
Int J Clin Exp Pathol 2015;8(9):10192-10203
www.ijcep.com /ISSN:1936-2625/IJCEP0013748

Original Article
FBXW12, a novel F box protein-encoding gene, is  
deleted or methylated in some cases  
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Abstract: Epithelial ovarian cancer is one of the most lethal of gynecological malignancies. Due to its lack of early 
symptoms, detection usually occurs when the tumor is no longer confined to the ovary. We previously identified 
Fbxw15, a gene encoding an F-box protein in the mouse ovary, and showed that its expression is developmentally 
regulated. Here we report the molecular analysis of its human homologue, FBXW12 in epithelial ovarian tumors. 
To search for FBXW12 gene mutations, we PCR-amplified and sequenced the coding region of FBXW12, the gene’s 
5-untranslated region and the proximal promoter in each of 30 EOC tumors. Promoter methylation was determined 
by DNA bisulfite conversion, followed by methylation specific PCR. FBXW12 intracellular localization was identified 
by means of immunohistochemistry. A complete deletion of the gene’s coding region, the 5’-UTR and the proximal 
promoter, was observed in 3 EOC samples. Eight of the remaining 27, had a deletion of the 5’-UTR, and the proximal 
promoter. FBXW12 mRNA was detected in 2 of the 19 samples without deletions. The methylation specific PCR 
results demonstrated CpGs methylation in the FBXW12 proximal promoter. Immunohistochemistry assay revealed 
that within the normal ovary, FBXW12 has an oocyte specific expression, whereas in EOC samples it is present in 
the ovarian surface epithelium. Our results indicate that the FBXW12 gene is deleted in approximately ten percent 
of the EOC cases studied; such deletions comprised either the FBXW12 promoter or the mRNA-encoding region. 
Moreover, FBXW12 could be epigenetically silenced by CpGs methylation in some of these EOC cases.
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Introduction

Ovarian cancer represents a leading cause of 
death in women, and one of the most lethal of 
gynecological malignancies [1]. Unfortunately, 
due to the lack of specific symptoms at early 
stages of development, it is generally diag-
nosed when metastasis has already occurred, 
which leads to a poor prognosis and less than 
20% five-year survival rate after the initial diag-
nosis [2]. Epithelial ovarian cancer (EOC) ac- 
counts for 90% of all ovarian malignancies [3]. 
It usually occurs sporadically, which results in a 
low (2-5%) life-time risk for this type of cancer. 
Women bearing a genetic predisposition to EOC 

represent only 5 to 10% of the affected individ-
uals. Most of them carry germ line mutations in 
tumor suppressor genes like BRCA1, BRCA2 
and/or p53, which are involved in DNA damage 
response and the regulation of cell cycle and 
cell proliferation [4, 5].

Like most human cancers, EOC involves disrup-
tion of various molecular components including 
those participating in the G1-S phase transition 
of the cell cycle [6]. The SCF ubiquitin ligase 
complex may be especially vulnerable to such 
disruption, because of its central involvement 
in the degradation of proteins regulating G1-S 
cell-cycle progression [7, 8]. E3 ubiquitin pro-
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tein ligase complexes are termed SCFs, be- 
cause their basic components include Scp1, 
Cullin and an F-box protein [9]. SCFs mediate 
the phosphorylation-dependent ubiquitination 
of proteins, and appear to be essential compo-
nents of proteolytic events regulating not only 
cycle progression, but also signal transduction 
[9, 10]. Within the SCF complex, F-box proteins 
provide substrate specificity by recognizing and 
recruiting proteins to the complex. The recruit-
ed substrates are then targeted by ubiquitin 
and degraded by the 26 s proteasome [9, 11].

An involvement of the SCF complex in cancer 
was first suggested by its role in the stabiliza-
tion of p27, a tumor suppressor gene. Li and 
colleagues, demonstrated that 1, 25-dihy-
droxyvitamin D3 (1, 25(OH)2D3) arrests in G1 an 
ovarian cancer cell line (OVCAR3), by increasing 
the abundance of p27. 1, 25(OH)2D3 decreases 
the amounts of cyclin E and cyclin dependent 
kinase 2. This results in reduced p27 phos-
phorylation, which in turn reduces p27 interac-
tion with the F box protein Skp2 leading to 
diminished p27 proteosome-mediated degra-
dation [12]. Another F-box encoding gene impli-
cated in cancer is FBXW7. This gene encodes 
an F-box protein responsible for regulating lev-
els of Cyclin E, NOTCH and other oncoproteins 
like c-MYC and c-JUN. Mutations of FBXW7 
have been found in different types of cancer, 
including ovarian carcinomas [13-16]. The lat-
ter suggests that inactivating mutations in 
FBXW7 may lead to the abnormal expression of 
pro-oncogenic genes [17, 18]. An additional 
example was provided by Gütgemann and col-
leagues, who reported significant overexpres-
sion of Emi1 in ovarian clear cell carcinoma. 
Emi1 is an F-box protein implicated in the inac-
tivation of the anaphase promoting complex/
cyclosome (APC/C) ubiquitin ligase pathway. It 

gets and subsequently to ovarian cancer [20, 
21].

In an earlier study we employed DNA microar-
rays to interrogate the mouse genome, and 
identified an oocyte-specific gene whose ex- 
pression increases biphasically during feto-
neonatal development. This gene, termed Fb- 
xw15, is a novel member of the F-box proteins 
family, which regulates cell proliferation by 
interacting with the histone acetyltransferase 
binding to origin recognition complex (HBO1), in 
order to mediate its ubiquitination and further 
degradation in the cytoplasm [22, 23]. Here we 
report that in eleven of thirty EOC cases, the 
coding region, the 5’UTR or the proximal pro-
moter region of the human homologue, FBXW12 
are deleted and that in some of these thirty 
EOC cases, the proximal promoter could be epi-
genetically silenced by CpGs methylation. Mo- 
reover, FBXW12 is identified as oocyte-specific 
within the normal ovary, while its localization 
changes in EOC, where it is detected in the neo-
plastic ovarian surface epithelium.

Materials and methods

Clinical specimens

Thirty primary epithelial ovarian tumors collect-
ed at the Women’s Hospital in Mexico City were 
snap-frozen in liquid nitrogen at the time of sur-
gery. All patients were of Mexican-Mestizo eth-
nic origin with no family history of ovarian can-
cer, aged 17 to 69 years (mean = 44.4±18.6). 
Written informed consent was obtained from all 
patients before enrollment in the study. In addi-
tion, 9 formalin-fixed, paraffin-embedded sam-
ples (2 healthy ovarian tissues, 4 benign tu- 
mours and 3 EOCs), obtained also from the 
Women’s Hospital of the Secretaría de Salud 

Table 1. Tumor classification of the 30 samples analyzed based 
on histology and grade of malignancy. For labeling purposes, each 
tumor sample was numbered upon receipt in a consecutive order

Tumor type* Number of 
samples

Stage (grade of 
malignancy) Number assigned

Serous 21 1c, n = 5
2a, n = 9
3a, n = 6
4, n = 1

3, 4, 23, 24, 26
5, 8, 19-21, 27-30

1, 6, 7, 9,16,18
2

Endometroid 3 1c 10, 11, 25
Mucinous 4 1b 12, 13, 17, 22
Mucinous borderline 1 14
Mixt serous and endometroid 1 1b 15
*According to the International Federation of Gynecology and Obstetrics (FIGO).

blocks the association of 
this ubiquitin ligase with its 
substrates, suggesting that 
Emi1 dependent APC/C mis-
regulation leads to mitotic 
alterations and genomic in- 
stability, which contributes 
to tumorigenesis [19]. It has 
also been postulated that 
F-box proteins act as tu- 
mor suppressors, which are 
transcriptionally silenced by 
epigenetic modifications le- 
ading to a reduced degra- 
dation of downstream tar-
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were processed for immunohistochemistry an- 
alysis. The study was performed after obtaining 
authorization from the National Committee of 
Scientific Research and in accordance with the 
respective international guidelines. Histological 
information on the type of cancer as well as 
grade of malignancy according to the Inter- 
national Federation of Gynecology and Obs- 
tetrics (FIGO) are shown in Table 1.

DNA isolation

Genomic DNA isolated by standard techniques 
[24] from leukocytes of healthy women was 
employed as positive control. Genomic DNA 
from the 30 tumor samples was isolated follow-
ing Sambrook’s protocol for rapid isolation of 
mammalian DNA [25]. Briefly, all frozen sam-
ples were grinded to a powder using a mortar 
and pestle, both prechilled in liquid nitrogen. 
Twenty mg of each sample were placed in a 1.5 
ml microfuge tube containing 600 µl of ice cold 
cell lysis buffer (10 mM Tris-HCl pH 8.0, 1 mM 
EDTA pH 8.0, 0.1% SDS) and quickly homoge-
nized with 30-50 strokes of a microfuge pestle. 
The homogenates were incubated overnight at 

37°C with 3 µl of proteinase K (30 U/mg) 
(Promega Corp., Madison, WI). All digestions 
were allowed to cool down to room temperature 
before incubation with 3 µl of DNAse-free 
RNAse (10 U/µl) (Promega Corp.), for 1 hour at 
37°C. Thereafter, 200 µl of potassium acetate 
solution (60 ml of 5 M CH3CO2K, 11.5 ml of 
glacial acetic acid, 28.5 ml of sH2O) were added 
to each sample and the contents were mixed by 
vortexing vigorously for 20 seconds. To pellet 
the protein/SDS complexes, the samples were 
centrifuged for 3 minutes at 4°C. To precipitate 
the DNA, supernatants were transferred to a 
new microfuge tube containing 600 µl of iso-
propanol. DNA was recovered by centrifugation 
again at maximum speed for 1 minute at room 
temperature. The supernatant of each sample 
was removed by aspiration, following the addi-
tion of 600 µl of 70% ethanol to each DNA pel-
let and then centrifugation, the supernatants 
were removed by aspiration and each DNA pel-
let was allowed to air-dry for approximately 10 
minutes. DNA was dissolved in 40 µl of Tris-
EDTA (pH 7.6) and quantitated by measuring 
absorbance at 260 nm, followed by storage at 
-85°C until used.

Table 2. Primers complementary to Fbxw12 genomic sequence
Primer 
Number Primer Sequence Amplicon Size 

(Base Pairs)
Annealing Temperature 

(°C) Per Primer Pair
Primer Location Within Genomic Contig 

Nt022517.17 (Base Pair Number)
5’ flanking region primers

1AF 5’-TCCTCGCATGATATGAACAGGGCT-3’ 790 60 2468-2491

1AR 5’-ATGCCCATCTGTGTGCGGTAGAAA-3’ 3257-3234

Coding region primers

2F 5’-AGAAAGGAAAGTGGATGTGGGT-3’ 193 54 3325-3346

2R 5’-AGTGGTGCTCAAACTGGT-3’ 3517-3500

3F 5’-CCCTTGCTCTCTGATGTAAC-3’ 192 55 3845-3864

3R 5’-ATCTCACAACACAGCCACAC-3’ 4036-4017

4F 5’-GCAGCAACTTCACCAATCAA-3’ 167 55 4186-4167

4R 5’-CTGCTCATGTTCCTCTAGGG-3’ 4314-4333

5F 5’-TTCTAGCATTTGAGACGGAG-3’ 179 56 5960-5941

5R 5’-GAACAGGATGGATGCAAATATG-3’ 6098-6119 6119

6F 5’-GTGTTACTCTCGTTTTCTAGG-3’ 241 51 8110-8890

6R 5’-GGCTCACTTACCATCAGGAA-3’ 9111-9130

7F 5’-GATATGGTGGGGATGCTTTG-3’ 183 57 9985-9966

7R 5’-TGGCAAGGTACGACTGTATG-3’ 10129-10148

8F 5’-GATGCTCTCTTTAGGTAT-3’ 225 51 11298-11281

8R 5’-CTTGGATGACTGTTTGGCCT-3’ 11505-11486

9F 5’-AAAACAGCATATGAGATCG-3’ 192 51 12286-12304

9R 5’-TACATCCACCCAGAAGTTG-3’ 12478-12459

10F 5’-ATCCTTGCTATGTGCTCACC-3’ 149 51 12549-12568

10R 5’-CATCACAAAACAGAGCTTAG-3’ 12698-12679

11F 5’-CTCCAGTGTGATGTGTGATAATG-3’ 163 57 25134-25156

11R 5’-GGGCTTGCAAATAGAATTTC-3’ 25297-25278

FBXW12 met F 5’-GTTAGAATTTTAACGTAGGAATTTTGA-3’ 341 51 2599-2625

FBXW12 met R 5’-TCTACTTACCCTATATCTATACCTACC-3’ 2939-2913
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DNA sequence analysis

The 10 coding exons of the FBXW12 transcript 
variant 1 (GeneBank: NM_207102.2), the 
5’-untranslated region encoded by exons 1 and 
2, and the proximal promoter (360 bp upstream 
from the transcriptional start site, TSS), were 
amplified by PCR. All reactions were carried out 
in a final volume of 20 µl including: 0.5 µg of 
DNA template, 10 µl of PyroStartTM Fast PCR 
Master Mix (2×) (Fermentas International, Inc., 
Glen Burnie, MD, USA) and 15 pmol of each 
primer set (Table 2). The primer sequences 
derived from GenBank Accession No. NT_022- 
517. The PCR conditions used for amplification 
of all exons were 1 min at 95°C for an initial 
denaturation step, followed by 30 cycles of 
denaturation for 5 sec at 94°C, 10 sec of 
annealing at specific temperatures for each 
pair of primers (Table 2), and 25 sec of exten-
sion at 72°C, ending with a 10 sec extension at 
72°C. The PCR products were electrophoresed 
on a 2% agarose gel stained with ethidium bro-
mide and the corresponding bands were puri-
fied with the QIAEX II Gel Extraction Kit (QIAGEN, 
Inc., Valencia, CA). Purified samples were then 
sequenced on an Applied Biosystems DNA 
Sequencer model 377, using the Big DyeTM 
Terminator Sequencing Ready Reaction kit ver-
sion 3.1 (Applied Biosystems, Foster City, CA). 
Sequencing was performed following the proto-
col supplied by the manufacturer. Sequencing 
results were compared against the GenBank 
sequence database by means of the Basic 
Local Alignment Search Tool algorithm of the 
National Center for Biotechnology Information 
(NCBI).

RNA isolation 

Total RNA (1 µg/µl) from normal human ovary 
was purchased from Clontech (Clontech La- 
boratories, Inc. Mountain View, CA). Total RNA 
from the 30 primary tumors was isolated using 
the RNeasy Mini Kit (QIAGEN, Valencia, CA) fol-
lowing the manufacturer’s instructions. Briefly, 
tissue from the 30 EOC samples was homoge-
nized in TRI Reagent (Molecular Research 
Center, Cincinnati, OH), and the aqueous and 
organic phases were separated by addition of 1 
vol bromo-3-chloropropane (Sigma Chemicals, 
St. Louis, MO), followed by centrifugation at 
13,000 rpm for 15 min at 4°C. Thereafter, 350 
µl of 70% ethanol (Sigma) were added to all 
samples, and each sample was applied to an 
RNeasy mini-column; all mini-columns were 

washed by centrifugation with buffers contain-
ing guanidine and ethanol. To elute the RNA, 30 
µl of RNAse-free water were added directly onto 
the silica-gel membrane of the columns, which 
were then centrifuged for 1 min at 13,000 rpm. 
RNA was quantitated by measuring absorbance 
at 260 nm and stored at -85°C until used. The 
quality of each RNA sample was assessed on 
2% formaldehyde denaturing agarose gels.

Reverse transcription

Reverse transcription was performed employ-
ing the Superscript-First Strand kit (Invitrogen 
Life Technologies, Inc., Carlsbad, CA) in accor-
dance with the manufacturer’s instructions. All 
reactions were carried out in a total volume of 
20 µl. Initially, 1 µg of total RNA was annealed 
at 65°C for 5 min to 0.5 µg of random primer 
(0.5 µg/µl) and 1 µl of a 10 mM dNTPs cocktail. 
The annealed RNA-primer samples were incu-
bated for 1 hour at 42°C with RT-buffer (10×), 
MgCl2 (25 mM), RNAseOUT (40 U/µl) and 50 
units of the Superscript II reverse transcriptase 
(50 U/µl). The reactions were terminated by 
incubation at 70°C for 15 min, following incuba-
tion at 37°C for 20 min with 2 units of E. coli 
RNAse H (2 U/µl).

These reverse transcribed products served as 
templates for the PCR amplification of a portion 
(831 base pairs) of the FBXW12 coding region 
and a 654 base pair (bp) segment of a constitu-
tive gene (β-actin). All PCR reactions were car-
ried out in a 20 µl reaction containing: 10 µl of 
PyroStartTM Fast PCR Master Mix (2×) (Fer- 
mentas), 15 pmoles of the corresponding prim-
er pair and 1µl of the cDNA template. The PCR 
conditions used were as described above. 
Equal volumes of the PCR reactions were elec-
trophoresed on 2% agarose gels stained with 
ethidium bromide.

Identification of CpG islands

To determine if FBXW12 is epigenetically sil- 
enced in EOC by hypermethylation of CpG is- 
lands we searched the entire gene’s sequence 
for CpG islands using the on-line tool http://
www.ebi.ac.uk/Tools/emboss/cpgplot/index.
html.

Bisulfite conversion and methylation specific 
PCR of the FBXW12 proximal promoter region

Bisulfite conversion of 2 µg of genomic DNA iso-
lated from one stage IV serous ovarian carci-
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noma sample was performed with the EZ DNA 
Methylation kit (Zymo Research, Orange, CA) 
following the manufacturer’s protocol. Bisulfite-
modified DNA was then amplified by PCR 
employing specific primers for the proximal pro-
moter of FBXW12 (Table 2). The PCR was car-
ried out in a final volume of 20 µl containing 
GoTaq Flexi Buffer 1X; 1.5 mM MgCl2; 0.2 mM 

dNTP’s; 5 pmol of each corresponding primer 
and 1.25 U of GoTaq Flexi DNA polymerase 
(Promega Corp). Conditions for the PCR were 
an initial denaturation step of 94°C for 5 min 
followed by 40 cycles of 94°C for 1 min, 60°C 
for 1 min, and 72°C for 45 sec; and a final 
extension step at 72°C for 10 min. PCR prod-
ucts were electrophoresed on a 2% agarose gel 

Figure 1. The FBXW12 gene is deleted in some EOCs. (A) Gel image showing the absence of a 489 bp PCR product 
in three tumor samples (1, 2 and 18), after amplification of ovarian genomic DNA, using primers targeting exons 3 
and 4 and the corresponding intronic sequence of the FBXW12 gene. (B) Gel image showing the absence of PCR 
products following amplification of ovarian genomic DNA from tumors 1, 2 and 18, using primers targeting a 413 bp 
fragment comprising exons 9 and 10 and the corresponding intronic sequence of FBXW12. (C) Gel image showing 
the absence of PCR products derived from tumors 1, 2 and 18, using primers targeting the remaining 6 exons (2, 5, 
6, 7, 8 and 11) of the FBXW12 coding sequence. (D) The lack of PCR products in tumors 1, 2 and 18 is in contrast to 
the amplification of a 654 bp fragment of a constitutive gene (β-actin) from the same tumor samples. Genomic DNA 
isolated from white cells of healthy women was used as positive control (PC).  Also in all PCR experiments, a reaction 
with all PCR components with the exception of DNA was used as negative control (NC). MM = molecular marker, PC 
= positive control, NC = negative control, 1 = stage III serous EOC with complete deletion of FBXW12 coding region, 
2 = stage IV serous EOC with complete deletion of FBXW12 coding region, 18 = stage III serous EOC with complete 
deletion of FBXW12 coding region, 3-30 = EOCs of different histotypes with no deletion of FBXW12 coding region. 
The diagrams on top of panels (A) and (B) depict the approximate positions of the primers used for amplification.
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stained with ethidium bromide and the corre-
sponding bands were purified with the QIAEX II 
Gel Extraction Kit (QIAGEN, Inc., Valencia, CA). 
The purified products were ligated into pGEMT-
Easy kit (Promega Corp.). After bacterial trans-
formation, 18 recombinant plasmids expected 
to contain a 341 bp fragment of the proximal 
promoter were sequenced as described previ-
ously. In order to determine the methylation 
degree, sequencing results were compared 
against the in silico bisulfite converted DNA 
sequence by means of the MultiAlin 5.4.1 pro-
gram [26].

Immunohistochemistry

Four μm sections from the nine formalin-fixed, 
paraffin-embedded samples obtained from the 
Women’s Hospital, were mounted on glass 
slides previously coated with poly-L-lysine, 
deparaffinized and rehydrated in serial alcohols 
(100, 90, 70 and 30%) until water. Sections 
were then microwave heated with antigen 
retrieval solution (Vector Laboratories, Bur- 
lingame, CA, USA), rinsed in 1x PBS pH 7.4 and 
incubated for 30 min on 3% H2O2 in methanol 
to inactivate endogenous peroxidase, and sub-
sequently blocked with 10% BSA in 1x PBS for 
30 min. Tissues were then incubated with pri-

mary anti-FBXW12 (LS-C166094) antibody, 
from LifeSpan BioSciences, Inc. (Seattle WA, 
USA) at 4°C overnight. Sections were washed in 
PBS, incubated at room temperature for 2 
hours with the Mouse/Rabbit Immunodetector 
HRP/DAB (Bio SB Inc. CA, USA) and washed 
with 1x PBS. The peroxidase reaction was 
developed with diaminobenzidine and H2O2 
generating a brown precipitate. Finally, slides 
were counterstained with hematoxylin, dehy-
drated and mounted with synthetic resin. 
Breast cancer tissues were used as positive 
control and negative controls consisted of BSA 
in PBS instead of primary antibody.

Results

Search for FBXW12 mutations in EOC

The coding sequence of the FBXW12 gene 
(NM_207102.2) was analyzed in the 30 ovari-
an tumors by PCR and direct sequencing of 
genomic DNA. No inversions, indels or single 
nucleotide polymorphisms (SNPs) were found 
in any of the samples studied. Despite this lack 
of common genetic variation, we identified a 
complete deletion of the FBXW12 coding region 
in 10% of the EOC samples (three out of thirty) 
(samples 1, 2 and 18; Figure 1A-C). In contrast, 

Figure 2. The 5’ untranslated region (UTR) and proximal promoter of FBXW12 are deleted in some of the 30 EOCs. 
(A) Absence of the FBXW12 5’ UTR region and proximal promoter in eleven of 30 EOCs, as assessed by the lack 
of amplification of a PCR product targeting a 790 bp genomic fragment upstream of the FBXW12 start codon. (B) 
Amplification of a 654 bp fragment of the constitutive gene (β-actin) from all tumor samples. Genomic DNA isolated 
from white cells of healthy women was used as positive control (PC). In all PCR experiments, a reaction with all PCR 
components with the exception of DNA was used as negative control (NC). PC = positive control, NC = negative 
control, 1-30 = tumor EOC samples. The diagram on top of panel A depicts the approximate positions of the primers 
used for amplification.
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amplification of a 654 bp fragment of a consti-
tutive gene (β-actin) was observed in all cases 
including these three samples (Figure 1D). In 
addition, all FBXW12 exons were PCR-amplified 

from DNA isolated from white cells of 30 healthy 
women (positive control) (PC) (Figure 1A-C). No 
genomic deletions within the coding region 
were detected in the DNA isolated from the 

Figure 3. FBXW12 mRNA is heterogeneously expressed in EOC. (A) and (B) Representative images showing either 
the lack or low expression of FBXW12 mRNA in nineteen tumors with no deletion of FBXW12 coding region, 5’UTR 
or proximal promoter, in contrast to the detection of FBXW12 mRNA in total RNA from a normal ovary. The arrow to 
the left indicates the size of the mRNA fragment amplified by the primers used (targeting the sequences encoded 
by exons 4 to 8). (C) and (D) Amplification of a 654 bp fragment of the constitutive gene actin. NO = normal ovary, 
3-30 = EOC samples of three different histotypes (serous, mucinous and endometroid) with no deletion of FBXW12 
coding region, 5’UTR or proximal promoter, RT- = reverse transcription negative control. The diagram on top of panel 
A depicts the approximate positions of the primers used for amplification.

Figure 4. FBXW12 proximal promoter is methylated in some cases of EOC. Representative image of the sequencing 
results from 5 clones containing a 345 bp fragment of the FBXW12 proximal promoter. Sequences were compared 
against the in silico bisulfite converted fragment of the promoter (second top sequence) by means of the MultiAlin 
5.4.1 program. The six CpG methylation sites are indicated in red squares. Three of these sites were identified within 
recognition sequences for three different transcription factors (C/EBP, Lyf-1 and Oct-1, respectively).
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remaining 27 tumors (Figure 1A and 1B). Most 
of these tumors were classified as low-grade 
EOCs (Table 1). Of note, the three samples 
showing deletion of the FBXW12 coding region 

epigenetically silenced in some cases of EOC

Because a portion (831 bp) of FBXW12 mRNA 
was only observed in 2 samples without dele-

Figure 5. FBXW12 expression in normal human ovary and in EOC. (A) Im-
munoreaction of FBXW12 in normal ovary. (a) No FBXW12 reaction is pres-
ent in the ovarian surface epithelium, however in this sample a weak cyto-
plasmic reaction is observed in oocytes (100X). (b) Strong immunoreaction 
of FBXW12 in the cytoplasm of oocytes in the second sample of a normal 
ovary (100X). Stromal cells did not show immunoreaction to FBXW12 (40X). 
Difference in signal intensity between (a) and (b) is due to intrinsic experi-
mental variability. (c) Immunopositivity for FBXW12 in the benign ovarian tu-
mor where a reaction in the cytoplasm of epithelial cells is mainly observed 
(40X). (d) Cytoplasmic immunopositivity for FBXW12 is detected in epithelial 
cells of a malignant ovarian epithelial tumor (40X). (e) Breast cancer tissue 
was used as positive control to FBXW12 antibody according to the supplier 
instructions (40X). (f) A negative control in benign ovarian tumor consisted 
in the omission of the primary antibody (40X). (B) Densitometry analysis of 
FBXW12 expression in the epithelium of normal ovary (NO), benign epithe-
lial ovarian tumor (BT) and malignant epithelial ovarian tumor (MT).

were from patients with tu- 
mors of advanced stage (sta- 
ge III and IV serous carcino- 
ma, respectively, according to 
FIGO) (Table 1). Information on 
family history of ovarian can-
cer indicated that in all pa- 
tients the disease was sporad-
ic. This was corroborated by 
PCR and direct sequencing  
of the 10 coding exons of 
FBXW12 from DNA isolated 
from white cells of all patients 
(data not shown). We could not 
determine the length of the 
deletions, because informa-
tion on conventional cytoge-
netic karyotyping was not 
available.

Next, we considered the pos-
sibility of genomic mutations 
in the 5’-UTR and proximal pro-
moter of FBXW12, and ana-
lyzed all 30 tumors by PCR-
amplifying a 790 bp fragment 
comprising exon 1, part of 
exon 2 (where the translation-
al start site is located), the cor-
responding intronic sequence 
between them and 360 bp of 
the proximal promoter. The 
reactions intended to amplify 
this 790 bp segment, did not 
yield a PCR product in eleven 
of the thirty tumors (Figure 
2A), indicating that the 5’-un- 
translated region and proximal 
promoter are deleted in these 
eleven samples. In contrast, 
PCR products of the correct 
size were obtained from the 
amplification of genomic DNA 
derived from white cells of a 
healthy woman (PC) (Figure 
2A). Again, amplification of  
the constitutive gene (β-actin)  
was observed in all samples 
(Figure 2B).

FBXW12 proximal promoter is 
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tions of either the coding region or the 5’-UTR 
and proximal promoter (Figure 3A and 3B), we 
considered the possibility that CpGs in FBXW12 
are methylated in EOC, resulting in FBXW12 
silencing. The sequencing results derived from 
the methylation specific PCR of the FBXW12 
proximal promoter amplified from a stage IV 
ovarian serous adenocarcinoma which cDNA 
was not detected by PCR, demonstrated CpGs 
methylation in 6 portions of the FBXW12 proxi-
mal promoter. Moreover, 3 of these sites with 
methylated cytosines, are within recognition 
sequences for three transcription factors: the 
CCAAT/Enhancer Binding Protein (C/EBP), kn- 
own to regulate cellular differentiation and pro-
liferation in a wide array of tissues [27], Lyf-1, 
initially described as a lymphoid-specific tran-
scription factor which regulates gene expres-
sion and Oct-1, whose high expression in cervi-
cal cancer has been recently reported [28, 29] 
(Figure 4).

FBXW12 is differentially expressed in the nor-
mal human ovary and in EOC

FBXW12 localization within normal human 
ovary and epithelial ovarian carcinoma sam-
ples was determined by means of immunohis-
tochemistry. In sections of two paraffin embed-
ded normal ovaries, FBXW12 immunostaining 
was detected specifically in oocytes of grow- 
ing follicles which is similar to what was report-
ed for the murine orthologue Fbxw15 [22]. 
FBXW12 was not detected neither in follicular 
cells, nor in the ovarian surface epithelium 
(OSE) of the normal ovary (Figure 5A, 5I, 5II). In 
spite of not being present in normal cells of epi-
thelial origin, FBXW12 signal was observed in 
both the benign EOC samples analyzed and in 
malignant tissue (Figure 5A, 5III, 5IV, 5B). The 
latter suggests that within the normal ovary, 
FBXW12 is somehow silenced in cells of epithe-
lial origin, while in the EOC samples, its tran-
scription is active allowing the presence of the 
corresponding protein. Breast cancer tissue 
was used as positive control to FBXW12 anti-
body (Figure 5A, 5V) No signal was observed in 
ovarian samples without addition of primary 
antibody (Figure 5A, 5V).

Discussion 

In this study, we performed the molecular anal-
ysis of FBXW12 in 30 EOC samples, identifying 
a complete deletion of its coding region in three 

of them, and deletion of the proximal promoter 
and 5’UTR in 11 cases, including the three 
samples lacking the coding region.

The association between chromosomal altera-
tions and cancer development is well estab-
lished [30]; a large number of studies employ-
ing different technical approaches, have fo- 
cused on the identification of chromosomal 
amplifications or deletions. As a result, recur-
rent regions of copy number gain, loss, or allelic 
imbalance have been identified [31, 32]. Among 
such regions, gains in copy number within 3q 
are reported as frequent, but deletions within 
this chromosomal segment, or within 3p are 
not considered as markers with prognostic sig-
nificance [32-34]. The deletion of FBXW12, 
which is located on 3p21.31 is, to our knowl-
edge, one of the few deletions on this locus 
reported in ovarian cancer.

It is known that genes involved in cell cycle reg-
ulation are frequently damaged in tumor cells.  
EOC is not an exception, as some cell cycle 
genes-including genes encoding F-box proteins 
- have been shown to be affected in these cells 
[6-8]. Because Skp2, an F-box protein neces-
sary for DNA replication, is overexpressed in 
ovarian adenocarcinoma [35], we initially 
hypothesized that FBXW12 mRNA abundance 
would be increased in primary EOC over the low 
levels reported by Zeng et al., in healthy ovaries 
[36].

Contrary to this expectation, we only observed 
mRNA expression in 2 EOC samples without 
deletion of the coding region, the 5’-UTR or the 
proximal promoter, as opposed to the expres-
sion observed in the normal human ovary. Ev- 
en though FBXW12 has no discernible CpG 
islands, which suggested that epigenetic silenc-
ing by DNA hypermethylation was not responsi-
ble for the lack of mRNA expression seen in 
these EOC cases, we decided to determine if 
the proximal promoter was indeed not silenced 
by CpG methylation. Therefore to analyze the 
FBXW12 proximal promoter region, we em- 
ployed the DNA from one of the EOC samples 
lacking mRNA expression. To our surprise, the 
sequencing results of a 341 bp fragment of the 
FBXW12 proximal promoter, identified six sites 
of CpG methylation within this region, this could 
account for the absence of FBXW12 mRNA in 
the majority of the EOC samples without dele-
tions. In this context, the promoter of FBX032, 
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another F-box encoding gene is silenced by 
hypermethylation in ovarian cancer cell lines 
[20].

Because the murine orthologue of FBXW12 is 
selectively expressed in oocytes [22], another 
explanation for the absence of FBXW12 mRNA 
in the EOC samples is that this tissue is devoid 
of oocytes, and thus it does not contain 
FBXW12-expressing cells. The results derived 
from the immunohistochemistry experiments 
demonstrated that like its murine orthologue, 
FBXW12 in the normal human ovary is oocyte 
specific and surprisingly, its localization chang-
es to the OSE neoplastic cells of the EOC sam-
ples analyzed. Our results are in accordance 
with a study in which a high heterogeneity of 
the D-glucuronyl C5 epimerase (GLCE) expres-
sion was observed. The authors reported a sig-
nificant decrease in GLCE mRNA expression in 
53% of the prostate tumors but also normal or 
elevated levels of GLCE mRNA expression in 
the remaining 47%, they also demonstrated 
changes in the localization pattern of the cor-
responding protein between normal and benign 
samples versus the malignant ones; due to 
possible alterations in epigenetic mechanisms 
that regulate the expression of the gene encod-
ing GLCE [37]. Regarding FBXW12, we can 
speculate that in the healthy human ovary, this 
gene is normally silenced in the epithelial cells 
comprising the ovarian surface epithelium. In 
some EOC cases, it can also remain silenced, 
while in others this epigenetic silencing is 
deregulated in the neoplastic cells of the OSE. 
Besides silencing by CpGs methylation, at least 
three possibilities may be entertained to 
explain the absence of FBXW12 mRNA in EOC: 
1) that enhancer sequences located further 
upstream of the proximal promoter region, as 
shown for the GnRH gene [38], are deleted., b) 
that mRNA degradation is enhanced by aber-
rant microRNA processing. Growing evidence 
indicates that de-regulation of microRNAs is 
closely associated with ovarian tumorigenesis 
[39, 40]. Or c) that the life-span of FBXW12 
mRNA is too short to be easily amplified by 
PCR.

Searching for deletions of either the 5’ UTR or 
the proximal promoter of FBXW12 revealed the 
absence of these regions in eleven of the thirty 
samples studied. Because these eleven sam-
ples include those three lacking the FBXW12 
coding region, it is apparent that mutations of 

FBXW12 in EOC involve varying portions of the 
gene, compromising either the mRNA encoding 
sequence or the proximal promoter. Such 
genomic deletions are consistent with recent 
evidence, gathered with the help of high resolu-
tion arrays, showing the existence of complex 
chromosomal rearrangements or copy number 
alterations of small regions of DNA in EOC [41]. 
Still we did not observe deletions of either the 
5’ UTR, proximal promoter or mRNA encoding 
region in nineteen of the 30 tumors, suggesting 
that deletion of the FBXW12 is not a universal 
feature of EOC pathology.

Conclusion

Because FBXW12 is an F-box protein, it is pos-
sible that deletions of different portions of its 
gene or a de-regulation of its silencing mecha-
nism may compromise ubiquitin-mediated pro-
teosomal degradation resulting in an altered 
expression of downstream oncogenic targets 
directly involved in ovarian cancer develop- 
ment.
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