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Abstract. One of the most critical factors in gene expres-
sion studies using quantitative real-time PCR is the choice 
of reference gene. Many of the commonly used reference 
genes have been shown to vary during a number of biological 
processes as well as between tissues. It is therefore impor-
tant to always verify the stability of the gene of choice for 
all new tissues and experimental conditions. Here, we used 
two publicly available computer software packages (GeNorm 
and NormFinder) to investigate the stability of eight potential 
reference genes in formalin-fixed paraffin-embedded (FFPE) 
samples from normal oral tissue of different origin as well as 
from oral squamous cell carcinomas. Both programs found the 
tubulin α-6 chain (TUBA6) and ribosomal protein S13 (RPS13) 
to have the most stable expression between malignant and 
non-malignant tissue. NormFinder also found TUBA6 to be 
the most stable gene when samples were grouped according 
to tissue origin. FFPE samples constitute a large research 
resource, which considerably increases the number of samples 
available for analysis, leading to more reliable conclusions. 
Verification of a proper reference gene in oral FFPE tissue is 
therefore of great importance for future studies.

Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is 
the sixth most common malignancy worldwide. Approximately 
500,000 new cases and 320,000 deaths are reported annually 
(1). Despite major technical improvements in both surgery and 
radiotherapy, the 5-year survival has not changed during the 

past three decades and remains at approximately 50% (2-4). 
The head and neck region includes several different sites such 
as the oral cavity, pharynx, larynx, nasal cavity, paranasal 
sinuses and salivary glands, and the clinical behaviour, prog-
nosis and response to treatment varies between tumours from 
different sites. Major contributing factors to the non-improved 
5-year survival are the lack of good biomarkers for predicting 
treatment response and prognosis and the fact that tumours 
are often detected at a late stage (4,5). 

One commonly used strategy for the identification of 
novel therapeutic targets and biomarkers is the investigation 
of levels of gene expression in tumours compared to normal 
tissue, and a number of possible targets for treatment that are 
overexpressed at the mRNA level, for example EGFR and 
VEGF, are currently used in clinical trials (6,7).

Quantitative real-time PCR (q-PCR) is the most commonly 
used method in small scale gene expression studies due to its 
rapidity, high sensitivity and good reliability (8,9). One of the 
most debated and critical factors for the detection of differ-
ences in gene expression is normalization, and errors here 
may result in misinterpretation of the results (10). Even though 
a variety of strategies have been employed, the normalization 
of results using a single internal constitutively expressed 
reference gene is generally accepted as the standard approach 
(9,10). The most basic requirement on an internal reference 
gene is that it is stably expressed between cells or tissues 
under the conditions being investigated. In recent years, it has 
become clear that no single such gene exists; instead, many of 
the commonly used reference genes have been shown to vary, 
for example during differentiation, cell growth and different 
disease states, illustrating the need to verify the stability of a 
reference gene in all tissues and under all experimental condi-
tions used (9,11).

Archival formalin-fixed paraffin-embedded (FFPE) patient 
material is a large source for research. However, due to the 
fragmented nature of RNA in these samples, they have been of 
limited use (12,13). Methods for the extraction and analysis of 
RNA from these samples have been developed during the last 
few years, and studies utilizing FFPE samples are becoming 
more common (14,15). RNA from these samples is not only 
fragmented but also highly modified, rendering it resistant to 
reverse transcriptase reactions. Verification of proper refer-
ence genes is therefore of great importance in these samples. 
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Here, we investigated the stability of eight potential refer-
ence genes in FFPE samples from normal oral tissue and oral 
squamous cell carcinomas (OSCCs). Two publicly available 
software packages (GeNorm and NormFinder) were used to 
analyse data, and tubulin α-6 chain (TUBA6) and ribosomal 
protein S13 (RPS13) were identified as stable reference genes 
in both normal and malignant oral tissue.

Materials and methods

Samples and RNA extraction. FFPE samples from 10 patients 
with OSCC and 10 patients with benign oral conditions, such 
as hyperplasia, were available for analysis. The material 
comprised tissue from the gingiva (tumour, n=5; control, n=2), 
hard palate (control, n=2), tongue (tumour, n=4; control, n=4) 
and buccal mucosa (tumour, n=1; control, n=2). The study was 
approved by the local Ethics Committee at the Umeå University 
(dnr 01-057 and dnr 08-003M). FFPE samples were cut into 
5-µm sections and, depending on the size of the sample, 3-20 
sections were pooled giving an approximate total area of 
1 cm2. RNA was isolated using the High Pure RNA Paraffin kit 
(Roche Diagnostics GmbH, Mannheim, Germany) according 
to the manufacturer's instructions. RNA from the pharyngeal 
squamous cell carcinoma cell line FaDu was extracted by the 
use of TRIzol (Invitrogen, Carlsbad, CA, USA) and used when 
creating standard curves for all primers in the q-PCR reaction. 
The purity of the RNA samples was evaluated by the 260/280- 
and the 260/230-nm absorbance ratio.

Quantitative real-time PCR (q-PCR). Primers were designed 
using Primer 3 software, and their specificity was evaluated 
using the primer search in NCBI BLAST. All amplicons were 
kept under 100 bp in order to optimize the conditions for the 
amplification of degraded RNA and were also designed to 

span an intron, to avoid the amplification of genomic DNA 
(Table I) (16). First-strand cDNA was synthesised using the 
Cloned AMV First-Strand cDNA Synthesis kit (Invitrogen) 
using 200 ng of RNA and random primers in a 20-µl reaction 
mixture. The cDNA reaction (1 µl) was used as template for 
the amplification of TUBA6, S100A6, ACTB, OAZ1, GAPDH, 
RPS13, RPL27 and HPRT1, respectively. The q-PCR reaction 
was carried out in a 20-µl reaction using IQ SYBR Green 
Supermix (BioRad, Hercules, CA, USA) according to the 
manufacturer's recommendations. Reactions were carried 
out in triplicate. For a selection of genes (RPS13, OAZ1 and 
RPL27) all samples having a standard deviation (σ)>0.3 
between the three replicates were re-run at a later occasion for 
the evaluation of the reproducibility of the assay.

Statistical analysis. Ct values from the PCR reaction were 
transformed to relative quantities using the relative standard 
curve method (17). Identical PCR reactions carried out at 
two different time points generate different relative quanti-
ties, and a dimensionless dispersion parameter like the 
coefficient of variation (CV) is therefore needed to evaluate 
the reproducibility of the assay. CV is calculated by dividing 
the σ-value by the mean. Ratios, necessary for calculating 
the CV-values, were obtained by dividing samples to one 
arbitrarily chosen sample analysed with the same primer 
and from the same run. The σ-value and the mean for each 
ratio was then calculated between the two runs and divided 
to calculate the CV-values.

For comparing the stabilities of the candidate genes, two 
publicly available software packages, GeNorm, a Visual 
Basic application tool for Microsoft Excel, and NormFinder, 
a Microsoft Excel add-in, were used (18,19) according to 
the developer's instructions. In NormFinder, samples were 
grouped according to the origin of tissue or the presence or 

Table I. Gene and primer information.

Gene	 Accession no.	 Full name	 Location	 Primer	 Size (bp)	 Efficiencya

TUBA6	NM _032704	T ubulin α-6 chain	 12q12-q14	 F: CCGGGCAGTGTTTGTAGACT	 99	 2.04
				R    : TTGCCTGTGATGAGTTGCTC
S100A6	NM _014624	 S100 calcium binding protein A6	 1q21	 F: ACAAGCACACCCTGAGCAAGA	 99	 1.92
				R    : CCATCAGCCTTGCAATTTCA
ACTB	NM _001101	 β-actin	 7p15-p12	 F: CCAACCGCGAGAAGATGAC	 96	 1.88
				R    : CAGAGGCGTACAGGGATAGC
OAZ1	NM _004152	 Ornithine decarboxylase antizyme	 19p13.3	 F: GAGCCGACCATGTCTTCATT	 84	 1.99
				R    : CAAAGCCCAAAAAGCTGAAG
GAPDH	NM _002046	 Glyceraldehyde-3-phosphate	 12p13	 F: CTCTGCTCCTCCTGTTCGAC	 99	 2.00
		  dehydrogenase		R  : TTGACTCCGACCTTCACCTT
RPS13	NM _001017	R ibosomal protein S13	 11p15	 F: CAGTCGGCTTTACCCTATCG	 95	 1.99
				R    : CCCTTCTTGGCCAGTTTGTA
RPL27	NM _000988	R ibosomal protein L27	 17q21.1-21.2	 F: ATGAAACCTGGGAAGGTGGT	 90	 2.00
				R    : TGAGGTGCCATCATCAATGT
HPRT1	NM _000194	H ypoxanthine	X q21.6	 F: TCCTTGGTCAGGCAGTATAATCC	 90	 1.99
		  phosphoribosyltransferase 1		R  : GTCTGGCTTATATCCAACACTTCG

aAn efficiency of 2 represents a doubling with every PCR cycle.
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absence of malignancy. A Mann-Whitney U test was used to 
pre-evaluate the stability of the genes.

Results

Selection of reference gene candidates and design of primers. 
Eight genes previously described to have housekeeping prop-
erties were selected for the investigation of stability in FFPE 
samples of normal oral tissue and SCCHN. This included a 
number of commonly used reference genes, e.g., ACTB and 
GAPDH, but also more recently suggested reference genes 
such as OAZ1 and TUBA6 (18,20). Genes of different func-
tions and location in the genome were selected in order to 
reduce the risk of co-regulation between genes, which would 
influence particularly results from GeNorm calculations. 
However, the two ribosomal genes RPL27 and RPS13, which 
are likely to show correlated expression, were included, as 
both were reported to have stable expression over a large 
number of tissues and conditions in a recent study covering 
13,629 gene expression arrays (20). Primers optimal for the 
amplification of degraded RNA were designed for each gene 
(21). Data on selected genes and primers are summarized in 
Table I.

Expression levels of the eight candidate genes. All samples 
were analyzed for one gene at a time on a single PCR plate. 
RNA extracted from the cell line FaDu, which highly expresses 
all eight selected reference genes, was used in parallel for 
obtaining standard curves. All primers showed high efficiency 
(1.9-2.1) except ACTB, which had a slightly lower efficiency of 
1.88 (Table I). The PCR reaction first included two replicates 
of each sample, but this was increased to three as standard 
deviations >0.3 were noted between some of the replicates. 
All samples run with two replicates were re-analyzed using 
three replicates. To investigate the reproducibility of the assay, 
all samples showing a σ>0.3 for three of the genes were also 
re-analyzed a second time, and CV-values were calculated 
between the runs. The mean CV was 0.05, showing that the 
use of three replicates was sufficient to provide highly repro-
ducible means. A bar graph over the means and σ-values of 
ratios between the two runs is shown in Fig. 1.

HPRT1, one of the candidate reference genes generally 
showed high Ct-values and could not be detected in some of 
the samples. This gene was therefore excluded from further 
analysis. The other seven genes were all detected between 
25-35 cycles. Data for malignant and non-malignant samples 
are shown as separate box plots in Fig. 2. The expression ranges 
span from 6.2 cycles (GAPDH) to 10.7 cycles (ACTB). None of 
the genes showed a significantly different expression between 
tumours and controls using the Mann-Whitney U test. Although 
a significance test could indicate a gene's unfitness as a refer-
ence, it is important to keep in mind that these calculations were 
based on non-normalized data relying on equal input material, 
which is difficult to control; hence, the reason there is a need for 
good reference genes. Due to this circular problem, a number of 
programs (GenNorm and NormFinder) using alternative strate-
gies to simple significance testing have been developed for the 
evaluation of reference gene stability (10).

Expression stability of candidate genes in control and 
tumour samples. Ct-values were transformed to relative quan-
tities using the standard curve method and submitted to two 
different software packages, GeNorm and NormFinder, for 
the identification of the most stable genes. GeNorm calculates 
the stability of genes by pairwise comparisons, generating 
M-values, and is based on the assumption that the ratio of 
two proper reference genes will be approximately similar in 
all samples. According to GeNorm, RPL27 and RPL13 had 

Figure 1. Chart of the mean and σ between two PCR runs. Four samples 
(8, 9, 10 and 13) amplified with RPS13 primers (red) showed a σ>0.3 in the 
first run and were therefore re-run a second time. Ratios were calculated by 
dividing all samples by one arbitrary sample from the same PCR run, and 
means between the two runs were calculated for each ratio. The CV was then 
calculated by dividing the σ-value by the mean. The same was performed for 
RPL27 (three samples, 4, 17 and 21) and OAZ1 (two samples, 17 and 14). All 
Ct-values were transformed to relative quantities before calculations. 

Figure 2. Box plot of absolute Ct-values for seven reference genes. Dark grey boxes represent controls and light grey boxes represent tumours. 
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the most stable expression (Table IIA). Since GeNorm is very 
sensitive to co-regulation, this could be an artefact of the two 
ribosomal genes showing highly concordant expression. Data 
was therefore re-analysed, sequentially excluding one of the 
two ribosomal genes. Excluding RPL27 resulted in RPS13 
being the most stable gene in combination with TUBA6, and 
the other way around (Table IIB). 

NormFinder, which is a model-based approach that is less 
sensitive to co-regulation and takes both the overall expression 
variability as well as the variation between subgroups into 
consideration, also suggested TUBA6 to be the most stable 
reference gene, while RPS13 and RPL27 were placed second 
and fifth, respectively (Table IIIA). 

Expression stability of candidate genes in oral tissue in 
different sites. As NormFinder takes grouping into account, it 
was also of interest to determine whether the same genes were 
stably expressed between tissues at different sites in the oral 
cavity. Comparing tissue from the gingival and palate (n=9) 
to tongue tissue (n=8), or tissue from the gingival, palate and 
buccla mucosa (n=12) to tongue tissue (n=8), TUBA6, RPL27 
and RPS13 were the three most stable genes (Table IIIB). The 
samples from buccal mucosa were too few to be considered a 
separate group in this comparison, as there should preferably 
be a minimum of eight samples in each group.

Discussion

Employment of quantitative real-time PCR has exploded in 
the last two decades, making it the golden standard in studies 
of gene expression. In recent years, it has become clear that 
verification of proper reference genes for each tissue and experi-
mental condition is essential for correct interpretation of q-PCR 
expression data (9,11). This is even more important when using 

FFPE tissue, as separate mRNAs in these tissues have been 
shown to degrade to different extents (22). A poor overlap was 
also observed when examining the stability of genes in FFPE 
and fresh frozen (FF) tissue, emphasizing the importance of 
verifying reference genes in FFPE tissue separately (21).

Here, we looked at eight previously identified refer-
ence genes and investigated their stability in malignant and 
non-malignant tissue from different sites in the oral cavity. 
TUBA6 and RPLS13 had the most stable expression across 
all samples and conditions. NormFinder and GeNorm both 
placed TUBA6 and RPS13 as the two most stable reference 
genes when comparing malignant and non-malignant tissue, 
and NormFinder also found TUBA6 to be stably expressed 
across tissues from different sites in the oral cavity. OSCCs 
comprise a diverse family of tumours, where the site of the 
tumour has been suggested to effect responsiveness to treat-
ment and clinical parameters (3). Nevertheless, OSCC is in 
many studies considered one disease where tumours from 
different sites in the oral cavity are grouped together, and 
a reference gene verified to be stable across both tissue and 
disease state is therefore essential. The commonly used refer-
ence genes ACTB and GAPDH are generally found in the 
middle of the stability list. However, when comparing tissue 
of different sites they were ranked lower, indicating that these 
genes may be fairly similar between cancer and controls, 
but less similar between tissues. S100A6 has in a few studies 
been described to significantly vary between malignant and 
non-malignant tissues; it was therefore not surprising that we 
also found it to be the least stable gene under all conditions 
(23,24). A smaller study of four candidate genes in three cell 
lines (two SCCHN cell lines and one non-malignant cell line) 

Table II. GeNorm.

A, All seven genes.

Gene	M -value

RPS13 and RPL27	 0.286
TUBA6	 0.385
ACTB	 0.471
GAPDH	 0.543
OAZ1	 0.598
S100A6	 0.763

B, RPL27 excluded.

Gene	M -value

RPS13 and TUBA6	 0.457
ACTB	 0.525
GAPDH	 0.606
OAZ1	 0.648
S100A6	 0.817

Table III. NormFinder.

A, Grouped as malignant or non-malignant.

Gene	 Stability value

TUBA6	 0.161
RPS13	 0.182
GAPDH	 0.187
ACTB	 0.188
RPL27	 0.195
OAZ1	 0.200
S100A6	 0.314

B, Grouped as gingival and palate or tongue tissue.

Gene	 Stability value

TUBA6	 0.114
RPL27	 0.138
RPS13	 0.139
OAZ1	 0.175
ACTB	 0.194
GAPDH	 0.234
S100A6	 0.289
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interestingly found another tubulin gene (TUBB) to be stably 
expressed in SCCHN cell lines (25).

Primers used on RNA from FFPE samples should span an 
intron, not exceed 100 bp, preferably be located away from the 
5' end, and also be specific to the gene/splice form of interest 
(21). The primer pair amplifying ACTB was not optimal, 
showing a reduced efficiency of 1.88. This was most probably 
caused by one of the primers having a second perfect match to 
the gene ACTA1, causing competition for primer binding and 
lowered PCR efficiency. This illustrates the importance and 
also the difficulties in designing primers for the amplification 
of RNA from FFPE material, particularly for genes of large 
conserved families. The verification of the efficiency of ampli-
fication is therefore required, though not always performed. 

Retrospective clinical studies using FFPE samples have 
the potential to involve an extensive number of patients and 
thus increase our understanding of neoplastic progression 
and response to therapy. Identification of the appropriate 
reference genes will help to better extract adequate informa-
tion from these samples. In a recent study of normal and 
malignant tongue FFPE, we used TUBA6 as a reference gene 
in the conformational q-PCR reactions of gene expression 
array data, and observed high concordance between the two 
methods (26). Confirmation included both highly and poorly 
expressed genes as well as large and small expression differ-
ences, and showed that TUBA6 is a proper normaliser, at least 
for tongue tissue.

Taken together, a number of studies on reference genes in 
different tissues have been published lately (27-29). However, 
to our knowledge this is the first study concerning reference 
genes in FFPE samples from normal oral tissue and OSCC. 
According to the results from this study as well as our 
previous results, TUBA6 is an appropriate reference gene for 
FFPE samples from the oral cavity (26).
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