UNIVERSIDADE ESTADUAL PAULISTA
FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA

ESTUDO COMPARATIVO DO PERFIL
IMUNOFENOTIPICO, POTENCIAL DE DIFERENCIAGAO,
CAPACIDADE DE PRODUGCAO DE CITOCINAS E
CRIOPRESERVAGAO DE CELULAS ESTROMAIS DO
ENDOMETRIO DE VACAS DURANTE O CICLO ESTRAL

CAROLINA NOGUEIRA DE MORAES MAIA

Botucatu, Sdo Paulo
Agosto, 2017



UNIVERSIDADE ESTADUAL PAULISTA
FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA

ESTUDO COMPARATIVO DO PERFIL
IMUNOFENOTIPICO, POTENCIAL DE DIFERENCIACAO,
CAPACIDADE DE PRODUGAO DE CITOCINAS E
CRIOPRESERVAGAO DE CELULAS ESTROMAIS DO
ENDOMETRIO DE VACAS DURANTE O CICLO ESTRAL

CAROLINA NOGUEIRA DE MORAES MAIA

Tese apresentada a Faculdade de Medicina
Veterinaria e Zootecnia da Universidade
Estadual Paulista “Julio de Mesquita Filho”,
Campus Botucatu, para a obtencdo do titulo de
Doutor em Biotecnologia Animal, area de
Reprodugao Animal.

Orientadora: Prof2 Dr. Eunice Oba

Botucatu, Sdo Paulo
Agosto, 2017



FICHA CATALOGRAFICA ELABORADA PELA SECAO TEC. AQUIS. TRATAMENTO DA INFORM.
DIVISAO TECNICA DE BIBLIOTECA E DOCUMENTAGAO - CAMPUS DE BOTUCATU - UNESP

BIBLIOTECARIA RESPONSAVEL: ROSEMEIRE APARECIDA VICENTE-CRB 8/5651

Maia, Carolina Nogueira de Moraes.

Estudo comparativo do perfil imunofenotipico, potencial
de diferenciacdo, capacidade de producgédo de citocinas e
criopreservacdo de células estromais do endométrio de vacas
durante o ciclo estral / Carolina Nogueira de Moraes Maia.
- Botucatu, 2017

Tese (doutorado) - Universidade Estadual Paulista "Julio
de Mesquita Filho", Faculdade de Medicina Veterindria e
Zootecnia

Orientador: Eunice Oba

Capes: 50504002

1. Bovino. 2. Ciclo estral. 3. Células-tronco. 4. Células

mesenquimais estromais - Criopreservacdo. 5. Citocinas.
6. Endométrio. 7.Utero.

Palavras-chave: LPS; Bovinos; CTMsE; Caracterizacdo; Utero.




Nome da Autora: Carolina Nogueira de Moraes Maia
Data da Defesa: 31 de agosto de 2017.

Banca Examinadora:

Profa. Tit. Eunice Oba

Presidente e Orientadora

Depto. de Reproducdo Animal e Radiologia Veterinaria
FMVZ — UNESP- Botucatu

Prof. Dr.Rogério Martins Amorim
Membro

Depto de Clinica Veterinéria
FMVZ — UNESP- Botucatu

Prof.Dra. Fernanda da Cruz Landim

Membro

Depto. de Reproducéo Animal e Radiologia Veterinaria
FMVZ — UNESP- Botucatu

Prof.Dr. Carlos Eduardo Ambrdésio

Membro

Depto. de Medicina Veterinaria

FZEA - Universidade de Sao Paulo — Sao Paulo

Prof.Dr. Armando de Mattos Carvalho

Membro

Depto. Clinica e Cirurgia Veterinarias

Escola de Veterinaria, UFMG — Belo Horizonte



DEDICATORIA

Ao Autor da Vida, sempre!



Agradecimentos

Inicialmente a Deus, por me fortalecer e me mostrar que Ele sempre
esteve, estd e estara ao lado, me iluminando e sustentando. A
jornada foi longa e ardua, mas nunca me senti so.

Agradeco meu esposo Leandro, pelo incentivo e por estar ao meu
lado em todas as etapas da minha vida. Todas as dificuldades e
vitérias que alcancamos juntos sao especiais e foram guiadas por
Deus. Te amo.

Agradeco aos meus pais Salviana e Enio por acreditarem sempre
em mim e me fazerem cada dia mais forte, mesmo sem saberem.
Mae, que este seja mais um presente de Deus na sua nova vida.

Agradeco as minhas irmés Daniela e Camila e aos meus cunhados
Jr. e Joelson pelo suporte e pela retaguarda.

Agradeco meus sobrinhos Manuela e Arthur por serem meus
amores e me encherem de alegria todos os momentos que estamos
juntos. E por me matarem de saudade todos os momentos que
estamos separados.

Agradeco aos irmdos que Deus permitiu que eu escolhesse:
Caroline Destro, Carla Queiroz, Pedro Orlandini, Marianne
Camargos, Paula Grippa pela amizade e cumplicidade.

Agradeco aos amigos que pude fazer em Barcelona durante o
doutorado sanduiche: Lia, Julia, Cris e Jeronimo. Obrigada por
fazerem deste tempo nesse lugar maravilhoso, ainda mais especial
e produtivo.

Agradeco a todos os colegas do laboratorio, em especial a
Marianne Camargos e Caroline Geraldini por estarem na retaguarda
guando precisei. Agradeco aos funcionarios do departamento de
Reproducao Animal pela amizade e conversas.

Agradeco aos professores do departamento que desde muito tempo
me acompanham, ensinam e inspiram.



Agradeco a Prof. Fernanda Landim pelo suporte e por abrir tdo
prontamente as portas do laboratério para desenvolvermos esse
experimento.

Agradeco minha orientadora Dra. Eunice Oba por acreditar no meu
trabalho e apoiar-me desde o Mestrado. Tudo foi mais leve com sua
compreensao e incentivo.

Agradeco ao convénio FAPESP/CAPESP pela bolsa de estudos
(2014/20447-2, 2015/18964-1 Fundacdo de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP) e auxilio financeiro (2015/01057-1
Fundacdo de Amparo a Pesquisa do Estado de Séo Paulo
(FAPESP).

Por fim agradeco aos animais, pecas chaves em minha vida.



Vi

“Nao fui eu que lhe ordenei? Seja forte e corajoso! Nao se apavore,
nem se desanime, pois, o Senhor, o seu Deus, estard com vocé por
onde vocé andar."

Josué 1:9



LISTA DE ABREVIACOES

CD: cluster of differentiation

CT: células - tronco

CTM: células tronco de origem mesenquimal
CTMSE: células - tronco de origem mesenquimal do tecido endometrial
DMSO: dimetilsulfoxido

IDO: indoleamina 2,3 dioxygenase

INF-y : interferon y

LPS: lipopolissacarideo

MC: meio condicionado

MIP-1a: proteina inflamatdria de macrofago 1a
MIP-1p: proteina inflamatéria de macrofago 13
MS: espectometria de massas

NO: 6xido nitrico

PCR: reacdo em cadeia da polimerase

PGE2: prostraglandina E2

SFB: soro fetal bovino

TLR: toll-like receptor

TNF-a: fator de necrose tumoral q;

TNF-3: fator de necrose tumoral 3

UFC-F: unidades formadoras de col6nias fibroblastoides

vii



LISTA DE TABELAS

CAPITULO 1

Tabela 1 —

Data before and after cryopreservation analysis on flow
cytometry using anexin V an propidium iodide (PI) from
samples of bovine endometrial mesenchymal stem/progenitor
cells from Phase Il and Phase lll. Data is presented as mean
AN SEM.. .

CAPITULO 2

Tabela 1 — Protein identified in the secretome of conditioned medium of
bovine eMSCs treated or not with LPS.............ccoiiiiiiiinn

CAPITULO 3

Tabela 1 - Sequence of primers, annelling temperature and

amplification product sizes of genes used to evaluate bovine

viii



LISTA DE QUADROS

CAPITULO 1

Quadro 1- Painel de marcadores de superficie e intracelular ja descritos
em cultivos de CTMsE em diferentes espécies por citometria
de fluXo OU PCRL...eeei e 12



Figura 1 -

Figura 2 —

LISTA DE FIGURAS

Esquema da classificacdo das CT com relacdo a origem e

potencial de diferenciacéo. Fonte: arquivo pessoal ...................

Modelo de ativacdo das MSCs por citocinas pro inflamatérias
ou por TLRs. Ativacao dos perfis anti-inflamatério (CTM 2) ou
pré-inflamatérios (CTM 1). Adaptado de Bernardo & Fibbe,
2013. INF-y: interferon y; TNF-a: fator de necrose tumoral q;
TNF-B: fator de necrose tumoral B; CTM: célula tronco
mesenquimal; TLR: toll-like receptor; NO: 6xido nitrico; IDO:
idolamina 2,3 dioxygenase; LPS: lipopolissacarideo
bacteriano; CYCL9; CXCL10; MIP-1a: proteina inflamatéria de

macrofago 1a; MIP-1: proteina inflamatéria de macréfago 1.

CAPITULO 1

Figura 1 -

Immunophenotypic analysis for the markers CD44, CD29,
vimentin, CD34, and MHC-II from samples of bovine eMSCs
from Phase Il (A, C, E, G, I) and Phase Il (B, D, F, H, J).
Representative histograms of marker CD44 from phase Il (A)
and Il (B). Representative histograms of marker CD29 from
phase Il (C) and Ill (D). Representative histograms of marker
vimentin from phase Il (E) and Ill (F). Representative
histograms of marker CD34 from phase Il (G) and Il (H).
Representative histograms of marker MCH-II from phase 1l (1)
and lll (J). Representative histograms of isotype control IgG
from phase Il (K) and Il (M). Representative histograms of
secondary control from phase Il (L) and Ill (N). Data is
presented as mean and SEM. There were no differences

between groups (P>0.05)........oiiiiiiiii e,

20



Figura 2 -

Figura 3 -

Figura 4 —

Immunohistochemistry of bovine eMSCs for characterization of
the markers CD44 (A), vimentin (B) and cytokeratin (C). The
positive staining is shown in brown. Negative control (D) by
omission of the primary antibody. Nucleus stained with
hematoxylin. Bar = 50 um (A.B.C), 100 pm (D).......cccvvvvnnnne...

Differentiation assay for adipogenic and osteogenic lineages of
bovine eMSCs. Adipogenic differentiation: Note in (A) the
presence of intracytoplasmic lipids droplets stained with Oil
red (arrow) and (B) control of differentiation. Osteogenic
differentiation: Note in large calcium deposit stained with
Alizarim Red (2%) (arrow) (C) and (D) control of differentiation.
Bar: 100 um (A, C) 200 pm (B, D)..vuvvneiiiiiiieiieeee

(A) Clonicity efficiency of bovine eMSCs. Note a formation of a

colony well defined. (B) Karyotype analysis of bovine eMSCs

CAPITULO 2

Figura 1 -

Characterization of bovine eMSCs. Bovine eMSCs on first
passage presenting fiblobastoid morfology and adherence to
plastic (A). Differentiation assay into osteogenic lineage of
bovine eMSCs in third passage (B). Note calcium deposit
stained with Alizarim (arrow). Differentiation assay into
adipogenic lineage of bovine eMSCs in third passage (C).
Note the intracytoplasmic lipids droplets stained with Oil red
(arrow). Immunohistochemistry of bovine eMSCs for CD44
(D), vimentin (E) e pancytokeratin (F). Positive staining is
observed in brown. Nucleus stained with hematoxylin. Size:
100 um (A, D, F), 200 um (B, C, E)euvvvieiiiiieeeieeeee

Xi

56

57

57



Figura2 - Representative histogram for the markers analyzed by flow
cytometry on bovine eMSCs: vimentin (A), CD29 (B), CD44
(C), CD34 (D), OCT-4 (E) and MHC-U (F)...vovvviiiiiiiieenn,

Figura 3— Venn Diagram of proteins identified with at least one peptide
sequence (False discovery rate<1%) on studied groups. TG:

treated group; CG: control group..........ccoevvvvvieeeeeeeeiicceeeen

CAPITULO 3

Figura 1 — Timeline. Endometrial mesenchymal stem cells were collected
and characterized. Cells on third passage were submitted to
guantitative reverse transcriptase—polymerase chain reaction
(QRT-PCR) and to challenge (TG) or not (CG) with bacterial
lipopolysaccharide (LPS). Conditioned medium (CM) was
collected after 2, 6, 12 and 24 for cytokine and PGE2

ANAIYSIS. et

Figura 2- Ratio of genes/lGAPDH mRNA abundance measured by
guantitative reverse transcriptase—polymerase chain reaction
analysis in bovine endometrial mesenchymal stem cells.
Results are presented as mediam with interquartile range. IL-
1a: interleukin 1a, GAPDH: glyceraldehyde-3-phosphate

dehydrogenase, PTGS2: prostaglandin-endoperoxide synthase

Figura 3 — Cytokine concentration of IFN-a (a), INF-y (b), IL-13 (c) and IL-
1a (d) on culture medium of bovine endometrial mesenchymal
stem cells challenged or not with LPS, after 2, 6, 12 and 24
hours of exposition. Asterisk (* at IL-1a) represents differences

(P< 0.05) between moments. C: control, T: treated. Results are

Xii



Figura 4 —

Figura 5-

presented as mediam with interquartile rage..........................

Cytokine concentration of IL-1F5 (a), IL-21 (b), MIP-18 (c) and
TNF-a (d) on culture medium of bovine endometrial
mesenchymal stem cells challenged or not with LPS, after 2, 6,
12 and 24 hours of exposition. Asterisk (* at TNF-a) represents
differences (P< 0.05) between groups (control x treated). C:
control, T: treated. Results are presented as mediam with

INtErquartile rage. ... ..ocveiii e

Prostaglandin Ex2 concentration on bovine endometrial
mesenchymal stem cells challenged or not with LPS culture
medium after 2 and 24 hours of exposition. Comparison was
done between moments and groups. C: control, T: treated.
Results are presented as median with interquartile range.
Asterisk (*) represents differences (P< 0.05) between groups
and different letters represents difference (P< 0.05) between

10T 1

Xiii

92



Xiv

SUMARIO
Pagina

RESUMO . ..o e e e e e ee e e eees XVi
N IS I 2 ¥ O Xviii
L INTRODUGAO. ......ooieieeeeee et en e n e 1
2 JUSTIFICATIVA e et e e e eeees 4
3 REVISAO DE LITERATURA . .....oooiiiiceeeeeeteee e 6

3.1 CEIUIAS-TIONCO ..ot 7

3.1.1 Células-tronco mesenquimais/progenitoras provenientes do

LY o (o] 40 T=] 4 o TSRS 8

3.2 Isolamento de CTMSE ........cccouiiiiiiiiie e 10

3.3 Caracterizacéo do cultivo celular de CTMSE .........cccccccceiiveeeeeeeennn. 11

3.3.1 Caracterizacao de antigenos de superficie e intracelulares de

CTMSE e 12
3.3.2 Identificacdo do potencial de diferenciacdo de CTMSE .......... 14

3.3.3 Capacidade de auto-reNOVAGED ...........cceevrieeeeerreriiiiiiiiiiiene 15

3.4 Avaliacédo cromossomica de CTMSE........cccovvveeeiiieiieeieeeeeiiiiiiens 15

3.5 Criopreservacao de CTMSE.........oooiiiiiiiii e 16

3.6 Meio condicionado de CTMs e Protedmica ..........ccccoevcevvveeeeennnnne 17

3.7 ImMunNomModulagao das CTMS .........eeeieiiiiiiieeeeeeiias e 19

4 OBUETIVOS ..o 22



4.1 ODJELIVOS GEIAIS ...coeeiiiiieiiiiit ettt

4.2 Objetivos ESPECIfiCOS ........ceeiieiiiiiiiiiiieiiieeee e
B HIPOTESES. ... oottt
6 REFERENCIAS ..ottt
CAPITULO 1

Artigo Cientifico publicado no periédico “Cell International Biology”:

Bovine endometrial cells: a source of mesenchymal stem/progenitor

CAPITULO 2

Artigo Cientifico publicado no periédico “Veterinary Immunology and
Immunopathology”: Shotgun proteomic analysis of the secretome of
bovine endometrial mesenchymal progenitor/stem cells challenged or not

with bacterial lipopolysaccharide...........cccccceiieiiiiieie e,
CAPITULO 3

Artigo Cientifico nas normas a ser submetido no periédico “Cytokine”:
Evaluation of the immunomodulatory properties of bovine endometrial

mesenchymal Stem CellS ...
CAPITULO 4
7 CONSIDERACOES GERAIS ..ottt

ANEXOS

XV

36

59



XVi

MAIA, C.N.M. Estudo comparativo do perfil imunofenotipico, potencial de
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RESUMO

As células-tronco de origem mesenquimal provenientes do tecido endometrial
(CTMSE) e seu meio condicionado (MC) apresentam propriedades
terapéuticas, e sao alternativas promissoras para estudos na medicina
veterinaria. Estudos envolvendo CTMSE e seu MC ainda sdo considerados
escassos na espécie bovina até o presente momento. Desta forma, o objetivo
deste trabalho foi avaliar o potencial de diferenciacdo, perfil imunofenatipico,
estabilidade cromossémica, eficiéncia de clonicidade, resposta a
criopreservacdo das CTMsE de bovinos coletadas em duas fases do ciclo
estral. Adicionalmente, avaliar o secretoma, producdo de citocinas e de
prostaglandina E2 (PGE2) das CTMsE estimuladas ou ndo com
lipopolissacarideo (LPS) bacteriano. Para tanto, foi colhido o utero de fémeas
higidas (Fase Il n=6/ Fase Ill n=6) para o isolamento das CTMsE por digestédo
enzimatica. CTMsE em primeira passagem foram avaliadas quanto ao numero
de cromossomos e as em segunda passagem foi conduzido o ensaio de
clonicidade. As CTMsSE em terceira passagem (P3) foram submetidas a
diferenciacdo nas linhagens adipogénica, condrogénica e osteogénica e
caracterizadas em relacao ao perfil imunofenotipico por citometria de fluxo (CF)
(vimentina, CD29, CD44, MHC-Il, CD34) e imunocitoquimica (vimentina e
CD44). Adicionalmente, as CTMsSE em P3 foram criopreservadas utilizando-se
dois meios de criopreservacdo e avaliadas por CF antes e apds a
criopreservacdo. Para avaliagdo da producgéo de citocinas, PGE:2 e andlise do
secretoma, o MC das CTMSsE foi colhido apds 2, 6, 12 e 24 horas de desafio
(grupo tratado - GT) ou ndo (grupo controle - GC) com LPS bacteriano. As
proteinas identificadas foram classificadas de acordo com 0S processos
biolégicos, funcdo molecular, componente celular e classe proteica. De acordo

com os resultados foi observado uma populacdo celular homogénea, com
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morfologia fibroblastoide e aderente ao plastico. Na analise por CF as CTMsE
expressaram elevada marcagdo para CD29, CD44 e vimentina, baixa
marcacao para CD34 e auséncia de expressao para o marcador MHC-II. Ainda,
apresentaram estabilidade cromossOmica, alta eficiéncia de clonicidade e
diferencas (P>0.05) na producéo de citocinas e PGE2 apés desafio ou ndo com
LPS. Diferencas ndo foram observadas (P>0.05) entre os meios ou fase apés o
descongelamento. Foram identificados 397 grupos de proteinas no GT e 302
no GC. Houve um enriquecimento positivo para proteinas relacionadas a
resposta antibacteriana, ativacdo dos macrofagos, atividade de hidrolase e
enzimas inibitérias no GT, e moléculas de atividade estrutural e filamentos
intermediarios no GC. Pode-se concluir que as CTMsE de bovinos apresentam
nas condi¢cdes experimentais clonicidade, multipotencialidade, estabilidade
cromossbmica e satisfatdria resposta a criopreservagédo, o que corrobora para
o estabelecimento de bancos de células para uso terapéutico ou novos estudos
in vitro. Adicionalmente, tais células respondem ao LPS na concentracdo
utilizada, por meio da producéo de citocinas, podendo este modelo ser utilizado
para avaliacdo da resposta inflamatoéria. Ainda, a secrecdo de proteinas
principalmente relacionadas ao remodelamento, resposta imune e angiogénese
fazem destas células e de seus meios, promissores para futura aplicacdo na
terapia celular.

Palavras-chave: bovinos, caracterizacdo, CTMsSE, LPS, utero
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MAIA, C.N.M. Comparative study of the immunophenotypic profile,
differentiation potential, capacity of production of cytokines and
cryopreservation of endometrial stromal cells of cattle during the
oestrous cycle. Botucatu, 2017. 150p. Thesis (Doctorate) — Faculdade de
Medicina Veterinaria e Zootecnia, Campus de Botucatu, Sdo Paulo State
University.

ABSTRACT

Mesenchymal stem cells from the endometrial tissue (MSCsE) and their
conditioned medium (CM) have important therapeutic properties and are
alternatives for studies in veterinary medicine. Studies involving MSCsE and its
CM are still considered scarce in the bovine species until now. Thus, the aim of
this study was to evaluate evaluate the potential of differentiation,
immunophenotypic profile, chromosomal stability, clonicity efficiency and
cryopreservation response of MSCsE from bovines collected in two phases of
the estrous cycle. Additionally, to evaluate the secretoma production of cytokine
and prostaglandin E2 (PGE2) of MSCsE stimulated or not with bacterial
lipopolysaccharide (LPS). For this, the uterus of healthy females (Phase Il n = 6
/ Phase Ill n = 6) was collected for isolation of MSCsE by enzymatic digestion.
MSCsE in first passage were evaluated for the number of chromosomes and
the second passage was conducted the clonicity assay. The MSCsE in third
passage (P3) were differentiated into the adipogenic, chondrogenic and
osteogenic lineages and characterized by the immunophenotypic profile by flow
cytometry (FC) (vimentin, CD29, CD44, MHC-ll, CD34) and
immunocytochemistry (vimentin, CD44). Additionally, MSCsE in P3 were
cryopreserved using two cryopreservation medium: and evaluated by FC before
and after cryopreservation. For evaluation of cytokine, PGE2 production and
analysis of the secretome, CM was collected after 2, 6, 12 and 24 hours of
challenge (treated group - TG) or not (control group - CG) with LPS. The
identified proteins were classified according to the biological processes,
molecular function, cellular component and protein class. According to the

results, was observed a homogeneous cell population, with a fibroblastoid
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morphology and adherent to the plastic. In FC analysis, the MSCSE expressed
high labeling for CD29, CD44 and vimentin, low labeling for CD34 and absence
of expression for the MHC-II marker. Still, they presented chromosomal stability,
high efficiency of clonicity and differences (P<0.05) in the production of
cytokines and PGE: after stimulus or not with LPS. Differences were not
observed (P>0.05) between the medium or phase after thawing. 397 groups of
proteins were identified in GT and 302 in CG. There was a positive enrichment
for proteins related to antibacterial response, macrophages activation,
hydrolase activity and inhibitory enzymes in TG, and structural activity
molecules and intermediate filaments in CG. It is possible to conclude that
bovine MSCsE present in the experimental conditions clonicity, multipotentiality,
chromosomal stability and satisfactory cryopreservation response, which
corroborates for the establishment of cell banks for therapeutic use or new in
vitro studies. Additionally, these cells respond to LPS at the concentration used,
by the production of cytokines, and this model can be used to evaluate the
inflammatory response.

Key words: bovines, characterization, LPS, MSCSsE, uterus
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1. INTRODUGAO

A terapia com células-tronco (CT) apresenta-se como uma pratica
crescente na medicina veterinaria. O interesse nestas células da-se devido as
suas propriedades pro-regenerativas e imunomoduladoras (PAUL; ANISIMOV,
2013). Desta forma, tais células e também o meio em que elas s&o cultivadas
tem apontado como uma alternativa promissora para a terapia, com possivel uso
em diversas enfermidades, incluindo as que atingem o sistema reprodutivo.

Os bovinos sdo considerados modelos experimentais e apresentam
varias vantagens para serem utilizados em estudos clinicos com células-tronco
de origem mesenquimal (CTMs) e extrapolagdo dos resultados na medicina
humana (BOSNAKOVSKI et al., 2004). Dentre estas a facilidade de obtencéo de
tecido para isolamento, cultivo, expansdo e caracterizacdo in vitro.
Adicionalmente, a quantidade amostral obtida em tais estudos permite o estudo
in vitro da formacao de bancos de células para utilizacao futura.

Em bovinos, ha descricdo do isolamento e cultivo de CTMs de
diversas fontes tais como do corddo umbilical (XIONG et al., 2014), sangue do
cordao umbilical (RAOUFI et al., 2011), fluido amninotico (ROSSI et al., 2014),
derme (SUN et al., 2014), medula éssea (BOSNAKOVSKI et al., 2004), tecido
adiposo (LU et al.,2014), glandula mamaria (CHOUDHARY, 2014) e tecido
endometrial (DONOFRIO et al., 2008).

O tecido endometrial € um tecido altamente regenerativo, composto
de uma porcao luminal, células epiteliais, estromais, endoteliais, fibras
musculares e leucdcitos. As CTMs endometriais (CTMsE) sado células dindmicas
com a capacidade de crescimento e diferenciacdo durante o ciclo estral e
gestacédo (DONOFRIO et al., 2008). Tais células, presentes no endomeétrio adulto
de humanos e camundongos, normalmente se diferenciam em células
endometriais estromais sob influéncia de fatores de crescimento e esteroides
ovarianos (GARGETT et al., 2008).

As CTMs apresentaram resultados favoraveis em aplicagdes em
degeneragdao endometrial em humanos (MENG et al., 2007), endometriose
(MAMBELLI et al., 2013) e fibrose (ALVARENGA et al., 2016) em equinos. Sabe-
se que em humanos, as CTMsE foram capazes de reconstruir um endométrio

funcional em modelos de xenoenxerto de endometriose em ratos (MASUDA et



al., 2007), e foram descritas em estudos com modelos de doencas metabdlicas
(SANTAMARIA et al., 2011), cardiacas (BOCKERIA et al., 2013), e neuroldgicas
(WOLLF et al., 2011) evidenciando seu potencial uso em terapias diversas.
Entretanto, apesar dos bovinos serem utilizados como modelo experimental de
afecgdes tanto in vivo quanto in vitro, ha escassez de estudos referentes a

biologia basica das CTMsE.
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2. JUSTIFICATIVA

Estudos envolvendo a terapia celular vem surgindo, com o intuito de
aumentar o conhecimento sobre o uso de CTMs de diversas fontes. Os bovinos
podem ser utilizados como modelo experimental e a utilizagdo do tecido
endometrial para isolamento e obtencdo de células estromais progenitoras
mostra-se cada vez mais promissora para aplicagao clinica e estudos in vitro.
Entretanto, apesar dos grandes avangos na medicina humana, pouco é
conhecido sobre o comportamento dessas células na espécie bovina, no que diz
respeito a caracterizacdo, composicdo do secretoma, atividade
imunomoduladora e resisténcia a criopreservacdo. Tais conhecimentos sao
importantes para a aplicacdo terapéutica especialmente em enfermidades

reprodutivas.
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3. REVISAO DE LITERATURA
3.1. Células -tronco

As CTs podem ser definidas como células indiferenciadas com
capacidade proliferativa e de autorenovagao (WAGERS; WEISSMAN, 2004).
Ademais, sdo capazes de responder a estimulos externos e dar origem a
diferentes linhagens celulares mais especializadas (PEREIRA, 2008). Também
sao responsaveis pelo crescimento, reparacdo e homeostase de diversos
tecidos, por mecanismos intrinsecos (fatores de transcricdo) e extrinsecos
(fatores de crescimento, interacéo entre as células e influéncias externas) (DU;
TAYLOR, 2010).

As CTs podem ser classificadas de acordo com a origem tecidual ou
quanto ao potencial de diferenciagdo, conforme demonstrado na Figura 1.

Classificagdo de Celula-Tronco

Quanto ao potencial de diferenciago

Multipotentes

Adulta Totipotentes || Pluripotentes

FIGURA 1: Classificagao das células-tronco com relagao a origem e potencial de

diferenciacao. Fonte: arquivo pessoal

Quanto a origem tecidual, as CTs podem ser classificadas em células
embrionarias ou adultas. A primeira é derivada da massa celular interna e tem a
habilidade de produzir as trés camadas embrionarias germinativas. Ja as adultas
encontram-se presentes em diversos tecidos e tem a capacidade de diferenciar
em pelo menos uma linhagem (Revisado por Rostamzadeh et al., 2015) e
compreendem as células de origem hematopoiéticas, mesenquimais,

epidermais, neuronais, dentre outras (AGOSTINI et al., 2013).



Quanto ao potencial de diferenciacéo, as CTs podem ser totipotentes,
pluripotentes ou multipotentes. As células totipotentes referem-se as células do
zigoto e pode dar origem a um individuo completo, incluindo seus anexos fetais.
As pluripotentes correspondem as células de origem da massa celular interna do
blastocisto e podem dar origem a quase todos os tecidos (exceto os extra-
embrionarios). As multipotentes sdo células com a capacidade de auto-
renovacdo e podem gerar células comumente com a mesma origem

embrioldgica, como as provenientes da medula 6ssea (FRIEL et al., 2005).

3.1.1 Células-tronco mesenquimais/progenitoras provenientes

do endométrio

As CTMs sao células estromais multipotentes que possuem a
capacidade de auto-renovacido e sao responsaveis pela manutencio tecidual
(GARGETT et al., 2016). Neste grupo de células estao incluidas as CTMs do
tecido endometrial (CTMSE).

Em geral, as CTMsSE apresentam-se como uma fonte de CTMs
multipotentes adultas e com capacidade regenerativa (GHOBADI et al., 2015).
Segundo a literatura as CTMs ja foram isoladas de endométrio de mulheres
(GARGETT et al., 2009, 2016), camundongos (CHAN; GARGETT, 2006), suinos
(MIERNIK; KARASINSKI, 2012), bovinos (LUPICKA et al., 2015) e ovinos
(LETOUZEY et al., 2015). Adicionalmente, estas células sdo capazes de se
diferenciarem em diversas linhagens celulares sob estimulos especificos. Frente
a estas caracteristicas, acrescidas da facil obtencédo (PAL, 2015), essa fonte é
considerada como uma nova e promissora alternativa para biologia reprodutiva
e medicina regenerativa (GHOBADI et al., 2015). Atributos estes que tem
despertado grande interesse para novas pesquisas tanto na medicina humana
quanto veterinaria.

A origem das CTs, particularmente no tecido endometrial ainda n&o é
completamente elucidada. Todavia, acredita-se que possam estar relacionadas
a trés possibilidades: 1 — podem representar o epitélio fetal e CTMs as quais
permanecem no endométrio adulto e se replicam; 2 — podem representar CTs

provenientes de uma fonte hematogénica (tal como as da medula 6ssea) que



migram para o endométrio periodicamente ou frente a uma injuria ou 3 — uma
combinagao de ambos os fatores (Revisado por Morelli et al., 2012).

Diversos estudos em humanos suportam a segunda teoria de que a
medula éssea daria origem as CTs presentes no estroma, epitélio e endotélio
endometrial, confirmados por marcadores especificos dos doadores machos,
encontrados no tecido endometrial de receptoras ratas (GARGETT et al., 2016).
Recentemente, tupicka et al. (2015) também comprovaram esta teoria em
bovinos ao evidenciarem marcagao positiva para o C-kit (marcador de célula
hematopoética) no endotélio dos vasos linfaticos e sanguineos no miométrio e
principalmente estroma uterino. Essa marcacéo e também a expressao génica
foi observada tanto em animais jovens quanto idosos, o que sugere que a
migragcado de CTs de origem medular ao utero ndo é idade dependente e ocorre
durante toda a vida.

Em humanos, ha evidéncias que as CTMsE podem ser responsaveis
pela alta capacidade de regeneragcdo do endométrio durante as fases
reprodutivas (Revisado por Gargett et al.,2009) e uma populagéo de células
progenitoras/tronco presentes na por¢ao basal do endométrio € capaz de dar
origem a um tecido endometrial funcional, com a presencga de glandulas, vasos
e estroma (MASUDA et al.,, 2010). Neste contexto, em bovinos, o tecido
endometrial também tem sido estudado como fonte de CTMs uma vez que é
altamente regenerativo e contém células indiferenciadas, com alta plasticidade,
capacidade de crescimento e diferenciagdo durante o ciclo estral e gestacéo
(DONOFRIO et al., 2008, LUPICKA et al., 2015).

A aplicagao terapéutica desta nova fonte de CTMs, ou seja, as
CTMSE, ja foi descrita em humanos em modelos de doengas cardiacas
(BOCKERIA et al., 2013), neurologicas (WOLLF et al., 2011) e metabdlicas
(SANTAMARIA et al., 2011), e s&o propostas como alternativa no tratamento de
regeneracao endometrial (MENG et al.,, 2007). Até o presente momento, os
estudos com CTMsE de bovinos estdo ainda no inicio e portanto a aplicagao

clinica desta fonte ainda nao foi relatada nesta espécie.
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3.2 Isolamento de CTMsE

O utero é composto de trés porgcdes: o perimétrio, 0 miométrio e o
endométrio. O endométrio apresenta uma parte funcional que se modifica com o
estro ou gestacdo e uma parte basal, que permanece intacta nesses eventos e
€ responsavel pela restauragdo da parte funcional (MARUYAMA et al., 2010;
PRIEDKALNS; LEISER, 2006).

Em bovinos, a principal localizacdo de CTMsE foi observada no
estroma endometrial, apesar de também ter sido identificada em populagdes
epiteliais e miometriais (LUPICKA et al., 2015).

Em animais domésticos, tais como os bovinos e suinos, as CTMsE
podem ser colhidas do utero oriundo de abatedouro (MIERNIK; KARASINSKI,
2012; DONOFRIO et al., 2008, CABEZAS et al. 2014, tUPICKA et al., 2015) ou,
como em ovinos, apos histerectomia (LETOUZEY et al., 2015). Em humanos, a
coleta pode ser realizada por histerectomia, bidépsias ou curetagem (MASUDA et
al., 2010).

Apds colheita em abatedouro, para realizagao do isolamento celular,
o utero pode ser dissecado longitudinalmente e feita a separagao do tecido
endometrial, do tecido miometrial. Apds obtencdo do tecido endometrial, o
isolamento celular € feito por digestdes enzimaticas com colagenase, DNAse,
tripsina, dispase, usadas isoladamente (MIERNIK; KARASINSKI, 2012) ou em
conjunto (DONOFRIO et al., 2008, CABEZAS et al. 2014, LtUPICKA et al., 2015).
Tal isolamento pode ser realizado com um ou dois processos de digestao, sendo
que duas digestdes visam uma melhor separacao da fragao epitelial da estromal
(FORTIER et al. 1988).

Em cultivo celular, as CTMSE de bovinos crescem em monocamadas
e apresentam morfologia fibroblastéide, além de boa aderéncia ao plastico,
capacidade de diferenciacédo e de formagédo de colonias (DONOFRIO et al.,
2008, CABEZAS et al. 2014). Tais caracteristicas de cultivo celular também sao
compartilhadas com outras espécies tais como humanos (DIMITROV et a., 2008,
MASUDA et al., 2010; GAAFAR et al., 2014) e suinos (SUBBARAO et al., 2015).

Apesar da utilizagcao de métodos de separacao das células estromais
das epiteliais, € comum que o cultivo apresente contaminagdo com células

epiteliais, que pode ser controlada com a troca de meio com 18 horas apos
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plagueamento do cultivo primario (FORTIER et al., 1988), e também da
tripsinizagao diferenciada (ANAND et al., 2012). Concomitantemente, o cultivo
tende a se purificar com a realizagdes das passagens e ficar mais homogéneo
(DIMITRQV et al., 2008).

Em humanos, acredita-se que o cultivo de toda a populagao de células
endometriais, ou seja, sem purificagdo em células estromais ou epiteliais, seja
um pré-requisito para o cultivo e ativagado da fragado de side population (com
propriedades de CT adultas). Também, que ndo apenas o contato entre as
células, mas a produgéo de algum fator secretado pela populagdo mista auxilia
no processo de crescimento (MASUDA et al.,, 2010), evidenciando que uma
pequena quantidade de células epiteliais no cultivo, assim como pode ser
observado no cultivo de bovinos, ndo € prejudicial ao crescimento e isolamento

celular.

3.3 Caracterizagao do cultivo celular de CTMsE

A Sociedade Internacional de Terapia Celular estabeleceu critérios
minimos para a caracterizacao das CTMs humanas os quais incluem: aderéncia
ao plastico e morfologia fibroblastéide em cultivo, expressao dos receptores de
superficie celular CD105, CD73 e CD90 (= 95% positivos) e auséncia de
expresséo (£ 2% positivos) dos marcadores CD14 ou CD11b, CD34, CD45,
CD79a e MHC-II, além da demonstracgao in vitro para diferenciagao osteogénica,
adipogénica e condrogénica (DOMINICI et al., 2006).

Assim como em humanos, nado ha descrito um painel especifico para
a caracterizacdo das CTMsE de bovinos. Desta forma, faz-se necessario que a
identificacdo desse tipo celular no tecido endometrial seja de acordo com as
propriedades funcionais de CTs que incluem caracteristicas relacionadas a
clonicidade, potencial de proliferacdo, capacidade de diferenciacdo em uma ou
mais linhagens (GARGETT, 2007) e também a expressdo de marcadores de

superficie de origem mesenquimal (DIMITROV et al., 2008).
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3.3.1 Caracterizagao de antigenos de superficie e

intracelulares de CTMsE

Distintos antigenos tanto de superficie quanto intracelulares ja foram
descritos na literatura para a caracterizagao de CTMsE por citometria de fluxo e
por reagcdo em cadeia da polimerase (PCR). Entretanto, ainda ha falta de um
painel de marcadores especificos para melhor caracterizagao desta populacao
celular.

Conforme pode ser evidenciado no Quadro 1, os marcadores
descritos na literatura para as CTMsE podem ser utilizados para a separagao
das porgdes celulares por sorting (LETOUZEY et al., 2015), como também para
caracterizagao das linhagens de origem mesenquimal (MORAES et al., 2016a,
MIERNIK; KARASINSKI, 2012) ou hematopoiéticas (CABEZAS et al., 2014,
MIERNIK; KARASINSKI, 2012) ou ainda para a detecgdo de células com
pluripoténcia (CABEZAS et al., 2014, LtUPICKA et al., 2015).

QUADRUO 1: Painel de marcadores de superficie e intracelular ja descritos em cultivos de CTMsE

em diferentes espécies por citometria de fluxo ou PCR. (continua)

MARCADOR | ESPECIE| TECNICA | MARCACAO AUTORES
(CD) (+ OU-)
CD34 Suinos PCR - MIERNIK e KARASINSKI, 2012
Citometria - SUBBARAO et al., 2015
Bovinos | PCR - CABEZAS et al., 2014
Citometria - MORAES et al., 2016a
CD45 Suinos PCR - MIERNIK e KARASINSKI, 2012
Citometria - SUBBARAO et al., 2015
CD9 Suinos Citometria - SUBBARAO et al., 2015
OCT-4 Suinos PCR - MIERNIK e KARASINSKI, 2012
+ SUBBARAO et al., 2015
Bovinos | PCR + CABEZAS et al., 2014
Citometria/RT- + LUPICKA et al., 2015
PCR
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QUADRUO 1: Painel de marcadores de superficie e intracelular ja descritos em cultivos de CTMsE

em diferentes espécies por citometria de fluxo ou PCR. (conclusdo).

MARCADOR | ESPECIE | TECNICA MARCAGCAO | AUTORES
(CD) (+ OU-)
CD44 Suinos PCR + MIERNIK e KARASINSKI, 2012
Citometria + SUBBARAO et al., 2015
Bovinos | Citometria + MORAES et al., 2016 a
CD144 Suinos RT-PCR + MIERNIK e KARASINSKI, 2012
CD105 Suinos RT-PCR + MIERNIK e KARASINSKI, 2012
Ovinos Citometria - LETOUZEY et al., 2015
CD271 Ovinos Citometria + LETOUZEY et al., 2015
PDGFRB Ovinos Citometria - LETOUZEY et al., 2015
CD90 Ovinos Citometria - LETOUZEY et al., 2015
Suinos Citometria + SUBBARAO et al., 2015
CD146 Ovinos Citometria - LETOUZEY et al., 2015
CD73 Ovinos Citometria - LETOUZEY et al., 2015
SOX-2 Bovinos | PCR + CABEZAS et al., 2014
Citometria + LUPICKA et al., 2015
Suinos PCR + SUBBARAO et al., 2015
NANOG Bovinos | PCR - CABEZAS et al., 2014
Citometria/PCR + LUPICKA et al., 2015
Suinos PCR + SUBBARAO et al., 2015
CD29 Suinos RT-PCR + MIERNIK e KARASINSKI, 2012
Citometria + SUBBARAO et al., 2015
Bovinos | Citometria + MORAES et al., 2016a
VIMENTINA | Bovinos | Citometria + MORAES et al., 2016a
SOX-2 Bovinos | PCR + CABEZAS et al., 2014
Citometria + LUPICKA et al., 2015
Suinos PCR + SUBBARAO et al., 2015
NANOG Bovinos | PCR - CABEZAS et al., 2014
Citometria/PCR + LUPICKA et al., 2015
Suinos PCR + SUBBARAO et al., 2015
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3.3.2 Identificagao do potencial de diferenciagcao de CTMsE

A diferenciacdo das CTMsE pode ser alcangada mediante a utilizagao
de agentes indutores no cultivo celular (DIMITROV et al., 2008), sendo a
diferenciacdo um dos critérios minimos para a caracterizagdo da linhagem
celular. A possibilidade de diferenciagdo nas tri-linhagens ja foi descrita para
bovinos (LUPICKA et al., 2015), ovinos (LETOUZEY et al., 2015), humanos
(GARGETT et al., 2009) e equinos (RINK et al., 2017). Adicionalmente, em
suinos foi possivel a diferenciagdo na linhagem adipogénica e osteogénica
(SUBBARADO et al., 2015, MIERNIK; KARASINSKI, 2012). A resposta positiva a
diferenciagao nas tri-inhagens observada em CTMsE de bovinos mostra a alta
plasticidade dessas células e a presenga de CT indiferenciadas no utero
(LUPICKA et al., 2015).

Apds a exposicdo aos agentes indutores para diferenciagéo
adipogénica, osteogénica ou condrogénica, pode ser realizada a coloragéo das
células com oil red, alizarim red ou von kossa e alcian blue, respectivamente
para avaliagao da resposta a diferenciacdo. Em células induzidas a diferenciacao
adipogénica, osteogénica ou condrogénica pode-se observar a resposta
mediante a identificacdo da presenca de goticulas de lipideos, depédsitos de
célcio e mineralizacdo da matrix extracelular (SUBBARAO et al., 2015) e
coloracdo para identificacdo de glicoproteinas e glicosaminoglicanos,
respectivamente (LUPICKA et al., 2015) além da alteragdo morfologica das
células (DONOFRIO et al., 2008).

A resposta positiva a diferenciacdo também pode ser avaliada pela
expressao de genes ou proteinas especificas como as de ligagédo de acidos
graxos, da lipoproteina lipase ou proteina ligadora dos adipécitos para a
diferenciacdo adipogénica; do gene da osteonectina, biglican ou Runx2 (Runt
relacionado ao fator de transcricdo 2) para a diferenciagdo osteogénica
(SUBBARADO et al., 2015) e dos genes do colageno (colagenos tipo I, Il ou X)
para a diferenciagdo condrogénica (MERETOJA et al., 2013).
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3.3.3 Capacidade de auto-renovagao

Outra caracteristica importante para a avaliacdo de CTMs ¢é a
capacidade de auto-renovagao que pode ser avaliada pelo ensaio de unidades
formadoras de col6nias fibroblasticas (UFC-F).

Tal ensaio consiste no plaqueamento de um numero reduzido de
células (30-105 células/ cm?) e apds determinado tempo, que pode variar de 5 a
30 dias, (CABEZAS et al., 2014; MORAES et al., 2016a) procede-se com a
coloragédo das coldnias com cristal violeta a 1% em metanol e contagem das
colonias coradas (MENSING et al., 2011). A eficiéncia de clonicidade é feita de
acordo com a seguinte férmula: (numero de colbnias/ numero de células
plagueadas) x 100 (CABEZAS et al., 2014).

A clonicidade das CTMsE ja foi avaliada e comprovada em bovinos
(MORAES, et al., 2016a), ovinos (LETOUZEY et al., 2015), humanos (CHAN et
al., 2004) e suinos (MIERNIK; KARASINSKI, 2012).

3.4 Avaliagao cromossomica de CTMsE

A avaliacdo cromossdbmica € util para o monitoramento da
estabilidade genética de CTMs ao longo dos cultivos e também para a deciséo
da utilizagdo das células futuramente (STULTZ et al., 2016) antes ou apds a
criopreservagao.

Células que ficam muito tempo em cultivo podem ter as taxas de
viabilidade reduzidas, e isso pode ser atribuido a instabilidade cromossdmica e
encurtamento do teldbmero, que culmina com a perda funcional de genes
relacionados ao desenvolvimento celular (CUNHA et al., 2014).

A analise do caridtipo ja foi realizada em CTMSsE de bovinos, que tais
células sdo cromossomicamente estaveis antes e apds a criopreservagao e,
portanto, neste contexto seguras para a aplicagao terapéutica (MORAES et al.,
2016a).
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3.5 Criopreservacao de CTMsE

A criopreservagao consiste na manutengcdo de CTMs a baixas
temperaturas (-196°C), levando a uma diminuicdo da atividade metabdlica
celular. As células criopreservadas podem ser utilizadas na medicina
regenerativa, terapia celular ou para a formagdo de bancos de células
(MARQUEZ-CURTIS et al., 2015). Apesar dos avancgos ja alcangados, pouco €
conhecido sobre a criopreservacdo de CTMsE. Desta forma, o desafio do
processo de criopreservagao continua sendo a manutencao das caracteristicas
funcionais e morfolégicas observadas nas células a fresco apos o seu
descongelamento.

Idealiza-se que as células deveriam ser criopreservadas mediante a
reducdo gradativa da temperatura objetivando minimizar a formacéo de cristais
de gelo intracelulares, uma vez que com a redugdo da temperatura a taxas
ideais, ha a formacéo de cristais de gelo extracelular que mudam a osmolaridade
do meio e levam a desidratagcao equilibrada da célula (Revisado por Marquez-
Curtis et al., 2015). O meio em que as células sao criopreservadas é composto
usualmente de um crioprotetor e aditivos, visando a redugdo dos danos
causados as células durante o processo de criopreservagao (Maia et al., 2017).
O crioprotetor mais utilizado € o dimetilsulfoxido (DMSO), entretanto apresenta
toxicidade em altas concentragbes e pode ser nocivo as CTMs (FREIMARK et
al., 2011; Revisado por Marquez-Curtis et al., 2015). O soro fetal bovino (SFB),
também é utilizado nos meios de criopreservacao, e participa da estabilizacao
da membrana celular, ajuste osmatico, protecdo contra os radicais livres de
oxigénio (Revisado por Marquez-Curtis et al., 2015) e do processo de
recristalizacdo durante o descongelamento (RENZI et al., 2012).

Meios de criopreservagao alternativos, com baixa concentracdo de
SFB ja foram descritos para criopreservagao de CTMs de equinos. Os autores
observaram que o MC (com 20% de SFB) ndo afetou as caracteristicas
bioldgicas das CTMs ap0s criopreservagao (MAIA et al., 2017), confirmando a
importancia da composicdo do meio de criopreservagao para o crescimento

celular apés descongelamento e plaqgueamento (RENZI et al., 2012).
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3.6 Meio condicionado de CTMs e ProteGmica

O meio condicionado (MC) refere-se ao meio em que as CTMs foram
cultivadas em condigdes normais ou em situagao de desafios (baixa tensao de
oxigénio, privacdo de SFB). Estudos tem focado na aplicagdo clinica do MC
devido a presenga de fatores soluveis (fatores de crescimentos, inibidores de
proteases) e/ou vesiculas extracelulares em sua composicdo que foram
secretados pelas células que apresentam propriedades terapéuticas.

As CTMs liberam fatores autdcrino e paracrinos, conhecido como
secretoma (SKALNIKOVA, 2013), o qual é considerado por alguns autores como
0 mais importante auxiliador dos efeitos reparativos direcionados as CTMs
(PAUL; ANISIMOV, 2013). Tais fatores bioativos séo liberados na forma soluvel
ou em vesiculas extracelulares, os quais participam da modulagcido da resposta
imune mediada pelas CTMs, (LAVOIE; ROSU-MYLES, 2013) auxiliando na
reparagao tecidual (MAUMUS et al., 2013).

As proteinas estao envolvidas em diversos processos nos organismos
vivos e possui um complexo mecanismo estrutural, de interagdes, dindmica em
concentragdo, degradagao e/ou modificacbes que participam diretamente nos
sistemas biolégicos (MALMSTROM et al.,, 2007). As proteinas apresentam
diversas caracteristicas que ndo sao previsiveis a partir de sequéncias génicas
ou niveis de transcrigdo, como por exemplo, as mudangas pés-transducgao, as
interacdes proteinas-proteinas e localizagbes subcelulares que afetam a funcao
e atividade das proteinas (SUNG -MIN et al., 2010).

A protedbmica pode ser definida como a técnica que avalia a proteina
e seus sistemas de fungdes bioldgicos, considerando sua identificagcéo,
caracterizagdo e quantificagdo em distintas amostras biolégicas como 6rgaos,
tecidos, fluidos biolégicos, células (MALMSTROM et al., 2007) e o MC.

O proteoma pode ser definido como o conjunto de proteinas
expressas em uma célula, tecido ou fluidos em determinado momento (HEIN et
al., 2013), caracterizado em termos de quantidade, modificagdes pos-
transducionais, interagcdes e renovacado. Esta analise permite a deteccéo de
proteinas que sofrem modificagbes pos-tranducionais, tais como a maturagao
proteolitica, glicosilagdo ou fosforilagao, todos esses processos que nao podem

ser observados em estudos gendmicos. Isto é particularmente relevante, uma
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vez que as vias de sinalizacao e de fosforilagado de fatores de transcricdo estao
provavelmente envolvidas na auto-renovagao e capacidade regenerativa das
CTMs (ROCHE et al., 2006).

Para a identificagdo das proteinas presentes no secretoma, pode-se
utilizar técnicas imunobiodlogicas tais como ensaio imunoenzimatico (ELISA),
Western bloting ou RT-PCR (SKALNIKOVA, 2013) os quais identificam proteinas
especificas e com fungdes biolégicas conhecidas. A variagao existente entre os
resultados do secretoma de CTMS com estas técnicas é derivado da
sensibilidade dos ensaios, meio de cultivo utilizado e origem das CTMs (LAVOIE;
ROSU-MYLES, 2013).

Adicionalmente, as proteinas podem também ser analisadas de uma
maneira mais global utilizando a espectrometria de massas acoplada a
cromatografia liquida utilizando, por exemplo, a estratégia shotgun. Dessa forma,
as amostras podem ser previamente digeridas e os peptideos identificados e
analisados qualitativamente e/ou quantitativamente (PALOMARES, 2014,
SKALNIKOVA, 2013).

Nos ultimos anos, na maioria das abordagens em protedmica clinica,
a espectrometria de massa (MS) tem sido utilizada também para quantificar as
proteinas presentes em amostras biolégicas que estejam sob investigacao.
Recentemente a MS foi submetida a varios avangos técnicos em termos de
sensibilidade e precisdo, ampliando o numero de diferentes abordagens que
podem ser adotadas em estudos de proteémica (CAMERINIA & MAURIB, 2015).

O conhecimento da composi¢ao do secretoma de CTMs de diversas
fontes é importante para o direcionamento das terapias com CTMs ou com seu
MC e para avaliagdo do estudo do perfil proteico global, dos processos de
proliferacdo, diferenciagdo, maturacao e dos fatores paracrinos e autécrinos
(STASTNA et al., 2009; BAIL, et al., 2012). O beneficio da utilizagdo do MC
terapeuticamente ja foi demonstrado em modelo experimental de esclerose
multipla, mostrando-se ser eficiente na recuperagao dos modelos animais (BAIL,
et al., 2012) e até apresentou efeitos similares ao tratamento com a propria CTM
(SHIMOJIMA, et al., 2016). Também, o uso do MC apresentou efeitos positivos
sobre a modulagéo de genes relacionados a inflamagao em modelo experimental
de inflamagao uterina em éguas (LANGE-CONSIGLIO et al. 2015), além de
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melhorar a taxa de proliferagéo de células endometriais em cultivo (CORRADETI
et al., 2014).

3.7 Imunomodulac¢ao pelas CTMs

As CTMs exercem um grande papel de imunomodulagdo em
diferentes tipos de células tais como em neutrdfilos, mondcitos, basodfilos, células
T e B. Embora tal processo ainda ndo seja completamente elucidado, sabe-se
que tais efeitos se dao pela interacdo de contato entre células e também da
secrecéo de fatores biologicamente ativos, fatores de crescimento, e citocinas
(KYURKCHIEV et al., 2014).

As citocinas sao pequenas proteinas secretada por diversas células,
com efeito na comunicacgao e interacao entre as células. Podem ser produzidas
por linfécitos (linfocinas), mondcitos (monicinas) e leucocitos (interleucinas-
apresentando atividade em outro linfécito) e apresentarem atividade
quimiotaticas (quimiocinas), na prépria célula secretora (atividade autdcrina), em
células adjacentes (atividade paracrina) ou em células distantes (atividade
endodcrina) (ZHANG & AN, 2007). A definigdo das citocinas como pro ou anti-
inflamatdria ainda é controversa, uma vez que acredita-se que nao exista uma
unica citocinas que esteja exclusivamente em wuma Unica categoria
(KYURKCHIEV et al.,, 2014). Elas podem ser ativadas por diversas outras
citocinas e terem funcgdes similares (ZHANG & AN, 2007).

Hoje é de conhecimento que os diferentes efeitos terapéuticos das
CTMs sao dependentes do microambiente em que estdo, demonstrando que
essas células ndao sao espontaneamente imunossupressoras, necessitando de
um estimulo para desencadear sua resposta que envolve uma complexa
interacdo de diversos fatores (ABUMAREE et al., 2012).

Para exercerem seu papel, as CTMs podem ser ativadas por citocinas
pro-inflamatérias (tais como TNF-a e INF-y) ou pela ligacdo aos Toll-like
Receptors (TLR) 3 ou 4, de produtos endogenos ou de patogenos (BERNARDO
& FIBBE, 2013; ZACHAR et al., 2016). Apos estimulo, as CTMs podem adquirir
um fendtipo anti-inflamatério ou pro-inflamatério, e interagir com as células do
sistema imune inato e adaptativo, produzindo moléculas imunossupressoras
(Figura 2) (BERNARDO & FIBBE, 2013).
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FIGURA 2: Modelo de ativacdo das MSCs por citocinas pro

inflamatorias ou por TLRs. Ativagao dos perfis anti-inflamatoério (CTM
2) ou pro-inflamatorios (CTM 1). Adaptado de Bernardo & Fibbe, 2013.

INF-y: interferon y; TNF-a: fator de necrose tumoral a; TNF-(3: fator de

necrose tumoral 3; CTM: célula tronco mesenquimal; TLR: toll-like

receptor; NO: oxido nitrico; IDO: indoleamina 2,3 dioxygenase; LPS:

lipopolissacarideo bacteriano; CYCL9; CXCL10; MIP-1a: proteina

inflamatoéria de macréfago 1a; MIP-1B: proteina inflamatéria de

macrofago 18.

Os fatores soluveis tais como prostaglandina E2 (PGE2), IL-10 e fator

estimulador de colénias de macrofagos (M-CFS) sédo alguns dos responsaveis

pelos efeitos immunomodulatérios das CTMs, agindo na inibigao da proliferagcao

de linfocitos, diferenciagdo de mondcitos em macrofagos e nas células

dendritica. Tal secregao € iniciada apds estimulo das células com fatores pro-

inflamatdrio, ou lipopolissacarideo bacteriano (ABUMAREE et al., 2012). A
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PGE2, € uma molécula imunossupressora, secretada apds estimulo e exerce sua
funcdo mediando a supresséo de linfocitos T, NK e macrofagos pelas CTMs
(ABUMAREE et al., 2012). Aparentemente € o primeiro mediador responsavel
pela inibicdo da proliferagcado de células de defesa pelas CTMs (CARRADE &
BORJESSON, 2013).

Frente a uma injuria tecidual, ha a mobilizagdo de células imunes,
fibroblastos, células endoteliais e fatores biolégico (citocinas, quimiocinas e
fatores pré-inflamatérios) que entram em agéo para a reparagao e alcance da
homeostase tecidual (SHI et al., 2012). Neste cenario, as CTMs sdo capazes de
migrar ao sitio da lesao, se diferenciar em multiplos tipos celulares, secretar
citocinas e participar do processo de reparagao e regeneracao tecidual (CHEN
et al., 2009).
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4. OBJETIVOS

4.1 Objetivo Geral

Isolar, cultivar, caracterizar e comparar amostras de células-tronco de
origem mesenquimal obtidas a partir do tecido endometrial de vacas com corpos
luteos nas fases Il e lll do ciclo estral. Também, comparar dois meios de
criopreservacgao de células-tronco de origem mesenquimal do tecido endometrial
(CTMsE) de bovinos com a finalidade do futuro desenvolvimento de bancos de
células para estudo in vitro e aplicacao terapéutica. Adicionalmente, estudar a
producao de citocinas e o secretoma das células estromais estimuladas ou nao

com lipopolissacarideo bacteriano (LPS).

4.2 Objetivos Especificos

- Avaliar e comparar o padrdao de isolamento e cultivo de células-
tronco de origem mesenquimal do tecido endometrial de bovinos (uteros com

ovarios com corpo luteo nas fases Il e lll).

- Avaliar e comparar a caracterizagao, capacidade de formacao de
colénias fibroblasticas, expressdo de marcadores de superficie celular e
intracelular (utilizando as técnicas de citometria de fluxo, imunocitoquimica e
PCR), analise do caridtipo e potencial de diferenciagdo nas linhagens
mesodermais das células-tronco de origem mesenquimal do tecido endometrial

de bovinos (uteros com ovarios com corpo luteo nas fases Il e lll).

- Avaliar e comparar os efeitos da criopreservacdo com os diferentes
meios de criopreservagao sobre a viabilidade de células-tronco de origem
mesenquimal do tecido endometrial de bovinos (Uteros com ovarios com corpo
luteo nas fases Il e lll) utilizando os marcadores iodeto de propidio e anexina
apos o descongelamento. Adicionalmente, determinar se 0 meio condicionado
proporciona melhor viabilidade, reduz as taxas de apoptose e necrose, em

comparagao com o meio contendo alta proporgcéao de SFB.
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- Avaliar a producéo de citocinas e de prostaglandina E2 pelas células-
tronco de origem mesenquimal do tecido endometrial de bovinos quando

estimuladas pelo LPS bacteriano.

- Avaliar o secretoma das células estromais de origem mesenquimal
estimuladas ou ndo com LPS bacteriano por espectrometria de massas acoplada

a cromatografia liquida (nanoLC/MS/MS).
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5. HIPOTESES

- As células-tronco de origem mesenquimal do tecido endometrial de
bovinos (Uteros com ovarios com corpo luteo nas fases Il e lll) apresentam perfil
imunofenotipico, analise de caridtipo e potencial de diferenciacdo semelhantes

porém com clonicidade distinta.

- As células-tronco de origem mesenquimal do tecido endometrial de
bovinos (uteros com ovarios com corpo luteo nas fases Il e lll) apresentam taxas
de viabilidade pos criopreservaciao satisfatorias e o meio de criopreservacao
contendo o meio condicionado confere melhor viabilidade e menor taxa de
apoptose e necrose do que o meio contendo alta proporcdo de SFB,

independente da fase luteal (Il e IlI).

- As células-tronco de origem mesenquimal do tecido endometrial de
bovinos apresentam a capacidade de produgéo de citocinas e prostaglandina E2

in vitro sobre estimulo do LPS bacteriano.

- A composigao proteica da secretoma das células-tronco de origem
mesenquimal do tecido endometrial de bovinos (Uteros com ovarios com corpo
luteo nas fases Il e |ll) estimuladas com LPS bacteriano é distinta daquelas n&o
estimuladas, com a presenca de proteinas com atividades antimicrobianas e

imunomoduladoras.
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Abstract

Endometrial mesenchymal stem/progenitor cells (eMSCs) are multipotent cells known to
modulate the immune system, and have clinical application for human and animal health.
This makes these bovines cells attractive for dual use as cellular therapy and experimental
model. The aim of this study was to isolate, evaluate the differentiation potential,
immunophenotypic and immunocytochemistry characteristics, chromosomal stability,
cloning efficiency and cryopreservation response of bovine eMSCs collected in two
phases of the estrous cycle. For this, cells were isolated and submitted to differentiation
for adipogenic and osteogenic lineage. The cells were then characterized by flow
cytometer (FC) (vimentin, CD29, CD44, MHC-II, CD34) and immunocytochemistry
(vimentin, pan-cytokeratin, CD44) and submitted to cytogenetic and cloning efficiency
assay. The cells were also cryopreserved using two different medium of cryopreservation
and analyzed by FC for viability, necrosis, late-apoptosis+necrosis and initial apoptosis
rates before and after cryopreservation. We obtained homogeneous cell populations
which have fibroblastic morphology and adherence to plastic. These cells expressed high
levels of markers CD29, CD44 and vimentin, low expression levels for CD34 and no
MHC-II. The cells were chromosomally stable (2n=60) with high cloning efficiency and
no difference (P>0.05) between medium of cryopreservation or phase was observed after
thawing. We showed the presence and differentiation potential of bovine eMSCs, with
chromosomal stability and great response to cryopreservation with both medium, which
has implications for build biobanks or development of new therapeutic approaches to

combat uterine diseases or to study.
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1. Introduction

Mesenchymal stem/progenitor cells (MSCs) are multipotent cells which have
attracted great interest in the fields of human and animal medicine because of their unique
immunomodulatory properties. Many studies have described the feasibility of these cells
as therapeutics because of their antiapoptotic and self-renewal properties. Specifically,
these cells are known to down-regulate immune responses by promoting regulatory T cells
and inhibit cytotoxic T cell proliferation (Stenger et al, 2015).

Bovines are a suitable experimental model, and have several advantages for
use in clinical studies on application of MSCs for human medicine (Bosnakovski et al.,
2004). The cells can readily be obtained from endometrial tissue, and expanded in vitro. In
addition, it is possible to acquire large tissue samples for biobanking cells with good
viability for future use in regenerative medicine.

The endometrial tissue is a highly regenerative tissue and contains
endometrial stromal cells which are dynamic, and have the capacity for growth and
differentiation during the estrous cycle and pregnancy in cows (Donofrio et al., 2008). The
presence of endometrial MSCs (eMSCs) have been described in other mammals such as
human (Garget et al., 2015), pig (Miernik and Karasinski, 2012), ovine (Letouzey et al.,
2015) and mouse (Chan and Gargett, 2006).

MSCs cells are a viable alternative in the treatment of endometrial
degeneration in humans (Meng t al., 2007), endometrosis (Mambelli et al., 2013) and
fibrosis (Alvarenga et al., 2016) in mares. In humans, eMSCs or menstrual blood MSCs
were used in cardiac (Bockeria et al., 2013), neurological (Wollf et al., 2011) and models
of metabolic diseases (Santamaria et al., 2011) showing their great application. In non-
primate animals which do not undergo menstruation, eMSCs participate in endometrial

remodeling after each estrus event, and also in the regeneration of endometrial stroma
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during the postpartum period (Letouzey et al., 2015). Thus these cells may have a direct
application in treatment of reproductive pathologies that require an endometrial remodeling
such as endometritis and fibrosis. Only a few studies describe in detail the presence of these
cells in bovines, and even fewer give an in—depth characterization of these cells, which
would be of great interest in clinical treatments.

To our knowledge there is no study on chromosomal stability or potential of
cryopreservation of bovine eMSCs with reinforce the possibility of the creation of biobanks
for future therapeutic use. So, the purpose of this study was to isolate, culture and
characterize MSCs obtained from the bovine endometrium using the techniques of flow
cytometry, immunocytochemistry, cloning efficiency and cytogenetics. In addition, we
evaluated the response to cryopreservation using two medium of cryopreservation. These
cells were collected and compared at two phases of the estrous cycle, and our findings can
contribute for a better knowledge of biological properties and therapeutic potential of

bovine MSCs.

2. Material and Methods

The study was performed according to the ethical guidelines recommended
by the National Council for Control of Animal Experimentation and the College of
Animal Experimentation, and it was approved by the institution’s Animal Care and

Experimentation Ethics Committee (Protocol Number 152/2014).

2.1. Selection of endometrial material
The uteri and ovaries of non-pregnant cows (n = 12) were selected at a local
slaughterhouse immediately after slaughter and kept on ice until processing in the

laboratory. The physiological statuses of the tracts were determined by observation of
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uterine and ovarian structures, particularly the corpus luteum (CL) according to
methodology described by Ireland et al. (1980) and Chapwanya et al. (2013). All the
animals selected were estrous cycling (Phase II; n = 6/ Phase III; n = 6), with no evidence

of uterine disease.

2.2 Processing, isolation and culture of MSCs

The uterine horn ipsilateral to the CL corresponding to each phase was
sectioned and kept in 70% alcohol solution for 2 minutes (Chapwanya et al., 2013).
Subsequently, the endometrial tissue was separated from myometrial tissue with the aid
of a sterile scissors, and washed with wash solution composed of HBSS solution (50 mL)
supplemented with penicillin (100 IU/mL), streptomycin (100 pg/mL), amphotericin B
(3pg /mL) (Thermo Fisher Scientific®, USA) and amikacin (22pg / mL) (Teuto®, BRA).

The endometrial tissue was cut into small pieces and submitted to digestion

performed in two steps (Fortier et al. 1988 with modifications). The first digestion was

done using 0.3% trypsin (Sigma®, USA) in solution of 10 mL of HBSS (Thermo Fisher
Scientific®, USA) for 3 hours at 22°C under agitation. Subsequently, the tissue was
washed with wash solution and filtered in 40 pum filter (Becton Dickinson and
Company®, USA). The second digestion was done with a solution composed 0.5 mg/mL

of trypsin, 0.5 mg/mL of collagenase, 1 mg/mL of bovine serum albumin and 0.1 mg/mL

DNase I (Sigma®, USA) in HBSS (Thermo Fisher Scientific®, USA) for 1.5 hours/37°C.

After filtration in filter 40 um, the material was resuspended in HBSS medium with 10%

fetal bovine serum (FBS) (Thermo Fisher Scientific®, USA) and centrifuged (Hermle

centrifuged Z200A, GER) twice at 100 x g/10 minutes.
After viability assay with Tripan blue solution 0,4% (Gibco®, USA), the

material was plated (1.25 x 10° cell/ 24-well plate) and cultured in medium comprising
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DMEM high glucose/F12 (1:1), 20% FBS, penicillin (100IU/mL), streptomycin (100 pg

/mL), amphotericin B (3ug/mL) (Thermo Fisher Scientific®, USA) and amikacin

(1Tpg/mL) (Teuto®, BRA) at 37.5°C in humid atmosphere containing 95% air and 5%
COas. The first change of medium occurred 18 hours after to remove the epithelial cells
(Fortier et al., 1988) and additionally the differential trypsinization (Anand et al., 2012)
with 0.125% of trypsin at 0.05% (Sigma®, USA) was performed to aid in the purification

of samples on subsequent passages.

2.3 Immunophenotypic analysis

Immunophenotypic analyses were performed on cells in the third passage
(Phase II; n=5/ Phase III; n=5).

For the analysis, the following antibodies were used: mouse anti-vimentin
(clone V9, MCA862, AbD Serotec-Rad®, UK), mouse anti—-CD29:Alexa fluor 647 (clone
TS2/16, 303007, BioLegend®, USA), mouse anti-bovine CD44:FITC (clone IL-A118,
MCA2433F, AbD Serotec®, UK), mouse anti-horse MHC-IL:FITC (clone CVS20,
MCA1085F, AbD Serotec®, UK) and rabbit anti CD-34:FITC (polyclonal, orb247244,
Biorbyt®, USA). For the antibodie mouse anti-vimentin cells were previously fixed and
permeabilized with Cytofix/Cytoperm™ (Becton Dickinson and Company®, USA) and
incubation with the secondary goat-anti mouse:FITC (ab7064, abcam®, USA). The
acquisition was made by Flow LSR Fortessa equipment (BD Biosciences, USA) and the
analysis was done using the BD FACSDiva™ software (BD Biosciences, USA). During

the analysis were accounted for 10,000 events.
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2.4 Immunocytochemistry characterization

Immunocytochemistry analysis was done in third passage (Phase II; n=3 /
Phase; III n=3) on 24 well-plates (Sarstedt®, USA) according to methodology already
described by our group (Maia et al., 2013). The antibodies tested were mouse-anti CD44
(1:100, clone BAG40A, WS0507B-100, VMRD®, USA), mouse anti-vimentin (1:200,
clone V9, M0725, Dako®, UK) and mouse anti-pan-cytokeratin (1:100, clone AE1/AE3,
M3515, Dako®, USA) with reactivity proven for the species for the last two (Souza et
al., 2014). After detection and revelation, the evaluation of the reaction was performed in

an inverted light microscope, with a digitizer (LeicaVR Microsystems®, GERM).

2.5 Assays for differentiation

The differentiation assay was done for adipogenic and osteogenic (Phase II;
n=6 / Phase III; n=6) lineages with cells in third passage. For this, cells were plated in 6-
wells (5200 cells/cm?) or 24 wells (25000 cells/cm?) plates for adipogenic and osteogenic
differentiation, respectively. After 60% confluence, the differentiation medium was
added to the subcultures in triplicate, according to manufacturer's recommendations

(Thermo Fisher Scientific®, USA) added by 5% rabbit serum (Maia et al., 2013) or 20%

FBS (Toupadakis et al. 2015) at adipogenic and osteogenic medium, respectively.

The confirmation of the osteogenic and adipogenic differentiation was
performed, respectively, after 14 and 8 days by demonstrating the deposition of calcium
matrix using the histological staining method Alizarin red pH 4.2 (Sigmal) and the
presence of intracytoplasmic fat droplets using the dye Oil red 0.5% in alcohol isopropyl

(Sigma®).
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2.6 Cytogenetic analysis
Cytogenetic analysis was performed on samples (Phase II; n=6 / Phase III;
n=06) at first passage using the synchronization technique of cellular cycle by the method

of methotrexate / thymidine / Colchicine (0.0016%) (Maia et al., 2013).

2.7 Fibroblastic colony-forming unit assay (CFU-F) for determination of
cloning efficiency (CE)

CFU-F assay (Phase II; n= 5/ Phase III; n=5) was made with cells on second
passage according to Messing et al. (2011) with modifications. For this, cells were seeded
(105 cells/cm?) in 6- wells plates, in triplicate. The exchange of medium was done with
72 hours and at the 5°day cultures were fixed and stained with crystal-violet in 100%
methanol. Colonies with more than 20 cells were accounted and the CE was done using

the formula = (counted colonies/ cells seeded) x 100.

2.8 Cryopreservation

The bovine eMSCs from both phases were cryopreserved at a final
concentration of 1x10° cell/cryotube with the following medium of cryopreservation:
Medium 1 (MI): 90% FBS (Thermo Fisher Scientific®, USA) + dimethyl sulfoxide
(DMSO) (Sigma®, USA), 10uL/mL penicillin/streptomycin, 3pg/mL amphotericin B;
Medium 2 (MII): 90% conditioned medium (DMEM high glucose/F12 (1:1), 20% FBS,
penicillin (100IU/mL), streptomycin (100 pg/mL), amphotericin B (3pug/mL) (Thermo
Fisher Scientific®, USA) and amikacin (11pg/mL) (Teuto®, BRA)) + 10% DMSO
(Sigma®, USA).

Samples were cryopreserved at a controlled cryogenic container (Mr. Frosty,
Nalgene, 5100-001), maintained on a -80°C freezer (Thermo Fisher Scientific®, USA)

for 24 hours and conserved on liquid nitrogen for 1 month. After this period, cells were
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thawed and samples cryopreserved with MI and MII (Phase II and Phase III n=5) were
evaluated by FC.

The FC analyses was done before and after cryopreservation using annexin V
APC (AN, Becton Dickinson® and Company, USA) and propidium iodide (PI, Sigma®,
USA) for viability (PI- AN-), necrosis (PI+AN-), late-apoptosis +necrosis (PI+ AN+) and

initial apoptosis (PI-AN+) (Ranera et al., 2012).

2.8 Data analysis

Data from differentiation assays and immunocytochemistry were presented
descriptively and compared qualitatively during the phases (II and III). The other
variables with normal distribution were analyzed by t-test or submitted to the non-
parametric Mann-Whitney rank sum test at the SigmaPlot software (version 11.0, 2008),
adopting P<(0.05 as significant. The results were presented as mean and standard error of

the mean (SEM).

3. Results and Discussion

At the present study we observed results very interesting and promising in
bovine eMSCs independent of the phase of estrous cycle studied. These findings mainly
include the high expression of stem/progenitor cells markers (CD29 and C44), low
immunogenicity (no expression of MHC-II), chromosomal stability (2n=60) excellent
clonicity, differentiation potential on mesodermal lineages, as well as excellent resistance
to cryopreservation demonstrated by the good post thaw viability. These are important
and desirable characteristics for the establishment of cells biobank with progenitor cells

lines standardized for future use in cell therapy and/or further use for in vitro studies.
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Here, the bovine eMSCs at the two estrous cycle phases (II and III) were
adherent to plastic and had fibroblastoid morphology within six hours of culture.
Immunophenotypic profile by FC of bovine eMSCs revealed high expression for CD29,
CD44 and vimentin, low expression for CD34 and no expression for MHC-II, with no
difference (P>0.05) between phases (Figure 1). We emphasize that the threshold used for
negative expression was greater than 3%. Qualitative immunocytochemistry analysis of
bovine eMSCs revealed positive staining for CD44, vimentin and pan-cytokeratin (Figure
2) with the same pattern of staining at both phases.

Unlike human, which counts with a panel of specific surface markers
(Dominici et al., 2006), specific surface markers for bovine eMSCs are not well-known
and much less established. The significant marking in both immunophenotypic and
immunocytochemistry evaluation for CD44 and vimentin seen in our study were previously
described in amniotic fluid-derived MSCs (Rossi et al., 2014). The CD44 and CD29
expression was reported in porcine eMSC (Miernik & Karasinski, 2012), bovine umbilical
cord (Xiong et al., 2014) and human eMSCs (Gargett et al., 2009; Verdi et al.2014). The
absence of marking for MHC-II here maybe due to low immunogenicity of the endometrial
cells, with is of great interest for therapeutic use.

Differentiation assays of adipogenic and osteogenesis lineages of bovine

eMSCs were confirmed in all samples with excellent response after staining (Figure 3).
We reinforce the results of Lupicka et al. (2015a,b) which showed that uterine stromal
cells differentiated to adipogenic, chondrogenic and osteogenic lineage upon specific
condition, confirming the wide plasticity of these source. We reached great response to
differentiation once Donofrio et al (2008) demonstrated the osteogenic potential of
endometrial stromal cells and Cabezas et al. (2014) the osteogenic and chondrogenic

potential of endometrial putative mesenchymal progenitor cells from late luteal phase. It
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could be inferred that when bovine eMSCs are exposed to inducing agents, they have
differing sensitivity and hence fail to differentiate in a too early luteal phase.

According to karyotype analysis based on 100% of metaphases, we showed
by the first time, until our knowledge, that these bovine eMSCs have normal chromosome
number (2n=60) (Figure 4B) and chromosomal stability also after cryopreservation (data
not show). This shows that neither isolation technique nor culture or cryopreservation
altered the genetic makeup of these cells. Additionally, CE revealed great capacity of
clonicity from bovine eMSCs and the formation of delimitated colonies (Figure 4A)
without difference (P=0.750) between phases. This CE rate is excellent and comparable
to samples from umbilical cords or adipose tissue (Lu et al., 2014; Xiong et al., 2014).
Therefore, creating cell biobanks for future use is quite feasible once eMSCs are stable
and suitable for therapeutic use.

The cryopreservation using DMSO as a protective solution in combination
with a progressive reduction of temperature is efficient in the preservation of good
viability rates for bovine cells from amniotic fluid and umbilical cord, once enables the
culture after thawed (Cunha et al., 2014). To our knowledge, this is the first report
showing the possibility of cryopreservation of bovine eMSCs using two medium of
cryopreservation at a controlled temperature rate, allowing the formation of cell biobank.
Before cryopreservation cells from phase III presented a better viability rate (P=0.01) and
lower proportion of cells on initial apoptosis (P=0.04). A decrease (P=0.03) on the
viability rate after cryopreservation was detected on Phase III using both medium,
comparing to fresh samples, and at both phases late apoptosis + necrosis increased
(P>0,05) on cells cryopreserved with MI and MII comparing to fresh samples. No

difference (P>0.05) was detected in any of the variables after cryopreservation comparing
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the phases and medium used. Data before and after cryopreservation are presented at

Table 1.

4. Conclusion

At the present work we showed for the first time at bovine eMSCs, until our
knowledge, the chromosomal stability and potential of cryopreservation with two different
mediums. We verified that bovine eMSCs derived from estral uteri adhere to plastic, have
fibroblastoid morphology, good clonicity, differentiation potential and immunophenotypic
progenitor/stem cells characteristics beside good viability rates after thawing at the two
studied phases and with the two medium used. Thus bovine eMSCs can be used in further
studies allowing the formation of biobanks and may have greater potential to impact
clinical outcome because they are stable. Depending on the objective (therapeutic use, in
vitro studies, formation of cell biobank), cells from both phases could be used, supposing
be preferable work with fresh cells from phase III and with cryopreserved cells from phase
IT according to a possibly better answer and resistance to cryopreservation from this last
one. Additionally, both medium used at the present work were suitable to maintain the
quality of cells and we highlight the M2 with is commonly discarded and could be used for
this propose. Pre-clinical studies of MSCs are still warranted to further establish the most
ideal source of MSCs and eMSCs mechanism of action, particularly in potentiating tissue

repair.
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Figure 1: Immunophenotypic analysis for the markers CD44, CD29, vimentin, CD34, and

MHC-II from samples of bovine eMSCs from Phase II (A, C, E, G, I) and Phase III (B,

D, F, H, J). Representative histograms of marker CD44 from phase II (A) and III (B).

Representative histograms of marker CD29 from phase II (C) and III (D). Representative

histograms of marker vimentin from phase II (E) and III (F). Representative histograms

of marker CD34 from phase II (G) and III (H). Representative histograms of marker
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MCH-II from phase II (I) and III (J). Representative histograms of isotype control IgG
from phase II (K) and III (M). Representative histograms of secondary control from phase

I (L) and III (N). Data is presented as mean and SEM. There were no differences between

groups (p>0.05).

Figure 2: Immunohistochemistry of bovine eMSCs for characterization of the markers
CD44 (A), vimentin (B) and cytokeratin (C). The positive staining is shown in brown.
Negative control (D) by omission of the primary antibody. Nucleus stained with

hematoxylin. Bar = 50 pm (A.B.C), 100 um (D).



Figure 3: Differentiation assay for adipogenic and osteogenic lineages of bovine eMSCs.
Adipogenic differentiation: Note in (A) the presence of intracytoplasmic lipids droplets
stained with Oil red (arrow) and (B) control of differentiation. Osteogenic differentiation:
Note in large calcium deposit stained with Alizarim Red (2%) (arrow) (C) and (D) control

of differentiation. Bar: 100 um (A, C) 200 um (B, D).

Figure 4. (A) Clonicity efficiency of bovine eMSCs. Note a formation of a colony well

defined. (B) Karyotype analysis of bovine eMSCs (2n=60).
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Tablel: Data before and after cryopreservation analysis on flow cytometry using anexin V an propidium iodide (PI) from samples of bovine

endometrial mesenchymal stem/progenitor cells from Phase II and Phase III. Data is presented as mean and SEM.

Variables Phase 11 Phase 111 Phase 11 Phase I11

Before cryopreservation After cryopreservation

Medium 1 Medium 2 Medium 1 Medium 2

Viability (PI- AN-) 85.08+3.88" 93.76+1.09%** 81.7242.32  78.22%*2.5 76.08%=6.48° 67.18%=7.39"

Necrosis (PI+AN-) 2.12+0.78 3.00:£1.12 3.92%+0.79  5.68%*2.51 2.6%+0.57 1.62%=+0.15

Late-apoptosis + 4.54+£1.01° 1.72+0.58% 11.18%+2.27° 13.28%=0.99° 13.02% +3.36°  21%+4.77°

necrosis (PI+ AN+)

Initial apoptosis 3.78+0.87" 1.48+0.72% 3.14% +1.09  2.86% +0.67  8.26%+3.09  10.14%%3.553
(PI-AN+)

AN: anexin V; PI: propidium iodide. Different letters between the same phase and medium in the same raw shows statistical difference (P<0.05) before and
after cryopreservation. Asterisks represents statistical difference (P<0.05) between phases before cryopreservation.
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Abstract

The use of the conditioned medium (CM) for diseases treatment is based on its
enrichment with biomolecules with therapeutic properties and themselves have a
beneficial effect. Secretome of bovine endometrial mesenchymal progenitor/stem cells
(eMSCs) using a proteomics approach is until now, unknown. This work aimed to
evaluate the secretome of bovine eMSCs-CM challenge or not with lipopolysaccharide
(LPS). For this, eMSCs characterized were challenged (TG) or not (CG). The CM was
collected 12 hours after stimulation and submitted to mass spectrometry analysis. The
classification of identified proteins was done by PANTHER according to biological
processes, molecular function, cellular component and protein class. 397 protein
groups were identified on TG and 302 on CG. We observed positive enrichment for
antibacterial response proteins, macrophage activation function, receptor-mediated
endocytosis, hydrolase activity, inhibitory enzyme in TG, and for activity structural
molecule and intermediate filament cytoskeleton in the CG. Our experimental model
shows that eMSCs respond to LPS in the concentration used and is efficient to study
immune-inflammatory response, besides of the secretion of proteins mainly related to
tissue remodeling, immune response and angiogenesis which is an interesting feature

for use in cell therapy.
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Introduction

In cattle, endometrial compartment is the main source of mesenchymal
progenitor/stem cells (MSCs) of endometrial origin (eMSCs) with the presence of a
small population of undifferentiated cells with high plasticity (Lupicka et al., 2015).
Bovine eMSCs have been studied because of their biological properties including the
paracrine and immunomodulatory effects, which make them promising for use in cell
therapy.

Besides the use of MSCs in therapies, the conditioned medium (CM) presents
role in the microenvironment regenerative and by itself is sufficient to exert a
therapeutic effect in accelerating the regeneration process (Lavoie & Rosu-Myles,
2013) and tissue repair (Ashiba et al., 2015). MSCs secrete bioactive molecules
(cytokines and growth factors) (Ashiba et al., 2015) released as soluble factors or
through extracellular vesicles that together are responsible for the paracrine (Lavoie &
Rosu -Myles, 2013) and autocrine effects related to the regenerative process,
angiogenesis and modulation of immune systems (Skalnikova, 2013).

MSCs are sensitive to culture medium and protein profile may change in
response to microenvironments to which they are subjected. The use of different
immunological conditions evaluates the therapeutic potential of MSC-derived
molecules and make the study of soluble secreted factors important for the
understanding its therapeutic effect (Lavoie & Rosu-Myles, 2013). The use of an
experimental in vitro model of inflammation using bacterial lipopolysaccharide (LPS)

(Lange-Consiglio et al., 2015) makes possible to evaluate the response of bovine
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eMSCs facing one stress that can bring great economic losses in cattle such as uterine
diseases.

Knowledge of the composition of bovine eMSCs-CM forward to this stimulus
is of great importance to the therapeutic approach and understanding of the
composition for use of CM or cells in treating reproductive disease and others.

The aim of this study was to evaluate the secretome of characterized bovine
eMSCs challenged or not with bacterial LPS by proteomic analysis (nanoLC-MS/MS)
using a shotgun strategy. To the best of our knowledge, this is the first report

describing the secretome of bovine eMSCs - CM using proteomic analysis.

Material and methods
The study was performed according to the ethical guidelines and it was
approved by the institution’s Animal Care and Experimentation Ethics Committee

(Protocol Number 152/2014).

Isolation and culture of bovine eMSCs

Samples from bovine endometrial tissue (n=3) on Phase II of estral cycle
(Ireland et al., 1980; Chapwanya et al., 2013) were properly isolated according to
methodology from Fortier et al. (1988) with modifications. For this, samples were
submitted to a first digestion with 0.3% trypsin (Sigma ®, USA) in 10 ml of HBSS

(Thermo Fisher Scientific®, USA) for 3 hours at 22°C under agitation and filtered

with 40 uM filter (Becton Dickinson® and Company, USA). A second digestion was
done with 50 mg of trypsin, 50 mg of collagenase, 100 mg of bovine serum albumin
and 10 mg DNase I (Sigma ®, USA) in 100 mL of HBSS (Thermo Fisher Scientific®,

USA) for 1.5 hours at 37°C. After new filtration, the material was washed with HBSS
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medium plus 10% fetal bovine serum (FBS) (Thermo Fisher Scientific®, USA) and
centrifuged (Hermle centrifuged Z200A, GER) twice at 100 x g for 10 minutes and
then samples were plated and cultured with medium composed by DMEM high
glucose/F12 (1:1), 20% FBS, penicillin (100IU/ml), streptomycin (100pg/ml),

amphotericin B (3pug/mL) (Thermo Fisher Scientific®, USA) and amikacin (11pg/mL)

(Teuto®, BRA) at 37.5°C in humid atmosphere containing 95% air and 5% CO,. The
medium was exchanged within 18 hours and then every 2-3 days until reach
confluence and realization of the subcultures until 3% passage in which the assays were

done.

Immunophenotypic characterization

The immunophenotypic characterization (n=2) was performed by flow
cytometry at a LSR Fortessa (BD®, BR) equipment using the antibodies mouse anti—
CD29: Alexa fluor 647 (TS2/16, BioLegend®, USA), mouse anti-bovine CD44:FITC
(IL-A118, AbD Serotec®, UK), mouse anti-horse MHC-IL:FITC (CVS20, AbD
Serotec®, UK), rabbit anti CD-34:FITC (polyclonal, Biorbyt®, USA) and mouse anti-
vimentin (v9, AbD Serotec®, UK) with the use of the secondary goat-anti mouse
(abcam®, USA) for this last one. All antibodies used have proved reactivity for bovine.
During the analysis were accounted for 10,000 events and were considered positive
markers with expression greater than 2%. Data from immunophenotypic

characterization is presented as mean and standard error of the mean.

Immunocytochemistry characterization
The immunocytochemistry characterization was done (n=3) according

methodology described by Maia et al. (2013) for the antibodies vimentin (1: 200, V9,
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AbD Serotec®, UK), pan-cytokeratin (1: 100, C11, abcam®, USA) and CD44 (1: 100,

BAG40A, VMRD®, USA).

Assays for differentiation

It was done the assay for differentiation on the osteogenic (n=3) and adipogenic
(n=3) linecage. After confluence, the differentiation medium for adipogenic or
osteogenic was added to the subcultures in triplicate, according to manufacturer's

recommendations (StemPro, Thermo Fisher Scientific®, USA) with modifications by

the supplementation of 5% rabbit serum (Maia et al., 2013) or 20% FBS, respectively.

The confirmation of the osteogenic differentiation was done on the 14" day
demonstrated by the presence and deposition of calcium matrix and of the adipogenic
differentiation was done on 8" day demonstrated by the presence of intracytoplasmic
fat droplets at the histological staining method with Alizarin red pH 4.2 (Sigma®,

USA) and Oil red 0.5% (Sigma®, USA), respectively.

Challenge of bovine eMSCs with LPS

For the evaluation of the protein profile on secretome, bovine eMSCs were
plated on 24 wells (2cm?) at a density of 1000 cells/cm? and cultured with complete
maintenance medium composed by DMEM high glucose/F12 (1:1), 20% FBS,
penicillin (100IU/mL), streptomycin (100pug/mL), amphotericin B (3ug/mL) (Thermo
Fisher Scientific®, USA) and amikacin (1lpg/mL) (Teuto®, BRA). After
approximately 60-70% confluency cells were grown in maintenance medium without
FBS for 24 hours.

After 24 hours, cells were either treated with control medium (maintenance

medium without FBS) (n = 3, control group- CG) or were challenged with LPS (n =3,
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treated group- TG) and therefore cultured with medium composed of DMEM high
glucose (Invitrogen Gibco ®, USA) plus 1pg/mL LPS (E. coli serotype 0111: B4,
Sigma).

After 12 hours of cultivation, the conditioned medium was collected, filtered
through 22 pum filter and subjected to centrifugation at 2000 x g for 5 min to remove
cellular debris. After centrifugation, the conditioned medium was put in cryotubes and

stored at -86°C until completion of secretome analysis.

Secretome analysis by mass spectrometry coupled to liquid
chromatography (nanoLC- MS/MS)

For proteomics analysis of CM it was used three biological replicates in both
groups (treated vs. control) as pool. For digestion, the samples were initially denatured
in 8 M urea solution (Sigma 51459), followed by reduction with 50 mM dithiothreitol
(32°C/60 minutes, Sigma 9779), alkylation with Iodocetamida 150 mM (25°C/30
minutes in the dark) and digestion with trypsin Sequence grade (35°C, 16 hours,
Promega V511A). After digestion it was performed clean-up with C18 reversed phase
and Strong Cationic-Exchange columns (C18, SCX, PolyLC). The samples (two
technical replicates) were analyzed in a nanoAcquity liquid chromatographer (Waters)

coupled to a LTQ-Orbitrap Velos (Thermo Scientific) mass spectrometer.

Data analysis

Thermo Proteome Discover (v.1.4.1.14) was used to search with SequestHT
search engine against Mammalia-SwissProt+Bos taurus-TREMBL protein database
(v. april 2016). The search parameters used were: Enzyme: Trypsin; Missed Cleavage:

2; Precursor and Fragment Mass Tolerances: 10 ppm and 0.6 Da, respectively;
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Variable and Static: Oxidation methionine and Carbamidomethyl cysteine,
respectively.

Gene Ontology protein classification analysis according biological process
(BP), molecular function (MF), cellular component (CC) and protein class (PC) was
performed using PANTHER (Protein ANalysis THrough Evolutionary Relationships)

Classification System (http://pantherdb.org/).

Results and Discussion

Bovine eMSCs were isolated from uterus on Phase II of estral cycle, cultured,
characterized by immunophenotyping, immunocytochemistry and for potential of
differentiation and submitted or not to the challenge with LPS for secretome analysis
using a proteomic approach.

Bovine eMSCs showed adherence to plastic within six hours of culture and
fibroblastoid morfology at all passages (Figure 1). Immunophenotypic evaluation by
FC reveled high expression for the following markers: vimentin (94.35 £ 2,19), CD29
(99.85+ 0.07) and CD44 (96.9 £ 2,40). On the other hand, low expression was
observed for CD34 (4.25+ 1,06) and OCT-4 markers (5.45+ 1,91). Absence of
expression was detected for MHC-II marker (1.05+ 0,78) (Figure 2), which
corroborates with other studies done in bovine MSCs (Xiong et al., 2014). We carried
out staining methods to evaluate osteogenic and adipogenic potential of the eMSCs.
Positive staining for osteogenic and adipogenic lineages was confirmed, which is in
accordance with other study using the same stem cell source (Lupicka et al., 2015).
Moreover, in qualitative analysis of immunocytochemistry, other authors also found a
positive staining for the markers CD44 in bovine endometrial putative mesenchymal

cells (Cabezas et al., 2014) and for vimentin in human eMSCs (Kato 2012). Some
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epithelial cells were positively marked for pan cytokeratin, which showed no negative
influence on cell culture.

A proteomic analysis was performed in order to get some qualitative
information and better knowledge in terms of the protein content of the secretome of
eMSCs. A shotgun approach was carried out and the LC-MS/MS results evidenced a
total of 397 proteins groups on TG and 302 on CG, being 242 commons between
groups, as can be observed on Figure 3. A greater number of proteins related to
immune system and tissue remodeling was observed in the TG, besides of the presence
of proteins related to angiogenic, antioxidant and protective activity (Table 1a).

Our in vitro experimental model showed that the cells respond positively and
by a protective way to the exposure to LPS in the concentration used. It can be inferred,
for instance, from the presence of heat shock protein, which is a protein that protect
cells or tissues from stress (Frier & Locke, 2007) by stabilization and repair of proteins
(Fan et al., 2012). This response is characterized by a defense mechanism via secretion
of important proteins related to tissue restoration, and for the protection of tissue
injury, supporting the assertion that CM alone or together with MSCs can be a great
efficient alternative to assist in repair of lesions (Ashiba et al., 2015).

MSC:s are sensitive to culture medium and may change their proteomic profile
in response to the microenvironments in which they are subjected (Lavoie &-Rosu
Myles, 2013). This was observed by our group as the samples challenged with LPS
responded differently regarding the protein expression, as mentioned above. It is
noteworthy that in the CM of CG were also found proteins with activities related to
immune response and tissue remodeling, although in lower number on TG (Table 1).
The presence of such proteins in the CM of CG, even without stimulation, is quite

interesting and promising to demonstrate the great potential and possibility of using
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this medium for therapeutic use. In humans, the CM of MSCs from dental pulp was
efficient in the experimental treatment of multiple sclerosis and even showed similar
effects of treatment with their own MSCs (Shimojima, et al., 2016). An interesting
protein related to antioxidant activity (peroxiredoxin-6, Table 1C) was found at TG,
showing the presence of this important function. The antioxidant capacity of CM was
evidenced by Duarte et al. (2016) on the restoration and reduction of damage of retinal
functions at a diabetes animal model.

Recently, Lange-Consiglio et al. (2015) showed in an experimental equine
uterine inflammation model that horse amniotic MSCs-CM was able to significantly
reduce expression of MMP-1 and MMP-13 and had a role in the modulation of
inflammatory genes. In the present work, anti-inflammatory protein (granulins, Table
1) was also found at TG, which confirm such property. In addition, in vitro use of the
CM in conjunction with endometrial cells resulted in improvement of the proliferation
rate, showing the relevance of soluble factors produced by MSCs and its potential to
increase cell replacement (Corradeti et al., 2014). Such studies support using CM as a
great alternative for the treatment of uterine diseases related to low fertility and
pregnancy rates due to restoration of damaged tissue.

To better characterize the CM proteome, we performed some classification on
the identified proteins using Gene Ontology tools (http://geneontology.org/). The
Panther GO analysis evidenced positive enrichment (PE) for BP in macrophage
activation function (GO: 0042116, fold enrichment, FE = 7.87) and receptor-mediated
endocytosis (GO: 0006898, FE = 5.23) in TG. Regarding FM, it was seen PE for
hydrolase activity (GO: 0016787; FE = 1.87) and inhibitory enzyme (GO: 0004857;
FE = 5.15) in the TG, and activity structural molecule (GO: 0005198; FE = 2.73) in

the CG. For CC, enrichments were verified in both groups to extracellular matrix (GO:
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0031012) and extracellular region (GO: 0005576), as well as intermediate filament
cytoskeleton (GO: 0045111) in the CG. Interestingly, with respect to PC we evidenced
PE in antibacterial response proteins (PC00051; FE = 5.87) in the TG.

The secretome of characterized bovine eMSCs challenged or not with LPS
revealed that cells secrete different proteins both in terms of numbers and also
function. Our results, especially based on protein enrichment to macrophage activation
and identification of large number of proteins related to immune response on TG, allow
us to infer that our in vitro model of stimulation with bacterial LPS of bovine eMSCs
is effective to study immune and inflammatory response. Additionally, we believe that
eMSCs and its CM are quite promising for therapeutic applications, since we observed
proteins with functions related to immune response, antimicrobial, anti-inflammatory

and tissue remodeling even in unstimulated cells secretome.

Acknowledgements

To Proteomics Platform of the Barcelona Science Park. To PRB2, ProteoRed-
ISCIII, the Spanish Proteomics network. This work was supported by Fundagao de
Amparo a Pesquisa do Estado de Sao Paulo [Proc.2014/20447-2, Proc. 2015/18964-1,

Proc.2015/01057-1).

References

Ashiba, K., Terunuma, A., Terunima, H., Takane, T., Deng, X., Yamashita, Y.,
Watanabe, K., 2015. Immortalized mesenchymal stem cells producing conditioned

medium in a large scale for -t, herapeutic useage. Inflamm Regen. 35, 57-60.

http://doi.org/10.2492/inflammregen.35.057.



72

Cabezas, J., Lara, E., Pacha, P., Rojas, D., Veraguas, D., Saravia, F.,
Rodriguez-Alvarez, L., Castro, F.O., 2014. The endometium of cycling cows contains
populations of putative mesenchymal progenitor cells. Reprod Dom Anim. 49, 550-
559. doi: 10.1111/rda.12309.

Corradetti, B., Correani, A., Romaldini, A., Marini, M.G., Bizarro, D., Perrini,
C., Cremonesi, F., Lange-Consiglio, A., 2014. Amniotic membrane-derived
mesenchymal cells and their conditioned media: Potential candidates for uterine
regenerative  therapy in the horse. Plos One. 9, 1-9. dot:
10.1371/journal.pone.0111324.

Donofrio, G., Franceschi, V., Capocefalo, A., Cavirani, S., Sheldon, .M.,
2008. Bovine endometrial stromal cells display osteogenic properties. Reprod Biol
Endocrinol. 6, 1-9. doi: 10.1186/1477-7827-6-65.

Duarte, D.A., Papadimitriou, A., Gilbert, R.E., Thai, K., Zhang, Y., Rosales,
M.A.B., Faria, J.B.L., Faria, J.M.L., 2016. Conditioned medium from early- outgrowth
bone marrow cells is retinal protective in experimental model of diabetes. PLoS One.
11, 1-15. doi: 10.1371/journal.pone.0147978.

Fan, G.C., 2012. Role of heat shock proteins in stem cell behavior. Prog Mol
Biol Transl Sci. 11, 305-322. doi: 10.1016/B978-0-12-398459-3.00014-9.

Frier, B.C., Locke, M., 2007. Heat stress inhibits skeletal muscle hypertrophy.
Cell Stress Chapereones, 12, 132-141. doi: 10.1379/CSC-233R.1.

Lange-Consiglio, A., Perrini, C., Esposti, P., Derigibus, M.C., Camussi, G.,
Pascucci, L., Marini, M.G., Corradetti, B., Bizarro, D., Cremonesi, F., 2015. Effects
of microvesicles secreted from equine amniotic-derived progenitor cells on in vitro
lipopolysaccharide-treated tendon and endometrial cells. Reprod. Fertil. Dev., 28, 244-

245. http://dx.doi.org/1 0.1 071 /RDv28n2Ab226.



73

Lavoie, J.R., Rosu-Myles, M., 2013. Uncovering the secretes of mesenchymal
stem cells. Biochimie, 95, 2212-2221. doi: 10.1016/j.biochi.2013.06.017.

Lupicka, M., Bodek, G., Shpigel, N., Elnekave, E., Korzekwa, A.J., 2015.
Identification of pluripotent cells in bovine uterus: in situ and in vitro studies.
Reproduction, 149, 317-327. doi: 10.1530/REP-14-0348.

Shimojima, C., Takeuchi, H., Jin, S., Parajuli, B., Hattori, H., Suzumura, A.,
Hibi, H., Ueda, M., Yamamoto, A., 2016. Conditioned medium from the stem cells of
human exfoliated deciduous teeth ameliorates experimental autoimune
encephalomyelitis. J Immunol., 15, 4164-4171. doi: 10.4049/jimmunol.1501457

Skalnikova, H.K.,2013. Proteomic techniques for characterization of
mesenchymal stem cell secretome. Biochimie, 95, 2196-211.
doi:10.1016/j.biochi.2013.07.015.

Xiong, H., Bai, C., Wu, S., Gao, Y., Lu, T., Hu, Q., Guan, W., Ma, Y., 2014.
Biological characterization of mesenchymal stem cells from bovine umbilical cord.
Anim Cells Syst., 18, 56-67. http://dx.doi.org/10.1080/19768354.2014.880370.

Kato, K. 2012. Stem cells in human normal endometrium and endometrial
cancer cells: Characterization of side population cells. Kaohsiung J Med Sci, 28,63-

71. doi:10.1016/5.kjms.2011.06.028



74

Figure 1: Characterization of bovine eMSCs. Bovine eMSCs on first passage

presenting fiblobastoid morfology and adherence to plastic (A). Differentiation assay
into osteogenic lineage of bovine eMSCs in third passage (B). Note calcium deposit
stained with Alizarim (arrow). Differentiation assay into adipogenic lineage of bovine
eMSC:s in third passage (C). Note the intracytoplasmic lipids droplets stained with Oil

red (arrow). Immunohistochemistry of bovine eMSCs for CD44 (D), vimentin (E) e
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pancytokeratin (F). Positive staining is observed in brown. Nucleus stained with

hematoxylin. Size: 100 um (A, D, F), 200 um (B, C, E).
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Figure 2: Representative histogram for the markers analyzed by flow cytometry on
bovine eMSCs: vimentin (A), CD29 (B), CD44 (C), CD34 (D), OCT-4 (E) and MHC-

11 (F).
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CG
(302)

TG
(397)

Figure 3: Venn Diagram of proteins identified with at least one
peptide sequence (False discovery rate<1%) on studied groups. TG:

treated group; CG: control group.



Table 1: Protein identified in the secretome of conditioned medium of bovine eMSCs treated or not with LPS.
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Biological Functions Swiss-Prot accession Protein name Gene name Group
Immune response Q1JPBO Leukocyte elastase inhibitor SERPINBI Control
A217M9 Serpin A3-2 SERPINA3-2 Control
AS5D7R6 ITIH2 protein ITIH2 Control
FIMVS9 Uncharacterized protein MASPI1 Control
FIMNVS5 Kininogen-1 KNG1 Control
Q3SYRO Thyroxine-binding globulin SERPINA7 Control
AO0AO0AOMP92 Serpin A3-7 SERPINA3-7 Control
G3N3P6 Cystatin N/A Treated
FIMI18 Uncharacterized protein N/A Treated
P05089 Arginase-1 ARGI Treated
Q2KIF2 Leucine-rich alpha-2-glycoprotein 1 LRG1 Treated
ATYWB6 Transforming growth factor-beta-induced protein TGFBI Treated
ASPJE3 ig-h3 FGA Treated
E1B726 Fibrinogen alpha chain PLG Treated

Plasminogen
Antimicrobian / P03973 Antileukoproteinase SLPI Control
antifungal activity P59665 Neutrophil defensin 1 DEFALI Control
P06702 Protein S100-A9 S100A9 Control
P81644 Apolipoprotein A-II APOA2 Treated
Anti-inflammatory AS5A6M2 Annexin Al ANXAI1 Control
activity P2879 Granulins GRN Treated
Biological Functions Swiss-Prot accession Protein name Gene name Group
Tissue remodeling P03973 Antileukoproteinase SLPI Control
ASA6M?2 Annexin Al ANXA1 Control
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E2DI12 Syndecan-1 (Fragment) SDCI1 Control

P28799 Granulins GRN Treated

P50757 72 kDa type IV collagenase MMP2 Treated

E1B726 Plasminogen PLG Treated

FIN2Y2 Uncharacterized protein COL5SA2 Treated

P05089 Arginase-1 ARG1 Treated

ASPJE3 Fibrinogen alpha chain FGA Treated

Angiogenic activity P80929 Angiogenin-2 ANG2 Treated
Q2KIF2 Leucine-rich alpha-2-glycoprotein 1 LRG1 Treated

P50757 72 kDa type IV collagenase MMP2 Treated

Protective activity E9RHWI1 Heat shock 27kDa protein 1 HSPB1 Treated
Antioxidant P86215 Peroxiredoxin-6 PRDX6 Treated




CAPITULO 3
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Manuscrito nas normas, a ser submetido no periédico “Cytokine”

Link para as normas: https://www.elsevier.com/journals/cytokine/1043-

4666/guide-for-authors
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Abstract

Bovine endometrial mesenchymal stem cells (eMSCs) is a new studied source of
progenitor cells that could be used at therapeutic approaches mainly due its
immunomodulatory effect. The present work aimed to evaluate gene expression,
cytokines and prostaglandin E» (PGEz) production after challenge with bacterial
lipopolysaccharide (LPS). For this, bovine eMSCs already characterized were cultured
until third passage and after reach confluence; were divided into studied groups and
cultured with control medium (C) or with 1ug/mL LPS (T) diluted in medium. Conditioned
medium (CM) was collected after 2, 6, 12 and 24 hours of exposition, filtered and
centrifuged for cytokine analysis (INF-a, INF-y, IL-13, IL-1q, IL-F5, IL-21, MIP-1B and
TNF-a). The CM collected at 2 and 24 hours was also used for PGE; analysis. In addition,
cells on third passage were analyzed for vimentin CD44, IL-1a and prostaglandin-
endoperoxide synthase 2 (PTGS2/COX-2) expression. Results showed that eMSCs
produce all analyzed cytokines, with higher (P<0.05) production of TNF-a on T group.
Additionally, PGE: analysis revealed higher (P<0.05) production after 24 hours of
stimulus and cells also expressed all studied genes. Based on our results, we can infer
that this source of MSCs are able to respond to a challenge with LPS, producing
cytokines related to immunomodulatory effect and also PGE>, corroborating for tissue
repair in case of damage that can be caused during inflammatory processes such as

endometritis.

Keywords: cow, cytokine, immunomodulation, LPS, PGE;



83

Abbreviation:

CM: conditioned medium

eMSCs: endometrial mesenchymal stem cells
FBS: fetal bovine serum

INF: interferon

IL: interleukin

LPS: lipopolysaccharide

MSCs: Mesenchymal stem cells

TNF- a: tumoral necrosis factor-a

1. Introduction

Mesenchymal stem cells (MSCs) have immunomodulatory effects demonstrated
by interaction between cells, secretion of soluble factors such as growth factors,
cytokines and chemokines or by interaction of both [1]. The effect of MSCs depends
upon the microenvironment at damaged tissues and on engagement of toll-like receptors
expressed by MSCs, determining their pro or anti-inflammatory action [2] and also
inflammation repair or persistence [3].

The secretion of cytokines, immunosuppressive and growth factor are part of a
complex network that helps amplify response against a stimulus [4]. MSCs can release
these molecules crucial for immunoregulation (such as prostaglandin E; (PGEy),
interleukin 10 (IL-10), transforming growth factor-g) and tissue repair spontaneously or
after induction by cytokine (mainly interferon y (INF- y), tumoral necrosis factor-a (TNF-
a), IL-1a) or lipopolysaccharide (LPS) [3]. In addition, the conditioned medium (CM),
have important proteins related to immune-inflammatory and angiogenic properties
beside proteins that participates at tissue remodeling [5], which makes its therapeutic
use promising.

Cattle is a good model to study uterine infections effects on endocrine and immune

functions, once diseases are well characterized, tissue is easily collected and there is
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similarity of uterine bacteria among mammals [6]. Uterine infections have a negative
effect on reproduction once affects ovarian activity and may contribute to uterine
diseases and fertility problems [7]. The Escherichia coli bacteria is the most important
pathogen that leads to this affection, responsible for endotoxin (LPS) production [8] that
activates innate immune response [6]. At this context, the understanding of how cells
respond to an infection or damage is of great importance to preventing and treating
endometrial diseases [9].

The knowledge of the soluble factors produced by MSCs on CM upon stimulus are
of great value for knowledge of MSCs biology and therapeutic application. This study
aimed to evaluate cytokines and prostaglandin E; production by endometrial MSCs
(eMSCs) under challenge or not with LPS. Additionally evaluate the expression of genes
of characterization and inflammation on eMSCs. This work begins from the hypothesis
that spontaneous production of cytokines in norm conditions of culture is low, thus
requiring stimulating conditions, as a stimulus by LPS for eMSCs performing their

immunomodulatory activity.

2. Material and Methods

This study was approved and performed according to ethical guidelines of the
Institution’s Animal Care and Experimentation Ethics Committee (Protocol Number

152/2014).

2.1 Endometrial mesenchymal stem cells isolation, characterization and

culture

The isolation, culture and characterization of eMSCs were done, as previously

described [10]. After isolation, eMSCs were cultured until third passage, for cytokine and
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PGE:; analysis on CM, and quantitative reverse transcriptase—polymerase chain reaction

(qRT-PCR) on cells. A timeline is presented on Figure 1.

Isolation and characterization

=
|

gRT-PCR

: M Cytokine and PGE2
2, 6,12, 24 hours

F cM
g 2, 6,12, 24 hours

Figure 1: Timeline. Endometrial mesenchymal stem cells were collected and characterized. Cells

on third passage were submitted to quantitative reverse transcriptase—polymerase chain reaction
(qRT-PCR) and to stimulus (TG) or not (CG) with bacterial lipopolysaccharide (LPS). Conditioned

medium (CM) was collected after 2, 6, 12 and 24 for cytokine and PGE; analysis.

2.2 Quantitative reverse transcriptase—polymerase chain reaction

For gRT-PCR, 1x108eMSCs (n=12) from luteal phase [12, 13] were cultured on six
wells plates, until confluence when were then trypsinized, resuspended at 300 L of lysis
solution (Qiagen, USA) and stored in 1.5 ml sterile tubes at -80°C.

Total RNA extraction from cells was performed using Rneasy® Mini Kit (Qiagen,
USA), according to manufacturer's recommendations. After purification, RNA samples
were eluted in 40 yL RNAse-free water. Total RNA concentration was measured at a
spectrophotometer using NanoDrop ND® 1000 (Thermo Scientific®, USA), and stored

at -80°C until analysis.
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After quantification, total RNA was incubated with DNAse | (1 U/ug; Invitrogen®,
BRA) and then reverse transcribed with Oligo-dT primers and Omniscript RT Kit
(Qiagen®, USA) for obtain complementary DNA (cDNA). The reagents were incubated
at 37 °C for 60 min and then at 93 °C for 3 min for enzyme inactivation. Relative real time
RT-PCR analysis was performed in 96-well plates with an ABI 7500 thermocycler using
Power Sybr Green PCR Master Mix (Applied Biosystems, BRA), cDNA, and primers.

Cycling conditions were: 95°C/10 minutes (1 cycle), denaturing at 95°C/10
seconds, and annealing for 1 minute (40 cycles). Housekeeping genes cyclophilin A and
glyceraldehyde-3-phosphate dehydrogenase (GADPH) as internal positive control for
the gqRT-PCR. The target gene expression was thus normalized to expression of the
housekeeping gene GAPDH. Vimentin, CD44, IL-1a and prostaglandin-endoperoxide
synthase 2 (PTGS2/COX-2) mRNA were evaluated on cells and sequence primers and
product size are demonstrated on Table 1.

Samples were run in duplicate, and relative expression values for each gene were
calculated using AACt method with efficiency correction and one control sample as

calibrator [14].
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Table 1: Sequence of primers, annelling temperature and amplification product sizes of

genes used to evaluate bovine eMSCs.

Gene Primer sequence Anneling Product Reference

temperature | size (bp)

Vimentin | F: GATGTTTCCAAGCCTGACCTC 60 253 [15]

R: GGCGTTCCAGAGACTCGTTAG

CD44 F: GACCCTCAATCTTCCTCTTCAC 60 94 NM_174013.3

R: TTTCCTACCAGGTGCCAATC

PTGS2 F: AAGCCTAGCACTTTCGGTGGAGAA | 60 168 [16]

R: TCCAGAGTGGGAAGAGCTTGCATT

IL-1a F: GATGCCTGAGACACCCAA 60 173 [17]

R: GAAAGTCAGTGATCGAGGG

GADPH F: GGCGTGAACCACGAGAAGTATAA 54 119 [18]

R: CCCTCCACGATGCCAAAGT

F: forward, R: reverse

2.3 Stimulation of eMSCs with LPS

For cytokine assay and PGE; analysis, eMSCs (1000 cells/ cm?/24 wells plates)
were cultured in medium composed of DMEM high glucose/F12 (1:2), 20% fetal bovine
serum (FBS), 100IU/mL penicillin, 100ug/mL streptomycin, 3ug/mL amphotericin B;
Thermo Fisher Scientific®, (USA), 11ug/mL amikacin Teuto®, (BRA), until 60%
confluence. After it, cells were maintained with FBS free medium for 24 hours.

After 24 hours, control (CG; n=10, medium FBS free) and LPS-stimulated cells
(TG; n=10, 1ug/mL [11] (E. coli, serotype 0111:B4, Sigma) were cultured. The medium
was collected after 2, 6, 12 and 24 hours of stimulus, filtered through 22 um filter and

centrifuged at 2000 x g for 5 minutes. It was stored at -80°C until analysis.
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2.4 Quantification of Cytokines

Samples (n=10) of CM collected after 2, 6, 12 and 24 hours of exposition or not to
LPS were used to evaluate cytokines production. Samples were analyzed by
Quantibody® Bovine Cytokine Array 1 kit (QAB-CYT-1, Raybiotech®, EUA), valid for
bovine species, according to manufacturer's specifications. This array evaluated INF-q,
INF-y, IL-13, IL-1aq, IL-F5, IL-21, MIP-1B and TNF-a concentration.

The slides were scanned by using a microarray scanner (Innopsys, model
InnoScan 710) and images were analyzed using Mapix 7.0 software (Innopsys).

Each sample was evaluated in quadruplicate, and their data were normalized
according to intra-slides positive controls. Results were achieved by eliminating the
background and are presented as median with interquartile rage. Sample concentration

(pg/mL) was calculated based on linear regression of standard curves.

2.5 Prostaglandin E2 concentration

The concentration of PGE2 was evaluated on CM cell-free previously collect 2 and
24 hours after stimulation or not with LPS. Analysis were done using PGE> ELISA kit
(Enzo®, USA), according to the manufacturer's recommendations. Samples were

analyzed in duplicate and results are demonstrated in pg/mL.

2.6 Data analysis

Data were analyzed using GraphPad Prima software, version 6.01. Cytokine and
PGE; analyses preceded the normality test (Shapiro Wilk), and groups were compared
and analyzed using non-parametric Wilcoxon test. Moments were analyzed using non-

parametric Kruskal-Wallis test (cytokine) or Mann Whitney test (PGE>). For all analysis
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P < 0.05 was considered to represent significant difference. For gene expression, data

are demonstrated descriptively.

3. Results

3.1 Challenge eMSCs with LPS

Cells challenged with LPS at the concentration used allowed realization of the

completed assay. Morfology cells modification was not observed at any moment.

Additionally, cells grew well without FBS and with no detachment for 24 hours

3.2 Quantitative reverse transcriptase—polymerase chain reaction

Cells reveled expression for all genes studied (Figure 2) at all samples analyzed.
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Figure 2: Ratio of genes/GAPDH mRNA
abundance measured by quantitative reverse
transcriptase—polymerase chain reaction analysis
in bovine endometrial mesenchymal stem cells.
Results are presented as mediam with
interquartile range. IL-1a: interleukin 1a, GAPDH:
glyceraldehyde-3-phosphate dehydrogenase,

PTGS2: prostaglandin-endoperoxide synthase 2.

3.3 Quantification of Cytokines

Quantification of cytokine reveled production of all cytokines independently of LPS
exposure. When groups (Control x Treated) were compared, difference (P=0.02) for
cytokine TNF-a on moment 6 hours was observed, with greater concentration on treated
group samples. When moments from the same group were compared, difference on
group control for cytokine IL1-a (Moment 2 hours versus 6 hours P=0,03; and 6 hours

versus 12 hours P=0,01) was observed (Figure 3 and 4).
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Figure 3: Cytokine concentration of IFN-a (a), INF-y (b), IL-13 (c) and IL-1a (d) on culture medium of bovine endometrial mesenchymal stem cells

challenged or not with LPS, after 2, 6, 12 and 24 hours of exposition. Asterisk (* at IL-1a) represents differences (P< 0.05) between moments. C:

control, T: treated. Results are presented as mediam with interquartile rage.
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Figure 4: Cytokine concentration of IL-1F5 (a), IL-21 (b), MIP-18 (c) and TNF-a (d) on culture medium of bovine endometrial mesenchymal stem
cells challenged or not with LPS, after 2, 6, 12 and 24 hours of exposition. Asterisk (* at TNF-a) represents differences (P< 0.05) between groups

(control x treated). C: control, T: treated. Results are presented as mediam with interquartile rage.
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3.3 Prostaglandin E; concentration

It was observed difference on PGE; concentration both at moment (2 and 24
hours) and groups (control and treated). There was significant difference (P=0.008)
between groups on 24 hours and between moments (Moment 2 hours x 24 hours; P=

0.056) for treated group. Results are presented at Figure 5.
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Figure 5: Prostaglandin Ex2 concentration
on bovine endometrial mesenchymal stem
cells challenged or not with LPS culture
medium after 2 and 24 hours of exposition.
Comparison was done between moments
and groups. C: control, T: treated. Results
are presented as median with interquartile
range. Asterisk (*) represents differences
(P< 0.05) between groups and different
letters represents difference (P< 0.05)

between moments.

4. Discussion
It is evident the increasing advancement in the use of MSCs-based therapies
and more recently with the CM cell-free for treatment of various conditions and for use

at in vitro assays. At the present study, production of important biological molecules
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by MSCs related to regulation of immune system was observed. At a proteomic level,
proteins related to regulate immune system, tissue remodeling and angiogenesis was
already described for bovine eMSCs stimulated or not with LPS [5].

The use of LPS on endometrial cells can be considered to create models of
clinical or subclinical endometritis [19], and to test treatments effect [8]. It is known
that MSCs are sensitive to culture media and protein profiles may change in response
to microenvironments to which they are subjected [20], responding by different
mechanisms to defend the organism [5]. It means that MSCs not only have an
immunosuppressive effect, but may also secrete cytokines with anti-inflammatory
immunosuppressive factors [1], which is desirable once not always
immunosuppression effects are favorable [3]. This was observed at our samples in
which cells were not exposed to a stimulus, cytokines with anti-inflammatory functions
such as IL-13 and IL-1F5 and with pro- inflammatory function such as IFN-y, IL-1q,
IL-21 and TNF-a were found in detectable concentrations. Cytokine production even
without a pro-inflammatory factor or stimulus could be inferred to a stress that cells
can suffer in the absence of FBS on culture medium, providing the secretion of more
biologically active factors. We also emphasize that eMSCs are able to produce
substances with immunomodulatory properties after stimulus, and it may the also test
at in vivo assays, to verify if cells act in the same way.

Higher concentration of TNF-a, a pro-inflammatory cytokine, at treated group
confirmed the response to a LPS stimulus, once it is known that LPS recognition by
endometrial cells induces pro-inflammatory production of pro-inflammatory cytokines
(such as TNF-a) that induces secretion of proteins with injured tissues remodeling
function [21], aiming to minimize organ damage [22]. This high concentration of TNF-
a was also observed by Perrini et al. [23] on equine endometrial cells after 3 hours of
stimulation with LPS and on bovine endometrial MSCs under no stimulus [24]. Non-

detection of differences between groups on another studied cytokines could be
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associated with its half-life, sampling time [7] or concentration of LPS which can be
deleterious for endometrial cells in vitro, once this effects cannot be modulated as
occurs in vivo [23]. Therefore we also can infer that at our experimental conditions,
the more appropriate period to study the effect of some therapy using this endometritis
model could be at the first six hours, when we observed differences on secretion of
cytokines between groups. The difference between concentration at samples (high
standard deviation) for the same cytokine bring us important information about the
difference in the capacity of different samples

Pure populations of stromal cells are able to produce PGE: after stimulus with
LPS, by MSCs pro-inflammatory profile activation through a receptor complex TLR-
CD14 connection present on cells and LPS [2, 11]. When occurs this activation, MSCs
are able to secrete pro-inflammatory factors including NO, IDO and PGE; [2]. At the
present work, higher concentrations of PGE; after LPS stimulus on eMSCs was
evidenced after 24 hours. Our results are in accordance with other studies about
bovine endometrial cells, that also revealed PGE: production in cells exposure to LPS
after 1 [8] or 24 hours [11]. Once PGE; appears to be the first molecule responsible
for the inhibition of lymphocytes proliferation [25] and its immunoregulation by MSCs
is done with another immunosuppressive molecule [3], the presence of PGE; on an
inflammatory microenvironment means to be favorable to control inflammation,
preventing an extensive damage on tissue and its repair [2]. With these results, we
reinforce that in a pro-inflammatory microenvironment as occurs in cases of
endometritis, endometrial cells are able to secrete immunomodulatory molecules to
mediate inflammatory cells suppression by MSCs.

Gene expression of MSCs marker CD44 and vimentin was also detected in
equine [26], porcine [27] and human [28] endometrial MSCs and are in accordance
with the immunophenotypic profile and immunocytochemistry of bovine eMSCs with
high levels and positive marking [10]. IL-1a was also found on cytokine analysis,

mainly in not stimulated cells. Also, the expression of PTGS2 on these cells was
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expected once it participates of PGE. synthesis, detected on supernatant of bovine
eMSCs even without experience a challenge. On cells exposure to LPS, this PTGS2

have high expression modulated by PGE; production [8].

5. Conclusions

Based on these and on our results, we can infer that as bovine eMSCs are able
to respond to a stimulus, such which occur in cases of uterine disorders as
endometritis, with a production of immunomodulatory substances detected in the

conditioned medium, aiming tissue preservation, repair and immunomodulation.

Funding: This work was supported by Fundagdo de Amparo a Pesquisa do
Estado de Sao Paulo (scholarship Proc.2014/20447-2, Proc. 2015/18964-1 and

financial support Proc. 2015/01057-1).
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7. CONSIDERAGOES GERAIS

De acordo com os objetivos propostos, e nas condigbes
experimentais podemos concluir que:

- As CTMsE de bovinos nas fases Il e lll do ciclo estral foram
isoladas e cultivadas com sucesso, sem diferenga entre as mesmas;

- As CTMskE de bovinos nas fases Il e lll do ciclo estral
apresentaram baixa imunogenicidade (auséncia de expressdao de MHC-II),
elevada expressao de marcadores de superficie comumente preditos para
CTMs (CD44, CD29), ampla capacidade de formacdo de colbnias
fibroblasticas, estabilidade cromossémica em cultivo e habilidade para
diferenciar em linhagens mesodermais (multipotencialidade) independente da
fase estudada;

- As CTMSE de bovinos nas fases Il e Il do ciclo estral apresentam
taxas de viabilidade satisfatérias apds a criopreservacdo independente do
meio utilizado. Adicionalmente, a auséncia de diferencas entre os meios de
criopreservagao nos permite inferir que o meio condicionado, com menor
concentragdo de SFB (imunogénico) na composi¢do possa ser uma boa
alternativa a criopreservacao deste tipo celular;

- A avaliagdo do secretoma das CTMsE de bovinos por analise
proteOmica através do seu meio condicionado permitiu a identificagdo nos
grupos expostos ou ndo ao LPS bacteriano de proteinas de interesse e com
amplo potencial terapéutico.

- As CTMSsE de bovinos produzem maior quantidade de citocinas e
prostaglandina E2 ap6s estimulo com LPS bacteriano.
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declare
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Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans; Uniform Requirements for manuscripts submitted to
Biomedical journals. Authors should include a statement in the manuscript that informed consent
was obtained for experimentation with human subjects. The privacy rights of human subjects must
always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. If there are no conflicts of interest then please state this:
'Conflicts of interest: none'. More information.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
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for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

e An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

e No open access publication fee payable by authors.
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Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3300, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submission address
Please submit your article via http://ees.elsevier.com/ycyto

Referees

Please submit, with the manuscript, the names and addresses (including contact email addressess)
of a minimum of 5 people suggested as reviewers for your manuscript. Please include reviewers who
are independent and unbiased, from different institutions. You may also mention persons who you
would prefer not to review your paper.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
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figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.
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Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all nhames are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.
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Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant nhumbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAC:
Nomenclature of Organic Chemistry for further information.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Responsibility for the accuracy of bibliographic citations lies entirely with the Authors.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
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article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/cytokine

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]3J. van der Geer, J.A.]J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13.03.03).

Reference to a dataset:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.
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Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

This journal enables you to show an Interactive Plot with your article by simply submitting a data
file. Full instructions.
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Abstract

Endometrial mesenchymal stem/progenitor cells (eMSCs) are multipotent cells known to modulate the immune system and
have clinical application for human and animal health. This makes these bovines cells attractive for dual use as cellular therapy
and experimental model. The aim of this study was to isolate, evaluate the differentiation potential, immunophenotypic and
immunocytochemistry characteristics, chromosomal stability, cloning efficiency, and cryopreservation response of bovine
eMSCs collected in two phases of the estrous cycle. For this, cells were isolated and submitted to differentiation for adipogenic
and osteogenic lineage. The cells were then characterized by flow cytometer (FC) (vimentin, CD29, CD44, MHC-II, CD34)
and immunocytochemistry (vimentin, pan-cytokeratin, CD44) and submitted to cytogenetic and cloning efficiency assay. The
cells were also cryopreserved using two different medium of cryopreservation and analyzed by FC for viability, necrosis, late-
apoptosis 4 necrosis, and initial apoptosis rates before and after cryopreservation. We obtained homogeneous cell populations
which have fibroblastic morphology and adherence to plastic. These cells expressed high levels of markers CD29, CD44, and
vimentin, low expression levels for CD34 and no MHC-II. The cells were chromosomally stable (2n = 60) with high cloning
efficiency and no difference (P > 0.05) between medium of cryopreservation or phase was observed after thawing. We showed
the presence and differentiation potential of bovine eMSCs, with chromosomal stability and great response to
cryopreservation with both medium, which has implications for build biobanks or development of new therapeutic
approaches to combat uterine diseases or to study.

Keywords: characterization; cow; cryopreservation; endometrium; progenitor cells

Introduction

Mesenchymal stem/progenitor cells (MSCs) are multipotent
cells which have attracted great interest in the fields of
human and animal medicine because of their unique
immunomodulatory properties. Many studies have
described the feasibility of these cells as therapeutics because
of their antiapoptotic and self-renewal properties. Specifi-
cally, these cells are known to downregulate immune
responses by promoting regulatory T cells and inhibit
cytotoxic T cell proliferation (Stenger et al., 2015).

*Corresponding author: e-mail: carolnmoraes@hotmail.com

Bovines are a suitable experimental model and have
several advantages for use in clinical studies on application
of MSCs for human medicine (Bosnakovski et al., 2004). The
cells can readily be obtained from endometrial tissue and
expanded in vitro. In addition, it is possible to acquire large
tissue samples for biobanking cells with good viability for
future use in regenerative medicine.

The endometrial tissue is a highly regenerative tissue and
contains endometrial stromal cells, which are dynamic, and
have the capacity for growth and differentiation during the
estrous cycle and pregnancy in cows (Donofrio et al., 2008).

Abbreviations: AN, annexin V; CE, cloning efficiency; CD, cluster of differentiation; CFU-F, fibroblastic colony-forming unit assay; CL, corpus luteum;
DMEM, Dulbecco’s Modified Eagle’s Medium; eMSCs, endometrial mesenchymal stem/progenitor cells; FBS, fetal bovine serum; FC, flow cytometer;
FITC, fluorescein isothiocyanate; HBSS, Hank's balanced salt solution; MHC, major histocompatibility complex; MSCs, mesenchymal stem/progenitor
cells; P, propidium iodide; SEM, standard error of the mean
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The presence of endometrial MSCs (eMSCs) has been
described in other mammals such as human (Garget et al.,
2015), pig (Miernik and Karasinski, 2012), ovine (Letouzey
et al., 2015), and mouse (Chan and Gargett, 2006).

MSCs are a viable alternative in the treatment of
endometrial degeneration in humans (Meng et al., 2007),
endometrosis (Mambelli et al, 2013), and fibrosis
(Alvarenga et al., 2016) in mares. In humans, eMSCs or
menstrual blood MSCs were used in cardiac (Bockeria et al.,
2013), neurological (Wollf et al., 2011), and models of
metabolic diseases (Santamaria et al., 2011) showing their
great application. In non-primate animals which do not
undergo menstruation, eMSCs participate in endometrial
remodeling after each estrus event, and also in the
regeneration of endometrial stroma during the postpartum
period (Letouzey et al., 2015). Thus, these cells may have a
direct application in treatment of reproductive pathologies
that require an endometrial remodeling such as endometritis
and fibrosis. Only a few studies describe in detail the
presence of these cells in bovines, and even fewer give an in-
depth characterization of these cells, which would be of great
interest in clinical treatments.

To our knowledge, there is no study on chromosomal
stability or potential of cryopreservation of bovine eMSCs
which reinforce the possibility of the creation of biobanks for
future therapeutic use. So, the purpose of this study was to
isolate, culture, and characterize MSCs obtained from the
bovine endometrium using the techniques of flow
cytometry, immunocytochemistry, cloning efficiency, and
cytogenetics. In addition, we evaluated the response to
cryopreservation using two medium of cryopreservation.
These cells were collected and compared at two phases of the
estrous cycle, and our findings can contribute for a better
knowledge of biological properties and therapeutic potential
of bovine MSCs.

Material and methods

The study was performed according to the ethical guidelines
recommended by the National Council for Control of
Animal Experimentation and the College of Animal
Experimentation, and it was approved by the institution’s
Animal Care and Experimentation Ethics Committee
(Protocol Number 152/2014).

Selection of endometrial material

The uteri and ovaries of non-pregnant cows (n=12) were
selected at a local slaughterhouse immediately after slaughter
and kept on ice until processing in the laboratory. The
physiological statuses of the tracts were determined by
observation of uterine and ovarian structures, particularly
the corpus luteum (CL) according to methodology described

Description and cryopreservation of bovine eMSCs

by Ireland et al. (1980) and Chapwanya et al. (2013). All the
animals selected were estrous cycling (Phase II; n = 6/Phase
III; n = 6), with no evidence of uterine disease.

Processing, isolation, and culture of MSCs

The uterine horn ipsilateral to the CL corresponding to each
phase was sectioned and kept in 70% alcohol solution for
2 min (Chapwanya et al., 2013). Subsequently, the endome-
trial tissue was separated from myometrial tissue with the aid
of a sterile scissors, and washed with wash solution
composed of HBSS solution (50 mL) supplemented with
penicillin (100 IU/mL), streptomycin (100 pg/mL), ampho-
tericin B (3 pg/mL) (Thermo Fisher Scientific', USA) and
amikacin (22 pg/mL) (Teuto " BRA).

The endometrial tissue was cut into small pieces and
submitted to digestion performed in two steps (Fortier et al.,
1988 with modifications). The first digestion was done using
0.3% trypsin (Sigma , USA) in solution of 10 mL of HBSS
(Thermo Fisher Scientific*) for 3 h at 22°C under agitation.
Subsequently, the tissue was washed with wash solution and
filtered in 40 wm filter (Becton Dickinson and Company ,
USA). The second digestion was done with a solution
composed of 0.5mg/mL of trypsin, 0.5 mg/mL of collage-
nase, 1 mg/mL of bovine serum albumin, and 0.1 mg/mL of
DNase I (Sigma ") in HBSS (Thermo Fisher Scientific') for
1.5h at 37°C. After filtration in 40 wm filter, the material was
resuspended in HBSS medium with 10% fetal bovine serum
(FBS) (Thermo Fisher Scientific') and centrifuged (Hermle
centrifuged Z200A, GER) twice at 100xg/10 min.

After viability assay with Tripan blue solution 0.4%
(Gibco", USA), the material was plated (1.25 x 10° cell/24-
well plate) and cultured in medium comprising DMEM high
glucose/F12 (1:1), 20% FBS, penicillin (100 IU/mL), strep-
tomycin (100 wg/mL), amphotericin B (3 wg/mL) (Thermo
Fisher Scientific’), and amikacin (11 pg/mL) (Teuto “) at
37.5°C in humid atmosphere containing 95% air and 5%
CO,. The first change of medium occurred 18h after to
remove the epithelial cells (Fortier et al., 1988) and
additionally the differential trypsinization (Anand et al.,
2012) with 0.125% of trypsin at 0.05% (Sigma') was
performed to aid in the purification of samples on
subsequent passages.

Immunophenotypic analysis

Immunophenotypic analyses were performed on cells in the
third passage (Phase II; n = 5/Phase III; n=>5).

For the analysis, the following antibodies were used:
mouse anti-vimentin (clone V9, MCAS862, AbD
Serotec-Rad ", UK), mouse anti-CD29:Alexa fluor 647 (clone
TS2/16, 303007, BioLegend , USA), mouse anti-bovine
CD44:FITC (clone IL-A118, MCA2433F, AbD Serotec
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UK), mouse anti-horse MHC-ILFITC (clone CVS20,
MCA1085F, AbD Serotec’, UK) and rabbit anti CD-34:
FITC (polyclonal, orb247244, Biorbyt', USA). For the
antibody mouse anti-vimentin cells were previously fixed
and permeabilized with Cytofix/Cytoperm™ (Becton
Dickinson and Company ) and incubated with the second-
ary goat-anti mouse:FITC (ab7064, abcam’, USA). The
acquisition was made by Flow LSR Fortessa equipment (BD
Biosciences, USA) and the analysis was done using the BD
FACSDiva™ software (BD Biosciences). During the analysis
were accounted for 10,000 events.

Immunocytochemistry characterization

Immunocytochemistry analysis was done in third passage
(Phase IT; n = 3/Phase; III n = 3) on 24 well-plates (Sarstedt "
USA) according to methodology already described by our
group (Maia et al., 2013). The antibodies tested were mouse-
anti CD44 (1:100, clone BAG40A, WS0507B-100, VMRD ",
USA), mouse anti-vimentin (1:200, clone V9, M0725, Dako ',
UK), and mouse anti-pan-cytokeratin (1:100, clone AE1/AE3,
M3515,Dako , USA) with reactivity proven for the species for
thelast two (Souza et al., 2014). After detection and revelation,
the evaluation of the reaction was performed in an inverted
light microscope, with a digitizer (LeicaVR Microsystems
GERM).

Assays for differentiation

The differentiation assay was done for adipogenic and
osteogenic (Phase II; n= 6/Phase III; n=6) lineages with
cells in third passage. For this, cells were plated in 6-wells
(5200 cells/cm?) or 24 wells (25000 cells/cm®) plates for
adipogenic and osteogenic differentiation, respectively.
After 60% confluence, the differentiation medium was
added to the subcultures in triplicate, according to
manufacturer’s recommendations (Thermo Fisher Scien-
tific") added by 5% rabbit serum (Maia et al., 2013) or 20%
FBS (Toupadakis et al., 2010) at adipogenic and osteogenic
medium, respectively.

The confirmation of the osteogenic and adipogenic
differentiation was performed, respectively, after 14 and
8 days by demonstrating the deposition of calcium matrix
using the histological staining method Alizarin red pH 4.2
(Sigma") and the presence of intracytoplasmic fat droplets
using the dye Oil red 0.5% in alcohol isopropyl (Sigma").

Cytogenetic analysis

Cytogenetic analysis was performed on samples (Phase II;
n = 6/Phase III; n = 6) at first passage using the synchroni-
zation technique of cellular cycle by the method of
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methotrexate/thymidine/colchicine (0.0016%) (Maia et al.,
2013).

Fibroblastic colony-forming unit assay (CFU-F) for
determination of cloning efficiency (CE)

CFU-F assay (Phase II; n=>5/Phase III; n=5) was made
with cells on second passage according to Mensing et al.
(2011) with modifications. For this, cells were seeded ( 105
cells/cm®) in 6-well plates, in triplicate. The exchange of
medium was done with 72h and at the 5° day cultures were
fixed and stained with crystal-violet in 100% methanol.
Colonies with more than 20 cells were accounted and the CE
was done using the formula= (counted colonies/cells
seeded) x 1,000.

Cryopreservation

The bovine eMSCs from both phases were cryopreserved at a
final concentration of 1x 10° cell/cryotube with the
following medium of cryopreservation: Medium 1 (MI):
90% FBS (Thermo Fisher Scientific’), 10% dimethyl
sulfoxide (DMSO) (Sigma"), penicilin (100 UI/mL), strep-
tomycin (100 wg/mL), amphotericin B (3 pg/mL); Medium
2 (MII): 90% conditioned medium (DMEM high glucose/
F12 (1:1), 20% FBS, penicillin (100IU/mL), streptomycin
(100 pg/mL), amphotericin B (3 pg/mL) (Thermo Fisher
Scientific"), and amikacin (11 pg/mL) (Teuto"), 10% DMSO
(Sigma").

Samples were cryopreserved at a controlled cryogenic
container (Mr. Frosty, Nalgene, 5100-001), maintained on a
—80°C freezer (Thermo Fisher Scientific’) for 24h and
conserved on liquid nitrogen for 1 month. After this period,
cells were thawed and samples cryopreserved with MI and
MII (Phase IT; n = 5 / Phase III; n = 5) were evaluated by FC.

The FC analyses were done before and after
cryopreservation using annexin V APC (AN, Becton
Dickinson and Company, USA) and propidium iodide
(PI1, Sigma") for viability (PI— AN—), necrosis (PI+ AN—),
late-apoptosis 4+ necrosis (PI4+ AN+), and initial apoptosis
(PI— AN+) (Ranera et al.,, 2012).

Data analysis

Data from differentiation assays and immunocytochemistry
were presented descriptively and compared qualitatively
during the phases (II and III). The other variables with
normal distribution were analyzed by t-test or submitted to
the non-parametric Mann-Whitney rank sum test at the
SigmaPlot software (version 11.0, 2008), adopting P< 0.05 as
significant. The results were presented as mean and standard
error of the mean (SEM).
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Figure 1 Immunophenotypic analysis for the markers CD44, CD29, vimentin, CD34, and MHC-Il from samples of bovine eMSCs from Phase Il
(A, G, E, G, 1) and Phase lll (B, D, F, H, J). Representative histograms of marker CD44 from Phase Il (A) and Il (B). Representative histograms of marker
CD29 from Phase Il (C) and Il (D). Representative histograms of marker vimentin from Phase Il (E) and Ill (F). Representative histograms of marker CD34
from Phase I1 (G) and Ill (H). Representative histograms of marker MCH-II from Phase Il (I) and Il (J). Representative histograms of isotype control IgG from
Phase Il (K) and Ill (M). Representative histograms of secondary control from Phase Il (L) and IIl (N). Data are presented as mean and SEM. There were no
differences between groups (P> 0.05).
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Results and discussion

At the present study, we observed results were very
interesting and promising in bovine eMSCs independent
of the phase of estrous cycle studied. These findings mainly
include the high expression of stem/progenitor cells
markers (CD29 and C44), low immunogenicity (no
expression of MHC-II), chromosomal stability (2n=60)
excellent clonicity, differentiation potential on meso-
dermal lineages, as well as excellent resistance to
cryopreservation demonstrated by the good post-thaw
viability. These are important and desirable characteristics
for the establishment of cells biobank with progenitor cells
lines standardized for future use in cell therapy and/or
further use for in vitro studies.

Here, the bovine eMSCs at the two estrous cycle phases (I1I
and III) were adherent to plastic and had fibroblastoid
morphology within 6h of culture. Immunophenotypic
profile by FC of bovine eMSCs revealed high expression
for CD29, CD44, and vimentin, low expression for CD34
and no expression for MHC-II, with no difference (P > 0.05)
between phases (Figure 1). We emphasize that the threshold
used for negative expression was greater than 3%. Qualita-
tive immunocytochemistry analysis of bovine eMSCs
revealed positive staining for CD44, vimentin, and pan-
cytokeratin (Figure 2) with the same pattern of staining at
both phases.

Unlike human, which counts with a panel of specific
surface markers (Dominici et al., 2006), specific surface
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markers for bovine eMSCs are not well-known and much
less established. The significant marking in both immu-
nophenotypic and immunocytochemistry evaluation for
CD44 and vimentin seen in our study were previously
described in bovine amniotic fluid-derived MSCs (Rossi
et al., 2014). The CD44 and CD29 expression was reported
in porcine eMSC (Miernik and Karasinski, 2012), bovine
umbilical cord (Xiong et al., 2014), and human eMSCs
(Gargett et al.,, 2009; Verdi et al., 2014). The absence of
marking for MHC-II here was maybe due to low
immunogenicity of the endometrial cells, which is of great
interest for therapeutic use.

Differentiation assays of adipogenic and osteogenic
lineages of bovine eMSCs were confirmed in all samples
with excellent response after staining (Figure 3). We reinforce
the results of Lupicka et al. (2015a,b) which showed that
uterine stromal cells differentiated to adipogenic, chondro-
genic, and osteogenic lineage upon specific condition,
confirming the wide plasticity of these source. We reached
great response to differentiation once Donofrio et al. (2008)
demonstrated the osteogenic potential of endometrial stromal
cells and Cabezas et al. (2014) the osteogenic and
chondrogenic potential of endometrial putative mesenchy-
mal progenitor cells from late luteal phase. It could be inferred
that when bovine eMSCs are exposed to inducing agents, they
have differing sensitivity and hence fail to differentiate in a too
early luteal phase.

According to karyotype analysis based on 100% of
metaphases, we showed by the first time, until our

5
w

" y

L4

3

Figure 2 Immunohistochemistry of bovine eMSCs for characterization of the markers CD44 (A), vimentin (B), and cytokeratin (C). The
positive staining is shown in brown. Negative control (D) by omission of the primary antibody. Nucleus stained with hematoxylin. Bar =50 um (A, B, C),

100 um (D).
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Figure 3 Differentiation assay for adipogenic and osteogenic lineages of bovine eMSCs. Adipogenic differentiation: Note in (A) the presence of
intracytoplasmic lipids droplets stained with oil red (arrow) and (B) control of differentiation. Osteogenic differentiation: Note in (C) large calcium deposit
stained with Alizarim red (2%) (arrow) and (D) control of differentiation. Bar: 100 wm (A, C) 200 um (B, D).

knowledge, that these bovine eMSCs have normal chromo-
some number (2n=60) (Figure 4B) and chromosomal
stability also after cryopreservation (data not shown). This
shows that neither isolation technique nor culture or
cryopreservation altered the genetic makeup of these cells.
Additionally, CE revealed great capacity of clonicity from
bovine eMSCs and the formation of delimitated colonies
(Figure 4A) without difference (P =0.750) between phases.
This CE rate is excellent and comparable to samples from
umbilical cords or adipose tissue (Lu et al., 2014; Xiong et al.,
2014). Therefore, creating cell biobanks for future use is
quite feasible once eMSCs are stable and suitable for
therapeutic use.

The cryopreservation using DMSO as a protective
solution in combination with a progressive reduction of
temperature is efficient in the preservation of good

viability rates for bovine cells from amniotic fluid and
umbilical cord, once enables the culture after thawed
(Cunha et al, 2014). To our knowledge, this is the first
report showing the possibility of cryopreservation of
bovine eMSCs using two medium of cryopreservation at a
controlled temperature rate, allowing the formation of cell
biobank. Before cryopreservation cells from phase III
presented a better viability rate (P=0.01) and lower
proportion of cells on initial apoptosis (P=0.04).
A decrease (P=0.03) on the viability rate after
cryopreservation was detected on Phase III using both
medium, comparing to fresh samples, and at both phases
late apoptosis + necrosis increased (P>0.05) on cells
cryopreserved with MI and MII comparing to fresh
samples. No difference (P> 0.05) was detected in any of
the variables after cryopreservation comparing the phases

Figure 4 Fibroblastic colony-forming unit assay and karyotype analysis of bovine eMSCs. Note a formation of a colony well defined in (A) and the

normal karyotype number of bovine eMSCs (2n = 60) in (B).

Cell Biol Int 40 (2016) 1332-1339 © 2016 International Federation for Cell Biology 1337
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Table 1 Data before and after cryopreservation analysis on flow cytometry using anexin V (AN) and propidium iodide (Pl) from samples of
bovine endometrial mesenchymal stem/progenitor cells from Phases Il and IIl.

Before cryopreservation

After cryopreservation

Phase |l Phase Ill Phase |l Phase Il
Variables Medium 1 Medium 2 Medium 1 Medium 2
Viability (PI— AN—) 85.08 + 3.88* 93.76 & 1.09**  81.72 £2.32 7822% +£2.5 76.08% % 6.48° 67.18% & 7.39°
Necrosis (Pl+ AN—) 2.12+£0.78  3.00 £ 1.12 3.92% +£ 079  5.68% + 2.51 2.6% £ 057  1.62% =+ 0.15
Late-apoptosis + necrosis (Pl+ 454 4+ 1.01° 1.72+£058 11.18% +2.27° 13.28% + 0.99° 13.02% =+ 3.36° 21% + 4.77°
AN+)
Initial apoptosis (Pl— AN+) 3.78 £0.87* 148 £0.72* 3.14% £1.09 2.86% % 0.67 8.26% +3.09 10.14% + 3.553

Data are presented as mean and SEM.

AN, anexin V; PI, propidium iodide. Different letters between the same phase and medium in the same raw shows statistical difference (P < 0.05) before
and after cryopreservation. Asterisks represents statistical difference (P< 0.05) between phases before cryopreservation.

and medium used. Data before and after cryopreservation
are presented at Table 1.

Conclusion

At the present work, we showed for the first time at bovine
eMSCs, until our knowledge, the chromosomal stability
and potential of cryopreservation with two different
mediums. We verified that bovine eMSCs derived from
adhere to plastic, fibroblastoid
morphology, good clonicity, differentiation potential and
immunophenotypic progenitor/stem cells characteristics
beside good viability rates after thawing at the two studied
phases and with the two medium used. Thus, bovine eMSCs
can be used in further studies allowing the formation of
biobanks and may have greater potential to impact clinical

estral uteri have

outcome because they are stable. Depending on the objective
(therapeutic use, in vitro studies, formation of cell biobank),
cells from both phases could be used, supposing be
preferable work with fresh cells from phase III and with
cryopreserved cells from phase II according to a possibly
better answer and resistance to cryopreservation from this
last one. Additionally, both medium used at the present
work were suitable to maintain the quality of cells and we
highlight the M2 which is commonly discarded and could be
used for this propose. Pre-clinical studies of MSCs are still
warranted to further establish the most ideal source of MSCs
and eMSCs mechanism of action, particularly in potentiat-
ing tissue repair.
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ARTICLE INFO ABSTRACT

Keywords: The use of the conditioned medium (CM) for diseases treatment is based on its enrichment with biomolecules
Cow with therapeutic properties and themselves have a beneficial effect. Secretome of bovine endometrial
nanoL.C-MS/MS mesenchymal progenitor/stem cells (eMSCs) using a proteomics approach is until now unknown. This work
Protein aimed to evaluate the secretome of bovine eMSCs-CM challenged or not with lipopolysaccharide (LPS). For this,
eMSCs characterized were challenged (TG) or not (CG). The CM was collected 12 h after stimulation and
submitted to mass spectrometry analysis. The classification of identified proteins was done by PANTHER
according to biological processes, molecular function, cellular component and protein class. 397 protein groups
were identified in TG and 302 in CG. We observed positive enrichment for antibacterial response proteins,
macrophage activation function, receptor-mediated endocytosis, hydrolase activity, inhibitory enzyme in TG,
and for activity structural molecule and intermediate filament cytoskeleton in the CG. Our experimental model
shows that eMSCs respond to LPS in the concentration used and can be used to study immune-inflammatory
response, besides of the secretion of proteins mainly related to tissue remodeling, immune response and

Uterus
Endometrial mesenchymal cells

angiogenesis which is an interesting feature for use in cell therapy.

1. Introduction

In cattle, the endometrium is the main source of mesenchymal
progenitor/stem cells (eMSCs), a small proportion of which are
undifferentiated with high plasticity (Lupicka et al., 2015). Bovine
eMSCs have been studied because of their biological properties,
including the paracrine and immunomodulatory effects, which make
them promising for use in cell therapy.

Besides the use of MSCs in therapies, the conditioned medium (CM)
has a role in the cellular microenvironment, and can exert a therapeutic
effect by accelerating organ regeneration processes (Lavoie and Rosu-
Myles, 2013) and tissue repair (Ashiba et al., 2015). MSCs secrete
bioactive molecules such as cytokines and growth factors (Ashiba et al.,
2015) which are released as soluble molecules or through extracellular
vesicles that together are responsible for paracrine (Lavoie and Rosu-
Myles, 2013) and autocrine roles related to the regeneration, angiogen-
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esis or modulation of immune responses (Skalnikova, 2013).

MSCs are sensitive to culture media and protein profiles may change
in response to microenvironments to which they are subjected. The use
of different immunological conditions evaluates the therapeutic poten-
tial of MSC-derived molecules and make the study of secreted soluble
factors important for the understanding its therapeutic effects (Lavoie
and Rosu-Myles, 2013). The use of an experimental in vitro model of
inflammation using bacterial lipopolysaccharide (LPS) (Lange-Consiglio
et al., 2015) makes it possible to evaluate the response of bovine eMSCs
facing a stressful insult such as uterine disease.

Interaction of bovine eMSCs-CM is important for understanding how
therapeutic approaches can be targeted at the mechanisms by which
CM modulates the endometrium or use of eMSCs to treat reproductive
pathologies.

The aim of this study was to evaluate the secretome of bovine
eMSCs challenged with bacterial LPS by proteomic analysis
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(nanoLC-MS/MS) using a shotgun strategy. To the best of our knowl-
edge, this is the first report describing the secretome of bovine eMSCs-
CM using proteomic analysis.

2. Material and methods

The study was approved and performed according to the ethical
guidelines of the Institution’s Animal Care and Experimentation Ethics
Committee (Protocol Number 152/2014).

2.1. Isolation and culture of bovine eMSCs

Endometrial cells from bovine endometrial tissue (n = 3) in Phase II
of estral cycle (Ireland et al., 1980; Chapawanya et al., 2013) were
isolated as previously described (Fortier et al., 1988) with modifica-
tions. Briefly, samples were digested with 0.3% trypsin (Sigma °, USA)
in HBSS (Thermo Fisher Scientific’, USA) for 3h, at 22°C under
agitation. The samples were then filtered with 40 uM filter (Becton
Dickinson® and Company, USA). For each sample, a second digestion
step was performed with 0.05% mg trypsin, 0.05% collagenase, 0.1%
bovine serum albumin and 0.01 mg DNase I (Sigma Q, USA) in HBSS
(Thermo Fisher Scientific’, USA) for 1.5 h at 37 °C. After filtration, the
digesta was washed with HBSS medium and 10% fetal bovine serum
(FBS) (Thermo Fisher Scientific’, USA) twice and centrifuged at 100 x g
for 10 min. The sediment was plated and cultured at 37.5 °C in humid
atmosphere containing 95% air and 5% CO,. The culture medium
consisted of DMEM high glucose/F12 (1:2), 20% FBS, 100IU/mL
penicillin, 100 pg/mL streptomycin, 3 ug/mL amphotericin B (Thermo
Fisher Scientific’, USA) and 11 pg/mL amikacin (Teuto’, BRA). The
medium was changed within 18 h and every 2-3 days thereafter until
the culture reached 90% confluence, and passaged three times.

2.2. Immunophenotypic characterization

The immunophenotypic characterization (n = 2) was performed by
flow cytometry at a LSR Fortessa equipment (BD°, BR) using the
antibodies anti-CD29 conjugated with Alexa fluor 647 (TS2/16,
BioLegend®, USA), mouse anti-bovine CD-44 conjugated with fluores-
cein isothiocyanate (FITC) (IL-A118, AbD Serotec’, UK), mouse anti-
horse MHC-II conjugated with FITC (CVS20, AbD Serotec’, UK), rabbit
anti CD-34 conjugated with FITC (polyclonal, Biorbyt”, USA) and
mouse anti-vimentin (v9, AbD Serotec’, UK). A secondary goat-anti
mouse conjugated with FITC (abcam®, USA) was used for mouse anti-
vimentin. All these antibodies cross-react with bovine antigens (Moraes
et al., 2016). Fluorescence reactions were analyzed using the BD
FACSDiva™ software and were accounted for 10,000 events. The debris
population were excluded by gating FSC x SSC at FSC 5000 threshold.
Markers with expression levels of = 2% were considered positive. Data
from immunophenotypic characterization is presented as mean and
standard error of the mean.

2.3. Immunocytochemistry characterization

Immunocytochemistry (n = 3) was performed as previously de-
scribed (Maia et al., 2013) and the reactions evaluated under an
inverted light microscope (Leica” Microsystems, GER) using the soft-
ware Leica Application Suite (LAS), version 4.3.0. The antibodies
evaluated were vimentin (1: 200, V9, AbD Serotec’, UK), pan-cytoker-
atin (1: 100, C11, abcam’, USA) and CD-44 (1: 100, BAG40A, VMRD®,
USA).

2.4. Assays for differentiation
After attaining 95% confluence, assays for differentiation of adipo-

genic and osteogenic lineages (n = 3) were performed by adding media
(StemPro, Thermo Fisher Scientific’, USA) to the subcultures in
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triplicate, and also supplementing 5% rabbit serum (Maia et al.,
2013) or 20% FBS.

Osteogenic differentiation was confirmed on the 14th day when
calcium matrix deposits were noted on Alizarin red stains (Sigma®,
USA). Confirmation of adipogenic differentiation on the 8th day was by
presence of intracytoplasmic fat droplets after staining with 0.5% Oil
red (Sigma’, USA).

2.5. Challenge of bovine eMSCs with LPS

For evaluating the protein profile of the secretome, bovine eMSCs
were plated on 24 wells (2 cm?) at a density of 1000 cells/cm? and
cultured with complete maintenance medium (DMEM high glucose/F12
(1:2), 20% FBS, 100IU/mL penicillin, 100 ug/mL streptomycin, 3 ug/
mL amphotericin B; Thermo Fisher Scientific’, (USA), 11 pg/mL
amikacin Teuto’, (BRA)). After 60-70% confluence, the cells were
cultured in maintenance medium without FBS for 24 h. The control
(CG; n = 3) and LPS-stimulated (LPS treated, TG; n = 3) were cultured.

After 12 h, the conditioned medium was collected, filtered through
22 um filter and centrifuged at 2000g for 5 min to remove cellular
debris, and the supernatant stored at —86 °C for secretome analysis.

2.6. Secretome analysis by mass spectrometry and liquid chromatography
(nanoLC-MS/MS)

Three biological replicates in both groups (treated vs. control) were
analyzed. The samples were digested by initially denaturing in 8 M urea
solution (Sigma 51459), followed by reduction with 50 mM dithio-
threitol (32 °C/60 min, Sigma 9779). An alkylation step was then
performed with 150 mM iodocetamida (25 °C/30 min in the dark)
followed by digestion with trypsin sequence grade (35°C, 16h,
Promega V511A). After digestion, the samples were clean-up with
C18 reverse phase and strong cationic-exchange columns (C18, SCX,
PolyLC). The samples were then analyzed in a nanoAcquity liquid
chromatographer (Waters) coupled to a LTQ-Orbitrap Velos (Thermo
Scientific) mass spectrometer.

2.7. Data analysis

Thermo Proteome Discover (v.1.4.1.14) was used to search with
SequestHT search engine against Mammalia-SwissProt + Bos taurus-
TREMBL protein database (v. april 2016). The search parameters used
were: Enzyme: Trypsin; Missed Cleavage: 2; Precursor and Fragment
Mass Tolerances: 10 ppm and 0.6 Da, respectively; Variable and Static:
Oxidation methionine and Carbamidomethyl cysteine, respectively.

Gene ontology protein classification analysis according biological
process (BP), molecular function (MF), cellular component (CC) and
protein class (PC) was performed using PANTHER (Protein ANalysis
THrough Evolutionary Relationships) Classification System (http://
pantherdb.org/).

3. Results and discussion

Bovine eMSCs isolated from uteri in Phase II of the estral cycle were
cultured and characterized by immunophenotyping and immunocyto-
chemistry. The cells were also assessed for differentiation potential in
addition to being challenged with LPS for secretome analysis using a
proteomic approach.

The eMSCs adhered to plastic surfaces within six hours of culture,
and showed fibroblastoid morphology after passaging (Fig. 1). Immu-
nophenotypic evaluation by FC revealed high expression for the
markers vimentin (94.35% = 2.19), CD-29 (99.85% = 0.07) and
CD-44 (96.9% = 2.40). Similar to previous studies (Xiong et al.,
2014), there was low expression of the CD-34 (4.25% = 1.06) marker,
and no expression of the MHC-II marker (1.05% = 0.78) (Fig. 2). After
evaluating for osteogenic and adipogenic potential, the eMSCs cells
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Fig. 1. Characterization of bovine eMSCs. A—Bovine eMSCs after first passage adhere to plastic surfaces and show fibrobastoid morphology. B—eMSCs differentiate into osteogenic
lineage after the third passage. Calcium deposits stained with Alizarim are shown. C—eMSCs differentiate into adipogenic lineage of bovine eMSCs in third passage. Intracytoplasmic
lipids droplets stained with Oil red are shown. Immunohistochemical staining of bovine eMSCs for CD-44 (D), Vimentin (E) and Pancytokeratin (F). Brown staining indicates positive.
Hematoxylin stained cell nuclei. Size: 100 um (A, D, F), 200 um (B, C, E). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)

stained positive, similar to previous finding (Lupicka et al., 2015).
Similarly, other authors reported positive staining for the markers CD-
44 in bovine endometrial putative mesenchymal cells on immunocy-
tochemistry (Cabezas et al., 2014), and for vimentin in human eMSCs
(Kato, 2012) (Fig. 1). Here, some endothelial epithelial cells were
positive for pan cytokeratin, which showed that there were no cell
morphology alterations after culture.

A proteomic analysis was performed in order to find more informa-
tion on the protein content of the secretome of bovine eMSCs. A
shotgun approach was used and the LC-MS/MS detected a total of 397
proteins groups on TG and 302 on CG with 242 commons between the
groups (Fig. 3). Many proteins belonging to the immune system,
angiogenic processes, antioxidant and tissue remodeling pathways were
detected in the TG (Table 1).

44

Our in vitro experimental model showed that the cells respond
positively and in a protective manner after stimulation with LPS. It can
be inferred, for instance, from the presence of arginase I and heat shock
proteins, that these proteins protect cells or tissues from stress (Frier
and Locke, 2007) by stabilizing and repairing proteins (Fan, 2012). This
response is characteristic of a defense mechanism via the secretion of
crucial proteins for tissue restoration, or protection from tissue injury.
This suggests that CM alone or together with MSCs can be an efficient
alternative to assist in healing (Ashiba et al., 2015).

MSCs are sensitive to culture media and may change their proteomic
profiles in response to the microenvironments in which they are
subjected (Lavoie & -Rosu Myles, 2013). It is noteworthy that in the
CM of CG, there were proteins with antimicrobial or antifungal activity,
and also tissue remodeling (Table 1). The presence of these proteins in
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Fig. 2. Histograms of the bovine eMSCs cytomarkers analyzed by flow cytometry. A — Vimentin; B — CD34; C — CD29; D — CD44; E — MHC-I; F and G: controls.

the CM of CG, even without stimulation, could be promising to
demonstrate the great potential and possibility of using this medium
for use as therapeutics. In humans, the CM of MSCs from dental pulp
was efficient in the experimental treatment of multiple sclerosis and
even showed similar effects of treatment with their own MSCs
(Shimojima et al., 2016).

A protein with antioxidant activity (peroxiredoxin-6, Table 1) was
found in TG. This antioxidant capacity of the CM was previously
reported for restoring or reducing retinal functions in diabetes animal
model (Duarte et al., 2016).

Recently, Lange-Consiglio et al. (2015) showed in an experimental
equine uterine inflammation model that horse amniotic MSCs-CM

45

significantly reduce the expression of MMP-1 and MMP-13. These
genes modulate inflammatory pathways. Also, in humans, CM of
uterine cervical stem cells showed to have anti-inflammatory and
bactericidal roles (Bermudez et al., 2015) and the eMSCs showed a
potential to be used at pelvic organ prolapse once cells can induce the
immune response and help at the tissue reorganization (Emmerson and
Gargett, 2016). In our study, anti-inflammatory proteins (such as
granulins, Table 1) were found in TG. In addition, in vitro use of the
CM associated with endometrial cells resulted in improvement of the
proliferation rate, showing the relevance of soluble factors produced by
MSCs and its potential to increase cell replacement (Corradetti et al.,
2014). Such studies support using CM as an alternative for treating
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Fig. 3. Venn diagram of the proteins identified in the present study with at least one peptide sequence in the treated (TG) and control (CG) groups. The False discovery rate was <1%.

uterine diseases causing low fertility in cattle.

To better characterize the CM proteome, we performed some
classification on the identified proteins using Gene Ontology tools
(http://geneontology.org/). The Panther GO analysis identified positive
enrichment (PE) for BP in macrophage activation function (GO:

Table 1

0042116, fold enrichment, FE = 7.87) and receptor-mediated endocy-
tosis (GO: 0006898, FE = 5.23) in TG. Regarding MF, there was PE for
hydrolase activity (GO: 0016787; FE = 1.87) and inhibitory enzyme
(GO: 0004857; FE = 5.15) in the TG, and activity structural molecule
(GO: 0005198; FE = 2.73) in the CG. For CC, enrichments were verified

Proteins with more than two PCMs differently expressed in the treated (TG) and control (CG) groups. These proteins have mainly tissue repair and immunomodulatory roles.

Biological Functions Swiss-Prot accession Protein name Gene name Group
Immune response Q9UGM3 Deleted in malignant brain tumors 1 protein DMBT1 Control
KRT16 Uncharacterized protein GP340 Control
P01857 Ig gamma-1 chain C region KRT16 Control
A5A6M2 Annexin Al IGHG1 Control
P01876 Ig alpha-1 chain C region ANXA1 Control
P01834 Ig kappa chain C region IGHA1 Control

IGKC
Antimicrobian/antifungal activity P03973 Antileukoproteinase SLPI Control
P59665 Neutrophil defensin 1 DEFA1 Control
P06702 Protein $100-A9 S100A9 Control
P01857 Ig gamma-1 chain C region IGHG1 Control
Q3T0Z0 Uncharacterized protein (WAP four-disulfide core domain 2) WFDC2 Control
P81644 Apolipoprotein A-II APOA2 Treated
G3N3P6 Cystatin N/A Treated
F1MI18 Uncharacterized protein N/A Treated
FIMNV5 Kininogen-1 N/A Treated
F1IMVS9 Uncharacterized protein KNG1 Treated
P31944 Caspase 14 MASP1 Treated
A2I7M9 Serpin A3-7 CASP14 Treated
Q1JPBO Leukocyte elastase inhibitor (LEI) SERPINA3-2 Treated
SERPINB1

Anti-inflammatory activity A5A6M2 Annexin Al ANXA1 Control
P06702 Protein S100-A9 S100A9 Control
P28799 Granulins GRN Treated
Tissue remodeling A5A6M2 Annexin Al ANXA1 Control
E2DI12 Syndecan-1 (Fragment) SDC1 Control
P28799 Granulins GRN Treated
P50757 72 kDa type IV collagenase MMP2 Treated
E1B726 Plasminogen PLG Treated
FIN2Y2 Uncharacterized protein COL5A2 Treated
E1B726 Plasminogen PLG Treated
Angiogenic activity P80929 Angiogenin-2 ANG2 Treated
Q2KIF2 Leucine-rich alpha-2-glycoprotein 1 LRG1 Treated
P50757 72 kDa type IV collagenase MMP2 Treated
Protective activity E9RHW1 Heat shock 27 kDa protein 1 HSPB1 Treated
Antioxidant P86215 Peroxiredoxin-6 PRDX6 Treated
Other functions AO0SXL6 Elongation factor 2 (EF-2) EEF2 Control
Cell/cell adhesion A7YWB6 Transforming growth factor-beta-induced protein ig-h3 TGFBI Treated
Adhesion/cell aggregation ASPJE3 Fibrinogen alpha chain FGA Treated
Platelet aggregation P05997 Collagen alpha-2(V) chain COL5A2 Treated

Extracellular matrix constituent Q61245 Collagen alpha-1(XI) chain COLl11lal Treated
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in both groups to extracellular matrix (GO: 0031012) and extracellular
region (GO: 0005576), as well as intermediate filament cytoskeleton
(GO: 0045111) in the CG. Interestingly, with respect to PC we
evidenced PE in antibacterial response proteins (PC00051; FE = 5.87)
in the TG.

Here we observed proteins with anti-inflammatory, antibacterial
properties and related to tissue remodeling in both CM which leads us
to believe that these cells respond to many stimuli to defend the
organisms. Thus, eMSCs and CM may have a role in treating reproduc-
tive tract diseases in cattle. Also, our results, especially based on protein
enrichment to macrophage activation and identification of large
number of proteins related to immune response on TG, allow us to
infer that our in vitro model of stimulation with bacterial LPS of bovine
eMSCs is effective to study immune and inflammatory response.

Acknowledgements

The authors thank the Proteomics Platform of the Barcelona Science
Park. We are also indebted to PRB2, ProteoRed-ISCIII, the Spanish
Proteomics network. This work was supported by Fundagao de Amparo
a Pesquisa do Estado de Sao Paulo [Proc.2014/20447-2, Proc. 2015/
18964-1, Proc.2015/01057-1].

References

Ashiba, K., Terunuma, A., Terunima, H., Takane, T., Deng, X., Yamashita, Y., Watanabe,
K., 2015. Immortalized mesenchymal stem cells producing conditioned medium in a
large scale for —t, herapeutic useage. Inflamm. Regen. 35, 57-60. http://dx.doi.org/
10.2492/inflammregen.35.057.

Bermudez, M.A., Sendon-Lago, J., Eiro, N., Trevino, M., Gonzales, F., Yebra-Pimentel, E.,
Giraldez, M.J., Macia, M., Lamelas, M.L., Saa, J., Vizoso, F., Perez-Fernandez, R.,
2015. Corneal epithelial wound healing and bactericidal effect of conditioned
medium from human uterine cervical stem cells. Cornea 56 (2), 983-992. http://dx.
doi.org/10.1167/iovs.14-15859.

Cabezas, J., Lara, E., Pacha, P., Rojas, D., Veraguas, D., Saravia, F., Rodriguez-Alvarez, L.,
Castro, F.O., 2014. The endometium of cycling cows contains populations of putative
mesenchymal progenitor cells. Reprod. Dom. Anim. 49, 550-559. http://dx.doi.org/
10.1111/rda.12309.

Chapawanya, A., Meade, K.G., Doherty, M.L., Callanan, J.J., O’Farrelly, C., 2013.
Endometrial epithelial cells are potent producers of tracheal antimicrobial peptide
and serum amyloid A3 gene expression in response to E. coli stimulation. Vet.
Immunol. Immunopathol. 151, 157-162. http://dx.doi.org/10.1016/j.vetimm.2012.
09.042.

47

Veterinary Immunology and Immunopathology 187 (2017) 42-47

Corradetti, B., Correani, A., Romaldini, A., Marini, M.G., Bizarro, D., Perrini, C.,
Cremonesi, F., Lange-Consiglio, A., 2014. Amniotic membrane-derived mesenchymal
cells and their conditioned media: potential candidates for uterine regenerative
therapy in the horse. PLoS One 9, 1-9. http://dx.doi.org/10.1371/journal.pone.
0111324.

Duarte, D.A., Papadimitriou, A., Gilbert, R.E., Thai, K., Zhang, Y., Rosales, M.A.B., Faria,
J.B.L., Faria, J.M.L., 2016. Conditioned medium from early- outgrowth bone marrow
cells is retinal protective in experimental model of diabetes. PLoS One 11, 1-15.
http://dx.doi.org/10.1371/journal.pone.0147978.

Emmerson, S.J., Gargett, C.E., 2016. Endometrial mesenchymal stem cells as a cell based
therapy for pelvic organ prolapse. World J. Stem Cell 8, 202-215. http://dx.doi.org/
10.4252/WJSC.v8.i5.202.

Fan, G.C., 2012. Role of heat shock proteins in stem cell behavior. Prog. Mol. Biol. Transl.
Sci. 11, 305-322. http://dx.doi.org/10.1016/B978-0-12-398459-3.00014-9.

Fortier, M.A., Guilbault, L.A., Grasso, F., 1988. Specific properties of epithelial and
stromal cells from the endometrium of cows. J. Reprod. Fert. 83, 239-248.

Frier, B.C., Locke, M., 2007. Heat stress inhibits skeletal muscle hypertrophy. Cell Stress
Chapereones 12, 132-141. http://dx.doi.org/10.1379/CSC-233R.1.

Kato, K., 2012. Stem cells in human normal endometrium and endometrial cancer cells:
characterization of side population cells. Kaohsiung J. Med. Sci. 28, 63-71. http://dx.
doi.org/10.1016/j.kjms.2011.06.028.

Lange-Consiglio, A., Perrini, C., Esposti, P., Derigibus, M.C., Camussi, G., Pascucci, L.,
Marini, M.G., Corradetti, B., Bizarro, D., Cremonesi, F., 2015. Effects of microvesicles
secreted from equine amniotic-derived progenitor cells on in vitro
lipopolysaccharide-treated tendon and endometrial cells. Reprod. Fertil. Dev. 28,
244-245. http://dx.doi.org/10.1071/RDv28n2Ab226.

Lavoie, J.R., Rosu-Myles, M., 2013. Uncovering the secretes of mesenchymal stem cells.
Biochimie 95, 2212-2221. http://dx.doi.org/10.1016/]j.biochi.2013.06.017.

Lupicka, M., Bodek, G., Shpigel, N., Elnekave, E., Korzekwa, A.J., 2015. Identification of
pluripotent cells in bovine uterus: in situ and in vitro studies. Reproduction 149,
317-327. http://dx.doi.org/10.1530/REP-14-0348.

Maia, L., Landim-Alvarenga, F.C., Mota, L.S.L.S., Golim, M.A., Laufer-Amorim, R., De
Vita, B., Barberini, D.J., Listoni, A.J., Moraes, C.N., Heckler, M.C.T., Amorim, R.M.,
2013. Immunophenotypic, immunocytochemistry, ultrastructural and cytogenetic
characterization of mesenchymal stem cells from equine bone marrow. Micros Res.
Tech. 76, 618-624. http://dx.doi.org/10.1002/jemt.22208.

Moraes, C.N., Maia, L., Camargos, M.D., Freitas-Dell Aqua, C.P., Mota, L.S.L.S.,
Chapwanya, A., Landim-Alvarenga, F.C., Oba, E., 2016. Bovine endometrial cells: a
promising source of mesenchymal stem/progenitor cells. Cell Biol. Int. 40,
1332-1339. http://dx.doi.org/10.1002/cbin.10688.

Shimojima, C., Takeuchi, H., Jin, S., Parajuli, B., Hattori, H., Suzumura, A., Hibi, H.,
Ueda, M., Yamamoto, A., 2016. Conditioned medium from the stem cells of human
exfoliated deciduous teeth ameliorates experimental autoimune encephalomyelitis. J.
Immunol. 15, 4164-4171. http://dx.doi.org/10.4049/jimmunol.1501457.

Skalnikova, H.K., 2013. Proteomic techniques for characterization of mesenchymal stem
cell secretome. Biochimie 95, 2196-2211. http://dx.doi.org/10.1016/j.biochi.2013.
07.015.

Xiong, H., Bai, C., Wu, S., Gao, Y., Lu, T, Hu, Q., Guan, W., Ma, Y., 2014. Biological
characterization of mesenchymal stem cells from bovine umbilical cord. Anim. Cells
Syst. 18, 56-67. http://dx.doi.org/10.1080/19768354.2014.880370.


http://dx.doi.org/10.2492/inflammregen.35.057
http://dx.doi.org/10.2492/inflammregen.35.057
http://dx.doi.org/10.1167/iovs.14-15859
http://dx.doi.org/10.1167/iovs.14-15859
http://dx.doi.org/10.1111/rda.12309
http://dx.doi.org/10.1111/rda.12309
http://dx.doi.org/10.1016/j.vetimm.2012.09.042
http://dx.doi.org/10.1016/j.vetimm.2012.09.042
http://dx.doi.org/10.1371/journal.pone.0111324
http://dx.doi.org/10.1371/journal.pone.0111324
http://dx.doi.org/10.1371/journal.pone.0147978
http://dx.doi.org/10.4252/WJSC.v8.i5.202
http://dx.doi.org/10.4252/WJSC.v8.i5.202
http://dx.doi.org/10.1016/B978-0-12-398459-3.00014-9
http://refhub.elsevier.com/S0165-2427(17)30150-2/sbref0045
http://refhub.elsevier.com/S0165-2427(17)30150-2/sbref0045
http://dx.doi.org/10.1379/CSC-233R.1
http://dx.doi.org/10.1016/j.kjms.2011.06.028
http://dx.doi.org/10.1016/j.kjms.2011.06.028
http://dx.doi.org/10.1071/RDv28n2Ab226
http://dx.doi.org/10.1016/j.biochi.2013.06.017
http://dx.doi.org/10.1530/REP-14-0348
http://dx.doi.org/10.1002/jemt.22208
http://dx.doi.org/10.1002/cbin.10688
http://dx.doi.org/10.4049/jimmunol.1501457
http://dx.doi.org/10.1016/j.biochi.2013.07.015
http://dx.doi.org/10.1016/j.biochi.2013.07.015
http://dx.doi.org/10.1080/19768354.2014.880370

