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ADAM10, overexpressed in tongue squamous cell carcinoma (TSCC), has been well documented for its
role in tumor progression and metastasis. In the present study, we evaluated the inhibition effect of
microRNAs (miRNAs) on the TSCC and identified that miR-140-5p could directly targets ADAM10 and
inhibits the invasion and migration of TSCC cells. LAMC1, HDAC7 and PAX6, clustered into migration-

’<9¥W0Td55 related genes, were validated to be direct targets of miR-140-5p, while IGF1R and PSEN1 were not
MicroRNA . responsible to the regulation. Most intriguingly, ERBB4 was upregulated by miR-140-5p even though
;([))‘:fl\l/ﬁ gquamous cell carcinoma the interaction between ERBB4 3'UTR and miR-140-5p existed simultaneously. Meanwhile, ADAM10 is
ERBBA4 involved in the “positive” regulation of ERBB4 and negative regulation of PAX6 by miR-140-5p. Taken

together, our results suggest that miR-140-5p play a role in TSCC cell migration and invasion, and two
brand new relationships between miRNA and its targets emerged: (1) ADAM10 is not just a direct target
of miR-140-5p, the repressed ADAM10 also helps to enhance the effect of miR-140-5p to other target

genes: ERBB4 and PAX6; (2) ERBB4 is “positively” regulated by miR-140-5p.

© 2014 Published by Elsevier Inc.

1. Introduction

In 2013, cancers of oral cavity & pharynx, mainly characterized
by squamous cell carcinoma, account for about 3% of all newly
diagnosed cancers in men and tongue is the most invaded site by
oral cancer [1]. The poor prognosis of tongue squamous cell carci-
noma (TSCC) patients are correlated with the degree of lymph node
involvement [2], therefore, it is important to clarify the molecular
mechanism underlying tumor cell invasion and metastasis.

A disintegrin and metalloproteinase 10 (ADAM10), with
adhesion and protease activity, has been found to be upregulated
in many of the studies of human cancers, including TSCC [3-6].
The major function of ADAM10 is to serve as a ‘sheddase’ that is

Abbreviations: ADAM10, A disintegrin and metalloproteinase 10; TSCC, tongue
squamous cell carcinoma; miRNA, microRNA; UTR, untranslated region; WT, wild
type; MUT, mutant; siADAM10, siRNAs against ADAM10; ERBB4, v-erb-b2 avian
erythroblastic leukemia viral oncogene homolog 4.
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capable of cleaving the ectodomain of transmembrane protein,
which highlights its pivotal roles in a variety of cellular processes
including cell proliferation, migration and tumor metastasis via
the proteolysis of cytokines, growth factors, receptors and adhe-
sion molecules such as Notch1, ERBB2, N-cadherin and E-cadherin
[7].

MicroRNAs (miRNAs) are endogenous, small non-coding RNAs
that regulate the translation and degradation of messenger RNAs
(mRNAs) at post-transcriptional level [8]. The protein expressions
from hundreds of genes were directly suppressed, albeit relatively
mild, by a single miRNA [9], underlining the broad and subtle influ-
ence of miRNAs on a diversity of signaling pathways. Dysregulated
miRNAs are correlated with various cancers and can function as
tumor suppressors or oncogenes depending on the function of its
targets and the cellular context [10]. Thus far, many miRNAs have
been found to participate in the pathways that direct cell
proliferation, apoptosis and metastasis of TSCC [11].

To identify tumor-suppressive miRNAs associated with TSCC,
we analyzed miRNAs that could directly target ADAM10. In this
study, miR-140-5p was identified to be tumor suppressor by
directly targeting ADAM10 and repressing TSCC cell migration
and invasion. We also screened potential cell migration-related
target genes of miR-140-5p and unveiled two brand new relation-
ships between miR-140-5p and its targets.
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2. Materials and methods
2.1. Cell culture

Two human tongue squamous carcinoma cell lines were ob-
tained from American Type Culture Collection (CAL27) and the Cell
Bank of Type Culture Collection of Chinese Academy of Sciences
(Tca8113). They were cultured in Dulbecco’s Modified Eagle’s Med-
ium (CAL27) or RPMI-1640 medium (Tca8113), both supplemented
with 10% fetal bovine serum (FBS, Hyclone).

2.2. Cell transfections

CAL27 cells were seeded at 1.2 x 10° cells/well in 6-well plate
and Tca8113 cells were seeded at 0.4 x 10° cells/well in 12-well
plate, allowed to stabilize overnight. Then the cells were transfec-
ted with 200 nM miR-140-5p or miR-NC mimics, anti-miR-140-5p
or anti-miR-NC, and siRNAs against ADAM10 when the cells
reached 70-80% confluence, using Turbofect transfection reagent
(Fermentas). All the reagents, including mimics and antibodies,
used in this study were summarized in the Supplementary data 1.

2.3. Western blotting

48 h after transfection, cells were harvested using RIPA lysis
buffer. 1% PMSF was added right before use. Protein concentration
was measured using BCA protein assay (Pierce). Protein was loaded
onto the 10% SDS-PAGE gel and then transferred to PVDF mem-
brane (Millipore). The blot was blocked with 5% skim milk for 2 h
and then probed with primary antibody raised against ADAM10
(1:6000), HDAC7 (1:3000), PAX6 (1:3000), LAMC1 (1:5000), IGF1R
(1:3000), PSEN1 (1:3000), ERBB4 (1:3000) and B-actin (1:8000).
After overnight incubation at 4 °C, the blot was washed with TBST
and incubated in secondary antibody (1:10,000). The signal was
developed with ECL (Advansta). Image] software (http://rsb.info.-
nih.gov/ij/) was used for the quantification of protein bands by
densitometry analysis.

2.4. Luciferase reporter assay

3'UTRs of ADAM10, HDAC7, PAX6, LAMC1 and ERBB4 were PCR
amplified from human genomic DNA and then ligated into pMIR-
report (Ambion). Then the QuikChange Lightning site-directed
mutagenesis kit (Stratagene) was used to induce the miR-140-5p
target sequences (complementary to the seed region for
miR-140-5p) to mutate from ACCACT to TGGTGA. All constructs
were confirmed by sequencing. Primers used in this study were
summarized in the Supplementary Table 1. Tca8113 cells were
co-transfected with wild-type or mutant 3'UTR luciferase reporter
construct, Renilla luciferase construct pRL-TK and either miR-140-
5p or miR-NC mimics. 48 h after transfection, luciferase activities
were measured using Dual Luciferase Reporter Assay System
(Promega) and normalized by dividing firefly luciferase activity
with Renilla luciferase activity.

2.5. Cell proliferation assay

Transfection of miR-140-5p or miR-NC mimics was performed
in 96-well plates in quadruplicate. 48 h after transfection, 10 pl
CCK-8 reagent was added to each well and incubate the plate for
2 h. Then the absorbance was measured at 450 nm.

2.6. Cell migration and invasion assays

For invasion assay, at 48 h post-transfection, miR-140-5p, miR-
NC or mock transfected CAL27 cells were trypsinized, washed, ser-
um-free medium resuspended and added to the upper chamber
with Matrigel-coated membrane (24-well insert; BD Biosciences).
Complete medium was added to the lower chamber served as
chemoattractant. 24 h after incubation, non-invading cells were
removed by a cotton swab. Invasive cells were fixed, stained with
crystal violet and counted (ten random fields/chamber). Chambers
were conducted in duplicate in two independent experiments. The
migration assay was the same as the invasion assay except that no
matrigel was used in the migration assay.

2.7. Statistical analyses

Values were expressed as mean + standard deviation (SD) from
triplicate experiments. Unpaired, two-tailed Student’s t-test was
calculated for statistical analysis using Excel (Microsoft) and
GraphPad Prism (Prism). p<0.05 was considered statistically
significant.

3. Results
3.1. ADAM10 is a direct target of miR-140-5p

Emerging evidence shows that, ADAM10 is highly expressed in
oral squamous cell carcinoma and TSCC when compared to adja-
cent normal tissues, which is validated by reverse transcription
PCR [6], cDNA microarray [4]| and immunohistochemistry [5]. Since
miRNA could function as a negative regulator of gene expression
posttranscriptionally, we reasoned that, miR-140-5p, the only
one miRNA with an 8mer seed-match to ADAM10 3'UTR predicted
by TargetScan program (http://www.targetscan.org/) [12], may
serve as a tumor suppressor by directly targeting ADAM10. The
prediction was also made by miRDB (http://mirdb.org/miRDB/)
[13] and miRanda (http://www.microrna.org) [14] programs. The
miR-140-5p core target site (position 1072-1079 of human
ADAM10 3'UTR corresponding to position 1-8 of miR-140-5p
(Fig. 1A)) is extremely conserved among 31 out of 36 eutherian
mammals displayed by ensembl genomic alignments (http://
www.ensembl.org/).

To assess whether ADAM10 is a functional target of miR-140-
5p, we constructed a luciferase reporter with 3'UTR of ADAM10
cloned downstream to a firefly luciferase gene. Subsequently, the
reporter and synthetic miR-140-5p or miR-NC mimics were trans-
fected into Tca8113 cells to evaluate the effects of miR-140-5p on
the ADAM10 3'UTR based on relative luciferase activity. Compared
with miR-NC, miR-140-5p had a potent inhibitory effect on the
reporter with wild-type ADAM10 3'UTR, but not on the analogous
reporter with mutant ADAM10 3'UTR (Fig. 1B). Consistently,
Western blot results further showed that overexpression of miR-
140-5p suppressed the endogenous protein level of ADAM10,
while knockdown of endogenous miR-140-5p led to upregulation
of ADAM10 protein level (Fig. 1C and D). These results indicated
that, ADAM10 is a direct target of miR-140-5p in TSCC cells.

3.2. Overexpression of miR-140-5p inhibits CAL27 cell invasion and
migration, but not proliferation

ADAM10 had a profound impact on tumor growth and metasta-
sis by shedding a list of substrates, including growth factors and
adhesion molecules, such as EGF and N-, E-cadherin [7]. This
prompted us to investigate the effects of miR-140-5p on the TSCC
cell invasion, migration and proliferation.
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Fig. 1. ADAM10 is a direct target of miR-140-5p. (A) Putative interaction between miR-140-5p and its binding sequence in the 3’'UTR of ADAM10. Site-directed mutations
were generated in the ADAM10 3'UTR sequence in the complementary site for the seed region of miR-140-5p. (B) Analysis of luciferase activity. Tca8113 cells were co-
transfected with firefly luciferase reporter containing either wild-type (ADAM10-report) or mutant (ADAM10-mut-report) ADAM10 3'UTR, Renilla luciferase reporter pRL-TK
(as internal control), and either miR-140-5p or miR-NC mimics. Relative luciferase activity was measured and normalized by Renilla luciferase activity. The noramlized
luciferase activity for the miR-NC transfected cells was set as 1. Data shown are mean + SD from three independent experiments. **p < 0.01; unpaired Student’s t-test. (C)
Western blot results of endogenous ADAM10 protein in CAL27 cells transfected with siRNAs against ADAM10 (siADAM10), miR-140-5p and miRNA-NC mimics, anti-miR-
140-5p and anti-miR-NC. siADAM10 was used as positive control. (D) Densitometry analysis. Values are mean # SD from three independent experiments. “p < 0.05 versus

miR-NC; *p < 0.05 versus anti-miR-NC; unpaired Student’s t-test.

Transwell invasion assay demonstrated that, increased expres-
sion of miR-140-5p suppressed the invasive capacity of CAL27 cells
by around 25% to invade through matrigel-coated membranes
(Fig. 2A and C). Ectopic expression of miR-140-5p markedly re-
duced the migration of CAL27 cells by around 40% when compared
to the migration of control cells (Fig. 2B and D). Cell proliferation
assay indicated that ectopic miR-140-5p had no effect on CAL27
cell proliferation (data not shown).

To comprehensively understand such repressive effect of miR-
140-5p on TSCC cell migration and invasion, we performed gene
set enrichment analysis using Protein, Signaling, Transcriptional
Interactions & Inflammation Networks Gateway (pSTIING) pro-
gram (http://pstiing.icr.ac.uk/) [15]. 345 target genes of miR-140-
5p were uploaded and the top 5 enriched pathways are: regulation
of actin cytoskeleton, focal adhesion, calcium signalling, adherens
junction and tight junction, thereby partly explained the potent
inhibitory effect of miR-140-5p on TSCC cell migration and
invasion.

3.3. miR-140-5p directly represses cell migration-related genes

To clarify molecular mechanism underlying the repression of
TSCC cell migration by miR-140-5p, we submitted all the 345
target genes of miR-140-5p predicted by TargetScan to the
programs provided by the Database for Annotation, Visualization

and Integrated Discovery (DAVID [16], http://david.abcc.ncifcrf.-
gov/) to identify genes related to (positive regulation of) cell
migration. LAMC1, HDAC7, PAX6, IGF1R, PSEN1 and ERBB4 were
chosen for further analysis (Fig. 3A).

CAL27 cells were transfected with either miR-140-5p or miR-NC
mimics to assess the inhibitory effect of miR-140-5p on the endog-
enous protein level of these six genes. Western blot results showed
that overexpression of miR-140-5p resulted in around 50%
reduction of LAMC1, HDAC7 and PAX6 at protein level, but did
not affect the expression of IGF1R and PSEN1 (Fig. 3C and D, ERBB4
was discussed in the next section).

To determine whether such inhibitory effect on the translation
is mediated by specific and direct interaction of miR-140-5p with
the LAMC1, HDAC7 and PAX6 target site, we constructed luciferase
reporter plasmids containing the 3'UTR of these three genes.
Dual-luciferase assay showed that the introduction of miR-140-
5p significantly reduced the luciferase activity with respect to
the miR-NC, whereas such inhibitory effect was absent in the cells
transfected with reporter plasmids containing mutant 3'UTR of
these three genes (Fig. 3B).

3.4. ERBB4 is upregulated by miR-140-5p

Intriguingly, Western blot analysis demonstrated that ectopic
miR-140-5p molecules led to upregulation of endogenous ERBB4
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Fig. 2. miR-140-5p inhibits CAL27 cell invasion and migration. (A and C) Transwell invasion assay of CAL27 cells transfected with mock, miR-NC, miR-140-5p. (A)
Representative images of cell invasion. (C) Quantification of 20 randomly selected fields. (B and D) Transwell migration assay of CAL27 cells transfected with mock, miR-NC,
miR-140-5p. (B) Representative images of cell migration. (D) Quantification of 20 randomly selected fields. Data shown are mean = SD from a single representative
experiment. ***p < 0.001; unpaired Student’s t-test. Transfection efficiency was monitored by miR-NC with FAM and quantitative real-time PCR (data not shown).

in the pilot experiment, even though the 3'UTR of ERBB4 contain a
potential binding site for miR-140-5p (Fig. 4A). Since ADAM10 is a
major ectodomain sheddase of ERBB2 [17] and ADAM17 is also
essential for the shedding of ERBB4 [18], it's reasonable to deduce
that, ADAM10 may also be required, if not essential, for the
cleavage of ERBB4. For this reason, the repression of ADAM10 by
miR-140-5p may be partly responsible for the upregulation of
ERBB4. To verify our hypothesis, siRNAs against ADAM10 were
transfected to CAL27 cells along with miR-140-5p and miR-NC
mimics, and then Western blot was performed to evaluate the pro-
tein expression level of ERBB4. The result of densitometry analysis
showed that, the relative protein level of ERBB4 was significantly
upregulated by 40% following miR-140-5p transfection, while
knocking down ADAM10 by siRNAs only led to 30% upregulation
of ERBB4 (Fig. 4C and D).

Compared with miR-140-5p, siRNAs against ADAM10 exert
much stronger repression effect on the protein level of ADAM10
(Fig. 1C), which in turn would give rise to higher accumulation of
ERBB4 if ADAM10 were a major sheddase for the ERBB4 and main
mediator responsible for the upregulation of ERBB4 by miR-140-
5p. Above results indicated that ADAM10 may play a minor, not
essential, role for the cleavage of ERBB4 and only be partially
responsible for the upregulation of ERBB4 by miR-140-5p. There
must be some other routes, modulated by miR-140-5p, leading to
the upregulation of ERBB4.

Despite all that, we tried to explore the possible interaction
between ERBB4 3'UTR and miR-140-5p. A fragment of ERBB4

3'UTR, containing the potential binding site for miR-140-5p, was
cloned downstream to a firefly luciferase gene. Co-transfection
experiments showed that, overexpression of miR-140-5p markedly
repressed the expression of a luciferase gene containing the
wild-type 3'UTR of ERBB4, but didn’t affect the luciferase gene
containing mutant 3’'UTR of ERBB4, in which the binding site for
the miR-140-5p seed region was mutated (Fig. 4B). Results of lucif-
erase assay argue for a directly targeting ERBB4 by miR-140-5p.

Taken together, these results indicated that ERBB4 was upregu-
lated by miR-140-5p, due in part to the effect of ADAM10, although
the interaction between ERBB4 3'UTR and miR-140-5p existed
simultaneously.

4. Discussion

The role of miR-140-5p in tumorigenesis and progression has
not been well documented until very recently. Literatures sug-
gested that miR-140-5p suppressed tumor cell proliferation, migra-
tion, and invasion by targeting IGF1R in non-small cell lung cancer
(NSCLC) and targeting TGFBR1 and FGF9 in hepatocellular carci-
noma. Furthermore, miR-140-5p was significantly downregulated
in both carcinomas [19,20]. In the present study, our results sug-
gested that miR-140-5p could directly targets oncogenic ADAM10
and represses TSCC cell migration and invasion, although no signif-
icant difference in the expression of miR-140-5p between TSCC tis-
sues and adjacent nontumorous tissues was demonstrated, partly
due to insufficient number of tissues (Supplementary Fig. S1).
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Fig. 3. miR-140-5p directly targets cell migration-related genes. (A) Putative interactions between miR-140-5p and its binding sequences in the 3'UTR of LAMC1, HDAC7 and
PAX®. Site-directed mutations were generated in the 3'UTR sequences in the complementary sites for the seed region of miR-140-5p. (B) Analysis of luciferase activity. Firefly
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unpaired Student’s t-test. (C) Western blot results of endogenous LAMC1, HDAC7, PAX6, IGF1R and PSEN1 protein in CAL27 cells transfected with miR-140-5p and miRNA-NC
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In the present study, ADAM10, LAMC1, HDAC7 and PAX6 were
confirmed to be specific endogenous targets of miR-140-5p.
ADAM10, with adhesion and protease activity, is a key regulator
of both cell-cell and cell-extracellular matrix interactions, via
shedding cell surface proteins, such as L1 and GPNMB. Then the
shed extracellular domain of L1 and GPNMB can promote cell
migration by binding to integrin receptors [21,22]|. The gamma
chain isoform laminin, gamma 1, encoded by LAMC1, can partner
with netrin-4 and o6f1 integrin to become a ternary complex
and promote migration of neural stem cells [23]. HDAC7 is a key
modulator of endothelial cell migration partly by regulating
PDGF-B/PDGFR-B and VEGF responsive genes [24,25]. PAX6, essen-
tial for the development of CNS and eye, is a delicate regulator of
cell migration and correct positioning during development [26,27].

The mysterious upregulation of ERBB4 by miR-140-5p can be
inquired from two perspectives. ERBB4, a member of ErbB family
of receptor tyrosine kinases, sequentially subjected to ectodomain
shedding by ADAM17 and intracellular domain ripping by y-secre-
tase [18,28]. The released intracellular domain translocates into
the nucleus and regulate gene transcription [29]. The upregulation
of ERBB4 could come from impaired proteolysis or enhanced
transcription or translation, which would be caused by
dysregulated genes because of the introduction of miR-140-5p.
For example, NCSTN contains a conserved 8mer seed-matched site

for miR-140-5p and its encoded protein, nicastrin, is a member of
v-secretase complex, just like presenilinl. If nicastrin is downreg-
ulated by miR-140-5p, the ripping of intracellular domain would
be affected and the full-length protein of ERBB4 would be accumu-
lated. On the other hand, there are a large number of mRNA bind-
ing proteins and they could compete or cooperate with miRNAs to
regulate translation. For example, miR-328 can act as a decoy by
binding to a repressive RNA binding protein, while miR369-3 can
directs the association between AU-rich elements (AREs) and
micro-ribonucleoproteins (microRNPs) associated proteins, and
thus activate gene translation [30,31]. Likewise, miR-140-5p prob-
ably directly or indirectly interacts with regulatory RNA binding
proteins and prevents them from blocking translation of ERBB4.
The relationship between miR-140-5p and ADAM10/PAX6/
ERBB4 is interesting. Immunofluorescence and Western blot anal-
ysis have demonstrated that, inhibition of ADAM10 can also inhibit
PAX6 expression using either ADAM10 inhibitor or ADAM10 spe-
cific siRNA [32]. In the present study, ADAM10 and PAX6 were
identified as direct targets of miR-140-5p. The combined results
suggested that, the negative regulation of PAX6 came from two
directions, directly targeting by miR-140-5p and indirect repres-
sion mediated by ADAM10. Similarly, downregulated ADAM10
was also partly responsible for the “positive” regulation of ERBB4
by miR-140-5p. In summary, ADAM10 is not just a direct target
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from three independent experiments. “p < 0.05 versus miR-NC; unpaired Student’s t-test.

of miR-140-5p, the repressed ADAM10 also helps to enhance the
effect of miR-140-5p to ERBB4 and PAX6.

Unregulated PSEN1 and IGF1R are really out of expectation, but
still can be reconciliated and understandable. In Notch signalling
pathway, ADAM10 or ADAM17 cleave the ectodomain of Notch
transmembrane protein by shedding, and subsequently, v-
secretase complex (including presenilinl encoded by PSENT)
cleave the intracellular domain of Notch (NICD) by ripping. Then
NICD translocates to the nucleus where it forms a ternary complex
to activate target gene expression [33]. PSEN1 and ADAM10 not
just cooperate with each other in the same pipeline, they also share
the same miRNA:target recognition pattern with miR-140-5p—
8mer site. Besides, PSEN1 3'UTR also contain another 7mer-m8 site
(Supplementary Fig. S2). It’s reasonable to speculate that, just like
ADAM10, PSENT1 is also very likely to be a direct target of miR-140-
5p, which turned out to be unsubstantiated. Recently, IGF1R has
been proved to be a direct target of miR-140-5p in NSCLC [19],
while in present study, IGF1R was not responsible to the regulation
of miR-140-5p. These seemingly contradictory results can be
explained by the emerging paradigm that miRNA can be not only
cell-type or tissue-specific “signatures” for certain normal or
cancerous tissues, but also functional or inoperative to certain
genes depending on the molecular and cellular context. Thus, one
must be cautious in extrapolating the result of interaction between
miRNA and its target beyond the research field.

In conclusion, miR-140-5p could directly targets ADAM10 in
TSCC cells and represses cell migration and invasion, but not prolif-
eration. The repressed ADAM10 also helps to enhance the effect of
miR-140-5p to other target genes: ERBB4 and PAX6. The demonstra-
tion of miR-140-5p and its target genes would help us to better
understand the molecular mechanism underlying TSCC progression.
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