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Abstract
Background Delayed fracture healing (DFH) is a significant burden for patients. Therefore, early diagnosis and 
detection are important for the treatment of DFH. The long non-coding RNA (LncRNA) MYLK-AS1 is abnormally 
expressed in patients with DFH and has the potential to be used as a diagnostic marker.

Methods 40 patients with DFH and 87 patients with normal fracture healing were included. The levels of MYLK-AS1, 
miR-146a-5p and several mRNA markers of osteogenic differentiation were assessed by RT-qPCR. The diagnostic 
value of MYLK-AS1, miR-146a-5p was assessed using ROC curves. Cell proliferation ability was assessed by CCK-8, 
and apoptosis rate was detected by flow cytometry. DLR, RIP and RNA pull down assays demonstrated the targeting 
relationship between MYLK-AS1 and miR-146a-5p.

Results MYLK-AS1 levels were significantly lower and miR-146a-5p levels were significantly up-regulated in DFH 
compared to normal healing patients. MYLK-AS1 was found to target miR-146a-5p, and the levels were negatively 
correlated with each other. MYLK-AS1 with miR-146a-5p is of high value for the diagnosis of DFH. High expression 
of MYLK-AS1 could inhibit miR-146a-5p levels, support cell proliferation, reduce apoptosis, and increase the levels of 
osteogenesis-specific matrix proteins and osteogenesis-related regulatory factors.

Conclusion MYLK-AS1 has potential as a diagnostic marker for DFH. By increasing the expression level of MYLK-AS1 
in cells can reduce the level of miR-146a-5p, increase the activity of osteoblasts and reduce their apoptosis rate, thus 
affecting the process of fracture healing.
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Background
Bone fractures are usually caused by a large external 
impact. Patients with fractures experience localized 
bone deformity and pain [1]. Fracture healing is an organ 
repair process that clinically involves osteogenesis, heal-
ing tissue formation, and remodeling [2]. The majority of 
fracture patients heal normally, but there are still 5–10% 
of fracture patients with slow fracture healing, delayed 
fracture healing (DFH), or even non-healing, causing 
pain to the patient and additional economic burden [3]. 
Early identification of fractures with signs of delayed 
healing can lead to earlier clinical intervention. There-
fore, early diagnosis and detection are important in the 
management of DFH.

It has been reported that long non-coding RNAs 
(lncRNAs) have great potential to become diagnostic or 
prognostic biomarkers due to their aberrant expression 
in a variety of diseases [4, 5]. lncRNAs play an impor-
tant role in many musculoskeletal diseases [6–11]. On 
the other hand, microRNAs (miRNAs) are also impor-
tant regulators of various genes that contribute to the 
pathogenesis of disease [12], modulating cellular activity 
by targeting numerous signaling pathways or genes that 
promote or inhibit disease progression [13, 14]. Further-
more, given the important role of lncRNAs and miRNAs 
in regulating cell differentiation and the cell cycle, they 
represent a promising and viable source of biomark-
ers [15]. They could make an important contribution to 
the diagnosis of DFH status, the identification of drug 
targets, and the assessment of the efficacy of therapeu-
tic interventions. In addition, lncRNAs can regulate the 
fracture healing process by influencing the physiological 
activities of osteoblasts (e.g. differentiation, proliferation, 
etc.) through various mechanisms [16].

The lncRNA MYLK antisense RNA 1 (MYLK-AS1), 
located on human chromosome 3q21.1, is 74,815 nt long 
and contains three exons [17]. Previous studies have 
reported that MYLK-AS1 has potential as a biomarker 
in a variety of diseases. These include colorectal cancer 
[18] and nephroblastoma [19]. In addition, the expression 
of MYLK-AS1 in bone marrow mesenchymal stem cells 
varies in different age groups, and the level of MYLK-AS1 
in bone marrow mesenchymal stem cells of the elderly is 
significantly lower than that of adults, and the osteogenic 
derivation of bone marrow MSCs is an important part 
of fracture healing. Interestingly, Li et al. 2022 identified 
several differentially expressed lncRNAs by microarray in 
patients with normal healing and long-term non-healing 
fractures, in which MYLK-AS1 was significantly reduced 
[20]. In addition, miR-146a-5p was found to be signifi-
cantly increased in tissues with non-healing fractures 
[21]. A study by Ren et al. also showed that miR-146a-5p 
can influence the osteogenic differentiation of periodon-
tal ligament stem cells [22]. However, the potential role of 

MYLK-AS1 and miR-146a-5p in fracture healing has not 
been reported. Based on the DIANA and LncRNASNP2 
databases, which predicted a target relationship between 
the two, the present research was conducted to evaluate 
the diagnostic value of MYLK-AS1 and miR-146a-5p in 
fracture healing and their potential regulatory roles.

Materials and methods
Patient inclusion
40 patients with delayed fracture healing from May 2022 
to February 2024 in The 2nd Affiliated Hospital of Har-
bin Medical University were included. 87 patients with 
normal fracture healing in the same period were included 
as a normal control group. Inclusion criteria: (a) All were 
first fractures and systematically treated; (b) both normal 
and delayed healing met the diagnostic criteria. Exclusion 
criteria: (a) with diabetes mellitus; (b) with osteoporosis 
or metabolic bone disease; (c) with other bone diseases. 
The clinical characteristics of the patients are shown in 
Table 1.

The study was approved by the Ethics Committee of 
the The 2nd Affiliated Hospital of Harbin Medical Uni-
versity Hospital. And in accordance with the Declaration 
of Helsinki, and the patients and their families signed an 
informed consent form.

Cell culture and transfected
MC3T3-E1 cells were chosen for culture. The culture was 
performed using MEM-α medium containing nucleo-
sides and GlutaMAX supplements as a blank group. 
MC3T3-E1 cells were cultured in ObM medium as the 
OM group. The medium contained 10% FBS (Gibco, 
USA) and was cultured at 37 ℃ with a CO2 concentra-
tion of 5%.

MC3T3-E1 cells were inoculated at a density of 3 × 104 
cells/well and grown overnight in 6-well plates. The 
pcDNA3.1 empty vector and pcDNA3.1-MYLK-AS1 
plasmid, miR NC with miR-146a-5p mimics were trans-
fected into MC3T3-E1 cells by the Lipofectamine 3000 
kit (Invitrogen, USA).

RNA extraction
5 mL of fasting peripheral venous blood was collected 
from fracture patients at different stages of healing, and 
the serum was collected by centrifugation for 2  min. 
According to the volume of serum, 1 mL of Trizol reagent 
(Thermo Fisher, USA) was added and thoroughly mixed 
to completely lyse the cells and release the RNA, then 0.2 
mL of chloroform was added and the cells were shocked 
for 15 s. The supernatant was collected by centrifugation 
at 12,000 g for 15 min at 4 °C. Centrifuge at 12,000 g for 
15 min at room temperature and remove the supernatant. 
0.5 mL isopropanol was added, mixed thoroughly and 
allowed to stand for 10 min, then centrifuged at 12,000 g 
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for 10 min at 4℃ and the supernatant discarded. The pre-
cipitate was washed with 1 mL of 75% ethanol, vortexed 
and mixed well, centrifuged at 7500 g for 5 min at 4  °C 
and the supernatant discarded. The precipitate was dried 
and dissolved in RNase-free water to obtain total RNA.

RT-qPCR
1 µL of Oligo (dT) was added according to the volume 
of RNA, filled up to 12 µL with RNase-free water, mixed 
and reacted at 65  °C for 5  min on the PCR instrument 
to allow primer binding. Then 4 µL 5× reaction buffer, 
1 µL Ribolock RNase inhibitor, 2 µL 10 mM dNTP mix 
and 1 µL RevertAid m-mul URT were added. 20 µL of 
total system was added. The PCR instrument was set 
at 42 °C for 1 h, 70 °C for 5 min and terminated at 4 °C. 
RNA purity was determined and OD260:OD280 was in 
the range of 1.7–2.1. Specific primers were then designed 
using Primer5.0 software, and the primer sequences, reg-
istration numbers and Tm temperatures of the genes are 
shown in Table S1. cDNA obtained from reverse tran-
scription was used as a template for PCR amplification. 
First, the reaction system was configured, including 2 µL 
cDNA template, 10 µL 2×SYBR Green qPCR Mix, 0.4 µL 
each of 10 µM primer forward and 10 µM primer reverse, 
and 7.2 µL nuclease-free water. The PCR amplification 
cycle was programmed as follows: pre-denaturation, 

95  °C for 300  s, denaturation 95  °C for 20  s, and dena-
turation 95  °C for 20  s. The reaction system was set up 
as follows: 300 s, denaturation 95  °C for 20 s, annealing 
55 °C for 20 s, and extension 72 °C for 20 s. Forty cycles 
were performed. At the end of the amplification cycle, 
the temperature was lowered to 60  °C and then heated 
to 95  °C to denature the DNA product. All sample sets 
showed significant fluorescence signals characterized by 
smooth and ordered amplification curves and a single 
peak in the melting curve. This indicates the absence of 
primer dimerization and confirms that this is consistent 
with the required amplification efficiency. GADPH and 
U6 were used as endogenous references. Assay results 
were normalized by the 2−ΔΔCT method. Differences in Ct 
values ((∆Delta Ct) of MYLK-AS1 and GAPDH or miR-
146a-5p and U6 were calculated to determine the rela-
tive RNA levels, as follows formula: ∆∆ Ct = (∆ Ct of the 
patient sample)– (∆ Ct of the control sample).

Cell viability assay
The proliferative capacity of the cells was assessed using 
the CCK-8. Briefly, 200 µL of cell suspension was seeded 
into a 96-well plate, with three replicate wells per group. 
Then, 200 µL of PBS was added around the cell-contain-
ing wells to form a circular border. The cells were incu-
bated for 24 h, after which 10 µL of CCK-8 solution was 

Table 1 Clinical baseline characteristics of patients with normal and delayed healing
Parameters Healing group

(n = 87)
Delayed group
(n = 40)

P value

Age, (year) 57.57±6.72 56.17±5.59 0.254
BMI, (kg/m2) 24.28±3.60 25.03±3.75 0.285
Gender, male, n (%) 41 (47.13) 20 (50.00) 0.849
Smoking history, n (%) 58 (66.67) 26 (65.00) 0.843
Drinking history, n (%) 53 (60.92) 23 (57.50) 0.952
Causes of fracture, n (%)
 Traffic accident 42 (48.28) 13 (32.50) 0.369
 Falling from height 29 (33.33) 16 (40.00)
 Fall-related injury 9 (10.34) 7 (17.50)
 Blunt Trauma 7 (8.05) 4 (10.00)
Fracture site, n (%)
 Upper limb 23 (26.44) 15 (37.50)
 Lower limb 33 (37.93) 18 (45.00) 0.107
 Spine 31 (35.63) 7 (17.50)
Classification of fracture, n (%)
 Closed fracture 35 (40.23) 16 (40.00) 0.980
 Open fracture 52 (59.77) 24 (60.00)
AO classification of fracture, n (%)
 A 33 (37.93) 10 (25.00) 0.083
 B 46 (52.87) 21 (52.50)
 C 8 (9.20) 9 (22.50)
ASA Classification, n (%)
 II 67 (77.01) 18 (45.00) 0.001
 III-IV 20 (22.99) 22 (55.00)
Annotation: BMI, body mass index. AO, Arbeitsgemeinschaft für Osteosynthesefragen; ASA, American Society of Anesthesiologists
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added to each well. After a further 1  h incubation, the 
absorbance at 450 nm (OD450) was measured by shaking 
the plate for 30 s on an enzyme plate reader.

Cell apoptosis assay
MC3T3-E1 cells were harvested at a density of 2 × 104 
cells/mL. After three washes with PBS, the cells were 
collected by centrifugation (1000  rpm, 5  min) and the 
supernatant was discarded. To the resulting pellet, 100 
µL binding buffer was added. Then, 5 µL PI and Annexin 
V-fluorescein isothiocyanate were added, and the cells 
were incubated in the dark for 15 min. After incubation, 
300 µL of 1× binding buffer was added to the mixture. 
Finally, the suspension was transferred to a flow cytom-
etry tube andanalysed by flow cytometry under light 
avoidance conditions.

Alkaline phosphatase (ALP) activity assay
Cells were first fixed with 4% paraformaldehyde in PBS 
(pH 7.4) and then washed with PBS. Finally, ALP activ-
ity was assessed using the ALP activity kit (Beyotime, 
Shanghai).

Bioinformatics analysis
The binding site of MYLK-AS1 to miR-146a-5p was pre-
dicted by DIANA ( h t t p  s : /  / d i a  n a  . e -  c e .  u t h .  g r  / l n c b a s e v 3) 
and LncRNASNP2 ( h t t p  s : /  / g u o  l a  b . w  c h s  c u . c  n /  l n c R N A S 
N P / # ! /) databases.

Dual-luciferase reporter assay (DLR) assay
Wild-type recombinant MYLK-AS1 (MYLK-AS1-WT) 
and mutant recombinant MYLK-AS1 (MYLK-AS1-
MUT) plasmids were constructed using the pmirGLO 
vector. The recombinant plasmids were co-transfected 
with miR-146a-5p blank or mimic group using Lipo-
fectamine 3000 kit (Invitrogen, USA) and detected using 
DLR kit (Beyotime, Shanghai).

RIP assay
The RIP assay was used to detect the binding of RNA to 
proteins. Cells were resuspended with a volume of RIP 
lysate equal to that of the cells and then incubated with 
antibody-coupled magnetic beads at 4℃ overnight. After 
washing, RNA was purified and reverse transcribed into 
cDNA according to the assay procedure of RT-qPCR to 
detect the level of the target.

RNA pull-down assay
Biomarker-labelled RNA (Bio-NC-probe, Bio-MYLK-
AS1-probe) was used to treat MC3T3-E1 cells. Lysis was 
performed by adding lysate, and streptavidin magnetic 
beads (Thermo Fisher, USA) were added to the lysate and 
incubated at 4℃ overnight. The magnetic beads were 
separated by centrifugation and the supernatant was 

collected. The enrichment of miR-146a-5p in the super-
natant was assessed by RT-qPCR.

Statistical analysis
Data are presented as mean ± SD. All tests were per-
formed at least 3 times with parallel testing. Patients’ 
clinical data were collected and tabulated using SPSS, 
and the remaining data were collected and plotted using 
GraphPad. ROC curve evaluation was used to determine 
the diagnostic role of MYLK-AS1 and miR-146a-5p. 
A p-value of below 0.05 indicates that the difference 
between the two groups is statistically significant.

Results
Expression of MYLK-AS1 and miR-146a-5p
During the healing period of fracture patients, the 
expression level of MYLK-AS1 was significantly reduced 
in patients with DFH compared to patients with normal 
healing (P < 0.0001, Fig.  1A), while miR-146a-5p levels 
were significantly upregulated in patients with delayed 
healing during the 1–12-week healing cycle (P < 0.0001, 
Fig. 1B). Moreover, the clinical data of the two groups of 
patients were compared and it was found that there was 
no significant difference between the two groups in terms 
of age, BMI, smoking history, drinking history, causes of 
fracture, fracture site, fracture classification, AO classifi-
cation of fracture (P > 0.05). However, there was a signifi-
cant difference in ASA classification (P = 0.001, Table 1).

Diagnostic value of MYLK-AS1 and miR-146a-5p
The diagnostic performance of MYLK-AS1 versus miR-
146a-5p for DFH was predicted by ROC curves. The 
ROC curve for MYLK-AS1 had an AUC of 0.853 (95% 
CI 0.783–0.923), a sensitivity of 72.5%, and a specificity 
of 82.76% for discriminating patients with delayed heal-
ing from the normal healing group (Fig.  1C). The AUC 
for miR-146a-5p was 0.826 (95% CI 0.748–0.903), with a 
sensitivity of 67.50% and a specificity of 87.36% (Fig. 1D). 
In addition, the results of binary logistic analyses showed 
that ASA classification, MYLK-AS1, and miR-146a-5p 
were factors influencing delayed fracture healing 
(Table 2).

Effect of induction of osteogenic differentiation on 
osteogenic gene
As illustrated in Fig.  2, OM promoted osteoblast differ-
entiation and ALP activity, and the expression levels of 
Runx2, BMP2, OCN, OPN, and MYLK-AS1 in cells cul-
tured in the OM group were significantly higher than 
those in the blank control group from the third day of 
culture (P < 0.001, Fig. 2A-F). With increasing days of cul-
ture, the difference between the blank group and the OM 
groups increased. Compared to the blank group, miR-
146a-5p was decreased in the OM group (P < 0.001), and 

https://diana.e-ce.uth.gr/lncbasev3
https://guolab.wchscu.cn/lncRNASNP/#!/
https://guolab.wchscu.cn/lncRNASNP/#!/
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Table 2 Binary logistic regression analysis affecting delayed healing in fracture patients
Parameters B Wald OR 95% CI P value
Age 0.711 1.588 2.037 0.674 - 6.160 0.208
BMI -0.237 0.207 0.789 0.285 - 2.187 0.649
Male -0.465 0.756 0.628 0.220 - 1.792 0.384
Smoking history 0.461 0.709 1.586 0.542 - 4.643 0.400
Drinking history 0.143 0.072 1.154 0.405 - 3.286 0.789
Traffic accident 0.690 1.675 1.993 0.701 - 5.663 0.196
Lower limb 0.356 0.381 1.428 0.461 - 4.422 0.537
Open fracture 0.133 0.061 1.143 0.397 - 3.288 0.805
AO classification of fracture 0.396 0.455 1.486 0.471 - 4.690 0.500
ASA Classification 1.869 10.713 6.483 2.117 - 19.854 0.001
MYLK-AS1 2.143 15.075 8.528 2.890 - 25.163 0.000
miR-146a-5p -1.489 7.979 0.226 0.080 - 0.634 0.005

Fig. 1 Expression and diagnostic roles of MYLK-AS1 and miR-146a-5p. A MYLK-AS1 is lowly expressed in patients with DFH; B miR-146a-5p was highly 
level in patients with delayed fracture healing; Cand D MYLK-AS1 and miR-146a-5p have a better diagnostic role in distinguishing patients with normal 
healing from those with DFH (**** P < 0.0001)
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the decrease was more pronounced with increasing cul-
ture time (P < 0.0001, Fig. 2G).

Effect of MYLK-AS1 expression on cell function
Transfection of pcDNA3.1-MYLK-AS1 induced high 
levels of MYLK-AS1 in the cells (P < 0.0001, Fig.  3A). 
Increasing the level of MYLK-AS1 increased cell prolif-
eration (P < 0.0001, Fig.  3B) and significantly decreased 
apoptosis (P < 0.0001, Fig.  3C). In addition,, the activ-
ity of ALP, and the expression levels of Runx2, BMP2, 
OCN and OPN were also significantly upregulated when 
MYLK-AS1 was highly expressed (Fig. 3D and H).

MYLK-AS1 binds to miR-146a-5p targeting
MYLK-AS1 was predominantly enriched in the cyto-
plasm rather than in the nucleus (Fig. 4A). miR-146a-5p 
binding sites with MYLK-AS1-WT are shown in Fig. 4B. 
Targeted binding of miR-146a-5p and MYLK-AS1-WT 
was confirmed by DLR experiments. Transfection of 
miR-146a-5p mimics significantly reduced the luciferase 
activity of MYLK-AS1-WT (P < 0.01, Fig. 4C). Both miR-
146a-5p and MYLK-AS1 were enriched in the anti-Ago2 
group compared to the anti-IgG group (Fig.  4D). Com-
pared to the bio-NC probe, miR-146a-5p was mainly 
enriched on the bio-MYLK-AS1-probe, which also indi-
cated the binding relationship between miR-146a-5p and 
MYLK-AS1 (Fig.  4E). According to Pearson correlation 
analysis, miR-146a-5p showed an inverse correlation 

with the MYLK-AS1 level (r=-0.755, Fig.  4F). Further-
more, miR-146a-5p levels were significantly decreased 
after transfection of pcDNA3.1-MYLK-AS1 (P < 0.0001, 
Fig. 4G).

Effects of MYLK-AS1 and miR-146a-5p on cellular
Transfection of pcDNA3.1-MYLK-AS1 resulted in an 
increase in the level of MYLK-AS1 and a significant 
decrease in the level of miR-146a-5p; whereas transfec-
tion of the miR-146a-5p mimic did not affect the level of 
MYLK-AS1, but only increased the level of miR-146a-5p 
(P < 0.0001, Fig.  5A and B). This suggests that miR-
146a-5p is regulated by the level of MYLK-AS1. Increas-
ing the level of MYLK-AS1 and decreasing the level 
of miR-146a-5p promoted cell proliferation decreased 
apoptosis, and increased ALP activity, the levels of 
Runx2, BMP2, OCN, and OPN mRNA (P < 0.0001). How-
ever, increasing miR-146a-5p expression reversed this 
effect (P < 0.01, Fig. 5C and I).

Discussion
Fractures are usually treated clinically with surgery. How-
ever, the blood flow after fracture is poor and the post-
operative prognosis often delays recovery. Moreover, the 
recovery period has many influencing factors and takes 
a long time, which greatly affects the patient’s life, and 
creates a serious economic burden for the patient [23]. 
Delayed healing also increases the risk of secondary 

Fig. 2 Difference between normal culture and OM medium culture of MC3T3-E1 cells. A B and C ALP, Runx2 and BMP2 levels of cells in OM medium 
were significantly increased within 14 days of culture; D and E OCN and OPN levels of cells in OM medium were significantly increased within 14 days of 
culture; F MYLK-AS1 levels of cells in OM medium were significantly increased within 14 days of culture; G miR-146a-5p levels of cells in OM medium were 
significantly increased within 14 days of culture (*** P < 0.001, ****P < 0.0001)
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surgery and has a poor prognosis. Therefore, early detec-
tion of delayed fracture healing is important to improve 
patient patients [24]. It has been reported that LncRNAs 
can regulate post-transcriptional gene levels, are involved 
in a variety of physiological processes, and are potential 
predictive or diagnostic biomarkers for many diseases 
[25, 26].

In recent years, lncRNAs have been identified as key 
regulators in the complex process of fracture healing, 
such as TRPM2-AS [27] and SNHG1 [28]. Furthermore, 
lncRNAs act as sponges for miRNAs and may be involved 
in the disease process by regulating miRNAs [29]. There 
is evidence that miR-146a-5p is significantly increased in 
the tissues of rats with bone non-healing [21]. Our study 
showed the same trend, with miR-146a-5p being highly 
expressed during the recovery period in patients with 
delayed fracture healing. However, we also found that the 
lncRNA MYLK-AS1 was low expressed during the recov-
ery period of fracture patients. ROC results showed that 
both MYLK-AS1 and miR-146a-5p have a better diagnos-
tic role. It can discriminate between normal healing and 
delayed healing. It has a high diagnostic and predictive 

value, suggesting that it may be involved in the pathologi-
cal process of DFH.

Although the molecular mechanisms underlying the 
occurrence of delayed fracture healing are still unclear, 
an in-depth study of fracture healing at the cellular level 
may provide better diagnostic and therapeutic tools for 
delayed fracture healing. lncRNAs can regulate many 
physiological activities of osteoblasts, including cell 
migration, differentiation, proliferation, and apoptosis 
[30]. Cell differentiation and proliferation help to accel-
erate bone formation [31]. Further findings showed that 
increasing MYLK-AS1 levels significantly increased 
cell proliferation and decreased the rate of apoptosis. In 
addition, fluid shear stress was reported to downregu-
late downregulated miR-146a-5p levels in osteoblasts 
and inhibit osteoblast apoptosis [32]. Consistent with 
this study, we found that upregulation of miR-146a-5p 
promoted osteoblast apoptosis. This suggests that 
MYLK-AS1 is present in fracture healing as a factor that 
promotes fracture healing, whereas miR-146a-5p inhibits 
fracture healing.

Fig. 3 Effect of high MYLK-AS1 expression on fracture healing. A Transfection of MYLK-AS1 promotes its high expression; B High expression of MYLK-AS1 
promotes cell proliferation; C High expression of MYLK-AS1 reduces apoptosis; D E and F High expression of MYLK-AS1 notably increased the levels of ALP, 
RUNX2, BMP2; G and H High expression of MYLK-AS1 notably increased the levels of OCN and OPN (** P < 0.01, ****P < 0.0001)
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Osteoblast differentiation is important in bone recov-
ery [33–36]. Osteogenesis-specific matrix proteins and 
osteogenesis-related regulators play important roles in 
fracture healing. Alkaline phosphatase (ALP), osteo-
calcin (OCN), and osteoblastin (OPN) all belong to 
the osteogenesis-specific matrix proteins [37, 38]. The 
main role of ALP is to hydrolyze phosphate esters dur-
ing osteogenesis, releasing the inhibition of phosphate 
on bone salt formation, promoting osteoblasts prolifera-
tion and differentiation, and is an indicator of the activa-
tion response to osteogenic activation [39]. OCN is often 
used as a serum marker for bone formation in osteoblasts 
[40]. OPN can be involved in the regulation of the bio-
logical activities of bone-associated cells, such as prolif-
eration, migration, and adhesion [41]. Therefore, in our 
study, when MC3T3-E1 cells were cultured using OM 
medium, the activity of ALP, the levels of OCN, and OPN 
were significantly increased, which promoted osteogenic 
differentiation of MC3T3-E1 cells. The same trend was 
observed when the expression level of MYLK-AS1 was 
increased. There was an improvement in the osteogenic 
differentiation capacity of the cells.

Runt-related transcription factor 2 (Runx2) and bone 
morphogenetic protein-2 (BMP-2) are key regula-
tors of osteoblast differentiation and bone formation, 
respectively [42]. Endogenous BMP2 expression in 

chondrocytes may play an important role in the matura-
tion of cartilage healing tissue during the early stages of 
fracture healing [43]. Our results show that high levels of 
MYLK-AS1 promote elevated expression levels of Runx2 
and BMP-2, which is reversed by high levels of miR-
146a-5p. This suggests that miR-146a-5p exists as a det-
rimental factor in the fracture healing process. Increasing 
the level of MYLK-AS1 could reduce the expression of 
miR-146a-5p, which could affect the rate of fracture heal-
ing. However, more experiments are needed in this study 
to validate the existing results.

Conclusions
In conclusion, high expression of MYLK-AS1 may con-
tribute to fracture healing and has a better diagnostic 
value. Elevated levels of MYLK-AS1 lead to lower levels 
of miR-146a-5p, which promotes cell proliferation, osteo-
genic differentiation, and reduces apoptosis, thereby 
facilitating the process of fracture healing.

Fig. 4 Targeted binding of MYLK-AS1 to miR-146a-5p. A MYLK-AS1 is mainly enriched in cytoplasmic; B Predicted binding site of MYLK-AS1 to miR-146a-
5p; C miR-146a-5p mimic causes reduced luciferase activity in MYLK-AS1-WT; D Both miR-146a-5p and MYLK-AS1 were predominantly enriched in anti-
Ago-2; E miR-146a-5p is predominantly enriched in Bio-MYLK-AS1-probe; F miR-146a-5p shows a typical negative correlation with MYLK-AS1 expression; 
G High expression of MYLK-AS1 leads to reduced miR-146a-5p levels (*** P < 0.001, ****P < 0.0001)
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