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Adipose-derived stem cells/adipose-derived progenitor cells (ADPCs) are multipotent stem cells that can dif-
ferentiate in vitro into many cell types. However, the vast majority of experimental materials were obtained from
human, mouse, rabbit, and other mammals but rarely from poultry. In this study, ADPCs were isolated from
1-day-old chicks. Primary ADPCs were subcultured to passage 15. The surface markers of ADPCs, CD29, CD44,
CD71, and CD73, were detected by immunofluorescence and RT-polymerase chain reaction assays. The growth
curves of different passages were all typically sigmoidal. In addition, ADPCs of different passages were suc-
cessfully induced to differentiate into osteoblasts, adipocytes, and myocardial cells. The results suggest that the
ADPCs isolated from chicken possess similar biological characteristics with those derived from other species,
and their multilineage differentiation provides many potential applications.

Introduction

ADULT MESENCHYMAL STEM cells (AMSCs) can maintain
self-renewal and multilineage differentiation ability
in vitro. Unlike embryonic stem cells, the research of AMSCs
has no ethical problems. AMSCs hold great promise in tissue
reconstruction (Zhu et al.,, 2008). Among different kinds of
AMSCs, bone marrow stem cells (BMSCs) are the most
representative type, which can be induced to differentiate
into osteoblasts (Deliloglu-Gurhan et al., 2006; Hayashi et al.,
2008; Huang et al., 2009; Tashiro et al., 2009), adipocytes
(Pittenger et al., 1999; Huang et al., 2009), and even myoblasts
(Santa Maria ef al., 2004; Tamama et al., 2008; Drost et al.,
2009). However, autologous bone marrow procurement has
potential limitations (Gao et al., 2006), such as repeated op-
erations, the health of patients, and the finite amount of
mesenchymal stem cells. Thus, an ideal source of autologous
stem cells should be conducive to both massive isolation and
minimal patient suffering, and yet capable of yielding cells
substantially enough dispensing long-term in vitro expansion
(Zuk et al., 2001; Naghdi et al., 2009).

Adipose tissue is ubiquitous throughout animal bodies.
Similar to bone marrow, it derives from the embryonic me-
soderm and contains multipotent stem cells, named adipose-
derived stem/progenitor cells (ADSCs/ADPCs). There exist
obvious similarities between ADSCs/ADPCs and BMSCs
(Nakagami et al., 2006), such as some common antigens (Zuk
et al., 2002; Gimble et al., 2007). Moreover, ADSCs/ADPCs
also can be induced to differentiate into osteoblasts, adipo-
cytes, and even ectoderm and endoderm cell types (Moon

et al., 2006; Kingham et al., 2007; Schaffler and Buchler, 2007;
Xu et al., 2008; Toyoda et al., 2009). Convenient formass
preparation, ADSCs/ADPCs can serve as an ideal engraft in
tissue engineering.

To date, the vast majority of ADPCs have been obtai-
ned from human, mouse, rabbit, and other mammals but
rarely from avian species. Abundant adipose tissues exist
in chickens. In the present study, ADPCs were isolated
from 1-day-old chicks and cultured in vitro, tested for the
self-renewal and multilineage differentiation abilities, and
identified for the expression of specific surface markers. This
research may provide novel insights for in vitro cell culture
and characteristics of ADPCs and contribute to tissue re-
construction in avian species.

Materials and Methods
Isolation, culture, and purification of ADPCs

Animal experiments were performed in accordance with
the guidelines established by the Institutional Animal Care
and Use Committee at UMDNJ-RWJMS. Adipose tissues
were separated from subcutaneous tissues of abdomen and
inguinal fat pads of 1-day-old chicks under aseptic conditions.
The tissues were washed three times with phosphate-buffered
saline (PBS) containing 10* TU/mL penicillin/streptomycin to
remove connective tissue membrane and capillaries. The tis-
sues were chopped into small pieces and digested with 0.1%
(m/v) type I collagenase (Sigma) at 37°C for 1h. Enzymatic
digestion was then neutralized with Dulbecco’s modified
Eagle’s medium (DMEM) (Gibco) supplemented with 10%
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(v/v) fetal bovine serum (FBS) (Biochrom). The suspension
was filtered with a 74-pum-mesh sieve and centrifuged at 300 g
for 10min at room temperature. The supernatant was dis-
carded, and the pellet was resuspended in complete medium
containing DMEM/F-12 Ham’s (Gibco), 10% (v/v) FBS (Bio-
chrom), 10ng/mL basic fibroblast growth factor (Peprotech),
2mM L-glutamine, 1% B-27 (m/v) (Gibco), and 10* IU/mL
penicillin/streptomycin. The cell suspension was plated and
incubated at 37°C with 5% CO,. At 24 h after initial plating,
the cells were washed twice with PBS to remove nonadherent
cells (Yoshimura et al., 2007).

When the cells reached 70%-80% confluence, 0.25% (m/v)
trypsin (Gibco) was added to dissociate the cells from the
plates, and then trypsinization was terminated with com-
plete medium. Cells were subcultured into new plates and
incubated at 37°C with 5% CO,. Generally, after three to four
passages, the cells were purified.

The ADPCs in logarithmic phase were enumerated under a
hemocytometer, pelleted, and resuspended in freezing me-
dium (10% dimethyl sulfoxide +40% FBS +50% DMEM) at
the concentration of 3x10° viable cells per milliliter. Cell
suspension was aliquoted into sterile plastic cryovials labeled
with species, freezing serial number and the date. The vials
were sealed and kept at 4°C for 20-30 min to equilibrate the
dimethyl sulfoxide, put into a programmed cryopreservation
system, and then transferred to liquid nitrogen for long-term
storage. Tubes taken from the liquid nitrogen were thawed in
a 40°C water bath, then transferred to flasks with MEM con-
taining 10% FBS, and finally cultured at 37°C with 5% CO,.
The medium was renewed after 24 h (Bai ef al., 2010).

Identification of ADPCs

Surface marker detection. Cells of passages 3, 5, and 9 were
fixed in 4% (m/v) paraformaldehyde for 15min and then
washed with PBS three times (5min each). The cells were
permeabilized using 0.2% (v/v) Triton X-100 for 20 min and
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washed three times (5 min each) with PBS. Cells were blocked
by 10% (v/v) goat serum (Zhongshan Goldenbridge) for
30min and, subsequently, incubated in 3% (m/v) bovine se-
rum albumin containing the following antibodies: (1) mouse
anti-chicken CD29 (1:100; Abcam); (2) mouse anti-chicken
CD44 (1:100; Abcam); and (3) mouse anti-chicken CD 31(1:100;
Abcam) for 1h at room temperature. Then, the samples were
washed three times (each 10 min) with PBS, and the cells
were incubated in PBS containing fluorescein isothiocyanate-
conjugated goat anti-mouse secondary antibody (Zhongshan
Goldenbridge) for 1h at 37°C. After incubation, the cells were
thoroughly washed three times with PBS (each 10min). The
cells were then counterstained with PI (Sigma) and finally ex-
amined using Nikon TE-2000-E confocal microscope.

RT-polymerase chain reaction analysis

RNA was extracted from cells of passage 5 using Trizol
reagent (Invitrogen). Template cDNA was prepared using a
reverse transcription system (Takara) and then amplified by
polymerase chain reaction (PCR) using the specific primers
listed in Table 1. The PCR products were visualized by 2%
agarose gel electrophoresis.

Growth kinetics

Cells from passages 3, 5, and 9 were used to analyze
growth kinetics of ADPCs. The cells were harvested and
plated in 24-well microplates at a density of 1x10* cells /well.
The cells from three random wells were counted each day for
7 days. Growth curves were plotted according to the mean
values, and the population doubling time calculated.

Colony-forming cell assay

Cells from passages 3, 5, and 9 were seeded in 24-well mi-
croplates at a density of 1 x10* cells/well, cultured for 4 days,
and numbers of colony-forming units were counted to calculate

TABLE 1. PRIMER SEQUENCES USED IN RT-POLYMERASE CHAIN REACTION

Gene Primer sequence Tm (°C) Cycle Fragment size (bp)
F 5 GAACGGACAGATATGCAACGG ¥

CD29 R 5 TAGAACCAGCAGTCACCAACG 3 60 30 300
F 5 CATCGTTGCTGCCCTCCT 3

CD44 R 5 ACCGCTACACTCCACTCTTCAT 3 58 30 290
F 5 CCCAGGCTTCCCTTCGT 3/

CD71 R 5 GGGCTCCAATCACAACATAC ¥ 56 30 305
F 5 AGTGCAAACATTAAGGGAAAA 3

CD73 R 5 CCTCCAATAACAACATCCACTCCT 3 58 30 310
F 5 AAGGATGGTCGCAATG 3

Collage type 1 R 5 GGTGGCTAAGTCTGAGGT 3 48.5 30 310
F 5 CAGAACAGCCGGACTTTC 3’

Osteopontin R 5 CTTGCTCGCCTTCACCAC 3/ 51 30 227
F 5 CTGTCTGCGATGGATGAT 3

PPAR-y R 5 AATAGGGAGGAGAAGGAG 3/ 47.3 30 199
F 5 AGTGAAGTCAGGCGAAAC 3

Lipoprotein lipase R 5 ACAAGGCACCACGATT 3 48.7 30 477
F 5 GGGCTTTCTCCTACCTGC 3

Desmin R 5 GCTTCCTTGCCATCCTGT 3’ 57 30 240
F 5 GCTACTACACGGAATCACCA 3

MyoD1 R 5 GGGCTCCACTGTCACTCA 3’ 57 30 198
F 5 TAAAGGCGAGATGGTGAAAG 3

GAPDH R 5 ACGCTCCTGGAAGATAGTGAT 3 53 30 244
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colony-forming rate, which is formulated as colony-
forming unit numbers/starting cell number per 24-well
x100%.

Osteogenic differentiation

The cells were divided into two groups: the induced group
and the control group. When cultures reached 50%-60% con-
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FIG. 1. Morphology of pri-
mary cultured and sub-
cultured adipose-derived
progenitor cells (ADPCs). (a)
Primary cells after culture for
24 h. Many cells began to ad-
here and stretch. (b) ADPCs
exhibited a fibroblast-like
morphology and migrated
easily. (c) ADPCs grew to
80%-90% confluence about 1
week later, and the cells were
arranged in a whirl pattern.
(d, e) Morphology of P4 and
P7 ADPCs. After three to four
passages, ADPCs were puri-
fied, and there were no obvi-
ously morphological
differences among different
passages. (f) The ADPCs of
passage 15 displayed repre-
sentative senescent appear-
ances. Scale bar =50 um.

fluence, cells of the induced group were incubated in osteo-
genic medium containing 0.1 mM dexamethasone (Sigma),
10mM B-glycerophosphate (Sigma), and 50 mg/L vitamin C.
Meanwhile, cells of the control group were cultured in com-
plete medium without any inducer. The medium was refreshed
every 2 days. Three weeks later, the cells were analyzed for
formation of calcium nodes using Alizarin Red staining and
expression of osteoblast specific genes via RT-PCR.

a Contrast DAPI Fluorescence Merged

b 1 2 3 4

FIG. 2. Surface markers of the ADPCs. Cell surface markers of the ADPCs resemble with those of bone marrow stem cells.
We detected the expression of CD29, CD44, CD71, and CD73 using immunofluorescence and RT-PCR. (a) Immuno-
fluorescence showed that CD29 and CD44 were positively expressed, whereas CD31 expression was negative. Scale
bar =50 pm. (b) RT-PCR analysis showed that the ADPCs expressed CD29, CD44, CD71, and CD73. In the upper picture of
(b), lane 1, CD29; lane 2, CD44; lane 3, CD71; lane 4, CD73. GAPDH in the lower picture served as internal control.

CcD29

CD44

CD31
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FIG. 3. Growth curves of the ADPCs. The growth curves of
P3, P5, and P9 ADPCs were all typically sigmoidal, with cell
density reflected by the vertical axis. The growth curve
consisted of a latent phase, a logarithmic phase, and a pla-
teau phase. Population doubling time calculated from the
growth curve was ~35h.

Adipogenic differentiation

Cells were seeded and divided into two groups as de-
scribed. When the cells grew to 50%-60% confluence, the
induced group was incubated in adipogenic medium sup-
plemented with 1mM dexamethasone (Sigma), 0.5mM
isobutyl-methylxanthine (Sigma), and 10mg/L insulin (Sig-
ma), whereas the control group was cultured in complete
medium. After 3 weeks, the two groups were stained with
Oil Red O to assess intracellular lipid accumulation. RNA
from the two groups was extracted for RT-PCR.

FIG. 4. Colony-forming cell
assay. Colony-forming units
of P3, P5, and P9 adipose-
derived progenitor cells were
counted, which indicated that
colony-forming rates de-
creased but did not disappear
with increasing passage
number. (a), (b), and (c) were
colony-forming rates of

P3, P5, and P9 respectively,
(d) was the bar chart of
colony-forming rates for dif-
ferent passages of adipose-
derived progenitor cells.
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Cardiomyogenic differentiation

Cells were plated and divided into two groups as de-
scribed. The induced group was incubated in serum-free
cardiomyogenic medium containing 9 nM 5-Azacytidine
(Sigma) for 24h, and then the medium was replaced with
complete medium. After 28 days, the cells were harvested,
and the RNA from the two groups was extracted for RT-
PCR.

Results
Isolation, culture, and morphological observation

The primary cells isolated from subcutaneous adipose
tissue adhered to plates and began to stretch 24 h later (Fig.
1a). The cells expanded easily and exhibited fibroblast-like
morphology (Fig. 1b). Approximately 1 week later, the cells
grew to 80%-90% confluence and were arranged in a whirl
pattern (Fig. 1c). In primary culture, many hemocytes were
mixed with the ADPCs; however, after three to four pas-
sages, the hemocytes detached and were eliminated from the
population (Fig. 1d). There were no obviously morphological
differences among different passages, and the biocharacter-
istics were stable after serial passage (Fig. 1e). The cells were
cultured to passage 15 and displayed representative senes-
cent appearance including blebbing and karyopyknosis in
most cells (Fig. 1f). Eventually, as passage number increased,
the cells would detach from the plates.

Identification of the ADPCs

The specific surface antigen markers of ADPCs were de-
tected via immunofluorescence and RT-PCR assays. The re-
sults of immunofluorescence staining showed that the
ADPCs were CD29 and CD44 positive, and endothelial

d
P3 P5 P9
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marker CD31 negative (Fig. 2a). RT-PCR indicated that the
ADPCs expressedCD29, CD44,CD71 and CD73 (Fig. 2b).

Growth kinetics

The growth kinetics of ADPCs from different passages
was as shown by the growth curves, which were all typically
sigmoidal. ADPCs entered logarithmic phase after about day
2, followed by plateau phase after 7 days, and decline phase
took place about 10 days later (Fig. 3). The average popula-
tion doubling time of ADPCs was ~35h.

Colony-forming cell assay

Colony formation was observed under the microscope
after 4 days. The colony-forming rates were 23.61% =+ 0.14%,
20.54% =+ 0.31%, and 20.37% 4 0.46% for passage 3, passage
5, and passage 9 respectively, demonstrating the self-renewal
ability of the cultured chicken ADPCs (Fig. 4).

Osteogenic differentiation of the ADPCs

After incubation in osteogenic medium for 14 days, mor-
phological changes of the ADPCs were obvious. The cells
changed from fusiform to tridimensional and then aggre-
gated and formed mineralized nodules with increasing in-
cubation time. Further, the nodules were Alizarin Red
staining positive (Fig. 5). In addition, as a result of the con-
tinuing effects of the inducers, the nodules increased and
grew in size (Fig. 5). The cells cultured in complete medium
were not changed in morphology or stained by Alizarin Red
(Fig. 5).

Osteogenic differentiation of the ADPCs was analyzed by
RT-PCR. The specific genes, including collage type I and
osteopontin, were all detected in the induced group, in sharp
contrast to that shown in the control group (Fig. 5).

Collagen [

GAPDH
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Adipogenic differentiation of the ADPCs

Adipogenic differentiation of the ADPCs was demon-
strated by positive Oil Red O staining (Jing et al., 2007). After
incubation in adipogenic medium for 3 weeks, the ADPCs
changed their morphology from fibroblast-like to oblate, and
there were many lipid droplets in the cells (Fig. 6a). The
number of droplets increased in a time-dependent manner,
and tiny lipid droplets aggregated to form larger ones (Fig.
6b). Control cells cultured in complete medium through the
culture process were not stained by Oil Red O (Fig. 6a).

RT-PCR indicated that after incubation with isobutyl-
methylxanthine, insulin, and dexamethasone, the adipocyte
specific genes PPAR-y and lipoprotein lipase were detected,
and gene expression level showed a time-lapse increase (Fig.
6b), which did not occur in the control group.

Cardiomyogenic differentiation of the ADPCs

After incubation in cardiomyogenic medium, the cells
polymerized to form myotubules (Fig. 7a), and the myotu-
bules increased and fused to form fascicles as time passed by
(Fig. 7b). Autopulse of the myotubes was observed after
about 21 days. There were no obvious morphological chan-
ges in the control group (Fig. 7a). RT-PCR revealed that the
myocyte specific genes, Desmin and MyoD1, were detected
in the induced group (Fig. 7b).

Discussion

In this study, ADPCs from 1-day-old chicken adipose
tissues were successfully isolated. There were no obvious
differences in cell viability and growth between the cells
isolated from 19- to 20-day embryos and from 1- to 2-day-old
chicks. However, the ADPCs isolated from embryos younger
than 19-days or from chicks older than 2 days showed lower
viability (data not shown).

FIG. 5. Osteogenic differen-
tiation of the ADPCs. (a) After
incubation in osteogenic
medium for 14 days, the cells
metamorphosed from fusi-
form to tridimensional shapes,
and Alizarin Red staining was
positive. The nodules became
more and larger with
prolonged induction. About
21 days later, nodules were
observed after Alizarin Red
staining. Cells cultured in
complete medium were not
changed in morphology or
stained by Alizarin Red. Scale
bar =25 pm. (b) RT-PCR
revealed the expression of
osteoblast specific genes,
including collage type I and
osteopontin in the induced
group after incubation for 14
days (lane 2) and 21 days
(lane 3); however, these genes
were not expressed in control
(lane 1).



458

FIG. 6. Adipogenic differen-
tiation of the ADPCs. (a) After
3 weeks’ induction, ADPCs
metamorphosed from fibro-
blast-like to oblate and formed
many lipid droplets in cells.
Droplets increased and aggre-
gated to form larger ones as
induction progressed. Cells
cultured in complete medium
throughout the culture process
did not change in morphology
and were not stained by Oil
Red O. Scale bar =25 um. (b)
The expression of adipocyte-
specific genes, including LPL
and PPAR-y, was detected us-
ing RT-PCR in the induced
group after incubation for 21
days (lane 2) and 28 days (lane
3), whereas these genes were
not expressed in control cells
(lane 1).

Many factors, such as a dearth of genetic information and
progress compared to other fields, unawareness of its ther-
apeutic potentials, and an unwillingness to investigate ani-
mals other than model species are all responsible for the lag
of research on avian adipose stem cells compared with those
from mammals. In our study, chicken ADPCs could be cul-
tured and passaged in vitro for at least 15 passages and could
be induced to differentiate into different cell types. The
proliferation colony-forming cell assay, and differentiation
potential of cells from passages 3, 5, and 9 had no significant
difference. Compared with mammal ADPCs, the prolifera-

a 19d

b

Desmin

MyoD1

GAPDH

GONG ET AL.

Control

tion of chicken ADPCs was slower and not easy to rapidly
passage. Chicken ADPCs could be purified preliminary by
serial passage to remove hemocytes and epithelial cells but
not fibroblasts. To further purify the ADSC population,
FACS or magnetic sorting could be performed.

Cell surface markers of ADSCs and ADPCs resemble those
of BMSCs. The cell types express some surface markers of
mesenchymal stem cells. We detected the expression of
CD29, CD44, CD71, and CD73 in chicken ADPCs using
immunofluorescence and RT-PCR. CD29 is an integrin
subunit associated with later-stage antigen receptors. It is

Control

FIG. 7. Cardiomyogenic differentiation of the ADPCs. (a) The cells polymerized to form myotubules after culture in
cardiomyogenic medium for 19 days (arrow). About 28 days later, the myotubules increased and fused to form fascicles.
There was no obvious metamorphosis in control. Scale bar =50 pm. (b) Myocyte specific genes, Desmin and MyoD1, were
expressed after incubation in cardiomyogenic medium for 28 days (lane 2), whereas these genes were not detected by RT-PCR

in control cells (lane 1).
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essential for cell adhesion and recognition in a variety of
processes including embryogenesis, hemostasis, tissue re-
pair, immune response, and metastasis of malignant cells.
CD44 contributes to a cell-surface glycoprotein involved in
cell—cell interactions, cell adhesion, and migration. This
protein participates in a wide variety of cellular activities
including lymphocyte activation, recirculation and homing,
hematopoiesis, and metastasis. CD71 is a member of the
transferrin receptor family. It is necessary for the transpor-
tation of iron into cell and is regulated in response to intra-
cellular iron concentration. Low iron concentration promotes
increased level of transferrin receptor to take more iron into
the cell. Thus, the transferrin receptor maintains cellular iron
homeostasis. CD73, also known as 5-nucleotidase, ecto
(NT5E), is used as a marker for lymphocyte differentiation.
The results suggested that chicken ADPCs are a group of
uncommitted stem/progenitor cells different from mesen-
chymal cells.

The multipotency of stem cells is one of the most impor-
tant prerequisites for autologous cell therapy. In our study,
we induced chicken ADPCs to differentiate into osteoblasts,
adipocytes, and myocardial cells and detected related genes
of these cell types. The results demonstrated that different
inducing factors could affect the differential direction of the
ADPCs and that the ADPCs originating from mesoblastema
could differentiate into ectoderm and endoderm cell types.
The autologous nature of these progenitor cells, together
with their putative multipotentiality and convenient
procurement, renders them an excellent option for future
tissue-engineering and cell-based therapies (Zuk et al., 2001).
Although the multilineage differentiation of ADPCs was
successful in vitro, there are many technical concerns for
utilizing these cells in tissue recovery in vivo, such as higher
decline rate and unstable phenotype. These aspects needto be
taken into consideration in future research and applications.

Conclusion

In this study, ADPCs were isolated from subcutaneous
tissues of the abdomen and inguinal fat pads from 1-day-old
chicks, and the self-renewal ability and differential potential
were evaluated in vitro. The present study illustrates i the
potential application of adipose tissue as an adult stem cell
source for regenerative therapies.
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