
2989

Abstract. – OBJECTIVE: To investigate the ex-
pression level of serum microRNA-21 (miR-21) in 69 
patients with osteosarcoma, to analyze the chang-
es in miR-21 expression in the serum and tumor 
tissues before and after chemotherapy in patients 
with osteosarcoma, and to investigate the relation-
ship between the expression of serum miR-21 in 
patients with osteosarcoma and chemosensitivity. 

PATIENTS AND METHODS: Real-time poly-
merase chain reaction (RT-PCR) was used to 
detect the expression level of serum miR-21 in 
69 patients with osteosarcoma before and af-
ter chemotherapy, and analyze the relationship 
between the expression of miR-21 with tumor 
necrosis grading and chemosensitivity. The ex-
pression level of programmed cell death protein 
4 (PDCD4) in tumor tissues of patients with os-
teosarcoma before and after chemotherapy was 
detected by Western blot. 

RESULTS: The expression level of serum miR-
21 in patients with osteosarcoma was significant-
ly higher than that in normal control subjects. 
The expression of serum miR-21 before and af-
ter chemotherapy was positively correlated with 
the expression of miR-21 in the corresponding 
tissues. In the group where chemotherapy was 
effective (the effective group), expression levels 
of miR-21 in patients with osteosarcoma before 
and after chemotherapy were significantly differ-
ent. After chemotherapy, the expression level of 
target genes of miR-21 was increased, and the 
follow-up results showed that the 5-year survival 
rate was relatively higher after surgery. 

CONCLUSIONS: The expression level of se-
rum miR-21 in patients with osteosarcoma is 
closely related to the therapeutic effects of os-
teosarcoma, which can be used as one of the 
potential biomarkers and therapeutic targets for 
the diagnosis and prediction of osteosarcoma.
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Introduction

As a primary malignant bone tumor, osteosar-
coma often occurs in adolescents1. Patients with 
osteosarcoma are usually accompanied with dis-
tant metastasis2, and high-dose chemotherapy will 
lead to the incidence of malignant tumors in other 
parts of patients, such as leukemia3, lung cancer4 
and colon cancer5. Patients with osteosarcoma who 
suffer metastasis and recurrence after treatment 
still occupy a large proportion6. In recent years, 
with the rapid development of molecular biology, 
researchers have gradually concerned about the im-
portant role of gene changes in the occurrence and 
development of osteosarcoma7. MiR-21 is a class of 
miRNAs with independent transcription units and 
a kind of endogenous non-coding micromolecular 
RNAs with the length of 20-25nt. It has been con-
firmed that miRNA is highly expressed in a vari-
ety of tumors8-10, but there are few reports on the 
treatment pathology of osteosarcoma. The primary 
purpose of this study was to investigate the expres-
sion level of serum microRNA-21 (miR-21) in 69 
patients with osteosarcoma, to analyze the chang-
es in miR-21 expression in the serum and tumor 
tissues before and after chemotherapy in patients 
with osteosarcoma and to explore the relationship 
between the expression of serum miR-21 in patients 
with osteosarcoma and chemosensitivity.

Patients and Methods

Patients
A total of 69 patients (47 males and 22 fe-

males) were diagnosed with osteosarcoma in or-
thopedics and oncology, aged between 16 and 51 
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years old. Before the osteosarcoma surgery as 
well as before and after chemotherapy, we kept a 
total of 35 patients (21 males and 14 females) aged 
12-35 years old from eating. One hour later, the 
peripheral blood of these patients was collected 
and the serum samples were obtained by gradient 
centrifugation. After about one-hour fasting, the 
peripheral blood of patients in the normal control 
group was collected and the serum samples were 
obtained. This study was approved by the Ethics 
Committee of the Affiliated Jiangyin Hospital 
of Southeast University Medical College. Signed 
written informed consents were obtained from all 
participants before the study.

RNA extraction and RT-PCR
Total RNA extraction: the total RNA was ex-

tracted from tumor tissues of patients with osteosar-
coma, the serum in normal subjects and the serum 
in patients with osteosarcoma. The extraction kit 
used was TaqMan miRNA Isolation Kit (TaKaRa, 
Otsu, Shiga, Japan), and the total RNA concentra-
tion and purity were extracted and detected accord-
ing to the procedures. miRNA reverse transcription: 
reverse transcription was performed using TaqMan 
microRNA assay and TaqMan MicroRNA Reverse 
Transcription Kit (TaKaRa, Otsu, Shiga, Japan). 
PCR was performed using TaqMan Universal PCR 
Master Mix (TaKaRa, Otsu, Shiga, Japan). The re-
action procedures were set as follows: 95°C for 10 
min; 95°C for 15 s; 60°C for 1 min. The procedures 
were repeated for 40 cycles. The relative expression 
level of miR-21 was calculated.

Western blot
The protein extraction operation was carried out 

according to the instructions of the tissue protein 
extraction kit (Keygen, Nanjing, China) and the 
concentration of the obtained protein was exam-
ined. Part of the proteins was kept in the refrigerator 
(-80°C) for standby application. Gels in different 
concentrations were prepared for electrophoresis. 
Appropriate gels were cut according to marker 
bands and the molecular weight of PDCD4 for 
membrane transfers. After 30 min transfer, proteins 
received closing treatment in 5% skim milk pow-
der solution for 60 min; then, they were incubated 
with primary and secondary anti-bodies (treated 
with primary antibodies at 4°C overnight and with 
secondary antibodies for 60 minutes), respectively. 
Then, proteins were washed with 1×tris-buffered 
saline with Tween 20 (TBST) liquid for 3 times with 
each for 5 minutes. The exposure processing and 
imaging were conducted in the dark environment.

Tumor tissue necrosis grading 
after chemotherapy before surgery

Grade I: there appeared necrosis in relatively 
less or almost no tumor tissues; necrotic area 
≤50%; Grade II: there appeared necrosis in a 
few tumor tissues; 50%< necrotic area <90%; 
surviving tumors could be observed; Grade III: 
there appeared necrosis in most of the tumor tis-
sues, 90%≤ necrotic area ≤99%; a few surviving 
tumors could be observed; Grade IV: there ap-
peared necrosis in all tumor tissues; no surviving 
tumor cells were observed. Grade I and II repre-
sented that chemotherapy was ineffective while 
Grade III and IV represented that chemotherapy 
was effective.

Statistical Analysis
The experimental data in this study were 

expressed as mean ± standard deviation (x̅±s) 
and analyzed by Statistical Product and Service 
Solutions (SPSS) 16.0 (SPSS Inc., Chicago, IL, 
USA). The mainly used detection methods were 
Mann-Whitney U test and Kruskal-Wallis H test. 
p<0.05 represented that the difference was statis-
tically significant.

Results

The expression level of miR-21
in the serum and tissues

MiR-21 could be detected in the serum of 
patients with osteosarcoma and normal control 
subjects. The expression level of serum miR-21 
in patients with osteosarcoma was significant-
ly higher than that in normal control subjects 
(5.68±1.33 vs. 0.23±0.15). The difference was re-
markable and of statistical significance (p<0.001). 
MiR-21 could be expressed in osteosarcoma tis-
sues and adjacent normal bone tissues, and could 
be well detected. The expression level of miR-21 
in 65 out of 69 patients with osteosarcoma was 
significantly higher than that in adjacent normal 
bone tissues, and the difference was of statistical 
significance (Figure 1, p=0.025).

The relationship between 
the expression of serum miR-21 
and tumor necrosis grading

The expression of serum miR-21 in patients 
with osteosarcoma was not associated with En-
neking staging of osteosarcoma tissues of pa-
tients, and the difference was both not significant 
and statistical significance (p>0.05). Besides, the 
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expression level of miR-21 in the serum of pa-
tients with osteosarcoma was positively correlat-
ed with that in the corresponding osteosarco-
ma tissues (rank-order correlation (rho) = 0.753, 
p<0.001) (Table I).

The relationship between 
the expression of miR-21 in 
the serum and curative effects

In the effective group, the expression level 
of serum miR-21 in patients with osteosarcoma 
before and after chemotherapy was significantly 
different (8.04±1.91 vs. 3.95±1.43, p<0.05). In the 
group where chemotherapy was ineffective (the 
ineffective group), there was no significant dif-

ference in the expression level of serum miR-21 
before and after chemotherapy, and the difference 
was of no statistical significance (2.12±1.43 vs. 
1.79±0.88, p>0.05). The expression level of serum 
miR-21 in the effective and ineffective group was 
significantly different, and the difference was 
of statistical difference (8.04±1.91 vs. 2.12±1.43, 
p<0.001) (Table II).

The expression of target gene 
proteins of miR-21 in tissues

Western blot results showed that the expression 
level of PDCD4 after chemotherapy was signifi-
cantly higher than that before chemotherapy. The 
results were combined with conclusions in 2.1, and 

Figure 1. The expression of miR-21 in osteosarco-
ma tissues and adjacent normal bone tissues. Note: 
T stands for osteosarcoma tissues and N for adjacent 
normal bone tissues. 

Table I. The relationship between the expression of serum miR-21 and tumor necrosis grading.

Enneking No. The expression of                The expression of miR-21 in the serum
staging   miR-21 in tissues
   Before chemotherapy After chemotherapy 
   
I 10 1.45±0.16 2.67±1.14 1.52±0.32
II 42 2.94±1.15 3.68±2.51 2.67±0.95
III 17 1.34±0.33 2.55±1.39 1.29±0.17
p-value  0.241                                                0.408

Table II. The relationship between the expression of serum miR-21 and curative effects.

Curative No. The expression of                The expression of miR-21 in the serum
 effects of    miR-21 in tissues
 chemotherapy   Before chemotherapy After chemotherapy 
   
Effective  51 5.66±1.27 8.04±1.91 3.95±1.43
Ineffective  18 2.19±0.28 2.12±1.43 1.79±0.88

p-value  0.019                                                <0.001
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we found that the expression of miR-21 was neg-
atively correlated with the expression of PDCD4. 
After the patients with osteosarcoma received che-
motherapy, the expression level of miR-21 was 
decreased, thus weakening the inhibitory effect on 
PDCD4 translocation, and the expression level of 
PDCD4 was increased (Figure 2).

Analysis of the survival rate 
of patients with osteosarcoma

63 patients with osteosarcoma (there was a 
total of 69 patients, 2 of whom were out of touch, 
and 4 of whom were no longer willing to undergo 
follow-up two months later) were followed up for 
5 years after surgery. Survival rates were relative-
ly higher in patients with osteosarcoma after che-

motherapy (Figure 3). After 30-month follow-up, 
the overall survival rate reached about 70%. 50% 
of patients with osteosarcoma survived, and their 
average survival time was about 42 months.

Discussion

Osteosarcoma is a relatively common primary 
malignant bone tumor in adolescents. Although 
with the gradual development of medical tech-
nology, the 5-year survival rate of patients with 
osteosarcoma has been significantly improved11, 
the rate remains unchanged after 20-year devel-
opment12. Some scholars13 pointed out that the 
survival rate failing to be effectively increased 

Figure 2. The expression of target gene proteins of miR-21 in tissues.

Figure 3. The survival analysis of patients with 
osteosarcoma after chemotherapy.
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was mainly due to the emergence of multiple 
drug resistance (MDR) in patients with osteo-
sarcoma after chemotherapy. Once there appears 
MDR in cancer cells, the possibility of recurrence 
of patients will be greatly increased. Therefore, 
the sensitivity of cancer cells to chemotherapeutic 
drugs determines the effectiveness of anti-can-
cer treatment, so there is an urgent need to find 
relatively better tumor markers to provide early 
diagnosis of patients and conduct Real-time mon-
itoring of individualized chemotherapy-related 
signs. MiR-21 is a class of endogenous non-cod-
ing micromolecular RNAs with the length of 
20-25nt. miR-21 regulates the transfer and infil-
tration of tumor cells by regulating the expression 
of many tumor metastasis suppressor genes in 
cells14. Recent reports15,16 have shown that miR-21 
expression is associated with drug tolerance to 
a certain degree. Changes in miR-21 expression 
can affect the sensitivity of breast cancer cells to 
doxorubicin17. Zadeh et al18 improve the expres-
sion of miR-21 in malignant glioma cells, causing 
the resistance of cells to a variety of chemother-
apy drugs. Similarly, the reduction of miR-21 
expression in pancreatic cancer cells can increase 
the sensitivity to chemotherapeutic drugs19. In 
this work, the expression of serum miR-21 in 
patients with osteosarcoma and normal control 
subjects was detected. The results showed that 
the expression level of serum miR-21 in patients 
with osteosarcoma was significantly higher than 
that in normal control subjects through the statis-
tical analysis, and the difference was statistically 
significant. Therefore, we speculated that miR-21 
could be used as a marker for early diagnosis of 
osteosarcoma. A further statistical analysis found 
that the expression of serum miR-21 in patients 
with osteosarcoma was not correlated with the 
Enneking staging of osteosarcoma tissues in pa-
tients, and the difference was not significant. In 
addition, the expression level of miR-21 in the 
serum of patients with osteosarcoma was posi-
tively correlated with that in the corresponding 
osteosarcoma tissues. The expression level of 
miR-21 in the serum of patients with osteosarco-
ma in the ineffective group was lower than that in 
the effective group before and after patients with 
osteosarcoma received chemotherapy, and the 
difference was statistically significant, indicating 
that the level of miR-21 in the serum may be as-
sociated with chemosensitivity of osteosarcoma. 
Western blot was used to detect the expression of 
the target gene PDCD4 of miR-21, and the results 
showed that the expression level of PDCD4 after 

chemotherapy was significantly higher than that 
before chemotherapy. We suggested that the rea-
son might be that the expression level of miR-21 
was reduced after chemotherapy, thus weakening 
the inhibiting effect on PDCD4 translation, and 
the expression level of PDCD4 was increased. 
Through the survival analysis, the survival rate 
reached 70% after 3-month follow-up, which was 
consistent with the existing reports20.

Conclusions

The expression level of serum miR-21 in pa-
tients with osteosarcoma is closely related to the 
curative effect of chemotherapy, and the specific 
mechanism will be discussed in detail in further 
studies, which will provide an experimental ba-
sis for the early diagnosis of osteosarcoma and 
prediction of chemosensitivity of serum miR-21.
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