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miRNA analysis of formalin-fixed squamous cell carcinomas
of the tongue is affected by age of the samples
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Abstract. Global miRNA expression arrays were used for
analysis of 836 miRNAs in formalin-fixed paraffin-embedded
samples from 21 tongue cancer patients and 8 controls.
Samples had been stored for one to eleven years. Results
separated tumour samples from controls, however, the largest
variation was correlated to sample storage time, detectable
already after one year. With the use of a linear regression
model we could adjust for the storage-dependent effect,
leading to the identification of 54 differentially expressed
miRNAs in tongue cancer, compared to 16 when using
standard normalization, including up-regulation of a novel
miRNA, miR-424.

Introduction

MicroRNAs (miRNAs) were discovered in C. elegans
(Caenorhabitis elegans) over a decade ago and were initially
believed to be a species-specific phenomenon (1,2). Today
there are >800 confirmed human-specific miRNAs registered
in mirBASE, with more being added every year (3). miRNAs
are small regulatory RNAs (~22 nt long) that in a sequence-
dependent manner bind to and regulate coding RNA at the
posttranscriptional level. miRNAs have been implicated in a
number of cellular processes and disease states (e.g. cell
development, cell proliferation, apoptosis and cancer) and
might target as many as one third of the genes in the human
genome (4-6). miRNAs demonstrate a number of properties
that could make them ideal for tumour prediction and
classification (7,8) and changes in only a few miRNAs could
have considerable biological effects due to the large number
of genes each miRNA is predicated to target (9-11). Microarray
technologies have assisted the resolution of many questions
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previously impossible to answer and the technique has recently
made its way into daily clinical practice with the MammaPrint
gene expression signature assay (12).

The standard method for preserving tissue from patients
for diagnostic purpose is fixation in formalin followed by
embedding in paraffin (FFPE) and millions of such FFPE
blocks are stored around the world. The use of this type of
samples in large scale gene expression experiments gives the
possibility of including an extensive number of patients, with
long-term follow-up (13). While formalin fixation is an
excellent method for preserving the architecture of the tissue
for histological investigation, it causes degradation and modi-
fication of nucleic acids making it difficult to study gene
expression levels in FFPE samples (14,15). miRNAs are
hypothesised to be more stable than mRNA in FFPE samples
due to their small size and secondary structure, and a number
of studies have shown that miRNA profiles from formalin-
fixed and fresh-frozen tissue correlate well (16-18), and some
have reported decreased ability to detect certain miRNAs
with prolonged storage time (17,19).

The aim of this study was to investigate the expression of
836 miRNAs in FFPE samples of squamous cell carcinoma
(SCC) of the tongue in comparison with normal tongue
tissue, using miRNA expression arrays. Data showed that the
largest variation was correlated to storage time of the samples,
a bias that standard normalization methods could not remove.
By applying a novel normalization method we detected 54
miRNAs to be significantly differentially expressed between
tumour and control tissue, in contrast to the 16 differentially
expressed miRNAs identified by the standard analysis method.

Among the 54 miRNAs the consistent up-regulation of a
novel miRNA in tumour samples, miR-424 and two known
miRNAs, miR-21 and miR-203 was confirmed in a set of
frozen tissue samples. These observations demonstrate that
storage time of FFPE samples leads to loss of information,
which, however, can be compensated for, allowing biologi-
cally relevant changes to be identified.

Materials and methods
Samples. FFPE samples from 21 patients with SCC on the

tongue and eight patients with benign lesions from the same
site (control tissue) as well as five paired fresh-frozen (FF)
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Table I. Patient and sample data.

Table II. Description of the normalization procedures.

Sample Patient age Group Storage time (year)
42 76 Tumour 0.8
32 34 Tumour 1.3
13 38 Tumour 1.3
39 59 Tumour 1.7
1 74 Tumour 2.1
14 52 Tumour 2.1
6 74 Tumour 2.3
41 60 Tumour 24
17 40 Control 2.8
18 16 Control 2.8
11 58 Tumour 3.0
16 40 Control 32
30 40 Tumour 34
4 39 Tumour 4.0
15 35 Control 43
21 41 Control 4.7
31 65 Tumour 4.7
38 72 Control 4.7
37 38 Control 5.7
43 80 Tumour 6.5
27 79 Tumour 6.7
23 71 Control 7.0
8 38 Tumour 7.0
36 29 Tumour 74
26 31 Tumour 8.0
25 27 Tumour 8.9
35 40 Tumour 9.8
29 36 Tumour 10.8
24b 30 Tumour 11.2

samples from tongue SCC and adjacent clinically normal
mucosa (control tissue) were available for analysis. Of the 21
patients with FFPE samples, 11 were <40 years of age and 10
were >50 years of age. The mean age for the whole group
was 39 years. Samples had been collected during 11 years
and the majority (19 out of 29) processed at the Pathology
Lab at Norrland's University Hospital in Umea. Patient and
sample data are summarized in Table I. The study was
approved by the local Ethics Committee (dnr 01-210; dnr 08-
003M).

RNA extraction. FFPE samples were cut into 5-xm sections,
and ten sections were used for RNA extraction, giving a total
tissue area of approximately one cm?. RNA was isolated
using the High Pure miRNA isolation kit (Roche Diagnostics
GmbH, Mannheim, Germany). Samples were eluted in 100 ul
elution buffer and concentration and purity of the samples
measured spectrophotometrically using a Nanodrop ND-1000
spectrophotometer. RNA from the fresh-frozen, FF, samples
was extracted using the trizole method and stored at -80°C
until use.

Name Background Dye- Between array
correction normalization normalization
Normalization 1 No MA-loess No
Normalization 2 Yes MA-loess No
Normalization 3 No MA-loess MAD
Normalization 4 No Quantile No

Microarray hybridization. miRNA expression profiling was
performed using a two-colour microarray platform (Exiqon,
Vedbak, Denmark) where each sample was hybridized
together with a common reference consisting of a mixture
of all FFPE samples. Labelling was performed using the
miRCURY™ LNA Array power labelling kit. Hy3-labeled
samples were mixed with Hy5-labeled reference RNA and
hybridized to the miRCURY LNA arrays, version 11.0 which
contains capture probes targeting all miRNAs in the miRBASE
version 12.0 in four replicate spots. The miRCURY LNA
array microarray slides were scanned using the Agilent
G2565BA Microarray Scanner System (Agilent Technologies,
Inc., USA) and the image analysis was carried out using the
ImaGene 8.0 software (BioDiscovery, Inc., USA).

Data pre-processing. Array data were initially normalized
using four different standard procedures. All normalizations
included three steps; background correction, dye-normalization
and array normalization (20,21). In order to normalize across
arrays, data from each array was multiplied by a scaling
factor based on the median absolute deviation (MAD). The
four normalizations are described in Table II. Unless otherwise
stated, normalization 1 was used in all analyses and in the
figures presented.

Evaluation of storage time effect. Unsupervised hierarchical
clustering, using the Manhattan distance and average linkage
(22), as well as principal component analysis (PCA) (23) were
used to visualize the normalized data set. To characterize the
storage time-dependent variation found, linear regression was
applied. For each miRNA and array the log-ratios between
the aggregated Hy3 (tumour) and Hy5 (control) channel
intensities were calculated. Henceforth these log-ratios are
referred to as M-values. The average of the logarithmic trans-
formed Hy3 and Hy5 intensities are referred to as A-values.
To characterize the storage time-dependent variation
observed, linear regression was applied to estimate the
dependency between storage time and the normalized M-
values. To reduce data complexity only tumour samples were
included in this part of the analysis. The M-value of the ith
miRNA on the jth array was modelled as:

M; = o; + Bt + &5 [1]

where « is the intercept and t the storage time. Here, the error
term ¢; is assumed to be independent and normally distri-
buted with zero mean and constant variance. The regression
coefficients were estimated by the method of least squares.
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Figure 1. The b-coefficients against the average A-values (upper graphs) and density plots of the b-coefficients (lower graphs). Graph A and C include all
miRNAs, while graph B and D include moderately and highly expressed miRNAS (average A-values >8). The b-coefficients of the moderately and highly

expressed miRNAs are roughly separated into two groups, >-0.1 and <-0.1.

The estimated B;-coefficients, denoted b-coefficients, are
estimates of the effect the storage time have on the miRNAs
and were summarized in two graphs; where the b-coefficients
were plotted against the average A-values and in a density
plot (Fig. 1). The figure shows that the miRNAs roughly
divide into two groups, suggesting that the storage time
effect is miRNA dependent. In order to test if the observed
groups could have occurred by chance a one-sample proportion
test was applied.

Additional normalization procedure compensating for
storage time. Linear regression was used to perform an
additional normalization step compensating for storage time
and resulting in M-values that were corrected for storage
time (Mcorr). The normalization procedure was performed in
three steps: 1) The raw data were normalized according to
method 1 in Table II. 2) The M-values for the ith miRNA on
the jth array were modelled according to:

M;; = o; + Bt + v,z + g, [2]

where t is the samples storage time and z an indicator variable
describing if the sample came from a tumour or control tissue.
The parameters in [2] were estimated using the method of

least squares. 3) Corrected M-values (Mcorr) were obtained
by subtracting the estimated storage time effect according to:

M;corr = M;; - b;’t; [3]

Note that, the variable z in equation [2] is needed to avoid
subtracting the effect of interest, i.e. the effect between
tumour and control samples.

Identification of significantly differentially expressed miRNAs.
Gene lists with significantly differentially expressed genes were
obtained using a regularized t-test (24) and the corresponding
p-values were corrected for multiple testing by Bonferroni
correction. The significance threshold was set at 0.05.

Confirmation using q-PCR. q-PCR reactions were per-
formed on a selection of miRNAs (SNORD48, miR-203,
miR-21 and miR-424) using the miRCURY LNA™ Universal
RT microRNA PCR system (Exiqon) according to the
manufacturer's instructions. Briefly, 20 ng of total RNA was
incubated at 42°C for 60 min in the cDNA synthesis reaction.
The cDNA was subsequently diluted 80 times and 8 ul were
used for each PCR reaction. All PCR reactions were analyzed
in duplicate using a 7900HT real-time PCR system (Applied
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Figure 2. Initial visualization of array data. (A) Samples were clustered using unsupervised hierarchical clustering resulting in three main clusters. Samples are
denoted as tumour (T) or control (C). The average time a sample has been stored is found above each cluster. (B) Score plot from PCA analysis showing first
(t1) and second component (t2). The numbers denote time in storage in years and control samples are found in read while tumour samples are black.
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Table III. miRNAs significantly changed in SCC of the tongue (using data normalized with the standard method).

Up-regulated miRNA p-value? Down-regulated miRNA p-value®
hsa-miR-659 6,06E-03 hsa-miR-617 1,18E-03
hsa-miR-146b-3p 8,53E-03 hsa-miR-29b-2" 1,52E-03
hsa-miR-1301 1,09E-02 hsa-miR-132" 8 44E-03
hsa-miR-665 1,28E-02 hsa-miR-548b-5p 1,66E-02
hsa-miR-142-5p 1,88E-02 hsa-miR-509-5p 2,01E-02
hsa-miR-7 2,00E-02 hsa-miR-22" 4,58E-02
hsa-miR-142-3p 2,90E-02
hsa-miR-21" 331E-02
hsa-miR-936 3,59E-02
hsa-miR-206 4 34E-02

aBonferoni corrected p-values.

Biosystems, Foster City, CA, USA). SNORD48 was used
as endogenous control and data analyzed using the AACT
method.

Results

RNA extraction and array hybridization. RNA for array
analysis was extracted from 29 FFPE blocks corresponding
to patient tissue from 21 tongue SCC and 8 non-malignant
controls. No correlation between total amount of extracted
RNA measured and age of the sample was seen. Samples
from normal tongue tissue generated lower yield of total
RNA irrespective of storage time. MiRNAs with low quality
data (i.e. a large percentage missing values) were removed,
reducing the original 836 miRNAs to 808.

Visualization of array data. The primary visualization of the
normalized data using unsupervised hierarchical clustering
resulted in a dendrogram where controls and tumour samples
spread out over three main clusters depending on sample
storage time (Fig. 2A). Principal component analysis (PCA)
confirmed that this clustering was highly correlated to a diffe-
rence in storage time (Fig. 2B). The storage time-dependent
effect was apparent already after one year in storage, and
accounted for 56% of the total variation, while the second
largest variation which distinctly distinguished tumour
samples from control samples accounted for 13% of the total
variation. Proceeding with the standard analysis, including
normalization 1 and the regularized t-test (24), 16 miRNAs
were identified as significantly differently expressed between
tumour and control samples (Table III).

Characterization of the effect of storage time. As a systematic
storage time-dependent variation (bias) within the data
interferes with downstream data analysis, this variation was
further characterized. The analysis showed that the 808
miRNAs divided into two rather distinct groups, one with
increasing expression over time and the other with decreasing
expression. This pattern was unlikely to be caused by chance

and did not disappear until only samples stored less than a
year were included in the analysis. Initially the linear regres-
sion model (1) was used to estimate the dependency between
the miRNAs M-values (normalized log-ratios) and their
storage times. As a result, a b-coefficient was obtained for
each miRNA. The b-coefficient is an estimate of the effect
storage time has on the M-value. For example a b-coefficient
of -0.1 would mean that the M-value of the miRNA changes
-0.1"10 = -1.0 over 10 years. A change of the M-value with
-1.0 translates into halving the log-ratio of the fresh sample.
When plotting the b-coefficients against the average log-
intensity (A-value) the data should cluster around zero if
storage time has no effect. However, as can be seen in Fig. 1,
the miRNAs roughly separate into two groups (b>-0.1 and
b<-0.1). This is especially apparent for moderately and highly
expressed miRNAs (average A>8). The probability that the
observed groups could have occurred by chance was very
low (p<0.000001) suggesting that the storage time effect is
miRNA dependent. This is important, since it implies that no
standard normalization will work and that the miRNAs' data
must be normalized individually. Removing the oldest samples
one by one and recalculating the b-coefficients resulted in a
similar separation of the miRNAs until only samples stored
less than one year were included.

Identification of differentially expressed genes from data
corrected for storage time. The novel normalization step was
applied to all data in order to remove the bias and reduce the
variance introduced by storing FFPE-samples over time. The
normalized data set was again visualized using PCA and
hierarchical clustering showing that the correlation to storage
time had been adjusted, or at least reduced while the diffe-
rences between control and cancer patients remained.

With the novel normalization, 54 miRNAs were identified
as significantly differently expressed between tumour and
control samples (Table IV), compared to the 16 miRNAs
identified in the standard normalized data. All 16 miRNAs that
were identified in the traditional approach were also found
when the novel normalization was used. Interestingly, miR-21,
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Table IV. miRNAs significantly changed in SCC of the tongue (using data normalized with the novel method).

Up-regulated miRNA p-value? Down-regulated miRNA p-value?
hsa-miR-424 3 49E-06 hsa-miR-617 1,23E-10
hsa-miR-21 5,55E-06 hsa-miR-29b-2" 1,57E-07
hsa-miR-1301 6.,86E-06 hsa-miR-132" 1,74E-06
hsa-miR-7 2 85E-05 hsa-miR-548b-5p 3,78E-05
hsa-miR-21" 3,74E-05 hsa-miR-509-5p 8,77E-05
hsa-miR-142-5p 6,31E-05 hsa-miR-22" 2,32E-04
hsa-miR-105 7,74E-05 hsa-miR-99a 8,76E-04
hsa-miR-142-3p 1,04E-04 hsa-miR-203 1,39E-03
hsa-miR-146b-3p 1,34E-04 hsa-miR-1261 1,72E-03
hsa-miR-659 2,39E-04 hsa-miR-34a 1,72E-03
hsa-miR-361-3p 3,52E-04 hsa-miR-30b" 4,16E-03
hsa-miR-665 4,13E-04 hsa-miR-629" 5,60E-03
hsa-miR-146b-5p 6,64E-04 hsa-miR-29b-1* 7,07E-03
hsa-miR-206 1,27E-03 hsa-miR-382 7,10E-03
hsa-miR-1204 2,06E-03 hsa-miR-644 1,12E-02
hsa-miR-1290 2,16E-03 hsa-miR-510 1,18E-02
hsa-miR-500 2,25E-03 hsa-miR-375 1,29E-02
hsa-miR-936 3,13E-03 hsa-miR-1226 1,36E-02
hsa-miR-195 3,96E-03 hsa-miR-100 2,20E-02
hsa-miR-583 4 A5E-03 hsa-let-7¢ 3,35E-02
hsa-miR-1303 8,95E-03 hsa-miR-876-3p 3,68E-02
hsa-miR-611 9,32E-03
hsa-miR-146a 1,29E-02
hsa-miR-1304 1,30E-02
hsa-miR-1298 1,70E-02
hsa-miR-523b 1,93E-02
hsa-miR-1300 1,93E-02
hsa-miR-192 2,68E-02
hsa-miR-765 297E-02
hsa-miR-625 3,23E-02
hsa-miR-622 3,80E-02
hsa-miR-212 4,74E-02
hsa-miR-124" 4,80E-02

aBonferoni corrected p-values. ®hsa-miR-523"/hsa-miR-518¢"/hsa-miR-522"/hsa-miR-519a"/hsa-miR-519¢-5p/hsa-miR-519b-5p.

previously shown to be deregulated in tongue SCC, was
identified by the novel approach only, and not by the traditional
approach.

Confirmation in fresh-frozen sample using q-PCR. Three
miRNA detected as significantly differentially expressed
when the novel normalization was used (miR-424, miR-21
and miR-203) were confirmed in a set of five fresh-frozen
tongue tumours with corresponding paired normal tissue
using q-PCR. miR-21 and miR-424 showed an average
up-regulation of 4.3- and 4.0-fold, respectively in tumour

samples whereas miR-203 was down-regulated on average
2.6-fold in tumour samples, in concordance with the array
data (Fig. 3).

Dependency of miRNA sequence. Fixation in formalin
modifies RNA and it is known that both sequence identity
and length of the RNA will affect modification rate and
extent of degradation. miRNAs are all of similar size but
differ in their sequence and it was therefore of interest to
investigate the relationship between the size of the storage
time effect (b-coefficients) and the sequence of the miRNA.
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Figure 3. g-PCR data for miR-21, miR-203 and miR-424. The fold change (y-axis) of the three miRNAs in five pairs (x-axis) of FF tongue tumour samples
and normal tissue (control tissue) from the same patient.
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A-value >8 were included and only the longest consecutive sequence in each miRNA was considered. The miRNAs were merged into four classes according
to the length of the sequence; longest sequence <1, 2, 3 or 4.

The total number of A, C, G or U in the sequence of a miRNA  Discussion

was not significantly associated with the storage time effect,

whereas the number of consecutive As and Gs were (p=0.004  MiRNAs have been proposed to be more stable in FFPE tissue
and p=0.0001) (Fig. 4). than mRNAs. When measuring the expression of 836 miRNAs
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in 29 FFPE tongue samples of varying ages we observed a
variation (bias) correlating to storage time. By performing an
additional correction step this bias was overcome, and a large
number of miRNAs identified as being significantly differen-
tially expressed between tumour and control samples. miR-21,
one of the most studied miRNAs and frequently up-regulated
in a number of malignancies (25,26), was significantly
upregulated and miR-203, which is epithelium specific and
suggested to promote epithelial differentiation (27,28) was
significantly down-regulated, correlating well with previous
studies of SCC of the head and neck. A novel finding was the
consistent upregulation of miR-424 in tumour samples. Up-
regulation of this miRNA has not been seen before in SCC of
the head and neck but has been implicated in a number of
malignancies including ovarian cancer (29), non-small cell
lung carcinoma (30) and kidney cancer (31). One potential
miR-424 target, ITGAV, has previously been seen to signifi-
cantly correlate with differentiation and metastasis in laryngeal
and hypopharyngeal carcinomas (29,32).

A number of studies investigating the usefulness of miRNA
expression analysis in FFPE tissue have been performed, and
many show good correlation between FFPE and FF samples
(16-18). Some, however, have noted a decrease in miRNAs
detected with time in storage. This could indicate degradation
of miRNA over time or a decrease in labelling efficiency due
to increased recovery of short non-specific RNA (17-19).
One study found a number of miRNAs to be up regulated in
FFPE but not FF samples, which was hypothesised to be
caused by non-specific binding of fragmented mRNA and
immature miRNA to the array. Another study found a third
of the studied miRNAs to be >2-fold higher or lower in FFPE
compared to FF samples (19). No previous study has, however,
reported as large storage time-dependent bias as observed in
the current study, which could be explained by the fact that
few studies have covered as many samples spread over such
a long time period before. In a previous study on mRNA
expression, covering almost the same FFPE samples, we did
not see the same effect of storage time (33). For mRNA
arrays, non-specific binding is less of a problem as longer
probes can be designed. We therefore hypothesize that for
the miRNA array the combination of non-specific hybridiza-
tion and degradation caused the storage time dependency
seen in the array data.

In conclusion, by studying a series of FFPE human cancer
samples, we found that age of samples influences results of
miRNA profiling and reduces the efficiency in detecting
differentially expressed miRNAs. Data still contain large
amounts of information and because of the great potential of
the use of FFPE samples, research on methods for handling
the storage time effects are of great importance. In our hands
a linear regression model proved useful for overcoming the
storage time effect enabling identification of miRNAs diffe-
rentially expressed in tongue tumours.
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