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Downregulation of miRNA-424: a sign of field
cancerisation in clinically normal tongue
adjacent to squamous cell carcinoma
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Background: The overall survival for patients with squamous cell carcinoma of the tongue is low and the search for early
diagnostic and prognostic markers is thus essential. MicroRNAs have been suggested as potential prognostic and diagnostic
candidates in squamous cell carcinoma of head and neck in general.

Methods: On the basis of the known differences between sub-sites within the oral cavity, we investigated the expression and role
of microRNA-424 in squamous cell carcinoma arising in tongue. MicroRNA levels were measured by gRT-PCR in both tissue and
plasma samples.

Results: Levels of microRNA-424 were upregulated in tongue squamous cell carcinoma, but not in tumours originating from
gingiva or floor of the mouth. Interestingly, microRNA-424 was downregulated in clinically normal tongue tissue next to tumour
compared with completely healthy tongue, indicating that microRNA-424 could be a marker of field cancerisation in this tumour
type. However, expression of microRNA-424 in a tongue-derived epithelial cell line revealed no significant changes in the
expression profile of proteins and genes.

Conclusions: Our patient data show that microRNA-424 alterations are a marker of field cancerisation specific for tongue
tumourigenesis, which also could have a role in development of tongue squamous cell carcinoma.

Squamous cell carcinoma of the head and neck (SCCHN), a
collective term for malignant tumours arising in epithelial tissue
in the upper aero-digestive tract, is among the 10 most common
malignancies in the world. The SCCHN group comprises
tumours in the oral cavity, nasal cavity, pharynx and larynx.
Smoking and alcohol abuse are the two most well-known risk
factors for developing the malignancy (Jefferies and Foulkes,
2001). In the subgroup of tumours occurring in oropharynx, a
connection to human papilloma virus (HPV) has been demon-
strated (Syrjanen, 2004), whereas the presence of HPV in other
locations within the oral cavity is significantly lower (Kreimer
et al, 2005).

Despite increasing knowledge about the development and the
molecular mechanisms behind SCCHN the 5-year overall survival
for the entire population of patients with SCCHN is still only
around 50% (Sano and Myers, 2007; Mehanna et al, 2011). One
reason for this is that tumours often are diagnosed at a late stage
and thus have spread to cervical lymph nodes. Another reason is
the development of loco-regional recurrences and secondary
tumours, both contributing to a worse prognosis. Not only the
tumours, but also the surrounding tissue close to the tumour shows
genetic changes related to the neoplastic process. For intra-oral
squamous cell carcinoma (SCC), such genetically changed fields
can be detected within 7 cm from the tumour. The area of epithelial
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cells with genetic alterations is defined as field cancerisation
(Braakhuis et al, 2004).

Several biomarkers have been studied in the search for new
diagnostic and prognostic factors for SCCHN but none has so far
turned out to be suitable for routine use in the clinic. One potential
group of molecules suggested to be useful is microRNA (miRNA).

One of the first reports about miRNA came in 1993 (Lee et al,
1993) and today several thousands of miRNAs have been reported
in miRBase. miRNAs are small (19-22 nucleotides) non-coding
RNA molecules regulating processes like development, prolifera-
tion, differentiation, apoptosis and stress responses (Kloosterman
and Plasterk, 2006). miRNAs act to inhibit the expression of their
target proteins by complementary binding of the miRNA to the
target mRNA sequence, leading to either degradation of the mRNA
or inhibition of translation. It has been estimated that ~30% of all
genes are regulated by at least one miRNA (Bartel, 2004) and
miRNA expression has been mapped in various cancers where they
can function both as oncogenes and tumour suppressors (Ruan
et al, 2009). For SCCHN, many studies have shown differentially
expressed miRNAs although many of the miRNA profiling studies
tend to have a poor agreement among them (Chen et al, 2013).

In tongue SCC, a miRNA profiling study of formalin-fixed
paraftin-embedded samples showed miRNA-424 to be the highest
upregulated miRNA (Rentoft et al, 2011). To further investigate the
expression and function of miRNA-424 in these tumours we here
analysed its expression in normal tongue, clinically normal tongue
adjacent to SCC, tongue SCC and also in blood from patients with
tongue SCC. Expression of miRNA-424 was further analysed in
tumours from different sub-sites within the oral cavity. To study its
function in more detail, we used an in vitro model and Illumina
whole-genome array as well as a targeted multiplex protein assay.
Our data show dysregulation of miRNA-424 in tongue SCC but
not in other oral sites and we further suggest that lower levels of
miRNA-424 can be used as an indicator of field cancerisation in
the tongue.

MATERIALS AND METHODS

Patient material. After obtaining informed consent, tumour
biopsies were collected from consecutive patients diagnosed with
tongue SCC. A biopsy was also taken from clinically normal tissue
on the contralateral side of the tongue. In addition, a control group
of tongue biopsies from healthy individuals was collected. Tissue
samples were snap-frozen in liquid nitrogen and stored at — 80 °C
until RNA was extracted. For analysis of miRNA-424 in tongue
tissue 22 tongue tumours, 16 samples from clinically normal
tongue tissue and 14 normal tongue samples from healthy
individuals were included. Tongue SCC included only tumours
of the mobile tongue, and were based on specific localisation
further subdivided into: tongue, border of the tongue and tongue
with overgrowth to floor of the mouth. When analysing miRNA-
424 in different locations within the oral cavity, paired samples of
tumour and clinically normal tissue adjacent to the tumour from
the same patient from the tongue (n=15), gingiva (n=38) and
floor of the mouth (n=4) were analysed as previously described
(Boldrup et al, 2012). Blood samples were collected from seven
patients with tongue tumours at the time of surgical treatment, and
five healthy controls. The project was approved by the local Ethical
Committee (dnr 08-003M). For patient data see Table 1.

RNA extraction and qRT-PCR of tissue samples. Biopsies were
homogenised in either trizol (samples from a previous study)
(Boldrup et al, 2012) or lysis buffer from RNA/protein purification
kit (to extract both RNA and protein from the same biopsy) using a
Precellys (Bertin Technologies, Artigues Pres Bordeaux, France)
and total RNA including miRNA was extracted using either

chloroform or an RNA/protein purification kit (Norgen, Thorold,
ON, Canada). After dilution in water, no difference in RNA quality
or yield was observed between the different methods according to
measurement with nano-drop and bioanalyzer. For cDNA
synthesis, 20ng of total RNA was used with the mercury LNA
Universal ¢cDNA synthesis kit according to the manufacturer’s
protocol (Exiqon, Vedbaek, Denmark). The total volume of each
reaction was 20 ul. Expression levels of miRNA-424 and the
reference gene SNORD48 were analysed with real-time PCR
amplification for individual assays using LNA primer sets for
miRNA (Exiqon).

Blood analysis. RNA was prepared from plasma samples of seven
patients with tongue SCC and five healthy individuals using the
miRCURY RNA isolation kit for biofluids (Exiqon) according to
the manufacturer’s protocol. In brief, 200 ul plasma was mixed
with 60 ul lysis solution, thereafter 20 ul protein precipitation
solution was added. After centrifugation the clear supernatant was
transferred to a new tube and 270 ul isopropanol was added.
Samples were then placed in a mini spin column for purification of
RNA. After several washing steps RNA was eluted in 50 ul water.
c¢DNA was prepared from 2 ul RNA in a 10 ul cDNA reaction using
the same universal cDNA synthesis kit from Exiqon.

Cell transfections. PE/CA, a human cell line derived from a
patient with tongue SCC (ECACC), was transfected with miRNA-
424 inhibitor (Qiagen) using HiPerFect (Qiagen). Levels of
miRNA-424 in PE/CA cells are in the same range as in tongue
SCC, detected at Ct 24-25 in qRT-PCR. As negative control
Allstars siRNA was included (Qiagen). Cells were harvested 24 and
48 h after transfection.

Illumina array and proseek. RNA and protein was extracted from
cell lines transfected with miRNA-424 inhibitor using the RNA
and protein purification kit (Norgen). RNA was labelled with
TargetAmp-Nano Labeling Kit for illumina Expression BeadChip
(Epicenter, Madison, WI, USA) to produce ¢cRNA which was
hybridised to illumina HumanHT-12 v4 bead chip and analysed
with an iScan system. cDNA was synthesised from RNA with a
miscript II RT kit (Qiagen) and expression of miRNA-424 was
measured with miscript primer assay and sybrgreen (Qiagen).
Protein extracts were analysed by Olink (Uppsala, Sweden) with
the proseek multiplex oncology I, a protein panel of 92 well-
characterised markers for tumorigenesis.

Identification of miRNA-424-binding sites and miRNA-424
targets. In the search for transcription factor-binding sites within
the miRNA-424 promoter the bioinformatic tool LASAGNA-
Search 2.0 (Lee and Huang, 2013) was used. The search was
restricted to 1000 bp upstream of the transcription start site.

Looking at potential targets for miRNA-424 TargetScan was
used.

Statistical analysis. Differences in miRNA-424 expression were
assessed by Mann-Whitney tests and for comparison of miRNA-
424 expression in different locations a Wilcoxon rank test was
used. Array data was analysed with the software Chipster (an open
source project, http://chipster.csc.fi/) and the P-value was set to
0.05 allowing for false discovery rate correction. The protein data
from proseek was analysed with the Mann-Whitney test. SPSS
version 22 (IBM, Armonk, NY, USA) was used for all statistical
analyses.

RESULTS

Expression of miRNA-424 in tongue tumours. Measuring the
expression of miRNA-424 in tongue tissue showed that levels were
highest in tongue tumours followed by normal tongue tissue from
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Table 1. Patient information

Samples included Samples included in

in only tongue miRNA- | different location analysis of | Plasma samples Exiqon
Sample ID | Age | Sex | Location TNM 424 analysis miRNA-424° panel/qRT-PCR
N1 32 F 2 Healthy C
N2 49 F 2 Healthy C
N3 25 F 2 Healthy C
N4 30 M 2 Healthy C
N5 27 M 2 Healthy C
N6 42 F 2 Healthy C
N7 32 F 2 Healthy C
N8 41 F 2 Healthy C
N9 35 F 2 Healthy C
N10 57 M 2 Healthy C
N11 45 M 2 Healthy C
N12 37 M 2 Healthy C
N13 48 F 2 Healthy C
N14 59 F 2 Healthy C
T42 69 F 1 T2NOMO N
T68 62 M 1 T2NOMO T P
T82 19 F 1 T4aNOMO T P
T51 74 M 1 T2NOMO T/N T/N
T53 55 M 1 T1INOMO T/N T/N
T59 68 F 1 T2NOMO T/N T/N
T76 59 M 1 T4aNOMO T/N T/N
T85 88 F 1 T2NOMO T/N T/N
T14 78 F 2 T2N1MO
T29 65 F 2 T2NOMO
T70 71 M 2 TINOMO
T92 63 F 2 T2NOMO
T 79 M 2 T2NOMO T/N T/N
T35 24 F 2 T2NOMO T/N T/N
T79 61 M 2 TINOMO T/N T/N
T24 65 M 3 TINOMO T
T40 81 F 3 T4N2bMO T/N T/N
T49 52 F 3 T4N2cMO T/N T/N
T56 41 F 3 T2N2bMO T/N T/N
T58 62 M 3 T1INOMO T/N T/N
T61 70 M 3 T4aNOMO T/N T/N
T65 81 F 3 T2NOMO T/N T/N P
T73 81 M 3 T4aNOMO T/N T/N
T83 64 F 2 T1INOMO P
T105 64 M 2 T1INOMO P
T111 31 F 2 T1INOMO P
T98 31 M 3 T2NOMO P
T62 75 M 4 T4aN2bMO T/N
T63 62 M 4 T1INOMO T/N
Té64 57 M 4 T4NOMO T/N
T69 39 M 4 T2NOMO T/N
T33 85 M 5a T4NOMO T/N
T36 63 M 5a T4NOMO T/N
T41 83 F 5a T4N2bMO T/N
T50 73 F 5a T4N2bMO T/N
T32 80 F 5b T4N2bMO T/N
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Table 1. (Continued)

Samples included Samples included in
in only tongue miRNA- | different location analysis of Plasma samples Exigon
Sample ID | Age | Sex | Location TNM 424 analysis miRNA-424° panel/qRT-PCR
T34 72 M 5b T4ANXMx T/N
T55 79 F 5b T4N2bMO T/N
T67 72 M 5b T4NOMO T/N
C25 53 F Healthy P
C26 50 F Healthy P
Cc27 47 F Healthy P
C28 67 F Healthy P
C29 45 F Healthy P
Abbreviations: C = control; F =female; M =male; N = normal; P = plasma; T = tumour; T/N = tumour and normal; TNM = primary tumour; regional lymph nodes; distant metastasis. 1 =tongue;
2=border of the tongue; 3=border of the tongue and tongue with overgrowth to floor of mouth; 4 =floor of the mouth; 5= gingiva (a = upper jaw, b =lower jaw).
@Previously used in Boldrup et al, 2012.
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Figure 1. Analysis of miRNA-424 expression in tongue SCC by qRT-
PCR. Comparing miRNA-424 |evels between 14 normal tongue
samples from healthy individuals with 16 samples of clinically normal
tongue tissue next to tumour, and 22 tongue tumour samples showed a
significant difference between all groups. *P<0.05, ***P<0.001.

healthy individuals, whereas the lowest levels were observed in
clinically normal tissue adjacent to tongue SCC. There was a
significant difference (P<0.001) comparing clinically normal
tongue next to tumour either with healthy normal tongue or with
tongue tumour. Also comparing tongue tumours with healthy
normal tongue showed significant difference in expression
(P<0.05) (Figure 1). No correlation between miRNA-424 levels
and age or sex could be seen.

Significant difference in miRNA-424 expression in tongue SCC
but not in gingival and floor of the mouth tumours. Our
previous study showed that different areas within the oral cavity
vary in their miRNA expression (Boldrup et al, 2012). Therefore
tumours with corresponding normal tissue from gingiva, tongue
and floor of the mouth (Boldrup ef al, 2012) were analysed also for
expression of miRNA-424. Results showed a significant difference
between tumour and corresponding clinically normal tissue in
tongue (P<0.01), whereas no significant difference was seen
between gingival tumours or tumours in the floor of the mouth and
their corresponding clinically looking normal tissue (Figure 2).

locations in the oral cavity. Paired samples of clinically normal tissue next
to tumour and tumour samples from three different locations, gingiva,
tongue and floor of the mouth were investigated for miRNA-424
expression. Results showed significantly different expression only
between tongue tumours and clinically normal tongue controls
(P=0.001). Neither gingiva nor floor of the mouth tumours showed any
significant difference in miRNA-424 expression compared with their
corresponding clinically normal tissue, NSp~.0.05, **P<0.01.

Analysis of miRNA-424 expression in plasma samples. Several
miRNAs have been reported to be detectable in blood (Lawrie et al,
2008; Weber et al, 2010) but no reports, to our knowledge, have
identified miRNA-424 in blood. Blood samples from patients with
tongue SCC were analysed for miRNA-424 expression and
compared with a group of healthy controls. miRNA-424 could
be detected in plasma, however, levels were very low, close to the
assay limits for detection, and also showed highly variable levels
between individuals, both tumour patients and healthy controls
(Figure 3). No significant difference between tumour patients and
healthy controls could be found.

The role of miRNA-424 in tumour cell line. To investigate the
role and function of miRNA-424 in tongue SCC, a tongue tumour
cell line, PE/CA, was transfected with miRNA-424 inhibitor.
Transfection efficiency was demonstrated with qRT-PCR, showing
a 92-fold reduction in miRNA-424 levels at 24h and a 75 fold
reduction 48h after transfection (Supplementary Figure). To
evaluate if miRNA-424 had any effect on specific mRNA
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miRNA-424 in plasma samples
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Figure 3. miRNA-424 expression in plasma from patients with tongue
SCC. Analysis of miRNA-424 levels in plasma samples from seven
patients with tongue SCC compared with plasma from healthy
individuals showing interindividual variation. The graph shows fold
change when comparing tumour patients with the group of controls. All
values were normalised against a geometric mean of miRNA-93,
miRNA-103, miRNA-191 and miRNA-423. One follow-up sample was
collected 3 months after treatment from two patients, and two follow-
up samples were available from one patient, 3 and 6 months after
treatment. These samples were labelled —C and — C2. The mean
24 for plasma from patients with tumour was 0.105 and for healthy
controls 0.144, P=0.343.

expression, samples were analysed with whole-genome RNA
expression analysis. No genes were, however, significantly
differentially expressed when comparing cells transfected with
miRNA-424 inhibitor to mock-transfected cells. In the next step we
investigated whether the effect of miRNA-424 could be at protein
level rather than at RNA level using a multiplex protein assay. A
panel of 92 proteins connected to tumorigenesis were analysed in
the cell line transfected with miRNA-424 inhibitor compared with
mock-transfected cells. Results showed 42 out of the 92 proteins to
be detectable in the cell extracts. None of these 42 proteins were,
however, significantly differentially expressed between cells
transfected with miRNA-424 inhibitor and control cells.

miRNA-424-binding sites and target analysis. To identify
transcription factors with at least theoretical ability to bind to
and thus also potentially involved in regulation of miRNA-424, the
promoter was analysed by LASAGNA-Search 2.0. Of the top 20
candidates summarised in the Supplementary Table several, such
as HSF1 and MEIS1, have a known connection to SCC (Ishiwata
et al, 2012; Mitra et al, 2014).

In the search for potential targets of miRNA-424, Targetscan
was used and 20 top candidates identified based on total context
score (Garcia et al, 2011). Results which are summarised in the
Supplementary Table also here include genes with a known
connection to SCC, for example FGF2 and CCNEL1 (Freier et al,
2010; Marshall et al, 2011).

DISCUSSION

A major problem with tongue SCC is the poor prognosis which has
not improved over the past 25-30 years. In the search for factors to
improve prognosis, including early detection, much recent focus
has been upon miRNAs, which also have been suggested for use as
diagnostic tools for a wide variety of human diseases (De Guire
et al, 2013). Our previous studies have shown miRNA-21 to be
upregulated and miRNA-125b and miRNA-203 both to be
downregulated in tongue SCC compared with clinically normal

tissue adjacent to the tumours (Boldrup et al, 2012). Furthermore,
our array data has shown miRNA-424 to be the highest
upregulated miRNA in tongue SCC (Rentoft et al, 2011). In the
present study the significant upregulation of miRNA-424 in tongue
SCC was confirmed, both compared with clinically normal tongue
adjacent to the tumours as well as to completely normal tongue in
healthy individuals. An interesting finding was that levels of
miRNA-424 were significantly lower in clinically normal tongue
adjacent to tongue SCC compared with normal tongue in healthy
donors. This implies that decreased levels of miRNA-424 serve as a
marker of field cancerisation. Furthermore, the downregulation of
this miRNA in normal tongue adjacent to tumour could indicate
that it is an important player under normal conditions which is
repressed under conditions of tumour formation. The significant
increase in tumours could in turn be an effect of the complete lack
of normal regulation seen in tumour tissue.

The use of blood samples for analysis of factors important in
diagnostics and especially in follow-up of patients treated for tongue
SCC is advantageous, as sampling is a non-invasive method compared
with the taking of tissue biopsies. Previous studies have shown the
possibility to use plasma for detection of miRNA in patients with
SCCHN (Hsu et al, 2012), and a correlation between levels in plasma
and tissue has also been shown for several tumour types (Wang et al,
2010; Brase et al, 2011). The present results showed two out of three
patients with follow-up samples to have decreased miRNA-424
expression and one to have increased expression at the first follow-
up after treatment. This finding, in combination with the high
variation in levels of this miRNA seen in plasma from both controls
and patients with tongue SCC does not make it an ideal blood marker
for early detection of tongue SCC or tumour recurrence.

In order to learn more about its role and mechanism of action in
tongue SCC, we inhibited miRNA-424 in a tongue SCC cell line
and looked at the effects at global mRNA levels. Surprisingly, no
significant mRNA changes were seen. As miRNAs can exert their
effect through either mRNA degradation or inhibition of mRNA
translation to influence protein levels (Selbach et al, 2008), the lack
of effects on mRNA levels using global expression profiling arrays
indicate that the effects of miRNA-424 are likely to be at the level
of mRNA translational inhibition. We therefore analysed levels in a
panel of oncology related proteins and found about half of the 92
proteins to be detectable in the transfected cell line. None of these
proteins were, however, significantly differently expressed between
treated and untreated cells. As this panel only represents a small
group of proteins with a connection to tumours in general, it
cannot be excluded that there are translational targets for miRNA-
424 outside this panel. However, it is also possible that miRNA-424
serves as tumour marker and has limited impact on tumour
formation. In addition, in the in vitro experiment only miRNA-424
was targeted for inhibition, whereas in vivo, several of the members
in the miRNA-424/miRNA-503 cluster might be needed working
together to have a function. Another possibility is that miRNA-424
is regulated through methylation since it contains a CPG island.

We also searched for transcription factors that might bind to
miRNA-424 as well as potential targets of miRNA-424 in silico and
found many candidate regulators and targets of miRNA-424 of
which many already have a known connection to SCC. Their
interaction with and correlation to miRNA-424 in vivo was,
however, not possible to clarify based on the present material.

Taken together our data clearly show that expression of
miRNA-424 differs between tumours of different locations within
the oral cavity, and that levels are significantly upregulated in
squamous cell carcinomas of the tongue. One important finding is
that miRNA-424 is a potential marker of field cancerisation
changes in the tongue, as it is downregulated in apparently normal
tissue surrounding the tumours compared with tongue tissue from
healthy individuals. These results support the use of miRNA-424 as
a marker for tumour presence in tongue, either as an indicator of
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remaining or relapsing tumour in patients treated for tongue SCC
or as a marker of suspect tumour growth in patients with
symptoms but still no clinical signs of a tongue tumour. Further
studies of the effects of miRNA-424 in tongue SCC and the
cancerisation field will also be valuable to improve our understanding
of these processes and provide reliable markers for clinical use.
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