
Oncology Research, Vol. 25, pp. 1463–1470 0965-0407/17 $90.00 + .00
Printed in the USA. All rights reserved. DOI: https://doi.org/10.3727/096504017X14878518291077
Copyright Ó 2017 Cognizant, LLC. E-ISSN 1555-3906
 www.cognizantcommunication.com

Address correspondence to Hongliang Ying, Department of Orthopedics, China–Japan Union Hospital of Jilin University, No. 126 Xiantai Street, 
Changchun 130033, P.R. China. E-mail: yinghongliang12@126.com

1463

Procaine Inhibits Proliferation and Migration and Promotes Cell Apoptosis in 
Osteosarcoma Cells by Upregulation of MicroRNA-133b

Boda Ying,* Hong Huang,† Hongfei Li,* Meng Song,* Sizhan Wu,* and Hongliang Ying†

*Norman Bethune Health Science Center of Jilin University, Changchun, P.R. China
†Department of Orthopedics, China–Japan Union Hospital of Jilin University, Changchun, P.R. China

Procaine (PCA) is a conventional chemotherapeutic agent for osteosarcoma. Recent studies have proposed 
that the growth-inhibitory effect of PCA is through regulation of microRNAs (miRNAs). miR-133b has been 
proven to be a tumor suppressor in osteosarcoma, but whether it is involved in the antitumor effects of PCA on 
osteosarcoma has not been investigated. In this study, we aimed to explore the effects of PCA on osteosarcoma 
MG63 cells by regulation of miR-133b, as well as its underlying mechanisms. MG63 cells were treated with 
different concentrations of PCA, and cell viability, apoptosis, and miR-133b expression were then detected 
by MTT, flow cytometry, and qRT-PCR, respectively. Cells were then transfected with the miR-133b inhibi-
tor and treated with 2 µM PCA. Thereafter, cell viability, migration, and apoptosis were detected. Analysis of 
signaling pathways was detected by Western blot. Our results showed that PCA significantly inhibited cell 
viability and promoted apoptosis and the expression level of miR-133b in a dose-dependent manner ( p < 0.05 
or p < 0.01). Moreover, we observed that PCA + miR-133b inhibitor dramatically reversed the effects of PCA on 
cell viability, apoptosis, and migration ( p < 0.05 or p < 0.01). In addition, PCA significantly decreased the levels 
of p/t-AKT (p308 or p473), p/t-ERK, and p/t-S6, whereas PCA + miR-133b inhibitor rescued these effects. Our 
results suggest that PCA inhibits proliferation and migration but promotes apoptosis in osteosarcoma cells by 
upregulation of miR-133b. These effects may be achieved by inactivation of the AKT/ERK pathways.
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INTRODUCTION

Osteosarcoma is the most prevalent primary malig-
nant bone tumor, which arises from osteoid tissue, 
mainly affecting children and adolescents1. Although 
osteosarcoma is relatively rare, it has been estimated 
that it is the third most frequent malignancy in ado-
lescence, followed by lymphomas and brain tumors in 
this age group1. The disease is generally locally aggres-
sive, and patients often tend to develop early systemic 
metastases1,2. Although dramatic improvements have 
been made in the treatment of osteosarcoma in the past 
two decades, the survival rate still remains poor. It has 
been reported that the 5-year survival rate of osteosar-
coma is about 20%3 because recurrence often manifests 
as metastasis4–6. Therefore, there is an urgent need to 
explore a novel strategy that would effectively inhibit 
tumor cell growth and metastasis.

Recently, accumulating evidence has focused on the 
administration of a combination of chemotherapeutic drugs 
to treat malignancy7–9. Procaine (PCA), one of the conven-
tional chemotherapeutic agents, was also one of the most 
widely used local anesthetics during surgery. PCA has 

recently been proven to be a DNA-demethylating agent, 
which could demethylate densely hypermethylated CpG 
islands10. Thus, PCA has become one of the most promis-
ing choices for the treatment of different types of cancers, 
such as lung cancer11,12, liver cancer13, colon cancer14, and 
leukemia15. However, little information is currently avail-
able on the effects of PCA with different doses on osteo-
sarcoma cells.

MicroRNAs (miRNAs) are a class of highly conserved, 
endogenous, small (~22 nt), noncoding RNAs16. An increas-
ing number of studies have confirmed that miRNAs are 
involved in cancer development and progress, which could 
regulate cell proliferation, apoptosis, differentiation, and 
metastasis17. The functional role of miRNAs in osteosar-
coma has been widely studied18,19. Among the miRNAs, 
miR-133b was proven to be expressed in a lower level in 
osteosarcoma samples, which might be by regulating cell 
proliferation and cell cycle20. Therefore, we assumed that 
there might be a potential association between PCA and 
miR-133b.

Thus, in the present study, we aimed to explore the 
effects of PCA on osteosarcoma cell proliferation, 
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apoptosis, and migration, as well as the relationship 
between PCA and miR-133b. In addition, we investi-
gated the potential underlying signaling pathway(s). Our 
study might provide a new insight into the treatment 
of osteosarcoma.

MATERIALS AND METHODS

Cell Culture and Treatment

The human osteosarcoma cell line MG63 was obtained 
from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). These cells were maintained in 
RPMI-1640 (Gibco Life Technologies, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine serum (FBS; 
Gibco Life Technologies), 1% penicillin (50 U/ml)/
streptomycin (50 µg/ml) (Gibco Life Technologies), 
and 5 µg/ml Plasmocin™ prophylactic (Sigma-Aldrich, 
St. Louis, MO, USA) at 37°C in a humidified atmosphere 
of 5% CO

2
. The cells were cultured for 24 h, followed by 

administration of PCA (Sigma-Aldrich) at different con-
centrations (0.5, 1, 1.5, and 2 µM). Nontreated cells were 
considered to be the control group. The culture medium 
was changed every 24 h.

Cell Transfection

Mature miR-133b inhibitor and negative control were 
designed and synthesized by GenePharma (Shanghai, 
P.R. China). For stable transfection, cells were plated 
onto six-well plates at 2 ́  105 cells/well and were then 
transiently transfected with 150 nM miR-133b inhibitor 
or negative control. Cell transfections were performed 
using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, 
CA, USA) following the manufacturer’s instructions.

Cell Viability

Cell viability was determined using a 3-(4,5-dime-
thylthiazol-2-yl)-2 5-diphenyl-2H-tetrazolium bromide 
(MTT) colorimetric assay, according to standard methods 
described previously21. Briefly, the cells were seeded into 
96-well plates and then exposed to PCA and/or transfected 
with miR-133b inhibitor or negative control. Seventy-two 
hours later, 5 mg/ml MTT (20 µl; Sigma-Aldrich) was 
added, and the cells were incubated at 37°C for another 
4 h. Next, 100 µl of dimethyl sulfoxide (DMSO; Sigma-
Aldrich) was added to the cells to dissolve the formazan 
crystals. Thereafter, an absorbance at 590 nm was read 
by a microplate reader (Multiskan MK3; Thermo Fisher 
Scientific, Hercules, CA, USA). Each experiment was 
performed three times.

Apoptosis Assay

The cell apoptosis was measured by annexin V-FITC/
PI double staining using the FITC Annexin-V Apoptosis 
Detection Kit (Beijing Biosea Biotechnology, Beijing, 
P.R. China). In brief, cells were seeded into six-well plates 

at a density of 1 ́  105 cells/well. The cells were treated 
with PCA and/or transfected with miR-133b inhibitor or 
negative control. Thereafter, the cells were washed twice 
with cold phosphate-buffered saline (PBS), followed by 
adding a solution containing 5 µl of annexin V-FITC plus 
10 µl of PI. After incubation in the dark for 15 min, 300 µl 
of binding buffer was added to the cells. The cells were 
then analyzed by a FACScan flow cytometer (Becton 
Dickinson, San Jose, CA, USA).

Migration Assay

Cell migration was determined using a Transwell 
chamber with a pore size of 8 mm. In brief, MG63 cells 
were suspended in serum-free medium (200 ml) and then 
seeded on the upper compartment of a 24-well Transwell 
culture chamber. Thereafter, complete medium (600 ml) 
was added to the lower compartment and incubated for 
12 h. The cells were then fixed with methanol, and non-
traversed cells were removed from the upper surface with 
a cotton swab. Cells migrating to the lower side of the 
filter were stained with crystal violet and then counted.

Quantitative Real-Time Reverse Transcriptase 
Polymerase Chain Reaction (qRT-PCR)

Total RNA was isolated from the cells using TRIzol 
reagent (Invitrogen). Reverse transcription was performed 
using the PrimeScript™ RT Master Mix (Takara, Otsu, 
Japan). The PCR primers were designed by GenePharma. 
PCR was conducted by Bio-Rad CFX 96 Real-time PCR 
system (Bio-Rad, Hercules, CA, USA) using SYBR® 
Premix Ex Taq™ II (TaKaRa, Shiga, Japan), according to 
the manufacturer’s instructions. miRNA and mRNA levels 
were normalized to U6 and GAPDH, respectively.

Western Blot

After treatment with PCA or transfection with miR-
133b inhibitor and negative control, cell suspension was 
collected, centrifuged, and lysed in a RIPA lysis buffer 
(Beyotime Biotechnology, Shanghai, P.R. China) with 
protease and phosphatase inhibitor cocktails (Roche, 
Guangzhou, P.R. China). The protein concentration was 
quantified using the Bradford assay (Thermo Fisher Scien-
tific). Equal amounts of protein were subjected to 10%– 
12% sodium dodecyl sulfate (SDS)-polyacrylamide gel 
electrophoresis (PAGE) gels and then transferred onto 
polyvinylidene fluoride (PVDF) membranes. The trans-
fer membranes were then incubated with 5% skim milk 
in Tris-buffered saline with Tween (TBST) for 2 h and 
probed with the following primary antibodies overnight at 
4°C at a dilution of 1:1,000: anti-Bax antibody (ab32503; 
Abcam, Cambridge, MA, USA), anti-B-cell lymphoma 
(Bcl)-2 antibody (ab32124; Abcam), anti-procaspase 3 anti-
body (ab32150; Abcam), anti-cleaved caspase 3 antibody 
(ab13585; Abcam), anti-phosphor (p)-AKT (Thr308) 
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(ab38449; Abcam), anti-p-AKT (Ser473) (P4112; Sigma- 
Aldrich), anti-AKT antibody (#4691; Cell signaling Tech-
nology, Danvers, MA, USA), anti-extracellular signal-
regulated kinase (ERK) antibody (ab214362; Abcam), 
anti-total ERK antibody (ab196883; Abcam), anti-
p-S6 antibody (ab186753; Abcam), or anti-S6 antibody 
(SAB5500173; Sigma-Aldrich). Thereafter, membranes 
were incubated with a secondary antibody marked by 
horseradish peroxidase for 2 h at room temperature. 
The signals were captured with the WEST-ZOL (plus) 
Western Blot Detection System (Intron Biotechnology, 
Inc., South Korea) using enhanced chemiluminescence 
(ECL) reagents.

Statistical Analysis

All experiments were repeated at least three times. The 
data are presented as the mean ± standard deviation (SD). 
SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, 
USA statistical software) was used to conduct statistical 
analyses. One-way analysis of variance (ANOVA) was 

performed to calculate the p values. A value of p < 0.05 
was considered as a statistically significant result.

RESULTS

PCA Inhibits Cell Viability and Promotes Cell Apoptosis 
in MG63 Cells

To investigate the function of PCA in osteosarcoma, 
the human osteosarcoma cell line MG63 was exposed to 
different concentrations of PCA (0.5, 1, 1.5, and 2 µM). 
Nontreated cells were regarded as the control group. 
Thereafter, cell viability and cell apoptosis were explored. 
Results showed that cell viability was decreased by the 
administration of PCA, but there were significant dif-
ferences at 1.5 and 2 µM (both p < 0.05) (Fig. 1A). In 
addition, the percentage of apoptotic cells was signifi-
cantly increased by 1, 1.5, and 2 µM PCA (all p < 0.05). 
Although the apoptotic cells were increased by 0.5 µM 
PCA, there was no significant difference (Fig. 1B). The 
results demonstrated that PCA inhibited cell viability 
and promoted cell apoptosis in MG63 cells in a dose-
dependent way.

PCA Promotes Expression of miR-133b

Some studies have demonstrated that the effects of 
PCA might be by regulation of miRNAs22. However, 
whether miR-133b is involved in the antitumor effects 
of PCA on osteosarcoma has not been investigated. To 
investigate the functional role of miR-133b in PCA activ-
ity, the expression levels of miR-133b were analyzed 
after exposure to PCA. Results revealed that the expres-
sion levels of miR-133b were significantly elevated by 
PCA at 1.5 µM ( p < 0.05) and 2 µM ( p < 0.01) (Fig. 2). 

Figure 1. Procaine (PCA) inhibits cell viability and promotes 
cell apoptosis in MG63 cells. (A) Cell viability was significantly 
decreased by PCA at 1.5 and 2 µM. (B) Cell apoptosis was 
significantly increased by PCA at 1, 1.5, and 2 µM. *p < 0.05, 
**p < 0.01.

Figure 2. PCA promotes the expression of miR-133b. The 
results revealed that the expression levels of miR-133b were 
significantly elevated by PCA at 1.5 and 2 µM. miR, microRNA. 
*p < 0.05, **p < 0.01.
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However, no significant differences were observed at 0.5 
and 1 µM. The results implied that PCA promoted the 
expression levels of miR-133b in a dose-dependent way. 
Therefore, 2 µM was used in future studies.

PCA Inhibits Cell Viability by Regulation of miR-133b

To further investigate the function of miR-133b in oste-
osarcoma, miR-133b inhibitor was transfected into MG63 
cells to suppress miR-133b expression. Results displayed 
that the levels of miR-133b was markedly reduced by miR-
133b inhibitor ( p < 0.01), indicating that the transfection 
efficiency was high and could be used for further study 
(Fig. 3A). Thereafter, cell viability was again analyzed by 
MTT. Results demonstrated that cell viability was statisti-
cally reduced by PCA, as expected, compared to the con-
trol group ( p < 0.05). However, the effects were reversed 
by simultaneous transfection with miR-133b inhibitor 
(Fig. 3B). Cell viability was significantly increased by 
PCA + miR-133b inhibitor compared to the PCA + inhibi-
tor NC group ( p < 0.05). These results implied that PCA 
inhibited cell viability by regulation of miR-133b.

PCA Promotes Cell Apoptosis by Regulation  
of miR-133b

We then analyzed whether PCA promotes cell apo-
ptosis by regulation of miR-133b. We observed that cell 
apoptosis was statistically elevated by PCA, as expected, 
compared to the control group ( p < 0.01). However, 
the effects were rescued by simultaneous transfection 
with the miR-133b inhibitor. PCA + miR-133b inhibi-
tor significantly decreased cell apoptosis compared to 
the PCA + inhibitor NC group ( p < 0.05) (Fig. 4A). We 

further explored the underlying mechanism of apo-
ptosis by measuring the mRNA and protein expression 
levels of apoptosis-related proteins (Bax, Bcl-2, pro-
caspase 3, and cleaved caspase 3). We observed that 
PCA significantly increased the mRNA expression of 
Bax and cleaved caspase 3 but decreased the level of 
Bcl-2 ( p < 0.05 or p < 0.01). However, these effects were 
reversed by transfection with the miR-133b inhibitor 
( p < 0.05 or p < 0.01) (Fig. 4B). Protein levels were in 
line with the mRNA expression (Fig. 4C). These results 
indicated that PCA promoted cell apoptosis by regula-
tion of miR-133b.

PCA Inhibits Cell Migration by Regulation of miR-133b

We next analyzed whether PCA inhibited cell migra-
tion by regulation of miR-133b. Results revealed that cell 
migration was statistically lowered by administration of 
PCA compared to the control group ( p < 0.01) (Fig. 5). 
However, the effects were reversed by simultaneous 
transfection with the miR-133b inhibitor. These results 
implied that PCA inhibited cell migration by regulation 
of miR-133b.

PCA Inactivates the AKT/ERK Pathways by Regulation 
of miR-133b

AKT/ERK pathways have been reported to be involved 
in cell proliferation, apoptosis, and migration23. There-
fore, we assumed that AKT/ERK pathways might be 
responsible for the effects of PCA on MG63 cells. To 
confirm this assumption, we measured both the mRNA 
and protein expression of AKT/ERK pathway key fac-
tors. Results displayed that the mRNA levels of p/t-AKT 

Figure 3. PCA inhibits cell viability by regulation of miR-133b. (A) The levels of miR-133b were markedly reduced by the miR-133b 
inhibitor. (B) Cell viability was statistically increased by PCA + miR-133b inhibitor compared to the PCA + inhibitor NC group. NC, 
negative control. *p or #p < 0.05, **p < 0.01.
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(p-308 or p473), p/t-ERK, and p/t-S6 were significantly 
decreased by PCA compared to the control group (all 
p < 0.05). In addition, PCA + miR-133b inhibitor signifi-
cantly elevated the above levels compared to the PCA 
group (all p < 0.05) (Fig. 6A). The protein levels showed 
results similar to the mRNA levels (Fig. 6B).

DISCUSSION

In the present study, we observed that PCA inhibited 
cell viability and promoted cell apoptosis in MG63 cells 
in a dose-dependent way. Moreover, the results revealed 
that PCA could elevate the expression of miR-133b. 
Furthermore, our study suggested that the effects of PCA  
on cell viability, apoptosis, and migration were by upregu-
lation of miR-133b. In addition, the results demonstrated 
that PCA inactivated the AKT/ERK pathways, which 
were also by upregulation of miR-133b.

Currently, extensive chemotherapy and surgical resec-
tion are main strategies in the treatment of osteosar-
coma. PCA as a fast and efficient local anesthetic and 
conventional chemotherapeutic agent has become pop-
ular in the treatment of different types of cancers10. 
Recent studies have reported that PCA could influence 
cancer cell proliferation, DNA methylation, and tumor 
pro gression12,13,24. In consideration of abnormal cell pro-
liferation, higher metastasis, and DNA methylation in 
osteosarcoma25–27, we assumed that PCA may protect 
against osteosarcoma. Hence, in the present study we 
focused on the effects of PCA on the treatment of osteosar-
coma, along with the underlying mechanisms. Consistent 
with previous studies12–14, our study confirmed that PCA 
could inhibit cell viability and stimulate cell apoptosis in F
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Figure 5. PCA inhibits cell migration by regulation of miR-
133b. The cell migration was statistically elevated by PCA + miR-
133b inhibitor compared to the PCA + inhibitor NC group. **p or 
##p < 0.01.
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a dose-dependent way, indicating a protective effect from 
PCA in osteosarcoma.

To further investigate the underlying mechanism 
by which PCA induced cell growth arrest and promo-
tion of cell apoptosis, we examined whether PCA could 
affect miR-133b expression because miR-133b has been 
regarded to be a tumor suppressor in a variety of cancer 
cell lines such as esophageal squamous cell carcinoma 
(ESCC)28, colorectal cancer29, gastric cancer30,31, and oste-
osarcoma32. Previous studies confirmed that miR-133b 
potently inhibited cell proliferation, migration, and inva-
sion and promoted apoptosis in osteosarcoma20,32. Based 
on previous studies, we hypothesized that the effects of 
PCA on MG63 cells might be by upregulation of miR-
133b. As expected, the results revealed that the expres-
sion of miR-133b was significantly increased by PCA 
in a dose-dependent way. Furthermore, we analyzed the 
effects of the combination of PCA and suppression of 
miR-133b on cell viability and apoptosis again, together 
with migration. Our data showed that the combination of 
PCA and suppression of miR-133b significantly reversed 
the effects of PCA on cell viability, apoptosis, and migra-
tion, suggesting that the effects of PCA on osteosarcoma 
cells were achieved by upregulation of miR-133b.

To further understand the underlying mechanism of 
the apoptosis-promoting role of miR-133b in osteosar-
coma cells, we investigated the expression of apoptosis-
related protein. The Bcl-2 family plays a significant role 
in mediating cell apoptosis and consists of antiapoptotic 
and proapoptotic members33. Bcl-2, an important anti-
apoptotic factor, is highly expressed in many kinds of 
cancers and contributes to tumor initiation, progression, 
and resistance to treatment, while Bax is a proapoptotic 
protein34. In addition, caspases are crucial regulators of 

cell apoptosis35. Activation of caspases needs cleavage 
of procaspases. For example, procaspase 3 is activated 
by cleavage into cleaved caspase 3, the executioner of 
apoptosis36. In the present study, we observed that PCA 
markedly increased the level of Bax and cleaved caspase 
3, whereas it decreased Bcl-2, implying an apoptosis- 
promoting role for PCA. However, the result was reversed 
by simultaneous suppression of miR-133b. Our findings 
are in line with the earlier observation of Patron et al., 
who suggested that miR-133b targeted antiapoptotic genes 
and increased apoptosis37.

In addition, we tested the potential signaling path-
way(s). AKT and ERK signaling pathways are impor-
tant survival pathways for cell proliferation, apoptosis, 
and migration in cancer cells38,39. Inhibition of the AKT 
and ERK signaling pathways could inhibit cell growth, 
induce apoptosis, and suppress migration40,41. Herein we 
found that PCA decreased the expression of p-AKT and 
p-ERK, suggesting that AKT and ERK inactivation might 
be required in PCA-induced cell proliferation apoptosis 
and migration. However, these effects were alleviated by 
simultaneous suppression of miR-133b. In other words, 
suppression of miR-133b might activate AKT pathways, 
while overexpression of miR-133b may inactivate the 
AKT pathway. Similarly, Zhao et al. suggested that 
p-AKT was reduced in miR-133b-overexpressed cells32. 
Additionally, the data showed that PCA decreased the 
level of p-S6, while simultaneous suppression of miR-
133b raised the levels of p-S6. p-S6 is a downstream 
target of p70S6K, which has been implicated as an onco-
gene. These results imply that PCA also protected against 
osteosarcoma by regulating the expression of p70S6K. 
However, further studies should be performed to confirm 
the results.

Figure 6. PCA inactivates AKT/ERK pathways by regulation of miR-133b. (A) mRNA and (B) protein levels of p/t-AKT (p308 or 
p473), p/t-ERK, and p/t-S6 were significantly decreased by PCA, whereas PCA + miR-133b inhibitor significantly elevated these 
levels. *p or #p < 0.05, **p < 0.01.
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In conclusion, our study suggests that PCA prevents 
proliferation and migration and enhances cell apoptosis in 
osteosarcoma cells by upregulation of miR-133b, which 
might be by inactivation of the AKT/ERK pathways. Our 
study provides basic theories for PCA in the treatment 
of osteosarcoma.

REFERENCES
Ottaviani G, Jaffe N. The epidemiology of osteosarcoma.  1. 
Cancer Treat Res. 2009;152:3–13.
Admassi D. Osteosarcoma of medial cuniform bone. Ethiop  2. 
Med J. 2009;47(4):305–8.
Hou CH, Lin FL, Hou SM, Liu JF. Cyr61 promotes epithelial-  3. 
mesenchymal transition and tumor metastasis of osteosar-
coma by Raf-1/MEK/ERK/Elk-1/TWIST-1 signaling path-
way. Mol Cancer 2014;13(1):236.
Kempfbielack B, Bielack SS, Jürgens H, Branscheid D,  4. 
Berdel WE, Exner GU, Göbel U, Helmke K, Jundt G, 
Kabisch H. Osteosarcoma relapse after combined modal-
ity therapy: An analysis of unselected patients in the 
Cooperative Osteosarcoma Study Group (COSS). J Clin 
Oncol. 2005;23(3):559–68.
Arndt CA, Rose PS, Folpe AL, Laack NN. Common mus- 5. 
culoskeletal tumors of childhood and adolescence. Mayo 
Clin Proc. 2012;87(5):475–87.
Bacci G, Ferrari S, Longhi A, Perin S, Forni C, Fabbri N,  6. 
Salduca N, Versari M, Smith KV. Pattern of relapse in patients 
with osteosarcoma of the extremities treated with neoadju-
vant chemotherapy. Eur J Cancer 2001;37(1):32–8.
Pe ADS, Palomino JC. Molecular basis and mechanisms of  7. 
drug resistance in Mycobacterium tuberculosis: Classical 
and new drugs. J Antimicrob Chemother. 2011;66(7): 
1417–30.
Borst P, Jonkers J, Rottenberg S. What makes tumors multi- 8. 
drug resistant? Cell Cycle 2007;6(22):2782–7.
Xie L, Xie L, Kinnings SL, Bourne PE. Novel compu- 9. 
tational approaches to polypharmacology as a means to 
define responses to individual drugs. Annu Rev Pharmacol 
Toxicol. 2012;52:361–79.
Villar GA, Fraga MJ, Esteller M. Procaine is a DNA-10. 
demethylating agent with growth-inhibitory effects in 
human cancer cells. Cancer Res. 2003;63(16):4984–9.
Gao Z, Xu Z, Hung MS, Lin YC, Wang T, Gong M, Zhi X, 11. 
Jablons DM, You L. Procaine and procainamide inhibit the 
Wnt canonical pathway by promoter demethylation of WIF-1 
in lung cancer cells. Oncol Rep. 2009;22(6):1479–84.
Ma XW, Li Y, Han XC, Xin QZ. The effect of low dosage 12. 
of procaine on lung cancer cell proliferation. Eur Rev Med 
Pharmacol Sci. 2016;20(22):4791–5.
Tada M, Imazeki F, Fukai K, Sakamoto A, Arai M, Mikata R, 13. 
Tokuhisa T, Yokosuka O. Procaine inhibits the proliferation 
and DNA methylation in human hepatoma cells. Hepatol 
Int. 2007;1(3):355–64.
Sabit H, Samy MB, Said OAM, El-Zawahri MM. Procaine 14. 
induces epigenetic changes in HCT116 colon cancer cells. 
Genet Res Int. 2016;2016(2):1–7.
Borutinskaite V, Bauraiteakatova J, Navakauskiene R. 15. 
Anti-leukemic activity of DNA methyltransferase inhibitor 
procaine targeted on human leukaemia cells. Open Life Sci. 
2016;11(1):322–30.
Bushati N, Cohen SM. microRNA functions. Annu Rev 16. 
Cell Dev Biol. 2007;23:175–205.

Garzon R, Fabbri M, Cimmino A, Calin GA, Croce CM. 17. 
MicroRNA expression and function in cancer. Trends Mol 
Med. 2006;12(12):580–7.
Namløs HM, Mezazepeda LA, Barøy T, Østensen IHG, 18. 
Kresse SH, Kuijjer ML, Serra M, Bürger H, Cletonjansen 
AM, Myklebost O. Modulation of the osteosarcoma expres-
sion phenotype by microRNAs. PLoS One 2012;7(10): 
950–3.
Miao J, Wu S, Peng Z, Tania M, Zhang C. MicroRNAs in 19. 
osteosarcoma: Diagnostic and therapeutic aspects. Tumor 
Biol. 2013;34(4):2093–8.
Novello C, Pazzaglia L, Cingolani C, Conti A, Quattrini I, 20. 
Manara MC, Tognon M, Picci P, Benassi MS. MiRNA 
expression profile in human osteosarcoma: Role of miR-1 
and miR-133b in proliferation and cell cycle control. Int J 
Oncol. 2012;42(2):667–75.
Inada T, Kubo K, Shingu K. Possible link between cyclo-21. 
oxygenase-inhibiting and antitumor properties of propofol. 
J Anesth. 2011;25(4):569–75.
Sung SH, Lee JG, Yu SB, Chang HK, Ryu SJ. The effects 22. 
of lidocaine and procaine on microRNA expression of 
adipocyte-derived adult stem cells. Korean J Anesthesiol. 
2012;62(6):552–7.
Bao L, Yan Y, Xu C, Ji W, Shen S, Xu G, Yong Z, Sun B, 23. 
Qian H, Lei C. MicroRNA-21 suppresses PTEN and 
hSulf-1 expression and promotes hepatocellular carcinoma 
progression through AKT/ERK pathways. Cancer Lett. 
2013;337(2):226–36.
Green SR, Mackay R, Fleming IN. Combinations of 24. 
sapacitabine or CNDAC with DNA methyltransferase 
inhibitors such as decitabine and procaine. U.S. Patent No. 
8975239. Washington, DC: U.S. Patent and Trademark 
Office 2015.
Sadikovic B, Yoshimoto M, AlRomaih K, Maire G, 25. 
Zielenska M, Squire JA. In vitro analysis of integrated 
global high-resolution DNA methylation profiling with 
genomic imbalance and gene expression in osteosarcoma. 
PLoS One 2008;3(7):e2834.
Rosenblum JM, Wijetunga NA, Fazzari MJ, Krailo M, 26. 
Barkauskas DA, Gorlick R, Greally JM. Predictive proper-
ties of DNA methylation patterns in primary tumor sam-
ples for osteosarcoma relapse status. Epigenetics 2015; 
10(1):31–9.
Zhang W, Han S, Sun K. Combined analysis of gene expres-27. 
sion, miRNA expression and DNA methylation profiles of 
osteosarcoma. Oncol Rep. 2017;37(2):1175–81.
Kano M, Seki N, Kikkawa N, Fujimura L, Hoshino I, Akutsu 28. 
Y, Chiyomaru T, Enokida H, Nakagawa M, Matsubara H. 
miR-145, miR-133a and miR-133b: Tumor-suppressive 
miRNAs target FSCN1 in esophageal squamous cell carci-
noma. Int J Cancer 2010;127(12):2804–14.
Hu G, Chen D, Li X, Yang K, Wang H, Wu W. miR-133b 29. 
regulates the MET proto-oncogene and inhibits the growth 
of colorectal cancer cells in vitro and in vivo. Cancer Biol 
Ther. 2010;10(2):190–7.
Qiu T, Zhou X, Wang J, Du Y, Xu J, Huang Z, Zhu W, 30. 
Shu Y, Liu P. MiR-145, miR-133a and miR-133b inhibit 
proliferation, migration, invasion and cell cycle progres-
sion via targeting transcription factor Sp1 in gastric cancer. 
FEBS Lett. 2016;588(7):1168–77.
Wen D, Li S, Ji F, Cao H, Jiang W, Zhu J, Fang X. miR-133b 31. 
acts as a tumor suppressor and negatively regulates FGFR1 
in gastric cancer. Tumor Biol. 2013;34(2):793–803.



1470 YING ET AL.

Zhao H, Li M, Li L, Yang X, Lan G, Zhang Y. MiR-133b is 32. 
downregulated in human osteosarcoma and inhibits osteo-
sarcoma cell proliferation, migration and invasion, and pro-
motes apoptosis. PLoS One 2013;8(12):e83571.
Tsujimoto Y. Role of Bcl-2 family proteins in apoptosis: 33. 
Apoptosomes or mitochondria? Genes Cells 1998;3(11): 
697–707.
Kirkin V, Joos S, Zörnig M. The role of Bcl-2 fam-34. 
ily members in tumorigenesis. Biochim Biophys Acta 
2004;1644(2–3):229–49.
Porter AG, Jänicke RU. Emerging roles of caspase-3 in 35. 
apoptosis. Cell Death Differ. 1999;6(2):99–104.
Park JA, Lee KY, Oh YJ, Kim KW, Lee SK. Activation of 36. 
caspase-3 protease via a Bcl-2-insensitive pathway during 
the process of ginsenoside Rh2-induced apoptosis. Cancer 
Lett. 1998;121(1):73–81.
Patron JP, Fendler A, Bild M, Jung U, Müller H, 37. 
Arntzen MØ, Piso C, Stephan C, Thiede B, Mollenkopf HJ. 
MiR-133b targets antiapoptotic genes and enhances death 
receptor-induced apoptosis. PLoS One 2011;7(4):e35345.

Saxena NK, Sharma D, Ding X, Lin S, Marra F, Merlin D, 38. 
Anania FA. Concomitant activation of the JAK/STAT, 
PI3K/AKT, and ERK signaling is involved in leptin-mediated 
promotion of invasion and migration of hepatocellular car-
cinoma cells. Cancer Res. 2007;67(6):2497–507.
Brand S, Olszak T, Beigel F, Diebold J, Otte JM, 39. 
Eichhorst ST, Göke B, Dambacher J. Cell differentiation 
dependent expressed CCR6 mediates ERK-1/2, SAPK/JNK, 
and Akt signaling resulting in proliferation and migration 
of colorectal cancer cells. J Cell Biochem. 2006;97(4): 
709–23.
Liu B, Shi ZL, Feng J, Tao HM. Celecoxib, a cyclooxyge-40. 
nase-2 inhibitor, induces apoptosis in human osteosarcoma 
cell line MG-63 via down-regulation of PI3K/Akt. Cell 
Biol Int. 2008;32(5):494–501.
Roy SK, Srivastava RK, Shankar S. Inhibition of PI3K/41. 
AKT and MAPK/ERK pathways causes activation of 
FOXO transcription factor, leading to cell cycle arrest and 
apoptosis in pancreatic cancer. J Mol Signal. 2010;5(1):10.




