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Abstract: Fracture is the most common disease in the orthopedics. Long non-coding small nucleolar RNA host gene 
7 (SNHG7) has been confirmed to enhance cell proliferation and decrease cell apoptosis in many cancers. However, 
the role of SNHG7 in skeletal fracture remains largely to be elucidated. In the current study, we observed SNHG7 
was down-regulated in femoral neck fracture tissues. In addition, SNHG7 knockdown inhibited proliferation and 
migration, induced apoptosis, reduced activity in osteoblast cells in vitro. Bioinformatics analysis revealed SNHG7 
acts as a molecular sponge for miR-9 and MiR-9 directly targets with 3’-UTR of TGFBR2. Furthermore, SNHG7 knock-
down repressed the TGF-β signaling pathway. Taken together, this study manifested SNHG7 promotes bone repair in 
femoral neck fracture, and may serve as a potential target for enhancing bone formation. 
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Introduction

Skeletal fracture is the loss of bone mechanical 
integrity, besides, it also includes local soft tis-
sue and vascular damage. Fracture is the most 
common disease in the orthopedics due to 
increasing incidences of trauma, tumor exci-
sion and other deformities [1, 2]. Bone tissue 
belongs to regenerative tissues, and the frac-
ture healing is a complex system in which vari-
ous cells and cytokines involve in repairing 
injured bones with the final aim of restoring 
skeletal function [3]. During this process, main-
tenance of osteoblast differentiation and ac- 
tivity is crucial [4]. The differentiation and activ-
ity of osteoblasts involved various hormones, 
growth factors and cytokines, which mediated 
the regulation of the gene expression related to 
osteoblast differentiation by different signal 
transduction pathways.

LncRNAs are a class of transcripts that are  
longer than 200 nucleotides in length and have 
no protein-coding potential. Evidence has in- 
creasingly shown that lncRNA could regulate 
the gene expressions in cell cycle, cell differen-

tiation and apoptosis [5-7]. LncRNA SNHG7 
(long non-coding small nucleolar RNA host  
gene 7) is located on chromosome 9q34.3 in 
length of 2176 bp [8]. Previous studies have 
confirmed that SNHG7 could enhance cell  
proliferation and decrease cell apoptosis in 
many cancers [9-11]. However, the role of SN- 
HG7 in skeletal fracture remains largely to be 
elucidated.

MicroRNAs (miRNAs) are a class of small non-
coding single-stranded RNA (around 22 nucleo-
tides in length) that participate in a variety of 
biological processes, such as cell survival, pro-
liferation, apoptosis, differentiation, cell cycle 
progression and migration [12-14]. Research 
has noticed that miRNAs could regulate the pro-
cess of osteoblastic bone formation [15-17]. 
Nevertheless, the molecular mechanism of 
miR-9 in skeletal fracture still remains to be 
fully investigated.

In the current study, we first investigated the 
expression of SNHG7 and further explore 
whether SNHG7 could regulate the biological 
processes of osteoblasts in femoral neck frac-
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ture, which might conduct a new strategy for 
the research of skeletal fracture.

Materials and methods

Patients

From January 2015 to December 2016, 90  
eligible patients with fresh femoral neck frac-
tures were recruited in Tianjin Third Central 
Hospital and Tianjin Hospital. The type and 
severity of femoral neck fracture was evaluated 
in accordance with the Pauwels classification: 
type I (n=32), type II (n=30) and type III (n=28). 
Inclusion criteria for eligibility: patients aged 
18-60 years old; no history of hip disease; uni-
lateral femoral neck fracture. The exclusion cri-
teria: severe osteoporosis; pathological frac-
ture; old fracture (more than 14 days); auto- 
immune diseases. All participants obtained 
informed consent, and the current study was 
approved by the ethics committee of Tianjin 
Third Central Hospital. The bone samples from 
fracture area and normal area were stored at 
liquid nitrogen immediately after surgery for 
further analysis.

Cell culture

The mouse pre-osteoblastic cell line MC3T3- 
E1, purchased from the Chinese Academy of 
Sciences CellBank (Shanghai, China), was cul-
tured in minimum essential medium α (Gibco), 
supplemented with 10% fetal bovine serum, 
penicillin at 100 U/ml, and streptomycin at 100 
μg/ml. To induce osteoblastic differentiation, 
cells were cultured in the medium containing 
ascorbic acid at 50 mg/L (Invitrogen) and 10 
mM β-glycerophosphate (Sigma, St Louis, MO, 
USA). All cultures were maintained in a humidi-
fied 5% CO2 atmosphere at 37°C.

Cell transfection

Cell transfection was performed with Lipo- 
fectamine 2000 reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s pro-
tocol. Cells were seeded into 6-well plates 
(200,000 cells/well), and then transduced with 
si-SNHG7, miR-9 inhibitor or their parental neg-
ative controls (NCs). Forty-eight hours after 
transfection, cells were used for the tests.

Cell proliferation assay

Cells (10,000 cells/well) were plated into a 
96-well plate, and incubated for 0, 24, 48 and 

72 h. Subsequently, 0.5 mg/ml MTT was 
stained for 4 h, and then 200 μl of dimethylsulf-
oxide (DMSO) was added to dissolve precipi-
tates. The optical density (OD) of each well was 
measured at 490 nm using an enzyme immu-
noassay analyzer.

Cell migration assay

Cells at density of 1×105 per well were respec-
tively seeded into the upper chamber filled with 
serum-free DMEM. After 24 hours incubation, 
cells adhered on the upper surface of mem-
brane were removed by cotton swabs, while the 
cells on the other side of the membrane were 
stained with 0.1% crystal violet. Five random 
fields were counted for each well.

Cell apoptosis assay

Cell apoptosis was measured by flow cytometry 
following the manufacturer’s instructions for 
FITC Annexin-V Apoptosis Detection Kit (BD, 
Franklin Lakes, NJ, USA). Cells were resuspend-
ed in flow cytometry binding buffer after wash- 
ed in PBS twice, and then incubated with 
Annexin V-FITC and propidium iodide (PI) for 15 
min at room temperature avoiding from light. 
Afterwards, the apoptosis cells were immedi-
ately measured by FACSCalibur (Becton-Di- 
ckinson, CA, USA).

Real time quantitative PCR analysis

The total RNA was extracted from tissues and 
cells using Trizol reagent (Invitrogen, Shanghai, 
China) according to the manufacturer’s instruc-
tions. Complementary DNA (cDNA) was synthe-
sized using the High-Capacity cDNA Reverse 
Transcription Kits (Thermo Fisher Scientific) 
and MicroRNA Reverse Transcription Kit (Th- 
ermo Fisher Scientific), respectively. And the 
relative expression was analyzed using 2-ΔΔCT 
method with normalization to GAPDH and U6 
snRNA, respectively.

Luciferase reporter assay

Wild and mutant reporter plasmids of SNHG7 
(wt-SNHG7 and mut-SNHG7) and TGFBR2 (wt-
TGFBR2 and mut-TGFBR2), which contained 
miR-9 binding sites, were synthesized by 
GenePharma (GenePharma, Shanghai, China). 
Cells were seeded into plates and transfected 
with involved oligonucleotides (the SNHG7 and 
TGFBR2 wild-type or mutant reporter vector, 
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miR-9 mimic or negative control) mixed with 
Lipofectamine 2000 reagent. Luciferase activi-
ty was detected after transfection 24 h using 
Dual-Luciferase Reporter System (Promega, 
Madison, WI, USA). Renilla luciferase activities 
were used as the internal control for the nor-
malization of firefly luciferase activity.

Bone‑specific alkaline phosphatase and osteo-
calcin ELISA analysis

After digested by trypsin, cells were re-sus-
pended in minimum essential medium α 
(Gibco), supplemented with 10% fetal bovine 
serum. Subsequently, the supernatant was 
taken and the concentration of BALP and osteo-
calcin were measured with an ELISA kit accord-
ing to the manufacturer’s instructions (USCN 
Life Science).

Western blotting analysis

Proteins were extracted from cultured cells by 
RIPA buffer containing a mixture of protease 
inhibitors, and then transferred to polyvinyli-
dene fluoride (PVDF) membrane by SDS-PAGE. 
The membrane was blocked with 5% nonfat 
milk in PBS and then incubated with anti- 
TGFBR2, anti-p-smad2, anti-p-smad3 or anti-
Runx2 in PBS overnight. Then the secondary 
antibodies were employed to incubate the 
PVDF membranes conjugated with horseradish 
peroxidase for 1 h. Blots were processed with 
an enhanced chemiluminescence kit (Santa 
Cruz Biotechnology), and exposed to the film.

Statistical analysis

All calculations were performed using SPSS 
17.0 software (PSS, Inc., Chicago, IL, USA) and 

ment of femoral neck fracture, we analyzed the 
expression of SNHG7 in femoral neck fracture 
tissues adjacent normal tissues using qRT-
PCR. As shown in Figure 1A, the level of SNHG7 
was down-regulated in fractured tissues signifi-
cantly. Besides, SNHG7 levels were significant-
ly decreasing in patients with type II and type III 
femoral neck fracture (Figure 1B).

SNHG7 knockdown inhibited proliferation and 
migration, induced apoptosis, reduced activity 
in osteoblast cells in vitro 

To investigate the role of SNHG7 in the pres-
ence of fracture, we stably established SNHG7 
silencing via siRNA transfection in MC3T3-E1 
(Figure 2A). MTT assay showed that knock-
down of SNHG7 suppressed the proliferation of 
MC3T3-E1 cells significantly (Figure 2B). Quan- 
titative analysis of apoptosis by flow cytome- 
try revealed that silencing of SNHG7 markedly 
augmented apoptosis in cells compared with 
the non-transfected cells (Figure 2C). Cell 
migration assay revealed significant differenc-
es in two cell lines transfected with si-SHNG7 
or si-NC (Figure 2D). In addition, we evaluated 
the role of SNHG7 in osteoblast activity. Func- 
tionally, the levels of BALP and osteocalcin 
were remarkably lower in cells transduced by 
si-SNHG7 compared with the control (Figure 
2E). 

SNHG7 acts as a molecular sponge for miR-9

Increasing evidence had illustrated that lnc- 
RNAs could regulate the expression of miRNAs 
[18]. Bioinformatics analysis was used to pre-
dict the candidate targets of microRNAs bind-
ing with SNHG7. Results indicated that miR-9 
was a potential miRNA target for SNHG7. The 

Figure 1. SNHG7 was down-regulated in femoral neck fracture tissues. A: The 
level of SNHG7 in fractured tissues. B: The levels of SNHG7 in different types of 
femoral neck fracture. *P<0.05 compared to control group.

GraphPad (vision 6.0, USA). 
Data were expressed as 
the mean ± standard devia-
tion. P-value less than 0.05 
indicated a statistically sig-
nificant difference.

Results

SNHG7 was down‑regulat-
ed in femoral neck fracture 
tissues

In order to explore the role 
of SNHG7 in the develop-
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Figure 2. SNHG7 knockdown inhibited proliferation and migration, induced apoptosis, reduced activity in osteoblast cells in vitro. A: SNHG7 silencing was estab-
lished via siRNA transfection in MC3T3-E1 cells. B: MTT assay showed that knockdown of SNHG7 suppressed the proliferation of MC3T3-E1 cells significantly. C: 
Quantitative analysis of apoptosis by flow cytometry revealed that silencing of SNHG7 markedly augmented apoptosis in cells. D: Cell migration assay revealed 
significant differences in two cell lines transfected with si-SHNG7 or si-NC. E: The levels of BALP and osteocalcin were remarkably lower in cells transduced by si-
SNHG7. *P<0.05 compared to control group.
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Figure 3. SNHG7 acts as a molecular sponge for miR-9. A: The predicted binding sites within miR-9 and 3’-UTR of 
SNHG7. B: Expression of miR-9 in fractured tissues. C: Luciferase reporter assay showed the miR-9 inhibited the 
luciferase activity of cells transduced with wild type SNHG7 plasmid. D: After MC3T3-E1 cells were transfected with 
si-SNHG7, miR-9 expression levels were significantly up-regulated which was reversed by miR-9 inhibitor. E: MTT 
assay revealed that miR-9 inhibitor could rescue the suppression by si-SNHG7 in the proliferation of cells. *P<0.05 
compared to control group.

Figure 4. MiR-9 directly targets with 3’-UTR of TGFBR2. A: The predicted binding sites within miR-9 and 3’-UTR of 
TGFBR2. B: Expression of TGFBR2 in fractured tissues. C: Luciferase reporter assay showed the decreasing fluores-
cence within miR-9 and TGFBR2 wild type. D: TGFBR2 expression in cells transfected with miR-9 mimic at the mRNA 
and protein levels. *P<0.05 compared to control group.
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3’-UTR binding sites can be seen in Figure 3A. 
MiR-9 level was higher in fractured tissues  
significantly (Figure 3B). Luciferase activity 
reporter assays showed that miR-9 inhibited 
the luciferase activity of cells transduced with 
wild type SNHG7 plasmid (Figure 3C). Moreover, 
after MC3T3-E1 cells were transfected with si-
SNHG7, miR-9 expression levels were signifi-
cantly up-regulated which was reversed by 
miR-9 inhibitor (Figure 3D). MTT assay reveal- 
ed that miR-9 inhibitor could rescue the sup-
pression by si-SNHG7 in the proliferation of 
MC3T3-E1 cells 96 hours later (Figure 3E). 

MiR‑9 directly targets with 3’‑UTR of TGFBR2

We examined computationally predicted tar-
gets of miR-9 using bioinformatics analysis. 
Results revealed 3’UTR of TGFBR2 was highly 
conserved to bind with miR-9 (Figure 4A). 
TGFBR2 level was significantly lower in frac-
tured tissues than it in normal adjacent tissues 
(Figure 4B). Luciferase reporter assay validat-
ed miR-9 targeted the 3’UTR of TGFBR2 mRNA 

in cells, suggesting miR-9 has inhibitory effects 
on TGFBR2 expression via interaction with the 
3’-UTR of TGFBR2 (Figure 4C). Moreover, as 
shown in Figure 4D, overexpression of miR-9 
level obviously downregulated TGFBR2 expres-
sion in MC3T3-E1 cells at the mRNA and pro-
tein levels. Overall, our study discovered that 
miR-9 suppressed the expression of TGFBR2 
by binding with the 3’-UTR.

SNHG7 silencing repressed the TGF‑β signal-
ing pathway

As shown in Figure 5, statistically significant 
differences were found in the expressions of 
TGFBR2, p-smad2 and p-smad3 among the  
different groups 48 h after transfection. Com- 
pared with the control, si-SNHG7 significantly 
suppressed TGFBR2, p-smad2 and p-smad3 
expression in cells. RUNX2, the target gene of 
smad2/3, is a key transcription factor associ-
ated with osteoblast differentiation. PCR and 
western blot demonstrated si-SNHG7 signifi-
cantly inhibited RUNX2 expression. 

Figure 5. SNHG7 silencing 
repressed the TGF-β signal-
ing pathway. Expressions of 
TGFBR2, p-smad2, p-smad3 
and RUNX2 in cells 48 h after 
transfection were detected 
by qRT-PCR and western blot. 
*P<0.05 compared to control 
group. 
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Discussion

The incidence of femoral neck fractures is sig-
nificantly increased in young or middle-aged 
populations with the rise in high-energy trau- 
ma such as traffic injuries and injuries [19]. 
Although lncRNAs are verified to be emerging 
as important regulatory molecules in carcino-
genesis [20-22], only a few studies focused on 
the role of lncRNAs in the osteogenic differen-
tiation. For instance, Lin Zhu et al. observed 
downregulated ANCR promotes osteoblast dif-
ferentiation [23], Wenzhuo Zhuang et al. found 
MEG3 promotes osteogenic differentiation of 
mesenchymal stem cells from multiple myelo-
ma patients [24], Yiping Huang et al. reported 
long noncoding RNA H19 promotes osteoblast 
differentiation by deriving miR-675 [25]. How- 
ever, the role of SNHG7 in skeletal fracture 
remains elusive. In our study, we first demon-
strated SNHG7 was down-regulated in femoral 
neck fracture tissues. Furthermore, SNHG7 
downregulation was correlated with fracture 
type, implying SNHG7 may act as one of the bio-
markers of femoral neck fracture. Moreover, 
knockout of SNHG7 could suppress the pro- 
liferation and migration of osteoblast cells. 
Quantitative analysis of apoptosis by flow 
cytometry revealed that silencing of SNHG7 
markedly augmented apoptosis in cells and 
lowered osteoblastic activity.

An increasing number of studies demonstrated 
that lncRNAs might function as a ceRNA or a 
molecular sponge in modulating miRNA [20, 
26]. Therefore, we predicted the candidate tar-
gets of microRNAs binding with SNHG7using 
bioinformatics analysis. And we discovered that 
miR-9 was a potential miRNA target for SNHG7. 
Mounting evidence suggested miRNAs may 
involve in bone formation and osteoblast differ-
entiation [27, 28]. In this study, we observed 
miR-9 level was higher in fractured tissues sig-
nificantly and miR-9 inhibitor could rescue the 
suppression by si-SNHG7 in the proliferation of 
MC3T3-E1 cells.

LncRNAs played a part in ceRNA networks and 
lncRNA-miRNA-mRNA crosstalk. Subsequently, 
we investigated the downstream molecular 
mechanism regulated by miR-9. The results 
showed miR-9 has inhibitory effects on TGFBR2 
expression by binding to the 3’-UTR. TGFβ has 
been reported to play an important role in the 

regulation of osteoblasts and osteoclasts [29]. 
Kazuhiro Takeyama, et al. observed inhibition 
of TGFβ signaling impaired migration and differ-
entiation of osteoblasts during fracture healing 
[30]. In our study, we detected TGFBR2 level 
was significantly lower in fractured tissues and 
overexpression of miR-9 obviously downregu-
lated TGFBR2 expression in MC3T3-E1 cells. 
TGFβ-2 signaling is essential for bone forma-
tion. The activation of TGFBR2 could regulate 
downstream smad family proteins phosphoryla-
tion and gene expression [31]. Results show- 
ed SNHG7 knockout significantly suppressed 
TGFBR2, p-smad2 and p-smad3 expression  
in cells. Meanwhile, as the target gene of 
smad2/3, RUNX2 level was decreasing. These 
data suggested SNHG7 silencing could repress 
the TGF-β signaling pathway.

Conclusion

The current study suggests SNHG7 plays as an 
important role in femoral neck fracture repair, 
and may serve as a potential target for enhanc-
ing bone formation of femoral neck fracture.

Acknowledgements

This work was supported by Tianjin Third Cen-
tral Hospital and Tianjin Hospital.

Disclosure of conflict of interest

None.

Address correspondence to: Han Jiang, Depart- 
ment of Osteology, Tianjin Third Central Hospital, 
No. 83, Jintang Road, Hedong District, Tianjin 
300170, China. E-mail: jianghan_tjszx@163.com

References

[1] Nishida J and Shimamura T. Methods of recon-
struction for bone defect after tumor excision: 
a review of alternatives. Med Sci Monit 2008; 
14: RA107-113.

[2] Wiese A and Pape HC. Bone defects caused by 
high-energy injuries, bone loss, infected non-
unions, and nonunions. Orthop Clin North Am 
2010; 41: 1-4, table of contents.

[3] Schindeler A, McDonald MM, Bokko P and Lit-
tle DG. Bone remodeling during fracture repair: 
the cellular picture. Semin Cell Dev Biol 2008; 
19: 459-466.

[4] Claes L, Recknagel S and Ignatius A. Fracture 
healing under healthy and inflammatory condi-
tions. Nat Rev Rheumatol 2012; 8: 133-143.

mailto:jianghan_tjszx@163.com


Long non-coding RNA SNHG7 promotes the fracture repair

981 Am J Transl Res 2019;11(2):974-982

[5] Lakhotia SC. Long non-coding RNAs coordi-
nate cellular responses to stress. Wiley Inter-
discip Rev RNA 2012; 3: 779-796.

[6] Liu X, Li D, Zhang W, Guo M and Zhan Q. Long 
non-coding RNA gadd7 interacts with TDP-43 
and regulates Cdk6 mRNA decay. EMBO J 
2012; 31: 4415-4427.

[7] Paralkar VR and Weiss MJ. A new ‘Linc’ be-
tween noncoding RNAs and blood develop-
ment. Genes Dev 2011; 25: 2555-2558.

[8] Ota T, Suzuki Y, Nishikawa T, Otsuki T, Sugiya-
ma T, Irie R, Wakamatsu A, Hayashi K, Sato H, 
Nagai K, Kimura K, Makita H, Sekine M, 
Obayashi M, Nishi T, Shibahara T, Tanaka T, 
Ishii S, Yamamoto J, Saito K, Kawai Y, Isono Y, 
Nakamura Y, Nagahari K, Murakami K, Yasuda 
T, Iwayanagi T, Wagatsuma M, Shiratori A, 
Sudo H, Hosoiri T, Kaku Y, Kodaira H, Kondo H, 
Sugawara M, Takahashi M, Kanda K, Yokoi T, 
Furuya T, Kikkawa E, Omura Y, Abe K, Kamiha-
ra K, Katsuta N, Sato K, Tanikawa M, Yamazaki 
M, Ninomiya K, Ishibashi T, Yamashita H, Mu-
rakawa K, Fujimori K, Tanai H, Kimata M, Wata-
nabe M, Hiraoka S, Chiba Y, Ishida S, Ono Y, 
Takiguchi S, Watanabe S, Yosida M, Hotuta T, 
Kusano J, Kanehori K, Takahashi-Fujii A, Hara 
H, Tanase TO, Nomura Y, Togiya S, Komai F, 
Hara R, Takeuchi K, Arita M, Imose N, Musash-
ino K, Yuuki H, Oshima A, Sasaki N, Aotsuka S, 
Yoshikawa Y, Matsunawa H, Ichihara T, Shio-
hata N, Sano S, Moriya S, Momiyama H, Satoh 
N, Takami S, Terashima Y, Suzuki O, Nakagawa 
S, Senoh A, Mizoguchi H, Goto Y, Shimizu F, 
Wakebe H, Hishigaki H, Watanabe T, Sugiyama 
A, Takemoto M, Kawakami B, Watanabe K, Ku-
magai A, Itakura S, Fukuzumi Y, Fujimori Y, 
Komiyama M, Tashiro H, Tanigami A, Fujiwara 
T, Ono T, Yamada K, Fujii Y, Ozaki K, Hirao M, 
Ohmori Y, Kawabata A, Hikiji T, Kobatake N, In-
agaki H, Ikema Y, Okamoto S, Okitani R, 
Kawakami T, Noguchi S, Itoh T, Shigeta K, Sen-
ba T, Matsumura K, Nakajima Y, Mizuno T, 
Morinaga M, Sasaki M, Togashi T, Oyama M, 
Hata H, Komatsu T, Mizushima-Sugano J, Sa-
toh T, Shirai Y, Takahashi Y, Nakagawa K, Oku-
mura K, Nagase T, Nomura N, Kikuchi H, Ma-
suho Y, Yamashita R, Nakai K, Yada T, Ohara O, 
Isogai T and Sugano S. Complete sequencing 
and characterization of 21,243 full-length hu-
man cDNAs. Nat Genet 2004; 36: 40-45.

[9] Cui H, Zhang Y, Zhang Q, Chen W, Zhao H and 
Liang J. A comprehensive genome-wide analy-
sis of long noncoding RNA expression profile in 
hepatocellular carcinoma. Cancer Med 2017; 
6: 2932-2941.

[10] Wang MW, Liu J, Liu Q, Xu QH, Li TF, Jin S and 
Xia TS. LncRNA SNHG7 promotes the prolifera-
tion and inhibits apoptosis of gastric cancer 
cells by repressing the P15 and P16 expres-

sion. Eur Rev Med Pharmacol Sci 2017; 21: 
4613-4622.

[11] Xu LJ, Yu XJ, Wei B, Hui HX, Sun Y, Dai J and 
Chen XF. LncRNA SNHG7 promotes the prolif-
eration of esophageal cancer cells and inhibits 
its apoptosis. Eur Rev Med Pharmacol Sci 
2018; 22: 2653-2661.

[12] Ambros V. The functions of animal microRNAs. 
Nature 2004; 431: 350-355.

[13] Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 
281-297.

[14] Carthew RW and Sontheimer EJ. Origins and 
mechanisms of miRNAs and siRNAs. Cell 
2009; 136: 642-655.

[15] Li Z, Hassan MQ, Jafferji M, Aqeilan RI, Garzon 
R, Croce CM, van Wijnen AJ, Stein JL, Stein GS 
and Lian JB. Biological functions of miR-29b 
contribute to positive regulation of osteoblast 
differentiation. J Biol Chem 2009; 284: 15676-
15684.

[16] Inose H, Ochi H, Kimura A, Fujita K, Xu R, Sato 
S, Iwasaki M, Sunamura S, Takeuchi Y, Fuku-
moto S, Saito K, Nakamura T, Siomi H, Ito H, 
Arai Y, Shinomiya K and Takeda S. A microRNA 
regulatory mechanism of osteoblast differenti-
ation. Proc Natl Acad Sci U S A 2009; 106: 
20794-20799.

[17] Tu M, Tang J, He H, Cheng P and Chen C. MiR-
142-5p promotes bone repair by maintaining 
osteoblast activity. J Bone Miner Metab 2017; 
35: 255-264.

[18] Cheng Q, Xu X, Jiang H, Xu L and Li Q. Knock-
down of long non-coding RNA XIST suppresses 
nasopharyngeal carcinoma progression by ac-
tivating miR-491-5p. J Cell Biochem 2018; 
119: 3936-3944.

[19] Miyamoto RG, Kaplan KM, Levine BR, Egol KA 
and Zuckerman JD. Surgical management of 
hip fractures: an evidence-based review of the 
literature. I: femoral neck fractures. J Am Acad 
Orthop Surg 2008; 16: 596-607.

[20] Mercer TR, Dinger ME and Mattick JS. Long 
non-coding RNAs: insights into functions. Nat 
Rev Genet 2009; 10: 155-159.

[21] Esteller M. Non-coding RNAs in human dis-
ease. Nat Rev Genet 2011; 12: 861-874.

[22] Adams BD, Parsons C, Walker L, Zhang WC 
and Slack FJ. Targeting noncoding RNAs in dis-
ease. J Clin Invest 2017; 127: 761-771.

[23] Zhu L and Xu PC. Downregulated LncRNA-AN-
CR promotes osteoblast differentiation by tar-
geting EZH2 and regulating Runx2 expression. 
Biochem Biophys Res Commun 2013; 432: 
612-617.

[24] Zhuang W, Ge X, Yang S, Huang M, Chen P, 
Zhang X, Fu J, Qu J and Li B. Upregulation of 
lncRNA MEG3 promotes osteogenic differenti-
ation of mesenchymal stem cells from multiple 



Long non-coding RNA SNHG7 promotes the fracture repair

982 Am J Transl Res 2019;11(2):974-982

myeloma patients by targeting BMP4 tran-
scription. Stem Cells 2015; 33: 1985-1997.

[25] Huang Y, Zheng Y, Jia L and Li W. Long noncod-
ing RNA H19 promotes osteoblast differentia-
tion via TGF-beta1/Smad3/HDAC signaling 
pathway by deriving miR-675. Stem Cells 
2015; 33: 3481-3492.

[26] Salmena L, Poliseno L, Tay Y, Kats L and Pan-
dolfi PP. A ceRNA hypothesis: the Rosetta 
Stone of a hidden RNA language? Cell 2011; 
146: 353-358.

[27] Papaioannou G, Mirzamohammadi F and Ko-
bayashi T. MicroRNAs involved in bone forma-
tion. Cell Mol Life Sci 2014; 71: 4747-4761.

[28] Arfat Y, Xiao WZ, Ahmad M, Zhao F, Li DJ, Sun 
YL, Hu L, Zhihao C, Zhang G, Iftikhar S, Shang 
P, Yang TM and Qian AR. Role of microRNAs in 
osteoblasts differentiation and bone disor-
ders. Curr Med Chem 2015; 22: 748-758.

[29] Janssens K, ten Dijke P, Janssens S and Van 
Hul W. Transforming growth factor-beta1 to the 
bone. Endocr Rev 2005; 26: 743-774.

[30] Takeyama K, Chatani M, Inohaya K and Kudo 
A. TGFbeta-2 signaling is essential for osteo-
blast migration and differentiation during frac-
ture healing in medaka fish. Bone 2016; 86: 
68-78.

[31] Mangano A, Lianos GD, Picone M and Dionigi 
G. TGF-beta superfamily, molecular signaling 
and biomimetic features for bone regenera-
tion: historical perspectives and future applica-
tions. Updates Surg 2015; 67: 321-323.


