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Objective: The aim of the study was to investigate the role of shugoshinl (SGO1) in human 

prostate cancer (PCa).

Materials and methods: Quantitative real-time PCR (qRT-PCR) was used to determine the 

expression of SGO1 in PCa tissues and cell lines. The correlation between SGO1 expression and 

clinicopathological characteristics of PCa patients was analyzed using Kaplan–Meier analysis. 

SGO1 siRNA was successfully constructed and transfected into PCa cell lines (LNCaP and 

PC3). The knockdown efficacy was assessed by qRT-PCR. MTT assay and Transwell assay 

were conducted to observe the effect of SGO1 on the proliferation and invasion of PCa cell lines.

Results: SGO1-expression levels were found to be higher in the PCa tissues and cell lines. 

Correlation was identified between the expression of SGO1 and preoperative prostate-specific 

antigen (P=0.017), lymph-node metastasis (P=0.044), and Gleason score (P=0.041). Patients 

with higher SGO1 expression displayed more advanced clinicopathological characteristics in 

addition to a shorter biochemical recurrence-free survival time. Additionally, SGO1 knockdown 

resulted in the inhibition of PCa cell proliferation, migration, and invasion.

Conclusion: Taken together, the findings of the current study present evidence suggesting that 

SGO1 could inhibit the growth and invasion of PCa cells, highlighting its potential as a novel 

therapeutic target for the treatment of PCa.
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Background
Prostate cancer (PCa) continues to plague male health around the world, representing 

the most common malignant tumor among male patients, accompanied by the second 

highest mortality rate in male patients with malignant tumors.1–3 Studies have revealed 

that, in 2016, 180,890 male patients in the USA were diagnosed with PCa, and another 

85,920 patients succumbed to PCa.4 Early detection based on prostate-specific antigen 

(PSA) has more recently led to significantly improved clinical treatment outcomes 

and reduced tumor-related mortality in patients with PCa.5 Surgical treatment is often 

reserved for patients at an early stage of PCa, with androgen deprivation therapy (ADT) 

being the more common therapeutic approach for patients with metastasis. However, 

most patients will enter the castration-resistant prostate cancer (CRPC) phase even-

tually. The occurrence of CRPC in PCa patients indicates that the median survival 

time of patients is likely to be ,2 years. In addition, once the disease metastasizes, 

the median survival time of PCa is commonly ,5 years.6,7 Therefore, investigating 
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the molecular mechanism of PCa and seeking effective 

therapeutic targets remain pivotal in the hope of solving the 

current clinical issues in the treatment of PCa.

Multiple studies8,9 have highlighted genetic instability as 

a causative factor in the occurrence of abnormal chromosome 

segregation in humans that can evolve into tumors. In the 

process of mitosis, the precise separation of sister chromatids 

is significant for maintaining the stability of the genome and 

the survival of the cells. If it is abnormally separated, it will 

lead to the formation of aneuploidy, thus contributing to 

tumorigenesis. Recently, the research on shugoshinl (SGO1) 

mainly focuses on the cell embryology, and a few studies 

demonstrated the role of SGO1 in tumorigenesis and cancer 

development, with only a few tumors having been reported, 

such as intestinal cancer10 and liver cancer.11

No studies which evaluate the expression of SGO1 in PCa 

can be retrieved currently. Therefore, the aim of the present 

study was to evaluate the effect of SGO1 on the development of 

PCa. In this study, our objective was to demonstrate that SGO1 

could act to promote PCa cell proliferation and invasion, high-

lighting the potential SGO1 as a novel therapeutic target for PCa.

Materials and methods
clinical specimen collection
A total of 52 paired PCa tissues and adjacent non-PCa 

tissues were collected from patients who had undergone 

radical prostatectomy at The Second People’s Hospital 

of Lianyungang (Lianyungang, Jiangsu, China) between 

2011 and 2014. None of the enrolled patients had received 

radiotherapy or ADT prior to radical prostatectomy. All 

the collected clinical specimens were snap frozen in 

liquid nitrogen and promptly stored at -80°C until RNA 

extraction. The pathological examination results were 

confirmed by two professional urology pathologists. The 

staging of specimens was classified according to the 2002 

TNM classification. All the adjacent non-PCa tissues 

were confirmed as benign prostatic hyperplasia based on 

pathological findings.

ethical statement
The study was performed with the approval of the Ethics Com-

mittees of The Second People’s Hospital of Lianyungang, 

with strict adherence to the principles of the Declaration 

of Helsinki. Prior to the operation, signed written informed 

consent documents were obtained from each participant.

cell lines
LNCaP and PC3 cell lines were purchased from the American 

Type Culture Collection (Manassas, VA, USA). Both 

LNCaP and PC3 cells were cultured in RPMI 1640 medium 

(Corning, NY, USA) supplemented with 10% FBS (Gibco 

BRL, Gaithersburg, MD, USA), and were incubated in a 

humidified incubator with 5% CO
2
 at 37°C.

rna isolation and quantitative real-time 
Pcr (qrT-Pcr)
Trizol reagent (Invitrogen, Waltham, MA, USA) was used to 

extract total RNA following the manufacturer’s instruction, 

after which the first strand cDNA was acquired using the 

Reverse EasyScript One Step gDNA Removal and cDNA 

Synthesis SuperMix (Trangene, Beijing, China). Next, 

qRT-PCR was employed by using SYBR Green Master 

Mixture (Roche, Basel, Switzerland) reagent in an ABI7500 

real-time PCAR instrument. Expression levels of SGO1 

were calculated based on the comparative 2-ΔΔCt method 

by using StepOne Software. β-Actin was used as an inter-

nal control. qRT-PCR primers were as follows: 1) SGO1: 

forward:  5 ′-TGACTTCAACAGCGACACCCA-3 ′ 
and reverse: 5 ′-CACCCTGTTGTTGCTGTAGCC 

AAA-3 ′ ;  and 2) β-actin: forward: 5 ′-TCACCCA 

CACTGTGCCCATCTACGA-3′ reverse: 5′-CAGCGG 

AACCGCTCATTGCCAATGG-3′. Triplicate wells were 

set in each group.

sirna transfection
The siRNA specifically targeting SGO1 (si-SGO1) and the 

scrambled negative control siRNA were commercially con-

structed by GenePharma (Shanghai, China). The si-SGO1: 

5′-CCGGCACAGCCAGCGAACTATAATTCAAGAGA-

TTATAGTTCACGCTGGCTGTGTTTTTG-3′ was the 

target sequence for si-SGO1. The cells were plated and 

cultured in growth media until cell confluence in the six-

well plate reached 70% before siRNA transfection using 

Lipofectamine 3,000 (Thermo Fisher Scientific, Waltham, 

MA, USA) according to the manufacturer’s protocol. 

The cells were harvested for qRT-PCR for 48 hours after 

transfection.

cell proliferation assay
After a 48-hour period of siRNA transfection, the PCa cells 

were seeded at a density of 1,000 cells per well in 96-well 

plates with six replicate wells. At 4, 24, 48, 72, and 96 hours 

after transfection, 10 µL of MTT Cell Proliferation/Viability 

Assay kit was added to the plates in accordance with the 

instructions. Finally, the absorbance was measured at a 

wavelength of 490 nm using an enzyme-labeled reader. All 

experiments were performed in triplicates.
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cell migration and invasion assays
Cell migration and invasion assays were adopted using 

transwell chambers. Next, 200 µL of cell suspension with a 

density of 1×105 cells was plated into the apical chamber in 

a serum-free medium. The basolateral chamber was filled 

with 500 µL of the medium, containing 10% FBS as a che-

moattractant. After a 48-hour period of incubation, the cells 

that failed to migrate through the pores were swabbed with a 

cotton swab. The lower surface of the membranes was fixed 

and stained with 0.5% crystal violet, and the cells on the 

membranes were dyed. An inverted microscope was used to 

observe and count the number of cells that invaded through 

the membrane. Five randomly selected fields were counted 

per chamber. Each experiment was conducted in triplicate.

Western blot analysis
The cells were washed twice with cold PBS, and then lysed 

in RIPA buffer with protease and phosphatase inhibitors 

(Roche, Complete Mini). Cell debris and insoluble material 

were removed by centrifugation at 14,000× g at 4°C for 

25 minutes. Protein quantitation was conducted using the 

Bradford protein assay (Bio-Rad, Hercules, CA, USA), and 

30 µg of the protein was loaded per lane. Electrophoresis 

was conducted with SDS-PAGE, and the separated proteins 

were transferred onto nitrocellulose membranes. The mem-

brane was blocked with 5% skim milk at room temperature 

for 1 hour, followed by incubation with primary antibodies 

(mouse anti-E cadherin with 1:50 dilution, ab1416; mouse 

anti-vimentin antibody with 1:1,000 dilution, ab8978; 

mouse anti-β-actin with 1:1,000 dilution, ab8226; all the 

above antibodies were obtained from Abcam plc, Cambridge, 

UK) at 4°C overnight. After three TBST washes for 

10 minutes each, a 1-hour period of incubation was performed 

with horseradish peroxidase conjugate secondary antibodies 

at room temperature. The bound antibodies were visualized 

using enhanced chemiluminescence reagent (32109, Thermo 

Fisher Scientific).

statistical analysis
Quantitative data were expressed as mean ± SD. Compari-

sons of continuous data were performed using an unpaired 

two-tailed t-test. Kaplan–Meier method and log-rank tests 

were used to estimate the prognostic value of SGO1 in 

patients’ survival. All data were analyzed by GraphPad 

Prism 5.0. Values of P,0.05 were considered statistically 

significant.

Results
Upregulation of sgO1 expression in Pca 
tissues and cell lines
Initially, qRT-PCR methods were employed in order to 

examine the expression of SGO1 in 52 pairs of PCa tissues 

and adjacent normal tissues. Additionally, the expression of 

SGO1 was significantly upregulated in PCa tissues, compared 

with paired adjacent normal tissues (Figure 1A). SGO1 

expression in a non-cancer human cell line (BPH1) with 

two PCa cell lines (LNCaP and PC3) was further detected 

by qRT-PCR. The result suggested that SGO1 was increased 

in PCa cell lines, but not in BPH1 (Figure 1B).

correlation of sgO1 expression with 
clinicopathological characteristics of Pca 
patients
The PCa patients were classified into two groups based on 

SGO1 mRNA expression: a high expression group (n=12) 

and a low expression group (n=40). Clinicopathological 

Figure 1 relative sgO1 expression in prostate cancer. 
Notes: (A) relative expression of sgO1 in prostate cancer tissues compared with paired adjacent normal tissues. (B) relative expression of sgO1 in a non-cancer prostate 
cell line (BPh1) and prostate cancer cell lines (lncaP, Pc3). each experiment was repeated three times. *P,0.05.
Abbreviation: sgO1, shugoshinl.
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characteristics of two groups were compared (Table 1). Sta-

tistical results demonstrated that the high SGO1-expression 

group was significantly correlated with PSA (P=0.017), 

lymph-node metastasis (P=0.044), Gleason score (P=0.041), 

and biochemical recurrence (P=0.045), as compared with 

those in the low SGO1-expression group. However, it was 

found to not be correlated with age (P=0.679), prostate vol-

ume (P=0.517), or tumor stage (P=0.104).

effect of sgO1 expression on 
biochemical recurrence-free survival
The correlation between the expression of SGO1 with the 

prognosis of PCa patients after radical prostatectomy was 

further explored. Kaplan–Meier analysis revealed that a 

higher SGO1 expression was associated with poor prognosis, 

in addition to significantly shorter biochemical recurrence-

free survival time compared with a low SGO1 expression 

(P=0.043, Figure 2). These findings collectively indicated 

that SGO1 was implicated in the degree of aggression asso-

ciated with the progression of PCa.

Knockdown of sgO1 inhibited cell 
proliferation in vitro
The SGO1 expression was downregulated in two PCa cell 

lines (LNCaP and PC3) by means of transfecting siSGO1 or 

a NC siRNA into the two cell lines in an attempt to verify 

the role of SGO1 in the progression of PCa. The qRT-PCR 

results confirmed the inhibition efficiency of SGO1 expres-

sion (P,0.05, Figure 3A and B). MTT assays were employed 

to explore the impact of SGO1 knockdown on proliferation 

of PCa cells. The results obtained demonstrated that the 

knockdown of SGO1 notably inhibited the proliferation of 

the two cell lines (P,0.05, Figure 3C and D).

Knockdown of sgO1 inhibited cell 
migration and invasion in vitro
Transwell assay indicted that the knockdown of SGO1 

inhibited PCa cell migration and invasion ability (P,0.05, 

Figure 4). Therefore, SGO1 was considered to act as an 

oncogene in the promotion of PCa cell proliferation.

sgO1 facilitated epithelial–mesenchymal 
transition (eMT) in Pca cells
EMT is an important mechanism in tumor cell metas-

tasis. In order to ascertain as to whether EMT markers 

were changed in the PCa cells in the presence of SGO1 

knockdown, the two EMT markers, E-cadherin and vimentin, 

Figure 2 Kaplan–Meier survival curves of two groups of patients with prostate 
cancer based on sgO1-expression levels (P=0.043). Patients with high levels of 
sgO1 expression showed reduced biochemical recurrence-free survival times 
compared with patients with low levels of sgO1 expression.
Abbreviation: sgO1, shugoshinl.

Table 1 The association between sgO1 expression and clinic-
opathological features of prostate cancer

Variable Total (%) SGO1 expression P-value

Low (%) High (%)

age (years) 0.679

,70 42 (81.77) 9 (21.42) 33 (78.58)

70 10 (19.23) 3 (30.00) 7 (70.00)

Prostate  
volume (cm3)

0.517

,50 27 (51.92) 5 (18.52) 22 (71.48)

50 25 (48.08) 7 (29.17) 18 (70.83)

Psa (ng/ml) 0.017

,10 22 (42.31) 9 (40.91) 13 (59.09)

10 30 (57.69) 3 (10.00) 27 (90.00)

lymph-node  
metastasis

0.044

Presence 28 (53.85) 3 (10.71) 25 (89.29)

absence 24 (46.15) 9 (37.50) 15 (62.50)

gleason score 0.041

,7 17 (32.69) 7 (41.18) 10 (58.82)

7 35 (67.31) 5 (14.29) 30 (85.71)

Tumor stage 0.104

,T2c 21 (40.38) 8 (38.09) 13 (61.91)

T2c 31 (59.62) 4 (16.13) 27 (83.87)

Biochemical  
recurrence

0.045

negative 29 (75.00) 10 (34.48) 19 (65.52)

Positive 23 (25.00) 2 (08.69) 21 (91.31)

Abbreviations: PSA, prostate-specific antigen; SGO1, shugoshinl.
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were selected for Western blot analysis. The results obtained 

revealed that the expression of E-cadherin was increased 

while vimentin expression was decreased when SGO1 was 

knocked down in LNCaP cells and PC3 cells (Figure 5). 

These findings suggested that SGO1 is a promoter of PCa 

cell migration and invasion and the underlying mechanism 

is involved with the EMT pathway.

Discussion
PCa remains a common male malignant tumor accompanied 

by high rates of mortality. In recent years, basic treatment 

of PCa has remained focusing on surgical approaches or 

ADT. However, PCa often inevitably progresses into a more 

advanced stage, which is commonly referred to as CRPC. The 

early detection of PSA, which represents an early diagnosis of 

PCa, can significantly improve patient outcome and treatment 

effectiveness. However, regarding early diagnosis markers, 

PSA has limited sensitivity and specificity. Accumulating 

reports have suggested that PCa is the result of a combination 

of aberrant expressed multiple genes and multiple factors; 

however, at present, no key genes or new therapeutic targets 

for PCa have been found.12 These have brought enormous 

challenges to modern medicine. Therefore, it is urgently 

needed to identify PCa-specific expression genes or proteins 

for the diagnosis and treatment of PCa.

As a conserved protein, SGO1 plays a critical role in 

ensuring the correct dissociation of mitotic sister chromatids. 

A previous study13 concluded that, in the process of mitosis, 

SGO1 is located on the centromere when DNA replication is 

completed. Prior to the formation of the spindle, the adhesion 

proteins were attached to the centromeres of the sister chro-

matids. Until the middle of mitosis, a series of monitoring 

mechanisms, including spindle detection points, act to inhibit 

the activation of anaphase-promoting complex/cyclosome 

(APC/C) complexes by inhibiting the activation of separase. 

APC/C is a multifunctional E3 ubiquitin ligase that takes part 

in biological processes of cell cycle, metabolism, DNA dam-

age and repair, autophagy, apoptosis, senescence and tumori-

genesis. The activation of APC/C complex resulted in the end 

of mitosis, activation of the separase, and the dissociation of 

Figure 3 sirna-mediated knockdown of sgO1 inhibited prostate cancer-cell proliferation. 
Notes: (A, B) Relative expression levels of SGO1 in LNCaP and PC3 cells were significantly decreased by siSGO1 compared with the NC. (C, D) MTT assays were 
performed to determine the proliferation of lncaP and Pc3 cells after transfection. ****P,0.0001, *P,0.05.
Abbreviation: sgO1, shugoshinl.
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centromeric adhesion protein. Wong et al14 concluded in their 

study that SGO1 is the substrate of APC/C, and proteomics 

studies found that SGO1 is a component of the mitotic 

spindle. Meanwhile, certain reports have suggested that the 

loss of SGO1 function activates the spindle checkpoint, and 

then activates APC/C and separase. Resultantly, the adhesion 

protein is dissociated from the centromere and mitosis stop.15 

These all indicate that, after SGO1 is down-regulated, mitosis 

of cells is blocked, resulting in slower cell proliferation. All 

the above-mentioned studies are consistent with our findings.

At present, very few investigations on SGO1 have been 

conducted, all of which are sporadic in nature and generally 

pertain to the relationship between SGO1 and tumorigenesis. 

160

140

120

100
60

40

20

0
LNCaP

C
el

l n
um

be
r o

f m
ig

ra
tio

n

PC3

*

*

NC
si-SGO1

Migration
NC

LN
C

aP
PC

3

si-SGO1

Figure 4 sirna-mediated knockdown of sgO1 inhibited prostate cancer-cell migration and invasion. Transwell assay. Knockdown of sgO1 inhibited the migration in 
lncaP and Pc3 cell lines, and the migration cell numbers were calculated and shown behind.
Note: *P,0.05.
Abbreviation: sgO1, shugoshinl.

β

Figure 5 Knockdown of sgO1 stimulates metastasis of prostate cancer cells 
through regulating the eMT pathway.
Abbreviations: eMT, epithelial–mesenchymal transition; sgO1, shugoshinl.
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SGO1 is mainly related to neuroblastoma,16 liver cancer,11,17 

lung cancer,18 and colon tumor.19 In neuroblastoma, SGO1 

exerts its effect in the DNA damage response and represents 

a potential molecular target for treatment of MYCN-amplified 

neuroblastoma.16 In liver tumorigenesis, animal experiments 

have indicated that SGO1 can affect the stability of chromo-

somes and play a carcinogenic role.17 Similar findings were 

reported in the human body.11 Regarding lung cancer, an 

animal investigation on mice revealed that SGO1 could cause 

defects in the lung immune system by activating Wnt signal-

ing, which ultimately led to tumorigenesis.18 Interestingly, 

in relation to colon tumors, a study suggested that the down-

regulation of SGO1 contributed to tumor proliferation.19 

This may be attributed to different carcinogenic mechanisms 

in different tumors, which require further research.

Based on the aforementioned previously performed 

studies, we subsequently asserted the notion that SGO1 may 

play a role in promoting cancer. However, the relationship 

between PCa and SGO1 is not fully understood. In the cur-

rent study, a key finding revealed that the expression level 

of SGO1 in PCa tissues was significantly higher than that 

in normal prostate tissues. The Gleason score, tumor stage, 

and overall survival of PCa patients with high expres-

sion of SGO1 were significantly worse than those with 

low expression. This result suggests that SGO1 may be a 

indicator predicting poor prognosis for patients with PCa. 

This relationship between expression of SGO1 and PCa 

prognosis among patients undergoing radical prostatectomy 

represents a novel finding. During the current study, there 

were 52 cases of patients with high SGO1 expression which 

was often accompanied by higher tumor stage and Gleason 

score. These findings were all consistent with the results 

previously observed in lung and liver cancer, with our results 

demonstrating that SGO1 acts as an oncogene that elevates 

the risk of cell proliferation and metastasis in PCa.

Additionally, to further verify the oncogene capacity 

of SGO1, SGO1 knockdown in PCa cell lines LNCaP and 

PC3 was performed. The results obtained showed that SGO1 

knockdown significantly inhibited cell growth and invasion 

in PCa cell lines in vitro.

To further investigate the molecular mechanism of SGO1 

in promoting the metastasis of PCa cell lines, we examined 

the pertinent protein markers of the EMT pathway, with the 

results obtained indicating that SGO1 could promote PCa 

metastasis by regulating EMT-related proteins expression.

SGO1 variant has been previously reported as a novel 

tumor marker in recent years. In cases of non-small-cell 

lung cancers, a study using 82 frozen human tissue samples 

found that SGO1 variant B mRNA expression was related to 

taxane resistance, and that down-regulation of SGO1 variant 

B increased the sensitivity to taxane.20 A similar finding was 

also found in human colon cancer, indicating that SGO1 

transcript variant P1 could cause abnormal mitosis and 

unstable chromatid cohesion.21 The similar phenomenon, 

we will further study in prostate cancer.

There were some limitations faced in the current study. 

The finding that high expression of SGO1 leads to worse 

clinical outcome in PCa patients is only based on the differ-

ent levels of SGO1 using clinical tissue samples. First, the 

clinical data were collected using a retrospective approach; 

second, the sample size is relatively small; third, the verifica-

tions were in vitro. Therefore, the other potential molecular 

mechanism that SGO1 enhances the carcinogenesis of PCa 

requires further investigation.

Conclusion
Taken together, the key findings of our study present evi-

dence indicating that increased SGO1 expression is a com-

mon event in PCa, which suggests that SGO1 may act as 

an indicator predicting an unfavorable prognosis for PCa 

patients. SGO1 was ultimately found to play a role in PCa by 

enhancing proliferation, migration, and invasion, suggesting 

that it promotes tumorigenesis in PCa, thus highlighting its 

promise as a prognostic factor and new therapeutic target for 

the treatment of PCa.
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