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Abstract Osteonecrosis (ON) is commonly caused by
high doses of glucocorticoids or ethanol intake. We pre-
viously reported suppression of BMP-2 by dexamethasone
was more pronounced and enhancement by lovastatin was
less pronounced in bone marrow stromal cells (BMSCs)
from patients with ON than from patients without ON. We
therefore presumed the BMSCs might be dysfunctional in
patients with ON and performed this pilot study. We
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obtained BMSCs from 10 patients with ethanol-induced
ON, 10 patients with glucocorticoid-induced ON, and 12
patients without ON as control subjects, checking third
passage cells for osteogenic and adipogenic gene expres-
sion and differentiation ability. BMSCs from patients with
glucocorticoid-induced ON possessed less osteogenic gene
expression and less osteogenic differentiation, whereas
BMSCs from patients with ethanol-induced ON possessed
more adipogenic gene expression and more adipogenic
differentiation. Dysfunction of BMSCs may be one of the
causes of ON, with differing dysfunction in ethanol-
induced ON and glucocorticoid-induced ON. Glucocorti-
coids may possess more of a suppressive effect on
osteogenesis than ethanol, whereas ethanol may possess a
more potent adipogenic effect than glucocorticoids on
BMSCs.
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Introduction

Osteonecrosis is commonly caused by high doses of
glucocorticoids or ethanol intake [1]. The pathogenesis of
nontraumatic ON is unclear, although numerous risk factors
include corticosteroid treatment, alcoholism, smoking,
hyperlipidemia, and hyperviscosity [1, 9, 19, 25]. Numerous
proposed theories relate to apoptosis of osteoblasts and
osteocytes [10], fat emboli [12], intravascular coagulation
[13], intraosseous hypertension, or fatty necrosis of osteocytes
[14]. However, no clear connection between the differentia-
tion potentials of BMSCs and ON has been established.

Previous animal studies revealed dexamethasone shifts
the osteogenic differentiation to adipogenic differentiation
in the bone marrow progenitor cells of mice [6], induces ON
in femoral heads of chickens [7], increases fat cell size and
intraosseous pressure [24], and decreases femoral head blood
flow with lipid vesicle accumulation in osteocytes in rabbits
[23]. Ethanol, however, induces adipogenesis and also pro-
duces intracellular lipid deposits resulting in the death of
osteocytes in rabbits [25]. In vitro studies also suggest
dexamethasone induces adipogenesis in a murine pluripotent
marrow cell linage [5, 8] with lipid vesicle accumulation in
the cell, upregulates expression of adipogenic genes (AP2
and peroxisome proliferator-activated receptor y [PPARY]),
and downregulates expression of osteogenic genes, includ-
ing Type I collagen, Runx2, and osteocalcin [5]. Ethanol,
however, induces adipogenic differentiation and diminishes
alkaline phosphatase (ALP) activity and expression of
osteocalcin in murine marrow stromal cells [25].

We previously showed BMSCs from patients with ON,
especially those with glucocorticoid-induced ON, have
decreased mRNA expression of bone morphogenetic
protein 2 (BMP-2) and osteocalcin and may be more sus-
ceptible to glucocorticoids [2]. Therefore, we reasoned
there might be dysfunction in BMSCs from patients with
ON. Also, the ability of BMSCs to differentiate might
differ between patients with and without ON.

We therefore hypothesized (1) gene expression related to
osteogenesis is lower and gene expression related to adi-
pogenesis is higher in BMSCs from patients with ON; (2)
gene expression of BMSCs from glucocorticoid-induced
ON and ethanol-induced ON differs; [3] BMSCs from
patients with ON possess less capability to differentiate into
osteoblasts and more potential to differentiate into adipo-
cytes; and (4) the ability of BMSCs to differentiate differs in
glucocorticoid-induced ON and ethanol-induced ON.

Materials and Methods

We monitored ability of BMSCs to differentiate from
patients with and without ON. To confirm the relationship
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between the abnormal constitutional gene expression and
ON, we analyzed the gene expression related to osteo-
genesis and adipogenesis by quantitative real-time
polymerase chain reaction (QPCR). To further confirm the
osteogenic and adipogenic abilities of BMSCs, we ana-
lyzed the activity of ALP and mineralization of calcium
deposits by alizarin red S stain and lipid droplet formation
by oil red stain. The study was approved by the Institu-
tional Review Board of the Kaohsiung Medical University
Hospital. Informed consent for participating in the study
was obtained from all patients.

We obtained cells from 10 patients with ethanol-induced
ON, 10 patients with glucocorticoid-induced ON, and 12
patients without ON. The non-ON group included four
patients who had THA for dysplastic arthritis of the hip and
eight patients who had internal fixation for a fresh fracture at
the acetabulum, pelvis, or femoral shaft within 2 days after
injury. Frequent alcohol consumption greater than 400 mL
ethanol per week was reported for all patients with ethanol-
induced ON. We excluded patients with impaired renal or
liver function, those receiving hormone therapy, and those
with malignancy or diabetes mellitus. Age, gender, and
body mass index were similar between groups (Table 1).
We performed a pilot study based on our hypotheses. The
sample size was based on a power calculation. In previous
studies, we found dexamethasone decreased mRNA
expression of Type I collagen in murine BMSCs by 30% and
the standard deviation was less than 15% [7, 22]. Using an
effect size of 30% and a standard deviation of 15%, a power
calculation indicated at least 10 subjects were required per
group (oo = 0.05, § = 0.8, n = 10).

The detailed procedures of BMSC culture were de-
scribed previously [2]. Briefly, we aspirated 5 mL bone
marrow from the iliac crest for BMSC culture during sur-
gery. Cells from 32 patients were cultured and tested
separately. The cells were separated by a 70% Percoll™
(Amersham Pharmacia, Piscataway, NJ) gradient; the
nucleated stroma cells were collected for primary cell
cultures [2, 26]. The third passage of culture was used for
all experiments. A flowchart illustrating all experimental
procedures is shown (Fig. 1). All independent experiments
containing at least three tests were repeated at least three
times.

First, we analyzed the gene expression related to
osteogenesis, including BMP-2, Runx2, osteocalcin, oste-
opontin, and osteonectin, and the gene expression related to
adipogenesis, including PPARY and adipsin, by qPCR
using an Q5™ Real-Time PCR Detection System (Bio-
Rad Laboratories, Hercules, CA). For each gene, total RNA
(1 pg) was treated with 2 U DNase I (Ambion, Carlsbad,
CA) and reverse-transcribed with oligo dT as primers with
the Clontech RT-for-PCR Kit (BD Biosciences, San Jose,
CA). The reagent was the SYBR™ Green Supermixes for
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Table 1. Patient demographics

Demographic Non-ON (n = 12) Ethanol-induced Glucocorticoid-induced
ON (n = 10) ON (n = 10)

Gender (male:female) 6:6 73 5:5

Average age (years) 48.2 47.3 50.1

Glucocorticoid (number of patients) 0 0 10%*

Heavy alcohol consumption (number of patients) 0 10 0

Smoking (number of patients) 3 4 2

Diving (number of patients) 0 0 0

Hyperlipidemia (number of patients) 2 3 2

Average body mass index (average) 24.21 23.78 24.33

Heavy physical working (number of patients) 4 5 3

* The 10 patients with glucocorticoid-induced ON include three systemic lupus erythematosus, two chronic dermatitis, one idiopathic throm-
bocytopenia, one transient nephrotic syndrome, and three glucocorticoid abusers; ON = osteonecrosis.

Fig. 1 A flowchart illustrates
the experimental procedures.
The cells from the ilium were
separated by a 70% Percoll™
(Amersham Pharmacia) gradient

Seed cell q?
(| 1x105 celishwell | @ 3
&

&

and the nucleated stroma cells F’el‘;_tilit

i Harvest cells gradien
were collected for primary cell bhimdintbi :> saparation foF
cultures. Cells were seeded at a nucleated
density of 1 x 10° cells/well. stroma cells

The cells reached first confluence
3 days later and second conflu-
ence 5 days after seeding. At the
time of second confluence, gene
expressions were analyzed. ALP
activity and osteogenic and adi-
pogenic  differentiation  were
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after the second confluence.

Dm::> 9 Adipogenesis

Real-Time PCR Kit (Bio-Rad Laboratories) instrument.
Melting curve analysis was performed for each reaction to
ensure a single peak. Amplicons were observed after
electrophoresis on a 1.4% agarose gel to ensure presence of
a single amplicon. All primer sequences confirmed on the
NCBI Web site are listed (Table 2). For each gene, the
gPCR experiments were performed with at least three
independent batches of cDNAs. Changes (x-fold) in gene
expression level were calculated by the 22" method
[18].

We evaluated the ALP activity of BMSCs to reflect
osteogenic differentiation. Cells (1 x 10° cells/well) were
seeded at 1 x 10* cells/cm? in a six-well plate in the
presence of 10 mmol/L. B-glycerol phosphate. Cells were
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cultured for 7 and 14 days and then harvested and washed
twice with Ca®"-, Mg?"-, and NaHCOs-free phosphate-
buffered saline (PBS). Cell lysate (100 pL) was assayed for
ALP activity by a chemiluminescent method (Applied
Biosystems, Branchburg, NY). Total protein was deter-
mined using a Bio-Rad protein assay kit (Bio-Rad
Laboratories). The specific activity of ALP was expressed
as light unit per mg protein [4].

We further analyzed the phenotypes of BMSCs after
induction into osteogenesis and adipogenesis. To induce
osteogenic differentiation, cells were treated with osteo-
genic medium for 12 days. The differentiation medium was
changed every other day. Osteogenic medium consists of
Iscove’s Modified Dulbecco’s Medium supplemented with
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Table 2. The sequences of real-time PCR primer used

Oligo name  Forward sequence (5'-3') Reverse sequence (5'-3') Length (bp)
18S 5-CCG CAG CTA GGA ATA ATG GAA TAG GAC-3' 5-ACG ACG GTA TCT GAT CGT CTT CG-3’ 220
Osteocalcin =~ 5-GTGCAGAGTCCAGCAAGGT-3’ 5'-CGATAGGCCTCCTGA AAGC-3' 202
BMP-2 5'-GGAATGACTGGATTGTGGCT-3’ 5'-TGAGTTCTGTCGGGACACAG-3’ 171
Runx2 5-AGA TGG GAC TGT GGT TAC TG-3’ 5-GTA GCT ACT TGG GGA GGA TT-3’ 189
Osteopontin ~ 5’-AGC CAG GAC TCC ATT GAC TCG AAC-3 5'-GTT TCA GCA CTC TGG TCA TCC AGC-3' 250
Osteonectin ~ 5'-AGA TGC TGG ACT GGA GAT TGG-3' 5'-TTC TAC CAA TCC GAT CCA TGG-3' 300
PPARY 5-GAG CCC AAG TTT GAG TTT GC-3’ 5'-CTG TGA GGA CTC AGG GTG GT-3' 189
Adipsin 5-TGC TAC AGC TGT CGG AGA AG-3’ 5-ATG ACT TCA TTG CTC GGG AC-3' 200
GAPDH 5'-TCT CCT CTG ACT TCA ACA GCG AC-3 5'-CCC TGT TGC TGT AGC CAA ATT C-3' 126

BMP-2 = bone morphogenetic protein-2; PPARy = peroxisome proliferator-activated receptor y; GAPDH = glyceraldehyde-3-phosphate

dehydrogenase.

0.01 umol/L. dexamethasone (Sigma-Aldrich, St Louis,
MO), 50 pmol/L. B-glycerol phosphate (Sigma-Aldrich),
and 0.2 mmol/L. ascorbic-2-phosphate (Sigma-Aldrich)
[16]. Human BMSCs were cultured in osteogenic differ-
entiation condition medium and analyzed on the third,
seventh, eleventh, and fourteenth days by alizarin red S
stain [11]. The cultures were rinsed briefly with PBS fol-
lowed by fixation (ice-cold 4% formalin) for 15 minutes
and stained for 10 minutes with 40 mmol/L alizarin red
S. Stained cultures were photographed followed by a
quantitative destaining procedure using 10% (w/v) cetyl-
pyridinium chloride in 10 mmol/L sodium phosphate for
15 minutes at room temperature. Aliquots of these alizarin
red S extracts were diluted 10-fold in the 10% cetylpyri-
dinium chloride solution and the alizarin red S
concentration determined by absorbance measurement at
562 nm by an enzyme-linked immunosorbent assay reader
(Bio-Rad Laboratories) using an alizarin red S standard
curve in the same solution. After removing all alizarin red
S stain and isolating DNA from all wells, DNA content was
determined from replicate cultures using the high-salt
(2 mol/L NaCl) Tris-NaCl-EDTA fluorometric approach
with the Hoechst 33258 dye binding assay in a TKO 100
Minifluorometer (Hoefer Scientific, San Francisco, CA)
[17, 20].

To induce adipogenic differentiation, cells were treated
with adipogenic medium for 12 days. The medium was
changed every other day and adipogenesis was assessed at
weekly intervals. Adipogenic medium consists of Dul-
becco’s Modified Eagle’s Medium supplemented with
0.5 mmol/L 3-isobutyl-1-methylxanthine (Sigma-Aldrich),
1 umol/L. dexamethasone (Sigma-Aldrich), and 10 pg/mL
insulin. Cells were washed twice with PBS and fixed with
10% formalin in PBS for 1 hour; then they were washed
three times with water and dried. Cells were stained with
oil red O for 15 minutes. Excess stain was removed by
washing with 70% ethanol, and then stained cells were
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washed with water, dissolving the stained oil droplets in the
cell monolayer with 4% Nonidet®™ P-40 in isopropanol for
5 minutes [11].

All data are presented as mean =+ standard error. For our
first hypothesis, we determined differences in gene
expression of BMSCs including BMP-2, Runx2, osteocal-
cin, osteopontin, osteonectin, PPARY, and adipsin between
the ON and non-ON groups using one-way analysis of
variance (ANOVA). The variables in the test are the ON
and non-ON groups. For the second hypothesis, we deter-
mined differences in gene expression of BMSCs including
BMP-2, Runx2, osteocalcin, osteopontin, osteonectin,
PPARY, and adipsin between the ethanol-induced ON and
glucocorticoid-induced ON groups using one-way
ANOVA. The variables in the test are the ethanol-induced
ON and glucocorticoid-induced ON groups. For the third
hypothesis, we determined differences in ALP activity,
alizarin red S stain, and oil red O stain in BMSCs between
the ON and non-ON groups using one-way ANOVA. The
variables in the test are the ON and non-ON groups. For the
fourth hypothesis, we determined differences in ALP
activity, alizarin red S stain, and oil red O stain in BMSCs
between the glucocorticoid-induced ON and ethanol-
induced ON groups using one-way ANOVA. The variables
in the test are the ethanol-induced ON and glucocorticoid-
induced ON groups. ANOVA was performed using Excel™
2003 software (Microsoft Corp, Redmond, WA).

Results

The cells isolated from patients without ON, patients with
ethanol-induced ON, and patients with glucocorticoid-
induced ON all appeared similar (Fig. 2). The expression
of genes related to osteogenesis, including BMP-2, Runx2,
osteocalcin, osteopontin, and osteonectin, was higher in the
non-ON group than in the ethanol-induced ON and
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Fig. 2 Photomicrographs show
similar appearances of the cells
isolated from patients without
ON, ethanol-induced ON, and
glucocorticoid-induced ON in
the third passage of culture
(Stain, no stain under phase-
contrast microscopy; original
magnification, x100).

ON-ethanol

ON-glucocorticoid

Table 3. Osteogenic and adipogenic mRNA expression* by real-time PCR in 32 samples of BMSCs

Gene Non-ON (n = 12) Ethanol-induced ON (n = 10) Glucocorticoid-induced ON (n = 10)
Mean + SE Mean &+ SE P1 Mean &+ SE P1 P2

BMP-2 100 + 6 61 £ 10 0.045 12+ 4 < 0.001 < 0.001
Runx2 100 + 12 68 + 11 0.060 11 £10 < 0.001 0.001
Osteocalcin 100 + 17 71+ 5 0.132 943 < 0.001 0.002
Osteopontin 100 £ 9 42 + 4 0.008 6+ 1 < 0.001 < 0.001
Osteonectin 100 £ 2 37+ 4 0.033 4+4 < 0.001 < 0.001
PPARYy 100 £ 12 281 £ 17 0.002 230 £ 6 0.003 0.32
Adipsin 100 £ 6 222 + 17 0.004 126 + 12 0.350 0.036

* Changes (x-fold) in gene expression level were calculated by the 2~ method [18]; PCR = polymerase chain reaction; BMSCs = bone
marrow stromal cells; ON = osteonecrosis; SE = standard error; P1 = ON versus non-ON; P2 = ethanol-induced ON versus glucocorticoid-
induced ON; BMP-2 = bone morphogenetic protein 2; PPARy = peroxisome proliferator-activated receptor vy.

Table 4. ALP activity (expressed as light unit per mg protein) in 32 samples of BMSCs

Week Non-ON (n = 12) Ethanol-induced ON (n = 10) Glucocorticoid-induced ON (n = 10)

Mean + SE Mean + SE P1 Mean + SE P1 P2
First 93+ 1.2 0.47 £ 0.1 < 0.001 0.58 £ 0.18 < 0.001 0.28
Second 17.26 £ 2.3 16.67 £ 2.1 0.13 13.53 £ 1.15 0.012 0.003

ALP = alkaline phosphatase; ON = osteonecrosis; SE = standard error; P1 = ON versus non-ON; P2 = ethanol-induced ON versus gluco-

corticoid-induced ON; BMSCs = bone marrow stromal cells.

glucocorticoid-induced ON groups, except we found no
difference in osteocalcin expression between the ethanol-
induced ON and non-ON groups (Table 3). However,
expression of adipogenic genes (PPARY and adipsin) was
lower in the non-ON group than in the ethanol-induced ON
and glucocorticoid-induced ON groups, except we
observed similar expression of adipsin in the glucocorti-
coid-induced ON and non-ON groups (Table 3).

In the genes related to osteogenesis, the expression of
BMP-2, Runx2, osteocalcin, osteopontin, and osteonectin
was higher in the ethanol-induced ON group than in the
glucocorticoid-induced ON group. In the genes related to
adipogenesis, expression of adipsin was higher in the eth-
anol-induced ON group than in the glucocorticoid-induced
ON group. However, expression of PPARYy was nearly the
same in the ethanol-induced ON and glucocorticoid-
induced ON groups (Table 3).

The ALP activity was higher in the non-ON group than
in the ethanol-induced ON and glucocorticoid-induced ON

groups in the first week (Table 4). However, we observed
no difference in the second week between the non-ON and
ethanol-induced ON groups, whereas ALP activity was
lower in the glucocorticoid-induced ON group than in the
other two groups (Table 4). The time of mineralization
differed among groups (Table 5). Mineralization appeared
on the third day in the non-ON group, on the seventh day in
the ethanol-induced ON group, and on the eleventh day in
the glucocorticoid-induced ON group. The extent of min-
eralization increased with time. The difference in
mineralization became noteworthy on the eleventh and
fourteenth days among all groups. By comparison, miner-
alization was highest in the non-ON group and lowest in
the glucocorticoid-induced ON group (Fig. 3; Table 5).
The time lipid droplets also appeared to differ among
groups. In the non-ON group, cells expressed triglycerol
lipid droplets on the fourteenth day. However, lipid drop-
lets appeared on the third day in the ethanol-induced ON
group and on the seventh day in the glucocorticoid-induced
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Table 5. Osteogenic and adipogenic differentiation (expressed as light unit per mg protein) by stain in 32 samples of BMSCs

Stain Day Non-ON (n = 12) Ethanol-induced ON (n = 10) Glucocorticoid-induced ON (n = 10)
Mean + SE Mean + SE P1 Mean + SE P1 P2

Alizarin red S 3 100 £ 5 118 £ 6 0.351 62 + 4 0.058 0.131
7 393 £ 24 172 £ 4 0.015 117 £ 4 0.002 0.103
11 673 £ 46 401 £ 22 < 0.001 127 £5 < 0.001 0.012
14 941 £ 61 463 £+ 23 < 0.001 224 £ 23 < 0.001 0.003

Oil red O 3 100 £ 5 239 £ 5 < 0.001 136 + 12 0.09 0.02
7 106 + 5 259 + 6 < 0.001 177+ 9 0.012 0.059
11 133 £ 4 240 £+ 8 < 0.001 181 £ 6 0.014 0.07
14 132 £ 4 365 + 14 < 0.001 185 + 7 0.013 0.04

ON = osteonecrosis; SE = standard error; P1 = ON versus non-ON; P2 = ethanol-induced ON versus glucocorticoid-induced ON;
BMSCs = bone marrow stromal cells.

Fig. 3A-B (A)Photomicrographs
(Stain, alizarin red S; original
magnification, x100) and (B)
graphs show the osteogenic dif-
ferentiation ability of isolated
BMSCs. Cells were cultured in
osteoinduction ~ medium  for
14 days and stained with alizarin
red S for mineralization ability.
Early mineralization appeared on
the third day in the non-ON group,
whereas mineralization appeared
on the seventh day in the ethanol-
induced ON group. The least and
latest mineralization appeared in
the glucocorticoid-induced ON
group on the eleventh to four- A
teenth days.
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ON-glucocorticoid
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groups in the first week; however we noted a difference in
the second week (Table 4). In mineralization, the stain was
greater in the ethanol-induced ON group than in the glu-
cocorticoid-induced ON group on the eleventh and
fourteenth days but not on the third and seventh days
(Fig. 3; Table 5). BMSCs from the ethanol-induced
ON group generated more lipid droplets than BMSCs from
the glucocorticoid-induced ON group. We observed a

ON group. The lipid droplets became more prominent with
time. The cells in the ethanol-induced ON group had the
highest ability to produce lipid droplets, and conversely,
the cells in the non-ON group had the lowest ability to
produce lipid droplets. The difference became noteworthy
after 7 days of incubation (Fig. 4; Table 5).

We observed no difference in ALP activity between the
ethanol-induced ON and glucocorticoid-induced ON
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Fig. 4A-B (A)Photomicrographs

Day 3

Day 7 Day 11 Day14

(Stain, oil red O; original magnifi-
cation, x 100) and (B) graphs show
the adipogenic differentiation abil-
ity of isolated BMSCs. Cells were
fixed and stained with oil red O stain
at the third, seventh, eleventh, and

Non-ON

fourteenth days. Adipogenesis

appeared early on the third day in

the ethanol-induced ON group, ON-ethanol
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adipogenesis appeared in the non-
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difference on the third and fourteenth days but not on the
seventh and eleventh days (Fig. 4; Table 5).

Discussion

A previous study indicated BMSCs from individuals with
ON are more susceptible to glucocorticoid by decreasing
the mRNA expression of BMP-2 and osteocalcin [2].
Accordingly, we reasoned the BMSCs from patients with
and without ON possess different osteogenic and adipo-
genic  differentiation  abilities. ~Consequently, four
hypotheses were raised. We therefore hypothesized (1)
gene expression related to osteogenesis is lower and gene
expression related to adipogenesis is higher in BMSCs
from patients with ON; (2) gene expression of BMSCs
from glucocorticoid-induced ON and ethanol-induced ON
differs; (3) BMSCs from patients with ON possess less
capability to differentiate into osteoblasts and more
potential to differentiate into adipocytes; and (4) the ability
of BMSC:s to differentiate differs in glucocorticoid-induced
ON and ethanol-induced ON.

There are some limitations of this study. First, the
control subjects in this study were not exposed to a sub-
stantial amount of glucocorticoid or ethanol; we do not

Day

know whether they would have ON develop if they were
exposed to excessive glucocorticoid and/or ethanol. Nev-
ertheless, cells from patients without ON exhibited
different gene expression from the ON groups. Second,
there are some discrepancies in the gene and differentiation
expression between groups. For example, osteocalcin gene
expression in patients with ethanol-induced ON is not
different from that in patients without ON. Adipsin gene
expression in patients with glucocorticoid-induced ON is
not different from that in patients without ON. ALP in the
second week in the patients with ethanol-induced ON is not
different from that in patients without ON. Third, we did
not test the in vivo osteogenic and adipogenic differentia-
tion of BMSCs from these three populations. We did not
know whether the in vivo results are the same as the
in vitro results. Fourth, we do not know whether normal
BMSCs respond to ethanol or corticosteroids similarly to
those from patients with ON who had high intake of each
substance. Finally, because ON is a focal disease, we are
not certain cells from different areas will behave in the
same way. The behavior of BMSCs from the ilium cannot
completely represent the behavior of BMSCs from the
femoral head.

Previous in vivo studies revealed glucocorticoid-
induced ON was associated with increased fat cell size and
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accumulated lipid in the femoral head, resulting in fat
emboli and ischemia of the femoral head [6, 21, 24]. The
size of the mature fat cells in human bone marrow
increased after high doses of glucocorticoid treatment,
especially during the early stage of glucocorticoid-induced
ON [15]. Although we did not measure fat size in BMSCs
after adipogenic induction, we found BMSCs from the
ethanol-induced ON and glucocorticoid-induced ON
groups more easily differentiated into adipocytes than
BMSCs from the non-ON group in the phenotype analysis.
In addition, adipogenesis of the BMSCs was more obvious
in the ethanol-induced ON group than in the glucocorti-
coid-induced ON group. The relatively high expression of
PPARY in BMSCs from patients with ON, which eventu-
ally results in more adipogenesis of BMSCs, may be one of
the causes of ON, especially ethanol-induced ON.

A previous study suggested patients with ON are more
susceptible to suppression by glucocorticoids on BMP-2
and osteocalcin expression and less susceptible to
enhancement by lovastatin on BMP-2 and osteocalcin
expression [2]. The relationship between osteogenesis and
ON is unclear. We found substantially decreased expres-
sion of genes related to osteogenesis, including BMP-2,
Runx2, osteocalcin, osteopontin, and osteonectin, in
BMSCs from patients with ON, which eventually led to
decreased ALP activity and mineralization, especially in
glucocorticoid-induced ON.

Although the phenotype of ethanol-induced ON and
glucocorticoid-induced ON is similar, the BMSCs from
patients with these diseases behave differently to some
extent. The BMSCs from patients with ethanol-induced ON
possess higher adipogenic expression and higher ability of
adipogenic differentiation, even higher than those of
BMSCs from patients with glucocorticoid-induced ON. In
contrast, the BMSCs from patients with glucocorticoid-
induced ON possess less osteogenic expression and less
ability of osteogenic differentiation, even much less than
those of BMSCs from patients with ethanol-induced ON.
We suggest dysfunction of BMSCs with corticosteroid or
alcohol may be one of the reasons for ON, and there are
differing dysfunctions between ethanol-induced ON and
glucocorticoid-induced ON. Glucocorticoids may possess a
more suppressive effect on osteogenesis than ethanol,
whereas ethanol may possess a more potent adipogenic
effect on the BMSCs than glucocorticoids.
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