
Abstract. The active form of vitamin D3, 1α,25-
dihydroxyvitamin D3 [1,25(OH)2D3], is an important
regulator of bone metabolism, calcium and phosphate
homeostasis but also has potent antiproliferative and pro-
differentiating effects on a wide variety of cell types. To
identify key genes that are (directly) regulated by
1,25(OH)2D3, a large number of microarray studies have
been performed on different types of cancer cells (prostate,
breast, ovarian, colorectal, squamous cell carcinoma and
leukemia). The variety of target genes identified through these
studies reflects the pleiotropic action of 1,25(OH)2D3.
Common cellular processes targeted by 1,25(OH)2D3 in the
different cancer cell lines include cell cycle progression,
apoptosis, cellular adhesion, oxidative stress, immune function
and steroid metabolism. Upon comparison of the lists of genes
regulated by 1,25(OH)2D3 in the different microarray studies,
only a small set of individual genes were commonly regulated,
among which are included 24-hydroxylase, growth arrest and
DNA-damage-inducible protein, cathelicidin antimicrobial
peptide and multiple cyclins.

1,25-Dihydroxyvitamin D3 [1,25(OH)2D3], the active
metabolite of vitamin D3, is an important regulator of a
diverse set of physiological actions in the human body. The
absence of 1,25(OH)2D3 is linked to rickets and osteomalacia,
which are skeletal disorders characterized by defective bone
mineralization. Furthermore, 1,25(OH)2D3 has a significant
effect on calcium and phosphate homeostasis (1). Next to

these classical effects, 1,25(OH)2D3 has a non-classical role
in the regulation of cell proliferation and differentiation.
Indeed, in the early 1980s the presence of the vitamin D
receptor (VDR) was demonstrated in normal and malignant
tissues (2). Further work revealed that 1,25(OH)2D3 has
antiproliferative (3) and pro-differentiating (4) effects in a
wide variety of malignant and normal cell types. 1,25(OH)2D3
inhibits cell growth of normal and tumor cells by hampering
the transition from the G1 to the S phase of the cell cycle,
which leads to an accumulation of cells in the G1 phase (5,
6). Interestingly, 1,25(OH)2D3 down-regulates genes that
mediate this G1-S transition such as cyclins and cyclin
dependent kinases (7, 8) whereas cyclin-dependent kinase
inhibitors p21 and p27 are up-regulated by 1,25(OH)2D3 (6).
The antiproliferative effects open perspectives for the use of
1,25(OH)2D3 as a possible anticancer agent (9). To study the
actions of 1,25(OH)2D3 in more detail and to unravel the
underlying effects of 1,25(OH)2D3 on the transcriptome, a
broad set of microarray studies have been performed. Since
the first report about the use of a well-defined set of cDNA
for expression profiling in 1987 (10), microarrays have
changed molecular biology. In the following years, the
technique developed to a high throughput method. In 1995
Schena et al. (11) reported the first use of a miniaturized
microarray for gene expression profiling. Since then and with
the sequencing of complete genomes (H. influenzae 1995, H.
sapiens 2000), genome expression analysis became feasible.
Malignant cells, such as prostate (12-18), breast (19-21),
leukemia (22-24), colon (25, 26), ovarian cancer (27) and
squamous cell carcinoma cells (28, 29) were used to identify
novel 1,25(OH)2D3 target genes and to gain more insight on
the antiproliferative and pro-differentiating action of
1,25(OH)2D3 and its analogs. In these studies, a variety of
technology platforms were used (spotted arrays, Affymetrix
genechips, etc.). Although it is very difficult to compare
mutual studies due to the experimental set-up (variable
parameters such as cell culture conditions, cell clones and
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platforms), it has to be acknowledged that microarray
experiments provide an ample amount of data, which
contributes significantly to a better understanding of the
mechanism of action of 1,25(OH)2D3 and its analogs. In this
review, microarray studies performed on malignant cells
treated with 1,25(OH)2D3 or analogs will be discussed. First,
microarray studies in individual cancer cell types will be
reviewed. Genes and/or pathways shown to be regulated by
1,25(OH)2D3 in different studies on one particular cancer
tissue will be discussed individually. Second, a comparison of
all the microarray studies in different cancer cell types
(prostate, breast, ovarian, colorectal, squamous cell carcinoma,
leukemia) will be made in order to identify commonly
regulated genes and/or pathways. 

Prostate Cancer Cells 

Prostate cancer (PCa) is classified as an adenocarcinoma and
is the most common non-cutaneous malignancy in men.
Interestingly, 1,25(OH)2D3 inhibits PCa growth and
progression (30, 31). These effects are not limited to PCa
cell lines as they are also observed in primary cultures
derived from normal and cancerous prostatic epithelial tissue.
Tumor cells which derive from the stroma and not from
epithelial cells react differently to 1,25(OH)2D3 exposure.
Krill et al. (32) pointed out that stromal cells undergo an
increase in proliferation after incubation with low doses of
1,25(OH)2D3. Different microarray studies were performed
on PCa cell lines treated with 1,25(OH)2D3 to unravel the
induced signalling pathways (Table I). Most studies were
performed using the androgen receptor-positive cell line
LNCaP (13, 15, 17, 33-35), but androgen receptor-negative
PC-3 (14) cells as well as primary human normal and tumor

stromal cell lines were also used (12). In the studies
discussed, different microarray platforms as well as different
cell culture regimens were used making it very hard to
compare results from various microarray experiments. Ikezoe
et al. (13) reported that with the exception of one gene
(FK506-binding protein 5), the gene expression profiles
generated in LNCaP cells by two independent studies (13,
15) did not overlap. Nevertheless, important signalling
cascades that are involved in the antiproliferative and pro-
differentiating action of 1,25(OH)2D3 were identified. Genes
of which the transcription was influenced by 1,25(OH)2D3
were involved in cell growth and apoptosis, cellular
adhesion, oxidative stress, immune function, steroid
metabolism, and intra- and intercellular signalling. 

Insulin-like growth factor-binding protein-3 (IGFBP-3).
IGFBPs are factors which bind to insulin-like growth factors
(IGFs) and thereby enhance or repress IGF activity (36).
IGFs are necessary to guarantee proliferation, survival,
apoptosis and differentiation. IGF I and II are especially
important for normal growth and developmental processes.
Moreover, these growth factors and their binding proteins
play a role in the development of cancer (37). IGFBP-3 was
the most highly induced gene following 1,25(OH)2D3
treatment in a microarray study performed in LNCaP cells
(15). Because IGFBP-3 antisense oligonucleotides abrogated
1,25(OH)2D3-mediated growth inhibition, IGFBP-3 was
thought to mediate the cell cycle block by 1,25(OH)2D3 in
LNCaP cells. It was further suggested that IGFBP-3
mediated the antiproliferative activity of 1,25(OH)2D3 by the
induction of the cell cycle inhibitor p21 (38). However, other
microarray studies in LNCaP cells could not confirm the
regulation of IGFBP-3 by 1,25(OH)2D3 (13). 
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Table I. Summary of microarray studies in prostate cancer cells treated with 1,25(OH)2D3. 

Cell line Microarray platform Concentration (c) of Number of regulated genes Ref. 
1,25(OH)2D3 + timepoints (t)

LNCaP HuGeneFL Array (Affymetrix) c=10–7 M 6 ↑; 3 ↓ (13) 
(~5,600 genes) t=18 h

LNCaP In house spotted array (24,192 spots) c=5×10–8 M 18 ↑; 4 ↓ (15) 
t=2, 6, 12, 24 h

LNCaP Turku Center of Biotechnology c=10–8 M 5 ↑; 19 ↓ (35) 
Human2-1 Glass chip (2,500 genes) t=24 h

Primary cultures 42K HuGeneFL Array (Affymetrix) c=10–7 M in primary tumor stroma:   (12) 
and ALVA-31 (42,843 genes) t=24 h 6 ↑; 5 ↓

E-PZ-10 (normal) and In-house spotted array (24,192 spots) c=5×10–8 M E-CA-15 (transformed) (17) 
E-CA-15 (transformed) t=6, 24 h after 6 h: 16 ↑; 6 ↓; 

after 24 h: 12 ↑; 27 ↓
PC-3 Clontech Human 1.2 c=10–7 M + 8 ↑ (14) 

cDNA array (1,176 genes) 1.5×10–8 M TSA 
t=6 h



CCAAT/enhancer-binding protein δ (C/EBPδ). C/EBP is a
highly conserved family of leucine zipper type DNA-
binding proteins that is implicated in the regulation of
growth and differentiation of a wide variety of cells.
C/EBPδ was found to be highly induced after treatment of
LNCaP cells with 1,25(OH)2D3 (13). By blocking protein
synthesis, it was demonstrated that VDR bound directly to
the C/EBPδ promoter region. Moreover, 1,25(OH)2D3-
induced growth inhibition was suggested to be mediated
by C/EBPδ action. 

Apoptosis. Investigation of gene expression in primary tumor
prostatic stromal cells and ALVA-31 cells after treatment
with 1,25(OH)2D3 obtained several up- and down-regulated
genes related to apoptosis (12). Heat-shock protein 70
(Hsp70), Hsp90 and apoptotic peptidase activating factor 1
(Apaf1) were up-regulated upon 1,25(OH)2D3 treatment.
These genes are critical regulators of apoptosome assembly.
Furthermore the expression of the antiapoptotic B-cell
leukemia/lymphoma 2 gene (Bcl2) was more than 50%
reduced after 1,25(OH)2D3 treatment. 

Fatty acid synthase (FAS). Qiao et al. (35) reported the
regulation of five genes by 1,25(OH)2D3 in LNCaP cells,
which encode for metabolic enzymes involved in biosynthetic
or catabolic pathways. As such, fatty acid synthase (FAS),
phosphoribosyl-glycinamide formyltransferase (GART) and

stearoyl-CoA desaturase (SCD) were down-regulated,
whereas histidine ammonial-lyase (HAL) and dopachrome
tautomerase were up-regulated by 1,25(OH)2D3. However,
the gene dopachrome tautomerase was reported to be down-
regulated by 1,25(OH)2D3 in primary E-CA-15 prostate
cancer cells (17). Inhibition of FAS activity resulted in a
clear suppression of LNCaP proliferation, suggesting that
FAS is involved in the antiproliferative action of
1,25(OH)2D3 in prostate cancer LNCaP cells. However
FAS is an indirect 1,25(OH)2D3 and androgen-dependent
target gene. 

Prostaglandin metabolism. Two genes involved in
prostaglandin metabolism were found to be regulated by
1,25(OH)2D3 in LNCaP cells. As prostaglandins play a
role in prostate cancer development and progression (39),
down-regulation of prostaglandin synthesis may represent
a molecular pathway induced by 1,25(OH)2D3 in prostate
cells. The expression of the putative tumor suppressor gene
NAD+-dependent 15-hydroxyprostaglandin dehydrogenase
(15PGDH) (40, 41), whose gene product is essential for
functional inactivation of prostaglandins (PG), was
induced by 1,25(OH)2D3 (15, 17). Furthermore, the
expression of cyclooxygenase-2 (COX-2), the rate-limiting
enzyme during PG synthesis, was more than two-fold
suppressed in LNCaP cells after 24 h 1,25(OH)2D3
treatment (15, 16). 
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Table II. Summary on microarray studies in breast cancer cell lines treated with 1,25(OH)2D3 or analog Ro3582. 

Cell line Microarray platform Concentration (c) of Number of regulated genes Ref. 
1,25(OH)2D3 or analog + 

timepoints (t)

MCF-7 and MDA MB231 CMT-cancer array c=5×10–8 M MCF-7 after 6 h: 20 ↑; 5 ↓ (21) 
(Corning) t=6, 24 h after 24 h: 47 ↑; 18 ↓

(1,000 genes) MDA MB 231 after 6 h: 7 ↑; 5 ↓
after 24 h: 11 ↑; 10 ↓

MCF-7 Release I (GF200) of the c=10–7 M Up-regulation of gene (20) 
Human GeneFilters  + 10–9 M FGF-7 reported
(Research Genetics) 17β-estradiol 

(5760 spots) t=0, 1, 6, 48 h
MCF-7 and Human Genome U133 c=10–7 M MCF-7 91 ↑; 5 ↓ (46) 
MCF-7RES (Affymetrix) t=6 h

(~33,000 genes) MCF-7RES 65 ↑; 91 ↓
220 ↑; 84 ↓

SC-3 Murine genome GeneChip U74A array c=10–7 M (19) 
(Affymetrix) + 10–8 M 

(~36,000 genes) testosterone t=12 h
MCF10AT1 and human HG-133A_2 chip c=10–9 M Ro3582 MCF10AT1 after 4 h: 100 ↑; 35 ↓ (44) 
MCF10CA1a (Affymetrix) t=4, 12 h after 12 h: 271 ↑; 120 ↓

(~14,500 genes) MCF10CA1a 
after 4 h: 37 ↑; 7 ↓

after 12 h: 115 ↑; 41 ↓



Breast Cancer 

Breast cancer is a common malignancy and the main cause
of death in women (21). Carcinogenesis in the breast is a
hormonally dependent process, in which the steroid hormone
estrogen plays a crucial role because it may initiate and
promote cancer development (42). In the early 1980s,
Eisman et al. (2) demonstrated that normal as well as
malignant breast tissue expressed a functional VDR.
Moreover, 1,25(OH)2D3 is a potent inhibitor of estrogen
receptor alpha-positive [ERα(+)] (MCF-7) and –negative
[ERα(–)] (MDA MB231) breast cancer cell growth. Several
microarray studies were conducted to unravel the actions of
1,25(OH)2D3 on breast cancer cells (Table II). The impact
of 1,25(OH)2D3 on apoptosis, growth factors and cell
adhesion will be discussed. 

Growth factors. As mentioned earlier, IGFBP-3 was up-
regulated in LNCaP PCa cells after treatment with
1,25(OH)2D3 (15, 38, 43). In malignant and metastatic
MCF10CA1a cells, IGFBP3 transcript levels were also
induced after treatment with Ro3582, a Gemini vitamin D
analog that contains two six-carbon side chains (44).
Furthermore, an increased expression of IGFBP-5 was
detected in MCF-7 cells after treatment with 1,25(OH)2D3
(21). The role of 1,25(OH)2D3 on the regulation of
transforming growth factor-β1 (TGF)-β1 and -2 is
contradictory. TGF-β1 expression was repressed after
1,25(OH)2D3 treatment in mouse mammary carcinoma SC-3
cells (19). Moses et al. reported, however, that TGF-β1
represses cell proliferation by suppressing v-myc
myelocytomatosis viral oncogene homolog (c-myc)
expression (45). TGF-β2 was up-regulated by 1,25(OH)2D3
in the human cell lines MCF-7, MCT10CA1a and MDA
MB231 (21, 44, 46). Induction of TGF-β2 by 1,25(OH)2D3
was suggested to mediate the antiproliferative effects of
1,25(OH)2D3 in breast cancer cells (6). These findings are
in line with the hypothesis that TGF-β1 and -2 have potent
tumor suppressor activity in the mammary gland (47). 

Expression levels of fibroblast growth factor (FGF) family
members were also regulated by 1,25(OH)2D3. Transcript
levels of FGF-7 and -9 were found to be up-regulated after
incubation with 1,25(OH)2D3 (20, 21), whereas other studies
reported a down-regulation of FGF-7 and -8 (19, 21). Data
regarding the regulation of FGF-7 are contradictory, which
may be related to differences in cell culture conditions. In
the study of Lyakhovich et al. (20) cells were treated with
1,25(OH)2D3 and a low dose of 17β-estradiol (10–9 M) which
may have led to an up-regulation of FGF-7. As FGF-8 is
known to support mammary tumor cell growth (48), down-
regulation of FGF-8 expression after 1,25(OH)2D3 treatment
highlights again the possible beneficial effects of
1,25(OH)2D3 in the treatment of cancer. 

Apoptosis and oxidative stress response. The expression
level of a set of caspases, which are important for the
execution phase of cell apoptosis, was reported to be
changed by 1,25(OH)2D3 action. Transcript levels of the
effector caspases (caspase-3, -6 and -8) and the
inflammatory caspase-4 were induced (21). The only
caspase to be down-regulated was the inflammatory
caspase-1 (21), having an impact not only on apoptosis but
also on cytokine maturation (interleukin (IL)-1) (49, 50).
The relevance of caspase-1 regulation is highlighted by the
fact that apoptosis resistant human hepatocellular
carcinoma cells (HCCs) showed decreased expression
levels of caspase-1 (51). Furthermore, thioredoxin
reductase (TrxR) expression was elevated by 1,25(OH)2D3
and Ro3582 (21, 44). A functional thioredoxin system
seems to be required for the induction of apoptosis by p53,
at events of apoptotic p53-inducing stimuli (52). The fact
that p53 may be necessary for apoptosis induction is
confirmed by the concomitant up-regulation of p53 by
1,25(OH)2D3 in breast cancer microarray studies (21, 46). 

Cell adhesion genes. A diverse set of genes involved in cell
adhesion and extracellular matrix composition were
regulated in breast cancer cells after 1,25(OH)2D3 and
Ro3582 treatment, respectively. Gene transcript levels of
zyxin, laminin b3, E-cadherin, CD44 and α1-catenin were
up-regulated after incubation with 1,25(OH)2D3 (21, 44).
On the contrary, expression of other adhesion-related
molecules, including cadherin K and integrin α1, was down-
regulated by 1,25(OH)2D3 (21, 44, 46). These data confirm
the impact of 1,25(OH)2D3 on cell adhesion. However, the
exact function of 1,25(OH)2D3 on the global process of
adhesion and extracellular matrix composition remains
elusive and needs further investigation. 

Ovarian Cancer 

The leading cause of death from gynecological malignancy is
ovarian cancer (53). Supraphysiological doses of
1,25(OH)2D3 and EB1089, a steroidal side chain analog of
1,25(OH)2D3, inhibit the proliferation of multiple ovarian
cancer cell lines, including OVCAR3, and reduce the growth
of OVCAR3 tumor xenografts in nude mice (54). 

In Table III, the number of genes regulated by
1,25(OH)2D3 in the OVCAR3 ovarian cancer cell line is
indicated. Regulated genes are not only involved in cell
growth and cell death but also in immunity, motility, cell-cell
adhesion and extracellular matrix interactions. 

Ovarian cancer growth and progression. 1,25(OH)2D3
regulated the expression of a number of genes that have
previously been associated with the growth and progression
of ovarian cancer such as endothelial differentiation,

ANTICANCER RESEARCH 29: 3471-3484 (2009)

3474



lysophosphatidic acid G-protein-coupled receptor (Edg2)
and the CXC chemokines GRO-β, GRO-γ and IL-8 (55-57).
The up-regulation of Edg2 by 1,25(OH)2D3 is in line with
the function of Edg2 in growth inhibition. On the other hand,
transcript levels of GRO- β, GRO- γ and IL-8 were down-
regulated by 1,25(OH)2D3, which is consistent with the fact
that these chemokines are shown to promote tumor growth
and motility. 

Apoptosis. The expression levels of a group of apoptosis-
related genes were modified in OVCAR3 cells upon
treatment with 1,25(OH)2D3. Induction of the pro-apoptotic
genes TGF-β, c-abl oncogene 1, receptor tyrosine kinase
(ABL1), and the growth arrest and DNA-damage-inducible
protein (GADD45A), together with the down-regulation of
the antiapoptotic gene apoptosis inhibitor 5 (API5L1) agreed
with the finding that induction of cell death represented an
important mechanism of 1,25(OH)2D3-induced growth
suppression (27). However, whereas persistent 1,25(OH)2D3
treatment induced apoptosis in ovarian cancer cells, pre-
treatment with 1,25(OH)2D3 suppressed death receptor-
mediated apoptosis. Consistent with this, the decoy receptor
that inhibits tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL) and TRAIL receptor 4 were
induced after incubation with 1,25(OH)2D3. On the contrary,

transcription levels of TNF receptor superfamily, member 6
(Fas), which is crucial to mediate cell death was down-
regulated. The protective effects of 1,25(OH)2D3 against
TRAIL-induced apoptosis was confirmed in breast and
prostate cancer cells (27). 

Colorectal Cancer 

Colorectal cancer is a common non-cutaneous malignancy.
As a model of colon cancer different cell lines have been
used in microarray studies (Table III). CaCo-2 cells and
SW480ADH (58), a subline of SW480 cells, express
endogenous VDR and are 1,25(OH)2D3 responsive. LS-174T
cells are less responsive to 1,25(OH)2D3 and do not
differentiate after 1,25(OH)2D3 exposure (26). Nevertheless,
24-hydroxylase (CYP24), responsible for the catabolism of
1,25(OH)2D3, was highly induced in this cell line after
treatment with 1,25(OH)2D3. Comparable with other
microarray studies, 1,25(OH)2D3 affected the expression of
a wide variety of genes involved in multiple processes such
as regulation of transcription, cell adhesion, DNA synthesis,
apoptosis, redox control and intracellular signalling. Some
genes have been found to be regulated by 1,25(OH)2D3 in
different colon cancer cell lines and may therefore represent
important mediators of the effects of 1,25(OH)2D3. 
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Table III. Summary on microarray studies in ovarian and colon cancer cells as well as squamous carcinoma cells treated with 1,25(OH)2D3 or
analog EB1089. 

Cell line Microarray platform Concentration (c) of 1,25(OH)2D3 Number of regulated genes Ref. 
or analog + timepoints (t)

Ovarian cancer
OVCAR3 U95Av2 and U133A Gene Chips c=10–7 M 58 ↑; 38 ↓ (27) 

(Affymetrix) t=0, 8, 24, 72 h
(~15,000 genes)

Colon cancer
SW480 ADH and U95A human gene arrays c=10–7 M SW480 ADH after 4 h: 81 ↑; 21 ↓ (26) 
LS-174T (Affymetrix) t=4, 48 h after 48 h: 87 ↑; 54 ↓

(~10,000 genes) LS-174T after 48 h: 14 ↑; 3 ↓

CaCo-2 HG-U95Av2 Gene Chips c=10–7 M 11 ↑; 1 ↓ (25) 
(Affymetrix) t=24 h

(~10,000 genes)

Squamous carcinoma cells
SCC25 HuGene FL c=10–7 M EB1089 89 ↑; 63 ↓ (29) 

oligonucleotide microarray (Affymetrix) t=0, 1, 2, 6, 12, 24, 48 h
(~5,600 genes)

SCC25 Atlas cDNA expression array c=10-7 M EB1089 38 ↑ (28) 
(Clontech) (588 genes) and t=24 h

Named Gene filters (Research Genetics) 
(~4,500 genes)



JNK regulation by 1,25(OH)2D3. The mitogen-activated
protein kinase 8 (JNK), is a member of the mitogen-
activated protein kinase (MAPK) family, which plays an
important role in the regulation of basic cellular processes
such as development, differentiation, proliferation, regulation
of transcription and apoptotic cell death. The JNKs are
encoded by three different JNK loci and are activated by
various stimuli (59). One of the down-stream targets of JNK
is the transcription factor AP-1. AP-1 is a multiprotein
complex composed by the gene products of the jun, fos and
ATF genes (60-62). The microarray studies in colon cancer
cell lines showed that different jun family members (c-jun,
JunD, JunB) were up-regulated after 1,25(OH)2D3 exposure
(25, 26). These findings agree with other studies, which
reported that expression of JNK and members of the jun
family increased after 1,25(OH)2D3 or analog treatment (29,
63, 64). Qi et al. (65) suggested that crosstalk between
MAPK signalling cascades might mediate the action of
1,25(OH)2D3 in cancer cells. 

GTP-binding protein overexpressed in skeletal muscle
(Gem) up-regulated by 1,25(OH)2D3. Gem is a member of
the RGK family of GTP-binding proteins within the Ras
superfamily (66). The up-regulation of Gem by
1,25(OH)2D3 action has also been demonstrated in other
cancer cell types (29, 46). The known cellular function of
Gem is the inhibition of Rho kinase (ROK)-mediated
cytoskeletal rearrangement and the inhibition or expression
of voltage-gated calcium channels at the cell surface (66,
67). Gem is able to inhibit cell proliferation by reducing
calcium-mediated cell growth (66). The antiproliferative
effects of 1,25(OH)2D3 in CaCo-2 cells may be further
promoted by an interplay of Gem and Sorcin (68). Sorcin,
which is also up-regulated by 1,25(OH)2D3 action (25), is
a calcium-binding protein modulating intracellular calcium
release. The interplay between these two new 1,25(OH)2D3
target genes may affect calcium channel activity and
thereby cell growth and physiology. 

Other 1,25(OH)2D3 target genes in colon cancer cells.
Transcript levels of transient receptor potential–vanilloid 6
(TRPV6/CaT1/ZFAB) were induced by 1,25(OH)2D3 in
SW480-ADH as well as in LS-174T colon cancer cells.
TRPV6 is a major calcium transporter in intestinal epithelial
cell membranes and is involved in 1,25(OH)2D3-mediated
active calcium absorption in the intestine. This calcium
channel is not only highly important in intestine but also in
other organs with high calcium transport requirements (69).
Previous studies already reported the induction of TRPV6 by
1,25(OH)2D3 (70) and identified TRPV6 as a direct vitamin
D target gene (71). A gene commonly up-regulated by
1,25(OH)2D3 in SW480 ADH and LS-174T cells is
kallikrein-related peptidase 6 (KLK6/protease M). KLK6 is

a member of the kallikrein gene family, which are serine
proteases implicated in various physiological processes
ranging from cellular homeostasis to tissue remodelling (72).
Expression of KLK6 is often dysregulated in cancer (73),
although its physiological role is still unknown. Its basal
expression is down-regulated in breast cancer whereas
transcript levels of KLK6 are higher in colorectal cancer
tissue (74, 75). The KLK6 gene is transcriptionally regulated
by steroid hormones. Treatment with 1,25(OH)2D3 and
analogs was also shown to increase expression of KLK6 (26,
29, 44). The gene bilirubin UDP-glucuronosyltransferase
isozyme 2 was also shown to be induced by 1,25(OH)2D3 in
SW480-ADH and LS-174T cells. Bilirubin UDP-
glucuronosyltransferase isozyme 2 is part of the
glucuronidation pathway. The enzymes in the pathway
transform lipophilic molecules (drugs, bilirubin or steroids)
into water soluble and excretable metabolites. A study
conducted in 1,25(OH)2D3-deficient rats showed that
1,25(OH)2D3 regulates a set of biotransformator genes (76).
The biotransformator gene UDP-glucuronosyltransferase
(UGT1A) was up-regulated by 1,25(OH)2D3, suggesting
that 1,25(OH)2D3 is a factor necessary in detoxification and
protection against environmental toxins (76). In concordance
with these data, the regulation of genes involved in the
oxidative stress pathway [gluthationine peroxidase,
glutathione-S-transferase, alpha 4 (GSTA4)] has been
described in 1,25(OH)2D3-deficient rats as well as in colon
cancer cells (26, 76). 

Squamous Cell Carcinoma

Squamous cell carcinoma is a malignant tumor derived from
epithelium or mucous membranes. Proliferation of the SCC25
head and neck squamous carcinoma cell line is inhibited by
1,25(OH)2D3 and the analog EB1089. Moreover, EB1089
reduced tumor growth in a mouse model of head and neck
squamous cell carcinoma (77). An overview of microarray
studies conducted in the SCC25 squamous carcinoma cell line
after EB1089 treatment is shown in Table III. 

Microarray analysis of EB1089-treated SCC25 cells
revealed that treatment with EB1089 drove SCC25 cells
towards a less malignant phenotype (29). EB1089-regulated
genes controlled different cellular processes such as cell
cycle progression, cell adhesion, extracellular matrix
composition, inter- and intracellular signalling, G protein-
coupled receptor function, intracellular redox balance and
steroid metabolism. EB1089 was found to target the same
genes as the parent molecule 1,25(OH)2D3, albeit in a more
sustained manner. Upon comparison of the lists of genes
regulated by EB1089 in the two independent microarray
experiments, only a few genes were found in common:
galectin (cell adhesion), COX-2 (steroid metabolism) and
amphiregulin (growth factor). 
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Growth factor signalling. Amphiregulin is a member of the
epidermal growth factor family of peptide growth factors.
Transcript levels of amphiregulin have been induced by
1,25(OH)2D3 and EB1089 (28, 29, 78). Moreover,
amphiregulin itself was able to partially repress proliferation
of squamous cancer cells (78), which suggested that
amphiregulin may act as a component of the antiproliferative
response to 1,25(OH)2D3 and its analogs by inhibiting
proliferation in an autocrine or paracrine manner.
Interestingly, transcript levels of amphiregulin were also
modified upon 1,25(OH)2D3-treatment in colon cancer (25). 

Steroid metabolism. COX-2 transcript levels were induced
after treatment with EB1089 in squamous cell carcinoma
whereas the expression of COX-2 was suppressed by
1,25(OH)2D3 in prostate cancer cells (15, 16, 29, 34).
Nevertheless, these findings indicate once again that the
1,25(OH)2D3-induced signalling pathway affects
prostaglandin metabolism. 

Leukemia 

Acute myeloid leukemia (AML) is a heterogeneous group of
leukemias that result from clonal transformation of
hematopoietic precursors through the acquisition of
chromosomal rearrangements and multiple gene mutations
(79). As acute myeloid leukemia cells are proliferatively
immature and not fully differentiated, differentiation therapy
is potentially effective for initiation of terminal
differentiation and may represent a supplementary approach
for the treatment of neoplastic disease in combination with
existing treatment modalities (22, 80). 1,25(OH)2D3 is a

potent initiator of differentiation in human AML cell lines
such as HL-60, which are predominantly neutrophilic
promyelocytes (81). Treatment of HL-60 cells with
1,25(OH)2D3 resulted in a reduced proliferation and
enhanced differentiation along the monocyte-macrophage
pathway (82, 83). To understand the changes on the
transcriptional level accounting for the differentiation process
in HL-60 cells upon treatment with 1,25(OH)2D3, different
microarray studies have been conducted (Table IV).
Microarray studies of HL-60 leukemia cells treated with
1,25(OH)2D3 show that transcription of a diverse set of
genes was regulated. Affected cellular processes included
cell differentiation, cell cycle regulation, protein synthesis
and nuclear transport. 

Oncogene-related genes. Oncogenes, which have been
reported to be down-regulated by 1,25(OH)2D3, are c-myc
(24), v-myc (the viral homolog of c-myc) (23), Myb-related
protein B (22) and v-myb myeloblastosis viral oncogene
homolog (23). These findings confirmed earlier studies in
which the decrease in myc expression after 1,25(OH)2D3-
treatment was shown (84, 85). The inhibitory effect of
1,25(OH)2D3 on oncogene expression highlights the possible
role of 1,25(OH)2D3 in cancer therapy. 

Cytokine expression. Several microarray studies in HL-60
cells reported the upregulation of the pro-inflammatory
cytokines IL-1β, IL-8 and TNF-α after treatment with
1,25(OH)2D3 (22-24, 86, 87). IL-1β and IL-8 were
suggested to be involved in the monocytic differentiation of
normal hematopoietic progenitors (88). Furthermore, IL-1β
was able to induce the expression of hematopoetic growth
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Table IV. Summary on microarray studies in HL-60 leukemia cells treated with 1,25(OH)2D3. 

Microarray platform Concentration (c) of Number of regulated genes Ref. 
1,25(OH)2D3 + timepoints (t)

IntelliGene HS Human Expression c=10–7 M after 24 h: 583 ↑; 1403 ↓; (23) 
CHIP (TaKaRa, Bio Inc., Tokyo) t=24, 48, 72 h

(16,600 genes) after 48 h: 852 ↑; 655 ↓;

after 72 h: 667 ↑; 1645 ↓
7 ↑; 9 ↓

IntelliGene Human Cancer Chip 2.0 c=10–7 M (101) 
(Bio Inc., Tokyo) t=48, 144 h

(425 genes)
Human haematology  array filters c=5×10–8 M after 24 h: 7 ↑; 25 ↓; (24) 

(Clontech) (406 genes) t=24, 72 h after 72 h: 14 ↑; 12 ↓
In-house spotted array (872 genes) c=10–7 M after 72 h: 28 ↑; 29 ↓ (22) 

t=0, 6, 12, 24, 36, 48, 72 h
Microarray with human cancer genes   c=2,4×10–8 M after 24 h: 4 ↑; 5 ↓ (86) 

(~1,000 genes) t=24 h
(TaKaRa Bio Inc., Tokyo)



factors, which are important for the regulation of cellular
function and traffic (89). The up-regulation of monocyte
differentiation CD14 antigen has also been reported (23, 24).
CD14, already known to be induced upon treatment with
1,25(OH)2D3, is a membrane-associated glycosyl-
phosphatidylinositol-linked protein expressed at the surface
of cells and is often used as a monocyte/macrophage marker
(23, 24, 90). Elevated levels of CD14 confirmed the
differentiation of HL-60 cells along the monocyte-
macrophage pathway after 1,25(OH)2D3 treatment. 

S-100 calcium-binding proteins. The expression of the genes
for S-100 calcium-binding proteins S-100 A8, A9 (91) and
A4 (86) was up-regulated in HL-60 cells treated with
1,25(OH)2D3. Court et al. (92) showed that the proteins 
S-100 A8 and S-100 A9, which inhibit cell migration and
differentiation, are the most highly expressed in non-
malignant cells. Furthermore, the involvement of S-100P
protein in isopentenyladenine (IPA)-driven cell differentiation
was shown by Ishii et al. (86). These data suggest that S-100
proteins may play a role during differentiation of HL-60 cells
into a less malignant and more differentiated cell population.
Interestingly, in different breast epithelial cells S-100 A7
expression was considerably higher in premalignant than in
fully malignant and metastatic cells after treatment with the
1,25(OH)2D3 Gemini analog Ro3582 (44). 

Eukaryotic translation initiation factors. The down-
regulation of different eukaryotic translation initiation factors
(eIF), including the factors eIF-2, subunit beta and eIF-3,
has been reported in a number of microarray studies (22, 23,
87). Those factors consist of several different subunits and
form stable complexes with the 40S ribosomal subunit (93).
A down-regulation of these factors by 1,25(OH)2D3
culminated in a down-regulation of translation and
concordantly in reduced cellular function and activity. 

Importin and exportin expression. Importins and exportins
are karyopherin nuclear transport factors of the importin-beta
superfamily. Exportins are crucial for the nuclear export of
RNAs (94, 95) and encompass proteins such as eukaryotic
translation elongation factor 1A (96), interleukin enhancer
binding factor 3 (97), amongst others (98). Suzuki et al.
(23) demonstrated that exportins 5 and 7, exportin-tRNA and
exportin 1/CRM1 were down-regulated in 1,25(OH)2D3-
treated HL-60 cells. Furthermore, it has been previously
reported that inhibition of exportin 1/CRM1 inhibited cell
proliferation and cell cycle progression (99, 100).
Interestingly, gene expression of most importins was down-
regulated when HL-60 cells were treated with 1,25(OH)2D3
(23). The suppression of importins and exportins by the
same substance is coherent exemplifying an equilibrium in
nuclear transport.  

Conclusion 

To identify key genes that are (directly) regulated by
1,25(OH)2D3 and involved in the growth-inhibitory and pro-
differentiating pathway of 1,25(OH)2D3, a broad set of
microarray studies have been performed on different types
of cancer cells (prostate, breast, ovarian, colorectal,
squamous cell carcinoma, and leukemia). Upon comparison
of the lists of genes regulated by 1,25(OH)2D3 in the
different microarray studies on several cancer cell types, only
a small set of individual genes was found to be commonly
regulated (Table V). Discrepancies between the number and
nature of genes regulated by 1,25(OH)2D3 may have
different causes. Although each human cell possesses the
same genomic setting, the spectrum of active genes in each
tumor cell is diverse and depends on the tissue from which
the cancer cell derives. In addition, 1,25(OH)2D3 acts in a
cell type- and tissue-specific manner, which may further
contribute to differences in the sets of 1,25(OH)2D3-
regulated genes. Moreover, the use of different microarray
platforms, different cell line subclones and differences in cell
culture conditions are supplementary causes of variability.
Nevertheless, upon comparison of all microarray data it was
possible to distinguish some individual genes or processes
that were commonly regulated by 1,25(OH)2D3 (Table V).
Not surprisingly, most microarray studies revealed a large
induction of CYP24 in cancer cells treated with
1,25(OH)2D3 (Table V). Common cellular processes targeted
by 1,25(OH)2D3 in the different cancer cell lines include cell
cycle progression, apoptosis, cellular adhesion, oxidative
stress, immune function, steroid metabolism, and intra- and
intercellular signalling. In view of the growth-inhibitory
effect of 1,25(OH)2D3, it was not surprising that a number of
genes either directly involved in cell cycle progression or
pathways regulating cell growth were affected by
1,25(OH)2D3. A number of genes encoding for cyclin family
members, which are important regulators of cyclin-
dependent kinases during cell cycle progression, were
transcriptionally regulated by 1,25(OH)2D3 in different
target tissues (22, 23, 25, 27, 29, 46, 101). Transcript levels
of G0/G1 switch 2 (G0S2) were induced by 1,25(OH)2D3 in
breast, colon and squamous cell carcinomas (26, 29, 46).
Interestingly, G0S2, thought to be involved in the G0/G1
switch, has been previously identified as a direct target gene
of other nuclear receptors such as PPAR and RAR (102,
103). GADD45A is one of the few genes of which the
expression was regulated by 1,25(OH)2D3 in most discussed
cancer cell types (14, 26-28, 44, 46). GADD45 proteins
function as stress sensors by mediating a complex interplay
of physical interactions with other cellular proteins that are
implicated in cell cycle regulation and stress response. As
such, GADD45 is able to interact with proliferating cell
nuclear antigen (PCNA), p21, cdc2/cyclin B1, and the p38
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and JNK stress response kinases (104, 105). These
interactions will eventually lead to cell cycle arrest, DNA
repair, cell survival and senescence or apoptosis. Induction
of GADD45A by 1,25(OH)2D3 has been previously
demonstrated and was suggested to mediate G2/M arrest, or
apoptosis of cells after incubation with 1,25(OH)2D3 (106).
Depending on the cell type and/or growth conditions,
1,25(OH)2D3 was shown to interact with different signalling
pathways, which may contribute to its growth-inhibitory
effects. Indeed, multiple studies demonstrated the interplay
between 1,25(OH)2D3-signalling and the growth factors
TGF-β and IGF-I (through IGFBP proteins) (107, 108).
Furthermore, various microarray studies demonstrated the
interference of 1,25(OH)2D3-induced signalling and
prostaglandin metabolism, which may point to an important
role of regulation of prostaglandin synthesis in the
antiproliferative activity of 1,25(OH)2D3 (16). The
immunomodulatory properties of 1,25(OH)2D3 are reflected
by the induction of CD14, a correceptor for toll-like
receptors, in leukemia cells and by a marked up-regulation
of cathelicidin antimicrobial peptide in leukemia and in
prostate, breast and ovarian cancer cells (17, 23, 27, 44).

Cathelicidin antimicrobial peptide has been previously
shown to be a direct vitamin D target gene and to be required
for the 1,25(OH)2D3-triggered antimicrobial activity (109,
110). However, the functionality of this up-regulation by
1,25(OH)2D3 in cancer cells remains to be investigated.
From Table V, the induction of G-protein-coupled receptor
kinase 5 (GPRK5) and GTP-binding protein overexpressed
in skeletal muscle (GEM) by 1,25(OH)2D3 in most cancer
cell types is evident. However, their role in the pleiotropic
effects of 1,25(OH)2D3 still needs further examination.

In conclusion, although it is very difficult to compare
mutual studies due to differences in cell types and
experimental set-up, it has to be acknowledged that
microarray experiments provided an ample amount of data
which contributed significantly to a better understanding of
the mechanism of action of 1,25(OH)2D3 and its analogs. 
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Table V. Summary on genes commonly regulated by 1,25(OH)2D3 or analog in cancer cells based on microarray studies. 

Gene name Prostate cancer Breast cancer Ovarian cancer Colon cancer Squamous cancer Leukemia

Cell growth and apoptosis
Cyclin A1 ↑ (27) ↓ (29) ↓ (22) 
Cyclin D2 ↑ (46) ↓ (23, 101) 
Cyclin F ↓ (25) ↓ (29)
G0S2 ↑ (46) ↑ (26) ↑ (29)
GADD45 ↑ (14) ↑ (44, 46) ↑ (27) ↑ (26) ↑ (28)
Insulin-like growth factor-binding 
protein 3 (IGFBP3) ↑ (15) ↑ (44, 46) ↑ (26)

Oncogenes
myc, myb ↑ (46) ↓ (44) ↑ (29) ↓ (22, 23, 24) 

Enzymes
24-Hydroxylase ↑ (12, 17) ↑ (21, 44) ↑ (27) ↑ (26, 25) ↑ (29)
Kallikrein 6 ↑ (44) ↑ (27) ↑ (26)
Carbonic anhydrases ↑ (17) ↑ ↓ (44) ↑ (25, 26)
G protein-coupled receptor 
kinase 5 (GPRK5) ↑ (19, 44) ↑ (27) ↑ (29) ↑ (23) 
GTP-binding protein overexpressed
in skeletal muscle (GEM) ↑ (44, 46) ↑ (27) ↑ (25, 26) ↑ (29)
Thioredoxin reductase 1 ↑ (17) ↑ (21, 44) ↑ (29) ↑ (86) 
Prostaglandin metabolism ↑ (15) ↑ (19, 44) ↑ (29) ↑ (23, 86) 
Dual specificity phosphatase 10 
(DUSP10) ↑ (17) ↑ (44) ↑ (27)

Transcription factors
Jun ↑ (44) ↑ (25, 26) ↓ (29)

Growth factors
TGF-β ↑ (21, 44, 46) ↓ (19) ↑ (29)

Miscellaneous
Cathelicidin antimicrobial peptide ↑ (17) ↑ (44) ↑ (27) ↑ (23) 
Eukaryotic translation initiation factors ↑ (21) ↑ (25) ↓ (101) 
S-100 Calcium-binding proteins ↑ (44) ↓ (27) ↑ (23) 



References 

1 Dusso AS, Brown AJ and Slatopolsky E: Vitamin D. Am J
Physiol Renal Physiol 289: F8-28, 2005. 

2 Eisman JA, Macintyre I, Martin TJ, Frampton RJ and King RJ:
Normal and malignant breast tissue is a target organ for 1,25-
(OH)2 vitamin D3. Clin Endocrinol 13: 267-272, 1980. 

3 Colston K, Colston MJ and Feldman D: 1,25-dihydroxyvitamin
D3 and malignant melanoma: the presence of receptors and
inhibition of cell growth in culture. Endocrinology 108: 1083-
1086, 1981. 

4 Abe E, Miyaura C, Sakagami H, Takeda M, Konno K,
Yamazaki T, Yoshiki S and Suda T: Differentiation of mouse
myeloid leukemia cells induced by 1 alpha,25dihydroxyvitamin
D3. Proc Natl Acad Sci USA 78: 4990-4994, 1981. 

5 Wang QM, Jones JB and Studzinski GP: Cyclin-dependent
kinase inhibitor p27 as a mediator of the G1-S phase block
induced by 1,25-dihydroxyvitamin D3 in HL60 cells. Cancer
Res 56: 264-267, 1996. 

6 Verlinden L, Verstuyf A, Convents R, Marcelis S, Van Camp M
and Bouillon R: Action of 1,25(OH)2D3 on the cell cycle genes,
cyclin D1, p21 and p27 in MCF-7 cells. Mol Cell Endocrinol
142: 57-65, 1998. 

7 Jensen SS, Madsen MW, Lukas J, Binderup L and Bartek J:
Inhibitory effects of 1alpha,25-dihydroxyvitamin D(3) on the
G(1)-S phase-controlling machinery. Mol Endocrinol 15: 1370-
1380, 2001. 

8 Li P, Li C, Zhao X, Zhang X, Nicosia SV and Bai W: p27(Kip1)
stabilization and G(1) arrest by 1,25-dihydroxyvitamin D(3) in
ovarian cancer cells mediated through down-regulation of cyclin
E/cyclin-dependent kinase 2 and Skp1-Cullin-F-box
protein/Skp2 ubiquitin ligase. J Biol Chem 279: 25260-25267,
2004. 

9 Deeb KK, Trump DL and Johnson CS: Vitamin D signalling
pathways in cancer: potential for anticancer therapeutics. Nat
Rev Cancer 7: 684-700, 2007. 

10 Kulesh DA, Clive DR, Zarlenga DS and Greene JJ:
Identification of interferon-modulated proliferation-related
cDNA sequences. Proc Natl Acad Sci USA 84: 84538457,
1987. 

11 Schena M, Shalon D, Davis RW and Brown PO: Quantitative
monitoring of gene expression patterns with a complementary
DNA microarray. Science 270: 467-470, 1995. 

12 Guzey M, Luo J and Getzenberg RH: Vitamin D3 modulated
gene expression patterns in human primary normal and cancer
prostate cells. J Cell Biochem 93: 271-285, 2004. 

13 Ikezoe T, Gery S, Yin D, O'Kelly J, Binderup L, Lemp N,
Taguchi H and Koeffler HP: CCAAT/enhancer-binding protein
delta: a molecular target of 1,25dihydroxyvitamin D3 in
androgen-responsive prostate cancer LNCaP cells. Cancer Res
65: 4762-4768, 2005. 

14 Khanim FL, Gommersall LM, Wood VH, Smith KL, Montalvo
L, O'Neill LP, Xu Y, Peehl DM, Stewart PM, Turner BM and
Campbell MJ: Altered SMRT levels disrupt vitamin D3 receptor
signalling in prostate cancer cells. Oncogene 23: 6712-6725,
2004. 

15 Krishnan AV, Shinghal R, Raghavachari N, Brooks JD, Peehl
DM and Feldman D: Analysis of vitamin D-regulated gene
expression in LNCaP human prostate cancer cells using cDNA
microarrays. Prostate 59: 243-251, 2004. 

16 Moreno J, Krishnan AV, Peehl DM and Feldman D:
Mechanisms of vitamin D-mediated growth inhibition in
prostate cancer cells: inhibition of the prostaglandin pathway.
Anticancer Res 26: 2525-2530, 2006. 

17 Peehl DM, Shinghal R, Nonn L, Seto E, Krishnan AV, Brooks
JD and Feldman D: Molecular activity of 1,25-
dihydroxyvitamin D3 in primary cultures of human prostatic
epithelial cells revealed by cDNA microarray analysis. J Steroid
Biochem Mol Biol 92: 131-141, 2004. 

18 Qiao S and Tuohimaa P: The role of long-chain fatty-acid-CoA
ligase 3 in vitamin D3 and androgen control of prostate cancer
LNCaP cell growth. Biochem Biophys Res Commun 319: 358-
368, 2004. 

19 Kawata H, Kamiakito T, Takayashiki N and Tanaka A: Vitamin
D3 suppresses the androgen-stimulated growth of mouse
mammary carcinoma SC-3 cells by transcriptional repression
of fibroblast growth factor 8. J Cell Physiol 207: 793-799,
2006. 

20 Lyakhovich A, Aksenov N, Pennanen P, Miettinen S, Ahonen
MH, Syvala H, Ylikomi T and Tuohimaa P: Vitamin D induced
up-regulation of keratinocyte growth factor (FGF-7/KGF) in
MCF-7 human breast cancer cells. Biochem Biophys Res
Commun 273: 675-680, 2000. 

21 Swami S, Raghavachari N, Muller UR, Bao YP and Feldman
D: Vitamin D growth inhibition of breast cancer cells: gene
expression patterns assessed by cDNA microarray. Breast
Cancer Res Treat 80: 49-62, 2003. 

22 Song JH, Kim JM, Kim SH, Kim HJ, Lee JJ, Sung MH, Hwang
SY and Kim TS: Comparison of the gene expression profiles of
monocytic versus granulocytic lineages of HL-60 leukemia cell
differentiation by DNA microarray analysis. Life Sci 73: 1705-
1719, 2003. 

23 Suzuki T, Tazoe H, Taguchi K, Koyama Y, Ichikawa H, Hayakawa
S, Munakata H and Isemura M: DNA microarray analysis of
changes in gene expression induced by 1,25-dihydroxyvitamin D3
in human promyelocytic leukemia HL-60 cells. Biomed Res 27:
99-109, 2006. 

24 Savli H, Aalto Y, Nagy B, Knuutila S and Pakkala S: Gene
expression analysis of 1,25(OH)(2)D-3-dependent differentiation
of HL-60 cells: a cDNA array study. Br J Haematol 118: 1065-
1070, 2002. 

25 Wood RJ, Tchack L, Angelo G, Pratt RE and Sonna LA: DNA
microarray analysis of vitamin D-induced gene expression in a
human colon carcinoma cell line. Physiol Genomics 17: 122-
129, 2004. 

26 Palmer HG, Sanchez-Carbayo M, Ordonez-Moran P, Larriba
MJ, Cordon-Cardo C and Munoz A: Genetic signatures of
differentiation induced by 1alpha,25dihydroxyvitamin D3 in
human colon cancer cells. Cancer Res 63: 7799-7806, 2003. 

27 Zhang X, Li P, Bao J, Nicosia SV, Wang H, Enkemann SA and
Bai W: Suppression of death receptor-mediated apoptosis by
1,25-dihydroxyvitamin D3 revealed by microarray analysis. J
Biol Chem 280: 35458-35468, 2005. 

28 Akutsu N, Lin R, Bastien Y, Bestawros A, Enepekides DJ,
Black MJ and White JH: Regulation of gene expression by
1alpha,25-dihydroxyvitamin D3 and its analog EB1089 under
growth-inhibitory conditions in squamous carcinoma cells. Mol
Endocrinol 15: 1127-1139, 2001. 

29 Lin R, Nagai Y, Sladek R, Bastien Y, Ho J, Petrecca K,
Sotiropoulou G, Diamandis EP, Hudson TJ and White JH:

ANTICANCER RESEARCH 29: 3471-3484 (2009)

3480



Expression profiling in squamous carcinoma cells reveals
pleiotropic effects of vitamin D-3 analog EB1089 signaling on
cell proliferation, differentiation, and immune system
regulation. Mol Endocrinol 16: 1243-1256, 2002. 

30 Chen TC and Holick MF: Vitamin D and prostate cancer
prevention and treatment. Trends Endocrinol Metab 14: 423-
430, 2003. 

31 Feldman D, Skowronski RJ and Peehl DM: Vitamin D and
prostate cancer. Adv Exp Med Biol 375: 53-63, 1995. 

32 Krill D, Stoner J, Konety BR, Becich MJ and Getzenberg RH:
Differential effects of vitamin D on normal human prostate
epithelial and stromal cells in primary culture. Urology 54: 171-
177, 1999. 

33 Bao BY, Yao J and Lee YF: 1Alpha, 25-dihydroxyvitamin D3
suppresses interleukin8-mediated prostate cancer cell
angiogenesis. Carcinogenesis 27: 1883-1893, 2006. 

34 Moreno J, Krishnan AV and Feldman D: Molecular mechanisms
mediating the anti-proliferative effects of vitamin D in prostate
cancer. J Steroid Biochem Mol Biol 97: 31-36, 2005. 

35 Qiao S, Pennanen P, Nazarova N, Lou YR and Tuohimaa P:
Inhibition of fatty acid synthase expression by 1alpha,25-
dihydroxyvitamin D3 in prostate cancer cells. J Steroid
Biochem Mol Biol 85: 1-8, 2003. 

36 Firth SM and Baxter RC: Cellular actions of the insulin-like
growth factor binding proteins. Endocr Rev 23: 824-854, 2002. 

37 Yu H and Rohan T: Role of the insulin-like growth factor
family in cancer development and progression. J Natl Cancer
Inst 92: 1472-1489, 2000. 

38 Krishnan AV, Peehl DM and Feldman D: Inhibition of prostate
cancer growth by vitamin D: Regulation of target gene
expression. J Cell Biochem 88: 363-371, 2003.

39 Fujita H, Koshida K, Keller ET, Takahashi Y, Yoshimito T,
Namiki M and Mizokami A: Cyclooxygenase-2 promotes
prostate cancer progression. Prostate 53: 232-240, 2002. 

40 Yan M, Rerko RM, Platzer P, Dawson D, Willis J, Tong M,
Lawrence E, Lutterbaugh J, Lu S, Willson JK, Luo G, Hensold J,
Tai HH, Wilson K and Markowitz SD: 15Hydroxyprostaglandin
dehydrogenase, a COX-2 oncogene antagonist, is a TGF-beta-
induced suppressor of human gastrointestinal cancers. Proc Natl
Acad Sci USA 101: 17468-17473, 2004. 

41 Ding Y, Tong M, Liu S, Moscow JA and Tai HH: NAD+-linked
15hydroxyprostaglandin dehydrogenase (15-PGDH) behaves as a
tumor suppressor in lung cancer. Carcinogenesis 26: 65-72, 2005. 

42 Dunn BK, Wickerham L and Ford LG: Prevention of hormone-
related cancers: Breast cancer. J Clin Oncol 23: 357-367, 2005. 

43 Boyle BJ, Zhao XY, Cohen P and Feldman D: Insulin-like growth
factor-binding protein-3 mediates 1 alpha,25-dihydroxyvitamin
d(3) growth inhibition in the LNCaP prostate cancer cell line
through p21/WAF1. J Urol 165: 1319-1324, 2001. 

44 Lee HJ, Liu H, Goodman C, Ji Y, Maehr H, Uskokovic M,
Notterman D, Reiss M and Suh N: Gene expression profiling
changes induced by a novel Gemini vitamin D derivative during
the progression of breast cancer. Biochem Pharmacol 72: 332-
343, 2006. 

45 Moses HL, Arteaga CL, Alexandrow MG, Dagnino L,
Kawabata M, Pierce DF, Jr. and Serra R: TGF beta regulation of
cell proliferation. Princess Takamatsu Symp 24: 250-263, 1994. 

46 Towsend K, Trevino V, Falciani F, Stewart PM, Hewison M and
Campbell MJ: Identification of VDR-responsive gene signatures
in breast cancer cells. Oncology 71: 111-123, 2006. 

47 Wakefield LM, Piek E and Bottinger EP: TGF-beta signaling in
mammary gland development and tumorigenesis. J Mammary
Gland Biol Neoplasia 6: 67-82, 2001. 

48 Marsh SK, Bansal GS, Zammit C, Barnard R, Coope R,
Roberts-Clarke D, Gomm JJ, Coombes RC and Johnston CL:
Increased expression of fibroblast growth factor 8 in human
breast cancer. Oncogene 18: 1053-1060, 1999. 

49 Stollenwerk MM, Lindholm MW, Porn-Ares MI, Larsson A,
Nilsson J and Ares MP: Very low-density lipoprotein induces
interleukin-1beta expression in macrophages. Biochem Biophys
Res Commun 335: 603-608, 2005. 

50 Karki P, Dahal GR and Park IS: Both dimerization and
interdomain processing are essential for caspase-4 activation.
Biochem Biophys Res Commun 356: 1056-1061, 2007. 

51 Fujikawa K, Shiraki K, Sugimoto K, Ito T, Yamanaka T, Takase
K and Nakano T: Reduced expression of ICE/caspase1 and
CPP32/caspase3 in human hepatocellular carcinoma. Anticancer
Res 20: 1927-1932, 2000. 

52 Arner ES and Holmgren A: The thioredoxin system in cancer.
Semin Cancer Biol 16: 420-426, 2006. 

53 Salehi F, Dunfield L, Phillips KP, Krewski D and Vanderhyden
BC: Risk factors for ovarian cancer: an overview with emphasis
on hormonal factors. J Toxicol Environ Health B Crit Rev 11:
301-321, 2008. 

54 Zhang X, Jiang F, Li P, Li C, Ma Q, Nicosia SV and Bai W:
Growth suppression of ovarian cancer xenografts in nude mice
by vitamin D analogue EB1089. Clin Cancer Res 11: 323-328,
2005. 

55 So J, Navari J, Wang FQ and Fishman DA: Lysophosphatidic
acid enhances epithelial ovarian carcinoma invasion through the
increased expression of interleukin-8. Gynecol Oncol 95: 314-
322, 2004. 

56 Raghuwanshi SK, Nasser MW, Chen X, Strieter RM and
Richardson RM: Depletion of beta-arrestin-2 promotes tumor
growth and angiogenesis in a murine model of lung cancer. J
Immunol 180: 5699-5706, 2008. 

57 Hu YL, Tee MK, Goetzl EJ, Auersperg N, Mills GB, Ferrara N
and Jaffe RB: Lysophosphatidic acid induction of vascular
endothelial growth factor expression in human ovarian cancer
cells. J Natl Cancer Inst 93: 762-768, 2001. 

58 Palmer HG, Gonzalez-Sancho JM, Espada J, Berciano MT, Puig
I, Baulida J, Quintanilla M, Cano A, de Herreros AG, Lafarga
M and Munoz A: Vitamin D(3) promotes the differentiation of
colon carcinoma cells by the induction of E-cadherin and the
inhibition of beta-catenin signaling. J Cell Biol 154: 369-387,
2001. 

59 Karin M and Gallagher E: From JNK to pay dirt: jun kinases,
their biochemistry, physiology and clinical importance. IUBMB
Life 57: 283-295, 2005. 

60 Shaulian E and Karin M: AP-1 as a regulator of cell life and
death. Nat Cell Biol 4: E131-136, 2002. 

61 Shaulian E and Karin M: AP-1 in cell proliferation and survival.
Oncogene 20: 2390-2400, 2001. 

62 Karin M: The regulation of AP-1 activity by mitogen-activated
protein kinases. Philos Trans R Soc Lond B Biol Sci 351: 127-
134, 1996. 

63 Buitrago CG, Ronda AC, de Boland AR and Boland R: MAP
kinases p38 and JNK are activated by the steroid hormone
1alpha,25(OH)2-vitamin D3 in the C2C12 muscle cell line. J
Cell Biochem 97: 698-708, 2006. 

Kriebitzsch et al: 1,25(OH)2D3-driven Gene Expression Changes in Cancer Cells (Review)

3481



64 Johansen C, Kragballe K, Henningsen J, Westergaard M,
Kristiansen K and Iversen L: 1Alpha,25-dihydroxyvitamin D3
stimulates activator protein 1 DNA-binding activity by a
phosphatidylinositol 3-kinase/Ras/MEK/extracellular signal
regulated kinase 1/2 and c-Jun N-terminal kinase 1-dependent
increase in c-Fos, Fra1, and c-Jun expression in human
keratinocytes. J Invest Dermatol 120: 561-570, 2003. 

65 Qi X, Pramanik R, Wang J, Schultz RM, Maitra RK, Han J,
DeLuca HF and Chen G: The p38 and JNK pathways cooperate
to trans-activate vitamin D receptor via cJun/AP-1 and sensitize
human breast cancer cells to vitamin D(3)-induced growth
inhibition. J Biol Chem 277: 25884-25892, 2002. 

66 Ward Y and Kelly K: Gem protein signaling and regulation.
Methods Enzymol 407: 468-483, 2006. 

67 Beguin P, Nagashima K, Gonoi T, Shibasaki T, Takahashi K,
Kashima Y, Ozaki N, Geering T, Iwanaga T and Seino S:
Regulation of Ca2+ channel expression at the cell surface by the
small G-protein kir/Gem. Nature 411: 701-706, 2001. 

68 Meyers MB, Schneider KA, Spengler BA, Chang TD and
Biedler JL: Sorcin (V19), a soluble acidic calcium-binding
protein overproduced in multidrug-resistant cells identification
of the protein by anti-sorcin antibody. Biochem Pharmacol 36:
2373-2380, 1987. 

69 Wissenbach U and Niemeyer BA: Trpv6. In: Handb Exp
Pharmacol. Flockerzi V and Nilius B (eds.). Springer Berlin
Heidelberg, pp. 221-234, 2007.

70 Meyer MB, Watanuki M, Kim S, Shevde NK and Pike JW: The
human transient receptor potential vanilloid type 6 distal
promoter contains multiple vitamin D receptor-binding sites
that mediate activation by 1,25-dihydroxyvitamin D3 in
intestinal cells. Mol Endocrinol 20: 1447-1461, 2006. 

71 Pike JW, Zella LA, Meyer MB, Fretz JA and Kim S: Molecular
actions of 1,25dihydroxyvitamin D3 on genes involved in calcium
homeostasis. J Bone Miner Res 22(Suppl 2): V16-19, 2007. 

72 Emami N and Diamandis EP: Human tissue kallikreins: a road
under construction. Clin Chim Acta 381: 78-84, 2007. 

73 Borgono CA, Michael IP and Diamandis EP: Human tissue
kallikreins: physiologic roles and applications in cancer. Mol
Cancer Res 2: 257-280, 2004. 

74 Anisowicz A, Sotiropoulou G, Stenman G, Mok SC and Sager
R: A novel protease homolog differentially expressed in breast
and ovarian cancer. Mol Med 2: 624-636, 1996. 

75 Yousef GM, Borgono CA, White NM, Robb JD, Michael IP,
Oikonomopoulou K, Khan S and Diamandis EP: In silico
analysis of the human kallikrein gene 6. Tumour Biol 25: 282-
289, 2004. 

76 Kutuzova GD and DeLuca HF: 1,25-Dihydroxyvitamin D3
regulates genes responsible for detoxification in intestine.
Toxicol Appl Pharmacol 218: 37-44, 2007. 

77 Prudencio J, Akutsu N, Benlimame N, Wang T, Bastien Y, Lin
R, Black MJ, Alaoui-Jamali MA and White JH: Action of low
calcemic 1alpha,25-dihydroxyvitamin D3 analogue EB1089 in
head and neck squamous cell carcinoma. J Natl Cancer Inst 93:
745-753, 2001. 

78 Akutsu N, Bastien Y, Lin R, Mader S and White JH:
Amphiregulin is a vitamin D-3 target gene in squamous cell and
breast carcinoma. Biochem Biophys Res Comm 281: 1051-
1056, 2001. 

79 Rubnitz JE, Gibson B and Smith FO: Acute myeloid leukemia.
Pediatr Clin North Am 55: 21-51, ix, 2008. 

80 Wang X, Rao J and Studzinski GP: Inhibition of p38 MAP kinase
activity up-regulates multiple MAP kinase pathways and
potentiates 1,25-dihydroxyvitamin D(3)-induced differentiation
of human leukemia HL60 cells. Exp Cell Res 258: 425-437, 2000. 

81 Gallagher R, Collins S, Trujillo J, McCredie K, Ahearn M, Tsai
S, Metzgar R, Aulakh G, Ting R, Ruscetti F and Gallo R:
Characterization of the continuous, differentiating myeloid cell
line (HL-60) from a patient with acute promyelocytic leukemia.
Blood 54: 713-733, 1979. 

82 Koeffler HP, Amatruda T, Ikekawa N, Kobayashi Y and DeLuca
HF: Induction of macrophage differentiation of human normal
and leukemic myeloid stem cells by 1,25-dihydroxyvitamin D3
and its fluorinated analogues. Cancer Res 44: 5624-5628, 1984. 

83 Verlinden L, Verstuyf A, Mathieu C, Tan BK and Bouillon R:
Differentiation induction of HL60 cells by 1,25(OH)2D3, all
trans retinoic acid, rTGF-beta2 and their combinations. J
Steroid Biochem Mol Biol 60: 87-97, 1997. 

84 Brelvi ZS and Studzinski GP: Inhibition of DNA synthesis by
an inducer of differentiation of leukemic cells, 1 alpha, 25
dihydroxy vitamin D3, precedes down-regulation of the c-myc
gene. J Cell Physiol 128: 171-179, 1986. 

85 Studzinski GP, Bhandal AK and Brelvi ZS: A system for
monocytic differentiation of leukemic cells HL 60 by a short
exposure to 1,25-dihydroxycholecalciferol. Proc Soc Exp Biol
Med 179: 288-295, 1985. 

86 Ishii Y, Kasukabe T and Honma Y: Immediate up-regulation of
the calcium-binding protein S-100P and its involvement in the
cytokinin-induced differentiation of human myeloid leukemia
cells. Biochim Biophys Acta 1745: 156-165, 2005. 

87 Suzuki T, Koyama Y, Hayakawa S, Munakata H and Isemura
M: 1,25Dihydroxyvitamin D3 suppresses exportin expression in
human promyelocytic leukemia HL-60 cells. Biomed Res 27:
89-92, 2006. 

88 Delaunay J, Lecomte N, Bourcier S, Qi J, Gadhoum Z, Durand
L, Chomienne C, Robert-Lezenes J and Smadja-Joffe F:
Contribution of GM-CSF and IL-8 to the CD44-induced
differentiation of acute monoblastic leukemia. Leukemia 22:
873-876, 2008. 

89 Bagby GC Jr: Interleukin-1 and hematopoiesis. Blood Rev 3:
152-161, 1989. 

90 White SL, Belov L, Barber N, Hodgkin PD and Christopherson
RI: Immunophenotypic changes induced on human HL60
leukaemia cells by 1alpha,25dihydroxyvitamin D3 and 12-O-
tetradecanoyl phorbol-13-acetate. Leuk Res 29: 1141-1151, 2005. 

91 Kuwayama A, Kuruto R, Horie N, Takeishi K and Nozawa R:
Appearance of nuclear factors that interact with genes for
myeloid calcium-binding proteins (MRP-8 and MRP-14) in
differentiated HL-60 cells. Blood 81: 3116-3121, 1993. 

92 Court EL, Smith MA, Avent ND, Hancock JT, Morgan LM,
Gray AG and Smith JG: DNA microarray screening of
differential gene expression in bone marrow samples from
AML, non-AML patients and AML cell lines. Leuk Res 28:
743-753, 2004. 

93 Bommer UA, Lutsch G, Stahl J and Bielka H: Eukaryotic
initiation factors eIF-2 and eIF-3: interactions, structure and
localization in ribosomal initiation complexes. Biochimie 73:
1007-1019, 1991. 

94 Kutay U, Lipowsky G, Izaurralde E, Bischoff FR, Schwarzmaier
P, Hartmann E and Gorlich D: Identification of a tRNA-specific
nuclear export receptor. Mol Cell 1: 359369, 1998. 

ANTICANCER RESEARCH 29: 3471-3484 (2009)

3482



95 Watanabe M, Fukuda M, Yoshida M, Yanagida M and Nishida
E: Involvement of CRM1, a nuclear export receptor, in mRNA
export in mammalian cells and fission yeast. Genes Cells 4:
291-297, 1999. 

96 Bohnsack MT, Regener K, Schwappach B, Saffrich R,
Paraskeva E, Hartmann E and Gorlich D: Exp5 exports eEF1A
via tRNA from nuclei and synergizes with other transport
pathways to confine translation to the cytoplasm. Embo J 21:
6205-6215, 2002. 

97 Brownawell AM and Macara IG: Exportin-5, a novel
karyopherin, mediates nuclear export of double-stranded RNA
binding proteins. J Cell Biol 156: 53-64, 2002. 

98 Stuven T, Hartmann E and Gorlich D: Exportin 6: a novel
nuclear export receptor that is specific for profilin.actin
complexes. Embo J 22: 5928-5940, 2003. 

99 Koster M, Lykke-Andersen S, Elnakady YA, Gerth K, Washausen
P, Hofle G, Sasse F, Kjems J and Hauser H: Ratjadones inhibit
nuclear export by blocking CRM1/exportin 1. Exp Cell Res 286:
321-331, 2003. 

100 Yoshida M, Nishikawa M, Nishi K, Abe K, Horinouchi S and
Beppu T: Effects of leptomycin B on the cell cycle of
fibroblasts and fission yeast cells. Exp Cell Res 187: 150-156,
1990. 

101 Suzuki T, Koyama Y, Ichikawa H, Tsushima K, Abe K,
Hayakawa S, Kuruto-Niwa R, Nozawa R and Isemura M: 1,25-
Dihydroxyvitamin D3 suppresses gene expression of eukaryotic
translation initiation factor 2 in human promyelocytic leukemia
HL-60 cells. Cell Struct Funct 30: 1-6, 2005. 

102 Zandbergen F, Mandard S, Escher P, Tan NS, Patsouris D,
Jatkoe T, Rojas-Caro S, Madore S, Wahli W, Tafuri S, Muller M
and Kersten S: The G0/G1 switch gene 2 is a novel PPAR target
gene. Biochem J 392: 313-324, 2005. 

103 Kitareewan S, Blumen S, Sekula D, Bissonnette RP, Lamph
WW, Cui Q, Gallagher R and Dmitrovsky E: G0S2 is an all-
trans-retinoic acid target gene. Int J Oncol 33: 397-404, 2008. 

104 Chen IT, Smith ML, O'Connor PM and Fornace AJ Jr: Direct
interaction of Gadd45 with PCNA and evidence for competitive
interaction of Gadd45 and p21Waf1/Cip1 with PCNA. Oncogene
11: 1931-1937, 1995. 

105 Takekawa M and Saito H: A family of stress-inducible
GADD45-like proteins mediate activation of the stress-
responsive MTK1/MEKK4 MAPKKK. Cell 95: 521-530, 1998. 

106 Jiang F, Li P, Fornace AJ Jr, Nicosia SV and Bai W: G2/M
arrest by 1,25dihydroxyvitamin D3 in ovarian cancer cells
mediated through the induction of GADD45 via an exonic
enhancer. J Biol Chem 278: 48030-48040, 2003. 

107 Chen A, Davis BH, Sitrin MD, Brasitus TA and Bissonnette M:
Transforming growth factor-beta 1 signaling contributes to
Caco-2 cell growth inhibition induced by 1,25(OH)(2)D(3).
Am J Physiol Gastrointest Liver Physiol 283: G864-874, 2002. 

108 Murthy S and Weigel NL: 1Alpha,25-dihydroxyvitamin D3
induced growth inhibition of PC-3 prostate cancer cells requires
an active transforming growth factor beta signaling pathway.
Prostate 59: 282-291, 2004. 

109 Gombart AF, O’Kelly J, Saito T and Koeffler HP: Regulation
of the CAMP gene by 1,25(OH)2D3 in various tissues. J Steroid
Biochem Mol Biol 103: 552-557, 2007. 

110 Gombart AF, Borregaard N and Koeffler HP: Human
cathelicidin antimicrobial peptide (CAMP) gene is a direct
target of the vitamin D receptor and is strongly up-regulated in
myeloid cells by 1,25-dihydroxyvitamin D3. FASEB J 19:
1067-1077, 2005. 

Received January 29, 2009
Revised March 18, 2009

Accepted April 2, 2009

Kriebitzsch et al: 1,25(OH)2D3-driven Gene Expression Changes in Cancer Cells (Review)

3483



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


