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Abstract
MicroRNAs (miRNAs) have been corroborated to engage in the process of cellular 
activities in osteoporosis. However, few researches have been conducted to expose 
the integrated role of miR-497, leucine-rich alpha-2-glycoprotein-1 (LRG1) and trans-
forming growth factor beta 1 (TGF-β1)/Smads signalling pathway in osteoporosis. 
Thereafter, the study is set out to delve into miR-497/LRG1/TGF-β1/Smads signalling 
pathway axis in osteoporosis. Osteoporosis bone tissues and normal bone tissues 
were collected. Rat osteoporosis models were constructed via ovariectomy. Model 
rats were injected with restored miR-497 or depleted LRG1 to explore their roles 
in osteoporosis. Rat osteoblasts were extracted from osteoporosis rats and trans-
fected with restored miR-497 or depleted LRG1 for further verification. MiR-497 
and LRG1 expression in femoral head tissues and osteoblasts of osteoporosis rats 
were detected. TGF-β1/Smads signalling pathway-related factors were detected. 
MiR-497 was poorly expressed while LRG1 was highly expressed and TGF-β1/Smads 
signalling pathway activation was inhibited in osteoporosis. MiR-497 up-regulation 
or LRG1 down-regulation activated TGF-β1/Smads signalling pathway, promoted 
collagen type 1 synthesis and suppressed oxidative stress in femoral head tissues 
in osteoporosis. MiR-497 restoration or LRG1 knockdown activated TGF-β1/Smads 
signalling pathway, promoted viability and suppressed apoptosis of osteoblasts in os-
teoporosis. Our study suggests that miR-497 up-regulation or LRG1 down-regulation 
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1  | INTRODUC TION

Osteoporosis is widely recognized as a bone disease which is man-
ifested with low bone mass and microarchitectural deterioration 
of bone tissues, resulting in bone fragility and thus posing a great 
threat on bone fracture.1 An enormous number of people of both 
genders and all races are affected by osteoporosis, and its preva-
lence will increase in the process of ageing.2 There are risk factors 
contributing to the incidence of osteoporosis, including age, smok-
ing, low weight, alcohol intake, oestrogen status, physical inactivity, 
low calcium intake and low vitamin D status.3 Thus, antiresorptive 
therapy, tobacco avoidance, adequate combined calcium and vita-
min D intake, moderate alcohol intake and weight-bearing exercise 
are introduced for patients with osteoporosis.4 More importantly, 
it is essential to recognize the optimal treatment of osteoporosis.

MicroRNAs (miRNAs) are small non-coding endogenous RNAs 
regulating gene expression at post-transcriptional level which in-
terfere with translation of specific target mRNAs and are thought 
to regulate many cellular processes.5 Deregulated miRNA-mediated 
mechanisms are found to become the crucial pathological factor in 
bone deterioration and other bone-related diseases.6 Specifically, 
circulating miR-497-5p is regarded as a promising biomarker for 
osteoporosis diagnosis and prognosis due to its participation in 
bone metabolism and bone loss.7 A study has elucidated that miR-
497 ~ 195 cluster plays an unique but irreplaceable role in regulat-
ing angiogenesis combined with osteoporosis and its function may 
widen our vision to treat with age-related osteoporosis.8 It has been 
reported that transforming growth factor β1 (TGF-β1)/Smads path-
way is involved in dexamethasone-induced osteoporosis progres-
sion.9,10 Moreover, regulation of TGF-β1/Smads pathway has been 
documented to promote bone formation and preclude bone resorp-
tion.11 Widely, TGF-β could improve the repair capacity following 
bone injury through promoting cell division and osteoblast gener-
ation, so that the proliferation effect of TGF-β notably increases 
the number of osteoblasts.12 In addition, a conclusion drawn from 
a previous investigation points out that leucine-rich alpha-2-glyco-
protein-1 (LRG1) promotes angiogenesis by modulating endothelial 
TGF-β signalling pathway.13 Wang et al have stated that LRG1 in-
duces endothelial cell angiogenesis, mesenchymal stem cell (MSC) 
migration and bone formation.14 Taking the above-mentioned find-
ings into consideration, the present study was conducted to identify 
the molecular mechanism of miR-497/LRG1/TGF-β1/Smads axis in 
osteoporosis and their potentials in the progression of osteoporosis.

2  | MATERIAL S AND METHODS

2.1 | Ethics statement

The study was approved by the Ethics Committee of the Third 
Affiliated Hospital, Southern Medical University, Academy of 
Orthopedics of Guangdong Province, and informed written con-
sent was acquired from all patients. All animal experiments went 
along with the Guide for the Care and Use of Laboratory Animal by 
International Committees.

2.2 | Study subjects

Bone mineral density of patients, who were admitted from January 
2017 to September 2018, was measured by a dual-energy X-ray 
bone density meter (DEXA, Norland, USA). According to the diag-
nostic criteria issued by World Health Organization, osteoporosis is 
diagnosed if the bone mass density T value is greater than −2.5. The 
inclusive standard was as follows: osteoporosis patients confirmed 
by DEXA had complete clinical data and imaging data; specimen col-
lection and use were agreed with the informed consent of the pa-
tients and the matching control individuals; the patients were free of 
severe combinations such as malignant tumour, diabetes, hyperten-
sion, or heart disease.

Twenty clinically diagnosed osteoporosis patients who had re-
ceived hip replacement caused by femur neck fracture were col-
lected as an osteoporosis group, of which 17 cases of female and 
3 cases of male whereas 20 patients who had received hip replace-
ment caused by bilateral hip dysplasia were collected as a control 
group, of which 14 cases of female and 6 cases of male. The cancel-
lous bone located at femoral neck was removed by an aseptic ron-
geur and preserved at −80℃.

2.3 | Experimental animals

Healthy female Sprague Dawley (SD) rats (n = 70) of specific-
pathogen-free grade, ageing 3-4 months and weighting 180-
250 g, were purchased from the Experimental Animal Center of 
Guangddong (Guangzhou, China). Adaptively raised for 7 d (free 
food and drinking water, 24 ± 2℃, 12-h day/night cycle), rats were 
applied for experiments.

promotes osteoblast viability and collagen synthesis via activating TGF-β1/Smads 
signalling pathway, which may provide a novel reference for osteoporosis treatment.
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2.4 | Osteoporosis rat modelling and grouping

Fasted for 8-12 h, 70 female SD rats were assigned into the con-
trol group (n = 8) and osteoporosis model group (n = 62) by ran-
dom number table. Anaesthetized with 3% pentobarbital sodium at 
0.1 mL/100 g, rats were fixed in a prone position, cut off back hair and 
disinfected on the back skin with iodine wine and alcohol. On both 
sides of the spine, vertical incisions were made to separate muscles 
to open the abdominal cavity to perform ovariectomy (ovary, a flesh-
red particles visible on the adipose tissue, pathologically confirmed 
as ovarian tissues). After that, if there was no active bleeding in ab-
dominal cavity, muscles and skin were stitched and disinfected with 
75% alcohol, and 100,000 units of penicillin were injected to prevent 
infection. Normally raised for 2 months, the rats were administrated. 
The model rats (n = 56) were divided into 7 groups (n = 8) and in-
jected through their hip joints: model group (normal saline); miR-
497 mimics group (miR-497 mimics); mimics negative control (NC) 
group (miR-497 mimics NC); LRG1-siRNA group (LRG1 interference 
plasmid); siRNA-NC group (LRG1 interference plasmid NC); miR-497 
mimics + LRG1-overexpression (OE) group (miR-497 mimics and 
LRG1 overexpression plasmid); and miR-497 mimics + OE-NC group 
(miR-497 mimics and LRG1 overexpression plasmidNC ). The above 
mimics, siRNAs and plasmids were synthesized by GenePharma Ltd. 
Company (Shanghai, China). Rats were euthanized 2 weeks after in-
jection. Metabolic cages were used to retain urine within 24 hours 
to detect biochemical indicators. With rats anaesthetized with 3% 
pentobarbital sodium at 0.1 mL/100 g and fixed on the operating 
table, the abdominal cavity was opened to obtain abdominal aorta 
blood (5-8 mL). The blood samples were centrifuged at 3000 rpm/
min to take serum and stored at −70°C for detection of bone forma-
tion-related indicators. Part of femoral head tissues was applied for 
histological observation, and the other part was preserved in liquid 
nitrogen for reverse transcription quantitative polymerase chain re-
action (RT-qPCR) and Western blot analysis, etc.

2.5 | Detection of blood and urine 
biochemical indices

Urinary calcium and blood calcium were determined by methyl thy-
mol blue colorimetric method, urinary phosphorus and blood phos-
phorus by reduction by ferrous ammonium sulphate hexahydrate 
and hydroxyproline (Hyp) by dimethylaminobenzaldehyde method. 
These kits were provided by Beijing Leagene Biotech. Co., Ltd, 
(Beijing, China). Alkaline phosphatase (ALP) was detected by amino-
antipyrine colorimetric method, and the detection kit was provided 
by NanJing JianCheng Bioengineering Institute (Nanjing, China).

2.6 | Detection of bone formation-related indices

Stood at room temperature for 30 minutes, the blood samples were 
centrifuged at 3000 r/min to separate serum, in which osteocalcin 

(OC), bone alkaline phosphatase (BALP), aminoterminal (PINP) and 
carboxyterminal (PICP) contents were determined by enzyme-
linked immunosorbent assay (ELISA) kits (Shanghai Enzyme-linked 
Biotechnology Co., Ltd., Shanghai, China). Optical density (OD) val-
ues were measured at 450 nm (within 10 minutes after termination) 
on a microplate reader (infinite M200, Tecan, Austria). A standard 
curve was drawn using a computer CurveExpert 1.3 analysis soft-
ware to calculate the sample content.

2.7 | Haematoxylin-eosin (HE) staining

The femoral head tissues were fixed in 10% formalin solution for 24 h 
and decalcified with 10% ethylene diamine tetraacetic acid (pH = 7.2). 
Then, the samples were sequentially dehydrated in ethanol of differ-
ent concentrations, permeabilized by xylene, embedded in paraffin 
and sectioned into 5 μm. The paraffin sections were placed in xylene 
I and xylene II, treated with gradient ethanol and stained with hae-
matoxylin solution. Next, the sections were differentiated with 1% 
hydrochloric acid alcohol solution, treated with 1% ammonia water 
and counterstained with 1% eosin solution. Followed by that, the sec-
tions were dehydrated, permeabilized, sealed with neutral resin and 
analysed by IPP6.0 software (Media Cybernetics, USA).

2.8 | Detection of oxidative stress-related indices

The preserved femoral head tissues in liquid nitrogen were diluted 
with normal saline, homogenized and centrifuged at 3000 r/min to ob-
tain the supernatant. Superoxide dismutase (SOD) activity was deter-
mined by xanthine oxidase method, malondialdehyde (MDA) content 
by thiobarbituric acid method and glutathione peroxidase (GSH-Px) 
activity by colorimetric method. The SOD, MDA and GSH-Px kits 
were purchased from Nanjing Jiancheng Bioengineering Institute.

2.9 | Osteoblast isolation, 
identification and treatment

Isolation of osteoblasts: Under aseptic conditions, cancellous bone 
was rinsed 3 times with sterile phosphate-buffered saline (PBS), 
shred into approximately 1 mm3 bone particles and rinsed with 
PBS until the bone particles turned into white. Bone particles were 
detached with 0.1% collagenase at 1:10 at 37°C water bath for 
20 minutes and detached with collagenase again for about 1 h. The 
suspension obtained by detachment was centrifuged at 1200 r/min, 
rinsed 3 times with PBS and added with a culture solution containing 
15% newborn bovine serum, penicillin (100 U/mL) and streptomy-
cin (100 U/mL) to make a suspension. Incubated at 37°C, 5% CO2 
with saturated humidity, osteoblasts were fully adhered, with the 
medium renewed every 3 days.

Identification of osteoblasts: (1) Morphological observation: The 
growth and morphological changes of primary and sub-cultured 
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osteoblasts were observed under an inverted phase contrast micro-
scope and photographed in randomly selected fields of views. (2) ALP 
staining: Osteoblasts of passage 2 were cultured for 7 days and ALP 
staining was carried out referring to the instructions of the ALP staining 
kit (NanJing JianCheng Bioengineering Institute). Osteoblasts were de-
prived of culture medium and fixed with fixation solution for 3 minutes. 
Followed by that, the osteoblasts were covered by the freshly prepared 
substrate application solution and with a hydrophobic membrane. 
Incubated in a wet box at 37°C in the dark, the osteoblasts were coun-
terstained with haematoxylin and observed by a microscope.

Osteoblasts from osteoporosis rats were distributed into 7 
groups: model group (osteoporosis rat osteoblasts without any treat-
ment); miR-497 mimics group (osteoblasts transfected with miR-497 
mimics), mimics NC group (osteoblasts transfected with miR-497 
mimics NC); LRG1-siRNA group (osteoblasts transfected with LRG1 
interference vector); siRNA-NC group (osteoblasts transfected with 
LRG1 interference vector NC); miR-497 mimics + LRG1-OE group (os-
teoblasts transfected with miR-497 mimics and LRG1 overexpression 
vector); and miR-497 mimics + OE-NC group (osteoblasts transfected 
with miR-497 mimics and LRG1 overexpression vector NC ). A nor-
mal group was set with normal SD rat osteoblasts without any treat-
ments. The above mimics, siRNAs and vectors were synthesized by 
GenePharma.

2.10 | 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay

Detached with trypsin and seeded in 96-well plates, osteoblasts of 
concentration of 4 × 104 cells/well (3 replicates for each group) were 
deprived of culture medium on the 0, 12th, 24th, 36th and 48th h, re-
spectively, and supplemented with 200 μL 5 g/L MTT solution (Sigma, 
St. Louis, MO, USA). Next, the osteoblasts were incubated with 150 μL 
dimethyl sulphoxide solution without light exposure. OD values were 
measured at 490 nm on a microplate reader (infinite M200, Tecan).

2.11 | Flow cytometry

Propidium iodide (PI) single staining for cell cycle distribution: 
After 48 h of transfection, the cells were centrifuged and tritu-
rated into cell suspension. Then, the cells were fixed with 70% ice 
ethanol, centrifuged and triturated into cell suspension with 4°C 
PBS. After that, the cells were successively incubated with 150 μL 
RNase A (Sigma) and 150 μL PI (Sigma). Cell cycle distribution was 
tested by a flow cytometer (Thermo Fisher Scientific, Waltham, 
MA, USA).

Annexin V-APC/PI double staining for cell apoptosis: Binding 
buffer was diluted 4 times with deionized water (4 mL binding buf-
fer + 12 mL deionized water). Immersed twice in pre-cooled PBS and 
resuspended in 250 μL binding buffer to 1 × 106 cells/mL, the cells 
(100 μL) were incubated with 5 μL Annexin V-APC (BD Biosciences, 
New Jersey, USA) and 5 μL PI solution (BD Biosciences). Followed by 

that, the cells were supplemented with 400 μL PBS and detected on a 
flow cytometer with the results automatically analysed by a computer.

2.12 | RT-qPCR

Total RNA in tissues and cells were extracted by TRIzol extraction 
kit (Invitrogen, California, USA). Primers were synthesized by Sangon 
Biotech Co., Ltd. (Shanghai, China) (Table 1). PrimeScript RT test kit 
was applied to finish reverse transcription of RNA into complemen-
tary DNA (cDNA). With cDNA as a template, fluorescence quan-
titative PCR was processed by ExiLENT SYBR Green Master Mix 
(Exiqon, Beverly, MA, USA). U6 was regarded as a loading control for 
miRNA while β-actin for other genes. 2−△△Ct method was used for 
quantitative analysis.15

2.13 | Western blot analysis

Total proteins were extracted from bone tissues and cells, fol-
lowed by protein concentration determination and deionized water 
adjustment. The 10% sodium dodecyl sulphate separation gel and 
concentrated gel were prepared. Mixed with the loading buffer, the 
protein samples were boiled at 100°C which was followed by ice 
bath and centrifugation. Then, the protein samples were processed 
with electrophoresis separation and electroblotting onto a nitrocel-
lulose membrane. Next, the membrane was blocked with 5% skim 
milk powder overnight and probed with the primary antibodies 
LRG1 (1:1000, Proteintech, Chicago, IL, USA), collagen type 1 (Col-
1, 1:1000), phosphorylated (p)-Smad2/3 (1:1000, both from Abcam, 
Cambridge, UK), TGF-β1 (1:1000, R&D Systems, Minneapolis, MN, 
USA), Smad3 (1:1000, Cell Signaling Technology, Beverly, MA, 
USA), Smad4 (1:1000), Smad7 (1:1000), Bcl-2 (1:1000), Bax (1:1000, 
Abcam) Cyclin D1 (1:1000) and CDK4 (1:1000, all from Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). Then, the membrane was 
reprobed with secondary antibody horseradish peroxidase-labelled 

TA B L E  1   Primer sequence

Gene Primer sequence (5’- 3’)

miR-497 Forward: AGTCCAGTTTTCCCAGGAATCCCT

Reverse: ACCAGCAGCACACTGTGGTTTGT

miR-195 Forward: CGTAGCAGCACAGAAAT

Reverse: GTGCAGGGTCCGAGGT

LRG1 Forward: CCTTACCCATGCCCAAGGTG

Reverse: CTGGGAGAACCCAGAGTTCAAGAG

U6 Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT

β-actin Forward: TTCTTTGCAGCTCCTTCG

Reverse: TCTCCATGCGCCCAGT

Note: miR-497, microRNA-497; miR-195, microRNA-195; LRG1, leucine-
rich alpha-2-glycoprotein-1.
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immunoglobulin G (1:1000, Boster Biological Technology Co., Ltd., 
Wuhan, China). Subsequently, the membrane was immersed in an 
enhanced chemiluminescence reaction solution (Pierce, Rockford, 
IL, USA), followed by development and fixation in the dark. With 
β-actin (1:1000, Santa Cruz Biotechnology) as an internal control, 
the protein imprinted image was analysed by ImageJ2x software.

2.14 | Dual-luciferase reporter gene assay

An online website (https://cm.jeffe rson.edu/rna22/ Preco mpute 
d/) was in application to prediction of the possible binding sites 
of miR-497 and LRG1. The 3’ untranslated region (UTR) fragment 
of LRG1 was cloned into a pmirGLO plasmid (Promega, Wisconsin, 
USA) to construct a pmirGLO-LRG1-wild-type (WT) plasmid. A 
site-directed mutation kit (Takara, Tokyo, Japan) was indicated to 
mutate the miR-497 binding site on the LRG1 3’UTR to construct 
a pmirGLO-LRG1-mutant (MUT) plasmid. The plasmids and miRNA 
were transfected into rat osteoblasts with reference to the in-
structions of Lipofectamine 2000. The pmirGLO-LRG1-WT plas-
mid or pmirGLO-LRG1-MUT and miR-497 mimic or mimic NC were 
cotransfected into cells. Cells were collected 48 h later, and the 
dual-luciferase activity detection kit (Promega) was implied to de-
tect luciferase activity.

2.15 | Statistical analysis

Data analysis was conducted by SPSS21.0 software (IBM, New York, 
NY, USA). Data were expressed as mean ± standard deviation. The data 

were firstly evaluated by Kolmogorov-Smirnov and Levene's meth-
ods. The data that were normally distributed and in heterogeneity of 
variance were analysed with t test (two groups), one-way analysis of 
variance (ANOVA; multiple groups) and Tukey's post hoc test (pairwise 
comparison). Otherwise, the data were assessed by Mann-Whitney U 
test. Correlation analysis was performed by Pearson's test. All test were 
two-sided, and the difference was of statistical significance at P < 0.05.

3  | RESULTS

3.1 | MiR-497 expression reduces and LRG1 
expression increases in femoral head tissues of 
patients with osteoporosis

RT-qPCR results (Figure 1A) showed that miR-497 and miR-195 ex-
pression in femoral head tissues of the osteoporosis patients were re-
duced (all P < 0.05) in contrast to controls. As miR-497 showed a more 
obvious difference, miR-497 was selected for the studied miRNA.

RT-qPCR and Western blot analysis demonstrated that LRG1 ex-
pression was increased in femoral head tissues of the osteoporosis 
patients by comparison with controls (Figure 1B-D).

A negative relation was observed between miR-497 and LRG1 
(r = −0.6493, P = 0.0019) in femoral head tissues of osteoporosis 
patients by Pearson's correlation analysis (Figure 1E).

RNA22 tool (https://cm.jeffe rson.edu/rna22/ Preco mpute d/) 16 
predicted that miR-497 could bind to LRG1 (Figure 1F). In order to 
confirm that LRG1 was a direct target gene of miR-497, dual-lucif-
erase reporter gene assay was implemented with the results sug-
gesting that versus cells cotransfected with mimics NC + LRG1-WT, 

F I G U R E  1   MiR-497 expression reduces and LRG1 expression increases in femoral head tissues of patients with osteoporosis. A, 
MiR-497 expression in femoral head tissues in control and osteoporosis; B, LRG1 mRNA expression in femoral head tissues in control and 
osteoporosis; C, LRG1 protein bands in femoral head tissues in control and osteoporosis; D, LRG1 protein expression in femoral head tissues 
in control and osteoporosis; E, Pearson's analysis of the correlation between miR-497 and LRG1 in femoral head tissues in osteoporosis 
patients; F, schematic diagram of the miR-497 binding site in the LRG1 based on RNA22 software; G, luciferase activity verification; in figure 
A-E, control group (n = 20), osteoporosis group (n = 20); in Figure G, N = 3. The data were expressed as the mean ± standard deviation. 
Comparisons between two groups were analysed by unpaired t test; In Figure E, Pearson correlation analysis was performed

https://cm.jefferson.edu/rna22/Precomputed/
https://cm.jefferson.edu/rna22/Precomputed/
https://cm.jefferson.edu/rna22/Precomputed/
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the luciferase activity of cells cotransfected with miR-497 mim-
ics + LRG1-WT was impaired (P < 0.05). No discrepancy was iden-
tified between cells cotransfected mimics NC + LRG1-MUT and 
miR-497 mimics + LRG1-MUT (P > .05), implying that LRG1 was a 
target gene regulated by miR-497 (Figure 1G).

3.2 | Up-regulation of miR-497 or down-
regulation of LRG1 activates TGF-β1/Smads signalling 
pathway in rats with osteoporosis

RT-qPCR and Western blot analysis (Figure 2A-D) demonstrated that 
in bone tissues, miR-497 expression down-regulated while LRG1 ex-
pression elevated in the osteoporosis rats in comparison with the 
normal SD rats (all P < 0.05), indicating the involvements of miR-497 

and LRG1 in osteoporosis. In osteoporosis rats, up-regulation of 
miR-497 or down-regulation of LRG1 lowered LRG1 expression, 
which further suggested the participation of miR-497 in osteoporo-
sis by down-regulating LRG1.

To further explore the effects of up-regulating miR-497 or 
down-regulating LRG1 on TGF-β1/Smads signalling pathway, Western 
blot analysis was adopted to detect TGF-β1, Smad3, p-Smad2/3, 
Smad4 and Smad7 protein expression in rat bone tissues. The results 
elucidated that (Figure 2E-J) in relation to normal SD rats, TGF-β1, 
Smad3, Smad4 and p-Smad2/3 expression reduced while Smad7 ex-
pression increased in osteoporosis rats (all P < 0.05). Up-regulating 
miR-497 or down-regulating LRG1 could reduce Smad7 while increase 
TGF-β1, Smad3, Smad4 and p-Smad2/3 expression (all P < 0.05). Up-
regulating LRG1 reversed the impacts of up-regulated miR-497 on 
TGF-β1/Smads signalling pathway-related proteins.

F I G U R E  2   Up-regulation of miR-497 or down-regulation of LRG1 activates TGF-β1/Smads signalling pathway in rats with osteoporosis. 
A, MiR-497 expression in femoral head tissues of rats; B, LRG1 mRNA expression in femoral head tissues of rats; C, LRG1 protein bands in 
femoral head tissues of rats; D, LRG1 protein expression in femoral head tissues of rats; E, TGF-β1 protein bands in femoral head tissues of 
rats; F, TGF-β1 protein expression in femoral head tissues of rats; G, Smad3, Smad4 and Smad7 protein bands in femoral head tissues of rats; 
H, Smad3, Smad4 and Smad7 protein expression in femoral head tissues of rats; I, p-Smad2/3 protein bands in femoral head tissues of rats; 
J, p-Smad2/3 protein expression in femoral head tissues of rats; * represented P < 0.05; **represented P < 0.01; *** represented P < 0.001; 
n = 8. The data were expressed as the mean ± standard deviation. Comparisons among multiple groups were analysed using ANOVA, 
followed by Tukey's post hoc test for pairwise comparisons
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3.3 | Up-regulation of miR-497 or down-regulation of 
LRG1 increases blood calcium and blood phosphorus 
levels, reduces urinary calcium, urinary phosphorus, 
Hyp and ALP levels, and lowers OC, BALP, PINP and 
PICP contents in rats with osteoporosis

Detection of haematuria biochemical indices revealed (Figure 3A-D) 
that versus the normal and miR-497 mimics + OE-NC groups, the 
increments in urinary calcium, urinary phosphorus, Hyp and ALP lev-
els and the reductions in blood calcium and blood phosphorus lev-
els were manifested in the model and miR-497 mimics + LRG1-OE 
groups (all P < 0.05), which were on the opposite way of the situation 
in the miR-497 mimics and LRG1-siRNA groups by comparison with 
their NC groups (all P < 0.05).

ELISA results (Figure 3E and F) showed that the protein levels of 
OC, BALP, PINP and PICP in rat blood increased in the model and 
miR-497 mimics + LRG1-OE groups in contrast to the normal and 
miR-497 mimics + OE-NC groups (all P < 0.05). However, rats in-
jected with miR-497 mimics and LRG1-siRNA were featured by de-
clined OC, BALP, PINP and PICP expression (all P < 0.05).

3.4 | Up-regulation of miR-497 or down-
regulation of LRG1 attenuates pathological femoral 
tissue damage, raises Col-1 expression and inhibits 
oxidative stress in femoral head tissues of rats with 
osteoporosis

HE staining depicted (Figure 4A) that the femoral skull trabeculae 
in the normal group were thick, neatly arranged, relatively com-
plete in morphology and structure with intact bone marrow cav-
ity. In the model group, the trabeculae were broken, cluttered and 
the morphology was incomplete, and the bone marrow cavity was 
hollow. The phenomenon demonstrated in the mimics NC, siRNA-
NC, miR-497 mimics + LRG1-OE groups was similar to that in the 
model group. The miR-497 mimics, LRG1-siRNA and miR-497 mim-
ics + OE-NC groups were pictured with reduced bone marrow cavity 
and elevated trabeculae with intact structure and neat arrangement 
by comparison with the model group.

RT-qPCR and Western blot analysis manifested that 
(Figure 4B-D) lowly expressed Col-1 in femoral head tissues in 
osteoporosis rats was increased by transfection with miR-497 

F I G U R E  3   Up-regulation of miR-497 or down-regulation of LRG1 increases blood calcium and blood phosphorus levels, reduces urinary 
calcium, urinary phosphorus, Hyp and ALP levels and lowers OC, BALP, PINP and PICP contents in rats with osteoporosis. A, Urinary calcium 
and phosphorus levels of rats; B, urinary Hyp of rats; C, blood calcium and phosphorus levels of rats; D, blood ALP content of rats; E, OC and 
BALP contents in blood of rats; F, PINP and PICP contents in blood of rats; * represented P < 0.05; **represented P < 0.01; *** represented 
P < 0.001; n = 8. The data were expressed as the mean ± standard deviation. Comparisons among multiple groups were analysed using 
ANOVA, followed by Tukey's post hoc test for pairwise comparisons
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mimics or LRG1-siRNA (all P < 0.05). LRG1-OE could down-reg-
ulate miR-497 mimics-caused upregulated Col-1 expression 
(P < 0.05).

SOD and GSH-Px activities and MDA content in rat femoral 
head tissues presented that (Figure 4E-G) in comparison with the 

normal and miR-497 mimics + OE-NC groups, SOD and GSH-Px 
activities impaired and MDA content elevated in the model and 
miR-497 mimics + LRG1-OE groups (all P < 0.05). MiR-497 mim-
ics or LRG1-siRNA could lead to the enhancements in SOD and 
GSH-Px activities and a decline in MDA content (all P < 0.05).

F I G U R E  4   Up-regulation of miR-497 or down-regulation of LRG1 attenuates pathological femoral tissue damage, raises Col-1 expression 
and inhibits oxidative stress in femoral head tissues of rats with osteoporosis. A, HE staining of femoral head tissues of rats; B, Col-1 mRNA 
expression in femoral head tissues of rats; C, Col-1 protein bands in femoral head tissues of rats; D, Col-1 protein expression in femoral 
head tissues of rats; E, SOD activities in rat femoral head tissues; F, MDA contents in rat femoral head tissues; G, GSH-Px activities in 
rat femoral head tissues; * represented P < 0.05; **represented P < 0.01; *** represented P < 0.001; n = 8. The data were expressed as 
the mean ± standard deviation. Comparisons among multiple groups were analysed using ANOVA, followed by Tukey's post hoc test for 
pairwise comparisons
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3.5 | MiR-497 is down-regulated while LRG1 is up-
regulated in osteoblasts of rats with osteoporosis, and 
miR-497 elevation or LRG1 depletion activates 
TGF-β1/Smads signalling pathway

ALP staining (Figure 5A and B): After ALP staining, it could be seen 
that the cell membrane and intracytoplasmic particles were stained 
red-brown, that was, the cell staining was positive, so the successful 
culture of osteoblasts was identified.

RT-qPCR and Western blot analysis (Figure 5C-F) highlighted 
that reduced miR-497 and increased LRG1 were characterized in 
the model group versus the normal group (both P < 0.05). MiR-497 
mimics elevated miR-497 expression and degraded LRG1 expression 
(both P < 0.05). LRG1-siRNA has no effects on miR-497 expression 
(P >.05) but reduced LRG1 expression in osteoblasts (P < 0.05). 
Versus the miR-497 mimics + OE-NC group, no divergence was 
identified in miR-497 expression in the miR-497 mimics + LRG1-OE 
group (P > .05), and LRG1 expression increased (P < 0.05).

F I G U R E  5   MiR-497 is down-regulated while LRG1 is up-regulated in osteoblasts of rats with osteoporosis, and miR-497 elevation 
or LRG1 depletion activates TGF-β1/Smads signalling pathway. A, Osteoblast morphology at different time-points; B, ALP staining of 
osteoblasts; C, MiR-497 expression in rat osteoblasts; D, LRG1 mRNA expression in rat osteoblasts; E, LRG1 protein bands in rat osteoblasts; 
F, LRG1 protein expression in rat osteoblasts; G, TGF-β1 protein band in rat osteoblasts; H, TGF-β1 protein expression in rat osteoblasts; I, 
Smad3, Smad4 and Smad7 protein bands in rat osteoblasts; J, Smad3, Smad4 and Smad7 protein expression in rat osteoblasts; K, p-Smad2/3 
protein bands in rat osteoblasts; L, p-Smad2/3 protein expression in rat osteoblasts; * represented P < 0.05; **represented P < 0.01; *** 
represented P < 0.001; N = 3. The data were expressed as the mean ± standard deviation. Comparisons among multiple groups were 
analysed using ANOVA, followed by Tukey's post hoc test for pairwise comparisons
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Furthermore, Western blot analysis revealed that (Figure 5G-L) 
TGF-β1, Smad3, Smad4 and p-Smad2/3 expression declined while 
Smad7 expression elevated in osteoblasts of osteoporosis rats (all 
P < 0.05). Restoring miR-497 or silencing LRG1 could reduce Smad7 
expression and increase TGF-β1, Smad3, Smad4 and p-Smad2/3 ex-
pression (all P < 0.05). LRG1 up-regulation could reverse the effects 
of up-regulated miR-497 on TGF-β1/Smads signalling pathway-re-
lated proteins.

3.6 | Up-regulation of miR-497 or down-
regulation of LRG1 inhibits osteoblast apoptosis and 
promotes Col-1 synthesis of rats with osteoporosis

Detected by RT-qPCR and Western blot analysis (Figure 6A-G), 
in osteoblasts, Bcl-2, Cyclin D1, CDK4 and Col-1 expression re-
duced while Bax expression elevated in the model and miR-497 
mimics + LRG1-OE groups versus the normal and miR-497 mim-
ics + OE-NC groups (all P < 0.05). However, miR-497 mimics or 
LRG1-siRNA elevated Bcl-2, Cyclin D1, CDK4 and Col-1 expression 
while declined Bax expression versus their corresponding NC (all 
P < 0.05).

3.7 | Up-regulation of miR-497 or down-
regulation of LRG1 promotes viability and suppresses 
apoptosis in osteoblasts of rats with osteoporosis

Tested by MTT assay, PI single staining and Annexin V-APC/PI dou-
ble staining, it was investigated that (Figure 7A-E) in osteoblasts, 

viability was impaired and apoptosis rate was boosted (more G0/G1 
and less S and G2/M phases cells) in osteoporosis rats (all P < 0.05). 
Transfection with miR-497 mimics or LRG1-siRNA, osteoblasts were 
demonstrated with enhanced viability as well as reduced apoptosis 
rate (reduced G0/G1 and increased S and G2/M phases cells) (all 
P < 0.05). It was suggested that overexpressing LRG1 mitigated miR-
497 up-regulation-induced enhancement in osteoblast viability and 
impairment in osteoblast apoptosis.

4  | DISCUSSION

Osteoporosis is a systemic skeletal disease with variable risk factors 
and a considerably common chronic condition of bones.17 A com-
parative study has explored the role of miRNAs in the bone develop-
ment and their therapeutic potentials in osteoporosis,18 whereas the 
unique role of miR-497 still remains to be scrutinized. Given that, 
this study is initiated and elucidates that up-regulation of miR-497 
or down-regulation of LGR1 promoted osteoporosis osteoblast vi-
ability, enhanced collagen synthesis and inhibited osteoblast apop-
tosis, which may be connected with the activation of TGF-β1/Smads 
signalling pathway.

One of the most significant findings demonstrated that miR-
497 expression reduced and LRG1 increased in osteoporosis. It is 
previously documented that miR-497-5p expression was declined in 
bone tissues of ageing and ovariectomised mice.7 Some studies are 
in accordance with the present study that miR-497 expression was 
reduced in breast cancer and in multiple myeloma samples and cell 
lines 19,20 while LRG1 expression was up-regulated in hepatocellu-
lar carcinoma and in ovarian cancer.21,22 Riveting on our findings, 

F I G U R E  6   Up-regulation of miR-497 or down-regulation of LRG1 inhibits osteoblast apoptosis and promotes Col-1 synthesis of rats with 
osteoporosis. A, Protein bands of Bax and Bcl-2 in rat osteoblasts; B, Bax and Bcl-2 protein expression in rat osteoblasts; C, protein bands 
of Cyclin D1 and CDK4 in rat osteoblasts; D, cyclin D1 and CDK4 protein expression in rat osteoblasts; E, Col-1 mRNA expression in rat 
osteoblasts; F,Col-1 protein bands in rat osteoblasts; G, Col-1 protein expression in rat osteoblasts; * represented P < 0.05; **represented 
P < 0.01; *** represented P < 0.001; N = 3. The data were expressed as the mean ± standard deviation. Comparisons among multiple groups 
were analysed using ANOVA, followed by Tukey's post hoc test for pairwise comparisons
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up-regulation of miR-497 or down-regulation of LRG1 could acti-
vate TGF-β signalling pathway as accompanied by increased TGF-
β1, Smad3, Smad4 and p-Smad2/3 protein expression and reduced 
Smad7 protein expression in osteoporosis. A previous study states 
that the reduced expression of LRG1 is connected to the increased 
TGF-β1 activity during the cardiac remodelling process in response 
to injury.23 Moreover, LRG1 deletion can lead to excessive activa-
tion of TGF-β signalling pathway, leading to increased expression of 
TGF-β1 and p-Smad2/3.24 A strong relationship between miR-497 

and Smad7 has been recorded in the literature that the expression 
of miR-497 was inversely correlated with the Smad7 expression in 
breast cancer tissues and oral squamous cell carcinoma.25,26

In addition, our study also suggested that up-regulation of miR-
497 or down-regulation of LRG1 lowered OC, BALP, PINP and PICP 
contents, and promoted Col-1 synthesis in osteoporosis. OC is syn-
thesized in the skeleton by osteoblasts with high sensitivity to bone 
formation, functioning as a prominent marker of bone turnover and 
diagnosis and follow-up of high turnover osteoporosis.27 BALP, PINP 

F I G U R E  7   Up-regulation of miR-497 or down-regulation of LRG1 promotes viability and suppresses apoptosis in osteoblasts of rats with 
osteoporosis. A, Osteoblast viability detected by MTT assay; B, cell cycle distribution of osteoblasts; C, proportion of osteoblast cell cycle; 
D, osteoblast apoptosis; E, apoptosis rate of osteoblasts; * represented P < 0.05; **represented P < 0.01; *** represented P < 0.001; N = 3. 
The data were expressed as the mean ± standard deviation. Comparisons among multiple groups were analysed using ANOVA, followed by 
Tukey's post hoc test for pairwise comparisons
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and PICP are all available biochemical markers of bone formation 
among which BALP is a osteoblast surface marker and serum PICP 
concentration is the index of metastatic bone disease with poten-
tial guidelines to treatments.28 PINP is a sensitive indicator of the 
synthesis of Col-1. Besides, it is an outstanding indicator of disease 
activity in bone diseases which is influenced by bone metabolism 
changes.29 As we all know, LRG expression is connected with bone 
destruction, granulomatous tissue formation and cartilage degener-
ation.30 Furthermore, a study has revealed that LRG1 is donated to 
angiogenesis-coupled de novo bone formation.14 Besides that, this 
study has also concluded that miR-497 restoration or LRG1 knock-
down impaired oxidative stress, enhanced cell viability and inhibited 
apoptosis of osteoblasts in osteoporosis. A previous study infers 
that aged female rats in osteoporosis exhibited lower serum ALP, a 
osteoblast differentiation marker gene, and OC level, accompanied 
with lower serum levels of antioxidants including GSH-Px activity.31 
Another study has revealed that female with osteoporosis presented 
with lower GSH-Px and SOD enzyme activity and higher level of 
MDA.32 Concerning to the study performed previously, miR-497 

with up-regulated expression is documented to possess target genes 
to promote proliferative activity, which is indicative of the promot-
ing function of up-regulated miR-497 in proliferative activity.33 In 
addition, another research outcomes state that overexpressed miR-
497 can promote the proliferation capability of cardiomyocyte and 
inhibit apoptosis of cardiomyocyte in myocardial ischaemia-reper-
fusion injury.34 Moreover, it is reported that miR-497 restoration 
impaired lung cancer cell viability and colony-forming ability by ac-
tivating TGF-β signalling.35 Commonly discussed in cancers, LRG1 
reduction is surveyed to inhibit cell viability and promote apoptosis 
of leukaemia cells.36 Mechanistically, silencing of LRG1 inhibits oe-
sophageal squamous cell carcinoma cell proliferation and facilitates 
apoptosis.37

Moreover, our study has revealed that miR-497/LRG1 axis medi-
ated TGF-β1/Smads pathway to affect osteoporosis. Currently, the 
activation of TGF-β/Smad signalling pathway prevented osteopo-
rosis via enhanced bone formation and disrupted bone resorption.9 
Besides, activating TGF-β1/Smads pathway was also functional for 
attenuating glucocorticoid-induced osteoporosis.11 Functionally, the 
activated TGF-β1/Smads signalling pathway induced by miR-202-3p 
up-regulation was indicated to ameliorate oxidative stress and cell 
apoptosis in myocardial ischaemic-reperfusion injury.38 In papillary 
thyroid carcinoma, promoting the activation of TGF-β1/Smads sig-
nalling pathway enhanced malignant cell apoptosis and impaired 
cell proliferation.39 Anyway, the activated TGF-β1/Smads signalling 
pathway has shown its conducive effects on diseases.

In conclusion, our study reveals that miR-497 is down-regulated 
and LRG1 is upregulated in osteoporosis, and the increased miR-497 
or decreased LRG1 acts to alleviate the progression of osteoporosis via 
activating TGF-β1/Smads pathway (Figure 8). Therefore, more poten-
tial therapeutic strategies pivoting on miR-497 and LRG1 are emerged. 
Further investigations of the mechanism of miR-497 and LRG1 should 
be explored in detail and performed with a larger cohort, so as to sup-
port a promising clinical application for patients with osteoporosis.
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