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Abstract: miR-101 is significantly downregulated in various human cancers, including oral squamous cell carcinoma 
(OSCC). However, the role of miR-101 in OSCC has not been elucidated. In this study, miR-101 lowly expressed in 
OSCC tissues and cell lines compared with that in adjacent normal tissues and human normal oral keratinocyte 
cells. Bioinformatics analysis predicted that miR-101 could potentially target CX chemokine receptor 7 (CXCR7), a 
promoter of tumor development, to attenuate OSCC progression. Restoring miR-101 expression in OSCC cells sup-
pressed cell proliferation, invasion, and migration. The ectopic expression of CXCR7 in OSCC cells overexpressing 
miR-101 restored the proliferation and motility capabilities abolished by miR-101. The inhibitory effects of miR-101 
on OSCC growth and metastasis were mimicked by CXCR7 knockdown in vivo. CXCR7 expression was upregulated in 
OSCC tissues. The high expression level of CXCR7 was negatively correlated with miR-101 level and poor prognosis 
of patients with OSCC. Overall, miR-101 exerts tumor-suppressive functions by targeting CXCR7, leading to inhibi-
tion of OSCC cell growth, invasion, and migration. Hence, miR-101 may be a potential target for OSCC diagnosis and 
therapeutic applications.
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Introduction

Oral squamous cell carcinoma (OSCC) is the 
most common head and neck squamous cell 
carcinoma, with more than 300,000 new cases 
diagnosed annually worldwide [1]. The high 
mortality of OSCC is mainly caused by cervical 
lymph node metastasis and occasionally by dis-
tant organ metastasis [2]. The pathogenesis of 
OSCC is related to the rates of cell proliferation 
and apoptosis [3]. The 5-year survival rate of 
patients with OSCC has not significantly 
improved, despite progress achieved in OSCC 
treatment [4]. Therefore, the molecular mecha-
nisms underlying OSCC tumorigenesis must be 
elucidated to identify tumor-specific biomark-
ers and therapeutic targets for early diagnosis 
and treatment of the disease.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs that regulate gene function by tar-
geting mRNAs for translational repression or 

degradation [5]. Abnormalities of miRNAs have 
been implicated in the occurrence and develop-
ment of various human cancers, including 
OSCC [6, 7]. Several miRNAs, such as let-7a, let-
7d, let-7f, and miR-16 [8], are significantly down-
regulated in OSCC and are thus considered 
tumor suppressors. In particular, miR-101 is 
downregulated in gastric carcinoma [9], hepato-
cellular carcinoma [10], breast cancer [11], and 
OSCC [12]. miR-101 promotes apoptosis and 
inhibits the proliferation and migration of breast 
cancer cells by downregulating CX chemokine 
receptor 7 (CXCR7) [11]. However, the role of 
miR-101 in OSCC remains unknown and needs 
to be further investigated.

Chemokines, a superfamily of small cytokine-
like proteins, can bind to and activate a group of 
G-protein-coupled seven-span transmembrane 
receptors, called chemokine receptors. CXC- 
L12, also known as stromal cell derived fac-
tor-1, was first detected in murine bone marrow 
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stromal cells. CXCR7, an alternative receptor of 
CXCL12, plays a key role in cell survival, adhe-
sion, and tumor development [13]. CXCR7 is 
highly expressed in multiple malignancies; 
moreover, activation of the CXCR7 signaling 
pathway by CXCL12 enhances proliferation, 
metastasis, and invasive activities of tumor 
cells [14, 15]. CXCR7 is concomitantly upregu-
lated with CXCL12 in oral carcinogenesis [16]. 
Knockdown of CXCR7 significantly inhibits the 
proliferation, migration, and invasion of breast 
cancer cells and suppresses tumor growth and 
lung metastasis in a xenograft model of breast 
cancer [11]. However, the role of CXCR7 in 
OSCC growth and metastasis requires further 
investigation.

In this study, miR-101 was substantially down-
regulated in OSCC tissues and four OSCC-
derived cell lines compared with paired normal 
tissues and human normal oral keratinocyte 
cells (hNOKs). miR-101 suppressed OSCC cell 
growth, invasion, and migration by targeting 
CXCR7 in vitro and in vivo. Moreover, CXCR7 
expression was upregulated in OSCC tissues. 
The high expression of CXCR7 was negatively 
correlated with miR-101 expression and poor 
prognosis of OSCC patients. These findings 
suggest that miR-101 is a tumor suppressor 
and miR-101 and CXCR7 are potential targets 
for OSCC therapy.

Materials and methods

Clinical samples

Tumor samples including paraffin-embedded 
tissue biopsies and fresh frozen biopsies were 
obtained from patients receiving surgery for 
OSCC in School of Stomatology, Fourth Military 
Medical University from January 2013 to June 
2015. This study was approved by the ethics 
committee of the Fourth Military Medical 
University (Xi’an, Shaanxi, China). None of the 
patients received chemotherapy or radiothera-
py before surgery. Informed consent was 
obtained from all participants. Patient followup 
was performed every 3 months via phone, mail, 
or outpatient visit. Survival rates were defined 
as the time between the date of diagnosis and 
patient death or the end of the study period.

Cell culture

Human OSCC cell lines including Cal-27, Fadu, 
SCC-9, and SCC-4 as well as human embryonic 

kidney 293T (HEK293T) cells were obtained 
from the American Type Culture Collection 
(Manassas, VA, USA). OSCC cells were main-
tained in Dulbecco’s modified Eagle’s medium/
F12 (DMEM/F12; Gibco, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum 
(HyClone, Logan, UT, USA). The cells were main-
tained in a humidified incubator at 37°C with 
5% CO2. hNOKs were purchased from ScienCell 
Research Laboratories (Carlsbad, CA, USA) and 
cultured in an oral keratinocyte medium 
(ScienCell Research Laboratories). All cells 
were authenticated based on morphology and 
growth characteristics and used within 3 
months of resuscitation from the frozen stock, 
with fewer than 20 passages.

Cell stimulation

Cell stimulation was performed as previously 
described [17]. The cells were serum starved at 
37°C for 5 h. The serum-starved cells were 
stimulated with 100 ng/mL CXCL12 (Peprotech 
Inc., Princeton, NJ, USA) and incubated at 37°C 
for the indicated time periods. The cells were 
harvested for analysis at the end of the 
stimulation.

Plasmid and lentivirus constructs 

The cDNA strands corresponding to the pre-
miR-101 sequence were synthesized and 
cloned into the AgeI and EcoRI sites of pGCsi-
H1-CMV-GFP (GeneChem, Shanghai, China) to 
generate lentivirus-encoding miR-101 (LV-m- 
iR-101). The constructs were co-transfected 
with pHelper 1.0 and pHelper 2.0 Packing 
Plasmid (GeneChem) into 293T packing cells by 
using Lipofectamine 2000 (Invitrogen, Carl- 
sbad, CA, USA). Supernatant was collected 48 
h after transfection, centrifuged, filtered, and 
used for infection. LV-GFP, a control virus, was 
similarly produced. OSCC cells were transfect-
ed with LV-miR-101 or LV-GFP in the presence 
of 4 mg/mL polybrene (Sigma-Aldrich, St. Louis, 
MO, USA) at an infection multiplicity of 10. The 
cells were centrifuged at 1800 rpm for 45 min, 
cultured for 72 h, and analyzed by fluorescence-
activated cell sorting (BD Biosciences, Bedford, 
MA, USA). shRNA was designed based on the 
CXCR7 sequence for CXCR7 knockdown. A con-
trol vector (NC-shRNA) without significant ho- 
mology to any mammalian gene sequence was 
constructed and used as non-silencing control. 
The resulting lentiviral vector was named 
CXCR7-lentivirus (LV-shCXCR7). Negative-con- 
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trol lentiviral vector containing NC-shRNA was 
constructed by a similar process (LV-NC). 
HEK293T cells were co-transfected with the 
constructs and lentivirus packaging plasmids, 
namely, pMD.G and pCMVΔR8.91 (GeneChem). 
Virus in the conditioned medium was harvest-
ed, filtered, and used for infection of OSCC 
cells. The cells were selected with puromycin (5 
μg/mL; Sigma) to generate stable shRNA-
expressing clones. The pUNOI-hCXCR7 (open 
reading frame) plasmid was purchased from 
InvivoGen (Hong Kong, China).

Cell transfection

Upon reaching 70-80% confluence, the cells 
were transfected with 80 nM miR-101 mimics 
or its negative control (miR-NC; RiboBio, 
Guangzhou, China) by using Lipofectamine® 
2000 reagent (Invitrogen) according to the 
manufacturer’s instructions. Accordingly, 3 μg 
of DNA was used for plasmid transfection.

Dual-luciferase reporter assay

The CXCR7 3’-UTR region was generated for the 
dual-luciferase reporter assay by sub-cloning 
PCR-amplified full-length human CXCR7 cDNA 
into the Xho1/Xba1 sites of the pGL3 firefly 
luciferase-expressing vector (Promega, Ma- 
dison, WI, USA). The miRNA binding sites in the 
mutation reporters were constructed by site-
direct mutagenesis. The primers used to ampli-
fy the WT and MUT 3’-UTRs are listed in  
Table 1. The plasmid pGL3-CXCR7-3’-UTR-wild 
type (WT) or pGL3-CXCR7-3’-UTR-mutant (MUT) 
was co-transfected with miR-NC or miR-101 
mimics into Fadu or SCC-9 cells. Transfection  
of chemical-modified RNA molecules or plas-
mids was performed using Lipofectamine 2000 
reagent (Invitrogen) according to the manufac-
turer’s instructions. Luciferase assay was  
conducted 48 h after transfection using a  
dual-luciferase reporter assay system (Pro- 
mega). Renilla luciferase was co-transfected  
as control for normalization.

Germany) according to the manufacturer’s 
instructions. cDNA was synthesized from the 
total RNA by using PrimeScript RT reagent kit 
(TaKaRa, Otsu, Shiga, Japan). The PCR reac-
tions containing SYBR Premix Ex Taq II (TaKaRa) 
were processed with the following specific 
primers: for CXCR7, 5’-GCTCACCAAGCTCATCG- 
AT-3’ (forward) and 5’-AAGACCCGAAGCTACTT- 
TGC-3’ (reverse); for glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), 5’-CCTGGATA- 
CCGCAGCTAGGA-3’ (forward) and 5’-G CGGCG- 
CAATACGAATGCCCC-3’ (reverse); for miR-101, 
5’-CGGCGGTACAGTA CTGTGATAA-3’ (forward) 
and 5’-CTGGTGTCGTGGAGTCGGCAATTC-3’ (re- 
verse); and for U6, 5’-CTCGCTTCGGCAGCACA-3’ 
(forward) and 5’-AACGCTT CACGAATTTGCGT-3’ 
(reverse). The expressions of CXCR7 and miR-
101 were based on the 2-ΔΔCt method, using 
GAPDH and U6 as internal controls, respec- 
tively.

Cell proliferation assay

OSCC cells transfected with miR-NC, miR-101 
mimics, or miR-101 mimics plus CXCR7-
expressing plasmid were seeded in a 96-well 
plate at a density of 1 × 103 cells/well. After 
culture for 1, 2, 3, or 4 days, each well was 
added with 20 μL of 3-(4, 5-dimethylthiazol-
2-thiazole)-2, 5-diphenyltetrazolium bromide 
(MTT; 5 mg/mL; Sigma). The plate was wrapped 
with foil and incubated at 37°C for 4 h. After 
removing the medium and the MTT solution, 
each well was added with 150 μL of dimethyl 
sulfoxide (Sigma) and incubated for 10 minto 
resolve the crystals. Optical density (OD) was 
determined at 490 nm, and each analysis was 
performed in triplicate.

Colony formation assay

OSCC cells transfected with miR-NC, miR-101, 
or miR-101 mimics plus CXCR7-expressing 
plasmid were seeded in a six-well plate at a 
density of 1 × 103 cells/well. The cells were cul-
tured for 14 days and washed with phosphate-

Table 1. The primers used to generate the WT and MUT CXCR7 3’-
UTRs
Gene Primer sequences (5’ to 3’)
CXCR7 3’-UTR (WT) Forward GAATTCGACGGGTTTACTTGTTTT

Reverse CTGCAGGGAAACAAAAATCTTTAT
CXCR7 3’-UTR (MUT) Forward CACCAATAGTGAGAAATATTTCACTTAAAATTTAC

Reverse GTATTTAAATTTTAAGTGAAATATTTCTCACTATTG

Quantitative real-time 
polymerase chain reaction 
(qPCR)

Total RNAs from the tissues 
and cells were isolated using 
TRIzol reagent (Invitrogen) 
and purified using an RNeasy 
Mini Kit (Qiagen, Hilden, 
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buffered saline (PBS) three times. Each well 
was added with an ethanol fixation solution (1 
mL) for 10 min. After staining with 0.5% crystal 
violet (Sigma), the colonies were counted under 
the microscope (Olympus, Tokyo, Japan) and 
photographed. Five random fields were select-
ed from each well to determine the total num-
ber of colonies.

Apoptosis assay

Apoptosis was assessed using an Annexin 
V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) apoptosis detection kit (BD Bio- 
sciences, San Jose, CA, USA) according to the 
manufacturer’s instructions. After transfection 
with miR-NC, miR-101 mimics, or miR-101 mim-
ics plus CXCR7-expressing plasmid for 48 h, 
OSCC cells (1 × 106) were collected, washed, 
and resuspended in PBS. The cells were added 
with Annexin V-FITC and PI and incubated for 
20 min at 4°C. The cells were analyzed using a 
FACScan flow cytometer (BD Biosciences) with 
FlowJo software (Tree Star Inc.).

Transwell assay

The migration and invasion of OSCC cells were 
detected using the Falcon Cell Culture Inserts 
with or without Matrigel (BD Biosciences) coat-
ing. The upper chamber was pre-coated with 
50 μL of 20% growth factor-reduced Matrigel 
for the invasion assay. The inserts were not 
coated for the migration assay. After transfec-
tion with miR-NC, miR-101 mimics, or miR-101 
mimics plus CXCR7-expressing plasmid for 48 
h, the cells (5 × 104) were harvested, resus-
pended in serum-free medium with 0.1% BSA 
(Sigma), and plated onto the upper chamber. 
DMEM/F12 containing 10% FBS was added  
in the lower chamber to act as chemoattrac-
tant. Cells in the transwell plates were in- 
cubated at 37°C in a humidified atmosphere 
with 5% CO2 for 24 h. the adherent cells on the 
upper surface of the insert membrane were 
carefully removed with cotton tips. Cells on the 
lower surface of the membrane were fixed  
with 4% paraformaldehyde for 15 min, permea-
bilized in 0.1% Triton X-100, and stained with 
0.1% crystal violet for 30 min. The invaded  
or migrated cells were imaged and quantified 
using a light microscope (Carl Zeiss AG, 
Germany) in five separate fields per mem- 
brane.

Western blot analysis

Proteins from the transfected cells or fresh tis-
sues were extracted with RIPA buffer (Sigma). 
The proteins were separated by sodium dodec-
yl-sulfate polyacrylamide gel electrophoresis 
and electro-transferred onto the polyvinylidene 
difluoride membranes (Millipore, Bedford, MA, 
USA). The membrane was blocked with 5% non-
fat milk in TBS containing 0.1% Tween 20 for 2 
h at 37°C and incubated with anti-CXCR7 and 
anti-GAPDH monoclonal antibodies (Abcam, 
Cambridge, MA, UK) overnight at 4°C. The 
membrane was then incubated with horserad-
ish peroxidase-conjugated secondary antibody 
for 1 h at 37°C. The immunoreactive bands 
were visualized with the enhanced chemilumi-
nescence detection system (Millipore).

Immunohistochemistry

Immunohistochemistry was performed follow-
ing the manufacturer’s protocols. After depar-
affinization and rehydration, the sections were 
submerged in citrate buffer, treated with 3% 
H2O2, incubated in 5% goat serum, and incubat-
ed with primary antibody against CXCR7 
(Abcam) at 4°C overnight. The sections were 
incubated with a biotinylated secondary anti-
body by using DAKO Real EnVision Kit (DAKO, 
Hamburg, Germany) at 37°C for 15 min. The 
sections were then stained with 3, 3’-diamino-
benzidine (DAB; Maixin Biotech., Fuzhou, China) 
and counterstained with commercial hematoxy-
lin (Maixin Biotech.) prior to microscopic 
analysis.

Terminal deoxynucleotidyl transferase medi-
ated dUTP nick-end labeling (TUNEL) assay

The tissues were fixed with 10% formalin for 24 
h, embedded in paraffin, non-serially sectioned 
(4 µm thickness), and mounted on polylysine-
covered slides. TUNEL staining was performed 
according to the manufacturer’s protocols 
(Roche, Mannheim, BW, Germany). The sec-
tions were rinsed with PBS, treated with pro-
teinase K, and incubated with terminal deoxy-
nucleotidyl transferase (TdT) reaction mixture 
at 37°C for 1 h. The sections were then washed 
with PBS three times, incubated in anti-digoxi-
genin-peroxidase at 37°C for 30 min, rinsed in 
PBS, stained with DAB, and counterstained 
with hematoxylin (Maixin Biotech.). The nega-
tive controls were incubated in a medium with-
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out TdT enzyme. Apoptotic cells were expressed 
as ratio of TUNEL-positive cells to the total num-
ber of cells.

Animal studies

Female SCID mice (6 weeks old and weighing 
20-22 g) were purchased from Institute of 
Zoology (Chinese Academy of Sciences, Beijing, 

China) and placed under aseptic conditions 
with constant humidity and temperature 
(25°C-28°C) and a 12 h light/dark cycle. All of 
the experiments were approved by the 
Institutional Animal Care and Use Committee of 
the Fourth Military Medical University. For 
tumor growth assay, the mice were subcutane-
ously inoculated with Fadu-luciferase cells (1 × 
106, PerkinElmer, Santa Clara, CA, USA) stably 

Figure 1. Expression levels of miR-101 in OSCC tissues and cell lines. A. miR-101 expression was analyzed in 66 
pairs of OSCC and matched adjacent normal oral tissues through qPCR assay. B. qPCR assay was performed to 
determine miR-101 expression in the four OSCC cell lines (i.e., Cal-27, Fadu, SCC-9, and SCC-4) and hNOKs. U6 
was used as endogenous control. Data are shown as means ± SD of three separate experiments. *P < 0.05, **P 
< 0.01. N = Normal; T = tumor.

Figure 2. miR-101 directly targets CXCR7. (A) miR-101 binds to the predicted site of the 3’-UTR of CXCR7. (B) Dual-
luciferase reporter gene analysis of CXCR7 3’-UTR in FaDu and SCC-9 cells following co-transfection of miR-NC or 
miR-101 mimics with pGL3 constructs containing WT- or MUT-3’-UTR of CXCR7. Relative luciferase activities are the 
ratios of Renilla luciferase normalized to the control mimics. (C) and (D) mRNA (C) and protein (D) levels of CXCR7 
in the indicated cells transfected with 80 nM miR-NC or miR-101 mimics were measured by qPCR and Western blot 
assays. GAPDH and β-actin were used as internal controls. Data are shown as means ± SD of three separate experi-
ments. **P < 0.01.
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infected with recombinant lentivirus expressing 
the miR-101 precursor or shCXCR7 or their con-
trol lentivirus on the hind flanks of the mice (n = 
five/group). Tumor volume was calculated using 
the following equation: tumor volume = length 
× width2/2. The mice were euthanized on day 
42. Tumors were excised and weighed. For the 
lung metastasis assay, the mice were injected 
with Fadu cells (1 × 106) via tail vein with recom-
binant lentivirus expressing the miR-101 pre-
cursor or shCXCR7 or their control lentivirus on 
the hind flanks of the mice (n = five/group). The 
mice were monitored for general health and 
sacrificed by euthanasia 8 weeks post-inocula-
tion. The lung tissues were removed, fixed, par-
affin-embedded, serially sectioned, and sub-
jected to hematoxylin and eosin staining. The 
metastases per section were counted. For the 
apoptosis assay, the sections were assessed 
by the TUNEL assay.

Bioluminescence imaging

At 42 days after Fadu-luciferase cell injection, 
the mice were anesthetized with 2% isoflurane, 
intraperitoneally injected 150 mg/kg D-luciferin 
(Promega), and analyzed using an IVIS Imaging 
System (Caliper LifeScience, MA, USA) to mea-
sure the signal intensity of luciferase activity. 
The signals were expressed as photon flux 
(photons/s/cm2) by using Living Image software 
(Xenogen Corporation, Berkeley, CA, USA).

Results

miR-101 is downregulated in OSCC tissues and 
cell lines

miR-101 expression in 66 pairs of OSCC and 
adjacent normal oral tissues was determined 
using qPCR assay to identify the role of miR-

Figure 3. Effects of miR-101 or CXCR7 overexpression on the proliferation and motility of OSCC cells. Fadu and 
SCC-9 cells stimulated with 100 ng/mL CXCL12 were transfected with miR-NC, miR-101, or miR-101 mimics plus 
CXCR7- expressing plasmids. (A) MTT assay showing the viability of OSCC cells. (B) Colony formation assay showing 
the relative proliferation of OSCC cells. (C) Number of colonies was quantified in (B). (D) Cell apoptosis was assessed 
by flow cytometry assay. (E) and (G) Migration (E) and invasion (G) of OSCC cells were detected by transwell assays. 
(F) and (H) Numbers of migrated (F) and invaded (H) cells were calculated. Scale bar: 10 μm. Data are shown as 
means ± SD of three separate experiments. *P < 0.05, **P < 0.01 compared with the miR-NC group, #P < 0.05 
compared with the miR-101 group.



miRNA-101 reduces tumorigenesis of oral squamous-cell carcinoma

4908 Am J Transl Res 2016;8(11):4902-4911

101 in OSCC. Figure 1A shows that the expres-
sion level of miR-101 in OSCC tissues was sig-
nificantly lower than that in the adjacent normal 
tissues. miR-101 levels were assessed in four 
OSCC cell lines (i.e., Cal-27, Fadu, SCC-9, and 
SCC-4) and in hNOKs. miR-101 expression in all 
OSCC cells was downregulated compared with 
hNOKs (Figure 1B). The Fadu and SCC-9 OSCC 
cell lines exhibited the lowest levels of miR-101 
expression among all the tested OSCC cell lines 
and were thus selected for further studies. 
Hence, miR-101 may be an oncosuppressor in 
OSCC. 

miR-101 directly targets CXCR7 in the OSCC 
cells

CXCR7 is a putative target of miR-101 in breast 
cancer [11]. Considering that CXCR7 is involved 
in the pathogenesis of OSCC [17], we analyzed 
whether or not it was an function target of miR-
101. Analysis using targeting algorithms 
(TargetScan and microRNA.org) indicated that 
CXCR7 could be a potential target gene of miR-
101. Figure 2A illustrates the predicted miR-

101 binding site in the 3’-UTR of CXCR7. The 
CXCR7 3’-UTR fragment containing the WT- or 
MUT-miR-101 binding sequence was cloned 
into the Renilla luciferase reporter and co-
transfected with miR-NC or miR-101 mimics 
into Fadu or SCC-9 cells to validate interactions 
between miR-101 and CXCR7. miR-101 signifi-
cantly reduced luciferase activity in WT-3’-UTR 
of CXCR7 compared with that in miR-NC-trans-
fected cells. However, mutations in the miR-
101 binding site almost restored the luciferase 
activity (Figure 2B). Overexpression of miR-101 
markedly reduced the mRNA and protein levels 
of CXCR7 in the two OSCC cell lines (Figure 2C 
and 2D). Thus, miR-101 directly targets CXCR7 
by downregulating its mRNA and protein 
expression.

Overexpression of CXCR7 rescues miR-101-in-
duced inhibition of proliferation and motility of 
OSCC cells

To understand the biological functions of miR-
101 in OSCC cells, we transfected miR-NC or 
miR-101 mimics into OSCC cells. Transfection 

Figure 4. Effects of miR-101 overexpression or CXCR7 depletion on OSCC tumor growth and lung metastasis in vivo. 
miR-101-overexpressing or CXCR7-silencing stable Fadu cells were used to established an in vivo xenograft or me-
tastasis mouse model by subcutaneous or venous injection. A. In vivo luciferase image detection of the xenograft tu-
mor growth of miR-101 restoration or CXCR7 knockdown Fadu cells. B. Tumor burden was measured and calculated 
once a week after subcutaneous injection. C. At 6 weeks after subcutaneous inoculation, the tumors were collected 
and photographed. D. Tumor weight was measured 6 weeks after subcutaneous inoculation. E. Lung metastatic 
numbers were detected 8 weeks after venous injection. F. Apoptotic cells were assessed by TUNEL assay in tumor 
tissues from the xenograft models. Data are shown as means ± SD of three separate experiments. *P < 0.05.
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of miR-101 mimics into OSCC cells significantly 
inhibited cell viability (Figure 3A). The colony 
formation decreased in OSCC cells overex-
pressing miR-101 (Figure 3B and 3C). In addi-
tion, miR-101-treated cells induced a higher 
percentage of apoptotic cells than miR-NC-
treated cells (Figure 3D). The transwell assays 
showed that the migration and invasion of 
OSCC cells were inhibited by miR-101 overex-
pression (Figure 3E-H). Furthermore, OSCC 
cells were co-transferred with miR-101 mimics 
and CXCR7-expressing plasmids to determine 
whether or not CXCR7 acts as a functional tar-
get of miR-101. As predicted, CXCR7 overex-
pression significantly restored reduced cell pro-
liferation, migration, and invasion as well as 
increased apoptosis caused by ectopic expres-
sion of miR-101 in OSCC cells (Figure 3A-H). 
Therefore, miR-101 inhibition on OSCC cell pro-
liferation and motility is dependent on CXCR7 
expression.

miR-101 overexpression or CXCR7 depletion 
suppresses tumor growth and metastasis of 
OSCC in vivo

An in vivo xenograft mouse model was subcuta-
neously injected with miR-101-overexpressing 
or CXCR7-silencing stable Fadu cells (Figure 
4A). The tumor volume (Figure 4B and 4C) and 

weight (Figure 4D) significantly decreased in 
both miR-101 overexpression and CXCR7 
depletion groups compared with those in the 
vector control groups. In addition, the number 
of lung metastatic nodules in the miR-101-over-
expressing or CXCR7-silencing stably transfect-
ed group was less than that in the control 
groups (Figure 4E). The miR-101 restoration or 
CXCR7 depletion also effectively increased the 
number of apoptotic cells in vivo (Figure 4F). 
Hence, miR-101 reduces OSCC tumor growth 
and lung metastasis by inhibiting CXCR7 exp- 
ression in vivo.

CXCR7 is highly expressed and negatively cor-
related with the prognosis of OSCC

CXCR7 expression was investigated in 66 OSCC 
specimens through immunohistochemistry sta 
ining to explore the potential role of CXCR7 in 
this disease. Figure 5A shows that CXCR7 was 
highly expressed in OSCC tissues compared 
with that in adjacent normal tissues. The upreg-
ulation of CXCR7 mRNA and protein levels in 
OSCC tissues were confirmed using qPCR and 
Western blot analyses (Figure 5B and 5C). The 
OSCC tissues were subdivided into the CXCR7-
high-expression and -low-expression groups 
according to the intensity of CXCR7 staining. 

Figure 5. CXCR7 is highly expressed in OSCC tissues and negatively correlated with clinical outcomes. (A) Repre-
sentative immunohistochemical images of CXCR7 staining in OSCC tissues and the corresponding normal tissues. 
Scale bar: 10 μm. (B) and (C) mRNA (B) and protein (C) expression of CXCR7 in OSCC tissues and the corresponding 
normal tissues were detected by qPCR and Western blot analyses. GAPDH and β-actin were used as internal con-
trols. (D) Five-year overall survival of CXCR7 low- and high-expression groups of patients with OSCC. (E) Correlation 
between CXCR7 levels and miR-101 expression in patients with OSCC (n = 28). **P < 0.01. N = Normal; T = tumor.
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Patients with high CXCR7 expression levels 
showed less favorable five-year overall survival 
(Figure 5D) than patients with low CXCR7 
expression. Moreover, CXCR7 expression was 
significantly negatively correlated with miR-101 
expression in OSCC tissues (Figure 5E). Hence, 
CXCR7 is a key mediator of OSCC progression.

Discussion

In this study, miR-101 was found to be a candi-
date tumor suppressor in OSCC by targeting 
CXCR7. The key findings are as follows. First, 
miR-101 was significantly downregulated in 
OSCC tissues and cell lines compared with the 
adjacent normal tissues or hNOKs. Second, 
CXCR7 was a direct target of miR-101. Third, 
miR-101 inhibited the proliferation, apoptosis 
resistance, migration, and invasion of OSCC 
cells in vitro. However, CXCR7 restored the 
tumor-suppressive effects of miR-101. Fourth, 
the xenograft and metastasis mouse models 
confirmed the findings in vitro. Fifth, CXCR7 
was upregulated in OSCC tissues, and the high 
expression of CXCR7 was inversely correlated 
with miR-101 expression and poor prognosis of 
patients with OSCC.

miRNAs play critical roles in the regulation of 
cell proliferation, invasion, and migration. 
miRNA dysregulation is causally involved in the 
initiation and progression of human cancers [6, 
18]. miR-101 is downregulated and acts as a 
tumor suppressor in multiple cancers [9-12]. In 
the present study, miR-101 was under-
expressed in OSCC tissues and cell lines; 
hence, miR-101 could function as an oncosup-
pressor in OSCC. Moreover, miR-101 restora-
tion in Fadu and SCC-9 cells showed significant 
tumor-suppressing effects by inhibiting cell 
growth and metastasis in vitro and in vivo. 
Although the evidence highlighted the impor-
tant roles of miR-101 in oral tongue squamous 
cell carcinoma, the underlying mechanism 
through which miR-101 inhibits OSCC remains 
unclear. Li et al [11] demonstrated that miR-
101 inhibits breast cancer growth and metas-
tasis by targeting CXCR7. Bioinformatics analy-
sis was also performed to elucidate the tumor 
suppressive effects of miR-101 in OSCC. The 
results indicated that CXCR7 could be a poten-
tial target of miR-101.

CXCR7, initially named as receptor dog cDNA 1 
(RDC1), was cloned from a canine thyroid  

cDNA library and identified as an atypical  
chemokine receptor [19]. RDC1, which was  
officially named CXCR7, is a novel receptor of 
the CXCL12 and initiates a cascade of signal 
transduction events [20]. Increasing evidence 
suggests that CXCR7 overexpression plays  
pivotal roles in malignancies; CXCR7 promotes 
tumor growth, angiogenesis, and distant me- 
tastases to lymph nodes and bone marrow  
[14, 15]. CXCR7 promotes tumor growth and 
lung metastasis in mouse models of lung and 
breast cancers [21]. CXCR7 also enhances 
breast cancer cell proliferation and is correlat-
ed with lymph node metastasis and poor  
prognosis ofbreast cancer [11, 22]. Moreover, 
CXCR7 regulates the tumor growth, angiogene-
sis, and invasion of human hepatocellular  
carcinoma cells [23]. CXCR7 is positively 
expressed in OSCC tissues. Furthermore, 
CXCR7 knockdown significantly inhibits the  
proliferation and motilities of OSCC cells [16, 
17]; hence, CXCR7 plays important roles in 
OSCC occurrence and development. The mRNA 
and protein expression levels of CXCR7 were 
upregulated in OSCC tissues. The high expres-
sion level of CXCR7 was negatively correlated 
with miR-101 expression and poor outcomes  
of patients with OSCC. The tumor suppressive 
effects of miR-101 were restored by CXCR7 
overexpression in vitro and mimicked by CXCR7 
depletion in vivo. Thus, the anti-tumor effects 
of miR-101 on malignant phenotypes of OSCC 
are partly mediated by CXCR7 silencing.

In summary, miR-101 was significantly down-
regulated in OSCC tissues and cell lines. miR-
101 inhibited OSCC cell growth, invasion, and 
migration in vitro and reduced tumor growth 
and lung metastasis in vivo by targeting CXCR7. 
miR-101, as a tumor suppressor in OSCC, may 
thus serve as a potential biomarker for OSCC 
diagnosis and as a new target for OSCC 
therapy.
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