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Abstract
Background: To explore the role of Nei endonuclease VIII-like 3 (NEIL3) in breast
cancer (BC) cell proliferation and motility and its underlying mechanism. Methods: BC
cell lines were analyzed. NEIL3 expression levels in BC tissues was assessed using the
UALCANandKaplan-Meier Plotter databases. NEIL3 knockdownwas performed using
siRNAs, and its effects on cell growth, motility, Epithelial-Mesenchymal Transition
(EMT) markers, and the Phosphoinositide 3-Kinase/Protein Kinase B/Mammalian
Target of Rapamycin (PI3K/Akt/mTOR) axis were evaluated using Immunoblotting,
cell counting kit-8 (CCK-8) assays, colony formation, Transwell as well as wound
healing assays. Results: NEIL3 was highly expressed in BC tissues and cell lines.
NEIL3 knockdown inhibited cell growth, motility and reduced EMT marker expression.
It also decreased phosphorylation levels of proteins, indicating inhibition of the
PI3K/Akt/mTOR axis. Conclusions: NEIL3 mediates BC cell proliferation as well
as motility by activating the PI3K/Akt/mTOR axis. Targeting NEIL3 may offer a new
approach to combat BC.
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1. Introduction

Breast cancer (BC) is a common type of cancer among women
[1]. Each year, approximately 1.3 million women are diag-
nosed with BC, resulting in an estimated 400,000 deaths [2].
Since 2008, the incidence of BC has significantly increased,
with the mortality rates rising by up to 14% [2]. Currently,
primary treatment options for BC include targeted therapy
and so on [3]. Despite these advancements, challenges such
as treatment resistance, significant toxicity and relapse after
initial response persist, underscoring the requirement for novel
therapeutic targets as well as strategies [4]. A deeper under-
standing of BC progression will aid in the combating BC [5].
NEIL3 is located at chromosome 4q34.3 and encodes a

member of DNA glycosylase family [6]. NEIL3 affects the
progression of various tumors [7, 8]. It promotes the oc-
currence of Hepatocellular Carcinoma (HCC) by mediating
PI3K/Akt/mTOR axis [9]. NEIL3 is upregulated in Non-Small
Cell Lung Cancer (NSCLC) and is involved in the initiation
and lung cancer, significantly enhancing the growth as well
as motility of NSCLC [10]. In Clear Cell Renal Cell Carci-
noma (ccRCC), NEIL3 expression is elevated, contributing to
increased cell proliferation, DNA replication, and cell cycle
[11, 12]. However, the role of NEIL3 in BC remain unknown.
The PI3K/Akt/mTOR axis is aberrantly expressed in various

tumors, contributing to the progression of BC, gastric can-
cer, nasopharyngeal carcinoma and pancreatic cancer [13, 14].

This pathway is associated with cell growth, translation, as
well as metabolism. Multiple studies have demonstrated that
targeting this pathway with drugs or drug combinations can
effectively inhibit tumor development and progression [13].
Therefore, research into therapeutic agents ormolecular targets
within the PI3K/Akt/mTOR axis is significant importance for
improving BC prognosis.
Here, we investigated NEIL3’s role in BC progression. We

found its knockdown suppressed growth as well as motility of
BC cells via PI3K/Akt/mTOR axis.

2. Materials and methods

2.1 Cell culture
MDA-MB-231 as well as MCF-7 BC cell lines were ob-
tained fromAmerican Type Culture Collection (ATCC) in Dul-
becco’s Modified Eagle Medium (DMEM, 11965092, Gibco,
Waltham, MA, USA) with 10% Fetal Bovine Serum (FBS,
Gibco, 26140-079, Waltham, MA, USA) at 37 ◦C in 5% CO2.

2.2 siRNA transfection
Cells were seeded in 6-well plates and allowed to adhere
overnight. Specifically, 50 pmol of siRNA was diluted in
250 µL of Opti-MEM (31985070, Thermo, Waltham, MA,
USA) and mixed with 5 µL of Lipofectamine 2000 (11668019,
Invitrogen, Waltham, MA, USA). Cells were harvested 48
hours post-transfection for further analysis. No additional star-
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vation stepswere required. Cells were transfectedwithNEIL3-
specific siRNAs (si-NEIL3#1 and si-NEIL3#2, si-NC, C1,
bought from Riobio, Guangzhou, China). The sequences of
siRNAs: si-NEIL3#1: 5′-GGAUUCUACCUACAGUUCA-
3′; si-NEIL3#2: 5′-GGACUUCUAUCAGGUUCCA-3′; si-
NC: 5′-UUCUCCGAACGUGUCACGU-3′.

2.3 Immunoblot
Samples were separated by Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
transferred to Polyvinylidene Fluoride (PVDF). Membranes
were blocked with 5% non-fat milk and incubated with
antibodies overnight at 4 ◦C. The antibodies were used:
NEIL3 (Abcam, Cambridge, UK, ab154906, 1:1000),
E-cadherin (CST, Danvers, MA, USA, 14472, 1:1000), N-
cadherin (CST, Danvers, MA, USA, 13116, 1:1000), Vimentin
(CST, Danvers, MA, USA, 5741, 1:1000), p-PI3K (CST,
Danvers, MA, USA, 4228, 1:1000), PI3K (CST, Danvers,
MA, USA, 4249, 1:1000), p-Akt (CST, Danvers, MA, USA,
4060, 1:1000), Akt (CST, Danvers, MA, USA, 4685, 1:1000),
p-mTOR (CST, Danvers, MA, USA, 5536, 1:1000), mTOR
(CST, Danvers, MA, USA, 2983, 1:1000), and β-actin
(Abcam, Cambridge, UK, ab8226, 1:1000). Membranes were
then incubated with Horseradish Peroxidase (HRP) secondary
antibodies (CST, Danvers, MA, USA, 7074, 1:5000). Bands
were visualized using the Enhanced Chemiluminescence
(ECL, Thermo, Waltham, MA, USA, 32106).

2.4 Quantitative polymerase chain reaction
(qPCR) assay
RNA was reverse-transcribed by Moloney Murine Leukemia
Virus (M-MLV) reverse transcriptase (M1701, Promega,
Madison, WI, USA). Quantitative PCR was performed by the
use of a SYBR Taq kit (RR420A, Takara, Kusatsu, Japan).

2.5 Cell growth assay
The Cell Counting Kit-8 (CCK-8, Beyotime, Beijing, China,
Catalog Number: C0038) assay was used to evaluate cell
viability. 10 µL of CCK-8 solution was added. Absorbance
was measured at a wavelength of 450 nm.

2.6 Colony formation assay
Cells were cultured for 14 days. Colonies were fixed with
4%Paraformaldehyde (PFA) (P1110, Solarbio, Beijing, China)
for 20 minutes and stained with 0.1% crystal violet solution
(C3886, Sigma, St. Louis, MO, USA) for 15 min.

2.7 Wound healing assay
A scratch was made using a sterile 10 µL pipette tip, ensuring
uniform scratch widths. Images of the wound area were cap-
tured at 0 h and 24 h using a microscope (InvertedMicroscope,
Olympus, Tokyo, Japan).

2.8 Transwell assay
The Transwell invasion assay was performed using 24-well
Transwell inserts (Corning) with an 8.0 µm pore size. The

upper surface of the membrane was coated with Matrigel
(354234, BD, San Jose, CA, USA). Transfected cells were
suspended in serum-free DMEM. Cells were fixed with 4%
PFA (Solarbio) and stained with crystal violet (Sigma).

2.9 Statistical analysis

We performed statistical analyses using GraphPad 9.0 (Graph-
Pad Software, LLC, San Diego, CA, USA). Data are presented
as mean ± Standard Deviation (SD). One-way Analysis of
Variance (One-way ANOVA) followed by Tukey’s post hoc
test was used for multiple group comparisons. A p-value <

0.05 was considered statistically significant.

3. Results

3.1 High NEIL3 expression correlates with
poor prognosis in BC

To investigate the role of NEIL3 in BC, its expression lev-
els were analyzed using The Cancer Genome Atlas (TCGA)
data. NEIL3 expression was significantly elevated in primary
BC tissues (n = 1097 vs. n = 114, Fig. 1A). Patients with
high NEIL3 expression had poorer overall survival (Hazard
Ratio (HR) = 1.24, 95% Confidence Interval (CI): 1.02–1.49,
Fig. 1B). These results suggest that NEIL3 overexpression is
in BC.

3.2 NEIL3 ablation inhibited the growth of
BC cells

To evaluate the effects of NEIL3 on BC cell growth, NEIL3
siRNAs were transfected into BC cell models. Both qPCR
and Immunoblot assays confirmed that NEIL3 expression was
significantly higher in BC cell lines including MDA-MB-231
cells andMCF7 cells, compared toMCF10A cells (Fig. 2A,B).
Fig. 2C confirmed that NEIL3 protein levels are significantly
reduced in BC cells following transfection with its. NEIL3
knockdown significantly inhibited the growth rates of both cell
lines, as evidenced by decreased OD450 value (Fig. 2D). Fur-
thermore, NEIL3 knockdown significantly reduced the number
of colonies (Fig. 2E). These results collectively indicate that
NEIL3 ablation suppressed the BC cell growth.

3.3 NEIL3 knockdown suppressed the
motility of BC cells

We then investigated the effects of NEIL3 on BC cell motility
using wound healing and transwell assays. Notably, NEIL3
knockdown suppressed the migration of BC cells, with the
decreased migration rates (Fig. 3A). Interestingly, the results
of transwell assays confirmed the knockdown of NEIL3 sup-
pressed the invasive capacity of these BC cells, as evidenced
by a decreased invasive cell numbers (Fig. 3B). These findings
demonstrate that NEIL3 knockdown effectively blocked the
motility of BC cells.
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FIGURE 1. Expression of NEIL3 in breast cancer and its impact on patient survival. (A) Box plot showing the expression
levels of NEIL3 in normal breast tissues (n = 114) and primary breast cancer tissues (n = 1097) based on TCGA samples. (***p
< 0.001). (B) Kaplan-Meier survival analysis of breast cancer patients stratified by NEIL3 expression levels. Patients with high
NEIL3 expression (red line) exhibit poorer overall survival compared to those with low NEIL3 expression (black line). NEIL3:
Nei Endonuclease VIII-like 3; BRCA: Breast Cancer; TCGA: The Cancer Genome Atlas; HR: Hazard Ratio.

FIGURE 2. Effects of NEIL3 knockdown on breast cancer cell growth. (A) qPCR analysis of NEIL3 mRNA levels in
MDA-MB-231 and MCF-7 breast cancer cells or MCF10A normal breast cells. (B) Immunoblot analysis of NEIL3 protein levels
in MDA-MB-231and MCF-7 breast cancer cells or MCF10A normal breast cells. (C) Immunoblot analysis of NEIL3 protein
levels in MDA-MB-231 and MCF-7 breast cancer cells following transfection with control siRNA (si-NC) or NEIL3-specific
siRNAs (si-NEIL3#1 and si-NEIL3#2). Quantification of NEIL3 protein levels is shown on the right. (D) CCK-8 assays showing
the proliferation rates of MDA-MB-231 and MCF-7 cells after NEIL3 knockdown. Absorbance at 450 nm was measured at the
indicated time points. (E) Colony formation assays of MDA-MB-231 and MCF-7 cells after NEIL3 knockdown. Representative
images of colonies are shown. Quantification of colony areas is presented below. *p< 0.05, **p< 0.01, ***p< 0.001 compared
to si-NC. NEIL3: Nei Endonuclease VIII-like 3; si-NC: si-Negative Control.
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FIGURE 3. Effects of NEIL3 knockdown on breast cancer cell motility. (A) Wound healing assays showing the migration
rates of MDA-MB-231 and MCF-7 cells following transfection with control siRNA (si-NC) or NEIL3-specific siRNAs (si-
NEIL3#1 and si-NEIL3#2). Representative images at 0 hours and 24 h are shown. Quantification of migration rates is presented
on the right. (B) Transwell invasion assays of MDA-MB-231 and MCF-7 cells after NEIL3 knockdown. Representative images
of invaded cells are shown. Quantification of invasion cells is presented on the right. *p < 0.05, ***p < 0.001 compared to
si-NC. NEIL3: Nei Endonuclease VIII-like 3; si-NC: si-Negative Control.

3.4 Knockdown of NEIL3 affected the
expression of EMT markers in BC cells
We then investigated the effects of NEIL3 knockdown on
EMT markers in BC cells. We noticed NEIL3 knockdown
significantly increased E-cadherin and decreased N-cadherin
expression in BC cells, confirmed by immunoblot analysis
(Fig. 4A). Furthermore, NEIL3 ablation also significantly re-
duced the expression of Vimentin in both cell lines (Fig. 4B).
These results indicate that NEIL3 knockdown inhibited the
EMT process in BC cells.

3.5 NEIL3 ablation suppressed the
PI3K/Akt/mTOR axis in BC cells
Subsequently, we examined the possible underlying mecha-
nism by which NEIL3 knockdown suppresses BC progression.
The effects of NEIL3 knockdown on the PI3K/Akt/mTOR
axis were detected. NEIL3 knockdown significantly reduced
the levels of phosphorylated PI3K and phosphorylated Akt
(Fig. 5A). Furthermore, NEIL3 knockdown also led to a sig-
nificantly decrease in the levels of phosphorylated mTOR in

both cell lines (Fig. 5B).

4. Discussion

Breast cancer is a leading cause of women mortality, de-
spite advancements in therapeutic strategies [15]. Challenges
such as resistance to therapy, significant toxicity and high
recurrence rates underscore the need for novel therapeutic
targets [16]. We identified NEIL3 as a key regulator of BC
progression, demonstrating its role in promoting cell growth,
motility and EMT through the PI3K/Akt/mTOR axis.
Cell growth, migration and EMT are critical processes in

cancer progression [17, 18]. Proliferation allows cancer cells
to grow uncontrollably, while motility and EMT facilitate
invasion into surrounding tissues and metastasis to distant
organs [17]. EMT, in particular, is associated with increased
metastatic potential and poor prognosis in BC patients [17].
Here, NEIL3 knockdown significantly inhibited cell prolifera-
tion, migration, and EMT, suggesting that NEIL3 is crucial for
maintaining the aggressive characteristics of BC cells.
NEIL3, a DNA glycosylase has been implicated in the



109

FIGURE 4. Effects of NEIL3 knockdown on epithelial-mesenchymal transition (EMT) markers in breast cancer cells.
(A) Immunoblot analysis of E-cadherin and N-cadherin protein levels in MDA-MB-231 and MCF-7 cells following transfection
with control siRNA (si-NC) or NEIL3-specific siRNAs (si-NEIL3#1 and si-NEIL3#2). Quantification of E-cadherin and N-
cadherin protein levels is shown on the right. (B) Immunoblot analysis of Vimentin protein levels in MDA-MB-231 and MCF-7
cells after NEIL3 knockdown. Quantification of Vimentin protein levels is shown on the right. *p < 0.05, **p < 0.01, ***p <

0.001 compared to si-NC. NEIL3: Nei Endonuclease VIII-like 3; si-NC: si-Negative Control.

FIGURE 5. Effects of NEIL3 knockdown on PI3K/Akt/mTOR signaling pathway in breast cancer cells. (A) Immunoblot
analysis of phosphorylated PI3K (p-PI3K), total PI3K, phosphorylated Akt (p-Akt), and total Akt protein levels in MDA-MB-231
and MCF-7 cells following transfection with control siRNA (si-NC) or NEIL3-specific siRNAs (si-NEIL3#1 and si-NEIL3#2).
Quantification of p-PI3K/PI3K and p-Akt/Akt protein levels is shown on the right. (B) Immunoblot analysis of phosphorylated
mTOR (p-mTOR) and total mTOR protein levels in MDA-MB-231 and MCF-7 cells after NEIL3 knockdown. Quantification
of p-mTOR/mTOR protein levels is shown on the right. *p < 0.05, **p < 0.01, ***p < 0.001 compared to si-NC. NEIL3:
Nei Endonuclease VIII-like 3; si-NC: si-Negative Control; Akt: Protein Kinase B; PI3K: Phosphoinositide 3-Kinase; mTOR:
Mammalian Target of Rapamycin.
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progression of various cancers [6]. It plays a crucial role
in regulating genomic stability by repairing oxidative DNA
damage [12]. NEIL3 is involved in the progression of various
cancers, including HCC, NSCLC and ccRCC [7, 9–11]. In
these cancers, NEIL3 has been shown to promote cell growth
as well as motility, suggesting its role as an oncogene [7, 11,
19]. In BC, we found that NEIL3 knockdown significantly in-
hibited cell growth, motility and EMT, while also suppressing
PI3K, Akt and mTOR phosphorylation.
The connection between NEIL3 and its impact on BC cell

growth and motility was established using a combination of
literature review and experimental validation. Initially, ex-
isting studies indicated NEIL3’s role in tumor progression,
particularly its involvement in cell proliferation and motility
in cancers such as hepatocellular carcinoma and lung cancer,
through mechanisms like the PI3K/Akt/mTOR axis. This
provided a strong rationale to investigate its role in BC.
We observed that NEIL3 knockdown reduced both the

growth and motility of BC cells. This suggests that NEIL3
plays a crucial role in promoting these malignant behaviors.
By inhibiting NEIL3, we were able to suppress EMT markers
and reduce the aggressive traits of BC cells. The significant
reduction in cell motility as well as growth upon NEIL3
knockdown indicates that NEIL3 could be critical for tumor
growth and metastasis.
The PI3K/Akt/mTOR axismediates cell growth and survival

[20–22]. Aberrations in this axis are common in various can-
cers, including BC, leading to enhanced tumor progression and
resistance to therapies [23]. Activation of the PI3K/Akt/mTOR
axis promotes cell cycle, inhibits apoptosis, and enhances
cellular metabolism, contributing to the aggressive phenotype
of cancer cells [8]. Therefore, targeting components of this
axis has been a focus of cancer research and drug development.
Our findings indicate that NEIL3 exerts its effects on BC

cells via PI3K/Akt/mTOR axis. This suggests that NEIL3
may contribute to BC by activating the PI3K/Akt/mTOR axis,
and targeting NEIL3 could disrupt this oncogenic signaling.
The downregulation of PI3K, Akt, andmTOR phosphorylation
uponNEIL3 knockdown underscores the axis’s involvement in
NEIL3-mediated tumorigenesis [24].
Despite the promising results, our study has several limi-

tations. The in vitro nature of our experiments necessitates
further validation in vivo to confirm the therapeutic poten-
tial of targeting NEIL3 in BC. Animal models and clinical
samples should be used to validate our findings and gain a
deeper understanding of NEIL3’s role in tumor growth. Ad-
ditionally, understanding the precise molecular mechanisms
by which NEIL3 regulates the PI3K/Akt/mTOR axis requires
more detailed investigation. Future studies should explore
the upstream regulators and downstream effectors of NEIL3
within the context of BC.
Our findings suggest that NEIL3 knockdown correlates with

decreased EMTmarker expression. However, the direct mech-
anistic link between NEIL3-mediated PI3K/Akt signaling and
EMT regulation remains unclear. It is possible that NEIL3 in-
fluences EMT indirectly bymodulating cellular processes such
as proliferation or motility, which are downstream effects of
PI3K/Akt pathway activation. Further studies are required to
elucidate whether NEIL3 directly interacts with EMT-related

transcription factors or signaling mediators to regulate this
process.

5. Conclusions

NEIL3 was highly expressed in BC tissues and cell lines.
In addition, NEIL3 knockdown inhibited cell growth, motil-
ity and reduced EMT marker expression. It also decreased
phosphorylation levels of proteins, indicating inhibition of the
PI3K/Akt/mTOR axis. There NEIL3 mediates BC cell prolif-
eration as well as motility by activating the PI3K/Akt/mTOR
axis, and targeting NEIL3 may offer a new approach to combat
BC.
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