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Abstract. The aim of this study was to determine whether the 
inflammatory milieu and/or hypoxia induces the dedifferentia-
tion of synovial cells into mesenchymal stem-like cells, which 
may contribute to the tumor-like growth of synovial cells. 
Expression of mesenchymal stem cell markers (CD24, CD44, 
CD90, CD106, CD146 and Stro-1) was compared among 
cultured fibroblast-like synoviocytes (FLSs) from patients with 
rheumatoid arthritis (RA) or osteoarthritis (OA), bone marrow 
mesenchymal stem cells (BM MSCs) and normal dermal fibro-
blasts. After the cells were stimulated with pro-inflammatory 
cytokines for 3 days under hypoxia or normoxia, the stem 
cell markers were analyzed by FACS. CD44 and CD90 were 
expressed constitutively in all four cell types. Only the BM 
MSCs strongly expressed CD146. The expression of stem cell 
markers was similar between FLSs from RA and those from 
OA patients. In addition, the expression levels in FLSs were 
similar to those in normal dermal fibroblasts. The stimulation 
of FLSs and dermal fibroblasts with IL-1β or a mixture of 
cytokines under hypoxia did not induce a marked change in 
the expression of stem cell markers. These results indirectly 
suggest that the pro-inflammatory milieu may be not sufficient 
to induce the dedifferentiation of FLSs in arthritic joints.

Introduction

Rheumatoid arthritis (RA) is characterized by the prolifera-
tion of fibroblast-like synoviocytes (FLSs) in affected joints. 
The onset of RA causes dramatic morphological changes in 
the synovial membrane, including thickening of the intimal 
lining. In addition, the FLSs in RA produce various cyto-
kines and chemokines that recruit more immune cells into 
the joint cavities, and immune cells infiltrate into the prolif-
erating synovial membranes, forming a pannus that exhibits 
aggressive, tumor-like growth and invades and erodes the 
cartilage and subchondral bone (1). The FLSs in the pannus 
resemble immature, transformed fibroblasts and are, in many 
ways, different from normal FLSs (e.g., invasiveness and 
cartilage degradation) (2,3). The mechanisms underlying the 
tumor-like phenotype of FLSs in RA are poorly understood. 
Many attempts have been made to explain the phenotype by 
dedifferentiation of normal FLSs, presumably through an 
accumulation of genetic and epigenetic abnormalities similar 
to cancer (4). A number of proto-oncogenes, including myc, 
ras and fos, are overexpressed in the FLSs of RA (5), but no 
common genetic abnormalities have been identified in these 
genes. Somatic mutations in the tumor-suppressor gene p53 
are associated with RA (6), but a role for these mutations in the 
‘pseudotransformed’ FLS phenotype is not known. Slowing 
of the rapid growth of FLSs after passage in culture is also 
against the ‘transformation’ hypothesis (7).

The pannus is comprised of many cell types, including 
inflammatory, immune and mesenchymal cells. A fraction 
of the heterogeneous FLS population in RA was recently 
found to have properties usually associated with mesen-
chymal stem cells (MSCs). When appropriately stimulated 
in culture, a proportion of the FLSs differentiates into 
chondrocytes, osteoblasts, adipocytes and muscle cells (8,9). 
Animal studies have shown that bone marrow-derived mesen-
chymal cells (BM MSCs) appear to contribute to synovial 
proliferation (10,11). By contrast, local inflammatory cyto-
kines suppress the differentiation of MSCs in RA-affected 
joints (12,13). Thus, arthritic FLSs have been suggested 
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to contain a substantial fraction of BM MSCs, but they are 
under-differentiated because of the inflammatory milieu in 
arthritic joints (14). Inflammatory milieu and hypoxia are 
characteristic of arthritic joints. The inflammatory milieu 
may induce the dedifferentiation of terminally differentiated 
cells (e.g., chondrocytes) in arthritic joints (15). In addition, 
inflammation-induced hypoxia may induce the redifferentia-
tion of dedifferentiated chondrocytes (16).

In this study, to better understand the tumor-like pheno-
types of arthritic FLSs, we investigated whether inflammatory 
stimuli and hypoxia in arthritic joints induce the dedifferentia-
tion of FLSs into mesenchymal stem-like cells, and whether the 
dedifferentiated FLSs contribute to the tumor-like phenotypes 
of RA FLSs. We compared the expression of MSC surface 
markers on fibroblasts from RA and osteoarthritis (OA) 
patients, dermal fibroblasts and bone marrow. In addition, we 
examined whether synovial or dermal fibroblasts exposed to 
inflammatory stimuli and hypoxia have altered expression of 
MSC surface markers.

Materials and methods

Cell culture. All in vitro experiments were carried out with 
FLSs derived from patients with RA or OA who met the 1987 
American College of Rheumatology criteria for diagnosis, 
had been treated with non-biological disease-modifying anti-
rheumatic drugs (DMARDs), and underwent therapeutic joint 
surgery. The synovial tissues were collected from patients 
after obtaining informed consent. The FLSs were isolated and 
grown in Dulbecco's modified essential medium (DMEM; 
low glucose; Invitrogen, Carlsbad, CA, USA), supplemented 
with 10% (v/v) fetal bovine serum (FBS; Invitrogen) and 1X 
antibiotic-antimycotic (Invitrogen).

Normal dermal fibroblasts were purchased from Modern 
Cell and Tissue Technologies (Seoul, Korea) and cultured 
in DMEM (high glucose). When the cells had grown to 
confluence, they were detached using cell dissociation buffer 
(Invitrogen) and split at a 1:3 ratio. FLSs from 3 patients at 
passage 3 were used in all experiments.

To test the effect of pro-inflammatory cytokines on dedif-
ferentiation of cells, the cells were cultured for 3 days in 
the presence or absence of pro-inflammatory cytokines. For 
hypoxic effect, hypoxic conditions were generated by incu-
bating the cells at 2% O2 in a hypoxic chamber gassed with a 
combination of N2 and CO2 (Invivo2 200; Ruskinn Technology 
Ltd., Pencoed, UK).

BM MSCs were purchased from Innomedi (Seoul, Korea). 
The BM MSCs were expanded for 9-11 days in 100-mm culture 
dishes, and then re-plated in 150-mm culture dishes with 0.25% 
trypsin-EDTA (Invitrogen) at a density of 5x105 cells. FACS 
analysis was performed after culturing for 15 days. This study 
was approved by the Institutional Review Board for Human 
Research of Kyung Hee University Hospital at Kangdong.

FACS analysis of stem cell markers. The FLSs were treated 
with cell dissociation buffer (Invitrogen) for 20 min in a 37˚C 
incubator and filtered through a 40-µm cell strainer. The disso-
ciated cells (2x105 cells) were resuspended immediately in 
PBA (1% bovine serum albumin, 0.02% NaN3 in PBS, pH 7.4) 
and incubated with phycoerythrin-conjugated anti-CD24 

(BD Biosciences, Seoul, Korea), anti-CD44 (BD Biosciences), 
anti-CD90 (BD Biosciences), anti-CD106 (BD Biosciences), 
anti-CD146 (BD Biosciences) and anti-STRO-1 (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) for 30 min at 4˚C. 
After washing with PBA, the propidium iodide (PI)-negative 
cells were analyzed for antibody binding using FACSCalibur 
(BD Biosciences) and Cell Quest software (BD Biosciences).

Results

The MSC surface markers CD44 and CD90 were expressed 
constitutively in all four cell types (Fig. 1). Only BM MSCs 
expressed CD146. None of the cells expressed CD24. The 
expression in FLSs from RA patients was distinctly different 
from that of normal dermal fibroblasts. Unexpectedly, the 
expression of stem cell markers in FLSs from RA patients 
was similar to that of FLSs from OA patients. One reason 
for the lack of difference may be the in vitro cell culture. The 
expression of stem cell markers may disappear during cell 
culture under conditions lacking inflammation. To evaluate 
this limitation, the FLSs from OA patients and normal dermal 
fibroblasts were cultured for 72 h in the presence or absence of 
10 ng/ml IL-1β and the stem cell markers were compared to 
those of unstimulated FLSs. As shown in Fig. 2, the expression 
of CD24, CD44 and CD90 was similar regardless of IL-1β 
stimulation. The expression of CD106, CD146 and Stro-1 was 
also not significantly different in response to IL-1β stimula-
tion. Next, we investigated whether the expression pattern 
was affected when the cells were cultured under hypoxic 
conditions (2% O2 concentration), which is one of the factors 
affecting the expression of various genes in inflammatory 
arthritic joints. The FLSs from RA patients were cultured 
for 72 h with IL-1β (10 ng/ml) or a combination of cytokines 
(1 ng/ml each IL-1β, TNF-α, IL-6, IL-17, IL-22 and IL-23) in 
the presence or absence of hypoxia (Fig. 3). The MSC markers 
in the RA FLSs were not significantly different in the presence 
of pro-inflammatory stimulation or under hypoxic conditions.

Discussion

We investigated whether the MSC markers in FLSs from RA 
patients indicated dedifferentiation into MSCs in response to 
pro-inflammatory cytokines or hypoxic conditions, as this 
dedifferentiation may contribute to the tumor-like growth of 
synoviocytes in RA during progressive inflammation. Thus, 
we compared the expression of MSC surface markers (CD24, 
CD44, CD90, CD106, CD146 and Stro-1) on FLSs from RA 
or OA patients, dermal fibroblasts and BM MSCs. However, 
we did not identify any significant changes in response to 
pro‑inflammatory stimulation or hypoxic conditions.

Extensive analyses have identified MSC surface markers 
in rat, mice and humans (17-20). Human MSCs have been 
reported to be positive for CD44, CD90 and CD105, and 
negative for CD14, CD34 and CD45 (20). Other cell markers, 
such as CD106, CD146 and Stro-1, are also expressed on the 
surface of MSCs (21), but their expression patterns change 
depending on the culture conditions or specific types of stimu-
lation (22-24). Surface markers are also down-regulated with 
passaging (25). By contrast, the stem cell markers in chon-
drocyte dedifferentiation have been employed in autologous 
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Figure 1. FACS comparison of the stem cell markers in fibroblast-like synoviocytes (FLSs) from rheumatoid arthritis (RA) or osteoarthritis (OA) patients, 
normal dermal fibroblasts (DF) and bone marrow mesenchymal stem cells (BMMSC). The data shown are representative of three independent experiments 
with similar results.

Figure 2. Effect of IL-1β on stem cell markers in fibroblast-like synoviocytes (FLSs) from osteoarthritis (OA) patients and normal dermal fibroblasts. The cells 
were cultured for 3 days in the presence or absence of IL-1β (10 ng/ml). The surface markers were analyzed by FACS. The data shown are representative of 
three independent experiments with similar results.

Figure 3. Combined effect of IL-1β and hypoxia on stem cell markers in fibroblast-like synoviocytes (FLSs) from rheumatoid arthritis (RA) patients. The 
cultured cells from RA patients were incubated with IL-1β (10 ng/ml) or the mixture of various pro-inflammatory cytokines (IL-1β, TNF-α, IL-6, IL-17, IL-22 
and IL-23; 1 ng/ml of each) under normoxia or hypoxia. The data shown are representative of three independent experiments with similar results.
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chondrocyte implantation (26). Chondrocytes isolated from a 
small biopsy of hyaline cartilage are expanded ex vivo, and 
once a sufficient number of cells are obtained, the chondro-
cytes are then implanted in the cartilage defect. However, the 
proliferating chondrocytes gradually lose their differentiated 
phenotype. These phenotypic changes lead to the production 
of an extracellular matrix with inferior biomechanical proper-
ties. For tissue, such as cartilage, high quality biomechanical 
properties are critical. Therefore, investigating parameters that 
favor the redifferentiation of dedifferentiated chondrocytes 
before implantation is critical. Thus, the stem cell markers are 
investigated to determine phenotypic changes. However, the 
stem cell marker changes in FLSs in RA during FLS dedif-
ferentiation have been rarely studied.

In this study, we attempted to find the parameters or condi-
tions that favor the dedifferentiation of FLSs, which may lead 
to being able to control or inhibit the ‘tumor-like growth’ of 
the synovial membrane of patients with RA. However, the 
in vitro system in this study has limitations. Thus, we tried to 
mimic the in vivo pro-inflammatory conditions, yet it was still 
likely not enough to meet the in vivo conditions. In addition, 
our in vitro systems may impair the dedifferentiation of FLSs 
since the differentiation potential of cultured cells decreases 
after every passage (27,28). Thus, the cell surface markers may 
not have been significantly altered by the pro-inflammatory 
cytokines and/or hypoxia due to unknown factors in the cell 
culture. We also examined whether cell passage affects the 
expression of stem cell markers. The stem cell markers of 
FLSs at the second passage were compared to those of the 
sixth passage when the FLSs were prepared at the same time. 
Cell passage did not appear to affect the expression pattern 
of the stem cell markers in FLSs, even in response to cyto-
kine stimulation (data not shown). In conclusion, these results 
indirectly suggest that the pro-inflammatory milieu may not 
induce the dedifferentiation of FLSs in arthritic joints.
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