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Telomerase Transduced Osteoarthritis Fibroblast-Like
Synoviocytes Display a Distinct Gene Expression
Profile
YUBO SUN, DAVID R. MAUERHAN, GARY S. FIRESTEIN, BRYAN J. LOEFFLER, EDWARD N. HANLEY,
and HELEN E. GRUBER

ABSTRACT. Objective. To examine the differential gene expression in telomerase transduced osteoarthritis fibrob-
last-like synoviocytes (hTERT-OA 13A FLS) and telomerase transduced rheumatoid arthritis FLS
(hTERT-RA 516 FLS) and test the hypothesis that longterm culture of hTERT-OA 13A FLS display
a disease-specific gene expression profile.
Methods. Gene expression in passage 8 hTERT-OA 13A FLS and passage 8 hTERT-RA 516 FLS
were compared using microarray assays. Differential expression of selected genes was further exam-
ined by reverse transcription-polymerase chain reaction (RT-PCR). After continuous expansion in
culture for an additional 4 months, gene expression in the longterm cultures of hTERT-OA 13A FLS
and hTERT-RA 516 FLS was again examined with microarray and real-time RT-PCR.
Results. hTERT-OA 13A FLS displayed a distinct gene expression profile. While hTERT-RA 516
FLS expressedADAMTS1,ADAMTS3,ADAMTS5, and several carboxypeptidases, hTERT-OA 13A
FLS expressed matrix metalloproteinase (MMP)1, MMP3, and several cathepsins at higher levels.
Numerous genes classified in the immune response, lipid transport/catabolism, and phosphate trans-
port biological processes were also expressed at higher levels in hTERT-OA 13A FLS. In contrast,
numerous genes classified in the positive regulation of cell proliferation, anti-apoptosis, and angio-
genesis biological processes were expressed at higher levels in hTERT-RA 516 FLS. Further, of the
recently proposed 21 candidate synovial biomarkers of OA, 12 (57%) were detected in our study.
Conclusion. The findings indicate that OA FLS may not be a passive bystander in OA and that
telomerase transduced OA FLS offer an alternative tool for the study of synovial disease markers and
for the identification of new therapeutic targets for OA therapy. (First Release Dec 1 2008;
J Rheumatol 2009;36:141–55; doi:10.3899/jrheum.080505)
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Osteoarthritis (OA) is a progressive disorder characterized
by the degeneration of articular cartilage, formation of
osteophytes, and mild synovial inflammation. Because the
most striking pathological changes are found in articular
cartilage, OA is mainly considered a degenerative disease of

articular cartilage. OA synovium has traditionally been con-
sidered to be “normal” and was used as controls in many
studies to investigate the pathological changes in the syn-
ovium of patients with rheumatoid arthritis (RA)1-4. OA
fibroblast-like synoviocytes (FLS) were used as controls in
studies investigating the cellular alterations in RA FLS5-8.
However, there is increasing evidence that the OA synovium
may not be a passive bystander in the initiation or progres-
sion of OA9,10. A low degree of synovium inflammation
exists in OA11-15. OA synovium and OA FLS display differ-
ential gene expressions compared to RA synovium and RA
FLS or compared to normal synovium and normal FLS16,17.
These observations support the hypothesis that OA FLS,
similar to RA FLS, is abnormal.

Analyses of differential gene expressions between OA
synovium and RA synovium, or between OA synovium and
normal synovium are important for understanding the in
vivo state of OA synovium; however, such work provides no
information regarding cell type specific differential gene
expressions. Analyses of primary FLS provide information
that is more cell type specific, but they also have drawbacks.
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Differential gene expressions detected using primary OA
FLS and RA FLS may vary due to the variations in the meth-
ods of cell preparation or the different passage numbers.
Non-FLS types of cells coexist in primary FLS preparations
that secrete inflammatory cytokines and express cell type
specific proteins18, which, in turn, may affect the gene
expressions in FLS. Primary FLS of early passages (pas-
sages 2-3) used in many reported studies may contain up to
5% non-FLS cell types calculated according to the doubling
time of synovial cells and initial cell populations18. It has
been reported that the expressions of numerous genes in
arthritis-derived FLS change considerably with passages17.
The passage-dependent gene expressions in primary FLS
not only make it difficult to get consistent and repeatable
results using primary FLS derived from a specific patient,
but also make it difficult to compare the results from differ-
ent laboratories. Moreover, the differential gene expression
detected using primary FLS (passages 2-3) may not reflect
the “true” disease characteristics of the FLS examined but
reflect the characteristics of the FLS mixed with other types
of cells. These drawbacks can be partially overcome by the
examination of telomerase-transduced FLS, since the coex-
istence of other cell types in telomerase-transduced FLS is
highly unlikely and the differential expression of a majority
of genes is largely maintained with time.

Currently, diagnosis of OA depends on clinical and radi-
ographic findings such as joint pain and radiographic
changes in articular cartilage. These approaches are only
effective in detecting intermediate or late-stage OA. New
diagnostic methods, especially for early diagnosis of OA,
are needed. A recent study reported that OA synovial tissues
displayed distinct differential expression patterns compared
to RA synovial tissues, and suggested that the differential
expression of selected genes might be useful as disease
markers16. Another study reported that OA FLS displayed
distinct differential expression patterns compared to RA
FLS and also suggested that the differential expression of
selected genes might be useful as disease markers17. In our
laboratory, we recently successfully established human
telomerase-transduced OA FLS and telomerase-transduced
RA FLS19,20. In the work reported here we examine the dif-
ferential gene expression between hTERT-OA 13A FLS and
hTERT-RA 156 FLS to investigate whether hTERT-OA 13A
FLS display a stable and distinctive gene expression profile
compared to hTERT-RA 516 FLS, and whether certain dis-
tinct gene expression patterns are disease-specific.

MATERIALS AND METHODS
Materials and cells. Dulbecco’s modified eagle medium, fetal bovine
serum, stock antibiotic and antimycotic mixture were products of
Invitrogen (Carlsbad, CA, USA). hTERT-OA 13A FLS and hTERT-RA 516
FLS have been described. They were established from passage 5 primary
OA FLS and passage 5 primary RA FLS, respectively, with the approval of
the authors’ Institutional Review Board19,20.

Cell culture and RNA extraction. hTERT-OA 13A FLS (passage 8) and
hTERT-RA 516 FLS (passage 8) were plated in 100 mm plates at 60% con-
fluence. On the second day, medium containing 10% serum was added and
cells were cultured for 24 h. Total RNA was extracted using Trizol reagent
(Invitrogen), and purified using Oligotex kit (Qiagen, Valencia, CA).
Agilent microarray and semi-quantitative reverse transcription-polymerase
chain reaction (RT-PCR) were performed using these RNA samples. The
passage 8 hTERT-OA 13A FLS and passage 8 hTERT-RA 516 FLS were
continuously expanded for 4 months. The longterm cultured hTERT-OA
13A FLS (passage 25) and hTERT-RA 516 FLS (passage 25) were plated
in 100 mm plates at 60% confluence and cultured for 24 h. RNA was
extracted using Trizol reagent and purified using Oligotex kit (Qiagen,
Valencia, CA). Affymetrix microarray and quantitative real time RT-PCR
were performed using these RNA samples.

Agilent microarrays. Microarray experiments were carried out to examine
the differential gene expression between passage 8 hTERT-OA 13A FLS
and passage 8 hTERT-RA 516 FLS using Agilent human cDNA array B
chips (Agilent, Palo Alto, CA) as described20. Microarray was scanned at
10 µm resolution using a GenePix 4000A scanner (Axon Instruments,
Union City, CA) and image was analyzed using the GenePix Pro 5.1 soft-
ware (Axon Instruments, Union City, CA) for normalization and statistical
analysis. Data was filtered for unreliable data points using Acuity software
(Axon Instruments, Union City, CA). Filtered data was imported into
GeneSpring software for further statistical analysis (Silicon Genetics,
Redwood City, CA). Differentially expressed genes were classified accord-
ing to gene ontology category biological process using Onto-Express soft-
ware (http://vortex.cs.wayne.edu/Projects.html).

Affymetrix microarray. Double-stranded DNA was synthesized using
SuperScript double-stranded cDNA synthesis kit (Invitrogen, San Diego,
CA). The DNA product was purified using GeneChip sample cleanup mod-
ule (Affymetrix, Santa Clara, CA). cRNA was synthesized and biotin
labeled using BioArray high yield RNA transcript labeling kit (Enzo Life
Sciences, Farmingdale, NY). The cRNA product was purified using
GeneChip sample cleanup module and subsequently chemically fragment-
ed. The fragmented, biotinylated cRNA was hybridized to HG-
U133_Plus_2 gene chip using Affymetrix Fluidics Station 400. Fluorescent
signal was quantified during 2 scans by Agilent Gene Array Scanner
G2500A (Agilent Technologies), and GeneChip operating Software
(Affymetrix). For further analysis of fold changes, false discovery rate, and
gene ontology, Genesifter software (VizX Labs, Seattle, WA) was used.

Semiquantitative RT-PCR. Briefly, 1 µg of RNA sample was reverse tran-
scribed at 60°C for 60 min, followed by enzyme inactivation at 85°C for 5
min. PCR experiments were carried out using ThermoScript RT-PCR
machine (Invitrogen, Carlsbad, CA). Amplifications were carried out for 30-
40 cycles by denaturing at 95°C for 30 s, annealing at 55°C for 30 s, and
extending at 72°C for 45 s, with a final extension at 72°C for 10 min. The
products were electrophoresed on 2% agarose gels, stained with ethidium
bromide, and photographed using a low light image system (ChemiImager
4000, Alpha Innotech Corporation, San Leandro, CA). Each RT-PCR exper-
iment was repeated at least 3 times using 2 or 3 different RNA batches.

Real-time RT-PCR. cDNA was synthesized using TaqMan® Reverse
Transcription Reagents (Applied Biosystems, Inc., University Park, IL).
Quantitative real time RT-PCR was then performed. Briefly, quantification
of relative transcript levels for selected genes and the housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was performed
using the ABI7000 Real Time PCR system (Applied Biosystems).
TaqMan® Gene Expression assays (Applied Biosystems) were used, which
contains a FAM-MGB probe for fluorescent detection. The probe informa-
tion can be obtained on request from the manufacturer. cDNA samples were
amplified with an initial Taq DNA polymerase activation step at 95°C for
10 min, followed by 40 cycles of denaturation at 95°C for 15 s and anneal-
ing at 60°C for 1 min. For each gene, Ct values were obtained in triplicate.
Fold change was calculated21 and the expression level of the genes of inter-
est was normalized to the expression level of GAPDH. Each real time RT-
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PCR experiment was repeated twice in triplicate using 2 different RNA
batches.

RESULTS
Differential gene expression in passage 8 FLS. Agilent
microarray analyses of the differential gene expression in
passage 8 hTERT-OA 13A FLS and passage 8 hTERT-RA
516 FLS were carried out as described in Materials and
Methods. We found that the dye bias was substantial, and
caused many false positive results. Therefore, 2 microarrays
were performed by reverse labeling with Cy3 and Cy5. Only
the genes that showed similar differential gene expression in
both microarrays were selected for further study and/or dis-
cussion. Among the more than 22,605 transcripts examined,
a total of 178 differentially-expressed genes (more than 2.5-
fold) were detected; 62 genes were expressed at higher lev-
els and 116 genes were expressed at lower levels in hTERT-
OA 13A FLS compared to hTERT-RA 516 FLS (data not
shown). These differentially expressed genes were classified
according to gene ontology category biological process.
Selected genes, which are involved in a specific biological
process that has been implicated in OA or is suspected to
play a role in OA pathological calcification such as ectonu-
cleotide pyrophosphatase-phosphodiesterase 2 (ENPP2) and
adenylate cyclase 3 (ADCY3), are listed in Table 1.

A distinct and notable differential gene expression pat-
tern was the elevated expression of many genes classified
into the biological process immune response in the hTERT-
OA 13A FLS (passage 8) compared to hTERT-RA 516 FLS
(passage 8). Of the 12 genes classified into the biological
process immune response, 8 genes displayed elevated
expressions and only 4 genes displayed decreased expres-
sion in hTERT-OA 13A FLS compared to hTERT-RA 516
FLS. Another notable differential gene expression pattern
was the elevated expression of several genes associated with
lipid transport, catabolism, and metabolism biological
processes in the hTERT-OA 13A FLS compared to hTERT-
RA 516 FLS.

Many genes implicated in calcification process in OA
have been recently identified, including ectonucleotide
pyrophosphatase-phosphodiesterase 1 (ENPP1/PC-1),
ADCY3, progressive ankylosis homolog (ANKH), and tis-
sue nonspecific alkaline phosphatase (TNSAP)22-25. These
proteins share a common feature in that they are all in some
way related to pyrophosphate. Interestingly, ADCY3,
ENPP2, and ectonucleoside triphosphate diphosphohydro-
lase 1 (ENTPD1), which are related to pyrophosphate, were
found to be expressed at elevated levels in the passage 8
hTERT-OA 13A FLS compared to passage 8 hTERT-RA
516 FLS (Table 1). The elevated expression of these 3 genes
was also detected in passage 25 hTERT-OA 13A FLS
(Table 1, column 3; the numbers inside the parentheses
indicate the differential expression of these genes between
passage 25 hTERT-OA 13A FLS and 25 passage hTERT-
RA 516 FLS).

Validation of differential expression of selected genes. We
carried out semiquantitative RT-PCR to validate the differ-
ential expression of 3 genes classified into the biological
process immune response: major histocompatibility com-
plex, class II, DR beta 4 (HLA-DRB4); MHC, class II, DR
beta 3 (HLA-DRB3); and MHC, class II, DP alpha 1 (HLA-
DPA). As shown in Figure 1, elevated expression of these 3
genes in passage 8 hTERT-OA 13A FLS compared to pas-
sage 8 hTERT-RA 516 FLS was confirmed. We also carried
out semiquantitative RT-PCR to validate the differential
expression of 3 genes involved in lipid transport and catab-
olism: macrophage scavenger receptor type 1 (MSR1), phos-
pholipase A2 group IIA (PLA2G2A), and CD36 antigen
(CD36). The differential expression of these 3 genes
between hTERT-OA 13A FLS and hTERT-RA 516 FLS was
also confirmed by semiquantitative RT-PCR (Figure 1).

Differential gene expression in longterm cultures of FLS. To
determine the genotypic and phenotypic stability of hTERT-
OA 13A FLS, and further investigate the differential gene
expressions, a microarray experiment using Affymetrix HG-
U133_Plus_2 gene chips and RNA samples extracted from
the longterm culture of hTERT-OA 13A FLS (passage 25)
and hTERT-RA 516 FLS (passage 25) were performed. We
decided to use Affymetrix microarray this time instead of
Agilent microarray because we found that Agilent microar-
ray was less sensitive than Affymetrix microarray in detect-
ing differential gene expressions and Affymetrix HG-
U133_Plus_2 gene chip covers more transcripts (more than
50,000 transcripts) than Agilent human cDNA array B chip
(22,605 transcripts). Of more than 50,000 transcripts exam-
ined, 2,033 genes that displayed differential gene expression
(more than 2-fold) were identified; 895 genes were
expressed at higher levels and 1,138 genes at lower levels in
passage 25 hTERT-OA 13A FLS compared to passage 25
hTERT-RA 516 FLS (data not shown).

Differentially-expressed genes were classified according
to gene ontology category biological process and selected
results are listed in Table 2. We were particularly interested
in identifying distinct differential gene expression patterns.
As shown in Table 2, distinct differential gene expression
patterns were apparent. For example, of the 62 differential-
ly-expressed genes classified into the immune response bio-
logical process, 39 genes had elevated expressions and 23
genes had decreased expression in hTERT-OA 13A FLS
compared to hTERT-RA 516 FLS. In other words, 39 genes
had elevated expressions in hTERT-OA 13A FLS compared
to hTERT-RA 516 FLS, and 23 genes had elevated expres-
sions in hTERT-RA 516 FLS compared to hTERT-OA 13A
FLS. Of the 15 differentially expressed genes classified into
the phosphate transport biological process, 10 genes had an
elevated expression and only 5 genes had decreased expres-
sion in hTERT-OA 13A FLS compared to hTERT-RA 516
FLS. Of the 14 genes classified into the lipid catabolic
process/lipid transport biological processes, 11 genes had an
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elevated expression and only 4 genes had decreased expres-
sion in hTERT-OA 13A FLS compared to hTERT-RA 516
FLS. Of the 6 differentially expressed genes classified into
the fatty acid metabolic process, 4 genes had an elevated
expression and 2 genes had decreased expressions in
hTERT-OA 13A FLS.

In contrast, the genes that had elevated expressions in
hTERT-RA 516 FLS fell into a different category of biolog-
ical processes. For example, of the 34 differentially expressed
genes classified into the positive regulation of cell prolifera-
tion biological process, 24 genes had an elevated expression
and only 10 genes had decreased expression in hTERT-RA
516 FLS compared to hTERT-OA 13A FLS. Of the 22 differ-
entially expressed genes classified into the anti-apoptosis bio-
logical process, 17 genes had an elevated expression and only
5 genes had a decreased expression in hTERT-RA 516 FLS
compared to hTERT-OA 13A FLS. Of the 20 differentially
expressed genes classified into the angiogenesis biological
process, 15 genes had an elevated expression in hTERT-RA
516 FLS and only 5 genes had decreased expression. These
distinct distributions of the differentially-expressed genes in
different sets of biological processes suggest that OA 13A
FLS and hTERT-RA 516 FLS have definitely different cellu-
lar properties and activities.

Validation of differential expression of selected genes by
real-time RT-PCR. The genes selected for validation includ-
ed MHC, class II, DR alpha (HLA-DRA), microsomal glu-
tathione S-transferase 1 (MGST1), matrix metalloproteinase

(MMP)1, 3 rab genes and 2 collagen genes. A disintegrin
and metalloproteinase with thrombospondin type 1 motif
(ADAMTS1), which was expressed at a lower level in both
the passage 8 and passage 25 hTERT-OA 13A FLS com-
pared to hTERT-RA 516 FLS, was also selected for valida-
tion. The results of quantitative real-time RT-PCR are listed
in Table 3. As shown, the differential expression of these
genes in the longterm culture of hTERT-OA 13A FLS and
hTERT-RA 516 FLS were confirmed by quantitative real-
time RT-PCR.

DISCUSSION
In our study, we demonstrate that hTERT-OA 13A FLS dis-
play a stable differential gene expression profile compared
to hTERT-RA 516 FLS. Of the 62 genes that were detected
with elevated expressions in passage 8 hTERT-OA 13A FLS
compared to passage 8 hTERT-RA 516 FLS, 43 genes
(69%) showed elevated expression in passage 25 hTERT-
OA 13A FLS compared to passage 25 hTERT-RA 516 FLS.
All the genes listed in Table 1 which displayed elevated
expression in passage 8 hTERT-OA 13A FLS were found to
display elevated expression in passage 25 hTERT-OA 13A
FLS with the exception of HLA-DRB3, indoleamine-pyr-
role 2-3 dioxygenase (INDO) and CCL26/eotaxin-3 (Table
1). There was no elevated expression of HLA-DRB3, INDO,
and CCL26/eotaxin-3 detected in passage 25 hTERT-OA
13A FLS (Table 1).

As hTERT-OA 13A FLS and hTERT-RA 516 FLS con-
tain no other types of cells, the differential expressions
between hTERT-OA 13A FLS and hTERT-RA 516 FLS
may reflect the FLS-specific “true” disease characteristics
of OA 13A FLS and RA 516 FLS. In addition, because the
differential expression of a majority of genes remains large-
ly unchanged with time, telomerase transduced FLS offer a
valuable tool for the study of arthritis-derived FLS and for
the identification of disease candidate genes.

MMP, cathepsins, and ADAMS are all implicated in
arthritis3,8,26-30. MMP-1 and MMP13 degrade type II colla-
gen. MMP2, MMP3, MMP9, and ADAMTS degrade pro-
teoglycans. Our microarray data revealed that a similar
number of genes encoding proteolytic proteins was
expressed at higher levels in hTERT-OA 13A FLS (49
genes) (Table 2, column 3, the positive numbers) and in
hTERT-RA 516 FLS (44 genes) (Table 2, column 3, the neg-
ative numbers), indicating that proteolytic proteins play an
important role in both OA and RA. However, the functional
family classifications of the upregulated genes in hTERT-
OA 13A FLS were different from the functional family clas-
sifications of the upregulated genes in hTERT-RA 516 FLS.
MMP3, MMP1, and several cathepsins were expressed at
higher levels in hTERT-OA 13A FLS compared to hTERT-
RA 516 FLS (Table 2, column 3, the positive numbers). In
contrast, ADAMTS5, ADAMTS3, ADAMTS1, and several
carboxypeptidases were expressed at higher levels in
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Figure 1. Validation of the differential expression of selected genes.
hTERT-OA 13A FLS (passage 8) and hTERT-RA 516 FLS (passage 8)
were plated in 100 mm plates at 60% confluence. On the second day, medi-
um containing 10% serum was added and the cells cultured for another 24
h. RNA samples were extracted and examined by semiquantitative RT-
PCR. A. The mRNA levels of HLA-DRB4, HLA-DRB3, HLA-DPA1, and
ß-Actin. B. The mRNA levels of MSR1, PLA2G2A, CD36, and ß-Actin.
Experiments were repeated at least 3 times and used 2 different RNA
batches. Similar results were obtained.
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hTERT-RA 516 FLS compared to hTERT-OA 13A FLS
(Table 2, column 3, the negative numbers). The findings that
ADAMTS5 and ADAMTS1 are expressed at decreased
levels in hTERT-OA 13A FLS compared to hTERT-RA 516
FLS are consistent with a previous finding that ADAMTS5
and ADAMTS1 are expressed at decreased levels in OA
synovium and OA articular cartilage31. These findings

together suggest that OA FLS may be involved in the degra-
dation of both proteoglycans and type II collagen, and that
RA FLS may be mainly involved in the degradation of pro-
teoglycans, consistent with the clinical observations that
degradation of type II collagen in articular cartilage is much
more prominent in OA than in RA except at the pannus-car-
tilage junction. At the pannus-cartilage junction, RA FLS
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may be involved in the degradation of collagen by secreting
inflammatory cytokines and stimulating the expression of
collagen II degrading enzymes by articular chondrocytes.

In addition to MMP and ADAMS, many other genes pre-
viously found to be aberrantly expressed in OA were detect-
ed in our study. They include PLA232, collagen, type XI,

alpha 1 (COL11A1)33,34, ANKH35,36, interleukin (IL)-737,
IL1 receptor alpha 1 (IL1R1)16, fibronectin 1 (FN1)16,
human complement subcomponent C1s (C1S)38, and v-ets
erythroblastosis virus E26 oncogene homolog 1 (ETS1)39.
PLA2 is expressed at higher or similar levels in OA joint tis-
sues compared with RA joint tissues, and may play a role in
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inflammation32. Decreased expression of COL11A1 due to
a mutation has been shown to cause OA-like changes
including reduced mechanical function of articular cartilage
and increased degradation of type II collagen33,34. IL-7 is
expressed in OA chondrocytes and the expression of colla-
gen-degrading enzymes such as MMP13 is induced by IL-

737. Lost-function mutations of ANKH cause calcification
and degeneration of articular cartilage35,36. Aberrant expres-
sion of IL1R1 and FN1 are potential disease markers of
OA16. C1S and ETS1 have been implicated in RA40,41. The
consistency between our findings and previous findings pro-
vides further support for the hypothesis that OA FLS is not
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a bystander in OA. In addition, it suggests the validity of our
approach to the study of OA FLS, and our approach to the
identification of potential disease candidate genes using
telomerase transduced OA FLS.

OA is recognized as having a genetic component. Many
genes harboring susceptibility for primary OA have been
recently identified through genome-wide linkage scan of

genetic polymorphisms and association analysis. We recent-
ly did a literature search for these genes. The genes we
found from published articles are listed in Table 6.
Incredibly, of the 28 genes harboring susceptibility for pri-
mary OA, 11 genes (39%) are detected in our study and are
differentially expressed between hTERT-OA 13A FLS and
hTERT-RA 516 FLS (Table 4). This match not only demon-
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strates that telomerase transduced FLS is a valuable tool for
the study of arthritis derived FLS but also provides further
support for the previous findings that ADAM metallopepti-
dase domain 12 (ADAM12), ADAMTS-5, asporin (ASPN),
cartilage oligomeric matrix protein (COMP), deiodinase
type II (DIO2), ENPP1, estrogen receptor 1 (ESR1), growth
differentiation factor 5 (GDF5), isocitrate dehydrogenase
(IDH1), neuropilin 2 (NRP2), and matrilin 3 (MATN3) har-
bor susceptibility for primary OA.

Phosphate-containing crystals are detected in synovial
fluid of up to 70% of patients with OA. These crystals may
accelerate the progression of OA42-45. It has been reported
that phosphate plays a role in IL-8 induced hypertrophy of
articular chondrocytes46, and that phosphate affects growth
plate chondrocyte maturation, apoptosis, and mineraliza-
tion47,48. In our study, we found that many genes involved in
phosphate transport were highly expressed in hTERT-OA
13A FLS (Tables 1 and 2). This distinct differential gene
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expression pattern suggests that the regulation of phosphate
in OA FLS is different from that in RA FLS. Interestingly,
several genes implicated in promoting or inhibiting patho-
logical calcification are also expressed at higher levels in
passage 25 hTERT-OA 13A FLS compared to passage 25
hTERT-RA 516 FLS including ENPP1 (1.5-fold), ENPP2

(5.2-fold), ENTPD1 (18.3-fold), and ADCY3 (2.6-fold).
Although the implication of these differential gene expres-
sion patterns is unclear at present, it warrants further study
because the deposition of phosphate-containing crystals in
the knee joints of patients with OA is a prominent clinical
phenomenon.

Increasing evidence suggests that oxidized low density
lipoproteins (ox-LDL) may play a role in the pathogenesis
of OA49,50. The percentage of ox-LDL-positive chondro-
cytes is much higher in OA chondrocytes and correlates
with OA grade51,52. Because phospholipid is one of the
components of ox-LDL, and has been implicated in calcifi-
cation53,54, elevated transport and catabolism of ox-LDL
may disturb local homeostasis of phosphate and play a role
in pathological calcification. Interestingly, our microarray
data revealed that many genes involved in the transport and
catabolic process of lipids and ox-LDL were expressed at
higher levels in hTERT-OA 13A FLS (Table 2), suggesting
a possible involvement of synovial lipids and ox-LDL in the
disease process of OA.

Our microarray data also revealed distinct distributions
of the genes classified into the positive regulation of cell
proliferation biological process including fibroblast growth
factor (FGF)2, FGF9, and FGF10, the anti-apoptosis biolog-
ical process including secreted frizzled-related protein 1
(SFRP1), bcl-2-related protein A1 (BCL2A1), and tumor
necrosis factor receptor-related receptor for TRAIL
(TNFRSF10D/TRAIL receptor 4) and the angiogenesis bio-
logical process including angiopoietin 1 (ANGPT1), vascu-
lar endothelial growth factor C (VEGFC), FGF1, and con-
nective tissue growth factor (CTGF) (Table 2). These dis-
tinct distributions appear consistent with the clinical obser-
vations that severe synovial hyperplasia occurs in RA but
not in OA, suggesting an abnormal regulation of prolifera-
tion, apoptosis, and angiogenesis in RA FLS. On the other
hand, apoptosis of articular chondrocytes has been implicat-
ed in OA. The decreased release by OA FLS of certain sol-
uble factors involved in above 3 biological processes may
have certain effects on the survival of articular chondrocytes
in OA. This subject may warrant further study.

Kato, et al16 reported that the differential expression of
selected genes between OA synovium and RA synovium
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Table 3. Differential expression detected by microarray versus that detected by real-time RT-PCR between hTERT-OA 13AFLS and hTERT-RA 516 FLS.
Numbers are the ratio of the relative expression level of a gene in hTERT-OA 13A FLS to the relative expression level of a gene in hTERT-RA 516 FLS.

Gene Microarray Microarray RT-PCR Description
(passage 8) (passage 25) (passage 25)

HLA-DRA 2.5 82 89.6 Major histocompatibility complex, class II, DR alpha
MGST1 4.5 164 230.1 Microsomal glutathione S-transferase 1
RAB27B 4.3 6.8 16.6 Ras-related GTP-binding protein 27b, GTP-binding protein and GTPase
MMP1 — 1.74 5.2 Matrix metalloproteinase 1
COL5A3 — 11.38 12.41 Collagen, type III, Alpha 1
COL8A2 — 8.04 12.28 Collagen, type V, alpha 3
ADAMTS1 0.16 0.20 0.36 ADAM metallopeptidase with thrombospondin type 1 motif 1

Table 4. Genes harboring susceptibility for OA, and their differential
expressions between hTERT-OA 13A FLS (25 passages) and hTERT-RA
516 FLS (25 passages).

Gene Differential Expression

AACT (1)
ADAM12 (1) –2.4
ADAMTS-5 (2) –4.1
ASPN (3) 2.1
BMP2 (1)
CALM1 (3)
CLIP (1)
COL2A1 (3)
COMP (3) –3.3
COX2 (1)
DIO2 (4) –3.6
ENPP1 (5) 1.5
ESR1 (1) 1.6
FRZB (3)
GDF5 (6) –1.5
IDH1 (7) 1.6
IL-1 (8)
ILR4 (9)
NRP2 (7) –1.6
MATN3 (2) –2.1
OPG (1)
PLA2G4A (10)
PTGS2 (10)
RHOB (11)
TNA (1)
TXNDC3 (11)
VDR (1)

Genes harboring susceptibility for OA from the literature: (1) Arthritis
Rheum 2006; 54:533–9. (2)Arthritis Rheum 2008; 58:435–41. (3)Arthritis
Rheum 2007; 56:137–46. (4) Hum Mol Genet 2008; 17:1867-75. (5)
Arthritis Res Ther 2005; 7:R1082–90. (6) Hum Mol Genet 2008;
17:1497–504. (7) Eur J Hum Genet 2007; 15:791–9. (8) Arthritis Rheum
2004; 50:1179–86. (9) Expert Rev Mol Med 2005; 7:1–12. (10)AM J Hum
Genet 2008; 82:1231–40. (11) Am J Hum Genet 2006; 78:793–803.
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might be used as a synovial disease marker of OA.
Significantly, of the proposed 12 group I candidate bio-
markers, 7 (58%) were detected in this study, and 5 dis-
played similar differential gene expressions (Table 5). Of the
proposed 9 group II candidate biomarkers, 5 (56%) were
detected in our study (Table 5). The consistency between our
findings and the previous report16 suggests that human
telomerase-transduced OA FLS display a disease-specific
gene expression profile. In addition, this supports the appli-
cation of selected differential gene expressions as disease
markers of OA.

Our findings are consistent with many clinical observa-
tions and previous experimental data; however, unexpected
findings were also uncovered. OA is a degenerative disease,
whereas RA is an abnormal immune response disease.
Naturally, one would expect that the number of immune
response genes displaying elevated expressions in RA FLS
would outnumber the number of immune response genes
displaying elevated expressions in OA FLS. However, we
observed the opposite. A possible explanation for this unex-
pected finding is that OA 13A FLS possess certain traits of
macrophage-like synoviocytes (MLS). The elevated expres-
sion of HLA-DPA1, HLA-DRB4, HLA-DQA1, and car-
boxylesterase 1/monocyte-macrophage serine esterase 1
(CES1) in hTERT-OA 13A FLS provides support for this
explanation55. Recently it has been shown that synovial
macrophages mediate the formation of osteophyte in OA56.
It is worth noting that the association of osteophytes with

OA may be partially explained by our finding that OA FLS
possess certain traits of MLS. OA-FLS, together with OA-
MLS, may promote the formation of osteophyte. However,
further study is needed to examine the role of OA FLS in the
formation of osteophytes.

Galligan, et al17 recently reported that 287 differentially
expressed genes were detected between OA FLS and RA
FLS.Among these genes, 67 genes displayed significant dif-
ferential gene expressions from control base line. Of the 67
genes, 23 (34%) are detected in our study. However, only 10
genes (44%) among the 23 displayed similar differential
gene expressions; 7 had decreased expression and 3 had ele-
vated expression in OA FLS compared to RA FLS (Table 6,
the 3 columns from the left). The other 13 genes display
opposite differential gene expressions (Table 6, the 3
columns from the right). One possible explanation for this
“inconsistency” is that primary FLS of passages 2-3 may
contain up to 5% of other types of cells, but telomerase-
transduced FLS contain no other types of cells. The elevat-
ed expression of HLA-DRA and HLA-DRB4 in primary
passage RA FLS compared to primary early passage OA
FLS, especially in passage 2 FLS, might result from the ele-
vated expressions of these genes in RA MLS rather than in
RA FLS56. In contrast, the elevated expression of HLA-
DRA and HLA-DRB4 in hTERT-OA 13A FLS compared to
hTERT-RA 516 FLS might actually reflect the intrinsic
characteristics of the OA 13A FLS.

Our study has limitations. All gene expressions were
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Table 5. Comparison of the differential expressions of putative disease markers.

Gene Differential Gene Name Differential Mean Absolute Description
Expression* Expression** Deviation**†

(hTERT-OA 13A FLS/ (OA synovium/
hTERT-RA 516 FLS) RA synovium)

(passage 25)

Group I
IL1R1 2.05 ILIR1 2.15 Interleukin 1 receptor, type I
P4HA2 2.37 P4HA2 1.93 Procollagen-proline, 2-oxoglutarate 4-dioxygenase
COL3A1 2.35 COL3A1 1.96 Collagen, type III, alpha 1
SORD 0.49 SORD 0.59 Hyman L-iditol-2 dehydrogenase
PGK1 0.58 PGK1 0.24 Phosphoglycerate kinase (alternatively spliced)
EXT1 2.47 EXT1 0.61 Homo sapiens insert cDNA clone YP87D03.
LIMK2 0.36 LIMK2 1.38 LIM domain kinase 2, transcript variant 2a
Group II
RPL15 2.23 NA NA 1.4 ESTs, AI939308
CXCL2 2.82 NA 1.32 Human gro-beta mRNA, complete cds
GSTT1 1.78 NA 1.30 Glutathione S-transferase theta 1
PPP2R5C 1.65 NA 1.42 Homo sapiens mRNA; cDNA DKFZp761H0317
FN1 0.40 NA 1.40 Homo sapiens mRNA for MSF-FN70 (FN gene)

* This study. Numbers are the ratio of the relative expression level of a gene in hTERT-OA 13A FLS to relative expression level of a gene in hTERT-RA 516
FLS. ** Previously reported16. Numbers are the ratio of the relative expression level of a gene in OA synovium to relative expression level of a gene in RA
synovium. † Mean absolute deviation of the expression levels of a gene in OA synovium from the mean of the expression levels of a gene in normal synovi-
um. Group I: The genes that displayed either elevated expression or decreased expression in all OA synovium samples compared to all RA synovium sam-
ples. Group II: The genes that displayed greater differential gene expression (judged by mean absolute deviation) between OA synovium and RA synovium,
although in some OA synovium samples expression of the gene of interest was up and in other OA synovium samples expression was down compared to RA
synovium samples16.
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examined at transcription levels. In order to draw a more
definite conclusion, confirmation at the protein level is
needed. Another limitation is that the gene expressions were
compared between one telomerase-transduced OA FLS and
one telomerase-transduced RA FLS. Although many of our
findings are consistent with findings reported from other
laboratories where a large number of primary OA synovi-
um/FLS and RA synovium/FLS was used, it is still uncer-
tain how many of the differentially expressed genes (Table
2) are disease-specific rather than individual-specific. It is
also unclear whether longterm cultures of telomerase-trans-
duced OA FLS can be classified into different subgroups
according to their gene expression profiles. A larger number
of telomerase-transduced OA and RA FLS are needed to
address these issues. We plan to establish a larger number of
telomerase-transduced OA and RA FLS, and will carry out
further studies to address these limitations.
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