
The expression of CYP24A1 gene in different stages of 
colorectal tumourigenesis 

 
Doctoral thesis 

 
 

Dr. Henrik Csaba Horváth 
 
 

Semmelweis University 
PhD School for clinical sciences 

 

 
 

Tutor: Gábor Speer MD, PhD 
 
 

Official reviewers:  László Herszényi MD, PhD 
Rácz István MD, Dsc. 

 
Final examination board 
President:   Mária Sasvári MBiolSci, Dsc. 
Members:   György Bodoky MD, Dsc. 
    Márk Juhász MD, PhD 
 
 
 

Budapest 
2010 



 2

1. INTRODUCTION 

 
Despite tremendous progress in the knowledge of disease pathomechanism and characteristics 

during the past decades, colorectal cancer remains a current problem to be solved for public 

health. Colon cancer is the second leading cause of malignant mortality in the world. In 

Hungary, 9000 new cases of colon cancer are diagnosed and 5000 people die from this 

disease each year. Genetic and environmental factors are involved in disease development. 

Epidemiological data on the inverse association of colon cancer incidence with exposure to 

UV-B radiation suggested a protective role vitamin D against colon cancer.  Follow-up 

studies showed that low serum 25OHD3 vitamin levels were associated with higher relative 

risk of colon tumour formation and colon cancer progression. 

Besides controlling calcium and phosphate hemostasis, bone formation and maintenance, the 

active vitamin D metabolite (1,25(OH)2D3) has plenty of non-calciotropic effects. From 

therapeutic point of view, the most promising effect of 1,25(OH)2D3- vitamin D receptor 

(VDR) complex is the regulation of cell proliferation, differentiation and apoptosis by 

modulating of signalling pathways. 

Recent data showed evidence of extrarenal vitamin D metabolism in a variety of human 

tissues, including colon mucusa. In cell culture and animal models, strong antitumour effect 

of locally synthetized 1,25(OH)2D3 was demonstrated in colon mucosa acting in a 

paracrine/autocrine manner. The effects of vitamin D in human colon tissue is determined by 

serum 25OHD3 vitamin levels as well as local activities of the vitamin D synthetizing enzyme 

CYP27B1 and degrading enzyme CYP24A1. 

The expression level of CYP24A1 protein is a key factor in determination of local 

1,25(OH)2D3 level. The study of this gene expression during colorectal tumourigenesis may 

lead to a better understanding of vitamin D metabolism in colon mucosa. To learn the 

potential role of CYP24A1 gene expression in the molecular mechanisms of colon tumour 

development and progression might offer new strategies in tumour prevention and treatment. 
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2. AIMS OF THE STUDY 

 

1. To measure the expression of CYP24A1 mRNA and protein in a sample set representing 

the different steps of colorectal tumourigenesis (normal mucosa - benign lesions - 

adenocarcinomas) 

2. To evaluate the possibility of an associaton between CYP24A1 expression and clinical and 

pathomorphological features of the colorectal malignancies. 

3. To assess the expression of CYP24A1, CYP27B1 and VDR gene expression during 

colorectal tumourigenesis. 

4. To correlate the expression of CYP24A1 enzyme protein with the presence of Ki67 

proliferation marker. 

5. To investigate whether there are any CYP24A1 splice variants in our samples and to study 

possible correlation of splice variants with histology and clinical parameters. 
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3. MATERIALS AND METHODS 

 

3.1. Patients and tissue samples 

Tissue specimens from 15 normal colon mucosa, 48 benign and 48 malignant lesions of the 

colon were used for the examination of CYP24A1 expression. Tissue biopsies were obtained 

by diagnostic endoscopy at the 1st Department of Medicine, Semmelweis University, 

Budapest. Tissue samples were cut into two parts. One half of the biopsies was used for RNA 

isolation, the other half of the sample was fixed for paraffin embedding.  

For examination of CYP24A1 splicing variants, tissue samples of colorectal tumour (33 

benign and 89 malignant lesions) and normal mucosa outside the tumour border were 

obtained from 122 patients. Tissue samples were obtained from 50 patients during endoscopy 

at the 1st Department of Medicine, Semmelweis Univcersity, Budapest, and from 72 patients 

who underwent surgery of colon adenocarcinoma at Rudolfstiftung Hospital in Vienna, 

Austria. Permissions of Ethical Commissions were obtained prior to initiation of the study 

(TUKEB 179/2007 and EK 06-198-VK). 

 

3.2. Real-time reverse transcriptase polymerase chain reaction (real-time RT-PCR)  

Total RNA was isolated either using RNEasy Mini Kit (from endoscopyc biopsies) or with 

TRIzol reagent (from surgical resections). The integrity of the RNA was determined by 

ethyidium bromide staining on RNAse-free 1% agarose gel.  For further study, only samples 

with intact RNA (18S and 28 S bands) were used. 5 micrograms of total RNA from each 

sample were reverse transcribed using random hexameres and Moloney Murine leukemia 

virus (M-MLV) reverse transcriptase according to the manufacturer’s instructions. 

 

3.2.1. Detection of VDR, CYP27B1 and CYP24A1 expression 

VDR, CYP27B1 and CYP24A1 mRNA levels were quantified by comparative ΔΔCT method. 

Real-time RT-PCR was performed with POWER SYBR®Green PCR Master Mix on an ABI 

StepOnePlus Realtime PCR System. The relative abundance values of each sample were 

normalized to the value derived from the endogenous control (β-actin) of the same sample. 

cDNA from a pool of  normal colon tissues was designated as the „calibrator”, and the 

relative expression levels of all other samples were assessed relative to the calibrator.  

 

3.2.2. Detection of CYP24A1 splicing variants 
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6 primer pairs (A-F) for screening of alternative splicing ín colon mucosa were designed 

covering the entire mRNA sequence (12 exons) of CYP24A1. cDNA was amplified with Taq 

polymerase on a MyCycler™ thermal cycler. If amplification resulted in a splicing variant, 

sequence analysis of the purified PCR-products was performed on an ABI Prism 310 Genetic 

Analyzer using Big Dye RR Terminator Cycle Sequencing Kit V1.1. 

 

3.3. Immunohistochemistry 

 

3.3.1. Immunohistochemistry for CYP24A1 and VDR 

Immunohistochemistry for CYP24A1 and VDR was performed using a two-step indirect 

immunoperoxidase technique on paraffin-embedded 5 μm tissue sections. After 

deparaffination, sections underwent an inactivation of endogenous peroxidase and antigen 

retrieval. For CYP24A1 and VDR double staining, sections underwent an additional 

inactivation of the endogenous alkaline phosphatase. Single immunostaining for CYP24A1 

was performed using Ultavision LP Detecting System with polyclonal rabbit anti-CYP24A1 

as primary antibody. Sections chosen for double CYP24A1 and VDR immunohistochemical 

staining were incubated with monoclonal rat anti-VDR antibody after visualization of 

CYP24A1 and after blocking with rabbit serum. Biotinylated polyclonal rabbit anti-rat 

immunoglobulin was added as secondary antibody and incubated with streptavidine-alkaline 

phosphatase. The visualization of CYP24A1 was performed with DAB chromogene and 

VDR was visualized with permanent red. Hematoxyllin was used for counterstaining. 

For semiquantitative analysis of the immunohistochemical staining, ten randomly selected 

areas of each slide were manually analyzed using a high-power field objective (40x) with 500 

cells counted per field. Staining intensities were classified as no staining (negative), weak 

positive (+), moderate positive (++), and strong positive (+++).  

 

3.3.2. Immunohistochemistry for Ki 67 

Ki67 staining was performed with Ventana ES automatic immunostainer device. Monoclonal 

mouse primary Ki67 antibody was used as primary antibody, the expression was visualized 

with DAB chromogene substrate. 

Expression of Ki67 was evaluated semiquantitatively using the high-power field objective 

(40x). Ten randomly selected areas from each slide were manually analyzed with 1000 cells 

counted per field. The following values were given for nuclear Ki67 staining: 0 (0-5% 
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positive), 1 (6-20% positive), 2 (21-40% positive), 3 (41-60% positive), 4 (61-80% positive), 

5 (81-100% positive). 

 

3.4. Statistics 

The unpaired t-test was used to analyze the association between expression levels estimated 

by real-time RT-PCR and the type of the sample (normal, benign lesion, adenocarcinoma).  

The association between clinical and histological characteristics and the scores of the 

immunohistochemical staining was analyzed with Chi-squared test. Chi-squared test was 

used also for the examination of the relation between clinical and histological characteristics 

and the expression of splicing variants. Hockberg’s procedure was used in cases of multiple 

comparisons. To measure the correlation between CYP24A1 and Ki67 protein expression, 

CYP24A1 splicing variants and clinico-pathological characteristics of the samples, we have 

calculated Spearman’s rank correlation coefficient. Significance was defined as p < 0.05. The 

data were analyzed using SPSS statistics package version 16.0 for Microsoft Windows.  

 

4. RESULTS 

 

4.1. Detection of CYP24A1 mRNA by real-time RT-PCR 

We grouped the tissue samples into three categories: normal mucosa, benign lesions and 

adenocarcinomas. CYP24A1 mRNA expression levels were significantly higher in the 

benign lesions and in adenocarcinomas, compared with the normal mucosa. CYP27B1 

expression levels were higher in benign and lower in malignant lesions without statistical 

significance in our patient cohort. VDR expression, however, was significantly decreased in 

both tumour groups compared with the normal mucosa (Table 1).  

 

 VDR CYP27B1 CYP24A1 

Normal mucosa 0.749 ± 0.05 2.261 ± 0.92 1.353 ± 0.38 

Benign lesions 0.455 ± 0.06*** 2.365 ± 0.90 11.93 ± 5.77* 

Adenocarcinoma 0.412 ± 0.07*** 1.183 ± 0.50 3.876 ± 1.41* 

 

Table 1. Levels of VDR, CYP27B1 and CYP24A1 mRNA expression using real-time RT-PCRS ± SEM in 

normal mucosa, benign lesions and adenocarcinomas. * p < 0.05 és *** p < 0.001. 

 

4.2. Expression of CYP24A1 protein 
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Immunohistochemistry showed marked differences in the level of CYP24A1 expression 

among the study groups. None to low expression of CYP24A1 protein was apparent in normal 

colonic mucosa, weak positivity was found ín the majority of benign lesions. In contrast, 

expression of CYP24A1 was strongly positive in adenocarcinomas (Table 2). The Chi-

squared test showed significant difference (p < 0.05). 

 

Expression of CYP24A1 Histological diagnosis 
Negative + ++ +++ 

Normal mucosa (n) 6 5 2 2 

Benign lesion (n) 31 6 4 7 

Adenocarcinoma (n) 9 6 18 15 

Total (n) 46 17 24 24 

Chi-squared test * p < 0.05 

 
Table 2. Expression of CYP24A1 protein ín normal mucosa, benign lesion and adenocarcinoma sections. 

(n=number of patients) 

 

4.3. Association between expression of CYP24A1 and clinical characteristics of the 

patients and pathomorphological parameters of tumours 

In adenocarcinoma samples, expression levels of CYP24A1 were correlated with the clinical 

characteristics of the patients and pathomorphological parameters of tumours. No significant 

correlation was found between CYP24A1 expression and patients’ gender or age at diagnosis. 

The relationship between the expression of CYP24A1 and the histological parameters of the 

tumours (tumor/lymph node/metastasis stage, grade, presence of necrosis, tumour 

vascularization, and level of perifocal inflammation) was not significant either. 

 

4.4. Association between CYP24A1 and Ki67 expression  

We found a strong correlation between CYP24A1 and Ki67 expression in our patient cohort. 

Statistical analyzis showed significant positive correlation (rs=0.376, p<0.001).  

 

4.5. Examination of CYP24A1 splicing variants (SVs) 

The amplification with 4 primer pairs (A: exon 1-2, B: exon 1-4, D: exon 3-7, E: exon 7-9) 

have not amplified any additional RT-PCR fragments besides the expected bands of the 



 8

wildtype CYP24A1 mRNA. No alternative splicing could be detected with these primers in 

our sample set.  

The amplification with primer pair C (forward primer on intron 2- reverse primer on exon 4) 

should not result in a RT-PCR product when the splicing is correct. However, using primer 

pair C two splicing variants were amplified in our sample set. A 428 bp-long splice variant 

(SV1) was found in 20 normal (16.2%), 10 benign (30.3%) and 32 (35.6%) malignant 

samples.  In addition, a 219 bp-long fragment (SV2) was detected ín 16 normal (13.0%), 8 

benign (24.2%) and 22 carcinoma (24.4%) samples. Sequencing of SV1 demonstrated that it 

is the same splice variant as the one identified in human myelomoncytes in earlier studies. 

This variant contains an alternative translation start codon on intron 2 of the CYP24A1 gene. 

We detected a smaller PCR-product (SV2) which has not been published previously. 

Sequencing showed loss of a 209 bp-long fragment of intron 2, however the remaining part 

still harbours a translation start codon.  

Primer pair F, covering the 3’region of CYP24A1 mRNA (exon 9-11) amplified besides the 

expected wildtype fragment of 283 bp, an additional 85 bp-long fragment (SV3) in 19 normal 

(15.4%), 1 benign (3.1%) and 20 malignant (22.2%) samples. Sequencing this product 

revealed that it consisted of the 3’ end of exon 9 and 5’end of exon 11, lacking exon 10. 

 

4.6. Association of CYP24A1 splicing variants with histology and clinical parameters  

We examined the association between the histological type of the sample and the presence of 

splicing variants. The prevalence of SV1 was significantly different depending on the 

histological categories (p< 0.002). Spearman’s rank analysis revealed significant correlation 

between the expression of both SV1 and SV2 with the histological type of the sample 

(normal-benign-malignant): for SV1 rs=0.216 (p= 0.001), for SV2 rs=0.146 (p= 0.02). The 

presence of SV3 did not show any association with the histological type of the sample.  

Significant difference ín SV2 expression was detected between male and female patients (p< 

0.002). The presence of SV2 positively correlated with female rs=0.200, p= 0.001, and that of 

SV1 with male gender (rs=0.150, p= 0.022). SV1 and SV2 were almost always simultaneously 

expressed (rs=0.732, p= 0.000).  However, no significant difference was found ín the 

prevalence of the SVs among the study groups regarding age of patients, localization and 

grade of tumors. 
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5. CONCLUSIONS 

 

Based on our results (findings), we conclude:  

1. The expression of CYP24A1 enzyme, a major regulating factor in the local metabolism of 

the active vitamin D, shows pathological differences during colorectal tumourigenesis. The 

expression level of CYP24A1 mRNA and protein is elevated in benign lesions and in 

adenocarcinomas, compared to the normal colon mucosa. The overexpression of CYP24A1, 

the catabolizing enyzme of 1,25(OH)2D3 suggests that the local level and thus, the 

antitumourigenic effect of 1,25(OH)2D3 is reduced during tumourigenesis.  

2. The expression of CYP24A1 has not shown any association with age or gender of the 

patients, with TNM stage and and with the pathomorphological parameters (grade, presence 

of necrosis, tumour vascularization, perifocal inflammation) of the tumour. 

3. The expression of CYP27B1, another key factor of vitamin D metabolism shows a 

tendency to decrease in adenocarcinomas. The VDR levels were significantly lower in both 

benign and malignant lesions, compared with the normal mucosa. Based on the expression 

studies, upregulation of CYP24A1 enzyme expression during colorectal tumourigenesis is 

independent of the normal, physiological control. 

4. Strong correlation between CYP24A1 and Ki67 expresison was found during 

tumourigenesis in the colon mucosa. This positive correlation gives support for our hypothesis 

that overexpression of the degrading enzyme during colorectal tumourigenesis diminishes the 

antiproliferative effect of the active vitamin D. The reduction of the antitumourigenic effect of 

vitamin D may contribute to induction and maintainance of malignant cell proliferation.  

5. Our study is the first to give evidence that splicing variants of CYP24A1 are present in 

human colon tissue. We have shown, that the prevalence of CYP24A1 splicing variants is 

depending on the histological type of the tissue. Splicing variants occur more frequently in 

benign lesions and adenocarcinomas, compared with normal mucosa. Altenative splicing 

results in isoenzymes with truncated protein structure and dysfunctional enyzmatic activity. 

These isoforms of CYP24A1 may cause alterations in the microenvironmental regulation and 

thus, in local effects of vitamin D.  The biological impact of the splice variants in colorectal 

tissue needs further studies. 
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