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SUMMARY: 27 
Herein, we describe a method for the isolation, expansion, and differentiation of mesenchymal 28 
stem cells from canine ovarian tissue. 29 
 30 
ABSTRACT: 31 
Interest in mesenchymal stem cells (MSCs) has increased over the past decade due to their ease 32 
of isolation, expansion, and culture. Recently, studies have demonstrated the wide 33 
differentiation capacity that these cells possess. The ovary represents a promising candidate for 34 
cell-based therapies due to the fact that it is rich in MSCs and that it is frequently discarded after 35 
ovariectomy surgeries as biological waste. This article describes procedures for the isolation, 36 
expansion, and differentiation of MSCs derived from the canine ovary, without the necessity of 37 
cell-sorting techniques. This protocol represents an important tool for regenerative medicine 38 
because of the broad applicability of these highly differentiable cells in clinical trials and 39 
therapeutic uses. 40 
 41 
INTRODUCTION: 42 
The number of published studies that focus on stem cells has increased substantially over the 43 
past decade, a research effort that has been fueled by the collective goal of discovering powerful 44 
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regenerative medicine therapies. Stem cells have two primary defining markers: self- renovation 45 
and differentiation. Mesenchymal stem cells are responsible for regular tissue turnover and have 46 
a more restricted capacity of differentiation when compared to embryonic stem cells1. Recently, 47 
many studies have shown a wide range of differentiation of MSCs, and a topic under discussion 48 
is whether differences between embryonic and adult stem cells exist at all2. 49 
 50 
The ovarium surface epithelium is an uncommitted layer of cells, relatively less differentiated, 51 
which expresses both epithelial and mesenchymal markers3, retaining the capacity to 52 
differentiate into different types of cells in response to environmental signals4. The exact location 53 
of stem cells in the ovary is not well known; however, it has been proposed that bipotential 54 
progenitors in the tunica albuginea give rise to germ cells5. Immunological studies have 55 
hypothesized that these cells have a stromal origin6 or are located in or proximal to the ovary 56 
surface7. Since mesenchymal stem cells express numerous receptors that play an important role 57 
in cell adhesion8, an experiment was designed to test the hypothesis that selecting a population 58 
of cells with rapid adhesion would isolate a population of cells clearly characterizable as 59 
mesenchymal in nature. Recently, our group reported the derivation of MSCs from ovarian tissue 60 
based on their capacity of adhesion to the plastic surface of the culture dish in the first 3 h of 61 
culture, in order to obtain a purified population of cells exhibiting rapid adhesion9. Here, we 62 
describe the developed method for mesenchymal stem cell isolation from the ovarian tissue. 63 
 64 
PROTOCOL: 65 
This experiment was performed with the ovaries of four mongrel female dogs donated after 66 
elective surgery at a canine sterilization program. This experiment was approved by the Ethics 67 
Committee on the use of animals of UNESP-FCAV (protocol no. 026991/13).  68 
 69 
1. Experimental Preparation 70 
 71 
1.1. Prepare or purchase 500 mL of sterile Dulbecco's phosphate-buffered saline (DPBS) without 72 
calcium or magnesium. 73 
 74 
1.2. Prepare a collagenase I stock solution by mixing 40 µg of the enzyme in 1 mL of DPBS. Filter 75 
using a 0.2 µm syringe filter, and store 2 mL aliquots at -20 °C. 76 
 77 
1.3. Prepare the culture media from Dulbecco’s modified Eagle’s medium (DMEM) low glucose 78 
with 10% fetal serum and 1% of antibiotics. 79 
 80 
1.4. Collect sterile materials: scissors and forceps, a tissue culture flask, dishes, tubes, and 10 mL 81 
and 5 mL pipettes. 82 
 83 
1.5. Use standard cell culture laboratory equipment: a biological safety cabinet (BSC), a cell 84 
culture incubator set at 5% CO2 and 38 °C, and a centrifuge. 85 
 86 
1.6. Clean the BSC: with gloved hands, sterilize it with 70% EtOH, using UV lights. 87 
 88 



2. Isolation of Mesenchymal Stem Cells from the Ovary 89 
 90 
2.1. After surgery, keep the ovaries in PBS on ice in a conical tube, until their arrival at the lab.  91 
 92 
2.2. Fill two 100 mm Petri dishes with 10 mL of PBS. 93 
 94 
2.3. Remove the ovaries from the tube and transfer them to the first Petri dish with PBS. Wash 95 
them with mixing movements. 96 
 97 
2.4. Gently retrieve the ovary and place it into another dish. With sterile tweezers and scissors, 98 
mince the tissue into very small pieces, approximately 1 mm in size. 99 
 100 
2.5. Transfer the ovarian tissue to a 35 mm Petri dish and add 2 mL of collagenase. Mince the 101 
tissue a little more. 102 
 103 
2.6. Place the Petri dish in the incubator at 38 °C for 3 h and gently shake the Petri dish with 104 
circular movements every 20 min.  105 
 106 
2.7. After 3 h, remove the Petri dish from the incubator.  107 
 108 
2.8. Transfer the contents of the dish to a 15 mL tube. Add 5 mL of expansion media.  109 
 110 
2.9. Gently invert the tube before centrifugation. Centrifuge the tube at 2100 x g for 7 min. 111 
Remove the supernatant and resuspend the pellet with 3 mL of expansion media. 112 
 113 
2.10. Transfer the pellet to a T25 bottle. Place the bottle in the incubator with 5% CO2 at 38 °C 114 
for 3 h. 115 
 116 
NOTE: The most important part of the procedure is to change the media after 3 h of incubation.  117 
 118 
2.11. Remove the bottle from the incubator and remove the media with the remaining tissue. 119 
Add 3 mL of fresh expansion media to the bottle.  120 
 121 
2.12. Change the media every 48 h and observe the bottle for cellular confluence.  122 
 123 
NOTE: The main steps of the procedure can be observed in Figure 1.  124 
 125 
3. Expansion of Mesenchymal Stem Cells from the Ovary 126 
 127 
3.1. Cell passage  128 
 129 
3.1.1. When the cells reach confluence, remove the media from the bottle. 130 
 131 
3.1.2. Wash the bottle with 3 mL of PBS. Remove the PBS.  132 



 133 
3.1.3. Add 1.5 mL of trypsin and put the bottle in the incubator at 38 °C for 3 min. Gently tap the 134 
bottle to help the cells to detach. 135 
 136 
NOTE: Cells should reach confluence approximately 5 - 7 d after the initial plating.  137 
 138 
3.1.4. Add 3 mL of expansion media and transfer the contents to a conical tube. 139 
 140 
3.1.5. Centrifuge the tube at 2100 x g for 7 min. Remove the supernatant and add 1 mL of 141 
expansion media. 142 
 143 
3.1.6. Gently homogenize the contents of the tube. 144 
 145 
3.1.7. Take an aliquot of 10 µL of the sample to perform cell counting and put the tube with the 146 
cells back in the incubator.  147 
 148 
3.1.8. Place 10 µL of the mix into the hemocytometer. 149 
 150 
3.2. Counting the cells 151 
 152 
3.2.1. Use the microscope’s 10X objective and focus on the grid lines of the hemocytometer. 153 
 154 
3.2.2. Count the cells in five small squares (Figure 2). 155 
 156 
3.2.3. Multiply the counted number by 50,000 to estimate the number of cells per milliliter. 157 
 158 
4. Differentiation of Mesenchymal Stem Cells from the Ovary 159 
 160 
NOTE: Differentiation assays were performed according to the guidelines established in Hill et 161 
al.9. 162 
 163 
4.1. Seed 1.0 x 104 cells per well, in triplicate, using a 4-well culture dish.  164 
 165 
4.2. Add 1 mL of expansion media. 166 
 167 
4.3. Gently agitate the dish with circular movements.  168 
 169 
4.4. After 24 h, replace the culture media with the desirable differentiation media. 170 
 171 
4.5. For osteogenic, adipogenic, and chondrogenic differentiation, incubate the cells with the 172 
induction media for 30 d, with media replacement every 3 d. Specific differentiation kits were 173 
used for each of these assays. 174 
 175 



4.6. For neurogenic lineage differentiation, incubate the cells for 10 d in the induction media, 176 
with media replacement every 3 d. The media used here contained DMEM low glucose, 2 mM 177 
valproic acid, 1 µM hydrocortisone, 10 µM forskolin, 5 mM potassium chloride, 5 µg/mL insulin, 178 
and 200 µM butylated hydroxyanisole. 179 
 180 
4.7. For endoderm precursors, incubate for 5 d in endoderm media as per the reagent 181 
manufacturer’s instructions. 182 
 183 
4.8. For primordial germ cell lineage differentiation, incubate the cells in the induction media for 184 
14 d, with media replacement every 3 d. The media used here contained DMEM, 10% FBS, 1 mM 185 
sodium pyruvate, 10 ng/mL LIF, 1 mM nonessential amino acids, 2 mM L-glutamine, 5 μg/mL 186 
insulin, 0.1 mM β-mercaptoethanol, 60 μM putrescine, 20 μg/mL transferrin, 10 ng/mL EGF 187 
(mouse epidermal growth factor), 1 ng/mL human bFGF (basic fibroblast growth factor), 40 188 
ng/mL human GDNF (glial cell line-derived neurotrophic factor), and 15 mg/L penicillin.  189 
 190 
REPRESENTATIVE RESULTS: 191 
 192 
Mesenchymal Stem Cell Isolation from Canine Ovary: 193 
The ovarian MSC isolation procedure is summarized in Figure 1. After surgery, tissue mincing, 194 
collagenase digestion, and a media change 3 h after the beginning of the culture, a putative MSC 195 
population with rapid plastic-adhesive properties was successfully isolated from canine ovarian 196 
tissue. The harvested cells rapidly adhered to the plastic surface of the culture dish and grew into 197 
a morphological homogeneous monolayer culture with typical MSC-like morphology (Figure 3). 198 
 199 
Characterization of Ovarian MSC In Vitro: 200 
The goal of MSC characterization is to ensure that isolated cells conform to standard MSC criteria. 201 
These include an adherence to plastic, a positive detection of mesenchymal surface markers, and 202 
an absence of hematopoietic surface markers, as well as the capacity to undergo mesodermal 203 
differentiation. 204 
 205 
As shown in Figure 3, ovarian-derived cells were adherent to the plastic and exhibited a 206 
fibroblast-like morphology, fulfilling the first criterion that defines MSCs. Moreover, the isolated 207 
cells showed the expression of transcripts for the canine MSC markers CD44, CD90, and CD105. 208 
In addition, MSC-specific cell surface antigens CD90 and CD44 were detected by early passage 209 
FACS analysis and immunocytochemistry. The absence of the markers CD45 and CD34, which are 210 
hematopoietic-specific cell surface antigens, was also confirmed by the same techniques (Figure 211 
4). This further confirmed that the ovary contains cells expressing an MSC-specific phenotype9. 212 
The antibodies that were used in this experiment for canine MSC characterization are listed in 213 
the Table of Materials. 214 
 215 
The next step in the characterization of MSCs is to attain proof of their ability to differentiate into 216 
mesodermal lineages. After 30 days of exposure and culture in lineage-specific differentiation 217 
protocols, staining was performed to identify a commitment to different lineages (Figure 5A). A 218 
commitment to the osteogenic lineage was confirmed through Von Kossa staining, which 219 



identified calcium deposits. Safranin O proteoglycan staining confirmed chondrogenic 220 
commitment, and Oil Red O lipid staining confirmed adipogenic commitment. Continuing the 221 
investigation of the differentiability of these cells, they were able to undergo differentiation into 222 
the ectodermic lineage, as shown by immunostaining for two neuroectodermal stem cell 223 
markers: β-tubulin and Nestin, following exposure of ovary-derived MSCs for to the neuronal 224 
lineage differentiation protocol for 10 days (Figure 5C). Transcripts for SOX17 and CD184, as well 225 
as cell morphologies specific to the endodermal lineage, were observed after exposure to specific 226 
differentiation protocols for 5 days (Figure 5B). Finally, after 14 days of exposure of ovarian-227 
derived MSCs to germ cell induction media, OCT 4 and DDX4 were identified (Figure 5D). 228 
Together, these results support a robust and diverse capacity of the differentiation for MSCs 229 
derived from ovarian tissue, when exposed to specific differentiation protocols9. 230 
 231 
FIGURE LEGENDS: 232 
 233 
Figure 1: Main steps of the isolation procedure. (1) After surgery, transfer the ovaries to sterile 234 
tubes with PBS, on ice. (2) In order to wash the ovaries, they should be transferred to a 100 mm 235 
plate with PBS. (3) Mince the tissue into small pieces, approximately 1 mm in size. (4) In order to 236 
liberate the cells from the tissue, transfer the pieces of tissue to 35 mm plates and add 237 
collagenase for a 3 h digestion in the incubator. (5) Transfer the contents of the plate to a conical 238 
tube for centrifugation. (6) Plate the pellet in a T25 bottle and incubate for 3 h. (7) After the first 239 
3 h of culture, change the culture media. 240 
 241 
Figure 2: Hemocytometer. The five small squares to be counted are marked in red. 242 
 243 
Figure 3: Cell morphology. When the media was changed 3 h after the beginning of the culture 244 
it resulted in a homogeneous population of mesenchymal cells, which exhibited a fibroblast-like 245 
morphology. On the contrary, when the first media change is done after 48 h other cell types 246 
besides the fibroblast-like cells can be observed. The scale bar = 1,000 μm. This figure has been 247 
modified from Hill et al.9. 248 
 249 
Figure 4: Molecular profile of ovarian MSC. (A) The isolated cells exhibited a classic MSC marker 250 
profile, being positive for three MSC markers by real-time PCR (CD90, CD105, and CD44). (B) By 251 
protein analysis, CD44 was positive in those cells, and they lacked the expression of two 252 
hematopoietic markers (CD34 and CD45). The scale bar = 70 μm. This figure has been modified 253 
from Hill et al.9. 254 
 255 
Figure 5: Differentiation of ovarian MSC. The isolated cells were able to differentiate into (A) 256 
mesodermal lineages (chondrogenic, osteogenic, and adipogenic; the scale bar = 70 μm). 257 
Moreover, the cells were able to differentiate into both (B) endodermal precursors (the scale bar 258 
= 70 μm) and (C) neurogenic lineages (the scale bar = 50 μm). Interestingly, the cells underwent 259 
(D) primordial germ cell differentiation, demonstrating a wide capacity of differentiation for 260 
ovarian mesenchymal stem cells. This figure has been modified from Hill et al.9. 261 
 262 
DISCUSSION: 263 



Herein we provide evidence that MSCs can be isolated from canine ovarian tissue, which is 264 
considered biological waste after ovariectomy. Due to the fact that many cell types can be found 265 
in the ovary, we proposed a protocol to select MSCs based on their rapid adherence to plastic, 266 
which successfully selected cells that grew in a monolayer with a fibroblast-like morphology.  267 
 268 
The first report of the derivation of MSCs from bone marrow was based on the plastic adhesion 269 
capacity of the MSCs during the first 48 h of culture11; however, it has been reported that this 270 
method has the potential to isolate a heterogeneous population, phenotypically and functionally, 271 
at least for bone marrow12. The proposed culture method also selects cells by plastic adhesion 272 
capacity and isolates mesenchymal cells from a tissue that has many cell types, without the 273 
necessity of sorting the desirable cells. Due to the fact that mesenchymal stem cells express 274 
numerous receptors that play an important role in cell adhesion8, it was hypothesized that if a 275 
population of cells with rapid adhesion were selected, it would result in a more homogeneous 276 
population at the first passage, with a reliable MSC profile. The representative results provide 277 
evidence that a shorter duration plastic adhesion assay can be used to isolate a morphologically 278 
homogeneous population of MSCs at the first passage, without the necessity of waiting for more 279 
advanced passages or cell sorting. 280 
 281 
A critical step in this protocol is to change the media 3 h after the beginning of the culture. As 282 
shown in the representative results section, the stem cells obtained from canine ovaries met the 283 
three criteria established for the characterization of MSCs: they exhibited a fibroblast-like 284 
morphology, were positive for the presence of MSC markers, and were able to differentiate into 285 
such mesenchymal lineages as osteogenic, adipogenic and chondrogenic lineages. Cells isolated 286 
in this experiment were also successfully differentiated into endodermal precursors, ectodermal 287 
lineages, and primordial germ cell lineages. The cells should reach confluence approximately 5 - 288 
7 days after the initial plating. The cells from animals with an advanced age may grow more slowly 289 
than those of young animals, and of those, fewer cells may adhere to the plastic. In these cases, 290 
the concentration of FBS in the media can be increased to 15%.  291 
 292 
Therefore, the selection for MSCs based on the cells with more rapid adherence capacity 293 
represents an inexpensive, streamlined, and effective procedure. From a therapeutic 294 
perspective, it is most important to highlight that these cells represent a promising tool for 295 
regenerative medicine, especially because of their wide range of differentiation.  296 
 297 
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Name of Material/ Equipment Company Catalog Number Comments/Description

DPBS Thermo Fisher 14190144

Collagenase I Thermo Fisher 17100017

Tissue flask Corning CLS3056

DMEM low glucose Thermo Fisher 11054020

FBS Thermo Fisher 12484-010

TrypLE express Thermo Fisher 12604021
StemPro Adipogenesis 

Differentiation Kit Thermo Fisher A1007001
StemPro Chondrogenesis 

Differentiation Kit Thermo Fisher A1007101
StemPro Osteogenesis 

Differentiation Kit Thermo Fisher A1007201

STEMdiff Definitive Endoderm Kit StemCell 5110

Penicillin-Streptomycin Thermo Fisher 15070063

CD45 AbD Serotec MCA 2035S

CD34 AbD Serotec MCA 2411GA

CD90 AbD Serotec MCA 1036G

CD44 AbD Serotec MCA 1041

Nestin Milipore MAB353

β-Tubulin Milipore MAB1637

DDX4 Invitrogen PA5 -23378

IgG- FITC AbD Serotec STAR80F

IgG- FITC AbD Serotec STAR120F
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   
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Dear	Editor,	
	
Thank	you	for	the	comments,	we	have	revised	the	manuscript	and	video	to	make	sure	that	we	
formatted	 everything	 according	 to	 the	 recommendations.	 Importantly,	 the	 authors	 note	 that	
written	permission	has	not	 yet	 been	obtained	 from	Cell	 Proliferation	 to	use	 reproductions	of	
published	images.	The	authors	will	send	updates	regarding	this	situation.	
	
Reviewer	#1:	
	
Thank	 you	 for	 attention.	 We	 said	 castration	 because	 the	 dogs	 had	 ovariohysterectomy	
procedures,	however	we	want	only	the	ovaries	so	we	did	not	 include	the	uterus	 in	the	video.	
Anyhow,	we	changed	castration	for	ovariectomy.	
	
Reviewer	#2:		
Thank	your	for	your	comments.		
We	used	this	technique	because	many	cell	types	can	be	found	in	the	ovary	and	we	wanted	to	
select	MSC.	When	we	use	the	three-hour	protocol,	the	population	that	grows	is	morphologically	
homogenous	 and	 fibroblastic-like	 when	 compared	 to	 the	 population	 for	 which	 media	 was	
changed	after	48	hours,	as	we	can	see	in	the	figure	3.	No	existing	MSC	differentiation	protocol	
that	 the	authors	are	aware	of	achieves	differentiation	of	all	cells;	 there	are	always	some	cells	
that	 do	 not	 respond	 to	 the	 treatment,	 and	 it	 was	 not	 our	 intention	 to	 suggest	 that	 the	
differentiation	product	was	completely	homogenous.		
Regarding	the	opportunity	to	define	gene	products	unique	to	the	tissue	MSC,	the	authors	thank	
the	 reviewer	 for	 this	 thoughtful	 contribution.	 Though	 gene	 profiling	 was	 not	 conducted,	 the	
authors	will	take	this	insight	into	consideration	in	future	experiments.	
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TERMS AND CONDITIONS
This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or
one of its group companies (each a"Wiley Company") or handled on behalf of a society with
which a Wiley Company has exclusive publishing rights in relation to a particular work
(collectively "WILEY"). By clicking "accept" in connection with completing this licensing
transaction, you agree that the following terms and conditions apply to this transaction
(along with the billing and payment terms and conditions established by the Copyright
Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at the time that
you opened your RightsLink account (these are available at any time at
http://myaccount.copyright.com).
 
Terms and Conditions

 
The materials you have requested permission to reproduce or reuse (the "Wiley
Materials") are protected by copyright. 
 
You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand-
alone basis), non-transferable, worldwide, limited license to reproduce the Wiley
Materials for the purpose specified in the licensing process. This license, and any
CONTENT (PDF or image file) purchased as part of your order, is for a one-time
use only and limited to any maximum distribution number specified in the license. The
first instance of republication or reuse granted by this license must be completed
within two years of the date of the grant of this license (although copies prepared
before the end date may be distributed thereafter). The Wiley Materials shall not be
used in any other manner or for any other purpose, beyond what is granted in the
license. Permission is granted subject to an appropriate acknowledgement given to the
author, title of the material/book/journal and the publisher. You shall also duplicate the
copyright notice that appears in the Wiley publication in your use of the Wiley
Material. Permission is also granted on the understanding that nowhere in the text is a
previously published source acknowledged for all or part of this Wiley Material. Any
third party content is expressly excluded from this permission.

  
With respect to the Wiley Materials, all rights are reserved. Except as expressly
granted by the terms of the license, no part of the Wiley Materials may be copied,
modified, adapted (except for minor reformatting required by the new Publication),
translated, reproduced, transferred or distributed, in any form or by any means, and no
derivative works may be made based on the Wiley Materials without the prior
permission of the respective copyright owner.For STM Signatory Publishers
clearing permission under the terms of the STM Permissions Guidelines only, the
terms of the license are extended to include subsequent editions and for editions
in other languages, provided such editions are for the work as a whole in situ and
does not involve the separate exploitation of the permitted figures or extracts,
You may not alter, remove or suppress in any manner any copyright, trademark or
other notices displayed by the Wiley Materials. You may not license, rent, sell, loan,
lease, pledge, offer as security, transfer or assign the Wiley Materials on a stand-alone
basis, or any of the rights granted to you hereunder to any other person.

  
The Wiley Materials and all of the intellectual property rights therein shall at all times
remain the exclusive property of John Wiley & Sons Inc, the Wiley Companies, or
their respective licensors, and your interest therein is only that of having possession of
and the right to reproduce the Wiley Materials pursuant to Section 2 herein during the
continuance of this Agreement. You agree that you own no right, title or interest in or
to the Wiley Materials or any of the intellectual property rights therein. You shall have
no rights hereunder other than the license as provided for above in Section 2. No right,
license or interest to any trademark, trade name, service mark or other branding
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("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto

  
NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS
OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU. 

  
WILEY shall have the right to terminate this Agreement immediately upon breach of
this Agreement by you.

  
You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any breach
of this Agreement by you.

  
IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, TORT,
NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT
LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND WHETHER
OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY
FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED
HEREIN. 

  
Should any provision of this Agreement be held by a court of competent jurisdiction
to be illegal, invalid, or unenforceable, that provision shall be deemed amended to
achieve as nearly as possible the same economic effect as the original provision, and
the legality, validity and enforceability of the remaining provisions of this Agreement
shall not be affected or impaired thereby. 

  
The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforce each and every term and condition
of this Agreement. No breach under this agreement shall be deemed waived or
excused by either party unless such waiver or consent is in writing signed by the party
granting such waiver or consent. The waiver by or consent of a party to a breach of
any provision of this Agreement shall not operate or be construed as a waiver of or
consent to any other or subsequent breach by such other party. 

  
This Agreement may not be assigned (including by operation of law or otherwise) by
you without WILEY's prior written consent.

  
Any fee required for this permission shall be non-refundable after thirty (30) days
from receipt by the CCC.
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These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes
all prior agreements and representations of the parties, oral or written. This Agreement
may not be amended except in writing signed by both parties. This Agreement shall be
binding upon and inure to the benefit of the parties' successors, legal representatives,
and authorized assigns. 

  
In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and conditions,
these terms and conditions shall prevail.

  
WILEY expressly reserves all rights not specifically granted in the combination of (i)
the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms
and conditions.

  
This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

  
This Agreement shall be governed by and construed in accordance with the laws of
the State of New York, USA, without regards to such state's conflict of law rules. Any
legal action, suit or proceeding arising out of or relating to these Terms and Conditions
or the breach thereof shall be instituted in a court of competent jurisdiction in New
York County in the State of New York in the United States of America and each party
hereby consents and submits to the personal jurisdiction of such court, waives any
objection to venue in such court and consents to service of process by registered or
certified mail, return receipt requested, at the last known address of such party.

  

WILEY OPEN ACCESS TERMS AND CONDITIONS
Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY) License
only, the subscription journals and a few of the Open Access Journals offer a choice of
Creative Commons Licenses. The license type is clearly identified on the article.
The Creative Commons Attribution License
The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-
Creative Commons Attribution Non-Commercial License
The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

  
Creative Commons Attribution-Non-Commercial-NoDerivs License
The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)
Use by commercial "for-profit" organizations
Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.
Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html
 
 
Other Terms and Conditions:

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://olabout.wiley.com/WileyCDA/Section/id-410895.html
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1.1. Gently invert the tube before centrifugation. Centrifuge the tube at 2100 g for 7 min. 
Remove the supernatant and re-suspend the pellet with 3 mL of expansion media. 
 
 
1.1.1. Centrifuge the tube at 2100 g for 7 min. Remove the supernatant and add 1 mL of 
expansion media. 
 
Characterization of ovarian MSC in vitro 
The goal of MSC characterization is to ensure that isolated cells conform to standard MSC 
criteria. These include adherence to plastic, positive detection of of mesenchymal surface 
markers and absence of hematopoietic surface markers, as well as the capacity to undergo 
mesodermal differentiation. 
 
As shown in Figure 3, ovarian derived cells were adherent to the plastic and exhibited 
fibroblastic-like morphology, fulfilling the first criterion that defines MSC. Moreover, the 
isolated cells showed the expression of transcripts for the canine MSC markers CD44, CD90, and 
CD105. In addition, MSC-specific cell surface antigens CD90 and CD44 were detected by early 
passage FACS analysis and immunocytochemistry. Absence of the markers CD45 and CD34, 
which are hematopoietic-specific cell surface antigens, was also confirmed by the same 
techniques(Figure 4). This further confirmed that the ovary contains cells expressing an MSC-
specific phenotype9. The antibodies that were used in this experiment for canine MSC 
characterization are listed in the Table of Materials. 
 
The next step in the characterization of MSC is to attain proof of their ability to differentiate 
into mesodermal lineages. After 30 days of exposure and culture in lineage-specific 
differentiation protocols, staining was performed to identify commitment to different lineages 
(Figure 5A). Commitment to the osteogenic lineage was confirmed through Von Kossa staining, 
which identified calcium deposits. Safranin O proteoglycan staining confirmed chondrogenic 
commitment, and Oil Red O lipid staining confirmed adipogenic commitment Continuing the 
investigation of the differentiability of these cells, they were able to undergo differentiation into 
the ectodermic lineage, as shown by immunostaning for two neuroectodermal stem cell 
markers: β-Tubulin and Nestin, following exposure of ovary-derived MSCs for to the neuronal 
lineage differentiation protocol for 10 days (Figure 5C). Transcripts for SOX17 and CD184, as 
well as cell morphologies specific to the endodermal lineage, were observed after exposure to 
specific differentiation protocols for 5 days Figure 5B). Finally, after 14 days of exposure of 
ovarian derived MSC to germ cell induction media, OCT 4 and DDX4 were identified (Figure 5D). 
Together, these results support a robust and diverse capacity of differentiation for MSC derived 
from ovarian tissue, when exposed to specific differentiation protocols9. 
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