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ABSTRACT
KEYWORDS

Plant-based natural products have been widely used for treating and preventing diseases due to their
nutritional and pharmacological benefits, significantly improving the health and well-being of
individuals. These medicinal plants are also easily accessible and offer a low-cost, less harmful source

Carbazolealkaloids

Triple-negative breast cancer

(TNBC) for developing new medications. Breast cancer is the second most common form of cancer reported in
women worldwide. The treatment of triple-negative breast cancer (TNBC) remains challenging, as this
Molecular docking subtype lacks targeted therapeutics. TNBC accounts for approximately 15-20% of newly diagnosed

breast cancer cases. Because TNBC tumors do not express estrogen receptors (ER), progesterone
receptors (PR), or human epidermal growth factor receptor 2 (HER2), patients with TNBC do not
MMP9 benefit significantly from treatments aimed at ER, PR and HER2-positive breast tumors. While TNBC
initially responds well to chemotherapy, it often develops resistance over time, complicating disease

Multi-target inhibitors

MMP13 management and presenting a significant clinical challenge. To address therapy resistance and improve
patient outcomes, exploring new therapeutic options for TNBC is essential. This molecular docking study
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EGFR

NUDTS

shows strong interactions between the carbazole alkaloids Koenigicine, Koenigine,
Mahanine, and Mukonicine with key oncogenic protein targets such as MMP9, MMP13,
NUDTS5, and EGFR, which are associated with TNBC progression. The binding energy of
these molecules ranges from -7.4 to -9.9 kcal/mol, indicating a very high potential for
inhibition. Mahanine exhibits the highest binding affinity for all tested targets,
demonstrating strong interactions with NUDT5 (-9.8 kcal/mol) and EGFR (-9.9 kcal/mol).
This suggests its potential role as a multi-target inhibitor. The primary non-covalent
interactions that contribute to the binding of carbazole alkaloids with target proteins include
Van der Waals forces, hydrogen bonds, alkyl interactions, m-alkyl interactions, and m-m
stacking. These interactions are crucial for stabilizing the ligand-protein complexes,
enhancing binding affinity, and likely influencing the inhibitory effects of the compounds
on TNBC-associated oncogenic proteins. The results of this study highlight the potential

role of carbazole alkaloids in TNBC treatment, warranting further experimental validation.

1 Introduction

In the modern era, researchers and the general public are
increasingly interested in plant-derived natural products for their
roles in disease prevention, treatment, and overall health
improvement. This surge in interest is mainly due to their
nutritional value and significant pharmacological properties.
Medicinal plants are widely accessible and provide a low-cost, less
harmful alternative for new medication development (Atanasov et
al. 2015; Yuan et al. 2016). With a long history dating back to
ancient civilizations, plant-based traditional medicine has been a
cornerstone of healthcare in many Asian societies. Nearly all
traditional medicines rely on plant materials to formulate and
synthesize various medications. Current medical practices are
profoundly influenced by the rapid development of
pharmacologically active drugs derived from medicinal herbs
(Thomford et al. 2018). For example, natural ingredients or their
analogs account for approximately 60% of all medications
currently used to treat cancer (Newman and Cragg 2020). Due to
their remarkable pharmacological properties, the use of plants in
medicine has grown exponentially in recent years.

The Rutaceae family, which includes 1,600 species and 150
genera, features Murraya koenigii (commonly known as curry leaf)
(Gaikwad et al. 2025). Research indicates that this plant is native
to South Asia, particularly in Bangladesh, India, and Sri Lanka
(Gaikwad et al. 2025). M. koenigii has been utilized between the
first and fourth centuries AD and is traditionally considered
stomachic and tonic (Ajay et al. 2011). The leaves, roots, bark,
fruits, and seeds of M. koenigii contain various natural compounds
identified through chromatography and spectroscopy techniques.
Phytochemical analyses have isolated bioactive compounds such
as terpenoids, alkaloids, flavonoids, coumarins, polyphenols, and
essential oils (Balakrishnan et al. 2020).

Experimental studies on animals have shown that M. koenigii has
hypolipidemic effects, resulting in significant reductions in
triglyceride levels when included in their diet. The hypolipidemic

properties of M. koenigii can be attributed to its phytochemicals,
including carbazole alkaloids, terpenoids, flavonoids, saponins,
and phenols (Pinto and Cojandaraj 2024). Additionally, M.
koenigii exhibits hepatoprotective, antioxidant, anti-inflammatory,
antimicrobial, nephroprotective, gastroprotective, cardioprotective,
neuroprotective, wound-healing, Anticancer, and
immunomodulatory properties, which can aid in recovery from
liver damage (Gangawat et al. 2024).

Sadwal et al. (2023) demonstrated a significant protective effect
against breast cancer induced by DMBA
(dimethylbenz[o]anthracene) in rats. The hydroethanolic extract of
M. koenigii (curry leaves) significantly reduced tumor incidence
and volume compared to the group treated with DMBA alone. This
extract could be a valuable ingredient in animal feed and medicinal
applications. The presence of various bioactive compounds
suggests that curry leaves may enhance health and nutrition.
Notably, they contain 23.73% alkaloids, 1.24% flavonoids, 8.74%
saponins, 4.4% phenolics, and 5.2% tannins (Arif et al. 2024).
Alkaloids in plants play a crucial role in defending against biotic
and abiotic stressors (Arif et al. 2024). Various parts of the M.
koenigii plant, including the bark, roots, and leaves, are rich in
beneficial  compounds, particularly  carbazole alkaloids,
contributing to its medicinal properties (Patil et al. 2023).
Additionally, M. koenigii extract is a promising new ingredient for
cosmetic formulations to enhance skin elasticity and reduce
sagging. Its ability to boost the production of key proteins involved
in skin structure positions it as a valuable addition to anti-aging
products (Lorion et al. 2023). Research has also found that this
extract supports the recovery of biochemical markers and enzymes
involved in metabolism, indicating its potential to improve liver
function and overall health (Gangawat et al. 2024).

Breast cancer (BC) is the most commonly diagnosed cancer in
women worldwide. Molecular subtypes of breast cancer are
classified based on varying gene expressions, which influence their
prognosis and available treatments. Triple-negative breast cancer
(TNBC) is the only BC subtype that currently lacks targeted
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therapies, accounting for 15-20% of new breast cancer cases
(Zagami and Carey 2022). The standard treatment for TNBC is
chemotherapy because the tumors do not express the estrogen
receptor (ER), progesterone receptor (PR), or HER2. Although
TNBC often shows a good initial response to conventional
chemotherapy treatments, it frequently develops resistance to these
medications, leading to a clinically challenging situation.
Unfortunately, targeted therapies aimed at ER and HER2 are
ineffective for these patients (Cheang et al. 2008; Leidy et al.
2014). Furthermore, TNBC has the lowest 5-year survival rate
among breast cancer subtypes, underscoring the need for novel
treatment options.

Chemotherapy resistance is a significant contributor to breast
cancer mortality; despite initial positive responses, 50-80% of
women with TNBC may relapse or develop resistance to
chemotherapeutic drugs. The lack of targeted treatments and the
emergence of chemotherapy resistance are two key factors
contributing to higher mortality rates among TNBC patients.
Chemoresistance can develop through various mechanisms,
including complex interactions  between the  tumor
microenvironment, drug efflux, cancer stem cells, and bulk
tumor cells. Specific proteins such as ABC transporters can
hinder the effectiveness of chemotherapy drugs by actively
transporting the drugs out of cancer cells (Nedeljkovi¢ and
Damjanovi¢ 2019). Furthermore,
damage that DNA repair pathways can rectify, allowing cancer
cells to survive (Bai et al. 2021). The epithelial-mesenchymal
transition (EMT) may further enhance cancer cell resistance by
enabling them to adopt a more invasive and migratory phenotype
(Bai et al. 2021).

chemotherapy can cause

There is an urgent need to identify and characterize additional
molecular mechanisms and downstream pathways crucial for the
development of triple-negative breast cancer (TNBC),
chemotherapy resistance, and recurrence. Chemotherapy not only
destroys cancer cells but also harms healthy normal cells.
Therefore, anticancer medications derived from plants with
therapeutic qualities could be better alternatives to current
treatment options, as they typically cause fewer side effects
(Suvarna et al. 2024). Recently, there has been a growing
awareness of the adverse effects of synthetic pharmaceuticals,
leading more people to favor natural treatments or those made
from plants or alkaloids. Pradhan et al. (2024) demonstrated
through in-silico docking analysis that flavonoid molecules,
particularly rutin, show significant binding energy with
butyrylcholinesterase (BChE). This finding supports the potential
therapeutic applications of the phytochemical constituents of M.
koenigii for neurodegenerative diseases (Pradhan et al. 2024). An
in-silico docking study by Samanta et al. (2024) established a
high binding potential between important phytochemical
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constituents of M. koenigii, such as flavonoids and carbazole
alkaloids, and caspase-3. Mahanine, a carbazole alkaloid from M.
koenigii, has shown anticancer activity against most subtypes of
breast cancer, likely due to its ability to alter cell cycle genes,
particularly CDK4 and CDKG6 (Sadwal et al. 2023). These results
emphasize the significant potential of carbazole alkaloids to bind
with proteins, further validating their biological functions and
pharmaceutical applications. The current study aims to provide a
viable solution based on the structural, biological, and
pharmacological significance of the carbazole derivatives of M.
koenigii. In this research, we selected four protein targets
associated with TNBC: Matrix Metalloproteinase-9 (MMP9),
Matrix Metalloproteinase-13 (MMP13), Nudix Hydrolase 5
(NUDTS5), and Epidermal Growth Factor Receptor (EGFR). The
carbazole alkaloids Koenigicine, Koenigine, Mahanine, and
Mukonicine were chosen for docking studies to assess their
binding affinity.

2 Computational Methods

In the current study, carbazole alkaloids Koenigicine, Koenigine,
Mahanine, and Mukonicinewere taken from PubChem's biological
database (NCBI 2024). IR spectra of the titled compounds were
computed by using the online computational chemistry server
WebMO (Version 24) and Mopac engine on webmo.net
(https://www.webmo.net/demoserver/cgi-
bin/webmo/jobmgr.cgi)(Polik and Schmidt 2022). Molecular
docking was conducted using Mcule.com (Mcule 2024), an online
drug discovery platform for molecular design and drug discovery
(https://mcule.com/apps/1-click-docking/). The ligand-protein
interactions were extracted and visualized using the Discovery
Studio 4.5 software (Dassault Systemes BIOVIA 2016).

3 Results and Discussion

3.1 IR Spectra Analysis

IR spectroscopy is a powerful bioanalytical method that can
provide qualitative and quantitative information from various
biological samples (Be¢ et al. 2020). The two most common types
of vibrations observed in IR spectra are stretching vibrations,
which occur between approximately 4000 and 1000 cm™, and
bending vibrations, which range from around 1500 to 400 cm™.
These vibrations are primarily examined in mid-infrared
spectroscopy and are crucial in understanding molecular
interactions (Ozaki 2021). For instance, in the case of aromatic
rings, C=C stretching vibrations are detected in the range of 1400
to 1600 cm™. C—H stretching absorption occurs between 3100 and
3000 cm™ for alkenes and aromatic compounds. In alkanes, the
C-H stretching is observed around 3000 to 2850 cm™.
Additionally, O—H and N—H stretching vibrations typically appear
in the range of 3200 to 3600 cm™ (Wang et al. 2023).
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Figure 1 IR (infrared) spectra of the compounds Koenigicine, Koenigine, Mahanine, and Mukonicine. Each plot depicts the IR absorption
intensities (y-axis) versus the energy (or wavenumber) in cm™ (x-axis).

The computed IR spectra provide valuable information about the
structural features of each compound, which in turn informs us
about their interactions with the MMP9, MMP13, NUDT5, and
EGFR proteins related to triple-negative breast cancer (TNBC).
The IR spectra illustrated in Figure 1 confirm the presence of
functional groups in each compound, suggesting potential binding
interactions. The stretching frequencies of C-H, N-H, and C=C
bonds observed in the IR spectra are crucial for determining the
possibilities of hydrogen bonding, n-m interactions, and van der
Waals forces within the molecules (Ghosh et al. 2020; Hansen et
al. 2021). All the compounds studied exhibit C-H stretching in the
30002800 cm™ region, indicating the presence of aliphatic or
aromatic hydrogens. These hydrogens are likely to bind
noncovalently within the hydrophobic binding pocket of the
proteins. The IR spectra provide clear evidence of C-H, N-H, and
C=C stretching, indicating that these molecules can form hydrogen
bonds with carbonyl groups or other hydrogen bond acceptors
present in the protein framework, as well as engage in n-n stacking
interactions with aromatic residues.

3.2 Molecular Docking - Binding Energy

Molecular docking was performed to elucidate the type of
interaction and the strength of the binding energy between the
identified compounds and the target proteins MMP9, MMP13,
NUDTS5, and EGFR. The binding energy values for the carbazole
alkaloids Koenigicine, Koenigine, Mahanine, and Mukonicine with

the proteins MMP9, MMP13, NUDT5, and EGFR are presented in
Table 1. These values reflect the strength of the interactions, with
more negative values indicating stronger binding affinities.
Substantial evidence shows that matrix metalloproteinases
(MMPs), a family of secreted, zinc-dependent endopeptidases, play
a crucial role at various stages of malignant tumor growth. MMPs
can degrade extracellular matrix components, contributing to
cancer cell survival (Gonzalez-Avila et al. 2019). Specifically,
MMP9 and MMP13 break these matrix components essential for
cancer cell invasion and metastasis. Inhibiting MMP9 and MMP13
may reduce triple-negative breast cancer (TNBC) cell
dissemination (Mandel et al. 2018). The NUDTS5 protein is linked
to regulating cellular energy metabolism and stress responses; its
inhibition could disrupt the pathways required for rapid cell
division, thereby affecting cancer cell viability. Additionally,
EGFR is significantly involved in cell signaling and is often
overexpressed in TNBC, contributing to aggressive tumor growth.
Targeting EGFR could interfere with the proliferation and survival
of TNBC cells (Lejeune et al. 2023).

Koenigicine (CzH21NO3) exhibits the highest binding affinity with
NUDT5 at -9.2 kcal/mol, followed closely by MMP9 at -9.0
kcal/mol and EGFR at -9.1 kcal/mol. Its interaction with MMP13
is weaker at -7.9 kcal/mol. These results suggest that Koenigicine
can form stable complexes with several targets, particularly
MMP9, EGFR, and NUDT5. The binding affinity of Koenigicine
to EGFR indicates its potential as an anticancer agent. Its affinity
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Table 1 Carbazole alkaloids Koenigicine, Koenigine, Mahanine and Mukonicine and their Binding Energy with Protein targets MMP9,
MMP13, NUDT5 and EGFR

Molecular

2-D Structures
formula

Name of ligand

Target Proteins and Binding
Affinity (kcal/mol)

Hydrogen bonds

0. Interacting residues

MMP9 9.0 TYR B132
o MMP13 7.9 HIS A148
1 Koenigicine CyoH21NO3 f NUDTS 99 ARG A38
EGFR 9.1 ASP A146
TYRB132
J MMP9 -85 LEU B130
AN yd
. N~ MMP13 9.2 GLY A134
2 Koenigine  CisHisNOs oA LN e NUDTS5 8.8 THR A 142
ALK EGFR 9.2 ARG A38
ASP A146
y
N
N Wt MMP9 9.2 TYR B132
. O\ MMP13 9.4 HIS A148
b=
3 Mahanine CaH2sNO; \f NUDTS 98 GLN B2
b EGFR 9.9 PHE A154
.
4 Mukonicine CxoH21NO3 ' GLU B34
NUDT5 8.8 LY'S Ad0
EGFR 8.6

for MMP13 and EGFR suggests a multifaceted therapeutic effect,
impacting both matrix remodeling and cell proliferation, offering
potential implications for cancer treatment (Szczygielski et al.
2024). This indicates that Koenigicine may serve as a multi-target
agent, affecting proteins involved in signaling, metabolism, and
cancer pathways. Follow-up experiments conducted in vitro and in
vivo are needed to support these findings further and clarify the
specific mechanisms by which Koenigicine affects these targets
(Endo et al. 2018; Almutairi et al. 2023).

In the case of Koenigine (C19H19NOs3), a binding affinity of -8.5
kcal/mol was observed for MMP9 and -9.2 kcal/mol for MMP13,
indicating a strong interaction  with  these  matrix
metalloproteinases, which are key players in extracellular matrix
degradation and are associated with increased invasion and
metastasis. Notably, the strong binding affinity to MMP13
suggests that Koenigine could inhibit tumor cell migration and
invasive pathways, which represent critical mechanisms in the
pathobiology of TNBC.

Given the role of NUDTS5 in energy homeostasis within the cancer
microenvironment, it is noteworthy that Koenigine binds to
NUDTS5 with an affinity of -8.8 kcal/mol. In triple-negative breast
cancer (TNBC), NUDT5 plays a crucial role in preventing

oxidative DNA damage, and its inhibition can suppress cancer cell
growth (Qian et al. 2024). The interaction between Koenigine and
NUDT5 may disrupt these adaptive processes, subsequently
inhibiting TNBC progression. Additionally, EGFR has been linked
to poor prognosis and resistance to therapy (Zang et al. 2024). The
binding affinity of Koenigine to EGFR is -9.2 kcal/mol, indicating
that it may act as a potent EGFR inhibitor. Inhibiting EGFR could
help shut down proliferative and survival pathways in TNBC cells,
making this a rational strategy for limiting their growth and
proliferation.

The binding affinity results demonstrate Koenigine's significant
interaction with four key protein targets: MMP9, MMP13,
NUDTS5, and EGFR, all contributing to tumor growth, metastasis,
and survival mechanisms in TNBC. By inhibiting MMP9 and
MMP13 while downregulating NUDT5 and EGFR, Koenigine may
disrupt critical cellular pathways involved in TNBC progression.
Its multi-target potential makes it an attractive candidate for drug
development, whether alone or combined with other agents
targeting various pathways in tumorigenesis.

The present study also examined the molecular interactions of
Mahanine (C2H2sNO:) with the major pharmaceutical targets
MMP9, MMP13, NUDT5, and EGFR. Mahanine's binding
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affinities with these targets were measured at -9.2 kcal/mol
(MMP9), -9.4 kcal/mol (MMP13), -9.8 kcal/mol (NUDT5), and -
9.9 kcal/mol (EGFR). These results indicate a strong interaction
between Mahanine and the four targets, essential for its therapeutic
effect. In the context of TNBC, MMPs like MMP9 and MMP13
are significantly involved in tumor invasion and metastasis.
Mahanine's strong affinity for MMP13 and MMP9 suggests a
potential reduction in extracellular matrix degradation, supporting
tumor cell migration and positioning Mahanine as an effective
anti-metastatic agent. The binding affinity with EGFR indicates
that Mahanine may influence pathways contributing to tumor
proliferation and survival, particularly in remodeling EGFR-
positive TNBC cases (Zhang et al. 2024). Furthermore, NUDT5
correlates with NAD+-related signaling in cancer cell proliferation
and survival (Dubey et al. 2024). The strong affinity of Mahanine
for NUDT5 could help explain its ability to inhibit metabolic
processes necessary for the survival of TNBC cells. This study
suggests that Mahanine could be a potential multi-target agent
suppressing tumor cell growth and survival in TNBC. Further
investigations, including in vitro and in vivo studies, must validate
these computational findings and determine Mahanine's
effectiveness and the mechanisms involved in TNBC treatment
(Dubey et al. 2024).
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Additionally, Mukonicine (C2H21NOs) has shown binding
affinities of -7.4 kcal/mol and -8.3 kcal/mol for MMP9 and
MMP13, respectively. Mukonicine is expected to significantly
prevent invasion and metastasis in TNBC cells, as demonstrated by
its strong interactions with MMP9 and MMP13. Its affinity for
NUDT5 at -8.8 kcal/mol suggests a potent interaction with this
target, which could impede regulatory pathways and impact
cellular proliferation. Mukonicine also exhibits a binding affinity
of -8.6 kcal/mol towards EGFR, indicating a significant inhibitory
effect on cell proliferation (Kar et al. 2024).

3.3 Molecular Docking-Interactions Maps

We have examined the 2-D interaction maps of the targeted
compounds with specific proteins: MMP9, MMP13, NUDTS5, and
EGFR. Figure 2 illustrates the molecular interactions of
Koenigicine with these protein targets: MMP9 (PDB ID: 20w2),
MMP13 (PDB ID: 1xuc), EGFR (PDB ID: 1xkk), and NUDT5
(PDB ID: 2dsc). The interaction diagrams highlight critical binding
characteristics and the relationships between Koenigicine and the
active sites of these targeted proteins. They highlight meaningful
non-covalent interactions, including van der Waals forces,
hydrogen bonds, and n-m stacking interactions. These findings
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Figure 2 Koenigicine’s interaction with MMP9(PBD ID- 20w2), MMP13(PBD ID- 1xuc),EGFR(PBD ID- 1xkk), NUDT5
(PBD ID- 2dsc ADP-sugar pyrophosphatase).
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Figure 3 Koenigine interaction with MMP9(PBD ID- 20w2),MMP13(PBD ID- 1xuc),EGFR(PBD ID- 1xkk),NUDT5
(PBD ID- 2dsc ADP-sugar pyrophosphatase).

demonstrate the binding modes of Koenigicine with the protein
targets and suggest that it could serve as a potential inhibitor in
therapeutic applications related to triple-negative breast cancer
(TNBC).

Additionally, Figure 3 illustrates the molecular docking
interactions of Koenigine with four target proteins: MMP9 (PDB
ID: 20w2), MMP13 (PDB ID: 1xuc), EGFR (PDB ID: 1xkk), and
NUDT5 (PDB ID: 2dsc). The primary non-covalent binding
interactions between Koenigine and the active sites of these
proteins include van der Waals forces, hydrogen bonds, and n-n
stacking, all depicted in the interaction maps. Together, these
docking interactions highlight the binding profile of Koenigine
across various targets associated with cancer pathogenesis,
supporting its potential as a multi-target inhibitor in treatment
strategies for triple-negative breast cancer (TNBC).

Figure 4 illustrates Mahanine's interactions with targeted proteins:
MMP9 (PDB ID - 2ow2), MMP13 (PDB ID - 1xuc), EGFR (PDB
ID - 1xkk), and NUDT5 (PDB ID - 2dsc, ADP-sugar

pyrophosphatase). These interactions occur through van der Waals
forces, hydrogen bonding, and n-based interactions. This diversity
suggests that Mahanine has broad-spectrum inhibition or
modulation potential, particularly against proteins linked to cancer
progression and degenerative diseases. Understanding these
interactions with specific residues may reveal key insights into the
therapeutic potential of Mahanine as a promising agent.

Mukonicine interacts with MMP9, MMP13, EGFR, and NUDTS5,
as illustrated in Figure 5. This study highlights Mukonicine's
effectiveness as a multi-target agent against triple-negative breast
cancer (TNBC). The interactions occur through van der Waals
forces, hydrogen bonds, and various n-based interactions, creating
a stable binding configuration with each protein. The involvement
of specific amino acid residues suggests that Mukonicine could
modulate the activities of these proteins, potentially affecting
cancer cell invasion, migration, proliferation, and survival. This
analysis provides insight into the treatment efficacy of Mukonicine
and supports further investigation into its role in targeted therapy
for TNBC.
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Conclusion and Future Prospects

The combination of infrared spectral data and molecular docking
studies suggests that the carbazole alkaloids Koenigicine,
Koenigine, Mahanine, and Mukonicine may serve as effective
inhibitors for triple-negative breast cancer (TNBC) due to their
interactions with proteins MMP9, MMP13, NUDT5, and EGFR.
The structural features of these alkaloids facilitate binding to the
respective proteins, which may inhibit cancer progression by
slowing down cell proliferation and metastasis. The higher binding
affinities of Koenigicine, Koenigine, Mahanine, and Mukonicine
indicate that they could act as promising multi-target inhibitors for
TNBC treatment. Mahanine is particularly potent against NUDT5
and EGFR, suggesting it may provide the most significant
inhibition of TNBC cells and could be considered a lead compound
for future investigation. Koenigicine and Koenigine also
demonstrate promising multi-target binding, particularly against
EGFR and MMPs, which are relevant to TNBC proliferation and
metastasis.

Mukonicine, while exhibiting relatively lower binding affinities, is
less effective across the targets than the other ligands and may
have limited therapeutic potential for TNBC. Therefore, further
experimentation is necessary to confirm these inhibitory effects
and their potential applications in treatment.

Additionally, these carbazole alkaloids show strong van der Waals
forces, hydrogen bonds, and m-m stacking interactions with the
mentioned proteins. Optimizing these interactions may enhance
selectivity and potency. The interactions identified in this docking
study could be crucial for improving binding specificity and
affinity in drug development. Consequently, these compounds
should be included in experimental studies to validate their
obstructive roles and clarify their antitumor efficacy in treating
TNBC by targeting cancer proliferation (EGFR and NUDT5) and
metastasis (MMP9 and MMP13).
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