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gene deletion in ovarian cancer: Fluorescence in situ
hybridization analysis of a tissue microarray
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Abstract. The aim of the present study was to investigate
the status of speckle-type POZ (pox virus and zinc finger
protein) protein (SPOP) gene located on chromosome
17921 in ovarian cancer (OC). The present study evaluated
a tissue microarray, which contained 90 samples of ovarian
cancer and 10 samples of normal ovarian tissue, using fluo-
rescence in situ hybridization (FISH). FISH is a method
where a SPOP-specific DNA red fluorescence probe was
used for the experimental group and a centromere-specific
DNA green fluorescence probe for chromosome 17 was
used for the control group. The present study demonstrated
that a deletion of the SPOP gene was observed in 52.27%
(46/88) of the ovarian cancer tissues, but was not identified
in normal ovarian tissues. Simultaneously, monosomy 17
was frequently identified in the ovarian cancer tissues, but
not in the normal ovarian tissues. Furthermore, the present
data revealed that the ovarian cancer histological subtype
and grade were significantly associated with a deletion of
the SPOP gene, which was assessed by the appearance of
monosomy 17 in the ovarian cancer samples; the deletion of
the SPOP gene was observed in a large proportion of serous
epithelial ovarian cancer (41/61; 67.21%), particularly in
grade 3 (31/37; 83.78%). In conclusion, deletion of the SPOP
gene on chromosome 17 in ovarian cancer samples, which
results from monosomy 17, indicates that the SPOP gene may
serve as a tumor suppressor gene in ovarian cancer.
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Introduction

Ovarian cancer is one of three most common gynecological
malignant tumors, along with cervical cancer and endome-
trial carcinoma, with the highest morbidity and mortality
among these types of tumors. In 2008, it was estimated
that 225,500 women were diagnosed with ovarian cancer
and 140,200 women succumbed to this disease worldwide;
however, these figures vary geographically (1). The fourth
most common type of cancer among gynecological malignant
tumors worldwide is epithelial ovarian cancer (EOC) (2). Due
to the unfavorable anatomical location of ovarian cancer, ~70%
of ovarian cancer patients are diagnosed at advanced stages,
and the 5-year survival rate of these patients is 20-30% (2).
At present, surgery and chemotherapy are the major treatment
modalities of ovarian cancer, but the effectiveness of treatment
is poor. The prognosis of patients with ovarian cancer is poor,
due to late diagnosis, since there are non-specific symptoms
and a lack of effective screening methods (2). Furthermore, the
etiology and early events in the progression of ovarian cancer
are poorly understood, and the genetic mechanism of ovarian
cancer development is extremely complex. Deletion, mutation
and/or altered expression of oncogenes and tumor suppressor
genes are important in ovarian cancer development (3).
Speckle-type POZ (pox virus and zinc finger protein) protein
(SPOP) gene deletion or loss of heterozygosity (LOH) in its
loci has been reported in 57.8% of breast cancer patients (4). In
addition, in 24 types of cancer, including ovarian cancer, copy
number analysis of SPOP amplification, LOH, deletion and
mutation revealed that LOH frequently appears in the SPOP
locus (4).

SPOP is an E3 ubiquitin ligase adaptor protein, which
promotes substrate ubiquitination, leading to proteolysis of the
substrate via the 26S proteasome. In addition, the SPOP gene is
located on chromosome 17q21.33, which has frequent deletions
and mutations (5). Recent studies on prostate and endometrial
cancer demonstrated that the SPOP gene was frequently
mutated and its locus was observed to undergo LOH, which
indicated that SPOP may act as a tumor suppressor gene (5-8).
In breast cancer, the SPOP gene frequently undergoes copy
number loss, which also indicates that SPOP functions as a
tumor suppressor gene (4). Similarly in ovarian cancer, the
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SPOP gene has been revealed to frequently undergo copy
number loss (4-6). However, the role of SPOP gene in ovarian
cancer has not been confirmed.

A number of studies have revealed that SPOP is frequently
altered in human cancer. However, there are few studies that
focus on the genetic aberrations of the SPOP gene in ovarian
cancer. The aim of the present study was to investigate the role
of the SPOP gene in ovarian tumorigenesis, and to evaluate
numerical aberrations of chromosome 17 and SPOP gene
alterations in an ovarian cancer tissue microarray (TMA) with
fluorescence in situ hybridization (FISH).

Materials and methods

TMA. A TMA of ovarian cancer was purchased from Xi'an
Ailina Biotechnology Co., Ltd. (catalog no. BC11115a; Xi’an,
China), which consisted of 100 cases and 100 spots, including
5 cases of clear cell carcinoma, 63 cases of serous EOC,
10 cases of mucous EOC, 2 cases of endometrial carcinoma,
10 cases of metastatic adenocarcinoma and 10 cases of
normal ovarian tissue. Evaluation of the TMA by the present
study was approved by Xi’an Ailina Biotechnology Ethics
Committee (The Second Affiliated Hospital of Chongqing
Medical University, Chongqing, China).

FISH. FISH technique was used on the TMA, with a
SPOP-specific DNA fluorescence probe used as the experi-
mental group and a centromere-specific DNA fluorescence
probe for chromosome 17 [chromosome enumeration probe 17
(CEP17)] for the control group. Fluorescence in situ hybrid-
ization Detection kit (catalog no., G 100984R-8; included
SPOP probe, CEP17 probe, SSC buffer, RNase A, pepsin and
hybridization buffer) was purchased from Agilent Technolo-
gies, Inc. (Cedar Creek, TX, USA). The SPOP probe, labeled
red (rhodamine), covers a 190 Kb region of 17q21.33, which
includes the whole SPOP genome. The CEP17 control probe
was labeled green [fluorescein isothiocyanate (FITC)]. The
FISH technique was performed according to the manufac-
turer's protocol. Briefly, the TMA samples were dewaxed,
and underwent proteolysis for 10 min. The probes were then
added, followed by protein denaturation for 10 min at 85°C
and hybridization for 15-17 h at 37°C. The hybridization was
observed using a fluorescence microscope (BX51; Olympus
Corporation, Tokyo, Japan) equipped with selective filters for
the fluorochromes used.

Fluorescence signals were scored using a well-established
criteria (9). The interpretation of the signals followed the
same interpretation criteria as previous studies using human
epidermal growth factor (HER-2) gene (3) and pl6 gene (10).
A normal cell has two copies of chromosome 17 (shown by
two green spots) and two copies of SPOP gene (shown by
two red spots). For the SPOP FISH test the FISH ratio was
calculated as follows: FISH ratio (SPOP/CEP17) = number
of red rhodamine fluorescent SPOP signals / number
of green FITC fluorescent CEP17 signals. FISH was
reported using the following ratios: Deletion of SPOP gene,
SPOP/CEP17 <0.7 or SPOP signals/nucleus <1.5; normal
SPOP gene, 0.7<SPOP/CEP17<2.0; amplification of SPOP
gene, SPOP/CEP17 >2.0; monosomy, >10% cells with CEP17
signals/nucleus <1.5; polysomy, >10% cells with CEP17
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signals/nucleus >2.5; disome, CEP17 signals/nucleus = 1.5-2.5.
The results were reviewed by two pathologists (The Center
of Pathological Diagnosis, Chongqing Medical University,
Chongging, China).

Statistical analysis. SPSS version 19.0 software for Windows
(IBM SPSS, Armonk, NY, USA) was used. Bivariate analysis
was performed using x> test or likelihood-ratio test, and
Fisher's exact probability method when required. P<0.05 was
considered to indicate a statistically significant difference.

Results

Status of SPOP gene and CEPI7. In total, 98 out of 100 cases
from the TMA were evaluated; 2 cases of serous EOC could
not be analyzed, due to unclear fluorescence with FISH. No
alterations in the SPOP gene or CEP17 were observed in
normal ovarian tissue using FISH (Fig. 1A). In ovarian cancer,
37 cases (37/88; 42.05%) were classified as disome and the
SPOP genes were normal (Fig. 1B). Comparatively, the SPOP
genes in 51 cases (51/88; 57.95%) were abnormal as follows:
deletion, 1 case (Fig. 1C); amplification, 1 case (Fig. 1D);
monosomy, 45 cases (Fig. 1E); and polysomy, 4 cases (Fig. 1F).

Differences in SPOP genes between histological types
and grades of ovarian cancer. The status of SPOP genes in
ovarian cancer are shown in Table I. The status of the SPOP
gene in ovarian cancer and normal ovarian tissues differed
significantly (P<0.01; Table II). In addition for ovarian cancer,
the status of the SPOP gene in serous EOC and clear cell
carcinoma differed significantly (P<0.01), while the status of
the SPOP gene of serous EOC and other histological subtypes
did not differ significantly (P>0.05; Tables III and IV). The
present data revealed that the SPOP gene differed significantly
between grade 3 and grade 1 serous EOC (P<0.01). Similarly,
the status of the SPOP gene differed significantly between
grade 3 and grade 2 serous EOC (P<0.01). However, the status
of the SPOP gene of grade 1 and grade 2 did not differ signifi-
cantly in serous EOC (P=0.104) (Tables V and VI).

Discussion

The present study demonstrated that there is a significant
difference in the status of SPOP genes between ovarian cancer
and normal ovarian tissues using FISH assay on a TMA. The
present results reveal that in ovarian cancer, SPOP gene copies
undergo deletion and amplification, and chromosome 17
undergoes monosomy, disome and polysomy. In addition, out
of 88 cases of ovarian cancer, there were 45 cases of mono-
somy 17 (45/88; 51.14%); monosomy 17 results in the deletion
of SPOP gene. By contrast, the present study observed that
the SPOP gene and chromosome 17 were unaltered in normal
ovarian tissues (Tables I-I1T).

The data gathered in the present study indicated that the
deletion of the SPOP gene, in association with monosomy 17,
may contribute to ovarian carcinogenesis. In addition, the
present results demonstrate that there is a high proportion
(45/88; 51.14%) of monosomy 17 in ovarian cancer (Table I),
and indicates that chromosome 17 has undergone loss of a
certain number of tumor suppressor genes. Furthermore, there
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Table I. SPOP/CEP17 in ovarian cancer and normal ovarian tissues.

Ratio (SPOP/CEP17) Status of SPOP gene  Status of CEP17  Ovarian cancer tissue,n ~ Normal ovarian tissue, n
Total 88 10
Ratio >2 Amplification - 1 0
0.7<ratio<2; CEP17<1.5 - Monosomy 45 0
0.7<ratio<2; 1.5<CEP17<2.5 - Disome 37 10
0.7<ratio<2; CEP17 >2.5 - Polysomy 4 0
Ratio <0.7 Deletion - 1 0

SPOP/CEP17, fluorescence in situ hybridization ratio of speckle-type POZ (pox virus and zinc finger protein) protein to chromosome enumera-

tion probe 17.

B.C.

Figure 1. SPOP gene alterations and numerical abnormalities of chromosome 17 in ovarian tissue. (A) In normal ovarian tissue, signals/nucleus of CEP17 all
showed two green spots, and signals of SPOP gene showed two red spots. (B) In certain ovarian cancer tissues, signals/nucleus of CEP17 showed two green spots,
and signals of SPOP gene showed two red spots. (C) Deletion of the SPOP gene had a SPOP/CEP17 signal ratio of <0.7. (D) Amplification of the SPOP gene had
a SPOP/CEP17 signal ratio of >2.0. (E) Monosomy of CEP17 had a CEP17 signals/nucleus ration of <1.5 in >10% cells. (F) Polysomy of CEP17 had a CEP17
signals/nucleus ration of >2.5 in >10% cells. SPOP, speckle-type POZ (pox virus and zinc finger protein) protein; CEP17, chromosome enumeration probe 17.

may be a positive association between histological subtypes
and tumor grade and the deletion of the SPOP gene in ovarian
cancer (Table IV and VI, respectively). The deletion of the
SPOP gene appeared in a large proportion of serous EOC
tissues (41/61; 67.21%), particularly in grade 3 EOC (31/37,
83.78%) (Tables I11I-VI).

Previously, several studies concerning the genetic
alterations in ovarian carcinogenesis have identified specific
molecular markers that may provide a novel method of diag-
nosing ovarian cancer; therefore, these markers may potentially
increase the prognosis of ovarian cancer patients and provide
novel therapeutic strategies (11-14). The present study demon-
strated that the SPOP gene loses its function when it is inactive,
since the inactivation of the SPOP gene is primarily caused by
deletion, LOH or mutation of the gene (4,6). However, inves-
tigation concerning the SPOP protein indicated that SPOP
protein function may also alter when it translocates between

the cell nucleus and the cytoplasm in clear cell renal cell carci-
noma (ccRCC), which indicates that the SPOP protein serves
as a regulatory hub to promote ccRCC tumorigenesis (15).

In addition to the inactivation of the SPOP gene, certain
studies have identified that inactivation of certain genes
located in chromosomal region 17g21, including breast
cancer 1 and putative oncoprotein nm23, may contribute to
ovarian carcinogenesis (16). Additionally, the present study
data may indicate that a number of oncogenes that are associ-
ated with polysomy 17, including HER-2 and growth factor
receptor bound protein 7 gene, may contribute to ovarian
carcinogenesis (4). Therefore, the present study hypothesizes
that alterations in chromosome 17 may be important in
ovarian carcinogenesis.

SPOP is an adaptor for E3 ligase Cullin3, a nuclear protein,
which promotes substrate protein ubiquitination and degrada-
tion by the 26S proteasome (4,6). Sequence analysis indicates
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Table II. SPOP gene status between ovarian cancer and normal
ovarian tissues.

SPOP gene status

Tissue type Total, n Abnormal, n Normal, n
Ovarian cancer® 88 51 37
Normal ovarian 10 0 10

“P<0.01 vs. normal ovarian tissues. SPOP, speckle-type POZ (pox
virus and zinc finger protein) protein.

that the SPOP protein contains a nuclear localization signal
(NLS), which locates the SPOP protein to the cell nucleus
leading to a promotion of cell apoptosis (15). The function
of the SPOP protein is altered when it translocates from the
nucleus to the cytoplasm, and in this situation it is referred to
as SPOP-cyto, since it lacks the NLS (15).

Recent studies concerning the structures of SPOP-substrate
complexes have revealed that SPOP-substrates require
SPOP-binding consensus motifs ¢-mt-S-S/T-S/T (¢, nonpolar;
7, polar) as a prerequisite for binding to the SPOP protein (17).
Certain protein substrates, including death-domain-associ-
ated-protein (Daxx), are involved in transcription, cell-cycle
regulation and apoptosis, and may bind to the MATH domain
of the SPOP protein, leading to ubiquitination and degrada-
tion in the proteasome of the substrate. Therefore, the SPOP
protein serves as a regulator of cellular function (6). At present,
known SPOP substrates include macro H2A, Puckered, Daxx,
glioma-associated-oncogene and phosphatase and tensin
homolog (17).

Several studies concerning SPOP gene function indicate
that the mutation or LOH of the SPOP gene is critical in
prostate and breast cancer (4,5). In addition, the SPOP protein
is key in ubiquitin-mediated degradation of steroid receptor
coactivator-3 by 26S proteasome in breast cancer (4). These
results suggest that SPOP may act as a tumor suppressor in
breast and prostate cancers. The SPOP protein is primarily
located in the cell nucleus, but SPOP-cyto and hypoxia drive
the SPOP protein to become accumulated in the cytoplasm in
kidney cancer, where the function of the SPOP protein may
alter from proapoptotic to antiapoptotic and induce prolifera-
tion (15). This indicates that the SPOP protein may act as a
tumor promoter in ccRCC.

The contradiction of tumor-promoting and
tumor-suppressing roles of SPOP may be partially attributed
to the following factors: Difference in substrate function due
to different subcellular localization of the SPOP protein, and
a difference in the expression of SPOP substrates owing to
diverse cell and cancer varieties. In breast cancer, the SPOP
protein binds to substrates that are tumor-promoters and
therefore plays a tumor-suppressing role (4). In prostate cancer,
the mutated SPOP gene does not bind to substrates that are
tumor-suppressors, and so SPOP may play a tumor-suppressing
role (5,6). In conclusion, the role of SPOP is associated with the
status of the SPOP protein and the function of substrates (6).

TMA is a cost- and time-efficient method for
high-throughput analysis. The TMA used in the present
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Table ITI. SPOP gene status between different types of EOC.

SPOP gene status

Histological type Total,n Abnormal, n Normal, n
Total 88 51 37
Serous EOC 41 20 61
Mucinous EOC 4 6 10
Clear cell carcinoma 0 5 5
Endometrioid carcinoma 0 2 2
Metastatic adenocarcinoma 6 4 10

SPOP, speckle-type POZ (pox virus and zinc finger protein) protein;
EOC, epithelial ovarian cancer.

Table IV. Bivarate analysis of speckle-type POZ (pox virus
and zinc finger protein) gene status between different types
of EOC.

Histological type ¥ P-value
Serous EOC vs. mucinous EOC 2.635 0.105*
Serous EOC vs. clear cell 0.006°
Serous EOC vs. endometrioid 0.118"
Serous EOC vs. metastatic 0.195 0.658*

Likelihood-ratio test; "Fisher exact probability method. EOC, epithe-
lial ovarian carcinoma.

Table V. SPOP gene status between pathological grades of
serous epithelial ovarian cancer.

SPOP gene status
Grade Total Abnormal, n Normal, n
Total 61 41 20
1 8 10
2 8 6 14
3 31 6 37

SPOP, speckle-type POZ (pox virus and zinc finger protein) protein.

Table VI. Bivarate analysis of speckle-type POZ (pox virus
and zinc finger protein) protein gene status between patho-
logical grades of serous epithelial ovarian cancer.

Grade v P-value
1vs.2 0.104*
2vs.3 4.006 0.045°
3vs. 1 14.443 <0.001°¢

“Fisher exact probability method; *%? test; ‘likelihood-ratio test.




study contained 90 spots of ovarian cancer and 10 spots of
normal ovarian tissue. Combined with the FISH technique,
TMA limits the damage to specimens and creates consis-
tent experimental conditions, thus ensuring the stability of
experimental results.

In conclusion, the FISH technique is an experimental
method that uses a SPOP DNA probe (red) and a CEP17
probe (green). It is a valuable method that concurrently
detects numerical abnormalities in chromosome 17 and
numerical alterations in SPOP gene copies. The results of the
present study indicate that the deletion of the SPOP gene was
observed in a large proportion of serous EOC cases, particu-
larly in grade 3 serous EOC. The use of molecular diagnosis
technologies allows for a high-throughput analysis of genes,
therefore providing novel insights into gene expression profiles
in ovarian cancer. Consequently, it may promote the develop-
ment of novel biomarkers or aid in the identification of a novel
therapy for human cancer. The present study has revealed that
investigating the molecular mechanisms of the deletion of the
SPOP gene in ovarian cancer is an important direction for
future study.
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