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Abstract 

Invasion and metastasis represent the primary causes of therapeutic failure in patients diagnosed 
with squamous cell carcinoma of the head and neck (SCCHN). Therefore, disease prediction and 
inhibition of invasion and metastasis are critical for enhancing the survival of patients with SCCHN. 
Our previous study revealed that increased expression of miR-93-5p is associated with poor 
prognosis in SCCHN; however, the mechanism underlying the oncogenic functions of miR-93-5p in 
SCCHN migration and invasion remains unclear. Using qPCR analyses, transwell assays, and scratch 
tests, we demonstrated that expression of ectopic miR-93-5p induced the migration and invasion of 
SCCHN, and this was accompanied by corresponding alterations in biomarkers and transcription 
factors specific for epithelial-mesenchymal transition (EMT). Luciferase reporter assays were used 
to demonstrate that miR-93-5p directly targeted the 3’ UTR of RGMB, and we further found that 
the tumor-promoting functions of miR-93-5p were partly mediated by targeting RGMB, whose 
downregulation also promoted the migration and invasion of SCCHN. Overall, our results indicate 
that miR-93-5p acts as an oncogene in the regulation of migration and invasion by suppressing 
RGMB in SCCHN. These findings provide novel evidence that miR-93-5p may serve as a valuable 
predictive biomarker and potential intervention target in patients with SCCHN. 
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Introduction 
Squamous cell carcinoma of the head and neck 

(SCCHN) is the sixth most common tumor 
worldwide, with approximately 650,000 cases being 
reported annually over the past few decades [1, 2]. 
Despite advances in therapeutic strategies, the 5-year 
survival rate for SCCHN has not significantly 

improved, and this lack of improvement is due to late 
diagnosis, frequent loco-regional recurrences at the 
primary site, and cervical lymph node metastasis [3, 
4]. New targeted agents against invasion and 
metastasis could provide crucial countermeasures to 
improve the prognosis of patients with SCCHN. Thus, 
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specific molecular signatures and an improved 
understanding of the underlying mechanisms of 
SCCHN migration and invasion are urgently required 
to improve therapeutic efficacy and to aid in the 
design of more effective treatment strategies against 
SCCHN.   

The discovery of miRNAs has provided a new 
avenue for understanding the regulatory mechanisms 
underlying gene expression. miRNAs constitute a 
family of small non-coding RNAs that are 
approximately 22 nucleotides in length [5], and these 
molecules can play oncogenic or tumor suppressor 
roles during tumorigenesis by influencing malignant 
biological behaviors such as proliferation, apoptosis, 
radioresistance, chemoresistance, and metastasis[6-9]. 
miR-93-5p, an miRNA within the miR-106b-25 cluster, 
has been reported to be dysregulated in various types 
of cancer such as cervical, breast, and bladder cancers, 
as well as nasopharyngeal carcinoma [10-13]. Our 
previous study demonstrated that miR-93-5p is 
upregulated in SCCHN tissues, and this upregulation 
is closely related to the clinicopathological parameters 
of T status, lymph node metastasis, and clinical stage 
[14]. Additionally, it has been previously reported 
that high expression of miR-93-5p is associated with 
poor prognosis [14]. Despite these findings, the 
underlying mechanisms regulating the functional 
involvement of miR-93-5p in SCCHN migration and 
invasion remain unclear. 

In this study, through the use of transwell assays 
and scratch tests, we determined that miR-93-5p 
clearly enhanced the migration and invasion of 
SCCHN. Mechanistically, miR-93-5p promoted the 
process of epithelial-to-mesenchymal transition 
(EMT) in SCCHN cells. Additionally, we found that 
the tumor suppressor, RGMB, was directly targeted 
by miR-93-5p and was partially involved in the 
migration and invasion mediated by miR-93-5p. 
Overall, our results indicated that miR-93-5p exerts 
critical regulatory control of migration and invasion 
by suppressing RGMB. These findings provide 
valuable clues that will allow researchers to further 
elucidate the molecular mechanisms underlying 
migration and invasion in SCCHN. 

Materials and Methods 
Cell culture 

SCCHN Tu686 and CAL27 cell lines were kindly 
gifted by Dr. Zhuo G. Chen (Emory University School 
of Medicine, Atlanta, USA) and Dr. Joseph Califano 
(University of California, San Diego, USA), 
respectively. The human tongue squamous carcinoma 
cell line Tcal8113 was obtained from the Cell Bank of 
Type Culture Collection of the Chinese Academy of 

Sciences. The human hypopharyngeal carcinoma cell 
line FaDu was purchased from ATCC. SCCHN 6-10B 
and 5-8F cells were obtained from the Cell Center of 
Central South University, Changsha, China. Tu686 
cells were maintained in DMEM/F12 medium, Fadu 
and CAL27 cells were grown in DMEM basic 
medium, and 6-10B, 5-8F, and Tcal8113 cells were 
cultured in RPMI 1640 medium. All medium types 
were supplemented with 10% FBS, 100 μg/mL 
streptomycin, and 100 units/mL penicillin (Gibco, 
Grand Island, NY), and the cells were cultured at 37 
°C under 5% CO2. Cells within the logarithmic growth 
phase were used for subsequent experiments. 

TCGA data analysis 
Expression profiles for 522 SCCHN and 44 

noncancerous samples were obtained from The 
Cancer Genome Atlas (TCGA) database. 

RNA isolation and quantitative 
reverse-transcriptase PCR (qRT-PCR) analysis 

Total RNA was isolated from cell lines using the 
Trizol reagent (Invitrogen, CA, USA), and first strand 
cDNA was generated using the All-in-OneTM miRNA 
or mRNA cDNA synthesis kit (GeneCopoeia Inc., 
MD, USA) in a 25 μL reaction system containing 1 μg 
of total RNA. A 0.5 μL aliquot of cDNA was amplified 
using All-in-OneTM miRNA or mRNA Mix 
(GeneCopoeia Inc., MD, USA) in each 20 μL reaction 
system. The amplification procedure was performed 
using the ABI 7300 Fast Real-Time PCR system 
(Applied Biosystems), and the reaction parameters 
included an initial step at 95°C for 10 min, 40 cycles of 
95°C for 10 seconds, 62.5°C for 20 seconds, and 72°C 
for 15 seconds. Expression values were calculated 
using the 2−ΔΔCT method and normalized to an internal 
control (U6 for miRNA and GAPDH for mRNA). The 
primers used for the qRT-PCR are listed in 
Supplementary Table S1. 

Transfection 
SCCHN cells were transfected with the 

miR-93-5p mimics, the miR-93-5p  inhibitors, or with 
negative control (NC) miRNA (Genepharma, Suzhou, 
China) using si-MateTM (Genepharma) according to 
the manufacturer’s protocol. Additionally, to establish 
a cell line that stably expressed miR-93-5p, Tu686 cells 
were infected with lentivirus expressing miR-93-5p 
(GeneCopoeia Inc., MD, USA), and the infected cells 
were selected in the medium containing 3 μg/mL 
puromycin. 

Wounding-healing and transwell invasion assay 
The specific wound-healing and invasion assays 

were performed as previously described [15-17]. For 
the wound healing assay, a sterile micropipette tip 
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was used to scratch SCCHN cells that were at an 
80-90% subconfluence, and the cells were then 
cultured in serum-free medium for another 48 h. Cells 
were photographed under a microscope, and the 
results were assessed as percent of scratch closure. For 
the invasion assay, the transfected cells (1~2 × 104) 
were seeded in the top chamber in 100 µL of 
serum-free medium (Corning, NY, USA) with 
Matrigel (BD Biosciences, San Diego, CA, USA), and 
the insert was placed in a 24-well culture plate. 
Complete medium (500 µL) containing 10% FBS was 
added to the lower chamber. After 48 h, the invaded 
cells located on the lower side of the insert were fixed 
and stained. Five random fields per well were 
observed, and the cells were counted under the 
microscope. 

Colony formation assay 
A total of 200 cells were seeded into 6-well plates 

and incubated for 14 days. Next, the cells were fixed 
with methanol for 15 min and subsequently stained 
with 0.1% crystal violet for 10 min. The colonies were 
assessed using Image J v1.8.0 (positive colony was 
defined as > 50 cells). 

Western blotting 
SCCHN cells were lysed for protein extraction 

using RIPA lysis buffer. After protein quantification, 
equal amounts of proteins were loaded and separated 
in 8-12% SDS-PAGE gels and then transferred onto 
PVDF membranes (Millipore, Bedford, MA, USA). 
Next, the membrane was sealed with 5% skimmed 
milk and incubated with corresponding primary 
antibodies as previously described [18]. GAPDH was 
used as a loading control. Target protein bands were 
immuno-detected with enhanced chemiluminescent 
substrate. The antibodies used in this study are listed 
in Supplementary Table S2.  

Immunofluorescence assays 
Cells were seeded into a 12-well plate containing 

sterile slides and then cultured for 24 h. The slides 
were then fixed in 4% paraformaldehyde for 15 min, 
permeabilized using 0.2% Triton X-100 for 10 min, 
blocked with 5% BSA for 1 h, and then incubated 
overnight with a rabbit primary antibody specific for 
E-cadherin (Santa Cruz, CA) or a mouse antibody 
specific for Vimentin (Proteintech Group, Wuhan, 
China). Subsequently, Alexa Fluor 488 goat anti-rabbit 
IgG (H + L) and Alexa Fluor 594 goat anti-mouse IgG 
(Jackson Immuno Research, WestGrove, PA) were 
used for secondary detection under dark conditions, 
and the cells were counterstained with DAPI (Sigma, 
St. Louis, MO, USA). Images were observed using a 
Leica fluorescence microscope (Wetzlar, Germany). 

Xenograft tumor model 
Cell aliquots (200 μL) were injected into 

4-week-old male immune-deficient BALB/c nude 
mice (n = 5 each group) that were purchased from 
Hunan SJA Laboratory Animal Co., Ltd. (Changsha, 
Hunan, China). Tumor sizes were monitored, and the 
volumes were calculated as 0.5 × length × width2. 
After approximately four weeks, the mice were 
euthanized by cervical dislocation, and tumor 
samples were then harvested. All animal research 
protocols were approved by the Animal Ethics 
Committee of Central South University (Changsha, 
Hunan, China). 

Luciferase reporter assays 
Luciferase assays were performed 48 h after 

co-transfection with 50 nM of either miR-93-5p 
mimics or NC oligos in combination with 200 ng of 
wild-type or mutated 3’-UTR RGMB plasmids 
(GeneCopoeia Inc., MD, USA) using the 
Dual-Luciferase assay kit (Promega) according to the 
manufacturer's protocol. Firefly and Renilla luciferase 
activities were assessed using the Dual-Luciferase® 
Reporter Assay System (Promega). 

Statistical analysis 
Descriptive statistics and means ± SD were 

obtained using the SPSS 17.0 statistical software 
program. Two-sample t tests and ANOVA were 
performed to analyze the significance of differences 
between groups. P-values of less than 0.05 were 
regarded as statistically significant. 

Results 
Overexpression of miR-93-5p enhances 
SCCHN migration and invasion 

To assess the tumor-promoting function of 
miR-93-5p in the context of SCCHN, we first 
investigated its expression in 6 SCCHN cell lines. 
Results based on qRT-PCR analyses indicated that the 
expression of miR-93-5p was significantly higher in 
Tcal8113 and lower in 6-10B (Supplementary Fig. S1), 
and based on this, we selected these cell lines for loss 
and gain of function experiments, respectively. The 
cell line Tu686 that exhibited modest miR-93-5p 
expression was also included in the functional 
experiments. Next, a transfection efficiency of >90% 
was observed for the miR-93-5p-mimic through the 
use of fluorescence microscopy (Fig. 1A), and the 
expression of miR-93-5p was significantly 
upregulated by 40-60-fold after transfection with the 
miR-93-5p-mimic in SCCHN Tu686 and 6-10B cells 
(Fig. 1B). Migration and invasion capacities were then 
investigated using transwell and wound-healing 
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assays in SCCHN cells. As shown in Fig. 1C, 
compared to mock and negative control cells, cell 
migration and invasion were significantly increased 
in miR-93-5p overexpressing cells. Additionally, plate 
cloning analyses revealed that miR-93-5p did not 
affect the proliferative capacity of SCCHN cells 
(Supplementary Fig. S2A and S2B). We also used 
lentiviral vectors to engineer Tu686 cells to stably 
overexpress miR-93-5p, facilitating the establishment 
of xenograft tumors in athymia mice. Our results 
indicated that cell proliferation was unaffected in vivo 
following the upregulation of miR-93-5p 
(Supplementary Fig. S2C-F). Collectively, these data 
extended and reinforced our studies by 
demonstrating that miR-93-5p enhances the migratory 
and invasive abilities of SCCHN cells. 

Knockdown of miR-93-5p suppresses SCCHN 
migration and invasion 

To further explore the function of miR-93-5p in 
SCCHN, loss of function experiments were performed 

using Tu686 and Tcal8113 cell lines. A transfection 
efficiency of > 90% was obtained using the 
miR-93-5p-inhibitor (Fig. 2A), and miR-93-5p 
expression was downregulated by more than 70% in 
both Tu686 and Tcal8113 cells (Fig. 2B). Additionally, 
the wound closure rates and invaded cell numbers for 
miR-93-5p-suppressed cells were attenuated 
compared to those of the control, suggesting that 
miR-93-5p inhibition suppressed the migratory and 
invasive ability of SCCHN cells (Fig. 2C and 2D). 

Upregulation of miR-93-5p promotes EMT in 
SCCHN 

EMT is a key developmental program 
underlying the malignant biological behaviors of 
invasion and metastasis, and this process can be 
characterized by specific biomarkers [19]. We first 
analyzed the correlation between miR-93-5p 
expression and the mRNAs of EMT markers in 
SCCHN cells. Our results indicated that miR-93-5p 
overexpression in Tu686 and 6-10B cells resulted in 

 

 
Figure 1. Overexpression of miR-93-5p enhances SCCHN migration and invasion. A, Representative fluorescence images were obtained under a fluorescence 
microscope. B, The expression of miR-93-5p was detected using qRT-PCR after transfection with a miR-93-5p-mimic. C, The migration ability of cells was examined using a 
scratch test, and the healing rate was calculated. D, Representative images from inserts were obtained for transwell invasion assays, and the invaded cells were quantified. Data 
are presented as the mean ± SD. Student’s unpaired t-test, *, P <0.05; **, P < 0.01; ***, P < 0.001. 
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decreased mRNA expression of the epithelial marker 
E-cadherin and increased mRNA expression of the 
mesenchymal marker Vimentin, and these changes 
were accompanied by the promotion of the EMT 
transcription factors Snail and Twist1 (Fig. 3A). These 
results were confirmed by western blot analysis (Fig. 
3B). Additionally, immunofluorescent staining of 
these cells revealed that the expression of E-cadherin 
was inhibited and the expression of Vimentin was 
upregulated following overexpression of miR-93-5p 
in Tu686 and 6-10B cells (Fig. 3C). These data 
indicated that upregulation of miR-93-5p promoted 
EMT in SCCHN. 

miR-93-5p inhibition impedes EMT in SCCHN 
We also investigated the effect of miR-93-5p 

inhibition in the context of EMT in Tu686 and 
Tcal8113 cell lines. Following transfection with a 
miR-93-5p-inhibitor, qRT-PCR analyses revealed that 

downregulation of miR-93-5p significantly increased 
the mRNA expression of E-cadherin in Tcal8113 cell 
lines and decreased the mRNA expression of 
Vimentin in both Tu686 and Tcal8113 cell lines, and 
these changes were accompanied by the inhibition of 
the EMT transcription factors, Snail and Twist1 (Fig. 
4A). Additionally, we used western blotting and 
immunofluorescent analysis to confirm that 
miR-93-5p suppression elevated the levels of 
E-cadherin and suppressed the levels of Vimentin in 
both Tu686 and Tcal8113 cells (Fig. 4B and 4C). 

RGMB is a direct target of miR-93-5p 
To further explore the target genes of miR-93-5p, 

we applied four algorithms (miRNAPicTar/ 
www.pictar.org, TargetScan/www.targetscan.org, 
MicroT-CDS/diana.imis.athe na-innovation.gr, and 
miRNABD/sysbio.suda.edu.cn/MiRNA-BD) to 
predict the mRNA targets. Seven promising candidate 

 

 
Figure 2. Knockdown of miR-93-5p suppresses SCCHN migration and invasion. A and B, The transfection efficiency of miR-93-5p-inhibitor (A) and expression of 
miR-93-5p (B) were determined using a fluorescence microscope and qRT-PCR analyses, respectively. C, Scratch tests using Tu686 and Tcal8113 cells revealed that cell 
migration ability was inhibited by the miR-93-5p-inhibitor. D, Representative images of cell invasion were obtained from transwell assays, and the invaded cells were imaged 48 
h post incubation to allow for quantification of cell numbers. All data are represented as the mean ± SD. Statistical analysis was performed using Student’s t- test. *, P <0.05; **, 
P < 0.01. 
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genes, including RGMB, were obtained (Fig. 5A). 
Based on our findings, we inhibited the expression of 
miR-93-5p in the Tu686 and Tcal8113 cell lines, and 
RGMB was selected based on the observation that its 
expression ranked at the top of the gene list (Fig. 5B). 
Sequence alignment revealed that the RGMB gene 
possessed a potential miR-93-5p binding sequence in 
its 3’UTR region (Fig. 5C). We further confirmed the 
direct binding of miR-93-5p to the 3’UTR of RGMB 
mRNA using the luciferase reporter assay (Fig. 5D 
and 5E) and validated the dysregulation of RGMB 
protein by miR-93-5p using a panel of SCCHN cell 
lines (Fig. 5F). Additionally, we investigated the 
relationship between the expression of miR-93-5p and 
RGMB based on TCGA SCCHN data. Our results 
revealed that the expression level of miR-93-5p was 
upregulated in tumor samples, and the expression of 
RGMB was upregulated in normal samples 
(Supplementary Fig. S3A, B). Additionally, an inverse 
relationship between the expression of miR-93-5p and 

that of RGMB was observed in TCGA SCCHN 
samples (Supplementary Fig. S3C). Taken together, 
these results indicated that RGMB is a direct target of 
miR-93-5p. 

RGMB is partially involved in the migration 
and invasion of SCCHN caused by miR-93-5p 

To finally ascertain if downregulation of RGMB 
is responsible for miR-93-5p-mediated migration and 
invasion of SCCHN, an RGMB siRNA was 
constructed and subsequently expressed in Tu686 
cells. Initially, we examined the role of RGMB 
expression in the migration and invasion of Tu686 
cells. Our results indicated that the expression of 
RGMB mRNA and protein was markedly decreased 
following transfection with siRGMB (Fig. 6A and 6B). 
Additionally, RGMB suppression significantly 
increased the protein levels of Vimentin and reduced 
those of E-cadherin in Tu686 cells (Fig. 6B). Further 
results indicated that downregulation of RGMB 

 

 
Figure 3. Upregulation of miR-93-5p promotes EMT in SCCHN. A, qPCR analysis was used to quantify the expression of the EMT markers of E-cadherin and Vimentin 
and the related transcription factors snail and Twist1 in SCCHN cells after transfection with miR-93-5p-mimic. GAPDH was used as a loading control. B and C, Representative 
immunoblotting analyses (B) and immunofluorescence staining (C) were conducted to show the expression level of E-cadherin and Vimentin in Tu686 and 6-10B cells. All data 
are presented as mean ± SD. Student’s unpaired t-test. *, P < 0.05; **, P < 0.01. 
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significantly increased the migration and invasion in 
Tu686 cells (Fig. 6C and 6D). Tu686 cells were next 
transfected with RGMB siRNA to counteract the 
miR-93-5p-inhibitor-induced enhanced expression of 
RGMB. As expected, RGMB restored the inhibitory 
effect on cell migration and invasion caused by the 
miR-93-5p-inhibitor in Tu686 cells (Fig. 6E and 6F). 
These findings demonstrated that RGMB is involved 
in miR-93-5p-mediated migration and invasion.  

Discussion 
Accumulating evidence indicates that the 

aberrant expression of miRNA plays a crucial role in 
cancer development [20]. Based on the findings from 
our previous studies, in our current study, we 
characterized the effects of miR-93-5p on the 
migration and invasion of SCCHN cells. Additionally, 
our rescue experiments in combination with the direct 
targeting of miR-93-5p to the predicted 3’UTR 
sequences of RGMB further substantiated the 

presence of a miR-93-5p/RGMB regulatory axis in 
SCCHN. Our study highlights the functional role of 
miR-93-5p-modulated post-transcriptional repression 
of RGMB that could provide a new mechanism for the 
regulation of SCCHN migration and invasion. 

Invasion and metastasis are important hallmarks 
of malignancy and are also a major cause of 
therapeutic failure. A number of researchers have 
demonstrated that miRNAs are involved in the 
invasion and metastasis of various cancers, including 
SCCHN. For example, miR-98 can inhibit invasion 
and metastasis of SCCHN by downregulating MTDH, 
and miR-654-5p can target GRAP to promote 
metastasis of SCCHN through the Ras/MAPK 
signaling pathway [21, 22]. miR-93-5p has been 
mapped to intron 13 of the MCM7 gene, and this 
could allow it to function in cooperation with the 
oncogenic miR-106b-25 cluster to regulate numerous 
malignant biological behaviors. miR-93-5p has been 
demonstrated to directly target DAB2 to promote cell 

 

 
Figure 4. miR-93-5p inhibition impedes EMT in SCCHN. A, The mRNA levels of E-cadherin, Vimentin, and EMT-related transcription factors in cells after miR-93-5p 
inhibition were quantified by qRT-PCR. B, The protein levels of E-cadherin and Vimentin were analyzed by western blotting using the indicated antibodies. C, 
Immunofluorescence assay of EMT markers is shown. Data are presented as the mean ± SD. P-values were calculated using Student’s t-test. *, P < 0.05; **, P < 0.01; ns, not 
significant. 
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migration and invasion in prostate cancer [23], and it 
can also regulate cell migration and invasion by 
suppressing PTEN through the PI3K/Akt pathway in 
breast cancer [24]. In SCCHN, salivary miR-93-5p may 
provide a potential biomarker for the post-radiation 
monitoring of SCCHN, and miR-93-5p has been 
shown to possess oncogenic function in laryngeal 
squamous cell carcinoma by targeting cyclin G2 [25, 
26]. Our previous study also revealed that increased 
expression of miR-93-5p is associated with poor 
prognosis in SCCHN [14]. In our current study, we 
used scratch healing and transwell invasion assays to 
confirm that miR-93-5p could promote SCCHN cell 
migration and invasion in vitro and that this 
simultaneously activated the EMT program. 

EMT is a process that involves the 
trans-differentiation of epithelial cells into motile 

mesenchymal cells, and this process acts as a key 
developmental program in the malignant biological 
behaviors of invasion and metastasis [27]. During 
tumorigenesis, cells lose their initial characteristics 
and are transformed into mesenchymal fibroblast-like 
cells. This morphological transition of EMT fosters the 
ability of cells to break away from their originating 
tissue and allows them to migrate and invade into the 
surrounding environment [28, 29]. Additionally, 
tumor epithelial cells that undergo EMT share many 
characteristics with stem cells, and this significantly 
complicates systemic therapies used to treat related 
metastatic diseases [29, 30]. Investigating the 
mechanisms underlying EMT may therefore provide 
an effective approach to combat SCCHN. miRNAs 
have been previously reported to be associated with 
cancer EMT processes [31]. Several prior studies have 

 

 
Figure 5. RGMB is a direct target of miR-93-5p. A, Seven candidate genes were obtained through the use of four algorithms (TargetScan, Pictar, miRBD, and 
MicroT-CDS). B, Results of qRT-PCR analyses of the mRNA expression of potential target genes, including RGMB, after miR-93-5p inhibition in Tu686 and Tcal8113 cells. C, 
Predicted binding of miR-93-5p to the 3’-UTR of RGMB. D and E, Dual luciferase reporter assay revealed the interaction of miR-93-5p and its targeting sequence in the RGMB 
3’-UTR. Tu686 cells were transfected with the wild-type (WT) or mutated (Mut) target site of the RGMB 3’-UTR (D) and miR-93-5p-mimic or NC for 48 h. The luciferase activity 
was determined and is presented as relative activity to the corresponding NC (E). F, RGMB protein expression was measured by western blotting in SCCHN cells that were 
transfected with the miR-93-5p mimic or inhibitor. Data are presented as the mean ± SD. Student’s unpaired t-test. **, P < 0.01; ***, P < 0.001; ns, not significant. 



 Journal of Cancer 2020, Vol. 11 

 
http://www.jcancer.org 

3879 

demonstrated that miR-93-5p can induce EMT in 
breast, lung, and liver cancers, as well as 
nasopharyngeal carcinoma [32-35];however, a few 
studies paradoxically found that miR-93-5p inhibits 
EMT in breast cancer by targeting MKL-1, STAT3, and 
stem cell regulatory genes [36, 37]. These findings 

highlight the complicated relationship between 
miR-93-5p and EMT within different types of cancers. 
In this study, we revealed that miR-93-5p could 
promote EMT in SCCHN, and this was accompanied 
by corresponding alterations in the EMT markers 
E-cadherin, Vimentin, Snail, and Twist1.  

 

 
Figure 6. RGMB is partially involved in the invasion of SCCHN that is mediated by miR-93-5p. A, RGMB mRNA expression was analyzed using qRT-PCR in Tu686 
cells after siRGMB treatment. B, Western blotting showed the expression of E-cadherin and Vimentin in Tu686 cells and revealed that RGMB was suppressed in cells successfully. 
C and D, Following knockdown of RGMB in Tu686 cells, transwell invasion (C) and wound-healing (D) assays were performed. E and F, Cells transfected with miR-93-5p mimics 
or NC were subsequently treated with siRGMB or negative control. Wound closure (E) and transwell staining (F) were evaluated for 48 h post culture in Tu686 cells. Data are 
presented as the mean ± SD. P-values were calculated using the Student’s t-test. *, P <0.05; **, P < 0.01. 
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miRNAs typically exert their functions by 
downregulating the expression of target genes, and it 
is well-established that a given miRNA can interact 
with multiple targets. In our study, we combined four 
algorithm-based analyses to investigate promising 
candidate targets of miR-93-5p, and we found that 
RGMB was a major target gene of this miRNA. 
RGMB, also known as Dragon, was originally 
identified from a genomic screen for genes that are 
regulated by the transcription factor DRG11 in the 
embryonic dorsal root ganglion [38, 39]. The 
biological functions of RGMB have only recently 
begun to emerge. Li et al. reported that knockdown of 
RGMB provides a favorable environment for 
proliferation and adhesion in breast cancer cells 
through the BMP signaling pathway [40], and Ying et 
al. found that elevated expression of RGMB promotes 
tumorigenesis in colorectal cancer [41]. Despite these 
previous findings, studies examining the role of 
RGMB in cancer metastasis and EMT remain scarce, 
particularly those related to SCCHN. To the best of 
our knowledge, the present study is the first to 
demonstrate that RGMB knockdown inhibits SCCHN 
migration and invasion in vitro, indicating that RGMB 
serves as a tumor suppressor in SCCHN metastasis. 
We also found that downregulation of RGMB 
abrogates increased migration and invasion induced 
by miR-93-5p inhibition, suggesting that RGMB is a 
major target of miR-93-5p. Additionally, although 
miR-93-5p induced EMT changes in SCCHN, we 
repeated the online prediction to confirm that EMT 
genes such as E-cadherin and Vimentin etc were not 
direct targets of miR-93-5p. Additionally, restored 
expression of RGMB partially reversed the expression 
of EMT genes, which also indicated that these EMT 
genes were not directly targeted by miR-93-5p. 

In summary, in the current study, we revealed 
the oncogenic functions for miR-93-5p in SCCHN 
migration and invasion in vitro. Additionally, we 
identified RGMB as a direct target of miR-93-5p and 
demonstrated that RGMB is essential for mediating 
the tumor-promoting effects of miR-93-5p in SCCHN 
cells. Based on our findings, this study demonstrates 
that targeting the miR-93-5p/RGMB axis may provide 
a potential novel strategy for SCCHN treatment. 
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