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Abstract 
Long-term maintenance of chicken primordial germ cells (PGCs) in vitro has 
tremendous potential for transgenic chicken production. Feeder cells are es-
sential for the establishment and culture of chicken PGCs in vitro. Buffalo rat 
liver (BRL) cells are the most commonly used feeder cells for PGCs culture; 
however, this feeder layers from other animal species usually cause immuno-
genic contaminations, compromising the potential of PGCs in applications. 
Therefore, we tested chicken source mensenchymal stem cell (MSCs) derived 
from bone marrow as feeder cells to further improve PGC culture conditions. 
MSCs derived from chicken bone marrow have a powerful capacity to proli-
ferate and secrete cytokines. We found chicken primordial germ cells derived 
from circulating blood (cPGCs) and gonads (gPGCs) can be maintained and 
proliferated with MSCs feeder layer cells. PGCs co-cultured on MSCs feeder 
retained their pluripotency, expressed PGCs specific genes and stemness 
markers, and maintained undifferentiated state. Our study indicated that the 
xeno-free MSCs-feeders culture system is a good candidate for growth and 
expansion of PGCs as the stepping stone for transgenic chicken research. 
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1. Introduction 

PGCs are progenitors of germ cells and play an important role in the production 
of early embryonic germ cells [1] [2]. This unique physiological and develop-
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mental characteristic makes the PGCs valuable as starting cells in producing 
transgenic chickens [3] [4]. For sustained maintenance in vitro, PGCs isolated 
from circulating blood at stages 14 - 17 and gonadal ridge at stage 28 could be 
cultured on a feeder layer of Buffalo rat liver (BRL) cells, Mouse Embryonic Fi-
broblast (MEF) cells, or Sandoz inbred mouse-derived thioguanine-resistant and 
ouabain-resistant (STO) cells with basic fibroblast growth factor (bFGF) and 
stem cell factor (SCF) supplementation [5] [6] [7] [8]. Those culture systems use 
xeno-animal cells as a feeder layer, which may carry the risk of a cross-transfer 
of pathogens from other animals. The potential risk of cross-species exposure to 
rodent pathogens and gene products hampers the application of PGCs [9]. 
Therefore, the development of a chicken-source feeder layer is greatly needed. 
Chicken embryo fibroblast cells (CEFs) were used to support the growth of 
PGCs in our earlier study. However, the limited survival time, fewer passage 
number, and slower proliferation rate of the CEF-feeder increased uncertainty 
and instability in the process of cultivating the PGCs [10]. 

MSCs are multipotent stromal cells and can be isolated from different tissues 
such as bone marrow, umbilical cord, placenta, muscle, adipose tissue, and liver, 
and can replicate as undifferentiated cells in vitro [11]-[16]. The powerful func-
tion of cytokines secretion and proliferation capacity of MSCs are desired cha-
racteristics of an effective feeder layer [9]. Previous studies have shown that an 
MSC-feeder fully supports prolonged human embryonic stem cells (hESCs), 
human induced pluripotent stem cells (hiPSCs), and mouse embryonic stem 
cells (mESCs) expansion, and maintained their pluripotency and normal diploid 
karyotype [17] [18] [19]. We therefore sought to determine whether chicken 
bone marrow MSCs could be used as feeder layers to support PGC proliferation. 
In this study, we prove that MSCs derived from bone marrow can replace CEFs 
to support the generation and propagation of PGCs. 

2. Materials and Methods 
2.1. Experimental Animals and Chicken Embryos 

The care and experimental use of chickens and fresh fertilized eggs was ap-
proved by Nanhai Chicken Breeding Co., Ltd. in Foshan Guangdong. Ephedra 
chickens were maintained according to the standard management program at 
the Laboratory Animal Centre, Foshan University, China. Chicken Embryos 
were incubated in a rotary egg incubator (Rcom PRO 20, Korea) at 38˚C and 
55% humidity, with rocking at an angle of 90˚ every 1 h for the following test. 

2.2. Isolation and Culture of Chicken MSCs 

Bone marrow from the femur and tibia of 1- to 10-day-old ephedra chickens was 
collected by inserting a syringe needle into one end of the bone and washing out 
with knockout Dulbecco’s modified Eagle’s medium (KO-DMEM, Gibco, USA). 
The bone marrow cell suspension was centrifuged at 1000 rpm for 5 min, and 
then the top fat impurities were removed. The bottom cells were collected and 
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washed 3 times with PBS, then re-suspended and plated into a culture plate with 
complete medium containing KO-DMEM, 7.5% fetal bovine serum (FBS, Hyc-
lone, Australia), 2.5% chicken serum (CS, Hyclone, Australia), 2 mM L-glutamine 
(Invitrogen), 2 m MGlutaMAX-I Supplement (Invitrogen), 10 ng/ml human 
bFGF (Peprotech, USA), and 104 IU/mL penicillin/streptomycin (Gibco, USA). 
The cells were cultured in a CO2 incubator maintained at 37˚C in an atmosphere 
of 5% CO2 in air with 60% - 70% relative humidity. The medium was first 
changed after 24 h, and then once every 3 days. When primary cultures reached 
80% confluence, the cultured MSCs were subcultured by dissociating cells using 
0.25% trypsin containing 0.02% EDTA. 

2.3. Reverse Transcription PCR of Chicken MSCs 

Chicken MSCs at different passages were collected and total RNA extracted us-
ing a Trizol kit (Takara, China). The total RNA was subjected to reverse tran-
scription with random primers and M-MLV enzyme (Takara, China). Tran-
scribed products used to amplify target genes segment with the primers in Table 
1. PCR amplification was carried out using the Premix TaqTm version 2.0 plus 
dye (Takara, China) under the following conditions: denaturation at 95˚C for 5 
min followed by 35 cycles at 94˚C for 30 s, 50˚C - 60˚C for 30 s and 72˚C for 45 
s, followed by 7 min of final extension at 72˚C. Amplified products were ana-
lyzed using 1.5% agarose gel electrophoresis. 

2.4. Immunocytochemistry of Chicken MSCs 

The Chicken MSCs were fixed in 3.7% paraformaldehyde solution for 30 min, 
washed three times with PBS containing 5% (v/v) fetal bovine serum, and 
blocked with blocking buffer consisting of PBS containing 10% (v/v) fetal bovine 
serum, for 30 min. Cells were then washed three times (10 min per wash) with 
PBS containing 5% FBS, and incubated with primary antibodies against CD 29 
and CD 44 (1:200, Santa Cruz, CA) at 4˚C overnight. Afterwards, the primary 
antibody was removed and cells were washed three times (10 min per wash) with 
PBS containing 5% FBS. Cells were then incubated with secondary antibodies 
(1:500, Santa Cruz, CA) labeled with FITC at room temperature in the dark for 1 
h. The samples were finally incubated with DAPI (Invitrogen) for 5 min, pro-
tected from light, and analyzed under a fluorescence microscope (Olympus). 

2.5. Differentiation of Chicken MSCs 

At the third passage, when the confluence of cells reached 80%, the medium was 
removed and the cells were washed with PBS 3 times. The adipogenesis differen-
tiation induction medium (ADM, Biowit, China) and osteogenic differentiation 
induction medium (ODM, Biowit, China) were added to the induced group and 
control cells cultured in complete medium. The media was completely replaced 
every 3 - 4 days Adipogenic potential was assessed by Oil Red O staining, and 
osteogenic capacity was determined by alizarin red staining after inducting for 2  
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Table 1. PCR primer sequences. 

Gene Sequence (5’-3’) Length, bp 

CD29 
GAACGGACAGATATGCAACGG 

300 
TAGAACCAGCAGTCACCAACG 

CD34 
GTGCCACAACATCAAAGACG 

239 
GGAGCACATCCGTAGCAGGA 

CD44 
CATCGTTGCTGCCCTCCT 

290 
ACCGCTACACTCCACTCTTCAT 

CD71 
CCCAGGCTTCCCTTCGT 

305 
GGGCTCCAATCACAACATAC 

PPAR-γ 
CTGTCTGCGATGGATGAT 

199 
AATAGGGAGGAGAAGGAG 

FAS 
GACCCACCACGTCCCTGACATTG 

193 
GGTTTCGTAGGCTCCTCCCATCC 

OSTEOPONTIN 
CTTGCTCGCCTTCACCAC 

227 
CTGTCTGCGATGGATGAT 

BMP2 
CGCTTACGCTGTTTGTGTTTCG 

192 
GGTGGAGGTGGTTCACTTGGA 

NANOG 
TGGTTTCAGAACCAACGAATGAAG 

180 
TGCACTGGTCACAGCCTGAAG 

POUV 
GTTGTCCGGGTCTGGTTCT 

189 
GTGGAAAGGTGGCATGTAGAC 

SOX2 
GAAGATGCACAACTCGGAGATCA 

100 
GAGCCGTTTGGCTTCGTCA 

CVH 
GTCTGCCTGTGCAGCATGACATTG 

202 
CTTTGCCCAAAGATGCCAGGAACTC 

DAZL 
CGTCAACAACCTGCCAAGGA 

540 
TTCTTTGCTCCCCAGGAACC 

ACTB 
ATTGTCCACCGCAAATGCTTC 

113 
AAATAAAGCCATGCCAATCTCGTC 

 
weeks. Adipogenic and osteoblast specific genes were further detected using 
RT-PCR. 

2.6. Feeder Cell Preparation 

The chicken MSCs and embryo fibroblast cells at passage 3 - 8 were seeded in 
6-well plates. When cultures reached 80% confluence the medium was removed, 
and cells were treated with 10 ug/ml Mitomycin C for 2 h. Afterwards, they were 
washed five times with PBS, and then the mitotic inactivated cells were seeded in 
feeder cell medium to achieve a confluent layer. 

2.7. Cultivation of Primordial Germ Cells 

Blood cells, including cPGCs, were isolated from the vasculature system of stage 
14 - 16 HH ephedra chicken embryos and cultured on dishes containing feeder 
cells pretreated with Mitomycin C in KO-DMEM, 7.5% FBS, 2.5% chicken se-
rum (CS, Hyclone, Australia), 2 mM GlutaMAX-I Supplement (Invitrogen), 1 × 
nucleosides (Millipore, CA), 1 × nonessential amino acids, β-mercaptoethanol, 
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and combinations of the following growth factors: 5 ng/ml human LIF (Pepro-
tech, USA), 5 ng/ml human SCF (Peprotech, USA), and 10 ng/ml human bFGF 
(Peprotech, USA). 

The embryos at stage 28 HH and incubated for 5.5 days were retrieved and 
rinsed three times with PBS. Gonadal ridges were isolated by medial section of 
the abdomen with sharp tweezers under a stereomicroscope (SZX16, Olympus). 
Gonadal tissue was dissociated into single cells with 0.25% trypsin containing 
0.02% EDTA, and then washed with PBS and centrifuged at 1000 rpm for 5 min. 
The primary gonadal cells, including gPGCs and somatic cells, were re-suspended 
in complete medium, the same as the cPGCs, and the moved to a 35 mm dish 
without feeder cells. The somatic cells adsorbed on the surface of the dish com-
pletely in 24 h, and then suspended gPGCs were moved to a new dish containing 
mitotic inactivated feeder cells. 

2.8. Chicken PGCs Specific Gene Expression 

The methods of RNA isolation and Reverse Transcription PCR were previously 
described in Reverse Transcription PCR of Chicken MSCs above. RT-PCR anal-
ysis was performed to determine the expression level of the PGCs-specific genes, 
including Nanog, PouV, Sox2, Cvh, and Dazl. Primer sequences are summarized 
in Table 1. 

2.9. Immunofluorescent Detection of PGC Surface Markers 

Three plates cultured cPGCs and gPGCs were prepared to detect Chicken PGC 
surface markers SSEA-1 and Dazl using anti-SSEA-1 (1:200, Santa Cruz, CA) 
and anti-Dazl (1:200, Santa Cruz, CA) antibodies. The specific steps are the same 
as in Immunocytochemistry of Chicken MSCs, given above. 

2.10. Proliferation Assays of PGCs 

The cPGCs and gPGCs at passage 2 that dissociated to single cells were seeded in 
12-well plates and cultured with MSCs-feeder cells, CEF-feeder cells, and wi-
thoutfeeder. After culturing for 3 days, the PGCs were moved to 96-well plates in 
order to detect the efficiency of cell proliferation using Cell Counting Kit-8 
(CCK-8, Beyotime, China). After treatment with CCK-8 in a CO2 incubator 
maintained at 37˚C, cells were moved to determine the absorbance values of OD 
450 using a Microplate Reader (Thermo). 

3. Results 
3.1. Isolation, Culture, and Morphology of Chicken MSCs 

The primary cells were isolated from bone marrow of 1 to 10 day old ephedra 
chickens and cultured in the presence of bFGF. After 7 days of growth, most of 
the blood cells were dead and most MSCs were attached to the culture plate. The 
cells expanded easily and exhibited fibroblast-like morphology. Approximately 
10 days later, the cells grew to 80% - 90% confluence and were passaged for the 
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first time. After 3 passages, the cultures were very pure and displayed a unique 
vortex shape. There were no obvious morphological differences among different 
passages and cellular morphology remained stable after serial passages (Figures 
1(A)-(D)). Eventually, as passage numbers increased, the cells showed signs of 
slowed proliferation (Figure 1(E)) and senescence. Moreover, cell fusion and 
cavitation began to appear on the 22nd passage. 

3.2. RT-PCR Analysis of Chicken MSCs 

RT-PCR experiments showed that chicken MSCs expressed the pluripotent stem 
cell marker, Nanog, and mesenchymal stem cell markers, CD29, CD44, and 
CD71. All the above cell markers are positive, and the hematopoietic blood stem 
cell marker, CD34, was negative (Figure 2). 

3.3. Immunofluorescence of Chicken MSCs 

Specific marker proteins for chicken MSCs were detected through immunofluo-
rescence staining. Expression of CD29 and CD44 was observed in chicken MSCs 
(Figure 3). 

3.4. Differentiation of Chicken MSCs 

Adipogenic Differentiation of chicken MSCs. After induction with adipo-
genic inducers for 2 weeks, the chicken MSCs changed gradually from fibrob-
last-like cells to flattened cells (Figure 4(A)), and many lipid droplets accumu-
lated in them. The adipogenic differentiated MSCs were visualized by staining 
with Oil Red O on the 15th day. The cellular staining was positive and the mul-
tiple lipid vacuoles in differentiated cells were stained red (Figure 4(B)). The 
RT-PCR assay indicated that after induction with adipogenic inducers, the adi-
pocyte specific genes, fatty acid synthetase (FAS), and peroxisome prolifera-
tor-activated receptor 𝛾𝛾 (PPAR-𝛾𝛾) were present (Figure 4(C)). 

Osteogenic Differentiation of chicken MSCs. After incubation in medium 
for 15 days, chicken MSCs showed obvious morphological changes. Tightly 
packed colonies forming nodule-like structures were observed. Deposition of 
calcium in these cells was shown by staining with alizarin red (Figure 4(E)). 
RT-PCR assay indicated that, after incubation with ODM, the osteogenic specific 
genes, osteopontin and bone morphogenetic protein (BMP2), were detected in 
the induced group and not in the control group (Figure 4(F)). 

3.5. Culture of Chicken PGCs 

cPGCs from chicken embryos at stages 14 - 15 were isolated and cultured on 
MSCs-feeders. After 7 - 14 days of growth, most of the blood cells had disap-
peared, and PGC colonies had formed and were loosely attached on culture 
MSCs-feeders (Figure 5(A)). gPGCs from chicken embryos at stage 28 were 
plated down and sporadically found in the mixed population of gonadal cells. 
The PGC colonies formed in the primary culture and after several passages, the  
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Figure 1. Cell morphology at different stages along with chicken MSC culture. (A) 
Chicken MSCs on day 6 of primary culture. MSCs cell-cloning began to form and most of 
the other bone marrow cells died and disappeared; (B) chicken MSCs at P1. Cells in-
creased quickly and aggregated in certain areas; (C) chicken MSCs at P3. MSCs were very 
pure and homogeneous with a typical long spindle-shape; (D) chicken MSCs at P8. The 
culture displayed a unique vortex shape; (E) chicken MSCs at P15. The cells showed signs 
of slowed proliferation; (F) thawed chicken MSCs. MSCs can be successfully cryopre-
served. Cellmorphology and proliferation ability were maintained after cryopreservation. 
Scale bar = 100 μm. 

 

 
Figure 2. RT-PCR analysis of chicken MSCs. (M) DL2000 DNA Maker; (1) CD29; (2) 
CD34; (3) CD44; (4) CD71; (5) Nanog; (6) beta actin. 

 
other gonadal cells were dead. Next, the pure gPGCs were cultivated on 
MSCs-feeders (Figure 5(B)). The PGCs were subcultured by trypsin every 4 - 5 
days. 

3.6. Identification of Chicken PGCs Cultured on MSCs-Feeders 

Immunocytochemical analysis was performed to characterize cultured PGCs in 
detail. These cPGCs and gPGCs were positive for the chicken PGC markers 
SSEA-1 and DAZL (Figure 6). To examine the PGC-specific gene expression,  
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Figure 3. Immunolocalization of surface markers in chicken MSCs. The surface markers 
of CD29 and CD44 were positive-staining and the nuclei were stained with DAPI. Scale 
bar = 100 μm. 

 

 
Figure 4. Adipogenic and osteogenic differentiation of chicken MSCs. (A) control cells of 
cultured adipogenic differentiation in complete medium did not change in morphology; 
(B) after induction for 15 days, MSCs became oblate and formed many intracellular lipid 
droplets. Lipid droplets were stained with oil red O; (C) expression of adipocyte-specific 
genes FAS and PPAR-γ was detected by RT-PCR in the induced group after induction for 
15 days. The beta actin (ACTB) gene served as the internal control; (D) control cells of 
cultured osteogenic differentiation in complete medium did not change in morphology; 
(E) after induction for 15 days, the cells changed from a fusiform shape to a triangular 
shape, and calcified nodules increased in number and became larger. The nodules were 
observed using alizarin red staining; (F) expression of adipocyte-specific genes BMP2 and 
osteopontin was detected by RT-PCR in the induced group after induction for 15 days 
and 21 days. The beta actin (ACTB) gene served as the internal control. Scale bar = 100 
μm. 

 
RT-PCR analysis was performed (Figure 7). Expression of Nanog, PouV, and 
Sox2, three genes known to be expressed inpluripotent stem cell, were detected. 
The germ cell specific genes Cvh and Dazl were also expressed in cultured 
cPGCs and gPGCs. 
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Figure 5. Morphology of PGCs cultured in vitro. (A) Passage 3 cPGCs isolated from em-
bryonic circulating blood; (B) passage 3 gPGCs isolated from the gonadal ridge. Both the 
cPGCs in (A) and the gPGCs in (B) were cultured on MSC feeder cells derived from chick 
bone marrow. Scale bar = 100 μm. 

 

 
Figure 6. Immunofluorescence staining of PGCs. The specific markers (SSEA-1 and 
DAZL) of cPGCs and gPGCs were positive-staining, and nuclei were stained with DAPI. 
Scale bar = 100 μm. 

3.7. Proliferation of Chicken PGCs Cultured on Different Feeders 

The proliferation activity of PGCs on MSCs- and CEFs-feeder cells was detected 
using CCK-8. The results showed that the feeder cells can promote proliferation 
of cPGCs and gPGCs in vitro, and that MSCs-feeder cells were better at enhanc-
ing the proliferation of PGCs rather than CEFs-feeder cells (Figure 8). 

4. Discussion 

PGCs are precursor cells of spermatozoa and ova [20]. As a kind of pluripotent 
stem cell, chicken PGCs have a similar morphology and multilineage potential to 
ESCs, which can be cultured and subcultured in vitro and maintain their undif-
ferentiated state and pluripotency, under certain conditions [21] [22]. A feed-
er-free culture system of chicken PGCs has not been established, and the  
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Figure 7. RT-PCR analysis of chicken MSCs. (M) DL2000 DNA Maker; (1) Nanog; (2) 
PouV; (3) Sox2; (4) Cvh; (5) Dazl; (6) beta actin. 
 

 
Figure 8. Proliferation of chicken PGCs cultured on different feeders cells. The absor-
bance values of OD 450 of cPGCs and gPGCs co-cultured with MSCs-feeder cells, 
CEF-feeder cells, and without feederS. Values are shown as mean ± standard deviation; n 
= 5. *P < 0.05. 
 
proliferation in vitro of chicken PGC culture depends on the feeder cells being 
present [23] [24]. Feeder cells not only prevent the PGCs from attaching to the 
plastic dishes, but can also secrete a variety of growth factors inhibiting the dif-
ferentiation and promoting the proliferation of PGCs in vitro [5]. Normally, 
MEF, BRL, and STO have been applied extensively to support self-renewal and 
proliferation of chicken PGCs for in vitro cultures, but the traditional cross spe-
cies animal origin feeders unavoidably increase the risk of releasing animal ma-
terials and unknown pathogens [25] [26] [27]. Therefore, development of 
chicken source feeder cells is greatly needed. This study is the firstly attempt to 
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use chicken source MSCs-feeder cells as a xeno-free culture system to maintain 
chicken PGC proliferation. 

MSCs are multipotent stromal cells from the mesoderm and can be isolated 
from various sources such as bone marrow, adipose tissue and others [28] [29] 
[30]. Chicken MSCs are advantageous in that they are easy to collect from the 
bone arrow cavities of both embryonic and adult ages, with simple and 
well-established protocols for in vitro collection [15]. MSCs derived from bone 
marrow have been shown to be able to differentiate into adipocytes, osteocytes, 
chondrocytes, and neural-like cells, among others [16]. These cells also have the 
ability to produce cytokines and growth factors that support and regulate hae-
matopoiesis, proliferation, differentiation, and immunoregulation [31]. Previous 
studies have demonstrated thathuman embryonic stem cells (hESCs) [32] [33], 
human induced pluripotent stem cells (hiPSCs) [9] [34], andhuman hemato-
poietic stem cell (hHSCs) [17] [35] had been continuously co-cultured with 
MSCs-feeder in vitro. 

In our study, a xeno-free feeder layer system was developed for prolonged ex-
pansion of chicken PGCs in culture with a bone marrow MSCs-feeder. Chicken 
cPGCs and gPGCs showed clonal growth when co-cultured on a mitomycin C 
treated MSCs feeder layer. The positive expression of NANOG, SOX2, POUV, 
DAZL, and CVH was apparent, implying that the pluripotency andgenitality of 
PGCs was not primarily changed after prolonged cultured with an MSCs feeder. 
The different levels of cell proliferation of PGCs co-cultured on a MSCs- feeder 
layer, a CEFs-feeder layer, and a feeder-free layer was determined by cck-8 kit. 
The results indicated that feeder cells can significantly increase cell proliferation, 
and that the MSCs-feeder layer performed better than the CEFs-feeder layer. 
Both the cPGCs and gPGCs co-cultured on MSCs-feeder layers expressed PGCs 
specific surface and pluripotent gene expression and had a good state of growth. 
An MSCs-feeder layer is therefore more suitable for PGCs cultivation in vitro 
rather than a CEFs-feeder layer. It is possible that the MSCs-feeder layer provids 
a more suitable microenvironment for PGCs. 

This study confirmed that chicken MSCs are a more efficient source of chick-
en feeder cells, capable of maintaining the growth of PGCs and their undifferen-
tiated state. The results provide a new feeder system to deal with the current 
problems associated with chicken PGC cultivation in vitro, and show its poten-
tial future application. 

5. Conclusion 

In conclusion, we demonstrated that MSCs-feeder could improve the in vitro 
expansion of chicken PGCs and generate a greater number of primitive cells 
during this expansion. Our results provide insight into the potential use of 
MSCs-feeders in vitro to aid the expansion of chicken PGCs cultures. 
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