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Low expression of microRNA-21 contributes to LPS-induced osteoblast cell apoptosis 
through up-regulation of OAS1
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Abstract
Lipopolysaccharide (LPS) is a critical component of the outer membrane of Gram-negative bacteria. Many cellular signals that are activated by Gram-negative 
bacteria are initiated by LPS. LPS triggers not only inflammatory responses, but also activates pro-apoptotic signals in a series of human cell types. However, there 
is relatively minimal data on the microRNA-dependent mechanism(s) of LPS-induced functional activity in osteoblast cells. CCK-8 assay and flow cytometry were 
used to measure cell viability and apoptosis, respectively. RT-PCR and western blot were performed to determine the mRNA and protein expression in osteoblast 
cells. In this study, we found that LPS triggered apoptosis in osteoblastic hFOB1.19 cells and induced a low expression of the miRNA-21. Furthermore, through the 
gene microarray technique, OAS1 was screened and later confirmed to be the target gene which was up-regulated in response to the low expression of miRNA-21. 
Knockdown of OAS1 by specific siRNAs significantly rescued the LPS-induced hFOB1.19 cell apoptosis. Our data suggest that LPS induces low expression of 
miRNA-21which consequently causes the up-regulation of the downstream gene OAS1 and eventually triggers apoptosis in hFOB1.19 cells. Knockdown of OAS1 
rescues LPS-induced cell death and thus may be a promising therapeutic strategy for orthopedic diseases.
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Introduction

Human bone mass homeostasis depends largely on 
the dynamic balance between the coupled actions of 
osteoblasts (bone formation) and osteoclasts (bone re-
sorption), termed as bone remodeling (1). Many internal 
and external pathogens may break the homeostasis and 
eventually cause pathological diseases, such as osteo-
porosis and bone cancer. Under these conditions, the 
programmed cell death (apoptosis) is a well recognized 
contributor that promotes the progression of diseases 
(2).

Among the apoptotic factors, lipopolysaccharide 
(LPS) has been believed to contribute to many cellu-
lar signals (3). LPS is derived from the Gram-nega-
tive bacretia (e.g. E. coli) and originally of interest in 
various inflammatory responses (4). However, LPS 
triggers not only inflammatory responses, but also acti-
vates pro-apoptotic signals. Toll-like receptor 4 (TLR4) 
is the main receptor that transduces LPS signals (5,6) 
and causes the apoptotic cascades in a variety of cell 
types, including endothelial cells(7,8), epithelial cells 
(9), macrophages (10) and other immune cells(11,12). 
However, whether apoptosis could be induced in osteo-
cytes by LPS is not known in literature. And if yes, the 
mechanisms of how LPS-induced cell death in osteo-
cytes remain to be elucidated.

Recent discoveries of microRNAs (miRNAs) have 
greatly advanced our knowledge of disease onset. miR-
NAs are a novel class of regulatory non-coding RNAs 
that target specific mRNAs for modulation of translation 
and expression of a targeted protein (13). Of particular 
interest, multiple miRNAs are aberrantly expressed af-

ter cells exposing to LPS, including miR-155(14), miR-
NA-15a/16 (13) as well as miRNA-221 (15). In fact, 
miRNAs have been implicated in several orthopedic 
disorders (e.g. myelopoiesis and osteosarcoma) (16,17). 
However, the specific miRNA that was aberrantly ex-
pressed in LPS-exposed osteoblastic cells was unclear. 
One indicative study was that miRNA-21 was reported 
to be involved in myelopoiesis in primary murine bone 
marrow stem/progenitor cells (18). 

Up-regulation of miRNA-21 has been implicated in 
carcinogenesis by inhibiting expression of tumor sup-
pressors (19, 20), whereas knockdown of miRNA-21 
abolished its oncogenic property (21). Of interest, the 
functional role of miRNA-21 in these biological pro-
cesses was accomplished basically through regulation 
of cell cycle and cell death. Programmed cell death 4 
(PDCD4), for example, is directly targeted by miR-
NA-21 to execute cell death in pancreatic ductal adeno-
carcinoma (21, 22). There is minimal data, however, that 
show whether miRNA-21 plays any role in LPS-induced 
osteoblastic cell activities. And if yes, the downstream 
targets of miRNA-21 remain to be elucidated. 

In the present study, LPS was adopted as a stres-
sor model for induction of cell death in osteoblastic 
hFOB1.19 cells. We investigated the miRNA-dependent 
mechanisms of LPS-induced apoptosis, and the rescue 
pathways used by osteoblast cells to correct cell death. 
We sought to 1) examine whether exposure to LPS 
induce hFOB1.19 cell apoptosis, and if yes, 2) assess 
whether the specific miRNA, i.e. miRNA-21, could 
be altered in response to LPS treatments, 3) screen the 
downstream target genes of the specific miRNA using 
the gene microarray technique and , 4) investigate one 



69Copyright © 2015. All rights reserved.

Y. Li et al. / microRNA-21 contribites to LPS-induced osteoblast cell apoptosis.

possible pathway that executes the LPS-induced cell 
apoptosis.

Materials and methods

Cells and reagents
The osteoblast hFOB1.19 cells were purchased from 

the American Type Culture Collection (ATCC, Manas-
sas, VA, USA). Cells were cultured in Dulbecco’s Mo-
dified Eagle’s Medium (DMEM) (Gibco, Grand Island, 
NY, USA) containing 10% heat-inactivated fetal bovine 
serum (FBS, Gibco), 10 units/ml penicillin and 10 mg/
ml streptomycin (1% penicillin/streptomycin, Thermo 
Scientific Hyclone) at 37˚C in a 5% CO2 humidified in-
cubator. Culture medium was refreshed every two days. 
LPS was obtained from Sigma (St. Louis, MO, USA), 
and dissolved in dimethyl sulfoxide (DMSO) to obtain 
a 100μg/ml stock solution. The stock solution of LPS 
was then diluted by DMEM to generate distinct concen-
trations according to experimental designs. The miR-21 
expression plasmid was constructed prior to test by our 
group. For the western blot analysis, primary antibody 
against OAS1 was purchased from Abcam (Cambridge, 
MA, USA). GAPDH was used as the internal loading 
control with its specific primary antibody from Santa 
Cruz (Santa Cruz, CA, USA). The corresponding secon-
dary antibody was also purchased from Santa Cruz.

Transfection
The specific siRNAs against OAS1 were synthesized 

by GenePharma Co. (Shanghai, China) and transfec-
ted with the lipofectamine 2000 (Invitrogen, Shanghai, 
China) in accordance with the manufacturer’s instruc-
tions. The sequences for the specific and control siR-
NAs were as follows: OAS1 forward:5’-GACTGGCG-
GCTAAACC-3’, reverse:5’-TTGACTAGGCGGA-
TGAGG-3’.

miRNA isolation
For miRNA-21 expression analysis, total RNAs, 

including small RNAs, were isolated with the mirVa-
na miRNA Isolation kit (Ambion, Grand Island, NY, 
USA) according to the manufacturer’s instructions. The 
integrity and quantity of total RNAs (including small 
RNAs) were assessed with a NanoDrop ND-1000 spec-
trophotometer (NanoDrop Technologies, Wilmington, 
DE, USA). 

Western blot
After hFOB1.19 cells exposure to LPS for 24 h, total 

protein was extracted and quantified with Bio-Rad DC 
Protein Assay (Bio-Rad, CA, USA). A total of 25μg 
proteins were loaded to each lane on a 12% SDS–poly-
acrylamide gel. Subsequently, the protein was transfer-
red to nitrocellulose (NC) membranes for 1.5 h under 
a voltage of 100v. The membranes were then blocked 
with 5% skim milk for 1 h and later incubated with pri-
mary antibodies at 4 °C overnight. After PBS washes, 
membranes were then incubated with the secondary 
HRP-conjugated antibody for 1 h at room temperature. 
The signals were developed by Super Signal West Pico 
Chemiluminescent Substrate (Thermo Scientific, MA, 
USA). The glyceraldehyde-phosphate dehydrogenase 
(GAPDH) was synchronously detected for loading 

control.

Quantitative real-time PCR and differential expres-
sion gene analyses

Briefly, total RNAs that were isolated (described 
above) were transcribed into cDNA with SuperScript 
II (Invitrogen). The cDNA template was then subject 
to a two-step real time PCR on a Roche LightCycler 
480 instrument by using the SYBR green reaction mix 
(Fisher, Pittsburgh, PA, USA). qRT-PCR reactions were 
run in triplicate. 

For analyses of differential expression genes, the 
LIMMA package (23) was used in accordance to the 
manufacturer’s instructions. Obtained p-values were 
adjusted for multiple testing using the false discovery 
rate (FDR) method of Benjamini-Hochberg (B–H). 
Probe sets were considered as biologically significant if 
showing a>2 fold change (FC) and a FDR<0.05. Probe 
set annotations of gene probe sets were obtained from 
the Affymetrix NetAffx website (NetAffx release 33.2, 
http://www.affymetrix.com/ analysis/index.affx) or the 
NCBI website (http://www.ncbi.nlm.nih.gov). Annota-
tions of miRNA probe sets were derived from the San-
ger miRBase database v.20 (June 2013, http://mirbase.
org). 

Unsupervised hierarchical clustering was applied to 
the microarray expression profiles, using complete lin-
kage and Euclidian distance as a similarity metric, to 
visualize similarities among probe sets/samples. Both 
resulting dendrograms were combined in a two-dimen-
sional heat map with color intensities according to the 
pattern of gene.

Cell viability measurements
For cell viability measurements, the CCK-8 kit 

(Donjindo, Japan) was used. In brief, cells with distinct 
treatments were seeded in a 96-well plate at an initiate 
density of 4 × 103/well. Cell numbers were monitored 
in a consecutive of 4 days. For each time point, cells 
in each well were added with 10μl of CCK-8 solution 
and incubated for another 2 h at 37˚C. Subsequently, ab-
sorbance was measured using a synergy 2 multi-mode 
microplate reader (Bio Tek Instruments, Winooski, VT, 
USA) at 450 nm. All experiments were carried out in 
triplicate.

Apoptosis assays
For apoptosis assessment, the annexin-V/propidium 

iodide (PI) assay was performed. Briefly, hFOB1.19 
cells were plated into 6-well plates (Corning, NY, USA) 
and incubated with LPS (1 and 10μg/ml) for 48 h. After 
that, cells from each group were collected, followed by 
cold PBS washes for twice. The cells were then centri-
fuged and re-suspended in 100μl of binding buffer that 
contained 2.5μl FITC-conjugated annexin-V and 1μl PI 
(100μg/ml), and then incubated for 15 minutes at room 
temperature under darkness. Data were later analyzed 
by flow cytometry (BD, San Diego, USA). For the 
morphological presentation, the fluorometric TUNEL 
system (Promega DeadEnd™, Madison, WI, USA) 
was also used to detect apoptotic cells. After staining, 
cells were visualized under a laser confocal microscopy 
(Olympus, Japan).
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investigate whether apoptosis underlined the growth 
inhibition by LPS exposure, the annexin-V/PI assay 
was performed. Since 10μg/ml of LPS had the most 
effective activity, we only employed 1 and 10μg/ml 
of LPS for treatment of hFOB1.19 cells. The principle 
is that phosphatidyl serine (PS) translocated from the 
inner plasma to the outer leaflet of plasma membrane 
after cells were apoptotic. The exposure of PS to the 
outer environment in apoptotic cells makes the human 
anticoagulant, annexin-V strongly bind to PS; therefore 
leading to the identification of apoptotic cells by the 
fluorophore or biotin carried by annexin-V. In addition, 
PI is a red-fluorescent nucleic acid binding dye that ex-
clusively binds tightly to the nucleic acids in dead cells. 
However, it is impermeable to both live and apoptotic 
cells. As a result, populations of each kind of cells can 
be visualized by their fluorescence, and can also easily 
be distinguished using a flow cytometer. In the scatter 
plot of double variable flow cytometry, left lower qua-
drant (FITC- / PI-) shows living cells; upper right qua-
drant (FITC+ /PI+ ) stands for late apoptotic cells; and 
upper left quadrant(FITC + /PI-) represents early apop-
totic cells. As shown in Figure.1B, a significant dose-
dependent increase in the apoptotic cells was observed. 
This was especially true in the early apoptotic cells. 
Exposure to 1μg/ml of LPS increased early apoptotic 
cell percentage from 1.47% to 9.99%, whereas 10μg/
ml of LPS further increased early apoptotic cells by up 
to 12.5% (Figure. 1B). Morphological changes in the 
apoptotic cells were also revealed by TUNEL staining. 
In the control cells unexposed to LPS, the nuclei were 
round and homogenous red. However, in the LPS-trea-
ted groups, significant nuclei fragmentation and chro-
matin condensation were observed (Figure. 1C). These 
data suggest that exposure to LPS inhibits hFOB1.19 
cell proliferation, but induces cell apoptosis.

miRNA-21 is lowly expressed in LPS-exposed 
hFOB1.19 cells

Previously, it was shown that miRNA-21 was criti-
cally involved in myelopoiesis in primary murine bone 
marrow stem/progenitor cells (18). Given that bone 
marrow stem/progenitor cells share great homology 
with osteoblasts, we further assessed whether miR-
NA-21 was associated with LPS-induced osteoblastic 
cell apoptosis. We found that miRNA-21 was lowly ex-
pressed in LPS-treated hFOB1.19 cells. In the cells ex-
posed to 1μg/ml of LPS, expression level of miRNA-21 
was only 60% of that in control cells. Expression level 
of miRNA-21 was even approximately 40% of controls 
when cells were exposed to 10μg/ml of LPS (Figure 2). 
These results suggest that low expression of miRNA-21 
may be involved in LPS-treated osteoblasts.

Low expression of miRNA-21 up-regulates OAS1
miRNAs function as a novel class of small RNAs that 

target the 3’-untranslated region of mRNA, leading to 
modulation of specific gene translation. Consequently, 
we employed the differential expression gene analysis to 
screen the potential target genes that were up-regulated 
by low expression of miRNA-21 (Figure 3A and 3B). 
To this end, we utilized a miR-21 expression plasmid 
to up-regulate miRNA-21 expression. As shown in Fi-
gure 3A and 3B, multiple genes were altered (red repre-

Statistics
Data were expressed as mean ± standard devia-

tion (SD). The Student’s t-test was used for comparison 
between groups. The difference was considered signifi-
cant when a p-value <0.05.

Results 

Exposure to LPS inhibits cell proliferation and in-
duces cell apoptosis in hFOB1.19 cells

To determine the effects of LPS exposure on osteo-
blastic cell growth, we performed the CCK-8 assay for 
measurements of cell viability in a consecutive of 4 days 
(Figure 1A). Increasing working concentrations of LPS 
(1, 10, and 100μg/ml) were employed. It was observed 
that cells from each group showed proliferative activity 
during the monitored time point. However, cells trea-
ted with LPS had shown prominent growth inhibition 
as compared with the control group since day 3. On day 
4, cells treated with LPS were even more evident from 
growth inhibition, especially with the LPS concentra-
tion of 10μg/ml. Cells treated with 1 and 100μg/ml of 
LPS exhibited the similar cell viability on day 4. These 
results indicated that 10μg/ml of LPS had the robust 
inhibitive effects on hFOB1.19 cell proliferation. To 

Figure 1. Exposure to LPS inhibits cell proliferation and induces 
cell apoptosis in hFOB1.19 cells. (A) CCK-8 proliferation assay 
showed that LPS inhibited cell growth as compared with controls. 
(B) Cell apoptosis was assessed by annexin-V/PI staining, followed 
by flow cytometry. Left lower quadrant (FITC- / PI-) shows living 
cells; upper right quadrant (FITC+ /PI+ ) stands for late apoptotic 
cells; and upper left quadrant(FITC + /PI-) represents early apoptotic 
cells. Both early and late apoptotic cells were increased compared 
with control. Exposure to 1μg/ml of LPS increased early apopto-
tic cell percentage from 1.47% to 9.99%, whereas 10μg/ml of LPS 
further increased early apoptotic cells by up to 12.5%. (C) Morpho-
logical changes in the apoptotic cells were revealed by TUNEL stai-
ning. In the control cells, nuclei were round and homogenous red, 
whereas LPS-treated cells showed marked chromatin condensation 
and nuclei fragmentation.
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sents high expression and blue represents low expres-
sion). In the hFOB1.19 cells that were transfected with 
miR-21 plasmid, some genes were up-regulated (red), 
while other genes were down-regulated (blue). Further-
more, we performed western blot analysis to confirm 
the target(s) of miRNA-21, with our focuses mainly on 
the up-regulated genes (ACTG2 through OAS1). It was 
observed that down-regulation of OAS1 expression by 
miRNA-21 expression plasmid was most prominent 
among the several potential targets (data not shown). 
Increasing the concentration of miRNA-21 plasmid 
significantly decreased the protein level of OAS1 in a 
dose-dependent way (Figure 3C). These observations 
confirm that OAS1 is one of the targets by miRNA-21.

Knockdown of OAS1 rescues LPS-induced cell apop-
tosis

In view of the results above, we then assessed whe-
ther knockdown of OAS1 interrupted LPS-induced cell 
death in hFOB1.19 cells. To this end, we synthesized 
specific siRNAs against OAS1 (siOAS1). The efficiency 
of synthesized siOAS1 was first confirmed by qRT-PCR 

and western blotting which showed that both mRNA 
and protein levels of OAS1 was dose-dependently de-
creased after transfection of siOAS1 (Figure 4A). Based 
on this, we performed annexin-V/PI to see the effects 
of OAS1 knowdown on LPS-induced hFOB1.19 cell 
apoptosis (Figure 4B, left panel). Knockdown of OAS1 
alone significantly decreased the apoptotic cells com-
pared with control (DMSO+scramble group), which is 
consistent with previous findings that reported OAS1 as 
a pro-apoptotic factor (23). Similar with the data in Fi-
gure 1B, Exposure to LPS induced both early apoptosis 
(10.3% vs. 4.45% in control) and late apoptosis (0.174% 
vs. 0.135% in control) with the significant changes seen 
in early stage. More importantly, it was observed that 
knockdown of OAS1 significantly attenuated both ear-
ly and late apoptosis induced by LPS, indicating that 
knockdown of OAS1 reversed LPS-induced osteoblasts 
apoptosis. Moreover, with the CCK-8 kit, cell viability 
was assessed. And it was observed that knockdown of 
OAS1 significantly alleviated LPS-induced cell death. 
Cell viability in LPS+siOAS1 group was significantly 
higher than the counterparts (Figure 4C). These data 
suggest that OAS1 was critically involved in LPS-in-
duced cell apoptosis.

Figure 2. miRNA-21 is lowly expressed in hFOB1.19 cells ex-
posed to LPS. In the cells exposed to 1μg/ml of LPS, expression 
level of miRNA-21 was only 60% of that in control cells. Expression 
level of miRNA-21 was even approximately 40% of controls when 
cells were exposed to 10μg/ml of LPS. *p<0.05.

Figure 3. Low expression of miRNA-21 up-regulates OAS1. (A, 
B) Differential expression gene analysis was employed to screen the 
potential targets by miRNA-21. A miR-21 expression plasmid was 
used to up-regulation expression of miRNA-21. Multiple genes were 
altered (red represents high expression and blue represents low ex-
pression). (C) Western blot analysis confirmed that with the concen-
tration of miRNA-21 plasmid increasing, the protein level of OAS1 
was significantly decreased in a dose-dependent way. 

Figure 4. Knockdown of OAS1 rescues LPS-induced cell apopto-
sis. (A) A specific siRNA against OAS1 (siOAS1) was synthesized. 
The knockdown efficiency was confirmed by qRT-PCR (left panel) 
and western blotting (right panel) which showed that the expres-
sion of OAS1 was dose-dependently decreased after transfection of 
siOAS1. * p<0.05. (B) The effects of OSA1 knockdown on LPS-
induced cell apoptosis. Knockdown of OAS1 alone decreased cell 
apoptosis, and more importantly, reversed LPS-induced hFOB1.19 
cell early and late apoptosis. (C) Effects of OAS1 knockdown on 
LPS-mediated hFOB1.19 cell growth inhibition. LPS-treated cells 
showed slower growth rate, while LPS-treated cells with siOAS1 
transfection showed more active proliferative rate as compared with 
scramble siRNA transfection. 
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provided a novel insight into this process, with the focus 
on miRNA-21. With the low expression of miRNA-21, 
exposure to LPS caused significant up-regulation of 
OAS1 which possibly transduced the apoptotic signals. 
The identification of miRNA-21 as the key mediator of 
LPS-induced OAS1 expression and the eventual apopto-
sis in hFOB1.19 cells would advance our understanding 
of osteoblastic cell apoptosis under physiological and 
pathological conditions.

In conclusion, we studied the role of LPS in osteo-
blasts and one of the contributory mechanisms. The 
miRNA-21/OAS1 signaling is a novel pathway iden-
tified here which contributes to LPS-induced cellular 
apoptosis in hFOB1.19 cells. Knockdown of OAS1 
significantly rescued LPS-induced apoptosis and the-
refore, might be a promising therapeutic strategy for 
orthopedic diseases.
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