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DISCUSSION
Accumulating evidence has identified that unrevealed 

molecular factors, particularly noncoding RNAs, play an 
important role in tumorigenesis or tumor progression by 
targeting various genes that were involved in the biologi-
cal progression. In this article, we evaluated the expression 
of miR-140 in OS patients and explored the biological 
role and regulatory mechanisms of miR-140 in OS cells.

miR-140 is a kind of conservative gene that partici-
pates in many biological and pathological progressions, 
including chondrogenic differentiation, adipogenesis, car-
diomyocyte apoptosis, and skeletal development, as well 
as cancer cell growth, migration, and invasion. It has 
been reported to function as a tumor suppressor in many 
tumors, such as in the study by Li et al., who showed 
that miR-140 was decreased in the esophageal tissues and 
overexpression of miR-140 repressed cell invasion by 
targeting Slug9. In lung cancer cells, reexpressing miR-
140 can significantly inhibit proliferation and promote 
cell apoptosis10. For OS, miR-140 was associated with 
the chemotherapy resistance of osteosarcoma. miR-140 
induced p53 and p21 expression accompanied with G1 

and G2 phase arrest of OS cells. We identified the sup-
pressed expression of miR-140 in OS tissues. Moreover, 
consistent with previous results, we found that restored 
expression of miR-140 inhibited the cell proliferation 
of HOS and U2 cells. Combined with suppressed cell 
proliferation, miR-140 induced cell apoptosis and inhib-
ited cell invasion of OS at the same time, which identi-
fied the tumor suppressor role of miR-140 in OS. Our 
study further concludes that the effects of miR-140 on 
the biological functions of OS cells all suggest the tumor- 
suppressive role of miR-140 in OS.

To find the putative mechanisms involved in miR-140- 
mediated suppressive effects, the putative target genes of 
miR-140 were searched. Among these genes, HDAC4 
attracted our attention most. Transfection with miR-140 
caused a marked reduction in luciferase activity by the 
luciferase expression constructs, which carry the target 
HDAC4 fragment compared with the mutant constructs 
that lack the binding site. HDAC4 is a kind of class II 
HDACs, which play a global role in the regulation of gene 
transcription, and thus their aberrant expression will lead 
to a series of pathological progression, including cancer 

Figure 5. miR-140 inhibited OS growth in vivo. (A) Mice were divided into two groups with five mice in each group. The graph 
represents tumor sizes at the indicated days, and the tumor growth curve indicated that miR-140 can inhibit the OS-engrafted tumorous 
growth relative to the scrambled group. (B, C) The transplants were resected and weighed after 28 days of the OS cell injection. (D) In 
the subcutaneously transplanted tumor, the miR-140 level of the miR-140 mimic group was overexpressed compared with that of the 
scramble group as detected by qPCR. (E) Immunohistochemistry analysis of HDAC4 in tumors from xenograft mice, and HDAC4 was 
decreased in the miR-140 group compared with scramble controls. *p < 0.05, **p < 0.01.
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development11,12. Chen et al. demonstrated that HDAC5 
acts as an oncogene in OS and promotes OS develop-
ment by upregulating the expression of Twist 113. Another 
study showed that HDAC9 is overexpressed in OS and 
that overexpression of HDAC9 promoted cell malig-
nant phenotypes in U2OS and MG63 cells by repress-
ing p53 transcription activity directly14. The function of 
HDAC4 in OS was further identified by the observation 
that HDAC4 knockdown induced cell growth retardation, 
apoptosis, and suppressed cell invasion, which paralleled 
the tumor-suppressive effects induced by miR-140 res-
toration. It suggested that HDAC4 could facilitate OS 
development. Combining that with previous research 
results, it suggested that HDAC4 partially participates in 
miR-140-mediated tumorigenesis.

A hypoxic microenvironment is common in many types 
of solid tumors, including OS15,16. Since a previous work 
reported that HDAC4 inhibition could reduce the hypoxia-
related increase in glycolysis and resistance to docetaxel 
chemotherapy8, we further explored whether it performs 
that function in miR-140-mediated suppressive effects. 
We found that transfection with miR-140 or si-HDAC4 
both suppressed the expression of HIF-1a, which means 
HIF-1a might perform a function in miR-140-mediated 
suppressive effects. However, more experiments are 
needed to prove whether it performs a function in the sup-
pressive effect and resistance to chemotherapy.

Last, we found that miR-140 inhibited tumorigenicity 
in a xenograft model in OS. We also observed the tumor-
suppressive role of miR-140 in vivo by injecting miRNA 
mimics directly and finding that miR-140 can reduce 
the growth of OS cells significantly. Further immuno-
histochemistry analysis demonstrated the negative regu-
lation of miR-140 to HDAC4 and HIF-1a in xenograft 
tumor tissues, suggesting that miR-140 might be a new 
potential therapeutic target in OS.

Our findings strongly demonstrate that miR-140 
functions as a tumor suppressor in OS cells by, at least 
partially, suppressing HDAC4. To the best of our knowl-
edge, this is the first comprehensive study to explore the 
role of miR-140 in OS. The combined miRNA-based and 
epigenetic treatment may be a novel potential therapeutic 
target for OS.
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