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Suppression of lncRNA-MALAT1 activity ameliorates 
femoral head necrosis by modulating mTOR signaling

Luyao Ma1, Jian Gao2

A b s t r a c t

Introduction: Avascular necrosis of the femoral head (ANFH) is one of the 
most complicated bone disorders; management remains challenging. We 
evaluated the effect of lncRNA-MALAT1 suppression on ANFH rats.
Material and methods: Dexamethasone was injected intravenously at  
0.5 mg/kg daily for 30 days to induce ANFH; an lncRNA-MALAT1 inhibitor 
group received the inhibitor for the entire 30 days. LncRNA-MALAT1 sup-
pression was evaluated by measuring blood hexosamine and hydroxyproline 
levels, and that of circulating endothelial progenitor cells (EPCs). Changes 
in femoral head bone ultrastructure were assessed via transmission elec-
tron microscopy and magnetic resonance imaging (MRI). We used reverse 
transcription polymerase chain reaction (RT-PCR) and Western blotting to 
measure gene and protein expression levels in femoral head tissue. 
Results: The blood hexosamine level rose and that of hydroxyproline fell 
in the LncRNA-MALAT1 inhibitor group compared to the ANFH group. Ln-
cRNA-MALAT1 suppression increased the level of circulating EPCs. Ultra-
structural changes in the femoral bone head were alleviated by the ln-
cRNA-MALAT1 inhibitor. LncRNA-MALAT1 suppression lowered the levels of 
AMPK, mTOR, and Beclin-1 in rat tissue homogenates. 
Conclusions: LncRNA-MALAT1 suppression attenuated dexamethasone-in-
duced femoral head necrosis by regulating AMPK/mTOR/Beclin-1 signaling.

Key words: lncRNA-MALAT1, femoral head necrosis, dexamethasone, 
hexosamine.

Introduction

Orthopedic specialists find it very difficult to manage avascular necro-
sis of the femoral head (ANFH), which is associated with reduced blood 
supply to bony tissue, femoral bone destruction, and pain [1]. China has 
approximately 200,000 such patients [2]. Subchondral bone becomes 
damaged and the bone marrow ischemic [3]. Several non-traumatic con-
ditions contribute to bone destruction, including wounds, chronic pan-
creatitis, systemic lupus erythematosus, and excessive intake of alcohol 
or corticosteroids [4] (the latter are commonly used to manage several 
disorders). Corticosteroids reduce blood flow and increase intraosseous 
pressure by regulating bone marrow adipogenesis [5]. Endothelial cell 
(EDC) integrity is also compromised, triggering femoral head necrosis 
[6]. Corticosteroids affect the osteoclast/osteoblast balance regulated 
by several molecular pathways including autophagy [7]. LncRNAs control 
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several physiological functions including those of 
osteocytes [8]. LncRNA-MALAT1 regulates the de-
velopment of squamous cell carcinoma, lung can-
cer, and glioma [9], and enhances osteosarcoma 
proliferation. LncRNA-MALAT1 inhibits apoptosis 
and promotes osteoclast function by attenuating 
DLL3 gene expression and modulating Notch sig-
naling; osteoporosis may then develop [10, 11]. 
LncRNA-MALAT1 suppression protects against 
lung injury by reducing IL-8 levels [12]. 

Here, we evaluated the effect of lncRNA-MALAT1 
suppression on ANFH.

Material and methods

Animals

Male Sprague-Dawley rats (150–200 g) were 
kept under a 12-h/12-h light/dark cycle at 60 ±5% 
relative humidity and 24 ±3°C. All animal protocols 
were approved by the animal ethics committee of 
the Second Hospital of Shanxi Medical University, 
China (approval no. IAEC/SH-SMU/2017/08). All 
protocols adhered to the draft Animal Protection 
Law of the People’s Republic of China 2009.

Chemicals

The lncRNA-MALAT1 inhibitor was purchased 
from Youbio Biological Technology Co. Ltd., Hunan, 
China. Dexamethasone was from Sigma-Aldrich 
(St. Louis, MO, USA). Primary antibodies used for 
Western blotting were from Cell Signaling  Tech-
nology (Beverly, MA, USA) and secondary antibod-
ies from Tianjin Sungene Biotech (Tianjin, China).

Experimental

ANFH was induced in rats as previously report-
ed [13]. Dexamethasone was injected intrave-
nously at 0.5 mg/kg daily for 30 days. The animals 
were divided into three groups: sham; ANFH; and 
lncRNA-MALAT1 inhibitor groups. The latter group 
received the lncRNA-MALAT1 inhibitor intraperito-
neally 30 min prior to the dexamethasone injec-
tion on each of the 30 days. All rats were then 
sacrificed, bone marrow EPCs were isolated, and 
the femoral heads were prepared.

Hexosamine and hydroxyproline assays

Blood was drawn from the retro-orbital plexus 
prior to sacrifice and serum was obtained by cen-
trifugation at 2,000 RPM for 10 min. Hexosamine 
and hydroxyproline levels were estimated as de-
scribed previously [14].

Femoral head ultrastructure evaluation

Femoral heads were fixed for 24 h in glutar-
aldehyde (2% w/v) and washed with PBS (0.1 M 

NaCl). Nitric acid solutions of 2, 4, and 5% (v/v) 
were used to decalcify the tissues, which were 
then dehydrated with ethanol, embedded in epoxy 
resin, sectioned into ultrathin slices (75-nm-thick), 
stained with uranyl acetate and lead citrate, and 
examined using a JEM-1200EX transmission elec-
tron microscope.

Magnetic resonance imaging (MRI) 

ANFH was diagnosed and staged via MRI of the 
bilateral proximal femora using a 3.0-T supercon-
ducting platform. The short tau inversion recovery 
(STIR) imaging parameters were: repetition time 
(TR) = 6,200 ms; echo time (TE) = 30 ms; FOV =  
16 × 16; matrix = 256 × 146; and excitation flip 
angle = 900º. A high STIR signal indicated fat; 
computed tomography (CT) was used to deter-
mine bone mineral density (BMD) and femoral 
head osteonecrosis.

EPC assay

Flow cytometry was used to measure blood 
EPC levels. Single-cell suspensions were prepared 
by centrifuging homogenized blood for 5 min at 
1,500 RPM; the pellet was resuspended in PBS 
and anti-Flk-1 and -Sca-1 antibodies were added, 
followed by incubation for 1 h. Sca-1/Flk-1 doubly 
positive mononuclear cells were considered to be 
EPCs.

Western blotting

Total proteins were extracted from bone-mar-
row-derived EPCs (BMD-EPCs) into NP40 protein 
lysis buffer and assayed using the DC Protein As-
say. Proteins were separated via sodium dodecyl 
sulfate (SDS)-polyacrylamide gel (10%) electro-
phoresis and transferred to polyvinylidene diflu-
oride membranes. The membranes were blocked 
overnight in 5% (w/v) fresh non-fat dry milk; in-
cubated at 4ºC overnight with primary antibodies 
against p-mTOR, mTOR, p-AMPK, AMPK, Beclin-1 
and β-actin; washed; and incubated with second-
ary antibodies for 60 min at room temperature. 
Chemiluminescence was used to enhance the blot 
and ImageLab software was used to perform den-
sitometric analysis.

RT-PCR

BMD-EPC total RNA was isolated using Trizol re-
agent and the RNA was reverse- transcribed with 
the aid of a RevertAid First Strand cDNA Synthe-
sis Kit. Primers (see below) were added and an RT 
2 SYBR Green Master Kit was used to determine 
gene expression levels employing the Quantita-
tive SYBR Green PCR assay. The program used was 
98°C for 2 min followed by 25–40 cycles of 98°C 
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for 10 s, 55°C for 5 s, and 72°C for 20 s. mRNA 
expression levels were calculated using standard 
curves generated by plotting the quantification 
cycle (Cq) against the log of the total cDNA level. 
Relative gene expression levels were determined 
using the 2–ΔΔCq method.
Primer Forward 
AMPK 5′-AGGAAGAATCCTGTGACAAGCAC-3′
 Reverse
 5′-CCGATCTCTGTGGAGTAGCAGT-3′
Primer Forward 
mTOR 5-CTCAACATCGAGCATCGCATCATG-3
 Reverse
 5-ACCAGAAAGGGCACCAGCCAATATAG-3
Primer Forward 
CaMKKβ 5′-CGAUCGUCAUCUCUGGUUAdTdT-3′            
 Reverse
 5′-UAACCAGAGAUGACGAUCGdTdT-3′
Primer Forward 
GAPDH 5′-ACCACAGTCCATGCCATCAC-3′
 Reverse
 5′-TCCACCACCCTGTTGCTG-3′

Statistical analysis

All data are expressed as means ± SEMs (n = 10)  
and were compared using one-way analysis of 
variance (ANOVA) with Dunnett’s post hoc test us-

ing GraphPad Prism (ver. 6.1; San Diego, CA, USA). 
P-values < 0.05 were considered to indicate statis-
tical significance.

Results

LncRNA-MALAT1 suppression affected 
hexosamine and hydroxyproline levels

The effects of lncRNA-MALAT1 inhibition on 
the serum concentrations of hexosamine and hy-
droxyproline in ANFH rats are shown in Figure 1. 
The hexosamine level fell and the hydroxyproline 
level increased, compared to the sham-operated 
group; the hexosamine/hydroxyproline molar ra-
tio was lower in the former group. However, inhibi-
tion of LncRNA-MALAT1 action ameliorated these 
changes.

Effect of lncRNA-MALAT1 suppression on 
femoral bone ultrastructure

Transmission electron microscopy (Figure 2) 
showed that the femoral head ultrastructure 
of the sham-operated group was normal. In the 
ANFH group, reductions in the levels of endoplas-
mic reticulum and mitochondrial cristae were 
apparent, and the cells lacked chromatin, accom-

Figure 1. Effects of LncRNA-MALAT1 inhibition on the serum concentrations of hexosamine and hydroxyproline 
in ANFH rats. Means ± SEMs (n = 10). @@p < 0.01 compared to the sham-operated group; **p < 0.01 compared to 
the ANFH group
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Figure 2. Effects of LncRNA-MALAT1 inhibition on femoral head ultrastructure in ANFH rats as revealed by trans-
mission electron microscopy
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panied by karyolysis, karyorrhexis, pyknosis, and 
vacuolization. Suppression of lncRNA-MALAT1 ac-
tion attenuated femoral head necrosis.

Effect of lncRNA-MALAT1 suppression on 
MRI data 

Figure 3 shows that the STIR femoral head 
signals were of moderate intensity and normal 
homogeneity in the sham-operated group. In the 
ANFH group, the signals were of high intensity, 
accompanied by abnormal myxoid or lipidoidal 
changes, but this was not the case in the group 
given the lncRNA-MALAT1 inhibitor. The BMD 
was significantly reduced (p < 0.01) in the ANFH 
compared to the sham-operated, but not the ln-
cRNA-MALAT1 inhibitor-treated, group.

Effect of lncRNA-MALAT1 suppression on 
the quantity of circulating EPCs

Flow cytometry (Figure 4) showed that the pro-
portion of Sca-1/Flk-1-positive cells (EPCs) was sig-
nificantly lower (p < 0.01) in the ANFH group than in 
the sham-operated group, but this was not the case 
in the group given the lncRNA-MALAT1 inhibitor.

 Sham ANFH LncRNA-MALAT1 inhibitor
A

Figure 3. Effects of lncRNA-MALAT1 inhibition on 
MRI images of the femoral head in ANFH rats.  
A – STIR image, B – Bone mineral density. Means 
± SEMs (n = 10); @@p < 0.01 compared to the sh-
am-operated group; **p < 0.01 compared to the 
ANFH group
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Figure 4. Effect of lncRNA-MALAT1 inhibition on 
the proportion of circulating EPCs in the blood of 
ANFH rats. Means ± SEMs (n = 10); @@p < 0.01 com-
pared to the sham-operated group; **p < 0.01 com-
pared to the ANFH group
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Figure 6. Effects of lncRNA-MALAT1 inhibition on 
expression levels of mRNAs encoding AMPK, mTOR, 
and CaMKKβ in femoral head tissue of ANFH rats. 
Means ± SEMs (n = 10); @@p < 0.01 compared to 
the sham-operated group; **p < 0.01 compared to 
the ANFH group

Figure 5. Effects of lncRNA-MALAT1 inhibition on 
expression of AMPK, mTOR, and Beclin-1 protein in 
femoral head tissue of ANFH rats. Means ± SEMs  
(n = 10); @@p < 0.01 compared to the sham-operat-
ed group; **p < 0.01 compared to the ANFH group
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Effect of lncRNA-MALAT1 suppression on 
expression levels of mTOR, AMPK, and 
Beclin-1 

In ANFH rats, mTOR and Beclin-1 levels in the 
femoral head were enhanced, and that of AMPK re-
duced, compared to sham-operated rats (Figure 5).  
The lncRNA-MALAT1 inhibitor significantly reduced 
mTOR and Beclin-1 protein expression (p < 0.01)  
and enhanced AMPK expression, compared to the 
ANFH group. 

Effect of lncRNA-MALAT1 suppression on 
levels of mRNAs encoding AMPK, mTOR, 
and CaMKKβ

We explored how lncRNA-MALAT1 inhibition 
affected expression of mRNAs encoding AMPK, 

mTOR, and CaMKKβ in the femoral head tissue of 
ANFH rats (Figure 6). Compared to sham-operat-
ed rats, the levels of mRNAs encoding AMPK and 
CaMKKβ were enhanced and the levels of mRNAs 
encoding mTOR reduced in the ANFH group. In the 
lncRNA-MALAT1 inhibitor group, the mRNA ex-
pression levels did not change.

Discussion

Either ischemia or corticosteroids may trig-
ger ANFH, treatment of which remains challeng-
ing; we evaluated the effects of lncRNA-MALAT1 
suppression on rat ANFH by estimating blood 
hexosamine and hydroxyproline levels, and cir-
culating EPC numbers. We used transmission 
electron microscopy and MRI to assess changes 
in femoral head bone ultrastructure. RT-PCR and 
Western blotting were employed to measure 
gene and protein expression levels in femoral 
head tissue.

Corticosteroids increase the risk of ANFH by 
enhancing intracortical pressure, changing lipid 
metabolism, and triggering intravascular coagu-
lation [15]. Vasculitis of femoral head tissue de-
velops, accompanied by the appearance of anti-
phospholipid antibodies [16]. We induced ANFH 
by administering a corticosteroid to rats. Blood 
hexosamine and hydroxyproline levels are ma-
jor indicators of bone necrosis [17]. Hexosamine 
is a mucopolysaccharide, the synthesis of which 
is reduced when osteoclastic resorption is pro-
moted and osteoblastic formation inhibited [18]. 
Hydroxyproline is present in collagen, the major 
component of bone [19]. The levels of these ma-
terials, and their molar ratio, were altered in the 
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blood of ANFH rats [20]. In the presence of the 
lncRNA-MALAT1 inhibitor, such changes were not 
apparent; normal femoral head BMD and ultra-
structure were maintained.

Reduced EPC numbers/functionality increases 
the risk of ANFH [21]. It was found that EPC levels 
were significantly (p < 0.01) reduced in the blood 
of ANFH rats and suppression of LncRNA-MALAT1 
increased EPC levels. Autophagy protects cells by 
inhibiting mTOR [22]. Data of the investigation 
reveal that suppression of lncRNA-MALAT1 inhibi-
tion significantly (p < 0.01) reduced mTOR expres-
sion compared to that of the ANFH group. 

In conclusion, suppression of lncRNA-MALAT1 
attenuated necrosis of the femoral head in dexa-
methasone-treated induced ANFH rats by regulat-
ing AMPK/mTOR/Beclin-1 signaling. Clinical evalu-
ation is required; we used only a rat model.
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