Human Mesenchymal Stem Cells in Synovial Fluid Increase in the Knee
with Degenerated Cartilage and Osteoarthritis
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ABSTRACT: We investigated whether mesenchymal stem cells (MSCs) in synovial fluid (SF) increased in the knee with degenerated
cartilage and osteoarthritis. SF was obtained from the knee joints of 22 patients with anterior cruciate ligament (ACL) injury during
ACL reconstruction, and cartilage degeneration was evaluated arthroscopically. SF was also obtained from the knee joints of 6 healthy
volunteers, 20 patients with mild osteoarthritis, and 26 patients with severe osteoarthritis, in which the grading was evaluated radio-
graphically. The cell component in the SF was cultured for analyses. Synovium (SYN) and bone marrow (BM) were also harvested
during total knee arthroplasties. The MSC number in SF was correlated with the cartilage degeneration score evaluated by arthrosco-
py. The MSC number in the SF was hardly noticed in normal volunteers, but it increased in accordance with the grading of osteoarthri-
tis. Though no significant differences were observed regarding surface epitopes, or differentiation potentials, the morphology and gene
profiles in SF MSCs were more similar to those in SYN MSCs than in BM MSCs. We listed 20 genes which were expressed higher
in both SYN MSCs and SF MSCs than in BM MSCs, and 3 genes were confirmed by quantitative RT-PCR. MSCs in SF

increased along with degenerated cartilage and osteoarthritis.
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Mesenchymal stem cells (MSCs) can be defined as be-
ing derived from mesenchymal tissue and having the
functional capacity for self-renewal, commonly identi-
fied by colony-forming unit fibroblast assay’ and gen-
eration of a number of differentiated progeny.? We
previously reported that MSCs in synovial fluid (SF)
from anterior cruciate ligament (ACL) injury patients
were 100 times more in number than those from
healthy volunteers, and that the MSC number was
positively correlated with post-injury period.® During
ACL reconstruction, cartilage degeneration was also
observed at high rates,* and ACL transection is one of
the most widely used animal models for cartilage de-
generation.’ Therefore, there seems to be three inter-
correlations among three conditions; ACL injury,
cartilage degeneration, and MSCs in SF. The first pur-
pose of this study was to investigate a direct relation
between the number of MSCs in SF and cartilage de-
generation in the ACL injured knees.

The existence of MSCs in SF of osteoarthritis knees
was first reported by Jones et al.® They further
reported in 2008 that MSCs in SF numerically in-
creased in early osteoarthritis.” This review is of value
because it shed light on the roles of MSCs in SF of
osteoarthritis knees. However, the design of their
study seemed to be inappropriate. All SF examined
was obtained from patients with unexplained knee
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pain and from those who underwent arthroscopy. Fur-
thermore, the nonosteoarthritis group they studied
consisted of individuals with meniscal tears in addi-
tion to individuals without damage to the articular
cartilage. Our second purpose was to investigate more
strictly whether MSCs in SF increased in the knee
with osteoarthritis.

MSCs can be obtained from various tissues, and
they contain common features. However, an increasing
number of reports have described variant properties
dependent on cell sources.®* ' In ACL injured knees,
the gene profile of SF MSCs was more similar to that
of synovium (SYN) MSCs than to that of bone marrow
(BM) MSCs,® however, different pathological condi-
tions may have led to different properties of synovial
MSCs. Our third purpose was to perform patient-
matched quantitative comparisons of the properties
of S MSCs, synovial MSCs, and BM MSCs. The
properties examined included cell morphology, surface
epitopes, chondrogenic, adipogenic, and osteogenic
differentiation potentials, and gene profiles.

MATERIALS AND METHODS

Synovial Fluid Derived from ACL Injury Patients

The study was approved by an institutional review board,
and informed consents were obtained from all study subjects.
SF was obtained from the knee joints of 22 patients with
ACL injury of the knees during ACL reconstruction under
spinal anesthesia. The average age was 26 years, and the
range was 1245 years. During the operation, 6 areas con-
sisting of medial femoral condyle, medial tibial plateau, later-
al femoral condyle, lateral tibial plateau, patella, and
femoral groove of cartilage were evaluated arthroscopically
as 1 (normal), 2 (softening), 3 (fissure), 4 (more than half
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cartilage thickness), 5 (less than half cartilage thickness), 6
(full thickness cartilage defect), or 7 (bone defect), respective-
ly, and the total number®2® was calculated for the cartilage
degeneration score.

Synovial Fluid Derived from Osteoarthritis Patients

Synovial fluid was obtained from the knee joints of 6 healthy
volunteers, 35-year old on average, ranging from 30 to 45,
and from 20 patients with osteoarthritis of the knee at
Grades 1 and 2 of Kellgren—Lawrence at our outpatient clin-
ic. The patients were 50-year old on average, ranging from
40 to 60. SF was also obtained from the knee joints of 26
patients with osteoarthritis of the knee at Grades 3 and 4 of
Kellgren—Lawrence during total knee arthroplasty under spi-
nal anesthesia. The patients were 75-year old on average,
ranging from 65 to 85. Kellgren—Lawrence grading was eval-
uated by radiographs of weight bearing posterior—anterior
view at 45° of flexion of the knee.'?

Cultures of Colony-Forming Cells in Synovial Fluid

Synovial fluid was diluted with phosphate-buffered saline
(PBS), filtered through a 70 pm nylon filter (Becton Dickin-
son, Franklin Lakes, NJ) to remove debris, and plated in six
culture dishes of 60 cm? (Nalge Nunc International, Roches-
ter, NY) in complete culture medium: a-modified essential
medium (a-MEM; Invitrogen, Carlsbad, CA) containing 10%
fetal bovine serum (Invitrogen), 100 U/ml penicillin, 100 pg/ml
streptomycin, and 250 ng/ml amphotericin B (Invitrogen).
The dishes were incubated at 37°C with 5% humidified COs..
After 24 h, the adherent cells were washed with PBS. Four-
teen days after initial plating, three dishes were stained with
0.5% crystal violet (Wako, Osaka, Japan) in 4% paraformal-
dehyde for 5 min, and the number of colonies was counted.
Colonies less than 2 mm in diameter and faintly stained colo-
nies were ignored. The other three dishes were harvested
with 0.25% trypsin and 1 mM EDTA (Invitrogen; Passage 0),
replated at 500 cells/em?® in a 145-cm® culture dish (Nalge
Nunc International) and cultured for 14 days for further
analyses.

In Vitro Differentiation Assay

For chondrogenesis, 250,000 cells were placed in a 15 ml
polypropylene tube (Becton-Dickinson, Franklin Lakes, Nd),
centrifuged at 450g for 10 min, and cultured in chondrogene-
sis medium containing 1,000 ng/ml BMP-7 (Stryker Biotech,
Hopkinton, MA), 10 ng/ml transforming growth factor-g3
(R&D Systems, Minneapolis, MN), and 100 nM dexametha-
sone (Sigma—Aldrich Corp., St. Louis, MO) for 14 days. For
microscopy, the pellets were embedded in paraffin, cut into
5 wm sections, and stained with toluidine blue.'3

For adipogenesis, cells were cultured in adipogenic medi-
um which consisted of complete medium supplemented with
100 nM dexamethasone (Sigma—Aldrich Corp.), 0.5 mM iso-
butyl-methylxanthine (Sigma-Aldrich Corp.), and 50 pM in-
domethacin (Wako) for 21 days. The adipogenic cultures
were fixed in 4% paraformaldehyde and then stained with
fresh oil red-O solution.'* For quantification, isopropyl alco-
hol was added to the stained culture dish. After 5 min, the
absorbance of the extract was assayed by a spectrophotome-
ter at 510 nm after dilution to a linear range.'

For osteogenesis, cells were cultured in osteogenesis medi-
um that comprised complete medium consisting of 1 nM
dexamethasone, 10 mM B-glycerol phosphate (Wako), and
50 wg/ml ascorbate-2-phosphate (Sigma—Aldrich Corp.) for
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21 days. The dishes were stained with 0.5% alizarin red
solution.'® For alkaline phosphatase activity (ALP), the cells
were harvested with lysis buffer (0.1 M Tris—HCl, 5 mM
MgCl,, 2% Triton-X 100, and 1 mM phenylmethylsulfonyl
fluoride) and sonicated. An aliquot (10 pl) of supernatant
was added into 100 pl 50 mM p-nitrophenylphosphatase
hexahydrate containing 1 mM MgCl,, and the mixture was
incubated at 37°C for 30 min. The absorption at 405 nm was
measured with a spectrophotometer. ALP activity repre-
sented millimoles of p-nitrophenol release after 30 min of in-
cubation at 37°C.'8

Isolation and Culture of Synovium and Bone Marrow MSCs
During total knee arthroplasty, SYN and BM were also col-
lected. SYN was harvested from the bony side of the supra-
patellar pouch, digested in a 3 mg/ml collagenase D solution
(Roche Diagnostics, Mannheim, Germany) for 3 h. BM was
aspirated from the tibia, and the nucleated cells were sepa-
rated with a Ficoll density gradient (Ficoll-Paque; Pharmacia
Biosystems, Uppsala, Sweden). Nucleated cells from SYN
and BM were plated in a 60-cm? dish and cultured in a simi-
lar method as described earlier.

Epitope Profile

One million cells were resuspended in 200 pl PBS containing
20 pg/ml antibody. After incubation for 30 min at 4°C, the
cells were washed with PBS and re-suspended in 1 ml
PBS for flowcytometric analysis. Fluorescein isothiocyanate
(FITC)- or phycoerythrin (PE)-coupled antibodies against
CD34, CD45, CD90, and CD146 (BD), CD44 (eBioscience,
San Diego, CA), CD105, CD166 (Ancell, Bayport, MN), and
CXCR4 (R&D Systems) were used. For STRO-1 staining, the
cells were incubated for 30 min with an antibody against
STRO-1 (mouse IgM; Genzyme-Techne Minneapolis, MN).
The cells were then incubated with a secondary antibody
(fluorescein-conjugated goat anti-mouse IgM; Vector Labora-
tories, Burlingame, CA) for 30 min. For D7-FIB staining,
the cells were incubated for 30 min with an antibody against
D7-FIB (mouse IgG; Serotec, Kidlington, UK). The cells were
then incubated with a secondary antibody (fluorescein-
conjugated rabbit anti-mouse IgG; Serotec) for 30 min. The
cells were also incubated with a secondary antibody (fluores-
cein-conjugated rabbit anti-goat IgG; Southern Biotech,
Birmingham, AL) for 30 min. For isotype control, FITC- or
PE-coupled nonspecific mouse immunoglobulin G (IgG; BD)
was substituted for the primary antibody. Cell fluorescence
was evaluated by flow cytometry using a FACSCalibur
instrument (BD). The data were analyzed using CellQuest
software (BD).

Microarray Analysis

Three samples in each group were analyzed. Human ge-
nome-wide gene expression was examined on a total 28,000
genes with the Human Gene 1.1 ST Array (GeneChip;
Affymetrix, Santa Clara, CA). Total RNA was prepared from
colony-forming cells (Passage 1) derived from SYV, SF, and
BM using TRIzol solution (Invitrogen). Sense-strand cDNA
probes for hybridization were synthesized using the WT
Expression Kit for Affymetrix GeneChip Whole Transcript
Expression Arrays (Ambion, Foster City, CA). The micro-
array data were analyzed using the Robust Multichip
Average method'” (Bioconductor, http://www.bioconductor.
org). A heatmap was constructed by hierarchical clustering
on highly differentially expressed genes which show >5.0- or



<0.2-fold changes in any pairs of samples (SYV/SF, SYV/BM,
and SF/BM). To identify the genes showing (1) high expres-
sions in both SYV and SF, and (2) low expressions in BM,
expression values in triplicates were averaged and filtered by
the following threshold for fold changes; SYV/BM > 5 and
SF/BM > 5; and listed in descending order of SYV/BM.

Quantitative Real-Time PCR

First-strand ¢cDNAs were synthesized using a Transcriptor
First-strand ¢cDNA synthesis kit (Roche Applied Sciences,
Indianapolis, IN), and Q-PCR analyses were performed using
a LightCycler 480 Probe Master system (Roche). B-Actin was
used as an internal control. Relative mRNA expression levels
were calculated as described by Niikura et al.'® PCR primers
were as follows: SMOC2 §-AAGGAAGTATACCCAGG
AGCAA-3 (forward), 5-GTGTAGCTGTGACACTGGACCT-3'
(reverse); GPR133 5-TATACGCGGGACAATTCCAT-3' (for-
ward), 5'-AAATAGGACATGAGTCCAA TAGGG-3' (reverse);
SFRP4 5'-GCCTGAAGCCATCGTCAC-3' (forward), 5-CCAT-
CATGTCTGGTGTGATGT-3' (reverse); B-actin 5-ATTGGC-
AATGAGC GGTITC-3 (forward), 5-TGAAGGTAGTTTCGT-
GGATGC-3' (reverse).

RESULTS

Synovial Fluid MSCs and Cartilage Degeneration

A large number of colonies consisting of spindle
shaped cells were observed after 14 days culturing of
cell components in SF of the knee with ACL injury
(Fig. 1A). The colony-forming cells differentiated into
chondrocytes, adipocytes, and calcified when cultured
in the differentiation medium (Fig. 1B). These findings
indicate that colony-forming cells, which originally
existed in syonvial fluid, had characteristics of MSCs.
The MSC number in the SF was correlated to the car-
tilage degeneration score evaluated with arthroscopy
(Fig. 1C).

Synovial Fluid MSCs and Osteoarthritis

Representative culture dishes indicated that the colo-
ny number of SF MSC increased according to the
radiological osteoarthritis grading by Kellgren-Law-
rence (Fig. 2A). Comparing the normal (Grade 0), mild
(Grades 1 and 2), and severe (Grades 3 and 4) osteoar-
thritis groups, the MSC number in the SF increased
along with the grading of the osteoarthritis (Fig. 2B).

Comparison among Synovium MSCs, Synovial Fluid MSCs,
and Bone Marrow MSCs from Osteoarthritis Patients

Morphologically, SF MSCs appeared to be closer to
SYN MSCs than to BM MSCs, in that SYN MSCs and
SF MSCs were narrower, and their nuclei were more
obvious (Fig. 3A). For surface epitopes, 3 populations
of MSCs were positive for CD44, CD90, CD105, and
negative for CD34, CD45. These results were identical
to those of distinctive MSCs, and there were no signifi-
cant differences of surface epitopes among the 3 popu-
lations (Fig. 3B). After MSC pellets were cultured in
chondrogenic medium, they became cartilage pellets
whose matrix appeared as purple from toluidine blue
staining in the 3 populations (Fig. 3C). There were no
significant differences of pellet weights, an indicator of
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Figure 1. Colony-forming cells in synovial fluid derived from
ACL injury patients. (A) Representative cell colonies stained
with crystal violet and cell morphology. (B) Multidifferentiation
potential. (C) Relationship between cartilage degeneration score
and colony number of synovial fluid MSCs per synovial fluid vol-
ume (ml; 7% = 0.64, P = 0.002 by correlation analysis).

cartilage matrix synthesis, among the 3 populations
(Fig. 3D). After culturing in adipogenic medium, lipids
showing red by oil red-O staining were observed in the
3 populations (Fig. 3E). There were no significant dif-
ferences of absorbance at 510 nm for extraction of oil
red-O among the 3 populations (Fig. 3F). In addition,
there were no significant differences of ALP activity
among the 3 populations of MSCs both when MSCs
were cultured in osteogenesis medium containing
10 mM B-glycerol phosphate and in osteogenesis medi-
um containing 20 mM B-glycerol phosphate (Fig. 3G).

Comparison of the Gene Expression Profiles among
Synovium MSCs, Synovial Fluid MSCs, and Bone Marrow
MSCs from Osteoarthritis Patients

Hierarchical clustering analysis demonstrated that
gene profiles in SF MSCs were more similar to those
in SYN MSCs than to those in BM MSCs (Fig. 4A). To
demonstrate specific genes which were expressed
higher in both SYN MSCs and SF MSCs than in BM
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Figure 2. MSCs in synovial fluid derived from osteoarthritis
patients. (A) Representative dishes for colonies of synovial fluid
MSCs according to the Kellgren—Lawrence grading system. (B)
Relationship between the osteoarthritis grading and the colony
number of synovial fluid MSCs per synovial fluid volume (ml).
Average values are shown as bars (P = 0.002 by Kruskal-Wallis
test; *P < 0.05 by Steel-Dwass test).

MSCs, 20 genes are listed in Table 1. For SMOC2,
GPR 133, and SFRP4 genes, which are listed as the
top 3, quantitative RT-PCR analyses were performed
in five other donors with osteoarthritis, and expres-
sions of these genes were much higher in SYN MSCs
and SF MSCs than in BM MSCs (Fig. 4B).

DISCUSSION

In this study, we directly demonstrated a correlation
between number of MSCs in SF and cartilage degener-
ation in the ACL injured knees. However, variability
still seems to exist in a population with a minimum
cartilage degeneration score which is shown in
Figure 1C. The number of SF MSCs per volume was
119 + 92 in ACL injured knees, while it was 60 £ 52
in Grade 1, 2 osteoarthritis knees, and 115 & 109 in
Grade 3, 4 osteoarthritis knees. Though the degree of
cartilage degeneration was much higher in Grade 3, 4
osteoarthritis knees, the number of SF MSCs per vol-
ume was similar between ACL injured knees and
Grade 3, 4 osteoarthritis knees. This will be due to
that ACL injury itself affected the number of SF MSCs
in addition to the cartilage degeneration.® More de-
tailed analysis will be of value in the same population
from the standpoints of post-injury period, stability of
the knee, appearance of ACL remnants, and so on.
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Figure 3. Comparison among synovium MSCs, synovial fluid
MSCs, and bone marrow MSCs from osteoarthritis patients. (A)
Representative morphologies. (B) Surface epitopes of MSCs. Posi-
tive expression rates are displayed as the average and standard
deviation (n = 5). (C) Chondrogenesis. (D) Wet weight of the car-
tilage pellets. (E) Adipogenesis. (F) Quantification of adipogene-
sis by absorbance at 510 nm for extraction of oil red-O. (G)
Alkaline phosphatase activity. MSCs were cultured in osteogene-
sis medium containing 5 and 10 mM B-glycerol phosphate.

Though the existence of MSCs in SF from the knee
with osteoarthritis patients was previously reported,®’
we first demonstrated that the MSC number in SF in-
creased along with radiological osteoarthritis grading.
Our previous study showed that autologous SF en-
hanced expansion of MSCs in tissue culture of SYN
from osteoarthritis patients.!® These results suggest
one mechanism by which SF derived from osteoarthri-
tis promotes mobilization of SYN MSCs into SF. Simi-
lar to ACL injured knees, variability also still seems
to exist in the mild and severe osteoarthritis groups,
respectively. A future study to analyze osteoarthritis
of the same grade from the standpoints of spur forma-
tion, SYN conditions, subjective scores, and so on
would be important.

Here, SF MSCs were more similar to SYN MSCs
than to BM MSCs from the morphological and gene
profile views. However, similar characteristics between
SF MSCs and SYN MSCs may be due to the environ-
mental cues; both kinds of MSCs are constantly ex-
posed to the same cytokines and growth factors in the
knee joint, the environment of both kinds of MSCs is
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Figure 4. Comparison of the gene expression profiles among
synovium MSCs, synovial fluid MSCs, and bone marrow MSCs
from osteoarthritis patients. (A) Hierarchical clustering analysis
(n = 3). (B) Quantitative RT-PCR analysis for the top three
genes shown in Table 1. Relative amount of PCR products to that
in bone marrow MSCs are displayed as the average and standard
deviation (n = 5; *P < 0.05 by Steel-Dwass test). The tissues
were harvested from five donors in addition to the donor ana-
lyzed in the microarray.

Table 1.
Than in Bone Marrow MSCs (BM)
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quite different from that of BM, and, thus resulting in
a similar gene expression pattern. The gene expression
pattern of MSCs that are recruited from BM through
systemic circulation may change after they are sent to
SF. It would be quite interesting to examine whether
BM MSCs which incubate in SF resemble the pheno-
types as they do in SYN MSCs.

There were no significant differences of surface epit-
opes among SYN MSCs, SF MSCs, and BM MSCs.
One of the surface epitopes we examined was D7-FIB,
whose antigen is a fibroblast-specific molecule of un-
known function. According to Jones et al.,2° D7-FIB is
a marker of BM MSCs, and CD45"°"D7-FIB*LNGFR*
BM cells express classic markers of cultured MSCs
CD73/SH3, CD105/SH2, and CD106/VCAM.?! In our
results, the positive rate for D7-FIB was less than 20%
in the 3 populations of MSCs.

In SF MSCs, the differentiation potentials were not
correlated to the cartilage degeneration score and to
the MSC number in SF. In 10 donors we examined, SF
MSCs differentiated into all three lineages, though the
quantitative values varied. SF MSCs had common
properties in all donors, however, each property varied
individually.

The volume of SF taken from the patients was
9.9 + 6.9 ml in Grade 1, 2 osteoarthritis knees, and
11.1 £ 9.5 ml in Grade 3, 4 osteoarthritis knees. There

Specific Genes Which Were Expressed Higher in Both Synovium MSCs (SYB) and Synovial Fluid MSCs (SF)

Fold Ratio of Expression

No. GenBank No. Gene Name Symbol SYV/BM SF/BM SYV/SF
1 NM_022138 SPARC-related modular calcium binding 2 SMOC2 13.4 13.8 1.0
2 NM_198827  Secreted frizzled-related protein 4 GPR133 13.1 10.5 1.2
3 NM_003014 Peptidase inhibitor 16 SFRP4 11.9 8.5 1.4
4 NM_153370 Transmembrane and tetratricopeptide repeat PI16 9.8 8.2 1.2
containing 1
NM_175861 Calcium channel, voltage-dependent, beta 4 subunit TMTC1 9.0 6.1 1.5
NR 030672 KIAA1324-like KIAA1324L 8.9 8.1 1.1
NM_000726  Calcium channel, voltage-dependent, beta 4 subunit CACNB4 8.5 6.2 1.4
NR 002196 H19, imprinted maternally expressed transcript H19 8.4 6.6 1.3
9 BC006141 Erythrocyte membrane protein band 4.1-like 3 EPB41L3 7.8 6.1 1.3
10 BC101809 Prostaglandin 12 (prostacyclin) synthase PTGIS 7.8 8.8 0.9
11 NR_001284 Tenascin XA TNXA 7.7 10.3 0.7
12 NM_004753 Dehydrogenase/reductase (SDR family) member 3 DHRS3 7.6 6.2 1.2
13 NM_020858 Sema domain, transmembrane domain (TM), and SEMA6D 6.5 5.5 1.2
cytoplasmic domain (semaphorin), 6D
14 NM_198148  Carboxypeptidase X (M14 family), member 2 CPXM2 6.4 4.8 1.3
15 NM_001276  Chitinase 3-like 1 (cartilage glycoprotein-39) CHI3L1 6.3 5.5 1.1
16 NM 002214 Integrin, beta 8 ITGBS8 6.2 5.0 1.2
17 NM_015419 Matrix-remodeling associated 5 MXRAbH 6.2 5.7 11
18 NM_000062  Serpin peptidase inhibitor, clade G (C1 SERPING1 6.0 4.4 1.4
inhibitor), member 1
19 NM_005807 Proteoglycan 4 PRG4 5.6 8.4 0.7
20 NM_001354  Aldo-keto reductase family 1, member C2 AKRI1C2 5.3 5.2 1.0

The genes are listed in descending order of SYV/BM. Genes in bold were confirmed by real-time PCR.
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was a weak tendency between SF volume and synovial
MSC number per SF volume in the osteoarthritis
knees (data not shown). In this study, only SF with
translucency viewed with naked eyes were analyzed,
and the blood test for CRP was negative in most cases.
However, the volume of SF is one of the indexes for
inflammation in the osteoarthritis knee. Mild inflam-
mation undetectable with our examinations might
have affected the number of SF MSCs in the osteoar-
thritis knees.

The volume of SF taken from the patients was
3.8 + 3.1 ml in ACL injured knee, and there was no
tendency between SF volume and synovial MSC num-
ber per SF volume. In ACL injury knees, several other
factors in addition to cartilage degeneration, as men-
tioned above, might have affected SF MSCs and negat-
ed the factor of SF volume.

We demonstrated that the MSC number in SF in-
creased along with the radiological grading of osteoar-
thritis as shown in Figure 2B. The age distribution of
the three groups was different; the average age was 35
in the normal group, 50 in the mild group, and 75 in
the severe osteoarthritis group. This may have influ-
enced the data because several studies have reported
that aging affects properties of MSCs derived from
several kinds of mesenchymal tissues, though the sub-
jects diagnosed were elderly people with osteoarthritis
or osteoporosis in most of the previous studies.?*?3 To
remove the factor of aging, normal control groups at
the same age are required, however, it is practically
difficult to collect SF from elderly people with normal
knees.

We showed 20 specific genes whose expression was
higher in both SYN MSCs and SF MSCs in comparison
to that in BM MSCs. We further confirmed expressions
of the top three genes by RT-PCR. SMOC2 stands for
SPARC-related modular calcium binding 2. SPARC
(secreted protein acidic and rich in cysteine) is highly
expressed during embryogenesis, and its expression
becomes more restricted in adult tissues.?* SMOC-2 is
expressed highly in the heart, muscle tissue, spleen,
and ovary.?® Only the function of SMOC2 reported
previously involves stimulation of endothelial cell pro-
liferation.?® In comparison with normal cartilage,
SMOC-2 mRNA expression was higher in osteoarthri-
tis cartilage.?” GPR133 encodes a G-protein-coupled
receptor (GPCR). GPCRs are involved in osteoclast
function and regulation of bone mineral density and
cell growth.2® A genome-wide association study recent-
ly demonstrated that genetic variation in GPR133 was
associated with body height.?® SFRP4 stands for se-
creted frizzled-related protein 4. Secreted frizzled-re-
lated protein is one of the regulators for the Wnt
signaling pathway, which regulates various normal
and pathological developmental processes of many
organs. Some studies reported that SFRP4 is a nega-
tive regulator of peak bone mineral density.?* In most
genes listed in Table 1, including the three genes men-
tioned above, their relationships to SYN or SF remains
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unknown, however, these genes would be interesting
as signatures in that they distinguish the SYN and SF
MSCs from BM MSCs. This knowledge would be great-
ly helpful to clarify the mechanisms of treatment for
osteoarthritis. For example, we would be able to an-
swer the question about the tissue origin of the MSCs,
which appear in the degenerated site of articular carti-
lage induced by abrasion arthroplasty.

What is the role of MSCs in SF? MSCs are postulat-
ed to participate in tissue homoeostasis, remodeling,
and repair by ensuring the replacement of mature
cells lost to physiological turnover, senescence, injury,
or disease. Stem cell populations are found in most
adult tissues, and in general, their differentiation po-
tential may reflect the local cell population.®® Develop-
mentally, intraarticular tissues are differentiated from
common progenitors, referred to as common interzone
cells.3 SYN MSCs have a high chondrogenic poten-
tial® %, intraarticular injection of SYN MSCs promot-
ed cartilage regeneration in rabbit cartilage defect
model®%; and intraarticular injection of SYN MSCs
contributed to meniscal regeneration in a rat meniscus
defect model.?® We speculate that synovial tissue may
serve as a reservoir of stem cells that mobilize follow-
ing intraarticular tissue diseases and migrate to the
site to participate in the repair response.

Why is the number of SF MSCs increased in accor-
dance with the degree of cartilage degeneration? In
the adult cartilage, because of enzymatic activities and
the mechanical stress imposed onto the joints, carti-
lage damage always occurs. In normal circumstances,
this is compensated by the turnover of the matrix com-
ponents synthesized by chondrocytes. Thus, in normal
adult articular cartilage, there is an equal balance be-
tween anabolism and catabolism. In osteoarthritis, ca-
tabolism becomes stronger than the anabolic capacities
of chondrocytes, the cartilage matrix degenerates, and
the joint cartilage gets damaged.?* We speculate that
MSCs were mobilized from SYN through SF toward
degenerative cartilage. Seemingly, the number of mo-
bilized MSCs is limited, therefore osteoarthritis pro-
gresses in its natural course. Our next step is to
investigate whether intraarticular injection of SYN
MSCs can inhibit the progression of osteoarthritis.

In conclusion, the MSC number in SF was correlat-
ed to cartilage degeneration evaluated with arthrosco-
py in the ACL injured knees. The MSC number in SF
increased along with the radiological grading of osteo-
arthritis. SF MSCs were more similar to SYN MSCs
than to BM MSCs from the morphological and gene
profile views.
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