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Abstract Uncultured bone marrow mononuclear cells
(BMMC) were recently used to successfully repair damaged
cartilage. However, the effect of BMMCs on the proliferation
and differentiation of chondrocytes that are critical to cartilage
repair is unclear. Here, we investigate the influence of
BMMCs on chondrocyte dedifferentiation in pellet culture.
We isolated and mixed BMMCs and chondrocytes in a 1:1
(BMMC/C) ratio and cultured in pellets (1.6×106 cells per
pellet) for 2, 4, or 8 weeks. Chondrocyte differentiation was
evaluated using macrography, histological examination, im-
munohistochemistry and gene expression analysis. While a
transparent and smooth surface was observed in both
BMMC/C and chondrocyte cultures over time, the former
was smaller in size after 2 and 4 weeks of culture. Interesting-
ly, after 8 weeks, BMMC/C cultures became significantly
larger than chondrocyte cultures (P=0.003). The distribution
of a cartilage-specific extracellular matrix (ECM), that in-
cludes components like glycosaminoglycan (GAG) and type
II collagen, was gradually reduced in chondrocyte cultures.

On the other hand, while we found no obvious differences in
the ECM in BMMC/C cultures between 2 and 4 weeks
in vitro, after 8 weeks the concentration of ECM components
decreased significantly. Further, we detected an upregulation
of cartilage-specific genes in BMMC/C cultures, when com-
pared with chondrocytes. Altogether, we demonstrate that co-
culture with BMMCs delays the dedifferentiation of
chondrocytes in pellet cultures in vitro. This suggests that
uncultured BMMC, which can be quickly and safely obtained,
could serve as a potential alternative cell source for engineer-
ing of cartilage tissue.
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Introduction

Restoring the structure and function of articular cartilage
following an injury is a crucial problem in orthopedic ther-
apy (Schindler 2011). Current strategies to repair damaged
cartilage include bone marrow stimulation (Mithoefer et al.
2005; Steadman et al. 2003), autologous matrix-induced
chondrogenesis (AMIC) (Benthien and Behrens 2011), au-
tologous osteochondral grafting (Hangody and Füles
2003), autologous chondrocyte implantation (ACI) (Peter-
son et al. 2010) and knee arthroplasty (Carr et al. 2012).
Amongst these, ACI has the most curative potential to re-
pair cartilage lesions, as noted during long-term follow-up
(Beris et al. 2012; Brittberg 2008; Peterson et al. 2010).
For example, at 12 months of follow-up, knee function and
the quality of life were markedly improved by this method
and this recovery was sustained up to 24 months following
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treatment (Minas 1998). Another study reported significant
graft survival and functional outcome in patients at
36 months of follow-up after ACI (Micheli et al. 2001).
Other reports noted good clinical outcome in patients di-
agnosed with various degrees of cartilage defects and treat-
ed with ACI at 2–9 years of follow-up. Finally, the best
outcomes were obtained in patients diagnosed with an iso-
lated defect in the femoral condyle (Peterson et al. 2000).

Despite promising outcomes, ACI has several disad-
vantages for use in clinical therapy. First, ACI is a two-
step procedure, increasing the chances of damage to the
donor site from where the cartilage samples are collected.
Second, the limited availability of donor cartilage tissue is
a problem because the curative effect of ACI can be re-
duced by an inadequate number of chondrocytes obtained
from in vitro culture of the donor cartilage. Third, the
implanted chondrocytes are often unevenly distributed
and leak easily from the site of injury (Sohn et al.
2002). Fourth, the repaired tissue consists in a combina-
tion fibrocartilage and hyaline cartilage (McNickle et al.
2009). Finally, multiple passaging may alter the properties
of chondrocytes, specifically, downregulation of the
cartilage-specific extracellular matrix (ECM) and upregu-
lation of fibrotic genes (Benya et al. 1978; Lin et al. 2008;
von der Mark et al. 1977). Many researchers, therefore,
have focused on using mesenchymal stromal (stem) cells
(MSCs) derived from various sources (bone marrow, um-
bilical cord blood, adipose tissue, synovial tissue) to treat
damaged cartilage (Koga et al. 2009). Amongst these,
bone marrow mesenchymal stem cells (BMSCs) have
been widely studied due to their abundant availability
and reduced donor site morbidity (Beane and Darling
2012; Inui et al. 2012; Matsumoto et al. 2010). However,
in vitro BMSC culture can be challenging because of the
need for prolonged culture leading to elevated risk of
contamination and high cost (Wise et al. 2014). Moreover,
complete purification of MSCs is difficult, their differen-
tiation cannot be controlled precisely and the mechanism
of migration of MSCs remains unclear (Chamberlain et al.
2007).

Recently, several groups have reported isolating uncul-
tured bone marrow mononuclear cells (BMMC) for carti-
lage tissue engineering (Chang et al. 2008; Wise et al.
2014; Zhang et al. 2012). The mononuclear fraction of
bone marrow is a primary source of cytokines and growth
factors and can be obtained easily without the requirement
of long-term culture expansion (Balakumaran et al. 2010).
Meanwhile, other studies have found paracrine interac-
tions between BMSCs and other cells derived from the
bone marrow mononuclear fraction, including hematopoi-
etic stem cells and endothelial progenitor cells (Wise et al.
2014). Others have shown that a trophic and stable micro-
environment can be provided to induce proliferation and

differentiation of BMMCs, which could in turn assist the
repair of damaged cartilage (Chang et al. 2008; Zhang
et al. 2012). Importantly, a recent study showed that a
combination of uncultured BMMCs and isolated
chondrocytes could improve cartilage regeneration in a
microfracture (Bekkers et al. 2013). However, there are
no reports on the effect of BMMCs on the proliferation
and differentiation of chondrocytes in pellet culture. This
is important for chondrocyte-based cartilage repair. In the
present study, we successfully test the hypothesis that un-
cultured BMMCs could delay or inhibit dedifferentiation
of unexpanded chondrocytes in pellet culture and promote
the expression of cartilage-specific ECM.

Materials and methods

Isolation of BMMCs and chondrocytes

All animal experiments were approved by the Institutional
Review Board and the Animal Research Committee of
Nanjing Medical University. BMMCs were obtained ac-
cording to our previously published method (Wei et al.
2014). Briefly, bone marrow was aspirated from the pos-
terior superior iliac spine of 24 female New Zealand white
rabbits (5–6 months old), mixed with saline and added to
a 15-ml conical tube containing Percoll (Pharmacia, USA)
at a 1:1:1 ratio of bone marrow:saline:Percoll. BMMCs
were isolated form this mixture by density gradient cen-
trifugation at 500g for 5 min.

To isolate cartilage tissue, a medial parapatellar inci-
sion was made to expose the femur condyle. A biopsy
punch (6 mm in diameter; Corning, USA) was used to
obtain the samples, which were then digested using a rap-
id digestion procedure described previously (Bekkers
et al. 2013). Briefly, samples were cut into pieces and
digested in 2 % type II collagenase (Gibco, USA) at
37 °C for 45 min with continuous shaking. The resulting
cell suspension was centrifuged at 600g for 10 min and
the pellet of chondrocytes was washed three times with
phosphate-buffered saline (PBS).

Preparation of BMMC/C and chondrocyte pellets
and macroscopic examination

Following sample collection, all animals were euthanized
using an overdose of sodium pentobarbital. Uncultured
BMMCswere mixed with digested chondrocytes in a 1:1 ratio
and centrifuged at 500g for 10 min in order to prepare the
pellets (BMMC/C; 1.6×106 cells per pellet). In parallel, a
suspension of chondrocytes was centrifuged at 500g for
10 min to create chondrocyte pellets (C; 1.6×106 cells per
pellet) (Fig. 1). All pellets were cultured in Dulbecco’s
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modified Eagle’s medium (DMEM; Gibco) supplemented
with 10 % fetal bovine serum (FBS; Gibco) and 1 %
antibiotics-antimycotics and incubated at 37 °C.

The gross morphology of BMMC/C and chondrocyte
pellets was examined after 2, 4 and 8 weeks of culture
in vitro. The size of the pellets was accurately measured
using Adobe Photoshop 5.0 (Adobe Systems, San Jose,
CA, USA).

Histology and immunohistochemistry

Harvested cultured pellets were fixed in 10 % neutral
formalin, dehydrated through an ethanol gradient series,
cleared in xylene and embedded in paraffin. Paraffin sec-
tions, 5 μm in thickness, were stained with Safranin-O/
Fast-Green (Safranin-O) to detect the distribution of gly-
cosaminoglycan (GAG).

For immunohistochemical staining, 5 μm thick paraffin
sections were incubated with proteinase K for 30 min, 3 %
H2O2–methanol for 10 min and 10 % normal goat serum for
30 min. Next, slides were incubated with the following prima-
ry antibodies for 90 min: mouse anti-type I collagen (Sigma,
St. Louis, MO, USA), mouse anti-type II collagen (Novus
Biologicals, Littleton, CO, USA) and rabbit anti-type X col-
lagen (Abcam, Shatin, N.T., Hong Kong). The sections were
then sequentially treated with goat anti-mouse/rabbit second-
ary antibody (Nanjing KeyGen Biotech, Jiangsu, China) for
30 min, followed by DAB for 3–5 min and Mayer’s hematox-
ylin (Sigma) for 8 min. They were finally mounted with neu-
tral balsam for microscopic examination (Ci-L; Nikon, Tokyo,
Japan).

Real-time polymerase chain reaction (RT-PCR) analysis

Harvested pellets were washed three times with PBS and
total RNAwas isolated by treating the samples with Trizol
(Invitrogen, CA, USA) for 10 min. Next, they were re-
verse transcribed using a High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, CA, USA). RT-
PCR was performed on an ABI Prism 7,500 sequence
detection system (Applied Biosystems) and used to detect
the expression of the following genes: aggrecan (Acan),
type I collagen (Col1a1), type II collagen (Col2a1) and
type X collagen (Col10a1). The housekeeping gene
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as the internal control. The following primer
sequences were used for RT-PCR: Acan forward: ATGG
CTTCCACCAGTGCG, reverse: CGGATGCCGTAGGT
TCTCA; Col1a1 forward: GCGGTGGTTACGACTTTG
GTT, reverse: AGTGAGGAGGGT CTCAATCTG;
Col2a1 forward: CAGGCAGAGGCAGGAAACTAAC,
reverse: CAGAGGTGTTTGACACGGAGTAG; Col10a1
forward: ATCAGCCACTGGGAA GCC, reverse: TTCG
GTCCACTTGGTCCTC; GAPDH forward: CGTCTGCC
CT ATCAACTTTCG, reverse: CGTTTCTCAGGCTCCC
TCT (Wang et al. 2010). The cDNA samples were ampli-
fied for 40 cycles.

Statistical analysis

All data are expressed as mean ± standard deviation (SD).
One-way analysis of variance (ANOVA) and Fisher’s least
significant difference (LSD) post hoc test were performed to
compare differences in size and gene expression between

Fig. 1 The preparation of BMMC/C and chondrocyte pellets. Uncul-
tured BMMCs were mixed with digested chondrocyte cell suspension
at a 1:1 ratio and centrifuged to prepare BMMC/C pellets (1.6×106 cells

per pellet). Unexpanded chondrocytes were centrifuged separately to cre-
ate chondrocyte pellets for culture (1.6×106 cells per pellet)
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different durations of culture within the BMMC/C and
chondrocyte groups. Moreover, the unpaired Student’s t
test was used to compare differences in size and gene
expression between the two experimental groups at

different durations of culture. P value <0.05 was consid-
ered statistically significant. All statistical analyses were
performed using SPSS 13.0 statistical software (SPSS,
Chicago, IL, USA).

Fig. 2 The size and morphology
of BMMC/C and chondrocyte
pellets. a–f Both BMMC/C and
chondrocyte pellets develop a
transparent and smooth surface
over time, resembling native car-
tilage. g Chondrocyte pellet size
decreased gradually with increas-
ing duration of culture. BMMC/C
pellets are smaller than chondro-
cyte pellets at 2 and 4 weeks
(P<0.001) but larger at 8 weeks
of culture (P=0.003). **P<0.01,
***P<0.001

814 Cell Tissue Res (2015) 361:811–821



Results

Gross morphology and size of BMMC/C and chondrocyte
pellets

We performed macroscopic examination of BMMC/C
and chondrocyte pellet cultures and found that both
have a smooth and transparent surface that started to
resemble native cartilage with increasing time in culture
(Fig. 2a–f). The size of chondrocyte pellet cultures de-
creased gradually with increasing duration of culture.
The size of the BMMC/C pellets at 4 weeks was less
than that at 2 and 8 weeks, respectively (P<0.001);
however, there was no significant difference in size be-
tween 2 and 8 weeks of culture (P=0.343). Importantly,
the size of the hondrocyte pellet cultures was signifi-
cantly greater than the BMMC/C pellets after 2 and
4 weeks in culture (P<0.001). However, after 8 weeks
in culture, we found the MMC/C cultures to be

significantly larger than the chondrocyte cultures (P=
0.003) (Fig. 2g).

Histological evaluation of BMMC/C and chondrocyte pellets

We next analyzed the cellular characteristics of both
types of pellet cultures by first labeling GAG using
Safranin-O staining. We found that the distribution of
GAG in the chondrocyte pellets decreased gradually
from the periphery towards the center with increasing
duration of culture (Fig. 3d–f). At 2 weeks of culture,
GAG concentration in the BMMC/C was slightly re-
duced around the periphery of the pellets (Fig. 3a). Af-
ter 4 weeks of culture, no obvious loss in the accumu-
lation of GAG was detected in the BMMC/C (Fig. 3b).
However, after 8 weeks of culture, staining for GAG
was reduced and unevenly distributed in the BMMC/C
pellets (Fig. 3c). Moreover, in comparison to the

Fig. 3 Distribution of GAG in
BMMC/C and chondrocyte pel-
lets. a Slightly reduced accumu-
lation of GAG around the periph-
ery of BMMC/C pellets at
2 weeks. b No obvious loss of
GAG distribution in BMMC/C
pellets at 4 weeks. c Uneven and
reduced distribution of GAG in
BMMC/C pellets after 8 weeks of
culture. d–f Gradual decrease in
GAG distribution from the pe-
riphery towards the center of
chondrocyte pellets over time.
Original magnification ×40, de-
tailed magnification ×100
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chondrocyte cultures, cells in the BMMC/C pellets pro-
liferated and aggregated gradually with time (Fig. 3).

Immunohistochemical evaluation of BMMC/C
and chondrocyte pellet cultures

Similar to Safranin-O staining, type II collagen levels in chon-
drocyte cultures were also reduced gradually with increasing
time in culture (Fig. 4d–f).We detected no obvious decrease in
the distribution of type II collagen after both 2 as well as
4 weeks of culture (Fig. 4a, b). However, after 8 weeks
in vitro, we observed a reduced and uneven distribution of
type II collagen (Fig. 4c). Type I and type X collagen were
mostly distributed in the outermost layer of chondrocyte pellet
cultures at 2 and 4 weeks (Figs. 5d, e, 6d, e). While type I
collagen levels increased slightly after 8 weeks (Fig. 5f), we
found no obvious difference in the staining for type X colla-
gen (Fig. 6f). In the BMMC/C pellet cultures, we detected no
expression of either type I or type X collagen at 2 and 4 weeks
of culture (Figs. 5a, b, 6a, b). However, after 8 weeks in vitro,

both were found to be distributed around the periphery of the
BMMC/C cultures (Figs. 5c, 6c).

Gene expression analysis of BMMC/C and C pellets

We next performed RT-PCR analysis to quantify the expres-
sion level of chondrocyte-specific genes. While Acan expres-
sion decreased gradually in the chondrocyte cultures, in the
BMMC/C pellets, its expression first underwent an increase,
then decreased significantly (P=0.026). At different time
points during culture, the level of Acan expression in the
BMMC/C pellets was significantly higher than in the chon-
drocyte pellets (Fig. 7a). The expression of Col2a1 was sim-
ilar to that of Acan in both the BMMC/C and chondrocyte
cultures at all time points in vitro. Importantly, while we found
a significantly higher expression of Col2a1 in the BMMC/C
pellets in comparison to the chondrocyte pellets at 4 and
8 weeks of culture, no difference was detected at 2 weeks
(P=0.319) (Fig. 7b). The expression of Col1a1 showed no
obvious difference in the BMMC/C pellets with varying

Fig. 4 Concentration of type II
collagen in BMMC/C and chon-
drocyte pellets. a, b No obvious
loss of type II collagen in the
BMMC/C pellets at 2 and
4 weeks. c Uneven and reduced
distribution of type II collagen in
the BMMC/C pellets after
8 weeks of culture. d–f Reduction
in the accumulation of type II
collagen from the periphery to-
wards the center of the chondro-
cyte pellets over time. Original
magnification ×40, detailed mag-
nification ×100
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periods in culture (P>0.05). In contrast, in the hondrocyte
pellets, Col1a1 levels were significantly higher at 8 weeks
than at 4 weeks of culture (P=0.023). In addition, between
the two experimental groups, we found significantly higher
Col1a1 expression in the chondrocytes pellets after 8 weeks
in vitro (P=0.034) (Fig. 7c). Finally,we found no difference
between the BMMC/C and chondrocyte pellets, in its expres-
sion at different time points during culture (P>0.05) (Fig. 7d).

Discussion

In the present study, we investigated the effect of uncultured
BMMCs on the in vitro culture of unexpanded chondrocytes,
specifically with regard to their differentiation and secretion of
ECM proteins. Our results show that BMMCs can delay the
dedifferentiation of chondrocytes in pellet culture. Cartilage-
specific ECM is known to be composed mainly of GAG and
type II collagen. Previous studies have shown that repeated
passaging of chondrocytes in monolayer cultures leads to

alterations in the chondrogenic phenotype, through a process
called dedifferentiation. The latter is characterized by de-
creased expression of cartilage-specific ECM proteins (Des-
sau et al. 1981; Diaz-Romero et al. 2005). Therefore, various
protocols have been developed to induce chondrocytes to dif-
ferentiate into specific desired lineages. For example, co-
culture of primary and passaged chondrocytes on filter inserts
has been shown to trigger the secretion and accumulation of
ECM proteins proteoglycan and collagen, as well as expres-
sion of aggrecan and type II collagen (Gan and Kandel 2007).
In other studies, redifferentiated passaged chondrocytes were
shown to have similar properties as primary chondrocytes
(Ahmed et al. 2009). Interestingly, dedifferentiated
chondrocytes (monolayer passages P1–P4) can induce their
own redifferentiation when cultured in the form of pellets,
suggesting that an in vitro pellet culture system could serve
as a platform to efficiently and robustly differentiate
chondrocytes into desired cell lineages (Schulze-Tanzil et al.
2002). In the current study, we isolated the chondrocytes, im-
mediately fabricated their pellets and cultured them over

Fig. 5 Concentration of type I
collagen in BMMC/C and
chondrocyte pellets. a, b No
obvious changes in the
distribution of type I collagen in
the BMMC/C pellets at 2 and
4 weeks. c Distribution of type I
collagen in the periphery of the
BMMC/C pellets at 8 weeks of
culture. d, e Distribution of type I
collagen in the outermost layer of
the chondrocyte pellets at 2 and
4 weeks. f Slightly increased
accumulation of type I collagen in
the chondrocyte pellets at 8 weeks
of culture. Original magnification
×40, detailed magnification ×100
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various time periods in vitro. Our data show that the concen-
tration of GAG and type II collagen undergoes a gradual re-
duction from the periphery towards the center of the chondro-
cyte pellets, while the expression of cartilage-specific genes
decreases with increasing duration of culture. This indicates
that unexpanded chondrocytes might undergo dedifferentia-
tion in long-term pellet cultures. These results are also consis-
tent with our observation that the chondrocyte pellets gradu-
ally decrease in size during culture.

In order to resolve the problem of chondrocyte dedifferen-
tiation, we devised a strategy where we mixed uncultured
BMMCs with digested chondrocytes to prepare the BMMC/
C pellets. This is because BMMCs can be acquired easily and
rapidly, they are trophic and a low-cost source of cells (Chang
et al. 2008; Wise et al. 2014; Zhang et al. 2012). Researchers
have shown that the increased chondrocyte proliferation and
ECM deposition seen in pellet co-cultures of BMSCs and
chondrocytes depended on the trophic function of the BMSCs
(Wu et al. 2011). Furthermore, the effect of BMSCs on chon-
drocyte proliferation and cartilage formation in pellet co-

culture systems was independent of co-culture media condi-
tions (chondrogenic-specific vs. non-specific differentiation
medium) or the origin of the primary chondrocytes (bone
marrow vs. adipose tissue vs. synovial membrane) (Wu et al.
2012). One interesting feature of this approach is that BMSCs
are a critical component of the bone marrow mononuclear
fraction and are known to secrete various growth factors and
cytokines (Balakumaran et al. 2010) that can have a paracrine
effect on other cells of the same fraction, such as hematopoi-
etic stem cells and endothelial progenitor cells (Wise et al.
2014). Therefore, BMMCs are a promising cell source that
could potentially delay or even prevent the dedifferentiation
of chondrocytes in pellet co-cultures. In the present study, we
allowed cells in the BMMC/C pellet co-cultures to proliferate,
expand and aggregate in vitro, which led to an increase in
pellet size over time and to a high concentration of cartilage-
specific matrix proteins at 2 and 4 weeks. Importantly, the
expression of Acan and Col2a1 in the BMMC/C cultures
showed no significant changes after 2 and 4 weeks in culture,
indicating that the BMMCs cause a delay in the reduction of

Fig. 6 Concentration of type X
collagen in the BMMC/C and
chondrocyte pellets. a, b No ob-
vious changes in the distribution
of type X collagen in the BMMC/
C pellets at 2 and 4 weeks. c Dis-
tribution of type X collagen in the
periphery of BMMC/C pellets at
8 weeks. d, e Distribution of type
X collagen in the outermost layer
of the chondrocyte pellets at 2 and
4 weeks. f Absence of type X
collagen in the chondrocyte pel-
lets after 8 weeks of culture.
Original magnification ×40, de-
tailed magnification ×100
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expression of cartilage-specificmatrix proteins in chondrocyte
pellet cultures. However, after 8 weeks, we did observe a
significant decrease in ECM proteins. Additionally, the
Col1a1 expression in the BMMC/C was significantly lower
than in the chondrocyte cultures after 8 week. Altogether,
these findings suggest that uncultured BMMCs can delay
the dedifferentiation of unexpanded chondrocytes in a pellet
co-culture paradigm.

However, this study has certain limitations. First, we did
not investigate the underlying mechanism of cellular interac-
tion behind the findings of this study. Further research is thus
needed to track different cell types, detect changes in ratios of
different cell types with culture time and investigate the un-
derlying mechanisms associated with changes in chondrocyte
properties. In addition, we mixed uncultured BMMCs with
the digested chondrocyte cell suspension in a 1:1 ratio; no
other ratios were tested. Further studies are needed to identify
the most appropriate relative proportion of BMMCs and
chondrocytes that can best prevent dedifferentiation of the
latter. Moreover, the difference between the effect of BMMCs
versus BMSCs on the dedifferentiation of chondrocytes in

pellet co-cultures was also not investigated in this study. Pre-
vious studies have shown that growth factors can play a key
role in the chondrogenesis of MSCs (Danišovič et al. 2012)
and can enhance the proliferation and redifferentiation of
chondrocytes in vitro (Jakob et al. 2001). Therefore, in future
studies, wemight test the application of various growth factors
to the pellet co-culture system in order to improve cartilage
formation in vitro. Finally, a pellet co-culture systemmay alter
the cellular interactions and thus limit the eventual clinical
applicability; however, a porous scaffold can act as a cell
carrier and facilitate cell adhesion, proliferation and chondro-
genesis (Nuernberger et al. 2011; Wei et al. 2014; Zhang et al.
2014). Therefore, the presence of a cell carrier is important
and will be investigated in future studies on cartilage regener-
ation using BMMCs.

Taken together, our results show that uncultured BMMCs
can delay dedifferentiation of unexpanded chondrocytes in
pellet culture. To the best of our knowledge, no studies have
reported the effect of BMMCs on the proliferation and differ-
entiation of chondrocytes in pellet cultures, which is crucial
for chondrocyte-based cartilage repair. Our findings

Fig. 7 Gene expression analysis of the BMMC/C and chondrocyte pel-
lets. a Initial insignificant increase in Acan expression is followed by a
significant decrease in the BMMC/C pellets (P=0.026); gradual decrease
in expression in the chondrocyte pellets; significantly higherAcan expres-
sion in the BMMC/C pellets compared to the chondrocyte pellets at
different time points during culture. b Significantly higher expression of
Col2a1 in the BMMC/C than the chondrocyte pellets at 4 and 8 weeks. c

Significant upregulation of Col1a1 in the chondrocyte pellets at 8 weeks
than at 4 weeks (P=0.023). Significantly higher expression of Col1a1 in
the chondrocyte pellets compared to the BMMC/C pellets after 8 weeks
of culture (P=0.034). d No significant difference in Col10a1 expression
between the BMMC/C and chondrocyte pellets at different durations of
culture (P>0.05). *P<0.05, **P<0.01, ***P<0.001
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contribute significantly to this field, since uncultured BMMCs
can be obtained rapidly and safely and are an easily available
alternative cell source. In addition, they offer enormous po-
tential as a source of trophic support for cartilage tissue
engineering.
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