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Purpose: To establish the characteristics of synovium-derived mesenchymal stem cells (MSCs) from the hip joints of
patients with femoroacetabular impingement syndrome (FAIS) and osteoarthritis (OA), particularly their proliferation
and differentiation potentials. We further investigated their functional differences. Methods: Synovium samples were
harvested from 21 patients with FAIS who underwent hip arthroscopic surgery and from 14 patients with OA who
underwent total hip arthroplasty. The MSC number, colony-forming units, cell viability, and differentiation potential
were compared. Real-time polymerase chain reaction assessed the differentiation potential into adipose, bone, and
cartilage tissues. Results: The number of colonies at a density of 104 at passage 0 from OA synovium was signiﬁcantly
greater than that from FAIS synovium (P < .01). However, their proliferation and viability were signiﬁcantly lower
than those of FAIS synovium cells (P ¼ .0495). The expression of lipoprotein lipase mRNA in OA synovium cells was
greater than that in FAIS synovium cells (P < .01). Meanwhile, the fraction of colonies positive for von Kossa and
alkaline phosphatase staining, as well as the level of bone gamma-carboxyglutamate protein expression in OA synovium cells, were greater than those in FAIS synovium cells (P < .01). In chondrogenic pellet culture experiments, the
expression of COL10A1 mRNA was lower in OA synovium than in FAIS synovium (P < .01). Conclusions: Synovial
MSCs from patients with OA had greater colony numbers but less viability and proliferative potential. They also
showed greater osteogenic and adipogenic potentials, whereas those from patients with FAIS showed greater chondrogenic potential. Clinical relevance: MSCs from patients with FAIS exhibited good potential as cell sources for stem
cell therapy in case of cartilage damage in the hip joint.
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SYNOVIAL MSCS FROM FAIS AND OA PATIENTS

T

he differences in the metabolic conditions of femoroacetabular impingement syndrome (FAIS) and
osteoarthritis (OA) have been studied.1,2 Greater
mRNA expressions of inﬂammatory cytokines and
catabolic genes in the cartilage samples from the hips of
patients with FAIS than those with OA have been
observed; therefore, it has been concluded that the
articular cartilage is the main site of inﬂammation and
degeneration in FAIS. Although the expression levels of
inﬂammatory cytokines, matrix-catabolic genes, and
matrix-anabolic genes have been analyzed in tissues,
little is known about the different properties of
mesenchymal stem cells (MSCs) based on these
pathologies.
MSCs are unique candidates for cell therapy, as they
can be isolated from various types of adult mesenchymal tissue.3,4 Sekiya et al.5 demonstrated that the
MSC
number
correlates
with
radiographic
KellgreneLawrence grading of OA. OA also reduced
the proliferation and differentiation of MSCs.6 Thus,
MSCs from patients with FAIS, OA, or a history of
articular cartilage damage may have different properties. Investigating MSC numbers, as well as their proliferation and differentiation, in hip tissues of patients
with FAIS and OA is necessary for the development of
rational MSC-based hip therapy because the effectiveness of MSCs in treating damaged knee and hip joints of
patients with OA have already been demonstrated.7,8
Here, we aimed to establish the characteristics of
synovium-derived MSCs from the hip joints of patients
with FAIS and OA, particularly their proliferation and
differentiation potentials. We further identiﬁed the
functional differences between MSCs from these 2 sources. We hypothesized that although more synovial MSCs
may be isolated from the hips of patients with OA, such
cells may exhibit lower capacity for proliferation and
attenuated differentiation potential for chondrogenesis
compared with those from patients with FAIS.

Methods
Patient-Derived Synovium
This study was approved by the local institutional
review board (number H28-041). Informed consent
was obtained from all participants and/or their legal
guardians. Our inclusion criteria for symptomatic patients with FAIS were based on physical examinations
and radiographs. We excluded patients with FAIS with
previous hip trauma, previous ipsilateral hip surgery,
inﬂammatory disease, or moderate OA (Tönnis grade
2). In addition, 11 patients with FAIS were excluded
because their nucleated cells were too few to be plated
in 104 cells. Meanwhile, the synovium was harvested
from 14 patients with end-stage OA treated with total
hip arthroplasty (THA). The inclusion criteria for endstage OA were based on radiographic Tönnis grade

2123

3 and undergoing THA. Patients with OA with infectious arthritis, rheumatoid arthritis, and osteonecrosis
of the femoral head were excluded. The selected patients with OA were then treated with THA (direct
lateral approach). Twenty-one patients with FAIS
(Tönnis grade 0: 18 patients, grade 1: 3 patients; 9 male
and 12 female; average age: 40.3 years old; range: 1978 years old; average body mass index [BMI]: 25.0 
3.7) who underwent hip arthroscopic surgery and 14
patients with OA (1 male and 13 female; average age:
75.4 years old; range: 65 to 85 years old; average BMI:
21.9  3.5) who underwent THA were enrolled (Fig 1),
and all were Asian. The synovium was obtained from
the peripheral area approximately 5 mm adjacent to the
labral tear in both FAIS and OA patients.
Cultures of Synovium Colony-Forming Cells
Synovial samples were digested in 3 mg/mL collagenase Type V (Sigma-Aldrich, St. Louis, MO) in
a-modiﬁed Eagle’s medium (a-MEM; Invitrogen,
Carlsbad, CA) at 37 C. After 2 hours, the digested synovial nucleated cells were plated in culture dishes at a
density of 104 cells/60 cm2 (Nalge Nunc International,
Rochester, NY) with 6 dishes.
a-MEM, containing 10% fetal bovine serum, 100 U/
mL penicillin, 100 mg/mL streptomycin, and 250 ng/mL
amphotericin B (Invitrogen), was used as the culture
medium (lot selected for rapid growth of synoviumderived MSCs).9,10 The cells were incubated at 37 C in
the a humidiﬁed atmosphere with 95% air and 5% CO2.
After 3 or 4 days, the medium was changed to remove
nonadherent cells, whereas the adherent cells were then
cultured for 14 days without refeeding (passage 0).
Afterwards, 3 dishes were stained with 0.5% crystal violet. The cells from the remaining 3 dishes were harvested with trypsineEDTA (Invitrogen), and the number
of cells at passage 0 was determined.
Passage 0 cells were replated at a density of 50 cells/
cm2 in 150-cm2 dishes, cultured for 21 days, and cryopreserved by resuspension at a concentration of less
than 106 cells/mL in a-MEM containing 5% dimethyl
sulfoxide (Wako, Osaka, Japan) and 10% fetal bovine
serum. Aliquots of 1 mL were slowly frozen and cryopreserved in liquid nitrogen (passage 1).
To expand the cells, the frozen vial was thawed, and the
cells were plated in 60-cm2 culture dishes and incubated
for 4 days in a recovery plate. These cells at passage 2 were
used for further analyses as previously described.9,10
Passage 0 cells were collected on surgery days. To
perform the assays as bellows on the same time, passage 1
cells were cryopreserved once and thawed.
Estimation of the Yield Obtained
We estimated the number of live MSCs at passage
0 from the entire volume of each tissue and compared it
with the ﬁnal count from our cultures.
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Fig 1. Flowchart illustrating
the sequence of inclusion and
exclusion decisions. (FAIS,
femoroacetabular
impingement syndrome.)

Histologic Analysis
Synovial samples from the hip joints of both patient
groups were ﬁxed in a solution of 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.2),
dehydrated through a graded series of alcohol concentrations, and embedded in parafﬁn. Sections (5 mm
thick) were prepared with a microtome and were
stained with hematoxylin and eosin.9,10
Phenotypic Proﬁle
One million cells at passage 2 were resuspended in
200 mL of phosphate-buffered saline solution (PBS)
containing antibodies coupled with either ﬂuorescein
isothiocyanate or phycoerythrin. Coupled antibodies
to cluster of differentiation (CD)31 (endothelial cell
marker), CD34 (hematopoietic progenitor cell antigen), CD44 (hyaluronan receptor), CD45 (hematopoietic cell marker), CD90 (Thy1), CD147
(neuregulin; BD Bioscience, San Diego, CA), CD117
(C-kit, stem cell factor receptor; eBioscience, San
Diego, CA), CD105 (SH-2) and CD166 (ALCAM,
SB10; Ancell, Bayport, MN) were used. The vascular
endothelial growth factor receptor 2 (VEGFR2) was
obtained from R&D Systems (Minneapolis, MN). After
incubation for 30 minutes at 4 C, the cells were
washed with PBS and then resuspended in 350 mL of
PBS for analysis. As isotype control for the primary
antibody,
ﬂuorescein
isothiocyanatee
or
phycoerythrin-coupled nonspeciﬁc mouse IgG (BS
Biosciences) was used. Cell ﬂuorescence measurements through ﬂow cytometry and data analysis were

carried out using an EC 800 instrument (SONY,
Tokyo, Japan).9,10
In Vitro Proliferation and Cell Viability Assays
To examine the in vitro proliferation of synovial cells
from patients with FAIS and OA, passage 2 cells were
replated at a density of 50 cells/cm2 in 150-cm2 culture
dishes every 14 days until their growth was exhausted
on 3 donors.9,10 To determine whether the cells were
alive or dead in each passage, they were stained with a
LIVE/DEAD Viability/Cytotoxicity kit for mammalian
cells (Invitrogen). A colorimetric assay for cell viability
was conducted by plating passage 4 cells at a density of
5000 cells/well of a 24-well multidish (Nalge Nunc International, Rochester, NY) and they were cultured in
500 mL of the cell medium for 7 days. After incubation,
50 mL of the Cell Counting Kit-8 (highly water-soluble
tetrazolium salt, WST-8; Dojindo, Kumamoto, Japan)
was added to each well, and the dish was further
incubated for 1 hour. The cells were then counted by a
spectrophotometer multiplate reader (SH 1000; Corona
Electric, Ibaraki, Japan) at 450 nm, and cell viability
was expressed as a fraction of the viable synovial cell
count in FAIS samples (taken as 100%).9,10
Differentiation Assays
Colony-Forming Assays
To determine the adipogenic and osteogenic potentials, we performed colony-forming assays with cells
from 5 donors. First, 100 cells at passage 2 were plated
in 60-cm2 dishes with the culture medium for 14 days.
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Fig 2. Comparison of cells derived from the synovium of patients with FAIS and OA. (A, B) Histologic analysis of tissues stained
with hematoxylin and eosin. (C) Representative images of cell colonies derived from donor synovium stained with crystal violet.
(D) Fibroblastic spindle cell morphology of cells at 14 d (passage 0). (E) The relationship between the number of colony-forming
units and patient age. (FAIS, femoroacetabular impingement syndrome; OA, osteoarthritis.)

The cells were then switched to adipogenic and osteogenic medium. The adipogenic medium consisted of
the culture medium supplemented with 107 M
dexamethasone (Sigma-Aldrich), 0.5 mM isobutyl1-methylxanthine (Sigma-Aldrich), and 50 mM indomethacin (Wako), whereas the osteogenic medium
was supplemented with 109 M dexamethasone,
20 mM b-glycerol phosphate (Wako), and 50 mg/mL
ascorbate-2-phosphate. The adipogenic cultures were
further incubated for 21 days, ﬁxed in 4% paraformaldehyde, and stained with fresh Oil Red-O
(Sigma-Aldrich) solution. The number of Oil Red
O-positive colonies was then counted. The same adipogenic cultures were subsequently stained with
crystal violet, and total cell colonies were counted.
The mineralized bone nodule formation was assessed
by counting the colonies double-labelled for the
mineralized tissue (von Kossa stain) and alkaline
phosphatase. The osteogenic cultures were incubated

for 21 days and stained with crystal violet, and total
cell colonies were counted.9,10
Pellet Culture Assay of in Vitro Chondrogenesis
For the chondrogenesis experiments, 250,000 cells at
passage 2 cells were placed in 15-mL polypropylene tubes
(Becton Dickinson, Franklin Lakes, NJ) and centrifuged at
450g for 10 minutes. The pellets were cultured in the
chondrogenesis medium (high-glucose Dulbecco’s
modiﬁed Eagle’s medium; Invitrogen) supplemented
with 500 ng/mL bone morphogenetic protein 2, 10 ng/mL
Transforming growth factor beta-3 (R&D Systems),
107M dexamethasone (Sigma-Aldrich), 50 mg/mL
ascorbate-2-phosphate, 40 mg/mL proline, 100 mg/mL
pyruvate, and 50 mg/mL insulin-transferrin-selenium þ
Premix (Becton Dickinson). The medium was replaced
every 3 to 4 days for 21 days. For microscopy, the pellets
were embedded in parafﬁn, cut into 4-mm-thick sections,
and stained with Toluidine Blue and Safranin O.9,10
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Immunohistochemistry
Sections (4-mm thick) from the synovium were
deparafﬁnized and treated with 20 mg/mL proteinase K
(DakoCytomation, Copenhagen, Denmark) for 10 minutes at room temperature. They were then washed
with PBS and placed in methanol containing 0.3%
H2O2 for 20 minutes to block endogenous peroxidase.
The sections were rinsed again with PBS, treated with
the blocking reagent (Protein Block Serum-Free;
DakoCytomation) at room temperature, and incubated with a rabbit primary antibody against human
collagen II (ab34712, Abcam, Cambridge, United
Kingdom) for 30 minutes and with a mouse antibody
against human collagen type X (C7974; Sigma-Aldrich)
for 12 hours at 4 C. The sections were repeatedly rinsed
with PBS and then further incubated with an immune
peroxidase polymer secondary antibody (Histoﬁne,
Nichirei Biosciences, Tokyo, Japan) for 30 minutes.
The antibodies were visualized by treating the sections
with diaminobenzidine tetrahydrochloride (ChemMate
DABþ
Chromogen,
DakoCytomation)
for
5 minutes.9,10

FAIS, femoroacetabular impingement syndrome; OA, osteoarthritis.

Age and Sex Adjustment
Age Adjustment
Pre-adjustment

Table 1. Characteristics of Mesenchymal Cells Derived From the Synovium of Patients With FAIS and OA

FAIS (n ¼ 21) OA (n ¼ 14) ShapiroeWilk Test P Value FAIS (n ¼ 21) OA (n ¼ 14) P Value FAIS (n ¼ 21) OA (n ¼ 14) P Value
Sample weight, mg
230.0  97.9 241.6  88.6
0.45
.72
243.6  25.7 221.3  34.1
.66
230.2  28.0 241.3  38.1
.85
1.3  2.1
1.3  1.0
<.01
0.23
1.4  0.5
1.2  0.6
.81
1.1  0.5
1.6  0.7
.66
Number of nucleated cells, 103/mg
Number of colonies/104 nucleated cells
8.3  18.1
96.3  72.0
<.01
<0.01
1.4  12.9 106.7  17.1
<.01
4.1  14.3 102.6  19.5
<.01
1.0  1.6
0.9  0.6
<.01
0.27
1.1  0.4
0.7  0.6
.64
1.0  0.4
1.0  0.6
.98
Number of nucleated cells (105)/Colony
Yield obtained (106)
0.2  0.4
4.0  4.4
<.01
<0.01
0.2  0.7
4.0  1.1
.01
0.4  0.7
3.5  1.2
.07

Y. MURATA ET AL.

Quantitative Real-Time Polymerase Chain Reaction
(PCR)
Cells that underwent adipogenesis- or osteogenesisrelated differentiation were trypsinized, and the total
RNA from 5 donors per group was obtained with
RNeasy Mini Plus kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. The chondrogenic pellets were homogenized using BioMasher
(Nippi, Tokyo, Japan), and the total RNA from each
single pellet was prepared using an RNeasy Micro Plus
kit (QIAGEN). The total RNA was reverse-transcribed in
a 20-mL reaction by using High Capacity RNA-to-cDNA
Master Mix (Applied Biosystems, Foster City, CA) according to the manufacturer’s recommendations. To
determine the mRNA expression levels in each sample,
cDNA was assayed thrice using TaqMan probes for the
following adipogenesis-related genes: adipsin (complement factor D; Hs00157263_m1), peroxisome
proliferatoreactivated receptor g (PPARG; Hs0111
5513_m1),
and
lipoprotein
lipase
(LPL;
Hs00173425_m1). For osteogenesis, the probes for
collagen type I alpha 1 (COL1A1; Hs00164004_m1),
runt-related
transcription
factor
2
(RUNX2;
Hs00231692_m1), and bone gamma-carboxyglutamate
protein (BGLAP; Hs01587814_g1) were used, whereas
the probes (Applied Biosystems) collagen type II alpha
1 (COL2A1; Hs00264051_m1), collagen type X alpha 1
(COL10A1; Hs00166657_m1), and sex determining region Yebox 9 (SOX9; Hs00165814_m1) were used for
chondrogenesis. To determine an adequate endogenous
control gene, we performed a gene expression assay
with TaqMan Array Human Endogenous Control
(Applied
Biosystems)
using
s001658
(ACTB;
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Fig 3. Flow cytometry analysis of cells derived from the synovium of 4 patients with FAIS and OA. Data are presented as the
mean  standard deviation of the fractional expression of each cell-surface protein. (FAIS, femoroacetabular impingement
syndrome; OA, osteoarthritis; NGFR, nerve growth factor receptor; VEGFR2, vascular endothelial growth factor receptor 2.)

Hs99999903_m1) for the normalization of gene
expression. The StepOnePlus Real-Time RT-PCR System was used for the quantiﬁcation and analysis was
done using StepOnePlus software (version 2.0, Applied
Biosystems).9,10
Statistical Analysis
To assess the differences in the numbers and characteristics of cells in synovial samples from patients with
FAIS and OA, the ShapiroeWilk test was ﬁrst used.
When the data exhibited skewed, the ManneWhitney
U test was used, whereas for normal distributions, a t
test was used. We also performed analysis of covariance
with adjustments for age and sex. The Spearman rank
correlation test was performed to estimate the correlation between age and colony-forming unit/mRNA
expression levels of synovial MSCs from both patients
with FAIS and OA. Multiple linear regression predicted
the cell viability and mRNA expression levels based on
age, sex, and BMI. Statistical analyses were performed
using the SPSS software package (version 13, SPSS Inc,

Chicago, IL) and were conducted with a signiﬁcance
level of P < .05.
A post hoc power analysis was performed using
G*Power (version 3.1, Universität Düsseldorf, Düsseldorf, Germany) to calculate the effect size and the exact
power.

Results
Histologic Features of the Synovium
Synovium samples from patients with FAIS mostly
consisted of ﬁbrous tissue, whereas those from patients
with OA were mostly granular tissue and inﬂammatory
cells. Synovial samples are shown in Figure 2 A and B.
Cell Isolation From the Synovium and Cell Yield
There were no signiﬁcant differences in the number
of colonies between patients with FAIS with Tönnis
grades 0 and 1 (P ¼ .96). OA synovial cells formed
signiﬁcantly more colonies than FAIS synovial cells (Fig
2 C and E). No signiﬁcant difference in the mean
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Fig 4. Proliferation potential and cell viability of mesenchymal tissueederived cells. (A) The cells were replated at 50 cells/cm2
every 14 days until their proliferation potential was exhausted. Representative examples and similar results were obtained. (B)
Representative examples of the assay obtained from the LIVE/DEAD Viability/Cytotoxicity Kit. (C) Results of the Cell Counting
Kit-8 assay for cells at passage 4; cells from 3 donors were examined. *P < .05. (FAIS, femoroacetabular impingement syndrome;
OA, osteoarthritis.)

sample weight and in the number of nucleated cells per
milligram of sample and per colony between FAIS and
OA synovial samples were observed. The yield obtained
from OA synovium was signiﬁcantly larger than that
from FAIS synovium (Table 1). The cells at the edge of
the colony in both samples showed ﬁbroblastic cell
morphology (Fig 2D).
Phenotypic Proﬁle
Passage 2 cells derived from the synovium exhibited
characteristics of MSCs and differed from those of hematopoietic cells, hematopoietic progenitor cells, and
endothelial cells. Flow cytometry revealed that both
FAIS and OA MSCs were negative for CD31, CD34,
CD45, CD117, NGFR, and VEGFR2. The fractions of
cells positive for CD31, CD34, CD45, CD117, VEGFR-2,
and NGFR were below 2% (Fig 3).

In Vitro Proliferation and Cell Viability
Proliferation ability was lost by synovium-derived
cells from patients with OA and FAIS at passages 10
and 13, respectively (Fig 4A). Using the LIVE/DEAD
Viability/Cytotoxicity Kit, at passage 4, almost all cells
from FAIS synovium were alive, whereas one half of
the cells from OA synovium were dead (Fig 4B). From
the Cell Counting Kit-8 assay, the viability of cells
from FAIS synovium at passage 4 was signiﬁcantly
greater than that from OA synovium (Fig 4C; 100%
FAIS vs 65.6 % OA, P ¼ .0495; ShapiroeWilk test
P ¼ .01).
Adipogenesis
All samples generated adipocytes from staining with
Oil Red O (Fig 5A). There were no signiﬁcant
differences between FAIS (45.4  15.1%) and OA
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Fig 5. Adipogenic potential of synovial mesenchymal stem cells. (A) Positive staining of colonies with Oil Red-O and crystal
violet. (B) Fractions of Oil Red-Oepositive colonies relative to the total number of colonies. (C) Quantitative real-time polymerase chain reaction results. In B and C, data are presented as the mean  standard deviation from 5 donors. *P < .05, **P <
.01. (FAIS, femoroacetabular impingement syndrome; OA, osteoarthritis.)

(40.8  19.7%) synovial samples in terms of the
number of Oil Red O-positive colonies (Fig 5B; P ¼ .69;
ShapiroeWilk test, P ¼ .23). From real-time PCR, LPL
mRNA expression in cells from OA synovium was
signiﬁcantly greater (P < .01) than that from FAIS
synovium. However, there were no signiﬁcant differences in the mRNA expressions for adipsin and PPARG
between the 2 groups (Fig 5C; ShapiroeWilk test:
adipsin, P < 0.01; LPL, P < .01; PPARG, P < .01).
Osteogenesis
All samples generated osteogenic cells that were
positive for double von Kossa/alkaline phosphatase
staining (Fig 6A). However, the fraction of colonies
positive for staining was signiﬁcantly greater in OA
synovium (60.1  15.5%) than in FAIS synovium
(39.7  11.2%), as seen in Figure 6B (P ¼ .03;
ShapiroeWilk test, P ¼ 0.44). From real-time PCR, the

mRNA expression of BGLAP in cells from OA synovium
was signiﬁcantly greater (P < 0.05) than that from FAIS
synovium (Fig 6C; ShapiroeWilk test: COL1a1, P ¼ .28;
RUNX2, P < .01; BGLAP, P < .01)
Chondrogenesis
The majority of pellets from both samples were
>0.5 mm in diameter and were positively stained
with toluidine blue and Safranin O (Fig 7, A-C).
Similarly, the cartilage matrices were immunoreactive
for type II and type X collagen (Fig 7, D-E). Real-time
PCR showed no signiﬁcant difference in the expression of COL2A1 and SOX9 mRNAs (Fig 7G). However,
the expression of COL10A1 mRNA in cells from OA
synovium was signiﬁcantly lower than that from
FAIS synovium (Fig 7G, right panel; ShapiroeWilk
test: COL2a1, P < .01; SOX9, P < .01; COL10a1,
P < .01).
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Fig 6. Osteogenic potential of synovial mesenchymal stem cells. (A) Positive von Kossa, ALP, and crystal violet staining of
colonies derived from FAIS and OA samples. (B) Fractions of colonies positively stained with von Kossa and ALP stains relative to
the total number of colonies. (C) Quantitative real-time polymerase chain reaction results. In B and C, data are presented as the
mean  standard deviation from 5 donors. *P < .05, **P < .01. (ALP, alkaline phosphatase; FAIS, femoroacetabular impingement
syndrome; OA, osteoarthritis.)

Correlation Between Age and Cell Viability/mRNA
Expression Levels
There was a signiﬁcantly positive correlation between
age and viability in synovial MSCs from patients with
FAIS, whereas no signiﬁcant correlation was observed
in synovial MSCs from patients with OA. A signiﬁcantly
negative correlation between age and mRNA expression of LPL in synovial MSCs from patients with FAIS
was revealed, whereas there was no such correlation in
terms of the mRNA expression of the other eight genes
and markers for adipogenic, osteogenic, and chondrogenic differentiation. There was no signiﬁcant correlation between age and expression of any mRNA in the
synovial MSCs from patients with OA (Table 2).

The equation for predicting cell viability is 0.322 e
0.277 (diagnosis) þ 0.001 (age) e 0.008 (sex) þ 0.002
(BMI). The codes are as follows: for diagnosis, 0 ¼ FAIS,
1 ¼ OA; and for sex, 0 ¼ male, 1 ¼ female. BMI is
measured in kg/m2. No signiﬁcant regression equation
was found for the levels of mRNA expression.

Multiple Linear Regression Analysis
A signiﬁcant regression equation was obtained (F [4,
1] ¼ 1704.7, P ¼ 0.02) for only predicted cell viability.

The MSCs derived from the synovial samples of patients with FAIS and hip OA showed signiﬁcant differences in terms of the number of colonies, proliferation,

Post hoc Power Analysis
To detect the statistical signiﬁcance between the FAIS
and OA groups in terms of the number of colonies/104
nucleated cells, which is primary aim of this study, the
effect size was calculated as d ¼ 1.68, whereas the exact
power was 0.997.

Discussion
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Fig 7. Chondrogenic potential of synovial mesenchymal stem cells. (A) Microscopic view of the pellets. Histologic appearance of
osteogenic cells stained with (B) toluidine blue, (C) Safranin O, (D) type II collagen, (E) type X collagen, and (F) femoral head
cartilage for positive control (type II collagen). (G) Quantitative real-time polymerase chain reaction results. Data are presented
as the mean  standard deviation from 5 donors. *P < .05, **P < .01. (FAIS, femoroacetabular impingement syndrome; OA,
osteoarthritis.)

cell viability, and differentiation ability. MSCs from OA
synovium generated a 10-fold greater number of colonies per ﬁxed number of total cells than those from
FAIS synovium, resulting in a signiﬁcantly greater yield.
The proliferation and viability of synovial MSCs from
OA, however, were signiﬁcantly lower than those from
FAIS. Furthermore, MSCs from OA-affected tissues
have greater differentiation ability into bone cells than

those from FAIS. However, the mRNA expression of
COL10A1 in OA synovial cells was signiﬁcantly lower
than that in FAIS.
The number of colonies/104 nucleated cells and the
yield obtained indicated that OA synovium contains
relatively more MSCs per tissue weight than FAIS
synovium, which is likely caused by cartilage damage.
Sekiya et al.5 also found that the MSCs number was

Table 2. Correlation Between Age and Viability/mRNA Expression Levels of Selected Differentiation Markers in Synovial MSCs
From Patients With FAIS and OA
FAIS r
OA r

Viability
1.00*
e0.5

Adipsin
e0.36
0.37

LPL
e0.96*
0.54

PPARG
e0.73
0.26

COL1A1
e0.31
0.14

RUNX2
e0.01
0.09

BGLAP
e0.56
e0.77

COL2A1
0.29
0.14

SOX9
0.28
e0.60

COL10A1
0.37
e0.43

BGLAP, bone gamma-carboxyglutamate protein; COL1A1, collagen type I alpha 1; COL2A1, collagen type II alpha 1; COL10A1, collagen type X
alpha 1; FAIS, femoroacetabular impingement syndrome; LPL, lipoprotein lipase; OA, osteoarthritis; PPARG, peroxisome proliferatoreactivated
receptor g, RUNX2: runt-related transcription factor 2, SOX9: sex determining region Yebox 9.
*P < .01.
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directly proportional to radiological OA grading, but
they did not compare the proliferation and viability of
MSCs from the synovial ﬂuid of the patients with severe OA with those of healthy subjects. Although our
ﬁndings suggest that OA progression likely contributes
to the attenuated proliferation and lower viability of
MSCs, the signiﬁcant age difference between the FAIS
and OA patients in this study must also be considered.
Because no single biomarker is available for the
identiﬁcation of human MSCs, the current methods are
based on the ability to self-renew, multipotency potentials, and expression of a characteristic set of
markers. The pattern of surface antigen expression in
cells at passage 2 is characteristic of MSCs.11 Our ﬁndings indicate that both FAIS and OA synovium-derived
MSCs expressed cell surface epitopes similar to those
derived from other tissues, and they met the requirements of MSCs. For future studies, determining
surface epitope(s), which can explain the differences
between the characteristics of synovial MSCs from patients with FAIS and OA, is necessary. Understanding
the association between chondrogenesis ability and
surface proﬁle can provide more effective treatments
for cartilage lesions involving MSCs.
In the adipogenesis experiments, LPL level in OA
synovium cells was signiﬁcantly greater than that in
FAIS synovium cells. Because LPL is an early marker of
adipogenesis, our ﬁndings suggest that synovial MSCs
from patients with OA could be differentiated more
rapidly than those from patients with FAIS. Beekman
et al.12 have reported a positive correlation between age
and the existence of bone marrow adipose tissue in
patients with osteoporosis. OA has been reported to
negatively affect the differentiation ability of MSCs.13
The apparent discrepancy in these conclusions may be
explained by the differences in tissue, age, osteoporosis
etiology, and experimental method. Synovial MSCs
derived from the patients with hip OA might be an
effective source for inverted lesion after trauma or
breast reconstruction in plastic surgery.
We found that OA synovial MSCs produced more
osteogenic colonies and exhibited higher expression of
osteogenic markers than FAIS synovial MSCs, indicating
signiﬁcantly greater osteogenic differentiation potential.
Some studies have reported that the osteogenic differentiation potential of bone marrow MSCs decreased
signiﬁcantly with age.14,15 In addition, the expression of
RUNX2 mRNA in cells from OA bone marrow was
signiﬁcantly greater than that from non-OA bone
marrow.16 Although the involvement of synovitis in
osteophyte formation has not yet been elucidated, our
results may explain the signiﬁcant bone-related changes,
including osteophyte formation and subchondral bone
sclerosis, associated with OA pathology.
The differences in the expressions of chondrogenic
markers were paradoxical. The expression of COL10A1

mRNA in OA synovial cells was lower than that in FAIS
synovial cells. Zhong et al. showed a negative correlation between the mRNA expressions of SOX9 and
COL2A1 and OA severity for cartilage.17 The activity of
the COL10A1 gene is associated with endochondral
bone formation. Lamas et al.18 reported that COL10a1
expression of bone marrowederived MSCs was significantly reduced in patients with OA compared with
individuals without OA. They have concluded that the
downregulation of COL10a1 likely affected the establishment of defective and unstable subchondral cartilage matrix in patients with OA. Here, the patients with
end-stage OA were considered as the OA group, and we
also observed a reduced expression of COL10A1 in the
OA synovium, consistent with the ﬁndings of Lamas
et al.18
Intra-articular injections of MSCs into the areas with
osteoarthritic or cartilage defects in the knee had
improved the patient self-reported outcome, magnetic
resonance imaging score, and qualitative histology of
the knee joint.19,20 In addition, greater MSC doses more
effectively improved the knee joint OA than low
doses.21 When ex vivo sorting and culturing cannot be
performed, OA synovium is a potential MSC source
because the number of colonies/104 nucleated cells and
the yield obtained from here were greater than those
from FAIS synovium. However, once more effective
culture system has been developed and the problems
involved in infection have been resolved, MSCs from
FAIS synovium, which have greater viability and
chondrogenesis potential, would be a great candidate as
cell source for cartilage lesion or OA. On the contrary,
because the activity of injected MSCs is not dependent
on their differentiation potential but rather on their
immunomodulatory and trophic activities, it is therefore difﬁcult to determine the better cell source candidate for cartilage defect or OA. To address this, the
characteristics of synovial MSCs derived from age- and
sex-matched patients with FAIS or OA should be
evaluated.
Limitations
Because this was an in vitro study, the proliferation
potential obtained may not reﬂect the in vivo proliferation potential. Furthermore, this was not a patientmatched study because of the clinically signiﬁcant
differences in age and sex between FAIS and OA patients. However, because FAIS and OA affect different
age groups, a patient-matched study would be difﬁcult.
Age- and sex-matched studies with a larger cohort of
samples would be required to validate and conﬁrm our
ﬁndings. Third, we neither compared the mesenchymal
tissues derived from bone marrow nor peripheral blood
because our institutional review board did not approve
the harvesting of synovial tissues from other cell sources, including the extra-articular space and bone
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marrow. Because it is more invasive, the procedure
poses a risk of prolonged postoperative pain. In
contrast, obtaining synovial cells during the arthroscopic treatment of FAIS was easier. This study was also
likely to be unable to detect such differences because
our post hoc analysis estimated only the effect size.
Lastly, although we tried to obtain the synovium from
the same location as much as possible, differences in the
exact location may have affected our results.

Conclusions
Synovial MSCs from patients with OA had greater
colony numbers but less viability and proliferative potential. They also showed greater osteogenic and adipogenic potentials, whereas those from patients with
FAIS showed greater chondrogenic potential.
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