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Objectives: Sperm-associated antigen 5 (SPAG5), a spindle-binding protein, regulates the
process of mitosis. The present study focused on the relationship between SPAG5 expres-
sion and the clinicopathological characteristics and prognosis of ovarian cancer. Methods:
First, we used the Gene Expression Omnibus (GEO) database to analyze SPAG5 expression
in ovarian cancer and its clinical relevance. Subsequently, qPCR test was used to detect
SPAG5 mRNA expression in 20 cases of ovarian cancer. The expression of SPAG5 protein
in a tissue microarray containing 102 cases of ovarian cancer was detected by immunohis-
tochemistry. Cox regression and Kaplan–Meier survival analyses were performed to identify
the prognostic factors for the 102 ovarian cancer patients. Results: In the GEO datasets,
SPAG5 mRNA expression was significantly higher in ovarian cancer tissues than that in
normal ovarian tissues (P < 0.001). qPCR and immunohistochemistry showed that SPAG5
expression in ovarian cancer tissues was significantly higher than that in paracancerous tis-
sues (P = 0.002, P < 0.001). The high expression of SPAG5 in ovarian cancer was correlated
with histological type (P = 0.009), lymph node metastasis (P = 0.001), distant metastasis
(P = 0.001), TNM stage (P = 0.001), and prognosis (P = 0.001). The Kaplan–Meier curve
indicated that rates of disease-free survival (DFS) and overall survival (OS) were even lower
in patients with high SPAG5 expression. Multivariate analysis showed that SPAG5 expres-
sion (P = 0.001) and TNM staging (P = 0.002) were independent prognostic factors for the
DFS of ovarian cancer. Conclusions: These results suggest that high SPAG5 expression was
correlated with multiple clinicopathological features of ovarian cancer and can be used as
an evaluation indicator for a poor ovarian cancer prognosis.

Background
Ovarian cancer is a common gynecological malignant tumor, with 295,414 newly diagnosed cases and
184,799 deaths every year worldwide [1]. In China, the incidence and mortality of ovarian cancer rank
8th and 10th among female malignancies, respectively [2]. The numbers of newly diagnosed cases of and
deaths due to ovarian cancer in China each year are 52,100 and 22,500, respectively [3]. The histopatho-
logical type of approximately 90% of ovarian cancers is epithelial malignant tumor, including serous car-
cinoma, mucinous carcinoma, uterine endometrial carcinoma, and clear cell adenocarcinoma. Among
all gynecological tumors, ovarian cancer has characteristics of late diagnosis, high mortality rate, and the
worst prognosis. Approximately 70% of ovarian cancers have already developed into advanced cancer at
the time of diagnosis. Although surgical treatment, chemotherapy, radiotherapy, and targeted therapy have
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Figure 1. The relationship between SPAG5 mRNA expression and clinical characteristics in the GEO database

The differences in SPAG5 mRNA expression between normal ovarian tissues and ovarian cancer tissues in the GSE40595 (A)

and GSE14407 (B) datasets (all P < 0.001). The difference in SPAG5 mRNA expression between normal ovarian cells and ovarian

tumors in the GSE26712 dataset (C) (P < 0.001). The differences in SPAG5 mRNA expression between various histological types

in the GSE44104 dataset (D) (P = 0.009). In the GSE12172 dataset, a significant difference in SPAG5 mRNA expression was found

between different TNM stages (E) (P = 0.001). SPAG5 mRNA expression was significantly lower in ovarian tumors with LMP than

that in malignant ovarian cancers (F) (P < 0.001). SPAG5 mRNA expression in various wild-type, mutant, and nonmutant ovarian

cancers (G) (P < 0.001). Note: K: KRAS; B: BRAF; E: ERBB2.

developed rapidly in recent years, the 5-year survival of ovarian cancer is only 20% [4–6]. Although tumor markers
such as cancer antigen 125 (CA125) and human epididymis protein 4 (HE4) play important roles in the diagnosis and
treatment of ovarian cancer, they are still not enough for the individualized and precise treatment of ovarian cancer.
Thus, finding markers for early relapse and poor prognosis of ovarian cancer is very important [7–9].

Sperm-associated antigen 5 (SPAG5), which is also known as astrin or hMAP126, is located on chromosome
Ch17q11.2 and belongs to the family of spindle-binding proteins. During the middle phase of mitosis, SPAG5 is
concentrated at the centromere to regulate the time of spindle assembly and separation of sister chromosomes during
mitosis [10,11]. During mitosis, SPAG5 and other related proteins together regulate the activity of kinetochore mi-
crotubules and promote the progression of mitosis [12]. Yang et al. [13] found that SPAG5 can inhibit apoptosis and
promote cell proliferation. Recent studies have found that SPAG5 is associated with tumor occurrence, development,
invasion, and metastasis. Yuan et al. [14] found that SPAG5 was highly expressed in cervical cancer tissues and was as-
sociated with poor cervical cancer prognosis and treatment sensitivity to paclitaxel. High SPAG5 expression is a poor
prognostic factor for breast cancer and is associated with sensitivity to breast cancer chemotherapy [15,16]. Liu et al.
[17] found that SPAG5 can inhibit apoptosis in urothelial carcinoma of the bladder and promote tumor proliferation,
which was associated with poor tumor prognosis. Zhou et al. [18] found that SPAG5 was highly expressed in hepato-
cellular carcinoma (HCC), which suggested poor HCC prognosis. These results indicate that SPAG5 is an important
oncogene involved in the development and progression of tumors and affects the malignant biological behaviors of
tumors. However, the prognostic value of SPAG5 expression in ovarian cancer has rarely been studied.

The present study aimed to detect SPAG5 messenger RNA (mRNA) expression levels in fresh ovarian cancer sam-
ples via one-step quantitative reverse transcription-polymerase chain reaction (qPCR), detect SPAG5 protein expres-
sion by Western blot (WB), and analyze the SPAG5 protein in an ovarian cancer tissue microarray (TMA) using im-
munohistochemistry (IHC). The correlation between SPAG5 expression and the clinicopathological characteristics
and prognosis of ovarian cancer patients was investigated.
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Figure 2. SPAG5 mRNA and protein expression in ovarian cancer tissues and matched noncancerous tissues

One-step quantitative real-time polymerase chain reaction (qPCR), Western blotting (WB), and immunohistochemistry (IHC) were

performed to evaluate SPAG5 mRNA and protein expression in ovarian cancer tissues and matched noncancerous tissues. SPAG5

mRNA expression in ovarian cancer tissues was significantly higher than that in matched tumor-adjacent noncancerous tissues (P =
0.002) when normalized to the internal control GAPDH (A). SPAG5 protein expression in ovarian cancer tissues was higher than that

in matched tumor-adjacent noncancerous tissues by WB (B) and IHC (C). IHC scoring data showed that SPAG5 protein expression

in ovarian cancer tissues was significantly higher than that in matched tumor-adjacent noncancerous tissues (P < 0.001).

Materials and methods
Gene Expression Omnibus (GEO) data collection and mining
Genechip data were downloaded from the GEO database. Specifically, the GSE44104 (submission date: February 6,
2013), GSE12172 (submission date: July 18, 2008), GSE14407 (submission date: January 13, 2009), and GSE40595
(submission date: September 4, 2012) datasets were based on the GPL570 platform (Affymetrix Human Genome
U133 Plus 2.0 Array, Affymetrix Inc., Santa Clara, CA). The GSE26712 dataset (submission date: January 19, 2011)
was based on the GPL96 platform (Affymetrix Human Genome U133A Array, Affymetrix Inc., Santa Clara, CA).
The original expression profile of carboxyl ester lipase (CEL) was subjected to robust multiarray average (RMA) nor-
malization using the Affy package in R language. The mRNA expression level of SPAG5 was further subjected to log2
transformation. The expression levels of genes with multiple expression data are represented by the corresponding
mean expression levels. SPAG5 expression in ovarian cancer was divided into a high expression group and a low
expression group using the median as the cutoff value.

Ovarian cancer tissue specimens
A total of 102 ovarian cancer tissue specimens and paracancerous tissues were collected at the Department of Pathol-
ogy, Jiangsu Cancer Hospital between 2005 and 2015. All specimens were fixed using formalin and embedded in
paraffin. All specimens were reviewed by two senior pathologists. Clinicopathological patient information was col-
lected, including gender, age, tumor size and location, histological type, degree of differentiation, and lymph node
and distant metastasis. According to the 7th edition of the American Joint Committee on Cancer (AJCC) staging
manual, none of the patients received preoperative radiochemotherapy or immunotherapy. The present study was
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Figure 3. Representative images of SPAG5 protein expression in ovarian cancer and corresponding noncancerous tissues

Representative images of SPAG5 protein expression in ovarian cancer and corresponding noncancerous tissues. Positive staining

is evident in the cancer cell cytoplasm and membrane.

approved by the Institutional Review Board of Pukou Central Hospital, Nanjing, Jiangsu, and carried out in accor-
dance with the World Medical Association Declaration of Helsinki (2019-PK-H052). All subjects provided written
informed consent.

Detection by qPCR
Fresh specimens from tumor and paracancerous tissues from 20 of the above 102 ovarian cancer cases were
collected. Methods for RNA extraction, quality control, and qPCR detection were described previously [19,20].
The following primers were used for qPCR: (1) SPAG5, 5′-TGCCCAAACCACCCCGTCAT-3′ (forward) and 5′-
TCAGGACTGCCCCATTGCTC-3′ (reverse) and (2) GAPDH, 5′-TGCACCACCAACTGCTTAGC-3′ (forward) and
3′-GGCATGGACTGTGGTCATGAG-5′ (reverse). The qPCR program was as follows: (1) reverse transcription at
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42◦C for 30 min; (2) predenaturation at 94◦C for 2 min; and (3) 35 cycles of 95◦C for 20 s, 56◦C for 20 s, and 72◦C
for 30 s [21].

Western blot (WB)
Ovarian cancer and paracancerous fresh tissues were obtained from three of the above 102 ovarian cancer cases.
Total protein was extracted from fresh ovarian cancer tissue and adjacent noncancerous tissues and quantitatively
analyzed using the bicinchoninic acid assay (BCA) kit (Beyotime Biotechnology, Shanghai, China). The proteins
were then subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a
membrane (nitrocellulose filter membrane, NC) for immunoblotting. The membranes were then incubated with a
primary SPAG5 antibody (SPAG5, 1:500, HPA022008, Sigma-Aldrich, St. Louis, MO, U.S.A.) in 5% nonfat milk, fol-
lowed by a horseradish peroxidase (HRP)-conjugated anti-rabbit secondary antibody. An electrochemiluminescence
(ECL) detection reagent was used to reveal results [19].

Tissue microarray preparation and immunohistochemical analysis
Ovarian cancer tissues and paracancerous tissues from 102 ovarian cancer cases were used to create tissue
microarrays. Paraffin-embedded tissues were used to prepare each specimen; 1.5-mm-diameter formalin-fixed,
paraffin-embedded tissue cores were used to construct a block, and then 4-μm sections were cut from the block.
The 4-μm sections were used to create the array. IHC was performed as previously described [19,20]. The SPAG5
monoclonal antibody was purchased from Sigma-Aldrich, St. Louis, MO, U.S.A. (SPAG5, 1:200, HPA022008). The
secondary antibody was a horseradish peroxidase-conjugated antibody (Dako Cytomation, Carpinteria, CA, U.S.A.).
The IHC results were observed by two senior pathologists. The results were evaluated according to previous stud-
ies [19,20,22] as follows: 0, negative; 1, weak positive; 2, moderate positive; and 3, strong positive. The percentage
of positive cells was calculated as follows: 1, 0–10%; 2, 11–50%; 3, 51–80%; and 4, 81–100%. A sum of the scores of
the above two parameters greater than or equal to 4 indicates high levels of expression, whereas a score less than 4
indicated low levels of expression.

Statistical analysis
All statistical analyses were performed using the STATA 14.0 statistical software (Stata Corporation, College Station,
TX, U.S.A.). The Wilcoxon test was used to compare SPAG5 expression in the ovarian cancer and paracancerous
tissues. The chi-square test was performed to evaluate the correlation between SPAG5 expression and the clinico-
pathological parameters. Kaplan–Meier analysis (log-rank test) was used to assess the prognostic value. Univariate
and multivariate survival analyses were performed using the Cox proportional hazard model. A difference was con-
sidered statistically significant when the P value was < 0.05.

Results
SPAG5 expression in the GEO database and its relationship with the
clinical characteristics of patients with ovarian cancer
In the GSE40595 and GSE14407 datasets, SPAG5 mRNA expression was significantly higher in ovarian cancer tissues
than that in normal ovarian tissues (both P < 0.001, Figure 1A,B). The GSE26712 dataset also indicated that SPAG5
mRNA expression was significantly higher in ovarian tumors than that in normal ovarian cells (P < 0.001, Figure 1C).
In addition, analysis of the GSE44104 dataset revealed significant differences in the high expression of SPAG5 mRNA
between distinct histologic types (P = 0.009, Figure 1D). By exploring the GSE12172 dataset, we found that SPAG5
mRNA expression was significantly different between different TNM stages (P = 0.001, Figure 1E). Interestingly,
SPAG5 mRNA expression was decreased in stage IV tumors. Since only 10 stage IV ovarian cancer specimens were
available, the sample size should be increased for further investigation. Similarly, in the GSE44104 dataset, SPAG5
mRNA expression was higher in malignant ovarian cancer than that in ovarian tumors with low malignant potential
(LMP) (P < 0.001, Figure 1F). As shown in Figure 1G, the expression levels of SPAG5 mRNA were significantly
different between wild-types and mutant ovarian cancers (P < 0.001). One-way analysis of variance (ANOVA) with
least significant difference (LSD) post hoc correction was performed, and the results showed that among ovarian can-
cers, wild-type (V-Raf Murine Sarcoma Viral Oncogene Homolog B1 (BRAF)/Kirsten Rat Sarcoma Viral Onco-
gene Homologue (KRAS)) ovarian cancer had the highest SPAG5 mRNA expression. SPAG5 mRNA expression in
wild-type (BRAF/KRAS) ovarian cancer was significantly different from that in mutant BRAF ovarian cancer (P <

0.001), mutant KRAS ovarian cancer (P < 0.001), mutant V-Erb-B2 Avian Erythroblastic Leukemia Viral Onco-
gene Homolog (ERBB)2 ovarian cancer (P = 0.027), and wild-type (BRAF/KRAS/ERBB2) ovarian cancer (P <
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Figure 4. The prognostic value of SPAG5 expression for the DFS of ovarian cancer

The Kaplan–Meier method was used to analyze ovarian cancer patient survival. Patients with high SPAG5 expression, an advanced

pathological grade, or an N1, M1, or advanced TNM stage of disease exhibited worse DFS rates (A–E). The P value was determined

using the log-rank test.

0.001). SPAG5 mRNA expression was lowest in wild-type (BRAF/KRAS/ERBB2) ovarian tumors, which differed
from nonmutant tumors (P < 0.001) and wild-type (BRAF/KRAS) tumors (P < 0.001).

High expression of SPAG5 in ovarian cancer
To study SPAG5 mRNA levels in ovarian cancer patients, qRT-PCR was performed on cancerous and corresponding
paracancerous tissues from 20 ovarian cancer cases. The results showed that compared with the endogenous control
gene GAPDH, SPAG5 expression levels in ovarian cancer tissues and paracancerous tissues were 5.36 +− 4.25 and 1.20
+− 1.21 (P = 0.002), respectively (Figure 2A). SPAG5 mRNA expression in ovarian cancer tissues was approximately
4.5-fold that in paracancerous tissues. SPAG5 protein expression levels in ovarian cancer and paracancerous tissues
was detected using WB and IHC. Consistent with the qPCR results, WB detection showed that SPAG5 expression in
ovarian cancer tissues was significantly higher than that in paracancerous tissues (Figure 2B). The IHC assay showed
that ovarian cancer tissues from 56 of 102 cases exhibited high SPAG5 expression and that paracancerous tissues from
42 cases had high SPAG5 expression; the difference was significant (P < 0.001, Figure 2C). SPAG5-positive staining
was mainly located in the cytoplasm and cell membrane. Typical IHC staining for SPAG5 expression in ovarian cancer
cells is shown in Figure 3. The above data indicated that SPAG5 was highly expressed in ovarian cancer tissues.

Correlation of SPAG5 expression with the clinicopathological features of
ovarian cancer
The association between high SPAG5 expression in ovarian cancer and patient clinicopathological features is shown in
Table 1. High SPAG5 expression was correlated with histological type (P = 0.009); lymph node metastasis (P = 0.001);
distant metastasis (P = 0.001); tumor, node, metastasis (TNM) stage (P = 0.001); and prognosis (P = 0.001). Other
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Figure 5. The prognostic value of SPAG5 expression for the OS of ovarian cancer

Patients with high SPAG5 expression, an advanced pathological grade, or an N1, M1, or advanced TNM stage of disease exhibited

worse OS rates (A–E). The P value was determined using the log-rank test.

important clinicopathological indicators, such as age, tumor size and location, and tumor grade were not correlated
with SPAG5 expression.

The effect of SPAG5 expression on ovarian cancer patient survival
The Kaplan–Meier curve indicated that the disease-free survival (DFS) rate was lower among patients with high
SPAG5 expression (P < 0.001), an advanced pathological grade (P = 0.016), or an N1 (P < 0.001), M1 (P < 0.001),
or advanced TNM (P < 0.001) stage of disease (Figure 4A–E). The curve also indicated that overall survival (OS)
was lower among patients with high SPAG5 expression (P < 0.001), an advanced pathological grade (P = 0.012), or
an N1 (P < 0.001), M1 (P < 0.001), or late TNM (P < 0.001) stage of disease (Figure 5A–E). Univariate analysis
revealed that high SPAG5 expression (P = 0.001), tumor pathological grade (P = 0.031), lymph node metastasis (P =
0.001), distant metastasis (P = 0.001), and TNM staging (P = 0.001) were correlated with DFS in the 102 patients with
ovarian cancer (Table 2). High SPAG5 expression (P = 0.001), tumor pathological grade (P = 0.022), lymph node
metastasis (P = 0.001), distant metastasis (P = 0.001), and TNM stage (P = 0.001) were also correlated with the OS
of the 102 ovarian cancer patients (Table 3). Further multivariate analysis showed that SPAG5 expression (P = 0.001)
and TNM staging (P = 0.002) could be used as independent prognostic factors for DFS (Table 2). SPAG5 expression
(P = 0.001) and TNM staging (P = 0.005) were also independent prognostic factors for OS (Table 3; Figure 5).

Discussion
SPAG5 is a spindle-binding protein that regulates the progression of mitosis. Recent studies have found that SPAG5
is closely related to tumor occurrence and development. In cervical cancer [14], breast cancer [15,16], bladder cancer
[17], HCC [18], lung cancer [23], prostate cancer [24] and other malignancies, SPAG5 is highly expressed in tumor
tissues, indicating a poor prognosis. SPAG5 promotes proliferation and suppresses apoptosis in bladder urothelial
carcinoma at least partially via up-regulating Wnt3 by activating the AKT/mTOR signaling pathway [17]. SPAG5
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Table 1 Relationship between SPAG5 overexpression and the clinicopathological characteristics of ovarian carcinomas
patients

Groups No. SPAG5 χ2 P value
+ %

Total 102 56 54.9

Age (years)

≥60 28 16 57.1 0.08 0.780

<60 74 40 54.1

Tumor size (cm)

>5 86 49 57.0 0.95 0.329

≤5 16 7 43.8

Histological type

Serous 67 42 62.7 11.53 0.009*

Mucinous 17 8 47.1

Endometroid 13 2 15.4

Clear cell 5 4 44.4

Pathological grade

Grade 1 16 5 31.3 4.34 0.114

Grade 2 21 12 57.1

Grade 3 65 39 60.0

Lymph node metastasis

Positive 27 25 92.6 21.07 0.001*

Negative 75 31 41.3

Distant metastasis

Positive 21 18 85.7 10.14 0.001*

Negative 81 38 46.9

TNM stage

Stage I 3 0 0.00 17.62 0.001*

Stage II 21 6 28.6

Stage III 57 32 56.1

Stage IV 21 18 85.7

Survival

Yes 43 11 25.6 25.81 0.001*

No 59 45 76.3

*P < 0.05

might be an independent prognostic and predictive biomarker that may have clinical utility as a biomarker for com-
bination cytotoxic chemotherapy sensitivity, especially in estrogen receptor-negative breast cancer [16]. In human
non-small cell lung cancer (NSCLC), miR-1179 inhibited the growth and invasion of NSCLC cells by targeting SPAG5
and inhibiting Akt, highlighting the importance of the miR-1179/SPAG5/Akt axis in the progression of NSCLC [25].
SPAG5 expression was gradually increased during prostate cancer progression and its level was significantly associ-
ated with lymph node metastasis, clinical stage, Gleason score, and biochemical recurrence; moreover, miR-539 can
inhibit prostate cancer progression by directly targeting SPAG5 [24]. Recent studies have shown that SPAG5 promotes
HCC progression by down-regulating SCARA5 by modifying β-catenin degradation [26]. SPAG5 serves as a promis-
ing prognostic factor in HCC and functions as an oncogene via the CEP55-mediated PI3K/AKT pathway; thus, the
miR-363-3p/SPAG5/CEP55 axis may represent a potential therapeutic target for HCC clinical intervention [27]. The
above results indicate that SPAG5 may be an oncogene that promotes tumor progression, invasion, and metastasis.
However, the role of SPAG5 in ovarian cancer has rarely been reported. Whether SPAG5 can be used as a new marker
for the diagnosis and prognosis of ovarian cancer was the focus of the present study.

qPCR, WB, and IHC analyses were used to study the mRNA and protein expression levels of SPAG5 in ovarian
cancer. SPAG5 mRNA expression was significantly higher in ovarian cancer tissues than in matched noncancerous
tissues. The same results were confirmed by WB and IHC. Therefore, the carcinogenic function of SPAG5 in ovarian
cancer has been confirmed. Our study also found that SPAG5 is correlated with the clinicopathological features of
ovarian cancer, including histological type, lymph node and distant metastasis, TNM staging, and prognosis. Our
results are consistent with previous studies on SPAG5 in other tumors [14–18,23,24].
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Table 2 Univariate and multivariate analyses on the disease-free survival of 102 cases of ovarian cancer

Univariate analysis Multivariate analysis
HR P > |z| 95% CI HR P > |z| 95% CI

SPAG5 expression

High versus Low 5.06 0.001* 2.705–9.458 3.57 0.001* 1.782–7.158

Age (years)

≥60 versus <60 1.26 0.417 0.719–2.216

Tumour size (cm)

>5 versus ≤5 2.23 0.064 0.955–5.191

Histological type

Serous versus
mucinous versus
Endometroid versus
clear cell

1.22 0.250 0.870–1.704

Pathological grade

Grade 1 and 2 versus
Grade 3

0.63 0.031* 0.417–0.958 0.98 0.936 0.645–1.497

Lymph node metastasis

Positive versus
negative

3.77 0.001* 2.225–6.379 1.04 0.909 0.550–1.958

Distant metastasis

Positive versus
negative

4.38 0.001* 2.507–7.666 4.42 0.070 0.886–22.099

TNM stage

Stage I versus
Stage II versus Stage
III
versus Stage Stage IV

0.26 0.001* 0.167–0.392 0.11 0.002* 0.025–0.447

*P < 0.05

Table 3 Univariate and multivariate analyses on the overall survival of 102 cases of ovarian cancer

Univariate analysis Multivariate analysis
HR P > |z| 95% CI HR P > |z| 95% CI

SPAG5 expression

High versus low 4.61 0.001* 2.511–8.454 3.05 0.001* 1.547–6.031

Age (years)

≥60 versus <60 1.26 0.412 0.723–2.204

Tumour size (cm)

>5 versus ≤5 2.30 0.055 0.984–5.372

Histological type

Serous versus
mucinous versus
Endometroid versus
clear cell

1.28 0.140 0.921–1.784

Pathological grade

Grade 1 and 2 versus
Grade 3

0.62 0.022* 0.408–0.933 0.94 0.785 0.622–1.431

Lymph node metastasis

Positive versus
negative

3.62 0.001* 2.150–6.110 1.05 0.877 0.549–2.022

Distant metastasis

Positive versus
negative

4.56 0.001* 2.604–7.987 3.37 0.138 0.677–16.761

TNM stage

Stage I versus
Stage II versus Stage
III
versus Stage Stage IV

0.25 0.001* 0.163–0.392 0.13 0.005* 0.031–0.543

*P < 0.05
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Univariate analysis showed that high SPAG5 expression, pathological grade, lymph node metastasis, distant metas-
tasis, and TNM staging were correlated with DFS and long-term survival of patients with ovarian cancer. Multivariate
survival analysis showed that high SPAG5 expression and TNM staging could be used as individual prognostic factors
for ovarian cancer. The Kaplan–Meier curve also showed that patients with high SPAG5 expression and TNM staging
had shorter survival. This finding is consistent with the results from recent studies that also found a role for SPAG5
in the prognosis of related tumors [14–18,23,24].

We believe that the study of SPAG5 in tumors requires further in-depth studies, as there are likely many factors that
influence SPAG5 in different tumor studies, such as tumor typing, antibody sources, and quality control. Our study
also lacks the support of a large-scale sample size, and subsequent studies on in vivo and in vitro models to investigate
the biological role of SPAG5 in ovarian cancer invasion and metastasis and the regulation of related signaling pathways
are underway.

In summary, the present study is the first full manuscript to report the relationship between SPAG5 expression
and clinicopathological features in ovarian cancer, especially its prognosis in details. Our results showed that SPAG5
could be used as a potential tumor marker for ovarian cancer. Further studies including studies on larger sample sizes
and those examining the biological roles of SPAG5 in ovarian cancer invasion and metastasis are necessary.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The present study was funded by The Social Science and Technology Project of Pukou District, Nanjing, China [grant number
s2018-01].

Author Contribution
C.B.S. designed the study; M.Z. and N.H. collected the tumor samples; M.Z. and C.B.S. performed the experiments; L.S., L.T.,
and C.B.S. evaluated the IHC results; L.S. completed the statistical analysis; M.Z. and L.S. drafted the manuscript; C.B.S. and
L.T. supervised the study. All authors read and approved the final manuscript.

Abbreviations
95% CI, 95% confidence interval; AJCC, the American Joint Committee on Cancer; BCA, bicinchoninic acid assay; BRAF, V-Raf
Murine Sarcoma Viral Oncogene Homolog B1; CA125, cancer antigen 125; DFS, disease-free survival; ECL, electrochemilumi-
nescence; ERBB, V-Erb-B2 Avian Erythroblastic Leukemia Viral Oncogene Homolog; GEO, Gene Expression Omnibus; HCC,
hepatocellular carcinoma; HE4, human epididymis protein 4; HR, hazard ratio; IHC, immunohistochemistry; KRAS, Kirsten Rat
Sarcoma Viral Oncogene Homologue; mRNA, messenger RNA; NC, nitrocellulose filter membrane; NSCLC, non-small cell lung
cancer; OS, overall survival; qPCR, one-step quantitative real-time polymerase chain reaction; SDS-PAGE, sodium dodecyl
sulfate polyacrylamide gel electrophoresis; SPAG5, sperm-associated antigen 5; TMA, tissue microarray; TNM, tumor node
metastasis; WB, Western blot.

References
1 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R.L., Torre, L.A. and Jemal, A. (2018) Global cancer statistics 2018: GLOBOCAN estimates of incidence

and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 68, 394–424, https://doi.org/10.3322/caac.21492
2 Pan, R., Zhu, M., Yu, C., Lv, J., Guo, Y., Bian, Z. et al. (2017) Cancer incidence and mortality: A cohort study in China. 2008-2013. Int. J. Cancer 141,

1315–1323, https://doi.org/10.1002/ijc.30825
3 Chen, W., Zheng, R., Baade, P.D., Zhang, S., Zeng, H., Bray, F. et al. (2016) Cancer statistics in China, 2015. CA Cancer J. Clin. 66, 115–132,

https://doi.org/10.3322/caac.21338
4 Coburn, S.B., Bray, F., Sherman, M.E. and Trabert, B. (2017) International patterns and trends in ovarian cancer incidence, overall and by histologic

subtype. Int. J. Cancer 140, 2451–2460, https://doi.org/10.1002/ijc.30676
5 Lee, J.Y., Kim, S., Kim, Y.T., Lim, M.C., Lee, B., Jung, K.W. et al. (2018) Changes in ovarian cancer survival during the 20 years before the era of

targeted therapy. BMC Cancer 18, 601, https://doi.org/10.1186/s12885-018-4498-z
6 Bouchard-Fortier, G., Panzarella, T., Rosen, B., Chapman, W. and Gien, L.T. (2017) Endometrioid Carcinoma of the Ovary: Outcomes Compared to Serous

Carcinoma After 10 Years of Follow-Up. J. Obstet. Gynaecol. Can. 39, 34–41, https://doi.org/10.1016/j.jogc.2016.10.006
7 Tan, L., Sha, L., Hou, N., Zhang, M. and Ma, Q. (2019) High alpha B-crystallin and p53 co-expression is associated with poor prognosis in ovarian

cancer. Biosci Rep. 39, BSR20182407, https://doi.org/10.1042/BSR20182407
8 Yang, W.L., Lu, Z. and Bast, Jr, R.C. (2017) The role of biomarkers in the management of epithelial ovarian cancer. Expert Rev. Mol. Diagn. 17,

577–591, https://doi.org/10.1080/14737159.2017.1326820

10 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/2/BSR
20193087/867425/bsr-2019-3087.pdf by guest on 10 April 2024

https://doi.org/10.3322/caac.21492
https://doi.org/10.1002/ijc.30825
https://doi.org/10.3322/caac.21338
https://doi.org/10.1002/ijc.30676
https://doi.org/10.1186/s12885-018-4498-z
https://doi.org/10.1016/j.jogc.2016.10.006
https://doi.org/10.1042/BSR20182407
https://doi.org/10.1080/14737159.2017.1326820


Bioscience Reports (2020) 40 BSR20193087
https://doi.org/10.1042/BSR20193087

9 Goff, B.A., Agnew, K., Neradilek, M.B., Gray, H.J., Liao, J.B. and Urban, R.R. (2017) Combining a symptom index, CA125 and HE4 (triple screen) to
detect ovarian cancer in women with a pelvic mass. Gynecol Oncol. 147, 291–295, https://doi.org/10.1016/j.ygyno.2017.08.020

10 Chang, M.S., Huang, C.J., Chen, M.L., Chen, S.T., Fan, C.C., Chu, J.M. et al. (2001) Cloning and characterization of hMAP126, a new member of mitotic
spindle-associated proteins. Biochem. Biophys. Res. Commun. 287, 116–121, https://doi.org/10.1006/bbrc.2001.5554

11 Mack, G.J. and Compton, D.A. (2001) Analysis of mitotic microtubule-associated proteins using mass spectrometry identifies astrin, a
spindle-associated protein. Proc. Natl. Acad. Sci. U.S.A. 98, 14434–14439, https://doi.org/10.1073/pnas.261371298

12 Manning, A.L., Bakhoum, S.F., Maffini, S., Correia-Melo, C., Maiato, H. and Compton, D.A. (2010) CLASP1, astrin and Kif2b form a molecular switch that
regulates kinetochore-microtubule dynamics to promote mitotic progression and fidelity. EMBO J. 29, 3531–3543,
https://doi.org/10.1038/emboj.2010.230

13 Yang, Y.C., Hsu, Y.T., Wu, C.C., Chen, H.T. and Chang, M.S. (2006) Silencing of astrin induces the p53-dependent apoptosis by suppression of HPV18 E6
expression and sensitizes cells to paclitaxel treatment in HeLa cells. Biochem. Biophys. Res. Commun. 343, 428–434,
https://doi.org/10.1016/j.bbrc.2006.02.166

14 Yuan, L.J., Li, J.D., Zhang, L., Wang, J.H., Wan, T., Zhou, Y. et al. (2014) SPAG5 upregulation predicts poor prognosis in cervical cancer patients and
alters sensitivity to taxol treatment via the mTOR signaling pathway. Cell Death. Dis. 5, e1247, https://doi.org/10.1038/cddis.2014.222

15 Abdel-Fatah, T.M.A., Agarwal, D., Liu, D.X., Russell, R., Rueda, O.M., Liu, K. et al. (2016) SPAG5 as a prognostic biomarker and chemotherapy
sensitivity predictor in breast cancer: a retrospective, integrated genomic, transcriptomic, and protein analysis. Lancet Oncol. 17, 1004–1018,
https://doi.org/10.1016/S1470-2045(16)00174-1

16 Zhou, X., Jia, L., Sun, Y., Xu, L., Wang, X. and Tang, Q. (2019) Sperm-associated antigen 5 is a potential biomarker for poor prognosis in breast cancer.
Oncol. Lett. 17, 1146–1152

17 Liu, J.Y., Zeng, Q.H., Cao, P.G., Xie, D., Yang, F., He, L.Y. et al. (2018) SPAG5 promotes proliferation and suppresses apoptosis in bladder urothelial
carcinoma by upregulating Wnt3 via activating the AKT/mTOR pathway and predicts poorer survival. Oncogene 37, 3937–3952,
https://doi.org/10.1038/s41388-018-0223-2

18 Zhou, H., Wang, S.C., Ma, J.M., Yu, L.Q. and Jing, J.S. (2018) Sperm-Associated Antigen 5 Expression Is Increased in Hepatocellular Carcinoma and
Indicates Poor Prognosis. Med. Sci. Med. Sci. Monit. 24, 6021–6028, https://doi.org/10.12659/MSM.911434

19 Shi, C., Yang, X., Ni, Y., Hou, N., Xu, L., Zhan, F. et al. (2015) High Rab27A expression indicates favorable prognosis in CRC. Diagn. Pathol. 10, 68,
https://doi.org/10.1186/s13000-015-0303-3

20 Shi, C., He, Z., Hou, N., Ni, Y., Xiong, L. and Chen, P. (2014) Alpha B-crystallin correlates with poor survival in colorectal cancer. Int. J. Clin. Exp. Pathol.
7, 6056–6063

21 Shi, C., Yang, X., Bu, X., Hou, N. and Chen, P. (2017) Alpha B-crystallin promotes the invasion and metastasis of colorectal cancer via
epithelial-mesenchymal transition. Biochem. Biophys. Res. Commun. 489, 369–374, https://doi.org/10.1016/j.bbrc.2017.05.070

22 Jing, J., Wang, S., Ma, J., Yu, L. and Zhou, H. (2018) Elevated CTSL2 expression is associated with an adverse prognosis in hepatocellular carcinoma.
Int. J. Clin. Exp. Pathol. 11, 4035–4043

23 Valk, K., Vooder, T., Kolde, R., Reintam, M.A., Petzold, C., Vilo, J. et al. (2010) Gene expression profiles of non-small cell lung cancer: survival prediction
and new biomarkers. Oncology 79, 283–292, https://doi.org/10.1159/000322116

24 Zhang, H., Li, S., Yang, X., Qiao, B., Zhang, Z. and Xu, Y. (2016) miR-539 inhibits prostate cancer progression by directly targeting SPAG5. J. Exp. Clin.
Cancer Res. 35, 60, https://doi.org/10.1186/s13046-016-0337-8

25 Song, L., Dai, Z., Zhang, S., Zhang, H., Liu, C., Ma, X. et al. (2018) MicroRNA-1179 suppresses cell growth and invasion by targeting sperm-associated
antigen 5-mediated Akt signaling in human non-small cell lung cancer. Biochem. Biophys. Res. Commun. 504, 164–170,
https://doi.org/10.1016/j.bbrc.2018.08.149

26 Liu, H., Hu, J., Wei, R., Zhou, L., Pan, H., Zhu, H. et al. (2018) SPAG5 promotes hepatocellular carcinoma progression by downregulating SCARA5
through modifying beta-catenin degradation. J. Exp. Clin. Cancer Res. 37, 229, https://doi.org/10.1186/s13046-018-0891-3

27 Yang, Y.F., Zhang, M.F., Tian, Q.H., Fu, J., Yang, X., Zhang, C.Z. et al. (2018) SPAG5 interacts with CEP55 and exerts oncogenic activities via PI3K/AKT
pathway in hepatocellular carcinoma. Mol. Cancer 17, 117, https://doi.org/10.1186/s12943-018-0872-3

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

11

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/2/BSR
20193087/867425/bsr-2019-3087.pdf by guest on 10 April 2024

https://doi.org/10.1016/j.ygyno.2017.08.020
https://doi.org/10.1006/bbrc.2001.5554
https://doi.org/10.1073/pnas.261371298
https://doi.org/10.1038/emboj.2010.230
https://doi.org/10.1016/j.bbrc.2006.02.166
https://doi.org/10.1038/cddis.2014.222
https://doi.org/10.1016/S1470-2045(16)00174-1
https://doi.org/10.1038/s41388-018-0223-2
https://doi.org/10.12659/MSM.911434
https://doi.org/10.1186/s13000-015-0303-3
https://doi.org/10.1016/j.bbrc.2017.05.070
https://doi.org/10.1159/000322116
https://doi.org/10.1186/s13046-016-0337-8
https://doi.org/10.1016/j.bbrc.2018.08.149
https://doi.org/10.1186/s13046-018-0891-3
https://doi.org/10.1186/s12943-018-0872-3

