
96 The Open Pathology Journal, 2008, 2, 96-101  

 
 1874-3757/08 2008 Bentham Open 

Open Access 

Correlation Between mRNA Detected by Microarrays and qRT-PCR and 
Protein Detected by Immunohistochemistry of Cyclins in Tumour Tissue 
from Colonic Adenocarcinomas 
K. Jonsdottir*,1, R. Størkson1,2, A. Krog1 and I. R. K. Bukholm3,4 

1Institute of Epidemiology and Molecular Biology (EpiGen), Faculty Division Akershus University Hospital, University 
of Oslo, Oslo, Norway 
2Department of Surgery, Hospital of Østfold, Fredrikstad, Norway 
3Department of Surgery, Akershus University Hospital, Lørenskog, Norway 
4Faculty Division Akershus University Hospital, University of Oslo, Oslo, Norway 

Abstract: There are several studies evaluating the prognostic value of overexpression of cyclin proteins, detected by im-
munohistochemistry. Overexpression detected by microarray and real-time PCR techniques is now applied in analyzing 
the prognostic value of different genes on patient outcome. In this study we wanted to evaluate the correlation between 
these three methods for detection of cyclins (A2, B1, D1, D3, E and H) overexpression, as well as correlation between 
overexpression and gene amplification of the cyclin genes. We used both normal mucosa and tumour tissue obtained from 
22 patients at the time of surgery. None of the cyclins were defined to be amplified at the gene level. qRT-PCR and cDNA 
microarray results are comparable, but no correlation between gene expression and protein expression, measured by im-
munohistochemistry was observed. This may indicate that immunohistochemistry detects some other parameters than 
gene expression analysis measured by cDNA microarray and qRT-PCR. It is of interest to evaluate which of the three 
methods may give the most important information about patient prognosis. 
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INTRODUCTION 

 Colorectal cancer, as with all other solid cancers, is a 
heterogeneous disease, both in terms of its molecular proper-
ties as well as in its diverse clinical behavior. Currently, his-
tological staging is the only satisfactory classification 
method for predicting treatment outcome following surgical 
resection [1]. However, there is considerable prognostic het-
erogeneity within each solid tumor stage, as tumor with simi-
lar histopathological characteristics can have distinct clinical 
outcome [2]. Thus, clinical and histopathological staging 
system often fails to discriminate the biological behavior of 
different tumors, resulting in an inadequate treatment. Con-
sequently, the urgent need for new prognostic strategies has 
engendered the search for alternative techniques that allow 
rapid, accurate and personalized detection of cancer markers 
for prognosis. 
 Several sensitive, specific and potentially high-through-
put techniques for cancer screening have been developed. 
Micro array technology is one of them and is widely used to 
detect gene expression levels in biology and in the clinical 
setting [3, 4]. The benefit obtained with the method is the 
large amount of information that can be retrieved at the same 
time, but there are some doubts if this method is reliable [5]. 
Micro array results are influenced by array production, RNA 
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extraction, probe labeling, hybridization conditions and im-
age analysis [5-7]. Because of the inherent limitations in 
reliability, the genes are identified as differentially ex-
pressed, especially those of interest must be validated with 
other methods. 
 Real-time polymerase chain reaction (real-time PCR) is 
an in vitro method for enzymatically amplifying defined se-
quences of DNA or RNA [8, 9]. The method is sensitive and 
very flexible quantitative and makes it possible to determine 
gene duplications or deletions, and also expression level of 
target genes. 
 Immunohistochemistry is a widely used method to study 
protein expression of specific antigens. The method permits 
use of archive material, such as paraffin-embedded formalin 
fixed tissue. Although the method is sensitive, immunohisto-
chemistry results are not quantitative and there are no stan-
dardized scoring systems and no uniformly accepted thresh-
old for positivity. 
 Since immunohistochemistry is a commonly used 
method to determine cancer patient’s prognosis, it is impor-
tant to validate the method with other molecular methods. 
Real-time PCR and microarray are more rapid and accurate 
methods for analysing many genes at the same time. How-
ever, limited information about correlation between immu-
nohistochemistry, microarray and real-time PCR methods 
exists [10, 11]. If these methods are comparable, it will be 
possible to evaluate results regarding the impact of a poten-
tial cancer marker at DNA, RNA and protein level at the 
same time. In the present study we have analyzed expression 
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of six different cyclins using three different methods of de-
tection and correlate the results between these. Expression of 
cyclins was chosen for this study because cyclins are funda-
mental in cell cycle regulation and deregulation of cyclins 
may be apparent in all stages of the colorectal cancer. 

MATERIALS AND METHODS 

Tissue Samples 

 In this study we used colorectal tissue as representative 
for solid tumors. Twenty-two patients who were operated for 
colorectal cancer were included in the study, 11 women and 
11 men. Median age at time of surgery was 74.5 years 
(Range 35-86 years). Representative samples of tumor tissue 
and normal mucosa were taken from the resected co-
lon/rectum and the samples were immediately stabilized and 
stored in a tube containing RNAlaterTM (Ambion Inc., Aus-
tin, Texas) and kept at 4°C for up to 2 weeks, before the 
RNAlater was removed from the tissue and tumor samples 
stored at -80°C. 

DNA/RNA Isolation 

 Colorectal tissue was homogenized in 1 ml of TRIzol 
Reagent (Life Technologies, Inc., Gaithersburg, MD) with a 
dispergierstation T8.10 (IKA labortechnik Inc., Staufen, 
Germany). Total RNA was extracted according to a hybrid 
protocol of Trizol Reagent and RNeasy Mini Kit (Qiagen, 
Valencia, CA), described by Wei and Khan [12]. RNA was 
dissolved in diethylpyrocarbonate treated water (Milli-Q 
Synthesis A10, Millipore, USA). The quality and quantity of 
total RNA isolated was determined using Agilent’s 2100 
Bioanalyser with RNA Nano LabChip (Agilent Technolo-
gies, Palo Alta, CA, USA). Samples were stored at -80°C. 
The DNA was extracted using the Qiagen’s DNeasy Tissue 
Kit (Qiagen, Hilden, Germany), dissolved in diethylpyrocar-
bonate treated water (Millipore) and the concentration was 
measured by NanoDrop ND-1000 Spectrophotometer (Nano 
Drop Technologies Wilmington, Delaware, USA). 

Real-Time PCR 

 Real-time PCR was performed on DNA and complemen-
tary DNA (cDNA) for the genes ccn A2, ccn B1, ccn D1, 
ccn D3, ccn E1 and ccn H. Primers and probes was design as 
described by Bondi et al. [13]. Sequences for DNA primers 
and probes are shown in the same article [13] and sequences 
for cDNA primers and probes are shown in Table 1. 
 Real-time PCR was performed using the ABI Prism 
7900HT Sequences detection system (Applied Biosystems, 
Foster City, CA, USA) with the software program SDS2.1. 
The PCR mix consisted of 1 µl DNA or 1 µl total RNA (10-
50ng/µl), 2x TaqMan Universal PCR Master Mix or Taqman 
One-Step RT-PCR Master Mix Reagents Kit (both from Ap-
plied Biosystems), 600 nM of forward and reverse and 200 
nM probes (except for HSA forward and reverse primers that 
were used at 700nM). We added water to the total reaction 
volume of 25µl. In every experiment all samples were run as 
triplicates. The calibrator sample was analyzed on every as-
say together with a patient sample (tumor and normal) and a 
negative control (water). Default thermal cycling conditions 
were used in the PCR (Applied Biosystems). Threshold cy-
cle number, Ct, for the real time quantification was defined 
to be in the exponential phase of the PCR amplification. The 

calibrator used in the real-time PCR experiments was the 
patient normal mucosa tissue. To determinate the relative 
gene copy number of DNA, we used the 2-ΔΔCt – method 
[14]. To determinate the relative expression of cDNA we 
used relative standard curve (Applied Biosystems User Bul-
letin No. 2 (P/N 4303859)). Since we did not find GAPDH 
(glyceraldehyde-3-phosphate dehydrogenase) as a suitable 
reference gene, we normalized all copy numbers to total 
RNA concentration, which we measured accurately using 
NanoDrop ND-1000 Spectrophotometer (NanoDrop Tech-
nologies Wilmington, Delaware, USA). All concentrations 
were measured three times and the mean was calculated. 
Copy number of target gene was then recorded as copy num-
ber per µg total RNA. To generate the relative expression 
levels we divided the normalized target values by the cali-
brator normalized target value [15]. 
Table 1. List of cDNA Primer and Probe Sequences Used in 

the qRT-PCR of the Indicated Genes 
 

Gene Primer and Probe Sequence 

Cyclin A2- 
sense CATTGGTCCCTCTTGATTATCCA 

 -antisense GGCTTTTCATCTTCTAATACAATTGACA 

 -probe TGGATGGTAGTTTTGAGTCACCACATACTATGGAC 

Cyclin B1- 
sense CATGGCGCTCCGAGTCA 

 -antisense GCGCCTGCCATGTTGATC 

 -probe CGCCTTATTTTCAGCATTAATTTTCGAGTTCCTG 

Cyclin D1- 
sense CCGTCCATGCGGAAGATC 

 -antisense GAAGACCTCCTCCTCGCACTT 

 -probe CTCGCAGACCTCCAGCATCCAGGT 

Cyclin D3- 
sense CAGGCCTTGGTCAAAAAGCA 

 -antisense  GCGGGTACATGGCAAAGGTA 

 -probe AGACCTTTTTGGCCCTCTGTGCTACAGATT 

Cyclin E1- 
sense TCCAGGAAGAGGAAGGCAAAC 

 -antisense CCTGTCGATTTTGGCCATTT 

 -probe CATCTGGATCCTGCAAAAAAACGGTCA 

Cyclin H- 
sense CAACCGCAAATTCAGATGCA 

 -antisense GAAAGACTGGATCATTCGGAAGA 

 -probe CCTTCCCGTTGGCCACGGCT 

GADPH - 
sense CCACATCGCTCAGACACCAT 

 -antisense CCAGGCGCCCAATACG 

 -probe CAAATCCGTTGACTCCGACCTTCACCT 

 

Microarray 

 From isolated total RNA samples we amplified total RNA 
by using MessageAmpTM aRNA Kit (Ambion, Austin, 
Texas, USA). To determine the quality and amount of ampli-
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fied RNA (aRNA) synthesised, we used the 2100 Bioanalyser 
(Agilent Technologies, Palo Alto, CA). The aRNA samples 
(tumor and normal) were labeled with Cyanine3-dCTP or 
Cyanine5-dCTP (Perking-Elmer Life Sciences, Inc., Boston, 
MA, USA) using the Flourescent Direct Label Kit (Agilent). 
Instead of using 200 ng of aRNA, we used 600 ng. The la-
belled cDNA samples were hybridised to Agilents Human 1 
cDNA microarrays (Agilent) with 12 814 unique clones. The 
tumor cDNA was hybridized with the normal cDNA from the 
same patient. For every experiment there was preformed a dye 
swap. The slides were scanned on an Agilent Technologies 
G2565BA Micro array Scanner (Agilent). 

Statistical Analysis 

 Feature Extraction and data normalization were con-
ducted with Agilent Feature Extraction software version 7.5. 
Spots that did not pass quality control procedures were 
flagged by the software and removed from the analysis. The 
normalized data was transferred to Rosetta Luminator soft-
ware (Rosetta Biosoftware, Seattle, WA, USA). The relative 
expression level was measured by normalized ratio of signal 
intensities for Cy5/Cy3 fluorescence. The cut off value for 
gene over expression, as well as for gene amplification was 
set at level l > 2. The statistical software program SPSS, was 
used for the correlation analysis. Pearson correlation coeffi-
cient was calculated for logarithmically transformed data 
obtained with qRT-PCR and microarray. For correlations 
with immunohistochemistry Kendall’s tau was used. The 
predefined significance level was set to p < 0.05. 

Immunohistochemistry 

 The immunohistochemistry methods have previously 
been described [13]. Tumour tissues were preserved in 
RNAlater, then formalin fixed and paraffin wax embedded. 
Sections (4-6 µm thick) were applied to coated slides. After 
antigen retrieval by microwaving, immunostaining was per-
formed in an Optimax plus automated cell stained (model 
1.5; BioGenex, San Ramon, California, USA), using the bio-
tin-streptavin-peroxidase method (Supersensitive Immu-
nodetection system, LP-UL; Biogenex). The slides were in-
cubated at room temperature for 30 minutes and counter-
stained with Mayer`s haematoxylin for visualization of tissue 
structures. Immunostaining protocol and antibodies used, see 
Table 2. All series included positive and negative controls. A 
semi quantitative score for immunoreactivity was used as 
follows; grade 0 immunoreactivity as detected in the normal 
mucosa; + up to 30% positive cells, ++ 31-70% positive cells 
and +++ more than 70% positive cells. Only cells with con-

vincing nuclear staining were scored as positive. However, if 
present, also cytoplasmic staining was observed and noted. 
For all samples at least 100 cells (if available more than 
1000) were analyzed in higher power microscopic fields 
from all parts of the tumor tissue in each slide. We also had 
excess to formalin fixed embedded tumor tissue which not 
had been in contact with RNAlater. This material was used 
for control of a possible effect of RNAlater. 

RESULTS 

 The samples were analyzed at the DNA, RNA and at the 
protein level. The results for all the samples are shown in 
Table 3. None of the tumor samples had any amplification of 
cyclins at the DNA level. As can be seen from the Table 3 
the numbers of samples with gene expression recorded by 
qRT-RCR was as follows: cyclin A2 (11 of 22 cases), B1 (14 
of 22 cases), D1 (17 of 22 cases), D3 (2 of 22 cases), E (13 
of 22 cases), H (1 of 22 cases) and GAPDH (10 of 22 cases). 
Upregulation of GAPDH was observed in tumor tissue were 
also one or more of the cyclins were upregulated, making 
this gene inappropriate as an endogenous control gene. 
 The altitude of expression level was lower in cDNA mi-
croarray analyses compared to qRT-PCR methods. The gene 
expression recorded by microarray and by qRT-RCR corre-
lated significantly for cyclins B1, D1, D3 and E, whereas for 
cyclins A2 and H no significant correlation was detected, 
Table 4. Although cyclin H expression level for most of the 
samples are between 0 - 1.9 for this to methods, they do not 
have the same or opposite tendency. Values tend to vary 
randomly for this to variables. 
 Immunohistochemistry was performed to examine the 
correlation between RNA expression and the presence of the 
genetic product in both RNAlater stabilised tumour tissue 
and paraffin embedded tumour tissue. The immunohisto-
chemistry results correlated strongly between these two 
methods of preservation. Positive immunoreactivity was 
observed for only cyclin A2, B1 and H. The correlation be-
tween mRNA level and protein expression was significant 
for only cyclin A2. 

DISCUSSION 

 mRNA was detected using both microarray and qRT-
PCR methods. The correlation between the two methods for 
RNA expression was good for the cyclins that had a signifi-
cant expression compared to the control. Previously studies 
have shown a good correlation between these two methods 
[16-18]. qRT-PCR is generally considered as the “gold-
standard” assay for measuring gene expression, while gene 

Table 2. Antibodies and Protocol Used in Immunohistochemistry 
 

Antibody Sources Dilution Pre-Treatment (Microwave Oven, 850W) 

Cyclin A2 Novocastra Laboratories (Newcastle-upon-Tyne, UK) 1:75 2 x 5 min, 1mM EDTA (pH 8) 

Cyclin B1 BioSource International (Canarillo, CA) 1:200 5 min + 15 min 350W, 10mM Citrate buffer (pH 6) 

Cyclin D1 Oncogene Reasearch (San Diego, CA) 1:100 2 x 10 min 350W, 1mM Citrate buffer (pH 6) 

Cyclin D3 Dako (Carpinteria, CA) 1:50 2 x 5 min, 1mM EDTA (pH 8) 

Cyclin E Novocastra Laboratories (Newcastle-upon-Tyne, UK) 1:75 2 x 5 min, 1mM EDTA (pH 8) 

Cyclin H Santa Cruz Biotechnology(Santa Cruz, CA) 1:300 5 min + 15 min 350W, Tris-EDTA (pH 9) 
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expression measured by microarray has been found to neces-
sitate validation with other methods, like qRT-PCR and pro-
tein expression analyses such as immunohistochemistry. In 
the present study, we performed such a comparison for six 
cyclin genes. Results show poor correlation between RNA 
expression and protein expression measured by immunohis-
tochemistry. We only found a correlation between RNA ex-
pression using cDNA microarray and proteins detected in the 
cells by immunohistochemistry for cyclin A2. This may in-
dicate that either the RNA overexpression detected by qRT-
PCR and cDNA microarray did not result in a protein be-
cause of posttranscriptional regulation or that the protein was 
not detectable. 
 Some of the previous studies have indicated that there 
should be good correlation between qRT-PCR and imm- 
uno histochemistry if a gene is strongly upregulated gene  
 

Table 4. Pearson Correlation Coefficients (CO) Between 
qRT-PCR and Microarray 

 

 qRT-PCR vs Microarray 

Cyclin CO P-Value 

Cyclin A2 0.302 > 0.05 

Cyclin B1 0.782 < 0.01 

Cyclin D1 0.771 < 0.01 

Cyclin D3 0.748 < 0.01 

Cyclin E 0.711 < 0.01 

Cyclin H 0.037 > 0.05 

 
[19, 20]. In our study, cyclin D1 was strongly upregulated, at 
the mRNA level, but no correlation was observed between 

Table 3. Amplification Level, Expression Level and Immunoreactivity of the Cyclins in Colorectal Cancer 
 

 
Amplification Level  
of Cyclins Measured  

by qPCR* 

RNA Expression  
Level of Cyclins  

Measured by  
qRT-PCR# 

RNA Expression 
 Level of Cyclins,  

Measured by  
cDNA  

Microarray¤ 

Protein Expression  
Level of Cyclins,  

Measured by  
Immunohistochemistry$ 

Nr A2 B1 D1 D3 E1 H GAPDH A2 B1 D1 D3 E1 H A2 B1 D1 D3 E1 H A2 B1 D1 D3 E1 H 

1 0.80 1.02 1.18 1.21 1.01 1.01 1.76 1.37 0.95 3.59 1.04 2.86 1.58 0.90 0.69 2.09 0.57 1.23 1.12 1 0 0 0 0 3 

2 1.02 0.85 0.87 0.78 0.97 0.99 2.17 1.83 2.90 3.97 0.65 1.24 1.08 1.00 2.40 2.56 0.63 1.22 1.31 1 0 0 0 0 1 

3 1.24 1.07 1.46 1.09 0.93 0.96 2.68 15.99 10.74 3.45 2.18 3.00 0.69 1.00 4.27 2.05 1.55 1.88 1.28 1 0 0 0 0 1 

4 0.94 1.01 0.85 0.98 1.04 1.02 1.74 1.59 1.56 6.48 1.06 1.08 1.29 1.00 1.04 1.89 0.72 1.03 1.53 0 0 0 0 0 2 

5 1.02 0.96 0.79 0.83 1.01 1.01 2.09 1.48 2.49 2.72 0.92 4.80 1.17 1.21 1.10 1.69 0.83 1.61 1.04 2 0 0 0 0 2 

6 0.95 1.96 1.48 1.68 1.03 1.02 0.81 0.77 0.91 1.35 1.00 2.01 1.27 0.74 1.10 1.14 0.88 1.01 0.86 1 1 0 0 0 2 

7 0.89 0.72 0.50 0.67 1.07 1.04 0.71 0.16 0.28 1.56 0.35 0.25 1.12 0.76 0.97 1.49 0.64 0.88 1.25 - - - - - - 

8 1.08 0.91 0.87 1.02 1.04 1.02 4.46 16.11 12.10 3.65 1.53 11.47 0.77 1.00 3.57 3.38 1.36 2.48 1.12 0 0 - 0 0 3 

9 0.84 0.89 0.73 0.87 1.04 1.02 2.43 1.91 2.62 1.38 0.84 1.02 1.29 1.15 1.21 1.14 0.83 1.00 1.13 1 0 0 0 0 0 

10 1.69 1.24 1.12 1.15 1.01 1.01 2.22 2.14 3.91 3.85 1.40 4.85 0.71 1.41 1.50 1.81 1.05 1.37 0.94 1 2 0 0 0 2 

11 0.79 0.75 0.57 0.79 1.08 1.04 1.48 2.82 2.22 5.50 0.50 3.72 1.39 1.00 1.69 2.45 0.84 1.50 1.36 2 0 0 0 0 0 

12 0.86 0.79 0.80 0.76 0.99 0.99 2.16 2.71 4.03 2.40 1.00 1.80 0.86 1.98 2.68 1.74 0.91 2.29 1.35 2 0 0 0 0 0 

13 0.95 0.85 1.29 0.80 0.89 0.94 1.70 3.91 3.62 2.92 0.35 5.72 1.19 2.40 3.25 2.11 0.46 1.41 1.44 2 0 0 0 0 3 

14 0.73 0.71 0.56 0.74 0.77 0.94 1.56 0.66 1.60 1.56 0.61 1.01 0.69 1.54 1.58 1.28 0.57 1.18 1.45 3 0 0 0 0 0 

15 1.22 0.78 0.91 0.86 1.01 0.27 3.21 49.85 22.05 2.90 1.25 10.05 2.12 1.00 2.46 2.35 1.00 1.37 0.99 1 0 0 0 0 3 

16 1.40 0.82 0.90 0.73 0.95 0.97 1.22 6.52 5.72 5.14 1.21 1.05 1.01 1.00 1.42 2.20 1.24 1.30 0.85 1 1 0 0 0 1 

17 0.76 1.03 1.10 1.02 0.98 0.99 1.65 2.92 4.73 3.17 1.20 2.41 1.37 2.47 1.95 1.51 0.93 1.88 1.40 2 0 0 0 0 0 

18 0.89 0.98 1.75 0.93 0.85 0.92 3.40 10.86 12.26 5.72 1.51 2.77 1.27 3.65 2.38 3.33 1.03 1.33 1.34 2 0 0 0 0 0 

19 1.19 1.04 0.98 0.94 0.99 0.99 1.61 2.14 2.38 4.17 0.93 2.24 1.26 0.83 1.64 2.68 0.75 1.15 1.21 1 0 0 0 0 3 

20 1.32 0.81 0.84 0.75 0.97 0.99 0.39 0.50 0.59 3.39 0.56 0.23 0.56 0.94 0.85 2.74 0.87 0.79 0.97 1 0 0 0 0 0 

21 0.88 1.26 0.95 1.20 1.06 1.03 2.38 1.98 1.01 1.52 0.78 0.73 1.21 0.79 0.84 1.48 0.50 0.84 1.02 0 0 - 0 0 0 

22 1.24 0.89 1.09 0.91 0.96 0.98 1.95 1.09 1.44 6.06 2.00 2.23 1.09 0.53 0.69 2.38 1.04 1.38 0.76 0 0 0 0 0 0 
*Amplification levels were determined 2-ΔΔCt – method. 
# Expression levels were determined by a relative standard curve. 
¤ Expression levels are the ratio between intensity of tumor tissue and normal tissue. 
§ Immunohistochemistry on formalin-fixed, paraffin-embedded tumor tissue obtained from patients at the time of surgery and was first preserved in RNAlater. 4 categories: Grade 0: 
< 5 % positive cells; grade +: 5% to 30% positive cells; grade + +: 30% to 60%; grade + + +: > 60% positive cells. 
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qRT-PCR and immunohistochemistry for this protein. The 
reason for lack of correlation between these two methods 
may be that antibodies against cyclin D1 used for immuno-
histochemistry are unspecific. However, these antibodies 
have been used in several previously published studies and 
are well characterized. 
 The immunohistochemistry was performed on the same 
tumor tissue as for mRNA analyses, so the direct comparison 
between expression detected by mRNA analyses and expres-
sion detected by immunohistochemistry could be performed. 
Otherwise, tumor heterogeneity may be a problem if differ-
ent part of a tumor has been analysed in different methods. 
In some studies there has been indicated that RNAlater may 
alter the tumor cell morphology and immuno histochemstry 
staining characteristics [21, 22]. However, we were not able 
to detect changes in tumor cell morphology comparing RNA 
later conserved tumor tissue and formalin fixed, paraffin 
embedded tumor tissue, so we do not believe that the lack of 
correlation is caused by RNAlater preservation of the tumor 
tissue. 
 We started our experiments using GAPDH as housekeep-
ing gene because this gene has long been accepted as a con-
trol gene for mRNA analyses in colorectal cancer, and sev-
eral studies have been published using GAPDH as reference 
gene [23-27]. Expression of housekeeping gene is assumed 
to remain constant, so normalizing for variation in process-
ing and signal quantitation can be preformed. However, it is 
well documented that GAPDH expression is upregulated 
with proliferation, activation and differentiation [28]. In the 
present study, upregulation of GAPDH was observed making 
this gene inappropriate as a control gene. 
 None of the six cyclins showed amplification at DNA 
level. There are only a few studies where gene amplification 
of cyclins in colorectal cancer has been analyzed [13, 29-31]. 
Bondi et al. have used the same methods as in the present 
study for detection of gene amplification of the cyclins. They 
observed gene amplification of several cyclins, while in our 
study, none of the cyclin exhibited amplification at the DNA 
level. This difference can be explained by that Bondi et al. 
used one normal colorectal tissue as a reference for all pa-
tients, while in our study the normal mucosa from same pa-
tient was used as control. It is a possibility of the normal 
mucosa tissue that may not be normal in patient with CRC, 
but for this study we thought it was the best choice. 
 In summary; in this study we have performed correlation 
analyses between three different methods for detection of 
expression of six cyclins. We found a statistical significant 
correlation between qRT-PCR and microarray analyses, but 
qRT-PCR and microarray poor correlation was observed 
between RNA overexpression and protein overexpression. 
Previously, protein expression analyses have mostly been 
used for identification of prognostic genes. mRNA analyses 
are now been applied in a more frequent way. Results from 
the present study indicate that information about the prog-
nostic value of a potential cancer marker, obtained by protein 
expression analyses, may not necessarily be applicable to 
mRNA analyses. It is therefore necessary to further investi-
gate if overexpression of mRNA without corresponding pro-
tein overexpression is of prognostic value in colorectal can-
cer patient. 
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