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Effect of bisphosphonates on viability, proliferation, and
dexamethasone-induced apoptosis of articular

chondrocytes

J F Van Offel, A J Schuerwegh, C H Bridts, W J Stevens, L S De Clerck

Background: Bisphosphonates (BP) increase bone mass in
patients with rheumatoid arthritis and are effective in the
prevention and treatment of steroid-induced osteoporosis.
However, little is known about their direct effects on
chondrocytes.

Obijectives: To study the influence of BP on articular
chondrocytes in vitro and to investigate whether BP can
prevent steroid-induced apoptosis of articular chondro-
cytes.

Methods: Bovine articular chondrocytes were cultured
and incubated with different concentrations of clodronate,
pamidronate, risedronate, or dexamethasone. In the
second part of the study, BP were added to the
chondrocyte cultures one hour before co-incubation with
dexamethasone. Viability and proliferation were evalu-
ated using propidium iodide staining and tritium labelled
thymidine incorporation. Apoptosis was measured with
annexin V staining or the TUNEL method.

Results: Only high concentrations (>10 mol/I) of clodro-
nate, pamidronate, and risedronate induced a decrease in
the viability and proliferation of chondrocytes. None of the
BP at concentrations ranging from 1072 to 10° mol/I
induced apoptosis. Growth retardation and apoptosis
induced by dexamethasone (107 mol/I) was prevented by
addition of pamidronate (10 mol/l) or risedronate (107
or 10 mol/I).

Conclusion: Bisphosphonates in therapeutic concentra-
tions are safe for articular chondrocytes in vitro. Moreover,
pamidronate and risedronate prevent dexamethasone-
induced growth retardation and apoptosis of chondro-
cytes. These findings add evidence for a chondroprotective
effect of nitrogen-containing BP, especially in patients
treated with corticosteroids.

mediated bone resorption. These compounds increase

bone mass in patients with rheumatoid arthritis (RA)'
and are effective in the prevention and treatment of
steroid-induced osteoporosis.” Furthermore, several studies
have shown that BP might have an additional anti-
inflammatory effect in experimental arthritis and RA owing to
an increased apoptosis of macrophages.’ In contrast with their
effects on osteoclasts and macrophages, the influence of BP on
cartilage has been much less studied. A few reports point to
some chondroprotective effect of BB’ but little is known
about their direct consequences on chondrocytes.

This study aimed at investigating whether BP have an
influence on viability, proliferation ability, and apoptosis of
articular chondrocytes in vitro. In a second part of the study
we investigated whether BP can prevent corticosteroid-

Bisphosphonates (BP) are strong inhibitors of osteoclast
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induced growth retardation and apoptosis of articular
chondrocytes.

METHODS

Chondrocyte culture

Bovine chondrocytes were obtained from the tarsometatarsal
joint immediately after slaughter. Cells were isolated using
hyaluronidase (Boehringer Mannheim), protease (Sigma),
and collagenase type 1A (Sigma) as described previously.® Pri-
mary chondrocytes were cultured during 24 hours in Dulbec-
co’s modification of Eagle’s medium (DMEM) 10% fetal
bovine serum (FBS) and identified as chondrocytes by
staining for S-100 and collagen II production.

Incubation with bisphosphonates or dexamethasone

In one experiment chondrocytes were washed with DMEM
10% FBS and incubated for 48 hours with the BP clodronate,
pamidronate, or risedronate at different concentrations (107,
107, 107, 107, 10™, or 10~ mol/l) or dexamethasone in a
therapeutic and pharmacological concentration (respectively
107 and 10” mol/l) in DMEM 2% FBS containing 100 U/ml
bovine interferon y (Novartis Animal Health Inc) and the
proinflammatory cytokines human interleukin la (5 ng/ml)
and human tumour necrosis factor o (5 ng/ml; Peprotech
House).” The culture medium (DMEM 2% FBS) was enriched
with CaCl, (final concentration 4.5 mmol/l) when cells were
incubated with BP® As positive control apoptosis was induced
with 0.01 mM H,0, during the last 12 hours of incubation.

Co-incubation experiments

In three experiments at a time, cells were preincubated with
clodronate, pamidronate, or risedronate in different concen-
trations. After one hour, dexamethasone at a therapeutic (107
mol/l) or pharmacological concentration (107 mol/l) was
added for a further co-incubation during 48 hours.

Viability of chondrocytes

Chondrocytes were incubated for five minutes with 50 pg/ml
propidium iodide.” Ten thousand cells were measured on the
flow cytometer. Propidium iodide (PI) positive cells were con-
sidered to be non-viable cells. Results were expressed as a per-
centage of non-viable PI+ cells.

Chondrocyte proliferation

Chondrocyte proliferation after 48 hours was determined by a
tritium labelled thymidine incorporation method.” All experi-
ments were done in quadruplicate. Results were expressed as
counts per minute (cpm).

Abbreviations: BP, bisphosphonates; cpm, counts per minute; DMEM,
Dulbecco’s modification of Eagle’s medium; FBS, fetal bovine serum; PBS,
phosphate buffered saline; PI, propidium iodide; RA, rheumatoid arthritis
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Figure 1 Influence of clodronate, pamidronate, and risedronate on chondrocyte necrosis (A), proliferation (B), and apoptosis (C/D). (A)

Percentage of Pl+ necrotic cells (10 000 cells were measured). (B) Proliferation of cells (tests were done in quadruplicate). (C) Percentage of
annexin V positive, Pl- apoptotic cells (10 000 chondrocytes were measured). (D) Percentage of TUNEL positive apoptotic cells (10 000 cells
were measured). Dashed lines represent ranges of control cultures. *p <0.05: chondrocytes incubated with bisphosphonates v control cultures.

Apoptosis measured by annexin V staining

The chondrocytes were resuspended in 100 pl Hepes buffer
containing 140 mM NacCl,, 2.5 mM CacCl, and stained with 5 pl
annexin V-FITC (Pharmingen) and 10 pl PI (50 pg/ml) for 15
minutes at room temperature in the dark. Five thousand cells
were measured on a FACScan flow cytometer and analysed
with  WinMDI software. Results were expressed as the
percentage (PI negative and annexin V positive) apoptotic
cells.

Apoptosis measured by end labelling of fragmented
DNA

The chondrocytes were fixed with 1% paraformaldehyde in
phosphate buffered saline (PBS) for 30 minutes. After
washing with PBS, cells were fixed in 70% ethanol at —20°C for
one hour. Subsequently, a two colour staining method for
labelling DNA breaks was performed, using an Apo BrdU kit
(Pharmingen) to detect apoptotic cells. Five thousand cells
were measured on a FACScan flow cytometer and analysed
with  WinMDI software. Results were expressed as the
percentage (TUNEL positive) apoptotic cells.

Statistics
An analysis of variance and Student’s ¢ test were performed to
analyse differences between samples.

RESULTS

Incubation with dexamethasone or bisphosphonates
The percentage of PI+ cells varied between 2% and 9% in con-
trol cultures (without BP or dexamethasone) and increased to
23-27% if incubated with dexamethasone 10”7 mol/l and to
33-37% with dexamethasone 10” mol/l. The range of
proliferation was 74-83%10’ cpm in control cultures, 8-17x10°
cpm with dexamethasone 107 mol/l, and 5-12x10° cpm with
dexamethasone 10 mol/l. The percentage of apoptotic
chondrocytes in control cultures was 0-4% with the annexin V
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method and 1-6% with the TUNEL assay. With dexametha-
sone 107 mol/l apoptotic cells increased to 23-31% (annexin V
method) or 26-30% (TUNEL-assay). Dexamethasone 10~
mol/l induced apoptosis in 39-45% (annexin V method) or
42-47% (TUNEL assay) of chondrocytes.

The percentage of PI+ cells was only higher when cells were
incubated with 107 mol/l clodronate, pamidronate, and
risedronate, compared with control chondrocytes (p=0.02)
(fig 1A).

Only at high concentrations of clodronate, pamidronate,
and risedronate (10™ and/or 10” mol/l) was there a decrease in
proliferation, determined by incorporation of tritium labelled
thymidine, compared with control chondrocytes (p=0.03) (fig
1B).

Clodronate, pamidronate, and risedronate at all concentra-
tions did not induce apoptosis of chondrocytes as measured by
annexin V or TUNEL assay (figs 1C and D).

Co-incubation with bisphosphonates and
dexamethasone
With the therapeutic dose of dexamethasone (107 mol/l) the
percentage of PI+ cells decreased when chondrocytes were
co-incubated with pamidronate 10° mol/l (p=0.04) or
risedronate 10™ mol/l and 10™ mol/l (p=0.04 and p=0.03,
respectively) (fig 2A). Dexamethasone-induced growth retar-
dation of chondrocytes was inhibited if cells were co-
incubated with pamidronate (10™ mol/l) (p=0.02) or risedro-
nate (10™ mol/l or 10™ mol/l) (p=0.03, p=0.05, respectively)
(fig 2B). Addition of risedronate (10™ or 10™ mol/l) or pamid-
ronate (107 mol/l), but not clodronate, did inhibit partly the
dexamethasone-induced apoptosis (respectively p=0.02,
p=0.03, and p=0.04). Similar results were found with
annexin V analysis (fig 2C) and the TUNEL assay (fig 2D).
Bisphosphonates could not prevent necrosis, growth retar-
dation, or apoptosis of chondrocytes induced by dexametha-
sone 10~ mol/l (fig 2).
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Bisphosphonates and dexamethasone-induced apoptosis of chondrocytes
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Influence of clodronate, pamidronate, and risedronate on chondrocytes co-incubated with dexamethasone 107 mol/! (closed

symbols) or 10 mol/I (open symbols). Results expressed as percentage of inhibition of: (A) necrosis; (B) growth retardation; (C) apoptosis
measured by annexin V; and (D) apoptosis measured by TUNEL. Bars represent the standard error of the mean of three experiments. *p<0.05:
chondrocytes incubated with both dexamethasone and bisphosphonates v chondrocytes incubated with dexamethasone alone.

DISCUSSION

Cartilage destruction in RA is closely related to the degree of
apoptosis of articular chondrocytes.'’ The results of our in vitro
study show that there is no induction of apoptosis of articular
chondrocytes by different concentrations of BF suggesting
that these compounds are safe for cartilage metabolism. This
is in accordance with in vivo observations of chondrocytes in
growth plates: pamidronate in children with severe osteogen-
esis imperfecta did not alter the growth rate or the appearance
of the growth plates."

Therapeutic use of corticosteroids reduces bone formation by
increasing osteoblast apoptosis and reduces growth cartilage
thickness, probably by increasing apoptosis of chondrocytes.”
Dexamethasone suppresses type 2 collagen expression and pro-
liferation of rat articular chondrocytes.” In our study dexam-
ethasone reduced the viability and proliferation ability of bovine
articular chondrocytes in vitro and induced apoptosis. An
important finding is that this growth retardation and apoptosis
might be inhibited by pamidronate and risedronate at
therapeutic concentrations but not by clodronate. BP can be
divided into two classes, which may explain some of the phar-
macological differences: those that can be metabolised into
non-hydrolysable analogues of ATP such as clodronate and
those that are not metabolised but that can inhibit protein pre-
nylation. The latter are the more potent nitrogen-containing BP
such as pamidronate and risedronate.’

The results of our study correspond with the growing
evidence that despite their pro-apoptotic consequences on
osteoclasts and macrophages, BP may have opposite effects on
other cells. It has been shown that BP can enhance the differ-
entiation and bone forming activities of osteoblasts." Further-
more, it has been demonstrated that BP prevent steroid-
induced apoptosis of osteoblasts in vitro and in vivo.”

In conclusion, our results show that BP are safe for articu-
lar chondrocytes in vitro. Moreover, to our knowledge this
study is the first to demonstrate a protective effect of BP on

steroid-induced apoptosis and growth retardation of articular
chondrocytes. This observation adds more evidence for a
chondroprotective effect of nitrogen-containing BE, especially
in patients treated with corticosteroids.

ACKNOWLEDGEMENT

The bisphosphonates used in this study were kindly provided by UCB
Pharma (clodronate), Novartis Pharma (pamidronate), and Procter
and Gamble Pharmaceuticals (risedronate).

Authors’ dffiliations

J F Van Offel, A J Schuerwegh, C H Bridts, W J Stevens, L S De
Clerck , Department of Immunology, Allergology and Rheumatology,
University of Antwerp, Belgium

Correspondence to: Professor W J Stevens, University of Antwerp UIA,
Department of Immunology, Allergology and Rheumatology,
Universiteitsplein 1, B - 2610 Antwerp, Belgium; wim.stevens@ua.ac.be

Accepted 15 March 2002

REFERENCES

Eggelmeijer F, Papapoulos SE, van Paassen HC, Dijkmans BA, Valkema
R, Westedt ML, et al. Increased bone mass with pamidronate treatment in
rheumatoid arthritis. Results of a three year randomised, double blind
trial. Arthritis Rheum 1996;39:396-402.

2 Saag KG, Emkey R, Schnitzer TJ, Brown JP, Hawkins F, Goemaere S, et

al. Alendronate for the prevention and treatment of glucocorticoid

induced osteoporosis. N Engl J Med 1998;339:292-9.

Fleisch H. Basic biology of bisphosphonates. In: Marcus R, Feldman D,

Kelsey J, eds. Osteoporosis. London: Academic Press, 2001:16.449-67.

Potworny NV, Kandel RA, Renlund RC, Grynpas MD. Partial

chondroprotective effect of zoledronate in a rabbit model of inflammatory

arthritis. J Rheumatol 1999;26:1972-82.

5 Garnero P, Christgau S, Delmas PD. The bisphosphonate zoledronate
decreases type 2 collagen breakdown in patients with Paget’s disease of
bone. Bone 2001;28:461-4.

6 De Gendt CM, De Clerck LS, Bridts CH, Verbruggen A, Stevens WJ.

Influence of antirheumatic drugs on nitric oxide and interleukin-8

production in human articular chondrocytes. J Rheumatol

1998;25:536-8.

AW

www.annrheumdis.com


http://ard.bmj.com

928

7 Clancy RM, Abramson SB, Kohne C, Rediske J. Nitric oxide attenuates
cellular hexose monophosphate shunt response to oxidants in articular
chondrocytes and acts to promote oxidant injury. J Cell Physiol
1997,172:183-91.

Ménkkénen J, Taskinen M, Seppo OK. Growth inhibition of

macrophage-like and other cell types by liposome-encapsulated,

calcium-bound, and free bisphosphonates in vitro. J Drug Targeting
1994;2:299-308.

9 Verbruggen A, De Clerck LS, Bridts CH, Breedveld FC, Stevens WJ.
Influence of blood and synovial fluid immune complexes of rheumatoid
arthritis patients on production of nitric oxide, growth and viability of
chondrocytes. J Rheumatol 2000;27:35-40.

10 Yatsugi N, Tsukazaki T, Osaki M, Koji T, Yamashita S, Shindo H.
Apoptosis of articular chondrocytes in rheumatoid arthritis and
osteoarthritis: correlation of apoptosis with degree of cartilage
destruction and expression of apoptosis-related proteins of p53 and
c-myc. J Orthop Sci 2000;5:150-6.

[ee]

www.annrheumdis.com

11

12

Van Offel, Schuerwegh, Bridts, et al

Glorieux FH, Bisshop NJ, Plotkin H, Chabot G, Lanoue G, Travers R.
Cyclic administration of pamidronate in children with severe osteogenesis
imperfecta. N Engl J Med 1998;339:947-52.

Silvestrini G, Ballanti P, Patacchioli FR, Mocetti P, Di Grezia R, Wedard
BM, et al. Evaluation of apoptosis and the glucocorticoid receptor in the
cartilage growth plate and metaphyseal bone cells of rats after high dose
treatment with corticosterone. Bone 2000;26:33-42.

Miyazaki Y, Tsukazaki T, Hirota Y, Yonekura A, Osaki M, Shindo H, et
al. Dexamethasone inhibition of TGF beta-induced cell growth and type 2
collagen mRNA expression through ERK-integrated AP-T activity in
cultured rat articular chondrocytes. Osteoarthritis Cartilage
2000;8:378-85.

Reinholz GG, Getz B, Pederson L, Sanders ES, Subramaniam M, Ingle
N, et al. Bisphosphonates directly regulate cell proliferation,
differentiation and gene expression in human osteoblasts. Cancer Res
2000;60:6001-7.

Plotkin LI, Weinstein RS, Parfitt AM, Roberson PK, Manolagas SC,
Bellido T. Prevention of osteocyte and osteoblast apoptosis by
bisphosphonates and calcitonin. J Clin Invest 1999;104:1363-74.


http://ard.bmj.com

