Acta Orthop Scand 2002;73 (3): 369-374

369

Cobalt ions influence proliferation and function of

human osteoblast-like cells

Lucas Anissian', André Stark', Henrik Dahlstrand', Barbro Granberg', Victoria Good?

and Elisabet Bucht®

Departments of 'Orthopaedic Surgery, 3Molecular Medicine, Karolinska Hospital and Karolinska Institutet, SE-171 76 Stockholm,
Sweden, 2Peterson Tribology Laboratory, Loma Linda University, CA, USA. Correspondence: Dr. Elisabet Bucht. E-mail:

Elisabet.bucht@molmed.ki.se
Submitted 01-02-17. Accepted 02-03-07

ABSTRACT - Cobalt is the major component in many
orthopedic implants and the introduction of a second
generation of metal on metal bearing prosthesis systems
actualizes the toxicity and biocompatibility of this com-
pound. We studied the effect of cobalt ions on primary
cultures of human osteoblast-like cells. Cobalt ions dis-
solved in cell culture medium caused a dose-dependent
decrease in proliferation of human osteoblasts measured
as (3H)thymidine incorporation. We also found that
cobalt ion-enriched medium increased the production
of interleukin-6 from the osteoblast-like cells. Further-
more, incubation of osteoblasts with cobalt ion-enriched
medium reduced collagen type I and osteocalcin
production in a dose-dependent manner when 1,25
dihydroxyvitamin-D; was added to the culture medium.
Cobalt concentrations below 10 pg/mL or 0.17 mmol/mL
in the cell culture medium had no significant effect on
human osteoblast proliferation and function.

There are several hypotheses regarding peri-
implant osteolysis and aseptic loosening of pros-
theses (Amstutz and Grigoris 1996, Gonzales et
al. 1996, Aspenberg and van der Vis 1998, Kadoya
et al.1998). Most investigators agree that the wear
debris from prosthetic material initiates a biologi-
cal reaction which, in turn, leads to osteolysis and
prosthesis loosening. Bone resorption has been
considered to be mediated exclusively by osteo-
clastic activity. However, osteoclasts are strongly
regulated by osteoblast activity. Wear particles
can be directly phagocytosed by macrophages or
osteoclasts and initiate an inflammatory or bone

resorption process or they may affect osteoblast
function and/or change the production of cytokines
and other factors.

The wear particles from metal on metal bear-
ing release soluble metal ions that can alter cell
homeostasis. Rogers et al. (1997) have shown that
exposure of human monocytes to two kinds of tita-
nium alloys caused different responses. Exposure
of osteoclasts to cobalt-chromium and titanium
particles reduces bone resorption (Neal et al.
2000). Some authors have also reported increased
levels of cobalt and chromium in serum and urine
collected from patients with metal on metal pros-
theses (Brodner et al. 1997, Jacobs et al. 1998).
Saikko et al. (1998) reported a release of almost 8
mg cobalt from metal on metal bearing after 3 mil-
lion cycles in vitro.

In vitro biocompatibility studies in which human
cells are exposed to substances from prosthetic
components may indicate the level of cytotoxicity
and/or the level of compatibility. Ideally, wear par-
ticles of an optimal material should have neither
cytotoxic effects nor cause changes in the level
of cytokines and other mediators released from
the cells. We assessed the effect of cobalt ions on
the proliferation rate of human osteoblast cells and
their function.

Materials and methods

Cell cultures

Primary cultures of normal human osteoblast-like
(hOB) cells were prepared from trabecular bone
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material resected from 3 patients who underwent
total hip arthroplasty. None of the patients had
taken any medication influencing bone metabo-
lism. The bone was kept in alpha minimal essential
medium (a-MEM) supplemented with 10% fetal
bovine serum (FBS), 2 mM 1-glutamine, 50 IU/L
penicillin, and 50 pg/mL streptomycin (all from
Gibco) at 4 °C. Within 12 hours, the bone material
was scraped with a scalpel and shaken in phos-
phate-buffered saline (PBS) to remove fat, carti-
lage, and marrow. The bone was cut into 2 x 2 mm
fragments and incubated in serum-free o-MEM
with 1 mg/mL collagenase (Sigma) for 15 minutes
at 37 °C during continuous shaking. This procedure
was repeated 4 times with the collagenase solution
being changed in between. These solutions were
discarded and the fragments transferred to 75 cm?
culture flasks containing o-MEM with FBS, 1-
glutamine, penicillin and streptomycin in the same
concentrations as above to allow osteoblast migra-
tion. The cells were then grown to confluency (4-6
weeks) with weekly changes of cell medium. The
study was approved by the Committee on Ethics at
Karolinska Hospital.

Characterization of hOB cells

The hOB cell populations were characterized by
studies of alkaline phosphatase activity and 1,25
dihydroxyvitamin-D;  (1,25(OH), D;)-induced
osteocalcin production, as previously described
(Tsai et al. 1998). From each batch, 5 x 10* hOB
cells were seeded in 2 cm? wells and incubated
with 10 nM 1,25(OH),D; for 96 hours in 500
uL serum-free medium with 0.1% bovine serum
albumin (BSA) (Gibco). The conditioned medium
was collected and immediately frozen at —20 °C
for later osteocalcin analysis with the ELSA-OST-
NAT immunoradiometric kit (CIS Bio Interna-
tional, Gif-Sur-Yvette Cedex, France).

All cell batches used in the study showed posi-
tive alkaline phosphatase staining and an increase
in osteocalcin production after 1,25(0H),D,
stimulation.

Cobalt chloride preparation and measurement
23.8 mg of cobalt salt (CoCl,, Sigma) was dis-
solved in 100 mL (1.8 mmol/L) a-MEM. The
solution was then sterile-filtered and sent to
SGAB Analytica (Luled, Sweden) for determina-

tion of cobalt levels. The solution was analyzed
by Inductively Coupled Plasma—Sector Filed
Mass Spectrometry (ICP-SFMS). In ICP-SFMS,
magnetic and electrostatic sectors were used. A
sector instrument can separate ions with much
smaller differences in mass than a quadrupole
instrument. Its higher resolution makes it possible
to avoid interference that occurs in certain types
of samples, e.g., biological samples. ICP-SFMS
presents the result as mg/L.

(3H) thymidine incorporation

The cells were detached with Trypsin-EDTA
(Gibco); those detached after 1 minute were
discarded. The treatment with Trypsin-EDTA
continued for another 5 minutes and the detached
cells (40,000 per well) were seeded into 12 well
plates, divided into two equal groups: one for (°H)
thymidine incorporation and the other for deter-
mination of carboxyterminal propeptide of type
I procollagen (PICP), interleukin-6 (IL-6), and
tumor necrosis factor alpha (TNF-a). For (*H)
thymidine incorporation, the cells were incubated
in complete cell culture medium for 4 days and
after that for 24 hours with serum-free culture
medium and 0.1% BSA. Thereafter, cobalt chlo-
ride (CoCl2) dissolved in the medium was added
to the cell cultures in various concentrations and
(®H) thymidine (1 pCi/mL + cold thymidine (0.5
umol/L)) was added at the same time. After 24
hours of incubation (which is sufficient time for
assessing cell proliferation), the cells were washed
twice with 1 mL ice cold 0.9% NaCl. Thereafter
1 mL of cold 5% trichloroacetic acid was added
to each glass vial, which was left for 15 minutes
at room temperature. Precipitated material was
extracted with 0.1 M NaOH for 2 hours at room
temperature during careful shaking. The extract
was collected and the radioactivity measured in a
liquid scintillation counter. For measurements of
PICP, IL-6 and TNF-a in the cell culture medium
after exposure to cobalt, all the experiments were
repeated without adding (*H) thymidine and cold
thymidine. For measurements of osteocalcin and
P1CP after 4 days of incubation with cobalt ions,
(they were intended for ALP measurements) the
cells were cultured with or without 1,25 (OH),D,
(3 cases in each dose group).
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Cytokine production

IL-6 production of the cells was determined by
an immuno-enzymometric assay, BioSource IL-6
EASIA (BioSource Europe S.A., Belgium). This
method is a solid phase enzyme-amplified sensitiv-
ity immunoassay (EASIA) performed on microtiter
plates. It is based on an oligoclonal system which
uses a mixture of monoclonal antibodies directed
against distinct epitopes of IL-6. The detection
limit of the assay is 2 pg/mL.

TNF-a was determined by an enzyme-linked
immunosorbent assay (ELISA) from Amersham
Pharmacia Biotech AB. A microtiter plate is pre-
coated with anti-human TNFa antibodies. After
additing standard or sample, a biotinylated anti-
body is used which reacts with streptavidin-HPR.
The detection limit of the assay is 5 pg/mL.

P1CP production

PICP production was measured by a radioimmu-
noassay (Orion Diagnostica, Finland), a quantita-
tive test for in vitro measurement of PICP. The
detection limit of the assay is 1.2 ng/L.

Osteocalcin production

The release of osteocalcin into the cell culture
medium was quantitatively assessed by a specific
immunoradiometric assay, ELSA-OSTEO (CIS
Bio International, France). This is a solid phase
“sandwich” immunoradiometric assay. Two
monoclonal antibodies were prepared against ste-
rically remote sites. The first being coated on the
ELSA solid phase; the second, radiolabeled with
125jodine, was used as a tracer. The detection limit
of the assay is 0.4 ng/mL.

Total cellular protein

Measurements of total cellular protein were made
with the BIO-Rad Protein assay (Hercules, CA),
as previously described (Tsai et al. 1998). Known
amounts of transferrin were used as standard.

Statistics

The results are presented as means (SD). The sta-
tistical analyses were done with Kruskal-Wallis
one-way analysis of variance on Ranks and one-
way analysis of variance (ANOVA) followed by
Dunnett’s test for post—-hoc comparison. P-values
<0.05 were considered to be statistically sig-
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Figure 1. Effect of cobalt ions on cell proliferation. Cells
were cultured in complete cell culture medium for 4 days,
followed by 24 hours in serum-free a-MEM with 0.1%
BSA. They were then incubated in serum-free medium
for another 24 hours with various concentrations of cobalt
ions and (3H) thymidine. As a control served cells in
serum-free culture medium without cobalt ions. After 20
and 30 pg cobalt ions/mL culture medium, we found a
reduction in (3H) thymidine incorporation (p < 0.05 ) (Krus-
kal-Wallis one-way analysis of variance on Ranks). The
results are expressed as mean (SD) (n = 6 in the control
and at all concentrations). The data shown are represen-
tative of three different experiments with bone cells from
three subjects.

nificant. Statistical calculations were made with
Sigma Stat software (Jandel Corp., Sausalito, CA,
USA))

Results

Cobalt sample

The cobalt sample contained 56.2 mg/L or 0.95
mmol/L of cobalt compared to the control sample
(cell culture medium) with 56.6 pg/L. The sample
was then diluted to reach the concentrations needed
for the experiments.

Cobalt ions inhibit hOB-cell proliferation

The effect of cobalt ions on hOB-cell proliferation
was tested by measuring (*H) thymidine incor-
poration, which is widely accepted as an index
of DNA synthesis. We found no statistically sig-
nificant influence of 1 or 10 ng/mL of cobalt ions
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Figure 2. Effect of cobalt ions on IL-6 production. Cells
were cultured as in Figure 1 without adding (3H) thymidine.
A significant (p < 0.01) increase of IL-6 occurred in the
cell medium after incubation with 10, 20 and 30 ng cobalt
ions/mL culture medium (one-way analysis of variance,
ANOVA). The results are expressed as mean (SD) (n =
6 on all occasions). The data shown are representative
of three different experiments with bone cells from three
subjects.

in the culture medium (n = 6 in the control and at
all concentrations of cobalt ions). The osteoblast
cells incubated with 20 and 30 pg/mL of cobalt
ions reduced (*°H) thymidine incorporation by
38% (p <0.05) and 57% (p < 0.05), respectively,
in comparison with the control (culture medium)
(Figure 1). The same results were obtained in two
other experiments but, due to the limited number
of osteoblast cells (3 wells in each group), no
statistical analysis was done and the data are not
shown.

Cobalt ions increase IL-6 concentrations in
hOB-cell medium

The IL-6 concentration in the control cell culture
medium was 2.4 (0.25) pg/ug protein (n = 6 in the
control and at all concentrations). After incubation
with 10 and 20 pg/mL of cobalt ions, the IL-6
levels increased to 6.4 (2.2) (p>0.01) and 14.3
(1.8) pg/ug protein (p > 0.01), respectively. This
was an increase of 167% and 494% compared to
the control. 30 ng cobalt/mL in the culture medium
caused an increase in the IL-6 level to 8.1 (1.6)
pg/ng protein(p < 0.01), a 237% increase (Figure
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Figure 3. Effect of cobalt ions on PICP production. The
cells were stimulated with 1,25 dihydroxyvitamin D,
and incubated with cobalt ions for 4 days. The data are
expressed as a percentage of the control (cells in culture
medium without cobalt ions). Single samples from three
bone donors are shown.

2). Two other experiments showed similar results
(3 wells in each group) (data not shown). TNF-a
was not detectable in the cell medium.

Influence of cobalt ions on P1CP, and osteo-
calcin production

Incubation of the cells with cobalt ions for 24
hours had no significant effect on the PICP con-
centrations in the cell culture medium, (control:
5.0 (0.6) ng/ug protein) (n= 6) although there
was a tendency to a reduction after exposure to 30
ug cobalt ions/mL (4.4 (0.4) ng/ng protein) (n=
6). A prolonged treatment (cultures preliminar-
ily assigned for ALP analysis) of the hOB cells
with various concentrations of cobalt ions in the
presence of 1,25 (OH),D3 for four days markedly
reduced in PICP with 10, 20 and 30 pg cobalt
ions/mL culture medium (Figure 3). PICP con-
centrations in culture wells without 1,25(0OH),D,
were about 60% lower. There was also a notable
reduction in osteocalcin concentrations in cell
medium after four days’ exposure to cobalt in the
presence of 1,25 dihydroxyvitamin-D; (Figure 4).
The osteocalcin levels in cultures without 1,25
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Figure 4. Effect of cobalt ions on osteocalcin production.
The cells were stimulated with 1,25 dihydroxyvitamin-D,4
and incubated with cobalt ions for 4 days. The data are
expressed as a percentage of the control (cells in culture
medium without cobaltions). Single samples from three
bone donors are shown.

(OH),D; were all <0.5 ng/well. In these longer
experiments, there was only one observation for
each concentration of cobalt ions and three sub-
jects were studied (Figures 3 and 4). Therefore, no
statistical analyses were done.

Discussion

We found that DNA synthesis, measured as 3H-
thymidine incorporation into human osteoblast-
like (hOB) cells, was inhibited by cobalt ions in
a dose-dependent manner. Meanwhile, the pro-
duction of IL-6 from hOB cells was significantly
enhanced with increasing levels of cobalt ions.
IL-6 reached the highest levels at 20 pg/mL of
cobalt ions whereas 30 pg/mL caused a relative
drop in IL-6 production although still significantly
higher than the control levels. The dose-dependent
decrease in (*H) thymidine incorporation with
increasing levels of cobalt ions indicates that fewer
hOB cells produce more IL-6 than the control.
However, at 30 pg/mL of cobalt ions the rela-
tive reduction in IL-6 level may be due to cobalt
cytotoxicity and fewer cells. IL-6 increases bone

resorption (Eriksen 1998). Haynes et al. (1997)
reported an increase in the production of IL-6 by
osteoblast cells after incubation with conditioned
culture medium from mononuclear phagocytes
challenged with titanium-6-aluminum-4-vanadium
alloy particles.

A short incubation with cobalt ions did not sig-
nificantly change the PICP production although
there was a tendency towards lower concentra-
tions. Longer incubation, however, caused a 4
times lower production of PICP when treated
with 30 pg/mL cobalt ions. Type I collagen is the
most abundant type pf collagen in bone and P1CP
reflects the level of the synthesis of type I colla-
gen. The addition of 1,25 (OH),D; to osteoblastic
cell cultures caused a significant increase in PICP
production, as shown elsewhere (Beresford et el.
1986).

In our study, cobalt ions markedly reducted
osteocalcin production by hOB cells. The increase
in the levels of IL-6 that we observed may also
contribute to lower osteocalcin production by the
cells (Gimble et al. 1994).

Cobalt, a main component in many orthopedic
implants, can have toxic effects at higher serum
concentrations (Evans and Benjamin 1987). In a
previous study, we reported that metal on metal
bearing releases 3.5 mg metallic wear in 3 million
joint simulator cycles, equivalent to 1 year’s use of
a hip prosthesis in an active patient (Anissian et al.
1999). High levels of cobalt-chromium have been
reported in joint fluid, urine and serum (Jones et al.
1975, Brodner et al. 1997). The particulate wear
from a metal on metal bearing surface can either
be phagocytosed by macrophages and transported
from a periprosthetic area and stored in lymph
nodes, liver, spleen or dissolved in synovial fluid
(Urban et al. 2000). In the latter case, the level of
metallic ions in pseudosynovial fluid may be much
higher than in serum. In biocompatibility assess-
ment of an orthopedic implant material, use of
human primary osteoblast-like cells is preferable
to osteosarcoma cell lines since nonmalignant cells
mirror the normal physiology better. The toxic
effect of cobalt ions may be mediated by radical
formation, cell membrane disturbance or enzyme
inhibition (Stejskal and Stejskal 1999). The cell
membrane disturbance can also be mediated via
integrin receptors which are involved not only in
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cell-cell and cell-matrix adhesion, but also in the
regulation of numerous cellular functions, such
as cell differentiation and maintenance of tissue
architecture (Grazesik1997).

We found that levels belowlO pg/mL cobalt
ions appear to be toleraed by the cells and the
proliferation and cell functions were not signifi-
cantly affected. Higher concentrations of cobalt
ions affected osteoblast cells in two ways: 1) they
reduced proliferation and osteoblast activities,
measured as (*H) thymidine incorporation, pro-
duction of PICP and osteocalcin, respectively, and
2) increased the production of IL-6.
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