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Abstract The low bone mineral density due to abnormally activated osteoclasts can induce bone

disorders such as osteopenia and osteoporosis. MiR-25-3p modulates sphingosine-1-phosphate

receptor 1 (S1PR1) expression to enhance osteoclast motivation. The association between miR-

25 rs41274221 polymorphism and osteoporosis susceptibility is unknown. Herein, 300 patients with

osteoporosis and 320 healthy controls were genotyped using polymerase chain reaction and Sanger

sequencing to explore the role of miR-25 rs41274221 polymorphism in osteoporosis. The odds

ratios (ORs) and 95% confidence intervals (CIs) were determined using logistic regression analysis.

Additionally, this study also investigated the effect of miR-25 rs41274221 polymorphism on the

expression of miR-25 and its target gene S1PR1 through luciferase reporter gene, qRT-PCR, and
versity,
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Western blot. The rs41274221 in miR-25 was found to be positively associated with osteoporosis

and can be viewed as a protective factor. Furthermore, miR-25 rs41274221 polymorphism

decreased the risk of osteoporosis among smokers. The TargetScan database predictions and

dual-luciferase activity demonstrated that S1PR1 may be the target gene of miR-25. MiR-25 down-

regulated the S1PR1 mRNA and protein expressions. Patients with the AA genotype of rs41274221

polymorphism showed higher S1PR1 expression compared with the GG genotype. In conclusion,

miR-25 rs41274221 polymorphism decreases the risk of osteoporosis through modifying the binding

with S1PR1 and may serve as a novel biomarker for early diagnosis of osteoporosis.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Osteoporosis, a frequently-occurring systemic skeletal disease, can

induce bone fragility and increase the risk of fracture (Aziziyeh

et al., 2019); which are associated with increased mortality and lower

quality of life (Rizzoli, 2018). The prevalence of osteoporosis increases

with age and is higher among women than men (Hintze and Graf,

2016). Many risk factors contribute to osteoporosis such as ethnicity,

thin body, hormonal factors, smoking, less exercise, and calcium and

vitamin D deficiency (Lane, 2006). Additionally, genetic background

is critically involved in its occurrence (Xu et al., 2020 Oct).

MicroRNAs (miRNAs) are short non-coding RNAs that modulate

gene expression by directly connecting to the 30 untranslated region

(UTR) of the corresponding messenger RNA (mRNA) (Mohr and

Mott, 2015). MiRNAs participate in bone homeostasis (Tang et al.,

2014), which relies on bone generation by osteoblasts and bone resorp-

tion by osteoclasts (Chen et al., 2018). Abnormal motivation of osteo-

clasts can decrease bone mineral density (BMD), leading to

osteoporosis, osteopenia, and other bone disorders (Tang et al.,

2014). For instance, MiR-874-3p promoted the osteogenic differentia-

tion of human bonemarrowmesenchymal stem cells by downregulating

leptin expression (Mei et al., 2021). The role of miRNA-133a in osteo-

porosis modulation after menopause is to intensify osteoclast division

(Li et al., 2018). miRNA-19a-3p targets HDAC4 to enhance osteogenic

division of human mesenchymal stem cells and thereby relieves osteo-

porosis advancement (Chen et al., 2019). In addition, microRNA-7

restriction activates epidermal growth factor receptor signaling to pro-

tects human osteoblasts from dexamethasone (Fan et al., 2019).

Regardless of the above achievements, the mechanisms of miRNA-

mediated osteoporosis associated with osteoblasts and osteoclasts

require further investigation. T The upregulation of miR-25 was

observed both in the serum and bone tissue in patients with osteoporotic

fractures (Seeliger et al., 2014). miR-25-3p is down-regulated in mature

osteoclasts (Li et al., 2022 Jul 28). Nevertheless, little is known about the

role of miR-25 in osteoclasts and osteoporosis progression.

Sphingosine-1-phosphate (S1P), a bioactive lysophospholipid con-

centrated in the blood, modulates the motion of osteoclast precursors

between bone marrow and circulating cavities via the G-protein-

coupled receptor (Ishii et al., 2011). At low S1P level, S1P receptor

(S1PR)-1 mediates positive chemotaxis to S1P in the bone marrow;

at high S1P level, S1PR2 regulates negative chemotaxis in the blood

(Ishii et al., 2011). The S1P-S1PR1 signaling indirectly regulated bone

remodeling through osteoclastogenesis and osteogenesis (Xiao et al.,

2019). Moreover, the S1PRs modulator could alleviate bone loss via

reducing chemotaxis of inflammatory cytokines and suppressing the

receptor activator of nuclear factor NF-kB-ligand (RANKL)–induced

osteoclast formation (Yu, 2021).

The TargetScan database predictions and previous sequencing

results indicated that S1PR1 may be the target gene of miR-25. The

miRNA-25 rs41274221 polymorphism is viewed as a pivotal genetic

factor in the risks of many diseases, such as neonate sepsis (Zheng

et al., 2019) and gastric cancer (Zhou et al., 2016). However, little is

known about their association with osteoporosis susceptibility. In this
study, we hypothesized that miR-25 rs41274221 polymorphism

decreases the risk of osteoporosis through modifying the binding with

S1PR1. Hence, we investigated the relationship of the miR-25

rs41274221 polymorphism with osteoporosis in postmenopausal

women through in vitro and clinical study.

2. Materials and methods

2.1. Participants

A total of 300 postmenopausal women with osteoporosis and
320 age-matched volunteers were enrolled from March 2013 to

June 2019 from the Jintan Hospital Affiliated with Jiangsu
University. BMD was measured in the lumbar spine from ver-
tebrae L2 to L4 and was recorded as the highest bone mass
percent in the controls (T-score). Individuals with a T-score

of less than �2.5 were defined as having osteoporosis. The
inclusion criteria were menopause for at least one year, and
taking no drugs affecting bone homeostasis.

Patients with kidney disease, cancer, pulmonary or rheuma-
toid disease were excluded. All participants were individuals
with incidents during enrollment. This study was approved

by the Institutional Ethics Committees of Jintan Hospital
Affiliated with Jiangsu University. Written informed consent
was acquired from the participants before participation in this
study.

2.2. Genotyping

The miRNA-25 rs41274221 polymorphism was determined by

the TaqMan SNP Genotyping Assay as previously described
(Shen et al., 2009). Genomic DNA was extracted from periph-
eral venous blood (2 mL) with a QIAamp blood kit (Qiagen

GmbH, Germany). Genotyping of the miR-25 polymorphisms
was carried out using polymerase chain reaction (PCR). The
processes were similar to those in our previous study (Zhou

et al., 2016). The PCR reactions were carried out in a total vol-
ume of 5 lL containing TaqMan Universal Master Mix, SNP
Genotyping Assay Mix, DNase-free water, and genomic
DNA. The PCR procedure was: 50 �C, 2 min, 95 �C,
10 min; 35 cycles, 95 �C, 15 s; and 60 �C, 1 min. The 384-
well ABI 7900HT Real-Time PCR System was used (ABI,
CA, USA).

2.3. Osteoclast culture

The murine macrophage cell line RAW 264.7 cells were

obtained from the Chinese Academy of Sciences Cell Bank

http://creativecommons.org/licenses/by-nc-nd/4.0/
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of Type Culture Collection (CBTCCCAS, Shanghai, China).
The RAW 264.7 was grown in Dulbecco’s Modified Eagle’s
Medium (DMEM, Hyclone, Logan, Utah, USA) containing

10% fetal bovine serum (Gibco, USA) in humidified 5%
CO2 at 37 �C. Cells activated with 50 ng/mL RANKL
(MCE, USA) for 120 h were an extremely efficient cell model

of osteoclasts (Sartori et al., 2017).

2.4. Tartrate-resistant acid phosphatase staining assay

Tartrate-resistant acid phosphatase (TRAP) staining assay was
conducted as previously described (Li et al., 2022 Jul 28).
Induced osteoclasts were fixed with 4% paraformaldehyde

(PFA) for 20 min at room temperature and then stained with
TRAP fluid (Sigma-Aldrich, Germany) for 1 h. After removal
of the TRAP fluid, the plate was washed three times with
phosphate-buffered saline (PBS). TRAP-positive multi-

nuclear cells were observed using an inverted microscope.

2.5. Cell transfection

Cell transfection was conducted following the previous method
(Wang et al., 2021). The miR-25-3p mimic, miR-25-3p inhibi-
tor or negative control (NC) mimic, and NC inhibitor used in

this study were designed and synthesized by GenePharma,
China. Before transfection, a mixture of miR-25-3P mimics,
inhibitor, and NC was centrifuged at 2000 rpm for 10 min,
then 250 mL RNase-free H2O was added to dissolve the mix-

ture to 20 mM, and finally was stored at � 20 �C. When the
cells reached 80 % of the plates, the cells were transfected with
Opti-MEM (Gibco-BRL Co. LTD), NC, miR-25-3P mimics,

and miR-25-3P inhibitor using Lipofectamine 3000 (Invitro-
gen, Carlsbad, USA) according to the manufacturer’s instruc-
tions. Cells were collected after 48 h for RNA extraction.

2.6. Cell Counting Kit-8 assay

Cell proliferation was detected using Cell Counting Kit-8

(CCK-8) as previously described (Li et al., 2022 Jul 28). Cells
(n = 1000) were seeded into 96-well plates and cultured for the
indicated times. CCK-8 (Dojindo Molecular Technology,
Japan) was added, and cells were incubated for an additional

2 h at 37℃, followed by detection at 450 nm (650nmreference)
on an ELx800 absorbance microplate reader (Biotek Instru-
ments, Winooski, VT, USA).

2.7. Dual-luciferase activity

A luciferase reporter assay was performed according to the

previous study (Li et al., 2022 Jan). The HEK293T (human
embryonic kidney-CRL3216) cells were obtained commercially
from ATCC. The pGL3 vector (Promega Corporation, Madi-

son, USA) and the synthetic S1PR1 with wild-type (WT) or
mutated (Mut) region were adopted to construct the reporter
plasmids of S1PR1-WT/Mut. Subsequently, the reporter plas-
mids and miR-25 mimic were co-transfected into HEK293T

through Lipofectamine 2000. MiR-NC was used as the nega-
tive control. Next, the Dual-Luciferase Reporter Gene Assay
System was used to estimate the Renilla and Firefly luciferase

activities after 48 h.
2.8. Quantitative reverse-transcription polymerase chain
reaction

The quantitative real-time PCR (qRT-PCR) was performed
according to the previous study (Zhou et al., 2020 Oct 25).

Total RNA was isolated from harvested cells using a Trizol
reagent (Invitrogen, USA) as instructed in the manual. The
reaction system was configured according to the instruction
of the reverse transcription kit. The reaction conditions were:

42 �C 15 min, 95 �C 3 min. The cDNA was synthesized by
reverse transcription and amplified by qRT-PCR. The expres-
sions of corresponding mRNAs in the reaction system were

detected by fluorescence quantitative PCR according to the
instruction of SYBR Green Kit. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal control.

MiR-specific qRT-PCR was carried out, and miRNAs were
quantified with U6 small nuclear RNA (sncU6) as a control
(Clontech, USA). The forward and reverse primer sequences

used were: 50-GCCTCTCCAGCCAAGGAAAA-30, 50-GGA
GCCTGGGGTGGTATTTC-30 (S1PR1); 50-GGCTGTATT
CCCCTCCATCG-30, 50-CCAGTTGGTAACAATGC
CATGT-30 (GAPDH); 50-ACTCCACATTG

CACTTGTCTCG-30, 50-GTGCAGGGTCCGAGGT-30

(miR-25); 50-CTCGCTTCGGCAGCACA-30, 50-AACGCTT
CACGAATTTGCGT-30 (U6).
2.9. Western blot

Western blotting was conducted as previously described (Zhou

et al., 2019 Jun). Total proteins were isolated from osteoclast
cell lysates and quantified in each specimen using a BCA kit
(Beyotime Biotechnology, China). The proteins were separated
by sodium dodecyl sulfate–polyacrylamide gel electrophoresis

and then removed to PVDF membranes. After blocking with
5% skim milk for 2 h, the membranes were cultured first with
the primary antibody anti-S1PR1 and then with horseradish

peroxidase-conjugated secondary antibody (cat. no.
ab205718; 1:2000). The protein bands were observed by Image
Quant TL and analyzed with ImageJ.
2.10. Immunofluorescence analysis

The procedure of immunofluorescence analysis was almost the

same as in a previous study (Liu et al., 2019). After reaching a
confluence of more than 80%, the original medium was dis-
carded, and the cells were washed once with PBS. After the
addition of a basal medium, cells were starved for 20 min,

and a transfection mixture was added for 6 h of incubation.
Then, a RANKL medium was used for 120 h. After the
replacement of the complete medium, the cells were fixed with

formaldehyde. The fixed cells were permeated with 0.1% Tri-
ton X-100 for 10 min and washed with PBS. Then the cells
in PBS containing 1% BSA were treated overnight with the

primary antibody against S1PR1 at 4 �C. Next, the secondary
antibody conjugated with Alexa Fluor 594 (Cell Signaling
Technology) was added at ambient temperature. After the

nuclei were dyed with DAPI (Thermo Fisher Scientific) for
5 min, the coverslip was fastened on the glass slide and the cells
were visualized under a Leica fluorescence microscope.
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2.11. Statistical analysis

All statistical analyses were completed on SAS V9 (SAS Insti-
tute, USA). Conformation of allele frequencies to the Hardy–
Weinberg equilibrium (HWE) was assessed by Chi-square test.

Demographic differences between groups were compared by
Student’s t test (continuous data) or Chi-square test (categor-
ical data). Clinical differences as per genotypes were examined
by analysis of variance. Odds ratio (OR) and 95% confidence

interval (CI) were computed to assess the relationship between
genetic variants and osteoporosis risk through logistic regres-
sion analysis in the 5 models. The cut-off point for statistical

significance was alpha < 0.05. All statistical results of func-
tional experiments are from more than three repeated
experiments.

3. Results

In the current study, we hypothesized that miR-25 rs41274221

polymorphism decreases the risk of osteoporosis through mod-
ifying the binding with S1PR1. Hence, we investigated the rela-
tionship of the miR-25 rs41274221 polymorphism with

osteoporosis through in vitro and clinical study. The results
showed that the rs41274221 in miR-25 can be viewed as a pro-
tective factor that decreased the risk of osteoporosis in post-
menopausal women, and S1PR1 may be the target gene

involved in the regulation of osteoporosis. Furthermore, sub-
group analyses demonstrated that the miR-25rs41274221 poly-
morphism was associated with a reduced risk of osteoporosis

in smokers.
Table 1 Patient demographics and risk factors in

osteoporosis.

Characteristics Case (N = 300) Control (N = 320) P

Age, years 62.78 ± 8.53 62.57 ± 8.25 0.761

BMI, kg/m2 24.40 ± 1.45 24.27 ± 1.50 0.253

Smoking

No/Yes 241/59 266/54 0.368

Serum calcium 9.31 ± 0.65 9.56 ± 0.57 < 0.001

LBMD, g/cm2 0.73 ± 0.07 1.01 ± 0.06 < 0.001

T-score �3.19 ± 0.39 0.12 ± 0.10 < 0.001

BMI, body mass index; LBMD, lumbar spine BMD.

Table 2 Genotype frequencies of miR-25 rs41274221 polymorphism

Models Genotype Case (n, %) Control (n, %)

Wild GG 162 (54.0%) 150 (46.9%)

Heterozygote GA 118 (39.3%) 136 (42.5%)

Homozygote AA 20 (6.7%) 34 (10.6%)

Dominant GG 162 (54.0%) 150 (46.9%)

GA + AA 138 (46.0%) 170 (53.1%)

Recessive GG + GA 280 (93.3%) 286 (89.4%)

AA 20 (6.7%) 34 (10.6%)

Allele G 442 (73.7%) 436 (68.1%)

A 158 (26.3%) 204 (31.9%)

Bold values are statistically significant (P < 0.05).

*Adjust for age and body mass index.
3.1. Baseline characteristics

Characteristics of the participants are shown in Table 1. No
significant discrepancy between groups was observed with
respect to age (62.78 vs. 62.57 years), BMI (24.40 vs.

24.27 kg/m2), or the proportion of smoking or drinking. Pos-
itive results were observed in BMD L2-L4, T-scores, and
serum calcium (all P < 0.001).

3.2. MiR-25 SNP and osteoporosis susceptibility

The details of rs41274221 polymorphism in miR-25 are sum-
marized in Table 2. The frequencies of the GG, AG, and AA

genotypes of miR-25 rs41274221 among the controls are
46.9%, 42.5%, and 10.6% respectively, which conform to
the HWE. Our results indicate that genotype AA, rather than

genotype GA, has lower susceptibility to osteoporosis com-
pared with genotype GG (AA vs. GG: OR, 0.55; 95% CI:
0.30–0.99; P = 0.046). Allele A versus allele G is related to

a significantly lower risk of osteoporosis (OR: 0.76; 95% CI:
0.60–0.98; P = 0.032). No significant connection with osteo-
porosis risk is noted in other models for rs41274221 polymor-
in cases and controls.

OR (95% CI) P-value *OR (95% CI) *P-value

1.0

0.80(0.58,1.12) 0.196 0.80(0.57,1.12) 0.190

0.55(0.30,0.99) 0.046 0.55(0.30,0.99) 0.047

1.0

0.75(0.55,1.03) 0.076 0.75(0.55,1.03) 0.075

1.0

0.60(0.34,1.07) 0.083 0.60(0.34,1.08) 0.087

1.0

0.76(0.60,0.98) 0.032

Fig. 1 Relative miR-25 mRNA expression level in osteoporosis

patients and healthy samples, as analyzed by qRT-PCR, *

P < 0.05.
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phism. In addition, to assess the differences in miR-25 expres-
sion in healthy subjects and osteoporosis patients, qRT-PCR
analysis of blood samples was performed with 10 patients

and 10 controls. The results showed that miR-25 expression
was significantly downregulated in osteoporosis patients as
compared with healthy subjects (Fig. 1).

Subgroup analyses were conducted according to age, BMI,
and smoking (Table 3). Genotype AA in osteoporosis patients
was significantly more frequent among smokers than in the

controls. In other words, miR-25 rs41274221 polymorphism
is linked with a lower risk of osteoporosis among smokers.
Finally, clinical features in different genotypes are presented
in Table 4. No evidence of association was observed between

rs41274221 polymorphism and age, BMI, serum calcium,
LBMD, or T-score.

3.3. MiR-25 negatively regulated S1PR1 expression in
osteoclasts

To clarify the biological effects of MiR-25-3p in the osteoclast

differentiation of RAW264.7, we performed a CCK-8 assay,
and TRAP staining to determine the proliferation and differ-
entiation of osteoclasts. The results showed that the anti–

miR-25-3p increased osteoclast proliferation as compared to
the control group, while the miR-25-3p significantly inhibited
the osteoclast proliferation (Fig. 2a). Then, we fixed the osteo-
clasts and performed TRAP staining. The results showed a sig-

nificant increase in the number of TRAP-positive osteoclasts in
the anti–mir-25-3p–treated group and a significant decrease in
the miR-25-3p–treated group compared to control cells
Table 3 Stratified analyses between miR-25 rs41274221 polymorph

Variable case/control Heterozygous Homoz

GG GA AA GA vs. GG OR

(95% CI), P value

AA vs

(95% C

Age (years)

< 60 61/58 45/58 9/15 0.74(0.43,1.25); 0.261 0.57(0.

� 60 101/92 73/78 11/19 0.85(0.56,1.31); 0.463 0.53(02

BMI (kg/m2)

< 25 109/109 77/89 14/23 0.87(0.58,1.30); 0.483 0.61(0.

� 25 53/41 41/47 6/11 0.68(0.38,1.21); 0.187 0.42(0.

Smoking

No 125/128 97/114 19/24 0.87(0.60,1.26); 0.461 0.81(0.

Yes 37/22 21/22 1/10 0.57(0.26,1.26); 0.164 0.06(0.

Bold values are statistically significant (P < 0.05).

Table 4 The clinical and biochemical characteristics of miR-25 rs4

Variables Patients(N = 300)

GG (N = 162) GA (N = 118) AA (N = 20)

Age, years 63.33 ± 8.75 62.42 ± 8.47 60.40 ± 6.75

BMI, kg/m2 24.46 ± 1.39 24.37 ± 1.50 24.14 ± 1.66

Serum calcium 9.27 ± 0.65 9.37 ± 0.69 9.26 ± 0.49

LBMD, g/cm2 0.72 ± 0.06 0.73 ± 0.07 0.75 ± 0.08

T-score �3.16 ± 0.40 �3.21 ± 0.37 �3.27 ± 0.38

Bold values are statistically significant (P < 0.05).
(Fig. 2b). The above results confirmed that miR-25-3p signifi-
cantly inhibited osteoclast proliferation and differentiation
in vitro. Besides, we observed miR-25-3p downregulation in

mature osteoclasts (Li et al., 2022 Jul 28). Then we examined
the effect of miR-25 on S1PR1 expression in osteoclasts. Cells
with remarkable upregulation or downregulation of miR-25

relative to the negative control were acquired by transfection
with miR-25 mimics (Fig. 3a). Knockdown of miR-25
improved S1PR1 mRNA and protein expressions in osteo-

clasts (Fig. 3b, 3c, and 3d). When the miR-25 level is elevated,
the negative regulatory relationship remains in effect.

The intensity of S1PR1 in RANKL-activated RAW 264.7
at miR-25 inhibitor/mimics was measured by immunofluores-

cence assay. The fluorescence intensity of S1PR1 was signifi-
cantly lower in the miR-25 mimics group and was higher in
the miR-25 inhibitor group than in the control group

(Fig. 4a and 4b). These results indicate the S1PR1 expression
and miR-25 expression are negatively related. The dual-
luciferase assay was performed to evaluate whether S1PR1 is

a target gene of miR-25. Our results indicated that the relative
luciferase activity differed significantly between the S1PR1-
Mut and the S1PR1-WT group which were both co-treated

with miR-25 mimic (Fig. 5, P < 0.05). This result confirmed
that there was a direct interaction between miR-25 and S1PR1.

Hence, we believe the SNP in the mature zone of miR-25
may abnormally attenuate the action induced by miR-25 in

modulating S1PR1. We also detected S1PR1 expression in
patients carrying discrepant genotypes of miR-25. The patients
with genotype AA show an increase in S1PR1 expression

(Fig. 6).
ism and the risk of osteoporosis.

ygous Recessive Dominant

. GG OR

I), P value

AA vs. GA + GG OR

(95% CI), P value

AA + GA vs. GG OR

(95% CI), P value

23,1.41); 0.222 0.66(0.28,1.56); 0.342 0.70(0.43,1.16); 0.170

4,1.17); 0.114 0.57(0.26,1.22); 0.148 0.79(0.53,1.18); 0.253

30,1.25); 0.174 0.65(0.32,1.30); 0.220 0.81(0.55,1.19); 0.289

14,1.24); 0.116 0.51(0.18,1.44); 0.204 0.63(0.36,1.10); 0.102

42,1.55); 0.527 0.86(0.46,1.62); 0.646 0.86(0.61,1.22); 0.400

01,0.50); 0.009 0.08(0.01,0.62); 0.016 0.41(0.19,0.87); 0.021

1274221 polymorphism among two groups.

Controls(N = 320)

P GG (N = 188) GA (N = 167) AA (N = 36) P

0.294 62.92 ± 8.33 62.40 ± 8.14 61.71 ± 8.47 0.707

0.618 24.11 ± 1.57 24.41 ± 1.46 24.37 ± 1.34 0.213

0.405 9.58 ± 0.58 9.54 ± 0.56 9.56 ± 0.56 0.841

0.140 1.01 ± 0.06 1.01 ± 0.05 1.03 ± 0.06 0.212

0.340 0.12 ± 0.09 0.11 ± 0.10 0.13 ± 0.11 0.611



Fig. 2 (a) RAW 264.7 cells were cultured in a-MEM containing

RANKL (50 ng/mL) for 120 h. The CCK-8 assay was used to

detect proliferation. (b) Representative pictures of TRAP-positive

multinucleated cells are shown.

Fig. 3 Levels of miR-25 and S1PR1 in HEK293T cell transfected wit

3p and (b) S1PR1 after transfection of miR-25-3p or anti-miR-25-3p m

S1PR1. (d) The analysis for gray value by Image J. Data represent mea

the control group.
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4. Discussion

Although miRNAs are known to modulate the differentiation
and roles of skeletal cells, the knowledge of miRNA SNPs in

osteoporosis is still largely lacking. In miRNA genes and
miRNA-binding places, SNPs can alter miRNA level and
mRNA targeting (Dole and Delany, 2016). This study estab-

lished that miR-25 is significantly associated with osteoporosis
in postmenopausal women and may be a protective factor.
Like other studies on gastric cancer, we also demonstrate that
miR-25 may be weakened by miR-25 rs41274221 owing to the

blockade at the 30-UTR of S1PR1.
S1P signaling, via its cell surface receptor S1PR1, can acti-

vate the growth, spread, living, angiogenesis, and migration of

cancer cells and accelerate tumorigenesis (Rostami et al.,
2019). S1P signaling also plays an important role in immune
cells and inflammation (Aoki et al., 2016), multiple sclerosis

(Cohan et al., 2020), and viral infection (Li et al., 2016). There-
fore, we throw light on the effect of S1P-S1PRs signaling on
the mechanism of osteoporosis. S1P, which is abundant in

blood, modulates the movement of osteoclast precursors
between the circulation and bone marrow cavities via G-
protein-bound receptors (S1PR1 and S1PR2) (Ishii and
Kikuta, 2013). S1PR2 inhibition can limit osteoclast precursor

localization and reduce the number of mature osteoclasts
bound to bone surface (Ishii et al., 2010). Nevertheless, the role
of S1PR1 in osteoporosis is yet unclear. In this study, we quan-

tified miR-25 expression from the plasma of osteoporosis
patients and healthy subjects, and found that miR-25 expres-
h different miR-25 mimics/inhibitors. Relative levels of (a) miR-25-

easured by qRT-PCR. (c) The protein band of western blotting for

n ± SD (n = 3), * P < 0.05, ** P < 0.01 and **** P < 0.0001 vs.



Fig. 4 (a) Representative immunofluorescence photomicrograph of S1PR1 (red)-labeled osteoclasts. Nuclei were stained with DAPI

(blue). (b) Fluorescence quantitative histogram of photomicrograph, * P < 0.05.

Fig. 5 The dual-luciferase assay demonstrated the existence of

direct interaction between miR-25 and S1PR1, * P < 0.05. Fig. 6 S1PR1 expression in different genotypes of rs41274221

polymorphism, ** P < 0.01.

miR-25 rs41274221 polymorphisms and risk of osteoporosis 7
sion was significantly lower in OA patients than in healthy sub-
jects. The CCK-8 assay and TRAP staining confirmed that

miR-25-3p significantly inhibited osteoclast proliferation and
differentiation in vitro. In osteoclasts, the mRNA and protein
expression of S1PR1 is negatively regulated by miR-25. A

dual-luciferase reporter assay confirmed that S1PR1 is a target
gene of miR-25. Additionally, the S1PR1 expression in individ-
uals with the GG genotype is significantly lower than that of

the AA genotype. Therefore, we speculate that the SNP on
mir-25 affects the binding to the 30-UTR of S1PR1, thus influ-

encing the expression of S1PR1.
SNPs in miRNA-binding sites lower or raise the target

mRNA translation by impacting the linking of miRNAs with

the target genes, and thus are associated with susceptibility to
diseases (Liu et al., 2018; Shasttiri et al., 2019). The SNP
rs41274221 in miR-25 is reportedly involved in the incidence

of gastric cancer by playing a tumor protective role related
to tumor growth and metastasis (Zhou et al., 2016). Conse-
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quently, this polymorphism is also related to the risk of sepsis
in newborns (Zheng et al., 2019). Therefore, our group con-
ducted this study to evaluate whether this association was sig-

nificant in osteoporosis. Polymorphism in miR-25 rs41274221
is positively correlated with osteoporosis susceptibility, which
is similar to previous studies (Zheng et al., 2019; Zhou et al.,

2016). Subgroup analyses revealed that miR-25 rs41274221
polymorphism is connected to the decreased risk of osteoporo-
sis among smokers.

There are several potential limitations in our study. First,
the moderate sample size may reduce the statistical power. Sec-
ond, we failed to conduct more subgroup analyses due to lim-
ited clinical information, such as drinking and physical

activity. Third, a small number of patients, especially only par-
ticipants in China were recruited, so it is yet to be known how
these findings would apply to other ethnicities.

5. Conclusion

In conclusion, the SNP rs41274221 in miR-25, by interfering with the

modulation target of S1PR1, may be a protective factor in the patho-

genesis of osteoporosis in postmenopausal women. However, due to

the limitation of region, as well as the number of participants, we

believe that further research with larger populations is called for to ver-

ify the connection and assess the roles of this polymorphism.
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