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Identification of plasma
microRNA-22 as a marker for
the diagnosis, prognosis, and
chemosensitivity prediction of
osteosarcoma
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Abstract

Objective: MicroRNA (miR)-22 plays crucial roles in malignant tumors and is involved in reg-

ulation of chemosensitivity. Additionally, altered expression of circulating miR-22 has been

reported in various cancers. This study was designed to investigate plasma miR-22 expression

in patients with osteosarcoma (OS) and determine its diagnostic, prognostic, and chemosensi-

tivity prediction value.

Methods: Plasma miR-22 levels in 120 patients with OS and 120 healthy controls were detected

by real-time quantitative reverse transcription PCR. Associations of plasma miR-22 expression

with the patients’ clinicopathological features and prognosis were then assessed.

Results: Plasma miR-22 levels in patients with OS were significantly lower than those in healthy

controls. Low plasma miR-22 levels were correlated with large tumor size, advanced clinical

stages, positive distant metastasis, and poor tumor response to preoperative chemotherapy.

Plasma miR-22 could discriminate OS patients from controls and distinguish patients with a

good response to therapy from those with a poor response to therapy. Multivariate analysis

revealed that low plasma miR-22 expression was a significant independent predictor of unfavor-

able prognosis.

Conclusions: Altered plasma levels of miR-22 might serve as a novel, noninvasive biomarker for

OS diagnosis, prognosis, and chemosensitivity prediction.
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Introduction

Osteosarcoma (OS) accounts for approxi-
mately 60% of bone tumors presenting in
the first two decades of life; it occurs mainly
in the metaphyses of the long bones, espe-
cially in the distal and proximal femur and
the proximal humerus, with a bimodal age
distribution and a propensity to develop
predominantly in adolescents and young
adults.1 It is characterized by rapid progres-
sion, high metastatic potential (especially to
the lung), and poor clinical prognosis.2

Although advanced strategies such as sur-
gery and adjuvant chemotherapy are used
in the clinic, the long-term survival of
patients with OS remains unsatisfactory.3

Chemotherapy combined with surgery
leads to a 5-year survival rate of 60% to
70% for non-metastatic patients; the clini-
cal outcome of metastatic or relapsed
patients is progressively worse, with 20%
survival. Moreover, morbidity is rising by
1.4% per year, mainly because of delayed
diagnosis, distant metastasis, and chemore-
sistance. Chemoresistance has become a
major obstacle during management of OS.
The mutational landscape of OS is highly
heterogeneous across different histotypes,
making it very difficult to understand its
molecular pathogenesis and identify specific
therapeutic molecules. For these reasons,
there is an urgent need to better understand
the molecular mechanisms underlining OS
and to identify novel noninvasive bio-
markers for the diagnosis, prognosis, and
chemosensitivity prediction of OS. This
would greatly facilitate the development of
effective biological-based therapies and
optimize treatment strategies for OS
patients.

MicroRNAs (miRNAs) are endogenous
noncoding small RNAs that negatively con-
trol gene expression after transcription by
binding to the 30-untranslated region
(30-UTR) of their targets.4 Emerging evi-
dence shows that miRNAs are essential
physiological regulators, and dysregulation
of miRNA expression contributes to the
pathogenesis of many human diseases,
including cancer.5 Accumulating evidence
has demonstrated that miRNAs are signifi-
cantly associated with the development and
progression of OS.6–8 Rehei et al.9 exhibited
that miR-214 could significantly promote
invasion and migration of OS cells by tar-
geting TNF receptor associated factor 3
(TRAF3). Zhuang et al.10 found that miR-
524 promoted cell proliferation of OS by
targeting phosphatase and tensin homolog
(PTEN). Wang and colleagues discovered
that miR-141-3p was a key negative regula-
tor of the epidermal growth factor receptor
(EGFR) pathway and may provide a new
theoretical basis for the treatment of OS.11

More importantly, recent studies have dem-
onstrated that miRNAs can be detected in
the blood and may be used as noninvasive
biomarkers for diseases.12,13 For example,
plasma miR-145, miR-20a, and miR-223
could be potential novel biomarkers for
early-stage non-small-cell lung cancer
(NSCLC) screening.14 Serum miR-21
expression is associated with poor overall
survival in breast cancer (BC),15 colorectal
cancer (CRC),16 and NSCLC.17 High
serum miR-200c expression was significant-
ly associated with advanced clinical stage
and a poor tumor response to platinum-
based chemotherapy in patients with esoph-
ageal squamous cell carcinoma (ESCC).18
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In addition, many studies have been con-

ducted to identify circulating miRNAs as

biomarkers for cancers, such as OS.19–21

For example, Cong et al.22 reported that

serum miR-124 might be a satisfactory

diagnostic and prognostic biomarker

for OS.
miR-22, an evolutionarily conserved

gene, is located on chromosome 17p13

and aberrantly expressed in various cancers,

showing different effects.23 Wang et al.

showed that miR-22 was downregulated in

OS tissue and its expression was correlated

with a variety of clinical and pathological

parameters. miR-22 may also serve as a

promising biomarker to predict prognosis

of OS.24 In vitro functional experiments

confirmed that blockage of autophagy by

miR-22 inhibited OS cell proliferation,

migration, and invasion.25 Those studies

indicated that miR-22 is a critical regulator

of tumorigenesis and development in OS.

More importantly, recent studies have sug-

gested that miR-22 is aberrantly expressed

in the serum or plasma of patients with

intrahepatic cholangiocarcinoma (ICC),26

hepatocellular carcinoma (HCC),27

ESCC,28 pancreatic cancer,29 prostatic

cancer,30 and NSCLC,31 confirming its util-

ity as a promising biomarker. To our

knowledge, there are no data in the litera-

ture regarding the clinical significance of

circulating miR-22 in patients with OS.
In view of the elusive roles of miR-22 in

tumorigenesis and tumor progression of

OS, we detected plasma levels of miR-22

in 120 patients with OS and 120 healthy

controls using real-time quantitative reverse

transcription PCR (qRT-PCR). Then, we

analyzed the relationship between plasma

miR-22 levels and clinicopathologic factors

or survival of OS patients. The aim of the

present study was to determine the clinico-

pathological significance and diagnostic

and prognostic value of plasma miR-22 in

human OS.

Materials and methods

Ethical approval

This study was approved by the Ethical

Committee of Daqing Oilfield General

Hospital (Approval Number: 20-029). All

participants gave written informed consent.

Study population

Primary OS patients treated in Daqing

Oilfield General Hospital (Daqing, China)

from January 2014 to December 2015 were

retrospectively enrolled in this study.

Exclusion criteria were previous malignant

tumors in another organ or system; patients

with no clinical and pathological data;

hematological disorders; patients with end-

stage cancer not qualified for chemothera-

py; and any patients unable or unwilling to

participate. Histopathological analysis of

the surgically excised tissues was performed

to confirm the diagnosis of OS, and tumor

stage was determined on the basis of the

surgery findings. All patients received neo-

adjuvant chemotherapy, with a combina-

tion of doxorubicin and methotrexate, and

underwent surgical resection. The demo-

graphic and clinical characteristics of the

study subjects were obtained from their

medical records, and follow-up was per-

formed by a combination of outpatient

visits, telephone calls, and letters. The

patients had follow-up visits with physical

and radiography examinations every

3 months, as well as computed tomography

(CT) or magnetic resonance imaging (MRI)

when necessary. Patients were followed for

overall survival after therapy, which was

defined as the interval from surgery to

death or to the date of the last follow-up.

An equal number of age- and sex-matched

healthy individuals were recruited as the

control group. Controls were selected

from family members of patients or visitors

and were free of cancers.
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For healthy individuals, blood samples
(4–8 mL) were collected into K2-EDTA-
coated tubes (Becton, Dickinson Co.,
Franklin Lakes, NJ, USA). Blood samples
were obtained from patients before any
treatment was administered. The samples
were stored for up to 24 hours at 4�C and
prepared in accordance with the following
protocol: centrifuged at 1500� g at 4�C for
15 minutes, and then at 14,000 �g at 4�C
for another 15 minutes. After centrifuga-
tion, the supernatant fraction (plasma)
was aliquoted into RNase/DNase-free
tubes and stored at �80�C for subsequent
experiments. To minimize the effects of
freeze–thaw on circulating miRNAs, we
only used plasma samples that had not
been previously thawed. The chemothera-
peutic response was assessed according to
the Huvos grading system.32 More than
90% tumor necrosis in response to neoad-
juvant chemotherapy was classified as a
good pathologic response, whereas less
than 90% tumor necrosis was defined as a
poor pathologic response.

Isolation of circulating RNA from plasma

Total RNA was extracted from frozen
plasma using TRIzol LS Reagent
(Invitrogen, Carlsbad, CA, USA). Briefly,
250 lL of plasma was mixed with 750 lL
of TRIzol LS and incubated for 15 minutes
at room temperature to permit the complete
dissociation of nucleoprotein complexes.
Then, 200 lL of chloroform was added
and the mixture was vigorously vortexed
for 15 s. Extraction was performed for
15 minutes at room temperature and the
mixture centrifuged at 12,000� g at 4�C
for 15 minutes. The upper aqueous phase
was transferred to a clean tube, an equal
volume of cold isopropanol was added to
the tube, and the mixture was stored over-
night at �20�C. The samples were centri-
fuged at 12,000� g for 15 minutes at 4�C,
the supernatant was carefully removed, and

the RNA pellet was washed with 1 mL of

75% ethanol. For normalization, each

sample was supplemented with 25 pM

Caenorhabditis elegans miR-39 (cel-miR-

39) after the TRIzol LS was added.33

RNA was dissolved in 30 lL of RNase-

free water. The total RNA purity and

concentration were evaluated by their

absorbance ratio at 260/280 nm.

miRNA analysis

A total of 100 ng of total RNA was used for

reverse transcription with a TaqMan

microRNA Reverse Transcription Kit

(Applied Biosystems, Foster City, CA,

USA) in a 5-lL reaction system. A 5-lL
reaction system comprising 0.5 lL of 10�
reverse transcription buffer, 0.33 lL of

Multiscribe reverse transcriptase (50U/lL),
0.063lL of RNase inhibitor (20U/lL),
0.05 lL of 100mM dNTPs, 0.5lL of pri-

mers, the RNA sample, and RNase-free

water was incubated for 10 minutes at

30�C, followed by incubation for 30 minutes

at 50�C, 5 minutes at 95�C, and then held

at 4�C. Real-time quantitative PCR (qPCR)

was performed using a TaqMan microRNA

Assay Kit on a 7500 Sequence Detection

System (Applied Biosystems). The reaction

system was 20 lL, containing 10 lL of 2�
Universal PCR Master Mix, 1 lL of the

TaqMan microRNA Assay, 1 lL of reverse

transcriptase product, and 8lL of nuclease-

free water. Each sample was examined in

triplicate, U6 RNA was used as the normal-

ization control, and relative miR-22 expres-

sion was calculated by the 2�DDCt cycle

threshold method.34

Statistical analysis

Statistical analysis was carried out using

SPSS version 20.0 (IBM Corp., Armonk,

NY, USA), and the level of significance

was set at P< 0.05. The Mann–Whitney U

test was used to compare plasma miR-22
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levels between OS patients and healthy

controls. The correlations between

plasma miR-22 expression and clinicopath-

ological parameters were explored by

Student’s t test or chi-square test.

Variables with significant effects in the

Student’s t test analyses were further

entered into a linear regression model to

investigate the effects of these variables.

Receiver operating characteristic (ROC)

curve analysis was applied to determine

the diagnostic utility of plasma miR-22.

The cumulative overall survival rates were

calculated using the Kaplan–Meier method,

and the independence of risk factors was

tested using a Cox proportional hazards

regression model.

Results

Downregulation of plasma miR-22 and

its diagnostic value

In total, 120 primary OS patients were

included in the present study, and 87 of

them were under 20 years of age

(Table 1). This is in agreement with previ-

ous reports showing that the majority of OS

patients are under the age of 25 years and

that most develop OS in the second decade

of life (<20 years).35 The clinicopathologi-

cal data of all OS patients are presented in

Table 1. Plasma miR-22 expression was

detected in all subjects by TaqMan qPCR.

As shown in Figure 1A, plasma miR-22

expression in patients with OS was signifi-

cantly lower than that in healthy controls

(P< 0.01). ROC analyses were conducted

to evaluate the sensitivity and specificity

for plasma miR-22 to discriminate OS

patients from healthy controls. As shown

in Figure 1B, the AUC was 0.91 (95% CI,

0.86–0.95) for miR-22 to differentiate

patients with OS from controls with a sen-

sitivity of 84.1% and a specificity of 80.2%

(cut-off value¼ 0.48).

Plasma miR-22 expression,

clinicopathological features, and

prediction of chemosensitivity

and prognosis

Correlations between plasma miR-22 level

and clinical data were analyzed in all OS

patients. We divided the OS patients into

a high-miR-22 expression group and low-

miR-22 expression group on the basis of

the median value of plasma miR-22 expres-

sion levels as a cut-off point. As summa-

rized in Table 1, low plasma miR-22 level

was significantly associated with large

tumor size (P¼ 0.003), advanced clinical

stage (P¼ 0.003), distant metastasis

(P¼ 0.002), and poor response to chemo-

therapy (P< 0.001). We also analyzed the

association between plasma miR-22 expres-

sion and clinicopathological features using

Student’s t test and linear regression analy-

sis. As shown in Table 1, plasma miR-22

was significantly downregulated in patients

with advanced clinical stage (IIB-III vs.

IIA), distant metastasis (vs. no distant

metastasis), and poor response to chemo-

therapy (P< 0.001 for all comparisons).

The standard regression coefficient of

response to chemotherapy was the largest,

followed by the distant metastasis status

and then by the clinical stage, indicating

that response to chemotherapy was more

strongly correlated with plasma miR-22

expression. At the optimal cut-off point

(cut-off value¼ 0.28), the AUC was 0.86

(95% CI, 0.77–0.94) for plasma miR-22 to

distinguish a good from a poor tumor

response with a sensitivity of 85.0% and a

specificity of 85.4% (Figure 1C). On the

basis of the Kaplan–Meier analysis and

Log-Rank test results, OS patients with

low plasma miR-22 expression had shorter

overall survival than OS patients with high

plasma miR-22 expression (P¼ 0.002)

(Figure 2). The results of the univariate

analysis indicated that tumor size, clinical
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stage, distant metastasis, and response to

chemotherapy were also risk factors affect-

ing the overall survival in OS patients (all

P< 0.05) (Table 2). Multivariate analysis

confirmed plasma miR-22 expression as an

independent prognostic factor for OS

patients (P¼ 0.006) (Table 2).

Discussion

Accumulating knowledge of the underlying

molecular pathogenesis of malignant

tumors has provided new insights for dis-

ease characterization and therapeutic appli-

cations; identification of reliable

biomarkers with high sensitivity and specif-

icity is of great clinical significance for early

detection and prediction of therapeutic out-

come for OS. Numerous studies have indi-

cated that circulating miRNAs may serve as

promising biomarkers in different human

malignancies, including OS.12 For example,

Liu et al.36 concluded that reduced expres-

sion of serum miR-375 in OS patients might

serve as a biomarker for OS diagnosis.

Monterde et al.19 reported circulating

miR-215-5p and miR-642a-5p to be poten-

tial diagnostic biomarkers for OS in a

Mexican population. Li and colleagues

showed that the expression levels of

Table 1. Association of plasma microRNA-22 (miR-22) expression with clinicopathological features of
osteosarcoma.

Clinicopathological

features

Number

of cases

Plasma miR-22 expression

P-valuea
Plasma miR-22

expressionb P-valuec

Standard

regression

coefficientdLow, n (%) High, n (%)

Age

<20 years 87 43 (49.4) 44 (50.6) NS 0.385� 0.129 NS —

�20 years 33 17 (51.5) 16 (48.5) 0.367� 0.145

Sex

Male 80 38 (47.5) 42 (52.5) NS 0.395� 0.146 NS —

Female 40 22 (55.0) 18 (45.0) 0.351� 0.098

Tumor size

>8 cm 36 26 (72.2) 10 (27.8) 0.003 0.341� 0.154 0.057 0.052

�8 cm 84 34 (40.5) 50 (59.5) 0.397� 0.121

Tumor location

Tibia/femur 85 45 (52.9) 40 (47.1) NS 0.382� 0.139 NS —

Elsewhere 35 15 (42.9) 20 (57.1) 0.376� 0.120

Clinical stage

IIA 65 24 (36.9) 41 (63.1) 0.003 0.430� 0.139 <0.001 0.060

IIB/III 55 36 (65.5) 19 (34.5) 0.322� 0.099

Distant metastasis

Absent 68 25 (36.8) 43 (63.2) 0.002 0.423� 0.142 <0.001 0.123

Present 52 35 (67.3) 17 (32.7) 0.325� 0.097

Response to chemotherapy

Good 66 19 (28.8) 47 (71.2) <0.001 0.448� 0.124 <0.001 0.140

Poor 54 41 (75.9) 13 (24.1) 0.298� 0.092

aChi-square test.
bData presented as mean� standard deviation.
cStudent’s t-test.
dLinear regression analysis.

NS¼ not significant.
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miR-542-3p in peripheral blood could serve
as a new type of noninvasive biomarker for
tumor monitoring and outcome prediction
in OS patients.37

In the present study, we found decreased
plasma miR-22 levels in patients with OS
and observed that the decreased expression
of plasma miR-22 was correlated with
tumor size, clinical stage, distant metastasis,
and response to neoadjuvant chemothera-
py. Metastasis status at initial presentation
is a patient-related factor that can predict
the survival of OS patients.38 We found that
plasma expression levels of miR-22 were
significantly decreased in patients with met-
astatic disease compared with that in
patients without metastases. This is further
supported by previous studies, demonstrat-
ing that miR-22 may regulate the migration
of cancer cells.25 Taken together, our results
showed that dysregulated circulating miR-
22 may also be associated with some clinical
and pathological parameters of OS
patients, which needs to be further

Figure 1. Plasma microRNA-22 (miR-22) expression in osteosarcoma (OS) patients and its potential value
in diagnosis and the prediction of tumor chemosensitivity. (a) Plasma miR-22 expression in patients with OS
was significantly lower than that of healthy controls (HC) (P< 0.01). (b) Receiver operating characteristic
(ROC) curve analysis demonstrated that plasma miR-22 was a reliable biomarker for distinguishing patients
with OS from healthy controls. (c) ROC curve analysis illustrated that plasma miR-22 could distinguish
patients with a good response to therapy from those with a poor response to therapy.

Figure 2. Prognostic value of plasma
microRNA-22 (miR-22) for patients with
osteosarcoma. Patients with low plasma miR-22
expression had shorter overall survival than those
with high plasma miR-22 expression (P¼ 0.002).

Diao et al. 7



investigated in studies with larger cohorts.

A low plasma miR-22 level was an indepen-

dent unfavorable prognostic factor for

patients with OS. The ROC analyses

revealed that plasma miR-22 could serve

as a biomarker for OS diagnosis and pre-

diction of tumor chemosensitivity. As far as

we know, this is the first study to examine

plasma miR-22 expression and its clinical

significance in OS patients. The expression

trends of plasma miR-22 in patients with

OS were consistent with those in tissues or

OS cell lines as shown previously.
Previous research has investigated the

tumor-suppressive function of miR-22 in

several human malignancies, including OS.

Guo et al.25 reported that miR-22 inhibited

the proliferation, migration, and invasion

of OS cells. Gai et al.39 showed that

overexpressing miR-22 could diminish the

proliferation and increase apoptosis of

MG63 cells. Aberrant circulating miR-22

expression has been reported to be a poten-

tial biomarker in several human cancers.

The low expression of serum miR-22 in

patients with ICC and HCC may be an

independent promising biomarker for

early diagnosis of these cancers.26,27 In con-

trast, high expression of serum miR-22 in

patients with ESCC, pancreatic cancer,

and metastatic prostatic cancer suggests

that miR-22 may be a reliable, noninvasive

biomarker with the desired sensitivity and

specificity for cancer diagnosis.28–30

Alterations in the expression of circulating

miR-22 may also directly mirror therapeu-

tic effects for cancer patients. The elevated

expression of serum miR-22 in NSCLC

Table 2. Univariate and multivariate survival analyses of overall survival in 120 patients with osteosarcoma.

Clinicopathological

features

Number

of cases

4-year

survival,

n (%)

4-year

death,

n (%)

Univariate analysis Multivariate analysis

P-value HR P-value HR

Age NS 0.83 — —

<20 years 87 26 (29.9) 61 (70.1)

�20 years 33 10 (30.3) 23 (69.7)

Sex NS 1.07 — —

Male 80 23 (28.8) 57 (71.2)

Female 40 13 (32.5) 27 (67.5)

Tumor size 0.031 2.24 0.035 2.08

>8 cm 36 6 (16.7) 30 (83.3)

�8 cm 84 30 (35.7) 54 (64.3)

Tumor location NS 0.98 — —

Tibia/femur 85 27 (31.8) 58 (68.2)

Elsewhere 35 9 (25.7) 26 (74.3)

Clinical stage 0.001 4.52 0.004 4.38

IIA 65 29 (44.6) 36 (55.4)

IIB/III 55 7 (12.7) 48 (87.3)

Distant metastasis 0.003 3.83 0.002 3.96

Absent 68 30 (44.1) 38 (55.9)

Present 52 6 (11.5) 46 (88.5)

Response to chemotherapy 0.014 2.94 0.024 2.67

Good 66 28 (42.4) 38 (57.6)

Poor 54 8 (14.8) 46 (85.2)

Plasma miR-22 expression 0.004 3.72 0.006 3.31

Low 60 12 (20.0) 48 (80.0)

High 60 24 (40.0) 36 (60.0)

HR, hazard ratio; miR-22, microRNA-22; NS¼ not significant.
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patients is significantly associated with
tumor aggression and unresponsiveness to
chemotherapeutic drugs,31 implying its
potential role in monitoring chemothera-
peutic effects in NSCLC. Taken together,
detecting alterations in miR-22 expression
in cancer tissues or body fluids may be of
great potential significance in cancer diag-
nosis, particularly in early diagnosis, as well
as in assessing therapeutic effects and pre-
dicting prognosis. These findings may help
to evaluate the diagnostic and prognostic
value of circulating miR-22 in OS patients.
The expression and clinical significance of
circulating miR-22 in other cancers is
worthy of further study.

Despite the rapid development and clin-
ical use of multi-agent chemotherapy regi-
mens, resistance to chemotherapy remains a
substantial therapeutic problem in the man-
agement of OS. Therefore, identification of
reliable and predictive biomarkers of che-
moresistance remains a crucial challenge
for appropriate and timely treatments.
miRNAs can also predict a response to che-
motherapeutic agents in OS. For example,
in the study by Luo et al.,40 the authors
found that downregulation of circulating
miR-125b might predict poor response to
cisplatin-based chemotherapy and unfavor-
able prognosis. Previous studies have sug-
gested that miR-22 is involved in the
regulation of chemosensitivity in several
types of cancers. p53-wild-type CRC cells
display chemoresistance to paclitaxel
partly by enhanced miR-22 binding to and
activation of phosphatase and tensin homo-
log (PTEN), which then counteracts a cas-
cade of PI3K/Akt events and stimulates
apoptosis.41,42 There are other possible
mechanisms with respect to miR-22 in
enhancing chemosensitivity, including the
autophagy and apoptosis pathways. By sep-
arately targeting the B-cell translocation
gene 1 (BTG1) and high-mobility group
box 1 (HMGB1), miR-22 could induce apo-
ptosis and inhibit autophagy, contributing

to the reverse chemoresistance in CRC and
OS.25,43 Moreover, miR-22 may profoundly
enhance the efficacy of chemotherapeutic
agents, especially anticancer drugs, by inti-
mately interacting with other miRNAs. The
PI3K/Akt/mTOR pathway is predominant-
ly repressed by the combined and simulta-
neous effects of miR-100 directly targeting
fibroblast growth factor receptor 3
(FGFR3) and mTOR and by miR-22 tar-
geting EVI1, resulting in increased chemo-
sensitivity to everolimus in clear cell
ovarian cancer.44 Taken together, these
data suggest that miR-22 may markedly
enhance chemosensitivity or reverse chemo-
resistance of cancer to corresponding anti-
cancer drugs through a variety of molecular
mechanisms, and that multiple drugs with
mainly therapeutic effects may further max-
imize their advantages or minimize side
effects by regulating miR-22 expression to
inhibit proliferation, migration, and inva-
sion of cancer cells. Hence, to obtain the
best treatment effects for miR-22 as a ther-
apeutic intervention, understanding the
potential mechanisms of miR-22 in regulat-
ing chemosensitivity or chemoresistance
will be greatly beneficial in the short term.
In this study, we observed a significant rela-
tionship between plasma levels of miR-22
and tumor response to neoadjuvant chemo-
therapy. ROC curve analysis confirmed
plasma miR-22 as a potential biomarker
to distinguish good from poor pathologic
response. Therefore, circulating miR-22
might act as an biomarker to predict the
chemosensitivity of human malignancies.

Although our results are encouraging,
some limitations need to be acknowledged.
First, all subjects were drawn from a single
center in a restricted geographic area, and it
is not clear whether these results apply to
the whole population. Second, the sample
size investigated in this study was relatively
small, and data from more participants are
needed. Third, our conclusions were derived
from clinical data; laboratory-based
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evidence and the mechanism by which miR-
22 regulates chemosensitivity of OS have
not been investigated. Mechanisms of resis-
tance to chemotherapy are complicated,
including drug inactivation, decreased
intracellular drug accumulation,
autophagy-related chemoresistance, pertur-
bations of signal transduction pathways,
and miRNA dysregulation.45,46

Considering that exosomes have been
reported to participate in cell-to-cell com-
munication,47 we assume potential relation-
ships between miR-22 and exosomes.
Illustrating the exact mechanism involved
in miR-22 regulation of OS response to che-
motherapy warrants further investigation.
Fourth, we only detected plasma levels of
miR-22 in the present study. Other circulat-
ing miRNAs, such as miR-199a and miR-
148a, are also abnormally expressed in the
peripheral blood of patients with OS.48,49

Genome-wide microarray or next-
generation sequencing analysis might be
an ideal tool to identify more circulating
miRNAs as diagnostic, prognostic, and pre-
dictive biomarkers with improved sensitivi-
ty and specificity.

In summary, this study provides the first
evidence that an altered plasma miR-22
level in patients with OS is a potential non-
invasive biomarker for the diagnosis, prog-
nosis, and chemosensitivity prediction of
IS. Further studies with a larger sample
size are needed to confirm our results and
to explore the underlying mechanisms of
dysregulated plasma miR-22 in OS.
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