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Abstract. Active vitamin D has several antitumor effects,
including prodifferentiative, antiproliferative and proapoptotic
functions in a number of tissues via its binding to vitamin D
receptor. The 24-hydroxylase (CYP24A1) and 1-hydroxylase
(CYP27B1) enzymes are considered to be pivotal determi-
nants of the local concentration of active vitamin D. The aim
of the present study was to investigate the mRNA expression
levels of the CYP24A1 and CYP27BI1 genes in malignant and
normal breast tissues. The tumor and adjacent normal tissue
samples of 30 patients with breast cancer were acquired from
the Iran National Tumor Bank, Imam Hospital (Tehran, Iran).
RNA was extracted and, following cDNA synthesis, Taqg-Man
quantitative polymerase chain reaction analysis was performed
for CYP24A1 and CYP27BI1. The results demonstrated that
the mRNA expression of CYP27B1 was downregulated in
the tumor tissues, compared with the adjacent normal tissues
(P<0.01), whereas the mRNA expression of CYP24A1 was
significantly upregulated in the tumor tissues (P<0.01). This
major difference revealed that the normal breast tissues tran-
scriptionally expressed CYP24A1 slightly. These results are
suggestive of dysregulation of the vitamin D signaling and
metabolic pathways during tumorigenesis in breast cancer.
Local alterations in the anabolism and catabolism of active
vitamin D in breast cancer by the CYP27B1 and CYP24A1
may impair its anticancer functions.

Introduction

There are ~1,000,000 cases of breast cancer diagnosed annu-
ally worldwide (1). Breast cancer is the most frequent and most
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life-threatening type of cancer among women (2). Various
genetic and environmental risk factors may be associated with
the incidence of breast cancer, including family history, oral
contraceptive pills, menarche and reproductive age, dietary
factors, exposure to sunlight, and levels of vitamin D in the
blood (1,3).

In addition to its contribution to the regulation of
calcium and phosphate metabolism, and its facilitating
of bone mineralization (4), the active form of vitamin D
(1,25-dihydroxyvitamin D3), termed calcitriol, performs a
wide range of biological activities, including proapoptotic,
prodifferentiative and antiproliferative effects, in target
tissues (3-6) and is able to inhibit the proliferation of human
cancer cells (7-9).

The source of the precursor of vitamin D may be through
dietary intake or it can be synthesized from 7-dehydrocho-
lesterol in the skin as a result of exposure to ultraviolet B
sunlight (4,8,10). When transferred to the liver, vitamin D3
is hydroxylated in the five carbon side chain and is then
converted to 25-hydroxyvitamin D3, which is the major form
of vitamin D present in the blood. 25-hydroxyvitamin D3 is
also hydroxylated in other tissues, predominantly the kidney,
through a mitochondrial enzyme containing cytochrome
P450, 1-a hydroxylase (CYP27B1), in the methyl region, which
is then converted to 1,25-dihydroxyvitamin D3. This form
of vitamin D is bound to vitamin D-binding proteins in the
blood stream and activates or represses the transcription of its
target gene through binding to the vitamin D receptor (VDR)
in tissues (6,11-13). By binding to the retinoid X receptor, this
complex binds to vitamin D response elements in the promoter
region of the target genes and regulates the transcription of
genes, including those contributing to the regulation of cell
growth, differentiation, apoptosis and inflammation, and
consequent antitumor activities (4,5,8). Vitamin D decreases
the incidence of certain types of cancer via the inhibition of
tumor angiogenesis, mutual adherence stimulation of cells
and intercellular connection by gap junctions (14). It can also
affect hypoxia, the cell cycle and the receptors of hormones,
and these effects result in prevention of the progression and
metastasis of cancer (15).

The activity of vitamin D is terminated by the catalytic
enzyme, 24-hydroxylase, encoded by CYP24A1 and respon-
sible for vitamin D catabolism, which is then metabolized to
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calcitroic acid, a bile secretion (1,4,9,10). The overexpression
of CYP24A1 is associated with a poor prognosis in several
types of human cancer, including breast cancer (5). The expres-
sion of CYP27BI can be considered a central mechanism in
the association between active vitamin D and its antitumor
effects (12).

These enzymes are active not only in the kidney, but also in
several other tissues, including breast tissue (1,4,9,16).

Experimental studies have revealed an association between
vitamin D and protection against breast cancer; vitamin D
levels have been found to be inversely correlated with the risk
of breast cancer (10,17). Women with a high dietary intake of
vitamin D have been shown to have a reduced risk of breast
cancer (1,4); the risk of breast cancer was found to be five times
higher in women with 25-hydroxyvitamin D3 concentrations
<150 nmol/l, compared with women with blood concentra-
tions >150 nmol/1 (18).

The present study was performed to investigate the expres-
sion of CYP27B1 and CYP24Al1 in cancerous and normal
breast tissues, and to understand their role in the incidence
of breast cancer (12). The study was designed to estimate the
capacities of cancerous and normal breast tissues to produce
local 1,25-dihydroxyvitamin D3, and its importance in control-
ling the proliferation and differentiation of breast tissue. The
results of the present study may be used towards developing
preventive or therapeutic measures for breast cancer using
precursors of vitamin D.

Materials and methods

Collection and preparation of tissue samples. Tumor and adja-
cent normal tissue samples from 30 patients with breast cancer
who had undergone surgery were collected and examined
from the Tumor Bank, Cancer Institute of Imam Khomeini
Hospital (Tehran, Iran). The present study was approved by the
ethics committee of Isfahan University of Medical Sciences
(Isfahan, Iran). The histopathological results of diagnostic tests
of the patients were also collected. Pathological examination
confirmed that the normal tissue samples had no malignant
signs. The clinical characteristics of the patients are shown in
Table I.

RNA extraction and ¢cDNA synthesis. Total RNA was
extracted from the homogenized tumor and normal tissues
using QIAzol solution (Qiagen GmbH, Hilden, Germany) and
an RNeasy Mini kit (Qiagen GmbH), respectively, according
to the manufacturer's protocols. The RNA concentration was
quantified using Nanodrop spectrophotometer, and its quality
was determined by electrophoresis on a 1% agarose gel.
Subsequently, the RNA was reverse transcribed into cDNA
using a QuantiTect Reverse Transcription kit (Qiagen GmbH)
and was prepared for analyzing the gene expression levels of
CYP24A1 and CYP27BI.

Quantitative polymerase chain reaction (qPCR) analysis.
gPCR analysis was performed using the TagMan technique
with the ABI Step One Plus system (Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and the TagMan Gene Expression
master mix (Thermo Fisher Scientific, Inc.). Assay-on-Demand
primers and probes (Thermo Fisher Scientific, Inc.; Table II)
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were used for detecting the gene expression of CYP24A1 and
CYP27BI. The 18S rRNA gene was included as an internal
control. Each sample was examined in a final volume of 20 ul,
containing 2 ul synthesized cDNA, 10 xl master mix and 1 pl
specific mixed primer and probes. The PCR conditions were
as follows: 10 min at 95°C, followed by 50 cycles at 50°C for
2 min and 95°C for 15 sec. The quantification cycle (Cq) values
were measured in the samples and the expression levels of the
genes were calculated using the 222 method (19).

Statistical analysis. Following measurement of the Cq values
of the examined genes in the tumor and normal tissue samples
and of the internal control gene (18SrRNA), the differences
in gene expression between the two groups were examined
using the IBM SPSS 19 (IBM SPSS, Armonk, NY, USA)
and Microsoft Excel (Microsoft Corporation, Redmond,
WA, USA) software programs. In addition, comparison of the
gene expression levels of CYP24A1 and CYP27B1 with tumor
stage, tumor grade, age range, tumor size and the presence of
lymphatic or non-lymphatic invasion were performed using
one-way analysis of variance and independent t-tests. P<0.05
was considered to indicate a statistically significant difference.
Data are presented as the mean + standard deviation.

Results

Determination of mRNA expression levels of CYP27B1 and
CYP24A1I. In the present study, the mRNA expression levels
of two key enzymes, CYP27B1 and CYP24A1, were exam-
ined in breast tumor tissues and adjacent normal tissues
using TagMan RT-qPCR analysis. The data were normal-
ized using the 18SrRNA gene as an internal control. The
differences in the expression levels of these two genes in the
tumor and normal tissues were examined, and the results
were analyzed.

The results showed that the mRNA expression of CYP24A1
was significantly upregulated in the tumorous breast tissue
(P<0.01), compared with the normal tissue, with the mRNA
expression of CYP24A1 undetected in certain samples of
normal tissue (Fig. 1A).

The analysis of the mRNA expression levels of CYP27B1
in the tumor and normal tissue showed downregulation in the
expression of the gene in the tumorous breast tissue (P<0.01),
as shown in Fig 1B.

Determination of the association between demographic
parameters and gene expression levels of CYP27BI1 and
CYP24Al. The comparison of gene expression levels of
CYP24A1 and CYP27BI in the tumor tissues showed no
statistically significant difference in the gene expression
levels of CYP24A1 between different tumor stages (Fig. 2A),
however, there were significant differences between the gene
expression of CYP27B1 and tumor stage, in which the gene
expression of CYP27BI1 at stage 1 was higher, compared with
the levels at stage 2 and stage 3 (Fig. 2B).

No statistical differences were found in the gene expres-
sion levels of CYP24A1 and CYP27BI in different tumor
grades (Fig. 3A and B).

In examining the association between the gene expres-
sion levels of CYP24A1 and CYP27B1 and the age range of



Table I. Demographic parameters of the subjects.

Parameter Subjects; n (%)
Mean age (years) 50.8+11.3
Age range (years) 32-79

Tumor stage
T1 7 (23.3)
T2 20 (66.7)
T3 3 (10)
Tumor grade
I 7 (23.3)
II 16 (53.3)
111 7(23.3)
Tumor size
<5cm 22 (73.3)
=5cm 8 (26.7)
Lymphatic invasion
Yes 17 (56.7)
No 13 (43.3)

Table II. TagMan probes for analysis of gene expression.

Amplicon
Gene Sequence length (bp)
CYP24A1(FAM-MGB) Hs00989014 m1 108
CYP27B1(FAM-MGB) Hs01096142 g1 74
18S rRNA Hs99999901 sl 187

CYP24A1, 24-hydroxylase; CYP27Bl1, 1-a hydroxylase.

the patients, the only significant difference was found in the
gene expression of CYP24A1 (P<0.05; Fig. 4A), although the
gene expression of CYP27BI increased with increasing age
(Fig. 4B).

No statistically significant differences were found between
the gene expression levels of CYP24A1 and CYP27B1 and
tumor size (Fig. 5A and B).

No statistically significant differences between lymphatic
or non-lymphatic invasion and the gene expression levels of
CYP24A1 and CYP27B1 were found (Fig. 6A and B).

Discussion

It has been revealed that vitamin D has a protective role in
inhibiting the growth of proliferating tumor cells, in addition
to its role in calcium and phosphate homeostasis (20,21). The
two key enzymes, CYP27B1 and CYP24A1 are important
in vitamin D anabolism and catabolism, respectively, and
are required to maintain adequate levels of vitamin D in
the blood (13,22). In the present study, the mRNA expres-
sion levels of CYP27B1 and CYP24A1 were examined in
tumorous and normal breast tissues using TagMan RT-qPCR
analysis.
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The results showed that the mRNA expression level of
CYP27BI in the normal tissue was higher, compared with
that in the tumor tissue, whereas the mRNA expression level
of CYP24A1 in the tumor tissue was significantly higher,
compared with that in the normal tissue.

As mentioned previously, the active form of vitamin D,
calcitriol, performs a wide range of biological activities in
target tissues, including proapoptotic, prodifferentiative and
antiproliferative effects (3-6). It has been revealed that the
progression of cancer is associated with alterations in the
balance of the expression of CYP27B1 and CYP24Al, in
addition to alterations in the expression of VDR and polymor-
phisms (1,23).

Anderson et al (5) showed that an increase in the expres-
sion of CYP24A1 is found in several types of human tumor,
including those of the colon, lung and ovary, although not in
tumor tissue of the breast. The results of the present study were
not concordant with these in terms of the breast tissue, however,
the previous study showed the upregulation of CYP24Al in
colon, lung and ovary tumor tissues (5,17). The results of a study
by Fischer er al (17) showed decreased mRNA expression of
CYP24A1 in breast carcinoma, compared with benign breast
tissue (17), which was also contradictory to the results of the
present study.

The study by Anderson et al (5) on cancer cell lines revealed
that the induction of CYP24A1 may lead to the metabolism
and inactivation of 1,25 (OH),D; and consequently result in the
insensitivity of the cells to the growth inhibitory effects of the
vitamin. These results conformed to those of a previous study
on prostate cancer, showing that the degree of growth inhibi-
tion by 1,25(OH),D; is inversely correlated with the activity of
CYP24A1 in cells (5). This can also be estimated using tissue
samples, and future investigations aim to examine cell lines.

CYP24A1 is a major target gene of VDR following the
binding of vitamin D to the receptor (10). The product of this
gene, which is the major enzyme in the process of vitamin D
catabolism, has been identified as an important regulator of the
biological effect of the signaling system of vitamin D (3,24).
Ren et al (25) showed that the increased expression of CYP24A1
in breast tumors occurs in response to the increased local
production of 1,25(OH),D; in the tissue. Further investigations
are required in order to understand the increased expression of
VDR or increased levels of vitamin D in the induction of the
expression of CYP24Al.

As in the present study, the increased mRNA expression of
CYP24A1 has been detected in several types of cancer, including
lung, colon, ovary, cervical and esophageal carcinoma, which
suggests the involvement of CYP24A1 in tumorigenesis (10,12).

Regarding the significant increase in the mRNA expression
of CYP24A1 in malignant cells, several studies have concluded
that CYP24A1 can be considered as a potential oncogene in
cancer (12,17,26-28). The markedly higher expression levels of
CYP24A1 in the tumor tissues examined in the present study
support this.

Regarding the mRNA expression of CYP27BI, the present
study showed that the expression of CYP27B1 was downregu-
lated in the tumor tissue, compared with that in the normal tissue.
The present study found that the tissue synthesis of 1,25(0OH),D;
from the blood supplied a local reservoir of vitamin D in the
normal breast tissue.
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Figure 1. Relative mRNA expression of (A) CYP24Al and (B) CYP27BI1
were determined using reverse transcription-quantitative polymerase chain
reaction analysis in breast tissues, with 1I8STRNA mRNA as an internal
control ("P<0.01). CYP24A1, 24-hydroxylase; CYP27B1, 1-a hydroxylase.

In confirmation of the results of the present study, the higher
expression of CYP27BI1 in the normal breast tissue suggested
that the paracrine production of 1,25(0OH),D; may be important
for maintaining the safe function of normal breast cells (1). In
tumor breast cells, the ability of active vitamin D synthesis
is altered and, therefore, VDR-mediated vitamin D function
decreases (29).

Previous studies on breast cancer cell lines have revealed
that the mRNA expression of CYP27B1 decreases to a certain
extent (7,13), which agrees with the present study. However
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Figure 2. Comparison of the mRNA expression levels of (A) CYP24Al and
(B) CYP27B1 among tumor tissues of different tumor stage. “P<0.05 stage 1
vs. stages 2 and 3. CYP24A1, 24-hydroxylase; CYP27BI, 1-a hydroxylase.

the present study investigated tissue samples. The fact that the
activity of CYP27BI in breast tumor tissue is lower, compared
with that in normal breast tissue, and the activity of CYP24A1
is higher, compared with normal breast tissue may indicate
potentially malignant deterioration in tumor tissue (29,30).

In the study by Segersten et al (7), the mRNA expression of
CYP27BI in the malignant breast tissue was lower, compared
with that in the normal tissue (7). However, Friedrich et al (16)
found higher expression levels of CYP27BI1 in breast cancer
tissue, compared with benign tissue, which may be due to the
heterogeneity of the breast cancer (16).

In comparing the mRNA expression of CYP24A1 with
tumor stage, tumor grade, age range, tumor size, and lymphatic
or non-lymphatic status, the only significant association found
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Figure 3. Comparison of the mRNA expression levels of (A) CYP24Al and
(B) CYP27BI in tumor tissues of different grades. CYP24A1, 24-hydroxy-
lase; CYP27BI, 1-o hydroxylase.

in the present study was between the mRNA expression of
CYP24A1 and the age range of the patients. A significant
association was also found between the mRNA expression of
CYP27B1 and tumor stage. No other significant associations
were observed.

In terms of the link between the mRNA expression of
CYP24A1 and age range, the results of the present study
showed that gene expression levels of CYP24A1 in patients
aged =53 years were higher, compared with those in patients
aged 43-52 years. This finding indicated higher gene expression
levels of CYP24A1 at increased patient age and, as a result, the
increase in active vitamin D catabolism during tumorigenesis.

In terms of the association between the gene expression
of CYP27BI1 and tumor stage, the expression at stage 1 was
significantly higher, compared with that at stage 2. This was
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confirmed by the results of the comparison of the gene expres-
sion of CYP27BI1 in tumor and normal tissues in the present
study. The results showed that malignant tissues at a higher
stage showed reduced gene expression of CYP27BI1, causing a
decrease in active vitamin D synthesis.

Epigenetic mechanisms can also silence genes; for example,
CYP27BI is inhibited through alterations in epigenetic meth-
ylation (4,31). Investigations performed by McCarthy et al (3)
showed that the aberrant methylation of gene promoters is an
important mechanism in the progression of breast and colon
cancer. Hypermethylation of the CYP27BI promoter has
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(B) CYP27BI1 with the size of tumor tissues. CYP24A1, 24-hydroxylase;
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been reported in >40% of cases of breast cancer, therefore,
in breast cancer development, epigenetic alterations can alter
gene expression (23), which may be effective in the treatment
of cancer using chemopreventive drugs (3).

In addition, women who are exposed to more ultra-
violet radiation may be able to neutralize the lower activity of
CYP27BI1 through supplying more vitamin D (30).

However, polymorphisms in CYP27B1 cause diversity in
the regulation of the gene expression (12), a consideration for
future investigations.

To compare the mRNA and protein expression levels of
protein in CYP27B1 and CYP24Al, further investigations are
required in order to examine the expression of CYP27B1 and
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CYP24A1 using western blot analysis. Studies have shown
splice variants in CYP24A1, CYP27B1 and VDR, which may
deactivate the enzymes and reduce protein levels (17,24). In
addition, assessment of the expression levels of CYP27B1 and
CYP24A1 in cancerous and benign breast lesions using immu-
nohistochemistry has shown a reduction in the expression of
CYP27B1 and an increase in the expression of CYP24Al in
carcinoma (29). Whether the changes in enzymatic expression
can be justified by the serum level of vitamin D, and whether
the changes in enzymatic activity are caused by splice variants
require consideration in future investigations.

The present study showed that the capacity of local produc-
tion of active vitamin D in the breast depends on the presence of
25-hydroxyvitamin D, as the substrate of CYP27B1, and the rate
of 1,25(0OH),D; catabolism, which is performed by CYP24Al.



The results of the present study showed that the breast
cells did not completely depend on reserving vitamin D from
systemic sources, and they had the capacity for the local
production of 1,25(0OH),D; However, the local production of
vitamin D alters as the tissue becomes cancerous, and the
alterations may be involved in the tumorigenesis of the breast
cancer (16). Therefore, it can be argued that the disorders in the
regulatory system of vitamin D anabolism and catabolism, and
the disturbance in the association between VDR, CYP27B1
and CYP24A1 may be involved in the progression of cancer.

Future investigations may enable the detection of
vitamin D analogues with selective anticancer activity, but
without systemic side effects or with mild side effects (16).
Understanding the alterations in the expression of enzymes
effective in the signaling system of vitamin D in tumorigen-
esis may provide a reasonable basis for using the elements of
vitamin D to prevent or treat breast cancer (12,16,24,28).

The results of the present study confirmed the importance
of the components of vitamin D anabolism-catabolism in breast
cancer, and suggested that evaluating the mRNA expression levels
of CYP24A1 and CYP27BI1 may be useful for estimating the risk
of the progression of breast cancer. Therefore, it can be concluded
that breast cells have an enzymatic system producing 1,25(0OH),D;,
which acts as an autocrine/paracrine growth inhibitor. Increasing
the local levels of 1,25(0OH),D; in the tissue through the use of
vitamin D analogues, and performing further investigations on
benign and malignant breast cell models of are important in the
development of attitudes towards their clinical uses for preventing
and treating breast cancer, and for elucidating the role of altered
expression in the signaling pathway of vitamin D.
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