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Abstract
Objectives: Previous studies have shown that adipose mesenchymal stem cells 
(AMSCs) share the potency of typical bone marrow mesenchymal stem cells (MSCs); 
however, there is little information concerning characteristics of canine AMSCs (CAM-
SCs); it has not previously been made clear whether CAMSCs would be able to differ-
entiate into other cell types.
Materials and methods: In this study, typical AMSC lines were established, and their 
characteristics including morphology, typical markers and differentiation potentiality 
were tested.
Results: The cells exhibited typical MSC morphology and were positive for CD90, 
CD44 and CD166, considered to be MSCs surface markers. They were negative for 
CD34 and CD45. The CAMSCs also exhibited embryonic stem cell (ESC) markers, 
including Oct4 and Sox2, at passage 2. In an appropriate microenvironment, CAMSCs 
differentiated into EBs and were able to produce cells of the three germ layers. These 
results indicate that established cells were putative adipocyte-derived MSCs, which 
also displayed properties of ESCs. Moreover, when the CAMSCs were induced by 
bone morphogenetic protein 4 (BMP4), they differentiated into PGC-like cells 
(PGCLCs) and male germ-like cells, which were positive for PR domain-containing 1 
(Prdm1), PR domain-containing 14 (Prdm14), doublesex and mab-3 related transcrip-
tion factor (Dmrt1), as well as for promyelocytic leukaemia zinc finger (Plzf). Quantita-
tive real-time PCR (qRT-PCR) and western blotting analysis verified higher expression 
levels of these markers.
Conclusion: This study provides an efficient approach to study germ cell development 
using CAMSCs.
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1  | INTRODUCTION

Canines are an important type of pet and partners of our families; 
however, some canines suffer from significant injuries and metabolic 
diseases.1–3 Recently, it has been shown that mesenchymal stem cells 
(MSCs) exist in a variety of tissues, including bone marrow, fat, brain 
and other adult tissues.4 MSCs possess characteristics of self-renewal 
and multipotent differentiation. Under appropriate conditions, MSCs 
could differentiate into many cell types both in vivo and in vitro. It 
has been well displayed that MSCs can differentiate into adipocytes, 
bone, muscle, skin and even neural cells,5 which bring hope to cure 

multiple diseases of pet. MSCs could be separated from variety adult 
tissues, including bone marrow, fat, brain and other tissues.6 The most 
common source of MSCs is bone marrow, from which they were first 
isolated.7,8 However, there are other studies that verified the presence 
of MSCs in canine adipose tissue abundantly.9 Some studies demon-
strated that the MSCs found in canine adipose tissue share charac-
teristics with bone marrow MSCs.10 Adipose mesenchymal stem cells 
(AMSCs) seem preferable to the bone marrow mesenchymal stem 
cells (BM-MSCs) because they are more readily available and fat tis-
sue is abundant. On one hand, collection of bone marrow is toilsome, 
and the procedure is painful for small puppies. The amount of bone 
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marrow that can be harvested is restricted as well. On the other hand, 
adipose-derived stem cells have been employed in veterinary thera-
py, mainly for bone, tendon, ligament injuries and joint diseases.11,12 
Canine MSCs isolated from the adipose tissue have tested well and 
have shown therapeutic potential in canine models.13

Many studies have found that bone marrow–derived MSCs from 
mice and humans could differentiate into germ cells under appropriate 
conditions in vitro.14 However, the procedures for gathering bone mar-
row from the donors are immoral and cruel and also have high demands 
for laboratory conditions and operators. Furthermore, the differentiat-
ing potential and the amount of bone marrow were decreased with the 
increasing age of the donors.15 Conversely, compared with BM-MSCs, 
AMSCs obtain higher differentiation potential. Therefore, AMSCs are 
considered one of the best options for tissue engineering and cellu-
lar therapy and possess the ability to differentiate into adipocytes,16 
osteoblasts,11 chondrocytes12 and even germ-like cells.14

During the murine embryonic formation period, ectodermal cells 
begin to secrete bone morphogenetic protein 4 (BMP4) and bone 
morphogenetic protein 8-β (BMP8b) at the embryonic stage 5.5, 
accompanied by cells expressing Prdm1, which is an important marker 
of primordial germ cells (PGCs). At the embryonic stage 6, secretion of 
BMP4 and BMP8b is at its highest, and some PRDM1 positive ecto-
derm cells differentiate into PGCs. PGCs then continue to differentiate 
into germ cells when they arrive at the genital ridge.17 This illustrates 
that BMP4 takes an essential part in PGC formation and migration.18 
It has been well demonstrated that embryonic stem cells (ESCs) could 
differentiate into primordial germ cell–like cells (PGCLCs) successfully 
after induction with BMP4.18 Some studies also found that BM-MSCs 
could express early germ cell-specific markers after BMP4 induction.19 
From this perspective, BMP4 is the primary factor to obtain PGCLCs 
derived from ESCs and BM-MSCs.19–22 Our previous studies have 
illustrated that human umbilical cord mesenchymal stem cells (hUC-
MSCs) possess the ability to differentiate into germ-like cells with RA, 
BMP4 or follicle fluid treatment. However, the differentiation mech-
anism was still not fully understood, and the induction efficiency was 
low and unstable.23,24

In this study, we isolated canine adipose mesenchymal stem cells 
(CAMSCs) and investigated the characteristics of CAMSCs; flow 
cytometry has been taken to identify the surface markers of these 
cells, which are positive for MSCs markers CD90, CD44 and CD166,25 
and negative for vascular endothelial cells markers CD34, CD45, 
CD73, CD105, CD11725,26 and hepatic stem cells marker CD326.27 
CAMSCs could differentiate into several kinds of cells indicated that 
these cells have the strong plasticity. The main point of this study has 
been explored whether BMP4 could efficiently induce the cells to dif-
ferentiate into PGC-like cells even germ-like cells in vitro.

2  | MATERIALS AND METHODS

2.1 | Animals

Two male beagle canines aged approximately 1 year old with the 
weight of 5.23 and 6.62 kg were used for the experiment. The canines 

were housed in an indoor facility lies in Experimental Animal Center 
of Northwest A&F University. The canines were used according to 
Chinese Laboratory Animal Guidelines. The experiment was approved 
by the committee of Shaanxi Centre of Stem Cells Engineering & 
Technology, Northwest A&F University.

2.2 | Adipose tissue collection and CAMSCs isolation

The canines were given general zoletil (Virbac group, Carros, France) 
injection anaesthesia, and then, adipose tissue was aseptically harvested 
from abdominal subcutaneous fat.12 Canine adipose tissue was minced 
using a sterile scalpel and surgical scissors, placed in a 50-mL tube with 
an equal volume of pre-heated PBS and agitated for 30 seconds to wash.

The tissues were allowed to separate into phases for 3 minutes, 
and then the infranatant solution was removed. The tissue was rinsed 
with PBS to remove the erythrocytes and white blood cells. The tis-
sue was shaken for 45 seconds and then left float to the top. The 
sample was rinsed until the infranatant was clear. Collagenase type I 
solution (Roche Diagnostics, Mannheim, Germany) was added per vol-
ume of adipose tissue, and then, it was placed in a 37°C water bath 
and vortexed every 15 minutes. It was then vortexed for 15 seconds 
to thoroughly mix cells and then centrifuged at 252xg for 5 minutes. 
The supernatant was then removed. Two to three microlitres of liquid 
above the cell pellet was left behind so that the stromal vascular frac-
tion was not disturbed. The cells were resuspended in 1% BSA solution 
and centrifuged at 252xg for 5 minutes then removed the supernatant. 
The pellet was then resuspended in a known volume of cell culture 
medium and centrifuged at 1500 rpm for 5 minutes. The supernatant 
was then discarded, and the pellet was resuspended in an equal vol-
ume of red cell lysis buffer and incubated for 5 minutes. The cells were 
counted using a haemocytometer. The cells were plated at an appropri-
ate density in complete cell medium.12

2.3 | CAMSCs culture

The adipose mesenchymal stem cells were plated in cell culture dish-
es with low-glucose DMEM (l-DMEM), which contains 10% FBS, 
0.1 mmol/L β-mercaptoethanol (BME), 2 mmol/L l-glutamine, 1% non-
essential amino acids, 10 ng/mL basic fibroblast growth factor (bFGF) and 
10 ng/mL epidermal growth factor (EGF) (all Reprotech, Grand Island, NY, 
USA) at 37°C in a humid atmosphere containing 5% CO2.15 After 2 days, 
non-adherent cells were discarded, and adherent cells were cultured. The 
medium was changed every 2 days. Subconfluent cell monolayers were 
dissociated every 2 days with trypsin-EDTA treatment. For all experi-
mental set-ups, cultures were used between passage 2 and passage 4.

2.4 | Cell growth curve, flow cytometry and cell 
cycle analysis

2.4.1 | Cell growth curve

The CAMSCs were cultured in 24-well plates with a density of 5000 
cells per well. The cell growth curve was used to investigate the 
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proliferation ability at a 24-hour interval. The CAMSCs were trypsi-
nized every day, and the total number of cells was determined on 
eight consecutive days.

2.4.2 | Flow cytometry

Flow cytometry was used to determine the phenotypes of the cells 
using surface antigens. The cells at passage 3 were dissociated into 
single cells, stained with fluorescein-conjugated antibodies and ana-
lysed by flow cytometry. Briefly, the adherent cells were detached 
from the culture dish using a cell scraper, washed twice with phos-
phate buffer saline (PBS), and then resuspended and centrifuged. 
Immunofluorescent staining was performed using mouse monoclo-
nal antibodies against the leucocyte antigens, CD45 (BD), CD105 
(BD), CD34 (BD), CD44 (BD), CD90 (BD), CD166 (BD), CD73 (BD), 
CD326 (BD) and CD117 (BD) and conjugated with FITC (fluores-
cein isothiocyanate) or PE. The results were analysed based on the 
percentage of positive cells and standard deviation from multiple 
experiments.

2.4.3 | Cell cycle assay

The CAMSCs were suspended into single cells, mixed with cold 70% 
ethanol for 30 minutes and then incubated with propidium iodide (PI) 
solution and RNase H for 30 minutes. Then, the cells were harvested 
to analyse cell cycle using flow cytometry.

2.5 | Differentiation of CAMSCs in vitro

Canine adipose mesenchymal stem cells at passage 3 were suspen-
sion cultured to form cell colonies; 3 × 105 cells were seeded into 
35 mm plates with 1.5 mL normal culture medium. Embryoid bodies 
(EBs) were obtained after 3 days of suspension culture. Then, the EBs 
were cultured in normal cell culture dishes with low-glucose DMEM 
(l-DMEM), containing 10% FBS, 0.1 mmol/L β-mercaptoethanol 
(BME), 2 mmol/L l-glutamine, 1% non-essential amino acids, 10 ng/
mL bFGF and 10 ng/mL EGF (all Reprotech) for 7 days to investigate 
the ability of CAMSCs to spontaneously differentiate. After 7 days of 
spontaneous differentiation, the EBs were subjected to immunofluo-
rescence staining with endodermal antibodies: PDX1, NGN3, markers 
of mesoblasts, DESMIN, PAX7, markers of ectoderm: β-III-tubulin, 
NSE.

Markers of osteogenic, adipogenic and chondrogenic differentia-
tion of CAMSCs were also investigated. The cultures were maintained 
in 24-well dishes and stimulated with the appropriate differentiation 
media as described below.

2.5.1 | Osteogenic differentiation

To induce osteogenic differentiation, 2 × 104 cells were seeded 
into 12-well plates induced by αMEM consisting of 10% FBS, 
100 nmol/L dexamethasone, 30 μg/mL ascorbic acid and 10 mmol/L 
β-glycerophosphate (Sigma-Aldrich, St. Louis, MO, USA) for 7 days.

2.5.2 | Adipogenic differentiation

2 × 104 CAMSCs were seeded into 12-well plates. Adipogenic dif-
ferentiation was induced by αMEM supplemented with 10% FBS, 
1 μmol/L dexamethasone, 0.5 mmol/L isobutylmethylxanthine, 1 μg/
mL insulin and 100 μmol/L indomethacin (all Sigma Aldrich) for 7 days.

2.5.3 | Chondrogenic differentiation

2 × 104 CAMSCs were seeded into 12-well plates. CAMSCs were cultured 
in chondrogenesis differentiation medium consisting of αMEM, 10% FBS, 
40 ng/mL dexamethasone, 50 μg/mL ascorbic acid, 50 μg/mL L-proline, 
1 mmol/L sodium pyruvate (all Sigma Aldrich), insulin-transferrin-selenium 
X (Gibco, Carlsbad, California, USA) and 10 ng/mL transforming growth 
factor-β3 (PeproTech, Rocky Hill, NJ, USA) for 7 days. The chondrogen-
esis differentiation medium was changed every 2 days.

2.5.4 | PGCLCs differentiation

For PGCLC differentiation, 2 × 104 CAMSCs were seeded into 12-
well plates. The induction culture medium was made with 12.5 ng/
mL BMP4 (PeproTech, Rocky Hill, NJ, USA) in normal culture medium. 
EBs were added in 48-well plate cultured with the induction medium, 
which was replaced every 2 days.

2.6 | Quantitative real-time PCR (qRT-PCR) analysis

The total RNA of CAMSCs was extracted by Trizol reagent (TakaRa, 
Dalian,China) according to the manufacturer’s instructions. Then, total 
RNA was reverse transcribed into cDNA by Reverse Transcriptase 
Reagent Kit (Thermo Scientific, Waltham, MA, USA). The qRT-PCR 
was carried out with the CFX96 Real-Time PCR system (Bio-Rad Ltd, 
Berkeley, CA, USA), and each volume contained 0.1 μL Taq DNA poly-
merase, 0.5 μL cDNA, 0.3 μL forward primer, 0.3 μL reverse primer, 
6.3 μL ddH2O and 7.5 μL SYBR. The qRT-PCR reaction cycles were as 
follows: 5 minutes at 94°C for predenaturation, followed by repeated 
amplification including 39 cycles of 30 seconds at 94°C for denatura-
tion, 30 seconds at 58°C for annealing and 30 seconds at 70°C for 
extending. Glyceraldehyde 3-phosphate dehydrogenase (Gapdh) was 
used as the control housekeeping gene. Comparative CT values from 
qRT-PCR were used to measure relative gene expression. Primers 
were designed based on coding sequences from the GenBank of 
National Center for Biotechnology Information (NCBI) and synthe-
sized by Sangon Biotech Biotechnology (Shanghai, China). Primers are 
listed in Supplementary table 1.

2.7 | Immunofluorescence staining

Canine adipose mesenchymal stem cells were fixed for 15 minutes 
in 4% paraformaldehyde solution (PFA; pH 7.4; 4% wt/vol PFA, 
100 mmol/L NaH2PO4, 0.4 mmol/L CaCl2) at room temperature (RT), 
washed three times with 1x phosphate-buffered saline (PBS) and then 
permeabilized for 10 minutes with PBS containing 0.1% Triton-X 100 
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(Sigma Aldrich) at RT. After 30 minutes of blocking with PBS supple-
mented with 1% bovine serum albumin (BSA), cells were incubated 
with primary antibodies overnight at 4°C. The antibodies used were 
anti-PRDM1 (mouse monoclonal antibody, 1:400; Biolegend, San 
Diego, CA, USA), anti-PRDM14 (rabbit monoclonal antibody, 1:400; 
Sigma-Aldrich, St. Louis, MO, USA), anti-SSEA-1 (mouse monoclonal 
antibody, 1:100; Chemicon, Billerica, MA, USA), anti-VASA (rabbit 
polyclonal antibody, 1:200; Abcam, Cambridge, UK), anti-PLZF (rabbit 
polyclonal antibody, 1:200; Santa Cruz, Inc., CA, USA), anti-DMRT1 
(rabbit polyclonal antibody, 1:200; Sigma), anti-ACROSIN (mouse 
monoclonal antibody, 1:400; Santa Cruz Biotechnology, Dallas, TX, 
USA), PDX1 (rabbit polyclonal antibody, 1:200; Chemicon), NGN3 
(rabbit polyclonal antibody, 1:200; Abcam), DESMIN (rabbit polyclonal 
antibody, 1:200; Abcam), PAX7 (mouse monoclonal antibody, 1:200; 
Active Motif, Carlsbad, CA,USA), β-III-tubulin (mouse monoclonal anti-
body, 1:100; Chemicon) and NSE (rabbit polyclonal antibody, 1:200; 
Chemicon). Cells were then washed three times with PBS and incubat-
ed with secondary antibodies for 1 hour at 37°C in the dark. Following 
another three washes in PBS, nucleus counterstaining was performed 
in PBS containing 1 μg/mL Hoechst 33342 (Sigma Aldrich). Finally, 
after three more PBS washes, fluorescence images were obtained by 
Evos f1 fluorescence microscope (AMG, America).

2.8 | Western blotting

Total cell extracts were prepared from CAMSCs and induced cells, 
and cell protein concentration was detected using the BCA Protein 
Quantification Kit (Vazyme, Piscataway, NJ, USA), after heat denatura-
tion in 5× sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) sample loading buffer. Total cell proteins were resolved by 
SDS-PAGE and then transferred to polyvinylidene difluoride membrane. 
They were probed with β-III-TUBULIN (1:1000, Beyotime, Haimen, 
Jiangsu, China), and antibodies against PRDM1 (mouse monoclonal anti-
body, 1:400; Biolegend), PRDM14 (rabbit monoclonal antibody, 1:400; 
Sigma) and SSEA-1 (mouse monoclonal antibody, 1:100; Chemicon); 
horse-radish peroxidase-conjugated anti-rabbit was used as a secondary 

antibody (1:1000; Beyotime). Detection was performed using the Thermo 
Scientific Pierce–enhanced chemiluminescence Western blotting sub-
strate (Thermo Scientific). The results were analysed with a Tanon-410 
automatic gel imaging system (Shanghai Tianneng Corporation, China).

2.9 | Statistical analysis

The Newman-Keuls multiple range test was conducted to analyse 
variance and post-test. P<.05 were considered statistically significant. 
T tests were used when only two sets of data were compared. All data 
were represented as the mean±SD, and statistical significance was 
expressed as follows: *P<.05; **P<.01; ***P<.001. All data were col-
lected from three independent experiments and were analysed using 
Graphpad Prism software (La Jolla, CA, USA).

3  | RESULTS

3.1 | Characterization of canine adipose 
mesenchymal stem cells

The canine adipose mesenchymal stem cells (CAMSCs) were adherent 
cultured cells that presented spindle or irregular morphology (Fig. 1A 
a,b). These cells still exhibit characteristics of MSCs at passage 10 
(Fig. 1A c). To demonstrate the growth characteristics of CAMSCs, cell 
growth curve for primary CAMSCs has been performed. The quantity of 
CAMSCs increased 30-fold after eight passage (Fig. 1B). They expressed 
putative pluripotent stem cell markers including Sox2 and Oct4, as dem-
onstrated by RT-PCR (Fig. 1C). In addition, the isolated adipose mes-
enchymal stem cells were positive for mesenchymal stem cell markers 
CD44 and CD16611 and negative for CD34 and CD45 as shown by 
RT-PCR (Fig. 1C), which was consistent with the flow cytometry assay 
(Fig. 2A). According to the flow cytometry results, CAMSCs are posi-
tive for MSCs markers CD44 (Fig. S1a), CD90 (Fig. S1b) and CD166 and 
are negative for vascular endothelial cells markers CD34, CD45, CD73, 
CD105, CD117 and hepatic stem cells marker CD326. The speed of cell 
proliferation was determined by analysing the DNA synthesis (S) stage. 

F IGURE  1 Characterization of canine 
adipose mesenchymal stem cells. (A) 
Morphology of adherent CAMSCs, the 
cells present spindle-like structures. (a, 
b) Cells were magnified 100-fold. (c) 
Cells were magnified 200-fold. (B) The 
growth curve of CAMSCs. After 8 days 
of culture, the cell number increased by 
30-fold. (C) PCR detection of cell surface 
and pluripotency markers. CAMSCs are 
positive for Sox2, Oct4, CD44 and CD166 
and negative for CD21, CD34 and CD45, 
which share the same characteristics with 
mesenchymal stem cells

(A) a b c

(B) (C)
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HEK293T cells have strong proliferative capacity, which as control for 
cell cycle assay. FACS cell cycle detection showed that approximately 
23.2% of CAMSCs were at S stage (Fig. 2B a); however, HEK293T cells 
only got 21.5% (Fig. 2B b), which means the speed of the cell prolif-
eration in CAMSCs was higher compared with HEK293T cells. These 
results demonstrated that CAMSCs not only possess the characteristics 
of mesenchymal stem cells but also have a strong proliferation ability.

3.2 | CAMSCs could differentiate into variety of 
cell types

To clarify the differentiation ability of CAMSCs, four induction regimens 
were designed to investigate the differentiation potential of canine 
adipose mesenchymal stem cells, which were performed by inducing 
the cells into adipocytes, osteoblasts, chondrocytes and neural cells. 
As expected, after 1 week of treatment, the induced CAMSCs were 
examined and found that corresponding induced groups were positive 
for adipocytes marker oil red O (Fig. 3a–c), osteoblasts marker Alizarin 
red (Fig. 3d–f) and chondrocytes marker Alcian blue (Fig. 3g–i). In addi-
tion, Giemsa staining showed that some spindle-shaped CAMSCs turn 
into protruding which are similar with neural cells (Fig. 3j,k). To further 
prove these cells had neural-like cells characteristics, immunofluores-
cence staining has been taken to illustrate that the induced cells are 
positive for the neuronal stem cell marker NESTIN28 (Fig. 3l).

Embryoid bodies (EBs) are similar to the embryo in developmental 
pattern. Thus, EB has a strong ability to proliferate and differentiate 

under appropriate induction conditions. After 3 days of suspension 
culture, we obtained representative CAMSCs-EBs, which were similar 
with embryonic cell clusters in morphology (Fig. 4a). It has been con-
sidered that whether the EBs could differentiate into embryonic germ 
layers in vitro. In addition, qRT-PCR and immunofluorescence staining 
have been conducted to test the expression of endoblast, mesoblast 
and ectoblast markers at the mRNA and protein level. The results 
showed that mRNA levels of Pdx1, Desmin and Nestin increased 
significantly in CAMSC-EBs compared with control cells, which were 
adherent cultured (Fig. 4b). Moreover, the immunofluorescence stain-
ing results for endoblast markers PDX1, NGN3,29 mesoblast markers 
DESMIN, PAX7,30 ectoblast markers β-III-tubulin, NSE31 (Fig. 4c–e) 
were also supporting that the induced cells were positive for three 
germ layers (endoderm, mesoderm and ectoderm) markers. Therefore, 
the protein expression level was consistent with the qRT-PCR results. 
These data revealed that CAMSC-EBs are more likely differentiate into 
embryonic germ layers.

3.3 | BMP4-induced CAMSCs-EBs to differentiate 
into PGC-like cells

Bone morphogenetic protein 4 (12.5 ng/mL) could effectively pro-
mote MSCs to differentiate into PGC-like cells, which has been 
reported by many studies.32–34 The spherical PGC-like cells were 
migrated from CAMSCs-EBs that were treated by 12.5 ng/mL BMP4 
for 1 week (Fig. 5a). PRDM1, PRDM14 and AP2γ are considered to 

F IGURE  2 Flow cytometry of CAMSCs. (A) The flow cytometry detection chart of the primary CAMSCs. (B) The FACS cell cycle chart of 
primary CAMSCs

(A) (B) a

b
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have essential roles in the formation and specification of PGCs.35 
To test whether these cells possessed PGC-specific features, qRT-
PCR assessment confirmed that mRNA expression levels of Prdm1, 
Prdm14, AP2γ and CD61 were higher in the BMP4-induced group 
compared with the control (Fig. 5c). According to the qRT-PCR 
results, immunofluorescence staining was detected furthermore, 
which showed that the cells either internal or migrated from EBs were 

positive for PGCs markers including PRDM1 and PRDM14 (Fig. 5b). 
Western blotting assay was consistent with the mRNA detection 
results (Fig. 5d). Taken together, it could draw the conclusion that 
spherical PGC-like cells could be obtained from EBs after induced cul-
ture of BMP4, the PGC-specific markers at higher level of the induced 
CAMSC-EBs according to qRT-PCR, western blotting and immuno-
fluorescence staining detections.

F IGURE  3 CAMSCs could differentiate 
into variety of cell types. After induction 
by appropriate conditions, the cells are 
positive for oil red (a–c), alizarin red (d–f), 
alcian blue (g–i) and immunofluorescence 
staining for NESTIN (l); Giemsa staining 
(j, k) showed that the induced cells were 
neural-like cells

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

F IGURE  4 CAMSC-EBs could differentiate into triploblastica cells. (a) EBs were formed after suspension culture for 3 days. (b) qRT-PCR 
analysed relative expression levels of Pdx1, Desmin and Nestin, which were corresponding to markers of endoblast, mesoblast and ectoblast; 
these markers were expressed at higher levels in the EBs suspension cultured group. (c–e) Immunofluorescence staining for the cells that 
migrated out from EBs. (c) Immunofluorescence staining for PDX1 and NGN3 (endoblast markers). (d) Immunofluorescence staining for DESMIN 
and PAX7 (the mesoblast markers). (e) Immunofluorescence staining for β-III-tubulin, NSE (ectoblast markers)

(a)

(d) (e)

(b)

(c)
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F IGURE  5 BMP4-induced CAMSC-EBs to differentiate into PGC-like cells. (a) Morphology of adherent CAMSCs-EB after 7 days with 
induction of 12.5 ng/mL BMP4, round-shaped cells obtained as well. (b) The inducted group is more positive for the PGC marker PRDM1 and 
PRDM14 than the control group by immunofluorescence staining assay. (c) The qRT-PCR to detect relative mRNA expression of Prdm1 and 
Prdm14. (d) Western blotting detection to evaluate protein expression level of PRDM1 of PRDM14

(a)

(b) (c)

(d)

F IGURE  6 BMP4-induced CAMSC differentiate into male germ-like cells. (a–c) Immunofluorescence staining to test germ cell markers. 
(a) CMSCs-EB were induced with 12.5 ng/mL BMP4. After 7 days, the expression level of PLZF was distinctly higher than in the control 
group. (b) Detection of DMRT1 protein expression level by immunofluorescence staining. (c) Detection of VASA protein expression level by 
immunofluorescence staining. (d) qRT-PCR analysis of mRNA expression levels of PLZF, Dmrt1 and VASA in the induced group was significantly 
higher than those of the control group

(a) (b)

(c) (d)
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3.4 | BMP4-induced CAMSC-EBs to differentiate 
into male germ-like cells

Primordial germ cells developed into germ cells under normal condi-
tions in vivo, so it has been wondered whether canine adipose mesen-
chymal stem cells could differentiate into male germ cells furthermore 
in vitro. Some markers of male germ cells were examined to estimate 
the degrees of differentiation in germ-like cells derived from CAMSCs-
EBs, including Dmrt1,36 PLZF37 and VASA.37 Immunofluorescence 
staining confirmed that the CAMSC-EBs were positive for PLZF, 
VASA and DMRT1 (Fig. 6a–c). It has been also found that the mRNA 
expression levels of PLZF and Dmrt1 were increased significantly 
after CAMSCs-EBs were induced by BMP4 (Fig. 6d), which demon-
strated that these cells have the features of male germ cells. Our work 
indicates that 12.5 ng/mL BMP4 not only induced CAMSCs differen-
tiation into PGC-like cells but also further induced them to differenti-
ate into male germ-like cells.

4  | DISCUSSION

AMSCs as a novel putative pet stem cells which were widely used 
in tissue engineering, cellular therapy and regenerative medicine.38 
AMSCs share features of MSCs-derived bone marrow after long-term 
culture in vitro and cryopreservation and also have the capacity to dif-
ferentiate into adipocytes, chondrocytes, osteoblasts, tendon and lig-
ament, muscle, skin and even neural cells in vitro.11,12,14,16 Moreover, 
the transplantation assay showed that MSCs can rescue degenerative 
injuries and damaged organs in animal models.39 In this study, AMSC 
lines were established, which exhibited typical MSC morphology, and 
they were positive for CD44, CD90 and CD166, negative for CD34 
and CD45, and simultaneously positive for ESC markers including 
Oct4 and Sox2 at passage 2. In an appropriate microenvironment, the 
cells can differentiate into EBs, and the typical three germ layer cells 
were obtained. These results showed that the established cells were 
putative adipocyte-derived MSCs and that these cells also shared the 
properties of ESCs.40 The cultured AMSCs are characterized by their 
expression of characteristic markers and their capacity to differentiate 
into three germ layer cell types, including meso-, ecto- and endodermal 
lineages. ASCs possess a high plasticity and can differentiate into vari-
ous cell types, including adipocytes, osteoblasts and chondrocytes.40

Primordial germ cells are the precursors of germ cells, and the 
mechanism on PGC specification and development in mammals is not 
clear in organisms other than mice and humans. Recent studies have 
shown that mouse and human pluripotent stem cells including ESCs 
and iPSCs can be induced to differentiate into PGCs and that offspring 
can be obtained from PGC derived from pluripotent stem cells.24,41,42 
Furthermore, bone marrow–derived MSCs and hUC-MSCs can differ-
entiate into gamete-(sperm or oocyte) like cells both in vivo and in 
vitro.8,9 However, the differentiation potential and number of bone 
marrow-derived MSCs decreases gradually as the donor ages. Thus, 
many scientists want to find alternative sources of MSCs. Recent evi-
dences have demonstrated that AMSCs are a new type of MSCs.10–12 

Canines are the most popular pet in modern life, and canine health 
is becoming an issue.43 Our experiments have demonstrated that 
CAMSCs possessed characteristics of PGCs and germ cells after 
induced with BMP4. From this perspective, PGC-like cells (PGCLCs) 
and germ-like cells could be obtained from the canines which are suf-
fering from reproductive defects.

In our study, we obtained typical MSCs derived from canine adi-
pose tissue and demonstrated that the CAMSCs have the capacity to 
differentiate into EBs and the three germ layer cells. Moreover, the 
CAMSCs induced by bone morphogenetic protein 4 (BMP4) differen-
tiated into PGCLCs and male germ-like cells.

5  | CONCLUSION

Adipose mesenchymal stem cells line were established, and these cells 
shared the typical properties of MSCs. Moreover, the AMSCs were 
efficiently induced to differentiate into PGCLs and male germ-like 
cells by BMP4.
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