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Background: Sperm-associated antigen 1 (SPAGI1) has been identified as a marker of
pancreatic cancer progression and promoter of cell motility; however, its role in breast
cancer is not completely understood.

Methods: SPAG]1 expression in breast cancer tissues and normal tissues was obtained from
online databases. Knockdown function assays were designed and conducted to verify the
functional role of SPAG1 in breast cancer cell lines. Cell counting and MTT assays were
used to assess cell proliferation. Cell flow cytometry assay was used for cell cycle phase
arrest, and fluorescence microscopy was used for colony formation assessment.

Results: Both the mRNA and protein levels of SPAG1 were significantly higher in the breast
cancer tissues than in the normal tissues. In addition, SPAGL is significantly related to many
clinicopathological features of breast cancer, such as age (>51 years), estrogen receptor (ER)
(+), progesterone receptor (PR) (+), and nodal status (+), non-triple negative breast cancer
(TNBC), not basal-like and not basal-like and not TNBC. Survival analysis indicates that
breast cancer patients with low expression of SPAG1 had a significantly better prognosis
with relapse-free survival (RFS). Functional experiment analysis revealed that knockdown of
SPAG1 suppressed cell proliferation and colony-forming ability.

Conclusion: Our results suggested a possible role of SPAG1 in breast cancer pathogenesis.
Keywords: breast cancer, SPAG1, UALCAN, proliferation, colony formation

Introduction
Breast cancer has long been the greatest threat to women’s health. Its incidence and
mortality rates are expected to increase significantly in the next 5 to 10 years,' and
it is increasingly detected in young women (<45 years).” Based on the status of
molecular markers for estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (Her-2), four major molecular subtypes
of breast cancer include luminal A, luminal B, Her-2 positive, and triple-negative
breast cancer (TNBC).> Although great progress has been made in the diagnosis
and treatment of breast cancer, the current survival period of breast cancer patients
is not satisfactory, especially in patients with TNBC.* Although many research
efforts have been concentrated on detecting suitable molecular targets, breast cancer
prognosis has not sufficiently improved.”® More studies on how to minimize side
effects and improve the quality of life in breast cancer patients are needed.
Sperm-associated antigen 1 (SPAG1), also known as SP75, TPIS, CT140,
CILD28, HSD-3.8, HEL-S-268, is located at chromosome 8q22.2. The transcript
of SPAG1 consists of 3760 bp (RefSeq NM_172218.2) and encodes a protein with
926 amino acid residues.” SPAG1 expression was found in many normal tissues
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such as gastrointestinal tract, pancreas, tonsils, lung, skin,

liver, kidney, and tracheal, bronchial, and nasal
epithelium.'®"* SPAG1 was found to be upregulated in
pancreatic cancer,'! seminoma,' kidney,14 colon,’ and
other cancers.'> However, the significance and role of the
SPAGI! in breast cancer are poorly understood. In the
present study, we first analyzed clinical significance of
SPAG1 expression for breast cancer patients by bioinfor-
matics in the public databases. Then, cell counting and
MTT assays were used to assess cell proliferation, cell
flow cytometry assay for cell cycle phase arrest, and

fluorescence microscopy for colony formation assessment.

Materials and Methods

The Expression of SPAGI| in Human
Protein Atlas (HPA) Database and
UALCAN Database

The HPA database is dedicated to providing the informa-
tion on tissue and cell distribution for all 24,000 human
proteins.'® The expression and distribution of each protein
in 48 normal human tissues, 20 tumor tissues, 47 cell lines,
and 12 blood cells were examined by immunohistochem-
istry. We determined the SPAG1 mRNA expression in
different normal and cancer tissues using the HPA data-
base. SPAGI expression in breast cancer and normal
analyzed by wusing UALCAN

breast tissues

database.!”

was

Clinical and pathohistological features of

SPAGI in breast cancer

We further studied the differences in SPAGI1 expression
depending on different clinical and pathological para-
meters in breast cancer using bc-GenExMiner
database,'® which is a database of breast cancer expres-
sion. SPAG1 expression was examined by age, estrogen
receptor (ER) status, progesterone receptor (PR) status,
human epidermal growth factor receptor 2 (HER2) sta-
tus, lymph node status, triple negative status, basal-like
status, scarff-bloom-richardson (SBR) grade, nottingham
prognostic index (NPI) score, RSCMC subtypes and

HU’s subtypes.

Kaplan—Meier Plotter Analysis

Kaplan—Meier plotter database has been established using
gene survival information of cancer patients."” We
explored the correlations between SPAG1 expression and
overall survival, relapse-free survival, distant metastases-

free survival, or post-progression survival in breast cancer
patients using Kaplan-Meier plotter database.

Real-Time Quantitative Polymerase Chain

Reaction (RT-qPCR)

The normal breast cell line (MCF-10A) was obtained
from the cell bank of Guan Dao Biotechnology
(Shanghai, China), and the breast cancer cell lines
(T-47D and MDA-MB-231) were purchased from
American Type Culture Collection (ATCC, USA). RNA
of all three cell lines was isolated using TRIzol kit
(Shanghai Pufei Biotechnology, China). SPAG1 primer
sequences were (forward) 5-TTTAATGGAGCTGGAT
GGACC-3' and (reverse) 5-GCTGTATTTACTGAGGG
CGTCT-3'. GAPDH primer sequences were (forward) 5'-
TGACTTCAACAGCGACACCCA-3' and (reverse) 5'-
CACCCTGTTGCTGTAGCCAAA-3". All reaction mix-
tures contained 0.6 pL of the RT-qPCR c¢DNA product,
6.0 uL SYBR premix ex taq (DRR041B, Takara, Japan),
0.3 pL upstream primer (5 puM), 0.3 puL downstream
primer (5 uM), and 5.1 pL RNase-free H,O. PCR reaction
was conducted with an initial denaturation step of 95°C
for 30 s, followed by 40 cycles of 95°C for 5 s and 60°C
for 30 s. After all the cycles, 95°C denaturation was
performed for 15 s, followed by cooling at 60°C. From
60°C, the temperature was increased until achieving the
final temperature of 95°C for 15 s. The relative mRNA
expression was calculated with the 274" method, using

GAPDH mRNA expression level for normalization.

shRNA Expression Lentiviral Vector

Construction and Cell Transfection

A short hairpin RNA (shRNA) targeting SPAG1 sequences
(CCCTGAGAAACTTCCGATA) and a control with
scrambled non-silencing RNA (TTCTCCGAACGTGTC
ACGT) were designed and synthesized to form the recom-
binant lentiviral SPAG1 shRNA expression vector and its
control vector. The accuracy of the constructed vectors
was verified via DNA sequencing. The verified lentiviral
vectors carrying SPAG1 shRNA and non-silencing RNA
were packaged by co-transfecting with Helper 1.0 and
Helper 2.0 plasmids in 293T cells. The resulting recombi-
nant lentiviruses were then harvested by centrifugation and
purification after 48-h cell culture and named as shSPAGI
and shCtrl. For lentivirus transfection, the cells were cul-
tured in 6-well plates before being transfected with either
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shSPAG1 or shCtrl according to the multiplicity of infec-
tion (MOI) protocol.

Western Blot

The extracted proteins from harvested cells were sepa-
rated on 10% SDS-PAGE gel and electrotransferred onto
the PVDF (polyvinylidene fluoride) membrane
(Millipore, USA) following the standard SOP (standard
operating procedure).”*??> The membranes were then
blocked with 5% non-fat dry milk in TBST (Tris buf-
fered saline Tween) buffer for 1 h at room temperature
and incubated with primary rabbit anti-human SPAGI
polyclonal antibody at a concentration of 1:2000
(Sigma, f1804) for 2 h at room temperature. GAPDH
antibody (mouse anti-GAPDH monoclonal antibody,
1:2000, sc-32,233) from Santa Cruz was used as the
loading control. After washing, the membranes were
incubated with the secondary antibody (1:2000, sc-
2005, Santa Cruz, USA) for 1.5 h at room temperature,
and visualized using the Pierce™ ECL Western Blotting
Substrate (Thermo Fisher Scientific, USA).

Cell Proliferation Assay

The transfected shSPAG1 and shCtrl cells were adjusted to
2000 cells/100 pL per well and cultured at 5% CO, and
37°C for 24 h. The plates were then analyzed for GFP
expression in each well using the Celigo Imaging
Cytometer (Nexcelom, USA) over a 5-day period.
Subsequently, MTT assay was conducted. Briefly, the
shSPAG1 and shCtrl transfected cells were collected and
adjusted to 2000 cells/well for continuous detection over
a 5-day period. Then, 20 uL MTT (5 mg/mL) was added to
each well for 4-h before the termination of the culture. The
optical densities of each well were measured at 490 nm by
using a M2009PR microplate reader (Tecan infinite,
Swiss).

Cell Cycle and Colony Formation

The shSPAGI and shCtrl cell cultures were treated with
trypsin and resuspended in the standard medium after
achieving 80% confluence. After washing, the cells were
collected, stained with 0.8 mL propidium iodide (PI), and
then filtered through a 300-mesh nylon mesh and analyzed
by flow cytometry using a FACS Calibur instrument
(Millipore, USA) at a flow rate of 300 ~ 800cells/s. For
colony formation assays, a total of 500 cells/well were
seeded onto six-well plates, cultured at 37°C and 5%
CO; over a period of 10 days. Then, 4% paraformaldehyde

was added to fix the cells before staining with purple
crystal (Shanghai Sangon, China) 1000 pL/well for 20
min. After that, colonies were counted manually.

Statistical Analysis

Statistical analysis was performed by using SPSS software
(version 18; IBM Corp., Armonk, NY, USA). All experi-
ments were repeated three times. The results were shown
as mean * standard deviation (SD). An unpaired two-tailed
Student’s t-test was used to analyze the differences
between two groups. P < 0.05 was considered statistically
significant.

Results
Expression Profile of SPAGI| in Human

Normal and Cancer Tissues

A high and detectable expression level of a gene is one of
the most important traits needed for being considered
a promising diagnostic or prognostic biomarker.?
Therefore, in the first place, we determined the expression
of SPAGI1 in different cancer tissues using the Human
Protein Atlas (HPA) database. The results demonstrated
that the top 10 cancer tissues according to the expression
level of SPAG1 protein were the liver cancer, thyroid
cancer, pancreatic cancer, head and neck cancer, lung
cancer, renal cancer, urothelial cancer, endometrial cancer,
breast cancer, and glioma (Figure 1A). The top 10 cancer
tissues sorted by mRNA levels of SPAG1 were colorectal
cancer, stomach cancer, urothelial cancer, lung cancer,
breast cancer, pancreatic cancer, head and neck cancer,
cervical cancer, endometrial cancer, and glioma (Figure
IB). The expression of SPAGI mRNA and protein in
different types of normal tissues was relatively low com-
pared with the expression in cancer tissues, especially in
the breast tissues, which was also analyzed using the HPA
database (Figure 1C and D). Taken together, among all
types of cancer, breast cancer presented the highest expres-
sion of SPAGI in both mRNA and protein levels.

Next, we determined the expression of SPAGI in
breast cancer cell lines compared with normal breast cell
line. Figure 2A shows that SPAG1 expression in two
breast cancer cell lines (MDA-MB-231 and T-47D) was
significantly higher than in the normal cell line (MCF-
10A). We further analyzed the SPAGI expression in breast
cancer expression data from TCGA samples based on
UALCAN database (Figure 2B). The mRNA of level of
SPAGI was higher in breast cancer tissues compared with
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Figure | Expression of SPAGI in normal and cancer tissues from the HPA database. (A) SPAGI protein expression in different cancer tissues (HPA023748); (B) SPAGI
mRNA expression in different cancer tissues; (C) SPAGI protein expression in different normal tissues; (D) SPAGI mRNA expression in different normal tissues.

normal breast tissues. In addition, the protein level of
SPAG1 was also upregulated in breast cancer compared
with normal breast tissue from HPA database and
UALCAN database (Figure 2C and D). These results
revealed that upregulation of SPAGI may be correlated
with the progression of breast cancer.

Clinical and Pathological Features of

SPAGI in Breast Cancer

To further study the differential expression of SPAGI in
breast cancer, we analyzed the bc-GenExMiner database
based on different clinicopathological parameters in breast
cancer. As shown in Figure 3, SPAG1 was markedly
upregulated in breast cancer with age (>51 years) (Figure
3A), ER (+) (Figure 3B), PR (+) (Figure 3C), nodal status
(+) (Figure 3E), not TNBC (Figure 3F), not basal-like
(Figure 3G), and not basal-like and not TNBC (Figure
3H). Furthermore, SPAG1 expression was significantly
associated with scarff-bloom-richardson (SBR) grade
(Figure 3I), RSCMC subtypes (Figure 3K) and Hu’s sub-
types (Figure 3L). However, no significant difference in
SPAGI expression was observed between Her-2 (+)/Her-2
(-) (Figure 3D) and NPI score (Figure 3J). Taken together,

all these results indicated that SPAG1 was an important
molecular indicator of breast cancer.

Kaplan—Meier Plotter Analysis

Then, we further explored the prognostic values of SPAG1
in breast cancer by using the Kaplan—Meier plotter data-
base. As shown in Figure 4, no statistical significance was
observed between the SPAG1 high-expression group and
SPAGI low-expression group for predicting overall survi-
4A),
(Figure 4C) and post-progression survival (Figure 4D).

val (Figure distant metastasis-free survival
However, breast cancer patients with low expression of
SPAGI had a significantly more favorable prognosis with
relapse-free survival (RFS) (Figure 4B). The results
demonstrated that high expression of SPAG1 was asso-

ciated with poor prognosis of breast cancer.

Downregulation of SPAGI Inhibited Cell

Proliferation

To further explain the molecular mechanism of SPAG1 in
breast cancer, we conducted downregulation of SPAGI1
experiments in MDA-MB-231 cells and T-47D cells. Post-
transfection, the expression of SPAG1 was analyzed via RT-
gqPCR for mRNA and Western blot for protein. As shown in
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Figure 5, both the mRNA of SPAG1 (Figure 5A) and the
protein expression of SPAGI (Figure 5B) were significantly
inhibited in shSPAG1 cells compared to that of the control
(P<0.01), indicating successful down regulation of gene
expression by shSPAGI. Then, we monitored the cell
growth of the transfected cells with the shASPAGI or shCtrl
lentiviruses by measuring the GFP expression in MDA-MB
-231 cells (Figure 5C) and MTT assay over a 5-day period in
MDA-MB-231 cells and T-47D cells (Figure 5D). The pro-
liferation was significantly lower in the sh\SPAGI cells than
in the control cells (P < 0.01). The difference in cell pro-
liferation between the shSPAGI and shCtrl cells was
observed on the second day of the analysis. The difference
became more notable in a time-dependent manner, indicat-
ing inhibitory effect of SPAG1 knockdown on cell prolifera-
tion. These data indicated that SPAG1 contributed to cell
proliferation in breast cancer.

Downregulation of SPAG| Decreased

Cell Colony Formation

In order to further study whether SPAG1 has an effect on
cell cloning ability, we investigated colony formation by
light microscopy. Our data showed that downregulation of
SPAG1 gene in MDA-MB-231 and T-47D cells signifi-
cantly decreased the number of colonies compared with
the control cells (P < 0.05, Figure SE). The results showed
that downregulation of SPAGI inhibited cell colony for-
mation in breast cancer.

Effects of Downregulation of SPAGI on

the Cell Cycle Progression

To further understand the role of SPAGI in breast cancer
cells, we further examined the effect of SPAG1 down-
regulation on cell cycle progression in breast cancer cells
by fluorescence activated cell sorting (FACS). Our result
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revealed that the shASPAG1 group had fewer cells in the G1
phase (P<0.05) compared with the control group, but there
was no significant change in the cells of S, G2/M phase
(P>0.05, Figure 5F).

Discussion
Sperm-associated antigen 1 (SPAG1), localized primarily
in the neck and midpiece of pachytene primary

spermatocytes, has been implicated in infertility and
tumorigenesis.”* Here we showed that although SPAGI
was expressed in many tumor tissues, breast cancer pre-
sented the highest expression of SPAG1 in both mRNA
and protein levels. A previous study showed that SPAG1
was an important regulator of mammalian oocyte meiotic
progression and was associated with meiotic spindles; its
depletion severely compromised M-phase entry (germinal
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vesicle breakdown [GVBD]) and polar body extrusion via
in AMPK and MAPK
pathways.>* SPAG1 was also reported to play a role in

its involvement signaling
the cytoplasmic assembly and/or trafficking of the axone-
mal dynein arms.*’

Silina et al showed that SPAG1 was immunogenic and
presented high expression in normal colon, but upregu-

IS Wwhich is

lated prominently in lung and breast cancers,
consistent with our results. In our study, we found the
expression of SPAG1 was significantly upregulated in
breast cancer compared with the normal breast tissue. It
was also showed that SPAG1 was colocalized with tubulin,
and has been shown as a progression marker of pancreatic
cancer and promoter of cell motility."' In our study, we
demonstrated that SPAG1 was related to the development
of breast cancer. Although SPAG1 was highly expressed in
breast cancer tissue and was related to many clinicopatho-
logical features, SPAG1 did not have significantly related
to TNBC or basal-like breast cancer. As is well known,
TNBC is a more aggressive subtype of breast cancer with
the absence of the expressions of ER, PR, and Her-2, and
has the poorest prognosis, due to the lack of molecular
targeted treatment. TNBC sometimes called as triple nega-
tive basal-like breast cancer because of expressing basal
marker proteins.”® Furthermore, TNBC is heterogeneous
by showing several different histopathological and mole-
cular subtypes with different prognosis.?’*® Therefore, the
high expression of SPAGT1 in breast cancer is not related to
TNBC or basal like breast cancer, it needs more study for
the potential mechanism. Additionally, we found that
breast cancer patients with low expression of SPAG1 had
a significantly more favorable prognosis only with RFS,
based on the Kaplan—Meier plotter database. In summary,
SPAGI1 might be a promising biomarker and therapeutic
target for breast cancer.

At present, the cellular mechanism of SPAGI in breast
cancer is poorly understood. Yet, here we downregulated
the SPAG1 and examined its effects on the proliferation,
colony formation, and cell cycle progression in the MDA-
MB-231 cells and T47D cells. Our results demonstrated
that the proliferation activity and the number of colonies
were significantly suppressed in SPAG1 knockdown cells
relative to the control. Cell cycle analysis showed the ratio
of G1 phase was significantly reduced, while the ratio of
G2/M and S phase increased slightly with no significant
difference. Further studies are needed to clarify the

mechanism.

Conclusion

In our current study, both the mRNA and protein levels of
SPAG1 were highly expressed in breast cancer cells.
SPAGI expression was significantly related to many clin-
icopathological features, and low expression was related to
RFS. Furthermore, SPAG1 suppressed cell proliferation
and colony formation. Taken together, these results
implied that SPAG1 may play an essential role in breast
cancer pathogenesis and development. However, further
studies are required to precisely characterize the molecular
mechanism of SPAGI.
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