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related proteins in OSCC cells in vitro [28]. A previous re-
port showed that HOXB9 may promote OSCC EMT by in-
ducing the activation of the TGF-� 1/Smad2/Slug signaling
pathway [26]. TGF-� is a key inducer of EMT [34]. The co-
stimulation of TGF� 1 and EGF has been revealed to trigger
the phenotype transition in OSCC cells, which meets the re-
quirements of EMT accompanied by upregulated Vimentin
and downregulated E-cadherin at the protein level [35]. A
finding similar to ours was that HOXC6 gene silencing de-
lays EMT (reflected by decreased N-cadherin and Vimentin
expression and increased E-cadherin expression) through the
inhibition of the activation of TGF-� /Smad signaling path-
way in cervical carcinoma cells [14].

Emerging evidence demonstrates that miRNAs play
an important role in the regulation of cancer cell
growth, invasion, and metastasis by inhibiting the ex-
pression of their targets [36]. In the current study,
overexpression of miR-495 inhibited the proliferation,
migration, and invasion while stimulating the apop-
tosis of CSCs in OSCC by downregulating its target
HOXC6 gene. Similarly, the overexpression of miR-
495 inhibits OSCC cell proliferation and invasion
through its suppression in Notch1 target gene in vitro
[10]. One previous study suggested that 14q32.31
miRNAs, including miR-495, play important roles in
the inhibition of cell proliferation, invasion, and mi-
gration in metastatic prostate cancer, where miR-495
could decrease cells in proliferative S phase while in-
crease cells in the G1 phase [37]. Another study sug-
gested that the deregulation of HOX genes
contributes to cancer development and progression [38].
A previous report revealed that miR-147-mediated
HOXC6 silencing can inhibit cell proliferation and migra-
tion in hepatocellular carcinoma in vitro [39]. The overex-
pression of HOXC5 has also found to be associated with
oral carcinogenesis and can significantly boost the devel-
opment of OSCC [40]. Furthermore, siRNA against
HOXC6 significantly reduces the growth of xenograft tu-
mors in mice with oral cancer [31] and upregulation of
miR-495 can inhibit the growth of OSCC xenografts
in vivo [28], which were in agreement with our in vivo ex-
perimental results.

Conclusion
Our study demonstrates that miR-495 has the potential
to retard CSC cell proliferation, invasion, and migration
along with EMT while promoting cell apoptosis by per-
turbing the HOXC6-dependent TGF-� signaling path-
way activation (Fig.7). These findings highlighted the
potential of miR-495 as a new therapeutic intervention
in the treatment of OSCC. Due to the limited sample
size, the exact mechanism of miR-495 is not fully eluci-
dated, and therefore, further large-scale studies are re-
quired to illustrate the underlying mechanism.
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Additional file 1: Figure S1. Successful isolation of CSCs. A, The
morphological observation of the purified OSCC cells (× 200). B and C,
Immunohistochemistry analysis of Vimentin and keratin in OSCC cells (×
200).

Additional file 2: Figure S2. Sorting and identification of CSCs. A, The
CD133 and CD44 positive cells sorted from OSCC cells detected by flow
cytometry. B, The cell spheres enriched in OSCC cells detected by
suspension sphere-forming test (× 200). C and D, The protein expression
of CD133 and CD44 in OSCC cell spheres examined by western blot ana-
lysis. *p < 0.05 vs. the OSCC cells. Data (mean ± standard deviation) were
analyzed by independent samplet-test. The experiment was repeated 3
times independently.

Additional file 3: Figure S3. Transfection efficiency of miR-495 overex-
pression or knockdown. *p < 0.05 vs. the NC-mimic group. #p < 0.05 vs.
the NC-inhibitor group. Data (mean ± standard deviation) were analyzed
by independent samplet-test. The experiment was repeated 3 times
independently.
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