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Abstract
Objective Delayed fracture healing is a common complication of fractures that significantly impacts human health. 
This study aimed to explore the role of LINC00339 (lncRNA) in delayed fracture healing to provide new directions for 
its treatment.

Methods This study included 82 patients with fractures healing in a normal manner and 90 patients experiencing 
delayed fracture healing. Levels of LINC00339, miR-16-5p, and osteogenic marker-related mRNAs were measured 
using RT-qPCR. The predictive potential of LINC00339 for delayed fracture healing was validated using ROC curve 
analysis. The interaction between LINC00339 and miR-16-5p was validated using dual-luciferase reporter assays and 
RIP experiments. CCK-8 was used to assess cell proliferation, and apoptosis rates were measured by flow cytometry.

Results LINC00339 was significantly upregulated in delayed fracture healing patients and exhibited strong predictive 
ability for this condition. Overexpression of LINC00339 inhibited osteoblast proliferation, promoted apoptosis, and 
reduced mRNA levels of osteogenic markers (P < 0.05). miR-16-5p was recognized as a target mRNA of LINC00339, 
with LINC00339 exerting negative regulation on miR-16-5p, while overexpression of miR-16-5p mitigated the 
inhibitory effects of LINC00339 on fracture healing (P < 0.05).

Conclusion This research indicated that LINC00339 may serve as a diagnostic marker for delayed fracture healing 
and revealed the function of the LINC00339/miR-16-5p axis on fracture healing by regulating osteoblasts.
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Introduction
Common types of fractures include femur fractures, hip 
fractures and patella fractures [1]. Research has shown 
that fractures have become a major threat to human 
health, with fragile fractures making significant contri-
butions [2]. The healing of fractures is a highly complex 
physiological process influenced by various factors such 
as age, treatment methods, and chemical factors like hor-
mones [3, 4], and there is a certain probability of delayed 
healing during the recovery process [5]. Furthermore, 
osteoporosis increases the risk of fractures and raises the 
probability of delayed healing [6, 7]. Osteoblast activity is 
crucial in the healing of fractures, aiding in the formation 
of callus at the fracture site, leading to new bone forma-
tion and the restoration of bone function [8]. Exploring 
the mechanisms of delayed fracture healing can establish 
a theoretical foundation for the prevention and treatment 
of delayed fracture healing.

Long non-coding RNAs (lncRNAs) are RNA molecules 
longer than 200 bp that are involved in numerous physio-
logical processes, serving crucial functions [9]. It was also 
found that lncRNAs are involved in the regulation of the 
fracture healing process [10, 11]. Studies have found that 
knocking out lncRNA MIAT can promote osteoblast pro-
liferation and differentiation [12]; while some lncRNAs 
have a positive effect on maintaining bone balance, for 
example, enhanced expression of lncRNA NORAD can 
inhibit cell apoptosis and accelerate fracture healing [13]. 
It is evident that different lncRNAs play varying roles in 
the fracture healing process. LINC00339 is a less under-
stood lncRNA, with previous research mainly focusing 
on its role in cancer [14, 15]. Zhang et al. discovered an 
upregulation of LINC00339 expression in delayed frac-
ture healing patients using lncRNA microarray analysis 
[16]. Chen et al. further found that LINC00339 nega-
tively regulates the key regulatory factor of bone metabo-
lism, CDC42 [17]. Nevertheless, the precise function of 
LINC00339 in delayed fracture healing has not been fully 
elucidated to this day.

Based on the aforementioned research, this study ana-
lyzed the levels of LINC00339 in delayed fracture healing 
patients and predicted the value of LINC00339 in delayed 
fracture healing. Through gain-of-function experiments, 
the functions of LINC00339 and miR-16-5p on osteo-
blast activity was validated. Additionally, examinations 
were conducted on the targeting relationship between 
LINC00339 and miR-16-5p, along with their roles in reg-
ulating delayed fracture healing.

Materials and methods
Inclusion of patients
The study included 172 patients subjects with fracture 
healing who were treated at author’s institution, includ-
ing 82 patients with normal fracture healing and 90 

patients with delayed fracture healing. All patients were 
aged 18 and above and were free from any history of pre-
vious fractures or osteoporosis. All patients involved in 
the study gave informed consent. The study was approved 
by the ethics committee of author’s institution.

Cultivation of cells
Human normal osteoblast hFOB1.19 cells (SIBCB, 
China) were cultured in DMEM medium containing 10% 
FBS, 100U/mL penicillin, and streptomycin. Ambient 
conditions were 37 °C with 5% CO2.

Transfection of cells
pcDNA3.1-LINC00339 overexpression transfection vec-
tor, small interference RNA (siRNA) against LINC00339 
(si-LINC00339), as well as control groups pcDNA3.1 
and si-NC, were constructed. miR-16-5p mimic, mimic 
NC, miR-16-5p inhibitor, and inhibitor NC were synthe-
sized. hFOB1.19 cells were seeded and transfected with 
the above vectors using Lipofectamine 2000 when they 
reached the logarithmic growth phase.

RNA extraction and reverse transcriptase quantitative real-
time PCR (RT-qPCR)
Total RNA was extracted from hFOB1.19 cells and 
serum using Trizol, and the RNA was reverse tran-
scribed into cDNA. Real-time quantitative PCR analysis 
was performed on an MX3000p Real-time PCR instru-
ment, using the miRNA cDNA synthesis Kit and HiFiS-
cript cDNA Synthesis Kit following the manufacturer’s 
instructions. GAPDH and U6 were used as internal ref-
erence genes, and the relative RNA levels of LINC00339, 
miR-16-5p, and osteogenic markers (ALP, OCN, collagen 
I, and RUNX2) were calculated using the 2−ΔΔCt method.

Cell counting kit-8 (CCK-8) assay
hFOB1.19 cells were seeded in 96-well plates, and the 
Cell Counting Kit-8 reaction solution was added in 
proportion. After incubation for 1  h, the OD value was 
measured at a wavelength of 450 nm using a microplate 
reader.

Flow cytometry analysis of cell apoptosis
After reaching the logarithmic growth phase post-trans-
fection, hFOB1.19 cells were washed with pre-cooled PBS 
and a binding buffer was added. Apoptosis was detected 
using the Annexin V-FITC/PI kit as per the instructions. 
Cell survival, necrosis, and early, and late apoptosis were 
analyzed using a flow cytometer, and the apoptotic rate 
was expressed as a percentage of early and late apoptotic 
cells combined.
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Dual-luciferase reporter assay
The ENCORI, LncBook2, and DIANA databases pre-
dicted miR-16-5p as a target miRNA for LINC00339. To 
validate this prediction, LINC00339 sequence segments 
were cloned into the pcDNA3.1 vector to construct wild-
type LINC00339-WT and mutant recombinant plas-
mid LINC00339-MT. The above vectors and miR-16-5p 
mimic or inhibitor were transfected into the hFOB1.19 
cells. After 48 h of incubation, cells were lysed, and lucif-
erase activity was measured.

RNA immunoprecipitation (RIP) assay
RIP was performed using a RIP kit to analyze the bind-
ing between LINC00339 and miR-16-5p. hFOB1.19 cells 
were lysed and incubated with magnetic beads contain-
ing anti-Ago2 or anti-IgG. Enrichment of LINC00339 
and miR-16-5p was detected through RT-qPCR.

Nuclear and cytoplasmic RNA fraction isolations
Nuclear and cytoplasmic RNA in hFOB1.19 cells were 
isolated and collected using a SurePrep Nuclear or Cyto-
plasmic RNA Purification Kit. The subcellular local-
ization expression of LINC00339 was detected using 
RT-qPCR, with U6 and GAPDH as the internal control.

Statistical analysis
All experimental data in this study were processed using 
GraphPad Prism 9.0 and SPSS 22.0. Data were presented 
as mean ± SD. Group comparisons were performed using 
ANOVA or Student’s t-test. The clinical predictive value 
of LINC00339 in fracture healing was analyzed by the 
Receiver operating characteristic curve (ROC). P < 0.05 
was considered statistically significant.

Results
Serum LINC00339 is highly expressed in delayed fracture 
healing patients
First, we evaluated the clinical data of 82 patients with 
normal fracture healing and 90 patients with delayed 
healing (Table 1) and found that there were no significant 
differences between the two groups in terms of age, BMI, 
gender, fracture side, smoking, and alcohol consumption 
(P > 0.05), suggesting comparability. As shown in Fig. 1A, 
the level of LINC00339 in the serum of delayed fracture 
healing patients was significantly higher than in normal 
patients (P < 0.001).

Analysis of the predictive value of serum LINC00339 levels 
for delayed fracture healing
As shown in Table  2, binary logistic regression analy-
sis identified LINC00339 as a potential risk factor for 
delayed fracture healing (P < 0.001). Furthermore, ROC 
analysis revealed that at a cutoff value of 1.38, the area 
under the curve (AUC) for LINC00339 was 0.882 (95% 
CI: 0.832–0.932), with specificity and sensitivity of 
74.39% and 87.78%, showing a high predictive ability for 
delayed fracture healing (P < 0.001, Fig.  1B). These find-
ings indicated a possible correlation between LINC00339 
and delayed fracture healing.

Regulation of osteoblast activity by abnormal expression 
of LINC00339
RT-qPCR analysis showed that with prolonged osteo-
genic differentiation time, the levels of osteogenic dif-
ferentiation markers ALP, OCN, Collagen I, and RUNX2 
mRNA significantly increased in Hfob1.19 cells (P < 0.001, 
Fig. 2A), while the level of LINC00339 decreased signifi-
cantly (P < 0.001, Fig. 2B). Transfection of hFOB1.19 cells 
with pcDNA3.1-LINC00339 resulted in a critical increase 
in LINC00339 expression, whereas transfection with si-
LINC00339 inhibited its expression (P < 0.001, Fig.  2C). 
Moreover, increased expression of LINC00339 inhibited 
proliferation and increases apoptosis in hFOB1.19 cells, 
while inhibiting LINC00339 expression had the opposite 
effect (P < 0.01, Fig. 2D and E). Additionally, overexpres-
sion of LINC00339 was found to suppress the expres-
sion of osteogenic differentiation markers mRNA, while 
silencing LINC00339 yielded contrasting outcomes. 
These findings indicated that LINC00339 may contribute 

Table 1 Clinical baseline characteristics of patients with fracture 
healing
Parameters Normal frac-

ture healing 
(n = 82)

Delayed frac-
ture healing 
(n = 90)

P 
value

Age (year) 45.52 ± 12.91 46.58 ± 19.30 0.678
BMI (kg/m2) 23.44 ± 3.22 24.53 ± 5.38 0.113
Gender
Female 43 50 0.760
Male 39 40
Smoking
No 37 33 0.280
Yes 45 57
Drinking
No 46 48 0.760
Yes 36 42
Fracture side
Left 41 36 0.220
Right 41 54
Mechanism of injury
Traffic injury 35 23
Ground fall 26 34 0.053
Sports injury 21 33
Severity of fracture
Complete fracture 41 40 0.541
Incomplete fracture 41 50
Osteosynthesis method
Open reduction 34 44 0.360
Losed reduction 48 46
Annotation: BMI, body mass index
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to delayed fracture healing by inhibiting cell proliferation 
and promoting apoptosis.

LINC00339 targeted miR-16-5p directly
As shown in Fig. 3A, LINC00339 was primarily localized 
in the cytoplasm. miR-195-5p, miR-16-5p, miR-15b-5p, 
and miR-15a-5p were overlapping target miRNAs of 
LINC00339 as predicted by DIANA, LncBook2 and 
ENCORI databases (Fig. 3B), with a focus on miR-16-5p 
based its function. LINC00339 had a binding site to miR-
16-5p (Fig.  3C). Luciferase reporter assays showed that 
miR-16-5p mimic suppressed the luciferase activity of the 
LINC00339-WT vector (P < 0.001), while it did not affect 
LINC00339-MT (Fig. 3D). RIP assays further confirmed 
the direct binding relationship between LINC00339 
and miR-16-5p (Fig.  3E). Additionally, serum miR-
16-5p levels were significantly lower in delayed fracture 

healing patients compared to those with normal healing 
(P < 0.001, Fig.  3F). The levels of LINC00339 and miR-
16-5p in serum of patients with delayed fracture heal-
ing exhibited a notable negative correlation (r = -0.678, 
P < 0.001, Fig. 3G). Furthermore, the levels of miR-16-5p 
increased with prolonged osteogenic differentiation time 
(P < 0.001, Fig. 3H), and when hFOB1.19 cells were trans-
fected with pcDNA3.1-LINC00339, there was a notable 
reduction in the miR-16-5p levels, while transfection 
with si-LINC00339 resulted in an increase of miR-16-5p 
expression. (P < 0.001, Fig. 3I).

Up-regulation of miR-16-5p attenuated the influence of 
LINC00339 on osteoblasts
In order to confirm the influence of miR-16-5p on 
LINC00339, we transfected hFOB1.19 cells with 
pcDNA3.1-LINC00339 and miR-16-5p mimic. The out-
comes displayed a significant decrease in miR-16-5p 
levels in hFOB1.19 cells transfected with pcDNA3.1-
LINC00339 (P < 0.001). Subsequent transfection with 
miR-16-5p mimic led to a restoration of miR-16-5p 
expression level (P < 0.001, Fig.  4A). Importantly, 
transfection with pcDNA3.1-LINC00339 resulted in 
decreased cell proliferation, increased apoptosis, and 
a notable reduction in the levels of osteogenic differen-
tiation marker-related mRNAs (P < 0.01). However, co-
transfection with pcDNA3.1-LINC00339 + miR-16-5p 
mimic caused a significant recovery in cell prolif-
eration, expression levels of osteogenic differentiation 

Table 2 Binary logistic regression analysis of clinical indicators 
affecting delayed fracture healing
Parameters OR 95% CI P value
Age (year) 1.155 0.570–2.338 0.690
BMI (kg/m2) 1.742 0.863–3.515 0.122
Gender 1.472 0.720–3.010 0.290
Smoking 1.584 0.778–3.225 0.205
Drinking 1.339 0.642–2.790 0.436
Fracture side 1.467 0.722–2.982 0.290
Traffic injury 1.186 0.585–2.405 0.637
Severity of fracture 1.529 0.750–3.121 0.243
Osteosynthesis method 1.078 0.523–2.220 0.839
LINC0339 8.634 4.083–18.257 < 0.001

Fig. 1 Expression of LINC00339 in delayed fracture healing patients (A). ROC curve analysis of the predictive ability of LINC00339 in fracture healing (B)
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marker-related mRNAs, and a reduction in apoptosis rate 
(P < 0.001, Fig. 4B-D).

Discussion
Delayed fracture healing, as a major complication of 
fractures, is becoming more prevalent with the increas-
ing incidence of fractures [18], leading to a decline in 
patients’ quality of life [19]. Studies have shown that 
medical expenses for delayed fracture healing patients 
are more than twice as high as those for patients with 
normal healing [20, 21]. Therefore, further exploration 
of the process of delayed fracture healing is needed. Our 
study first validated the expression level of LINC00339 
in delayed fracture healing patients and found that, 
in support of the results of Zhang et al., the expression 
level of LINC00339 in delayed fracture healing patients 
was remarkably improved. Subsequently, through binary 
logistic regression analysis, we identified LINC00339 as 

a possible contributor to delayed fracture healing, and 
ROC curve analysis also suggested that LINC00339 can 
predict delayed fracture healing. Nevertheless, the mech-
anism of action of LINC00339 in delayed fracture healing 
is unclear.

Previous studies have demonstrated that the activity 
of osteoblasts plays an essential role in fracture healing, 
and increasing the vitality of osteoblasts can promote 
fracture healing [22]. Therefore, we analyzed the impact 
of LINC00339 on osteoblasts. RT-qPCR results revealed 
that with prolonged osteogenic differentiation time, the 
expression level of LINC00339 in the serum gradually 
decreased, while the osteogenic differentiation markers 
levels related to osteoblast activity increased. Further-
more, overexpression of LINC00339 inhibited the prolif-
eration of osteoblasts hFOB1.19 and promoted apoptosis, 
leading to a remarkable reduction in the levels of osteo-
genic differentiation markers in cells overexpressing 

Fig. 2 The mRNA levels of markers of osteogenic differentiation increased with prolonged osteogenic differentiation time (A). and LINC00339 decreased 
(B). The levels of LINC00339 after the transfection (C). Effects of silencing or overexpression of LINC00339 on cell proliferation (D), apoptosis (E), and osteo-
genic marker-related mRNAs (F). *** P < 0.001 vs. 0 day osteogenic differentiation time; ** P < 0.01, *** P < 0.001 vs. Control group
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LINC00339. These results suggested that LINC00339 can 
regulate the fracture healing process and may play a role 
in delayed fracture healing, aligning with the research 
findings by Chen et al. [17].

MicroRNAs (miRNAs), a class of short non-coding 
RNAs, are involved in the process of fracture healing, 
especially regulating physiological processes such as 
osteoblast differentiation [23, 24]. To further explore the 
specific mechanism of LINC00339 in delayed fracture 
healing, we predicted four target miRNAs of LINC00339 
through the DIANA, ENCORI, and LncBook2 databases, 
including miR-16-5p. Although the effect of miR-16-5p in 
the fracture healing is controversial [25, 26], it has been 
demonstrated by researches that miR-16-5p has inhibi-
tory effects on osteoclast genesis in Giant Cell Tumors of 
Bone [27] and its levels significantly decrease in lumbar 
vertebral tissues of osteoporotic patients [28]. Therefore, 

we focused on the targeted relationship between miR-
16-5p and LINC00339 in the study. In our research, dual-
luciferase reporter assays showed an interaction between 
miR-16-5p and LINC00339, which was further validated 
by RIP experiments. Levels of miR-16-5p were signifi-
cantly decreased in delayed fracture healing patients, 
showing a clear negative correlation with LINC00339. 
Furthermore, miR-16-5p levels increased with prolonged 
osteogenic differentiation time and were negatively regu-
lated by LINC00339.

From the above results, it is evident that silencing 
LINC00339 can elevate miR-16-5p levels, and miR-
16-5p had a promoting effect on fracture healing, 
consistented with the study results of Duan et al. Addi-
tionally, the study also explored the impacts of trans-
fecting miR-16-5p mimic on inhibiting delayed fracture 
healing caused by LINC00339. The results indicated that 

Fig. 3 Subcellular localization analysis of LINC00339 (A). LINC00339 target miRNAs predicted by the LncBook2, DIANA, and ENCORI databases are shown 
in Venn diagram (B). Binding site between LINC00339 and miR-16-5p (C). Dual luciferase gene reporter assay for interaction between miR-16-3p and 
LINC00339 (D). RIP experiment validation of LINC00339 targeting binding with miR-16-5p(E). miR-16-5p was significantly reduced in patients with de-
layed fracture healing (F). Serum LINC00339 was negatively correlated with miR-16-5p in delayed fracture healing patients (G). Impact of timing of 
osteogenic differentiation on miR-16-5p levels (H). Significant attenuation of miR-16-5p expression by LINC00339 (I). *** P < 0.001 vs. 0 day osteogenic 
differentiation time; *** P < 0.001 vs. Control group
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upregulating miR-16-5p can counteract the delayed frac-
ture healing effect of LINC00339, restore osteoblast vital-
ity, and enhance the levels of osteogenic differentiation 
markers mRNAs.

Our study has certain limitations. The biggest limita-
tion of this study is the limited sample size. We intend to 
increase the sample size in the future. This will enhance 
the reliability of our findings and provide a strong basis 
for clinical application. Additionally, we will further elu-
cidate the specific mechanisms by which LINC00339 
functions in vivo using a fracture mouse model, promot-
ing the clinical application of LINC00339 as a diagnostic 
biomarker for delayed fracture healing.

In conclusion, LINC00339 may serve as a novel predic-
tive indicator for delayed fracture healing. LINC00339 
demonstrated anti-osteogenic differentiation and pro-
apoptotic effects and participated in delayed fracture 
healing by targeting and binding to miR-16-5p.
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