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Abstract. Icb-1 (Clorf38) is a human gene initially described
by our group to be involved in differentiation processes of
cancer cells. To further elucidate the function of the ich-/
gene in differentiation of breast and endometrial cancer cells,
we knocked down its expression by means of shRNA trans-
fection. Knockdown of ich-1 inhibited the vitamin D;-induced
up-regulation of E-cadherin expression in both MCF-7
and HEC-1B cells. Induction of E-cadherin expression by
all-trans retinoic acid (ATRA) was also blocked in both cell
lines expressing icb-1 siRNA. Examination of icb-I and
E-cadherin expression in 66 breast cancer tissue samples
revealed a significant positive correlation between the two
genes. In MCF-7 cells, silencing of the icb-1 gene inhibited
the ATRA- and the vitamin D;-induced up-regulation of
lactoferrin and estrogen receptor f§ expression. The data of
our knockdown study suggest that ich-I may act as a mediator
of differentiation signals in breast cancer cells induced
by ATRA or vitamin Ds;. These findings together with the
observed co-expression of ich-I with E-cadherin in breast
cancer samples support an important role of the icb-1 gene in
cancer cell differentiation.

Introduction

The human gene icb-1 (Clorf38, chromosome 1 open reading
frame 38) is a member of the new metazoan gene family
THEMIS coding for cytosolic proteins which bind to the
Grb2 adaptor protein involved in receptor tyrosine kinase
signaling (1,2). Icb-1 was originally cloned and identified by
our group in an attempt to analyze gene expression changes
during in vitro differentiation of endometrial tumor cells (3).
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We reported a strong increase of icb-1 expression in HEC-1B
endometrial adenocarcinoma cells cultured on an artificial
basement membrane. Ich-1 expression was also elevated
during monocytic and granulocytic in vitro differentiation
of promyelocytic leukemia cells induced by all-trans retinoic
acid (ATRA) or vitamin D; (4). These early reports clearly
suggested that ich-1 may be involved in such differentiation
processes of cancer cells. Further studies demonstrating that
icb-1 is an interferon-y responsive gene, which in turn inhibits
the effects of this cytokine on tumor cells, also support that
icb-1 may have a role in the immune response (5). We later
identified an estrogen response element (ERE) in the promoter
region of the icb-1 gene and demonstrated its expression to be
estrogen-inducible in breast and ovarian cancer cells and to be
dependent on estrogen receptor o (ERa) (6). Data of our recent
study further support the presence of a cross-talk between
icb-1 and ER-signaling. Stable knockdown of icb-I in breast
and ovarian cancer cells significantly increased the cellular
estrogen response in terms of proliferation and gene expres-
sion, suggesting that icb-1 may exert antagonistic actions on
the cellular estrogen response (7). These hypotheses are further
supported by our results showing that single nucleotide poly-
morphisms in the ich-1 gene are able to affect breast cancer
susceptibility (8). The identification of icb-I as a new player in
hormone-dependent cancer encourages further studies on the
significance of this gene in cancer.

The previously observed regulation of ich-1 expression by
ATRA and vitamin Dj; in leukemia cells prompted us to inves-
tigate whether ich-1 knockdown would affect the response
of gynecological tumor cells to these differentiating drugs.
ATRA and vitamin D; have both been reported to induce
differentiation of breast cancer cells, an effect accompanied
by an increase of E-cadherin expression (9,10). Lactoferrin
expression is a marker for differentiated mammary epithelial
cells and has been shown to be regulated by ATRA and to
contain a retinoic acid response element in its promoter (11,12).
With regard to the endometrium, both vitamin D; and ATRA
have been shown to induce differentiation of endometrial
adenocarcinoma cells (13,14). In endometrial cancer, cellular
differentiation has been associated with E-cadherin expression,
and partial or complete loss of E-cadherin expression has been
correlated with malignancy (15).
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In the present study, in order to further elucidate the
function of the ich-I1 gene in breast and endometrial cancer
cells, we used RNA interference to generate cancer cells with
silenced icb-1 expression. After stable transfection of MCF-7
breast cancer cells and HEC-1B endometrial adenocarcinoma
cells with an icb-1 shRNA vector, we examined the regulation
of different differentiation-associated genes in both cell lines.
Additionally, we analyzed the co-expression of the ich-I gene
with these differentiation markers in 66 breast cancer tissue
samples.

Materials and methods

Materials. Phenol red-free DMEM culture medium was
obtained from Invitrogen (Karlsruhe, Germany) and FCS was
purchased from PAA (Pasching, Austria). All-trans retinoic
acid (ATRA) and 1,25 (OH), D, (vitamin D;) were obtained
from Sigma (Deisenhofen, Germany), MCF-7 breast cancer
cells and HEC-1B endometrial adenocarcinoma cells were
obtained from American Type Culture Collection (Manassas,
VA, USA). M-MLV-P reverse transcriptase was purchased
from Promega (Mannheim, Germany). The RNeasy mini Kkit,
the RNase-free DNase set and the Quantitect SYBR-Green
PCR kit were obtained from Qiagen (Hilden, Germany). PCR
primers were synthesized at Metabion (Planegg-Martinsried,
Germany). Transfectin reagent was obtained from Bio-Rad
(Hercules, CA, USA). The Platinum Pfx polymerase and the
OptiMEM medium were purchased from Invitrogen. The
SureSilencing shRNA plasmid for the human icb-1 (Clorf38)
gene was purchased from SABiosciences (Frederick, MD,
USA).

Patients. Breast cancer tissue samples were collected between
2007 and 2009 by the Clinic of Obstetrics and Gynecology,
Medical University of Regensburg, Germany, during routine
surgery of the patients. From the 66 breast cancer samples, 22
were graded Gl and were ERa-positive, 22 were G3 and
ERa-positive and 22 were G3 and ERa-negative. All patients
granted consent for the collection and use of biologic material.
Tissue samples of patients were collected in accordance with
German regulations and in agreement with the Ethics
Committees of the Medical University of Regensburg. Complete
clinical data were available for every patient. Immediately
following surgery, tissues were stored in liquid nitrogen until
RNA extraction.

Cell culture and transfections. MCF-7 breast cancer cells
were maintained in DMEM/F12 medium supplemented with
10% FCS, 1 mM sodium pyruvate and 10 ng/ml insulin.
HEC-I1B cells were cultured in DMEM/F12 medium with 10%
FCS. Cells were cultured with 5% CO, at 37°C in a humidified
incubator. For transfection, 10° cells/well were seeded in a
6-well dish in DMEM/F12 containing 10% FCS. The next day,
1.2 ml of fresh culture medium were added to the cells and
transfection solution was prepared by mixing 8 ul Transfectin
reagent (Bio-Rad) and 1 pg of the shRNA plasmid mix or
control plasmid DNA in OptiMEM-reduced serum medium
(Invitrogen) and added to the cultured cells. Transfection with
icb-1 shRNA was performed with a mixture of four plasmids
(SureSilencing, SABiosciences) containing the ich-I-specific
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shRNA insert sequences, 5'-gggagtagctttgtggaaact-3', 5'-cacc
tgagcttctctatgaat-3', 5'-gtagcaccaagcctgatagat-3' and 5'-cat
ggattaatgtgggaactt-3' which bind to the ichb-1 exon 6 present in
all splice variants. The same plasmid with the non-specific
insert 5'-ggaatctcattcgatgcatac-3' was used as a negative
control. For generation of stable clones, 48 h after transfection,
G418 selection (300 ug/ml) was initiated and lasted for about
6 weeks before the first clones were isolated.

RNA preparation and real-time PCR. Total RNA from breast
cancer tissue samples was isolated from 30-80 mg frozen
tissue by means of the TRIzol reagent (Invitrogen) according
to manufacturer's protocol. Total RNA from the cell lines
was isolated by means of the SV total RNA isolation system
(Promega) according to the manufacturer's instructions. RNA
purity and concentration were determined by spectropho-
tometry. From each sample, 500 ng of total RNA were reverse
transcribed to cDNA using 40 units of M-MLV reverse
transcriptase and RNasin (Promega) with 80 ng/ul random
hexamer primers (Invitrogen) and 10 mM dNTP mixture
(Fermentas, St. Leon-Rot, Germany) according to the manu-
facturer's instructions. After reverse transcription, the levels
of the ich-1 and marker gene transcripts were determined by
real-time PCR. For this purpose, 4 ul of cDNA were amplified
using LightCycler® FastStart DNA Master™" SYBR-Green I
(Roche Diagnostics GmbH, Mannheim, Germany) and 5 mM
of each primer (Table I). The designed oligonucleotides
(Metabion) were intron-spanning in order to avoid genomic
contaminations. The primers for icb-I amplification were
designed to bind at the borders of exons 1 and 2, or 2 and 3,
respectively, and thus were able to bind to the ichb-I mRNA
and to all splice variants exhibiting the three first exons.

Real-time PCR was carried out in the LightCycler® 1.0
Instrument (Roche) under the following conditions: initial
denaturation at 95°C for 15 min, followed by 40 cycles with
10 sec denaturation at 95°C, 5 sec annealing at 60°C and
12 sec extension at 72°C. The PCR program was completed
by a standard melting curve analysis. Negative controls were
prepared by adding distilled water instead of cDNA. To verify
the identity of the PCR products, they were also analyzed by
electrophoresis in 1.5% agarose gels and stained with ethidium
bromide. After verification of the band size, each PCR product
was purified using the QIAquick gel extraction kit (Qiagen),
following the manufacturer's protocol followed by sequencing
verification (Eurofins MWG Operon, Ebersberg, Germany).
In all real-time PCR experiments, a 190 bp p-actin fragment
was amplified as reference gene using the intron-spanning
primers actin-2573 and actin-2876. Data were analyzed using
the comparative AAC; method (16) calculating the difference
between the threshold cycle (C;) values of the target and refer-
ence gene of each sample and then comparing the resulting
AC; values between different samples.

Western blot analysis. Cancer cells were lysed in RIPA buffer
[1% (v/v) Igepal CA-630,0.5% (w/v) sodium deoxycholate,0.1%
(w/v) sodium dodecyl sulphate (SDS) in phosphate-buffered
solution (PBS) containing aprotonin and sodium orthovana-
date]. Aliquots containing 15 ug of protein were resolved by
10% (w/v) SDS-polyacrylamide gel electrophoresis, followed
by electrotransferring to a PVDF hybond (Amersham, UK)
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Table I. PCR primer sequences used for gPCR.

Transcript Primers (5'-3") Amplicon (bp)

Icb-1 TCGAGGGCTCCATCTATGA 155
GAAGTAGCCCTGGAAGTTGG

ERa CACATGAGTAACAAAGGCATGG 181
ATGAAGTAGAGCCCGCAGTG

ERp1 GGCATGCGAGTAACAAGGGC 177
GGGAGCCCTCTTTGCTTTT

ERp2 GTTTGGGTGATTGCCAAGAG 101
TCTGCCCTCGCATG

E-cadherin GCCACATACACTCTCTTCTCTCAC 150
AGCACCTTCCATGACAGACC

Lactoferrin GCTCCACCAACAGGCTAAATTTGGGA 136

TGTTGTTTTGCCATGGAGTCTGGC

membrane. Immunodetection was carried out using CIORF38/
ICB-1 antibody (clone DO1P, Abnova, Germany) or a [3-actin
antibody (8226, Abcam, Germany) diluted 1:5,000 in PBS
containing 5% skim milk (w/v) followed by incubation with a
horseradish peroxidase-conjugated secondary antibody. The
bands were visualized using a chemiluminescence (ECL)
system (Amersham, Buckinghamshire, UK).

Statistics. Statistical analysis of the data was carried out using
the InStat software (GraphPad, San Diego, USA). Evaluation
of the significance of the differences between the gene expres-
sion in the tumor and the normal endometrium group was
performed by means of the non-parametric Mann-Whitney
test; comparison of the three subgroups was carried out using
the non-parametric Kruskal-Wallis test. The correlation of
the icb-1 expression with the marker gene expression was
assessed by means of the Spearman non-parametric test.

Results

Regulation of icb-1 expression by shRNA, vitamin D; or
ATRA. Icb-1 was identified as a transcript with increased
expression after in vitro differentiation of endometrial tumor
or leukemia cells induced by their exposure to a reconstituted
basement membrane (Matrigel), ATRA or vitamin D; (3,4). In
the present study, we first examined the effects of ATRA and
vitamin D; on ich-1 expression in the MCF-7 and HEC-1B
tumor cell lines. Treatment of MCF-7 breast cancer and
HEC-1B endometrial adenocarcinoma cells with vitamin D,
(100 nM) for 48 h resulted in a significant increase of icb-1/
transcript levels (Fig. 1). In contrast, treatment with ATRA
at concentrations up to 1 xM did not significantly affect the
expression of this gene.

To examine the role of ich-1 in the differentiation of cancer
cells from the breast and the endometrium, we knocked down
its expression by means of RNA interference. For this purpose,
we transfected MCF-7 and HEC-1B cells with icb-1 shRNA
plasmids as described earlier (7). After 8 weeks of G418
selection, different clones were isolated and ich-1 knockdown
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Figure 1. Effect of vitamin D; (VIT D;) and ATRA on the icb-1 gene mRNA
levels as determined by real-time PCR. The indicated cell lines were treated
with 100 nM VIT D; or 1 uM ATRA for 48 h and the total RNA was isolated
as described in Materials and methods. Values are expressed as percent of
the vehicle control. p<0.05 vs. vehicle (n=3).

was verified both by means of real-time PCR and by Western
blot analysis (Fig. 2). Icb-1 transcripts were detected in both
cell lines, but their levels turned out to be about 67% lower
in MCF-7 than in HEC-1B cells. These results may help
explain why we were only able to detect the ICB-1 protein by
means of Western blot analysis in the latter cell line. However,
we judged that the functionality of the used icb-1 siRNA as
demonstrated by the inhibition of the mRNA levels in both cell
lines and of the protein levels in HEC-1B cells, was sufficient
to warrant the continuation of this study. We chose one clone
per cell line, exhibiting the best ich-1 knockdown effect (~80%
of the mRNA level) for the following experiments, termed
MCEF-7 icbKD and HEC-1B ichbKD.

Effect of icb-1 gene silencing on lactoferrin and E-cadherin
expression and regulation. To study the role of ich-I in the
cellular differentiation of breast and endometrial tumor
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Figure 2. Effects of icb-1 gene expression knockdown after stable transfection
with an icb-1 shRNA vector on (A) the mRNA levels as determined by real-
time PCR and (B) on protein levels as determined by Western blot analysis
in HEC-1B cells. After G418 selection for 8 weeks, total RNA and cell lysate
were isolated as described in Materiala and methods. Values are expressed as
percent of the control plasmid. “p<0.05 vs. control plasmid (n=3).
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Figure 3. Expression of E-cadherin and lactoferrin in cancer cells expressing
icb-1 shRNA. Total RNA was isolated from ichbKD (knockdown) and
control-transfected cells, as described in Materials and methods. mRNA
expression of the indicated genes was analyzed by means of real-time PCR.
Values are expressed as percent of the expression in control-transfected
cells. "p<0.05 vs. control plasmid (n=3); nd, lactoferrin mRNA was not
detected in HEC-1B cells.

cells, we decided to examine the expression changes of a
set of differentiation-associated genes induced by the icb-1
knockdown. Transcript levels of the epithelial cell marker,
E-cadherin were not significantly affected by the RNAi-
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Figure 4. Effects of Icbh-1 knockdown on the vitamin Ds-induced activation
of E-cadherin and lactoferrin expression. MCF-7 cells (A) or HEC-1B cells
(B) were treated for 48 h with 100 nM 1,25(0OH),D; (VIT Ds). Total RNA
was isolated from treated icbKD (knockdown) cells and control-transfected
cells, as described in Materials and methods. mRNA expression of the indi-
cated genes was analyzed by means of real-time PCR. Values are expressed
as percent of the vehicle control. "p<0.05 vs. vehicle (n=6).

mediated silencing of the icb-1 gene neither in MCF-7 nor in
HEC-1B cells (Fig. 3). In contrast, expression of lactoferrin,
which was exclusively detected in MCF-7 cells, was increased
about 5-fold in MCF-7 icbKD cells.

Given that treatment with vitamin D, elevated icb-1
expression in both cell lines and this drug is known to
increase E-cadherin expression, we further examined whether
the gene regulatory effect of vitamin D; was affected by icb-1
knockdown. After treatment with 100 nM vitamin D, for 48 h,
E-cadherin transcript levels significantly increased by 70% in
MCEF-7 cells and by 95% in HEC-1B cells (Fig. 4). This effect
of vitamin D; was totally absent in both cell lines expressing
icb-1 shRNA. Treatment of MCF-7 cells with vitamin D,
also up-regulated lactoferrin transcript levels up to 238%
of the vehicle control. Similarly to the effect on E-cadherin
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Figure 5. Effects of Ich-1 knockdown on the ATRA-induced activation of
E-cadherin and lactoferrin expression. MCF-7 cells (A) or HEC-1B cells
(B) were treated for 48 h with 1 M ATRA. Total RNA was isolated from
treated icbKD (knockdown) cells and control-transfected cells, as described
in Materials and methods. Expression of the indicated genes was analyzed at
the mRNA level by means of real-time PCR. Values are expressed as percent
of the vehicle control. "p<0.05 vs. vehicle (n=6).

transcript levels, the effect on lactoferrin transcript levels was
not detected in MCF-7 icbKD cells.

ATRA is also a drug well known to induce differentiation
of various cell types. Treatment with ATRA nearly doubled
E-cadherin expression in MCF-7 breast cancer cells, and
elevated transcript levels of this gene by ~70% in HEC-1B
cells. This effect of ATRA was totally blocked in MCF-7
icbKD cells, and was significantly weakened in HEC-1B
icbKD cells (Fig. 5). Exposure to ATRA also increased
lactoferrin transcript levels in MCF-7 cells, wheras this drug
down-regulated this gene in the presence of ich-1 shRNA.

Effect of icb-1 gene silencing on ERp gene regulation by
ATRA and vitamin D;. Given that expression of steroid
hormone receptors is another indicator for the grade of
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Figure 6. Effects of Ich-1 knockdown on estrogen receptor 3 (ERf) expres-
sion. (A) Reduction of ERB1 and ERf32 mRNA levels in ichbKD (knockdown)
cells as determined by real time RT-PCR. (B) Knockdown of ich-1 blocks
up-regulation of ERP1 and ERB2 mRNA levels by ATRA or VIT D; in
MCEF-7 breast cancer cells. Cells were treated for 48 h with 1 uM ATRA
or 100 nM VIT D;. Total RNA was isolated from treated ichbKD cells and
control-transfected cells, as described in Materials and methods. Expression
of ERB1 and ERP2 at the mRNA level was analyzed by means of real-time
PCR. Values are expressed as percent of the control-transfected cells (A) or
of the vehicle control (B). ‘p<0.05 (n=6).

de-differentiation of breast and endometrial cancer cells,
we next examined the effect of the knockdown of the icb-1
gene on the ATRA- and vitamin D;-induced alterations on
the expression of ERa and ERf. ERa transcript levels were
slightly elevated in both cell lines expressing icb-1 shRNA
but were not affected by either drug (data not shown). On the
other hand, the expression of ER1 and ERB2 was decreased
in the presence of icb-1 shRNA (Fig. 6A). When MCF-7 cells
were treated with ATRA for 48 h, the transcript levels of both
ERp variants were elevated by 30-40%. In contrast, in MCE-7
icbKD cells ATRA induced a significant down-regulation of
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Table II. Correlation of icb-1 expression with the expression of
the indicated genes in breast cancer tissue samples.

icb-1
Spearman's rho
(corrected for ties) 95% CI p-value
E-cadherin 0.2665 0.05284-0.4569 0.0126*
ERa 0.2421 0.02680-0.4360 0.0239*
ERB1 -0.1577 -0.3620-0.06117 0.1447
ERp2 0.03955 -0.1787-0.2541 0.7161

Statistically significant. CI, confidence interval.

ERpP mRNA levels cells by about 50% (Fig. 6B). A similar
effect of ich-1 shRNA was observed after treatment of MCF-7
cells with vitamin D;. Whereas this drug increased the
expression of ERP1 by about 60% in cells exhibiting normal
icb-1 levels, treatment with vitamin D; resulted in significant
down-regulation of both ERf isoforms in MCF-7 icbKD cells
by >50%.

Co-expression of icb-1 and E-cadherin in human breast
cancer tissue. To test the results of our in vitro knockdown-
study in human tissue, we examined the expression of ich-1,
E-cadherin, ERa, ERBI and ERf2 in 66 breast cancer tissue
samples by means of real-time PCR. From these breast cancer
samples, 22 were graded Gl and were ERa-positive, 22 were
G3 and ERa-positive and 22 were G3 and ERa-negative.
When we compared the ich-1 expression between the three
subgroups, we did not observe significant differences (data
not shown). To examine the correlation between the analyzed
genes, we performed a non-parametric Spearman test. This
test revealed a significant positive correlation of ich-I tran-
script levels with E-cadherin expression (Spearman's rho
0.2665, p=0.0126) (Table II). We also observed a significant
correlation with the ERa transcript levels (p=0.0239), but
not with the mRNA levels of the steroid hormone receptor
variants ERB1 or ER32.

Discussion

In the present study we have demonstrated the inhibition
of vitamin D;- and ATRA-induced differentiation in terms
of regulation of the known differentiation-associated genes
E-cadherin and lactoferrin and of the steroid hormone receptor
ERB, as a result of ichb-1 knockdown. This observation and the
shown co-expression between ich-I and E-cadherin in breast
cancer tissue samples suggest the presence of an interplay
between the two genes. Our in vitro data suggest that ich-1
may play an important role on the signaling pathways, medi-
ating differentiation signals like the retinoids or vitamin D,
and by stimulating the expression of differentiation-associated
genes like the epithelial cell marker, E-cadherin. E-cadherin,
the founding member of the cadherin superfamily of calcium-
dependent, transmembrane glycoproteins, is critical for the
establishment of adherens-type junctions. E-cadherin plays
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an essential role in normal physiological processes, such
as development, cell polarity, and tissue morphology, and
in pathological states, such as the epithelial-mesenchymal
transition (EMT), a process usually accompanied by tumor
de-differentiation, infiltration, and metastasis. Inhibition of
E-cadherin expression or function is common during EMT, an
essential component of cancer progression to more aggressive
phenotypes. In contrast, restoration of E-cadherin expression
enhances intercellular adhesion, inhibits tumorigenicity, and
suppresses the invasiveness of epithelial tumor cells. Both
in breast and endometrial cancer, cellular differentiation has
been associated with E-cadherin expression, and partial or
complete loss of E-cadherin expression has been correlated
with malignancy (15,17-21). Considering these functions of
E-cadherin, the observed inhibitory effect of ichb-1 knockdown
on ATRA- and vitamin D;-induced E-cadherin up-regulation
suggests that loss of ich-1 may block the differentiating, anti-
EMT effect of these drugs.

Derivates of vitamin D and retinoids are known to exert
differentiating and anti-proliferative effects in multiple tissues
(14,22-24). Both agents act through a family of related nuclear
receptors, the vitamin D; receptor (VDR), the retinoid X
receptor (RXR) and the retinoic acid receptor (RAR). After
ligand binding, these receptors homo- or heterodimerize,
bind to specific response elements in the promoter of target
genes and serve as transcription factors (10,25). With regard
to the genes analyzed in this study, both the E-cadherin and
lactoferrin genes have been previously reported to be respon-
sive to vitamin D; and ATRA (9,10,13,14). However, only
the lactoferrin gene was reported to contain a retinoic acid
response element in its promoter, suggesting that regulation of
E-cadherin expression by these substances is a more complex
process (11,12). Our data support the responsiveness of both
genes to vitamin D; and ATRA in MCF-7 breast cancer and
HEC-1B endometrial adenocarcinoma cells. Regulation of
icb-1 gene expression itself by vitamin D; further corrobo-
rates the involvement of this gene in cellular differentiation.
However, the fact that ATRA did not have the same effect is in
contrast to the results of our previous study in which this drug
activated icb-1 expression in HL-60 human promyelocytic
leukemia cells, a difference which may be explained by tissue
specificity (4).

Knockdown of the ich-1 gene alone did not significantly
affect E-cadherin expression, but unexpectedly strongly
increased lactoferrin mRNA levels. The lactoferrin gene
codes for a multifunctional iron-binding protein (26), which
is found in numerous tissues and secretions, and especially in
breast milk (27,28). Lactoferrin expression is enhanced during
processes such as pregnancy, involution or infections, and is a
marker for differentiated mammary epithelial cells (26). Due
to our previous data suggesting that the ich-I expression is
associated with a differentiated phenotype, we did not expect
the up-regulation of a differentiation-associated gene after
icb-1 knockdown. Our data suggest that the simple presence
or absence of icb-1 expression is not sufficient to induce or
maintain a differentiated phenotype, but that extracellular
signals such as ATRA and vitamin D; are necessary as well.
Consequently icb-1 is suggested to exert its differentiation
inducing capacities only in the presence of defined stimuli, as
this gene might be a mediator of such differentiation signals.
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Our data suggest that the presence of ich-I may be necessary
for maintenance of the high levels of E-cadherin, a gene
which has been described to be a caretaker of the epithelial
state (29). The fact that we demonstrated a positive correlation
between icb-1 and E-cadherin expression in human breast
cancer tissue samples underlines the hypothesis and provides
evidence for a role of the icb-1 gene during differentiation
processes.

Steroid hormone receptor expression is another marker
for a differentiated phenotype of the breast and endometrial
tumor cells. Particularly expression of ERp has been reported
to decline during carcinogenesis and to promote anti-tumoral
effects (30). Thus, the decreased ER transcript levels observed
both in MCF-7 and HEC-1B cells expressing ich-I shRNA
may offer further support for the involvement of icb-I in
cellular differentiation. The observed conversion of an ATRA-
and vitamin D;-induced up-regulation of ERf} expression into
a down-regulation of this steroid hormone receptor after icb-1
gene silencing again supports the hypothesis that icb-1 acts as
an important mediator of such differentiation signals.

In conclusion, our data support a role of the ichb-1 gene in
differentiation processes of cancer cells induced by ATRA
or vitamin D;. Further studies elucidating the underlying
molecular mechanisms will provide new insights into the
icb-1 gene function.
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