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Objectives: To examine the effects of the requlation on IGF-1 by miR-26a on the serum of patients with osteoporosis
(OP) and apoptosis and proliferation of chondrocytes of mice with OP. Methods: Totally 47 patients with OP treated in
our hospital between July 2018 and November 2019 were selected as the research group, and 42 healthy individuals in
physical examination over this period were selected as the control group. Serum was sampled from each participant in both
groups, and miR-26a in the sampled serum was quantified and compared. In addition, chondrocytes were sampled from
mice with OP. The changes of proliferation and apoptosis of the chondrocytes were analyzed via MTT and flow cytometry,
and the levels of Caspase3, Caspase9, Bax, and Bcl-2 were quantified by western blot (WB) assay. Results: MiR-26a was
expressed highly in the serum of patients with OP and chondrocytes of mice with OP, while IGF-1 was lowly expressed
in them. According to the dual-luciferase reporter assay, there was a targeting correlation between miR-26a and IGF-1,
and suppressing miR-26a significantly up-regulated the expression and protein level of IGF-1. Conclusions: MiR-26a can
serve as a biological marker for the diagnosis of OP, and it can suppress the proliferation of chondrocytes and promote
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their apoptosis by requlating IGF-1.
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Introduction

Osteoporosis (OP) is one of the common clinical chronic
metabolic bone diseases. Patients with OP are prone to
fracture due to the damage of bone strength, reduction
of bone mass and deterioration of microstructure'2.
Postmenopausal women are considered to face a high risk of
developing OP because of the faster bone turnover due to the
lack of estrogen and loss of net bone®. OP poses a colossal
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threat to the health worldwide, so it is particularly important
to clarify the detailed molecular mechanism of OP and find a
treatment strategy for it*>.

MicroRNAs (miRNAs) are single-stranded non-coding
RNAs, which usually requlate gene expression by destabilizing
mRNA or hindering translation of the mRNA®. Reportedly,
they can be used to search for diagnostic biomarkers and
new therapeutic targets for intervention of orthopedic
diseases’. For example, miR-320a can promote the apoptosis
of MC3T3-E1 cells in patients with OP by targeting MAP9
and affecting the PI3K/AKT signaling pathway and can also
inhibit survival and differentiation of MC3T3-E1 cells®. In
addition, miR-151a-3p contributes to the pathogenesis of
postmenopausal OP, and can promote the progression of the
disease by targeting SOCS5 and activating the transduction
of JAK2/STAT3 signal®. Moreover, miR-26a is a crucial
requlator of cell cycle and differentiation, which targetedly
participates in the development of cells and plays a pivotal
role intumor development'®. The molecular mechanism of the
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differentiation of human adipose tissue stem cells is essential
in treating OP, and miR-26a can impact cell differentiation
by targeting SMAD1'. Therefore, it can be inferred that
miR-26a is also likely to play a role in the development of
OP. Insulin-like growth factor-1 (IGF-1) is a primary growth
factor involved in the synthesis and repair of cartilage
matrix, which can promote the synthesis of type Il collagen,
proteoglycan, and other matrix components'2. The cartilage
is composed of chondrocytes'. Earlier studies have revealed
that miR-101-3p, miR-211-5p, and miR-34a can all interfere
with the biological behavior of chondrocytes by affecting its
target genes, thus taking part in the pathogenesis of OP'4'6,
Therefore, we hypothesized that miR-26a could take part in
the pathogenesis of OP by requlating IGF-1.

We have found potential targeting loci between miR-
26a and IGF-1 based on an online website for target gene
prediction, but there is little research on the regulation
of miR-26a on IGF-1 in patients with OP at present. We
hypothesized that miR-26a may affect the progression of OP
in patients by requlating IGF-1, so we carried out the following
studies for confirmation.

Materials and methods
Sample collection

Totally 47 patients with OP treated in the Rizhao People’s
Hospital in China between July 2018 and November 2019
were included in a research group (res group), and 42 healthy
individuals over this period were included in a control group
(con group). Patients meeting the diagnostic criteria of OP'”
and those with complete general data were included in the
study. Patients who dropped out of the study midway, patients
with comorbid organ diseases in liver, kidney, heart, or other
organs, patients accompanied by malignant tumors, and
those who had taken drugs that may affect indexes adopted
in this study within the last six months were excluded.
The study was approved by the Ethics Committee of the
orthopedics department of People’s Hospital of Rizhao, and
written informed consent was obtained from all participants.

Animal models

Female C57BL/6J mice (cs-005, Changsheng
Biotechnology Co., Ltd., Liaoning, China) were raised in the
pathogen-free environment at room temperature under a
12-hour light/dark cycle for 7 days for later analysis, during
which all mice were allowed to eat and drink freely. After 7
days, the mice were assigned to an ovariectomized group and
a sham operation group (each n=20). Operative methods:
For mice in the ovariectomized group, each mouse was
anesthetized with 30 mg/kg pentobarbital sodium through
intraperitoneal injection, and after the abdominal position of
the mouse was fixed, the mouse was reqularly treated to make
skin preparation on the middle and lower part of the back,
and the skin part was disinfected with 3% iodophor. Under
aseptic conditions, a longitudinal incision of about 0.5 cm was
made about 1cm below the costal margin at the junction of
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about 1 cm on both sides of the spine, respectively. The skin
was separated, and the dorsal muscle was cut to expose the
ovary. The fat around the ovary was bluntly dissected, and the
ovary was entirely removed after the fallopian tube and blood
vessels were ligated separately. The uterus was retained in
the abdominal cavity. The abdominal cavity was cut open and
sutured, and the incision was then closed. The other ovary of
the mouse was removed using the same method. For mice in
the sham operation group, their ovaries were not removed,
but they were treated using the same method used for the
ovariectomized group except for ovary removal. Three days
after the operation, 200,000 IU/kg penicillin was given to
each mouse to prevent infection.

Establishment of mice models of osteoporotic fracture'®

Six weeks after OP mice were modeled, 5 mice were taken
from the ovariectomized group and the sham operation
group, respectively, and HE staining was carried out to the
distal femur of each mouse to verify the modeling results
of OP.

Cell culturing and transfection

All soft tissues were removed from the right femur and
incubated in DMEM (RYO146, JISSKANG Biotechnology
Co., Ltd., Qingdao, China) supplemented with 10% fetal
bovine serum (FBS; MP20001, Yuanye Biotechnology Co.,
Ltd., Shanghai, China) under 5%CO, at 37°C, and cells in
logarithmic growth phase were used for later analysis. Cell
transfection: MiR-26a and IGF-1 overexpressionandinhibition
plasmids were constructed with pcDNA 3.1 plasmids as
vectors and transfected into cells using a Lipofectamine™
2000 kit (11668027, Gaochuang Chemical Technology
Co., Ltd., Shanghai, China), separately, and the cells were
continuously cultured.

gRT-PCR assay

MiR-26a in harvested serum and cells was quantified using
a gRT-PCR assay as follows: Total RNA of serum and cells was
acquired by a Trizol kit (5003050, Mingjing Biology Co., Ltd.,
Shanghai, China) accordingtothekitinstructions, andits purity,
concentration, and integrity were detected by an ultraviolet
spectrophotometer and agarose gel electrophoresis. Total
RNA (2 ug) was reversely transcribed to cDNA by a reverse
transcription kit (BPIO1030, Protein Innovation Co., Ltd.,
Beijing, China). Subsequently, amplification was conducted by
a PrimeScript RT Master Mix kit (HRRO36A-1, Yihui Biological
Technology Co. Ltd., Shanghai, China) in an amplification
system containing 20 pL total reaction volume supplemented
with 10 pL SYBR gPCR Mix, 10 pL 2X TransScript® Tip Green
gPCR SuperMix, 0.4 pL upstream and downstream primers,
0.4 pL Passive Reference Dye (50X), and RNase-free added
for volume adjustment. PCR was conducted through 95°C for
60 s, followed by 40 cycles of 95°C for 30 s, and 60°C for
40 s. MiR-26a expression was calculated based on the 2-AAct
method'®.
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Figure 1. MiR-26a was significantly up-requlated in the serum of patients with osteoporosis. A. MiR-26a was highly expressed in the
serum of patients with OP. B. IGF-1 was lowly expressed in the serum of patients with OP. C. The expression of miR-26a was negatively
correlated with that of IGF-1. D-E. ROC curves of miR-26a and IGF-1 in diagnosing OP. *** indicates that in terms of comparison of two
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Western blot (WB) assay China), and requlated to 4 pg/pL. Subsequently, the protein
Cells to be determined were lIysed with Radio was separated by SDS-PAGE (V100), and transferred to a

Immunoprecipitation Assay (RIPA) buffer (121200, PVDF membrane. The membrane was washed by TBST for 5

Chreagen Biotechnology Co., Ltd., Beijing, China), and protein
concentration was detected via a bicinchoninic acid (BCA)
assay kit (YX-C-C202, Yipu Biotechnology Co., Ltd., Wuhan,
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min, followed by 2-h blocking with 5% skim milk. Afterward,
the membrane was added with RUNX2, ALP, OCN, and
B-catenin primary antibodies (1247-1, Taize Jiaye Science
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Figure 2. MiR-26a was significantly up-regulated in the chondrocytes of mice with OP. A. The expression of miR-26a was significantly
up-regulated in the chondrocytes of mice with OP. B-C. The expression and protein level of IGF-1 were significantly down-regulated in the
chondrocytes of mice with OP. D. Protein profiling. ** in terms of inter-group comparison, P<0.001.
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and Technology Development Co., Ltd., Beijing, China) at
a dilution rate of 1: 1000 for each item, incubated for one
night at 4°C, followed by 3 times of washing with TBST. Then
the membrane was added with sheep anti-mouse secondary
antibody (LD-BJ-101891, Lvdu Bio-science& Technology
Co., Ltd., Shangdong, China) at a dilution rate of 1:4000,
incubated at 37°C for 2 h, and then washed with TBST three
times. Finally, the membrane was developed in the dark and
analyzed using the electrochemiluminescence method. The
expression of proteins in every group was calculated using
Quantity One.

Cell proliferation assay

Cell proliferation was detected through the MTT method
as follows: Cells transfected for 24 hours were harvested and
transferred to a 96-well plate at 4*10%/well, and each well
was added with CCK-8 solution (10 pL) and basic DMEM (90
pL) at 24, 48, 72, and 96 h after culturing, separately. After
the addition of the solution each time, the plate was incubated
at 37°C for 2 hours. Finally, the optical density of every well
at 570 nm was determined by a microplate reader.

http://www.ismni.org

Cell apoptosis assay

The harvested transfected cells were trypsinized by 0.25%
trypsin and then prepared into 1*10%cells /mL suspension.
AnnexinV-FITC/PI (10 pL, BJ-10153, Bangjing Industry Co.,
Ltd., Shanghai, China) was put into the suspension in order.
Then the suspension was incubated at indoor temperature in
the dark for 5 min, and finally measured by a flow cytometer,
and the cell apoptosis was evaluated.

Dual-luciferase reporter (DLR) assay

The possible target gene of miR-26a was forecasted by the
website miRDB (http://www.mirdb.org/). IGF-1-3'UTR wild
type (Wt) and IGF-1-3'UTR mutant (Mut) were constructed
by a Lipofectamine™ 2000 kit, respectively, and they were
transfected into chondrocytes (American Type Culture
Collection (ATCC)) with miR-26a-inhibitor and miR-NC.
Afterward, the luciferase activity changes of transfected cells
were determined by a DLR gene determination kit (Solarbio,
CA, China).
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Statistical analysis

The data were processed statistically and visualized into
figures via the GraphPad 6. Inter-group comparison was
conducted by the independent-samples T-test, and multi-
group comparison by the one-way ANOVA and expressed as
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F. Post hoc pairwise comparison was conducted via the LSD-
t-test, and expression comparison in different time points
was conducted via the variance of repeated measures and
expressed as F. Post-test was conducted by Bonferroni. In
addition, receiver operating characteristic (ROC) curves of
serum miR-26a and IGF-1 in diagnosing OP were drawn, and
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Pearson’s correlation analysis was conducted for correlation
analysis between miR-26a and IGF-1. P<0.05 implies a
statistically significant difference.

Results

MiR-26a is significantly up-regulated in the serum of patients
with OP

MiR-26a was considerably up-regulated in the serum
of patients with OP, while IGF-1 was considerably down-
reqgulated in it (both P<0.05). Pearson correlation coefficient
was adopted for evaluation of the relation between miR-26a
and IGF-1. It was found that miR-26a had a strong negative
correlation with IGF-1 (r=-0.621, P<0.05). Additionally, ROC
curves of miR-26a and IGF-1 in diagnosing OP were drawn,
and it was found that the areas under the curves (AUCs) of
miR-26a and IGF-1 in diagnosing OP were 0.841 and 0.851,
respectively (Figure 1).

MiR-26a is considerably up-regulated in the chondrocytes of
mice with OP

MiR-26a was significantly up-regulated in chondrocytes
of OP mice, while the expression and protein level of IGF-1
was considerably down-requlated in them (both P<0.05,
Figure 2).

MiR-26a can inhibit the proliferation of chondrocytes and
promote apoptosis of them

Transfecting miR-26a-inhibitor successfully inhibited
miR-26a in chondrocytes. According to the MTT assay, cell
proliferation was suppressed after transfection of miR-26a-
inhibitor. According to the Flow cytometry, after transfection
of miR-26a-inhibitor, cell apoptosis rate increased, and
the levels of Caspase-3, Caspase-9, and Bax increased
significantly, while the level of Bcl-2 decreased greatly (all
P<0.05) (Figure 3).

There is a targeting control correlation between miR-26a and
IGF-1

We discovered targeted binding loci between IGF-1 and
miR-26a by Targetscan7.2. The DLR assay results showed
that down-requlating miR-26a significantly increased the
luciferase activity of IGF-1 3'UTR-Wt (P<0.05) but exerted no
influence on that of IGF-1 3’UTR-Mut (P>0.05). The WB assay
showed transfection with inhibitor significantly elevated the
protein level of IGF-1 in cells (P<0.05) (Figure 4).

Increasing IGF-1 can weaken the influence of miR-26a on the
proliferation and apoptosis of chondrocytes

To explore whether miR-26a can impact chondrocytes’
biological behaviors by regulating IGF-1, we transfected
chondrocytes with miR-26a-inhibitor and IGF-1 meantime for
analyzing whether such treatment can reverse or weaken the
changes of chondrocytes in proliferation, apoptosis, as well as
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differentiation due to transfection of miR-26a-inhibitor. The
results showed that in contrast to cells transfected with miR-
26a-inhibitor, those transfected with miR-26a-inhibitor+sh-
IGF-1 showed increased IGF-1 (P<0.05), intensified
proliferation (P<0.05), decreased apoptosis rate (P<0.05),
significantly down-requlated Caspase-3, Caspase-9, as well
as Bax (all P<0.05), and significantly up-regulated Bcl-2
(P<0.05) (Figure 5).

Discussion

Osteoporosis is a disease characterized by a decrease
in bone mass and a deterioration in the bone architecture,
which leads to an enhanced fraqgility and, therefore, to an
increased risk of fracture®. Due to the rapid aging of the
world’s population, the prevalence rate of OP is continuously
increasing, and the incidence and mortality of osteoporotic
fractures are also increasing?'?2, Thus, it is of great value
to study the pathological process of OP. Based on studies,
miR-26a and IGF-1 potentially take part in the requlation of
the OP. For instance, a study by Anastasilakis AD et al.?* has
shown that the dynamic up-requlation of miR-26a in patients
with OP is the most significant.

Moreover, IGF-1, as a crucial anabolic hormone, can
regulate bone homeostasis and maintain the bone structure
of individuals throughout adult life. The decrease of serum
IGF-1 level is one of the important causes of OP fracture in
postmenopausal women?425, In some studies, IGF-1 gene
is considered as a candidate gene for osteoporotic fracture
risk?¢27, However, through research, we found that targeted
regulation of miR-26a on IGF-1 assists to regulate the disease
state of patients with OP.

In our study, miR-26a was significantly up-requlated in
the serum of patients with OP, while IGF-1 was significantly
down-regulated, which indicated that miR-26a and IGF-
1 may play important roles in patients with OP. Then, we
explored the relationship between the expression of miR-
26a and IGF-1, and concluded that the expression of these
two was negatively related, suggesting that the two may
play an antagonistic role in the procession of OP. We further
analyzed the potential of miR-26a and IGF-1 in diagnosing
OP. We found that the AUCs of them in diagnosing OP were
0.841 and 0.851, respectively, which implies that the two
can serve as high sensitivity diagnostic indicators for OP.
Also, we further confirmed the above results through in vitro
and in vivo experiments. We developed mouse models of OP,
and found that the expression of miR-26a and IGF-1 in the
chondrocytes of mice were in accordance with the previous
results: miR-26a was highly expressed, while IGF-1 was
lowly expressed. A previous study has shown that weakened
proliferation of cartilages and enhanced apoptosis of them
are crucial reasons for the development of OP?2, In our study,
we analyzed the effects of miR-26a on OP by evaluating the
changes of chondrocyte cell biological behaviors, including
proliferation and apoptosis after inhibition of miR-26a. The
MTT assay and flow cytometry revealed that in chondrocytes,
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inhibiting miR-26a strongly inhibited cell proliferation,
increased cell apoptosis rate and led to high levels of
apoptosis-related factors such as Caspase-3, Caspase-9,
and Bax except for Bcl-2, which indicates that inhibiting
the expression of miR-26a in chondrocytes can effectively
improve cell survival.

MiR can take part in biological processes by regulating its
downstreamtarget genes®®. By understanding the mechanism
through which miR-26a affects the biological behaviors of
chondrocytes, we predicted the possible target genes of miR-
26aviathe biological prediction website miRDB, and acquired
that IGF-1 and miR-26a had targeted binding loci. IGF-1 is an
effective growth hormone-dependent serum factor, which
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can stimulate sulfate incorporation through cartilage in vitro
and can inhibit the degradation of chondrocytes and prevent
death of them by stimulating chondrocytes to produce matrix
protein®°. In our study, we analyzed the correlation between
IGF-1 and miR-26a. We found that knock-down of miR-26a
in chondrocytes up-regulated IGF-1 in them, and miR-26a-
inhibitor inhibited the fluorescent activity of IGF-1-3'UTR Wt,
but did not strongly affect that of IGF-1-3'UTR Mut, which
implied that the effect of miR-26a on the proliferation and
apoptosis of chondrocytes may be linked to its negative
reqgulation on IGF-1. Afterward, we inhibited miR-26a in
chondrocytes and up-requlated IGF-1 in them, separately,
and found that up-requlating IGF-1 could reverse the impact

304



F. Yuan et al.: Regulation of IGF -1 by miR-26a

a I
@ miR-NC — miRNC @m miR-NC
A = miR-26a-inhibitor . - C == miR-26a-inhibitor
- — -26a-|
i 4 5 @ miR-26a-inhibitor+sh- IGF-1 B m!R 26a !nhlb!tor 25823 miR-26a-inhibitor+sh- IGF-1
] 39— miR-26a-inhibitor+sh- IGF-1
- -
: £ R 20
o
g 10 2 21
8 © 2]
£ - 2
5 2 g 10
@
05 3 i
e 2 5
g g g s
® 2 14 <
200 2 [
[ o
<
0
T T T T
24h 48h 72h 96h
o @ MIR-NC @B miR-NC @@ miR-NC
@ D == miR-26a-inhibitor Z E = miR-26a-inhibitor F == miR-26a-inhibitor
S 1.5 miR-26a-inhibitor+sh- IGF-1 S 4.5 miR-26a-inhibitor+sh- IGF-1 % 1:5753 miR-26arinhibitor+sh- IGF-1
] 8 o
o o s
- s 5 10
s" 5 g
@ @
¢ $ g
go £ 305
@
¢ ¢ £
2 2 s
5 5 o}
® 0. ° @ 0.0
@ @
= =
= =

@ mIR-NC

Relative expression of Bcl-2

G @ miR-26a-inhibitor
15483 miR-26a-inhibitor+sh- IGF-1

miR-NC miR-26a-inhibitor miR-26a-inhibitor+sh- IGF-1
a1 Q2 a1 Q2 a1 Q2
BoB06% s00%| g 450% 12.14% By S56% 4.98%
y = ey z e
E 3 E 3
a T 3
oy 72!
Sos | ® Q3 Q3
38266% 5.19% 376.95% 6.33% X 5.04%
T T T T T T T T T T T T T T T T T T T
10° 10° 102 10 10° 10’ 02 10° 10° 0! 02 10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC

Figure 5. Increasing IGF-1 can weaken the effect of miR-26a on the proliferation and apoptosis of chondrocytes. A. Expression of IGF-1

in each group. B. Comparison of cell proliferation between different groups. C. Comparison of apoptosis rate between different groups.
D-G. Comparison of apoptosis-related factors between different groups. H. Cell apoptosis profiling. I. Protein profiling. * indicates
P<0.001 vs. the miR-26a-inhibitor group.

N\ _J

of miR-26a on the biological behaviors of chondrocytes,
which implied that miR-26a could affect the proliferation and
apoptosis of chondrocytes through requlating IGF-1.

Further studies onlarger sample size need to be carried out
in order to validate our results. Also, it would be interesting
to elucidate the contribution of miR-26a and IGF-1 during
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fracture repair and to explore the impact of miR-26a and
other downstream target genes on the biological behaviors
of chondrocytes.

To conclude, miR-26a can be served as a diagnostic
biological marker for OP, and it can inhibit the proliferation of
chondrocytes and induce their apoptosis by regulating IGF-1.
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