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SUMMARY: Mesenchymal stem cells are characterized by in vitro high proliferation and multilineage potential maintenance.
This study aimed to isolate and characterize equine YS mesenchymal stem cells and compare these with amniotic membHanes. The yo
sac (YS) and amniotic membranes (AM) were obtained from 20 pregnant mares with gestational age around 30 days. Celtedvere cultu
in a-MEM supplemented with 15 % FBS, 1 % antibiotic solution, 1 % L-glutamine and 1 % nonessential amino acids. To cell
characterization we used cytogenetic analysis, fibroblast colony-forming unit assays, cell growth curves, immunophermtyping, fl
cytometry, differentiation assays and teratoma formation. Results: Both cell sources presented fibroblastoid and ekéHetivialtli
The YS cells have lower colony formation potential then AM ones, 3 versus 8 colonie$ pktdd cells. However, YS cells grew
progressively while AM cells showed steady. Both, the YS and amnion cells immunolabeled for Oct-4, Nanog, SSEA-3, cy&keratin 1
PCNA, and vimetin. In addition, presented mesenchymal, hematopoietic, endothelial and pluripotency markers in flow cytometry.
Discussion: Both cell sources presented high plasticity and differed into osteogenic, adipogenic, and chondrogenic tineagescan
formation in nude mice was observed. The results suggest that horse YS may be useful for cell therapy such as amnidis-derived ce
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INTRODUCTION

Stem cells are present from preimplantation untAM fluid (Tsai et al,, 2004). However, also fetal membranes
adulthood, and they possess three major characteristicssagh as the YS have currently shown to be adequate sources
self-renewal: generate at least one daughter cell similarfay multipotent stem cells (Wenceslatal., 2011)
the mother cell; b) plasticity: the ability to differentiate into
multiple cell lineages; and c) ability to reconstitute In tissue regeneration is more efficient if it is used an
functionally in vivo an injured tissue. Also, can be classifiethduced differentiated mesenchymal progenitor cells than a
by their differentiation potential as: 1) totipotent, camatural committed progenitor cell (e.g., bone and cartilage).
differentiate in all cellular lineages; 2) pluripotent, carin 2005, the Committee of Mesenchymal Stem Cells (MSC)
differentiate in almost all cellular lineages from inner celind Tissue International Society for Cellular Therapy (ISCT)
mass; 3) multipotent, differentiate only into two of the thredefined by the following: MSC is adherent in culture; express
germ layers cells (Carliet al, 2006). CD105, CD73 and CD90 and do not express CD45, CD34,

CD14 and CD1b, CD79a or CD19 and HLA-DR; and

It is noteworthy that among the new veterinary areatifferentiate in vitro into osteoblasts, adipocytes and
the regenerative medicine has expanded greatly in recehbndroblasts (Dominia@t al, 2006).
years, with increasing interest in severairses of stem cells
for each specific treatment (Schnadigdl, 2013). Stem cells Although bone marrow (BM) MSCs represent the
with more restricted differentiation potential have beemost widely investigated cells for application in veterinary
isolated mostly from postnatal tissues, including bone marrowgenerative medicine to date, these cells have a more limited
(Kucia et al, 2006), placental tissue (Yet al, 2005) and potential than embryonic stem cells in terms of both in vitro

! Department of Surgery, School of Veterinary Medicine and Animal Sciences, University of Sao Paulo, Sao Paulo, Brazil.
2 Center for Agricultural and Environmental Sciences, Federal University of Maranhao, Chapadinha, Maranhao, Brazil.
3 Department of Morphology, Federal University of Pelotas, Pelotas, Rio Grande do Sul, Brazil.

1412



FRANCIOLLI, A. L. R.; BARRETO, R. S. N.; MATIAS, G. S. S.; CARVALHO, R. C.; RODRIGUES, M. N.; FRATINI, P.; PIGNATARI, G. C.; RE CHSTEINER, S. M. E. F,; MESS, A. M.
& MIGLINO, M. A. Equine Yolk sac: a stem cells sourirg. J. Morphol., 38(5)1412-1420, 2020.

proliferation ability and target differentiation capacity (GuesfAssessment of cell growth: growth curveThe growth
et al, 2010). curve was daily evaluated, periodically with an interval of
24 hours between each replacing cell, from the initial chime
In horses, adult stem cells (ASC) are the mostith the following calculation: total number of cells,
common type used for cell therapy, i.e. for arthritis, tendamultiplied by 16, multiplied by the volume of medium sus-
lesion, and suspensory ligament rupture. Due to the lackpended and divided by the number of squares counted
equine fetal membranes derived MSC, we aimed to isolgfgeubauer chamber). Followed by cell counts estimated also
and characterize equine YS mesenchymal stem cells amere transferred to the bottles 3 following the rule to obtain
compare to AM’s, that could be alternative source for cefl number of cells: total number of cells X¥*Hands for the

therapy, eliminating limitations of ASC. volume of resuspension medium, while it is desired number
of cells for X.
MATERIAL AND METHOD Immunophenotyping. The YS and AM derived cells were

grown on coverslips in basal culture medium. After 48 h,
the cells were washed twice in tris-buffered saline (TBS, 20
Embryonic age and cell culture.These experiments were mM Tris, 0.15 M NaCl, and 0.5 % Tween-20) and fixed for
approved by School of Veterinary Medicine and Anima24 h in PFA 4 % after permeabilization with 0.1 % Triton X-
Science Ethic Committee of S&o Paulo University (Protoc@DO0 (Sigma). After blocking with 5 % bovine serum albumin,
number 1475/2008). YS and amnion samples were obtainezlls were incubated for 1 h at room temperature with primary
from 20 mares (30 days of pregnancy). The gestational agatibodies diluted in 0.5 % bovine serum albumin. Primary
was standardized according to our group Franagblal antibodies used for immunophenotypic profile were as
(2011). The YS and AM membrane tissues were plated fiollows: anti-mouse oct-3/4, anti-mouse Nanog, anti-
35-mm petri dishes (Corning) with-Minimum essential cytokeratin peptide 18, anti-mouse vimentin, anti-mouse
medium supplemented with 15 % FBS and 1 % antibiotRCNAS3 (all from Santa Cruz Biotechnology) e anti-mouse
solution (penicillin-streptomycin), 1 % L-glutamine and 1SSEA-3 (Millipore). After washing the antibodies thrice in
% nonessential amino acids and incubated at 37 °C. At 801"BS, fluorescein isothiocyanate conjugated antibody was
of confluence, cells were harvested with 0.25 % trypsiadded, and the antibodies were incubated for 40 min at room
solution (all solutions by Invitrogen) and replaced in 73 cntemperature. The secondary antibodies were used as follows:
flasks. anti-mouse IgG and anti-goat IgG (all from Santa Cruz
Biotechnology). Microscope slides were mounted in
Cytogenetic analysisKaryotype analyses were carried oulectashield mounting medium with or without 40.6-
according to the standard cytogenetic protocol (Husgeindiamidino-2-phenylindol (DAPI). Digital images were
al., 2011). Briefly, YS and AM derived cells were incubate@cquired with a cooled CCD camera (PCO, VC44) and
with ethidium bromide for 3 h (1.5-3 mg/ml) (Invitrogen)processed using the ISIS software (MetaSystem).
and colcemide (Sigma) for 1.5 h (0.02-0.1 mg/ml). Then,
they were harvested, washed twice in phosphate-bufferebw cytometry. Flow cytometry was performed using 106
saline (PBS), and incubated in 0.075 M KCI for 30 min atells from YS and AM membrane. Primary antibodies used
37 °C. Following, YS and AM membrane cells were fixedvere as follows: anti-human CD34, CD45 (all from R&D
in glacial acetic acid and methanol (1:3) at 4 °C. G-bandir8ystems), anti-mouse CD105, Stro-1, Oct3/4 e Nanog (all
was performed using routine Giemsa staining (Sigma). Fisom Santa Cruz Biotechnology). Cells were incubated with
each cell type, 50 metaphases were analyzed to determpnienary antibody for two hours at 4 °C followed by addition
the diploid chromosome number. The images were capturefdsecondary FITC-conjugated antibody (anti-mouse 1gG-
under Zeiss Il microscope. FITC) in the dark. Flow-cytometric analysis was performed
on BD FACSCalibur using the WinMdi2.8 program for
Fibroblast colony-forming unit (f-CFU) assay.The f-CFU  analysis.
assay was adapted Tondresial (2004). A total of 1x103
YS or AM derived cells were plated in 90-mm Petri dishe®steogenic, adipogenic, and chondrogenic differentiation
(Corning) and culture medium was changed every 2-3 dagssays.All differentiation assays were performed in
After 10 days the adherent cells were fixed in PFA 4 %iplicate. To promote osteogenic differentiation, 1x104 cells
(paraformaldehyde) for 5 min and stained for 30 min usingere plated in six well plates in culture basal medium. After
crystal violet (Sigma). Only clones composed of more thadh, the medium was changed, and osteogenic medium
50 cells were considered for quantification. All experimencomposed of Dulbecco’s modified Eagles’s medium
tal procedures were performed in triplicate. (DMEM)-low glucose (LG), 2 % fetal bovine serum (FBS),
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50 mM ascorbate-2-phosphate (Invitrogen), and 0.1mNeratoma formation in nude mice assaysfhe YS and AM
dexamethasone (Sigma) was added and changed every 3 daygmnbrane cells were resuspended in DPBS solution
After 10 days, osteogenic medium was supplemented wiflmvitrogen) and intramuscular injected into the limbs of nude
10 mMb-glycerolphosphate (Sigma). At day 21, cells wemnice in the concentration of 1x4QAll injections were
washed twice in PBS, fixed for 24 h in 4 % paraformaldehydperformed under isoflurane anesthesia (Vetbrands). Teratoma
and stained with von Kossa reagent (Invitrogen). formation was evaluated 8 weeks post injection.

Adipogenic differentiation was performed according
to the protocol for horse mesenchymal stem cells (MambeRESULTS
et al, 2009). A total of 1x10cells were plated in six-well
plates. After 24 h, adipogenic differentiation was induced
by addition of DMEM-high glucose (HG) supplemented withsolation and characterization of mesenchymal progeni-
2 % FBS, 1 mM dexamethasone, 100 mM indomethactor cells. After the first five days of cell culture, the culture
(Sigma), 0.5 mM 1-methyl-3-isobutyxanthine (Sigma)medium was discarded along with the non-adherent cells.
10mg/mL insulin, and 1 % antibiotic. The medium wasn the cultures of YS and amnion cells, we identified
changed every 3 days. At day 10, differentiated cells wefibroblastoid and epithelioid-like cells. Morphologically, the
washed twice in PBS and fixed as just described. SudarcHlls with fibroblast appearance had elongated, fusiform and
(Sigma) staining was used to detect intracellular lipideduced cytoplasm. In contrast, cells with epithelioid
accumulation. appearance were large and rounded and possessed regular
cytoplasmic membrane, cytoplasm large and sparse, small
Chondrogenic differentiation was carried out usingnd circular core (Fig. 1). Karyotype analysis was performed
pellet culture technique. For the preparation of each pellet,6th passage and revealed normal diploidia (2n=64) in both
YS and AM membrane cells were trypsinized, counted, asdurces and morphology of cells (Fig. 2 A, D).
2x1C cells were resuspended in culture medium StemPro®
Chondrogenesis Differentiation Kit (GIBCO — InvitrogenFibroblast colony-forming unit (f-CFU) assay.Clonogenic
cell culture). The YS and AM membrane cells wer@otential of cells derived from the YS and AM membranes
maintained at 37 °C in a humidified atmosphere with 5 %as evaluated using f-CFU assay. The YS cells were able to
CQ,, for 21 days, by changing chondrogenic culture mediugenerate around 3 colonies pef plated cells. The AM
every day. After that, cell aggregates were embedded nmembrane cells had a higher colony formation frequency of
paraffin (Media-Paraplast Plus, Oxford Lab). Sections weeabout 8 colonies per 1plated cells (Fig. 2B, C, E, F).
obtained at 41m using a Leica microtome and stained with
Masson Tricomo and Picrosirius following the routineCell growth curve. The YS cells grew progressively, but not
protocol (Sigma). constant until the fifth passage (P). Between P5 and P9, we

Yolk Sac

Amnion

Fig. 1. Morphological changes in cells derived from yolk sac (A-C) and amnion (D-F). Note the morphologically cells
with fibroblast appearance and epithelioid appearance. Scale hans: 50
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efficiency of yolk sac (B-C) and amniotic (E-F) membrane cells.

observed peaks of cell growth, and a sharp decline in PHow cytometry. YS and amnion expressed markers of
Cells from the AM membrane showed steady, but not linearesenchymal cell (CD 105 and Stro-1), hematopoietic and
growth until the eighth passage. In P9 we observed a growghdothelial cells (CD 45, CD 34) as well as markers of

spurt, but a sharp decline occurred in P10 (Fig. 3A, B).
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indifferentiation (Oct3 / 4 and Nanog) (Fig. 3C, D).

Fig. 3. Cell growth curve and cell
markers expression of cells
derived from yolk sac and
amnion. Cell growth curve of yolk
sac (A) and amnion (B) derived
cells during twelve passages,
indicating a decrease of cell
metabolism after the ninth
passage. Flow cytometry analysis
in yolk sac (C) and amnion (D)
derived cells of cellular markers
related to mesenchymal cell
(CD105 and Stro-1),
hematopoietic (CD45 and CD34)
and pluripotent (Oct 3/4 and
Nanog) cells.
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Immunocytochemistry. In cultured YS and amnion was proliferation marker (Fig. 4E, K), and others of cytoskeleton
possible to detect some markers related to indifferentiatioof, mesenchymal cells (vimentin) (Fig. 4F, L) and placental
such as Nanog (Fig. 4A, G), Oct-4 (Fig. 4B, H), and SSEAissues (CK18) (Fig. 4C, I).

3 (Fig. 4D, J). Also, was possible to detect PCNA as a

Vimentin

Yolk Sac

Oct-3/4

Vimentin

-

o)

Amnion

Fig. 4. Immunofluorescence in cells derived from yolk sac (A-F) and amnion (G-L). Presence of pluripotent (Nanog, OCT 3/4 and
SSEA-3) and epithelial (CK18) cell markers, as well as for cell cycle (PCNA) and cytoskeleton (Vimentin).

Adipogenic, osteogenic and chondrogenic differentiation showing locations of ossification, also bone extracellular
assaysFrom both cell sources, the osteogenic differentiatiomatrix formation was evidenced by Von Kossa staining (Fig.
resulted in cells with polygonal morphology with cytoplasnbA, B, E, F). In addition, adipogenic differentiation resulted
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in cells with several vacuoles in their cytoplasm, as evidencedtracellular matrix rich in collagen was produced as
by Sudan Il Scarlet stain (Fig. 5C, D, G, H). For chondrogenionfirmed by Masson's trichrome (Fig. 51, M) and picrosirius
differentiation, the cells evolved to rounded shape and latstains (Fig. 5J, L, N, P). The differentiated YS produced more
to isogenous groups of chondrocyte-like cells. Also, acollagen than AM, 37.8 % and 36.4 % respectively.

Osteogenic dif. Control Adipogenic dif. Control

Yolk Sac

Amnion

[l
Collagen quantification Control

Yolk Sac

Amnion

Fig. 5. Osteogenic, adipogenic and chondrogenic differentiation of cells derived from yolk sac and amnion. Yolk sac (ABipand a
(E-F) derived cells differentiated into osteocytes were labeled by Von Kossa staining. Yolk sac (C-D) and amnion (G-Hetsrived
differentiated into adipocytes, cytoplasmic lipids granules (arrows) were evidenced by the technique of Sudan Il Scsale{(lYglk
and amnion (M-P) derived cells differentiated into chondrocytes were visualized by Masson's trichrome (I, M) and piciosinids (J
N-P) stains. Areas of collagen were quantified both in yolk sac (K) and and amnion (O) derived cells.

Teratoma potential. Eight weeks after injection of YS or DISCUSSION

AM cells the nude mice were euthanized for macroscopic

and microscopic evaluation. When evaluating the

musculature of the left hind limb (site of cells inoculation) In the last years, AM membrane-derived cells have
no neoplasic formation, disorganized tissue or cell infiltratgeen largely used as a good stem cell source (laztomlo
was observed. Also, the analyzed organs (liver, lung, kidnep12: Violiniet al, 2012). Herein, we compared the equine
and heart) have no metastatic tumors, and kept theiM membrane derived cells from day 30 of pregnancy with
characteristic structural integrity (Fig. 6). YS as a different source for cell therapy. Both stem cell
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Yolk Sac

Fig. 6. Tumorigenic potential of the yolk sac (A-F) and and amnion (G-L) derived cells inimmunocompromised nude micatibiosalter
were found for both cells sources in hind limb inoculation (arrow, A and G), liver (B and H), lung (C and I), kidney (C-ardiat),
muscle (E and K) and skeletal muscle (F and L).

sources showed initially fibroblastoid and epitheloid-likdhuman, YS and amnion progenitor cells build fibroblast
populations, but after fibroblastoid cells were enriched;olonies with more than 50 cells (Tondres@l), similar to
majorly in YS culture. From both sources, the isolated celtsur results. The ability to form CFU-f progenitor cells of YSs
showed capacity to colony formation, presented mesenchyraald amnion was more efficient than from dental pulp and
stem markers and also have capacity to differentiate bone marrow (Kuet al, 1992). Finally, the growth curve of
osteogenic, chodrogenic and adipogenic lineagethe cells from the horse AM membrane and YS was similar
Mesenchymal cells in the organism are characterized byother stem cells.
fibroblast-like morphology and also mesenchymal precursor
cells of connective tissues have a stellate or spindle shape  Immunocytochemistry presented immunolabelling for
with large nuclei and high amounts of cytoplasm (Parelini PCNA as proliferation marker; undifferentiated markers, i.e.,
al., 2008). Cells isolated from human YS are fibroblastoi®ct-4, Nanog, and SSEA -3; as well as other marker for
and morphologically homogeneous during several passagessenchymal stem cells, i.e., vimentin and cytokeratin 18
of cell culture (Wanget al, 2008). However, horse AM (CK18). This reflects various types in cell those cultures
membrane culture presented more epithelioid cells then ([Dazziet al, 2006). Oct-4 and Nanog are majorly expressed
YS culture. The presence of epithelioid cells in AM membrarie early stages of embryo development, indicating the
culture was observe also in rats (Maretial, 2008), humans maintenance of pluripotency and self-renewal (Catial).
(Prusa & Hengstschlager, 2002) and dogs (Videtnal, However, they are also expressed in some tissue-specific
2014). Although cell cultures from AM membrane are morprogenitors, i.e., dental pulp (Kerket al, 2006), bone
heterogenous than that derived from YS tissues, but themarrow (Kucieet al, 2006), in fetal tissues and AM membrane
likewise lead to cell lineages with morphological(Miki etal, 2005) and umbilical funiculus (Kuagal, 2007).
characteristics for mesenchymal stem cells. Vimentin, an intermediate filament that is marker of
mesenchymal origin (Ivaskat al, 2007), such as our cells.

In addition, another characteristic of mesenchymallso, CK18 is present is YS cells during epithelial-
stem cells is the ability to form colonies when grown at lounesenchymal transition (EMT) (Yaei al, 2016). Thus, the
density, identified as fibroblastoid colony-forming unitdmmunolabelling of our cells suggest a that those cells are
(CFU-f) (Caplan & Bruder, 2001). In CFU-f assays of thenesenchymal cells with some maintenance of indifferentiation
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and in EMT. The presence of PCNA, a nuclear protein WhiquANCIOLLI, A.L. R.: BARRETO, R. S. N.: MATIAS, G.
its synthesis is during DNA replication (G1 phase), increasirg] S.: CARVALHO, R. C.; RODRIGUES, M. N.; FRATINI,
in S phase and decreasing in G2 phase (Bacchi & Gown; PIGNATARI, G. C.; RECHSTEINER, S. M. E. F.; MESS,

1993); then the presence is proportional to the ceN. M. & MIGLINO, M. A.  Saco vitelino equino: Una fuente de
proliferation. células madrent. J.Morphol., 38(51412-1420, 2020.

By flow cytometry, YS and amnion labelled for RESUMEN: Las células madre mesenquimales se ca-

mesenchymal (CD105, and Stro-1), hematopoietic ar{acterizan por una alta proliferaciémvitro y un mantenimiento

endothelial (CD45 and CD34) and indifferentiation (Oct3/£9ten0|al de mu!tlples I|ne’as. Este estudio tuvo como objetivo
aislar y caracterizar las células madre mesenquimales del saco

and_ Nanog) markers, in accordance to mesenchymal :_st_em SitSlino equinas y compararlas con las membranas amnidticas.
derived from human Y'S (Wareg al) bone marrow, umbilical  gg optuyo el saco vitelino (SV) y las membranas amnidticas (MA)
funiculus and AM fluid (Lovatet al, 2011). Also, the labelling de 20 yeguas prefiadas con edad gestacional de aproximadamen-
for endothelial and hematopoietic markers suggests that3o dias. Las células se cultivaroneeMEM suplementado
equine YS and amnion derived cell has a bipotential, such@s 15 % de FBS, 1 % de solucién antibidtica, 1 % de L-glutamina
previously reported for equine (Lange-Consiglial, 2012). vy 1 % de aminoacidos no esenciales. Para la caracterizacion celu-
lar utilizamos analisis citogenéticos, ensayos de unidades de co-
Both YS and AM derived cells had the ability to pdonias de fibroblastos, curvas de crecimiento celular,

differentiated for bone, cartilage and adipose tissues ipmunofenctipaje, citometria de flujo, ensayos de diferenciacion
‘ormacién de teratomas. Ambas fuentes celulares presentaron

specific inducing culture media as stated for mesenchyma ) . L . :
P 9 . . . erformato fibroblastoideo y epitelioide. Las células SV tienen un
stem cells (Parolinet al). Those cells differentiated to : > . P .

otencial de formacion de colonias mas bajo que las de MA, 3

ostep_gemc _Imeage such as cells derived from Can'&@rsus 8 colonias por 16¢lulas en placa. Sin embargo, las célu-
umbilical funiculus (Seet al, 2009), fetal and adult bone |55 Sy crecieron progresivamente mientras que las células MA
marrow and YS (Wenceslaet al) and equine umbilical se mostraron estables. Tanto las células YS como las células
funiculus, bone marrow and AM fluid (Lovaét al). amnios estan inmunomarcadas para Oct-4, Nanog, SSEA-3,
Furthermore, the chondrogenic differentiation was similaritoqueratina 18, PCNA y vimentina. Ademas, presentdé marca-
as for cells derived from equine adipose tissue (Redle dores mesenquimales, hematopoyéticos, endoteliales y
2010); canine umbilical funiculus (Sebal), bone marrow Ppluripotenciales en citometria de flujo. Ambas fuentes celulares
and YS (Wenceslagt al); human YS (Wangt al) and Presentaron alta plasticilda_ld y diferian en Iinaj,es ostec_)génicos,
equine AM membrane (Wenceslatial). The adipogenic adipogénicos y condrogénicos, y no se observé formacion de tu-
differentiation. was similar to observed in human bon®Ores en ratones. Los resultados sugieren que el SV de caballo

! . . puede ser Util para la terapia celular, como las células derivadas
marrow derived cells (de Lima Pragial., 2010) and canine d .

: : .~ de amnios.

AM derived cells (Vidanet al), that equally do not stain
well by Red Oil, but was successfully with Sudan Il Scarlet. PALABRAS CLAVE: Caballo: Células madre
Finally, teratoma assay of the cultured cells intghesenquimales; Células madre placentarias; Medicina
immunocompromised nude mice did not result in tumaegenerativa; Membranas extraembrionarias.
formation locally, neither metastatic tumor growth in the
inner organs
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