
Abstract. Background/Aim: Cellular retinol binding
protein-1 regulates retinol bioavailability and contributes to
cell differentiation maintenance, but its role in ovarian
carcinogenesis remains uncertain. We investigated CRBP-1
expression in ovarian tumors and CRBP-1 signaling-
regulated pathways. Materials and Methods: We performed
immunohistochemistry, methylation-specific PCR, gene copy
number analysis in ovarian tumors and proliferation/
apoptosis evaluation, gene array, blot and real-time PCR in
CRBP-1-transfected A2780 ovarian cancer cells. Results:
CRBP-1 expression was reduced or absent in G2 and G3
ovarian carcinomas. CRBP-1 silencing in 60% of G2 and
66.7% of G3 carcinomas was due to CRBP-1 promoter
methylation. A2780 CRBP-1-transfected cells showed
increased retinol-induced apoptosis, retinoid-induced
reduced clonogenicity and down-regulation of proliferation
and transcription genes, including AKT1, AKT3, EGFR,
FOS, JUN, STAT1 and STAT5A. Conclusion: CRBP-1 loss
in G2/G3 ovarian carcinomas and increased apoptotic
susceptibility to retinoids in CRBP-1-transfected-A2780
cells suggest CRBP-1 screening as a target to ensure
efficacy of an adjuvant retinoid therapy.

Retinol (ROL) and derivatives influence epithelial cell
differentiation and proliferation (1, 2). Biological effects of
retinoids are normally mediated by specific receptors (2).

CRBP-1 is a small cytosolic binding protein that acts as a
“chaperone” preventing the interaction of ROL with the
intracellular enzymatic milieu, so regulating its esterification
and bioavailability. ROL is indispensable for embryonic
development and growth of vertebrates (1). During
development, CRBP-1 expression characterizes several
tissues, whereas in  adult life it is more restricted and
maintained in the genital tract (3,4). Regarding their role as
inducers of differentiation, ROL and derivates have been also
employed in adjuvant chemotherapy (5). Recent studies
indicate that aberrant expression of CRBP-1 plays a role in
carcinogenesis. In fact gain of CRBP-1 gene and protein
expression has been reported during early phases of
carcinogenesis in epithelial cells that normally express
CRBP-1 in the adult life, including liver, cervix and
endometrium (6-8). CRBP-1 loss has been reported in more
aggressive endometrial, prostate, renal cancer and astrocytic
gliomas (6, 9). Defects in the CRBP-1 gene have been also
linked to oncogenic process in breast cancer (10). Ovarian
cancer is the most frequent gynecological malignancy and
displays an aggressive clinical course and an advanced stage
at diagnosis, with an overall poor survival despite
ameliorated methods against it (11). This finding likely
reflects a poor understanding over ovarian cancer biology.
Recent studies reveal that different sub-types of ovarian
carcinomas represent tumor diseases with distinct
pathogenetic pathways. This complexity well-explains the
difficulties in the definition of an efficacy therapeutic
approach and the controversy concerning the use of retinoids
for the treatment of ovarian carcinoma (12-14). In the present
study, we investigated the expression of CRBP-1 in ovarian
tumors and the effect of CRBP-1 signaling on apoptotic
susceptibility of ovarian cancer cells. We sought to define if
CRBP-1-mediated changes of intracellular retinoid signalling
can adverse cancer progression. 
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Materials and Methods

Patients and tumor tissues. Tissue samples were obtained from
diagnostic biopsies and operative procedures over the last 5 years
(Institute of Pathology of Tor Vergata University and Patho-Lab
Laboratories). Written patients’ consent was obtained and the study
was in accordance with local Ethical Committee guidelines.
Morphological classification, grading and staging of the tumors were
assigned in agreement with the most recent F.I.G.O. and World
Health Organization criteria and the international tumor-node-
metastasis system. Thirty-five cases of ovarian carcinomas (G1, n=4;
G2, n=10; and G3, n=21) were selected. Among G3 carcinomas, ten
cases were of the serous type. Remaining ovarian tumors included
12 endometrioid, 7 mucinous, 3 clear cell and 3 undifferentiated
carcinomas. Stage IV cases were excluded in the study. Twenty-four
benign tumors included serous and mucinous cystoadenomas and
borderline tumors (n=13), Brenner tumors (n=4), fibrothecomas
(n=4) and ovarian steroid cells (n=3). The mean age of patients was
58.4 years (range 28-90 years). Anonymized ovarian tissue sections
from surgical samples of patients (n=6) operated for non-malignant
pathologies were also employed. For comparison, CRBP-1
expression was investigated in 58 endometrioid (G1, n=20; G2,
n=21; G3, n=17) adenocarcinomas (mean age=59 years, range=43-79
years). Part of endometrial tumors belonged to a previously reported
series (9), including controls. 

Tissue microarray construction. For tissue microarray (TMA)
construction, representative tissue samples were selected from paraffin
block by using a precision tissue array instrument (Semi automated
Arrayer TMA Galileo CK3000/3500, Integrated Systems Engineering,
Milan, Italy), maintaining the anonymity of patients with positive and
negative controls, according to standard protocols (15). Serial 4-μm
thick sections were stained with Haematoxylin&Eosin (H&E) or used
for immunohistochemistry.

Immunohistochemical study. For immunohistochemical procedures,
sections were incubated for 1 h to rabbit polyclonal anti-CRBP-1
(1:200; clone FL-135) (Santa Cruz Biotechnology, Heidelberg,
Germany), with positive and negative controls. Randomly selected
slides was also stained with a mouse monoclonal anti-CRBP-1
antibody (1:10, a gift of ML Bochaton, University of Geneva,
Switzerland), which gave similar results (not shown) (16, 17).

Apoptosis. Tumor apoptosis was detected by terminal deoxynucleotidyl
transferase dUTP nick-end labeling (TUNEL) using the In Situ Cell
Death Detection Kit, POD (Roche Diagnostics, Basel, Switzerland),
and apoptotic index was evaluated (18); necrotic areas were excluded.
For apoptosis of adherent cells, after Hoechst staining (1:1500, Sigma-
Aldrich St. Louis, USA), nuclei featuring apoptotic death were
counted (19).

CRBP-1 methylation and copy number variation. Genomic DNA was
isolated from paraffin-embedded tissues of ovarian carcinomas by
using FFPE tissue kit (Qiagen, Hilden, Germany) according to
manufacturer’s recommendations. Methylation-specific PCR was
carried-out using AmpliTaq Gold DNA polymerase (Applied
Biosystems, Foster City, CA, USA), using specific primers (20).
DNA from eight cases of G3 endometrial carcinomas was also used
(21). In order to determine the CRBP-1 gene copy number, ovarian

carcinomas were analyzed by real-time PCR and a TaqMan
Genotyping Master Mix (4317355) with RNase P control reagents
(4316844); CRBP-1 Hs00443703 (Applied Biosystems) was used as
probe. PCR amplification was performed in an ABI PRISM 7500
(Applied Biosystems), according to the manufacturer’s instructions.
Cell transfection. A2780 human ovarian cancer cells (Sigma-Aldrich)
maintained in RPMI 1640 (Lonza Bio Pharma AG, Switzerland)
were transfected (22) using a vector pTargeT Mammalian expression
system carrying the whole sequence of CRBP-1 gene (NM_002899)
and the gene for the resistance to G418 (Sigma-Aldrich), or the
G418-resistance gene alone. After 20 days stable-transfected clones
were collected in G418-containing medium and tested by PCR and
blot. The correct plasmid sequence was confirmed by Sanger
sequencing. Experimental procedures were repeated using two
CRBP-1-transfected and empty clones, which gave similar results. 

Cell growth and viability. For proliferation studies, A2780 cells were
treated with different concentrations of all trans-Retinoic Acid
(atRA) and ROL (Sigma-Aldrich) in 0.1% FBS. For cell viability,
the 3-(4,5 dimethylthiazol-2-yl)-2,5diphenyl-tetrazolimbromide
(MTT, Sigma-Aldrich) assay was performed (23). In some
experiments, cells were treated with the proteasome inhibitor MG132
(Sigma-Aldrich) at 10 μM concentration. All experiments were
performed in triplicate. For flow cytometry (19), A2780 cells were
treated with different concentrations of atRA and ROL and apoptosis
detected using a FITC Annexin V apoptosis detection Kit (BD
Biosciences Pharmingen™ San Diego, CA, USA) according to the
manufacturer’s recommendations; 1 μM staurosporine (Sigma-
Aldrich) treatment was used as an apoptotic control.

Gene expression analysis. Total RNA was extracted (23), reverse-
transcribed and RT profiler PCR arrays of 86 genes (human
EGF/PDGF signaling PCR array, Qiagen) and real time PCR
performed according to the manufacturer’ instruction. Primers for
real time PCR are listed in Table I. β2-microglobulin, β-actin and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were used as
housekeeping genes. Data analysis was performed using the
manufacturer’s integrated web-based software package using ΔΔCt-
based fold-change calculation (Qiagen) in triplicate experiments.

Clonogenic assay. For the clonogenic assay (24), cells were seeded
and treated with different concentrations of atRa and ROL. Colonies
arising from survival cells were fixed and stained with 1% methylene
blue (Sigma-Aldrich) in 0.1% methanol and their percentages
calculated as plating efficiency (PE).

Western blot analysis. After isolation, content determination and
electrophoresis, proteins were elettroblotted (25) and incubated with a
rabbit polyclonal anti-CRBP-1 (1:200; Santa Cruz), anti-bax (1:1000;
Cell Signaling Technology, Inc., Danvers, MA), anti-Akt/pAkt
(1:1000; Cell Signaling), anti-pErk (p42/p44, 1:1000; Cell Signaling),
anti-actin (N-terminal, 1:500, Sigma-Aldrich) and anti-α-tubulin
(1:2000, Sigma-Aldrich). Specific complexes were revealed and
quantified as reported (25). All experiments were repeated in triplicate.

Statistical analysis. Immunohistochemical CRBP-1 expression was
estimated at ×200 magnification in at least ten fields by two of the
authors who used a grading system using arbitrary units as follows:
absent (0), low and focal (0.5), positive (weakly, 1; moderately, 2;
strongly positive, 3) (9). Inter-observer reproducibility was >95%.
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Results were analyzed by means of Student’s t-test and differences
were considered significant when p<0.05. For Spearman’s
correlation test, tumors with CRBP-1 score of 0-0.5 were arbitrarily
considered negative and those with 1-3 positive. 

Results

CRBP-1 expression in ovarian tumors. CRBP-1 expression in
ovarian tumors varied according to the histological type and
grade. As reported in Figure 1, although present in the stromal
cells, CRBP-1 expression was almost absent in the epithelial
component of benign cystic tumors and detected in luteinized
cells and in epithelial cells of borderline serous but not
mucinous tumors. Concerning ovarian carcinomas (Figure 2),
less differentiated tumors showed a reduced CRBP-1
expression and univariate analysis revealed an inverse
correlation between CRBP-1 level and tumor grade
(Rho=–0.77, p<0.005). CRBP-1 expression was absent in
39.7% of ovarian carcinomas, including clear-cell and
mucinous carcinomas. No significant difference was observed
comparing CRBP-1 expression in G3 serous and non-serous
ovarian carcinomas (p<0.26). Also G2 and G3 endometrial
carcinomas showed a reduced expression of CRBP-1,
confirming previous results (9). The frequency of CRBP-1
positivity did not vary by comparing the different tumor
stages, being CRBP-1+ ovarian carcinomas 80, 40 and 55.5%,
at stage I, II and III, respectively (p<0.815). Apoptotic index
(0.17±0.1, 0.9±0.2 and 1.4±0.2 in G1, G2 and G3 carcinomas,
respectively) was found increased in G2 and G3 tumors
(p<0.02). Among patients with ovarian endometrioid
carcinoma, 66.6% had a median survival of 3 years, 16.7%
were alive 5 years after the diagnosis and 16.7% died for other
causes. The median survival of patients with ovarian serous
carcinomas was 1.6 years and only 16.7% alive after 5 years. 

Methylation of CRBP-1 promoter and gene copy number gain.
Since CRBP-1 expression was absent in a large subset of
cancers, we analyzed the methylation status of the promoter
region flanking the CRBP-1 gene. A representative PCR image
is shown in Figure 2C. CRBP-1 promoter methylation was
absent in G1 ovarian carcinomas and present in 60.0% and
66.7% of G2 and G3 ovarian carcinomas, respectively,
suggesting that promoter methylation contributes to epigenetic
CRBP-1 silencing. For comparison, we examined the CRBP-1
promoter methylation status in eight randomly-selected
endometrial G3 carcinomas that resulted as non-methylated.

Concerning copy number analysis of CRBP-1 gene (Figure
2D), only one (2.9%) non-methylated ovarian carcinoma (a
G3 cancer) showed a five-fold increase of the gene copy
number; 34.3% of non-methylated tumors did not show any
CRBP-1 copy number variation and in 62.8% of tumors
CRBP-1 gene expression was lacking.

CRBP-1 signaling reduced retinol-induced viability and
increases apoptotic sensitivity of A2780 ovarian cancer cells.
As reported in Figure 3A, MTT analysis showed a reduced
viability of CRBP-1+ compared to CRBP-1– A2780 cells
after 2 and 6 days at different atRA and ROL concentrations
(p<0.05 and p<0.01, respectively). Native A2780 cells were
similar to CRBP-1- cells (not shown). Although relatively
resistant to apoptotic induction (2.16 % in the presence of 1
μM of staurosporine), flow cytometry with annexin/PI
revealed that atRA and ROL at higher concentrations
induced apoptosis in a higher grade in CRBP-1+ A2780 cells.
In particular, CRBP-1+ apoptosis after 2 h of treatment with
20 μM ROL was 11.79%, greater than that of CRBP-1-
A2780 cells (3%; Figure 3B). When treated with atRA and
ROL for longer periods of time, both A2780 cell clones
showed abundant necrotic debris (not shown).

Doldo et al: CRBP-1 and Ovarian Cancer

3305

Table I. Primer sequences for real-time PCR.

Primer sequence Accession number

β-actin (human) Sense 5’-CTGGAACGGTGAAGGTGACA-3’ NM_001101
Antisense 5’-AAGGGACTTCCTGTAACAATGCA-3’

β-2M (human) Sense 5’-GATTCAGGTTTACTCACGTC-3’ NM_004048
Antisense 5’-GTTCACACGGCAGGCATACT-3’

GAPDH (human) Sense: 5’-ACGGATTTGGTCGTATTGG-3’ NM_002046
Antisense 5’-GATTTTGGAGGGATCTCGC-3’

RAR-α (human) Sense 5’-GGTCGGCGATGGTGAGGGT-3’ NM_000964.3
Antisense  5’-TGGGCAAATACACTACGAACAACAG-3’

RAR-β (human) Sense 5’-GCAGAGCGTGTAATTACCTTGAA-3’ NM_000965.3
Antisense 5’-GTGAGATGCTAGGACTGTGCTCT-3’

RAR-γ (human) Sense 5’-CTGCCAGTACTGCCGGCTAC -3’ NM_000966.5
Antisense 5’-TCTGCACTGGAGTTCGTGGTATACT-3’

RXR-α (human) Sense 5’- TCCTTCTCCCACCGCTCCATC-3’ NM_002957.4
Antisense 5’- CAGCTCCGTCTTGTCCATCTG-3’



Retinol reduces clonogenicity of CRBP-1+ A2780 cells.
CRBP-1+ and CRBP-1– A2780 cells displayed a similar
ability to produce colonies in the presence of 10% FBS after
48 h (36.43% and 36.6% PE, respectively) and 6 days (21.4%
and 22.27% PE, respectively). ROL, but not atRA strongly

reduced clonogenicity of CRBP-1+ compared to CRBP-1–

A2780 cells after 48 h (p<0.001) (Figure 3C).

CRBP-1 negatively regulates the expression of proliferative
and transcriptional genes. In order to determinate the effect
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Figure 1. Immunohistochemical detection of CRBP-1 expression in ovarian benign tumors. CRBP-1 immunostaining is marked in ovarian stromal
cells of (A) serous and mucinous (B) cystoadenoma and (C) Brenner tumor, whereas epithelial component is almost CRBP-1-negative. Strong CRBP-
1 immunoreaction is observed in sex cord-stromal tumors, including (D) luteinized cells of thecoma, (E) trabecular pattern adult granulosa cells and
(F) sclerosing stromal tumor, but also in the epithelial component of (G) serous borderline but not of (H) mucinous borderline tumor.
Diaminobenzidine was used as chromogen (original magnification, ×100). 
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Figure 2. Evaluation of CRBP-1 expression in ovarian carcinomas. (A) Representative images of CRBP-1-immunostained tissue microarray sections
of ovarian normal tissue, mucinous carcinoma, serous carcinoma, well-differentiated (G1), moderately-differentiated (G2) and poorly-differentiated
endometrioid (G3) carcinomas. Diaminobenzidine was used as a chromogen (original magnification, x100) (higher magnification insets ×400). (B)
Bar graphs showing semi-quantitative evaluation of CRBP-1 expression in ovarian (left) and endometrial carcinomas (right). (C) Representative
images of methylation-specific PCR analysis of CRBP-1 promoter in ovarian carcinomas. Methylated tumors are marked with asterisks; M and U
lanes correspond to specific amplified products of methylated and unmethylated DNA, respectively. The CTRL lanes derive from positive control
DNA (Qiagen) that ensures primers specificity. (D) Pie chart DNA analysis for CRBP-1 copy number gain in ovarian carcinomas (n=35). 



of CRBP-1 signaling in A2780 cells, gene expression
analysis by arrays was performed. We documented that a
series of genes influencing survival, proliferation, apoptosis
and transcription were down-regulated in CRBP-1+ A2780
cells (Figure 4A). In particular, the serine-threonine kinase
(AKT-1 and AKT-3), EGF and PDGF (PDGFA, PDGFB,
EGFR, NCK2, SHC1), JAK-STAT (GAB1, NUP62, SRC,
STAT1 and STAT5A) proliferative (DUSP6, SHC1 and
BCL2) and transcription pathways (EGR1, FOS, JUN).
Instead, the following genes were up-regulated: AKT2, CBL,
CHUK, ELK1, FN1, GRB2, JAK1, MAPK3, PTEN,
RPS6KA5. To evaluate if CRBP-1 signaling influences
RAR/RXR expression in A2780 cells, real-time PCR was
performed. In CRBP-1+ A2780 cells (Figure 4B), RARα and
RARγ gene expression were strongly down-regulated
compared to CRBP-1- cells; RARβ and RXRα down-
regulation was also present but less evident. To confirm that

CRBP-1 expression influences pAkt, pErk and bax
expression, blot analysis was performed. As shown in Figure
4C, a strong pAkt up-regulation was present in CRBP-1+

compared to CRBP-1– A2780 cells after 48 h of treatment
with 10 and 20 μM ROL. Bax expression, an apoptotic
marker, was also up-regulated in ROL-treated CRBP-1+

A2780, whereas pErk expression was slightly reduced
(Figure 4C). 

Proteasome inhibition and CRBP-1 accumulation. In order to
investigate the mechanisms regulating the CRBP-1
intracellular accumulation, we examined whether the specific
proteasome inhibitor MG132 (26) affects CRBP-1 intracellular
level. In MG132-treated CRBP-1+ A2780 cells, a slight but
not significant accumulation of CRBP-1 protein occurred after
6h (Figure 4D). Instead, MG132-induced CRBP-1
accumulation was observed in MCF-7 breast cancer cells. 
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Figure 3. (A) MTT assay of CRBP-1+ and CRBP-1– A2780 cells treated with different atRA and ROL concentrations. Viability of CRBP-1+ is reduced
in basal condition and after 2 and 6 days of atRA and ROL treatment in the presence of 0.1% FBS compared to CRBP-1- A2780 cells. (B) Flow
cytometry analysis of Annexin V/PI apoptotic assay shows a higher percentage of dying cells in CRBP-1+ after 2 h of 20 μM ROL treatment
compared to CRBP-1– A2780 cells. (C) Clonogenity as percentage of plating efficiency (PE%) is reduced in CRBP-1+ compared to CRBP-1- A2780
cells after 48 h of treatment with 10 and 20 μM ROL. Values are expressed as means±SEM of three experiments; *p<0.05, **p<0.01, ***p<0.001.
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Figure 4. (A) Bar graph of RT2 profiler™ PCR assay of EGF/PDGF signaling-specific genes in CRBP-1+ A2780 ovarian cancer cells. Up-regulated
and down-regulated genes are reported in red and green, respectively. (B) Bar graph of real time-PCR of RARs and RXR-α in CRBP-1+ and CRBP-
1– A2780 cells. RAR-α and RAR-γ transcription levels are strongly down-regulated. (C) Representative blots and densitometric analysis of total
and phosphorylated Akt (pAkt), pErk and bax expression in CRBP-1+ and CRBP-1– A2780 cells in presence of 0.1% FBS and after 48 h of
treatment with atRA and ROL. Membranes are re-probed with anti-actin to ensure equal loading. (D) Representative blots of CRBP-1 expression
in tumor cell lines after treatment with MG132. CRBP-1 protein is easily detectable in serum-cultured native MCF-7, but not in A2780, FADU and
HaCaT cells. After treatment with MG132, CRBP-1 accumulation was observed in MCF7 cells but not in CRBP-1+ A2780 cells, as confirmed by
densitometric analysis bar graph (right). HepG2 human hepatocyte carcinoma cells as CRBP-1 positive control. Columns are means±SEM of
three different experiments. *p<0.05, **p<0.01.



Discussion 

In the present study, we documented that CRBP-1 expression
was reduced in G2 and G3 ovarian carcinomas. Loss of CRBP-
1 expression in a subset of ovarian and endometrial cancers we
demonstrated is in line with previous reported data documented
in frozen microdissected ovarian tumors (27) and in other
tumors, such as breast, prostate and renal cancer and astrocytic
gliomas (6, 9, 28). Ovarian and endometrial mucinous and de-
differentiated serous carcinomas more frequently lost CRBP-1
expression, likely reflecting differences in pathogenetic
pathways (29), including microsatellite instability and PTEN,
k-ras and β-catenin gene mutations (30-32). Regarding the
reduced CRBP-1 expression following ovarian cancer de-
differentiation we and others reported that differs from a
previous study concerning CRBP-1 gene expression in ovarian
cancer (27). The discrepancy may derive from differences in
the methodologies and evaluation criteria. Most of G3 ovarian
carcinomas that exhibited the complete loss of CRBP-1
immunoreactivity also displayed the methylation of CRBP-1
promoter. Only one non-methylated G3 ovarian carcinoma
showed a five-fold CRBP-1 gene copy number gain, whereas
G1 and G2 carcinomas did not show any gene amplification,
in line with results in prostate, breast and cervical cancers (33,
34). We did not observe differences in CRBP-1 expression
according to tumor stage. Down-regulation of CRBP-1 was
observed in stage I as well as in stage II, III patients, and also
reported in ovarian cancer precursors (27), supporting that
interruption of CRBP-1 signalling may occur at each stage of
ovarian cancer progression. Several studies have highlighted
the role of CRBP-1 signaling in cancer progression over the
last years (35), but the mechanisms by which it affects
carcinogenesis are far from being fully-elucidated. CRBP-1 is
involved in the intracellular transport of ROL and regulates its
bioavailability (36). ROL plays a crucial role in proliferation
and differentiation of epithelial cells (2,5). Low intracellular
CRBP-1 levels may interfere with cell differentiation by
reducing ROL bioavailability and impair anti-proliferative
effects of ROL esters (37). It has been documented that CRBP-
1 up-regulation exerts a direct anti-transcriptional effect
through the binding of CRBP-1 promoter to RAR-α (38). Our
in vitro results confirmed the down-regulation of RAR-α and
also RAR-γ mRNA levels in CRBP-1+ compared to CRBP-1–

A2780 ovarian cancer cells. Abnormal RAR-α up-regulation
characterizes other malignancies, such as lung cancer and
metastatic melanoma (10). Similarly, RAR-γ up-regulation is
reported to be pro-oncogenic and to support the
growth/progression of mammary tumors (39). ROL and its
natural and synthetic derivatives are included in the anti-tumour
therapeutic approach to various malignancies, including ovarian
carcinoma but also head and neck squamous cell carcinoma,
bladder cancer and neuroblastoma (40), but variability in the
individual patient’s response is quite diffuse. CRBP-1-mediated

re-activation of ROL-mediated pathways can improve the
efficacy of a adjuvant retinoid chemotherapy, likely increasing
apoptotic susceptibility as we and others (41) documented. In
other cell types as mammary tumors the re-introduction of
CRBP-1 signaling reduced tumorigenicity in athymic mice
(42). In fact, although the A2780 cell line is generally
refractory to apoptosis (41), as confirmed from the limited
effect of the potent apoptotic inducer staurosporine, increased
apoptotic susceptibility to retinoids is observed in CRBP-1+

A2780 cells. The latter was associated to increased Bax
expression, supporting the relevance of this apoptotic pathway
in ovarian cancer cells (43). Anti-proliferative/survival effect of
CRBP-1 signaling was confirmed from the decreased ability of
CRBP-1+ A2780 cells to form colonies. Gene array and
blotting documented that restoration of CRBP-1 signaling in
A2780 cells reduced transcription levels and activity of
PI3K/Akt pathway, in particular, of AKT1. Reduced pAkt
levels in CRBP-1+ A2780 was documented in both basal
condition and following retinoid treatment. Although Akt
contributes to maintain differentiation of stem cells (23),
aberrant pAkt activation is considered to sustain cancer
progression. In fact, our results are in line with those reporting
reduced ovarian cancer cell viability by using combined Akt
inhibition and autophagy blockade (44-46). Retinoid-induced
reduction of viability through  inhibition of PI3K/Akt pathway
has been also reported in breast cancer cells (47, 48). Natural
retinoids offer some advantages over synthetic PI3K/Akt
inhibitors, that were proven to be too cytotoxic. We also
documented that CRBP-1 signaling in A2780 cells down-
regulates other specific cell proliferation and survival genes,
such as STAT1, STAT5 and JUN. STAT1 and STA5 have been
reported to regulate self-renewal of cancer stem cells (49) and
JUN transcription to influence carcinogenesis and tumour
progression in ovarian cancer in vitro (50). Moreover, we
documented in CRBP-1+ A2780 cells a ROL-induced down-
regulation of pErk, a downstream effector of serine-threonine
protein kinase signaling pathway. Erk is critically involved in
the regulation of cell proliferation and survival. Erk signaling
up-regulation promotes cancer proliferation, survival and
metastasis (51). The ubiquitin proteasome system is a non-
lysosomal process responsible for the housekeeping regulation
of protein turnover and degradation in eukaryotic cells and is
involved in signalling transduction, transcription and protein
sorting (52, 53). We documented that MG132 induced CRBP-
1 protein accumulation in MCF-7, but not in native and CRBP-
1+ A2780 cells, suggesting that ubiquitin-mediated degradation
does not modulate intracellular CRBP-1 levels in A2780
ovarian cancer cells. 

In conclusion, loss of CRBP-1 expression characterized
more aggressive ovarian cancers and restoration of CRBP-1
signaling induced the down-regulation of survival and
proliferative gene pathways and increased retinoid-mediated
apoptosis in ovarian cancer cells. CRBP-1 may represent a
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potential target for therapeutic strategies aimed to arrest
cancer cell growth and tumor progression by increasing
intracellular ROL bioavailability. The presence of detectable
CRBP-1 levels in a subset of ovarian cancers suggests
screening of its expression for a more efficient and
personalized adjuvant retinoid therapeutic strategy.
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