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Objective: Osteoclastogenesis is a key process in osteolytic bone metastasis (BM). Previous
studies indicated that some miRNAs could regulate cancers progression and osteoclastogen-
esis. Our purpose was to investigate the roles of lung cancer cells-derived circulating miR-21
on osteoclastogenesis and its clinical significance in BM patients.

Materials and Methods: The difference of miRNA expression in two lung cancer cell lines
SBC-5 (with characteristic BM ability) and SBC-3 (without BM ability) were analyzed by
microarray and qRT-PCR. Circulating miR-21 levels of lung cancer patients with or without
BM were compared by qRT-PCR. The TRAP staining was used to investigate the effects of
conditioned media from lung cancer cell lines or patients’ plasma with different miR-21
levels on osteoclastogenesis. ROC curve was used to evaluate the diagnostic performance of
circulating miR-21 in BM patients.

Results: We found that miR-21 expression was specifically higher in SBC-5 than that in
SBC-3 cells. The supernatants of SBC-5 cells with higher-level miR-21 promoted osteoclas-
togenesis. Moreover, we demonstrated that the circulating miR-21 level was significantly
higher in BM patients than that in non-BM patients. The plasma from BM patients with
higher-level miR-21 could also promote osteoclastogenesis. Mechanistically, lung cancer
cells-derived circulating miR-21 could be transferred into osteoclast precursor cells and
promote osteoclastogenesis probably by inhibiting PTEN. Finally, clinical data showed that
circulating miR-21 had a potential for the diagnosis of BM.

Conclusion: Overall, our findings suggested that circulating miR-21 played important roles
in osteoclastogenesis of lung cancer patients and may serve as a biomarker to diagnose BM
of lung cancer.

Keywords: microRNA, bone metastasis, lung cancer, osteoclast, biomarker

Introduction

Lung cancer was the main cause of malignancy-related deaths worldwide.
Approximately 1.5 million people were diagnosed with lung cancer each year and
86.7% of them could not survive.' In the United States, 27% of cancer deaths were due
to lung cancer. Metastasis was the major reason for its high mortality. Bone was the
most frequent site for metastasis, and bone metastasis (BM) was presented in 30-40%
lung cancer patients.” Although the survival rate was rising with the improvement of
neoadjuvant and surgical treatment, metastasis, especially BM indicated a poor prog-
nosis. It was found that the mean survival time of BM patients was no more than 12
months from BM diagnosis to death due to various complications.” The detection of
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BM mainly depended on bone scintigraphy screening, MRI
or positron emission tomography-computed tomography
(PET-CT). Bone scintigraphy had high sensitivity, but lack-
ing specificity. MRI or PET-CT was limited due to their cost-
effectiveness or inconvenience.* Bone turnover markers had
also been used to evaluate bone lesion progression.
However, currently, none of these markers could detect
BM occurrence independently of bone imageological
examination.* So the diagnostic approach for the accurate,
rapid and sensitive identification of BM was needed. BM
was not usually diagnosed until complications occurred due
to its non-symptom stage. When lung cancer had spread to
bone, treatment options were limited and mainly palliative.

MiRNAs were small, non-coding RNAs that paired with
the target gene mRNAs, resulting in mRNAs degradation, or
inducing gene silence by inhibiting translation. Interacting
with a negative regulatory sequence in the 3’-non-coding
region of target mRNAs, miRNAs were involved in a wide
range regulation of normal and abnormal cell functions.
Moreover, previous studies had indicated that dysregulation
of miRNA was related to initiation, progression, and metas-
tasis of tumor.’ Furthermore, circulating miRNAs were
described as potential mediators of BM in some studies.

As an oncogenic miRNA, miR-21 had been proved to
play an important role in tumor development through reg-
ulating multifold cell behaviors such as proliferation, inva-
sion, and metastasis.® Furthermore, high level of circulating
miR-21 had been observed in lung cancer patients in several
studies. However, its role in BM of lung cancer had not yet
been fully elucidated. The present study aimed to investigate
the role of miR-21 in BM and the clinical significance of
circulating miRNA-21 as an available non-invasive biomar-
ker for the early diagnosis of BM in lung cancer patients.

Materials and Methods

Ethics Statement

The study was approved by the hospital research ethics
committee of West China Hospital of Sichuan University
and conducted in accordance with the International Ethical
Guidelines for Biomedical Research Involving Human
Subjects. All patients included in this study had signed
the informed consent form.

Cell Culture and Transfection

Human small cell lung cancer (SCLC) cells: SBC-5, SBC-3,
and mouse-derived monocyte cell line RAW264.7 were pur-
chased from the Zishi Biological Technology Co., Ltd.,

Shanghai, PRC. SBC-5, SBC-3, and RAW264.7 cells were
maintained in Dulbecco’s modified Eagle medium (DMEM)
(HyClone, USA) supplemented with 10% fetal bovine serum
(FBS) (Gibco, USA). Human primary monocytes were iso-
lated from peripheral blood of patients included in this study.
These monocytes were maintained in DMEM medium with
10% FBS. Cell transfection with miR-21 mimic or miR-21
inhibitor from RiboBio (Guangzhou, China) was performed
by riboFECTTM CP Transfection Kit (RiboBio, China),
according to the manufacturer’s instructions.

Patients

Forty-nine patients diagnosed with lung cancer at West China
Hospital of Sichuan University were enrolled in this study.
These patients had not received any chemotherapy, radio-
therapy or surgery before enrollment. For all cases of this
study, primary lesions of lung cancer were confirmed by
pathological approach. Either SPECT or PET-CT was per-
formed to all of the patients. With positive findings of ima-
ging examinations, the clinical diagnosis of lung cancer BM
was made. The clinical data were recorded. Peripheral blood
samples were collected. The plasma and monocytes were
isolated and stored at —80°C. These patients were divided
into three groups (14 patients in non-metastasis group, 14
patients in other sites metastasis group, and 21 patients in
BM group) according to the metastatic status of lung cancer.
Between the 3 groups, the difference of age, sex distribution
and pathological type distribution was not significant.

Analysis of miRNA and mRNA

Expression
MiRNAs and mRNAs from cells, culture supernatants and
patients’ plasma were extracted. Microarrays and qRT-PCR
were conducted following the procedure described by our
team previously’ or according to the protocol provided by
the manufacturer. The 224"

the data.

method was used to analyze

Induced Differentiation of Precursor Cells

to Osteoclasts with Conditioned Media

The osteoclast precursors — RAW?264.7 cells and peripheral
blood primary monocytes from patients were conducted to
differentiate into osteoclasts with conditioned media (CM)
according to the protocol described by our team
previously.” The conditioned media were prepared as 10%
cancer cell culture supernatants or patients’ plasma with
10% FBS, 80% DMEM, 10 ng/mL macrophage colony-
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stimulating factor (M-CSF), and 10 ng/mL RANK ligand
(RANKL) for each type of cells. The control unconditioned
media were constituted of 90% DMEM with 10% FBS, 10
ng/mL M-CSF, and 10 ng/mL RANKL. In the end, cells
were fixed and stained for TRAP (tartrate-resistant acid
phosphatase) with acid phosphatase, leukocyte (TRAP) kit
(Sigma-Aldrich, Darmstadt, Germany). TRAP+ cells (with
3 or more nuclei) were counted under bright-field
microscopy.

Cross-Culture of Peripheral Blood
Monocytes and Plasma from Lung Cancer

Patients

Step 1: Induce differentiation of peripheral blood monocytes
from BM patients under 3 conditions. First group: The
monocytes from BM patients were treated with plasma
from BM patients. Second group: The monocytes from BM
patients were treated with plasma from non-BM patients. The
third group: The monocytes from BM patients were treated
with plasma from non-BM patients, transfected with miR-21
mimic. Step 2: Induce differentiation of peripheral blood
monocytes from non-BM patients under 3 conditions. First
group: The monocytes from non-BM patients were treated
with plasma from non-BM patients. Second group: The
monocytes from non-BM patients were treated with plasma
from BM patients. The third group: The monocytes from
non-BM patients were treated with plasma from BM patients,
transfected with miR-21 inhibitor.

Statistical Analysis

All data were presented as the mean values + SD. All statistical
analyses were performed with the SPSS 21 software (SPSS,
Chicago, IL). Unpaired #-test was used for comparisons
between two groups. One-way analysis of variance
(ANOVA) with a post hoc Tukey’s test was used to compare
multiple groups. All tests were two-sided. A P value less than
0.05 was considered to be statistically significant. The correla-
tion analysis was performed by Pearson’s correlation coeffi-
cient. The receiver operating characteristic (ROC) curve was
used to evaluate the diagnostic performance, such as area under
the curve (AUC), cutoff point, sensitivity, and specificity.

Results
Highly Expressed and Secreted miRNAs
by Lung Cancer Cells with BM Ability

Our prior study demonstrated that SBC-5 cells can colonize
into skeletal and non-skeletal tissues, whereas SBC-3 cells

can only colonize into non-skeletal tissues after xenografts
in NOD-SCID IL2Rynull immunodeficient mice.” This fact
indicates that SBC-5 cells may produce some factors to
communicate with skeleton. We first used miRNA micro-
array to analyze miRNAs that may regulate such commu-
nication. Fourteen miRNAs were found to be highly
expressed in SBC-5 cell line (P<0.01) (Figure 1A). Seven
miRNAs were increased by more than 5 folds: miR-200c,
miR-141, miR-27a, miR-125b, miR-21, miR-221, and miR-
23a (P <0.0001). These miRNAs were selected for further
study. The changes in four of these miRNAs were further
confirmed by qRT-PCR analyses (P <0.01, Figure 1B):
miR-21, miR-23a, miR-141, and miR-221. We hypothe-
sized that SBC-5 cells may secrete miRNAs to communi-
cate with bone cells. The miRNAs in cancer cells culture
supernatants were extracted and tested by qRT-PCR. The
miR-21 level in the supernatants of SBC-3 cells was 1.02 +
0.17, while in the supernatants of SBC-5 cells it was 14.69 +
1.87 (P =0.0184, Figure 1C). MiR-141 was also detected to
be higher in the supernatant of SBC-5 but its difference was
negative in the plasma of lung cancer patients with or with-
out BM (Figure 2B). MiR-23a and miR-221 were not
detected in the supernatants of SBC-5 and SBC-3 (data
not shown). Therefore, the subsequent studies mainly
focused on miR-21.

MiR-21 Secreted by SBC-5 Cells Could

Promote Osteoclast Differentiation

To determine the function of miRNAs secreted by SBC-5
cells, the supernatants from lung cancer cells were used to
induce osteoclastogenesis from RAW264.7 cells. It was
found that SBC-5 supernatants promoted more osteoclasts
formation compared to SBC-3. 48.33 £ 11.06 mature osteo-
clasts per-well were observed with SBC-3 CM, while with
SBC-5 CM, there were 101.33 £+ 18.93 mature osteoclasts
per-well (P=0.0138, Figure 3A). In the culture with SBC-5
CM, transfection of miR-21 inhibitor reduced osteoclasts
compared to the control group, whereas transfection of
miR-21 mimic increased osteoclasts. The number of osteo-
clasts was 50.67 + 26.03 per-well in the control group,
while osteoclasts increased to 58.00 + 17.78 per-well with
miR-21 mimic. With miR-21 inhibitor, osteoclasts
decreased to 41.33 + 11.37 per-well (Figure 3B). The dif-
ference between the three groups was significant (P=0.019).
These data suggested that miR-21 secreted by SBC-5 could
promote osteoclastogenesis.
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Figure | MiRNAs over-expressed and secreted by SBC-5 cells. (A) The profiles of miRNAs expression in SBC-5 and SBC-3 cells, tested by microarray. (B) MiR-21, 23a, 141
and 221 were significantly over-expressed in SBC-5 cells compared to SBC-3 cells, tested by qRT-PCR (n=3). (C) The miR-21 level in the supernatants of SBC-5 cells was
significantly higher than that of SBC-3, tested by qRT-PCR (n=3). *P<0.05, **P <0.01, ****P <0.0001.

High Level of miR-21 in the Plasma of
Lung Cancer Patients with BM

To wverify its clinical significance of higher miR-21
secreted by cancer cells, we recruited lung cancer patients
and investigated miR-21 level in the plasma. The miR-21
level in the non-metastasis group was 1.24 + 0.91, and
5.13 £ 2.40 in other sites metastasis group, whereas it was
12.46 £ 7.25 in the BM group. The level of miR-21 in the
BM group was significantly higher than the other two
groups (P<0.001, Figure 2A). The miR-141 levels were
1.15 £ 0.39, 1.44 + 0.69, 1.24 + 0.83 in non-metastasis,
other sites metastasis and BM groups, respectively. There
was no significant difference between the three groups
(P=0.5487, Figure 2B). Therefore, miR-141 was excluded

from the subsequent study. The different levels of circulat-
ing miR-21 in the three groups suggested its clinical sig-
nificance in BM of lung cancer.

MiR-21 in the Plasma of BM Patients

Could Promote Osteoclastogenesis

A cross-culture of peripheral blood monocytes and plasma
from lung cancer patients with the intervention of exogen-
ous miR-21 mimic or inhibitor was conducted to deter-
mine the role of circulating miR-21 in lung cancer patients
with BM. It was observed that osteoclasts induced from
BM patients’ monocytes with non-BM patients’ plasma
CM (Figure 4Ab) were reduced, compared to that with
BM patients’ plasma CM (Figure 4Aa), while transfection
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Figure 2 The characteristically higher miR-21 level in the plasma of BM patients. (A) Circulating miR-21 level in the BM group was significantly higher than other sites
metastasis group and non-metastasis group. (B) In plasma miR-141 level, no difference was observed between the three groups. ***P <0.001, ****P <0.0001.

Abbreviation: n.s., not significant.
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Figure 3 miR-2| secreted by SBC-5 cells promoted osteoclasts differentiation (from RAW264.7 cells). (A) The treatment of SBC-5 cell supernatants significantly promoted
the differentiation of RAW264.7 cells into osteoclasts compared to that of SBC-3 cell supernatants (cell count, n=3). (B) Transfection of miR-21 mimic also promoted
RAW264.7 cells differentiate into osteoclasts (cell count), while transfection of miR-21 inhibitor showed converse effect (n=3). *P<0.05.

of miR-21 mimic rescued the decline of osteoclasts
(Figure 4Ac). Accordingly, osteoclasts induced from non-
BM patients’ monocytes with BM patients’ plasma CM
(Figure 4Bb) was more than that with non-BM patients’
plasma CM (Figure 4Ba), while transfection of miR-21
inhibitor could reduce osteoclasts (Figure 4Bc). And the
difference analysis is presented in Figure 4C and D. To
eliminate the interference of miR-21 secreted from mono-
cytes themselves during the differentiation, peripheral
blood monocytes were cultured and induced under the
condition without CM. The miR-21 level in the culture
supernatants was tested. There was no significant differ-
ence between non-BM group (0.993+ 0.089) and BM
group (0.980+ 0.115, P= 0.9316) (Figure 4E). These
results suggested it was circulating miR-21 in plasma of
BM patients that could promote the differentiation of
osteoclasts. The miR-21 secreted by lung cancer cells

may play an important role in bone metastasis in lung
cancer patients.

Circulating miR-21 Affected PTEN to

Promote Osteoclastogenesis

To explore the mechanism by which miR-21 promotes
osteoclastogenesis, we searched the potential regulatory tar-
gets of miR-21 through bioinformatics analysis. We specu-
lated that phosphatase and tensin homolog (PTEN), a tumor
suppressor, may be a possible target of miR-21 in osteoclas-
togenesis. MiR-21 targets PTEN in lung cancer cells and
hepatocellular cancer cells to enhance their proliferation and
reduce apoptosis.®” Very recently PTEN has been shown to
play an important role in osteoclast differentiation.'®!" To
further validate our prediction, we performed another cross-
culture of peripheral blood monocytes and plasma from lung
cancer patients with the intervention of exogenous miR-21
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Figure 4 High-level miR-21 in the plasma from BM patients promoted osteoclastogenesis. (A) BM patients monocytes treated with BM plasma presented higher
osteoclastogenesis (Aa); treatment with non-BM plasma, osteoclastogenesis from BM patients monocytes was down-regulated (Ab); then transfection of miR-21 mimic
could rescue this decline (Ac). (B) Non-BM patients monocytes treated with non-BM plasma presented poor osteoclastogenesis (Ba); after treatment with BM plasma,
osteoclastogenesis from non-BM patients monocytes was up-regulated (Bb); then transfection of miR-21 inhibitor could block this promotional effect (Bc). (C) Analysis of
osteoclastogenesis from BM patients monocytes under 3 conditions. (D) Analysis of osteoclastogenesis from non-BM patients monocytes under 3 conditions. (E) In the miR-

21 level of supernatants of monocytes from BM patients or non-BM patients, no difference was observed between two groups. N=3. *P<0.05, **P <0.01, ***P <0.001.
Abbreviation: n.s., not significant.
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inhibitor. The mRNA expressions of PTEN and osteoclast-
related genes were measured by qRT-PCR to explore their
correlation with miR-21.

The mRNA expression of PTEN in the non-BM mono-
cytes treated with non-BM plasma group was considered as
a baseline, so the relative quantification of PTEN mRNA in
other groups was expressed as negative. There was
a significant difference between the three groups (P<0.0001)
(Figure 5A). This indicated that up-regulation of circulating
miR-21 in BM patients resulted in a down-regulation of PTEN
expression in monocytes-osteoclasts. High level of plasma
miR-21 from BM patients up-regulated mRNA expression of
TRAP, CTSK, and MMP-9.
A significant difference was observed in the levels of TRAP
and MMP-9 mRNA between three groups (P<0.001, P<0.05,
respectively) (Figure 5B and C). This result suggested that

osteoclast-related  genes:

miR-21 in the plasma of BM patients may promote
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osteoclastogenesis by up-regulating MMP-9 and TRAP.
There may be an association between down-regulation of
PTEN and up-regulation of MMP-9 and TRAP. As for
CTSK mRNA, no significant difference was observed
between the three groups (P=0.0582). However, there was
still a significant difference between non-BM monocytes
plus non-BM plasma group and non-BM monocytes plus
BM plasma group (P<0.05) (Figure 5D). These results sug-
gested that circulating miR-21 promoted osteoclastogenesis
through down-regulation of PTEN probably.

Correlation Between Circulating miR-21
Level and Clinical Characteristics

To further clarify the clinical significance of the high level
of plasma miR-21 in BM patients, we investigate its asso-
ciation with some clinical characteristics. The plasma
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Figure 5 Circulating miR-21 in the plasma from BM patients may promote osteoclastogenesis through targeting PTEN. (A) High-level plasma miR-2| from BM patients
down-regulated PTEN mRNA expression in monocytes/osteoclasts. (B—D) High-level plasma miR-2| from BM patients up-regulated mRNA expression of osteoclasts
function-related genes TRAP, CTSK and MMP-9. N=3. * P<0.05, **P <0.01, ***P <0.001, ****P <0.0001.

Abbreviation: n.s., not significant.
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levels of C-terminal telopeptide of type I collagen (CTX)
were 4.082+ 0.9203 ng/mL, 6.046+ 1.709 ng/mL and
7.658+ 1.164 ng/mL in non-metastasis, other sites metas-
tasis and BM group, respectively. The difference between
the three groups was significant (P<0.05, Figure 6A). As
for plasma CTX levels in patients with bisphosphonate
treatment, it was 8.657 + 0.8407 ng/mL before treatment
and significantly decreased to 6.636 + 0.5399 ng/mL after
treatment (P=0.0021, Figure 6C). Accordingly, plasma
level of miR-21 before treatment was 13.57 + 9.45, and
it was significantly decreased to 7.37 + 5.50 after treat-
ment in BM patients (P=0.023, Figure 6C). Pearson corre-
lation analysis showed that there was a significant positive
correlation between plasma miR-21 level and CTX level in
these patients (r= 0.5524, 95% CI: 0.1704-0.7901, P=
0.0077, Figure 6B). This meant that circulating miR-21
level had a significant positive correlation with osteoclast
activity.

To evaluate the diagnostic value of circulating miR-21 to
screen BM in lung cancer patients, ROC curve analysis was
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performed. It determined that a cut-off value of 8.515 for miR-
21 was optimal in the differentiation between lung cancer
patients with or without BM, with a high AUC of 0.9091,
95% confidence interval (CI): 0.8170 to 1.001, p< 0.0001,
76.19% sensitivity and 95.45% specificity, as shown in
Figure 6D. These results suggested that circulating miR-21
may serve as a biomarker for the diagnosis of BM in lung
cancer patients.

Discussion

Lung cancer is one of the most malignant tumors worldwide
due to the high incidence of metastases.'” Bone is the most
common site for metastasis in lung cancer patients. Up to
60—75% of these patients developed BM at the later stages.'”
Early diagnosis is crucial to prevent and treat BM. MiRNAs
had been demonstrated to be critical regulators in cancer
development and progression.'* Previously, miRNAs in the
blood as biomarkers for some types of cancers had been
reported. In recent years, several circulating miRNAs had
been described to be associated with BM. However, it was
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Figure 6 Correlation between circulating miR-21 level and clinical characteristics. (A) The BM group resented the highest plasma CTX level with a significant difference. (B)
There was a significant positive correlation between plasma miR-21 levels and CTX levels in lung cancer patients, r = 0.5524, 95% CI: 0.1704 ~ 0.7901, P = 0.0077. (C)
Plasma circulating miR-21 and CTX levels decreased synchronously after bisphosphonate treatment in lung cancer patients with BM. (D) As a diagnostic biomarker of BM in
lung cancer patients, when the cut-off value was set at 8.515, miR-21 level showed a high AUC of 0.9091 (95% CI: 0.8170 to 1.001, P <0.0001), 76.19% sensitivity and 95.45%

specificity. ¥*P<0.05, **P <0.01, ****P <0.0001.
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still unclear about the clinical significance of circulating
miRNAs in BM of lung cancer. In the present study, we
found that miR-21 was specifically over-expressed and
highly secreted by SBC-5 cells, a lung cancer cell line with
characteristic BM ability. Higher-level miR-21 in the super-
natant of SBC-5 cells could promote osteoclastogenesis. We
also found that the level of circulating miR-21 in the plasma
of BM patients was significantly higher than that of non-BM
patients. Moreover, we observed that higher-level miR-21
from the plasma of BM patients could promote osteoclasto-
genesis. Mechanistically, circulating miR-21 from lung can-
cer promoted osteoclastogenesis through down-regulation of
PTEN probably. As osteoclastogenesis was a key step in
osteolytic BM, our results implied that the circulating miR-
21 played critical roles in BM of lung cancer (Figure 7).
Furthermore, we demonstrated that there was a significant
positive correlation between plasma miR-21 level and CTX
level in lung cancer patients. We presented a significant value
of AUC (=0.9091, with 76.19% sensitivity and 95.45% spe-
cificity) of plasma circulating miRNA-21 to screen BM in
lung cancer patients. This suggested that miR-21 may serve
as a biomarker for BM diagnosis in lung cancer patients.
Previous studies had shown the roles of tumor-derived
miR-21 in multiple steps of tumor progression, including
tumor growth at primary and secondary sites, invasion, migra-
tion, and extracellular matrix modification. MiR-21 promoted
tumor growth by repressing many tumor suppressor genes,

Lung
cancer
cells

including PTEN,*’/CDK2AP1,"> and B-cell translocation
gene-2 (BTG-2),'® and inhibiting B-cell lymphoma-2 (BCL-
2),'” an apoptosis gene. MiR-21 also increased cell motility
and invasion by down-regulation of metastasis-related tumor
suppressor genes, including maspin and programmed cell
death 4 (PDCD4)."*"?

MiR-21 level was found to be associated with tumor-
igenesis and metastasis in lung cancer. Zhang et al
reported that miR-21 was higher in non-small cell lung
cancer (NSCLC) tumor tissue. Notably, patients with
advanced clinical TNM stage or distal metastasis showed
higher miR-21 expression. Moreover, they identified an
inverse correlation between miR-21 and PTEN levels in
tumor tissue and further showed that miR-21 post-
transcriptionally down-regulated PTEN to stimulate
tumor cell growth in NSCLC.?® Tian et al also observed
that miR-21 was up-regulated in NSCLC tissues compared
with non-cancerous lung tissues. The patients with high
miR-21 expression had a higher tumor grade and were at
higher risk of lymph node metastasis.”'

Over-expressing miR-21 in lung cancer cells could be
released into circulation, leading to increased miR-21
levels in blood.*” Shen et al investigated miRNA profiles
in paired lung tumor tissues and plasma specimens from
NSCLC patients.”®> MiR-21 displayed significant concor-
dance between plasma and the corresponding tumor tis-
sues, which could distinguish the NSCLC patients from

Circulating
miR-21

Monocytes

Osteoclasts

Figure 7 Schematic model of lung cancer cells-derived circulating miR-21 promoting bone metastasis by activating differentiation of monocytes into osteoclasts.
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the healthy controls. Wang et al also found that the level of
miR-21 was higher in NSCLC serum samples than in
control serum samples.”* Moreover, they noted that high
serum miR-21 was significantly correlated with TNM
stage and lymph node metastasis in NSCLC patients.

As expected, BM also presented a high level of miR-21
in lung cancer patients. Guo et al showed that the expres-
sion of miR-21 in NSCLC patients with BM was signifi-
cantly higher than that in patients with bone tuberculosis.*
However, they only tested osseous tissues and did not
analyze miR-21 level in blood.

BM was a complex multistep process and osteoclasts
played important roles in this process.”® Osteoclasts were
originated from osteoclast progenitor cells in the mono-
cyte-macrophage lineage. RANKL-RANK-OPG (osteo-
protegerin) signaling was critical in osteoclast formation
and function. Once disseminated tumor cell reached bone
marrow, they extravasated and colonized in this new
microenvironment to form micrometastases. They inter-
acted with bone cells, especially osteoclasts. Cancer cells
secreted factors (RANKL, PTHrP, M-CSF) that acted in
a paracrine way to promote osteoclastogenesis and activate
osteoclast-mediated bone resorption.’® On the other hand,
the active osteoclasts and resorbed bone matrix released
growth factors and cytokines including transforming
growth factor-beta (TGF-8) and insulin-like growth factors
(IGFs). This accelerated the survival and growth of cancer
cells and supported more bone destruction. Eventually,
osteolytic BM was established and a vicious cycle was
initiated. Bidirectional interactions between cancer cells
and osteoclasts resulted in bone destruction and BM.?’
Osteoclastogenesis was a key step in osteolytic metastasis.

MiRNAs played important roles in tumor progression
and osteoclastogenesis. Some miRNAs may regulate
RANKL-induced osteoclastogenesis. Recent studies sug-
gested that cancer derived-miR-21 may function as
a messenger between cancer cells and osteoclasts to pro-
mote osteoclastogenesis. Sugatani et al reported that
RANKL-induced osteoclastogenesis was mediated by
miR-21.*  MiR-21

PDCD4 to remove the repression from c-Fos, a critical

was identified to down-regulate
transcription factor for osteoclastogenesis and osteoclast-
specific downstream genes. Besides, Hu et al indicated that
the prevention of bone resorption in miR-21 knockout
(miR-21""") mice was attributed to an inhibition of osteo-
clast function through miR-21 targeting PDCDA4, despite
the existence of RANKL.*’

In addition to PDCD4, in our study, we found lung
cancer cells-derived circulating miR-21 could promote
osteoclastogenesis through PTEN probably. The working
mechanism of PTEN on osteoclastogenesis had been
described in recent studies. It was demonstrated that
down-regulated PTEN promoted osteoclastogenesis
through PI3K/Akt/NF-kB pathway,® PI3K/Akt/GSK3p
pathway,'® and PI3K/AKT/FoxO1 pathway.''

Recent studies have elucidated the impact of specific
miRNA-mRNA interactions during in osteoclastogenesis.
RANKL/RANK signaling plays a dominantrole in the
differentiation, function and survival of osteoclasts.
Several miRNAs directly and indirectly target the master
osteoclast transcription factor NFATc1, downstream of the
RANKL/RANK signaling.’’ Among the target genes of
miRNA-21, PTEN, a tumor suppressor and key modulator
of cell survival and cell cycle progression have been well

d.3%33 There is an inverse relation between

documente
miR-21 and PTEN expression in cancer or noncancerous
cells.>*** MiR-21 promotes human lung cancer cell pro-
liferation, cell cycle progression, and EMT, through direct
regulation of PTEN/Akt/GSK3p signaling cascades.*® In
recent studies, PTEN was identified as an important reg-
ulatory factor in RANKL-induced osteoclastogenesis.”’
Overexpression of PTEN inhibits RANKL-induced osteo-
clast formation by its negative regulation of RANKL-
induced AKT and NF-kB signaling.®® In a previous
study, upregulated PTEN inhibited RANKL-induced
PI3K/AKT activation. This reduced the mRNA and protein
expression level of NFATc1, which correspondingly sup-
pressed the expression of its downstream genes, including
TRAP and CTSK.*® In addition to AKT/NF-kB/NFATcl
axis, AKT/GSK3p/NFATcl signaling cascade also plays
a critical role in osteoclastogenesis.**

Similar to our findings, a previous study found that
miR-214 can function through PI3K/Akt/NF-kB/NFATcl
pathway by PTEN. MiR-214 resulted in down-regulated
PTEN level and increased osteoclast activity. Inhibition of
miR-214 levels significantly reduced osteoclast activity.
Moreover, the expression of TRAP, MMP9 and CTSK
was significantly up-regulated by miR-214 mimic and

30 In

down-regulated by anti-miR-214, respectively.
a later study, with the delivery system, anti-miR-214 was
delivered to osteoclasts, and bone microarchitecture and
bone mass were improved in ovariectomized osteoporosis
mice. In addition, osteoclast-related genes were also
down-regulated, such as TRAP and CTSK.*! In addition,

a recent study reported that miR-142-5p was also involved
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in the efficient regulation of osteoclast differentiation
through targeting PTEN. And miR-142-5p regulated
through PTEN/PI3K/AKT/
FoxO1 pathway. Furthermore, miR-142-5p increased the
expression of NFATcl, CTSK, TRAP and MMP-9 by
decreasing the PTEN protein level."' In brief, PTEN is
a well-documented target gene of miR-21. PTEN regulates

osteoclast  differentiation

osteoclastogenesis via various signaling pathways.
Therefore, it is reasonable to speculate that miR-21 can
promote osteoclastogenesis through down-regulation of
PTEN.

TRAP, MMP9 and CTSK are important markers for the
differentiation and activity of osteoclast.’® The mature
osteoclast is described histologically as a multinucleated,
TRAP-positive cell.*> Other characteristics of the osteo-
clast include the expression of enzymes such as CTSK and
matrix MMP-9 that play a role in matrix degradation, and
the vacuolar proton pump for the transport of protons to
the resorption lacunae.*” CTSK is a lysosomal cysteine
protease that is abundantly and selectively expressed in
osteoclasts.*> MMP-9 is a matrix metalloproteinase that is
also abundantly expressed in osteoclasts.*?

TRAP, CTSK and MMP9 are also expressed in some
cancer cells arising from different organs. Regardless of
their source, TRAP, CTSK and MMP?9 are reported to con-
tribute to bone metastasis of cancers. The expression level of
TRAP correlates with the severity of the tumor.** In lung
with high TRAP

a significantly lower overall survival than the patients with

cancer, patients expression had
low TRAP expression.** In addition, TRAP 5b was proposed
as a serum marker for bone metastases in various types of
primary cancers.***” MMPs contribute to ECM degradation,
invasive growth and tumor angiogenesis,*® of which MMP-9
promotes tumor growth in the bone microenvironment. This
promotion is related to osteoclast activity and this activity is
the main responsible for bone resorption, which is the trigger
of the denominated “vicious circle”.* MMP9 facilitates the
formation of bone metastasis by promoting osteoclastogen-
esis and directly degrading the bone matrix.*> Cancers with
expression of CTSK have a high propensity to metastasize to
bone. The role for CTSK in bone metastasis has been mainly
attributed to the expansion of tumour within the bone.*
Moreover, preclinical studies show that CTSK inhibitors
reduce breast cancer-induced osteolysis and skeletal tumor
burden.’' In addition, the intraosseous mRNA levels of
TRAP and CTSK in bone metastasis patients were also
higher than those in breast cancer patients without BM and
cancer-free individuals, respectively.52 In brief, TRAP,

CTSK and MMP?9 are osteoclast-specific differentiation mar-
kers, and their expressions can indirectly reflect the degree of
osteoclasts differentiation and activity. Furthermore, they
play important roles in bone metastasis of cancers.
Therefore, we selected TRAP, CTSK, and MMP-9 as osteo-
clast-related genes.

Although our knowledge of BM had been increasing, it
was still very difficult to cure BM. If BM patients could be
detected at an early stage, it presented a better prognosis
and overall survival rate. Therefore, it was essential to
discover effective biomarkers for early diagnosis.
MiRNA profiles reflected a specific profile for individual
tumor status.”® Due to their stability in different biological
fluids including blood, they were considered as an appro-
priate diagnostic biomarker. The changes of miRNAs may
be observed at an early stage before clinical symptoms
emerged. The easily available of miRNAs in blood made
them useful biomarkers to screen metastasis in a non-
invasive approach.

Some studies had reported that certain circulating
miRNAs could be used as novel biomarkers to diagnose
BM. In breast cancer patients, Zhao et al found serum
miR-10b concentrations were significantly higher in
patients with BM than that in patients without BM or
healthy subjects.®® Serum miR-10b showed a significant
AUC (=0.769) for BM with 64.8% sensitivity and 69.5%
specificity. In our study, ROC analysis presented a high
value of AUC (=0.9091, 76.19% sensitivity and 95.45%
specificity) of plasma circulating miRNA-21 to screen BM
patients, which suggested its potential application as
a biomarker for BM diagnosis in lung cancer. Moreover,
we found that there was a significant positive correlation
between plasma miR-21 level and CTX level in lung
cancer patients with BM. This meant circulating miR-21
level had a positive correlation with osteoclast activity.
Besides, we found that bisphosphonate treatment signifi-
cantly decreased plasma miR-21 and CTX levels in lung
cancer patients with BM synchronously. This further con-
firmed the close relationship between miR-21 and cancer
metastasis status.

There was some limitation worth to be mentioned in our
study. First, this study was single-center and the number of
patients was still not large enough, there may exist selection
bias. Moreover, monocytes could differentiate into several
types of cells including macrophages and osteoclasts. We
only focused on the effects of circulating miR-21 on the
differentiation of monocytes into osteoclasts. Although we
identified miR-21 as a regulator of PTEN, we did not exclude

OncoTargets and Therapy 2020:13

submit your manuscript

2653

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhao et al

Dove

other possible targets in addition to PTEN. In the present
study we only used SCLC cell lines, it is necessary to verify
some results in NSCLC cell lines. For technological and
ethical reasons, we cannot obtain proper or enough clinical
samples to test miR-21 level in the tumor tissue.

Conclusion

In conclusion, our study demonstrated that lung cancer
cells-derived circulating miR-21 could promote osteoclas-
togenesis and inhibiting miR-21 would suppress osteoclas-
togenesis. Mechanistically, circulating miR-21 could be
transferred into osteoclast precursor cells and promote
osteoclast formation. This process was probably mediated
through miR-21 targeting PTEN. As osteoclastogenesis was
a key step in osteolytic BM, this novel finding would extend
our knowledge on the roles of cancer-derived circulating
miR-21 in BM and may provide a therapeutic approach for
BM in lung cancer. Furthermore, our analysis demonstrated
that circulating miR-21 was up-regulated in lung cancer
patients with BM, and we found a high value of AUC
(=0.9091, 76.19% sensitivity, and 95.45% specificity) of
circulating miR-21 to screen BM patients. This suggested
that circulating miR-21 may be a promising non-invasive
biomarker for BM diagnosis in lung cancer patients.
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