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CD14-Negative Isolation Enhances Chondrogenesis
in Synovial Fibroblasts
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Synovial membrane has been shown to contain mesenchymal stem cells. We hypothesized that an enriched
population of synovial fibroblasts would undergo chondrogenic differentiation and secrete cartilage extracel-
lular matrix to a greater extent than would a mixed synovial cell population (MSCP). The optimum doses of
transforming growth factor beta 1 (TGF-b1) and insulin-like growth factor 1 (IGF-1) for chondrogenesis were
investigated. CD14-negative isolation was used to obtain a porcine cell population enriched in type-B synovial
fibroblasts (SFB) from an MSCP. The positive cell surface markers in SFB were CD90, CD44, and cadherin-11.
SFB and MSCP were cultured in the presence of 20 ng=mL TGF-b1 for 7 days, and SFB were demonstrated
to have higher chondrogenic potential. Further dose–response studies were carried out using the SFB cells
and several doses of TGF-b1 (2, 10, 20, and 40 ng=mL) and=or IGF-1 (1, 10, 100, and 500 ng=mL) for 14 days.
TGF-b1 supplementation was essential for chondrogenesis and prevention of cell death, whereas IGF-1 did not
have a significant effect on the SFB cell number or glycosaminoglycan production. This study demonstrates that
the CD14-negative isolation yields an enhanced cell population SFB that is more potent than MSCP as a cell
source for cartilage tissue engineering.

Introduction

Tissue engineering has emerged as an alternative ap-
proach to current treatments for cartilage defects, such

as autologous chondrocyte implantation, microfracture, or
prosthetic replacement. This approach generally employs
in vitro cultivation of chondrocytes seeded on biocompatible
polymers before implantation.1–3 While autologous chon-
drocytes have been used with relative success to generate
cartilage-like tissues, one of the most important limitations of
this cell source is the availability of adequate number of
chondrocytes, which necessitates in vitro cell expansion,
which is costly and can lead to loss of chondrogenic capacity.4

In addition, a new defect needs to be created in the unin-
volved cartilage to collect cells, which has limited self-repair
capacity and thus may lead to future problems. Alternative
cell sources with chondrogenic potential include embryonic
stem cells, mesenchymal progenitor cells derived from syno-
vium, adipose tissue, and periosteum, among others.5–10

Synoviocytes have been shown to have chondrogenic po-
tential,10–14 thus making them a suitable source for autolo-
gous chondrogenic precursor cells. Synoviocytes are located
in the synovial joint lining within the joint capsule and are

readily obtainable by surgical synovectomy. Synovectomy is
a surgical procedure that can be accomplished with relatively
low morbidity due to the high regenerative capacity of the
synovium. Synoviocytes are typically supplemented with
transforming growth factor-beta 1 (TGF-b1) to induce chon-
drogenesis.10,14 Other growth factors such as TGF-b3,15

insulin-like growth factor-1 (IGF-1),16,17 and bone morpho-
genetic proteins12,18 have also been used to induce chon-
drogenesis in synovial cells or other mesenchymal stem cells
(MSCs). The dosing regimen for optimum chondrogenesis
depends on each cell type; therefore, there is not an estab-
lished universal dosing regimen for these growth factors.

The synovial membrane consists of type-A macrophage-
derived synoviocytes and type-B synovial fibroblasts (SFB).19

Morphological and immunocytochemical analyses of SFB
suggest similarities to MSC; therefore, it is plausible that they
offer the multilineage differentiation potential of the synovium-
derived MSC.20 In this study we hypothesized that a popu-
lation enriched with SFB would be more chondrogenic than
would a mixed cell population of synoviocytes. SFB can be
purified by repeated passages that eliminate macro-
phages; however, cellular functions may change with in-
creasing passages.21–24 Therefore, we used a negative
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isolation technique, which was previously demonstrated to
isolate rheumatoid arthritis-SFB using anti-CD14 monoclonal
antibodies.25 Dose–response studies were then carried out
using TGF-b1 and IGF-1 alone and in combination to deter-
mine the optimum growth factor dosing regimen for chon-
drogenic differentiation of SFB.

Materials and Methods

Unless otherwise specified, all reagents were from Sigma-
Aldrich (St. Louis, MO). Dulbecco’s modified Eagle’s medium
(DMEM), phosphate buffered saline (PBS), and Dynabeads�

CD14 were from Invitrogen (Carlsbad, CA). Fetal bovine
serum (FBS) was from HyClone (Logan, UT).

Digestion of synovium

Primary cells were isolated from the synovial membranes
of 4-month-old female pig knee joints by surgical synovec-
tomy, mincing, and enzymatic digestion using 0.1% trypsin
in PBS (30 min) and 0.1% collagenase II in 10% FBS=DMEM
(2 h) at 378C, followed by filtration with 70mm cell strainers.
Adipocytes were separated by centrifugation. The cells were
expanded until 80% confluence (3 days) in high-glucose
DMEM supplemented with 10% FBS, 1% ITSþPremix
(BD Biosciences, San Jose, CA), 100 U=mL penicillin,
100 mg=mL streptomycin, 2 mM L-glutamine, and 2.5 mg=mL
amphotericin-B. Nonadherent cells were removed by
changing the medium every 2 days.

Negative isolation of SFB

Synovium is the primary tissue, and the mixed synovial
cell population (MSCP) contains type A-synovial cells and
SFB. SFB were negatively isolated from MSCP by magnetic
bead separation using Dynabeads CD1425 (Fig. 1a). Briefly,
adherent MSCP were trypsinized (0.25% trypsin=0.2%
EDTA), and 107=mL MSCP were incubated at 48C for 1 h
with washed 4�107=mL Dynabeads CD14 in 2% FBS=PBS.
The CD14-positive cells (monocytes and macrophages) were
collected using the Dynal Magnetic Particle Concentrator�

and discarded as they were attached to the CD14-Dynabeads.
The depleted supernatant was enriched with SFB.

Flow cytometry

Single-cell suspensions of MSCP and SFB cells were re-
suspended in PBS with 2% FBS and stained with directly
conjugated monoclonal antibodies for CD44, CD90, Cad-
herin11, and CD68. Indirect flow cytometry was performed
with monoclonal CD14 and then incubated with secondary
antibody with FITC. The antibodies were purchased from
Abcam (Cambridge, MA), eBioscience (SanDiego, CA), BD
Biosciences, R&D Systems (Minneapolis, MN), and AbD
Serotec (Raleigh, NC). Flow cytometry was performed with
Becton Dickinson FACSort (San Jose, CA) and analyzed with
FlowJo software (TreeStar, Asland, OR).

Pellet culture

About 5�105 cells (SFB or MSCP) were centrifuged
(1200 rpm, 5 min) in 15 mL tubes to form a pellet.26 The pellets
were cultured in 2 mL of a defined differentiation medium
(high-glucose DMEM, 40 mg=mL proline, 100 nM dexa-
methasone, 0.1 mM ascorbic acid 2-phosphate, 100 U=mL
penicillin, 100 mg=L streptomycin, and ITSþPremix (insulin
[6.25 mg=mL], transferrin [6.25 mg=mL], selenous acid
[6.25 mg=mL], linoleic acid [5.35 mg=mL], and bovine serum
albumin [1.25 mg=mL])), with or without growth factor(s)
TGF-b1 (2, 10, 20, 40 ng=mL) and=or IGF-1 (1, 10, 100,
500 ng=mL) (R&D Systems) at 378C, 5% CO2. After 3 days, the
pellets were transferred into 24-well plates on an orbital
shaker for dynamic mixed culture and cultivated until harvest
at 7 or 14 days.27 The medium was changed every 2 days.

Histology and immunohistochemistry

Pellets were fixed in 4% paraformaldehyde in PBS (pH 7.4)
at 48C for 24 h, alcohol-dehydrated, and paraffin-embedded.
Five-micron sections were stained with safranin O=fast
Green for glycosaminoglycan (GAG) and immunostained
with monoclonal antibodies for type II collagen (Neo-

FIG. 1. Schematics of the negative isolation of type-B synovial fibroblasts (SFB) from a mixed synovial cell population
(MSCP) using CD14-Dynabeads. Color images available online at www.liebertonline.com=ten.
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Markers, Fremont, CA). Immunohistochemical sections were
hydrated and incubated (30 min at room temperature [RT])
with 2 mg=mL testicular hyaluronidase in PBS (pH 5), rinsed
with PBS, incubated for 30 min at RT with normal goat se-
rum diluted at 1:10 in PBS followed by primary antibody for
1 h at RT, stained using diaminobenzidine (DAB) using
Vectastain ABC kit (Burlingame, CA), and counterstained
with hematoxylin.

Biochemical analyses

Pellets (n¼ 3 specimens per time point per group) were
frozen and digested overnight at 608C with 100mL of
125 mg=mL papain and 10 mM cysteine in PBE buffer
(100 mM phosphate and 10 mM EDTA, pH 6.5). DNA con-
tent was measured using Hoechst 33258 dye,28 and GAG
was measured using 1–9-dimethylmethylene blue dye.29

Real-time quantitative reverse
transcriptase–polymerase chain reaction

Samples were homogenized using an RNase-free pestle in
TRIzol reagent (Life Technologies, Grand Island, NY), and
RNA was extracted using RNeasy Mini Kit (Qiagen, Valencia,
CA) following manufacturer’s instructions. Quantification of
mRNA was performed by real-time quantitative reverse
transcriptase–polymerase chain reaction (PCR) with DNA
Engine Opticon� system (MJ Research, Waltham, MA).
Porcine-specific PCR primers were designed according to the
sequences available in GenBank using Gene-Tool software
(BioTools, Edmonton, Alberta, Canada) (Table 1).

RNA (100–300 ng each) was used for oligo(dT)12–18-
primed cDNA synthesis using SuperScript� II RT (Invitro-
gen). The DyNAmo� SYBR Green qPCR kit (MJ Research)
was used for real-time analysis of cDNA samples from dif-
ferent groups. The cycle parameters were 958C-10 min to
activate the Tbr DNA polymerase, and then 39 cycles at
948C-10 s denaturation, followed by 558C-20 s annealing, and
728C-20 s extension. The last extension was 728C-5 min. The
18S RNA was amplified in parallel and used as an internal
control. The cycle threshold values for 18S RNA and samples
were measured (Perkin-Elmer, Wellesley, MA), and the rel-
ative transcription levels were calculated.30

Statistical analysis

Statistics in experiments comparing MSCP and SFB were
assessed using one-way analysis of variance (ANOVA) with
post Tukey-Kramer multiple comparisons test using InStat
3.0 (GraphPad Software, San Diego, CA). p< 0.05 was con-
sidered statistically significant.

ANOVA was used to model the differential changes as-
sociated with different doses of TGF-b1 over time (experi-
ment A) and the degree to which different doses of IGF-1
moderate these effects (experiment B) using SAS version 9.2
(SAS Institute, Cary, NC). Experiment A crossed two fac-
tors: (1) four doses of TGF-b1 (2, 10, 20, and 40 ng=mL) and
a control, by (2) three time points (3, 7, and 14 days). Ex-
periment B crossed three factors: (1) one dose of TGF-b1
(10 ng=mL) and a control, (2) by four doses of IGF-1 (1, 10,
100, and 500 ng=mL) and a control, and (3) by three time
points (3, 7, and 14 days). Each ANOVA included effects for
each factor’s main effect and all possible interactions. The
highest-level statistically significant effects (three-way in-
teraction> two-way interaction>main effect) were fol-
lowed-up using orthogonal contrasts to test individual
hypotheses. The overall alpha of the analysis was main-
tained at 0.05 across these multiple follow-up comparisons
using the Holm test. GAG levels were positively skewed
about their group means and so the GAG data were log
(base 2) transformed before analysis, and the means and
�SE limits were back-transformed to their natural units for
presentation (creating geometric means� geometric SE ½
widths).

Results

Purification of synovial cells

The negative isolation procedure resulted in an enriched
SFB population. CD14, a cell surface marker expressed by
monocytes and macrophages, was expressed less by SFB
compared with both MSCP and the native synovial tissue
(Fig. 2). Vimentin is the major subunit protein of the inter-
mediate filaments of mesenchymal cells and is expressed
highest in the enriched SFB cells, followed by MSCP (Fig. 2).
As a result, the SFB were demonstrated to be an enriched
population with increased Vimentin=CD14 expression ratio
per cell.

Figure 3 summarizes the surface markers used in the
present study and shows their expression levels. The positive
markers in MSCP were CD14, CD44, CD90, and cadherin-11.
After purification, the macrophage marker CD14 dis-
appeared, and MSC markers (CD44 [Hermes antigen, hya-
luronan receptor], CD90 [Thy-1], and cadherin-11) showed
increased expression levels.

TGF-b1–induced chondrogenesis

To compare the chondrogenic potential of MSCP and SFB,
cell pellets were cultivated for 7 days in the presence of
20 ng=mL TGF-b1, a chondrogenic growth factor. The DNA

Table 1. Nucleotide Sequences of Porcine-Specific Primers Used

in Quantitative Polymerase Chain Reaction

Target gene and GenBank
accession number

Product
size (bp) Forward primer (50–30) Reverse primer (50–30)

Aggrecan AF201722b36 79 TGCAGGTGACCATGGCC CGGTAATGGAACACAACCCCT
Type II collagen AF20172437 106 CCATCTGGCTTCCAGGGAC CCACGAGGCCAGGAGCT
CD14 DQ079063 148 CTGCACTCGGCCCTGGTCAAG GCCCAAAGACAGCCATGACAAA
Vimentin AU05870736 144 GGAAGGAGAAGAGAGCAGGATTTC CCATCTCTGGTCTCAACCGTCT
18S AY265350 180 CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT
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content capacity of the two cell populations was identical
(Fig. 4a). The GAG production in SFB cells was higher than
that of MSCP at the end of 7 days (7.4� 0.2 mg vs.
5.9� 0.1 mg) (Fig. 4b), and these results were confirmed by
qualitative observations of denser safranin-O staining in the
SFB-pellet cross sections (Fig. 4c). Type II collagen staining
was observed in both groups (Fig. 4c). The relative expres-
sion of chondrogenic genes of interest (aggrecan and type II
collagen) was greater in the purified SFB cells, and the ex-
pression of type I collagen was less in SFB compared with
those by MSCP (Fig. 4d).

Dose–response studies with TGF-b1

After demonstrating the chondrogenic potential in SFB
cells in the presence of 20 ng=mL TGF-b1, a study was car-
ried out to determine the optimum TGF-b1 concentration for

chondrogenesis. The SFB cells were cultivated in pellet cul-
tures for 14 days with 0, 2, 10, 20, or 40 ng=mL TGF-b1. The
DNA content decreased significantly over time ( p< 0.0001)
without any supplementation. TGF-b1 supplementation
maintained the DNA content at 3, 7, and 14 days; the DNA
contents per pellet at day 3 were not significantly different
between groups; however, the group without TGF-b1 sup-
plementation had significantly less DNA than those sup-
plemented with TGF-b1 at day 7 ( p< 0.01) and day 14
( p< 0.001). No differences among doses of 2–40 ng=mL TGF-
b1 were observed at day 14 (Fig. 5a).

The GAG deposition in the pellets at 3 days was lower with
0 and 2 ng=mL TGF-b1 supplementation than that with 10–
40 ng=mL TGF-b1 supplementation ( p< 0.05) (Fig. 5b). The
GAG content per pellet at 7 days remained the lowest in
pellets without TGF-b1 supplementation ( p< 0.0001 com-
pared with any dose of TGF-b1). From 3 to 7 days, 2, 10, and

FIG. 2. (a) CD14 and Vimentin expression in synovium, MSCP, and purified SFB after negative isolation. Data are presented
as mean� SD; *p< 0.05, **p< 0.01; n¼ 3. SFB population has an increased Vimentin=CD14 expression ratio compared with
that of MSCP. (b) 10� images of MSCP and SFB; bar represents 100mm.

FIG. 3. Characterization of the (a) MSCP and (b) purified SFB using flow cytometry. Color images available online at www
.liebertonline.com=ten.
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20 ng=mL TGF-b1 supplementation increased the GAG con-
tent 2.1-, 2.3-, and 2.5-fold ( p< 0.00001) with respect to GAG
contents in day 3. From 3 to 14 days, 2, 10, and 20 ng=mL TGF-
b1 supplementation increased the GAG content 2.6-, 2.9-, and
4.0-fold ( p< 0.00001), respectively. No significant differences
were observed among 10–40 ng=mL at 7 days and 20–
40 ng=mL at 14 days. Doubling the TGF-b1 dose from 10 to
20 ng=mL increased the GAG content by only 28% at 14 days
( p< 0.01).

Qualitative observation of the histological cross sections
supports the biochemical results that supplementation with
TGF-b1 enhances extracellular matrix (ECM) production
(Fig. 6). The pellets that were cultivated without TGF-b1 or
with 2 ng=mL TGF-b1 exhibited little or no positive staining,
while TGF-b1 doses of 10–40 ng=mL demonstrated GAG
presence (safranin-O) and type II collagen. The center of the
pellets had little or no staining that may possibly indicate
diffusion limitations. Some of the 7-day samples (e.g., 2 and

FIG. 4. Comparison of the proliferative and chondrogenic potential of MSCP with the purified SFB cultivated for 7 days
with 20 ng=mL TGF-b1. (a) DNA and (b) GAG per pellet (c) histological cross sections of MSCP pellets and SFB pellets
depicting staining for GAG (safranin-O=fast green) and type II collagen (Immunohistochemistry). Scale bars are 200mm. (d)
Relative mRNA expression of aggrecan, type II collagen, and type I collagen genes in the SFB pellets with respect to those in
the MSCP pellets. Data are presented as mean� SD; *p< 0.05, **p< 0.01; n¼ 3. TGF-b1, transforming growth factor beta 1;
GAG, glycosaminoglycan. Color images available online at www.liebertonline.com=ten.

FIG. 5. Dose–response of SFB pellets to 0, 2, 10, 20, and 40 ng=mL TGF-b1: (a) DNA, (b) GAG, and (c) GAG=DNA contents of
pellets cultivated for 14 days are listed as geometric mean� SE, n¼ 3. Color images available online at www.liebertonline.com=ten.
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20 ng=mL TGF-b1) appear to have more intense GAG and
type II collagen staining than the 14-day samples in Figure 6,
contrary to the biochemical analyses that indicate that GAG
content increases with time. These samples depict the stain-
ing of a single pellet, which may have more or less staining
than the other pellets used for the calculation of mean GAG
content. Therefore, the histological analyses were used just as
a qualitative method to confirm the presence of staining.

Dose–response studies with IGF-1

Pellets were cultivated with 0, 1, 10, 100, and 500 ng=mL
IGF-1 with or without the presence of 10 ng=mL TGF-b1.

Without TGF-b1 supplementation, the DNA content of pel-
lets decreased with time from day 3 to 7 ( p< 0.0001) and
the decrease slowed from day 7 to 14 ( p< 0.01), regardless of
the concentration of IGF-1 (Fig. 7a). The GAG contents of the
pellets were not affected by IGF-1 concentration and re-
mained constantly low over time without TGF-b1 supple-
mentation (Fig. 7b). GAG=DNA contents of the pellets were
not influenced by IGF-1 and significantly increased over time
(Fig. 7c).

When 10 ng=mL TGF-b1 was supplied with IGF-1, the
DNA content increased with time ( p< 0.0001) (Fig. 7d). The
GAG and GAG=DNA contents increased significantly from
day 3 to 7 ( p< 0.001) and the increase slowed down from

FIG. 6. Histological cross sections of SFB pellets cultivated in the presence of 0, 2, 10, 20, and 40 ng=mL TGF-b1. Sections
were stained with safranin-O=fast green for GAG and immunostained using type II collagen monoclonal antibodies. Scale
bars are 100mm. Color images available online at www.liebertonline.com=ten.
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day 7 to 14 ( p< 0.05) (Fig. 7e, f ). IGF-1 did not significantly
influence the DNA and GAG contents of the pellets.

Qualitative observations of the histological cross sections
of pellets revealed that the pellets cultivated without TGF-b1
appeared smaller than those cultured with TGF-b1 and had
no visible staining for safranin-O or type II collagen, re-
gardless of the IGF-1 dosing. However, it appeared that
500 ng=mL IGF-1 with 10 ng=mL TGF-b1 supplementation
resulted in denser staining for both safranin-O and type II
collagen antibodies than in pellets cultivated without TGF-b1
regardless of the presence of IGF-1 and those cultivated with
TGF-b1 and lower doses of IGF-1 (1,10,100 ng=mL) (Fig. 8).

Discussion

In this study, we employed a negative isolation procedure
to obtain an enriched population of SFB. In vitro observations
suggest that the type-A cells do not proliferate as quickly
as the SFB cells and the SFB cells generally outgrow MSCP
after expansion for several passages31,32; characterization of
MSCP during in vitro expansion procedures reveals that cells
appear to develop a stronger gene expression of vimentin and
no expression of CD14 (a monocyte=macrophage marker)
after three passages.10 Hence, an enriched SFB population
could be obtained by simply passaging the cells at least three
times; however, this is a lengthy and expensive procedure

compared to the CD14-negative isolation procedure, which
can be used to isolate SFB immediately after the digestion of
synovium tissue. Our results are in agreement with those
previous studies that increased vimentin and decreased
CD14 expression occur in SFB after negative isolation. The
surface marker characterization of the SFB population
revealed that it was enriched with cells expressing MSC-
related markers CD44 (a hyaluronic acid receptor), CD90
(Thy-1 cell surface antigen), and cadherin-11 (an upregulator
of osteoblastic differentiation in MSCs). Other advantages of
the negative isolation method include the prevention of ad-
herence of the CD14-antibody–magnetic bead complex to the
cell population of interest, that is, SFB, since the recovery of
cells that adhere to the magnetic beads is not feasible due to
possible functional alterations of cells.25 Finally, this tech-
nique provides an adequate number of cells and eliminates
the risk of cellular dedifferentiation of the synovial MSC
within monolayer cultures during passaging. Such a quick
isolation technique may be beneficial in therapeutic tissue
engineering applications to repair cartilage and bone defects.

The isolated SFB population demonstrated a greater
chondrogenic capacity than did the MSCP, as evidenced by
the biochemical and histological assessment of 7-day pellet
cultures, as well as by the changes in expression of the
chondrogenic marker genes. We believe that this increased
potency stems from the removal of CD14-positive monocytes

FIG. 7. Dose–response of SFB pellets cultivated in the presence of 0, 1, 10, 100, and 500 ng=mL IGF-1 supplemented (a–c)
without any TGF-b1 and (d–f) with 10 ng=mL TGF-b1. (a, d) DNA, (b, e) GAG, and (c, f) GAG=DNA contents of pellets
cultivated for 14 days are listed as geometric mean� SE, n¼ 3. Color images available online at www.liebertonline.com=ten.

GROWTH FACTOR MODULATION OF CHONDROGENESIS IN SYNOVIAL FIBROBLASTS 3267



and macrophages, that is, type-A synoviocytes, which do not
undergo chondrogenic differentiation, enriching the SFB
population used for the in vitro experiments.

The TGF-b superfamily, including bone morphogenetic
proteins, has been widely used to induce chondrogenesis in
MSC.12,26,33 Our data also suggest that at least 10 ng=mL
TGF-b1 is essential for maintaining the DNA content and
secretion of GAG. Longobardi et al.17 report that IGF-1
modulates MSC chondrogenesis by stimulating proliferation,
regulating cell apoptosis, and inducing expression of type II
collagen and sox9 in MSC; however, our data suggest that
IGF-1 alone does not influence chondrogenesis nor cell pro-
liferation in SFB cells, demonstrated by decreasing DNA
content over time and very low levels of GAG. When TGF-b1
was supplied with IGF-1, DNA and GAG contents increased
over time, but the IGF-1 dosing did not have a significant
effect. It is important to note that the study by Longobardi
et al.17 was conducted in the absence of insulin, whereas our
culture medium contained insulin. The fact that IGF-1 alone
does not increase ECM production, and the synergy of IGF-1
and TGF-b1 was previously reported in in vitro studies using
MSC13; Worster et al.16 showed that pretreatment of MSC
with TGF-b1 before IGF-1 treatment was more conducive to
chondrogenesis. While our histological sections depicted in-
creased GAG staining with 500 ng=mL IGF-1 and 10 ng=mL
TGF-b1, analyses of the DNA and GAG contents of the SFB
pellets with three-way ANOVA detected no significant in-
teraction between TGF-b1 and IGF-1 ( p¼ 0.26). Sakimura
et al.34 supplemented cultures of synovial cells seeded on
PGA scaffolds with 10 ng=mL TGF-b1 and 100 ng=mL IGF-1,
and reported increased ECM production with IGF-1 after

8 weeks of cultivation. While some studies suggest that
IGF-1 enhances ECM production in chondrocytes,35 it is
plausible that MSC are less likely to experience the effects of
IGF-1 when they have not undergone chondrogenic differ-
entiation.

In conclusion, our results suggest that the negative isola-
tion technique is a feasible method for the quick isolation of
SFB from synovial membrane, that SFB have a higher
chondrogenic potential than do MSCP, and that TGF-b1
(10 ng=mL) is vital for chondrogenesis in SFB, while IGF-1 is
ineffective. Gene expression analysis comparing SFB and
MSCP responses to IGF-1 and other growth factors would
aid in better understanding the effects of these growth fac-
tors. Further studies are required to test the effects of other
chondrogenic growth factor sequences on SFB and optimi-
zation of the purification of SFB using MSC surface markers.
This study demonstrates that the SFB cells represent a
promising cell source for orthopedic tissue engineering ap-
plications, and translational studies using SFB and optimum
doses of growth factors in vivo are required to assess the
repair capacity of these cells in cartilage defects.
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