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Cellular retinol binding protein 1 could be a tumor
suppressor gene in cervical cancer
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Abstract: Aims: Cervical Cancer (CC) is one of the most important health problems in women. It frequently presents
genetic changes at chromosome region 3g21. This region contains the Cellular Retinol Binding Protein 1 gene
(CRBP1) which has been implicated as an important element in the development of other types of cancer. The
main goal of the present work was to determine the molecular alterations of CRBP1 and its relationship to CC.
Methods: To determine the molecular alterations of CRBP1 gene in CC; twenty-six CC and twenty-six healthy cervix
samples were evaluated for: 1) Copy number gain by real-time PCR analysis, 2) expression levels by an immunohis-
tochemistry assay on tissue microarray, and 3) the methylation status of the CRBP1 promoter region. Results: The
increase in CRBP1 copy number was observed in 10 out of the 26 CC samples analyzed, while healthy cervices
samples showed no changes in the copy number. In addition, there was a lack of expression of the CRBP1 gene in
an important number of the CC samples (17/26), and the CRBP1 gene promoter was methylated in 15/26 of the CC
samples. Interestingly, there was a significant association between the lack of expression of the CRBP1 gene and
its methylation status. Conclusions: The data indicates that, both activating and inactivating changes in the CRBP1
gene could be significant events in the development and progression of CC, and the lack of expression of the CRBP1
protein could be related with to the development of CC. We believe that there is enough evidence to consider to
CRBP1 gene as a tumor suppressor gene for CC.
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Introduction as deletions, mutations and hypermethylation

_ ) _ ) can lead to suppression of these genes [6, 7].
Cervical cancer (CC) is an important public

health problem worldwide, including Mexico [1].
It is widely known that persistent Human
Papillomavirus (HPV) infection is the main risk
factor for CC development [2]; however, HPV
infection is not sufficient for malignant transfor-
mation involving molecular alterations in cellu-
lar genes [3, 4]. Several studies have investi-
gated genomic alterations in CC, involving the
loss of tumor suppressor genes (TSG) and the
gain of oncogenes [4]. Specifically, TSG are
related to protecting the genome from muta-
genic events, impeding deregulated progres-
sion through the cell cycle, inducing apoptosis
in altered cells that escape normal cell cycle
control, etc. [5]. But different alterations such

Molecular cytogenetic studies demonstrated
frequent aberrations in CC [8-14], showing that
the gain of DNA in the chromosome 3q region
comprises one of the most common genetic
alterations. We previously showed that the
most common gain in CC corresponds to the
cytogenetic region 3g21-q22, where Cellular
Retinol Binding Protein 1 gene (CRBP1) is locat-
ed [15], which codifies a protein involved in reti-
noid metabolism [16]. Retinoid compounds are
analogues of vitamin A, and play an important
role in development and homeostasis through
their regulatory effects on cell differentiation,
proliferation, and apoptosis [17, 18]. Thus,
CRBP1 is essential for vitamin A homeostasis;
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Figure 1. Molecular events for CRBP1 gene in cervical epithelium samples. A: In order to know the gain of copy
number of the CRBP1 gene, DNA of healthy cervix and CC samples, were subjected to real time PCR with specific
Tagman probes. White bar (healthy cervix samples) represents the mean of the normal cervices (n = 26) without
extra copies of CRBP1 gene. Black bars show CC samples with gain of copy number (2-20X); while gray dotted line
bars are showing CC samples that do not change in the copies number. Values above the cut-off line (as 1), be-
ing assigned as increased gene copy number compared with normal cervical epithelium. CRBP1 Hs01437985_cn
probe, and Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) Hs00894322_cn probe were used as reference;
the relative genomic copy number was calculated using the comparative Ct methods [26]. In X-axis represents
cervical samples, Y-axis relative copies fold change of CRBP1 gene. B: CRBP1 expression was observed as posi-
tive immunostaining result on tissue microarray as mentioned in Methods section The DNAs used for gain of copy
number (panel A) were also used for the methylation assay. Methylation result represents the methylation of the
CRBP1 promoter. In this case, each healthy or CC sample, correspond to each column for CRBP1 expression and
methylation status. Interestingly, in most of the cases, there was an association between the lack of expression of
the CRBP1 gene and its methylation status.

maintaining normal liver retinol storage and The local Ethics Committees of Hospital
aiding in esterification [19]. Retinol is much General de Mexico, Ministry of Health (SSa)
more active when complexed with CRBP1 [19]. and the Mexican Institute of Social Security
CRBP1 downregulation has been associated (IMSS) approved the described procedures,
with the malignant phenotype in breast, and and all samples were taken after informed con-
ovarian cancer in 30% of cases, while for naso- sent from the patients.

pharyngeal cases 80% was observed [20-24].
However, the possible role of altered CRBP1 in
human carcinogenesis has not yet been estab-
lished. Thus, we decided to investigate the pos-
sible role of alterations such as DNA copy num-
ber changes, expression, and methylation in
the promoter region of CC samples.

The biopsies were divided into three sections:
the central part was used for genomic DNA
extraction using the Wizard Genomic kit
(Promega, Madison, Wi, USA), and both
extremes were fixed with 70% ethanol over-
night and paraffin embedded. Hematoxylin and
Eosin (H & E)-stained sections were analyzed to

Methods confirm the presence of at least 80% tumor

cells in each sample. All CC samples were clas-
Biological samples sified as squamous cervical carcinoma. Normal

cervix samples (n = 26) were collected from
Twenty-six CC samples were collected from patients who attended the colposcopy clinic for
patients who attended the Colposcopy Service routine gynecological inspection. In this case,
at Hospital General of Mexico, S.S., Mexico City. twenty-six women consented to participate as
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control subjects in the work. All CC samples
were HPV positive and normal cervix samples
were HPV negative (data not shown).

Cervical cancer cell lines

HPV18 positive CC cell lines: Hela, RoVa.
HPV16 positive CC cell lines: SiHa. Cell lines
were maintained in minimal essential medium
containing Earle’s salts and L-glutamic acid
(Cellgro; Mediatech, Herdon, VA, USA), and sup-
plemented with non-essential amino acids,
sodium pyruvate, and 10% fetal bovine serum.
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Figure 2. CRBP1 immunodetection in the uter-
ine cervix samples. A: (1) Cytoplasmic CRBP1
expression is present in cells of the basal layer
of normal cervical epithelium (healthy tissue);
(2) the immunodetection in the transformed
cells of a cervical cancer (CC03) tissue har-
boring gain of CRBP1 gene. (3) CC samples
without gain CRBP1 gene showing negative
immunostaining (CC16 sample). A kidney
tissue section (4) was used as positive con-
trol, while a heart tissue section for negative
control (5). B: cervical progression spectrum.
The tissue section shows a brownish reaction
(positive reaction) in the basal cell layer of the
“normal” region, in the high-grade lesion, and
also in the invasive regjion. All tissue sections
were hematoxylin counterstained, 200X origj-
nal amplification.

All the cell lines were grown until 70% conflu-
ence. RoVa cell line has been previously report-
ed [25].

DNA copy number by quantitative Real-time
PCR

In order to determine the CRBP1 gene copy
number, normal cervices, CC cell lines, and CC
clinical samples were analyzed using relative
quantitation real-time PCR. The reactions were
designed using TagMan® Genotyping Master
Mix, No. 4371355 (Applied Biosystem, USA).
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Table 1. Association between CRBP1 gene gain copy number

and its expression in cervical cancer samples

sections were processed in a 600-W
microwave oven, at maximum power,

CRBP1 immunodetection

CRBP1 gene copy number
(+) )

three times for 5 minutes in citrate

P value® buffer (pH 6.0). Incubation with the

monoclonal mouse anti-CRBP1 anti-

22 3 116 8.881 body (ab24090 Abcam) was per-
; - : formed overnight at 4°C, at 1:100
2-test.

Table 2. Correlation between CRBP1 expres-
sion and clinic pathological variables in cervi-
cal cancer

Clinical variable P value
Age (< 50) 0.211
Clinical state (lI/11, 1ll/1V) 0.768
Histological differentiation (moderate) 0.034"
HPV (+) 0.192
Pregnancies (> 2) 0.086
Onset of sexual activity (< 18 years) 0.034"
Family history of cancer (Yes) 0.899
Age at menarche (< 12) 0.946

*Represents statistical significance.

The PCR amplification was performed in an ABI
PRIMS 7500 from Applied Biosystem (Applied
Biosystem) with 100 ng of DNA. Amplification
conditions were as follow: 95°C 10 min, follow-
ing 40 cycles of 15 sec at 95°C, 1 min at 60°C.
CRBP1 Hs01437985_cn probe, and Glycera-
Idehyde 3-phosphate dehydrogenase (GAPDH)
Hs00894322_cn probe were used as refer-
ence; the relative genomic copy number was
calculated using the comparative Ct methods
[26].

Immunodetection of CRBP1

A tissue microarray (TMA) was constructed as
follow including the 26 CC cases. Core samples
were taken using 0.6 mm? blunt-tip needles
and placed on the recipient microarray block
using a Tissue Microarrayer (Chemicon Co., MA,
USA). Sections (4 ym) were cut and placed on
coated slides.

The immunostaining was performed using a
streptavidin-biotin complex peroxidase method
(Dako, Glostrup, Denmark). TMA slides were
deparaffinized with xylene followed by ethanol
and rehydrated in water. Briefly, after dewaxing
the tissue section, endogenous peroxide activ-
ity was inhibited with freshly prepared 0.5%
H,0, in distilled water for 20 minutes. Next, the
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dilution in 1% bovine serum albumin

in phosphate buffered saline (PBS).
All incubations were performed in a humidified
chamber. Sections were developed with a per-
oxidase substrate solution (0.05% 3,3-diamino-
benzidine tetrahydrochloride, 0.01% H,0, in
PBS), counterstained with hematoxylin, dehy-
drated, and mounted. Appropriate positive con-
trol was used for the reaction (human liver tis-
sue) and human heart tissue as negative
control. The assessment of CRBP1 expression
was performed by light microscope at 40X origi-
nal magnification. The immunostaining was
evaluated for positive or negative staining.

Hela, RoVa and SiHa cells were cultured onto
sterile glass coverslips in twelve-well plates at
an approximate density of 0.5 x 10° cells/well
in DMEM (Gibco) containing 10% FBS (Gibco),
100 U/ml penicillin, and 100 mg/ml streptomy-
cin (Gibco). The cells were incubated at 37°C
with 5% CO, (Gibco) overnight, fixed with 3%
paraformaldehyde, made permeable with 0.2%
Triton X-100, and incubated with the monoclo-
nal mouse anti-CRBP1 antibody overnight at
4°C, at 1:50 dilution. After three washes with
1X PBS, cells were incubated with anti-mouse
Alexa Fluor 488 secondary antibody (Molecular
Probes) at a dilution of 1:500. Cells were
washed in 1X PBS and mounted on slides using
Vectashield (Vector Laboratories, Inc. Burlin-
game). Confocal images were taken with a
Leica TCS SP5 confocal microscope.

Bisulfite treatment and CRBP1 promoter meth-
ylation status

DNA methylation patterns in the CpG island of
CRBP1 were determined by methylation-specif-
ic PCR (MSP) as demonstrated in previous
reports [27]. Bisulfite treatment of DNA con-
verted un-methylated cytosines to uracil, but
the methylated bases remaining as cytosines.
Two pl of bisulfite-modified DNA was added to
produce a final volume of 25 pyl PCR mix con-
taining 1X PCR buffer (16.6 mM ammonium sul-
phate, 67 mM Tris pH 8.8, 6.7 mM MgCIZ, and
10 mM 2-mercaptoethanol), dNTPs (each at
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Figure 3. Immunolocalization of CRBP1 by immunofluorescence in cervical cells. Nuclei were Dapi stained in blue
color (A-C). The immunodetection of CRBP1 was observed in green color (D-F). Cytoplasmic immunodetection of
CRBP1 in the merge imaging (G-1). 100X original amplification.

1.25 mM), 1 U Hot Start Tag DNA polymerase
(Qiagen, Hilden, Germany), and primers (25 nM
each reaction). The CRBP1 primer sequences
used were previously described by Esteller et
al. [28] MSP was carried out using the following
conditions: one cycle at 95°C for 1 min, fol-
lowed by 35 cycles of 1 min at 95°C, 1 min at
62°C, and 1 min at 72°C. CRBP1 DNA promot-
ers of the MCF-7 cell line (un-methylated) and
Hela cells (methylated) were used as controls.
The PCR products were directly loaded on to a
2% agarose gel, stained with ethidium bromide,
and visualized under a UV transilluminator.

Statistical analysis
All comparisons for significance were per-

formed by means of the X? exact test. All p val-
ues represent two-tailed tests and were consid-
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ered significant at 0.001. The statistical
analysis was performed using the SPSS v15
statistical software.

Results

For CRBP1 copy number analysis, purified DNA
from CC and healthy tissues was subjected to
real-time PCR assays. As expected, no variation
in CRBP1 gene copy number was observed in
healthy cervix samples (data not shown). In
contrast, 38% of CC samples showed a gain in
copy number (2-20 copies) (Figure 1). In the
case of CC cell lines, only SiHa showed a high
copy number of the CRBP1 gene, the rest pre-
sented a similar pattern to normal cervix sam-
ples (data not shown).

In order to establish a possible relationship
between gene amplification and CRBP1 gene

Int J Clin Exp Pathol 2013;6(9):1817-1825
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Figure 4. Methylation promoter of CRBP1 gene in cervical cancer samples. Example of CRBP1 gene promoter meth-
ylation analysis. Lanes: Healthy cervix sample, CCO3 and CCO6 samples with un-methylated status; lanes CC 10 and
CC 16 with methylated status; Hela cells as un-methylated control (109 bp), or MCF-7 cells as methylated control
(99 bp). MW: molecular weight marker of 100 bp.

expression, cervical cancer tissues were sub-
jected to an immunohistochemistry assay on
tissue microarray. Figure 2A depicts represen-
tative normal cervical epithelium and CC sam-
ples for CRBP1 immunostaining. Normal cervi-
cal tissues showed positive immunostaining in
the cytoplasm of cells from the cellular basal
layer. Interestingly for CC samples, the lack of
CRBP1 expression was observed in most of the
cases ( 66%), while the remaining samples
showed positive immunostaining in the trans-
formed cells with variations in signal intensity.
A significant association was obtained between
CRBP1 expression and copy number gain (p =
0.001; see Table 1). Furthermore, a significant
association was also observed between early
sexual activity early in life and degrees of dif-
ferentiation (Table 2).

To establish whether CRBP1 expression could
be related as an early event in cervical carcino-
genesis, a tissue section harboring the cervical
lesions spectrum was subjected to immunohis-
tochemistry assay. The result showed that
CRBP1 expression was present since the pre-
cursor lesion (Figure 2B), indicating that the
upregulation of CRBP1 expression plays a role
in cancer progression.

In the case of CC cell lines, all (HeLa, SiHa and
RoVa) were positive for CRBP1 expression
(Figure 3).

Tissue specimens corresponding to those ana-
lyzed by immunohistochemistry and gene copy
number were then used for methylation by spe-
cific PCR analysis. It was noted that CRBP1 pro-
moter CpG islands were found methylated in
15/26 CC samples, while 11/26 malignant
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samples were observed to be un-methylated
(Figure 4). So, a direct relationship was
observed between the lacks of expression of
CRBP1 and specimen methylation status
(Figure 1).

Discussion

To date, CC is the second most common cancer
in females of the Mexican population. Despite
the wide acceptance of a screening program for
CC, in Mexico more than 12,000 women are
diagnosed with CC annually, and unfortunately,
this is accompanied by a 50% mortality rate.
Thus, there are clearly deficiencies in the cur-
rent system of screening. Due to high number
of false negatives or positives and also the lack
of molecular markers, there is a need for sup-
plementary cervical screening techniques [29].

One interesting issue on CC comprises the
genetic changes that could correlate with the
disease. Several reports on this topic have
been described, indicating that the gain of the
chromosome 3q could be considered as one of
the most prevalent chromosomal alterations in
this tumor type [8].

It is noteworthy that the chromosomal imbal-
ances profile between CC and larynx cancer is
quite similar (Peralta R., manuscript in prepara-
tion), with the 3g arm being the most common
DNA gain. We have hypothesized that the
CRBP1 gene could also present common alter-
ations in CC. Very recently, we have published
about the multiple molecular alterations
involved in the CRBP1 gene in larynx cancer
[23].

Int J Clin Exp Pathol 2013;6(9):1817-1825
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It was previously reported, employing DNA
microarray technology on CC cells that the
CRBP1 gene presented a gain in copy number
[17]. In the present work, we demonstrate and
confirm that the majority of patients do not
present changes in copy number of CRBP1
gene and only one third of patients with CC pre-
sented amplification in copy number of CRBP1
gene. In that scenario, the data suggests that
of a subgroup of epithelial tumors of the cervix
harboring the amplification of 3921 region, the
CRBP1 gene could represent an important and
common clue for the carcinogenesis process.

CRBP1 gene alterations in cancer research are
being explored. It is known that CRBP1 protein
is expressed in several human tissues. In con-
trast, a lack of expression is present in human
cancer types such as ovary, prostate, larynx
and breast cancer [21, 23, 30, 31]. Our present
data shows that CRBP1 protein is only
expressed in the basal cell layer of normal cer-
vical tissue, supporting previous results found
in stratified epithelial tissues [23]. With regard
to CRBP1 expression in CC, we show two tumor
types; one CRBP1 positive and CRBP1 nega-
tive. Interestingly, a predominant lack of expres-
sion of CRBP1 is showed in CC, supporting pre-
vious reports [22]. This finding could represent
an important molecular event in carcinogene-
sis. Then, we decided to investigate whether
CRBP1 gene amplification could be related to
protein expression in CC. We observed a rela-
tionship between gene amplification and pro-
tein expression. This result supports previous
results [23], and could suggest that the gene
amplification could be related to its
expression.

In order to determine the probable mechanism
of CRBP1 expression, the cervical samples
were then subjected to methylation assay.
Most of the samples showed methylated
sequences. Interestingly the analysis showed a
correlation between methylation status and
lack of expression. This data could support the
idea that CRBP1 gene of lack expression is con-
sistently related with methylation of its promot-
er, independently of the gene amplification
event. Similar results could be extended for
prostate, breast, and ovarian human cancer
types [20, 21, 27, 31].

According to the result for immunodetection of
CRBP1 in cervical cancer progression in which
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the HG-SIL is positive, this could suggest that
un-methylated gene promoter precedes (the
transcription and translation events) invasive
lesion. In this case, we hypothesize that those
HG-SIL CRBP1 positive, correspond to samples
that will progress to CRBP1 positive invasive
lesions as an early step (a landmark) in cervical
progression. In contrast, in CRBP1 invasive
samples an aberrant methylation event also
occurs in the invasive tumors, inactivating the
CRBP1 gene. To address the clinical implica-
tions of these molecular alterations for CRBP1
gene in CC, we have already initiated the proper
clinical and follow-up protocols.

It is classically known that TSGs have been
described to acquire loss of function by muta-
tions or deletions leading to their inability to
impede  malignant  transformation [5].
Alternatively, the methylation epigenetic event
represents a distinct mechanism of tumor sup-
pressor gene inactivation. Aberrant gene pro-
moter methylation is associated with gene
silencing and is functionally equivalent to a
deleted gene [5]. Based on this scenario where
the CRBP1 lack expression could be due to
aberrant gene promoter methylation, we sug-
gest the role of CRBP1 as potential TSG in CC
and probably for some other human tumors.

On the other hand, it is widely known that per-
sistence of HPV infection in women who to
develop dysplasia or carcinoma [32], and the
long latency of the transition from HG-SIL to
carcinoma strongly suggest that cellular fac-
tors in addition to HPV infection are required for
the malignant transformation of epithelial cells
[33]. The present work clearly demonstrates
that the alterations in CRBP1 are not influenced
by HPV.

Conclusions

The current data demonstrates several molec-
ular alterations of the CRBP1 gene in cervical
tissues. CRBP1 un-methylated status and its
expression are essential molecular mecha-
nisms involved in the basal cell layer of healthy
cervical epithelium, while CRBP1 methylated
status and its lack of expression could be one
of the most prevalent event in CC; this fact sug-
gests that CRBP1 gene could act as a tumor
suppressor gene associated with cervical
cancetr.

Int J Clin Exp Pathol 2013;6(9):1817-1825
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