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Abstract
Breast cancer, as one of the most malignant tumors, poses a serious threat to the lives of females.
Nucleotide exchange factor SIL1 is an important regulator of endoplasmic reticulum function that
might have a specific role in tumor progression. In this study, we aimed to investigate the effect of
SIL1 on the proliferation, apoptosis, and metastasis of human breast cancer. SIL1-specific small
interfering RNA was transfected into two breast cancer cell lines, MCF7 and MDA-MB-231, to
generate SIL1 knockdown cells. Clone formation and Cell Counting Kit-8 assays were performed
to determine cell proliferation. Wound healing and transwell assays were used to detect the cell
migration and invasion, respectively. Cell cycle and apoptosis were determined by flow cytometry.
The messenger RNA and protein levels of target genes were analyzed using quantitative real-time
PCR and western blot. According to the results of TCGA and GTEx database analysis, we deter-
mined that SIL1 was overexpressed in 1085 breast cancer samples compared with 291 normal
samples. Knockdown of SIL1 inhibited the proliferation, migration, and invasion of MCF7 and
MDA-MB-231 cells, accordingly. The cell cycle was blocked at the G1 phase following transfection
of SIL1-specific small interfering RNA through the inhibition of Cyclin D1, CDK4, and CDK6. SIL1
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knockdown induced apoptosis and also promoted the activity of Caspase9 and Bax. Furthermore,
SIL1 was able to promote phosphorylation of ERK1/2. Based on these results, SIL1 might act as an
oncogene and accelerate the progression of human breast cancer.
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Introduction

Breast cancer is one of the most malignant tumors that commonly occurs in women
and poses a threat to their lives.1 Current treatment for breast cancer includes sur-
gery, radiotherapy, chemotherapy, and endocrine regulation. Surgery is the most
effective treatment therapy for early stage in situ breast carcinoma at present.
However, a considerable number of patients are diagnosed in the advanced stage
of breast cancer, making the treatment difficult.2 Therefore, in recent years, tar-
geted therapy has become a hot topic of research.3 Elucidating the pathogenesis of
breast cancer and finding new therapeutic targets are extremely important for
improving the prognosis of patients with breast cancer.4,5

Nucleotide exchange factor SIL1 (SIL1) encodes an endoplasmic reticulum (ER)
resident protein with a molecular weight of 54 kDa.6 It is a key regulator for ER
function and serves as a nucleotide exchange factor for several key proteins, includ-
ing glucose regulated proteins 78 (GRP78) and 70 (GRP170).7,8 When normal ER
function is disturbed, misfolded, or unfolded, proteins are deposited in the ER,
increasing stress. Excessive ER stress can lead to disturbances in normal cell func-
tion, leading to apoptosis and damage to tissues or organs.9,10 Recent reports have
shown that ER stress is related to apoptosis and the occurrence and progression of
tumors.11,12 Therefore, we speculate that SIL1, as a key regulator of ER function,
might have a specific role in tumor development.

In this study, we aimed to investigate the specific role of SIL1 in the prolifera-
tion, apoptosis, and metastasis of human breast cancer. SIL1 was selected for fur-
ther study via genomic analysis of 1085 breast cancer tissues and 291 normal breast
tissues in an online dataset. The results showed that downregulation of SIL1 could
inhibit proliferation, migration, and invasion, but induce cell cycle block and apop-
tosis. Moreover, SIL1 was found to promote the phosphorylation of ERK1/2.
Based on this information, we determined that SIL1 acts as an oncogene in regulat-
ing tumor progression, but the mechanism and clinical value of SIL1 in breast can-
cer requires further study.

Materials and methods

Cell lines

Breast cancer cell lines (MCF7, SK-BR-3, MDA-MB-468, MDA-MB-231 and
MDA-MB-157) and control human breast epithelial cell line (MCF10A) were pur-
chased from the American Type Culture Collection (ATCC, USA). Dulbecco’s
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Modified Eagle’s medium (DMEM) replenished with 0.1 mg/mL streptomycin,
100 U/mL penicillin, and 10% fetal bovine serum was used for cell culture. Once
cell density reached 60%, SIL1-specific small interfering RNA (siRNA) was trans-
fected into MCF7 and MDA-MB-231 cells (si-SIL1), respectively, with a nonsense
siRNA as negative control (NC) using Lipofectamine2000 (Invitrogen, USA).
SiRNAs were synthesized by Ruibo (Guangzhou, China). The sequences of
siRNAs were as follows: SIL1-siRNA1, GGCUGGAUAUCAACACCAATTUU
GGUGUUGAUAUCCAGCCTT; SIL1-siRNA2, CGGAGAAGAUGUUCGC
CGATTUCGGCGAACAUCUUCUCCGTT; SIL1-siRNA3, UGGUACGGCU
GAUCAACAATT UUGUUGAUCAGCCGUACCATT.

Quantitative real-time PCR (qPCR)

Trizol reagent was used for total RNA extraction. After transfection for 24 h,
RNA was extracted from the cell lines, then reverse transcribed to complementary
DNA (cDNA). The qPCR kit UltraSYBR Mixture (CwBio, China) was used to
detect the level of SIL1 messenger RNA (mRNA). Primers were synthesized as fol-
lows (Genewiz, China): SIL1 sense, 5# TGCTTCACCTTCTGCCTCAG 3#, and
antisense, 5# GAACACCTCCAGGACTTCGG 3#; GAPDH sense, 5# TCAA
TGTCGGCGCCTATTTC 3#, and antisense, 5# CACCCTGTTGCTGTAGC
CAAA 3#. The relative quantification was identified by the method of 2-DDCt after
standardization to the GAPDH level. qPCR assay was performed in triplicate.

Western blot analysis

After transfection for 48 h, radioimmunoprecipitation assay (RIPA) buffer contain-
ing phosphatase and protease inhibitors was used for total protein extraction.
Proteins from each group were separated and transferred to a polyvinylidene fluor-
ide membrane. The membrane was then blocked, followed by incubation with pri-
mary antibodies (1:1000) overnight at 4 �C. Next, the secondary antibodies (1:5000)
were given for 1 h at room temperature. After incubation with the enhanced chemi-
luminescence (ECL) reagent, the expression values of proteins were normalized
against GAPDH and quantified with QUANTITY ONE software. Anti-human
SIL1 (1: 500, ab5639), Cyclin D1 (1: 2000, ab16663), CDK4 (1: 2000, ab108357),
CDK6 (1: 1000, ab124821), ERK1/2 (1: 1000, ab17942), p-ERK1/2 (1: 500,
ab223500), Acitve-Caspase9 (1: 1000, ab32539), Bcl-2 (1: 1000, ab182858), Bax (1:
1000, ab32503), and GAPDH (1: 5000, ab181602) were all purchased from Abcam
(USA). Each experiment included triplicate measurements. Secondary antibodies,
Goat Anti-Mouse IgG H&L (HRP) (ab205719), and Goat Anti-Rabbit IgG H&L
(HRP) (ab6721) were also purchased from Abcam (USA).

Cell Counting Kit-8 (CCK8)

CCK8 assay was used to detect the proliferation of breast cancer cells. After trans-
fection with siRNA, 23 103 cells/well were transferred into a 96-well plate and
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cultured in a 5% CO2 incubator at 37 �C. Cell activity was detected every 24 h.
CCK8 reagent (Solarbio Science & Technology, China) was added to the cells and
incubated at 37 �C for 2h. The optical density (OD) value was analyzed at a wave-
length of 450 nm. Each experiment was performed in triplicate.

Clone formation assay

Approximately 200 cells transfected with siRNA were seeded into a 35-mm cell cul-
ture dish, then incubated for 14 to 21 days at 37 �C until visible colonies had
formed. Incubation was performed for 20 min with 4% paraformaldehyde, then
cells were stained with crystal violet. After 30 min, the number of clones consisting
of 10 cells or more were counted under the microscope. The number of colonies =
number of clones / number of inoculated cells. Clone formation assay was per-
formed in triplicate.

Wound healing assay

Cell migration capability was evaluated via wound healing assays. After transfec-
tion, cells were transferred to a 6-well plate. When cells were cultured to 90% con-
fluence, a straight line on the cell monolayer was scratched by a 200-mL pipette tip.
The width of the wound was measured at 0 h and 24 h time points, respectively.
Cell migration velocity was represented by wound closure normalized to that of the
NC group. Wound healing assay was performed three times.

Transwell assay

The invasion of cancer cells was determined with a Matrigel-coated (BD
Biosciences) transwell assay. The upper chamber was coated with 100 mL diluted
Matrigel. After 24 h of transfection, 23 104 cells with fetal bovine serum (FBS)-
free DMEM were transferred to the upper chamber, and the complete medium
was added to the lower chamber. After 24 h, the invasive cells were fixed with 4%
paraformaldehyde, then stained with 0.1% crystal violet. The number of invasive
cells were counted under a microscope. Each experiment was performed in
triplicate.

Flow cytometry for cell cycle detection

Cell cycle was determined by flow cytometry. Cells (33 106/mL) were starved for
24 h after transfection, then fixed overnight with 70% ethanol. Next, cells were
stained with 400 mL propidium iodide (PI; Roche, Switzerland) in a dark environ-
ment. The results were analyzed with Flowjo software. This assay was performed
three times.
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Flow cytometry for apoptosis detection

Cell apoptosis was determined by flow cytometry using the Annexin V-FITC
Apoptosis Detection kit. About 23 106 cells were suspended with 1 mL Annexin V
binding buffer. Then, 100 mL cell suspension was added to 5 mL Annexin V /
FITC mix for 5 min, followed by the addition of 10 mL PI dye incubation for
another 5 min. The results were analyzed using Flowjo software. This assay was
performed three times.

Gelatin zymography

After transfection for 24 h, cells were incubated with FBS-free DMEM for an addi-
tional 24 h. The supernatants were collected and the total protein was quantified.
About 20 mg of proteins with 1 mg/mL gelatin A (Sigma Chemical Co., USA) were
loaded into 10% SDS/PAGE. After electrophoresis for 1.5 h, the gel was stained
with 0.25% Coomassie Blue R-250 for 4 h. Then, Image Quant TL V2003 software
was utilized to measure the intensities. This assay was performed three times.

Statistical analyses

The data in this study were analyzed with SPSS 20.0 software. The comparison
between two groups was performed using Student’s t test. All data were presented
as mean 6 standard deviation, and P\ 0.05 was considered statistically
significant.

Results

Human SIL1 was upregulated in breast cancer

With the development of sequencing technology, cancer genomics projects have
generated an overwhelming amount of cancer genomics data. This has made it pos-
sible to screen various biological indicators without collecting a large number of
clinical samples. Gene Expression Profiling Interactive Analysis (GEPIA) is a web-
site for analyzing the genomic data in The Cancer Genome Atlas (TCGA) and
Genotype-Tissue Expression (GTEx) databases.13 Figure 1(a) shows the boxplot
generated from the GEPIA; the red and gray boxes represent breast invasive carci-
noma (BRCA) and normal breast samples, respectively. According to the results of
differential genes analysis between BRCA and normal breast samples, there was
enhanced expression of SIL1 mRNA in BRCA (n=1085) compared with normal
samples (n=291) (P\ 0.05). In addition, SIL1 mRNA expression in some breast
cancer cell lines was also significantly increased when compared with the control
breast epithelial cell, MCF10A (P\ 0.01; Figure 1(b)). These observations suggest
that SIL1 was upregulated and might be involved in the progression of human
breast cancer.
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Figure 1. Human SIL1 was upregulated in breast cancers. (a) SIL1 expression in tumor tissues
(n = 1085) was significantly higher than that in normal tissues (n = 291) according to GEPIA
analysis result of breast invasive carcinoma (BRCA). (b) The mRNA expression level of SIL1 in
human breast epithelial cell MCF10A, and breast cancer cell lines (MCF7, MDA-MB-468, MDA-
MB-231, SK-BR-3, and MDA-MB-157). (c) The mRNA expression level of SIL1 detected by
qPCR in cells transfected with three SIL1-specific siRNAs (si-SIL1-1, si-SIL1-2, and si-SIL1-3) and
negative control siRNA (NC). (d) The protein level of SIL1 was determined using western blot
analysis after transfected with si-SIL1-1 or negative control siRNA (NC). (e) Statistical analysis
of western blot result showed that the protein level of SIL1 was knocked down by si-SIL1-1.
*P \ 0.05; **P \ 0.01.
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Knockdown of SIL1 impeded the proliferation of human breast cancer cells

MDA-MB-231 and MCF7, the two most SIL1 upregulated cell lines in Figure
1(b), were used to investigate the effect of SIL1 on tumor proliferation by RNA
knockdown. Three SIL1-specific siRNAs were transfected into breast cancer cells
to generate SIL1 knockdown cells (si-SIL1) with the cells transfected with a control
siRNA serving as the negative control cells (NC). The qPCR results showed that
the inhibited effects of si-SIL1-1 on SIL1 mRNA expression were the greatest both
in MDA-MB-231 and MCF7 (P\ 0.01; Figure 1(c)). Therefore, si-SIL1-1 was
used in the following experiments. The western blot assay was further used to
detect the effect of si-SIL1-1 on SIL1 protein expression. As shown in Figure 1(d)
and (e), the protein levels of SIL1 were significantly downregulated following si-
SIL1 treatment (P\ 0.05).

Then, the proliferation of si-SIL1 and NC cells was determined by CCK8 assay.
After the transfection of si-SIL1 for 72 h, the OD values of MDA-MB-231
decreased to 0.696 0.09, which was markedly lower than the NC cells at
0.856 0.09 (P\ 0.05, Figure 2(a)). The OD values of MDA-MB-231 after being
transfected with si-SIL1 for 96 h (0.826 0.07) also decreased significantly in com-
parison with the NC group (1.276 0.12) (P\ 0.01, Figure 2(a)). The OD values of
MCF7 after being transfected with si-SIL1 for 72 h (0.716 0.13) and 96 h
(0.846 0.07) declined compared with NC cells (72 h, 0.916 0.11; 96 h, 1.396 0.20)
(P\ 0.05, P\ 0.01, Figure 2(b)). Clone formation assay was also used to confirm
the effect of SIL1 on cell proliferation. After incubation for 14 days, clone numbers
of cells transfected with si-SIL1 (MDA-MB-231, 1856 7; MCF7, 1916 6) mark-
edly declined compared with the control cells (MDA-MB-231, 3516 12; MCF7,
3706 13), indicating that si-SIL1 inhibited cell growth in breast cancer (P\ 0.05,
Figure 2(c) and (d)).

Knockdown of SIL1 inhibited the migration and invasion of human breast
cancer cells

Next, we further investigated the specific role of SIL1 in the migration and invasion
of breast cancer cells. As shown in Figure 3(a) and (b), the migrated distance in
SIL1 downregulated MDA-MB-231 or MCF7 cells significantly declined compared
with control cells in the wound healing assay (both P\ 0.05). This indicates that
SIL1 was involved in the migration of breast cancer cells. Similarly, using transwell
assay, we also found that SIL1 knockdown could decrease the numbers of invasive
cells effectively both in MDA-MB-231 and MCF7 cells (both P\ 0.01, Figure 3(c)
and (d)).

To explain the reason for SIL1 involvement in the invasion of MDA-MB-231
and MCF7 cells, the expression of MMP-2 was determined using gelatin zymogra-
phy (Figure 3(e)). According to the results, SIL1 knockdown could inhibit MMP-2
expression significantly when compared with control cells (both P\ 0.05, Figure
3(f)). These observations indicated that suppression of SIL1 inhibited the migra-
tion and invasion through downregulation of MMP-2 expression.
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Knockdown of SIL1 induced cell cycle block in human breast cancer cells

Since knocking down SIL1 could inhibit cell proliferation, we further studied
whether it affected the cell cycle using flow cytometry analysis. The results showed
that the rate of cells at the G1 phase was enhanced after transfection of si-SIL1 in
both breast cancer cell lines (P\ 0.05, Figure 4(a)–(c)). Moreover, the rate of cells
at the G2 phase also increased in MDA-MB-231 cells that were transfected with si-
SIL1 (P\ 0.05). Then, western blot assay was used to investigate the expression of
some cell cycle-related proteins, Cyclin D1, CDK4, and CDK6 (Figure 4(d)). The
results indicated that all the expressions of Cyclin D1, CDK4, and CDK6 in both
MDA-MB-231 and MCF7 cells decreased significantly after si-SIL1 transfection
(P\ 0.05, Figure 4(e) and (f)). These results suggest that knockdown of SIL1
might inhibit the proliferation of breast cancer cells by stopping the cell cycle at
the G1 phase.

Figure 2. Knockdown of SIL1 inhibited the proliferation of human breast cancer cells. The
proliferation of breast cancer cells was determined by CCK8 assay. The OD value of MDA-MB-
231 (a) and MCF7 (b) cells transfected with si-SIL1 was significantly decreased compared with
the NC groups. (c) Clone formation assay was performed to further detect the effect of SIL1 on
cell proliferation. (d) Statistical analysis of clone numbers showed that si-SIL1 markedly inhibited
cell growth.
*P \ 0.05.
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Knockdown of SIL1 promoted the apoptosis of breast cancer cells

The apoptosis of MDA-MB-231 and MCF7 cells was detected using flow cytome-
try analysis (Figure 5(a)). The percentage of apoptotic cells was shown in a column
diagram, which showed that it was enhanced in the si-SIL1 cells (MDA-MB-231,
7.85%6 0.38%; MCF7, 8.78%6 0.45%) compared with the NC cells (MDA-MB-
231, 3.78%6 0.27%; MCF7, 2.80%6 0.40%) (P\ 0.01; Figure 5(b)). The

Figure 3. Knockdown of SIL1 inhibited the migration and invasion of human breast cancer
cells. (a) Wound healing assay was used to detect the effect of SIL1 on cell migration
(magnification, 340). (b) The relative migrated surface was showed in a column diagram, which
showed a significant decline in SIL1 knockdown cells in comparison with control cells. (c) The
invasion capability of cells was determined using transwell assay (magnification, 3200). (d) SIL1
knockdown inhibited the invasion of MDA-MB-231 and MCF7 cells. (e) The expression level of
MMP-2 was determined using gelatin zymography. (f) SIL1 knockdown inhibited MMP-2
expression according to the result of gelatin zymography.
*P \ 0.05; **P \ 0.01.
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expression of apoptosis-related proteins, such as Bax, Bcl2, and Actived-Caspase9,
were analyzed by western blot assay (Figure 5(c)). The results showed an increase
in the expression of Bax and Actived-Caspase9, but a decrease in the expression of
Bcl2 after transfection of si-SIL1 in MDA-MB-231 and MCF7 cells (all P\ 0.05,
Figure 5(d) and (e)). These observations suggested that knockdown of SIL1 could
promote cell apoptosis.

Figure 4. Knockdown of SIL1 induced cell cycle block in human breast cancer cells. (a) Flow
cytometry analysis was used to detect the role of SIL1 on cell cycle. Statistical analysis of flow
cytometry result showed that the rate of cells on G1 phase was enhanced after the transfection
of si-SIL1 both in MDA-MB-231 (b) and MCF7 cell lines (c). (d) Western blot analysis was
performed to investigate the expression of cell cycle related protein, Cyclin D1, CDK4, and
CDK6. Statistical analysis of western blot showed that the expressions of Cyclin D1, CDK4, and
CDK6 were decreased after the transfection of si-SIL1 both in MDA-MB-231 (e) and MCF7 cell
lines (f).
*P \ 0.05.
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Knockdown of SIL1 inhibited the activity of ERK1/2 in breast cancer cells

Previous studies have shown significant activation of the ERK1/2 signaling path-
way in breast cancer, which is involved in regulating cell proliferation, migration,
and apoptosis.14,15 Therefore, we performed western blot assay to detect the

Figure 5. Knockdown of SIL1 promoted the apoptosis in human breast cancer cells. (a) The
apoptosis of MDA-MB-231 and MCF7 cells was determined using flow cytometry analysis. (b)
The percentage of apoptosis cell numbers was shown in a column diagram, which showed that it
was enhanced by the knockdown of SIL1 both in MDA-MB-231 and MCF7 cells. (c) The
expressions of apoptosis-related proteins, Bax, Bcl2, and Actived-Caspase9 were determined by
western blot analysis. The expressions of Bax and Actived-Caspase9 were increased, but Bcl2
level was decreased after the transfection of si-SIL1 in MDA-MB- 231 (d) and MCF7 (e) cells.
*P \ 0.05; **P \ 0.01.
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activity of ERK1/2 (Figure 6(a)). According to the results, the phosphorylation of
ERK1/2 decreased significantly after transfection of si-SIL1 both in MDA-MB-
231 and MCF7 cells (P\ 0.05, Figure 6(b) and (c)). These results suggested that
the role of SIL1 in breast cancer progression might be produced via regulating the
activity of the ERK1/2 signaling pathway.

Discussion

SIL1, also known as BAP, is one of the nucleotide exchange factors for the mam-
malian HSP70 chaperone protein, GRP78 (also known as BIP). SIL1 regulates the
activity of the GRP78 ATPase. SIL1 mutations can cause a rare neurodegenerative
disease, Marinesco-Sjögren syndrome, which is also considered to be an ER dys-
function disease.16–18 At the same time, the loss of SIL1 function causes abnormal-
ities in the adenosine triphosphate (ATP) cycle of GRP78 and aggregation of
proteins.19,20

In this study, we found that SIL1 was upregulated in human breast cancer
according to the result of online analysis. As a regulatory protein of the ER, SIL1
overexpression may result in disrupted cellular functions. SIL1 is primarily respon-
sible for GRP78 activity regulation in the ER. Glucose-regulated proteins (GRP)
are a class of stress proteins produced by cells in order to adapt to UPR, with the
function of assisting the correct folding and assembly of proteins.21,22 The binding
and release of GRP78 to the substrate protein is accomplished by its ATP cycle,
and the ATP bounded to GRP78 is hydrolyzed to adenosine diphosphate (ADP),
which promotes the stable binding of GRP78 to the unfolded protein. SIL1 can
directly bind to the adenosine triphosphate (ATPase) domain on GRP78, which
changes the spatial conformation of GRP78, opens its ATPase domain and
destroys its binding to ADP, thereby promoting release of ADP and

Figure 6. Knockdown of SIL1 inhibited the activity of ERK1/2 signaling pathway in human
breast cancer cells. (a) Western blot analysis was used to determine the activity of ERK1/2
signaling pathway. According to the result, the phosphorylation level of ERK1/2 decreased
significantly after the transfection of si-SIL1 both in MDA-MB-231 (b) and MCF7 (c) cells.
*P \ 0.05.
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recombination with ATP.19 Therefore, overexpression of SIL1 may cause cellular
dysfunction by altering GRP78 activity and may be related to abnormal biological
behavior of tumor cells.

Our results demonstrate that SIL1 promoted the progression of breast cancer by
increasing proliferation and decreasing apoptosis of tumor cells. From the CCK8
and clone formation assays, SIL1 knockdown impeded the proliferation of MDA-
MB-231 and MCF7 cells. Migration and invasion capability were also reduced by
the transfection of SIL1-specific siRNA. Furthermore, suppression of SIL1 stopped
the cell cycle in the G1 phase by regulating the expression of Cyclin D1, CDK4,
and CDK6. According to flow cytometry analysis, SIL1 knockdown increased the
activity of Caspase9 and induced cell apoptosis. In recent years, the study of the
relationship between SIL1 and pathological processes has been limited to the ner-
vous system. In 2018, the role of SIL1 in cancer was reported for the first time. Xu
et al.23 proved that si-SIL1 inhibited the progression of human glioma through the
AKT/mTOR signaling pathway. Our study indicated that SIL1 could alter the
phosphorylation of ERK1/2. ERK1/2 is the key protein of the mitogen-activated
protein kinase (MAPK) signaling pathway, which is an important regulatory path-
way for cell proliferation or differentiation and is involved in the development of a
variety of tumors.24,25 Persistent activation of ERK can promote the degradation
of STAT1, a signal transduction and transcription activating factor, thus promot-
ing cell proliferation and inhibiting apoptosis.26,27 Our results are consistent with
the above results, suggesting that SIL1 promotes the growth of breast cancer cells
by activating ERK1/2 signaling pathway.

SIL1 may also affect cell apoptosis by regulating GRP78 activity. Recent studies
have shown that GRP78 is overexpressed in some tumor cells and is positively cor-
related with malignancy.28–30 Overexpression of GRP78 can reduce the apoptosis
of tumor cells and block the apoptosis induced by chemical drugs.31 High GRP78
expression contributes to tumor development as well as the production of drug
resistance, and even induces immune tolerance of tumor cells.32 Therefore, SIL1
may inhibit cell apoptosis by activating GRP78, but this potential mechanism
requires further study.

Since we detected high expression of SIL1 in breast cancer, we only investigated
the effect of knocking down SIL1 on cell function. However, it is still necessary to
explore the role of SIL1 overexpression in breast cancer cells. At the same time, it
is urgent to verify the carcinogenic effect of SIL1 in an in vivo environment.
Therefore, exploring the role of SIL1 overexpression and the SIL1/GRP78 axis in
breast cancer in vivo and in vitro is the focus for our future research.

In conclusion, we have proven that SIL1 is upregulated in breast cancer, and
that knockdown of SIL1 inhibits the progression of breast cancer cells by inducing
cell cycle retardation and cell apoptosis. Moreover, SIL1 is involved in the regula-
tion of the ERK1/2 signaling pathway. Based on the results of our study, we pro-
pose that SIL1 has potential as a therapeutic target for breast cancer treatment in
the future.
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