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Osteoporosis is a chronic disease characterized by bone fragility 

that results in fractures and a variety of miRNAs are involved 

in osteoclast differentiation therefore, the current case control 

study aimed to estimate miRNA-133a and miRNA-25 3p in os- 

teoporotic patients and evaluate relationship of these miRNAs 

with some variables including (calcium, vitamin D, BMD, smok- 

ing, history of previous fracture and gender, this study con- 

ducted on fifty patients suffering from osteoporosis with age 

range between 50-88 years, other group consist of 45 healthy 

individuals with an age range between 55-87 years included in 

this study as a control group. Blood samples used to extraction 

of miRNA-133a and miRNA-25 3p from the serum of patients 

and healthy control as a biomarker for osteoporosis were quan- 

titated by using RT-PCR. Results: miR-133a fold change was 

significantly upregulated in serum of osteoporotic patients 

and highest in patients group compared with control group, 

miR-133a highly significant difference in miR-133 among study 

groups (P < 0.001); while no significant difference in miR-25 

among study groups (P = 0.295); although the level of patients 

groups was higher than that of control group. Receiver opera- 

tor characteristic (ROC) curve of miR-133 was carried out and 

cutoff value was >8.3 with sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV) and area 

under curve of 76%, 80%,82.6%, 72.7% and 0.815 (0.723- 

906), while (ROC) curve analysis and cutoff value of miR-25 

was >1.32 with sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and Area under curve 

of 66%, 45%, 60%, 51.4% and 0.565 (0.444- 685).Conclu- 

sion: miRNA-133a is high sensitivity and Specificity in this study 

which was bushed to using them as a biomarker for osteopo- 

rosis diagnosis. 

Keywords: miRNA, Osteoporosis, Osteoclastogenesis, Osteo- 

blast, Osteoclast, BMD 

La osteoporosis es una enfermedad crónica caracterizada por 

la fragilidad ósea que resulta en fracturas y una variedad de 

miARN están involucrados en la diferenciación de los osteo- 

clastos, por lo tanto, el presente estudio de casos y controles 

tuvo como objetivo estimar miARN-133a y miARN-25 3p en 

pacientes osteoporóticos y evaluar la relación de estos miARN. 

con algunas variables que incluyen (calcio, vitamina D, DMO, 

tabaquismo, antecedentes de fracturas previas y sexo, este 

estudio se realizó en cincuenta pacientes que padecían os- 

teoporosis con rango de edad entre 50-88 años, otro grupo 

conformado por 45 individuos sanos con rango de edad entre 

55-87 años incluidos en este estudio como grupo control. Las 

muestras de sangre utilizadas para la extracción de miARN- 

133a y miARN-25 3p del suero de pacientes y control sano 

como biomarcador de osteoporosis se cuantificaron median- 

te RT-PCR. Resultados: el cambio de miR-133a se incrementó 

significativamente en el suero de pacientes osteoporóticos y 

fue más alto en el grupo de pacientes en comparación con 

el grupo de control, miR-133a hi diferencia muy significativa 

en miR-133 entre los grupos de estudio (P <0,001); mientras 

que no hubo diferencias significativas en el miR-25 entre los 

grupos de estudio (P = 0,295); aunque el nivel de los grupos 

de pacientes fue superior al del grupo de control. Se realizó 

la curva de características del operador del receptor (ROC) de 

miR-133 y el valor de corte fue> 8,3 con sensibilidad, especifi- 

cidad, valor predictivo positivo (VPP), valor predictivo negativo 

(VPN) y área bajo la curva de 76%, 80%, 82,6 %, 72,7% y 

0,815 (0,723-906), mientras que el análisis de la curva (ROC) y 

el valor de corte de miR-25 fue> 1,32 con sensibilidad, especi- 

ficidad, valor predictivo positivo (VPP), valor predictivo negativo 

(VPN) y Área bajo la curva de 66%, 45%, 60%, 51,4% y 0,565 

(0,444- 685). Conclusión: el miARN-133a es de alta sensibili- 

dad y especificidad en este estudio que se propuso utilizarlos 

como biomarcador para el diagnóstico de osteoporosis. 

Palabras clave: miARN, Osteoporosis, Osteoclastogénesis, Os- 

teoblastos, Osteoclastos, DMO 
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Introduction

The osteoporosis is a systemic skeleton disease characterized by 
a low bone density and deterioration of the bone tissue micro 
architecture, with a following high fragility and susceptibility 
of fractures1. Menopause is the main cause of osteoporosis in 
women due to declining estrogen levels physiologically or by 
surgical removal of the ovaries 2.  

changing in thyroid hormone level is three times more common 
in women than men and usually develops in the time of meno-
pause have a role in women with osteoporosis3.The progressive 
decrease in growth hormone secretion is considered as one of 
the contributing factors to the loss bone related to age and 
postmenopause4. Genetic factors, endocrine status, nutrition, 
physical activity and general health during growth play pivotal 
role in the occurrence of osteoporosis5.Osteoporosis has been 
documented to elicit approximately 8.9 million fractures annu-
ally, targeting around 200 million osteoporotic women across 
the globe6,7  

Osteoporosis is an age-related growing problem in the world 

8, although an awareness about the concerns for osteoporosis 
is increasing day by day, the diagnosis and prevention meth-
ods are still inadequate. Osteoporosis is a skeletal disease that 
affects the bone strength and makes them susceptible to the 
fractures. This disease is described by damage of bone mass and 
the weakening bone microarchitecture9. Bone Mineral Density 
(BMD) is a degree of mineral content present in the bone and 
is an exceptional pointer for osteoporosis. BMD is typically de-
fined by the Dual Energy X-ray Absorptiometry (DXA)10. How-
ever, using only BMD is unsatisfactory for detection the fracture 
risk precisely11. It has been verified that evaluating osteoporosis 
using bone mass is unclear12.

MicroRNAs (miRNAs) are endogenous small noncoding RNA 
molecules (of about 15–25 nucleotides), which regulate post-
transcriptional gene expression through targeting of mRNA 
that have partially complementary sequences, inhibiting their 
translation or enhancing their degradation. MiRNAs play an im-
portant role in many physiological and pathological contexts. In 
physiological processes, miRNAs regulate bone formation and 
bone resorption, thus contributing to the maintenance of bone 
homeostasis. Under pathological conditions, a deregulation of 
miRNA signaling contributes to the onset and progression of 
skeletal disorders, e.g. osteoporosis13.

MiRNAs regulate gene expressions by blocking translations and 
promoting degradations of target transcripts. There are at least 
1400 mammalian miRNAs and 45,000 miRNAs target sites in 
human genome, covering 60% of the genes14.

MiRNA can be found in human biofluids and in blood as free 
(mainly protein-associated) and exosome-/microvesicle-/LDL-
associated miRNAs. These two distinct subsets are believed to 
exert different functions: the free fraction is somehow passively 
released from cells during normal recycling of the subcellular 
components, whereas the encapsulated fraction is actively re-
leased and finely packaged together with other components 
with specific functions addressed to other target tissues. In 
these terms, free-miRNAs can be considered classical biomark-

ers, while encapsulated miRNAs more likely act as endocrine-
like factors15.

MiR-133a was initially considered to be a muscle-specific miR-
NA involved in the regulation of muscle-cell differentiation and 
the pathogenesis of myogenic disease and heart disease16, miR-
133a plays a key role in skeletal system regulation. This miRNA 
was shown to directly target the Runx2 (Runt-Related Transcrip-
tion Factor 2) gene 3’-UTR when overexpressed in MC3T3, an 
osteoblast cell line, and suppress ALP (alkaline phosphatase, a 
marker of osteoblast formation) production and osteoblast dif-
ferentiation17. Overexpression of miR-133a inhibited trans dif-
ferention of vascular smooth muscle cells into osteoblast-like 
cell by targeting RUNX2(Runt-Related Transcription Factor 2) 
directly18.

On the other hand, miR-25 is a member of miR-106b ~ 25 clus-
ters, which includes miR-106b, miR-93 and miR-25, its role in 
osteoblasts/ osteoblastic cells has not been extensively studied; 
miR-25 expression is pro-survival in human osteoblastic cells19.

Nowadays, there are several diagnostic tools used in clinical 
practice for fracture risk assessment, such as DEXA, WHO-FRAX 
score, QCT, and BTMs. However, there are some limitations that 
hamper their utility in the clinical setting; therefore, there is a 
great need to find novel easily measurable biomarkers that can 
assist the clinician in making decisions in this field 20,21. 

Therefore this study aimed to estimate miRNA-133a and miR-
NA-25 3p in osteoporotic patients as a biomarker for this dis-
ease in Iraqi patients and evaluate relationship of these miRNAs 
with some variables including (Calcium, vitamin D, BMD, smok-
ing, history of previous fracture.  

Methods

Patients and Methods
The current study was carried on 50 patients suffering from 
osteoporosis according to physician diagnosis in Rheumatology 
Consultation Clinic of Marjan Teaching Hospital (Babylon prov-
ince, Iraq) patients’ age range between 50-88 years from March 
to August 2020. Other groups consist of 45 healthy individuals 
with an age range between 55-87 years without any history 
of systemic disease were clinically considered as healthy also 
included in this study as a control group. We excluded patients 
with renal failure, patients with cancer, kidney failure and pa-
tients undergoing treatment for osteoporosis. 

Collection of Blood Samples
Three mL of blood for each case and control groups were col-
lected from vein puncture in EDTA free tube and allowed to clot 
for few minutes at room temperature then serum was sepa-
rated by centrifugation for 10 minutes at 2500 r.p.m., 600μL of 
serum was added in Eppendrof tube containing 400 μL of Trizol 
then stored at -20 to be used for RT-PCR to estimate the Micro 
RNA 133 a and 25 3p. This study was in agreement with ethics 
of Marjan Teaching Hospital and verbal informed consent was 
obtained from all participants.   
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Total RNA Extraction 
The TRIzol® reagent kit (Bioneer, Korea) was used to extract the 
total RNA as per the instruction of the company.  

Molecular detection of miRNA-133 a and miRNA-25 3p
Measurement of miRNA (133 a and 25 3p) by using PCR tech-
nique, analysis and calculation of gene expression levels of one 
or more genes depend on RNA /miRNA concentration after 
conversion it to cDNA. All processes include total RNA purifica-
tion, qPCR amplification and data analysis were performed, the 
RNA Purification purity of DNA and concentration of DNA was 
estimated by reading the absorbance at 260/280 nm. 

miRNA primers design  
The design of primers for 133 a miRNA and 25 3p miRNA was 
done in recent research to select the sequence of miRNA while 
utilizing miRNA primer design tool by the sanger center miRNA 
database registry. Macrogen Company, Korea delivered these 
primers as given in the table below:

Data analysis of qRT-PCR
The data results of q RT-PCR for target and housekeeping gene 
were analyzed by the relative quantification gene expression 
levels (fold change) by using the ΔCT Method Using a Reference 
the described by 22 according to the equations:

ΔΔCT = ΔCT, target in treated sample- ΔCT, target in calibrator

Statistics analysis: were summarized, presented and analyzed 
using statistical package for social science (SPSS version 24). 
Numeric data were presented as mean, standard deviation, me-
dian and interquartile range (IQR) while nominal data were ex-
pressed as number and percentage. Mann Whitney U test was 
used to compare median value between two non-parametric 
groups. Correlation coefficient was estimated by spearman cor-
relation and Pearson correlation.

Table 1. Primers sequences

Primer Name Seq.
Annealing
Temp. (ºC)

miR-25-3p-RT 5`-GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACTCAGAC-3`

55

miR-25-3p-F 5`-GTGCATTGCACTTGTCTCG-3`

miR-133a-3p-RT 5`-GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAAC CAGCTG-3`

miR-133a-3p-F 5`-GTGTTTGGTCCCCTTCAAC-3`

RNU43_RT 5`-GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAATCAG-3`

RNU43_F 5`-GTGAACTTATTGACGGGCG-3`

Universal miRNA 5`-GTGCAGGGTCCGAGGT-3`

Results 

Demographic characteristics of patients and control subjects 
The present study enrolled 50 patients with osteoporosis and 
40 apparently healthy subjects. The mean age of patients was 
72.5 ± 9.45and that of control subjects was 71.4±8.33 years 
and there was no significant difference between patients and 
control subjects in mean age (P=0.561). Again, there was no 
significant difference in the frequency distribution of patients 
and control subjects according to age (P=0.699). Patients’ group 
included 8 (16%) males and 42 (84%) females, whereas con-
trol group included 10 (25%) males and 30 (75%) females and 
there was no significant difference in the frequency distribution 
of patients and control subjects according to gender (P=0.289). 

According to BMI, the mean of BMI of patients was 
30.07±5.1and that of healthy control subjects was 30.55±4.07 
and there was no significant difference between patients and 
control subjects in mean BMI (P=0.628). The above results have 
ensured statistical matching between patients’ group and con-
trol group regarding age and gender which is a prerequisite for 
such case control study.

Family History of Osteoporosis Patients.

Osteoporotic patients with positive family history of this disease 
accounted for 19 (38%) whereas, control subjects with posi-
tive family history for obesity patients accounted for 0 (0%), 
therefore, the rate of positive family history of Osteoporosis was 
higher in patients than control groups in a highly significant 
manner (P <0.001).

Risk Factors of Osteoporosis Patients.

Possible effects of risk factors such as (body mass index, history 
of previous fracture, and smoking on the osteoporosis disease 
was studied and results revealed that there was higher percent-
age of Osteoporosis patient associated with body mass index, 
where 29 (58%) of Osteoporosis patients were obese, although 
the relation was not significant when compared to the healthy 
controls (P=0.170).

The frequency distribution of Osteoporosis patients and healthy 
controls according to History of previous fracture was as follow-
ing: 20 (40%) patients having previous fracture and 30 (60%) 
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don’t having previous fracture in compared to healthy controls 
was 0(0%) with previous fracture and 40 (100.0%) without 
previous fracture. This result indicated the prevalence of Osteo-
porosis was higher among patients who have history of previ-
ous fracture (P<0.001).

The same results indicate 9(18%) from individuals with Osteo-
porosis are active smokers, these results indicate non-significant 
differences when compared to healthy controls, 2(5%) with ac-
tive smokers, (P=0.061).

Subjects Real time PCR Results

miRNA-133 Levels in Patients and Control Groups.

There was highly significant difference in miR-133 among study 
groups (P<0.001); the level of patients groups was higher than 
that of control group with median 59.75 (90.00) in compared 
to median of control groups1.25 (6.78) (P<0.05).

miRNA-25 Levels in Patients and Control Groups.

There was no significant difference in miR-25 among study groups 
(P=0.295); the level of patients groups was higher than that of 
control group with median 4.11(16.00) vs 1.5 (12.26) for control 
groups (P<0.05). miR-133a and miR-25 3p levels in patient with 
osteoporosis and control subjects are shown in figure 1.

miRNA-133 a Levels in Patients and Control Groups.

To evaluate the miR-133 cutoff value as well as to predict the 
Osteoporosis as diagnostic tests or adjuvant diagnostic tests, 
receiver operator characteristic (ROC) curve analysis was carried 
out (figure 2). The miR-133 cutoff value was >8.3 with sensitiv-
ity, specificity, positive predictive value (PPV), negative predictive 
value (NPV) and Area under curve of 76%, 80%,82.6%, 72.7% 
and 0.815 (0.723- 906).

 

miRNA-25 Levels in Patients and Control Groups.

To evaluate the miR-24 cutoff value as well as to predict the 
Osteoporosis as diagnostic tests or adjuvant diagnostic tests, 
receiver operator characteristic (ROC) curve analysis was carried 
out (Figure 3). The miR-25 cutoff value was >1.32 with sensitiv-
ity, specificity, positive predictive value (PPV), negative predictive 
value (NPV) and Area under curve of 66%, 45%, 60%, 51.4% 
and 0.565 (0.444- 685).

 

Correlations of miRNA-25 and miRNA-133 Levels to Some Clin-
ic-Pathological Characteristics and Immunological Parameters 
in Patients with Osteoporosis.

Results indicated no significant  correlation between level of 
miRNA-25  and age (r= -0.133, P= 0.357), BMI (r = 0.022, P= 
0.880), calcium (r = -0.264, P= 0.065), vitamin D  (r = -0.207,P= 
0.150), but highly significant correlation between miR-25 levels 
and gender (r = 0.412, P< 0.001), family history (r = 0.422, P< 
0.001), smoking (r = 0.450, P< 0.001) and history of previous 
fracture (r = 0.394, P= 0.001). 

Figure 1. Distribution of patients with Osteoporosis and control 
subjects according to the level of miR-133 a and miR-25 3p

Figure 2. Receiver Operator Characteristic Curve Analysis for the 
Calculation of miRNA-133 A Possible Diagnostic Cutoff Value.

Figure 3. Receiver Operator Characteristic Curve Analysis for the 
Calculation of miRNA-25 Possible Diagnostic Cutoff Value.
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The same table showed no significant  correlation between level 
of miRNA-133  and age (r= -0.046, P= 0.752), BMI (r = 0.091, 
P= 0.357), vitamin D  (r = -0.363,P= 0.090) and history of pre-
vious fracture (r = 0.213,P= 0.072), but highly significant cor-
relation between miRNA-25 levels and gender (r = 0.387, P = 
0.001), family history (r = 0.256, P=  0.030), calcium (r = -0.350, 
P= 0.013) and smoking (r = 0.418, P< 0.001).

Discussion

The WHO named this disease a “silent epidemic of the 21st cen-
tury” resulting in more than 8.9 million osteoporotic fractures 
annually. In fact, osteoporosis is often primarily diagnosed in pa-
tients that are admitted to the hospital for fracture treatment. 
Unfortunately, this diagnosis is mostly performed in a quite 
late phase of the disease. At that time, osteoporosis is usually 
already established or severe. The lifetime risk of osteoporotic 
fractures is relatively high. For example, the risk of hip fractures 
in osteoporotic patients is as high as 40%, thus in a comparable 
range as the lifetime risk of coronary heart disease23.             

It is reported that osteoporosis targets every third woman and 
every fifth man beyond 50 years of their ages24. The occurrence 
ratio in female to male for the osteoporosis is 1:6 with 61% of 
fractures befalling in the women25.

The role of miRNAs as biomarkers for bone diseases has drawn 
much attention recently and have potential use, miRNAs are 
involved in the osteoclast proliferation, differentiation, cell-fu-
sion, apoptosis, cytoskeleton formation and bone resorption, 
osteoclast differentiation is regulated by transcriptional, post-
transcriptional, and post-translational mechanisms. miRNAs are 
fundamental post-transcriptional regulators of gene expression 
and play a key role in the normal bone development26. 

Kocijan et al. (2016)27 assessed circulating miRNA signatures in 
male and female subjects with idiopathic or postmenopausal 
osteoporotic fractures and found that eight miRNAs were con-
firmed to be excellent discriminators of fractures regardless of 
age and gender. 

In addition to genetic factors, behaviors (such as low level of 
physical activity, cigarette smoking, and caffeine intake) to-
gether with nutrients (including dietary calcium intake and vi-
tamin D deficiency) are critical determinants of osteoporosis 
and bone fracture28. Recently, emerging evidence suggests that 
epigenetic modifications may be the underlying mechanisms 
that link genetic and environmental factors with an altered risk 
of osteoporosis29,30.

The BMD value is currently a gold standard tool, both for the 
diagnosis and evaluation of the response of the medical treat-
ment in osteoporosis patients31.

In meta-analysis on a huge cohort of postmenopausal osteopo-
rotic women versus controls, Pala and Denkceken (2019)32 iden-
tified a relevant upregulation of miR-133a involved in osteoclast 
differentiation regulatory pathway. 

Results of a study done by Li et al., (2018)33 showed that miR-
133a was significantly upregulated and negatively correlated 

with lumbar spine BMD in serum of postmenopausal osteopo-
rotic women. MiR-133a also plays an important role in bone 
loss by altering the serum levels of osteoclastogenesis-related 
factors, decreasing lumbar spine BMD and changing bone his-
tomorphology in vivo.  

Another evidence was provided by a recent study reporting 
substantial changes of several miRNAs that regulate osteoblast 
and osteoclast differentiation and function following treatment 
with anti-osteoporotic agents34.

In particular, a decrease expression of miR-133a was found 
in the serum of osteoporotic postmenopausal women at 12 
months of treatment with teriparatide, a bone anabolic drug. 
This finding is in line with two previous reports demonstrating 
an increase in miR-133a expression in the serum of osteoporotic 
patients. In addition, in human clinical studies identifying miR-
NAs involved in the pathogenesis of osteoporosis the miR-133a 
one of miRNAs that upregulated in expression in patients with 
osteoporosis in Plasma samples from postmenopausal normal 
(n=40) and osteoporotic women (n=40)35.

Among Circulating miRNA molecules that associated with 
osteoporosis, Li et al. (2014)36 had validated upregulation of 
miR-133a-3p in the plasma from osteoporosis versus normal 
Chinese post-menopausal women. Additionally, the circulating 
expression levels of miR-133a-3p was found to be correlated 
with the BMD.

MiR-133 directly targets Runx2 and therefore affects osteoblas-
togenesis, it is thus coherent that its expression was decreased 
following a treatment that stimulates bone formation. Because 
of ethical and technical limitations, the number of studies inves-
tigating miRNAs expression in osteoporotic bone tissue is still 
limited, besides these few cell-specific studies, a higher number 
of reports investigated the differences in miRNAs signatures in 
human whole blood, serum, plasma or peripheral mononuclear 
cells between osteoporotic and non-osteoporotic subjects, miR-
NAs are potentially involved in the regulation of osteoblasto-
genesis, osteoclastogenesis or both but not all miRNA targets 
are biologically validated37.

miR-133a-3p was upregulated in human circulating mono-
cytes from the lower BMD post-menopausal Caucasian women 
groups38,39, therefore, miR-133a-3p, and some others have po-
tential acting as biomarkers for post-menopausal osteoporosis.    

This result was further confirmed by other clinical study on 
miRNA from serum and bone tissue of patients with osteopo-
rotic fractures which was investigated regarding dysregulated 
miRNA expression. Five miRNAs were identified that were 
overexpressed in both bone and serum among them miR-25, 
in addition, disease-associated miRNAs in bone tissue such as 
miRNA-25 overexpressed in serum and bone of recent hip frac-
tured patients, affect osteogenic differentiation of MSCs40 and 
among miRNAs associated with diseases in bone tissue there is 
miRNA-25 which overexpressed in serum and bone of recent 
hip fractured patients affect osteogenic differentiation of MSCs 
(Mesenchymal Stem Cells)41.

Human clinical studies identifying miRNAs involved in the 
pathogenesis of osteoporosis and from them hsa-miR-25-3p 
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that  present in  serum and bone samples from osteoporotic 
fractured patients and non-osteoporotic fractured controls with 
results of (n=30 per group/serum), increased in bone samples 
of osteoporosis patients, the same study concluded that among 
the most abundant miRNAs in the serum from osteoporosis 
patients, 11 miRNAs, miR‐25‐3p one of these miRNAs, it was 
significantly upregulated  compared with the nonosteoporotic 
patients’ samples42.

These discrepancies among studies are likely due to the differ-
ent nature of patients’ population (osteoporotic with or without 
fractures) and selected controls. Moreover, given that fracture 
significantly affects bone homeostasis, one can assume that this 
has an impact on miRNA expression and can bias the results. 
Interestingly, a link between bone tissue and serum/blood ex-
pression patterns was found for some miRNAs43,44.

miRNAs serve as biomarkers and potential therapeutic targets 
for diseases45. 

Interestingly, the stability of these circulating miRNAs is high be-
cause exosomes are impermeable for RNases and AGO-proteins 
are protecting the miRNAs from enzymatic disruption. Kept on 
−70℃, miRNAs remain stable for at least one year46,47. Since cir-
culating miRNAs are stable for a certain time and easily acces-
sible from body fluids, they are ideal candidates for their use as 
novel biomarkers.

Our results indicated that miRNA-133 a significant more than 
miRNA-25 3P, however, miRNA-25 3P although not significant 
but upregulated in some patients and that may related to small 
size of specimens which may affect our results. Several more 
miRNAs have been reported to play a role in bone fracture and 
osteoporosis in humans. In the absence of significant associa-
tion, the concern of inadequate sample size might be raised48.

Moreover, some parameters may influence the levels of circu-
lating miRNAs were not controlled: for example, tobacco use 
just before blood collection49, diet50, amount of physical activity 
and especially just before blood collection51-52, the use of some 
medications such as aspirin53, and lipoproteins levels54.

Both the overexpression and inhibition of miRNA can be ex-
ploited for the development of potential therapeutics. miRNA 
sponges, anti-miRNAs and miRNA masks are few strategies for 
the suppression of intracellular miRNAs55.

As an emerging treatment strategy, miRNAs have exhibited re-
markable potential to treat different diseases 56, such as a study 
on miR-25-3p that suggests that this miRNA is a promising tar-
get therapeutic target demonstrating these results in a larger 
population in the future would identify miR-25-3p as a promis-
ing clinical therapeutic target. Importantly, miR-25-3p is easily 
measured in serum samples; these findings may provide a non-
invasive methodology for the diagnosis of clinical osteoporosis 
same work also demonstrates that miR-25-3p is a key posttran-
scriptional regulator of osteoclast differentiation and negatively 
regulates osteoclast function through nuclear factor I X (NFIX), 
overexpression of NFIX promoted osteoclast proliferation and 
increased the expression of the osteoclast differentiation, sug-
gesting that it may have clinical relevance and therapeutic value 
in osteoporosis57. 

Despite some differences in the published data, taken all to-
gether, these studies suggest that miRNAs could be useful to 
investigate alterations of bone metabolism and promisingly, a 
link between bone and serum/blood expression patterns was 
found for some miRNAs, providing evidence that circulating 
miRNA levels may be directly correlated to altered bone me-
tabolism. This finding together with the fact that miRNAs are 
stable in body fluids makes them potential tools to detect early 
manifestations of OP. Given that epigenetics is recognized as 
a significant contributor to pathological conditions, efforts to 
investigate the epigenetic marks in OP could pave the way for 
new therapeutic advances58.

In the OFELY Cohort, researcher not find evidence of an asso-
ciation between the serum levels of the 32 preselected miRNAs 
and BMD and fractures although the role of these miRNAs may 
be important in the cellular context, the detectable levels in se-
rum do seem to be useful for determining bone mass and bone 
turnover in postmenopausal women59.

Unfortunately, to date, there is still too much conflicting infor-
mation in the literature concerning the use of circulatory miR-
NAs (c-miRNAs) as potential biomarkers for OP, due to differ-
ences in selection of patients and comparison group (controls), 
type of samples, analytical methods and the reliability of results/
evidence. Moreover, alterations in miRNA expression patterns in 
osteoporotic patients do not provide enough functional infor-
mation to assess a direct link between the causality of miRNAs 
alteration and osteoporosis pathogenesis60.

However, one of the most important limitation in the current 
study was finding other studies (for comparison) on osteoporo-
sis that focused on miRNA (exactly miRNA-133 a and miRNA-25 
3p) and relationship with variables such as calcium, vitamin D, 
BMD, smoking, history of previous fracture and gender (few 
studies on osteoporosis in men) whether in worldwide in gen-
eral or in Iraq in particular.

Conclusion

miRNAs are key players in various aspects of bone metabolism. 
Several studies demonstrated the importance of miRNA regu-
lation for osteoblast and osteoclast differentiation. Since sig-
nificant amounts of miRNAs can be found in the circulation, 
they provide unique potential for novel biomarkers: they show 
specificity for certain diseases and are accessible and stable mol-
ecules. Therefore, investigating miRNA-patterns in liquid biop-
sies represents a promising new avenue to early detection of 
osteoporosis and other bone diseases. Future work may involve 
the continued examination of how miRNAs control osteoclast 
differentiation using biological, cytological, and molecular bio-
logical principles. 

Acknowledgments

The appreciation is extended to the staff of Marjan Teaching 
Hospital / Babylon Province for all the help, especially labora-
tory staff and Rheumatologist support they provided during the 
practical part of this research.



AV
FT

  A
rc

hi
vo

s 
Ve

ne
zo

la
no

s 
de

 F
ar

m
ac

ol
og

ía
 y

 T
er

ap
éu

tic
a

Vo
lu

m
en

 4
0,

 n
úm

er
o 

8,
 2

02
1 

  I
SS

N
 2

61
0-

79
88

781

www.revistaavft.com

Source of funding: personal funding 

Conflict of interest: none.

Expressions of gratitude  

The authors thank the healthy individuals and the patients 
who expressed their assistance and made this work possible.

References

1-	 Contreras F., Fouillioux C., Bolívar A., Jiménez S., Rodríguez S., García 
M., Montero E., Cabrera J., Suárez5y M Velasco N., (2001). Osteopo-
rosis: Risk Factors, Prevention and Treatment. (AVFT) Archives of Ven-
ezuelan of Pharmacology and Therapeutics, vol. (20) – No.(1), (27-37).

2-	 Norma Gunsha L., Joselyn Rojas and Valmore Bermúdez, (2016). Os-
teoporosis in a 30-yr old woman with premature ovarian insufficiency. 
Case report. (AVFT) Archives of Venezuelan of Pharmacology and Ther-
apeutics, vol. (35) – No.(1). (11-15).

3- 	 María Luisa Arias Loyola, Joselyn Rojas and Valmore Bermúdez, (2019). 
Primary hyperparathyroidism with nephrolithiasis in a menopausal 
woman with regard to a case. (AVFT) Archives of Venezuelan of Phar-
macology and Therapeutics, vol. (38) – No.(2). (211-214).

4- 	 María Gabriela Reyes, Robys González, Rendy Chaparro, Roberto 
Añez, Hedyluz Araujo and Diego Fuenmayor, (2017). Growth Hor-
mone, IGF-1, urine Calcium/creatinine ratio and Bone mineral density 
in acromegalic patients. (AVFT) Archives of Venezuelan of Pharmacol-
ogy and Therapeutics, vol. (36) – No.(1). (1-9).

5-	 Khosla S. and Riggs BL., (2005). Pathophysiology of age-related bone 
loss and osteoporosis. Endocrinol Metab Clin N Am.; 34:1015–30. 

6-	 Kanis JA., Melton LJ. III, Christiansen C., Johnston CC. and Khaltaev 
N., (1994). The diagnosis of osteoporosis. Journal of Bone and Mineral 
Research.;9(8):1137-1141. 

7-	 Johnell O. and Kanis JA., (2006). An estimate of the worldwide preva-
lence and disability associated with osteoporotic fractures. Osteoporo-
sis International; 17(12):1726-1733.

8-	 Warriner A. H. and Saag K. G., (2013). “Osteoporosis diagnosis and 
medical treatment,” Orthopedic Clinics, vol. 44, no. 2, pp. 125–135.

9-	 Hays J., Ockene J. K., Brunner R. L., Kotchen J. M., Manson J. E., Pat-
terson R. E., Aragaki A. K., Shumaker S. A., Brzyski R. G., LaCroix A. 
Z. et al., (2003). “Effects of estrogen plus progestin on health-related 
quality of life,” New England Journal of Medicine, vol. 348, no. 19, pp. 
1839–1854. 

10-	 Blake G. M. and Fogelman I., (2010). “An update on dual-energy x-
ray absorptiometry,” in Seminars in nuclear medicine, vol. 40, no. 1. 
Elsevier, pp. 62–73. 

11-	 Cummings S. R. and Black D., (1995). “Bone mass measurements and 
risk of fracturein caucasian women: A review of findings from prospec-
tive studies,” The American journal of medicine, vol. 98, no. 2, pp. 
24S– 28S. 

12-	 Schuit S., Klift M. V.d, Weel A., De Laet C., Burger H., Seeman E., 
Hofman A.,   Uitterlinden A., Van Leeuwen J. and   Pols H., (2004). 
“Fracture incidence and association with bone mineral density in el-
derly men and women: the rotterdam study,” Bone, vol. 34, no. 1, pp. 
195–202. 

13-	 Bellavia D., De Luca A., Carina V. et al., (2019). Deregulated miRNAs in 
bone health: epigenetic roles in osteoporosis. Bone 122, 52–75. 

14-	 Taipaleenmaki H., (2018). Regulation of bone metabolism by microR-
NAs. Curr Osteoporos Rep.; 16(1):1–12.

15-	 Bayraktar, R., Van Roosbroeck, K., and Calin, G. A. (2017). Cell-to-cell 
communication: microRNAs as hormones. Mol. Oncol. 11 (12),1673–
1686. doi: 10.1002/1878-0261.12144.

16-	 Rao PK., Kumar RM., Farkhondeh M., Baskerville S. and Lodish HF., 
(2006). Myogenic factors that regulate expression of muscle-specific 
microRNAs. Proc Nat Acad Sci USA; 103:8721-6.

17-	 Zhang Y., Xie RL., Croce CM., Stein JL., Lian JB., van Wijnen AJ. and 
Stein GS., (2011). A program of microRNAs controls osteogenic lin-
eage progression by targeting transcription factor Runx2. Proc Nat 
Acad Sci U S A; 108:9863-8; PMID:21628588. 

18-	 Liao XB., Zhang ZY., Yuan K., et al., (2013). MiR-133a modulates os-
teogenic differentiation of vascular smooth muscle cells. Endocrinol-
ogy.;154(9):3344–52.

19-	 Fan J.-B., Liu W., Zhu X.-H.,Yi H., Cui S.-Y., Zhao J.-N. and Cui Z.-
M., (2017), microRNA-25 targets PKCζ and protects osteoblastic cells 
from dexamethasone via activating AMPK signaling, Oncotarget, 
Vol.8,(No.2),pp:3226-3236. doi: 10.18632/oncotarget.13698.

20-	 Hackl M., Heilmeier U., Weilner S. and Grillari J., (2016). Circulating 
microRNAs as novel biomarkers for bone diseases-Complex signatures 
for multifactorial diseases? Mol. Cell. Endocrinol., 432, 83-95.

21	 -Morrow D.A. and de Lemos J.A., (2007). Benchmarks for the Assess-
ment of Novel Cardiovascular Biomarkers. Circulation, 115, 949–952.

22-	 Livak, K.J. and Schmittgen T.D., (2001).”Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 2- ΔΔCTmethod” 
method 25(4):402-408.

23-	 World Health Organization. (2007). WHO scientific group on the as-
sessment of osteoporosis at primary health care level. Summary Meet-
ing report. Brussels, Belgium. 2:5–7 http:// www.who. int/chp/ topics/.   

24-	 Sozen T., Ozışık L. and Başaran NC. (2017). An overview and manage-
ment of osteoporosis. European Journal of Rheumatology.; 4(1):46. 

25-	 Johnell O. and Kanis JA., (2006). An estimate of the worldwide preva-
lence and disability associated with osteoporotic fractures. Osteoporo-
sis International.; 17(12):1726-1733.

26-	 Ji X., Chen X. and Yu X., (2016). MicroRNAs in Osteoclastogenesis and 
Function: Potential Therapeutic Targets for Osteoporosis, Int. J. Mol. 
Sci. 17, 349; doi:10.3390/ijms17030349. 

27-	 Kocijan R., Muschitz C., Geiger E., Skalicky S., Baierl A., Dormann R. et 
al., (2016). Circulating microRNA signatures in patients with idiopathic 
and postmenopausal osteoporosis and fragility fractures. J. Clin. En-
docrinol. Metab. 101, 4125–4134,  https://doi.org/10.1210/jc.2016-
2365.

28-	 Lane N.E. (2006). Epidemiology, etiology, and diagnosis of osteopo-
rosis. Am. J. Obstet. Gynecol. 194, S3–S11, https:// doi.org/ 10.1016/ 
j.ajog. 2005.08.047.

29-	 Yasui T., Hirose J., Aburatani H. and Tanaka S., (2011). Epigenetic regu-
lation of osteoclast differentiation. Ann. N. Y. Acad. Sci. 1240, 7–13, 
https://doi.org/10.1111/j.1749-6632. 2011. 06245.x.

30-	 Ghayor C. and Weber F.E., (2016). Epigenetic regulation of bone re-
modeling and its impacts in osteoporosis. Int. J. Mol. Sci. 17, 1–14, 
https:// doi.org/10.3390/ijms17091446.

31-	 Levine JP. (2011). Identification, diagnosis, and prevention of osteopo-
rosis. Am J Manag Care 17:S170–6.

32-	 Pala E., Denkc and eken T., (2019). Differentially expressed circulating 

https://doi.org/10.1210/jc.2016-2365
https://doi.org/10.1210/jc.2016-2365
https://doi.org/10.1111/j.1749-6632


782

miRNAs in postmenopausal osteoporosis: ameta-analysis. Biosci. Rep. 
39(5), BSR20190667.

33-	 Li Z., Zhang W. and Huang Y. (2018). MiRNA-133a is involved in the 
regulation of postmenopausal osteoporosis through promoting osteo-
clast differentiation, Acta Biochim Biophys Sin, 50(3), 273–280.

34-	 Anastasilakis A.D., Makras P., Pikilidou M., et al., (2018). Changes 
of circulating MicroRNAs in response to treatment with Teriparatide 
or Denosumab in postmenopausal osteoporosis, J. Clin. Endocrinol. 
Metab. (3) 1206–1213.

35-	 Wang Y., Li L., Moore B.T., et al., (2012). MiR-133a in human circulat-
ing monocytes: a potential biomarker associated with postmenopausal 
osteoporosis, PLoS One 7 e34641.

36-	 Li H., Wang Z., Fu Q. and Zhang J., (2014). Plasma miRNA levels cor-
relate with sensitivity to bone mineral density in postmenopausal os-
teoporosis patients. Biomarkers 19, 553–556.

37-	 Letarouilly J.-G., Brouxa O. and Clabaut A., (2018). New insights into 
the epigenetics of osteoporosis Genomics, https:// doi.org/10.1016/ j. 
ygeno. 2018. 05.001.

38-	 Cao Z., Moore B.T., Wang Y., Peng X.H., Lappe J.M., Recker R.R. and 
Xiao P., (2014). miR-422a as a potential cellular microRNA biomarker 
for postmenopausal osteoporosis. PLoS ONE, 9, e97098.

39-	 Cheng P., Chen C., He H.B., Hu R., Zhou H.D., Xie H., Zhu W., Dai R.C., 
Wu X.P., Liao E.Y., et al. (2013). miR-148a regulates osteoclastogenesis 
by targeting v-maf musculoaponeurotic fibrosarcoma oncogene ho-
molog b. J. Bone Miner. Res., 28, 1180–1190.

40-	 Weilner S., Skalicky S., Salzer B., Keider V., Wagner M., Hildner F. Ga-
briel C., Dovjak P., Pietschmann P. and Grillari-Voglauer R., (2015). Dif-
ferentially circulating miRNAs after recent osteoporotic fractures can 
influence osteogenic differentiation. Bone, 79, 43–51.

41-	 Foessl I., Kotzbeck P. and Obermayer-Pietsch B., (2019). miRNAs as 
novel biomarkers for bone related diseases. J Lab Precis Med;4:2.

42-	 Seeliger C., Karpinski K., Haug A.T.,Vester H., Schmitt A., Bauer J.S. 
and van Griensven M., (2014). Five freely circulating mirnas and bone 
tissue miRNAs are associated with osteoporotic fractures. J. Bone Min-
er. Res., 29, 1718–1728.

43-	 Panach L., Mifsut D., Tarín J.J., Cano A. and García-Pérez M.A., (2015). 
Serum circulating MicroRNAs as biomarkers of osteoporotic fracture, 
Calcif. Tissue Int. 97, 495–505.

44-	 Chen H., Jiang H., Can D., et al., (2017). Evaluation of MicroRNA 125b 
as a potential biomarker for postmenopausal osteoporosis, Trop. J. 
Pharm. Res. 16, 641.

45-	 Suttamanatwong S. (2017). MicroRNAs in bone development and 
their diagnostic and therapeutic potentials in osteoporosis, Connect. 
Tissue Res. 58, 90–102.

46-	 Sourvinou IS., Markou A. and Lianidou ES. (2013). Quantification of 
Circulating miRNAs in Plasma. J Mol Diagn; 15:827-34.

47-	 Li Y., Jiang Z., Xu L., et al. (2011). Stability analysis of liver cancer-
related microRNAs. Acta Biochim Biophys Sin (Shanghai);43:69-78.

48-	 Ding H., Meng J., Zhang W., et al., (2017). Medical examination pow-
ers miR-194-5p as a biomarker for postmenopausal osteoporosis. Sci 
Rep.; 7(1):16726.

49-	 Takahashi K., Yokota S-I., Tatsumi N., Fukami T., Yokoi T. and Nakajima 
M. (2013). Cigarette smoking substantially alters plasma microRNA 
profiles in healthy subjects. Toxicol Appl Pharmacol.; 272 (1):154–60.

50-	 Becker N. and Lockwood CM. (2013). Pre-analytical variables in miRNA 

analysis. Clin Biochem.; 46(10–11):861–8.

51-	 Radom-Aizik S., Zaldivar F., Oliver S., Galassetti P. and Cooper DM. 
(2010). Evidence for microRNA involvement in exercise-associated 
neutrophil gene expression changes. J Appl Physiol.;109 (1):252–61.

52-	 Backes C., Leidinger P., Keller A., et al., (2014). Blood born miRNAs 
signatures that can serve as disease specific biomarkers are not signifi-
cantly affected by overall fitness and exercise. PloS One.; 9(7):e102183.

53-	 de Boer HC., van Solingen C., Prins J., et al., (2013). Aspirin treatment 
hampers the use of plasma microRNA-126 as a biomarker for the pro-
gression of vascular disease. Eur Heart J.;34(44):3451–7.

54-	 Kroh EM., Parkin RK., Mitchell PS. and Tewari M., (2010). Analysis of 
circulating microRNA biomarkers in plasma and serum using quantita-
tive reverse transcription-PCR (qRT-PCR). Methods.; 50(4): 298–301.

55-	 Mendell JT. and Olson EN. (2012). MicroRNAs in stress signaling and 
human disease. Cell.; 148(6):1172-1187.

56-	 Sun K.T., Chen M.Y., Tu M.G., et al. (2015). MicroRNA-20a regulates 
autophagy related protein-ATG16L1 in hypoxia-induced osteoclast dif-
ferentiation, Bone 73 145e153. 

57-	 Huang Y., Ren K., Yao T., Zhu H., Xu Y. Ye H., Chen Z., Lv J., Shen S., 
Ma J., (2019). MicroRNA-25-3p regulates osteoclasts through nuclear 
factor I X, Biochemical and Biophysical Research Communications,  
https://doi.org/ 10.1016/ j.bbrc. 2019. 11.043.

58-	 Letarouilly J.-G., Brouxa O. and Clabaut A. (2018).  New insights into 
the epigenetics of osteoporosis Genomics, https:// doi.org/10.1016/ j. 
ygeno. 2018. 05.001

59-	 Feurer E., Kan C., Croset M., Sornay-Rendu E. and Chapurlat R. (2019). 
Lack of Association Between Select Circulating miRNAs and Bone 
Mass, Turnover, and Fractures: Data from the OFELY Cohort, Journal 
of Bone and Mineral Research, Vol. xx, No. xx, pp 1–12, DOI: 10.1002/
jbmr.3685.

60-	 Fittipaldi S., Visconti V.V., Tarantino U., Novelli G. and Botta A. (2020). 
Genetic variability in noncoding RNAs: involvement of miRNAs and 
long noncoding RNAs in osteoporosis pathogenesis. Epigenomics, 
12(22), 2035–2049.

 

https://doi.org/



