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Abstract Osteoclastic cells from giant cell tumour of 
bone (GCT) of bone provide a rich source for investiga- 
tion of cellular mechanisms leading to formation of 
multinucleated cells, the resorption process and involve- 
ment of hormones and cytokines in these events. In the 
present study we investigated the effect of 1,25-dihy- 
droxyvitamin D3 (VD3) and leukaemia inhibitory factor 
(LIF) on the resorbing potential of osteoclast of GCT or- 
igin using quantitative image-analysis of resorption lacu- 
nae in an in vitro dentine model. While VD3 unsignifi- 
cantly increased the number of resorption pits and impli- 
cated surface after 7 days of GCT cell culturing, the 
stimulative effect of LIF was statistically significant. In 
cultures supplemented with LIF (5000 U/ml) the number 
of lacunae and resorption surface increased by 38% and 
55%, respectively, when compared with control cultures. 
We suggest that both osteotropic agents increased osteo- 
clastic activity, as the number of multinucleated cells 
was similar in control and experimental cultures. Seed- 
ing of GCT cells on biphasic calcium phosphate substra- 
tum revealed the relative inability of osteoclastic cells to 
resorb this synthetic material. 
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Introduction 

Giant cell tumour of bone (GCT) is a relatively rare be- 
nign tumour that produces local lytic skeletal lesions by 
virtue of its osteoclastic component. As a benign tumour 
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GCT has some uncommon features: a high recurrence 
rate for patients treated by means of conservative surgery 
[10, 39]; a capability to metastasize to the lung [46]; oc- 
casional malignant transformation [10, 13]. 

Histologically GCT is characterized by a large num- 
ber of multinucleated giant cells (MNC), admixed with a 
minor subpopulation of mononuclear cells expressing T- 
cell-associated antigens [15] along with two major sub- 
populations of mononuclear cells: the first one possess- 
ing functional characteristics of the monocyte/macro- 
phage lineage and the second corresponding to mesen- 
chymal cells [4, 8, 15, 23, 36]. Currently, mesenchymal 
fibroblast-like cells are believed to represent the neoplas- 
tic tumour population which produces several factors 
presumably involved in the recruitment of osteoclasts 
and their monocyte/macrophage precursors [15, 22, 36]. 
MNC from GCT are osteoclasts, as they share with these 
latter common phenotypic and functional characteristics, 
such as possession of calcitonin receptors [15], expres- 
sion of osteoclastic antigens [19] and the ability to exca- 
vate resorption lacunae on natural mineralized substrata 
[7, 21]. GCT osteoclasts and their mononuclear precur- 
sors thus provide a rich cellular source for the investiga- 
tion of the cellular mechanisms leading to the formation 
of MNC, the differentiation pattern of their progenitors, 
the resorption process and the involvement of hormones 
and cytokines in these events. 

The extensive usage of calcium-phosphate (Ca-P) bio- 
ceramics in human surgery requires new approaches to 
model the activity of cells involved in the remodelling 
process of implanted ceramics. The particular interest in 
investigating osteoclast-ceramic interactions is based on 
the fact that Ca-P ceramics have been used successfully 
for filling bone defects after conservative surgery of 
GCT [14, 43, 44]. Although there is distinct in vitro evi- 
dence of osteoclast resorbing activity against dentine and 
bone (reviewed by [3]) data on the ability of osteoclasts 
to resorb Ca-P ceramics are controversial [5; 16; 20; 40]. 
For our current study of interactions between ceramic 
and osteoclasts of GCT we chose biphasic Ca-P (BCP) 
ceramic. This material has been applied successfully in 
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human surgery [9, 17, 32] and has certain advantages 
when compared with monophasic ceramics [31]. 

A wide spectrum of hormones and cytokines are in- 
volved in the regulation of bone resorption (for reviews 
see [2, 38]). The key role of 1,25-dihydroxyvitamin D3 
(VD3) in the differentiation of osteoclast progenitors, the 
fusion of preosteoclasts and the resorbing activity of ma- 
ture cells have been very well established [18, 24, 33, 
42]. Among various cytokines involved in bone metabo- 
lism, the human interleukin for Dal murine leukaemic 
cell line (HILDA) which is identical to leukaemia inhibi- 
tory factor (LIF) [30] was shown to have effects on bone 
remodelling both in vivo and in vitro [29, 35]. However, 
in vitro data on the action of HILDA/LIF on osteoclastic 
resorption are controversial, since both stimulation [25, 
35] and inhibition [45] of this process have been report- 
ed. 

In the present study we investigated the effects of 
VD3 and HILDA/LIF cytokine on the resorbing potential 
of osteoclasts of GCT origin using an in vitro dentine 
model and quantitative image-analysis of resorption la- 
cunae. 

Materials and methods 

A GCT was obtained surgically from a 21-year-old man. The pa- 
tient was firstly admitted to the hospital due to the buttock pain. 
Roentgenographs, computer tomography data and magnetic reso- 
nance image analysis showed a well-delineated area of bone de- 
struction, 3 cm wide, located in the right ischial tuberosity. After 
open biopsy the diagnosis of GCT was made. According to the 
roentgenographic classification of Campanacci et al. [6] the tu- 
rnout was attributed to stage 2 (active). A wide en-bloc resection 
was carried out. 

At the time of biopsy and bone resection the concentration of 
HILDA/LIF cytokine was estimated in urine and serum of the pa- 
tient according to De Groote et al. [11]. 

The following substrata were used for culturing of GCT cells: 
dentine, synthetic ceramic material and Thermanox coverslips 
(NUNC, Roskilde, Denmark). 

Transverse sections of sperm whale dentine (about 100 gm 
thick) were cut with a water-cooled diamond saw (ISOMET, 
(Buehler) Illinois, USA). Dentine slices were stored in a 70 ° etha- 
nol/water solution and then washed three times in phosphate buff- 
er solution and culture medium before culturing. 

The synthetic ceramic material (BCP: Triosite, Zimmer, 
France) consisted of hydroxyapatite and beta-tricalcium phosphate 
in 60:40 proportions as was determined by X-ray diffraction. BCP 
granules 40-80 gm in size were selected. Ten millimetre-diameter, 
1 ram-thick disks were produces by compacting 200 mg of prese- 
lected granules at 130 mpa for 20 s (Specac, Kent, UK). Disks 
were sterilized by heating at 180 °C for 2 h. All ceramic samples 
were preincubated in 24-well plates (Greiner Labortechnik, 
GREINER, OSI, Paris, France) for 18 h in ~z (cz-MEM, Alpha 
Minimum Essential Medium) with antibiotics at 37 °C before cell 
seeding. 

Cultures on Thermanox coverslips were performed to investi- 
gate cell morphology, histochemical characteristics and number of 
nuclei in MNC. 

The methods used for cell preparation were described else- 
where [21] with some modifications. Tumour specimens were 
stored for about 1 h in sterile ct-MEM, supplemented with 1% anti- 
biotic mixture (10,000 U/ml penicillin, 10,000 gg/ml streptomycin 
solution, GIBCO, BRL, Eragny, France) and heparin (50 U/ml). 
Necrotic and haemorrhagic areas were removed under sterile con- 
ditions and the tissue was dissected and mechanically disaggregat- 

60 

50  

40  

,30 

% of cells 

10 

0 

6 0 -  

5 0 -  

4.0 

~,0 

20 

10- 

O- 

8-5  6 -8  9-11 12-1415-1718-20 >21 >31 >41 

number of nuclei 

% of cells 

>50 

8-5 6-8 9-11 12-14.15-1718-20 >21 >31 >41 

number of nuclei 

% o'f cells 

>50 

60 

50  

40  

30  

20 

10 

0 
3-5 6-8 9-11 12-1415-1718-20 721 >81 >41 

number of nuclei 
750 

C 

ed. Three subsequent trypsinization procedures were performed 
with a mixture of 0.05% trypsine and 0.02% ethylene diaminetetr- 
acetic acid in special salt solution (FLOW, Puteaux, France). The 
suspensions was agitated with a pipette, and the larger fragments 
were allowed to settle for 1-2 min. The resulting suspensions were 
diluted with a o~-MEM supplemented with 15% of fetal calf serum 
(FCS; Dominique Dutscher, Brumath, France), and washed. After 
centrifugation cells were dissolved in a small volume of complete 
culture medium consisting of a ~-MEM (Gibco), 15% of FCS, 2 

a 

b 

Fig. 1 Distribution pattern of nuclear number in multinucleated 
cells from giant cell tumour of bone (GCT) in (a) primary tumour 
and after 2 days of culturing, (b) 7-day control and experimental 
cultures and (c) 2- and 7-day control cultures. (VD3 1,25 dihy- 
droxyvitamin D3, HILDA human interleukin for DA1 murine leu- 
kemia cell line) 
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Fig. 2a, b Scanning electron micrographs (SEM) of dentine slices 
co-cultured with GCT cells for 2days in control conditions, a 
,,Dome"-shaped with microvilli on surface, b Flattened cell with 
smooth appearance and filopodia (arrow) neighbouring resorption 
lacunae (asterisks). Critical point preparation 

Fig. 3 SEM of small simple (arrow) and complex resorption lacu- 
nae on the surface of dentine. Note the relative resistance of peri- 
tubular dentine (arrow-head) to resorption. Two-day culture. U1- 
trasonicated dentine sample 

Fig. 4 SEM of "dome"-shaped (a) and flattened (b) giant cells on 
the surface of biphasic calcium phosphate (BCP) in a 2-day cul- 
ture. Critical point preparation 

Fig. S SEM of the surface of BCP disk after 2 days co-culturing 
with GCT cells. Small-sized (10-15 btm lacuna-like area). Hydra- 
zine treatment 

Fig. 6 SEM of the surface of BCP disk after 2 days incubation in 
culture medium without cells. Note the presence of small and 
great precipitated particles (arrow) and the absence of erosions. 
Hydrazine treatment 
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mM L-glutamine (Flow) and 1% antibiotics mixture. Cells in 20 gl 
aliquots were dropped on the surface of the substrata placed into 
24-well plates (Nunc; 0.85x106/well). After 10 min incubation at 
room temperature, 1 ml of complete culture medium was gently 
added to each well to avoid reattachment of cells from the substra- 
ta, and plates were then incubated for an additional 30 min (37 °C, 
5% carbon dioxide in atmosphere). After this short-term incuba- 
tion, all the medium was replaced with fresh medium, and the cul- 
tures were incubated for an additional 2 and 7 days (37 °, 5% car- 
bon dioxide in atmosphere, 90% relative humidity). 

In part of the cultures VD3 (kindly provided by Laroche Hoff- 
man, Switzerland) was added at day 0 at a concentration of 10 .7 
M. In other cultures, HILDA/LIF cytokine was added at a concen- 
tration of 5,000 U/ml at day 1. Recombinant human HILDA/LIF 
was used as a conditioned medium from CHO, Chinese Hamster 
Ovary cells transfected with full-length cDNA coding for HIL- 
DA/LIE Its biological activity was determined by its growth stim- 
ulating activity on the DAla cell line [30]. 

Half of the culture medium in control and experimental GCT 
cultures (without or with additives, respectively) was replaced ev- 
ery 2 days. 

The morphology of cells before culturing (cytocentrifuge prep- 
arations) and on Thermanox coverslips was investigated by routine 
light-microscopy methods (May-Grtinwald-Giemsa staining). The 
number of MNC was scored on the whole Thermanox coverslip 
square and expressed as "number of MNC per culture". The num- 
ber of nuclei per MNC was scored in at least 100 cells. Cells on 
cytocentrifuge preparations and on Thermanox coverslips were 
also studied for their tartrate-resistant acid phosphatase (TRAP) 
activity using a Sigma kit for leukocyte acid phosphatase (cata- 
logue number 387-A). 

The following scanning electron microscopy (SEM) observa- 
tions were performed. After 2 days of culturing substrata were 
processed to investigate cell morphology. To study the surface 
modifications of dentine slices and BCP disks cultured for 2 and 7 
days they were processed as described below. SEM morphology 
observations of 7-day cultures were carried out an the Thermanox 
coverslips. 

For studies of cell morphology by means of SEM dentine slic- 
es, biomaterials and coverslips were fixed with 4% glutaraldehyde 
in phosphate-buffered saline (1 h, 4 °C) and postfixed with 1% os- 
mium tetroxide (1 h, room temperature). Samples were dehydrated 
through a graded ethanol series, critical point dried and sputter- 
coated with gold-palladium. 

For observations of the surface state of BCP disks, cells were 
eliminated from the surface. Disks were incubated for 15 rain at 
55 °C with hydroxyl-hydrazine, followed by absolute ethanol 
treatment (1 h, room temperature), drying and preparation for 
SEM observations by gold-palladium coating. This treatment re- 
sulted in minimal damage to the surface morphology of BCP disks 
(see Results). 

To examine resorption lacunae features, dentine slices were 
placed in distilled water, ultrasonicated for 1-2 rain, dried and pre- 
pared for SEM by gold-palladium coating. 

SEM observations (JEOL 6300, Tokyo, Japan) were performed 
by means of secondary and backscattered electrons (BSE) under 
15 kV. Quantitation of resorption pits made up by culturing osteo- 
clasts on dentine was performed using an image analysis system 
(OXFORD Instruments (UK) Ltd. Bucks, England) linked to an 
SEM (in BSE). The areas of pit images were measured in at least 
30 randomly selected areas per sample; the number of resorption 
lacunae were scored in the same areas visually. The results were 
expressed as mean percent of resorption surface per random field 
(about 50,000 gm 2) of duplicate cultures and mean number of la- 
cunae per field +_ standard error. All data were analysed using the 
Student's t-test to establish the statistical significance of observed 
differences. 

For transmission EM (TEM) studies dentine slices were fixed 
as for SEM, dehydrated, embedded in Epon and polymerized at 60 
°C. Ultrathin sections prepared on an LKB ultramicrotome were 
routinely contrasted with uranyl acetate and lead citrate and exam- 
ined in a Jeol 200 CX TEM. 

Results 

M N C  d i saggrega ted  f rom G C T  by three subsequent  pro-  
cesses  o f  t ryps in iza t ion  amoun ted  to about  1% of  the tu- 
mour  spec imen.  The  dis t r ibut ion  pat tern of  their  nuclei  
number  (de te rmined  on rout ine  M a y - G r t i n w a l d - G i e m s a  
prepara t ions)  is p resen ted  in F igure  la .  Mos t  of  the 
M N C  were  TRAP-pos i t ive .  

Cel ls  f rom G C T  were  seeded for  2 and 7 days  in cul-  
tures conta in ing  the inves t iga ted  substra ta  with or with-  
out  addi t ion  of  VD3 and H I L D A / L I F  cy tokine  (which ef- 
fects  were  inves t iga ted  on ly  in 7 -day  cultures) .  

T R A P  staining o f  T h e r m a n o x  covers l ips  conta in ing  2- 
day  control  cul tured cel ls  revea led  the presence  of  
T R A P - p o s i t i v e  M N C  (mean:  112/Thermanox covers l ip)  
as wel l  as numerous  T R A P - p o s i t i v e  mononuc lea t ed  cel ls  
and T RA P-ne ga t i ve  s t romal  cells .  Prac t ica l ly  no T R A P -  
negat ive  M N C  were observed.  The dis t r ibut ion pat tern  o f  
nucle i  in cu l tured  M N C  did not  differ  s igni f icant ly  f rom 
those  in p r ima ry  tumour  prepara t ions  (Fig. la) .  

S E M  observat ions  of  dent ine sl ices cul tured for  2 days  
in control  condi t ions  with G C T  cells,  showed that fair ly 
small  cells  as wel l  as giant  cel ls  were  impl ica ted  in the 
dent ine  resorpt ion  process .  Morpholog ica l ly ,  two types  o f  
resorbing  cell  were  observed:  a first type  o f  roundish  
d o m e - s h a p e d  cell  with microvi l l i ,  usual ly  aggrega ted  near  
the body  o f  a cell  bear ing  l amel l ipod ia  (Fig. 2a) and a 
second type  o f  f la t tened cell  with lobula ted  and fo lded  
pseudopod ia  in some areas of  the cell  periphery.  The cell  
marg in  of  the second type showed fine f i lopodia  which  
were  i r regular  in length and diameter.  Cel l  polar iza t ion  
was somet imes  charac ter ized  by  broad pseudopod ia  at 
one pole  and f i lopodia  at the other  (Fig. 2b). 

R e m o v i n g  the cel ls  f rom the surface of  dent ine al- 
l owed  us to charac te r ize  the resorp t ion  pits  morpho log i -  
ca l ly  and quant i fy  their  number  and impl i ca ted  surface 

Fig. 7 Giant cell surrounded by numerous mononucleated stromal 
elements after 7 days of GCT culturing on Thermanox coverslip. 
May-Grtinwald-Giemsa staining, x200 
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Fig. 8a, b SEM of 7-day GCT cultures on Thermanox coverslips. 
Giant cells surrounded by flattened (a) and globular (b) stromal 
cells. Critical point preparation 
Fig. lt) SEM of complex resorption area on the surface of dentine 
in a 7-day culture. Ultrasonicated dentine sample 
Fig. 13 SEM of the surface of BCP disk after 7 days co-culturing 
with GCT cells. Two types of lacuna-like areas (a and b are seen). 
Hydrazine treatment 

of resorption. The size of the resorption lacunae pro- 
duced by GCT osteoclasts was very variable and fluctu- 
ated from 15 gm to 100 gm. Three main morphological 
types of pit could be observed: circular and relatively 
deep lacunae of small diameter, larger and shallower 
elongated excavations and complex, generally shallow, 
pits with irregular contours (Figs. 2, 3). The relative re- 
sistance of highly mineralized peritubular dentine to re- 
sorption (Fig. 3) was noteworthy when compared with 
less mineralized zones. 

SEM studies of 2-days GCT cultures on BCP showed 
a giant cell morphology similar to that on dentine (Fig. 
4a, b) but no evident resorption lacunae related to these 

cells were observed. The resorption activity of osteo- 
clast-like cells on BCP (after cell elimination with hydra- 
zine) was much less evident than on dentine. Small-sized 
(10-15 ~tm in diameter) lacuna-like areas were observed 
(Fig. 5), but giant/elongated/complex lacunae were never 
present. BCP samples devoid of cells, incubated in cul- 
ture medium and treated with hydrazine failed to reveal 
the surface modifications observed in cell-containing 
samples (Fig. 6). 

After 7 days of culture, morphological observations 
were made for experimental and control cultures on 
Thermanox coverslips at light microscopic (fig. 7) and 
SEM levels. Different morphological types of cells were 
observed in all cultures: giant cells reaching 70 ~tm with 
microvilli on their superior surface and lamellipodia at 
one or two poles of the cell (Fig. 8a, b), flattened giant 
cells (data not shown), elongated fibroblast-like cells and 
globular small cells (Fig. 8a, b). Histochemical analysis 
showed that practically all multinucleated cells were 
TRAP-positive. Their number in control and experimen- 
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tal cultures supplemented with VD3 or HILDA/LIF cyto- 
kine were similar (Fig. 9). The pattern of nuclear distri- 
bution did not differ significantly in all 7-day cultures 
(Fig. lb), but differed notably from 2-day control cul- 
tures by the switch to remarkable predominance of 3-5- 
nuclei-containing cells (Fig. lc). 

The process of dentine resorption continued till day 7 
of culture. Resorption lacunae began to be more pleo- 
morphic in their size and structure: they ranged from sin- 
gle small-medium size pits (10-20 gm in diameter) to 
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Fig. 9 Number of multinucleated cells in 7-day cultures of GCT 
with or without addition of 1,25-dihydroxyvitamin D3 (VD3) or 
human interleukin for DA1 muvine leukaemia all line/leukaemia 
inhibitory factor (HILDA/LIF). Results represent means_+ standard 
error. (Three replicate Themanox coverslip cultures were used for 
each group) 

huge complex areas of resorption reaching 200-300 gm 
(Fig. 10). Their number was significantly increased by 
about 5.5-fold from 2-days to 7 days in control cultures 
(Fig. l la). Image-analysis data of the pit surface (Fig. 
l lb) revealed a significant increase in the surface in- 
volved (about 4.4-fold). Fort both variables (number and 
surface of lacunae), all the 7-day cultures (control and 
experimental), differed significantly from 2-day cultures. 
In 7-day cultures supplemented with VD3 both the num- 
ber of lacunae and their surface increased by 26% and 
41%, respectively when compared with control cultures 
(Fig. l la ,  b). Statistically significant increase of the 
number of lacunae and their resorption surface at day 7 
(by 38% and 55%, respectively) was induced by H1L- 
DA/LIF (Fig. 11 a, b). 

Despite the size and morphological composition of la- 
cunae produced by osteoclasts in 7-day cultures, a rela- 
tive resistance of peritubular dentine was observed. This 
feature was supported by TEM data. Ultrathin sections 
of the giant cell inside lacuna of resorption (Fig. 12a) 
showed the presence of finger-like structures (Fig. 12b) 
comparatively resistant to dissolution and probably cor- 
responding to peritubular dentine. On the section exam- 
ined, despite the evident resorption features, neither a 
ruffled border nor a clear zone was observed. 

The investigation of resorption activity of osteoclast 
against BCP after 7 days of co-culture showed the pres- 
ence of some lacunae-like structures, the size and num- 
ber of which were lower than those on dentine. The 
small pits (about 10 gm in diameter; Fig. 13) exhibited 
well-delimitated outlines; in larger lacunae (up to 20 
gm) scalloped margins were observed (Fig. 13b). The 
pits varied in depth and surface and complex lacunae 
were never observed. By SEM neither secondary elec- 
trons nor BSE allowed us to apply image analysis to 
quantify the number of pits produced by osteoclast-like 
cells on BCR 

Fig. 11 Number of resorption 
lacunae (a) and percentage of 
resorbed surface (b) in 2- and 
7-day cultures of GCT cells on 
dentine in presence or absence 
of VD3 and HILDA/LIE The ~ 
results are expressed as mean 
number of lacunae (a) and 
mean percent of resorption sur- 4 

face (b) per field (about 50,000 
gm 2) of duplicate cultures _+ 
standard error. At least 30 
fields were for each sample s 
analysed. *P<0.05 for group 
HILDA/LIF comparing with 
appropriate (7-day) control. All 

2 data for 7-day cultures differed 
significantly from those for 2- 
day cultures 
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Fig. 12 Transmission EM of 
ultrathin sections of the giant 
cell inside lacuna of resorption 
(a). The edges of the lacuna are 
marked with arrows.  Note the 
presence (b) of finger-like 
structure comparatively resis- 
tant to dissolution (arrow).  
Seven day culture 
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Discussion 

In agreement with others reporting on osteoclasts from 
GCT [7, 21] we were able to obtain significant number 
of viable MNC from a tumour specimen by means of 
mechanical tissue disaggregation and two cycles of tryp- 
sinization. Most of the MNC (along with some mononu- 
clear cells) possessed strong TRAP activity and varied in 
size and nuclear number (from 3 to more than 50). Their 
osteoclastic nature was proven by their ability to exca- 
vate resorption lacunae after seeding on natural mineral- 
ized substratum. Image analysis of SEM observations of 
dentine pieces co-cultured with turnout cells allowed us 
to quantify the number and surface of resorption pits 
produced by osteoclasts in control cultures in 2- and 7- 
day intervals and to estimate the effect of vitamin D3 
and of HILDA/LIF, a cytokine presumably involved in 
the bone remodelling process [29; 35]. 

After 2 days of culture, osteoclasts presented in refer- 
ence cultures on Thermanox coverslips were abundant, 
mostly TRAP-positive and were admixed with develop- 
ing stromal fibroblast-like cells and TRAP-positive small 
mononuclear cells, assumed to be late osteoclastic pre- 
cursors [42]. SEM observations of dentine slices co-cul- 
tured with tumour cells revealed that two types of osteo- 
clastic cells were generally involved in the resorption 
process. Thus, rather small dome-shaped and flattened 
cells varying in size and bearing lobulated and folded 
pseudopodia were found to be associated with resorption 
lacunae. The morphology of these lacunae varied from 
simple small round pits to complex areas reaching 100 
pm. Their size and number increased significantly during 
the following 5 days of culturing (by 5.5- and 4.4-fold, 
respectively), in agreement with the qualitative observa- 
tions made by Kanehisa et al. [21]. 

In 7-day cultures, MNC were still abundant and pos- 
sessed usual morphological features. The distribution 
pattern of nuclei in 7-day cultures differed from that in 

2-day cultures by an increase in the proportion of multi- 
ple (three-five) nuclei-containing cells. This observation 
was attributed both to the formation of new cells from 
mononuclear precursors still existing in 7-day cultures 
and/or to better survival of cells with low numbers of nu- 
clei. 

Quantitative analysis of lacunar number and pit sur- 
face on dentine slices co-cultured with osteoclasts in the 
presence of VD3 and HILDA/LIF showed that both 
agents had moderate stimulating effect on resorption, al- 
though this influence was more pronounced for the cyto- 
kine. Since the number of multinucleated cells was simi- 
lar in control and experimental 7-day cultures, the effects 
of both substances were very likely to increase the intrin- 
sic cellular resorption activity. We cannot however, ex- 
clude the possibility that VD3 and HILDA/LIF increased 
the number of mononuclear TRAP-positive cells which 
possess osteoclastic activity [12, 34]. The scoring of 
these cells in 7-day cultures was very difficult. 

The stimulation effect of VD3 on resorption activity 
in GCT cultures was not statistically significant. In this 
respect, a moderate action of VD3 on mature osteoclasts 
has been shown previously by McSheehy and Chambers 
[27] and was mentioned in the review of Blair et al. [2]. 

Data about in vitro action of HILDAFLIF on osteo- 
clastic cells ranged from the inhibition of resorption in 
fetal mouse bone explants [45] to the absence of effect 
on the generation of osteoclast-like cells from adult 
mouse bone marrow [41], and to stimulation of bone re- 
sorption in cultures of neonatal mouse calvaria [25, 35]. 
Interestingly, Van Beek et al. [45] noted that with the in- 
creasing maturation of fetal bone explants the antiresorp- 
tive potency of LIF decreased. The differences in data 
thus could be explained by diverse effects of HILDAFLIF 
on stromal (osteoblast or fibroblast-like) cells which me- 
diate the action of the cytokine on resorption activity or 
osteoclast formation. Indeed, LIF receptors have been 
identified on osteoblast-like and preosteoblastic cells but 
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not on osteoclasts [28, 37] and LIF was shown to stimu- 
late the proliferation in isolated osteoblasts [26]. The 
resorbing stimulative effect of  HILDA/LIF  in the cul- 
tures of  GCT ceils so could be mediated by its action on 
the stromal cells of  the tumour, the neoplastic component  
of  which is thought to be osteoblastic [36]. 

Whether HILDA/LIF  is involved in the pathogenesis 
of  GCT is unclear. The level of  this cytokine in the se- 
rum and urine of the patient before tumour curettage was 
not elevated when compared with control samples (data 
not shown), but local involvement of  HILDA/LIF  in the 
development of tumour is not excluded by these data. In 
this respect, activated monocytes have been shown to 
produce HILDA/LIF  [1] and mononuclear cells of  
haemopoietic origin appeared to be the essential compo- 
nent of  all GCT. 

Lacunae of resorption produced by GCT osteoclasts 
on natural mineralized substratum revealed a characteris- 
tic feature: the relative resistance of peri-tubular dentine 
was observed by means of SEM and TEM. Similar find- 
ings by Jones and co-workers [20] showed that authentic 
mammalian and avian osteoclasts were unable to resorb 
highly mineralized areas of peritubular dentine. The lim- 
ited capacity of  GCT osteoclasts to resorb BCP observed 
in the present study could thus be explained by the high 
degree of mineralization of synthetic substratum. Other 
factors which could play a role in the restricted ability of  
osteoclasts to produce lacunae on BCP may be linked 
both to proper cell-material interactions and in vitro con- 
ditions. Extracellular matrix components are known to 
improve osteoclastic attachment (for review see [2]) and 
the resorption activity of Ca-P has been potentiated in 
cultures with mineralized extracellular matrix previously 
produced by osteoblastic cells [5]. The physico-chemical  
composition of synthetic substrata, that is the crystal 
structure, the sintering time and temperature, the grain 
and inter-grain size, all govern osteoclastic resorption [5, 
16]. Another factor which can modulate the activity of  
osteoclasts is the concentration of Ca and P ions; in- 
creasing concentrations of these ions reduce osteoclast 
formation and decrease the activity of  mature cells [47]. 
Due to the high content of  Ca in BCP ceramics and its 
dissolution, the action of osteoclasts could be altered 
soon after the beginning of the resorption process. 

In conclusion, the culturing of GCT cells on natural 
and synthetic mineralized substrata allows new ap- 
proaches to the understanding of the mechanisms of os- 
teoclastic cells actions, of  their physiology and of the 
regulatory factors involved in their interactions with stro- 
real cells and substrata. Such in vitro models will help to 
clarify the aetiology and pathogenesis of  GCT. 
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