6.2+ 3.8 0.9 + 0.4
MN +MLT Diurnal 84.2+2.3 13.9 + 2.1* 2.0 +0.3*
Nocturnal 81.0+4.7 16.1 + 4.8* 0.6 +0.4
MN+PEG MLT Diurnal 83.1+8.9 18.9 + 7.7* 3.0 +0.9%
Nocturnal 82.0+3.8 16.5 + 2.7* 0.3+0.1
M CF-7 Diurnal 97.3+0.8 04+0.1 2.3+0.4
Nocturnal 63.5+ 6.7 153+ 0.7 24+12
MCF-7+PEG Diurnal 80.6 + 0.9 4.9 + 1.4 14.5 + 0.9
Nocturnal 57.9+ 8.9 15.8 + 3.2 6.2 £ 0.4
MCF-7+MLT Diurnal 58.8 + 3.1* 36.0 £ 2.8* 5.2 +3.2%
Nocturnal 404 + 8.8 35.1 + 9.5* 1.0 + 0.2
MCF-7+PEG MLT Diurnal 31.7 + 3.2% 57.2 + 6.4% 6.0 +1.1%
Nocturnal 51.1+598" 475+4.3 0.7 £ 0.4%
MN+ MCF-7 Diurnal 65.7+7.9 24.4+77 99+16
Nocturnal 56.7 + 10.0 209+ 4.1 45+ 20
MN+ MCF-7+PEG Diurnal 60.1+ 2.7 30.7+5.9 9.2+28
Nocturnal 52.9+D.4 18.9 + 4.0 8.2+1.6
MN+ MCF-7+MLT Diurnal 50.6+6.7 40.6 + 6.5 8.9+27
Nocturnal 56.7 £ 6.2 48.3 + 1.6* 49+08
MN+MCF-7+PEG Diurnal 33.6+ 4.7 60.7 + 3.6¥ 58+15
MLT ‘
Nocturnal 33.0 + 20.9% 62.8 + 20.7¥ 25+04"

The resultsepresent the mean = SD of five experiments. Polyethylene glycol (PEG)

microspheres; melatonin (MLT); melatonin adsorbed to PEG microspheresMPEG Q1.

Viable cells (annexifPl); Q2 (annexityPl) and Q3 (annexifPl*): total apoptotic cells; Q4:

necotic cells (annexifPI").*p<0.05: treated cells compared with Aneated cells’p<0.05:
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comparing the different treatments (MLT and REIGT); Ap<0.05 comparing different

collection period (diurnal or nocturnal), considering the same treatment.
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Figure 1.Superoxide releadeom the colostrum MN cells, MCF cells and cecultures
(colostrum MN and MCH cells). The results represent the mean = SD of 10
experiments. RPMI1640 medium; polyethylene glycol (PEG) microspherdatoma
(MLT); melatonin adsorbed to the PEG microsphere (REHQG). *p<0.05: comparing
spontaneous release from rAwmeated cells to cells treated with MLT or PBG.T,

considering the same collection period (diurnal or nocturfyaf0.05: comparing MLT



82

ard PEGMLT, considering the same collection period (diurnal or nocturﬁaﬁ0.0S
comparing superoxide release between the different collection periods (diurnal or

nocturnal), considering the same treatment
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Annexin V

Figure 2. Apoptosis in MGF human brast cancer cells in eoculture of diurnal
colostrum MN cells in the presence of PEG microsphere adsorbed with melatonin.
Modes of cell death were using flow cytometry with anexinV/PI staining. The summation
of the upperright (Q3) and loweright (Q2) quadants is presented as the percentage of
total apoptosis. The uppdaft (Q4) quadrant is the percentage of necrosis and after
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(Q1) quadrant corresponds to viable cells. Data are representative of an experiment with

the different treatments.
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Figure 3. Apoptosis in MCH human breast cancer cells in-adture of nocturnal
colostrum MN cells in the presence of PEG microsphere adsorbed with melatonin.
Modes of cell death were using flow cytometry with anexinV/PI staining. The summation
of the upperright (Q3) and loweright (Q2) quadrants is presented as the percentage of
total apoptosis. The uppéaft (Q4) quadrant is the percentage of necrosis and fter

(Q1) quadrant corresponds to viable cells. Data are representative of an experiment with

the different treatments.
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ABSTRACT

This studyinvestigated the effect of PEG microspheres with nanodoses of secretory
immunoglobulin A 8lgA) adsorbed irhuman colostral mononuclear (MN) cells-co
culturedwith breast cancer cell lines (MER. MN cells, MCF7 cells and their co
culture were préncubated for 24 h with 100 ng.miSIgA, PEG microspheres (PEG) or
100 ng.mL* SIgA adsorbed to PEG microspheres (PEIGA). Cells subsets of MN
cells, chemokinesviability, intracellular calcium release and apoptosis were determined
by flow cytometry.There wasan increase in the release of MIG, reduction e8land
MCP-1 in the coculture of cells incubated with PESIgA. The MN cells in ce
cultured with the NCF7 cells, independent of treatment, showed the higheatellular

Ca* andapoptosis index. These data suggest that the contobkeafiokines releasand
increaseintracellular C&" and apoptosis in caulture incubated of PEGIgA may be

one alternative mechanism involved in protection against the breast tumor.

Keywords: SIgA, PEG microsphere, colostruiN cells, breast cancer, MCFcells.
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BACKGROUND

Breast cancer is a heterogeneous disease encompassing raulignleups with
differing molecular signatures, prognoses, and responses to therapies. Antitumor
antibodies are promising therapeutics for cancer treatment (1)

In a recent study, it was reported that nanodoses of SIgA from the human
colostrum have antitumeeffects on human MGF breast cancer cells (ZJuman breast
milk is particularly rich in secretory IgA (SIgA) antibodies%B which play a protective
role against several diseases. The biological activity of SIgA is important because this
protein is @rt of the primary antibody class in human breast milk (4,6), lregresence
of large amounts of this protein in secreted breast milk may provide protection against

breast tumors in women who breastfed (2)

In addition to SIgA effectors, immune cells magntribute to the efficacy of the
antibody as protection against tumor growth. During the past decade, insights have been
gained regarding the mechanisms underlying the dynamic interplay between immune cells
and tumor progression (7).

Human colostrum cdains large amounts of viable leukocytes (Pxd€lls/mL in
the first days of lactation). Colostrum cells are constituted by polymorphonuclear (PMN)
cells, among them neutrophils, and mononuclear (MN) cells that are lymphocytes and
macrophages (6,8). The ajor mononuclear cells present in the colostrum are
macrophages (9). Macrophages differ from blood mononuclear phagocytes by presenting
increased motility, number of lysosomes, and SIgA on the surface and at the
endocytoplasmatic level (9,10)1having phagocytic and bactericidal activity, and

producing free radicals(4,6,11).
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Colostral macrophages may be activated by stimulatory signals generated by milk
antibodies, especially during SIgA interac
(8,12). Astudy has reported that interactions
identified as a candidate target for tumor theragyich can lead to tumor cell kiling
(13). Considering the large amount of SIgA and mononuclear cells in the colostrum,
especially macnohages that have receptors for SIgA (8), it is probable that interactions
between cells and antibodies may activate tumoricidal mechanisms and contribute to the
effects protective against breast cancer that are conferred for the mother during
breastfeeding

However, proteirbased drugs, including antibodies, are being developethand
represent an innovative therapeutieolyethylene glycol (PEG) microspheres are
polymeric particles that have the capacity to adsorb organic compounds and are
considered a njar drug carrier (14) PEG microspheres are promising because they
prevent the degradation of the substances adsorbed and increase their bioavailability in

the organism, thereby modulating the immune system (15,16).

The administration of drugs adsorbedRBG microspheres has been an alternative
treatment for a number of diseases (17), including breast cancer, the most common
cancer affecting women (18). PEG combined with colostral SIgA has been used to
reduce cell viability and induce apoptosis in breastcer tumor cell lines (MCGP) (2).

Nevertheless, no studies have linked interactions between SIgA adsorbed to PEG
microspheres and colostral mononuclear cells. Its immunomodulatory potential on
colostral cells for the initiation of tumor cell kilinghould be considered to clarify its
possible use as a therapy for breast cancer treatment. The aim of this stutty was

investigate the effect of PEG microspheres with nanodoses of SIgA adsorlibd on
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human colostral mononuclear cellscaltured with beast cancer tumor cell lines (MCF

7).

Methods

Subjects

This crosssectional study evaluated 30 mothers clinically healthy at the Health
System Program of Barrdo Garcas, Mato Grosso, Brazil. The volunteers signed an
informed consent form before ernitey the study, which was approved by the local ethics

committee Araguaia of the (Protocol NumiGAE: 45102815.3.0000.5587
Obtaining supernatants from colostrum

About 8 mL of colostrum from each woman were collected in sterile plastic tubes
between 8 and 72 hours postpartum. The samples were centrifuged (160 x g, 4°C) for
10 min, which separated colostrum into three different phases: cell pellet, an intermediate
agueous phase, and a ljmdntaining supernatant. The upper fat layer was discarded, the
aqueous supernatant stored-&i’C for obtaining purified SIgA and the reserved cells

for later analyses.
Colostral Purified SIgA

Human colostrum SIgA was purified from a defatted colostrum pool by affinity
chromatography on Cyanogen Bromifletivated ®pharoselB (CNBr-SepharoséB -
Sigma, ST Loius, USA) bound with sheep dnimanU chain as proposed by March et

al. (19). To ensure SIgA depletion, fractions eluted from the affinity chromatography
column were pooled and passed five times through tme salumn. Bound SIgA was
eluted from the column with 6N glycirieHCL buffer, pH 2.8. The purified preparations

were restored to the initial volume. The concentration of SIgA was determined by simple
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radial immunodiffusion with a sheep ahtimanU chain serum on agarose plat¢g)
Protein total concentration was available by Lowry Method. The purified SIgA
preparation was also tested by immunoelectrophoresis with goatuamino and €

chain antisera. Both IgG and IgM were undetectable in the prepardthe purified

SIgA was 4.0 g/L adjusted to a concentration of 100 ng/mL. The aliquots were stocked

at-80°C and subsequently used for experiments.
Polyethylene glycol (PEG) microsphere preparation:

The microspheres were obtained from polyethylene gh@®EG) 6000 using a
modification (15) of a previously described protocol (20). Briefly, 20 g of PEG 6000
was resuspended in 100 mL of a 2% sodium sulfate solution in phodptitsieed saline
(PBS) and incubated at 37°C for 45 min. After incubatioa, REG microspheres were
diluted 3:1 in PBS and washed twice in PBS (500 x g, 5 min). The PEG microspheres
were resuspended in PBS. The formation of the microspheres was thermally induced by
subjecting the solution to 95°C for 5 min. For adsorption, thepensions of PEG
microspheres in PBS were incubated with SIgA (Sigma, St. Louis, USA; concentration
100 ng mk1) at 37°C for 30 minutes. After this period the PEG microspheres with
adsorbed SIgA was washed twice in PBS (500 x g, 5 min). The loading ¢ffifien
adsorption the PEG microspheres with adsorbed secrotory IgA (SIgA) were verified
with fluorescently labeled overnight at room temperature with a solution of Dyt
(Pierce Biotechnology, Rockford, USA; 10 ug #) in dimethylformamide at a 100:1

molar ratio of PEG:Dylight and analyzed by fluorescence micros@py (
Separation of colostral cells.

Colostrum from each woman was collected in sterile plastic tubes. The samples were

centrifuged (160 x g, 4°C) for 10 min. @GeWere separated by a FicBlaque gradient
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(Pharmacia, Upsala, Sweden). This procedure generated 98% pure mononuclear cell
preparations as analyzed by light microscopy (21). Purified macrophages were
resuspended independently in serinee 199 medium aa final concentration of 2x£0
cells/ml.  After this period, the macrophages were washed twice and used by assay.

MN cells treatment

To explore cells subsets, cell viability (propidium iodide permeability test), apoptosis
induction (annexin V staining) dnintracellular calcium release (FhBo staining)
colostral MN cells were prscubated for 24 h with or without 50 pL of SIgA (100
ng/mL final concentration), 50 pL of polyethylene glycol (PEG) microspheres or 50 L
of SIgA adsorbed in PEG microsphere£@IgA) (100 ng/mL final concentration).
Next, the cells were diluted in RPMI 1640 medium supplemented with 10% fetal bovine
serum (FBS) (Sigma, St. Louis, MO, USA), penicillin (20 U/mL) and streptomycin (20
pMg/mL) (Sigma, St. Louis, MO, USA) at 37°C fod2h in a humid atmosphere

containing 5% C@

MCF-7 cell culture

MCF-7 human breast cancer cells were obtained from American Type Culture Collection
(ATCC, USA). The cells were maintained as monolayer cultures in 7Hlastic culture
flasks in RPMI 1640nedium supplemented with 10% fetal bovine serum (FBS) (Sigma,
St. Louis, MO, USA), penicillin (20 U/mL) and streptomycin (20 pg/mL) (Sigma, St.
Louis, MO, USA) at 37°C in a humid atmosphere containing 5%. T@e cells were
subcultured every 512 days.

MCF-7 Cell treatment

To explore cell viability (propidium iodide permeability test), apoptosis induction

(annexin V staining) and intracellular calcium release ({Bustaining), subconfluent
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(80%) monolayers of MGF cells weretreated with a cazentration of trypsin (Sigma,

St. Louis, USA) adjusted for 5xiells/mL. Then, the trypsinized cells were pre
incubated for 24 h with or without 50 pL of SIgA (100 ng/mL final concentration), 50
pL of polyethylene glycol (PEG) microspheres or 50 puL ofj/Sladsorbed in PEG
microspheres (PE®A) (100 ng/mL final concentration). Next, the cells were diluted in
RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) (Sigma, St.
Louis, MO, USA), penicillin (20 U/mL) and streptomycin (20 ug/mL) (Siga,Louis,

MO, USA) at 37°C for 24 h in a humid atmosphere containing 5% CO

Co-culture of MN cells and MG¥F cells

Cell co-culture systems incorporating MN and MCFells (5x10 cells/mL-22)

were performized using the same protocol describe above.
After this period, the cells eoultures were washed twice and used for analyzes.

Cell subsets

After the culture with the different treatment the colostrum cells #outture or
not were stained with &b of antitCD3 PerCP; amMCDA4FITC, aniCD8PE, anti
CD14FITC for 30 min at room temperature. Cells were washed and resuspended in
phosphatéuffered saline (PBS) containing bovine serum albumin (BS#&ma, ST
Louis, USA; 5mg/mL) for flow cytometry analyses. Isotypic controls (Ig&LC, IgG1-
PE both from BD Biosciences). A minimum of 10.000 cells were gated by size (FSC) and
granularity (SSC) with a flow cytometer (FACSCalibur, BD Biosciences, USA). Data

were analyzed using the Flowjo 7.2.5 software. 4.4.5.

Quantification of chemokinea supernatant of culture
Chemokines Interleukin8 (CXCL8/IL-8), chemokine ligand 5 (CCL5/RANTES),

chemokine monokine induced bynterferon (CXCLO/MIG), monocyte chemoattractant
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proteinl (CCL2/MCR1) and protein 10 (CXCL10/H20) concentrations in the
sypernatant of cultures of MN cells, MEFcells and ceculture (MN and MCF7 cells)

were measured by a cytometric bead array (CBA, BD Biosciences, USA) according to
the manufacturer procedures. A flow cytometer was used for these analyses
(FACSCalibur, BD Hosciences, USA); cytometric graphs were generated using
CellQuest (BD Biosciences, USA) software, and the data were obtained using 1.0 FCAP

Array (BD) software.
Cellular viability

After 24 h of treatment, the culture medium was removed, and the cells (MN
cells or/and MCF7 cells) were washed two times with phospHaiéfered saline (PBS).
The viability test was performed using propidium iodide fluorescence &sthgn, the
cells were stained with 10 pL of propidium iodide (PI, 1mg/mL), Tritod00 (5.8%6)
and EDTA (110 mM) and incubated for 10 min at room temperature. Unstained cells
were used as controls. The fluorescence of the cells was analyzed by flow cytometry
(FACSCalibur system; BD, San Jose, USA). The percentage of viable cells was

conversely psportional to the geometric mean fluorescence intensity of PlI.
Intracellular C&* release determination

We analyzed fluorescence staining using a FACSCalibur (BD San Jose, USA) to
assess intracellular €aelease in MN cells and/or MCF cells. Cells wee loaded with
the fluorescent radiometric calcium indicator Fleax@®toxymethyl (Fluo3M; Sigma,
St. Louis, USA). Cell suspensions were incubated with 5 pL of-Blgbe g/ mL ) f or
min at 37°C. After incubation, the MCF cells were washed twice in PBS containing
BSA (5 mg/mL; 160 x g, 10 min, 4°C) and then analyzed by flow cytometry

(FACSCalibur system; BD, San Jose, USA). Fliavas detected using a 530/30 nm

30
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filter for intracellular C&. The rate of intracellular Garelease was expressed as the
geometric mean fluorescence intensity of FBio
Apoptosis assay

Annexin V staining was used to assess apoptosis. Untreated cells were used as
negative controls, and celtseated with staurosporine (Sigma, St. Louis, US24)
which was used to induce apoptosis, were used as positive controls. The cells (MN cells
or/and MCF7 cells)wer e resuspended in 500 €L of bino
annexin VFITC (Annexin VFITC Apoptosis Detection Kit, Alexi¥, San Diego, USA)
and 5 gL of PI and then incubated for 10 mi
the cells was analyzedybllow cytometry (FACSCalibur system; BD, San Jose, USA).
The obtained data were analyzed using CellQuest software. The cells were classified as
follows: viable cells (annexitPl), early apoptotic cells (anneXiRl), late apoptotic
cells (annexit/PI*), and necrotic cells (annexial®).
Statistical analysis:

An analysis of variance (ANOVA) was used to evaluate cellular proliferation,
culture supernatant calcium levels, and the intracellular calcium and apoptosis index of
cells in the presence or absenaf PEG microspheres with adsorbed SIgA. Statistical
significance was considered when p<0.05.

RESULTS

The cells treated with SIgA and PE®3gA in co-culture with the MCF7 cells
had an increase percentage of CD3ells. There was an increase in CD8¢€lls when
these cells were eoultured with MCF7 cells and treated with PESIgA (Table 1). It
was observed that regardless of treatment or the presence of tumor cells, the highest
percentage of mononuclear cells present in the colostrum was macropivagds,

represented approximately 80% of cells expressing COkble 1).
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Chemokines (IE8, RANTES, MIG, MCP1 and IR10) were assessed in the
supernatant of the culture of MN cells-coltured or not with the MGH cells and
treated with PEESIgA (Table 2. The level of 11-8 was higher in the supernatant of the
MN cells than in the supernatant of the MN cellscottured with MCF7 cells and
lower in the ceculture treated with PEGIgA. RANTES concentrations were similar
between groups. The concentratminMIG was higher in the supernatant of the culture
of the MN cells treated with SIgA or PESIgA and cecultured with the MCF cells.
The coculture of MN cells and MCH cells increased the MGP levels, whereas the
treatment with PEESIgA decreased thichemokine. The eoulture of MN cells and
MCF-7 cells reduced the R0 concentration (Table 2).

The viability of MN cells is shown in Figure 1A. The MN cells that were not
stimulated had a higher viability. The PEG microspheres, SIgA and SIgA adsorted t

PEG microspheres did not alter cell viability.

The MCF7 cell viability index (Figure 1B) was higher in the cells without
treatment. PEG microspheres did not change cell viability. M@Ells incubated with
SIgA or SIgA adsorbed to the PEG microsmseshowed lower viability (Figure 1B).

The SIgA and SIgA adsorbed to the PEG microspheres reduced the viability of

the coculture of MN cells and MCH cells (Figure 1C).

Table 3 shows the rate of intracellular’Caelease in MN cells, MGF cells and

co-culture of MN and MCF/ cells as measured by Fi3dfluorescence intensity.

MN cells exhibited low spontaneous intracellular *Ceelease. The PEG
microspheres and SIgA did not alter intracellulaf*Qalease by the MN cells. When

these cells were inbated with SIgA adsorbed to PEG microspheres, they showed a
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higher intracellular C4 release than netreated cells and those treated with the PEG

microspheres (Table 3).

MCF-7 cells had low spontaneous intracellular“Qalease. When these cells
were ircubated with SIgA or SIgA adsorbed to PEG microspheres, they had increased

intracellular C&' levels (Table 3).

MN cells and MCF7 cells in ceculture showed higher intracellular Caelease
when they were incubated with SIgA adsorbed or not adsorb®&E® microspheres.
The highest intracellular Eawas observed when the cells were treated \BithA

adsorbed to PEG microspheres (TableFgyure 2).

To evaluate apoptosis induction in MN cells, MZFeells and ceculture (MN
and MCF7 cells), cells werestained with annexin V and analyzed by flow cytometry

(Table 4 and Figure 3).

The apoptosis index of MN cells was similar when these cells were incubated
with PEG, SIgA or SIgA adsorbed to PEG microspheres (Taligdre 3A). The PEG

increased the neasis in the MN cells (Table 4).

The apoptosis rate was lower in Avaated MCF7 cells and those incubated
with PEG. The PEG microsphere increased the necrosis in the™@&Hs. The
apoptosis and necrosis rates were higher in cells that were treate8lgA or SIgA
adsorbed to PEG microsphere (Table e highest apoptosis rates were observed in

the MCF7 cells treated witlsIgA adsorbed to PEG microspheres (Tablgure 3 B).

In general, theapoptosis rate iwo-cultures of MN cells and MGF cels was

higher The coculture of cells with PEG or SIgA increased the necrosis rdtes.
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highest apoptosis index was observed incetbures of cells incubated with SIgA

adsorbed to PEG microspheres (Tableigure 3 C)

DISCUSSION

The combination of rtibodies and polymeric matrices has been developed as an
alternative therapy for a number of diseases, including cancer. In the present study, SIgA
adsorbed to PEG microspheres exhibited strong antitumor activity agains? M@#an
breast cancer cellsspecially when in caulture with colostral MN cells.

The modified delivery system is capable of maintaining an adequate period until
the protein reaches its required site of action and then releases it in a controlled fashion
(25). PEG microspheres acy bxtending the time of the relative bioavailability of the
drug compared with that of the free drug and potentiating the pharmacological action
(17,26,27).

Mucosal immunity is of great importance as a natural barrier, and SIgA acts as
the first line of @&fense against pathogens and other potentially harmful agfntsgan
breast milk is particularly rich in secretory IgA (SIgA), and interactions of this antibody
with cells of the secretion itself are extremely important to provide protection for various
diseases (4,8,11). In this work, approximately 80% of the colostrum cells obtained were
macrophages. Several factors influence the distribution of cell types in milk. The study of
cells from milk provides a good model for cancer research (28), especialft loeancer
(7). Although macrophages represent a major component of immune infiltrate in breast
cancer and can contribute to the progression and dissemination of tumors, studies
suggest that these cells can be reprogrammed to act as a potent antitumoe immu
response (29). It should be considered that colostrum macrophages are cells that present

morphofunctional differences in relation to other types of monocytes and macrophages
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present in other tissues which can, independently of reprogramming, exexinamti
effects on the breast cancer.

Interestingly, the PESIgA could increase T cells expressing CB#en in co
culture with MCF7 cells. CD8+ T lymphocytes are an important component of the
tissue microenvironment and can recognize and eliminate lreast cells (30). Here,
the increase of CD8+ T lymphocytes by RS@A probably should be due to an
activation and proliferation of these cells. More studies should be conducted to
investigate the effects of PE&IgA on other isolated myeloid cells to darthe

antitumor mechanisms that involve the cells of the colostrum.

The diversity of the immunostimulatory molecules has been associated with
antitumor effectors (31). The chemoattractive properties of chemokines on different
leukocyte subpopulations @nits effects in the development of antitumor immune
responses have been shown (32). Chemokines are a superfamily of low molecular weight
chemotactic cytokines that present effects on cells (33). In this study, we showed that in
co-culture of MN cells andMICF-7 cells in the presence of PE®3gA, there was an
increase in the release of MIG and reduction in the concentrations8éiid MCP1.
Interestingly, in the absence of PESEgA, there was an increase in-8Land MCP1

with lower concentrations of HPO.

Antitumor activity of MIG and IP10 has been reported in various tumor models
(33,34). Evidence suggests that these chemokines are also key to tumor inhibition
mediated by other cytokines and chemokines (35,36,37). However;IV&fel 1.-8
have been ass@ted with the progression of tumors (38). In this study, we showed the
control of chemokine release in the presence of A probably can contribute to

the antitumor activity.
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On the other hand, the anticancer effects attributed to SIgA were dertgohstra
by in vitro studies of human breast cancer cell lines (2). The propidium iodide
fluorescence assay (PIA) characterizesitro growth of human tumor cell lines due to
their ability to penetrate only damaged cell membranes (23,39). Applying this method
we found that SIgA decreased human MLEell growth and that this effect was more
pronounced when these cells werecettured with colostral MN cells treated with SIgA
adsorbed to PEG microspheres. The data suggest that microspheres modify SIgA

releaseactivating the MN cells and improving its oncostatic effects.

However, he balance between a protective secretory immunity response and the
degree to which the cellular and soluble components are present in human milk should be
to promote reducing brelagancer, which depends on factors that can be regulated
systematically by an immune response (2). Studies have suggested that the low IgA
production in patients with cancer may be an additional risk factor for tumor
development (40). Due to the complicghtpathogenesis of cancer and versatile
refractory of tumor cells, combinatorial strategies are more favored in cancer therapies.
Exogenous monoclonal antibodies to neoantigens have reduced the growth of tumors by

various mechanisms, among these being aysigp(41,42).

Apoptosis is intensified in several diseases, including cancer (43,44), and is
essential in anticancer chemotherapy since it is promoted by the drugs used in this
treatment (45,46,47). Thus, tleentifying substance that potentiates apoptimscancer
cells is of great interest, especially whearching for new strategies for the prevention
and treatment of breast cancer using natural proteins with potential anticancer properties

(2), and their mechanisms of action are promising as a thé&apreast cancer (48).
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Here,SIgA from the human colostrum adsorbed to PEG microspheres stimulated
the apoptosis of MGF cells in ceculture with MN cells. The increase in apoptosis was
also accompanied by an increase in intracellular calcium ldnédsestingly, adsorption
of SIgA to the PEG microspheres was able to reduce the necrosis, suggesting that the
SIgA-PEG can modify the effects of the antibody on mechanisms of cell death both in

tumor cells and in colostrum cells.

Studies have liked the apoptosis rate that increased in MCEells with
modifications in intracellular Carelease (49,50 beingthat the control of intracellular
calcium release is essential for cellular activity tests in response to modulating agents
(51). It should be considered that there is a high concentration of phagocytes in the
secretion and that the Slggell interactions occurs via its Fc alpha receptor (CDb89
6,11); these interactions are responsible for initiating different kiling mechanisms (13
and induction of apoptosis in phagocytes (52). Further studies should be performed in
order to verify the possible involvement of the Fc alpha receptor during cell interactions
and PEGSIgA interactions.

In conclusion, the effects of nanodoses PEGA favoring the release of
chemokines with antitumor activity, reducing viability and increasing the influx of
intracellular calcium and the indices of apoptosis icaltbure of colostral MN cells and
MCF-7 may be one of the mechanisms involved in protecainst the breast tumor
and a possible therapeutic alternative for treating this disease. In addition, the interaction
of these soluble and cellular components present in colostrum may be responsible for
mechanisms that reinforce the hypothesis thatshiesding reduce the risk of breast
cancer.
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Table 1. Surface phenotypes of colostral mononuclear (MN) celicePeage of T cells
(CD3), T helper cells (CD3, T cytotoxic cells (CD8 and macrophages (CD34n the

human colostrum after 24 hours in culture.

Culture Subsets cells (%)

CD3 CD4 CD8 CDh14
MN cell 15.7+5.6 8.2+1.6 4.4+2.9 80.3+7.8
MN cell+ PEG 14.6+2.5 8.1+2.4 6.2+3.4 81.5+9.7
MN cell+MCH 14.5+2. 9.0+2.6 7.2+3.8 79.9+5.9
MN cell+MCFH+SIgA 17.5+£1.8* 7.1+3.9 6.5+2.6 82.5+8.7
MN cell+MCH+PEGSIgA 18.8+1.6* 8.3+2.7 9.3+1.2*  80.5%7.2

Notes: Polyethyleneglycol (PEG) microgheres; secretory immunoglobulin A (SIgA);
secretory immunoglobulin A adsorbed to PEG microspheres {®E&). P<0.05
betweerntreatmens (PEG, SIgA and PE&IgA) considering the same kind of subsets of

cells.
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Table 2. Chemokine concentratioms the supernatant of cultures of colostral MN cells
treated with SIgA and PEGSIgA, cocultured but not with MCH cells after 24 hours

in culture.
Culture Chemokines (pg/mL)
IL-8 RANTES MIG MCR1 IP-10

MN cell 16.7£3.2  78.5%£19.1 79.8+21.3 41.8425.4 72.8+17.8
MN cell+ PEG 16.242.9 67.6+36.24 71.7¥9.4  34.845.8 69.4+18.1
MN cell+SIgA 26.6£3.2* 43.4+6.3 66.2£9.6 46.2£25.0 101.6t52.9
MN cell+ PEGIgA 9.2+2.8 42.2+27.6  93.24£10.3 55.2+5.8 59.6+4.5
MN cell+MCH 26.4+7.4* 79.9+6.5 36.6+3.9 102.2+5.7*  46.6+18.6*
MN cell+MCH+SIgA 10.5+1.8 40.4+7.9  95.4+6.9* 36.9+10.4 48.7*18.0
MN cell+MCH+PEGSIgA 4.9+1.3* 71.3£12.0 101.9+14.4* 18.4+8.9* 62.8t8.3

Notes: The results represent the mean £ SD of six experiments. Polyethylene glycol
(PEG) microspheresecretory immunoglobulin A (SIgA); secretory immunoglobulin A
adsorbed to PEG microspheres (REIGA). *p<0.05 treated cells compared with non
treated cell§PBS); "P<0.05betweertreatmens (PEG, SIgA and PEGIgA).
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Table 3.Release of intracelar C&* by MN cells, MCF7 cells and ceultures (MN

cells and MCF7 cells) in the presence of SIgA adsorbed to PEG microspheres.

MN Phagocytes MCEF Cells Coculture
PBS 2.5:0.7 5.6+1.6 16.1+5.6'
PEG 2.9+1.2 6.51.5 13.9t5.6'
SIgA 5.7+2.2 13.9+1. %% 19.9+0.6*
PEGSIgA 15.5+2.2* 16.1+2.3* 29.5+5.8*%

Notes: Intracellular C&" release is represented by mean fluorescence intensity as
determined by flow cytometry. The results represent the mean + SD of six experiments.
Phosphate buffered salin®BS); Polyethylene glycolPEGQ microspheres; secretory
immunoglobulin A (SIgA); secretory immunoglobulin A adsorbed to PEG microspheres
(PEGSIgA). *p<0.05 treated cells compared with rioeated cells(PBS; "P<0.05
betweertreatmens (PEG, SIgA and PEGIgA); "P <0.05 comparing MN cells, MGF

cells and cecultures(MN cells and MCF7 celly.
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Table 4. Apoptosis (%) and necrosis (%)of colostral Mononuc(@diN) Cells, MCF7
Cells and ceculture of colostral MN Cells and MGF Cells in the premnce of SIgA

adsorbed to PEG microspheres.

Viables Apoptosis Necrosis
Q1 (Q2+Q3) Q4

MN 91.8:0.9 6.7+1.7 1.50.3
MN +PEG 90.0+£2.5 5.9+2.1 4.1+1.0*
MN +SIgA 89.7+0.9 7.4+ 1.3 1.9+0.1
MN+PEG SIgA 89.1+1.3 9.6+2.3 2.2+0.5
MCF-7 93.1+0.8 3.1+0.6 3.8+1.8
MCF-7+PEG 80.2+0.6* 4.9+0.5 14.5+0.7*
MCF-7+SIgA 49.48.3* 41.2+10.3* 9.1+0.9*
MCF-7+PEG SIgA 31.3+4.5%* 55.8+7.1%" 12.9+1.7*
MN+ MCF-7 69.8t9.8 24.445.2 5.8£1.2
MN+ MCF-7+PEG 62.6+3.2 20.745.5 16.7+2.3*
MN+ MCF-7+SIgA 41.3t5.9* 45.9+ 12.8* 12.8+2.8*
MN+ MCF-7+PEG SIgA 24.0+9.5% 68.5+12.5%* 7.5+1.3*

Notes: The results represent the mean £ SD of five experiments. Polyethylene glycol
(PEG) microspheres; secretory immunoglobulin A (SIgA); secretory immunoglobulin A
adsorbed to PEG micrpBeres (PEGSIgA). Q1: Viable cells (annexil); Q2
(annexif/Pl) and Q3 (annexifPl): total apoptotic cells; Q4: necrotic cells
(annexin/PI"). *p<0.05: treated cells compared with roeated cells; #p<0.05:
comparing the different treatments (PB®A with PEG microspheres)ip<0.05:
conparing the different treatments (SIgA and RE(GA)
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Figure 1. Viability Index of colostral Mononuclear (MN) Cells (A), MCKCells (B) and
MN Cells and MGF Cells (C). Cells treated with

co-culture of colostral

Polyetilenoglycol (PEG)microspheres, with secretory immunoglobulin A (SIgA) and

secretory immunoglobulin A adsorbedby thePolyethylene Glycol microspheres(PEG

SIgA). The results represent the median of the standard of six MN cells from different

individuals and six experiments thiMCF7 cells. *p<0.05 treated cells compared with

nontreated cells (PBSJP<0.05 between treatments (SIgA and PEIGA).
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Figure 2. Intracellular Carelease by MNcells, MCF7 human breast cancer cells and
Co-culture treted with SIgA adsorbed to polyethylene glycol (PEG) microspheres. Cells
were loaded with the fluorescent radiometric calcium indicator FRm&oxymethyl
(Fluo3-AMi Sigma ST Louis, USA) and €arelease was determined by an
immunofluorescence assay anomfl cytometry (FACScalibur, Becton Dickinson, USA).
Polyethylene glycol (PEG) microspheres; secretory immunoglobulin A (SIgA); secretory
immunoglobulin A adsorbed to PEG microspheres (FH@A). Flow cytometric
histogram showing the intensities of greerofescence (FL-H) on the xaxes and the

cell counts on the-gxes.
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Figure 3. PEGmicrosphereadsorbed withSIgA induces apoptosis iIMCF-7 human
breast cancer celia co-culture of colostral MN cellsModes of cell death were using
flow cytometry with anexinV/PI staining. The summation of the ugjdt (Q3) and
lower-right (Q2) quadrants is presented as the percentage of total apoptosis. The upper
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left (Q4) quadrant is e percentage of necrosis and lowedt (Q1l) quadrant
corresponds to viable cells. Data are representative of an experiment with the different
treatments.
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6. CONCLUSOES

-Nanofracdes de PESIgA foram capazes de aumentar a expressdo de células
TC8+ quando em eoultura com células MGF, o que provavelmente pode ser devido
a uma #vacao e proliferacdo dessas células.

-Na quantificagdo das quimiocinas no sobrenadante da cultura reeelque
houve aumento na liberagdo de MIG e reducao nas concentracoe8 éeMCR1 em
co-cultura de células MN e células MGFna presenca de PERgA.

-Nanofracdes d&IgA adsorvida ou nda@ microesfera de PEG foram capazes de
reduzir a viabilidade da ecultura de células M células MCF/.

-A liberacdode célciointracelulare apoptosefoi maior quando a coultura foi
incubada com SIgA adsadda a microesferas de PEG

-A melatonina adsrvida em microesferas de PEG foi capaz de aumgeatarco
cultura com as células ME7, aliberacdo de superoxido e SOD no periodo notudao
as células MCH tratadas com MLT adsorvida em microesferas de PEG mostraram
aumento de espécie reativa durante o dia e aumentdedo antioxidante drante a
noite

-A MLT foi capaz de induzir na eoultura o aumento da liberacdo de calcio
intracelular e apoptose no periodo noturno

Portantg a interacdo desses componentes sollveis e celulares presentes no
colostro pode ser responsavel por mecanismos que reforcam a hipotese de que a
amamentacao reduz o risco de cancer de mamavéariasdes cronobioldgicgsodem

atuar como agentes @nmorais durante diferentes fases do dia.

7. CONSIDERECOES FINAIS

Neste trabalhodemostramos a importancia da amamentacdo na péeveta
cancer de mama em mulheres, e comprovamos 0 guanto os constituintes do leite materno
podem influenciar na defesaontra €lulas tumorais. Assim a associacdo de
imunomoduladores sistemas de liberacdo modificada, podem representar uma valiosa

alternativa para imunoterapia em pacientes cancerde mama.
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A amamentecao traz indmeros beneficioséda m as recémnascias, por issoé
importantissimoo incentivo a pratica da amamentacdo, bem como a implantacdo de
bancos de leitpara queesse liquido tdo preciso e rico possa alcancar é@s logue ndo

tem a possibilidade deter pela amamentacéo.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto: LIBERACAO MODIFICADA DE AGENTES ATIVADORES DE CELULAS DE COLOSTRO
PARA ACAO EM CELULAS TUMORAIS DE MAMA.

Pesqusadores e instituicdes envolvidas: Profa. Dra. Adenilda Cristina Hono6rio Frahtgituto
Universitario do Araguaid Universidade Federal de Mato Grosso (UFMT). Rubian Trindade da Silva
Fernandesinstituto Universitario do AraguaiaUniversidade Fedat de Mato Grosso (UFMT).

Objetivo principal: O objetivo deste projeto € avaliar a liberagcdo modificada de agentes ativadores de
células de colostro para a¢do em células tumorais de mama.

Procedimentos: Coleta de leite humano (colostro) excedente, ce3od,g®r ordenha manual (retirada

manual do leite, através de massagem e expressao das mamas).

Possiveis riscos e desconforto: ndo ha riscos previsiveis, mas poderd haver certo desconforto, resultante
da expressdo manual das mamas, apesar destaealizadocom técnica adequada e de maneira
cuidadosa.

Beneficios previstos: Para as atuais participantes do estudo: incentivo & amamentacdo, assisténcia e
orientacbes sobre a amamentagdo e melhorar os conhecimentos sobre os mecanismos de defesa
imunoldgica presentes no leite, que sdo passados aos seus filhos durante a amamentagdo. Para as
gestantes futuras, possibilidade de novos conhecimentos sobre os beneficios do leite materno e do
processo de amamentacéao.

P , fui informada dos objetivos,
procedimentos, riscos e beneficios desta pesquisa, descritos acima. Entendo que terei garantia de
confidencialidade, ou seja, que apenas os resultados dos exarizesiosatom o leite materno seréo
divulgados e ninguém, além dos pesquisadores, tera acesso aos homes dos participantes desta pesquisa.
Entendo também, que tenho direito de receber, sempre que desejar, outras informacdes sobre o estudo,
entrando em contattom a pesquisadora

(Dra. Adenilda). Fui informada ainda, que a minha participacdo é voluntaria e que, se eu preferir ndo
participar ou deixar de participar deste estudo em qualquer momento, isso NAO influenciara no meu
atendimento junto ao Hospital. Comepndendo tudo o que me foi explicado sobre o estudo e, estando de
acordo em participar, assino embaixo.

Assinatura do participante (ou do responsavel, se menor):

Profa. Dra. Adenilda Cristina Hondrio Franca. Rodovia®®, Km 5. Barra do Garcasviato Grosso
CEP: 78606000. adenilda@ufmt.br
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0A4DOS DO PROJETO DE PESQUISA

Titulo da Pexquisa LIBERAGAD MODIFICADA DE ACERTES ATIVADORES DE CELULAY DE
COLOSTRO PARA AGAS EM CELULAS TUMORAIZ DE MAMA.

Pesquisodorn Acerida Crsdng Homono Frange

Ares Temation

Viendor 1

CAAE: 451(2815.3.0000 4%a7

Inethulgdo Propaneste: Unkerydude Foderl e Mato Grossn
Falrocinadar Principal: Financlamnts Pripan

DADOS DO PARECER

Numero do Parocer: 1 0684 820
Dats da Retatoela: 15002015

Apvesantagiio do Frojeta:

O proeso esth bem apreasntac » extd d4 biordo com a5 cunns do conid.

Clifetive du Posguisa;

O atjedve deste projto & e & IEerdi80 MosTesdn de aganke Mivadores cu chdns de Okt par
Gl om oA UON i O Muew,

Avafiagio dos Riscos v Sonelicies:

Corsdonando nua serh colatadn moraafmente o poesedenis e i materrn & rmoos s% minkmos,

Comantancs ¢ Considernpdas sebwn 3 Pesqyulsa: -

Trata-se do um crggulo que peetende anifoar alteigony lumorais e o papel dos Lomgononies imuios
FreZenton ng lete humano sobes céllis lumorals. Este 110peto 50

tema falevante, uma w2 quy poden atiar ma PrEVRnGlo o na proposiiy de nOvas larapine pove ©
Iratamerds du goenga. O pregeln 20l gratonde

Serolundar e (ows 35p0Cok reacio0ndus U8 uspusing ATRNUGGTIE DD Wik, bem oong svaby o5
SfeRun dos Compaimriien oo Kk MiwmD sobee 3 chicer

Considernsdes solice o8 Tennos de aprosestigho chelgmona:

Aenaad

Evdatops!  Foott MTW0) bov g S4cme

B3 Corgas o Miguem CE™ mumen
wWewr Natdoigie:  PONTAL OO RASLAA
Talstens: (0w gt v hpsgatall pdoatons e
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