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Differential microRNA expression and identification of putative
miRNA targets and pathways in head and neck cancers
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Abstract. MicroRNAs (miRNAs) are small noncoding RNAs
that involved in various cancer-related cellular processes.
Diverse studies on expression profiling of miRNAs have been
performed and the data showed that some miRNAs are
up-regulated or down-regulated in cancer. Until now, there are
no data published on the miRNA expression in head and neck
cancers from Malaysia. Hence, this study aimed to investigate
potentially crucial miRNAs in head and neck cancer patients
from Malaysian populations. A global miRNA profiling was
performed on 12 samples of head and neck cancer tissue using
microarray analysis followed by validation using real-time
RT-PCR. Microarray analysis identified 10 miRNAs that could
distinguish malignant head and neck cancer lesions from
normal tissues; 7 miRNAs (hsa-miR-181a-2", hsa-miR-29b-17,
hsa-miR-181a, hsa-miR-181b, hsa-miR-744, hsa-miR-1271 and
hsa-miR-221") were up-regulated while 3 miRNAs (hsa-miR-
141, hsa-miR-95 and hsa-miR-101) were down-regulated.
These miRNAs may contribute in a simple profiling strategy
to identify individuals at higher risk of developing head and
neck cancers, thus helping in the elucidation of the molecular
mechanisms involved in head and neck cancer pathogenesis.

Introduction

Head and neck cancers include cancers that originate from the
nasopharynx, oral cavity, lips, nose and paranasal sinus, larynx,
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oropharynx, hypopharynx, thyroid and the salivary glands. In
2006, 2884 cases of head and neck cancers were reported in
Peninsular Malaysia with nasopharyngeal cancer ranked first
constituting 34% of the cases. Malaysia is a multiracial country
that consist of three major ethnicities; Malay, Chinese and
Indian. Distribution of head and neck cancers are varied
according to ethnicity; laryngeal, oral and pharyngeal cancers
are more common in Indians, followed by Malay and Chinese.
On the other hand, nasopharyngeal cancer is most common
among the Chinese followed by the Malays, the indigenous
East Malaysians and Indians.

The worldwide five-year relative survival rate for head and
neck cancers is generally <50% and has remained unchanged
for more than 30 years (1). Furthermore, the survival rate for
patients diagnosed with regional or distant disease (with
spread to nearby or distant organs and lymph nodes) was even
lower (2). One of the factors that contribute to this poor
survival rate is the late-stage diagnosis (1). Due to this fact, a
molecular approach that enables the early stage detection of
these cancers may be very helpful in improving prognosis.

MicroRNAs (miRNA) are endogenous, small, noncoding
RNAs of 17-25 nucleotides that are thought to regulate almost
30% of human genes (3,4). The first miRNA discovery was in
Caenorhabditis elegans and later studies elucidated that
miRNAs are also widely conserved in animals and plants
(4-6). Its crucial involvement in various cancer-related cellular
processes, such as cell differentiation, cell division (7), apoptosis
(8) and cell cycle regulation (9) have made it important to
investigate the role of this molecule in head and neck cancers
especially in a multiracial country like Malaysia.

Microarray is a global expression analysis that permits
interrogation of the expression of thousands of genes simul-
taneously in a high-throughput manner, offering precious
information on disease pathology and progression, thus leading
to an improved diagnostic approach for cancer (10). This
analysis method has been widely used for miRNA expression
profiling and altered miRNA expression in head and neck
cancer has been investigated by several groups (11) inter-
nationally but none has been conducted in Malaysia. Thus this
study is the first to provide information about differences in
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Table I. Demographics and clinical characteristics of patients
with head and neck cancer.

Characteristics No.

Gender
Man 6
Woman 3

Age
Year, median (range)

Race
Malay 5
Chinese
Indian

TNM staging
T1
T2
T3
T4

60 (20-83-year old)

NS S)

[, B NS \S )

Pathological lymph node status
NO
N+

AN W

Anatomical site
Buccal
Supraglottic
Nasopharynx
Retromolar
External ear
Nasal cavity

— == N NN

TNM, tumor node metastasis.

miRNA expression signatures between head and neck cancer
and normal tissues among Malaysians.

Materials and methods

Sample collection. This study was comprised of 9 head and
neck cancer patients that underwent surgical resection at Taiping
General Hospital, Perak, Malaysia. All diagnoses were histo-
logically verified by the pathologists. Ethics approvals were
obtained from the local research Ethics Committees (National
Institutes of Health and Medical Research Ethics Committee,
Faculty of Medicine and Health Sciences, University Putra
Malaysia, Malaysia). All patients gave written informed consent.
The tissues were cut <0.5 cm in at least one dimension and the
specimens were submerged in five volumes of RNAlater
(Ambion, Austin, TX, USA) at room temperature for 2 h (to
allow the solution to thoroughly penetrate the tissue) and kept
at -80°C until they were subjected to total-RNA extraction.
RNAlater is an aqueous, non-toxic tissue storage reagent that
rapidly permeates tissues to stabilize and protect cellular
RNA. This solution eliminates the need to instantly process
tissue samples or to freeze samples in liquid nitrogen for later
processing.
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Table II. Designation of the total-RNA samples.

Samples Type

RL1 Cancer
RL3 Cancer
RL7 Cancer
RLS8 Cancer
RL9 Cancer
RL19 Cancer
RL17Ca Cancer
RL25Ca Cancer
RL29Ca Cancer
RL17N Normal
RL25N Normal
RL29N Normal

There were 12 samples of total-RNA from 9 patients; 9 cancer tissues
and 3 normal tissues. RL17,RL25 and RL29 are paired tissues (cancer
and normal), whereas only cancer tissues are available for the rest.
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Figure 1. Electropherogram obtained from bioanalyzer analysis of total-RNA
extracted from head and neck tissue. The arrow represents the presence of
small RNA species including miRNAs. Highly intact RNA (RIN=7) is
indicated by sharp peaks of 18S and 28S.

Histologically-verified cancer and paired normal tissues
were obtained from 3 patients (2 females and 1 male; 63, 59
and 46-year old, respectively) while for the rest only cancerous
tissues were available. Normal tissues were >2 cm away from
the tumor. Full patient demographics are provided in Table I
and the designation of the total-RNA samples is summarized
in Table II.

Total-RNA extraction. Total-RNA was extracted using the
Total-RNA Purification kit (Norgen Biotek, Canada). Prior to
extraction, sterile, RNase-free screw-cap 2 ml tubes were
filled with ~700 mg of 0.1 mm glass beads (Biospec Products,
Bartlesville, OK). Then 600 pl of lysis solution and 6 pl of
[-mercaptoethanol were added to each tube. Tissue (10 mg)
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Table III. Differentially expressed miRNAs in head and neck cancer samples compared to normal samples.

Unpaired t-test Fold-change Cancer vs.
miRNA P-value log2 (cancer/normal) normal Chromosomal location
hsa-miR-29b-1" 0.00315 1.18 up-regulated 7:130212758-130212838 (-)
hsa-miR-181a-2" 0.000613 1.11 up-regulated 9:126494542-126494651 (+)
hsa-miR-221" 0.0273 0.80 up-regulated X:45490529-45490638 (-)
hsa-miR-1271 0.0439 0.65 up-regulated 5:175794949-175795034 (+)
hsa-miR-744 0.00264 0.61 up-regulated 17:11925941-11926038 (+)
hsa-miR-181b 0.0163 0.60 up-regulated 1:197094625-197094734 (-)
hsa-miR-181a 0.0321 043 up-regulated 1:197094796-197094905 (-)
hsa-miR-141 0.00181 -0.46 down-regulated 12:6943521-6943615 (+)
hsa-miR-95 0.00577 -0.46 down-regulated 4:8057928-8058008 (-)
hsa-miR-101 0.0202 -0.51 down-regulated 1:65296705-65296779 (-)

was placed into the tube and subjected to lysis using a Biospec
mini-bead beater (BioSpec Products) at the maximum speed
until the tissue became small fragments (~40-80 sec, at 20 sec
intervals). Subsequent RNA extraction steps followed the
manufacturer's instruction. The absorbance at 260/280 nm
and concentration of the RNA were determined by using the
Biophotometer 6131 (Eppendorf, USA) and the RNA integrity
was confirmed with the Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA). The RNA integrity
number (RIN) was calculated for every case. Total-RNA of 12
samples were chosen for microarray based on the RIN number
(=7) and an example of electropherogram is shown in Fig. 1.

miRNA microarray. miRNA microarray was performed using
the Human v2 MicroRNA Expression Profiling kit (Illumina,
San Diego, CA) on BeadChip. All RNA samples were first
normalized to approximately 90 ng/ul. For each sample, 5 pul
of normalized RNA was used for the array. All reactions were
performed in duplicate. The BeadArray Reader was used to
measure the fluorescence intensity. Images were imported
into Illumina GenomeStudio and data were analyzed using
[1lumina's GenomeStudio Gene Expression Module.

The signal values of spike controls were averaged and
used as a cut-off value, and sample with signal intensity below
the cut-off value were excluded, followed by quantile normal-
ization of the signals intensity on cancer tissues and normal
tissues. The signal values were averaged from both replicates.
Signals significantly detected were defined as those with a
detection P<0.01. After filtration with detection P-value, 493
miRNAs were found to be accurately detected from the array
and were further analyzed in Excel 2007 (Microsoft, Seattle,
WA). Microsoft Excel has been widely used in micro-array
statistical analysis including in miRNA microarray (12-15).
The unpaired t-test (t-test with unequal variance) was performed
between cancer and normal sample groups and the P-values
were calculated. Differentially expressed miRNAs were those
with P<0.05. The signal ratio or the expression ratio was
logarithmically transformed to the base 2 to obtain the fold-
change (>0, up-regulated; <0, down-regulated) and the
significance was calculated by using -logl0O of the P-value
obtained from the unpaired t-tests (16). A heat map was

generated for the differentially expressed miRNAs. All of the
microarray data presented in this study are in accordance with
the Minimum Information about a Microarray Experiment
(MIAME) guidelines.

Validation of miRNA microarray data by quantitative RT-PCR
(gRT-PCR). Six miRNAs were chosen for validation (hsa-
miR-221", hsa-miR-744, hsa-miR-181b, hsa-miR-181a,
hsa-miR-141 and hsa-miR-95) and qRT-PCR was performed
using the NCode™ EXPRESS SYBR®-GreenER™ miRNA
gRT-PCR kit Universal (Invitrogen, Carlsbad, CA, USA).
Total-RNA input without additional enrichment was used to
conserve precious samples. RNU-48 was used as normalization
control or reference gene. Total-RNA (1 pg) was subjected to
areverse transcription reaction according to the manufacturer's
protocol.

For miRNA gPCR, the Universal qPCR Primer provided
in the kit was used as the reverse primer. The forward qPCR
primer was specific for the miRNA sequence of interest and
was obtained from the NCode™ miRNA database (http://
escience.invitrogen.com/ncode). However, in some miRNAs,
gPCR using primers mentioned above were unsuccessful, thus
miRNA-specific primer pairs were designed using Primer-
BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast).
Primer-BLAST was developed at NCBI to help users design
specific primers to the input PCR template. It utilizes Primer3
to design PCR primers followed by submission to BLAST
search and then automatically analyzed to avoid primer pairs
that can cause unspecific amplification of targets.

The qPCR reaction was run in triplicate using the Rotorgene
6000 (Qiagen, Valencia, CA,USA) in a 20 ul volume according
to manufacturer's protocol with adjustment of annealing time
to 15 sec. The gqRT-PCR amplification products were subse-
quently analyzed by melting curve analysis and confirmed by
1.8% agarose gel electrophoresis. A negative control without
cDNA template was included to assess the specificity of the
gPCR reaction. The fold-change of the miRNAs expression
was calculated using the 2-4° method (17).

Prediction of putative miRNA targets and pathways through
in silico analysis. Targets of miRNA differentially expressed



330

= ST

| NORMAL || CANCERS |

70 000

hsa-miR-29b-1*
hsa-miR-1271
hsa-miR-221*
hsa-miR-744
hsa-miR-181a-2
hsa-miR-181b
hsa-miR-95
hsa-miR-101
hsa-miR-181a
hsa-miR-141

100

Figure 2. Microarray heat map showing the statistically significant (P<0.05)
differentially expressed miRNAs and the hierarchical clustering of the
samples. The analyzed samples are in columns and the miRNAS are presented
in rows. The sample-clustering tree appears at the top. The color scale shown
represents the relative expression level of a miRNA; red illustrates a high
expression level and green illustrates a low expression level.

in head and neck cancers were determined using the DIANA-
microl version 4.0 (freely available at http:/diana.cslab.ece.
ntua.gr/microl_v4). On the other hand, for identification of
putative pathways targeted by miRNAs of interest, the DIANA-
miRPath (http://microrna.gr/mirpath) was utilized. Both
in silico tools mentioned above were connected to the KEGG
(Kyoto Encyclopedia of Genes and Genomes), a database used
for representation and analysis of molecular networks involving
diseases and drugs (18).

Results

Microarray analysis was performed to determine the miRNA
expression profile in head and neck cancers. When the expression
of miRNAs was compared between the normal head and neck
samples and malignant samples, 10 miRNAs were found to be
aberrantly expressed as summarized in Table III. Among the
10 miRNAs, 7 were up-regulated and 3 were down-regulated
in cancer samples compared to normal samples.

A representative heat map of the statistically significant
(P<0.05) results is shown in Fig. 2. The hierarchical clustering
based on an Euclidean algorithm generated a tree with a clear
distinction of samples in two main groups, represented by
normal tissues and cancer tissues. The Volcano plot in Fig. 3
displays the relationship between the significance of miRNAs
detected and the fold-change between normal and cancer
tissues.

In order to confirm the results obtained from the miRNA
microarray, the expression of 6 miRNAs was analyzed by
qRT-PCR in the same samples analyzed by the microarray.
The fold change of the expression of miRNAs was calculated
according to Livak and Schmittgen (19). Results of the qRT-PCR
are consistent with those of the microarray analysis. miRNA
hsa-miR-221", hsa-miR-744, hsa-miR-181b and hsa-miR-181a
were up-regulated while hsa-miR-141 and hsa-miR-95 were
down-regulated (Fig. 4). These results validate the results
obtained by the microarray analysis.
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Figure 3. A Volcano plot representing the significance of miRNAs vs. the
fold-change. Teh blue color diamonds represent miRNAs which are
differentially expressed with P<0.05. Teh up-regulated miRNAs are signified
by a positive fold-change value and vice versa.
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Figure 4. Validation of miRNA microarray results by qRT-PCR in the head
and neck cancer samples. The black bars represent values from microarray
analysis, whereas the white bars represent qRT-PCR data.

In silico analysis of dysregulated miRNAs in head and neck
cancers. Using the medium or the strict Score Threshold setting
in the DIANA-microT, genes targeted by particular miRNAs
were revealed along with the KEGG pathway enrichment in
the target genes. Results obtained through the DIANA-microT
version 4.0 are summarized in Table IV. Only the results
associated with cancer-related KEGG pathways are displayed.
Using the DIANA mirPath, the list of pathways was narrowed
to choose only the pathways that are involved in human cancers
according to the KEGG pathway database (http://www.genome.
jp/kegg-bin/show_pathway?hsa05200+1956) (Table V).

Discussion
miRNAs differentially expressed in carcinoma and normal

tissues of the head and neck. In recent years, there have been
a number of studies that have profiled the miRNA expression



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 28: 327-336, 2011

in various cancers and these differential expressions may be
applied to distinguishing tumors and normal tissues (20-30).
Moreover, some miRNAs have even been identified as cancer
markers or prognostic markers for cancer patients (21,26,30-32).
However, data on a miRNA signature of head and neck cancers
in Malaysians have not been reported. Hence, the aim of this
study was to assess the profiles of miRNA in Malaysian
patients diagnosed with head and neck cancers.

miRNAs are differentially expressed between normal and
cancerous tissues in agreement with this study. A miRNA
expression array was used to determine the miRNA profiles
in head and neck cancer tissues and the results showed that
the miRNA expression profile can definitely distinguish head
and neck cancer tissues from normal tissues. Comparison of
the expression of miRNAs resulted in 10 differentially expressed
miRNAs; 7 were up-regulated and 3 were down-regulated.
The most interesting finding was that, the number of
up-regulated miRNAs in carcinoma samples was higher than
the number of down-regulated miRNAs. This finding is in
agreement with previously published miRNA profiling studies,
most of which showed a higher degree of up-regulation than
down-regulation of miRNAs in cancer (33,34). Defects in the
miRNA processing machinery components could explain the
overall increased expression of miRNAs (35,36).

The clustering analysis performed on all the samples
based on miRNA expression produced a clustering tree that
successfully separated normal from cancer samples. However
we did not obtain any differentially expressed miRNAs
associated with different stages of head and neck cancers.
This could be due to the fact that samples in this study were
mostly of advanced stages (stage IV) and there was no sample
of stage 1. Furthermore, the small size of our sample could
represent a limit for the statistical analysis.

Owing to the tissue specificity of miRNAs (37-39), different
miRNAs are up-regulated or down-regulated in different types
of cancer. Among the interesting findings obtained from this
study are the up-regulation of miRNAs of the miR-181 family;
hsa-miR-181a-2", hsa-miR-181a and hsa-miR-181b. Considered
as oncogenic, the miR-181 family has also been found to be
up-regulated in carcinomas of the ovary (22) and breast (40).
Other miRNA studies in head and neck cancers also revealed
the up-regulation of the miR-181 family (34,41,42). Using the
mouse as an animal model, Wang et al also demonstrated the
oncogenic property of this miRNA family (43). On the contrary,
hsa-miR-181a and hsa-miR-181b were found to be significantly
down-regulated and to function as tumor suppressors in
glioma (44). These remarkable discoveries underscore the fact
that the same miRNA can act differently among various
cancer types; it is thus important to study its function in head
and neck carcinogenesis. So far no in-depth study has been
conducted to determine the functionality of hsa-miR-181a-2".
An extended study of this miRNA family is warranted to
investigate its role in head and neck cancers. In this study, the
miR-181 family could be considered as an oncomiR (a miRNA
that acts as an oncogene) due to its up-regulation in carcinoma
tissues. However, functional studies must be performed to
validate its cancer-related properties in head and neck cancers.

The down-regulation of hsa-miR-95 in carcinoma tissues
observed in this study is in agreement with a similar study by
Kozaki et al (41). In addition, hsa-miR-95 was also found to
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be down-regulated in lung cancer tissues vs. noncancerous
lung tissues (21). This finding signifies that hsa-miR-95 could
be a tumor suppressor miRNA that leads to carcinoma of the
head and neck as well as to lung cancer when its expression is
low. On the other hand, Cheng et al discovered that inhibition
of hsa-miR-95 in HeLa cells resulted in decreased cell growth
(45). This contrast finding supports the notion that hsa-miR-95
is an oncomiR in that cervical cancer cell line.

New miRNAs differentially expressed in head and neck cancers.
Some of the differentially expressed miRNAs identified in
this study have not been reported to be differentially expressed
in other similar studies pertaining to head and neck cancers.
Noteworthy is the expression level of hsa-miR-744, which is
significantly up-regulated, signifying that it could be a miRNA
signature specific for head and neck cancers. However, since
samples used in this study were mostly of advanced stage
tumors, perhaps hsa-miR-744 is the late diagnosis marker of
head and neck cancers. This notion may similarly be applied
to hsa-miR-141 and hsa-miR-101, which are significantly
down-regulated. Even though no miRNA studies of head and
neck cancers have identified hsa-miR-141, this miRNA has
been found to be down-regulated in other cancers, such as
gastric and renal cell carcinoma (46,47). Meanwhile hsa-miR-
101 is one of the best studied miRNA in cancer, and its
down-regulation has been reported in ovarian (22) and hepato-
cellular cancer (48). hsa-miR-101 has been proven to promote
apoptosis and to suppress tumorigenicity in hepatocellular
cancer (48). The tumor suppressing ability of hsa-miR-101 is
further enhanced by a more recent finding that it plays a
regulatory role in prostate tumorigenesis and that an increase
of its levels may be a novel valuable strategy for prostate cancer
treatment (49).

It is well known that hsa-miR-21 is highly expressed in the
majority of human malignancies (27); however, in this study
the observed difference of this oncomiR between cancer and
normal tissues was not significant. This result is in agreement
with other studies which found that hsa-miR-21 is not differen-
tially expressed between cancer and normal tissues in prostate
(23), gastric (26) and male breast cancer (50). On the contrary,
almost all miRNA studies in head and neck cancers reported
that hsa-miR-21 is up-regulated in cancers. This varied finding
could be due to different approaches used for miRNA profiling
as well as due to the method chosen for data analysis. Further-
more, the site of tissues chosen for expression profiling could
contribute to this result. This study consists of tissues obtained
from various anatomical sites in the head and neck; buccal,
supraglottic, nasopharynx, retromolar, external ear and nasal
cavity. The uniqueness of studied subjects is further enhanced
by inclusion of three major races in Malaysia; Malay, Chinese
and Indian.

The miRNA biogenesis pathway involves the stepwise
processing of miRNA precursor transcripts containing hairpin
structures in the nucleus as well as in the cytoplasm (51). After
Drosha processing in the nucleus, miRNA containing hairpins
are exported into the cytoplasm and subsequently cleaved by
Dicer, resulting in the miRNA duplex (52). Both strands of
miRNA duplexes are produced in equivalent amounts by
transcription; however, their accumulation is mostly asymmetric
at steady state. The most abundant strand of a processed
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Table I'V. Summary of genes and cancer-related pathways targeted by miRNAs differentially expressed in head and neck cancers.

miRNA

Summary

Putative target gene

Cancer-associated KEGG pathway

hsa-miR-29b-1"

hsa-miR-181a-2"

hsa-miR-221"

hsa-miR-1271

hsa-miR-744

hsa-miR-181b

hsa-miR-181a

88 target sites in
27 genes

58 target sites in
22 genes

32 target sites in
11 genes

234 target sites in
82 genes

61 target sites in
33 genes; genes
in pathways: 5

676 target sites in
181 genes; genes
in pathways: 30

772 target sites in
206 genes; genes
in pathways: 32

BHLHB3,KLF12, TSGA14,
CCDC117,NEUROD1

SLC39A10, ENSG00000214728, FBN1,
ENSG00000183604, PLCXD1

ADIPOQ, ERC2, MBNLI,
ENSG00000127388, C160rf72

ATGYA, KIAA2022, SOXS,
ERC2,NOVA1

ILK

ILK

GNAS
ENSG00000100181
ILK

SOS1,MAPK1, RAP1B, PAK7

SOS1, MAPK1, PAK7, RPS6KB1
ACVR2A, MAPK1,ACVR2B, RPS6KB1
SOS1,MAPKI1, RPS6KB1
NFATC2,IL1A, SOS1, MAP3K3,
MAPK1, RAP1B

NFATC2, MAPK1, NFATS
MAPK1, RPS6KB1
SOS1,MAPK1,RAPI1B, PAK7
SOS1, MAPK1

SOS1, MAPK1

WASL, SOS1, MAPK1, PAK7
SOS1, MAPK1

NFATC2, SENP2, NFATS5

LIFR, SOS1, SPRY4

WASL, MAPK1

LIFR, IL1A,ACVR2A,ACVR2B
SOS1, MAPK1

SOS1, MAPK1

SOS1, MAPK1

SOS1, MAPK1

MAPK1

PRKCE

MAPK1

MAPK1

Z1C2

IL1A

MAPK1

MAPK1

SOS1,MAPK1,RAP1B, PAK7, AKT3
SOS1,MAPK1, RPS6KB1, AKT3
SOS1,MAPK1, PAK7,RPS6KB1, AKT3

ID4, ACVR2A, MAPK1, ACVR2B, RPS6KB1

PDGFRA, SOS1, MAPK1, AKT3
NFATC2, PDGFRA, ATF2, SOS1,
MAPK1, RAPI1B, NLK, AKT3
WASL, MAPK1, SSX2IP, NLK
PDGFRA, SOS1, MAPK1, AKT3
MAPK1, RPS6KB1, AKT3
PDGFRA, SOS1, MAPK1, AKT3

PDGFRA, SOS1, MAPK1,RAP1B, PAK7, AKT3

SOS1,MAPK1,AKT3
SOS1,MAPK1, AKT3

None

None

None

None

Endometrial cancer
PPAR signaling pathway
Gap junction

Whnt signaling pathway
Focal adhesion

Renal cell carcinoma

ErbB signaling pathway
TGF-f signaling pathway
Acute myeloid leukemia
MAPK signaling pathway

VEGF signaling pathway
mTOR signaling pathway

Focal adhesion

Endometrial cancer

Non-small cell lung cancer
Regulation of actin cytoskeleton
Glioma

Whnt signaling pathway
Jak-STAT signaling pathway
Adherens junction
Cytokine-cytokine receptor interaction
Chronic myeloid leukemia
Colorectal cancer

Prostate cancer

Gap junction

Thyroid cancer

Tight junction

Bladder cancer

Toll-like receptor signaling pathway
Hedgehog signaling pathway
Apoptosis

Pancreatic cancer

Melanoma

Renal cell carcinoma

Acute myeloid leukemia
ErbB signaling pathway
TGF-beta signaling pathway
Glioma

MAPK signaling pathway

Adherens junction
Colorectal cancer

mTOR signaling pathway
Prostate cancer

Focal adhesion
Endometrial cancer
Non-small cell lung cancer
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Table IV. Continued.

miRNA Summary Putative target gene Cancer-associated KEGG pathway
NFATC2, MAPK1, AKT3 VEGEF signaling pathway
PDGFRA, MAPK1,AKT3 Melanoma
SOS1, MAPK1,AKT3 Chronic myeloid leukemia
PDGFRA, WASL, SOS1, MAPK1, PAK7 Regulation of actin cytoskeleton
PDGFRA, SOS1, MAPK1 Gap junction
PRKCE, MPP5, AKT3 Tight junction
NFATC2, NLK, SENP2 Wnht signaling pathway
SOS1, SPRY4, AKT3 Jak-STAT signaling pathway
MAPKI1,AKT3 Pancreatic cancer
MAPKI1, AKT3 Toll-like receptor signaling pathway
MAPK1 Thyroid cancer
MAPK1 Bladder cancer
AKT3 Small cell lung cancer
AKT3 Apoptosis
ZIC2 Hedgehog signaling pathway

hsa-miR-141 306 target sites E2F3,CDC14A, YWHAG Cell cycle

in 97 genes; genes PRKCE, PTEN, PTENP1, MYH10 Tight junction
in pathways: 18 E2F3, PTEN, PTENP1 Glioma

E2F3, PTEN, PTENP1 Melanoma

hsa-miR-95 15 target sites in
14 genes; genes
in pathways: 3

hsa-miR-101 335 target sites in

109 genes; genes
in pathways: 24

E2F3, PTEN, PTENP1
E2F3, PTEN, PTENP1
E2F3

PTEN, PTENP1

E2F3

PRKACB

MAP2K4, PRKACB
PTEN, PTENP1
PTEN, PTENP1

E2F3

E2F3

PRKACB

MAP2K4

PRKACB

PRKACB

MAP2K4

GNAI2
GNAI2

PTCHI1, FZD4

FBXW11, PTCH1
MAGI2, PRKCE, MAGI1
TGFBR1, FZD4
TGFBR1,ACVR2B
TGFBR1, MAP3K4,RAP1B
FBXW11,FZD4

SOCS5

RAP1B

GJA1

CADM1

RAP1B

MITF

TGFBR1

TGFBR1

GJA1

TGFBR1
TGFBR1,ACVR2B

Small cell lung cancer
Prostate cancer

Bladder cancer

Endometrial cancer
Non-small cell lung cancer
Hedgehog signaling pathway
MAPK signaling pathway
Focal adhesion

p53 signaling pathway
Pancreatic cancer

Chronic myeloid leukemia
Apoptosis

ErbB signaling pathway
Whnt signaling pathway

Gap junction

Toll-like receptor signaling pathway

Gap junction
Tight junction

Basal cell carcinoma

Hedgehog signaling pathway
Tight junction

Colorectal cancer

TGF-f signaling pathway
MAPK signaling pathway

Whnt signaling pathway
Jak-STAT signaling pathway
Focal adhesion

Cell communication

Cell adhesion molecules (CAMs)
Renal cell carcinoma

Melanoma

Adherens junction

Pancreatic cancer

Gap junction

Chronic myeloid leukemia
Cytokine-cytokine receptor interaction

Analysis was performed using DIANA-microT.
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Table V. Pathway analysis of multiple miRNAs performed with DIANA-mirPath.

Cancer-associated KEGG pathways
(in up-regulated miRNAs)

Cancer-associated KEGG pathways
(in down-regulated miRNAs)

Cytokine-cytokine receptor interaction
ECM-receptor interaction
Focal adhesion

Renal cell carcinoma
Glioma

Prostate cancer

ErbB signaling pathway
Colorectal cancer

Small cell lung cancer
Endometrial cancer

TGF-f signaling pathway
mTOR signaling pathway
MAPK signaling pathway
Non-small cell lung cancer
Melanoma

Pancreatic cancer

Acute myeloid leukemia
Chronic myeloid leukemia
Wnt signaling pathway
Adherens junction
Thyroid cancer

VEGF signaling pathway
p53 signaling pathway
Apoptosis

Jak-STAT signaling pathway
Bladder cancer

Cell communication

Cell adhesion molecules (CAMs)
Basal cell carcinoma
PPAR signaling pathway
Cell cycle

S R T T T T T T T T T i T S S S S S A S A e

R e T T S S S S S S T T T T T i T S T T S S S S

Only pathways mentioned in the KEGG database as being involved in human cancer are included. All of the pathways involved were found to
be targeted by differentially expressed miRNAs, with the exception of the cytokine-cytokine receptor interaction pathway which was found to
be influenced only by groups of up-regulated miRNAs (plus sign only for the left column of up-regulated genes).

pre-miRNA is referred as ‘miRNA’, whereas the less abundant
strand is known as ‘passenger strand’ or miRNA" (53,54). Three
of the ten differentially expressed miRNAs in this study were
miRNAs"; hsa-miR-29b-17, hsa-miR-181a-2" and hsa-miR-221".
To date, there are no studies conducted to determine and
validate the function of these miRNA".

This research enables the identification of miRNAs that
have the potential to be used as cancer markers in head and
neck cancers. However, in order to identify miRNAs that could
be used as markers in head and neck cancers, more miRNA
expression profiling studies with a larger number of tumor
samples are warranted. In addition, the differential expression
of miRNAs in carcinoma samples suggests that miRNAs may
be involved in cancer development (51). Furthermore, to clarify
the role of individual miRNAs in head and neck cancers, the

genes, functions and pathways that are regulated by the
differentially expressed miRNAs should be studied. Unfor-
tunately, due to partial complementarity of miRNAs and their
target sequences, target prediction is a very challenging task
and sometimes imprecise, though with the aid of special
prediction algorithms. Hence, miRNA functions, target genes
and regulated pathways are in need for validation before being
further exploited in cancer research.

Cancer-related genes and pathways are targeted by miRNAs
differentially expressed in head and neck cancers. Single and
combinatorial miRNA in silico analysis revealed that miRNAs
dysregulated in our study targeted genes and pathways that
are involved in cancers. The data obtained from DIANA-
microl and DIANA-mirPath are summarized in Tables IV
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and V, respectively. From the list, worth mentioning is the
VEGF signaling pathway, which is influenced by all miRNAs
differentially expressed in this study. The VEGF signaling
pathway is well known as an important pathway in head and
neck cancers and has been exploited in search for a targeted
therapy of these diseases (55). Another interesting pathway
regulated by our miRNAs is the p53 signaling pathway, a
renowned pathway involved in tumor suppression. The p53
network suppresses tumor development through the coordinated
activation of multiple transcriptional targets, and miRNAs
differentially expressed in our study may act jointly with other
effectors to hinder improper cell proliferation. Involvement
of dysregulated miRNAs in these pathways demands future
validation to prove their influence in head and neck cancers
management.

In conclusion, this study is the first to describe a miRNA
expression profie in Malaysian head and neck cancer patients
with a focus on the identification of miRNAs differentially
expressed in carcinomas vs. normal samples. Differentially
expressed miRNAs in head and neck cancers vs. normal
samples were identified through microarray. Up-regulation of
some miRNAs from miR-181 family were observed, however,
there is yet no functional study that validates its function in
head and neck cancers. Three up-regulated and down-regulated
miRNAs in head and neck cancers which have not been reported
in other similar studies were revealed, hsa-miR-744, hsa-miR-
141 and hsa-miR-101. In addition, simultaneous hierarchical
clustering performed on the samples was able to distinguish
cancers from normal samples. In silico analysis revealed that
differentially expressed miRNAs in this study are involved in
cancer-related pathways. Functional analysis shall follow to
validate the target and functions of these miRNAs.
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