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Abstract Although osteonecrosis of the femoral head is a
known primary limitation of long-term or high-dose clinical
administration of glucocorticoids, the mechanisms underly-
ing this side effect remain unclear. Hypoxia is an important
biological state under numerous pathological conditions. In
this study, we investigated glucocorticoid-induced osteone-
crosis under hypoxic conditions in the MC3T3-E1 osteo-
blast cell line using a cell cytotoxicity assay, flow cytom-
etry, and western blotting. 6a-Methylprednisolone sodium
succinate (MPSL) more effectively induced apoptosis and
GO0/G1 arrest of MC3T3-El1 osteoblasts under hypoxic
conditions than under normoxic conditions. Correspond-
ingly, MPSL more effectively upregulated cellular levels of
cleaved caspase 3, p53, and its target p21, and downregu-
lated cyclin D1 levels in hypoxia. Moreover, overexpres-
sion of Akt abrogated the MPSL activation of p53, p21, and
cleaved caspase 3 and the attenuation of cyclin D1 expres-
sion and rescued osteoblasts from MPSL-induced cell cycle
arrest and apoptosis, indicating that phosphatidylinositol
3-kinase (PI3K)/Akt signaling might play an essential role
in MPSL-induced inhibition of osteoblasts. Furthermore,
the suppression of PI3K/Akt signaling and upregualtion of
cellular p85a monomer levels by MPSL were more pro-
nounced under hypoxic conditions than under normoxic
conditions. Finally, we found that the enhancement of the
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effects of MPSL under hypoxic conditions was attributed
to hypoxia-upregulated glucocorticoid receptor activity.
In conclusion, our results demonstrate that MPSL, a syn-
thetic glucocorticoid receptor agonist, promotes the level of
p85a and inhibits PI3K/Akt signaling to induce apoptosis
and cell cycle arrest in osteoblasts, and that this effect is
enhanced under hypoxic conditions.
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Introduction

Glucocorticoids (GCs) exert most of their biological func-
tions, including their anti-inflammatory and immune-sup-
pressive effects, by activating the GC receptor (GR) [1].
The use of GCs in the treatment of rheumatoid arthritis,
inflammatory bowel disease, and severe acute respiratory
syndrome is hampered by the occurrence of osteonecro-
sis [2, 3]. It has been reported that approximately 39 % of
severe acute respiratory syndrome patients develop oste-
onecrosis within a few months of GC therapy [3]. A better
understanding of osteonecrosis is required to develop strat-
egies to prevent this unwanted side effect of GC therapy.
Most cases of nontraumatic osteonecrosis during the
administration of GCs involve the femoral head, and in
particular the upper third of the femur, where the blood
supply is limited to a single branch of the obturator artery
[4]. This light vascularity has been linked to the enhance-
ment by lipopolysaccharide of the effect of GCs in a rab-
bit model of osteonecrosis [5], in which lipopolysaccha-
ride-induced hypercoagulability is thought to aggravate
ischemic hypoxia in bone tissue. These observations sug-
gest that the detrimental effect of GCs on the skeleton is

@ Springer


http://dx.doi.org/10.1007/s00774-014-0627-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s00774-014-0627-1&domain=pdf

616

J Bone Miner Metab (2015) 33:615-624

facilitated under hypoxic conditions, although the mecha-
nism requires clarification.

The adult skeleton undergoes continuous bone remod-
eling, in which a homeostatic balance between osteoblast
and osteoclast activity plays a pivotal role [6]. Recent
studies have demonstrated that impairment of the osteo-
blast—osteoclast balance by inhibiting osteoblastogenesis,
and promoting osteoblastic apoptosis, may underlie GC-
induced osteonecrosis [7, 8]. Mechanisms invoked in this
process include ischemia of bone marrow, altered tran-
scription of proapoptotic and anti-apoptotic genes, and
decreased expression of cyclin-dependent kinases [9-11].
The exact underlying cause of GC-induced apoptosis and
cell cycle arrest in osteoblasts, however, remains unclear.

The phosphatidylinositol 3-kinase (PI3K)/Akt signaling
pathway confers the antiapoptotic and prosurvival function
of insulin-like growth factor 1 in a variety of cell types. For
example, activation of PI3K/Akt protects intestinal stem
cells from radiation-induced injury [12], whereas, in con-
trast, inhibition of PI3K/Akt has been shown to sensitize
human sarcoma cells to doxorubicin in hypoxia [13]. How-
ever, the question of whether GCs stimulate apoptosis and
inhibit proliferation of osteoblasts through suppression of
PI3K/Akt signaling, specifically under hypoxic conditions,
remains to be elucidated.

In this study, we examined the effects of GCs on oste-
oblasts under hypoxic conditions and, then investigated
the molecular mechanisms for GC-induced osteoblastic
apoptosis and cell cycle arrest under hypoxic conditions.
We demonstrate that the inhibitory impact of GCs on
osteoblasts is tightly associated with suppression of p85a—
PI3K/Akt signaling. Interestingly, this effect is enhanced
with potentiation of GR activity under hypoxic conditions.

Materials and methods
Cell culture and transfection

Mouse MC3T3-E1 osteoblasts were purchased from ATCC
(Manassas, VA, USA; CRL-2593) and were cultured in
minimum essential medium o supplemented with 10 %
fetal bovine serum, 1 % 2 mM L-glutamine (Sigma), and
1 % penicillin/streptomycin (Gibco). Cells were grown
either under normoxic (95 % air and 5 % CO,) or hypoxic
(1 % O,, 94 % N,, and 5 % CO,) conditions at 37 °C. The
confluent MC3T3-El cells used in this study were identi-
fied to be differentiated osteoblasts [14]. All experiments
were performed using cells of passages 5 to 15 and were
repeated at least three times.

Cells were cultured in the corresponding medium with
0.5 % fetal bovine serum for 24 h prior to treatment with
6a-methylprednisolone 21-hemisuccinate sodium salt
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(MPSL; Sigma M3781) under normoxic or hypoxic con-
ditions. When required, 5 wM lactacystin was added 2 h
prior to treatment with MPSL. Plasmids for hemagglutinin-
tagged wild-type Akt and constitutively active Akt were
a kind gift from Jin Wei-lin (Institute of Neurosciences,
School of Life Sciences and Biotechnology, Shanghai Jiao
Tong University, China). Cells were transfected with Lipo-
fectamine 2000 (Invitrogen) according to the manufactur-
er’s instructions.

Cytotoxicity assay and living cell count

Cytotoxicity was measured using the quantitative
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) colorimetric assay in 96-well plates. Briefly,
MTT solution (5 mg/mL) was added to each well and the
plates were incubated for 4 h at 37 °C. The absorbance was
read at 570 nm using a microplate spectrophotometer (Mul-
tiscan FC, Thermo Scientific, USA). Cytotoxicity (%) was
calculated as [(absorbance of normal cells — absorbance of
MPSL and/or hypoxia-treated cells)/absorbance of normal
cells] x 100 [15].

A trypan blue exclusion assay was performed to estimate
the number of living cells using a cell counter. Harvested
cells (100 wL) were mixed with trypan blue (100 wL), and
the number of living cells was calculated as (total cell num-
ber — dead cell number) x 10*4 x dilution.

4’ 6-Diamidino-2-phenylindole staining

Cells were washed twice with phosphate-buffered saline
and fixed with 4 % paraformaldehyde for 20 min at room
temperature. After they had been washed twice, the cells
were mounted using 4',6-diamidino-2-phenylindole and
were visualized under a fluorescence microscope (Leica,
Germarny). Nuclear condensation is characteristic of apop-
totic cells.

Apoptosis and cell cycle analysis

Apoptosis was measured using an annexin V-fluorescein
isothiocyanate apoptosis detection kit (Invitrogen). Briefly,
cells were resuspended in annexin binding buffer, after
which annexin V and propidium iodide (100 pwg/mL) were
added. After incubation for 15 min at 25 °C, the cells were
analyzed using a flow cytometer (Becton, Dickinson, USA).

For cell cycle analysis, the cells were fixed with 70 %
ethanol for 2 h at 25 °C. After centrifugation, the cells were
incubated with 0.5 mL of phosphate-buffered saline con-
taining RNase (100 g/iwL) and propidium iodide (5 pg/mL)
for 30 min at 37 °C (Sigma). Cell cycle kinetics were ana-
lyzed by measuring the DNA content using a flow cytom-
eter (Beckman Coulter, USA).
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Western blotting

The harvested cells were suspended in radioimmunoprecip-
itation assay buffer containing 1 % NP-40, 0.5 % sodium
deoxycholate, 0.1 % sodium dodecyl sulfate, and protease
inhibitor cocktails for 1 h (Sigma), and supernatants were
collected. The protein concentration was determined using
a bicinchoninic acid protein assay kit (Applygen, Beijing,
China). After separation on 8-12 % polyacrylamide gels,
the proteins were transferred onto a poly(vinylidene dif-
luoride) membrane and blocked with 5 % bovine serum
albumin in tris(thydroxymethyl)aminomethane-buffered
saline containing 0.1 % Tween 20 for 1 h at 25 °C. Mem-
branes were incubated with the corresponding primary
antibody (Table S1) at 4 °C overnight. After they had
been washed, the membranes were incubated with horse-
radish peroxidase conjugated secondary antibody (Table
S1). B-Actin was used as an internal control. Proteins
were detected using enhanced chemiluminescence reagent
(Applygen, Beijing, China).

Quantitative real-time PCR analysis

Total RNA was extracted from cells using an RNA prep
kit (TIGNGEN, Beijing, China), and first-strand com-
plementary DNA was synthesized using a Fast Quant RT
kit (TIGNGEN). The complementary DNA was diluted
and used to perform real-time quantitative PCR using an
Applied Biosystems model 7500 real-time PCR system
with TagMan PCR master mix (Applied Biosystems, Fos-
ter City, CA, USA). Messenger RNA (mRNA) levels were

normalized using the comparative C; method. GAPDH
expression was used for internal normalization. Primer
sequences are listed in Table S2.

Statistical analysis

The results are presented as the mean =+ standard error of
the mean and were analyzed using Student’s ¢ test between
two groups or one-way ANOVA among groups with SPSS
15.0 (SPSS, Chicago, IL USA). P < 0.05 was considered
statistically significant.

Results

Hypoxia enhances inhibition of cell proliferation
and induction of cell death in MC3T3-E1 osteoblasts

MC3T3-El cells were exposed to a range of MPSL concen-
trations for 24 h or to 2 WM MPSL for different durations,
under either hypoxia or normoxia. Whereas culturing cells
under hypoxic conditions alone for 24 h had no significant
effect on cytotoxicity as measured by the MTT assay, the
cytotoxic effect of MPSL was significantly increased under
hypoxic conditions in a time- and dose-dependent man-
ner (Fig. 1a). Consistent with this, the trypan blue exclu-
sion assay showed that, compared with MPSL treatment
alone, the living MC3T3-El population was significantly
smaller after MPSL treatment under hypoxic conditions
in a time- and dose-dependent manner (Fig. 1b). These
observations suggest that enhancement of MPSL inhibition
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Fig. 2 MPSL significantly induces apoptosis in MC3T3-El cells
under hypoxic conditions. MC3T3-E1 cells were incubated with
2 uM MPSL for 24 h under hypoxic or normoxic conditions. a The
arrows signify apoptotic cells assessed by condensed chromatin after
4/,6-diamidino-2-phenylindole staining (bar 20 pm). b Apoptosis
was determined by flow cytometry followed by annexin V—propidium
iodide (PI) double staining. Annexin V positive cells were considered

of osteoblasts under short-term hypoxic conditions likely
results from a potentiation of MPSL effects, rather than
from additional hypoxia-induced injury.

MPSL more significantly induces apoptosis of osteoblasts
and cell cycle arrest under hypoxic conditions than under
normoxic conditions

To elucidate the effect of MPSL on death in MC3T3-El
osteoblasts, we next conducted an apoptosis assay. Treat-
ment with 2 uM MPSL for 24 h under hypoxic conditions
resulted in more apparent nuclear condensation in MC3T3-
El cells than under normoxic conditions, indicating MPSL
plus hypoxia induced more apoptotic cells (Fig. 2a).
Moreover, the percentage of MPSL-induced apoptotic
cells was higher under hypoxic conditions, assessed by
cytometry (Fig. 2b, c). Correspondingly, the levels of
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as apoptotic cells. ¢ The percentage of apoptotic cells measurement
by cytometry was higher for cells treated with MPSL plus hypoxia
than for cells treated with MPSL only (* p < 0.05, ** p <0.01). d The
levels of cleaved caspase 3 and p53 were significantly increased after
treatment with MPSL plus hypoxia than after treatment with MPSL
alone. The total cell extracts were collected and prepared for western
blotting

apoptosis-related p53 and cleaved caspase 3 were signifi-
cantly increased after treatment with MPSL plus hypoxia
(Fig. 2d).

We further analyzed the effect of MPSL on cellular
proliferation and the cell cycle. The percentage of GO/G1
phase MC3T3-El cells was significantly increased in cells
treated with MPSL plus hypoxia for 16 h, compared with
MPSL-treated cells (Fig. 3a, b). Moreover, both downregu-
lation of cyclin D1 and upregulation of p21 in MC3T3-El
cells were more evident after treatment with MPSL plus
hypoxia than after treatment with MPSL only (Fig. 3c). We
found that pretreatment of MPSL-treated MC3T3-E1 cells
with lactacystin, an inhibitor of the ubiquitin—proteasome
system, abrogated MPSL-induced degradation of cyclin
D1 in both hypoxia and normoxia (Fig. S1). Collectively,
these results suggest that although hypoxia alone had lit-
tle effect on osteoblast survival, the apoptotic and cell cycle
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Fig.3 MPSL significantly induces cell cycle arrest in MC3T3-E1l
cells under hypoxic conditions. MC3T3-El cells were incubated
with 2 uM MPSL for 16 h under hypoxic or normoxic conditions.
a Cell cycle arrest was determined by flow cytometry with PI stain-
ing. b The percentage of the GO/Gl1 phase cells obtained using

arrest effect of MPSL might be exaggerated under hypoxic
conditions.

Hypoxia enhances the inhibitory effects of MPSL
on osteoblasts via the PI3K/Akt signaling pathway

The PI3K/Akt signaling pathway plays a pivotal role in
cellular events, including cell cycle progression, differ-
entiation, survival, and angiogenesis. It has been reported
that p85a monomer, a target of GR in C2C12 myo-
blasts, inhibits Akt activity by competing for the recep-
tor tyrosine kinase binding site with p110/p85 heterodi-
mers [16]. We found that accompanied by upregulation
of p85a monomer levels, the levels of phosphorylated
Akt (p-Akt), the activated form of Akt, were signifi-
cantly decreased after 24 h of treatment with MPSL,
although overall Akt levels were unchanged (Fig. 4a).
Hypothesizing that PI3K/Akt signaling might play a role
in MPSL-induced p53 activation and cyclin D1 degra-
dation, we next probed this pathway in MPSL-treated
MC3T3-El1 cells (Fig. 4b—d). Moreover, transfection
of wild-type or constitutively active forms of Akt abro-
gated the MPSL-induced increases in p53, p21, and
cleaved caspase 3 levels, and restored cellular levels of
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cytometry, which were induced by MPSL treatment, was significantly
higher under hypoxic conditions than under normoxic conditions
(** p < 0.01). ¢ Downregulation of cyclin D1 levels and upregula-
tion of p21 levels were more evident after treatment with MPSL plus
hypoxia than after treatment with MPSL alone

cyclin DI in the presence of MPSL (Fig. 4b). Further-
more, MPSL-induced apoptosis and cell cycle arrest were
significantly blocked by constitutively active Akt in oste-
oblasts (Fig. 4c, d). Collectively, these results indicate
that reduced PI3K/Akt signaling contributes to MPSL-
induced apoptosis and cell cycle arrest.

To investigate the mechanism underlying the exac-
erbation of GC-induced apoptosis and cell cycle arrest
under hypoxic conditions, we next evaluated the status
of PI3K/Akt signaling in MC3T3-El cells under hypoxic
and normoxic conditions. No differences in the levels of
p85a, p-Akt, and the downstream PI3K/Akt signaling
were observed between hypoxic and normoxic cells until
after 8 h of treatment with MPSL. A difference in induc-
tion of p85a between the MPSL plus hypoxia and MPSL-
alone groups was evident at 8 h, at which time inactivation
of p-Akt was also observed. Activation of p53 and p21
and degradation of cyclin D1 were significantly enhanced
in hypoxic cells compared with normoxic cells after 16 h
of MPSL treatment; and these differences were further
enhanced between the two cell groups after 24 h of treat-
ment with MPSL (Fig. 5).

Finally, we found that levels of GR phosphorylated at
Ser21, biomarkers for activated GR in vivo [17, 18], and
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Fig. 4 MPSL induced apoptosis and cell cycle arrest through the
phosphatidylinositol 3-kinase (PI3K)/Akt pathway in MC3T3-El
cells. MC3T3-E1 osteoblasts were incubated with 2 pM MPSL for
24 h. a Upregulation of p85a by MPSL inhibited the phosphorylated
Akt (p-Akt) activity. b Activated Akt suppressed MPSL induction of
p53, p21, and cleaved-caspase 3 and MPSL repression of cyclin D1

nuclear GR were higher in hypoxic cells than in normoxic
cells after 4 h of MPSL treatment (Fig. 6). To further con-
firm the enhancement of GC-dependent GR transcriptional
activity by hypoxia, we investigated the mRNA level of GR
target genes, including interleukin-10 and osteopontin [11].
We found that MPSL-induced mRNA levels of interleu-
kin-10 and osteopontin were significantly enhanced under
hypoxic conditions. Collectively, these data support the
conclusion that hypoxia enhances MPSL-induced osteo-
blast apoptosis and GO/G1 arrest via the p85a—PI3K/Akt
signaling pathway.
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levels. The cells were collected for western blotting analysis with the
treatments indicated following transfection with hemagglutinin (HA)-
tagged wild-type Akt (WT Akt) or constitutively active Akt (Con.
Akt) plasmids for 24 h. ¢ Active Akt rescued osteoblasts from MPSL-
induced apoptosis. d Active Akt restored osteoblastic cell cycle pro-
gression

Discussion

Although treatment with GCs is known to be associated
with nontraumatic osteonecrosis, the underlying molecular
mechanisms of this side effect are unclear. Although ear-
lier studies invoked changes in the bone microenvironment,
including intramedullary hemorrhage, vascular thrombo-
sis, and fat embolism [19, 20], more recently attention has
been focused on the direct actions of GCs on osteoblasts.
Our current study demonstrates that hypoxia enhances the
effects of MPSL, a synthetic GR agonist, on apoptosis
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and GO/G1 arrest in osteoblasts. Moreover, MPSL inhibi-
tion of osteoblasts was potentiated under hypoxic condi-
tions, which further increased levels of p85a and inhibited
PI3K/Akt signaling activity.

The protein p53, which is referred to as the “guardian of
the genome,” activates a broad range of genes that mediate
diverse cellular responses to cellular stress, including DNA
repair, apoptosis, and senescence [21]. Our results showed
that MPSL-induced apoptosis in osteoblasts was enhanced
under hypoxic conditions, which was related to a more effi-
cient induction of cleaved caspase 3 and p53 (Fig. 2). More-
over, the patterns of p53 overexpression occurred in paral-
lel with increased levels of its transcriptional target p21,
which has been shown to impede the transition from G1
phase to S phase in the cell cycle [22]. The increased per-
centage of G1 phase cells following MPSL treatment was
accompanied by the downregulation of cyclin D1 (Fig. 3),
a regulator of cyclin-dependent kinases that is required for
G1/S transition [23]. In addition, the proteasome inhibitor

lactacystin abrogated MPSL-induced degradation of cyclin
D1 (Fig S1), suggesting that p5S3 was not directly involved
in the transcriptional regulation of cyclin D1 expression in
response to treatment with MPSL.

To ascertain whether a common mechanism exists for
regulation of osteoblast proliferation and apoptosis via
modulation of the levels of p53 and cyclin D1 by MPSL,
we analyzed the PI3K/Akt signaling pathway. Previ-
ous studies have reported that Akt, a serine/threonine
kinase, directly blocks glycogen synthase kinase 3f activ-
ity to protect cyclin D1 from degradation by the protea-
some [24], and promotes the interaction between MDM?2
and p53 to limit intracellular p53 levels [25]. Activation
of Akt in T-cell acute lymphoblastic leukemia has been
shown to effectively block GC-induced apoptosis [26] and,
conversely, inhibition of PI3K or Akt has been shown to
enhance dexamethasone induction of apoptosis in human
follicular lymphoma cells [27]. PI3K, a kinase upstream of
Akt, is composed of a regulatory p85 subunit and a catalytic
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conditions after 8 h. Induction of p53, p21, and cleaved caspase 3 and

hypoxic conditions. The levels of p85a, p-Akt, p53, p21, cleaved cas-
pase 3, and cyclin D1 in MC3T3-E1 cells were measured under nor-
moxic or hypoxic conditions in the presence of 2 uM MPSL for 2, 8,
16, or 24 h. MPSL plus hypoxia more effectively promoted p85a lev-
els and attenuated p-Akt activity than MPSL alone under normoxic

degradation of cyclin D1 were more noticeable after 16 h of MPSL
treatment under hypoxic conditions than under normoxic conditions,
and the synergistic effect of MPSL under hypoxic conditions was
more significant after 24 h
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p110 subunit. An interaction between p85a and receptor
tyrosine kinase causes a conformational change that results
in activation of p110, which in turn initiates conversion of
phosphoinositide to activate a variety of cellular signaling
networks [28]. Elevated levels of the p85a monomer have
been postulated to compete with p110/p85 heterodimers
for the binding site of the tyrosine receptor, resulting in
inactivation of Akt signaling [29]. On the basis of this find-
ing, Wei et al. [12] achieved suppression of Akt activity by
transfection of PI3K (p85) expression plasmid in colorectal
cancer cells. We observed induction of cellular p85a levels
and inhibition of cellular p-Akt levels in response to treat-
ment with MPSL (Fig. 4a). Moreover, overexpression of a
constitutively active form of Akt resulted in the stabiliza-
tion of cyclin D1 and abrogated MPSL induction of p53,
p21, and cleaved caspase 3 (Fig. 4b). In addition, activated
Akt abrogated MPSL-induced osteoblastic apoptosis and
cell cycle arrest (Fig. 3c, d). Furthermore, MPSL induc-
tion of p85a and inactivation of p-Akt were more evident in
response to treatment with MPSL under hypoxic conditions
than under normoxic conditions, with increased p53, p21,
and cleaved caspase 3 levels, and decreased cyclin D1 lev-
els (Fig. 5). In concert, these data indicate that the accelera-
tion of PI3K/Akt signaling suppression might have a more
pronounced impact on aggravation of osteoblastic apopto-
sis and cell cycle arrest under hypoxic conditions.

A final important finding in this study is that the GR
activity was potentiated in hypoxia (Fig. 6). It is well char-
acterized that activation of GR in response to binding of
GC ligand results in dissociation of the GR-heat shock
protein complex in the cytosol, followed by translocation
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to the nucleus, where activated GR interacts with GC
response elements in the promoters of its target genes [30].
The GR target p85a has been shown to inhibit the antia-
poptotic effects of insulin-like growth factors by impair-
ing PI3K/Akt signaling in myotubes [16, 27], and our own
study confirmed that MPSL induced p85a levels in a time-
dependent manner in osteoblasts (Fig. 5). The enhanced
effect of MPSL during hypoxia was mediated by poten-
tiation of GR activity, indicating that increased GR—p85a
activity had a more pronounced impact on inhibition of
PI3K/Akt signaling under hypoxic conditions. Indeed,
similar mechanisms may contribute to enhancement of GC-
dependent GC response element transcriptional activity in
hypoxic human renal proximal tubular epithelial cells [31].
The immunophilin FKBP52-mediated dissociation and
trafficking of the GR-heat shock protein 90 complex might
be involved in this enhanced GR sensitivity under hypoxic
conditions [32], although further investigation is needed.
Hypoxia, which occurs when the oxygen requirements
for normal cellular ATP synthesis exceed the vascular sup-
ply, is characteristic of a variety of pathological conditions,
including severe infection and toxic shock [33]. In this
context, it is tempting to speculate that hypoxia resulting
from limited blood supply makes the femoral head more
sensitive to GC-induced osteonecrosis. It has been reported
that osteocytes exposed to high-dose dexamethasone
appear to be more sensitive to apoptosis when cultured
in a hypoxic environment [34]. GCs can impair hypoxia-
mediated neutrophil survival [35]. Similarly, our data show
that osteoblasts survived for 24 h under hypoxic condi-
tions and, moreover, the levels of all factors we assayed



J Bone Miner Metab (2015) 33:615-624

623

were unchanged under hypoxic conditions compared with
normoxic conditions. Many processes during mammalian
embryogenesis take place at an O, concentration of 1-5 %
[36], and the resistance of tumor cells to anticancer drugs
under hypoxic conditions has been extensively documented
[37, 38].

In summary, we identified suppression of PI3K/Akt
signaling as a common mechanism underlying GC-induced
osteoblastic apoptosis and cell cycle arrest. Moreover, we
found that this effect of GCs was enhanced with promotion
of GR activity and p85a expression under hypoxic condi-
tions. We presumed that targeting PI3K/Akt signaling and
improving local blood supply to ameliorate ischemia and
anoxia could reduce the risk of adverse skeleton events
induced by GCs, especially in the femoral head.
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