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Abstract. – OBJECTIVE: The aim of this study 
was to explore whether SAPCD2 can affect the 
proliferation of breast cancer cells through YAP/
TAZ, thus promoting the development of breast 
cancer (BCa).

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
was performed to examine SAPCD2 expression 
level in BCa tissues collected from patients in 
different tumor TNM-stage. The correlation be-
tween SAPCD2 expression and clinicopatholog-
ical features of patients were analyzed, and the 
Kaplan-Meier test was used for survival analy-
sis. In addition, after knocking down SAPCD2 in 
cells, qRT-PCR and Western blot were applied to 
analyze the expression of the related genes and 
proteins, respectively. Moreover, Cell Counting 
Kit-8 (CCK-8) and transwell experiments were 
conducted to detect cell viability, migration, and 
invasion abilities. Furthermore, the changes in 
cell viability and migration and invasion abilities 
were examined after the simultaneous overex-
pression of YAP.

RESULTS: It was found that SAPCD2 expres-
sion levels in BCa tissues were remarkably high-
er than those in the normal control samples; 
meanwhile, patients with tumor size >3 cm or in 
the T3+T4 stage had a relatively higher expres-
sion of SAPCD2 than those with tumor size <3 
cm or in T1+T2 stage. At the same time, the over-
all survival rate of BCa patients with highly ex-
pressed SAPCD2 was remarkably lower than that 
of patients in the low expression group. More-
over, it was found that the SAPCD2 level was cor-
related to the tumor size, TNM stage, and lymph 
node metastasis. After knocking down SAPCD2 
in cells, cell viability, migration, and invasion 
abilities, as well as the YAP/TAZ protein expres-
sion levels were all found to be remarkably at-
tenuated, which, however, were reversed after 
simultaneous overexpression of YAP in cells.

CONCLUSIONS: SAPCD2 may be able to en-
hance the proliferation ability of BCa cells via 
modulating the expression of YAP/TAZ, thereby 
prompting the progression of BCa.
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Introduction

Breast cancer (BCa) is the most common ma-
lignant tumor in women1. According to the 2015 
China Cancer Statistics, the incidence of BCa 
ranks first among female malignant tumors in 
China, and the mortality rate ranks fourth, show-
ing an increasing trend year by year2. With the 
advancement of the treatment level of surgery, ra-
diotherapy, and chemotherapy, the overall surviv-
al rate of BCa patients has been greatly improved. 
However, the onset of BCa is concealed and the 
degree of malignancy is high, so patients have 
been in the advanced stage when typical symp-
toms occur, so the treatment efficiency of BCa is 
not satisfactory, seriously affecting the prognosis 
of the patient3,4. Therefore, it is urgent to find a 
convenient and high-efficiency diagnostic marker 
for BCa5.

Suppressor anaphase-promoting complex do-
main containing 2 (SAPCD2), also known as 
p42.3 or C9orf140, is a newly discovered highly 
conserved gene in mammals, which affects the 
cell cycle and participates in chromosome segre-
gation6,7. Related studies8-11 have shown that the 
SAPCD2 gene is highly expressed in various tu-
mor tissues, such as gastric cancer, glioma, and 
liver cancer, and is associated with tumor malig-
nancy, cell proliferation, and invasiveness. How-
ever, there have been no reports on the relation-
ship between SAPCD2 and BCa.

Yes-associated protein (YAP), the transcrip-
tional CO-activator with PDZ-binding motif 
(TAZ), is an important member of the Hippo 
signaling pathway and is mainly involved in the 
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regulation of organ development and tumors12. 
Zheng et al13 and Liu et al14 have found that el-
evated levels of YAP and TAZ or nuclear trans-
location can be found in various human tumors, 
which are more common in breast and ovarian 
cancers. The expression levels of YAP and TAZ 
can be used as independent prognostic indicators 
for some malignant tumors15. Huang et al16 have 
demonstrated that inhibition of the Hippo-YAP/
TAZ signaling pathway is able to suppress the 
development of BCa; however, there is no re-
search on the relationship between SAPCD2, 
YAP/TAZ, and BCa so far. Therefore, in this 
study, we explored whether SAPCD2 can affect 
the proliferation of BCa cells through the reg-
ulation of YAP/TAZ, so as to provide potential 
application value of SAPCD2 for the preparation 
of drugs.

Patients and Methods

Clinical Sample
BCa patients admitted to the Chui Yang Liu 

Hospital Affiliated to Tsing Hua University from 
January 2017 to January 2019 were enrolled in the 
study. The surgically resected BCa tissue spec-
imens were assigned to the cancer group, while 
the para-carcinoma normal breast tissues were as-
signed to the control group. All patients were not 
treated with chemoradiotherapy. The study was in-
formed to the patient and approved by the Hospital 
Ethics Committee. All patients provided written 
informed consent. This study was conducted in ac-
cordance with the Declaration of Helsinki.

Cell Culture
The cell lines were purchased from the Shang-

hai Cell Bank of the Chinese Academy of Scienc-
es (Shanghai, China), and routinely cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Thermo Fisher Scientific, Waltham, MA, USA) 
containing 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA), 100 u/ml penicillin and 
100 μg/ml streptomycin in an incubator with 5% 
CO2 at 37°C.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) Detection

The total RNA in tissues and cells was extract-
ed using TRIzol (Invitrogen, Carlsbad, CA, USA) 
reagent, and the expression level of the related 
genes was detected using a PCR detection kit (Ta-
KaRa, Tokyo, Japan). The primer sequences were 

as follows: SAPCD2: forward: 5’-TGG CAT CTT 
TAC TGG ACT GG-3’, reverse: 5’-TGG CAC 
CTC GTG GAT AGA GC-3’; β-Actin forward: 5’-
TCA CCC ACA CTG TGC CCA TCT ACGA-3’, 
reverse: 5’-CAG CGG AAC CGC TCATTG CCA 
ATG G-3’.

Cell Transfection
MCF-7 and BT549 cells were seeded at a den-

sity of 2 x 105 cells/well in 6-well plates, cultured 
overnight, and transfected with plasmid using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA). After 24 hours, the cells were passaged to 
fresh growth medium at a ratio of 1:10. The next 
day, 400 mg/mL G418 (Gibco, Rockville, MD, 
USA) was added in the culture medium. After 
21 days, cell population with antibiotics resis-
tance was selected, and the stable transfectants 
were maintained in DMEM supplemented with 
10% calf serum and 200 mg/mL G418. (si-SAP-
CD2 1# forward 5’-TCCCACTCCCAGTTTA-
CAGCTTGATCAAGAGTCAAGCTGTAAACT-
GGGAGTTT-3’, reverse 5’-CAAAAAACTC-
C C AG T T TAC AG C T T G AC T C T T G AT-
CAAGCTGTAAACTGGGAGT-3’, 2# forward 
5’-TCCCACTGTGATGACACCCGGAAAT-
CAAGAGTTTCCGGGTGTCATCACAGTTT-3’, 
reverse 5’-CAAAAAACTGTGATGACACCCG-
GAAACTCTTGATTTCCGGGTGTCATCA-
CAGT-3’).

Cell Counting Kit-8 (CCK-8) Assay
The cells in log phase growth were seeded in 

96-well plates at 2×103 cells/well. After 6, 24, 48, 
72, and 96 h, 10 μl of CCK-8 (Dojindo, Kumamo-
to, Japan) was added to each well, and the cells 
continued to be cultured in the incubator for other 
2-4 h. After that, the optical density (OD) of each 
well was measured at 450 nm with a microplate 
reader.

Transwell Cell Migration Assay
The transwell chamber was placed in a 

24-well plate, 600 μL of the culture medium, 
and 200 μL of the previously prepared cell sus-
pension was added to the lower chamber. The 
cell suspension was prepared in serum-free 
Roswell Park Memorial Institute-1640 (RP-
MI-1640; HyClone, South Logan, UT, USA) 
medium containing various concentrations (0, 
0.25, 0.5, and 1 mmol/L) of sinomenine. Three 
replicate wells were set for each concentra-
tion, and the cells were cultured for 12 h un-
der normal conditions. After the chamber was 
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taken out, the cells in the chamber were wiped 
with a cotton swab, washed twice with phos-
phate-buffered saline (PBS), fixed for 30 min 
with formaldehyde, stained with crystal violet 
for 20 min, and washed twice with PBS. The 
migrating cells attached to the lower surface of 
the chamber were observed under a microscope 
and photographed.

Transwell Cell Invasion Assay
The method was basically the same as the 

transwell migration experiment, except that 
Matrigel and RPMI-1640 medium were diluted 
at 1:6 in advance. 50 μL was evenly spread to 
the bottom of the transwell chamber; then, the 
transwell chamber was placed in a 24-well plate 
and incubated at 37°C. At this time, the invad-
ing cells were observed on the lower surface of 
the chamber.

Western Blot 
The total protein was extracted by radioimmu-

noprecipitation assay (RIPA; Beyotime, Shang-
hai, China) lysing cells, and the protein concen-
tration was determined by ultraviolet spectro-
photometry. 25 μg of protein sample was taken 
for sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA), blocked with 
blocking solution (5% BSA/TBST) for 1 h, and 
incubated with anti-SAPCD2, anti-YAP, an-
ti-TAZ (1:200) antibodies at 4°C overnight. After 
the membrane was washed with TBST 3 times, 
the protein was incubated again with second-
ary antibodies for 1 h at room temperature. Af-
ter washing the membrane 3 times with TBST, 
enhanced chemiluminescence (ECL; Pierce, 
Rockford, IL, USA) was added for luminescence 
reaction. The protein in the membrane was de-
veloped and photographed in the darkroom, and 
grayscale analysis was performed using Image J 
1.45s software (NIH, Bethesda, MD, USA).

Statistical Analysis
SPSS 22.0 (SPSS IBM Corp., Armonk, NY, 

USA) statistical software was used to process the 
data. The measurement data were analyzed by 
an independent sample t-test; the count data was 
tested by χ2. Survival curves were plotted using 
the Kaplan-Meier method, and the difference in 
patient survival was compared using the Log-
rank test. The difference was statistically signifi-
cant at p<0.05. *p<0.05.

Results

High Expression of SAPCD2 in BCa
qRT-PCR revealed that SAPCD2 level in 48 

BCa tissues was remarkably higher than that in 
the normal control group (Figure 1A); the expres-
sion in patients with tumor size > 3 cm was re-
markably higher than in patients with tumor size 
< 3 cm (Figure 1B); the expression in patients in 
T3+T4 stage was remarkably higher than in pa-
tients in T1+T2 stage (Figure 1C). According to 
the qRT-PCR results of SAPCD2 expression, the 
BCa tissue samples were divided into high and 
low expression groups. Survival analysis revealed 
that the overall survival rate of BCa patients with 
high expression of SAPCD2 was remarkably low-
er than that of low expression group, HR=2.276. 
p=0.0348 (Figure 1D). The above observations in-
dicated that high expression of SAPCD2 in BCa 
tissues can promote the progression of BCa and 
may lead to a poor prognosis of BCa patients.

Correlation Between SAPCD2 Expression 
and Clinicopathological Features 
in Patients with BCa

In order to clarify the interplay between SAP-
CD2 and clinicopathological features of BCa 
patients, we collected and processed the related 
data, and the results of χ2-test revealed that SAP-
CD2 level was statistically different in tumors 
with different tumor size and in different TNM 
stage; in addition, whether lymph node metastasis 
occurred was also related to the SAPCD2 expres-
sion in tumors (p<0.05). However, no significant 
difference was found in the age and gender of the 
patients (p>0.05) (Table I). These results indicat-
ed that the SAPCD2 level was associated with tu-
mor size, TNM stage, and lymph node metastasis.

Inhibition of Invasiveness and Migration 
Ability of MCF-7 and BT549 Cells After 
Knockdown of SAPCD2

To explore the mechanism of action of SAP-
CD2, SAPCD2 was knocked down in MCF-7 and 
BT549 cells, after which qRT-PCR and Western 
blot revealed a significant decrease in SAPCD2 
gene and protein expression (Figure 2A, 2B), 
suggesting that the transfection effect was good 
and the cells could be used in subsequent exper-
imental studies. Furthermore, it was found by 
CCK-8 assay that the cell viability was remark-
ably decreased after the knockdown of SAPCD2 
(Figure 2C); meanwhile, transwell assay revealed 
a decrease in cell migration and invasion ability 
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Figure 1. SAPCD2 is highly expressed in breast cancer. A, qRT-PCR showed that the expression of SAPCD2 in 48 breast cancer 
tissues was significantly higher than that in the normal control group. B, qRT-PCR showed that the expression of SAPCD2 in patients 
with tumor size of ≥3 cm was significantly higher than in patients with tumors <3 cm. C, qRT-PCR showed that the expression of 
SAPCD2 in patients with T3+T4 tumors was significantly higher than that in patients with T1+T2 tumors. D, The overall survival 
rate of breast cancer patients with high expression of SAPCD2 was significantly lower than that of SAPCD2 low expression group.

Table I. Correlation between SAPCD2 expression and clinicopathological features in breast cancer patients (n = 48).

	 SAPCD2 expression

Clinicopathologic	 Number	 Low	 High
features	 of cases	 (n=24)	 (n=24)	 p-value

Age (years)				    0.5623		
  ≤50	 26	 12	 14
  >50	 22	 12	 10
Gender				    0.3861
  Male	 23	 10	 13
  Female	 25	 14	 11
Tumor size				    0.0088*
  ≤2 cm	 27	 18	 9
  >2 cm	 21	 6	 15
TNM stage				    0.0325*	
  I-II	 26	 17	 9
  III-IV	 23	 8	 15
Lymph node metastasis				    0.0431*
  Absent	 25	 16	 9
 Present	 23	 8	 15
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Figure 2. Inhibition of invasion and migration of MCF-7 and BT549 cells after knockdown of SAPCD2. After knockdown of 
SAPCD2 in MCF-7 and BT549 cells, (A) qRT-PCR detected a significant decrease in SAPCD2 expression; (B) Western blot 
detected a significant decrease in SAPCD2 protein expression; (C) CCK-8 detected a significant decrease in cell viability; (D) 
the transwell assay detected a decrease in cell migration and invasion ability (magnification: 40x).

(Figure 2D), indicating that SAPCD2 can affect 
cell viability, migration, and invasion capacities, 
thus participating in the progression of BCa.

Inhibition of YAP/TAZ Expression After 
Knockdown of SAPCD2

To clarify the relationship between SAPCD2 and 
YAP/TAZ, we knocked down SAPCD2 in MCF-7 

cells, and the Western blot result confirmed that the 
protein expression level of YAP/TAZ was remarkably 
decreased (Figure 3A), indicating that SAPCD2 can 
affect the expression of YAP/TAZ. After knockdown 
of SAPCD2 in BT549 cells, the protein expression 
level of YAP/TAZ was also remarkably decreased 
(Figure 3B), which further demonstrated that SAP-
CD2 expression is able to modulate YAP/TAZ level.
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Inhibition of Invasiveness and Migration
Ability of MCF-7 and BT549 Cells by 
Overexpression of YAP Reverse 
Knockdown of SAPCD2

To further investigate the interplay between 
SAPCD2, YAP/TAZ, and BCa, we overexpressed 
YAP in cells and found that it reversed the inhib-
itory effect of SAPCD2 knockdown on cell via-
bility, as well as invasion and migration abilities 
(Figure 4A, 4B), indicating that SAPCD2 can pro-
mote cell viability, invasiveness, and migration 
abilities through YAP/TAZ.

Discussion

As a highly heterogeneous solid tumor17, BCa 
has become a great threat to the health of contem-

porary women. Although various endocrine ther-
apy drugs, chemotherapy drugs, targeted ther-
apeutic drugs, and immunotherapy drugs have 
improved the prognosis of various molecular BCa 
patients to some extent, the 5 year-survival rate 
and prognosis of patients are still unsatisfactory18. 
Therefore, the diagnosis markers are significant 
for further treating BCa and improving the sur-
vival rate of BCa patients to a greater extent19.

SAPCD2, a newly discovered gene associated 
with cell cycle regulation, is expressed only in 
tumors but not in normal adult tissues, which is 
likely to be an important potential marker in the 
progression of colorectal cancer20. To the role of 
oncogenes, Weng et al21 have shown that SAP-
CD2 level in colorectal cancer is related to the pa-
tient’s age, gender, tumor location, tumor differ-
entiation, and lymph node metastasis. According 

Figure 3. Inhibition of YAP/TAZ expression after knockdown of SAPCD2. A, Western blot result showed that after knock-
ing down SAPCD2 in MCF-7 cells, the protein expression level of YAP/TAZ was significantly decreased. B, Western blot 
result showed that after knocking down SAPCD2 in BT549 cells, the protein expression level of YAP/TAZ was significantly 
decreased.
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to the analysis in this experiment, we found that 
SAPCD2 is associated with tumor size, clinical 
stage, and lymph node metastasis of BCa, but not 
with the age and gender of the patient. In addition, 
the results of this study also revealed that com-
pared with that in normal tissue, SAPCD2 level 
in BCa tissues was remarkably increased, which 
is consistent with the relevant research results20,21. 
In addition, SAPCD2 level is higher in patients 
with larger tumors and higher clinical stage, in-
dicating that SAPCD2 expression has a certain 
relationship with the occurrence of BCa, and it is 
likely to be a new potential marker for the early 
diagnosis of BCa. 

In mammals, YAP and TAZ are downstream 
effector molecules of the Hippo pathway. The 

YAP gene is localized on human chromosome 
11q22 and widely expressed in body tissues un-
der normal physiological conditions. TAZ, also 
known as WWTR1, is homologous to YAP, with 
46% identical amino acid sequence22. It was 
found by Hiemer et al23 that abnormal nuclear 
YAP accumulation in malignant oral tissues is 
associated with the spread of cancer cells, and 
abnormal activation of nuclear YAP, and TAZ 
promotes cell proliferation. It is speculated that 
YAP and TAZ play a significant role in the devel-
opment of oral squamous cell carcinoma. YAP 
promotes BCa metastasis via inhibiting growth 
differentiation factor-1524. Another study also 
revealed that TAZ is highly expressed in about 
20% of BCa samples, and its expression level 

Figure 4. Overexpression of YAP reversed the inhibitory effect of knockdown of SAPCD2 on the invasion and migration of 
MCF-7 and BT549 cells. A, CCK-8 assay detected the effect of knockdown of SAPCD2 and simultaneous overexpression of 
YAP on cell proliferation. B, The transwell assay detected the effect of knockdown of SAPCD2 and simultaneous overexpres-
sion of YAP on cell invasion and migration (magnification: 40x).
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is related to the aggressiveness of cancer cells. 
High expression of TAZ enhances the migra-
tion and invasion ability of BCa cells25. It was 
found in this study that the downregulation of 
SAPCD2 inhibited the expression of YAP/TAZ, 
while simultaneous overexpression of YAP 
could reverse the inhibitory effect of SAPCD2 
on the invasiveness and migration ability of 
MCF-7 and BT549 cells.

In summary, SAPCD2 is highly expressed in 
BCa tissues. SAPCD2 can upregulate the ex-
pression of YAP/TAZ and promote the viability, 
invasiveness, and migration ability of BCa cells, 
which has opened up new ideas for the research 
on the pathogenesis of BCa.

Conclusions

We found that SAPCD2 can enhance cell via-
bility, as well as invasiveness and migration abil-
ity, by modulating YAP/TAZ, thus affecting the 
development of BCa.
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