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Metastasis is a critical event in the progression of head and neck squamous cell carcinoma
(HNSCC). To identify microRNAs associated with HNSCC metastasis, six paired HNSCC cell
lines with different metastatic potential were examined. Using microarrays, a panel of dif-
ferentially expressed microRNAs was identified, including reduction of miR-138 in highly
metastatic cells. Ectopic transfection of miR-138 suppressed cell invasion and led to cell
cycle arrest and apoptosis. Knockdown of miR-138 enhanced cell invasion and suppressed
apoptosis. Thus, our results suggested miR-138 acts as a tumor suppresser and may serve
as a therapeutic target for HNSCC patients at risk of metastasis.

� 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Head and neck cancer, predominantly head and neck
squamous cell carcinoma (HNSCC), is one of the most dev-
astating diseases. The American Cancer Society estimated
that more than 45,000 new cases of HNSCC were diagnosed
in 2007, representing approximately 3% of all malignancies
[1]. HNSCC exhibits frequent local/regional invasion and
metastasis. Despite the improvements in surgery, radio-
therapy and chemotherapy, the prognosis for HNSCC pa-
tients has not significantly improved for the past 3
decades. Improvement in patient survival requires better
understanding of tumor invasion and metastasis so that
aggressive tumors can be detected early in the disease pro-
and Ltd. All rights reserved.
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cess and targeted therapeutic interventions can be
developed.

MicroRNAs (miRNAs) are a class of endogenous small
non-coding RNAs that control the target gene expression
at the post-transcriptional level. It is currently estimated
that the human genome may have 800–1000 miRNAs [2].
Although they account for only a minor fraction of the
expressed genome, microRNAs are pivotal regulators of di-
verse cellular processes including proliferation, differentia-
tion, apoptosis, survival, motility and morphogenesis.
Several microRNAs have been functionally classified as
proto-oncogenes or tumor suppressors and are aberrantly
expressed in different cancer types including leukemia
[3,4], lymphoma [5], breast cancer [6,7], colorectal cancer
[8], lung cancer [9,10], liver cancer [11,12], and head and
neck cancer [13–16]. Dysregulation (e.g., overexpression
or loss of expression) of these ‘‘cancerous” microRNAs con-
tributes to tumor initiation and progression by promoting
uncontrolled proliferation, favoring survival, inhibiting dif-
ferentiation and/or promoting invasive behavior [17,18].
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This study seeks to identify and validate the microRNA
candidates that contribute to metastasis in HNSCC.

2. Materials and methods

2.1. Cell culture and transfection

Human HNSCC cell lines were used in this study (see
Supplementary Table 1 for description on those cell lines).
These cells were maintained in DMEM/F12 supplemented
with 10% FBS, 100 U/mL penicillin and 100 lg/mL
streptomycin (GIBCO) at 37 �C in a humidified incubator
containing 5% CO2. For functional analysis, miR-138 mim-
ics, non-targeting miRNA mimics (Dharmacon), specific
locked nucleic acid (LNA) inhibitor for miR-138 (anti-
miR-138 LNA) and scrambled LNA probe (Exiqon) were
used. The miR mimics and LNA inhibitors were transfected
into the appropriate cells using DharmaFECT Transfection
Reagent 1 (Dharmacon) according to the manufacturer’s
instructions. In brief, cells were plated in 6 cm diameter
cell culture dishes to 60% confluence. For each dish,
7.5 ll of miR-138 mimic (20 lM), or anti-miR-138 LNA
(20 lM) and 6 ll of DharmaFECT Transfection Reagent
were added into 750 ll of antibiotic-free opti-MEM med-
ium (Invitrogen), separately, and then mixed together for
forming the transfection complex. The transfection com-
plex (100 nM) was added to cells and incubated for 24 h
before replacing the medium.

2.2. Wound healing assay

Cell migration was measured using a wound healing as-
say as described previously [19]. In brief, cells were seeded
in 12-well plates and cultured to confluence. Wounds of
1 mm width were created with a plastic scriber, and cells
were washed and incubated in a serum-free medium.
24 h after wounding, cultures were fixed and observed un-
der a microscope. A minimum of five randomly chosen
areas were measured.

2.3. In vitro cell invasion assay

The invasion assay was performed using a Cultrex 96-
well membrane invasion assay kit (R&D Systems) as de-
scribed previously [20]. Briefly, in day 1, 50 ll of 0.5�
BME coating solution was placed in each well of a top inva-
sion chamber, and the cells were starved in serum-free
medium. On day 2, the cells were harvested and seeded
into the top chamber at 5 � 104 cells/well. One hundred
fifty micro litres of serum-free medium were added to each
well of the bottom invasion chamber. The device was
assembled and incubated at 37 �C in an incubator contain-
ing 5% CO2 for 24 h. On day 3, the cells in the top chamber
were washed with PBS and transfected with desired miR-
NA reagents at a final concentration of 100 nM. Corre-
spondingly, the medium in the bottom chamber was
replaced with fresh DMEM/F12 medium containing 10%
FBS. Forty-two hours after transfection, medium in both
chambers were aspirated and each well was washed with
1� Washing Buffer. 150 ll of Cell Dissociation Solution/
Calcein AM was added to the bottom chamber and incu-
bated at 37 �C for 1 h. Experiments were performed at least
twice, separately, and run in quadruplicate. The top cham-
ber was removed, and the bottom plate was measured at
485 nm excitation and 520 nm emission. The data was
compared to the standard curve to determine the number
of cells that have invaded. A separate standard curve was
used for each cell type. The percentage of cell invasion
was calculated as the number of the invaded cells divided
by the number of the cells at the start of the assay.

2.4. MicroRNA microarray

Total RNA from HNSCC cell lines was isolated using a
miRNeasy Mini Kit from Qiagen. The quality and quantity
of the RNA samples were assessed by standard electropho-
resis and spectrophotometer methods. Microarray analysis
was performed by Genosensor Corporation (Tempe, AZ)
based on the GenoExplorer microRNA Full Kit protocol.
The GenoExplorer human miRNA array contains triplicated
probesets representing approximately 900 microRNA,
including both precursor microRNA and mature microRNA.
Duplicated array assays were performed for each sample.
Detectable probes were defined as probe signal intensity
equal or above the signal threshold (array background +
2 � background standard deviation). Arrays were normal-
ized based on global signal intensity. Differential miRNA
expression was determined using a two-sided t-test on a
single miRNA basis.

2.5. Real-time RT-PCR analysis

The relative expression level of miR-138 in HNSCC cell
lines was determined based on a quantitative 2-step RT-
PCR assay using mirVanaTM qRT-PCR microRNA Detection
Kit as per the manufacturer’s protocol (Ambion). The quan-
titative PCR was performed using iQ SYBR Green Supermix
(Bio-Rad) in a BIO-RAD iCycler iQ real-time PCR detection
system. Specific primer sets for miR-138 and U6 were
obtained from Ambion. The relative expression level of
miR-138 was determined using the 2�delta delta Ct analysis
method [21], where U6 was used as an internal reference.

2.6. Flow cytometry-based apoptosis and cell cycle analysis

Cells were grown in 6-well plates to about 60% conflu-
ence and transiently transfected with the desired miRNA
reagents at a final concentration of 100 nM. The cells were
digested and collected after 48 h post-transfection, and
washed with PBS twice. For cell apoptosis measurement,
the cells were resuspended in 1� Binding Buffer, and 5 ll
of Annexin FITC Conjugate, and 10 ll of Propidium Iodide
Solution were added to each cell suspension, separately.
For cell cycle analysis, the cells were resuspended in PBS
and then fixed in ethanol at �20 �C overnight. The cells
were washed with PBS and resuspended in Staining Solu-
tion (50 lg/mL of propidium iodide, 1 mg/mL of RNase A,
0.1% Triton X-100 in PBS). The stained cells (1 � 105) were
then analyzed with a flow cytometer (FACScalibur, Becton-
Dickinson).
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3. Results

3.1. microRNA profiling on HNSCC cell lines with different metastatic
potential

Six paired HNSCC cell lines (UM1/UM2, 1386Tu/1386Ln and 686Tu/
686Ln) were assembled for microRNA profiling analysis. The UM1 and
UM2 are paired cell lines with different metastatic potential that
generated from a single patient with SCC of the tongue [19]. The
1386Tu/1386Ln and 686Tu/686Ln are paired cell lines generated from
primary tumors and lymph node metastatic diseases from the HNSCC
patients. To confirm the difference in metastatic potential of these
paired cell lines, cell migration and cell invasion were measured with
the wound healing assay and the transwell in vitro cell invasion assay,
respectively. As showed in Fig. 1A, UM1 and 686Ln exhibited faster
wound healing ability when compared to their paired cell lines, UM2
and 686Tu, respectively, indicating enhanced cell migration. No
statistical difference in wound healing was observed between 1386Ln
and 1386Tu cells. As showed in Fig. 1B, UM1, 1386Ln and 686Ln
exhibited statistically significantly elevated invasions when compared
to their paired cell lines, UM2, 1386Tu and 686Tu, respectively
(p < 0.05).

Microarray analysis was performed to identify the differentially ex-
pressed microRNA. As shown in Table 1, 10 miRNAs were downregulated,
and 14 miRNAs were upregulated in at least two cell lines with more
aggressive phenotype compared to their corresponding counterparts.
Among those, reduced expression of miR-138 and enhanced expression
of miR-566-pre were consistently observed in all three aggressive cell
lines (UM1, 1386Ln and 686Ln).
3.2. Differential expression of miR-138 in HNSCC cell lines

Real-time quantitative RT-PCR was performed to validate the expres-
sional difference of miR-138 in these paired cell lines as well as seven
additional HNSCC cell lines, an immortalized non-tumorgenic cell line
(OKF4-E6/7), and the normal oral keratinocyte cell culture (NHOK)
(Fig. 2). Compared to the non-tumorigenic cells (OKF4-E6/7 and NHOK),
the expression level of miR-138 was reduced in all 13 HNSCC cell lines
tested. Furthermore, for the paired HNSCC cell lines (UM1/UM2,
1386Tu/1386Ln and 686Tu/686Ln), relatively lower miR-138 levels were
observed in all three highly invasive cell lines.
BA

UM
1

UM
2

13
86

Tu

13
86

Ln

68
6T

u

68
6L

n

100

20

80

40

60

0

%
 w

ou
nd

 h
ea

le
d 

(a
fte

r 2
4h

)

* *

Fig. 1. Differential metastatic potentials in HNSCC cell lines. The differences in
1386Ln/Tu, and 686Ln/Tu) were evaluated with the wound healing assay (A) and
result represents three independent experiments with quadruplicates of each m
3.3. The effects of miR-138 on invasion, cell cycle and apoptosis

To validate the involvement of miR-138 dysregulation in HNSCC
tumorigenesis and metastasis, functional analysis were performed to test
the effects of miR-138 on cell invasion, apoptosis, and cell cycle. As shown
in Fig. 3A, ectopic transfection of miR-138 mimics led to significantly de-
creased invasion of UM1 cells when compared to cells tranfected with the
negative control. Introducing anti-miR-138 LNA to the UM2 cells led to a
significant increase in cell invasion. Apparent decrease in migration was
also observed in UM1 cells transfected with miR-138, but the difference
was not statistically significant (data not shown). No difference in migra-
tion was observed in UM2 cells transfected with anti-miR-138 LNA (data
not shown). As shown in Fig. 3B, significant increase in apoptosis was ob-
served in UM1 cells transfected with the miR-138 mimic, whereas reduc-
tion in apoptosis was observed in UM2 cells that were transfected with
anti-miR-138 LNA. As Ectopic expression of miR-138 in UM1 cells also
led to changes in cell cycle, where significant reduction in S and accumu-
lation in G1 were observed in UM1 cells transfected with miR-138 mim-
ics. Given that sub-G1 DNA content is indicative of apoptosis, these data
also supported our observations on apoptosis. No apparent difference in
cell cycle was observed in UM2 cells that were transfected with anti-
miR-138 LNA.

4. Discussion

Metastasis is the major hallmark of malignancy. Can-
cer cell invasion is one of the essential early events in
metastasis. In this study, we aim to identify the microR-
NA alterations that correlate with enhanced invasive
behavior in HNSCC. We used an established cell culture
model for our study [20], which consists of three pairs
of HNSCC cell lines that were isolated from the same pa-
tients. Among these HNSCC cell line pairs, UM1/UM2 and
686Ln/686Tu exhibit significant differences in migration
and invasion; however, 1386Ln/1386Tu exhibit differ-
ences in cell invasion but not in migration. Nevertheless,
the consistent differences in cell invasion for all three
HNSCC pairs suggested that this cell culture model can
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cell migration and cell invasion of paired HNSCC cell lines (UM1/UM2,
the transwell in vitro cell invasion assay (B) as described in Section 2. The
easurement. � Indicates p < 0.05.



Table 1
Differentially expressed microRNA identified by microarray analysis.a

UM1 vs. UM2 1386Ln vs. 1386Tu 686Ln vs. 686Tu

MicroRNA Fold diff. (UM1/UM2) MicroRNA Fold diff. (1386Ln/Tu) MicroRNA Fold diff. (686Ln/Tu)

miR-7 0.26 miR-7 0.57 miR-21 0.67
miR-21 0.56 miR-98 0.67 miR-138 0.42
miR-98 0.64 miR-99b 0.61 miR-594-pre 0.67
miR-99b 0.36 miR-101 0.65
miR-101 0.64 miR-125a 0.59
miR-125a 0.26 miR-138 0.59
miR-138 0.40 miR-193 0.54
miR-193 0.60 miR-224 0.63
miR-224 0.27
miR-594-pre 0.39
miR-18 1.81 let-7a 1.48 let-7a 1.58
miR-27a 1.81 let-7b 1.53 let-7b 1.36
miR-27b 1.61 let-7c 1.47 let-7c 1.36
miR-31 2.88 miR-16 1.68 miR-16 1.43
miR-32 1.54 miR-18 1.95 miR-32 1.58
miR-106b 1.62 miR-27a 1.65 miR-106b 2.04
miR-203 1b miR-27b 1.63 miR-200a 1.48
miR-566-pre 4.77 miR-31 1.46 miR-203 2.11
miR-574 1.81 miR-200a 1c miR-566-pre 2.25

miR-566-pre 1.84
miR-574 2.72

a Differentially expressed in at least two pairs of cell lines.
b miR-203 was not detected in UM2.
c miR-200a was not detected in 1386Tu.
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provide us with a useful system to study cell invasion in
HNSCC.

Among these identified microRNAs, many of them have
been previously implicated in tumorigenesis and metasta-
sis, including let-7 family members (including let-7a, let-
7b and let-7c) [22], miR-7 [23], miR-16 [24,25], miR-21
[26,27], miR-27 family (including miR-27a and miR-27b)
[28,29], miR-98 [16], miR-99b [30], miR-101 [31,32], miR-
106b [33,34], miR-125a [35], miR-138 [13,36], miR-193
[37], miR-200a [38], miR-203 [39], and miR-224 [12]. How-
ever, for a number of identified candidate microRNAs, their
functional involvements in cancer are not clear, including
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Fig. 2. Reduced miR-138 level in HNSCC cell lines. The qRT-PCR was
performed as described in Section 2 to assess the miR-138 level in a panel
of HNSCC cell lines, and an immortalized non-tumorgenic cell lines
(OKF4-E6/7), and normal oral keratinocyte cell culture (NHOK). Statistical
differences in miR-138 levels were observed for the paired HNSCC cell
lines (UM1/UM2, 1386Ln/Tu, and 686Ln/Tu). � Indicates p < 0.05.
those of miR-18, miR-31, miR-32, and miR-574. The role of
miR-31 in tumorigenesis is not entirely clear. While up-reg-
ulation of miR-31 has also been observed in HNSCC [13,14],
colorectal cancer [40,41], and hepatocellular carcinoma
[42], reduced expression of miR-31 was observed in breast
cancer [43], and frequent homozygous deletion of miR-31
gene was reported in urothelial carcinomas [44]. Similarly,
the role of miR-32 in tumorigenesis is also not clear. While
miR-32 up-regulation has been observed in multiple myelo-
ma [45] and prostate cancer [46], decreased miR-32 was ob-
served in bronchial squamous cell carcinoma [47]. Also, the
function of miR-18 and miR-574 in tumorigenesis is cur-
rently not known. Further studies are needed to fully explore
the functional relevance of these microRNAs in tumorigene-
sis and metastasis of HNSCC.

Among the identified microRNA dysregulations, re-
duced expression of miR-138 was consistently observed
in all 3 highly invasive cell lines (UM1, 1386Ln and
686Ln). Down-regulation of miR-138 has been previously
observed in SCC of the tongue [13] and thyroid carcinoma
[36]. Two putative genes for miR-138 precursors, termed
pre-miR-138-1 and pre-miR-138-2, have been predicted
in mouse genome recently [48]. Their human homologs
have been located on chromosome 3p21.33 and 16q13,
respectively. Interestingly, loss of heterozygosity (LOH) at
both chromosome loci have been frequently detected in
HNSCC and appears to correlate with tumor progression
(i.e., cervical lymph node metastasis) [49–51]. With our
new observations presented in this study, it is logical to
suggest that miR-138-1 and miR-138-2 may be the tumor
suppresser genes that reside in these two LOH regions.
More functional analyses will be needed to fully explore
the potential tumor suppressor role(s) of miR-138 in
HNSCC. It is worth knowing that down-regulation of



BA

%
 in

va
si

o
n

miR-138 mimic
control mimic

anti-miR-138 LNA
Scramble LNA

0

5

10

15

UM1 UM2

%
 a

p
o

p
to

si
s

0

5

10

15

UM1 UM2

*

*

*

* C *

%
 c

el
l

-
+ -

+ -

+

-
- -

- -
- -

+-
-

-
+ -

+ -

+

-
- -

- -
- -

+-
-

-
+ -

+ -

+

-
- -

- -
- -

+-
-

UM1 UM2

0

25

50

75

100

G1

G2

S

G1
G1 G1

G2 G2 G2

S
S S
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miR-138 has been previously associated with overexpres-
sion of hTERT in human anaplastic thyroid carcinoma cell
lines [36]. However, we did not observe any apparent
change in hTERT expression after ectopic transfection of
miR-138 in our cell lines (data not shown). Nevertheless,
our results, together with previous observations suggest
that miR-138 is a potential tumor suppresser, and may
serve as a novel therapeutic target for HNSCC patients at
risk of metastatic disease.
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