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MicroRNA expression profiles in head and neck cancer cell lines
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Abstract

Non-coding RNA molecules such as microRNAs (miRNAs) may play an important role in human carcinogenesis. Their expression
has been profiled in many human cancers but there are few published studies in head and neck cancer. In this study, the relative expres-
sion of 261 mature miRNA genes was determined in nine head and neck cancer cell lines using an oligonucleotide array platform. Thirty-
three miRNAs in the array were found to be highly expressed and 22 showed low levels of expression in all cell lines. Notable was the
high expression of miR-21 and miR-205. Expression of several miRNAs was validated using Northern blot analysis. Potential targets of
validated miRNAs included tumor suppressor genes, kinesin family member 1B isoform alpha (KIF1B), and hypermethylated in cancer 2
(HIC2), and pleomorphic adenoma gene 1 (PLAG1). This study provides the largest genomewide survey of mature miRNA transcripts in
head and neck cancer cell lines.
Crown copyright � 2007 Published by Elsevier Inc. All rights reserved.
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MicroRNAs (miRNAs) are defined as small non-coding
RNA genes [1] which mediate gene expression at the post-
transcriptional level. Hundreds of miRNAs have been
identified in various animal genomes. To date there are
471 miRNA genes described in the human genome [2].
Their biological function remains largely unknown. How-
ever it is becoming apparent that mammalian miRNAs
have the potential to regulate at least 20–30% of all human
genes [3]. Evidence is also accumulating indicating that
deregulation of specific miRNAs may lead to human dis-
eases such as cancer [4,5].

Numerous studies have highlighted the suspected role of
miRNAs in tumorigenesis and established that profiling of
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these miRNAs represents an informative measure to deter-
mine developmental lineage and differentiation state of var-
ious human malignancies. In addition, miRNA profiling
has shown that hsa-miR-16-1 and has-miR-15a are absent
in the majority of chronic lymphocytic leukemias (CLLs)
[5] and expression of hsa-miR-216 and hsa-miR-217 has
been associated with pancreatic ductal adenocarcinoma
[6]. These profiling studies have been further extended to
include a number of other leading human cancers such as
breast, colon, stomach, and lung [7–10].

One cancer, which has received very little attention in
this area of genome profiling, is head and neck cancer
[11]. Head and neck cancer is the sixth most common can-
cer worldwide [12]. The most common type is squamous-
cell carcinoma and despite advances in surgical and other
treatments survival rates are not improving [13]. While
the major risk factors for head and neck cancers are
tobacco and alcohol, there is very little information about
r Inc. All rights reserved.
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the precise molecular pathways. As such, some of the
urgent priorities in this field are the need to identify and
elucidate novel gene(s) or pathways that may choreograph
this disease.

The major aim of this study was to utilize an oligonu-
cleotide microarray to measure the relative expression of
261 mature miRNAs in head and neck cancer cell lines.
These lineages represented distinct cancers originating
from the tongue, oropharynx, larynx, and hypopharynx.
This study represents the largest survey of head and neck
cell cancer lines for miRNA gene expression. In addition,
we attempted to seek associations in the literature between
these miRNAs and their potential targets for a role in head
and neck carcinogenesis.
Materials and methods

Cell lines and tissue culture. Investigations were carried out on nine
mammalian cell lines. Details of the cell lines and their corresponding
tissue culture techniques are presented in Table 1.

Detection of specific miRNA genes by RNA analysis. RNA was isolated
from cell lines using Trizol (Invitrogen�, USA) as recommended by the
manufacturer. Twenty micrograms of total RNA was electrophoresed in a
15% TBE–Urea gel using 1· RNA loading buffer (Ambion, USA). Fol-
lowing electrophoresis the RNA was transferred to a nylon membrane
(Invitrogen�, USA).

A DNA probe for tRNAval (5 0-CTA AGT GTA AGT TGG GTG
CTT TGT GTT AAG CTA CAC TC TG-3 0) was utilized to quantify the
amount of RNA loaded in individual samples. Probes were designed by
obtaining miRNA sequences from the online miRbase database (http://
microrna.sanger.ac.uk/sequences) and performing a reverse complement
calculation.

For radiolabelling short oligonucleotides (<40 base pairs), the end-
labelling method was used. Radiolabelled probe was hybridized using
ExpressHyb Hybridization Solution (Clontech, USA). The hybridization
was performed at 37 �C for 2 h. Membranes were washed with 500 ml of
2· SSC/0.05% SDS for 5–10 min at room temperature and then exposed
to a phosphorimaging screen (Amersham Biosciences, USA). The result-
ing image was scanned on a phosphorimager, Typhoon 8600 Variable
Mode Imager (Amersham Biosciences, USA), and analyzed using the
ImageQuant software package (Molecular Dynamics, USA).

MicroRNA microarray methods. The relative expression of 261
miRNA genes was examined using a oligonucleotide-array platform [14].
At the time of this study 261 miRNA genes were deposited in miRBase
Version 7.0 (Sanger Institute, UK). This collection of miRNA genes was
Table 1
Summary of human head and neck cancer cell lines used in this study

Cell line Cell type Sta

FaduD Hypopharyngeal carcinoma Squ
HN6R Base of Tongue primary carcinoma T3N
HN13D Tongue primary carcinoma T2N
UM-SCC9D Tongue primary carcinoma T2N
UM-SCC47D Tongue primary carcinoma T3N
UM-SCC10AD Larynx primary carcinoma T3N
UM-SCC11AD Larynx primary carcinoma T2N
UM-SCC38D Tonsil primary carcinoma T2N
UMSCC4D Tonsil primary carcinoma T3N

Media was supplemented with 10% foetal calf serum (JRH Biosciences) and 1%
the specific growth medium: Rdenotes RPMI (JRH Biosciences�) and Ddenote
UM-SCC cell lines were a generous gift from Dr. Thomas Carey, University o
selected as the probe set. Probes (reverse complement sequences) were
spotted at a concentration of 50 lM onto the GAPS microarray slide in
duplicate. All cell lines were arrayed in duplicate, with each miRNA
analyzed in quadruplicate.

Twenty micrograms of mature miRNA was labelled according to
published protocols [14]. Slides were pre-hybridized in buffer (3· SSC,
0.1% SDS, and 0.2% bovine serum albumin (BSA) for a minimum of 1 h at
65 �C. After labelling the reaction products were purified using ethanol
precipitation. The samples were then dissolved in 6 lL of a Cy-5-labelled
reference set to a final dilution of 1:1000. This mixture was then incubated
at 65 �C for 3–5 min. Sixty microliters of Church and Gilbert’s hybrid-
ization solution (400 nM Na2HPO4, 5.8% BSA, and 12% formamide) was
added and heated at 95 �C for 2 min. The samples were loaded in the
reaction chamber and the slide was then placed in a rotating hybridization
oven with the rotor set at 5 rpm and hybridized at 37 �C for 2 h.

After hybridization, the slides were washed three times for 5 min in 2·
SSC/0.025% SDS, 0.8· SSC and then 0.4· SSC, at rt. This procedure was
repeated three times. The slides were then scanned in a GenePix 4000B
Scanner from Axon Instruments (Axon Instruments). Scanning wave-
lengths were set between 600–700 for the red channel (wavelength 635) and
500–700 for the green channel (wavelength 532). Measures of intensity
were assigned to each spot on the array using the software GenePix� Pro
Version 5.0 (Axon Instruments).

Reference set. The reference set comprised oligonucleotides comple-
mentary to each probe on the array slide. The reference set was labelled
with Cy5 using a ULYSIS� Nucleic Acid Labeling Kit (Molecular
Probes). For bioinformatic, analysis, see Supplementary methods.

Results and discussion

Relative expression of miRNA genes between head and neck

cancer cell lines

The profiling data represented nine cell lines from four
different anatomical head and neck sites. A reference set
(Cy5-labelled) composed of oligonucleotides complemen-
tary to each miRNA probe on the array slide was used
for the comparative analyses. Each array was co-hybrid-
ized with the reference set and sample (Cy3-labelled). In
principle, the reference set acts as an internal hybridization
control for every probe on the array. Expression of each
miRNA was then calculated as a Cy3/Cy5 ratio relative
to the reference set. Although each cell line was arrayed
in duplicate, the results are presented as single arrayed
entities.
ge Reference

amous cell carcinoma of laryngopharynx Grade I1 [30]
2bM0 [31]
2M0 [31]
0M0 [32]
1M0 [32]
0M0 [32]
2aM0 [32]
2aM0 [32]
2aM0 [32]

L-glutamine (Invitrogen�). The superscript following the cell line indicates
s Dulbecco’s modified Eagle’s medium (DMEM) (JRH Biosciences�). All
f Michigan, USA.

http://microrna.sanger.ac.uk/sequences
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The data were then mined to ask two specific questions:
(a) which miRNA genes were expressed in common across
all lines? (b) were there any differentially expressed
miRNAs genes within this cohort of head and neck cancer
cell lines? To address the first question, common miRNA
genes were determined using two bioinformatic
approaches. First, a one-class t test was used with an
adjusted Bonferroni correction with hierarchy clustering
(HCL). In this instance, we identified 54 commonly
expressed miRNA genes. From this set, 31 were highly
expressed and 23 showed low levels of expression across
the nine cell lines (Fig. 1A).

As a statistical comparison, the same data set was also
analyzed using the significance analysis of microarrays
(SAM) approach [15]. This analysis was performed with a
Fig. 1. (A) Volcano plot showing the relative expression of miRNA genes from
or negative (lowly expressed) twofold change. (B) Heat map of positive (yello
SAM analysis. From this analysis, there were 33 genes highly expressed and 22
specific analysis using two-class SAM approach. The hypopharynx (FaDu) ce
analysis yielded one tissue-specific miRNA gene. (For interpretation of the refer
of this paper.)
one-class analysis followed by HCL (Fig. 1B) and yielded
55 commonly expressed miRNAs. Of these, 33 were highly
expressed and 22 lowly expressed across all samples. For
example, hsa-miR-21 was expressed at a ratio of 3.0 or above
across all cell lines. In contrast, hsa-miR-204 expression lev-
els were invariably observed between 0 and�3.0, or below. A
comparison between one-class t test and SAM indicated that
52 miRNAs were consistently identified across both types of
analyses (Supplementary Table 1). hsa-miR-100, hsa-
miR-103, and hsa-miR-107 were only retrieved by SAM
analyses whereas hsa-miR-204 was identified using the
one-class t test. The advantage of using SAM approach is
the computation of a false discovery rate (FDR). The FDR
represents the percentage of genes identified as significant
by chance [15]. A low FDR for a significant gene would
a one class t test. Red dots indicate genes with a positive (highly expressed)
w) and negative (blue) significant miRNA genes identified using one-class
genes lowly expressed in all the head and head cancer cell lines. (C) Tissue-
ll line was analysed against all other head and neck cancer cell lines. This
ences to color in this figure legend, the reader is referred to the web version



N. Tran et al. / Biochemical and Biophysical Research Communications 358 (2007) 12–17 15
indicate the greater likelihood that it represents a true signif-
icant gene, rather than a falsely discovered one. This likeli-
hood would decrease with an increasing FDR. The FDR
values in the 90th percentile for the miRNA genes from the
one class SAM analysis were <0.01.

Interestingly, hsa-miR-205 which was highly expressed
in all of our cell lines was also shown to be overexpressed
only in head and neck cancer when compared to other can-
cer lines from the lung, breast, colorectal, prostate, and
pancreas [11]. These findings provide evidence that hsa-
miR-205 may be exclusively overexpressed in head and
neck tumors.

Due to the unavailability of corresponding normal
head and neck lines, we cannot state that these expressed
miRNAs reflect a cancerous state. However, hsa-miR-21
which was expressed at high levels in all of our cell lines
has been shown to be highly expressed in other malig-
nancies such as glioblastoma [16,17]. Moreover, in a pre-
vious study hsa-miR-21 was highly overexpressed in
breast tumors compared to matched normal breast tis-
sues [18]. In addition, we are currently profiling tonsil
cancers using matched normal and tumor specimens
and have found hsa-miR-21 to be overexpressed only
in the tumor cohort (unpublished data). Taken together
these findings suggest that has-miR-21 may be a can-
cer-specific miRNA gene.

This study has also identified a group of miRNA genes
that were expressed at very low levels across all cell lines. A
search of the literature indicated that low level expression
of these miRNA genes has not been described to date for
any other human cancer or cell lines. Profiling of tumor
versus normal tissue in head and neck cancer would be
essential to ratify these findings.

Validation of microarray expression by RNA blot analysis

To validate the array data, the expression of seven
miRNA genes was determined using Northern blot analysis.
These were selected because of their potential to regulate
targets which may be involved in cancer. This group con-
sisted of four highly expressed miRNAs (let7-a, miR-16,
miR-21, and miR-205) and three showing low level expres-
sion in all cell lines (miR-342, miR-346, and miR-373*).

In general, the expression of these seven miRNAs
observed in the arrays was consistent with that observed
in the Northern blots. All four highly expressed miRNAs
were detectable by Northern blot analysis in all nine cell
lines although levels were variable (Fig. 2). Due to the
higher sensitivity of the arrays, we would expect little or
no detection for the lowly expressed miRNAs by Northern
blot analysis. As indicated, these lowly expressed miRNAs
were undetectable using Northern blots (Fig. 3). For miR-
342, only the pre-cursor miRNA was observed in the
Northern blots. A positive hybridization control (a DNA
oligonucleotide representing the mature miRNA) for both
miR-346 and miR-373* was detected on the Northern blot
analyses.
Site-specific miRNA gene expression profiles

For the second part of our analysis, we sought to deter-
mine differentially expressed miRNA genes between the
four anatomically derived cancer cell lines (tongue, oro-
pharynx, larynx, and hypopharynx). This was performed
using a two-class unpaired SAM approach which has been
previously shown to be successful in identifying tissue or
site-specific genes [19]. SAM approach of the three tongue,
three oropharyngeal, and two laryngeal cancer cell lines
showed an absence of site-specific miRNA gene expression
profiles. In comparison, when the same analysis was
performed on the hypopharyngeal FaDu cell line, hsa-
miR-17-5p was clearly shown to be expressed at lower levels
compared to the other cell lines (Fig. 1C). The average Cy3/
Cy5 ratio for hsa-miR-17-5p in the hypopharyngeal FaDu
line was �4.35. Moreover, the calculated FDR rate in the
90th percentile for this suggested miRNA gene was <0.01.

The lack of differential miRNA expression between the
different head and neck cancer lines (e.g., tongue, orophar-
ynx, and larynx) may be a consequence of the limited sam-
ple size. We reason that with a larger study, signatures
representing the different tumors of the neck and neck will
become more apparent. This is supported by published
large-scale profiling studies, which have clearly shown that
miRNA signatures can succinctly differentiate tumor site.
Surprisingly, evidence of a tissue specific miRNA did
emerge for the hypopharygeal FaDu cell line. In a very
recent study, expression of miR-17-5p was also noted as
low in breast cancer cell lines [20]. Furthermore, the low
FDR for hsa-mir-17-5p indicates that it most likely repre-
sents a genuine low expressed miRNA gene.

Predicted targets of microRNA’s genes in head and neck

cancer cell lines

MicroRNAs have the potential to regulate diverse target
genes including tumor suppressors. However, due to the
imperfect binding between the majority of human miRNAs
and their targets, individual miRNAs may regulate hun-
dreds of target genes. The identification of targets has been
accelerated by the development of several computational
algorithms. These databases can be accessed to compile
potential targets for all miRNAs genes. On the notion that
these potential targets are purely speculative we sought to
explore if these head and neck miRNAs could be involved
in the regulation of cancer-related genes.

Three online databases miRander [21], and PicTar [22],
TargetScan 3.0 [3], were utilized for obtaining predicted
gene targets. We restricted this search to the seven
miRNAs genes which were validated from the Northern
blot data. As expected these miRNA genes could poten-
tially regulate several hundred targets (Supplementary
Table 2). The number of predicted gene targets for miR-
21 was similar across the three databases with an average
of 146 gene targets. In comparison, the number of pre-
dicted target genes for miR-346 varied greatly from 73



Fig. 2. RNA blot analysis for miR-21. let-7, miR-16, and miR-205 in head and neck cancer cell lines. The top panel represents mature miRNA expression
and the bottom panel indicates tRNA expression.

Fig. 3. Northern blots for lowly expressed miRNA genes. Top panel
depicts mature miRNAs whilst bottom panel represents tRNA expression.

*, Positive control. (A) miR-373*, (B) miR-346, and (C) miR-342. Sample
lanes are as shown in (C).
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(using PicTar and TargetScan 3.0), to 1775 (using miR-
anda). miR-16 and miR-205 showed the highest number
of predicted genes. The next step was to determine the
top three target genes for each individual miRNA.
Recently a study indicated that PicTar had the highest suc-
cess rate in target gene prediction [23]. Supplementary
Table 3 provides a summary showing the top three pre-
dicted target genes, according to their PicTar score. Of
the 21 target genes identified by PicTar, 13 were also iden-
tified by the database TargetScan 3.0.

From the top three predicted target genes for each of the
seven selected miRNAs, six have been noted to potentially
play a role in carcinogenesis: pleomorphic adenoma gene 1
(PLAG-1) [24], hypermethylated in cancer 2 (HIC2) [25],
activity-dependent neuroprotector (ADNP) [26], kinesin
family member 1B isoform alpha (KIF1B) [27], high mobil-
ity group AT-hook 2 (HMGA2) [28], and B-cell CLL/lym-
phoma 6 (zinc finger protein 51) BCL6 [29]. Potential
miRNA binding sites in the 3 0 UTR of these target genes
are shown in Supplementary Table 3. Notably, the let-7a
family has up to seven different binding sites on the
HMGA2 gene.

It is important to remember that these are predicted tar-
gets and experimental validation of these targets is neces-
sary to determine a bona fide regulatory relationship.
Nonetheless, it is exciting to speculate that these miRNAs
may represent the first non-coding genes to be implicated in
tumorigenesis of the head and neck region. One of the
strongest links to support the notion of a role for specific
miRNA genes in head and neck cancer is the regulation
of HMGA2 by miR-98. This miRNA has been shown to
be upregulated in selected head and neck cancer lines
grown under hypoxic conditions [28]. In addition miR-98
was also identified with high expression levels across all
of the cell lines in our study.

In summary, the focus of this study was to investigate
the relative expression of mature miRNA genes in head
and neck cancer cell lines. This is one of the first studies
of this nature in head and neck cancer lines. Previous stud-
ies of smaller numbers of cell lines have profiled the expres-
sion of precursor miRNAs [11] or examined mature
miRNA expression under specific growth conditions [28].
The exact function of these miRNA genes remains to be
determined but we believe this study provides a basis for
further investigation of their function in head and neck
cancer.
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