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Summary

Objectives: To identify microRNAs (miRNAs) differentially expressed in bone samples with osteoporotic
fracture compared with healthy bones.

Methods: Total RNA was extracted from fresh trabecular bone of the femoral neck of women undergoing
hip replacement surgery, either because to osteoporotic fracture (n=6) or in the absence of osteoarthritis
osteoporosis (based on BMD) (n=6). The samples were hybridized on an array of miRNAs and PCA dia-
grams and heat map were made. To compare expression levels, >1.5 times and a value p<0.05 Student's
T test (corrected for multiple testing) was set as a threshold of significant change.

Results: Both PCA analysis and the heat map showed a samples grouping whether there was fracture or
not. 790 were detected miRNAs in bone samples, 82 of which were altered in the osteoporotic samples.
After validation in another panel of 6 samples 6 osteoporotic and non-osteoporotic by PCR real time of
the most significant miRNAs, and for which there was a test available, the miRNAs, miR-320a and miR-
22-3p were confirmed. These two miRNAs were detected in cultures of primary osteoblasts, although they
did not maintain the same pattern of expression in total bone samples.

Conclusions: We have shown that there are differences in the expression of miRNAs in samples with osteo-
porotic fracture. This opens prospects for research and design of new therapies.
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Introduction

MicroRNAs (miRNAs) have been linked to a
variety of processes, such as cellular proliferation,
differentiation and apoptosis. Deregulation of any
of these processes could lead to pathological
disorders, some as severe as cancer'.

MicroRNAs are small (18-24nt), non-coded
RNAs, that negatively regulate gene expression by
binding to the 3-UTRs of the target miRNAs
sequences. In bone tissue, miRNAs have been des-
cribed as key factors in regulating the formation,
remodeling and homeostasis of the bone*?.
Furthermore, several studies have shown that
miRNAs are involved in controlling the differentia-
tion and function of bone cells.

Thus the identification of such miRNAs could
be a tool to develop therapies to promote bone
formation or inhibit bone resorption and so act on
bone diseases.

In the field of osteoporosis there are very few
studies concerning miRNA involvement in its
pathophysiology. Li et al.> described a mutation
in the pre-miR-2861 that blocked miR-
2861expression, causing primary osteoporosis in
two adolescent relations. In another study, three
polymorphisms in the target sequences for miR-
146a and miR-146b in the FGF2 gene is geneti-
cally associated with bone mineral density (BMD)
of the femoral neck®. There have also been seve-
ral studies which attempted to identify miRNAs
with an altered expression pattern associated
with osteoporotic fracture to find disease biomar-
kers™. All of these studies found different
miRNAs proving once again the complexity of
osteoporosis fracture.

However, the sample type, the conditions of
collection and handling process as well as the cha-
racteristics of the study population may influence
the final result. In fact, a variety of expression pro-
files of miRNAs have been found depending on
the cell type studied within the osteoblast lineage
(proliferation, differentiation, mineralization), if
subjected to any treatment (hormones, cytokines)
or species of origin'®!. Thus, it is difficult to com-
pare studies, although any input in the field is a
step closer to understanding the pathophysiology
of the fracture.

The aim of this study was to identify miRNAs
with altered expression in osteoporotic bone,
using an experimental methodology as close as
possible to physiological conditions. For this pur-
pose, the trabecular bone obtained from patients
with a recent osteoporotic fracture compared to
non-osteoporotic bone samples were analyzed. A
study of microarray hybridization was performed
using fresh whole bone tissue to detect all miRNAs
expressed in these samples.

Material and methods

Preparation of the bone samples

The trabecular bone of the femoral neck was
obtained from postmenopausal women under-
going hip replacement, either osteoporotic frac-
ture (OP) (n=6) or osteoarthritis (n=6). Samples

in the absence of osteoarthritic osteoporosis were
determined by measuring BMD and considered
as the control group. To validate the results of
the array, six additional samples of the trabecular
bone of the femoral neck with fracture were
obtained and 6 samples without osteoporosis. Of
the latter samples, primary osteoblasts (HOB)
were also obtained. No patient presented a his-
tory of metabolic or endocrine disease, chronic
renal failure, chronic liver disease, cancer, Paget's
disease, malabsorption syndrome, treatment of
hormone replacement therapy, or medication
agents or oral anabolic steroids, anti-epileptic
drugs, lithium heparin or warfarin. Written infor-
med consent was obtained in accordance with
the regulations of the Ethics Committee of the
MAR Health Park Clinical Research Center, which
approved the study.

Cultivation of primary osteoblasts

For the cultivation of osteoblasts from the bone
samples of the validation phase, small fragments
of trabecular bone were obtained and placed in
culture plates of 140 mm. They were incubated
with DMEM (Dulbecco's Modified Eagle Medium)
culture medium supplemented with FBS (Fetal
Bovine Serum) 10% penicillin/streptomycin 1%,
0.4% fungizone and 100 nug/ml ascorbic acid. The
plates were trypsinized after about three weeks
just before the junction for RNA extraction.

RNA extraction

For RNA extraction, total bone tissue, fresh sam-
ples of trabecular bone were cut into small pieces,
washed three times in phosphate buffered saline
(PBS), and stored at -80 until use.

The RNA extraction of both total bone and
HOB was performed using miRNeasy Mini Kit
(Qiagen) following the manufacturer's instruc-
tions. For primary osteoblasts, the RNeasy
MinFElute Cleanup (Qiagen) was also used to
obtain the fraction enriched miRNAs. The concen-
tration of purified RNA was analyzed in a spectro-
photometer (Nanodrop, Thermo Fisher Scientific
Ino).

Microarray microRNAs of total bone samples
and data analysis

The microarray and data analysis were perfor-
med on the Exiqon (Denmark) platform platform.
The quality of total RNA was verified by the
Agilent 2100 Bioanalyzer and 250 ng of RNA,
both as reference samples, were labeled with
fluorescent signals HY3™ and HY5™, respecti-
vely, using the miRCURY LNA™ microRNA Hi-
Power Labeling Kit, HY3™/HY5™ (Exiqon,
Denmark) following the procedure described by
the manufacturer. The RNA samples, labeled
HY3™ and the sample labeled reference HY5™
were mixed equally and hybridized to the array
of miRCURY LNA™ microRNA (Exiqon,
Denmark) containing capture probes for all
human, mouse or rat miRNAs, entered into the
miRBase 18.0. Hybridization was carried out



following the array instructions using a Tecan
HS4800 hybridization station™ (Tecan, Austria).
After hybridization, the results were scanned and
stored in an environment free of ozone (<2.0 ppb
ozone) to prevent the extinction of the fluores-
cent markers. Scanning was carried out using the
Agilent Microarray Scanner System G2565BA
(Agilent Technologies, Inc., USA). Image analysis
was performed using ImaGene® 9 (Software
Analysis miRCURY LNA™ microRNA, Exiqon,
Denmark). Signals were quantified (Normexp
With offset value 10, see Ritchie et al.*) and nor-
malized using the global regression algorithm
Lowess (locally weighted scatterplot smoothing).
After normalization, unsupervised and supervi-
sed data analysis took place. Diagrams of princi-
pal component analysis (PCA) and heat map sho-
wing performed unsupervised hierarchical cluste-
ring. The expression levels were compared using
the Student t test. The significance threshold was
established in the change log (logC) >1.5 times
and a value of p<0.05.

Validation of miRNAs differentially expressed
between the OP group and the control group
The quantification of the expression of miRNAs
in samples of whole blood was performed by
real-time PCR (qPCR) on the Exiqon (Denmark)
platform. 10 ng of RNA were transcribed to cDNA
using the kit miRCURY LNA™ Universal RT
microRNA PCR, polyadenylation and cDNA
synthesis according to the instructions. The
¢DNA was diluted 100-fold and the expression of
each of the miRNAs was quantified by qPCR
using a custom panel of specific primers (panel
custom pick & mix, Exiqon) and ExiLENT SYBR®
Green mastermix. Negative controls were run in
parallel with the samples. Amplification was per-
formed on a LightCycler 480 Real-Time PCR
System (Roche) in 384-well plates. Amplification
curves were analyzed using the software Roche
LC Cq for determining the value (the second deri-
vative method). Differences in expression levels
between the two groups was calculated as
2AddCq. Amplification efficiency was calculated
using algorithms similar to LinReg software. In
the analysis of the test data, only 3 Ct detected
below the negative control and Ct <37 were
included. Normalization was performed based on
the test average detected in all samples, as it is
proven to be the best method for normalization
of gPCR studies involving numerous tests®. For
the present study, this included 11 trials. The sta-
bility of the mean of 11 miRNAs was higher than
any miRNA alone in the measured data set by
NormFinder software'.

The formula used to calculate normalized
values Cq (DCQ) is:

Standard Cq = Cq Media - Cq trial (sample)

Finally, the quality control of the data was
performed as well as unsupervised data analysis,
Student t and Wilcoxon test for comparison bet-
ween groups (p<0.05 was considered signifi-
cant).
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Validation primary osteoblasts

To prepare cDNA, 1 pg of RNA was retrotranscri-
bed from each sample using the miScript IT RT kit
(Qiagen).

The expression of miRNAs was quantified by
gPCR using the miScript SYBR Green PCR Kit
using the sequence of the mature miRNA as the
first. The ¢cDNA was diluted at a ratio of 1/5 and
0.5 pl of sample per well was used, following the
protocol described by the supplier. Amplification
was performed in the "Flex QuantStudio 12K Real-
Time PCR" system in 384-well plates, and the data
were analyzed with "expression suite" software.
Expression was analyzed by RQ relative quantifi-
cation using the method of the second derivative
(DDC. The U6 snRNA was used as endogenous
control to normalize the samples. Each experi-
ment was done in triplicate. To compare the sta-
tistical differences between the groups with and
without osteoporosis, Mann-Whitney nonparame-
tric statistical test was carried out using SPSS ver-
sion 12.0 for Windows.

Bioinformatic analysis of miRNAs validated
For studying target genes differentially expres-
sed miRNAs was used following programs:
PicTar (http://pictar.mdc-berlin.de) TargetScan
Human (http://www.targetscan.org) miRDB
(http://mirdb org), Miranda (http://www micror-
na.org) DIANA-TarBase (http:.//diana.imis athe-
na-innovation.gr) and miRTarBase (http://mirtar-
base.mbc. nctu.edu.tw). TARGET-mirPath compu-
ter based tool web (11) to identify potentially alte-
red molecular pathways and the intersection of
the miRNAs differentially expressed in the fractu-
red bone was used. Information about protein
function was obtained in the UniProtKB database
(http:// www.uniprot.org).

Results

Description of the study patients

Anthropometric characteristics, both of patients
whose bone samples were used for expression
array, as well as those used to perform valida-
tions array results are shown in Table 1. There
were no differences in age and body mass index
between the two groups of patients (Mann-
Whitney test).

Unsupervised analysis of the expression array
Each trabecular bone sample of all the patients in

the study bone was analyzed individually in the
microarray miRNAs, and unsupervised analysis of
the results was carried out based on the expres-
sion profile in order to identify variation patterns
related to biological and technical factors.
Principal component analysis (PCA) was perfor-
med which included 50 miRNAs with greater
expression variation between samples to get an
overview of the clustering of the samples accor-
ding to their variance (Figure 1). The group of
non-osteoporotic samples (control group) sho-
wed a much more homogeneous profile than the
osteoporotic samples. The O-500 sample obtai-
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ned from a patient with osteoporosis, was consi-
dered atypical and excluded from the analysis.
The heat map diagram corroborates the PCA
results with a clear grouping of the control sam-
ples and a sparse array of osteoporotic samples
(Figure 2).

Comparison of expression of microRNAs between

OP and controls in total bone samples
The mean expression levels of miRNAs were

compared between groups with and without
osteoporosis, excluding the O-500 samples. This
analysis identified a subset of 82 miRNAs
(miRNAs analyzed about 1,932) whose absolute
value of the logarithm of the ratio was greater
than 1.5 and with an adjusted p value less than
0.05. Seven of these miRNAs corresponded to
small nucleolar RNAs, C/D box (SNORD), three
to virus and one was a miRPlus™ property
Exiqon sequence is not recorded in the miRBase
data, and were excluded from the wvalidation
phase.

Of those remaining (Table 2), 15 hsa-miRNAs
were chosen with the best significance values
and for which Exiqon available probes for valida-
tion by qPCR: let-7a-5p, miR-126-5p, miR-30c- 1-
3p, miR-22-3p, miR-25-3p, miR-26b-5p, miR-339-
5p, miR-423-3p, miR-320a, miR-483-5p, miR-491-
3p, miR-574-5p, miR-631, miR-99a-5p and miR-
99b-5p. The PCA diagram of individual qPCR
results showed clustering of the sample results to
be very similar to the array expression, confir-
ming the different biological source of the two
sample groups (Figure 3). An osteoporotic sam-
ple (O-567) was located in the control group and
was excluded from the analysis. After statistical
analysis four miRNAs; miR-320a, miR-99a-5p,
miR-339-5p and miR-22-3p showed significant
differences between groups with osteoporosis
and control (Table 3). However, the miRNAs miR-
99a-5p and miR-339-5p were found to be overex-
pressed in OP samples results array expression,
while they were under-expressed in the OP sam-
ples validation phase. These contradictory results
suggest a role for these miRNAs unrelated to
osteoporotic disease and they were discarded for
in silico study.

Comparison of expression of microRNAs between
OP and controls crops Hob

For each of the whole blood samples, primary
osteoblasts were obtained. These were analyzed
by gPCR expression of the miRNAs previously
validated in bone tissue samples. MiRNAs miR-
99a-5p and miR-339-5p were not detected in oste-
oblastic cells, while the miRNAs miR-320a and
miR-22-3p were expressed in the HObs, although
neither showed significant differences between
the two biological groups.

Prediction of target genes and analysis of signaling
pathways validated miRNAs

A comprehensive computer analysis by six diffe-
rent programs allowed us to predict potential tar-

get genes for the validated miRNAs. MiR-320a can
regulate genes involved in cell proliferation
(KRAS, PDGFD), inhibition of apoptosis (MCL1),
signal transduction (MAPK1, SOS2, PTEN), regula-
tion of gene expression (RUNX2, PPARGCI1A, SP1,
CAMTA1, ESRRG) receptors, growth factors, hor-
mones and cytokines (NPR1, BMPRIA, AR,
IGF1R, ESR1), etc. Moreover, as validated targets
are the CTNNB1, TFRC and POLR3D genes. This
miRNA is involved in 44 of the Encyclopedia of
Genes and Genomes Kyoto (KEGG) tracks, accor-
ding to predictions of the DIANA-mirPath pro-
gram where the prostate cancer path is the most
significant (1,105e-12), followed by endometrial
cancer (2,261e-10), the mTOR signaling pathway
(7,132e-08), and the PI3K-Akt signaling pathway
(3,914e-07).

The miR-22-3p has many validated target
genes, some of them very important in the regula-
tion of bone metabolism. Among them are the
ESR1, the PRKACA (required for adipogenic diffe-
rentiation and inhibition of osteoblast differentia-
tion), HDAC4, SP1, BMP7 and CDKG6 (BMP2 signa-
ling antagonist). The main signaling pathway
KEGG This miRNA is endocytosis (4,21e-05) but
also acts in important signaling pathways such as
p533 (p=0.003) and MAPK (p=0.003).

Diana software tools using the validated genes
(according to the Tarbase data base) shows the
endocytosis pathway as the route of intersection
of the two miRNAs as they share the TFRC target
gene (transferrin receptor). Furthermore, if the
intersection is evaluated considering the predicted
target genes according to the MicroT_CDS data
base, the signaling pathways are the most signifi-
cant for prostate cancer and mTOR where the two
miRNAs share AKT3, PTEN and IGFRI1 target
genes.

Discussion

This study focuses on identifying miRNAs with
altered expression in osteoporotic bone. To achie-
ve this, fresh trabecular bone was collected from
patients with or without osteoporotic fracture,
with homogeneous anthropometric parameters
such as age, BMI and gender. We excluded
patients with disorders that affect bone remode-
ling. Samples from osteoporotic fracture showed a
clear involvement in the expression pattern of
miRNAs, demonstrating that epigenetic regulation
is altered in pathological bone. These results may
provide a better understanding of bone biology
into those who suffer an osteoporotic fracture.
Also, they help identify molecules that can be
used as therapeutic targets.

Unsupervised analysis of the results of miRNAs
array expression from total bone samples showed
that non-osteoporotic samples (control) were
grouped generating a biological cluster.
Furthermore, osteoporotic bone clearly differed
from the control samples, showing a more disper-
sed distribution, suggesting that the pathophysio-
logy of osteoporotic disease and, ultimately, bone
fracture, have a heterogeneous etiology. Working



Table 1. Characteristics of patients
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n BMI (kg/m?) BMD (g/cm?)
(mean + SD) (mean + SD) (mean + SD)

Array samples
Osteoporotic fracture (OP) 6 75.243.5 24.4+2.8 Fracture
Control 6 72.5+7.4 20.1%3.2 0.794+0.074
Validation samples
Osteoporotic fracture (OP) 6 76.3+7.1 27.9+2.6 Fracture
Control 6 73+6.6 27.7+3 0.882+0.158

SD: standard deviation; BMI: body mass index; BMD: bone mineral density.

with fresh human samples generates greater varia-
bility to explore established cell lines or animal
models, making it difficult to see significant diffe-
rences between groups. Still, this is closer to the
pathophysiological situation scenario. In this
regard, our study is based on samples of human
bones obtained with minimal laboratory handling,
which allows us to get a similar situation to in vivo
conditions.

In the analysis of differential expression bet-
ween osteoporotic and control samples, 82
miRNAs that reached significance levels with an
absolute value of the logarithm of the ratio grea-
ter than 1.5 times found. Of these, 15 were tested
by qPCR in a new set of samples and the miRNAs
miR-99a-5p, miR-339-5p, miR-320a and miR-22-
3p were finally validated. These miRNAs were
evaluated in primary osteoblasts (HOB) in cultu-
re, cells from osteoporotic comparing samples
versus cells from non-osteoporotic samples.
MiRNAs miR-99a-5p and miR-339-5p were not
detected in the HOB, suggesting another cell
type as the source of these two miRNAs.
Moreover, these miRNAs were found overexpres-
sed in array osteoporotic samples whereas they
were under-expressed in the validation phase.
This would seem to discard these miRNAs’ link to
osteoporosis. MiRNAs, miR-320a and miR-22-3p
expressed in the Hob, although no differences in
expression levels between sample groups were
observed. This could be due to the artificial con-
ditions of the in vitro cell cultures that affect the
expression of microRNAs, especially those invol-
ved in the regulation of important cellular func-
tions such as proliferation and differentiation.

This shows us once again that, although the
use of cell cultures, both in established and pri-
mary lines, can help researchers understand cer-
tain cellular processes. The results may differ from
the actual conditions that would occur in the ori-
ginal tissue within the physiological environment.

Furthermore, the use of fresh tissue not mani-
pulated for closer physiological conditions can
also provide information such dissimilar results as
demonstrated in studies by Seeliger et al.” and

Garmilla-Ezquerra et al.®. These studies also con-
ducted a microarray expression from whole bone
samples comparing osteoporotic versus non oste-
oporotic samples very similar to ours, but with dif-
ferent findings. Note that these two earlier studies
have several features that can explain these discre-
pancies. These include the variety of commercial
arrays used and the sample size. Furthermore,
these biological studies comparing groups with
anthropometric characteristics or inhomogeneous
clinical features, such as age, gender, body mass
index and endocrine disorders (eg. diabetes melli-
tus), essential for the regulation of bone metabo-
lism. Therefore, the miRNAs identified in these
studies could also be linked to other external
parameters, whereas in our study, the absence of
concomitant diseases, and similar features betwe-
en the two groups, allows us to approach in a
more reliable way what happens in osteoporotic
fracture.

Therefore, a major effort in our work is extre-
mely careful control of potential confusing cha-
racteristics between cases and controls for age,
sex, body mass index and metabolic diseases
associated with aging. These strict inclusion crite-
ria considerably restrict our sample size compa-
red to similar works, where the samples are from
patients with heterogeneous characteristics.
Another limitation of our study is that non-osteo-
porotic samples used as controls from patients
with osteoarthritis and, therefore, cannot rule out
other bone abnormalities. For ethical reasons
collecting bone it is not allowed from healthy
individuals. However, in an attempt to minimize
this potential problem, the sample was obtained
from bone located as far as possible the arthritic
lesion.

MiR-320a is conserved in human, mouse, rat
and cow. This miRNA sequence is located within
the basal promoter POLR3D gene, which in turn is
one of their target genes and their expresion’
silencing. Furthermore, it has been observed that
miR-320a is involved in regulating osteoblast func-
tion as it has as target the CTNNB1 gene (enco-
ding B-catenin)® and RUNX2".
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Figure 1. (A) PCA graph and (B) Diagram of the matrix of PCA. Principal component analysis with the 50
microRNAs with higher standard deviation was performed. The O-500 sample was removed from the study and
was not taken into account for further analysis
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Figure 2. Diagram of heat map: The diagram shows the result of hierarchical clustering of microRNAs and sam-
ples. Each row represents a microRNA and each column, a sample. The color scale illustrates the relative
expression level of microRNAs: red, below the reference channel; green, higher than the reference
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Table 2. MiRNAs significantly altered in samples of osteoporotic bone as microarray results

Control OP

miRNA logC P adj val mean SD mean SD
hsa-let-7a-5p -1.819 6.99¢-03 2.94 0.78 1.12 0.64
hsa-miR-1185-2-3p 1.685 2.37e-02 -1.56 0.15 0.13 1.27
hsa-miR-126-5p -1.540 2.11e-02 2.42 0.55 0.88 0.95
hsa-miR-1275 2.259 4.90e-03 -1.64 0.41 0.62 1.16
hsa-miR-1307-5p 1.552 4.81e-02 -1.40 0.13 0.15 1.37
hsa-miR-142-3p -1.850 2.77e-02 2.14 1.22 0.29 0.52
hsa-miR-1470 1.690 5.85e-04 -0.58 0.15 1.10 0.60
hsa-miR-1915-3p 1.583 1.04e-03 -0.82 0.44 0.76 0.44
hsa-miR-204-3p 1.640 9.09e-03 -1.49 0.44 0.15 0.90
hsa-miR-223-3p -2.777 3.06e-04 291 0.67 0.13 0.53
hsa-miR-22-3p 2.269 3.96¢e-02 -1.73 0.63 0.54 1.81
hsa-miR-25-3p 1.557 1.73e-02 -0.90 0.24 0.65 1.06
hsa-miR-26b-5p -2.001 6.56e-03 3.26 0.62 1.26 0.95
hsa-miR-30c-1-3p 2.151 3.06e-04 -1.65 0.38 0.51 0.57
hsa-miR-3149 -1.871 2.53e-04 0.59 0.19 -1.29 0.54
hsa-miR-3158-5p 2,513 1.00e-03 -2.00 0.49 0.51 0.91
hsa-miR-3162-3p 1.984 1.64e-03 -1.21 0.22 0.78 0.87
hsa-miR-3178 2.004 7.96e-03 -1.97 0.65 0.04 0.98
hsa-miR-3182 -1.855 3.42e-03 1.73 0.42 -0.12 0.83
hsa-miR-3195 1.795 3.68e-04 -1.50 0.18 0.30 0.57
hsa-miR-3202 2.255 1.42e-02 -1.47 0.24 0.78 1.52
hsa-miR-320a 1.895 2.07e-02 -1.39 0.33 0.51 1.35
hsa-miR-320b 2.085 1.57e-02 -1.61 0.25 0.48 1.42
hsa-miR-320c 1.985 1.98¢-02 -1.44 0.34 0.55 1.39
hsa-miR-320d 1.757 2.69e-02 -1.11 0.34 0.65 1.32
hsa-miR-320e 1.687 2.34e-02 -1.21 0.17 0.48 1.26
hsa-miR-32-3p -2.213 9.00e-04 0.65 0.21 -1.56 0.87
hsa-miR-339-5p 1.687 1.86e-02 -1.30 0.29 0.39 1.16
hsa-miR-3591-5p -1.511 1.42e-05 0.65 0.11 -0.86 0.20
hsa-miR-3607-3p -1.853 4.67e-04 0.63 0.31 1.22 0.55
hsa-miR-3607-5p -1.508 3.06e-04 1.25 0.33 -0.26 0.30
hsa-miR-3609 -1.542 1.43e-04 1.36 0.34 -0.18 0.19
hsa-miR-361-3p 1.565 2.49e-03 -0.56 0.23 1.00 0.71
hsa-miR-3621 1.806 8.42e-04 -1.96 0.43 -0.16 0.54
hsa-miR-3654 -1.939 2.37e-05 0.39 0.12 -1.55 0.37
hsa-miR-423-3p 2.081 2.90e-02 -1.64 0.21 0.44 1.64
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Table 2. MiRNAs significantly altered in samples of osteoporotic bone as microarray results (cont.)

Control OP

miRNA logC P adj val mean SD mean SD
hsa-miR-4258 2.034 8.19e-04 -0.56 0.29 1.47 0.74
hsa-miR-4284 -2.957 1.04e-03 2.98 0.81 0.02 0.88
hsa-miR-4306 2.273 2.74e-02 -1.42 0.20 0.85 1.78
hsa-miR-4317 2.177 5.45e-04 -0.81 0.18 1.36 0.78
hsa-miR-4449 2.358 1.32¢-03 -2.12 0.33 0.24 0.97
hsa-miR-4455 -1.674 1.51e-03 0.47 0.17 -1.21 0.72
hsa-miR-4458 -1.541 6.59¢-04 0.36 0.18 -1.18 0.54
hsa-miR-4463 1.610 4.13e-03 -1.26 0.16 0.35 0.83
hsa-miR-4484 2.002 6.17e-03 -2.00 0.52 0.00 1.01
hsa-miR-4497 1.741 1.57e-02 -1.77 0.48 -0.03 1.08
hsa-miR-4516 1.632 6.14¢-03 -0.97 0.36 0.66 0.85
hsa-miR-4532 1.836 1.78e-02 -1.81 0.48 0.03 1.19
hsa-miR-4534 2.278 1.00e-03 -1.80 0.38 0.48 0.86
hsa-miR-4540 -1.547 1.01e-02 0.58 0.14 -0.97 0.97
hsa-miR-4640-3p 1.668 3.06e-04 -1.05 0.21 0.62 0.49
hsa-miR-4687-3p 2.421 7.48e-03 -2.05 0.53 0.38 1.33
hsa-miR-4732-3p -1.772 5.61e-03 0.36 0.59 -1.41 0.75
hsa-miR-4741 1.6606 4.41e-03 -1.44 0.36 0.23 0.79
hsa-miR-4792 1.624 2.11e-02 -1.59 0.31 0.04 1.15
hsa-miR-483-5p 1.846 8.76e-03 -1.37 0.39 0.47 1.06
hsa-miR-491-3p -2.889 5.68¢-03 0.79 1.43 -2.09 0.45
hsa-miR-519e-5p 1.674 6.33e-03 -1.53 0.23 0.14 0.93
hsa-miR-542-5p 2.211 8.30e-04 -1.84 0.42 0.37 0.75
hsa-miR-5681b -1.513 1.39e-02 0.33 0.54 -1.19 0.82
hsa-miR-5684 -1.710 2.07e-02 0.79 0.18 -0.92 1.24
hsa-miR-5701 -3.127 3.06¢-04 0.52 0.76 -2.61 0.63
hsa-miR-574-5p -1.552 1.31e-04 0.52 0.16 -1.03 0.37
hsa-miR-631 1.625 8.98e-04 -1.74 0.19 -0.11 0.61
hsa-miR-642a-3p 2.530 2.30e-03 -2.13 0.40 0.40 1.15
hsa-miR-642b-3p 2.087 1.67e-02 -1.97 0.15 0.11 1.46
hsa-miR-664b-5p -1.702 9.09e-03 0.75 0.25 -0.95 1.03
hsa-miR-675-5p 2.323 1.04e-03 -1.85 0.46 0.48 0.84
hsa-miR-711 1.826 2.10e-03 -1.72 0.38 0.10 0.76
hsa-miR-99a-5p 1.964 8.70e-03 -1.24 0.50 0.73 1.09
hsa-miR-99b-5p 1.706 8.81e-03 -1.06 0.28 0.65 1.01

Bold miRNAs that were chosen for validation by qPCR are marked.
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Figure 3. Principal component analysis (PCA) of all sam-
ples of the validation phase (OP: n=6, control: n=0). The
normalized values (DCQ) were used for analysis. Samples
were grouped according to their biological group; howe-
ver, the O-567 sample appears to be atypical

Moreover, miR-22-3p is a serum miRNA
that was previously associated with osteopo-
rotic fracture® and has been implicated in the
osteogenic differentiation'®.

Our study results, along with other work
in this field, provide an important understan-
ding of bone biology and the involvement of
miRNA in the pathology of osteoporosis.

i

Conclusions

We have identified two miRNAs that are ove-
rexpressed in trabecular bone samples from
patients with osteoporosis. The expression of
both miRNAs is detected in primary osteo-
blasts, although this overexpression has not
been observed in cultures from osteoporotic
samples. It is not known whether the altera-
tion of these miRNAs is a cause or effect of
the disease and its relationship with osteopo-
rotic fracture. However, these miRNAs could
offer promising potential for designing new
drugs for osteoporosis.
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