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Abstract. This study aimed to isolate rabbit adipose-derived 
stem cells (ADSCs) and explore the potential of platelet-rich 
plasma (PRP) in the chondrogenic differentiation of ADSCs, 
thereby potentially providing a new approach for the repair 
and regeneration of cartilage injury. Rabbit ADSCs were 
isolated and characterized by induction towards adipogenic, 
osteogenic and chondrogenic lineages in vitro. The isolated 
ADSCs were also cultured with or without 10% PRP. 
Immunofluorescence staining, toluidine blue staining and 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) were used to detect type II collagen (Col II) and 
aggrecan (AGC) expression. Col II immunofluorescence 
staining and toluidine blue staining indicated that following 
induction by autologous PRP, ADSCs manifested Col II and 
AGC expression. The expression of Col II and AGC mRNA 
was significantly upregulated in the PRP‑treated cells when 
compared with that in control cells. Autologous PRP produced 
by laboratory centrifugation was able to promote the chondro-
genic differentiation of rabbit ADSCs in vitro. 

Introduction

Adult stem cells are a class of undifferentiated cells, exhib-
iting long-term self-renewal proliferative and multi-lineage 
differentiation potential (1). These cells can be obtained from 
multiple types of tissue, including bone marrow, tendon and 

adipose. Due to these characteristics, the application of such 
cells for tissue repair and regeneration has attracted the atten-
tion of many researchers. As a member of the adult stem cell 
family, adipose-derived stem cells (ADSCs) are accessible and 
possess strong self-renewal capacity; thus, they may serve as 
the ideal seeding cells for tissue regeneration (2).

Platelet-rich plasma (PRP) is a fraction of the whole blood, 
with the platelet concentration above the baseline level (3). 
PRP can be extracted by the centrifugation of whole blood and 
contains a high concentration of platelets, fibrin and white blood 
cells. The concept that PRP could promote tissue regeneration 
and cell differentiation is based on the role of platelets (4,5). 
When activated, a variety of growth factors, including trans-
forming growth factor-β (TGF-β), platelet derived growth 
factor (PDGF), insulin-like growth factor-1 (IGF-1), vascular 
endothelial growth factor (VEGF), basic fibroblastic growth 
factor (bFGF) and epidermal growth factor (EGF) are secreted 
by the platelets (5-7). The growth factors present in PRP play a 
critical role in tissue repair and regeneration (8).

The repair of articular cartilage defects has long been 
an obstacle for orthopedic studies (9,10). Tissue engineering 
is a promising option for cartilage regeneration (11,12) when 
an appropriate class of seeding cells is selected, particularly 
adult stem cells with the advantage of strong proliferative and 
differentiative activity. Thus, ADSCs as an accessible source 
of seeding cells for cartilage regeneration, when induced 
towards the chondrogenic lineage, are a promising prospect 
for the creation of tissue-engineered cartilage.

The present study primarily isolated and characterized 
ADSCs from rabbits, and then explored the ability of PRP 
obtained by laboratory centrifugation to induce ADSCs 
towards the chondrogenic lineage, with the aim of providing a 
new approach for cartilage regeneration.

Materials and methods

Animal treatment. All experimental procedures involving 
animals conformed with the National Institutes of Health 
(NIH) Guide for the Care and Use of Laboratory Animals 
and were approved by the Administration Committee of 
Experimental Animals, Jiangsu, China.
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Isolation and culture of ADSCs. Ten 4-month-old New Zealand 
white rabbits (2.8-3.5 kg; Jiangsu Academy of Agricultural 
Sciences, Nanjing, China) were used. Under sterile conditions, 
adipose tissues (~10 g) were carefully taken from the rabbits 
following anesthesia. Anesthesia was induced via an intra-
venous injection of ketamine hydrochloride (60 mg/kg) and 
xylazine (6 mg/kg) (Shanghai Tongwei Biological Technology 
Co., Ltd., Shanghai, China). These samples were minced 
and then digested for 1 h at 37˚C with type I collagenase 
(2.5 mg/ml; Sigma-Aldrich, St Louis, MO, USA). During the 
digestion time, these tissues were swiftly shaken every 20 min. 
The digested samples were passed through a 70-µm cell 
strainer (Becton Dickinson, Franklin Lakes, NJ, USA) to yield 
a single-cell suspension. These released cells were washed 
with phosphate-buffered saline (PBS) and re-suspended in 
complete culture medium containing low-glucose Dulbecco's 
modified Eagle's medium (LG-DMEM; Gibco Life 
Technologies, Carlsbad, CA, USA), 10% fetal bovine serum 
(FBS), 100 U/ml penicillin, 100 µg/ml streptomycin and 2 mM 
L-glutamine (all from Invitrogen Life Technologies, Carlsbad, 
CA, USA) at a density of 500 cells/cm2. The resuspended cells 
were cultured in a humidified atmosphere containing 5% CO2 
at 37˚C. At day 3 after initial plating, the cells were washed 
twice with PBS to remove the non-adherent cells. At day seven 
to ten, these colonies were trypsinized and mixed together as 
passage 0.

Multidifferentiation potential. The osteogenic, adipogenic and 
chondrogenic differentiation potential of adipose-derived stem 
cells at passage 3 was investigated according to the method of 
Rui et al (13) with certain modifications, as described below.

Adipogenic differentiation assays. ADSCs were plated at 
4x103 cells/cm2 in a six-well plate and cultured in complete 
culture medium until the cells reached confluence. The 
medium was replaced with complete medium or adipogenic 
medium, which was complete culture medium and adipogenic 
reagents. The adipogenic reagents included dexamethasone 
(500 nM), isobutylmethylxanthine (0.5 mM), indomethacin 
(50 mM) and insulin (10 mg/ml) (all from Sigma-Aldrich). The 
culture medium was replaced every 3-4 days. After 21 days 
of incubation, Oil Red O staining was performed to confirm 
the formation of oil droplets. For Oil Red O staining, the cells 
were fixed in 70% ethanol for 10 min and stained with 0.3% 
fresh Oil Red O solution (Sigma-Aldrich) for 2 h. 

Osteogenic differentiation assays. ADSCs were plated at 
the same density as in the previously described adipogenic 
assays. Then, these cells were cultured with complete 
medium or osteogenic medium, which were complete culture 
medium and osteogenic reagents. The osteogenic reagents 
included dexamethasone (1 nM), ascorbic acid (50 mM) and 
β-glycerolphosphate (20 mM) (all from Sigma-Aldrich). The 
culture medium was replaced every 3-4 days. After 28 days 
of incubation, 0.5% alizarin red (pH 4.1; Sigma-Aldrich) was 
utilized to stain the cells for 30 min, subsequent to the cells 
being fixed in 70% ethanol for 10 min.

Chondrogenic differentiation assays. A pellet culture system 
was used for chondrogenic differentiation. Approximately 

8x105 ADSCs were centrifuged at 450 x g for 10 min in a 
15-ml conical polypropylene tube to form a micromass and 
incubated in complete medium or a chondrogenic medium 
that comprised complete culture medium and chondrogenic 
reagents. The chondrogenic reagents comprised LG-DMEM, 
supplemented with 10 ng/ml TGF-β3 (R&D Systems, 
Minneapolis, MN, USA), 500 ng/ml bone morphogenetic 
protein-2 (BMP-2; R&D Systems), 10-7 M dexamethasone, 
50 µg/ml ascorbate-2-phosphate, 40 µg/ml proline, 100 µg/ml 
pyruvate (all from Sigma-Aldrich) and 1:100 diluted ITS+ 
Premix [6.25 mg/ml insulin, 6.25 mg/ml transferrin, 
6.25 mg/ml selenous acid, 1.25 mg/ml bovine serum albumin 
(BSA) and 5.35 mg/ml linoleic acid; Becton Dickinson]. After 
21 days of incubation, the pellet was fixed for histology and 
the immunohistochemical staining of collagen type II (Col II).

Immunohistochemical staining of Col II. The immuno-
histochemical staining was performed as follows. Briefly, 
paraffin‑embedded sections were deparaffinized in xylene and 
dehydrated through a graded series of alcohol. Then, dewaxed 
slices of cell mass were incubated in 3% hydrogen peroxide at 
room temperature for 20 min. Antigen retrieval was performed 
with 2 mg/ml protease (Calbiochem, Bie and Berntsen, Rødovre, 
Denmark) at 37˚C for 30 min for Col II detection. The sections 
were incubated with mouse monoclonal antibody against rabbit 
Col II (cat. no. sc-52658, Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA; 1:100 dilution with 5% goat serum in PBS containing 
1% BSA) overnight at 4˚C after blocking with 5% goat serum for 
20 min at room temperature. The spatial localization of Col II 
was observed by incubating with goat polyclonal anti-mouse IgG  
tetramethylrhodamine-conjugated secondary antibody (cat. 
no T5393, Sigma-Aldrich; 1:200 dilution with 5% goat serum 
in PBS containing 1% BSA) for 1 h at room temperature, 
followed by 3,3'-diaminobenzidine tetrahydrochloride (Dako, 
Glostrup, Denmark) in the presence of H2 O2. The slides were 
gently washed with deionized water and rinsed slowly, followed 
by dehydration through a graded series of ethanol and xylene, 
and mounted with DPX for light microscopy (Leica DMRXA2; 
Leica Microsystems, Wetzlar, Germany).

Preparation of PRP. PRP was prepared according to the method 
described by Nagae et al (14) with certain modifications. The 
procedures of PRP preparation were as follows (Fig. 1). Under 
general anesthesia, 10 ml fresh blood was obtained using a 
syringe containing 1.0 ml acid citrate dextrose solution A as 
anticoagulant. The whole blood was centrifuged using a centrif-
ugation apparatus (KN70; Kubota, Tokyo, Japan) at 250 x g for 
10 min. Subsequently, the single plasma fraction was collected 
and further centrifuged at 1,000 x g for 10 min. The precipitated 
platelets at the bottom of the centrifuge tube were collected with 
3 ml of the supernatant (platelet-poor plasma) to yield PRP.

Experimental grouping. ADSCs at passage 3 were utilized, 
and plated at 1x108 cells/l in 12-well culture plates containing 
coverslips. These wells were randomly assigned into a PRP 
group and a control group, each with six wells. The ADSCs 
in the PRP group were cultured with complete medium 
containing 10% PRP. In the control group, the ADSCs were 
cultured with the complete medium. The culture medium 
was replaced every 3-4 days.
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Immunofluorescence staining and toluidine blue staining. 
Following two weeks of culture, ADSCs in the PRP group 
were fixed with methanol for 10 min, then washed with PBS 
for 5 min. Subsequently, PBS with Tween 20 (PBST) with 
5% BSA was utilized to fix the washed cells. Goat polyclonal 
anti-rabbit Coll II antibody (cat. no. sc-52658; Santa Cruz 
Biotechnology, Inc.; 1:200 dilution in PBS) was used as a 
primary antibody for incubation with the induced ADSCs 
for 1 min; the cells were then incubated with a fluorescein 
isothiocyanate (FITC) fluorescence‑labeled goat anti‑mouse 
secondary antibody (cat. no. F0257; Sigma-Aldrich; 1:200 
dilution in PBS) for a further 60 min. Following the incuba-
tion, the slides were washed with PBS and observed under 
a fluorescence microscope (EVOS® FL; Life Technologies, 
Carlsbad, CA, USA). For toluidine blue staining, the proce-
dures performed to fix the induced ADSCs were the same 
as those described for immunofluorescence staining. Then, 
the slides were dyed with 1% toluidine blue for 2 h prior to 
washing with PBS. Finally, the slides were mounted with 
neutral gum for observation.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). To compare the expression of type II 
collagen α1 chain (COL2A1) and aggrecan (AGC) mRNA 
expression between the PRP and control groups, RT-qPCR 
was performed. Following two weeks' culture, ADSCs from 
the PRP and control groups were harvested and subjected to 
RNA extraction with an RNeasy mini kit (Qiagen GmbH, 
Hilden, Germany). mRNA was reverse-transcribed to 
complementary DNA (cDNA) using the First Strand cDNA 
kit (Promega Corporation, Madison, WI, USA). Then, 5 µl 
of total cDNA from each sample was amplified in a final 
volume of 25 µl of reaction mixture containing Platinum 
SYBR Green qPCR SuperMix-UDG ready-to-use reac-
tion cocktail and specific primers for COL2A1, AGC and 
β-actin (all from Mergene; Table I). Cycling conditions were 
denaturation at 95˚C for 1 min, 45 cycles at 95˚C for 20 sec, 
optimal annealing temperature (as defined in Table I) for 
15 sec, 72˚C for 45 sec and at 60‑95˚C with a heating rate 
of 0.1˚C/sec. Target gene expression was normalized to that 
of β-actin. Relative gene expression was calculated with the 
2-ΔΔCt formula (15).

Statistical analysis. Comparisons between groups were 
performed using a paired t-test. All data analysis was 
conducted using SPSS statistical software (version 17.0; SPSS 
Inc, Chicago, IL, USA). P≤0.01 was considered to indicate a 
statistically significant result.

Results

Isolation and culture of ADSCs. It was shown in the present 
study that the ADSCs isolated from rabbit adipose tissue were 
adherent to the plastic culture flask after being cultured for 
24 h. Following four days of culture, long spindle cells were 
observed and the number of cells was significantly increased. 
Passage 3 ADSCs retained the long spindle morphology and 
proliferative potential.

Multi‑lineage differentiation potential of ADSCs. Following 
the various multi-lineage induction processes, ADSCs were 
successfully induced toward adipogenic, osteogenic and chon-
drogenic lineages. After 21 days of adipogenic induction, lipid 
droplets were formed and confirmed by Oil Red O staining 
(Fig. 2A). This was not observed in the group cultured with 
complete medium only (Fig. 2B). The osteogenic differentia-
tion potential of the isolated ADSCs was determined in vitro. 
Alizarin-red staining was positive as calcium nodules were 
observed after 21 days of induction (Fig. 2C). In the group 
cultured with complete medium only, alizarin red staining was 
negative (Fig. 2D). The chondrogenic differentiation potential 
of the ADSCs was determined in vitro by pellet culture. 
Following 21 days of chondrogenic induction, the diameter of 
the pellet was ~1 mm (Fig. 2E). The induced ADSC pellet was 
rich in Col II, as indicated by immunohistochemical staining 
(Fig. 2F).

Chondrogenic differentiation of ADSCs induced by PRP. 
Following two weeks of induction, ADSCs in the PRP group 
produced Col II, as indicated by immunofluorescence staining 
(Fig. 3A). No green fluorescent cells were seen in the control 
group (Fig. 3B), indicating that there was no significant expres-
sion of Col II. Toluidine blue staining indicated that PRP was 
a potent reagent for inducing ADSCs to produce aggrecan. 
Toluidine blue staining was positive in the PRP group (Fig. 3C) 

Table I. Primer sequences of COL2A1, AGC and β-actin, product size and annealing temperature used in the reverse 
transcription-quantitative polymerase chain reaction analysis.

  Product size Annealing temperature
Gene Primer (bp) (˚C)

COL2A1 Forward: 5'-TCCTAAGGGTGCCAATGGTGA-3' 112 61
 Reverse: 5'-AATGTCAACAATGGGAAGGGGT-3'
AGC Forward: 5'-TCCGCTGGTCTGATGGACAC-3' 101 55
 Reverse: 5'-AGGACCAACTTTGCCTTGAGGAC-3'
β-actin Forward: 5'-AGATGTGGATCAGCAAGCAGGAGT-'3 133 60
 Reverse: 5'-TCTCGTTTCTGCGCCGTTAGGTTT-'3

COL2A1, type II collagen α1 chain; AGC, aggrecan.
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but negative in the control group (Fig. 3D). RT-qPCR 
confirmed that CoL2A1 and AGC mRNA expression was 
significantly upregulated in the PRP group compared with 
that in the control group (P<0.01; Table II).

Discussion

Repair and regeneration of articular cartilage defects has been 
a subject of heated debate and of focused study in orthopedic 

Figure 2. Cell characterization of adipose-derived stem cells (ADSCs). Oil Red O staining was (A) positive in the group cultured with adipogenic medium and 
(B) negative in the group cultured with complete medium. Alizarin-red staining was (C) positive in the group cultured with osteogenic medium and (D) nega-
tive in the group cultured with complete medium. (E) A cell pellet was formed in vitro. (F) Immunohistochemical staining for type II collagen was positive 
when the ADSC pellet was chondrogenicly induced for 21 days.

Figure 1. Preparation of autologous platelet-rich plasma (PRP). (A) A 10-ml sample of fresh blood obtained from the jugular vein of the rabbits. The sample 
following (B) primary centrifugation and (C) secondary centrifugation, and (D) the yield of PRP.

  A   D  C  B

  A   B

  C   D

  E   F
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research. Traditional therapeutic strategies for cartilage vary 
in outcome and long-term results are not satisfactory (16). In 
recent years, the development of tissue engineering, including 
bioactive growth factors, seeding cells and good bio-compat-
ible scaffolds, has provided a wider choice for cartilage 
regeneration (10,11). As an important factor, the choice of 
the seeding cells is critical for its proliferative and differ-
entiation potential in maintaining the extracellular matrix 
and the function of the cartilage (17). Adult stem cells have 
multi-lineage differentiation potential, which could be applied 
in multiple tissue-engineering strategies (18). Adult stem cells 
are potentially useful in promoting bone healing (19), tendon 
injury (20), intervertebral disc degeneration (21) and cartilage 
injury (22), and hold promising prospects in cartilage regen-
eration. Among adult stem cells, bone marrow-derived stem 
cells (BMSCs) and ADSCs as mesoderm-derived cells have 
been widely used in tissue-engineering strategies for tissue 
regeneration. Compared with BMSCs, ADSCs are superior in 
the range of sources, ease of obtaining and proliferative poten-
tial, and hold a broad future in cartilage regeneration (23,24).

Currently, collagenase digestion is a commonly used 
method to obtain ADSCs, as ADSCs have very low density in 

adipose tissues which mainly include Col I (25). The isolated 
passage 0 ADSCs in the present study became adherent 
to the plastic plates within 24 h. The morphology of the 
passage 0 ADSCs was similar to that of fibroblasts with long 
spindle shapes. Then, following several passages, the ADSCs 
continued to maintain a fibroblastic morphology and prolif-
erative vitality. The ADSCs were successfully isolated and 
their multi‑lineage potential was confirmed by their induction 
towards adipogenic, osteogenic and chondrogenic lineages 
in vitro. 

Finding suitable bioactive substances to induce seeding 
cells toward chondrogenic differentiation is a research focus 
of cartilage tissue engineering (26). PRP, when activated, can 
release multiple growth factors, including BMP-2, connective 
tissue growth factor (CTGF), fibroblastic growth factor-2 
(FGF-2) and TGF-β2 (5-7). BMP-2 is able to promote the 
proliferation and chondrogenic extracellular matrix produc-
tion of adult mesenchymal stem cells (27). CTGF has the 
ability to stimulate mesenchymal cell proliferation, migration 
and aggregation (28). FGF-2 is able to upregulate proteoglycan 
synthesis and enhance cell proliferation (29,30). TGF-β2, as a 
common component of chondrogenic agent, is a potent biolog-

Figure 3. Type II collagen (coll II) immunofluorescence and toluidine blue‑staining. Immunofluorescence staining for coll II was (A) positive in the PRP group 
and (B) negative in the control group. (C) Toluidine blue-staining was positive in PRP group and (D) negative in the control group. PRP, platelet-rich plasma.

Table II. Analysis of COL2A1 and AGC mRNA expression by ADSCs in the PRP and control groups.

Gene PRP group ΔCt Control group ΔCt |ΔΔCt| t-value P-value

COL2A1 4.28±0.06 8.94±0.46 4.66±0.49 -30.902 0.001
AGC1 4.17±0.22 7.30±1.43 3.13±1.29 -12.237 0.047

Values are presented as mean ± standard deviation; n=6 per group. COL2A1, type II collagen α1 chain; AGC, aggrecan; ADSCs, adipose-derived 
stem cells; PRP, platelet-rich plasma.

  A   B

  C  D
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ical active substance for enhancing chondrogenesis (31,32). 
Thus, to induce ADSCs toward chondrogenic differentiation 
and produce cartilage related extracellular matrix, PRP was 
utilized. The multiple growth factors released from PRP may 
play a synergistic role in the differentiation of ADSCs and 
maintenance of cell proliferation and chondrocyte phenotype. 

According to recent studies, PRP has great potential in 
cartilage regeneration (33,34). The study by Mardani et al (33) 
indicated the promise of PRP, as it revealed that PRP could 
effectively induce human ADSCs towards chondrogenic 
lineage. However, currently, there is no exact definition of an 
ideal method of producing PRP. Different methods of isola-
tion and activation may result in PRP of varying quality (35), 
for example, the presence or absence of specific factors that 
are essential for MSC proliferation and differentiation. In the 
present study, the common laboratory centrifugation method 
was utilized to yield PRP because it is simple and easy to 
perform. By reference to a study on PRP by Nagae et al (14), it 
was anticipated that the centrifugation steps used in that study 
would be helpful in the present research. Therefore, the same 
centrifugal force and centrifugation time were used in the 
present study to prepare PRP for investigation of its potency 
in inducing the chondrogenic differentiation of rabbit ADSCs. 

In the present study, the immunofluorescence staining of 
Col II was positive in the PRP group but negative in the control 
group. Toluidine blue staining was also positive in the PRP 
group. The mRNA expression levels of the chondrocyte‑specific 
markers Col2A1 and AGC were significantly upregulated. The 
results suggest that PRP obtained by the laboratory centrifuga-
tion procedure has potential in the chondrogenesis of ADSCs, 
which offers a new application in cartilage tissue engineering.

The bio-activity of PRP depends on the synergistic effects 
of multiple growth factors. The evaluation of the concentration 
of a single growth factor within PRP is not sufficient to indicate 
the potency of PRP. In addition to TGF-β, other growth factors 
exhibited in PRP, such as BMP-4, BMP-7 and GDF-5, are also 
important bio-activators for chondrogenic differentiation (36). 
In the present study, the concentrations of multiple growth 
factors and their synergistic effects were not tested; instead, it 
was anticipated that the growth factors released from PRP as 
a whole could be effective in inducing the chondrogenesis of 
rabbit ADSCs. 

Laboratory centrifugation is a convenient method for 
obtaining PRP. However, there is no consensus on the ideal 
centrifugal force and time. In the present study, PRP prepared 
by centrifugation was confirmed to be an effective bioactive 
substance for inducing ADSCs towards chondrogenic lineage. 
Also, in this study, PRP was not activated by bovine thrombin 
as described in previous research (33). This was to allow the 
platelets in the culture medium to slowly burst and release the 
growth factors in a gradual way. In the future, the focus of 
PRP research should be to confirm the presence or absence 
of certain growth factors particularly associated with chon-
drogenesis and investigate how the synergistic effects differ 
according to different methods of preparation. 

In summary, a common laboratory centrifugation method 
was used to prepare PRP, and its efficacy was confirmed 
when used to induce the chondrogenesis of rabbit ADSCs. 
The procedure used to obtain the PRP was based on that of a 
previous study. However, future studies are required to confirm 

the optimal centrifugation force and time. Also, the presence 
or absence of certain growth factors associated with chon-
drogenesis and their synergistic effects should be measured 
to provide further information for future clinical applications.
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