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Stem cells are undifferentiated cells with a high proliferation potential. These cells can
be characterized by their in vivo ability to self-renew and to differentiate into specialized
celllines. The most used stem cell types, in both human and veterinary fields, are the mesen-
chymal stem cells (MSC) derived from bone marrow and adipose tissue. Nowadays, there is
a great interest in using stem cells derived from fetal tissues, such as amniotic membrane
(AM) and umbilical cord tissue (UCT), which can be obtained non-invasively at delivery
time. Due to the scarcity of studies in bovine species, the aim of this study was to isolate,
characterize, differentiate and cryopreserve MSC derived from the mesenchymal layer of
amniotic membrane (AM), for the first time, and umbilical cord tissue (UCT) of dairy cow
neonates after assisted delivery (AD) and from fetus at initial third of pregnancy (IT) obtai-
ned in slaughterhouse. Cells were isolated by enzymatic digestion of the tissue fragments
with 0.1% collagenase solution. Six samples of AM and UCT at delivery time and six sam-
ples of AM and UCT at first trimester of pregnancy were subjected to morphology evalua-
tion, imunophenotype characterization, in vitro osteogenic, adipogenic and chondrogenic
differentiation and viability analysis after cryopreservation. All samples showed adherence
to plastic and fibroblast-like morphology. Immunocytochemistry revealed expression of CD
44, NANOG and OCT-4 and lack of expression of MHC II in MSC from all samples. Flow cyto-
metry demonstrated that cells from all samples expressed CD 44, did not or low expressed
CD 34 (AM: IT-0.3%?, AD-3.4%?"; UCT: 0.4%, 1.4%) and MHC II (AM: IT-1.05%?% AD-9.7%";
UCT: IT-0.7%?, AD-5.7%"). They were also capable of trilineage mesenchymal differentia-
tion and showed 80% viability after cryopreservation. According to the results, bovine AM
and UCT-derived cells, either obtained at delivery time or from slaughterhouse, are a pain-
less and non-invasive source of MSC and can be used for stem cell banking.

INDEX TERMS: Holstein cow, cell banking, MHC class II, fetal annexes, immunophetotype.

RESUMO.- [Isolamento, cultura, caracterizagdo e crio-
preservaciao de células tronco derivadas de camada
amniotica mesenquimal e de tecido do cordao umbili-
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cal de fetuses bovinos.] As células tronco mesenquimais
(CTMs) estao presentes na maioria dos tecidos adultos e
possuem grande capacidade de multiplicacdo. Quando cul-
tivadas in vitro sdo capazes de se auto renovar e dar origem
a novos tipos celulares. As células tronco mais utilizadas,
tanto na medicina humana como na medicina veterinaria
sdo as células tronco mesenquimais derivadas da medula
6ssea e do tecido adiposo. Atualmente, uma grande ten-
déncia para a utilizacdo de CTMs obtidas de tecidos fetais,
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como a membrana amniética (MA), matriz extravascular
do corddo umbilical (TCU) e sangue do corddo umbilical
(SCU) pode ser observada, ja que estas fontes podem ser
colhidas no momento do parto por uma técnica nao inva-
siva. Dessa forma, o objetivo deste estudo foi isolar, carac-
terizar, diferenciar e criopreservar CTMs obtidas de MA e
TCU de fetos bovinos colhidos no momento do parto e de
fetos do terco inicial da gestacdo em abatedouro-frigorifico.
As células foram recuperadas por meio de digestdo enzi-
matica tecidual, realizada com solucdo de colagenase 0,1%.
Foram colhidas amostras de MA e TCU no momento do par-
to (n=6) e de MA e TCU no terco inicial de gestacdo (n=6),
as quais foram submetidas as analises morfoldgicas, imu-
nofenotipica por imunocitoquimica e citometria de fluxo,
diferenciacgdes in vitro nas linhagens osteogénica, adipogé-
nica e condrogénica e ainda, avaliacdo da viabilidade apés a
criopreservagio por citometria de fluxo. Todas as amostras
dos diferentes grupos demonstraram adesdo ao plastico
e morfologia fibroblastéide. No ensaio imunocitoquimico
todas as amostras foram imunomarcadas para CD44, NA-
NOG e Oct-4, com auséncia de marcacdo para MHC II. Na
analise imunofenotipica por citometria de fluxo, todas as
amostras apresentaram marcacdo para CD44, auséncia de
marcac¢ao para ou baixissima expressao de CD34 (MA: TI-
-0,3%?, PA-3.4%"; TCU: TI-0,4%, PA-1.4%) e nula ou baixa
expressdo de MHC II (MA: TI-1.5%% PA-9.7%?"; UCT: TI-
-0.7%?, PA-5.7%". Apresentaram também capacidade de
diferenciacdo in vitro nas trés linhagens mesodermais e
quando analisadas pés criopreservacdo por citometria de
fluxo, todas as amostras apresentaram viabilidade de 80%.
Estes resultados indicam que MA e TCU, obtidos tanto no
momento de parto como em abatedouro, de fetos bovinos
podem ser utilizados como fonte ndo invasiva e indolor de
CTMs e possibilitam a formag¢do de bancos de armazena-
mento de células.

TERMOS DE INDEXACAO: Vaca holandesa, células tronco mesen-
quimais, MHC classe II, anexos fetais, imunofenétipo.

INTRODUCTION

MSC are multipotent cells with high self-renewing capa-
bility that can be obtained from a variety of adult tissues
and possess immunomodulatory and immunosupressive
properties, which increase their use as therapeutic tools.
These cells secrete a variety of anti-inflammatory cytoki-
nes and growth factors by bioactive molecules, modulating
the inflammatory response and the appropriate tissue re-
pair (Nauta & Fibbe 2007).

The search for new sources of MSC as alternative to bone
marrow, which requires an invasive harvesting procedure
and exhibits decreased proliferative and differentiation po-
tential associated with donor aging (Pittenger et al. 1999),
has increased in the last decades. In this context, fetal anne-
xes emerge as a convenient source for being easily obtained
by a non-invasive technique as they are usually discarded
after delivery. Besides, they may represent an important re-
source for the creation of MSC banks in both human (Fauza
2004) and veterinary fields (Cremonesi et al. 2011).

AM has anti-inflammatory, antibiotic and wound pro-
tection properties, which combined with the absence or

low immunogenicity, led to the clinical use of this tissue as
wound dressing for skin burns, lower limb ulcerations and
various ophthalmic injuries in humans (Parolini & Sonci-
ni 2011). In veterinary medicine, the AM properties of re-
-epithelization, fibrosis reduction and angiogenesis modu-
lation have been known at the ophthalmic field for at least
adecade (Dua et al. 2004, Solomon et al. 2005) and it is ap-
plied mainly in the reconstruction of ocular surface of dogs
and horses (Ollivier et al. 2006, Arcelli et al. 2009, Plummer
et al. 2009). These characteristics attracted research atten-
tion to the use of amnion-derived cells for cell therapy and
regenerative medicine in allogeneic and xenogeneic trans-
plantation (Parolini & Soncini 2011).

In humans, UCT and AM have been proved as sources
of MSC with high proliferative rate, in vitro differentiation
capacity into at least three mesodermal lineages (osteoge-
nic, adipogenic and chondrogenic), expression of surface
markers, such as CD13, CD44, CD90 and CD105, and low
expression of MHC II. They also maintain the expression of
pluripotency markers like Nanog and OCT-4 without indu-
cing the formation of tumors when applied (Van Pham et
al. 2015).

Domestic species, such as swine and company animals,
like dogs and cats, provide uncountable opportunities to the
development of protocols for veterinary regenerative medi-
cine, which can be implemented as experimental models for
humans. Nowadays, there is an extensive number of resear-
ch and review articles addressing MSC, including fetal anne-
xes-derived MSC, from a variety of domestic animal species
(Gongalves et al. 2014). However, studies using ruminant
species are still rare when compared to other species.

Fadel et al. (2011) suggested isolation protocols for ob-
taining MSC from adipose tissue and umbilical cord blood
of sheep and reported difficulties in isolating umbilical
cord cells from ovines.

Despite few reports, bovine fetal annexes are remarka-
ble sources of stem cells as they have developmental pe-
culiarities, such as the presence of yolk sac, an important
organ for the formation of primordial cells and visible ma-
croscopically until the 55" day of pregnancy. Besides, the
high cost to use them as experimental model, especially in
studies of assisted reproduction techniques, can be overco-
me by the existence of pregnant animals, in different gesta-
tional ages, at slaughterhouses (Neto et al. 2010).

Recently, Mancganares et al. (2015) demonstrated the
presence of MSC in bovine yolk sac obtained from slau-
ghterhouse. These cells expressed the surface markers
CD90, CD44 and CD105, were capable to differentiate in
vitro toward the mesodermal lineages (osteogenic, chon-
drogenic and adipogenic) and exhibited expression of plu-
ripotency genes Oct-4, Nanog and Sox-2.

Isolation and differentiation of MSC derived from um-
bilical cord blood were first reported in 2011 (Raoufi et al.
2011). In the following year, Cardoso et al. (2012) isolated
and cultivated bovine Wharton's jelly-derived cells, sugges-
ting UCT as a promising source of MSC for cell therapy and
biotechnology. They were also able to cultivate these cells
in a three-dimensional (3D) system and without serum
addition in the medium.
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Corradetti et al. (2013) described, for the first time, the
isolation of bovine MSC derived from AM, using its epithe-
lial layer though, and from amniotic fluid. They reported
that MSC from both sources were capable to differentiate
in vitro toward ectodermal and mesodermal lineages when
properly induced.

With the exception of the study from Mancanares et al.
(2015), all reports with bovine fetal annexes mentioned
above used samples obtained during eutocic births. In our
laboratory, we successfully obtained equine MSC derived
from amniotic fluid (De Vita et al. 2013), AM and UCT (De
Vita 2011) harvested at slaughterhouses, using fetuses at
initial, middle and final term of pregnancy. This had encou-
raged us to apply the same harvesting procedure to bovine
species, considering there is a large number of commercial
bovine slaughterhouses.

Adding this fact to the lack of studies with fetal anne-
xes-derived MSC in the bovine species, this study aimed to
isolate, characterize, differentiate and cryopreserve MSC
derived from the mesenchymal portion of the AM and UCT,
obtained from term fetuses during assisted delivery of
Holstein cows as well as from fetuses at first trimester of
pregnancy harvested in slaughterhouse, in order to provide
an economic and easily obtained harvesting technique.

MATERIALS AND METHODS

All procedures were approved by the Ethics Committee of the Colle-
ge of Veterinary Medicine and Animal Sciences from Sdo Paulo Sta-
te University “Julio de Mesquita Filho” (n 30/2013 Botucatu, SP).

Amniotic membrane and umbilical cord harvesting. Sam-
ples were isolated from neonates during assisted delivery (AD) of
Holstein cows at Fazenda Colorado (Araras, SP) and from fetuses at
initial third of pregnancy (IT) obtained at Mondelli slaughterhou-
se (Bauru, SP). Six samples of each structure, measuring about 10
cm?, were collected for both AD and IT groups. They were main-
tained in Hank’s Balanced Salt Solution (HBSS, Invitrogen, USA)
supplemented with 1% penicillin/streptomycin (Gibco, USA) until
later laboratory processing. Transportation was performed at 5C
using the semen cooling system Botuflex® (Botupharma, Brazil).

Isolation and cell culture. All laboratory procedures were
performed at the Animal Advanced Assisted Reproduction and
Cell Therapy Laboratory (LANCA) of the School of Veterinary Me-
dicine and Animal Sciences (Unesp-Botucatu, SP). Samples were
washed with HBSS (Invitrogen, USA) supplemented with 1% pe-
nicillin/streptomycin (Gibco, USA) and minced to facilitate the en-
zymatic digestion using 0.1% collagenase type I solution (Gibco,
USA) for 2 hours in water bath at 37C. During this period, samples
were agitated by vortex every 15 minutes.

After digestion, samples were filtered through 70pum cell strai-
ner (BD, USA) and centrifuged at 600G for 10 minutes with culture
medium consisting of DMEM low glucose/F12 (1:1, Gibco, USA),
supplemented with 20% fetal bovine serum (SFB, Gibco, USA), 1%
penicillin/streptomycin (Gibco, USA) and 1.1% amphotericin B
(Gibco, USA). Pellet was resuspended in culture medium and incu-
bated in 25cm? plastic flasks (Sarstedt, USA) at 37.5°C in a humidi-
fied atmosphere containing 5% CO,. Culture medium was changed
every 48 hours until 80% confluence was reached, when adherent
cells were detached with trypsin and passaged to subcultures.

Immunocytochemistry. Cells from third passage (P3) were
transferred to 24-wells plates (Sarstedt, USA). After reaching 80%
confluence, cells were fixed and permeabilized with Cytofix/Cyto-
perm™ (BD, USA), followed by blocking of endogenous peroxidase for
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20 minutes. Then, samples were incubated for one hour in 3% milk
powder solution to block nonspecific proteins. Primary antibodies
mouse anti-horse MHC class Il monomorphic (clone CVS20, ABD Se-
rotec, United Kingdom), Rb pAb to NANOG (ABCAM, USA), polyclonal
goat anti Oct-4 (1:100, SCR002, MILIPORE, USA) and negative con-
trol IgG anti mouse (Dako Cytomation, Denmark) were incubated
for 18 hours at 4°C, protected from light. Staining was carried out by
using chromogenic substrate DAB solution (Dako Cytomation, Den-
mark) for 5 minutes, followed by Harris Hematoxylin (Merck, Brazil)
counter-coloration for 1 minute. The reaction was examined under
an inverted light microscope (Leica Microsystems, Germany).

Flow cytometry. MSC at P3 from the distinct groups were
analyzed by flow cytometer FACS Calibur (BD, USA). Cells were
incubated with primary antibodies mouse anti CD44 (clone BA-
G404, 1:100, VMRD, USA) mouse anti MHCII FITC (clone CVS20,
1:100, ABD Serotec, United Kingdom) e mouse anti CD34 (clone
581, 1:50, BD, USA). For CD44 marker, the secondary marker goat
anti-mouse IgG- FITC (clone STAR117F, 1:200, ABD Serotec, Uni-
ted Kingdom) was used. Reactions were performed in accordan-
ce with the manufacturer’s protocol of each antibody. Expression
was based in cross-reaction.

Osteogenic and Adipogenic differentiation. For the diffe-
rentiation assays, MSC at P3 were cultured in 6-wells plates (Sars-
tedt, USA) until 60% confluence was reached. At this point, cultu-
re medium was replaced by the respective differentiation media
(StemPro, Gibco, USA). Culture was maintain for 10 days with the
medium being changed every 48 hours. After this period, the cell
monolayer were fixed with paraformaldehyde 4% for 30 minutes
and submitted to histological staining. Osteogenic differentiation
was confirmed by the visualization of calcium matrix deposits
stained with Alizarin Red S (2% solution e pH 4.2, Sigma-Aldrich,
USA). For the evaluation of adipogenic differentiation, monolayers
were stained with Oil red (Sigma-Aldrich, USA) and assessed to
the presence of intracytoplasmic lipid droplets.

Chondrogenic differentiation. Chondrogenic differentiation
was performed in a 3D system for 21 days. Cells were trypsinised
and centrifuged to pellet formation, which was incubated in 15ml
falcon tubes (Corning, USA), containing culture medium, for 24-48
hours. Then, culture medium was replaced by chondrogenic diffe-
rentiation medium (StemPro Chondrogenesis Kit, Gibco, USA). Af-
ter 21 days, pellets were fixed in 10% buffered formalin followed
by paraffin embedding and section cutting. Samples were stained
with Hematoxylin-Eosin (HE), Alcian Blue (pH=2.5) and Toluidine
Blue (pH=1) for the visualization of proteoglycan deposits.

Cryopreservation. After P3, MSC from AD and IT groups from
both sources were trypsinised and the pellet was resuspended
into 1.5ml cryotubes containing freezing medium (90% FBS sup-
plemented with 10% DMSO). Cryotubes were stored in a control-
led cooling container (Mr. Frosty, Nalgene, USA) in -80°C freezer
for 24 hours and then transferred to liquid nitrogen container at
-196°C. After 3 to 6 months, samples were thawed and cell viabi-
lity was analyzed by trypan blue staining method and annexine V
expression by flow cytometry.

Statistical analysis. Data from CD44, CD34 and MHC II ma-
rkers were expressed as mean and standard error and were sub-
mitted to T student test, using PROC GLM from SAS (SAS, Inst. Inc.,
Cary, NC, USA), to verify if there was significant difference betwe-
en means and if the factors influenced any dependent variable. All
analysis adopted significance level of P<0.05.

RESULTS
Morphology
Afterisolation and initial culture, cells derived from am-
niotic membrane and umbilical cord tissue were attached
to the plastic surface and showed spindle-shaped fibro-
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blastic morphology within 24 hours and, in 48-72 hours,
these cells reached 80-90% confluence. There were no
differences in terms of time to adhesion and fibroblastoid
morphology between Ad and IT groups from both sources
(AM and UCT, Figure 1 and 2 respectively).

Immunophenotype characterization
Immunocytochemistry for CD44, Oct-4, NANOG and
MHC II markers. Qualitative evaluation by immunocyto-
chemistry showed positive staining for CD44 (which is
frequently expressed in mesenchymal cells) and Oct-4 and
NANOG (which are expressed in embryonic cells and are
associated to pluripotent differentiation capacity) in sam-
ples from amniotic membrane as well as umbilical cord

from both AD and IT groups. Furthermore, both groups of
the different sources lacked MHC II staining, which can be
observed in Figure 3 and 4.

Flow cytometry for CD34, CD44 and MHCII. Samples
from bovine AM and UCT obtained in slaughterhouse and
during assisted delivery were evaluated after P3. Lack of
expression was set when results were < 2%.

Cell samples from AM obtained in IT and AD expressed
CD44 with no significant difference between the studied
groups (P>0,05). Samples from IT showed lacked expres-
sion of CD34 and MHC II markers. On the other hand, the
expression of CD34 and MHC II markers from cells obtai-
ned during AD, although low, was significantly higher in
comparison with the values obtained in the IT group sam-

:
0

S

Fig.1. (A) AM samples harvested t ial third of pregnancy showing fibroblastoid morphology at 24h; (B) AM-derived cells from IT
group showing 90% confluence in 48h; (C) AM samples harvested during assisted delivery showing fibroblastoid morphology in
48h; (D) AM-derived cells obtained during assisted delivery showing 90% confluence at 4 days. Magnification 10x.

Fig.2. (A) UCT samples harvested at initial third of pregnancy showing fibroblastoid morphology at 24h; (B) AM-derived cells from IT
group showing 90% confluence in 48h; (C) AM samples harvested during assisted delivery showing fibroblastoid morphology in
48h; (D) AM-derived cells obtained during assisted delivery showing 90% confluence at 4 days. Magnification 10x.

Fig.3. Immunocytochemistry of AM-derived cells from bovine gestational uterus at early pregnancy harvested at slaughterhouse (A) MHC
IT (negative staining); (B) Oct-4 (positive staining); (C) NANOG (positive staining); (D) CD44 (positive staining). Magnification 10x.

R [ B 20y

Fig.4. Immunocytochemistry of UCT-derived cells from

b.ovine' gestational uterus at early pregnancy harvested at slaughterhouse (A) MHC

II (negative staining); (B) Oct-4 (positive staining); (C) NANOG (positive staining); (D) CD44 (positive staining). Magnification 10x.
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Table 1. Mean values and standard error of the expression of
CD44, CD 34 and MHC class Il markers of MSC derived from
bovine AM, harvested from gestational uterus at initial third
of pregnancy and from fetuses during assisted delivery of
Holstein cows

Table 2. Mean values and standard error of the expression
of CD44, CD 34 and MHC class Il markers of MSC derived
from bovine UCT, harvested from gestational uterus at initial
third of pregnancy and from fetuses during assisted delivery
of Holstein cows

Markers Expression of the markers (%) Markers Expression of the markers (%)
Initial third Moment of delivery Initial third Moment of delivrery
CD44 56.8 59.5 CD44 7.6 63.4
CD34 0.3a 3.4b CD34 0.4 1.4
MHCII 1.05a 9.7b MHCII 0.7a 5.2b

ples (P<0.05). Nonetheless, the expression level did not ex-
ceed 10% in any sample (Table 1).

UCT-derived cells of the different groups showed ex-
pression for CD44 and non expression for CD34. There was
no difference in the expression of CD44 and CD34 between
the studied groups. However, MHC Il expression was signifi-
cantly higher in AD group than IT group (P<0.05) (Table 2).

Tri-lineage differentiation: osteogenic, adipogenic and
condrogenic

AM osteogenic differentiation. All samples from AM
of both studied groups showed morphological changes and
presence of calcium-rich extracellular matrix (Fig.5).

AM adipogenic differentiation. When assessed to adi-
pogenic differentiation, all AM samples from both groups

G sl -

Fig.5. Osteogenic differentiation of AM-derived MSC harvested from bovine gestational uterus at early pregnancy obtained in slau-
ghterhouse and from fetuses during assisted delivery of Holstein cows. (A) Negative control for osteogenic differentiation; (B) oste-
ogenic differentiation displaying extra cellular calcium deposits stained with Alizarin Red. Magnification 10x.

Fig.6. Adipogenic differentiation of AM-derived MSC harested from bovine gestational uterus at early pregnancy obtained in slau-
ghterhouse and from fetuses during assisted delivery of Holstein cows. (A) Negative control for adipogenic differentiation; (B) adi-
pogenic differentiation displaying lipid droplets stained with Oil Red and morphological changes. Magnification 20x.

Pesq. Vet. Bras. 37(3):278-286, margo 2017
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showed morphological changes and presence of lipid dro-  groups was made by histological analysis of the 3D cultu-

plets in the cytoplasm (Fig.6). res. Samples showed morphological changes and presence
AM chondrogenic differentiation. Evaluation of the  of proteoglycans deposits (Fig.7).

chondrogenic differentiation of MA samples from both UC osteogenic differentiation. In the evaluation of os-

y obtained in slaughterhou-
se and from fetuses during assisted delivery of Holstein cows. (A) Morphological changes observed by the red HE staining; (B) presence of
glycosaminoglycan stained in blue by Alcian blue dye; (C) metacromasia visualized by toluidine blue staining. Magnification 10x.

Fig.8. Osteogenic differentiation of UCT-derived MSC harvested from bovine gestatioal uterus at arly regnancy obtained in slau-
ghterhouse and from fetuses during assisted delivery of Holstein cows. (A) Negative control for osteogenic differentiation; (B) oste-
ogenic differentiation displaying extra cellular calcium deposits stained with Alizarin Red. Magnification 10x.

Fig.9. Adipogenic differentiation of UCT-derived MSC harvested from bovine gestational uterus at early pregnancy obtained in slau-
ghterhouse and from fetuses during assisted delivery of Holstein cows. (A) Negative control for adipogenic differentiation; (B) adi-
pogenic differentiation displaying lipid droplets stained with Oil Red and morphological changes. Magnification 10x.

Pesq. Vet. Bras. 37(3):278-286, mar¢o 2017
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Fig.10. Chondrogenic dlfferentlatlonof UCT derlved MSC harvested from bovine gestational uterus at early pregnancy obtained in slau-
ghterhouse and from fetuses during assisted delivery of Holstein cows. (A) Morphological changes observed by the red HE staining;
(B) presence of glycosaminoglycan stained in blue by Alcian blue dye; (C) metacromasia visualized by toluidine blue staining. Mag-

nification 10x.

teogenic differentiation of UCT samples from the distinct
groups, we observed morphological changes and presence
of calcium-rich extracellular matrix (Fig.8).

UC adipogenic differentiation. When evaluated to
adipogenic differentiation, all UCT samples from AD and
IT groups showed morphological changes and presence of
lipid droplets in the cytoplasm (Fig.9).

UC chondrogenic differentiation. Evaluation of the
chondrogenic differentiation of UCT samples from both
groups was made by histological analysis of the 3D cultu-
res. All samples showed morphological changes and pre-
sence of proteoglycans deposits (Fig.10).

Viability, apoptosis and necrosis assays

MSC from all samples of both groups were cryopreser-
ved after P3 and thawed subsequently for viability, apopto-
sis and necrosis assays. All AM samples (IT and AD) showed
80% of viability (Fig.11). We observed the same results for
UCT samples obtained at IT and during AD (Fig.12).

DISCUSSION

The search of new sources of MSC as alternative to bone
marrow and adipose tissue has increased in the last deca-
de, especially in human field. In this respect, fetal annexes
have arisen in the last 10 years as a convenient source for
being easily and non-invasively obtained from tissues that
are usually discarded and for being an important candidate
to be used as resource for the creation of cell banks for both
human (Fauza 2004, Gucciardo 2009, Parolini & Soncini
2011) and veterinary fields (Cremonesi et al. 2011). These
cells also stand out for their secretion of a variety of anti-
-inflammatory cytokines and growth factors through bioac-
tive molecules, which modulate the inflammatory response
and the appropriate tissue repair (Parolini et al. 2008).
Studies with bovine MSC obtained from fetal annexes,
until now, are little described in literature (Raoufi et al.
2011, Cardoso et al. 2012, Corradetti et al. 2013, Mangana-
res etal. 2015). Therefore, the aim of the present study was
to isolate, characterize, differentiate and cryopreserve bo-
vine MSC obtained from the amniotic mesenchymal layer,
for the first time, and the extravascular matrix of umbilical
cord, which were harvested from neonates during assisted
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Fig.11. AM samples harvested from bovine gestational uterus at
early pregnancy obtained in slaughterhouse and from fetuses
during assisted delivery of Holstein cows showing 80% cell
viability after being cryopreserved.
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Fig.12. UCT samples harvested from bovine gestational uterus at
early pregnancy obtained in slaughterhouse and from fetuses
during assisted delivery of Holstein cows showing 80% cell
viability after being cryopreserved.

delivery of Holstein cows and from fetuses at initial third of
pregnancy obtained in slaughterhouse.

All cultured samples showed plastic adherence and fi-
broblastoid morphology within 24 hours and reached 80%
confluence in 48-72 hours of culture, which is in agreement
with results from studies with human (Zhang & Fan, 2010),
canine (Lee et al. 2012), equine (Koch et al. 2007, Lange-
-Consiglio et al. 2012, De Vita et al. 2013) and bovine (Raoufi
etal. 2011, Cardoso etal. 2012, Manganares et al. 2015) MSC.

During primary culture, few samples displayed circums-
cribed cell formations with polygonal morphology, which
were described as cells from the aminiotic epithelial por-
tion in humans by Miki et al. (2005) and in bovine by Corra-
detti et al. (2013). As reported by De Vita et al. (2013), the
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presence of these epithelial cells decreased through passa-
ges until P3 when it could not be observed.

Cells submitted to immunocytochemistry stained for
CD44, which confirms their mesenchymal origin, and for
Oct-4 and NANOG, which are pluripotency markers that
can also be expressed in adult stem cells with multipotent
characteristics, including MSC; and lacked MHC II staining.
This data supports the findings already reported in several
studies with MSC derived from fetal annexes in different
species (Uranio et al. 2011, Lee et al. 2012, Calloni et al.
2014, Gongalves et al. 2014).

The lack of MHC II expression results in lower risks of
immune response to allogeneic therapy. Several studies
reported no expression of MHC II in MSC by the techni-
ques of flow cytometry (Hoynowski et al. 2007, Carrade
et al. 2012) and RT-PCR (Lovati et al. 2011, Corradetti et
al. 2013). In the present study, however, we have observed
lack of MHC II expression only when analyzing by immu-
nocytochemistry.

In the immunophenotypical analysis by flow cytometry,
all samples highly expressed CD44 marker and did not or
minimally expressed CD34 marker (AM from AD group,
3.4%). CD34 is a common marker for hematopoietic cells.
Gongalves et al. (2014) described MSC as a highly hetero-
geneous cell population that includes, in some cases, CD34
positive cells.

As described before, AM and UCT-derived cells showed
negative immunocytochemistry staining for MHC II; howe-
ver, when evaluated quantitatively by flow cytometry, the
cells obtained during AD low expressed MHC II (AM: 9.7%
and UCT: 5.2%, respectively) and significantly differed from
AM and UCT samples of IT group (1.05% and 0.7% respec-
tively). Similar results were obtained in study with equine
umbilical cord blood-derived MSC, which also observed a
low expression, but not absent, of MHC II (De Schauwer et
al. 2014); and in a study with equine UCT-derived MSC that
reported 5.6% expression of MHC-II (Barberini etal. 2014).

The hypo-immunogenic profile of MSC is associated to
the absence of MHC II expression, making it an important
factor to the application of MSC as immunomodulators
and allowing the allogeneic transplantation of these cells
(Koppula et al. 2009). In this study, the results obtained
suggest that the first trimester of pregnancy is the eligible
moment to harvest MSC that possess a more appropriate
and safe immunological phenotype for clinical use. Still, it
is important to highlight that this classification (negative or
positive) vary between authors (Dominici et al. 2006, Seo
et al. 2012, Yuan et al. 2013). Besides, the harvest at slau-
ghterhouse showed more accessible and free from environ-
mental contamination in comparison to the harvest at field.
At delivery moment, if the fetal membranes are in contact
with the stall bedding before they are harvested; this mate-
rial must not be used due to high microbial contamination.

For the in vitro differentiation, one of the most important
properties in MSC characterization is the ability of these cells
to differentiate into at least three tissues from the mesoder-
mal lineage. All samples showed osteogenic, adipogenic and
chondrogenic differentiation capacity when exposed to the
respective inductor media. This data is in accordance with

results obtained in other studies with cells derived from bo-
vine fetal annexes (Raoufi et al. 2011, Cardoso et al. 2012,
Corradetti et al. 2013, Gongalves et al. 2014).

An important aspect of cell therapy is the formation of
cell banks that allows greater resource availability for the
treatment of diseases. Therefore, it is necessary to utilize
safe protocols that allow cells to maintain their viability for
a long period. In pioneer study, Liu et al. (2011) obtained
positive results for in vitro expansion and differentiation
after submitting umbilical cord blood-derived MSC to long-
-term cryopreservation. In the present study, after thawing,
MSC from both assessed tissues showed cell viability hi-
gher than 80% when stained with propidium iodate and
annexine V and analyzed by flow citometry.

Furthermore, the transportation at 5C for 48 hours did
not interfere on the isolation and following MSC develop-
ment, which allows even more the use of these cells at the
clinical application.

CONCLUSIONS

Based on the proposed aims, we can conclude that MSC
may be easily isolated from the AM as well as the UCT from
bovine fetuses obtained in slaughterhouse or during assis-
ted delivery. The transport at 5 C for 48 hours also showed
viable to send samples to the laboratory.

Immunocytochemistry analysis demonstrated that MSC
from the evaluated tissues show typical characteristics of
stromal cells, but also signs of pluripotency, which suggests
a high therapeutic potential.

The low expression of MHC II indicates a low immuno-
genic characteristic that is desirable in cells intended to cell
therapy. Cells from both the amniotic mesenchymal layer
and the UCT showed a satisfactory differentiation potential
into mesodermal tissues, which confirms their characteri-
zation as MSC.

Cell viability was preserved with the use of DMSO as
cryoprotector and the employment of controlled freezing
and thawing curves, which indicates the possibility of sto-
ring these cells in cell banks.

Our results suggest that the amniotic mesenchymal
layer and the UCT harvested in fetuses at initial third of
pregnancy and during assisted delivery are excellent sour-
ces of MSC for veterinary medicine of bovine species, with
potential use of them as an experimental model, that main-
tain their morphological characteristics after cryopreser-
vation. However, more studies related to the identification
of mechanisms and molecules that participate in the bio-
logical functions and that control the survival and prolife-
ration of these cells after in vivo application are required.
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