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Background: There is a lack of targeted therapies for triple-negative breast cancer (TNBC), necessitating the search for novel targets.
Patients with TNBC exhibit elevated expression of neuron-specific septin-3 (SEPTIN3), leading to poor prognosis. This study aimed to
investigate the modulation of SEPTIN3 expression in TNBC cells.

Methods: The relative expression levels of SEPTIN3 in TNBC tissues and cell lines were determined using Western blotting and
gqRT-PCR. We generated lentivirally transduced TNBC cell lines so such that SEPTIN3 was overexpressed or knocked down. Next, the
effect of SEPTIN3 on the biological behavior of TNBC cells was detected using a series of functional assays, including CCKS, colony
formation, scratch, and transwell assays. We monitored the tumorigenicity of SEPTIN3 overexpressed cells and performed Ki-67
immunostaining in mice. The mechanism mediated by SEPTIN3 was studied using functional enrichment analysis and Western
blotting.

Results: Protein and mRNA expression levels of SEPTIN3 were observed to be increased in TNBC tissues and cell lines. SEPTIN3
knockdown reduced cell growth, invasion, and migration, whereas SEPTIN3 overexpression exerted the opposite effects. SEPTIN3
was observed to favor cell growth and tumorigenicity in vivo. In addition, SEPTIN3 promoted TNBC cell aggressiveness and
proliferation via activation of the Wnt signaling pathway.

Conclusion: SEPTIN3 emerged as an oncogene that accelerates tumor progression by regulating the Wnt signaling pathway.
Keywords: triple-negative breast cancer, SEPTIN3, proliferation, invasion, Wnt signaling pathway

Introduction
Breast cancer (BC) is the most common malignant tumor in women and a leading cause of cancer-related death.! BC is
classified according to its distinct biological and epigenetic features.” Among the types of BC, triple-negative BC
(TNBC) is characterized by the low expression or no amplification of the following three biomarkers at the gene level:
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2). TNBC
accounts for approximately 15% of BC cases.” TNBC is a more aggressive phenotype of BC that usually progresses
rapidly, develops drug resistance, metastasizes, relapses, and is difficult to treat in clinical practice.” TNBC-based
transcriptome sequencing studies have failed to identify novel recurrent mutations beyond TP53, PIK3CA, and
PTEN,® suggesting that the malignant biological phenotype of TNBC may be driven by non-genetic alterations. New
omics studies have suggested that multiple differential genes may play important roles in the progression of breast
cancer.” Therefore, there is an urgent need to identify new molecular markers to guide treatment decisions.

The Wnt/B-catenin signaling pathway is an important extracellular signaling pathway that is abnormally dysregulated in
multiple types of cancers.®” The Wnt signaling pathway is a key regulator that controls tumor cell self-renewal and differentia-
tion, tumor metastasis, and tumor treatment resistance.'® Canonical Wnt signaling activation is initiated by Wnt ligands that bind
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to Frizzled and LRP5/6, thereby disrupting the complex including axins, APC, and GSK3, leading to the stabilization of -
catenin. GSK-3p is a widely expressed serine/threonine protein kinase.!" Its phosphorylation at Tyr 216 is required to
phosphorylate B-catenin, induce degradation of -catenin, and inhibit Wnt signaling.'> Subsequently, B-catenin accumulates in
the cytoplasm, translocates to the nucleus, and activates the Wnt transcriptional program. Abnormal activation of the Wnt/f-
catenin pathway is a characteristic of TNBC that synergizes with tumorigenesis, metastasis, cancer stemness, and other
processes.'>'* TNBC patients with abnormal Wnt/B-catenin signaling pathways are more likely to develop lung and brain
metastases.

Neuron-specific septin-3 (SEPTIN3), a member of the septin family, is primarily expressed in the brain and testis.'> SEPTIN3
is a soluble, membrane-bound presynaptic protein. Previous studies have shown that a lack of SEPTIN3 has no effect on neuronal
development, viability, or protrusion function.'®'” SEPTIN3is connected to autophagy and can bind to microtubule-associated
protein 1 light chain 3 B (LC3B), the most studied homolog of the autophagy protein, Atg8.'® However, few studies have focused
on the role of SEPTIN3 in cancer development. Our previous study revealed that SEPTIN3 is overexpressed in TNBC and is
associated with poor prognosis in patients. In this study, we aimed to investigate the functional role and regulatory mechanisms of
SEPTIN3 in TNBC.

Materials and Methods

Bioinformatics Analysis
We used the Gene Expression Profiling Interactive Analysis (GEPIA, http://gepia.cancer-pku.cn/) online database to

analyze differences in SEPTIN3 expression between TNBC and normal tissues. Gene set enrichment analysis (GSEA)
was performed using the KEGG pathways. Gene set enrichment analysis (GSEA) is commonly used to estimate changes
in pathways and biological processes. The gene set was downloaded from the MsigDB database'® for GSEA analysis,
and FDR < 0.25 and P < 0.05 was considered significantly enriched.

Clinical Tissues and Cell Lines

TNBC tissues and matched para-tumors were surgically collected from patients at Huangshi Central Hospital Medical and
preserved in liquid nitrogen. Informed consent was obtained from all patients. This procedure was approved by the Ethics
Committee of Huangshi Central Hospital (2022—14). The normal human breast epithelial cell line (MCF-10A) and TNBC
cell lines (BT-549, SK-BR-3, HCC1937, and MDA-MB-453) were acquired from The Shanghai Cell Bank. Cell lines were
cultured according to the instructions with the use of Dulbecco’s modified Eagle medium and 10% fetal bovine serum.

gRT-PCR
All tissues and cells were washed with PBS. Total RNA was isolated from cells and tissues using the TRIzol reagent

(Invitrogen). RNA was reverse-transcribed to cDNA using reverse transcriptase according to the manufacturer’s instruc-
tions. GAPDH mRNA was used as an endogenous control. The primers used are listed in Table S1.

Western Blot

Lysis buffer containing proteinase inhibitors for cells and tissues was used to extract total protein from the cells. All
proteins were separated on 10% polyacrylamide gels. Next, the proteins were transferred to the PVDF membranes and
incubated with blocking buffer. The membranes were incubated with primary antibodies. Subsequently, the membranes
were incubated with secondary antibodies. ECL chemiluminescence was used for visualization.

Lentiviral Transfection

Lentivirus-mediated short hairpin RNA (shRNA) was used to knockdown SEPTIN3. MDA-MB-453 and BT549 cells
were transfected with lentiviruses obtained from GenePharm (Shanghai, China) to suppress SEPTIN3, or increase
SEPTIN3 expression. Stable TNBC cells were generated via puromycin (2 ug/mL).
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Cell Proliferation Assay

CCKS8 assay and colony formation assays were performed to detect cell growth. Equal numbers of TNBC cells were
seeded in 96-well plates and cultured for 4 days. Each well was treated with CCK-8 (Dojindo, Japan) solution at 37 °C
for 1 h, which was detected by the absorbance at 450 nm. One thousand cells were seeded in petri dishes to test their
colony-forming ability. After 21 days of incubation, the colonies were visualized using crystal violet and counted.

Cell Migration and Invasion Assays

24-Transwell inserts (Corning, Corning, NY, USA) pre-coated with Matrigel (BD Biosciences) were used to detect cell
migration. Cells were seeded in the inserts supplemented with no FBS and the medium containing 10% FBS was added
to the lower chamber. The incubation temperature was set to 37 °C. Subsequently, non-invading cells were eliminated
and the number of invading cells was observed under a microscope. For wound healing assay, a 200 ul pipette was
utilized to form artificial wound on cells seeded in six-well plates. Images were acquired to visualize the wound healing
process at 0 and 24 h.

Xenograft Assay

Female nude mice (Vitalstar, China) aged 6-8 weeks were randomly divided into two groups. 2x10° MDA-MB-231 cells
with SEPTIN3 knockdown were injected subcutaneously into the right flank of the mice. Tumor growth was monitored
weekly and the tumors were harvested 4 weeks after tumor cell injection. The xenograft assay was approved by the
Ethics Committee of Huangshi Central Hospital (2023-3) and performed in accordance with institutional guidelines.

Immunohistochemical (IHC) Staining

Samples from the xenografts were prepared or subjected to IHC and hematoxylin—eosin (HE) staining. Ki-67 is expressed
during mitosis and is considered as an indicator of cell proliferation. Therefore, we determined the expression of Ki-67.
All the samples were sectioned after paraffin embedding, deparaffinized, hydrated, and incubated with a Ki-67 primary
antibody (1:200; Abcam, USA), followed by incubation with an HRP-conjugated secondary antibody. Finally, 3.3 °-
diaminobenzidine and hematoxylin were used for visualization. Sections were stained with hematoxylin and eosin.

Statistical Analysis

All Data are represented as the mean + standard deviation, followed by statistical analysis based on the GraphPad Prism 9
software. Student’s ¢-test was used to determine significance between two groups, whereas one-way analysis of variance
was used for comparisons between multiple groups. Statistical significance was set at p < 0.05.

Results
High Expression Level of SEPTIN3 in TNBC

We integrated the database and histological data to determine the differential expression of SEPTIN3. Compared to
that in normal tissues, the mRNA expression of SEPTIN3 in TNBC was increased (Figure 1A). Subsequently, we
validated this finding in 10 pairs of tissues (Figure 1B). We also observed a significant increase SEPTIN3 in TNBC
cell lines, both at protein and mRNA levels (Figure 1C and D). The BT-549 and MDA-MB-453 cells were used for
subsequent analyses.

SEPTIN3 Knockdown Inhibited the Malignant Behaviors of TNBC Cells

As presented in Figure 2A and B, the lentivirus successfully knocked down the expression of SEPTIN3 in MDA-MB-453
cells at both gene and protein levels. Compared with control (sh-NC) cells, the growth rate of TNBC cells was greatly
suppressed by SEPTIN3 knockdown (Figure 2C). The colony formation assay showed that SEPTIN3 knockdown
resulted in a decrease in colony number (Figure 2D). These findings suggest that SEPTIN3 regulates TNBC cell
proliferation. To assess cell invasion, a Transwell assay was performed. As shown in Figure 2E, the number of invasive
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Figure | High expression level of SEPTIN3 in TNBC. (A) Boxplot of SEPTIN3 expression in TNBC tissues and normal samples based on GEPIA database. (B) The mRNA
expression of SEPTIN3 in TNBC and normal tissues. (C) The mRNA and (D) protein expression in TNBC cell lines. *P<0.05.

sh-NC cells was significantly higher than that of SEPTIN3 knockdown cells. In the wound healing assay, the knockdown
of SEPTIN3 expression slowed cell migration (Figure 2F).

Overexpression of SEPT Facilitated the Progression of TNBC Cells

We increased the expression of SEPTIN3 in BT-549 cells using a lentivirus (Figure 3A and B). Upregulation of SEPTIN3
significantly promoted cell proliferation and bacterial colonization (Figure 3C and D). Compared to the empty vector,
SEPTIN3 overexpression enhanced the invasion and migration of TNBC cells (Figure 3E and F).

Knockdown of SEPTIN3 Inhibited Tumorigenicity of TNBC Cells

To evaluate the tumorigenic potential of SEPTIN3 in vivo, xenograft assays were performed. The results demonstrated
that the tumor volume and weight of SEPTIN3 knockdown cells were significantly reduced (Figure 4A—C). One month
of monitoring indicated that SEPTIN3 knockdown slowed the tumor growth rate in vivo (Figure 4B). Ki-67, a reliable
marker of cell proliferation, was increased in control tumors (Figure 4D). These studies showed that SEPTIN3 affects
cell proliferation and tumorigenic ability in vivo.

SEPTIN3 Activated Whnt Signaling Pathway

To further understand the regulatory mechanism of SEPTIN3 in TNBC, we performed enrichment analysis. As shown in
Figure 5A and B, SEPTIN3 mainly affected cancer-related pathways such as the PI3K, cell cycle, and Wnt signaling
pathways. Given that the aberrant activation of Wnt signaling is a hallmark of TNBC, we investigated the association
between SEPTIN3 and Wnt signaling. Western blotting showed that SEPTIN3 significantly upregulated the expression of
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Figure 2 SEPTIN3 knockdown inhibited the malignant behaviors of TNBC cells. (A) qRT-PCR and (B) Western blot showing knockdown efficiency of SEPTIN3 in MDA-MB
-453 cells. (C) CCK8 cell proliferation curve. (D) Clonogenic assay. (E) Transwell migration assay. (F) Transwell migration assay.*P<0.05.
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Figure 3 Overexpression of SEPT facilitated the progression of TNBC cells. (A) qRT-PCR and (B) Western blot showing overexpressed efficiency of SEPTIN3 in BT-549
cells. (C) CCK8 cell proliferation curve. (D) Clonogenic assay. (E) Transwell migration assay. (F) Transwell migration assay. *P<0.05.
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Figure 4 Knockdown of SEPTIN3 inhibited tumorigenicity of TNBC cells. (A) Xenograft images from TNBC cells with SEPTIN3 knockdown. (B) Tumor growth curves. (C)
Tumor weight. (D) HE and IHC staining for xenograft. *P<0.05.

B-catenin and cyclinD1, and decreased the expression of Axinl and GSK-3f (Figure 5C). In contrast, these effects were
reversed by SEPTIN3 knockdown.

Discussion

TNBC has a poor clinical treatment outcome owing to its unique biological characteristics.”’ The overexpression of
septin family members has been investigated in multiple types of cancers and is associated with the malignant
progression of various cancer types.’' >* SEPT9 induces cell migration by regulating the cytoskeleton.”* SEPT9 can
promote epithelial-mesenchymal transition in glioma.”> Increased expression of SEPT2 facilitates tumor growth
in vivo.?°

However, the association between SEPTIN3 and cancer has not yet been reported. We investigated the role of
SEPTIN3 in TNBC. In the present study, we found that SEPTIN3 protein and mRNA were highly expressed in TNBC
tissues and cells. In addition, in vitro and in vivo functional assays demonstrated that elevated levels of SEPTIN3
enhanced cell proliferation, invasion, metastasis, and tumorigenesis in TNBC. These findings suggest that SEPTIN3 is
a promising novel target for the treatment of TNBC.

Accumulating evidence suggests that the Wnt signaling pathway is involved in tumor progression, including gastric,
pancreatic, lung, and breast cancer.® Aberrant Wnt signaling is associated with tumor proliferation, metastasis, stemness,
and drug resistance. To date, no study has reported that SEPTIN3 can activate this signaling pathway in TNBC. We
explored the effects of SEPTIN3 on the Wnt signaling pathway. SEPTIN3 overexpression can upregulate the expression
of-catenin signaling pathway-related genes B-catenin and CyclinD1, suggesting that SEPTIN3 can promote the progres-
sion of TNBC by activating-catenin signaling pathway. The post-transcriptional Wnt signaling pathway suppressed
septin4 phosphate 1 to affect physiological development through GSK3.?” This may be a potential mechanism by which
SEPTIN3 interacts with Wnt signaling. As a downstream regulator of Wnt signaling, CyclinD1 participates in cell cycle
progression. Previous studies have demonstrated the involvement of septin in cell cycle regulatory.”® SEPTIN3 may
activate signaling pathways by directly interacting with cell cycle regulators. However, this study has some limitations.

International Journal of General Medicine 2023:16 htps: 4161
Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

A B
. . KEGG pathway (Up) KEGG pathway (Down)
cGMP-PKG signaling pathway L4 Type | diabetes mellitus {-
Wnt signaling pathway ) Tuberculosis o
Vascular smooth muscle contraction ° Toxoplasmosis °
Small cell lung cancer ° S i
) ) Count ystemic lupus erythematosus ®
Regulation of actin cytoskeleton ® v 10 Staphylococcus aureus infection ° Count
PISK=Akt si F’Iljostate“::ancer * e 15 Rheumatoid arthritis ° : 8
signaling pathway ] ® 20 Primary immunodeficiency {- e 12
Oocyte meiosis ° ® 25 Phagosome ° s 15
_ Mismatch repair {- @ 30 Pertussis ° < 18
Human papillomavirus infection (| Osteoclast differentiation o L4
Hepatocellular carcinoma ° -log10 Leishmaniasis o -log10
~ Focal adhesion ® (p.adjust)  Intestinal immune network for IgA production {e adiust
Fanconi anemia pathway e Inflammatory bowel disease {e (p-adjust)
Estrogen signaling pathway ° 6 Hematopoietic cell lineage ° 6
ECM-receptor interaction ° 4 Graft-versus—host disease {e 5
Dilated cardiomyopathy { Cytokine—cytokine receptor interaction o 4
DNA replication { 2 Complement and coagulation cascades ) 3
) Cushing syndrome ° B cell receptor signaling pathway °
Cortisol synthesis and secretion{ e Allograft rejection -
Cell cycle L J African trypanosomiasis {-
0.02 0.08 0.04 0.10
Enrichment Ratio Enrichment Ratio
c MDA-MB-453 BT-549 s MDA-MB=453 - shC
% sh-SEPTIN3#1
SEPTIN3 b - e 0 ¥ «% mm shSEPTING#2
53 .
25 4 * T %
o * " d
B-catenin - || — ﬁ 92 kDa $°0°
B — o
= oo
GSK-30 | wewe GHEND D S o | o o 5
<
Cyclin D1 | Sl s s —— 36 kDa
c 15 = Vector
? SEPTIN3
AXIN1 —-- ~- 110 kDa g.aE) 10
ey 5 - - - 35
g2s
GAPDH b — e (D 0. ;oS
S g— 2
) B X sot N\ =
%\(\X\ (\\\\'b —(\V\'b REN %%Q‘\\ 0.0 .
L A B O
DS & o & o

Figure 5 SEPTIN3 activated Whnt signaling pathway. (A and B) SEPTIN3 GSEA enrichment analysis. (C) Effects of SEPTIN3 on the Whnt signaling pathway by Western blot.
*P<0.05.

For example, the molecular mechanisms underlying abnormal SEPTIN3 expression in TNBC remain unclear. Second, we
did not construct in vivo tumor metastasis models, which limited the level of evidence. Molecular inhibitors targeting
SEPTIN3 require further investigation.

Conclusions

This study suggests that SEPTIN3 facilitates the malignant progression of TNBC by activating the Wnt signaling
pathway. This indicates the importance of SEPTIN3 and Wnt signaling pathways in TNBC. The specific molecular
regulatory mechanisms of SEPTIN3 require further investigation. Our findings may have indirect therapeutic implica-
tions, as the direct modulation of SEPTIN3 may alter TNBC cell fate and unlock additional treatment options. These
findings provide new insights for the development of novel therapeutic targets.
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