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tion of Fas-mediated apoptosis by neighbouring FasL/

In vitro studies have shown that insulin-like growth cells such as osteoclasts, thus probably functioning as
factor I (IGF-I) is a potent growth factor for osteo- a local coupling factor in the bone in vivo, stimulating
blasts, although both bone formation and resorption both bone formation and resorption. q 1998 Academic Press
are upregulated by IGF-I in vivo. To understand the Key Words: osteoblasts, IGF-I, proliferation, Fas-me-
difference in the action of IGF-I observed in vitro and diated apoptosis, CPP32.
in vivo experiments, we examined the effect of IGF-
I on the proliferation and Fas-mediated apoptosis of
human osteoblasts in vitro. Human osteoblastic cell
line MG63 and human primary osteoblast-like cells ob- Bone can remodel itself in response to changing phys-tained from biopsy specimens were used as human os- ical demands and repair itself after injury (1-3). It hasteoblasts. Cells were cultured with or without various

been known that the volume of bone are determinedconcentrations of IGF-I followed by determination
by the balance between two opposing processes, osteo-of the proliferative response and Fas-mediated
blastic bone formation and osteoclastic bone resorptionapoptosis. IGF-I dose dependently stimulated the pro-
(i.e., coupling) (1-3). Therefore, to understand how boneliferation of cultured human osteoblasts. Both Fas ex-
volume changes in physiologic and pathologic condi-pression and the degree of anti-Fas IgM-induced
tions, it is important to understand the local mecha-apoptosis of human osteoblasts was also augmented
nisms that regulate osteoblastic bone formation andby IGF-I. Furthermore, the cytotoxicity of Fas ligand
osteoclastic bone resorption. Among such local mecha-(FasL) cDNA transformants against human osteoblasts
nisms is the action of growth factors that act as auto-was increased when IGF-I-stimulated osteoblasts were

used as target cells, indicating that stimulation of IGF- crine or paracrine effectors of osteoblastic and osteo-
I increased functional Fas expression on human osteo- clastic proliferation and differentiation (1-3). Among
blasts as well as their proliferation. The addition of these, IGF-I is a potent growth factor for osteoblasts
DEVD-CHO, a specific inhibitor of CPP32, to the cul- as shown in vitro studies where it increases the prolif-
ture resulted in a significant inhibition of Fas-medi- eration and collagen synthesis of bone cells (1-3). In
ated apoptosis of both unstimulated and IGF-I-stimu- contrast, the administration of IGF-I in humans in-
lated osteoblasts, although it did not affect the prolif- creases both serum procollagen peptides and urinary
erative response or Fas expression. Our data suggest excretion of collagen cross-links (4, 5), indicating IGF-
that activation of CPP32 is necessary for Fas-mediated I-induced stimulation of both bone formation and re-
apoptosis of human osteoblasts, and treatment of IGF- modeling in vivo.
I increased this signaling pathway. In contrast, regula- Although the precise mechanisms that control the
tion of proliferation and Fas expression of the cells number of bone cells are not clear at present, thewere probably not affected by CPP32 activation. Our involvement of apoptosis in the regulation of theresults suggest that IGF-I acts on cultured human os-

amount of bone has recently been speculated (6-11). Inteoblasts by increasing their proliferation and induc-
this regard, we recently showed the importance of Fas-
mediated apoptosis of human osteoblasts in regulating
osteoblast cell number (10, 11). Cocultivation studiesAbbreviations used: IGF-I, insulin-like growth factor I; FasL, Fas

ligand; DEVD-CHO: Asp-Glu-Val-Asp-aldehide. using time-lapse recordings suggested cellular interac-
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counter. The spontaneous release of 51Cr was determined by incubat-tions between osteoblasts and osteoclasts including the
ing the target cells with the medium alone, whereas the maximumretraction of osteoblasts by osteoclasts, lead to bone
release was determined by adding Triton X-100 to a final concentra-resorption (12, 13). Since bone formation is coupled to tion of 1%. The percentage of specific lysis was determined as follows:

bone resorption, and IGF-I increases bone turnover in
vivo (4, 5), we speculated that IGF-I does not only in-
crease the proliferation of osteoblasts but stimulates
the induction of apoptosis by neighbouring cells such

Lysis (%) Å

Experimental 51Cr release
0 Spontaneous 51Cr release

Maximum 51Cr release
0 Spontaneous 51Cr release

1 100
as osteoclasts, thus acting as a local regulator of the
bone in vivo.

In the present study, we investigated the effects of
IGF-I on cultured human osteoblasts, with regard to

Apoptotic cells were detected using Hoechst 33258 dye staining.proliferation and Fas-mediated apoptosis (induced by For this purpose, MG63 and primary osteoblast-like cells treated
anti-Fas IgM and FasL cDNA transformants). with either control mouse IgM or anti-Fas IgM were fixed with 2%

glutaraldehyde solution for 10 minutes and stained with 0.2 mM
Hoechst 33258 dye to visualize the localization of DNA. The cellsMATERIALS AND METHODS were examined under a fluorescence microscope to determine frag-
mentation of nuclei and/or condensation of chromatin (AHB-LB,

Cell culture. Human osteoblastic cell line MG63 and human pri- Olympus, Tokyo).
mary osteoblast-like cells obtained from normal bone of subjects who

Cytotoxicity of FasL cDNA transformants against MG63 and pri-underwent corrective surgery for accidental injury, were used in the
mary osteoblast-like cells. Detection of the cytotoxic activity of FasLpresent study, as described previously by our laboratory (10, 11).
cDNA transformants (14, FasL K562 transformants, kindly providedNone of the patients had any known metabolic bone disease or endo-
by Dr. Paul Anderson, Department of Medicine, Division of Rheuma-crine disorder. A signed consent was obtained from each patient.
tology, Immunology, and Allergy, Brigham & Women’s Hospital, Bos-

Effect of IGF-I on proliferation of MG63 and primary osteoblast- ton, MA) against human osteoblasts was performed as previously
like cells. The proliferative response of MG63 and primary osteo- described (10, 11). Briefly, either neo K562 transformants or FasL
blast-like cells was determined using a 3H-thymidine incorporation K562 transformants were co-cultured with 51Cr-labeled MG63 or pri-
assay. Briefly, the cells (5 1 103/well) were plated in 96-well flat- mary osteoblast-like cells at an effector to target ratio (E/T ratio) of
bottomed microtiter plates (Falcon 3072, Becton Dickinson, Oxnard, 1 (5 1 103 of MG63 or primary osteoblast-like cells and 5 1 103 of
CA) in RPMI1640 supplemented with 2% BSA with or without vari- transformants/well) in 96-well microtiter plates (Costar 3779, Cam-
ous concentrations of rIGF-I (Fujisawa Pharmaceuticals Co., Osaka) bridge, MA) in a total volume of 200 ml of RPMI1640 supplementedfor indicated time intervals. Twenty-four hours prior to the termina- with 5% FBS. Following incubation for 4 hours, the plates were cen-tion of cell culture, each well was pulsed with 0.5 mCi of 3H-thymidine

trifuged, and the percentage of specific release was determined as(New England Nuclear, Boston, MA) and harvested on glass filter,
mentioned above.using a semiautomatic cell harvester (Labo Mash, Labo Science,

Tokyo). The radioactivity of each sample was determined in a liquid Statistical analysis. Data were expressed as mean { SD. Differ-
scintillation counter (Aloka, LSC-5100, Tokyo). In some experiments, ences between two values were tested for statistical significance us-
we added a CPP32 specific inhibitor, Ac-Asp-Glu-Val-Asp-aldehyde ing the Student’s t-test. A p value less than 0.05 was selected as the
(DEVD-CHO, 200 mM, Peptide Institute, Inc., Osaka) to the culture level of significance.
medium and the proliferative response of the cells was also exam-
ined.

Fas expression and anti-Fas IgM-mediated apoptosis of MG63 and
primary osteoblast-like cells. We examined the expression of Fas
on cultured MG63 and primary osteoblast-like cells as described pre-
viously (10, 11). Briefly, the cells were cultured for indicated time
intervals in RPMI1640 supplemented with 2% BSA in the presence
or absence of various concentrations of rIGF-I with or without DEVD-
CHO (200 mM). After incubation, Fas expression on the cells was
detected by an indirect immunofluorescence method using anti-hu-
man Fas monoclonal antibody (mAb, IgG1, MBL, Nagoya) and phy-
coerythrin (PE)-conjugated anti-mouse IgG (MBL) as the second re-
agent by in a flow cytometer (Epics-Profile-II, Coulter Immunology,
Hialeah, FL).

Cultured MG63 and primary osteoblast-like cells were also exam-
ined for anti-Fas IgM-induced apoptosis using 51Cr release assay
and Hoechst 33258 dye (Wako Pure Chemical Industries, Osaka)
staining. 51Cr (Amersham International, Amersham)-labeled MG63
and primary osteoblast-like cells (5 1 103/well) cultured in the pres-
ence or absence of various concentrations of rIGF-I with or without FIG. 1. Effect of IGF-I on Fas expression on human osteoblasts.

Human osteoblasts (MG63 or primary osteoblast-like cells) were cul-DEVD-CHO (200 mM) for indicated time intervals, were incubated
for additional eight hours with either control mouse IgM (1,000 ng/ tured with or without 50 ng/ml of IGF-I for 48 hours. After incuba-

tion, Fas expression of the cells was examined as described in theml, Seikagaku Co., Tokyo) or anti-Fas IgM (1,000 ng/ml, MBL) in
96-well flat-bottom microtiter plates (Falcon 3072, Becton Dickinson) text. Results shown are representative data of five experiments. Left

panel, MG63. Right panel, primary osteoblast-like cells. Hatchedin a total volume of 200 ml of RPMI1640 supplemented with 2% BSA.
After incubation, the plates were centrifuged, and 100 ml-aliquots line, isotype-matched negative control. Solid line, anti-Fas mAb.

Numbers in parentheses represent the percentage of positive cells.of the supernatants were assayed for radioactivity using a gamma
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FIG. 2. Fas-mediated apoptosis of MG63 determined by Hoechst 33258 dye staining. MG63 were cultured with or without 50 ng/ml of
IGF-I for 48 hours. After incubation, Fas-mediated apoptosis of the cells by anti-Fas IgM was examined as described in the text. (A)
Unstimulated MG63 treated with control IgM. (B) Unstimulated MG63 treated with anti-Fas IgM. (C) IGF-I-stimulated MG63 treated with
control IgM. (D) IGF-I-stimulated MG63 treated with anti-Fas IgM. Note that apoptotic cells were found in B and D, and the percentage
of these cells was greater in D than in B. Magnification: 4001. Results shown are representative data of six experiments.

was not found with or without the addition of IGF-I.RESULTS
Similar results were noted following the use of primary
osteoblast-like cells (data not shown). These data sug-Effect of IGF-I on Proliferation and Fas-Mediated
gested that treatment of human osteoblasts with IGF-Apoptosis of Human Osteoblasts
I increased functional Fas expression.

We initially examined the proliferative effect of IGF-
I on human osteoblasts, demonstrating that the addi- Effect of DEVD-CHO on Proliferation and Fas-
tion of IGF-I to MG63 significantly increased the prolif- Mediated Apoptosis of Human Osteoblasts
eration of cells, and the maximum effect was observed
when the cells were cultured for 48 hours in the pres- We next examined the effect of DEVD-CHO on the

proliferative response of human osteoblasts. The addi-ence of 50 ng/ml of IGF-I (unstimulated: 5495 { 225
cpm vs IGF-I-stimulated: 14010 { 505 cpm, respec- tion of DEVD-CHO did not influence the baseline prolif-

eration or IGF-I-induced increased proliferation oftively). The same results were obtained using primary
osteoblast-like cells (data not shown). In addition, cul- MG63 (unstimulated MG63 without DEVD-CHO: 5650

{ 260 cpm vs unstimulated MG63 with DEVD-CHO:ture of MG63 or primary osteoblast-like cells with 50
ng/ml of IGF-I for 48 hours resulted in clear augmen- 5310 { 264 cpm, IGF-I-stimulated MG63 without

DEVD-CHO: 13950 { 590 cpm vs IGF-I-stimulatedtation of Fas expression on these cells (Fig. 1). We next
examined Fas-mediated apoptosis of human osteo- MG63 with DEVD-CHO: 13528 { 605 cpm, respec-

tively). Furthermore, DEVD-CHO did not change Fasblasts using anti-Fas IgM. As shown in Fig. 2, the addi-
tion of anti-Fas IgM resulted in apoptosis of a small expression on human osteoblasts cultured with or with-

out IGF-I (Table 1). In contrast, DEVD-CHO clearlypercentage of unstimulated MG63, while treatment
with IGF-I significantly increased this process al- inhibited Fas-mediated apoptosis of unstimulated hu-

man osteoblasts (Table 2). Furthermore, the additionthough spontaneous apoptosis of the cells in culture
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TABLE 1

Effect of DEVD-CHO on Fas Expression
on Cultured Human Osteoblasts

Mean fluorescence intensity
of Fas expression

Treatment of cells Primary
osteoblast-like

IGF-I DEVD-CHO MG63 cells

0 0 1.85 { 0.09 2.25 { 0.10
0 / 1.83 { 0.1 (NS) 2.22 { 0.11 (NS)
/ 0 3.2 { 0.17 3.89 { 0.20
/ / 3.25 { 0.16 (NS) 3.94 { 0.18 (NS)

Data are mean { SD of five experiments. NS: not significant, com-
pared with control [DEVD-CHO (0)].

of DEVD-CHO significantly suppressed Fas-mediated
apoptosis of IGF-I-stimulated human osteoblasts (Ta-
ble 2, Fig. 3).

Cytotoxicity of FasL Transformants against Human
Osteoblasts

Finally, we examined the cytotoxic effects of FasL
transformants against human osteoblasts. As shown in
Table 3, although neo K562 transformants did not kill
MG63, FasL K562 transformants showed a clear cyto-
toxic activity against unstimulated MG63, and the use
of IGF-I-stimulated MG63 increased the cytotoxicity.
The cytotoxic activity of FasL K562 transformants was
significantly suppressed following the addition of hFas-
Fc (data not shown) or the use of DEVD-CHO-treated

FIG. 3. Inhibition of Fas-mediated apoptosis of MG63 by DEVD-MG63 as target cells (Table 3). Similar results were
CHO determined by Hoechst 33258 dye staining. MG63 were cul-obtained when primary osteoblast-like cells were used
tured with 50 ng/ml of IGF-I for 48 hours in the presence or absence

as target cells (data not shown). of 200 mM of Ac-DEVD-CHO. After incubation, the cells were further
cultured with 1 mg/ml of anti-Fas IgM for 8 hours, and apoptotic cell
death was examined as described in the text. (A) IGF-I-stimulatedDISCUSSION
MG63 treated with control IgM. (B) IGF-I-stimulated MG63 treated
with anti-Fas IgM. (C) MG63 stimulated with IGF-I in the presenceAlthough the precise role of apoptosis in bone cells
of Ac-DEVD-CHO, then treated with anti-Fas IgM. Note that thein vivo is not clear at present, apoptosis of human osteo- percentage of apoptotic cells was significantly suppressed by the ad-
dition of Ac-DEVD-CHO. Results shown are representative examples
of five experiments. Magnification: 4001.

TABLE 2

Inhibition of Fas-Mediated Apoptosis of Cultured Human
Osteoblasts by DEVD-CHO

blasts was recently demonstrated in vivo in humans
near joints affected by rheumatoid arthritis (15). Since51Cr release (%)
bone formation rate at local sites primarily depends on

Treatment of cells Primary the number of osteoblasts (1-3), it is suggested that
osteoblast-like IGF-I, which is stored in large quantities in the boneIGF-I DEVD-CHO MG63 cells

(1-3), acts on human osteoblasts, stimulates both the
proliferation and apoptosis of these cells, and stimu-0 0 13.5 { 0.9 15.9 { 1.2

0 / 3.8 { 0.3* 4.6 { 0.4* lates bone remodeling in vivo.
/ 0 42.8 { 3.0 45.8 { 3.2 IGF-I dose-dependently activated the proliferation
/ / 12.8 { 1.1* 13.5 { 0.9* of human osteoblasts, at concentrations that can be

achieved during n vivo IGF-I administration (4, 5). WeData are mean { SD of five experiments. *põ0.01: compared with
Ac-DEVD-CHO (0). recently showed that Fas-mediated apoptosis was in-
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TABLE 3 CPP32 is indispensable for the induction of Fas-medi-
ated apoptosis (22). In the present study, neither theCytotoxicity of FasL K562 Transformants against MG63
proliferative response nor Fas expression of osteoblasts

Treatment of MG63 induced by IGF-I was affected by CPP32 inhibitor,
DEVD-CHO. These findings suggest the importance of

Effector cells IGF-I DEVD-CHO 51Cr release (%) kinase cascades in the IGF-I receptor in the prolifera-
tion and induction of Fas expression on osteoblastsneo K562 0 0 1.82 { 0.09

0 / 2.05 { 0.13 without the activation of CPP32. In contrast to the lack
/ 0 2.02 { 0.11 of effect on proliferation and Fas expression, the addi-
/ / 1.95 { 0.1 tion of DEVD-CHO significantly suppressed Fas-medi-

FasL K562 0 0 18.5 { 1.2
ated apoptosis of both unstimulated and IGF-I-stimu-0 / 5.0 { 0.3*
lated osteoblasts, indicating that CPP32 is a major tar-/ 0 40.6 { 2.5

/ / 13.5 { 0.7* get molecule signalling Fas-mediated apoptosis of
these cells, and that treatment with IGF-I increased

Data are mean { SD of five experiments. *põ0.01: compared with this signalling pathway. These results support the no-data of Ac-DEVD-CHO (0).
tion that the use of certain agents, such as CPP32 in-
hibitor, could separate the proliferative effect of IGF-I
in osteoblasts from the stimulatory effect on Fas-medi-
ated apoptosis of these cells. Such treatment may pro-duced in human osteoblasts in vitro although the spon-

taneous apoptosis of the cells was not determined in vide a potentially new therapeutic use of IGF-I in pa-
tients with osteoporosis since it may allow a net prolif-culture (10, 11). Spontaneous apoptosis of osteoblasts

in vitro was not influenced by IGF-I. Therefore, in the eration of osteoblasts.
next step, we examined the effect of IGF-I on Fas-medi-
ated apoptosis of cultured osteoblasts. Constitutive Fas ACKNOWLEDGMENTS
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