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ABSTRACT:

OBJECTIVE: Osteophytes are present in osteoarthritis, but not in rheumatoid arthritis (RA). It has been suggested that osteophytes are
absent in RA due to the presence of the inflammatory cytokine tumor necrosis factor-a (TNF-a). We want to investigate whether TNF-a blocks
osteophyte formation via the potent osteophyte inhibitor Dickkopf-1 (DKK-1) or via a different signaling pathway. We aimed to determine if
interleukin-1p (IL-1B) and TNF-a were able to inhibit formation of growth factor induced osteophytes in vitro.

METHODS: We cultured bovine periosteum as explants. We stimulated them with transforming growth factor-$ (TGF-f) and/or bone mor-
phogenetic protein 2 (BMP2) to induce the formation of osteophytes. Then we combined growth factor stimulation with IL-1(3 or TNF-a to
investigate whether these cytokines were capable of blocking osteophyte formation. We performed quantitative polymerase chain reaction
for chondrogenesis- and osteogenesis-related genes and DKK-1. Furthermore, we performed microscopic analysis on the histology of the
explants.

RESULTS: We observed chondrogenesis in the explants stimulated with TGF-f3 alone or combined with BMP2. No chondrogenesis was
observed histologically in BMP2 stimulated explants. In the explants, exposure to TGF-f3 alone or combined with BMP2 up-regulated gene
expression of aggrecan, but down-regulated osteogenesis related genes and DKK-1. IL-13 down-regulated collagen 2 (Col2) and aggrecan
expression in all conditions, while TNF-a was only able to inhibit Col2 and aggrecan in the TGF-f stimulated explants.

CONCLUSION: There was no obvious effect of TNF-a on DKK-1 expression. IL-1f blocked osteophyte formation in growth factor stimulated
explants. TNF-a inhibited osteophyte formation in any TGF-@ stimulated explant completely, but partly inhibited TGF-f plus BMP2 induced os-
teophyte formation. With these results, absence of osteophytes in RA cannot be explained only by inhibitory effects of TNF-a through DKK-1.

WHAT’S KNOWN: Osteophytes are present in osteoarthritis, but not in rheumatoid arthritis (RA). It has been suggested that osteophytes are

absent in RA due to the presence of the inflammatory cytokine tumor necrosis factor-a (TNF-a) via the potent osteophyte inhibitor Dick-

kopf-1 (DKK-1).

WHAT'’S NEW: Although TNF- a was able to inhibit osteophyte formation in TGF-  stimulated chondrocytes, no effect on DKK-1 expression
was found. The absence of osteophytes in RA can therefore not be explained only by inhibitory effect of TNF-a through DKK-1.
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Introduction

cartilage, synovium and bone. It is characterized by carti-

lage breakdown and eventually osteophyte formation [1].
Rheumatoid arthritis (RA) is characterized by inflammation of the sy-
novium and erosion of cartilage and bone [2]. OA and RA are both
inflammatory diseases in which the inflammatory cytokines necrosis
factor-a (TNF-a) and interleukin-1{ (IL-1B) have an important role [3,
4]. However, osteophytes are found in OA, but they are not found in
human rheumatoid arthritis (RA). Primarily, we want to determine
whether the absence of osteophytes in RA is due to the presence of
the inflammatory cytokine TNF-a via the potent osteophyte inhibitor
Dickkopf-1 (DKK-1) [5] or via a different signalling pathway. Secondly,
we aimed to determine whether IL-13 and TNF-a were able to inhi-
bit formation of growth factor induced osteophytes in vitro, which
would explain the absence of osteophytes in RA.

Osteoarthritis (OA) is a degenerative joint disease involving

Osteophytes

Osteophytes are newly formed bone spurs at the edge of the joint.
They can cause serious medical problems, including restriction of joint
movement and pain [6]. However, there is no clear correlation between
presence and severity of osteophytes and pain in patients with OA [7].
Osteophytes might also have a positive effect by increasing the joint

surface and thereby decreasing the pressure per surface unit, but this
is still under debate [6]. Osteophyte formation originates from the pe-
riosteum, which is a tissue layer that covers the bone [6]. The process
starts with chondrogenesis, followed by formation of cartilage-like tissue
called a chondrophyte. Consecutively, the cells undergo hypertrophy
and are replaced by bone (osteophyte) [8].

The formation of bone is called osteogenesis and takes place through
two different mechanisms: endochondral bone formation (EBF)
and intramembranous bone formation (IBF). In OA, osteophytes are
mainly formed by EBF, thereby using cartilage as transition phase. In
RA models, osteophyte formation through IBS is observed, in which
mesenchymal stem cells directly differentiate into osteoblasts [2].

Transforming growth factor 8 superfamily signaling

In this study we stimulated periosteal cells derived from bovine periost
with transforming growth factor B (TGF-B) and/or bone morphogene-
tic protein 2 (BMP2), both ligands of the transforming growth factor 3
superfamily, as an in vitro model for osteophyte formation. TGF-$ su-
perfamily signalling is involved in many cellular processes, including
cell growth, migration, differentiation and apoptosis. TGF-f3 superfamily
signalling is activated when a TGF-B superfamily ligand binds cognate
transmembrane receptor kinases.
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TGF-B and BMP2 are involved in a variety of development processes
including chondrogenesis [8, 9]. In patients with osteoarthritis TGF-3
is suggested to have an important role in the pathogenesis, since ele-
vated values of active TGF-f are found in the synovial fluid. Moreover,
knee joints which are exposed to TGF-f3 show changes in OA cartilage
and after TGF-3 overexpression in the knee joint, osteophyte formation
occurred[10]. TGF-( is suggested to initiate the process of the formation
of osteophytes by enchondral ossification in OA, whereas BMP2 is impor-
tant in later phases of this process[8].

Interleukin-1f and tumor necrosis factor-a

The cytokines IL-13 and TNF-a are major mediators of local inflammatory
processes in the joint which inhibit cartilage matrix synthesis by chon-
drocytes. It is also known that IL-13 and TNF-a induce the breakdown of
extracellular matrix molecules of articular cartilage [11]. IL-13 not only
breaks down extracellular matrix molecules, it also inhibits the synthesis
of collagen type Il and proteoglycans which are essential components of
osteophyte formation [12]. IL-1(3 is therefore suggested to have an inhi-
bitory effect on osteophyte formation [4].

TNF-a is secreted during inflammation and promotes bone destruction.
In RA, TNF-a is suggested to inhibit osteophyte formation via DKK-1, a
potent Wingless and Int homolog (Wnt) signalling pathway inhibitor. In
human RA joint sections increased DKK-1 levels are found compared to
OA sections [5].

Whnt signalling is a key trigger for bone formation. By inhibiting Wnt via
DKK-1 in TNF-a transgenic mice, osteophyte formation was absent [5]. In
earlier mouse models, we did not find inhibition of osteophyte forma-
tion with TNF-a via DKK-1. We found no differences in osteophyte forma-
tion in TNF-a knockout mice, compared to wild type mice. We also found
that TNF-a does not decrease the incidence of osteophyte formation in
RA models. This indicates that the inhibition of Wnt signalling by TNF-a
suggested by Diarra et al did not occur in our model [13].

In this project, we will determine whether IL-18 and TNF-a are able to
inhibit osteophyte formation. Moreover, we question whether TNF-a has
a negative effect on osteophyte formation via DKK-1 as suggested by
Diarra et al, since we found inconsistent findings in earlier mice experi-
ments. In these previous experiments we found that TNF-a has a pos-
sible role in osteophyte inhibition in RA via another pathway: Smad2/3
phosphorylation. We found low expression of Smad2/3 phosphorylation
during streptococcal cell wall induced arthritis [13]. Therefore we want
to investigate whether we can reproduce the TNF-a induced osteophyte
inhibition via DKK-1.

We hypothesize that IL-13 and TNF-a can block growth factor induced
osteophyte formation in vitro. We suggest that TNF-a has no negative
effect on osteophyte formation via DKK-1.To investigate our hypothesis,
the effect of these cytokines on growth factor induced osteophytes in
vitro was determined.

Materials and Methods

Osteophyte formation by culturing periosteal explants

The materials and methods used to obtain periosteal explants, to cul-
ture them and to induce osteophyte formation are shown in appendix
I In our first experiment, we determined whether growth factors were
able to induce osteophyte formation by histology and by gene expres-
sion after 4 and 6 weeks. We stimulated the explants with TGF-3, BMP2
or both. An endpoint of the experiment of 6 weeks was chosen, the
same endpoint of culturing performed by O'Driscoll et al [14]. The ex-
plant sections used for histology were stained with Safranin O and Fast
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Green (appendix II). Safranin O is specifically stains products of cartilage
including proteoglycans red and Fast Green stains subchondral bone
and fibrous tissue blue [15, 16]. We measured the mRNA expression of
Glyceraldehyde-3-phospate dehydrogenase (GAPDH), DKK-1, aggrecan,
type | collagen (Col1), Col2 and Col10, runt-related transcription factor-2
(Runx2) and osteocalcin to determine the effect of growth factors on the
explants. The housekeeping gene GAPDH was used as internal control,
since it is expressed continuously and is involved in cell catabolic proces-
ses [17]. Cartilage contains the extracellular matrix components Col2 and
the proteoglycan aggrecan, whereas bone contains Col1 [18]. Col2 and
aggrecan are increased in the early process of chondrogenesis during
EBF. Col10is a marker for late-stage chondrocyte hypertrophy associated
with EBF [19, 20]. Runx2 is a master regulator of osteoblast and terminal
chondrocyte differentiation and is an accepted early marker for osteo-
genesis [20, 21]. Osteocalcin is a bone specific protein and therefore a
measure for calcification [22]. The relative changes in mRNA expression
of these genes in response to growth factors was measured by quantita-
tive polymerase chain reaction (Q-PCR) analysis.

Table 1 Q-PCR primer list.

Gene Forward primer’ Reverse primer’

Aggrecan | TGAAACCACCTCCACCTTCCATGA TCAAAGGCAGTGGTTGACTCTCCA

Col1 AGTCAAGAACTGGTACAGAAATTCCAA | CTGGGTACCACCGTTGATAGTTT
Col2 TGATCGAGTACCGGTCACAGAA CCATGGGTGCAATGTCAATG
Col10 CCATCCAACACCAAGACACAGT TGCTCTCCTCTCAGTGATACACCTT

DKK-1 GCAGCAAGTACCAGACCATTGAC CGACAGGCGAGGCAGATT
GAPDH CACCCACGGCAAGTTCAAC TCTCGCTCCTGGAAGATGGT
ocC CCCAAGAGGGAGGTGTGTGA GCCGATAGGCTTCCTGGAA
Runx2 TGCACCACCACCTCGAATG CTTCCGTCGGCGTCAAC

! Forward and reverse primers are shown from 3'to 5; OC, osteocalcin

The effect of TNF-a and IL-1f on osteophyte formation

To identify the role of TNF-a and IL-1f3 on osteophyte formation we
stimulated bovine periosteal explants with TGF-3, BMP2 or both,
combined with TNF-a and IL-1(3 exposure. The effects of TNF-a and IL-13
on growth factor induced osteophyte formation were determined by
histology and gene expression.

mRNA isolation and Q-PCR

mMRNA was extracted from the periosteal explants through different
steps (appendix lll). Eventually, gene expression of the genes of interest
(Aggrecan, Col1, Col2, Col10, DKK-1, GAPDH, osteocalcin and Runx2)
(table 1) were determined by Q-PCR. The primer mix consisted of a
forward and a reversed primer of each gene.

All primers were obtained from Biolegio BV (Nijmegen, the Ne-
therlands). Q-PCR quantified the results in CT (threshold cycle). The
threshold was put at 0.2, which is at the linear part of the curve in the
amplification plot. The CT values of the interested genes of a sample
were corrected for GAPDH, which leads to the ACT value. Then the ACT
values of the interested genes in stimulated explants were corrected
for the unstimulated control explants which eventually leads to a AACT
value.
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The effect of growth factor induced osteophyte formation

BMP2 was not capable of inducing osteophyte formation. We observed
proliferation of fibrous cells, but no cartilage-like cells were seen. On the
other hand, TGF-3 was capable of inducing osteophyte formation. Carti-
lage-like structures were observed after 4 weeks which were enlarged by
6 weeks. The combination of TGF-3 and BMP2 was also capable of indu-
cing osteophyte formation in periosteal explants.

After 4 weeks we observed more chondrogenesis in the culture stimula-
ted with TGF- combined with BMP2, compared to TGF-3 alone. After 6
weeks the osteophytes were enlarged in the culture of combined stimu-
lation with TGF-3 and BMP2 (figure 1b).

Periosteal explants which were exposed to IL-1( alone, formed cartilage-
like cells after 6 weeks, but hardly any cartilage matrix was seen. Further-
more, IL-13 inhibited cell proliferation in BMP2 stimulated explants.
IL-1B completely blocked TGF-f3 induced osteophyte formation at 4 and
6 weeks. Strikingly, despite the block of osteophyte formation we did
observe a fibrous layer that had formed on the explants after 6 weeks
of TGF-B and IL-1f3 stimulation. When we combined TGF-$ with BMP2,
IL-1B inhibited osteophyte formation completely, but the thick fibrous
layer was also present on the explants after 6 weeks similar to the layer
observed when TGF-{3 alone was combined with IL-1. This fibrous layer
was not seen after 4 weeks on the explants (figure 1b).

We observed less cell proliferation after 4 weeks when we exposed BMP2
stimulated explants to TNF-a compared to BMP2 stimulation alone. After
6 weeks, TNF-a did not inhibit BMP2 induced proliferation. TNF-a was
able to prevent osteophyte formation including the fibrous layer com-
pletely at both time points in TGF- stimulated explants. However, TNF-a
was not capable of inhibiting TGF- plus BMP2 induced osteophyte for-
mation after 4 weeks. After 6 weeks TNF-a was able to reduce TGF-3 plus
BMP2 induced osteophyte formation, but not completely (figure 1b).
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Figure 1 Histology of periosteal explants.

A:example to interpret histological sections. Chondrocytes (arrows), a
cambium layer (C) and fibrous tissue (F) are shown (magnification 50x to
200x).

B: periosteal explants cultured for 4 and 6 weeks, stimulated with BMP2
and/or TGF-3, combined with exposure to IL-13 or TNF-a. Sections were
stained with Safranin O and Fast Green (magnification 50x).

Control TGF-B 5 ng/ml TGF-f + BMP2

BMP2 50 ng/ml
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Figure 2 Relative mRNA levels expression of type Il collagen (Col2).
CT values were first corrected for GAPDH, and then corrected for the
unstimulated control.
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Figure 3 Relative mRNA levels expression of aggrecan. CT values were
first corrected for GAPDH, and then corrected for the unstimulated
control.
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Figure 4 Relative mRNA levels expression of type X collagen (Col10).
CT values were first corrected for GAPDH, and then corrected for the
unstimulated control
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Figure 5 Relative mRNA levels expression of type I collagen (Col1).
CT values were first corrected for GAPDH, and then corrected for the
unstimulated control.

Taken together, only conditions containing TGF- resulted in os-
teophyte formation. The addition of BMP2 to TGF-f3 stimulation even
induced chondrogenesis more than TGF-B alone. IL-13 inhibited
chondrogenesis in all explants, but did not block the formation of a
fibrous layer on the explant. TNF-a only blocked osteophyte forma-
tion in TGF-B stimulated explants. When we combined TGF-$ with
BMP2, TNF-a was no longer able to prevent osteophyte formation.

Gene expression of periosteal explants

Col2 mRNA expression

The gene expression of extracellular matrix molecule Col2 was decre-
ased by BMP2 stimulation. TGF-f3 alone and when combined with BMP2
increased Col2 mRNA expression. These findings were consistent with
histology, since we observed chondrogenesis in TGF-f3 alone or com-
bined with BMP2 stimulated explants and no chondrogenesis in BMP2
stimulated explants in histology (figure 2).

IL-1B8 had no effect on the expression of Col2 in BMP2 stimulated ex-
plants. When the explants were stimulated with TGF-B alone or com-
bined with BMP2, IL-13 decreased Col2 expression after 4 weeks. The
Col2 decrease of IL-1f in TGF-f3 stimulated explants was no longer pre-
sent after 6 weeks, but Col2 was still decreased after 6 weeks when TGF-3
was combined to BMP2. On histology, we also found that IL-1{ inhibited
chondrogenesis (figure 2).

TNF-adecreased Col2 expression after4weeksin BMP2 stimulated explants,
while there was an increase after 6 weeks. TNF-a down-regulated Col2 ex-
pression in TGF-f stimulated explants after 4 weeks and up-regulated Col2
after 6 weeks. TNF-a decreased Col2 expression after 4 and 6 weeks both
whentheexplantsare combined stimulated withTGF-3and BMP2 (figure 2).
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Figure 6 Relative mRNA levels expression of runt-related transcription
factor-2 (Runx2). CT values were first corrected for GAPDH, and then
corrected for the unstimulated control.
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Figure 7 Relative mRNA levels expression of osteocalcin. CT values
were first corrected for GAPDH, and then corrected for the unstimulated
control.

DKK-1

B Week 4 m Week 6

Figure 8 Relative mRNA levels expression of DKK-1. CT values were first
corrected for GAPDH, and then corrected for the unstimulated control.

Aggrecan mRNA expression

The expression of aggrecan was up-regulated in all growth fac-
tor groups after 4 weeks and dropped after 6 weeks. This aggrecan
drop is also seen in chondrogenesis of embryonic stem cells after
30 days [23] and 10 weeks [24].When we exposed the explants to
IL-1B, aggrecan expression was down-regulated in all groups after
4 and 6 weeks. TNF-a did not inhibit aggrecan expression in BMP2
or TGF-B plus BMP2 stimulated explants. TNF-a had no obvious ef-
fect on aggrecan expression of TGF- stimulated explants (figure 3).

Col10, Col1, Runx2 and osteocalcin mRNA expression

Gene expression of the hypertrophic chondrocyte stage marker (Col10)
and osteogenesis markers (Col1, Runx2 and osteocalcin) was down
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regulated in aproximately all periosteal explants. IL-1(3 and TNF-a admi-
nistration blocked the inhibition of chondrocyte hypertrophy (Col10)
when the explants were stimulated with BMP, TGF-f3 or combined after 6
weeks (fig. 4). The different conditions downregulated or barely had any
effect on Col1 (fig. 5), Runx2 (fig. 6) and osteocalcin (fig. 7) expression.
This downregulation indicates that bone formation was not induced.
This is consistent with the histology findings, where no bone was seen.

DKK-1 mRNA expression

The proposed osteophyte inhibitor DKK-1 was downregulated by
TGF-B and TGF-f plus BMP2. When these explants were exposed to IL-
1B, DKK-1 expression was upregulated in all conditions, except for the
explants stimulated with BMP2 plus TGF-f after 4 weeks. TNF-q, also
partially blocked the down-regulation of DKK-1 in all groups (figure 8).

Discussion

In this study, we induced bone formation in bovine derived periosteal
cells by adding different mediators that are essential to the develop-
ment of osteophytes. Our primary goal was to identify whether the
absence of osteophytes in RA is due to the presence of the inflamma-
tory we wanted to identify if cytokine TNF-a via the potent osteophyte
inhibitor Dickkopf-1. Secondarily, we wanted to determine the potential
inhibitory effect of IL-1(8 and TNF-a on growth factor induced osteop-
hyte formation.

In scientific literature, BMP2 has been described as an important factor
in chondrogenic differentiation and cartilage formation during EBF [25].
BMP2 increases Col2 and aggrecan expression and induces formation of
hypertrophic chondrocytes in rat periosteum-derived cells during in vi-
tro chondrogenesis in an aggregate culture after 14 days [25]. We found
that BMP2 is not capable of the induction of chondrogenesis or osteop-
hyte formation in bovine explant periosteum, considering histology and
Q-PCR results. Our Q-PCR results revealed that BMP2 down-regulated
chondrogenesis-marker Col2 in our experiments. The effect of IL-1(3 and
TNF-a on osteophyte formation could not be determined, since no os-
teophytes were formed in BMP2 stimulated explants.

In previous rabbit experiments, TGF-3 stimulates chondrogenesis of pe-
riosteal explants cultured in vitro [14, 26]. Furthermore, TGF-3 has the
ability to induce Col2 expression by mesenchymal cells [27]. In our re-
search, we observed that TGF-{3 alone, or when combined to BMP2 was
able to induce chondrogenesis. TGF-f3 or TGF-{3 plus BMP2 induced Col2
and aggrecan expression. BMP2 alone could not induce chondrogene-
sis, but when combined to TGF-3 chondrogenesis was enhanced, which
can most likely be attributed to the fact that BMP2 is more important in
the later phases of this process [8]. Thus, TGF-f alone was able to induce
chondrogenesis and this effect was enhanced by BMP2.

IL-1B is a potent inhibitor of Col2 and proteoglycans synthesis [12], which
are essential to the chondrogenic phase of osteophyte formation. IL-13
has a suppressive effect on chondrocyte proteoglycan synthesis and it
also stimulates the chondrocyte to release destructive proteases, which
mediate the breakdown of cartilage [4].

Unlike IL-1B as a destructive mediator in both OA and RA [4], cartilage-
like cells without cartilage matrix were seen after 6 weeks of stimulation
in our experiments. We observed that IL-1(3 inhibited Col2 and aggrecan
expression. Explants stimulated with TGF-3 alone or combined to BMP2,
showed less chondrogenesis when they were exposed to IL-1(3. These
results were consistent with literature that IL-1( inhibits chondrogenesis
[4, 12]. We also observed that explants exposed to IL-13 had a fibrous
layer. IL-1B inhibited chondrogenesis, but did not block the production
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of the fibrous layer on the explant that is also observed in osteophyte
development. Thus IL-1(3 only fully blocks the chondrogenic/osteogenic
part of osteophyte formation.

TNF-a is a potential osteophyte inhibitor by inducing the breakdown
of extracellular matrix molecules of articular cartilage [11]. Moreover,
TNF-a is suggested to have a negative effect on osteophyte formation
via DKK-1 [5]. In earlier mouse experiments, we found that osteophyte
formation did not increase during inflammatory arthritis in TNF-a
knockout mice [13]. Furthermore, we observed osteophytes are
formed through IBF in RA models [2], whereas in our model, IBF was
not induced, but we induced chondrogenesis instead. Therefore, we
could not determine the effect of TNF-ain RA on osteophyte formation.
The effect of TNF-a on Col2 expression in BMP2 stimulated explants is
irrelevant, since BMP2 was not able to induce chondrogenesis. TNF-a
blocked osteophyte formation and down-regulated Col2 and aggrecan
expression in TGF-f stimulated explants. However, TNF-a did not fully
block osteophyte formation completely in TGF-3 plus BMP2 stimulated
explants. The addition of BMP2 to TGF-f clearly overruled the inhibitory
effect of TNF-a. TNF-a down-regulated aggrecan expression in TGF-3
only stimulated explants, but when TGF-3 was combined with BMP2,
TNF-a was not longer able to down-regulate aggrecan expression.
TNF-a did not upregulate DKK-1 expression remarkably. We found that
TNF-a was able to inhibit TGF- induced chondrogenesis. The addition
of BMP2 to TGF-f stimulation overruled the effect of TNF-a.

Conclusion

TNF-a may block osteophyte formation, but only in TGF-3 stimulated
explants and not when TGF-3 was combined with BMP2. Since only
marginal effects were found on RNA levels, we could not confirm a pos-
sible blocking effect of TNF-a on osteophyte formation. We have found
that IL-1 was a potent osteophyte inhibitor by blocking the chondro-
genic/osteogenic part of osteophyte formation.

Osteophytes are present in OA an absent in RA. It is suggested that os-
teophytes are absent in RA due to the presence of TNF-a . We did not see
chondrogenesis in BMP-2 stimulated explants. No chondrogenesis was
observed when TGF-f stimulated explants were exposed to TNF-a, but
chondrogenesis was observed when TGF-3 plus BMP2 stimulated ex-
plants were exposed to TNF-a. It remains unclear whether TNF-a blocks
osteophyte formation in RA via DKK-1 since no significant effects of
TNF-a on the expression of DKK1 were found.

Considering these findings, TNF-a may have an inhibiting effect on
osteophyte formation, but most likely not via DKK-1. To determine via
which signalling pathway TNF-a blocks osteophyte formation in RA,
further research is needed.

References

1. Kuettner KE, Cole AA: Cartilage degeneration in different hu-
man joints. OsteoarthritisCartilage 2005, 13(2):93-103.

2. Cohen MM, Jr.: The new bone biology: pathologic, molecular,
and clinical correlates. AmJMedGenetA 2006, 140(23):2646-2706.

3. Pelletier JP, Martel-Pelletier J, Abramson SB: Osteoarthritis, an
inflammatory disease: potential implication for the selection of new the-
rapeutic targets. Arthritis and rheumatism 2001, 44(6):1237-1247.

4. van den Berg WB: The role of cytokines and growth factors in
cartilage destruction in osteoarthritis and rheumatoid arthritis. ZRheu-
matol 1999, 58(3):136-141.

5. Diarra D, Stolina M, Polzer K, Zwerina J, Ominsky MS, Dwyer D,
Korb A, Smolen J, Hoffmann M, Scheinecker C et al: Dickkopf-1 is a mas-



THIRD

EDITION RAMS NOVEMBER 2015

The Inhibitory Effect of IL-13 and TNF-a on Osteophyte Formation in Vitro - Van der Velden et al.

ter regulator of joint remodeling. NatMed 2007, 13(2):156-163.

6. van der Kraan PM, van den Berg WB: Osteophytes: relevance
and biology. OsteoarthritisCartilage 2007, 15(3):237-244.
7. Yusuf E, Kortekaas MC, Watt |, Huizinga TW, Kloppenburg M:

Do knee abnormalities visualised on MRI explain knee pain in knee os-
teoarthritis? A systematic review. AnnRheumDis 2011, 70(1):60-67.

8. Blaney Davidson EN, Vitters EL, van Beuningen HM, van de Loo
FA, van den Berg WB, van der Kraan PM: Resemblance of osteophytes in
experimental osteoarthritis to transforming growth factor beta-induced
osteophytes: limited role of bone morphogenetic protein in early osteo-
arthritic osteophyte formation. Arthritis Rheum 2007, 56(12):4065-4073.
9. Sanyal A, Oursler MJ, Clemens VR, Fukumoto T, Fitzsimmons JS,
O'Driscoll SW: Temporal expression patterns of BMP receptors and colla-
gen Il (B) during periosteal chondrogenesis. JOrthopRes 2002, 20(1):58-
65.

10. Scharstuhl A, Glansbeek HL, van Beuningen HM, Vitters EL,
van der Kraan PM, van den Berg WB: Inhibition of endogenous TGF-beta
during experimental osteoarthritis prevents osteophyte formation and
impairs cartilage repair. JJmmunol 2002, 169(1):507-514.

11. Wehling N, Palmer GD, Pilapil C, Liu F, Wells JW, Muller PE,
Evans CH, Porter RM: Interleukin-1beta and tumor necrosis factor alpha
inhibit chondrogenesis by human mesenchymal stem cells through
NF-kappaB-dependent pathways. Arthritis and rheumatism 2009,
60(3):801-812.

12. Lotz M, Rosen F, McCabe G, Quach J, Blanco F, Dudler J, Solan
J, Goding J, Seegmiller JE, Terkeltaub R: Interleukin 1 beta suppresses
transforming growth factor-induced inorganic pyrophosphate (PPi) pro-
duction and expression of the PPi-generating enzyme PC-1 in human
chondrocytes. ProcNatlAcadSciUSA 1995, 92(22):10364-10368.

13. Mutualatupauw J, Blaney Davidson EN, van der Kraan PM,
Koenders M: Osteophyte formation during murine osteoarthritis and in-
flammatory arthritis. unpublished data 2010.

14. O'Driscoll SW, Recklies AD, Poole AR: Chondrogenesis in peri-
osteal explants. An organ culture model for in vitro study. JBone Joint
SurgAm 1994, 76(7):1042-1051.

15. WangF,Ying Z, Duan X, Tan H, Yang B, Guo L, Chen G, Dai G, Ma
Z, Yang L: Histomorphometric analysis of adult articular calcified carti-
lage zone. Journal of structural biology 2009, 168(3):359-365.

16. Jay GD, Fleming BC, Watkins BA, McHugh KA, Anderson SC,
Zhang LX, Teeple E, Waller KA, Elsaid KA: Prevention of cartilage degene-

ration and restoration of chondroprotection by lubricin tribosupplemen-
tation in the rat following anterior cruciate ligament transection. Arthritis
and rheumatism 2010, 62(8):2382-2391.

17. Sarropoulou E, Nousdili D, Kotoulas G, Magoulas A: Functional
Divergences of GAPDH Isoforms During Early Development in Two Perci-
form Fish Species. MarBiotechnol(NY) 2011.

18. Velleman SG:The role of the extracellular matrix in skeletal de-
velopment. PoultSci 2000, 79(7):985-989.
19. van Beuningen HM, Glansbeek HL, van der Kraan PM, van den

Berg WB: Differential effects of local application of BMP-2 or TGF-beta 1
on both articular cartilage composition and osteophyte formation. Os-
teoarthritisCartilage 1998, 6(5):306-317.

20. Kuznetsov SA, Cherman N, Robey PG: In vivo bone forma-
tion by progeny of human embryonic stem cells. Stem Cells Dev 2011,
20(2):269-287.

21. Liu JC, Lengner CJ, Gaur T, Lou Y, Hussain S, Jones MD, Borodic
B, Colby J, Steinman HA, van Wijnen AJ et al: RUNX2 expression utilizes
the RUNX2P1 promoter to establish osteoprogenitor cell number for
normal bone formation. JBiolChem 2011.

22. Estevao MD, Silva N, Redruello B, Costa R, Gregorio S, Canario
AV, Power DM: Cellular morphology and markers of cartilage and bone in
the marine teleost Sparus auratus. Cell Tissue Res 2011, 343(3):619-635.
23. Yamashita A, Nishikawa S, Rancourt DE: Identification of five
developmental processes during chondrogenic differentiation of em-
bryonic stem cells. PLoSOne 2010, 5(6):e10998.

24. Lin L, Shen Q, Xue T, Yu C: Heterotopic ossification induced by
Achilles tenotomy via endochondral bone formation: expression of bone
and cartilage related genes. Bone 2010, 46(2):425-431.

25. Hanada K, Solchaga LA, Caplan Al, Hering TM, Goldberg VM,
Yoo JU, Johnstone B: BMP-2 induction and TGF-beta 1 modulation of rat
periosteal cell chondrogenesis. Journal of cellular biochemistry 2001,
81(2):284-294.

26. Mizuta H, Sanyal A, Fukumoto T, Fitzsimmons JS, Matsui N, Bo-
lander ME, Oursler MJ, O'Driscoll SW: The spatiotemporal expression of
TGF-betal and its receptors during periosteal chondrogenesis in vitro.
JOrthopRes 2002, 20(3):562-574.

27. Stevens MM, Marini RP, Martin |, Langer R, Prasad Shastri V:
FGF-2 enhances TGF-betal-induced periosteal chondrogenesis. Jour-
nal of orthopaedic research : official publication of the Orthopaedic Re-
search Society 2004, 22(5):1114-1119.

CORRECT ANSWERS TO THE EXAM QUESTIONS

Question 1: Natural killer cells (Answer B, 67% answered correctly)

Natural killers cells are a type of cytotoxic lymphocyte. They are a part of the innate immune system and can be found in the bone marrow, spleen,
blood and liver. NK cells are known for their rapid response and direct targeting of cancer and virus-infected cells. In addition they are the main
producers of interferon-gamma, which among other things, activates macrophages.

Question 2: The cost of health care (Answer C, 42% answered correctly)

According to the recent announcement of next year’s national budget, the Netherlands will spend 74.6 billion euros on health care in the coming

year. This is the equivalent of about 200 million euros a day.
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