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Glucocorticoids induce apoptosis by inhibiting microRNA
cluster miR-17-92 expression in chondrocytic cells
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Abstract. Sustained treatment with glucocorticoids (GCs)
has frequently been observed to impair skeletal development.
However, the influence of GCs on chondrocytes, which have
a key role in skeletal development, has been rarely reported.
HCS-2/8 cells were selected as an in vitro model of human
chondrocytes to assess the apoptosis induced by GCs and
determine the role of the microRNA-17-92 (miR-17-92)
cluster in the regulation of apoptosis. It was demonstrated
that dexamethasone (Dex) was able to induce apoptosis and
high levels of expression of apoptosis-associated molecules
in HCS-2/8 chondrocytic cells, and that expression of the
miR-17-92 cluster was inhibited during Dex-induced apop-
tosis. In conclusion, the present study suggested that inhibition
of the expression of the miR-17-92 cluster contributed to the
Dex-induced apoptosis in chondrocytes. The results suggest
that microRNAs have an important role in glucocorti-
coid-induced impairment to chondrocytes.

Introduction

Glucocorticoids (GCs) are widely used for the treatment of
chronic orthopedic diseases, including lumbar disc herniation,
rheumatism and chronic inflammatory or autoimmune diseases.
The potent anti-inflammatory and immunosuppressive effects
of GCs give them the reputation of being a ‘miracle elixir’.
However, prolonged treatment with GCs results in alterations
in water and salt metabolism, metabolic disorders and impair-
ment of skeletal development (1-3). Sustained administration
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of GCs is frequently accompanied by decreased generation of
osteoblasts and osteocytes, as well as a prolonged lifespan of
osteoclasts. Previous studies have indicated that apoptosis and
autophagy in osteocytes may be involved in the mechanism
underlying the GC-induced impairment of skeletal develop-
ment (4-6). The influence of GCs on chondrocytes, which have
a key role in skeletal development, has been rarely reported.
Certain studies have shown that GCs have an effect on the
apoptosis and differentiation of chondrocytes (7,8); however,
the details of this require elucidation.

MicroRNAs (miRNAs) are a family of ~22-nucleotide,
endogenous, non-coding RNAs and have been identified in
organisms ranging from nematodes to humans. miRNAs
are able to bind to the 3' untranslated regions (3'-UTRs) of
mRNAs and regulate gene expression by post-transcriptional
gene inhibition (9,10). An increasing number of studies have
revealed that miRNAs have important roles in the regulation
of apoptosis. MicroRNA-708 (miR-708), -195, -206 and -155
have been demonstrated to separately induce or facilitate
apoptosis in renal cancer cells, cardiomyocytes, tumor cells
and macrophages (11-14). The regulation of apoptosis in
chondrocytes and, in particular, its regulation by miRNAs
has rarely been studied. However, of note was the finding by
Aboubheif ef al (15) that silencing miR-34a inhibited apoptosis
of chondrocytes in a rat osteoarthritis model in vitro. There
is a requirement to identify miRNAs that have roles in the
regulation of apoptosis in chondrocytes.

In the present study, GC-induced apoptosis was assessed in
the human chondrocytic HCS-2/8 cell line and the role of the
miR-17-92 cluster in this process was evaluated.

Materials and methods

Reagents and cell cultures. The GC dexamethasone (Dex,
Sigma-Aldrich, St. Louis, MO, USA) was dissolved in
a-Minimum Essential Medium (a-MEM) with 0.5% ethanol,
and the GC antagonist RU486 (Sigma-Aldrich) was dissolved
in dimethylsulfoxide (DMSO). HCS-2/8 cells were provided
by the cell resource center of the Chinese Academy of
Medical Sciences (Beijing, China). Unless otherwise specified,
HCS-2/8 cells were inoculated in Eagle's MEM, supplemented
with 20% fetal bovine serum (FBS) and 0.2% penicillin/strep-
tomycin at 37°C under 5% CO,.
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Cell viability assay. Cell viability was assessed using the MTT
assay. HCS-2/8 cells were seeded in 96-well plates and incubated
at 37°C for 24 h, prior to the replacement of the medium with
Eagle's MEM containing 2% FBS. Dex (0, 50 or 250 uM) and/or
RU486 (0 or 250 M) was added to the medium and incuba-
tion was continued for up to 0, 24 or 48 h. The medium was
subsequently replaced with 50 1 MTT solution and the cells
were incubated at 37°C. After 2 h of incubation, the MTT solu-
tion was discarded and 150 ul DMSO was added to completely
dissolve the precipitate at room temperature. The optical density
was then measured at 570 nm using a spectrophotometer.

Apoptosis assays. Apoptosis was assessed using an
annexin V-fluorescein isothiocyanate (FITC) apoptosis detec-
tion kit (Sigma-Aldrich). Briefly, 1-5x10° HCS-2/8 cells were
resuspended in 0.5 ml binding buffer and incubated with
annexin V-FITC and propidium iodide for 10 min in the dark at
room temperature. A FACScan flow cytometer (BD Biosciences,
Franklin Lanes, NJ, USA) equipped with an FITC signal
detector FL1 (excitation 488 nm, green) and a phycoerythrin
emission signal detector FL3 (excitation 585 nm, red) was used
to quantify cellular apoptosis. The results were calculated using
the CellQuest™ Pro software (BD Biosciences) and expressed
as the percentage of apoptotic cells among the total cells.

RNA isolation, quantitative polymerase chain reaction
(qPCR) and RNase protection assay. Total cellular RNA from
~10° cells was prepared using TRIzol® reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA). miRNAs were isolated
using the mirVANA™ miRNA isolation kit (Ambion, Austin,
TX, USA). gPCR was performed with the Takara One-Step
RT-PCR kit (Takara Bio, Inc., Dalian, China). For quantita-
tive analysis of the mRNA expression of BCL2-associated X
protein (Bax), caspase 3, Drosha and Dicer, the resulting
cDNAs were amplified using primer/probe sets specific for the
genes of interest on a Lightcycler 480 II (Roche, Mannheim,
Germany). Relative quantification was performed using the
AACt method with GAPDH as the reference gene. The primer
sequences used in the present study are shown in Table I.

Western blot analysis. Whole cell lysates were obtained by
suspending ~10° cells in cell lysis reagent (Promega Corp.,
Madison, WI, USA), and Complete Mini Protease Inhibitor
Cocktail (Roche). Following protein concentration determina-
tion using Bradford Reagent (Bio-Rad, Hercules, CA, USA),
equal amounts of protein and sample buffer were separated
using 4-20% gradient SDS-PAGE, transferred onto a poly-
vinylidene fluoride membrane and blocked in Tris-buffered
saline containing skimmed milk (5%). The following primary
antibodies were used: Caspase 3 rabbit polyclonal antibody,
1:500 (Sigma-Aldrich); Dicer rabbit polyclonal antibody,
1:500 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA); Drosha rabbit polyclonal antibody, 1:500 (Santa Cruz
Biotechnology, Inc.); and GAPDH rabbit polyclonal antibody,
1:1,000 (Sigma-Aldrich). All immunoblots are representative
of at least three independent experiments.

Overexpression of miR-17-92. Overexpression of miR-17-92 was
performed using miRNA mimics (Qiagen, Valencia, CA, USA)
for individual miRNAs: miR-17, miR-18, miR-19a and miR-92.
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For the assessment of the association between miR-17-92 and
apoptosis, a mixture of all four miRNA mimics (200 nM each) or
1,200 nM nontargeting control was transfected into HCS-2/8 cells
with Lipofectamine 2000. Six hours post-transfection, cells were
incubated with Dex for 8 or 24 h and assayed for apoptosis.

Statistical analysis. Statistical analyses were performed using
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). The
differences in cell viability, apoptosis, expression of Cas3,
Bax, miRNAs, Drosha or Dicer between the two groups were
analyzed by Student's t test. P<0.05 was to indicate a statisti-
cally significant difference.

Results

Dex reduces HCS-2/8 chondrocyte cell viability via the induc-
tion of apoptosis. To assess the effect of Dex on the viability
of HCS-2/8 chondrocytic cells, the MTT assay was conducted.
Fig. 1A shows that Dex was able to reduce the cell viability
following 24 h (82.51+£5.60%, P<0.05 versus the control at
50 uM; 72.00+2.85%, P<0.01 versus the control at 250 uM)
or 48 h (72.30+5.91%, P<0.01 versus the control at 50 uM;
59.63+4.90%, P<0.01 versus the control at 250 uM) of incu-
bation. The GC antagonist RU486 (50 M) was utilized to
re-confirm the effect of Dex on cell viability. HCS-2/8 cells
were pre-treated with RU486 prior to incubation with Dex. It
was shown that RU486 reversed the decrease in cell viability
induced by Dex after 48 h of incubation (Fig. 1B).
GC-induced apoptosis has been reported in various cell
models (16-19), including chondrocyte cells (20,21); therefore,
it was assessed whether the decreased cell viability following
Dex treatment was due to apoptosis. Fig. 1C-E shows that apop-
tosis was significantly increased following incubation with Dex
(250 uM) for 8 or 24 h (P<0.01). To further confirm that apop-
tosis was induced by Dex, the mRNA and protein expression
levels of the proapoptotic Bax and the apoptosis executioner
caspase 3 were also assayed by gPCR and western blot analysis.
mRNA (Fig. 2A and B) and protein levels (Fig. 2C and D) of
Bax and caspase 3 in HCS-2/8 cells were significantly higher
following incubation with Dex. In addition, the GC antagonist
RU486 was able to inhibit the Dex-induced expression of
apoptosis-associated molecules (Fig. 2A and B).

Inhibition of miR-17-92 cluster expression and miRNA
processing enzymes during GC-induced apoptosis in HCS-2/8
chondrocytic cells. To date, the knowledge on the mechanism
underlying Dex-induced apoptosis in chondrocyte cells is
limited. An increasing number of studies have shown that
miRNAs are involved in apoptosis (22,23); in particular, the
GC-mediated inhibition of the expression of the miR-17-92
cluster has been shown to contribute to the initiation of
apoptosis in a T-cell lymphoma cell line (24). To evaluate the
possible role of the miR-17-92 cluster in Dex-induced apoptosis
in HCS-2/8 chondrocytic cells, qPCR was used to determine
the expression of miR-17,-18,-19a and -92. Fig. 3A and B shows
that these four miRNAs were downregulated in HCS-2/8 cells
following incubation with 250 yM Dex for 12 h (P<0.05 versus
the control); however, this was not observed in the 50 M Dex
treatment group (P>0.05 versus the control). To further inves-
tigate the downregulation of the mature miR-17-92 cluster by
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Table I. Primer sequences for quantitative polymerase chain reaction.

Gene Forward primer (5' to 3') Reverse primer (5' to 3')

Bax TGG AGCTGCAGAGGATGATTG GAAGTTGCCGTCAGAAAACATG
Cas3 TTC ATT ATT CAG GCC TGC CGA GG TTC TGA CAG GCCATG TCATCCTCA
Dicer TTAACCTTTTGGTGTTTGATGAGTGT GCGAGGACATGATGGACAATT
Drosha TAGGCTGTGGGAAAGGACCAAG GTTCGATGAACCGCTTCTGATG
GAPDH AATCCCATCACCATCTTCCA TGGACTCCACGACGTACTCA

Bax, BCL2-associated X protein; Cas3, caspase-3.
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Figure 1. Dex reduces viability and induces apoptosis in HCS-2/8 cells. (A) Viability of HCS-2/8 cells 12, 24 or 48 h post-treatment with 0, 50 or 250 uM Dex.
(B) RU486 blocks the HCS-2/8 cell viability decrease induced by Dex. HCS-2/8 cells were pretreated with O or 50 M RU486 and incubated with Dex (0, 10, 50
or 250 M) for 48 h. Cell viability was determined using the MTT assay. (C) Apoptosis of HCS-2/8 cells not treated with Dex. (D) Apoptosis of HCS-2/8 cells
incubated with Dex (250 #M). (E) Quantification of apoptosis of HCS-2/8 cells with or without Dex treatment. A significant difference was observed in levels
of apoptosis between HCS-2/8 cells with and without Dex treatment. Results are expressed as percentages of positive mean values + standard error for three
independent experiments. "P<0.05; “"P<0.01. Dex, dexamethasone; FITC, fluorescein isothiocyanate; PI, propidium iodide; Con, control.
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Figure 2. Dex induces high expression levels of apoptosis-associated molecules in HCS-2/8 cells. (A and B) Bax and caspase 3 mRNA expression in
HCS-2/8 cells was evaluated by the quantitative polymerase chain reaction and normalized to the GAPDH housekeeping gene. HCS-2/8 cells were lysed
following incubation with RU486 and/or Dex for 12 h for the assessment of mRNA expression. mRNA expression was assessed in relation to GAPDH.
(C and D) HCS-2/8 cells were lysed post-incubation with Dex for 24 h for western blot analysis. Whole cell lysates were immunoblotted with Bax or caspase 3
polyclonal antibodies. GAPDH immunoblotting served as a loading control. All results are representative of at least three independent experiments. "P<0.05;
“P<0.01. Bax, BCL-2 associated X protein; Cas 3; caspase 3; Dex, dexamethasone; Con, control.

GCs, the expression of the key miRNA processing enzymes
Drosha and Dicer was assessed during GC-induced apoptosis
of HCS-2/8 cells. Western blot analysis and qPCR demon-
strated that the expression of Drosha and Dicer was inhibited
by Dex at the mRNA and protein levels (Fig. 3C-F).

Overexpression of the miR-17-92 cluster inhibits GC-induced
apoptosis. To reconfirm the potential anti-apoptotic role
of the miR-17-92 cluster, which was downregulated during
GC-induced apoptosis in HCS-2/8 cells, the miR-17-92 cluster
was overexpressed in HCS-2/8 cells via transfection with the
hsa-miR-17-92 miRNA mimics miR-17, miR-18, miR-19a
and miR-92. Overexpression of the hsa-miR-17-92 cluster in
the HCS-2/8 cells significantly reduced the ability of Dex to
induce apoptosis (Fig. 4A and B; Fig. 1C and E). This reduced
sensitivity was not due to decreased GC receptor (GR) expres-
sion in response to hsa-miR-17-92 overexpression (data not
shown). These data suggest that the specific inhibition of the
miR-17-92 cluster contributes to the GC-induced apoptosis of
chondrocyte cells in vitro.

Discussion

Chondrocytes have a key role in skeletal development, and
studies have shown that GCs exert an effect on the apoptosis
and differentiation of chondrocytes (7,8). The present study
demonstrated that Dex induced apoptosis in HCS-2/8 cells
and reduced cell viability. Dex also inhibited the expression
of the proapoptotic protein Bax and the apoptosis executioner
caspase 3. The GC antagonist RU486 was able to inhibit the
decrease in cell viability and the high expression of Bax and

caspase 3 mRNA induced by Dex. Therefore, the apoptosis
and decrease in cell viability induced by Dex is GR-dependent.

The mechanism underlying GC-induced apoptosis in chon-
drocytes has yet to be fully elucidated; however, the mechanism
of GC-driven apoptosis in lymphoid cells has been investigated to
a greater extent. The participation of effector caspases, including
caspase 3, the prosurvival role of B-cell lymphoma 2 (25) and the
direct interactions between the GR and the transcription factors
nuclear factor of « light polypeptide gene enhancer in B cells
and activator protein 1 have been documented (26). Additional
signaling molecules, including related adhesion focal tyrosine
kinase, signal transducer and activator of transcription 3, calcium
and interleukin 6 have also been identified to participate in the
GC-induced apoptotic signaling cascade (27-30). However, the
knowledge of these signaling molecules and signaling events
is currently not sufficient to establish a logical chronology.
Therefore, further studies are required to define the signaling
pathways involved in GC-induced apoptosis.

Noncoding miRNAs have emerged as important gene
expression regulatory elements (31,32). Transcribed by RNA
polymerase II, miRNA precursors undergo extensive post-tran-
scriptional processing by the nuclear RNase III enzyme Drosha
and the RNase III enzyme Dicer in the cytoplasm. The biologi-
cally active, mature, single-stranded miRNA is then incorporated
into the miRNA-induced silencing complex to affect gene expres-
sion through the inhibitory engagement of complementary ‘seed
sequences’ within the 3'-UTRs of target mRNAs, resulting in
translational inhibition (33,34). Through the modulation of gene
expression, miRNAs are key effectors of fundamental biological
processes, including development, differentiation and apop-
tosis (35). It has been demonstrated that the miR-17-92 cluster
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Figure 3. Dex inhibits the expression of the miR-17-92 cluster and miRNA processing enzymes in HCS-2/8 cells. (A and B) qPCR of miR-17, -18a, -19 and -92
in HCS-2/8 cells incubated with increasing concentrations of Dex and RU486 for 24 h. (C and D) HCS-2/8 cells were treated with or without 250 uM Dex for
6 and 12 h prior to the assessment of the expression of the miRNA processing enzymes Drosha and Dicer; whole cell lysates were immunoblotted with Drosha
or Dicer polyclonal antibodies. GAPDH immunoblotting served as a loading control. (E and F) mRNA expression of Drosha and Dicer was evaluated using
gPCR and normalized to GAPDH. All results are expressed as the mean + standard error for three independent experiments. “P<0.05, “P<0.01 versus untreated
cells. qPCR, quantitative polymerase chain reaction; Dex, dexamethasone; miR-17-92, microRNA-17-92.
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Figure 4. Overexpression of the miR-17-92 cluster inhibits Dex-induced apoptosis in HCS-2/8 cells. (A) Dex-induced apoptosis of HCS-2/8 cells with miR-17-92
cluster overexpression. (B) Significant difference in Dex-induced apoptosis between HCS-2/8 cells with and without miR-17-92 cluster overexpression. Results
are expressed as percentages of positive mean values + standard error for three independent experiments. "P<0.05. Dex, dexamethasone; FITC, fluorescein
isothiocyanate; PI, propidium iodide; Con, control; miR-17-92, microRNA-17-92.
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possesses a conserved anti-apoptotic function in lymphocytes
in vitro and in vivo (24,36-38) by inhibiting the expression of the
proapoptotic Bcl-2-interacting mediator of cell death 2 as well
as that of the phosphatase and tensin homolog (38). It remains
to be elucidated whether the miR-17-92 cluster is involved in the
apoptosis of chondrocytes following treatment with GCs.

In the present study, HCS-2/8 cells were selected as an
in vitro model of human chondrocytes to evaluate the apoptosis
induced by Dex, and the possible role of the miR-17-92 cluster
in the regulation of apoptosis was investigated. It was demon-
strated that Dex was able to inhibit the expression of the
miR-17-92 cluster, and this was accompanied by a reduced
expression of the miRNA-processing enzymes Drosha and
Dicer. The modulation of miR-17-92 expression altered
GC-induced apoptosis: Overexpression of miR-17-92 partially
inhibited apoptosis in HCS-2/8 cells.

In conclusion, the present study demonstrated that Dex
was able to induce apoptosis in HCS-2/8 chondrocytic cells,
and that the expression of the miR-17-92 cluster was inhibited
during Dex-induced apoptosis. It was indicated that inhibi-
tion of the expression of the miR-17-92 cluster contributed
to the Dex-induced apoptosis in chondrocytes. The results
suggest that microRNAs have an important role in glucocorti-
coid-induced impairment to chondrocytes.
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