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Abstract: Triple-negative breast cancer (TNBC) is the most aggressive subtype of breast cancer,
having a poor prognosis and rapid metastases. TNBC is characterized by the absence of estrogen,
progesterone, and human epidermal growth receptor-2 (HER2) expressions and has a five-year
survival rate. Compared to other breast cancer subtypes, TNBC patients only respond to conventional
chemotherapies, and even then, with limited success. Shortages of chemotherapeutic medication
can lead to resistance, pressured index therapy, non-selectivity, and severe adverse effects. Finding
targeted treatments for TNBC is difficult owing to the various features of cancer. Hence, identifying
the most effective molecular targets in TNBC pathogenesis is essential for predicting response to
targeted therapies and preventing TNBC cell metastases. Nowadays, natural compounds have gained
attention as TNBC treatments, and have offered new strategies for solving drug resistance. Here,
we report a systematic review using the database from Pubmed, Science Direct, MDPI, BioScince,
Springer, and Nature for articles screening from 2003 to 2022. This review analyzes relevant signaling
pathways and the prospect of utilizing natural compounds as a therapeutic agent to improve TNBC
treatments in the future.

Keywords: triple-negative breast cancer (TNBC); cell lines inhibitors; natural compounds

1. Introduction

According to the Globocan Database of the International Agency for Research on
Cancer (IARC), breast cancer had the highest incidence in 2018. Breast cancer mortality
rates in Indonesia were about 16.7%, or 58.256 million, while morbidity rates were around
11%, or 22.692 million. The majority of triple-negative breast cancer (TNBC) patients are
young women with a BRCA1 gene mutation [1]. TNBC is characterized by the absence of
estrogen, progesterone, and HER?2 receptor expression [2]. It comprises about 15-20% of all
breast cancer cases [3].

The major cause of mortality in TNBC patients is metastasis [4] to distant areas such
as the bone, lung, and brain, rather than the tumor of breast cancer [5,6]. The metastatic
migration or spread of breast cancer from primary tumors to other cell components is
initiated by intravasation, survival, extravasation in circulation, and colonization [7]. Tumor
cell instability can also potentially induce metastasis, allowing these cells to spread to other
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tissues [8]. TNBC patients have a dismal prognosis and cannot be treated with endocrine
treatment or HER2-targeted therapies [9]. Consequently, this type of metastasis breast
cancer requires special treatment approaches [10].

TNBC is usually treated using traditional methods such as surgery, radiation therapy,
and chemotherapy [11]. Based on previous studies, chemotherapy administered before
surgery indicates a favorable pathology response and a high survival rate [12]. By analyzing
tissue from a cancer cell that had been presented in a surgical procedure but was not active,
the efficiency of neoadjuvant chemotherapy was able to be determined [13]. It is widely
recognized as a substantial advantage, although it can also lead to resistance [14-16]. As
a result, patients with TNBC who receive untargeted treatment have a poor prognosis,
requiring the development of novel breast cancer treatments such as anti-cancer and anti-
metastasis medicines [9].

A majority of the studies focus on cancer therapeutics derived from natural substances,
primarily phytochemicals [17]. Phytochemicals are natural compounds that either directly
influence particular molecular targets such as genes or indirectly affect metabolic pathways
by stabilizing the conjugates [18]. With their ability to induce epithelial-mesenchymal
transition (EMT), apoptosis, and metastasis, phytochemicals could be a potential molec-
ular targeted therapy, involving some signaling pathways, such as Wnt/3-Catenin [19],
NF-«B [20], PI3K/Akt/mTOR [21], PD-1/PD-L1 [22], LAG-3 [23], CTLA-4 [24], STAT-3 [25],
EGER [26], Trop-2 [27], RAF/MEK/ERK [28], JAK [29], Glycoprotein NMB (GpNMB) [30],
and Hedgehog [31]. Furthermore, several studies have demonstrated that a variety of
natural compounds, such as luteolin, curcumin, x-mangostin, chalcones, piperin, fisetin,
quercetin, resveratrol, silibinine, apigenin, genistein, 10-gingerol, berberine, epigallocate-
chin gallate, cyanidin-3-o-glucoside, and glycyrrhizin, have anti-cancer activity and may
be employed as a therapeutic strategy through various mechanisms [32-35]. Therefore,
natural compounds have gained attention and importance as anti-cancer agents owing
to their safety, fewer adverse side effects, and ability to reduce chemotherapeutic drug
resistance. They also improve antiproliferative effects and efficacy in targeting multiple
signaling pathways in cancers, including TNBCs [36]. This review focuses on TNBC and
their relevant signaling pathways, as well as the various bioactive natural compounds
derived from plants that have a potential inhibitory effect against TNBC.

2. Methods

This review was made based on the results of the collection and review of journals ob-
tained from the Pubmed, Science Direct, MDP]I, BioScince, Springer, and Nature databases,
with several related keywords such as “INBC AND natural compounds AND TNBC
Subtype”, “TNBC mechanism AND natural compounds AND antiTNBC”, “TNBC agent
therapy AND natural compounds AND TNBC molecular”, “signaling pathways AND nat-
ural compounds”, “target therapy of TNBC AND signaling pathways”, “TNBC treatments
AND natural compounds AND clinical study”, “TNBC AND cell lines inhibitors AND
clinical study”, “cell lines AND natural compounds AND TNBC”, and “TNBC classification
AND clinical study AND anti TNBC”.

The inclusion criteria for the main article are articles published in >2016 and research
articles that discuss the mechanism of molecular pathways of triple-negative breast can-
cer and the regulation mechanism of phytochemicals on triple-negative breast cancers.
Inclusion criteria for supporting articles are articles that discuss biomarkers or biolog-
ical subtypes of triple-negative breast cancer in treatment strategies for triple-negative
breast cancer subtypes. This supporting article is taken from articles published between
2003-2022, with most of the articles included being published after 2016. Exclusion criteria
for the main articles were not related to natural compounds associated with TNBC.

This systematic review collected 465 publications from Pubmed, Science Direct, MDPI,
BioScince, Springer, and Nature from 2003 to 2022. However, 230 were excluded, with
190 articles not related to TNBC and 40 articles not related to natural compounds associated
with TNBC. After the first screening, 5 review papers were eliminated, yielding 235 articles
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containing, 4 TNBC subtype studies, 130 agent therapy of TNBC studies, 21 molecular
target therapy of TNBC studies, and 80 natural compounds in TNBC studies. The article
search flow can be seen in Figure 1.

Articles identified through databases Pubmed, Science
Direct, MDPI, BioScince, Springer, and Nature (n=465)

Exclusion (n=230)
- Articles were not related to TNBC (n=190)

- Articles not related to natural compounds asso-

ciated with TNBC (n=40)

Included articles (n=235):

¢ TNBC subtype studies (n=4)

e Agent therapy of TNBC studies (n=130)

* Molecular target therapy of TNBC studies (n=21)

* Natural compounds in TNBC studies (n=80)

Figure 1. Article literature search flow chart.

3. Triple-Negative Breast Cancer

Triple-negative breast cancer (TNBC), accounts for about 10-15% of all breast cancer
cases, and this is due to the lack of immunohistological expression of progesterone receptor
(PR), estrogen receptor (ER), and human epidermal growth factor receptor 2 (HER2). This
disease is characterized as a malignant tumor that is invasive and susceptible to the first
metastasis [11]. TNBC has been associated with differential breast cancer, which is still
difficult to characterize in the molecular phase due to the lack of a definitive prognostic
marker and specific targeted therapy. Moreover, TNBC is indicated as a type of breast
cancer that has an aggressive clinical behavior, a high rate of proliferation, and a poor
prognosis, as well as a mutation in the breast cancer gene 1 (BRCA1) [37-39].

3.1. Classification of Triple-Negative Breast

TNBC gene expression is heterogeneous, and six subtypes have been identified based
on molecular analysis: basal-like (BL-1 and BL-2), immunomodulatory (IM), mesenchymal-
like (M), mesenchymal stem-like (MSL), and luminal androgen receptors (LAR). In inde-
pendent research, Masuda et al. (2013) categorized TNBC into seven subtypes with strong
associations (BL1, BL2, M, IM, MSN, LAR), one of which is an unstable subtype (UNS).

The BL-1 subtype has the highest prevalence of TP53 gene mutations, which affects
gene expression, cell cycle, DNA damage response, and regulation. In contrast, the BL-
2 subtype was associated with high gene expression of the growth factor pathway and
metabolic pathway activity. The IM subtype is related to the immune cell pathway, high
antigen, and cytokine signaling expression including TNF, NF-«B, and JAK/STAT path-
ways. The mesenchymal and MSL subtypes are responsible for gene expression to cell
motility, cellular differentiation, and epithelial-mesenchymal transition (EMT) in the MSL
of angiogenesis-enriched genes, while the LAR subtype is enriched for androgen receptor
expression and has higher mutation genes in PI3KCA, AKT1, and CDHI1. The intrinsic
basal-like subtype was seen in many BL-1 and BL-2 cancers associated with BRCA muta-
tions [40]. The molecular classification of TNBC and ongoing clinical potential therapies
in vitro is shown in Table 1.
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Table 1. Molecular classification of triple-negative breast cancer and ongoing clinical potential
therapies in vitro adapted with permission from Lehmann et al. 2014 [41] and Ahn et al. 2016 [14].

TNBC Subtype Cell Lines Intrinsic Subtype Expression of Gene Potential Therapies
HCC2157 Basal A
HCC1599 Basal A
HCC1937 HER2 PARP inhibitors,
BL1 (Basal like-1) HCC1143 Basal A DNA dCell cycle Platinum agents [42],
S HCC3153 Basal A ( TRBRO ;i;s;’:sf Pan-HDAC inhibitor,
MDA-MB-468 Basal A P Y/ Wnt/B-Catenin inhibitor
HCC38 Unclassified /Basal B
HCC2185 Basal A
SUM149PT Unclassified /Basal B Growth factor PARP inhibitors,
CALS51 Basal A Signaling pathways Platinum agents [42,43],
BL2 (Basal like-2) HCC70 Basal (EGFR, MET, NGE, mTOR inhibitors
HCC1806 Unclassified/Basal A Wnt/p-Catenin, IGF-IR)  Growth-factor inhibitors
HDQ-P1 Unclassified Glycolysis, [44], Wnt/ 3-Catenin
HCC1500 Basal B Gluconeogenesis inhibitor
Immune signaling
(CTLA4,ILI2,IL7 (PD1/PD-L1 inhibitors,
pathways antigen CTLA-4 inhibitor, LAG-3
(Immunoﬂg dulkiiag) %(5117%7 Uli?z:iige d processing/ presentation) inhibitor, Anti TIM-3
y cytokine signaling by mAb, Hedgehog
JAK/STAT, TNEF, and inhibitor) [14,42]
NF-kB pathways
Tyrosine kinase inhibitors
BT-549 Unclassified /Basal B EMT . . PISK/mTOR inhibitors
. S Growth factor signaling EMT and CSC targeted
M (Mesenchymal like) CAL-51 Unclassified Cell motility MET inhibitor
CAL-120 Luminal B
Cell differentiation FGFR, EGFR, VEGFR
inhibitor [14,41,42]
Hs578T Unclassified /Basal B EMT Tl};i‘gls(lr/lfnlfl}galis?rt?\?;izﬁzs
MDA-MB-157 Unclassified /Basal B . .
MSL (Mesenchymal . Growth factor Antiangiogenic
. SUM159PT Unclassified /Basal B . . .
Stem Cell-like) MDA-MB-436 Unclassified /Basal B Proliferation (decreased) Src antagonist
g o Angiogenesis genes MET inhibitor, Trop-2
MDA-MB-231 Unclassified /Basal B A
inhibitor [14,41,45]
MDA-MB-453 Luminal A Androgen Receptor
LAR (Luminal HCC2185 Lum%nal A Luml'nal gene Androgen
Khdiogen Receptor) CAL-14 Luminal A expression pattern Receptor targeted
SUM185PE Luminal A Molecular PI3K inhibitors [41,42]
MFM-223 Luminal A/B apocrine subtype
HCC1395 Basal
Unclassified BT20 HER2/Basal A - -
SW527 Luminal B

7) turnitin
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Abbreviations: Cytotoxic T lymphocyte-associated protein 4 (CTLA-4); epithelial-mesenchymal transition
(EMT); epidermal growth factor receptor (EGFR); fibroblast growth factor receptor (FGFR); histone deacety-
lase (HDAC); human epidermal growth factor receptor 2 (HER?2); Janus kinase (JAK); lymphocyte-activation
gene 3 (LAG-3); mechanistic target of rapamycin (mTOR); programmed cell death protein 1 (PD-1); programmed
death-ligand (PD-L1); poly-ADP ribose polymerase (PARP); phosphoinositide 3-kinase (PI3K); T-cell immunoglob-
ulin and mucin-domain containing-3 (TIM-3); trophoblast antigen 2 (Trop-2); vascular endothelial growth factor
receptor (VEGFR).

Samples from 14 datasets of extracted 374 TNBC were collected to establish the
connection between the TNBC subtypes and intrinsic molecular (PAMS50) subtypes. Most
TNBC samples are categorized as basal-like (80.6%), using PAMS50 subtype, followed by
HER?2 (38.10%), normal-like (17.5%), luminal B (13.3%), and luminal A (4,1%) [46,47].

Six TNBC molecular clusters were identified by two in silico studies. Basal-like 1,
basal-like 2, immunomodulatory, mesenchymal, mesenchymal stem-like, and luminal
androgen receptors were discovered in the first study, while immunity 1, immunity 2, pro-
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and TIM-3
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liferation/ DNA damage, androgen receptor-like, matrix/invasion 1, and matrix/invasion
2 were described in the subsequent study [48].

3.2. Targeted Therapy of Triple-Negative Breast Cancer

Various efforts have been carried out to examine the problems in TNBC treatment.
Chemotherapy, such as anthracyclines, ixabepilone, taxanes, and platinum drugs, is the
most common treatment for TNBC patients [49]. However, not all chemotherapy patients
had beneficial results, and it is still unclear whether the treatment is based on their TNBC
subtypes. Efforts in developing therapies for target-specific TNBC biomarkers and TNBC
therapy are ongoing [50]. These strategies, which include EGFR-targeted agents, androgen
receptor-targeted agents, anti-antigenic agents, PARP inhibitors, immune-targeted, and
Wnt/ 3-catenin signaling pathways, provide options for the triple-negative disease. How-
ever, their use in clinical trials is limited, and more research is needed to identify targets
with high therapeutic ratios [51]. The mechanism of targeted therapies in TNBC is shown
in Figure 2.

Immune Checkpoint
Blockade

Receptor
Tvrosine Kinase

Glycoprotein NMB
(gpNMB)

VIETNESAN

EGFR || FGFR \ Trop-2 || VEGER2

T Cell

Androgen Target of Intracellular and
Receptor | Signaling Pathways

Targets Deep The Nucleus ] _____________
Nucleus Wnt/g- i
J_ J,gi . Catenin
BRCA 1/2 and ( o ‘ HDAC ‘ .........................
Platinum Agent ‘ PARP ‘
‘ 71"537 ‘ g 3 —» Activation

Inhibition

Figure 2. Mechanism of targeted therapies in TNBC.

3.2.1. Immune Checkpoint Blockade
Programmed Cell Death Protein 1 (PD-1) and Programmed Death-Ligand 1 (PDL-1)

The progress of immunotherapy in breast cancer is related to the biological nature
of breast cancer and the immune system. Cancer is caused by a variety of processes that
avoid the reaction of the immune system. Activated T-cells, pro-B cells, natural killer cells,
dendritic cells, and monocytes all express the PD-1 antigen [52]. PD-1 and its ligands,
PD-L1 and PD-L2, have a significant role in maintaining T-cell tolerance [52,53]. PD-1 and
PD-L1 are explicitly expressed in basal-like breast cancer [53].

Cytotoxic T Lymphocyte-Associated Protein 4 (CTLA-4)

CTLA-4 is a type 1 receptor expressed in lymphocytes and T-cells with an IgV-like
domain. When CTLA-4 is activated, it is found in intracellular vesicles and is quickly
exported to the cell surface, resulting in efficient regulatory T-cell (Treg) suppression [52].
CTLA-4 is one of the immune checkpoint proteins expressed on activated T-cells [54]. The
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current study has led researchers to believe that utilizing Tregs as an anti-CTLA-4 therapy
is one of the most critical factors for therapeutic responses [55,56].

CD28 is a protein constructor for CTLA-4. Both ligands, CD80 and CD86, are identical,
but CTL-4 has a greater affinity. CD28 and CTLA-4 also have the same intracellular bond-
ing pairs, the tp85 subunit of PI3K and PPA2 phosphatase. CTLA-4 is also expressed on
regulatory T-cells mediating immunosuppressive responses. CTLA-4 suppresses T-cells
by binding to CD80 and CD86, preventing CD28 stimulation and inhibiting T-cell activa-
tion. Another way is through CTLA-4 depleting B7 protein in APC, preventing B7 from
performing its critical function of suppressing immunological responses in the body [57].
Ipilimumab is a checkpoint blocker and an anti-CTLA-4 monoclonal antibody that is
presently being tested in clinical trials in combination with nivolumab or the combination
of nivolumab and INCAGNO01876 (anti-human glucocorticoid-induced tumor necrosis
factor [TNF] receptor). Tremelimumab, an anti-CTLA-4 monoclonal antibody, is being
tested in combination with PF-06936308, nab-paclitaxel, Carboplatin, and durvalumab in
clinical trials.

Lymphocyte Activation Gene 3 (LAG-3)

LAG-3 is a type 1 transmembrane protein with CD4-like properties. LAG-3 has an
immune system suppressive effect, although the exact mechanism is uncertain. As previ-
ously mentioned, LAG-3 has a larger extracellular domain than other immune checkpoint
molecules, and its intracellular mechanisms are unique from those of other immune check-
points. Expressions of LAG-3 have been detected in activated T cells, B cells, NK cells,
and plasmacytoid dendritic cells. LAG-3 binds to MHC II receptors with a higher affinity
level. Antigen-presenting cells are amplified with a competitive inhibitor on LAG-3/MHC
II receptor binding. When combined with paclitaxel, IMP321 (LAG-3Ig) had an objective
response rate of 50% as the first-line therapy for TNBC [58].

T Cell Immunoglobulin and Mucin-Domain Containing-3 (TIM-3)

TIM-3 is a member of the TIM protein family and an immunological checkpoint
that works in conjunction with PD-1 and LAG-3 to weaken CD8+ T cells. Immune cells
including monocytes and macrophages, dendritic cells, mast cells, and natural killer cells
all express TIM-3. In addition, TIM-3 mediates the stimulation of the T-cel-CD8 response.
INCAGNO02390, an anti-TIM-3 antibody, is currently undergoing phase I clinical trials in a
variety of advanced malignancies, including TNBC [59].

Hedgehog (Hh) Signaling Pathway

The Hh signaling pathway is involved in angiogenesis, embryogenesis, and cell fate
regulation. This signaling pathway regulates the immune system and has been linked to
TNBC growth and cancer cell stemness. In TNBC relationships with low overall survival,
the hedgehog ligand has a noble expression.

TNBC cells grow, invade, and migrate more quickly when the Hh pathway is acti-
vated [31,60]. Three glioma-associated oncogenes (GLI) transcription factors, GLI1, GLI2,
and GLI3, are effectors of Hh signaling that regulate the expression of pathway target
genes [61]. TNBC has higher basal expression levels of the Hh signaling pathway gene such
as GLI1 and GLI2, which are downstream of Hh ligands, than other breast cancers [31].

According to preclinical research, the Hh pathway plays a key role in the maintenance
of the cancer stem cell phenotype, activation of cancer-associated fibroblasts, invasive
behavior, and angiogenesis in TNBC. The activation mechanism is mostly non-canonical,
including direct transcriptional upregulation of GLI1 and GLI2. The United States Food
and Drug Administration (FDA) has approved two Hh signaling inhibitors, Vismodegib
(NCT02694224) and sonidegib (NCT02027376), for clinical studies in TNBC patients.

Extrinsic regulation was obtained by upregulating GLI1 transcription in Hh signaling
pathway activation, such as the PI3K-Akt-mTOR pathway [62], K-Ras, c-Myc, Wnt-beta
catenin, and TGFp [31,63,64]. Deviating transcriptional upregulation of GLI1 is seen
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downstream of NF-«B in claudin-low breast cancer, a sub-type of TNBC [65]. Furthermore,
NE-B induced the transcription factor Forkhead Box C1 (FOXC1), which is an upstream
mediator of Hh signaling via upregulation of GLI2 expression in basal-like breast cancer
cells. In TNBC cell lines, inhibitors of the Hh pathway, such as GANT61 and Thiostrepton,
were shown to inhibit stem cell phenotypes including CD44+/CD24ve cells and sphere-
forming capacity [31].

3.2.2. Target Deep the Nucleus
Breast Cancer Susceptibility Gene (BRCA) and Platinum-Based Treatment

BRCA1 and BRCA2 are two different tumor suppressor genes that play a role in
responding to cellular stress by activating the double-stranded DNA repair process. The
result inferred that mutations in these two genes cause DNA instability, making cells
more susceptible to DNA-destroying agents such as Cisplatin and its derivative, Car-
boplatin [66], and PARP inhibitors. In addition, most BRCA mutations are associated
with hereditary breast cancer, which is the most well-known cause of hereditary cancer
predisposition [67,68].

The lifetime risk of breast cancer in carriers of BRCA1 and BRCA2 mutations is 45-80%.
Characterized TNBC is more aggressive and has a higher tumor rate. About 80% of tumors
have BRCA1 mutations. Despite the risk of a more aggressive tumor phenotype, most
investigations have failed to show that BRCA mutation carriers have different clinical
outcomes [69]. The cumulative risk of developing breast cancer at the age of 70 for carriers
of BRCA mutations is 65% for BRCA1 and 45% for BRCA2. BRCA2-related breast tumors
are dominantly ER-positive and p53 negative, while BRCA1-related breast tumors are more
often in triple-negative breast cancer (TNBC) and p53 positive [70].

Platinum agents, such as anthracyclin and antimetabolite, are administered in the same
metastatic setting and adjuvant as other conventional chemotherapy. In phase II clinical
trials, platinum agent monotherapy was found to be effective in patients with BRCA1/2
mutations [66]. Furthermore, the advantage of Cisplatin in conjunction with Gemcitabine
is applicable [68]. A clinical study using PARP inhibitors, such as Olaparib and BSI-201,
is now ongoing and shows clinical efficacy in the treatment of BRCA1/2-related breast,
ovarian, and prostate cancers, as well as sporadic basal-like breast cancers [71].

Poly-ADP Ribose-Polymerases (PARP)

The poly ADP-ribose polymerase (PARP) enzymes repairs DNA damage for maintain-
ing BRCA-mutated cell viability in healthy cells and cancer. Several studies have reported
that drugs that interfere with or inhibit the PARP enzyme make it more difficult for cancer
cells with BRCA1/2 mutations to repair DNA damage. Cancer cells get a higher chance of
survival as a response to this. On the other hand, PARP inhibitors make certain cancer cells
less likely to survive DNA damage [72,73].

Clinical trials evaluating the oral PARP inhibitor olaparib in BRCA1/2-positive metastatic
breast cancer are currently underway, with interim results showing efficacy [74]. Veliparib is
another PARP inhibitor presently being assessed for metastatic TNBC combined with pacli-
taxel and Carboplatin [75]. Lynparza (Olaparib) and Talzenna (Talazoparib) have been PARP
inhibitors that were approved to treat advanced HER2-negative breast cancer in people with
BRCA1/2 mutations. Additionally, Atezolizumab, combined with Abraxane chemotherapy
drug (chemical name: albumin-bound paclitaxel or nab-paclitaxel), is approved as the first
treatment for advanced three-negative or metastatic local metastatic non-resection [73,75].

Histone Deacetylase (HDAC)

Histone acetyltransferases (HATs) catalyze the reversible process of lysine acetylation
at the e-amino group of proteinogenic lysine residues. Histone acetylation neutralizes
the positive charge of lysine residues, correlated to chromatin relaxation and active gene
transcription [76]. Besides, histone deacetylases (HDACs), which are functional antagonists
of HATs, remove the acetyl groups [77], thus leading to a compressed chromatin structure
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(heterochromatin) and subsequently suppressing gene transcription [78]. TNBC agents
that inhibit histone deacetylase (HDAC) play an important role in gene expression, cell
proliferation, and survival [79,80].

Currently, Entinostat is an HDAC inhibitor that has been proven to have anti-CSC
activity in TNBC stem cells. Entinostat treatment reportedly inhibited TNBC stem cell,
tumor growth, and miR-181a expression in TNBC cell lines, as well as inhibiting lung
metastases in an in vivo study [81]. Furthermore, in vivo and in vitro studies showed that
combining entinostat, retinoic acid, and doxorubicin induced apoptosis and differentiation
of TNBC stem cells [82].

An in vivo study showed that Panobinostat (LBH589) decreased cell survival and cell
cycle development at the G2/M stage in TNBC cell lines. It also increased the acetylation of
the histones H3 (Lys3) and H4 (Lys8) [79]. The drug panobinostat reversed the M phenotype
in invasive breast carcinoma via inducing and upregulating cadherin-1 (CDH1) as a Wnt
signaling component. In an in vivo investigation, the combination of salinomycin with
panobinostat significantly inhibited the growth of TNBC stem cells in TNBC patient-derived
xenografts. It inhibited cell cycle progression, regulated EMT, and increased apoptosis in
TNBC stem cells in a synergistic manner [83].

p53

p53 is a known oncogene, the tumor suppressor gene. It is responsible for DNA dam-
age repair, as well as apoptosis in cases of no replacement DNA damage or influencing, cell
cycle arrest, necrosis, or autophagy. Mutations in p53, usually in TNBC, are approximately
60-70% [16].

3.2.3. Targeting of Intracellular and Signaling Pathways
Androgen Receptor

Androgen receptors (AR) are hormonal steroid receptors that include nuclear receptor
families and estrogen, glucocorticoid, mineralocorticoid receptors, and transcription factors.
Characteristic of the androgen receptor, having overexpression involves a subtype of
TNBC [84,85]. It links a transcription factor that controls specific genes, stimulates or
suppresses cell proliferation and apoptosis, and activates signaling pathways [14,86,87].
Androgen receptor overexpression can be seen in 70-90% of breast cancers, with 10-50% of
TNBC resulting from that expression [88,89].

Research on the relationship between AR and decreased relapse-free survival [90],
higher mortality rate [91], or making survival benefit [92,93] are controversial. However,
this class of TNBC has become a promising target for anti-androgen therapy.

Bicalutamide is an AR inhibitor used in phase II trial studies in metastatic breast
cancer patients [94]. Enzalutamide is an inhibitor of AR nuclear localization that has been
well-tolerated in phase II clinical trials, with a CBR of 35% at 16 weeks and a median PFS
of 14% [89,95,96]. In a phase II trial, seviteronel (INO-464), an oral selective cytochrome
P450c17a (CYP17), 17,20-lyase (lyase), and androgen receptor (AR) inhibitor, showed
promising antitumor activity in TNBC patients [97].

Heat Shock Protein 90 (HSP90)

Hsp90 expression levels were found in all subtypes of breast cancer receptors [98].
TNBC was sensitive to Hsp90 inhibition in preclinical and in vitro studies due to the
downregulation of the Ras/Raf/MARK pathway [99]. Hsp90 interacts with estrogen
receptors (ER), angiogenesis transcription factor HIF-1alpha, tumor suppressor p53 protein,
antiapoptotic kinase Akt, Raf-1-MAP kinase, and a family of receptor tyrosine kinases
including HER2 [100].

The HSP90 inhibitor (17-DMAG) is more sensitive in the LAR class of TNBC cell lines
than basal-like or mesenchymal cell lines [101]. In a phase II clinical trial, single-agent
ganetespib was shown to have good tolerability and be able to decrease lung tumor metas-
tases in TNBC patients [102]. Since the clinical study of the combination of onalespib and
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talazoparib (PARPi) has been withdrawn, the clinical study was conducted using a combina-
tion of onalespib and paclitaxel instead [54]. According to in vivo and in vitro experiments,
simvastatin acts as an Hsp90 inhibitor in TNBC cells by inhibiting the development of
the K292acetylated Hsp90/Cdc37 complex. Simvastatin with Panobinostat (LBH589) is a
deacetylase inhibitor based on hydroxamic acid that targets TNBC specifically [103].

Cyclin-Dependent Kinases (CDKs)

CDKs are the only cell cycle and factor transcriptional regulators. Overexpression of
CDKs, such as CDK4 and CDKG®, is a common characteristic of many cancers, including
TNBC. Most of the inhibitors of CDKs have exhibited anti-TNBC activity in vivo and
in vitro. Dinaciclib was shown to be a pan-CDK inhibitor in a phase I clinical trial, with
no toxicity issues in combination with epirubicin (dinaciclib 20 mg/m? on day one and
epirubicin 75 mg/m? on day 2 of a 3-week cycle) in 9 TNBC patients [104]. The Dinaciclib
combination with pembrolizumab is being studied in phase I and phase II clinical trials
with a dose of 33 mg/m? on cyclin D1 in 8 days from a 21-day cycle [105]. However, phase
II clinical studies are now investigating Trilaciclib; a CDK4/6 inhibitor, ribociclib; a CDK6
inhibitor, cyclin D1/CDK4, and PF-06873600, abemaciclib, CDK2/4 inhibitors.

Phosphoinositide 3-Kinase (PI3K)/AKT/Mammalian Target of Rapamycin
(mTOR) Pathway

PI3K is a signal transducer that reduces activated receptor tyrosine kinases (RTKs).
The signaling pathway of PI3K is in association with AKT and mTOR, known as the
PI3BK/Akt/mTOR pathway [106]. Activating this pathway in TNBC has a 10-21% impact
on cell cycle regulation, cell proliferation, and quiescence [107]. Activated mTOR is also
involved in the metabolism and migration of cells. PI3K, AKT, and mTOR inhibitors were
used to inhibit this pathway. PI3K inhibitors, which are taselisib, gedatolisib, BKM120,
BYL719, AZD8186, BEZ235, CUDC-907, GDC-0941, and PQR309, have been used in phase I
clinical trials for TNBC. AKT inhibitors including AZD5363, ONC201, ARQ 092, ritonavir,
and GSK2141795 are also in phase I or II clinical trials [46,108,109].

RAF-MEK-ERK Pathway

The higher expression of various genes in the Raf/MEK/ERK pathway and AKT/MEK
pathway [110] was involved in the TNBC subtype. It is important to target this signaling
pathway in TNBC. Trametinib, a MEK1/2 inhibitor, showed more upregulation and ac-
tivation of receptor tyrosine kinase [111]. A clinical trial in 50 TNBC patients found that
either a single medication or a combination of drugs with an AKT inhibitor (GSK2141795)
had low effectiveness. Trametinib, in conjunction with spartalizumab (anti-PD1), was the
subject of another clinical trial [112]. Another MEK inhibitor, in combination with BKM120
and BEZ235, completed a clinical trial, but the findings were not published.

Janus Kinase (JAK)

The JAK-STAT signaling pathway in mammalians consists of four Janus kinase domain-
containing proteins, JAK1, JAK2, JAK3, and tyrosine kinase 2 (TYK2), as well as seven
signal transducers and activators of transcription—STATs (STAT1, STAT2, STAT3, STAT4,
STAT5A, STAT5B, and STAT6) [113]. Deregulation of this pathway in oncogenic phenotypes
involved tumorigenesis, proliferation, angiogenesis, oncogenic, survival, anti-apoptosis,
and immune response [114].

The Janus kinase 2 (JAK-2) gene was located on chromosome 9p24.1. Its protein is a
tyrosine kinase by the JAK-STAT pathway, which shows that TNBC tumors are related to a
poorer prognosis and shorter survival [115,116], and amplified JAK2 are more sensitive to
the effects of specific inhibitors in TNBC cells [114].

Cell proliferation in the mammary gland develops during puberty and pregnancy, and
cancer is all mediated by the JAK-STAT pathway. Ruxolitinib is a tyrosine kinase inhibitor
that targets JAK1 and JAK2. This drug would affect the importance of JAK2 in TNBC.
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These include combination with pembrolizumab in advanced TNBC patients, paclitaxel,
doxorubicin or cyclophosphamide, and paclitaxel to treat triple-negative inflammatory
breast cancer. Ruxolitinib did not meet the primary efficacy target as a single agent in this
refractory patient population, despite the evidence of on-target activity [117].

Signal Transducer and Activator of Transcription 3 (STAT-3)

STAT3 was discovered binding to DNA in response to interleukin-6 (IL-6) and epi-
dermal growth factor (EGF) during inflammation [118,119]. Overexpressed signal trans-
ducer and activator of transcription 3 (STAT3) are highly associated with cancer initiation,
metastasis, cell survival, cell cycle progression [66,119], proliferation, migration, inva-
sion, anti-apoptosis, angiogenesis, chemoresistance, immunosuppression, and stem cell
self-renewal and differentiation of TNBC cells of clinical and preclinical studies [120,121].
STATS3 inhibitors have since been shown to be effective in inhibiting TNBC tumor growth
and metastasis in clinical trials.

Currently, STAT3 small molecule inhibitors and targeting strategies have shown anti-
cancer activity in TNBC in vivo and in vitro [120,122]. STAT3 minor molecule inhibitors,
which are more selective and efficacious, are critical for TNBC prevention and therapy [123].

TTI-101 and OPB-51602 are small molecules that inhibit STAT3 activation via inhibiting
JAK-mediated tyrosine phosphorylation. These molecules connect to the phosphotyrosine
peptide binding site inside of the Src homology 2 molecules (SH2). A phase I study of
TTI-101 and OPB-51602 is currently recruiting breast cancer patients. The STAT3 inhibitor
AZD9150 is used to treat patients with advanced solid tumors in phase I and II clinical
studies, either alone or in combination with chemotherapy [124].

Wnt/ B-Catenin Signaling Pathway

TNBC can be expressed by Wnt signaling. Wnt signaling acts as a complex antagonist
of B-catenin destruction to affect cancer cells and metastases and control the immune
system. Research by De et al. (2016) shows that TNBC cells migrate and become invasive
clonogenic through upregulation of the Wnt/ 3-catenin pathway. Wnt/3-catenin plays an
essential role as a regulator adhesion cell. The research was focused on the role of (3-catenin
as a therapeutic agent in TNBC.

The canonical Wnt pathway is a transcription coactivator on TCF/LEF that induces the
accumulation of 3-Catenin protein and its translocation from the cytoplasm into the nucleus,
stimulating the expression of numerous genes involved in cell proliferation, cell migration,
and so on. The study shows that increasing regulation and maintaining Wnt/ 3-Catenin
signaling in TNBC is associated with metastasis and poor prognosis.

LGK-974, a Porcupine inhibitor, is a small molecule that inhibits the Wnt signaling
pathway in vitro and in vivo by decreasing LRP6 phosphorylation and Axin2 expression.
A single drug has been tested in phase I clinical studies in people with TNBC [125]. In vitro
studies have revealed that combining LGK-974 with a PI3K/Akt/mTOR inhibitor reduces
cell viability and enhances anti-cancer efficacy in TNBC cell lines [126,127].

In vitro and in vivo studies demonstrate that CWP232228 inhibits the stem cell growth
in TNBC cell lines by antagonizing the binding of 3-catenin to T-cell factor (TCF) in the
nucleus, which is required for breast cancer metastasis and recurrence [128]. PRI-724 is a
CRB protein inhibitor [125]. OMP-18R5 (Vantictumab) is a monoclonal antibody that binds
to Frizzled? in the extracellular domain and suppresses the development of human tumors
in a xenograft model while having a synergistic effect with chemotherapeutic agents [129].
OTSA101 is an inhibitor of frizzled10, and OMP-54F28 (Ipafricept) is a fusion protein
cysteine-rich domain of frizzled-8 receptors with the immunoglobulin for competition in
ligands as antagonist Wnt signaling [130,131].
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3.2.4. Targeting of Cell Surface
Vascular Endothelial Growth Factor Receptor 2 (VEGFR2)

The vascular endothelial growth factor receptor (VEGFR?2) is a receptor tyrosine
kinase that regulates angiogenesis and pathogenesis in breast cancer [132]. VEGF, the
ligand to VEGFR?2, impacts ligand expression involving tumor invasion and metastasis in
TNBC [133-136]. Patients who have had TNBC surgery have significantly higher levels of
VEGTF and shorter survival [137].

VEGER inhibitors, such as bevacizumab, ramucirumab, VEGFR receptor blockers,
receptor mimetics (such as aflibercept), and sorafenib, are small-molecule tyrosine kinase
inhibitors [134]. Patients with TNBC who were treated with the medication of sunitinib for
metastasis alone had a worse prognosis than those in a phase II trial [133].

Epidermal Growth Factor Receptor (EGFR)

The epidermal growth factor receptor (EGFR) is an HER family tyrosine kinase recep-
tor that is found in a variety of epithelial tumors [138]. EGFR activation has an essential
function in the survival of many solid tumors, including metastasis, cell proliferation, inva-
sion, cell cycle progression, differentiation, angiogenesis, and apoptosis. Overexpression
EGEFR in breast cancer cells is approximately 15-45% [139], and about 50% in TNBC [140],
which is negatively correlated with patient survival rates [141]. Anti-EGFR monoclonal an-
tibodies such as cetuximab (SCT200), and EGFR small-molecule tyrosine kinase inhibitors
such as gefitinib and erlotinib, are used to block the EGFR signaling pathway in TNBC [138].
Afatinib has been included in clinical studies, however, its status is still unclear. In a phase
II trial, erlotinib, in combination with paclitaxel nanoparticle formulation and bevacizumab,
showed excellent tolerability [142].

Fibroblast Growth Factor Receptor (FGFR)

FGFR?2 is overexpressed in TNBC cells by around 4%, while FGFR1 and FGFR2
mutations were found in roughly 16% and 13% of TNBC patients, respectively [143]. The
expression of FGFR2 in TNBC patients is an independent prognostic factor. Approximately
4% of TNBC have amplification of the FGFR2 gene on chromosome 10g26. Nevertheless, it
appears to be a rare occurrence in other tumor subtypes, with just 1-2% of all breast cancers
expressing it [144,145]. IM-412 is a small molecule tyrosine kinase inhibitor or monoclonal
antibody in the TNBC subtype [146].

Trophoblast Antigen 2 (Trop-2) Inhibitor

Trop-2 is a cell surface receptor and an epithelial glycoprotein-1. Overexpression of
Trop-2 can promote cancer cell proliferation, EMT, migration, invasion, and metastasis in a
variety of epithelial malignancies. For example, Trop-2 was discovered in TNBC cells, with
more than 85% of its expression in tumors [147,148].

Sacituzumab-bound tumor cells are killed by intracellular uptake and extracellular
release of SN-38 [149]. Sacituzumabgovitecan-hziy (or IMMU-132, Immunomedics, or hRS7-
SN-38) is a monoclonal antibody-drug combination in which SN-38, an active metabolite
of irinotecan, is linked to the humanized antitrophoblast cell-surface antigen 2 (Trop-2)
monoclonal antibody hRS7 IgG1 through the cleavable CL2 linker of TNBC patients in
phase I/1I clinical trial [150].

Glycoprotein Non-Metastatic B (GPNMB)

GPNMB is a type I transmembrane glycoprotein that is overexpressed in 40-60% of
breast cancer cases, including triple-negative cases [151]. In phase I/II trials, glembatu-
mumabvedotin (CDX-101), an antibody targeting GPNMB, exhibited a favorable safety
profile on 42 patients with metastatic breast cancer [152,153]. However, the results of a
further phase II clinical trial in TNBC patients with metastatic CDX-011 impact have yet to
be reported.
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4. Natural Compounds for TNBC Treatments

Natural compounds have the potential to be used as therapeutic agents in the treatment
of TNBC. Some natural compounds and potential molecular targets in the TNBC signaling
pathway have been identified as an anti-cancer treatment. It has recently been shown
that determining the concentration or dose of biological substances with comparable
chemical components and effects, particularly for various anti-cancer treatment medicines,
does not necessarily result in the same anti-cancer effectiveness [154]. As a result, the
concentration/dose of natural components in anti-cancer treatment should be considered.

Many natural substances with anti-cancer activities have gotten a lot of attention due
to their various behaviors. The conventional treatment approach to breast cancer appears
to be limited by several problems. The most critical problem is the toxic effects of treatment
resistance. As a result, these numerous cancer treatments have been developed, many
of which involve natural compounds such as vinca alkaloids, taxanes, podophyllotox-
ins, and anthracyclines (doxorubicin) [155]. Plant-derived compounds have a promising
synergistic relationship with a variety of chemotherapy regimens, enhancing their effec-
tiveness. Genistein and doxorubicin have a synergistic effect and boost the tamoxifen
effect, and pomegranate, which promotes the tamoxifen-induced cell viability inhibition,
are two examples of these combinations. Natural materials are also preferred over conven-
tional therapies since they are easily accessible in the natural environment and typically
have fewer side effects on healthy human cells.

Many plant-derived natural compounds have anti-cancer properties, including quercetin,
formononetin, calycosin, polyphenols, bioflavonoids, carotene, vitamins, and minerals [156-158].
They can suppress cell growth, migration, and metastasis by targeting irregular/irregular
signaling pathways present in TNBC, such as Wnt/ 3-Catenin, NF-kB, PI3K/Akt/m-TOR, PD-
1/PD-L1, LAG-3, CTLA-4, STAT-3, EGFR, Trop-2, RAF/MEK/ERK, JAK, Glycoprotein NMB
(GpNMB), and hedgehog pathways. Here, we highlight the potential of using phytochemicals
(luteolin, a-mangostin, piperine, silibinine, apigenin, quercetin, fisetin, resveratrol, genistein,
10-gingerol, chalcones, berberine, curcumin, epigallocatechin gallate, cyanidin-3-o-glucoside,
and glycyrrhizin) in the treatment of TNBCs and their mechanisms of action. These natural
compounds were collected after a thorough search of reports and studies on the Internet and in
databases. Bioactive compounds from different sources in various plants are shown in Figure 3.

4.1. Luteolin

Luteolin is a flavonoid compound found in many plants such as carrots, celery, broccoli,
perilla leaf, and seed [159]. A study that used two methods to determine the mechanisms of
luteolin on TNBC metastasis (in vitro with a xenograft model and in vivo with MDA-MB-
231 and BT5-49 cell lines), found that Luteolin dose-dependently inhibited cell migration
and invasion, reversed epithelial-mesenchymal transition (EMT), and suppressed the
expression of 3-catenin mRNA that then suppressed metastases to the lung of breast cancer
cells at a concentration of 100 uM. The result indicated that luteolin had a potent therapeutic
effect on invasion and metastasis of TNBC, which may be involved in the reversal of EMT by
down-regulation of 3-catenin [160]. The other research showed in vivo studies of luteolin
suppressed lung metastasis of TNBC in MDA-MB-231 (4175) and MDA-MB-435 cell lines
LM2 with concentrations of 40 mg/kg and 20 mg/kg, respectively. Luteolin significantly
inhibited tumor cell migration to reduce VEGF levels and block VEGF receptors, with ICsg
of 10 uM in vitro and in vivo [161]. In addition, luteolin from Taraxacum officinale extract
can inhibit Nrf2 in breast cancer stemness (Criptol, CD44, ALDH1, ABCG2, NANOG,
OCT4, and Sirt3) and chemoresistance, with ICs value 1 uM in an MDA-MB-231 cell line
in vitro study [162].
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Figure 3. Bioactive compounds from different sources have shown anti-TNBC.

4.2. a-Mangostin

a-mangostin is isolated from Garcinia mangostana Linn with the mechanism of action as
anti-proliferation, apoptosis, suppressed angiogenesis, and metastases [163]. According to
a study in 2018, c-mangostin could significantly reduce the development of the spheroids
in an MDA-MB-231 cell line, with an ICsy value of 1.25 ug/mL. This finding points to a
novel anti-cancer property of x-mangostin that could be used to improve conventional drug
penetration into tumor bulk [164]. Another research reported that c-mangostin suppressed
the proliferation, migration, and invasion of the PI3K/ Akt signaling pathway by targeting
RXRa and cyclin D1 in vitro and in silico studies. This compound was inhibited in the
MDA-MB-231 cell line, with an ICs; value of 11.37 uM [165].

4.3. Piperine

Piperine is an alkaloid found in the fruits of black pepper (Piper ningrum Linn.) and
long pepper (Piper longum Linn.) [166]. The research on dose-dependent reduction in the
number of TNBC cells (MDA-MB-468, MDA-MB-231) and estrogen receptor-expressing
breast cancer cells (MCF-7, T-47D) discovered that piperine decreased the percentage of
TNBC cells in the G2 phase of the cell cycle and inhibited the in vitro growth of p53-deficient.
Piperine also inhibited TNBC cell migration and expression of matrix metalloproteinase-
2 and -9 mRNA in vitro and in immune-deficient mice in vivo with the ICgy value of
50 uM [167].

4.4. Silibinin

Silibinin is a major bioactive flavanone. It has biological activity in a variety of
cancer models such as breast and lung cancers by inhibiting cell proliferation, invasion,
and angiogenesis. In the research using Hs578T, MDA-MB-231, BT474, T47D, HCC1806,
and HCC1143 cell lines, silibinin significantly decreased TGF-{32-induced FN, MMP-2,
and MMP-9 expression levels and suppressed the lung metastasis of TNBC cells. It also
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decreased TGF-32 mRNA expression levels but not that of TGF-1 in TNBC cells, and
cell migration, as well as basal fibronectin and MMP-2 expression levels, decreased as
well in response to silibinin in vitro and in vivo studies with the ICs value of 50 uM [166].
Another study reported that silibinin inhibited the gene-specific transcriptional activation
of MMP-2 expression and suppressed the phosphorylation of the Jak2/STAT3 signaling
pathway by blocking the STAT3 nuclear translocation and DNA-binding activity, resulting
in reduced cell migration and invasion with the ICsy value of 200 uM in MDA-MB-231 cell
line [168].

4.5. Apigenin

Apigenin is a natural flavonoid compound and has an effect on diabetes, amnesia
and Alzheimer’s disease, depression, insomnia, and cancer [169]. Apigenin is found to be
able to decrease the expression of target genes, such as CTGF and CYR61 and YAP/TAZ
activity in TNBC cells and disrupt the YAP/TAZ-TEADs protein—protein interaction in
MDA-MB-436 cells. Meanwhile, in MDA-MB-231 cells, apigenin disrupts the TAZ-TEADs
interaction but has no evidence of the interaction between YAP and TEADs, with the ICg;
value of 20 uM [132]. In addition, apigenin can inhibit pro-inflammatory proteins such as
CCL2, TNF-«, and IL-6 at extremely high concentrations in MDA-MB-468 compared to
MDA-MB-231 cell lines, with an ICsq value of 40 uM [170].

4.6. Quercetin

Quercetin is a plant-derived flavonoid found in fruits, vegetables, and tea, which is
known to have multiple biological actions such as antioxidant, anti-inflammatory, and
anti-cancer. Quercetin induces apoptosis and cell cycle arrests by modulation of Foxo3a
activity and inhibition of JNK activity that reduced the signaling activities of p53, p21, and
GADD45 in the MDA-MB-231 cell line, with the ICsq value of 20 uM [171]. Other research
shows that quercetin significantly inhibits nuclear accumulation of 3-catenin with reduced
target genes such as cyclin D1 and c-Myc by inducing the E-chaderin expression and the
ability to modulate a mesenchymal-to-epithelial transition (MET) in MDA-MB-231 and
MDA-MB-468 cell lines. The in vitro study had an ICsy value of 50 uM [172]. Additionally,
the in vivo study showed that quercetin inhibited tumor growth and FASN expression
in tumor xenograft with a concentration of 50 mg/kg and induced apoptosis through
down-regulation of caspase-3 activity, FASN, 3-catenin, and Bcl-2 protein expression in the
in vitro study. The ICsy values were 3 uM and 4 uM in MDA-MB-231 and MDA-MB-157 of
TNBC cell lines, respectively [173].

4.7. Fisetin

Fisetin is one of the major flavonoids from many fruits and vegetables such as strawber-
ries, apples, persimmons, grapes, onions, and cucumbers [174]. Fisetin dose-dependently
inhibits cell proliferation, migration, and invasion in MDA-MB-231 and BT549 cells. In vitro
assay demonstrated that fisetin suppressed phosphoinositol 3-kinase (PI3K)/Akt/GSK-
3 signaling pathway but upregulated the expression of PTEN mRNA and protein in
a concentration-dependent manner. On the other hand, in vivo tests, with a concentra-
tion of 100 mg/kg, indicated that fisetin could inhibit the growth of primary breast tu-
mors and reduce lung metastasis while increasing the expression of EMT molecules and
PTEN/Akt/GSK-33 with an ICs; value of 100 uM [175].

4.8. Resveratrol

Resveratrol is a non-flavonoid polyphenolic compound from wine and grape juice, also
synthesized in grape leaves and grape skins. It is reported that resveratrol promoted the
apoptosis of TNBC cells by reducing POLD1 expression, thereby activating the respective
apoptosis pathways in the MDA-MB-231 cell line by in vitro and in vivo assays having an
ICsg value of 50 uM [176]. Another research reported that resveratrol at an ICsy value of
185 pM combined with 14 uM cisplatin inhibited fibronectin, vimentin, PI3K/Akt, Smad?2,
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Smad3 JNK, ERK, Nf-xB expressions by TGF-f1, and increasing E-cadherin expression.
This compound can also inhibit migration, invasion, and tumor growth within in vitro and
in vivo studies in MDA-MB-231 [177].

4.9. Genistein

Genistein (Gen) is a natural isoflavone with biological activities such as anti-breast
cancer [178]. In a dose-dependent manner, genistein induced apoptosis and cell cycle arrest
in the G2/M phase. Gen inhibited NF-«B activity by the Nocth-1 signaling pathway, as
well as downregulated cyclin B1, Bcl-2, and Bcl-xL expression in the MDA-MB-231 cell
line at an ICs value of 20 uM. Further preclinical and clinical studies are warranted to
investigate the application of Gen for the treatment of TNBC [179]. Other research showed
that Gen inhibited CDK1 kinase activity by phosphorylation on the Thr14 and Tyr15 sites
by inducing G2/M cell cycle arrest, apoptosis, and DNA damage response pathways such
as ATR and BRCAL1 activation. An ICsy value of 40 uM was present in the MDA-MB-231
cell line [180].

4.10. (10)-Gingerol

(10)-gingerol is found in ginger (Zingiber officinale Roscoe) oleoresin from a fresh rhi-
zome. The results reported that (10)-gingerol induced metastatic dissemination, including
lung, bone, brain, and apoptosis death in mouse and human TNBC (MDA-MB-231) cell
lines in vitro and in vivo. It also inhibited 4T1Br4 orthotopic tumor growth, with a con-
centration of 10 mg/kg in the in vivo study. Furthermore, the in vitro study obtained the
ICsq value of 100 uM in the MDA-MB-231 cell line [181]. The other research showed inhib-
ited mitogen-induced activation of Akt and p38MAPK and the suppressing of epidermal
growth factor receptor expression. The result reported cell migration and invasion through
the suppression of MMP-2 activity, with an ICsy value of 10 uM in the MDA-MB-231 cell
line by in vitro study [182].

4.11. Chalcones

Chalcones is a natural flavonoid from many flowers and plants, including fruits and
vegetables [183,184]. It has pharmacological activities such as hypertension, infectious
diseases, neurological disorders, and cancer [185]. Chalcone, extracted from Cardamonin,
induces invasive, migration, and reverses epithelial-mesenchymal transition (EMT) by
downregulation of Wnt/ 3-catenin signaling in BT-549 and MDA-MB-231 cell lines. This
result significantly inhibits the phosphorylation of GSK3-§3 by inhibiting Akt activity. The
in vitro study and concentration of 5 mg/kg in vivo study had an ICsj value of 20 pM in
BT-549 and MDA-MB-231 cell lines [186].

4.12. Berberine

Berberine is a natural isoquinoline alkaloid compound isolated from the stems and
roots of plants such as Berberis vulgaris, Berberis asiatica, Berberis aristata, Coptidis
japonica, Coptidis japonica, Coptidis rhizome, Coptidis chinensis, Mahoniaaqui folium,
and Mahonia beale [187,188]. Berberine significantly induced apoptosis and had the most
sensitive reaction to HCC70, BT-20, and MDA-MB-468 cell lines, with ICs, values of
0.19 uM, 0.23 uM, and 0.48 uM, respectively. Berberin also induced cell cycle arrest at G1
and/or G2/M phases in MDA-MB-468 and HCC70 cell lines and S phase in BT-20 cell line.
Berberine induced apoptosis with an ICsg value of 1 uM in all of the cell lines by in vitro
study. The research suggests berberine as a potential candidate for TNBC therapy [189].

4.13. Curcumin

Curcumin induces apoptosis and decreased expression levels of extracellular regulated
protein kinase (ERK1/2), pERK1/2, EGFR, and pEGFR in MDA-MB-231 cells [190]. The re-
search suggested curcumin as a potential anti-TNBC due to its ability to promote apoptosis,
and to block the cell cycle of TNBC cells (MDA-MB-231) by inhibiting restoring DLC1 and
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EZH?2 expression; it also inhibited the migration, invasion, and proliferation in vitro and
in vivo studies with an ICs, value at 40 uM for both MDA-MB-231 and MDA-MB-468 cell
lines [191]. Other research showed that curcumin inhibited the SIK3-mediated cyclin D up-
regulation in the G1/S cell cycle and inhibited cell growth during epithelial-mesenchymal
transition (EMT), with an ICsy value of 25 uM in the MDA-MB-231 cell line by in vitro and
in vivo studies [192].

4.14. Epigallocatechin Gallate

Epigallocatechin gallate (EGCG) is a major natural component of green tea. EGCG has
been evaluated in some clinical trials. It has been reported that Epigallocatechin gallate
suppressed the growth, migration, and invasion of TNBC cells by inhibiting VEGF gene
expression in the Hs578T cell line [193]. Wnt/ 3-catenin activation was downregulated
by EGCG. However, upregulation of Wnt/ 3-catenin extinguished the inhibitory effects
of EGCG on lung cancer [194]. Wnt/[3-catenin signaling was suppressed by EGCG by
promoting GSK-3f3 and PP2A-independent phosphorylation/degradation of 3-catenin
with the ICsy value of 80 uM [195]. Hong et al. (2017) reported that EGCG can also
inhibit the 3-catenin pathway, phosphorylation of Akt, and cyclin D1 expression, with
an ICgy value of 200 uM in the MDA-MB-231 cell line [196]. Other research showed that
the synthesis of EGCG analogues are diesters (G28, G37, and G56) and monoesters (M1
and M2) inhibiting the lipogenic enzyme fatty acid synthase (FASN) with an IC5q value of
1.5 uM in the MDA-MB-231 cell line [197].

4.15. Cyanidin-3-0-Glucoside

Cyanidin-3-o-glucoside is an anthocyanin from the flavonoids group. Cyanidin-3-
o-glucoside was reported to effectively promote apoptotic cell death in MDA-MB-231,
MDA-MB-436, and BT20 cell lines by inhibiting the estrogen receptor alpha 36 (ERx36)
and EGFR/Akt signaling with an ICsy value of 500 uM [198]. Cyanidin-3-o-glucoside
also downregulates 3-catenin and methylguanine-DNA methyltransferase (MGMT). In
addition, miR-214-5p mimics {3-catenin and downregulates MGMT in LN-18/TR cells,
whereas miR-214-5p inhibitors have the opposite effect; miR-214-5p inhibitors significantly
block Cyanidin-3-o-glucoside-induced downregulation of 3-catenin and MGMT [199].

4.16. Glycyrrhizin

Glycyrrhizin is a natural compound from licorice root and its metabolite, glycyrrhetinic
acidis, is potent against TNBC by inhibiting cell proliferation. Glycyrrhetinic acid exhibits
a synergistic effect of etoposide and upregulation of TOPO 2A with an ICsj value of 20 uM
in MDA-MB [200]. The other research showed that glycyrrhizic acid from licorice root
extracts inhibited intracellular and reactive oxygen species—mitochondrial, cell death, and
autophagy by the nuclear translocation of apoptosis-inducing factors (AIF) and LC-3 in the
MDA-MB-231 cell line, with an ICs( value of 20 uM in vitro study [201].

Some of the natural compound’s activities and its mechanism are summarized in
Table 2.

4.17. llamycin E

Ilamycin E from marine actinomycete isolated from deep sea-derived Streptomyces
atratus, has anti-TNBC activities with inhibited G1/S cell cycle progression and induced
apoptosis by activation of endoplasmic reticulum (ER) stress, increasing the expression
of CHOP and suppressing Bcl-2 transcriptionin cell lines HCC1937 and MDA-MB-468 of
TNBC, with ICs values of 14.24 uM in HCC1927 and 24.56 uM in MDA-MB-468, with ICsg
values of 14.24 uM in HCC1927 and 24.56 M in MDA-MB-468 cell lines [202].
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Table 2. Natural compound’s activity in cell line and its mechanism.
Natural Product Cell Lines Mechanism Methods Reference
Ilamycin E HCC1937 and Inhlbltlon of endoplasmic .
(Streptomyces atratus) MDA-MB-468 reticulum (ER) stress and In vitro [202]
Actinomycetes CHOP-BCI2
Schisandrin A MDA-MB-231 Inhibition of Wnt/ER stress 1 Vitroand in vivo [203]
(Xenograft mouse)
Inhibition of invadopodia
. . . formation by stopping
Amp elg:lgbzlg;gzjtllbene MDA-MB-231 migration, transmigration, and In vitro [204]
y P invasive expressions of PDGF
MMP2, MMP9, MMP14
Inhibition of the
TR phosphorylation of
Aurantoside C (C828) MDA-MB-231, Akt/mTORdan NF-«B .
o SUM159PT . In vitro [205]
(Sponge Manihinealynbeazleyae) and SUM149 pathways and increased the
phosphorylation of p38 MAPK
and SAPK/JNK pathway
Amyris texana Inhibition of the activity of the
(Oxazole) MR mTORC1 pathway, a model of . N
Discovery of Compound 30 MDA-MB-453 the Luminal Androgen In vitro and in silico [206]
(CIDD-0067106) Receptor (LAR)
A sequesterpenoid from s . ..
Farfarae Flos MDA-MB-231 Inhlb‘“‘;? ﬁg{ﬁK'STA“ I(I%L‘l’;i)or ‘;r}i;“ ;’;;’t;’ [207]
(Tussilago farfara) & & &
. MDEEB2SD Inhibition of Wnt/ 3-Catenin
Diterpen Jatrophone HCC38, signaling and proliferation In vitro [208,209]
(Jatropha isabelli) MDA-MB-157 and & gan d EK/IT !
MDA-MB-468
Naringin/Flavonoid Inhibition of growth potential In vitro and in vivo
(Dynaria fortunei, citrus MDA-MB-231 by targeting 3-Catenin . [210]
) . . . . (Xenograft mice)
aurantium, citrus medica L.) signaling pathway
Myrothamnus flabelli folius
(Derivative of Galloyl glucose BT-549T and Inhibited the growth cell In vitro [211]
. o MDA-MB-231
hexahydroxydiphenic acid)
Crvptotanshinone Inhibition KYZ3 by decreasing In vitro, in silico, and
( Sulviayng)il tiorrhiza Bunge) MDA-MB-231 the level of MMP-9 with in vivo (Subcutaneous [212]
& activated STAT3 implantation),
Inhibition of NF-«kB
transcriptional factor activity
SUM149 and .
Curcuma longa MDA-MB-231 and cons'equently the In vitro [213]
expression of some
NF-«B targets
In vitro and in vivo
(Injected limiting
Ganoderma lucidum SUM149 and Inhibition of STAT3 and JAK2 dilutions combined [214]
MDA-MB-231 . ..
immunodeficient
(CD44+/CD24-)
Annonamuricata leaf MDA-MB-231 Intrinsic Apoptotic pathway In vitro [158]
Inhibition of the
. . epithelial-to-mesenchymal
(Lithos erih;lr(n()? mthrorhizon MDA-MB-231 transition via glycogen In vitr [215]
P it and 4T1 synthase kinase 33-regulated vitro

Sieb. et Zucc)

suppression of
[-catenin signaling
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Table 2. Cont.
Natural Product Cell Lines Mechanism Methods Reference
Inhibition of
Astragalus membranaceus MDA-MB-231 PIK3CG/AKT/BCL2 In vitro and in silico [216]
signaling pathway
Vanicoside B (Persicaria MDA-MB-231 Fnhibition - irfr;i\xlll(gr(oTumor 1]
dissitiflora) and HCC38 CDK8-signaling pathway Xenograft Model)
Suppressing growth by STAT3 . L
Eupalinolide ] MDA-MB-231 and signaling pathways such as A
. . ¢ . (Xenograft [218]
(Eupatorium lindleyanum DC) MDA-MB-468 anti-apoptosis, cell cycle arrest,
. . Mouse Model)
and MMP disruption
Cantharidin Suppressmg Autophzflgy and
Component of Inducing apoptosis by In vitro and in vivo
terpenci dspecrete d by the MDA-MB-231 and inhibiting the conversion of (Subcutaneous [219]
penol Y MDA-MB-468 LC31to LC3 1T and ; )
blister beetle suppressing MBlexpression inoculation)
Mylabris phalerata (Pallas) of Beclin-1
Inhibition of Wnt/3-Catenin
Benzimidazole compounds MDA-MB-231 and signaling and also detract of In vitro [220]
(SRI33576 and SRI35889) MDA-MB-468 mTOR, STAT3 and
Notch signaling
Induced cell cycle G2/M phase
arrest and apoptosis by
Cucurbitacin E from Hemsleya expression of Cyclin D1,
delavavi var. valuneensis Y MDA-MB-468 Survivin, XIAP, Bcl2, and Mcl-1 In vitro [221]
(gucurioiaceag) and SW527 and increased activation of
JNK and inhibited activation of
AKT and ERK within
MDA-MB-468
Induced endoplasmic
reticulum stress and
ax-mangostin MDA-MB-231 . .
(Garcinia mangostana L.) and MCF-7 autophagy by fatty acid In vitro [222]

synthase inhibition
mediated apoptosis
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4.18. Schisandrin A

Schisandrin A, a bioactive phytochemical, is one of the representative lignans species
from the fruit of Schisandra chinensis Turcz. (Baill.). It has biological activity such as anti-
inflammation and anti-oxidative stress [223]. A study found that Schisandrin A suppressed
the development of TNBC cells in vitro and in xenograft mouse models on MDA-MB-231
and BT-549 cells by inducing cell cycle arrest and cell death, as well as an overactivation of
Wnt signaling in TNBC cells. The ICsg values against MDA-MB-231 and BT-549 cells are
1.45 uM and 6.85 pM, respectively [203].

4.19. Ampelopsin E

Ampelopsin E, an oligostilbene derived from the Dryobalanops species, has anti-
cancer and anti-inflammatory activities. It reduces invadopodia formation, migration,
transmigration, and invasion of MDA-MB-231 cells by decreasing the expression of PDGF,
MMP2, MMP9, and MMP14 significantly (p < 0.05). The percentage of cell viability of
Ampelopsin E is higher than 80% at a concentration of 15 uM [204].

4.20. Aurantoside C

Aurantoside C (C828), isolated from Sponge (Manihinealyn beazleyae), inhibited the
phosphorylation of Akt/m-TOR and NF-kB pathways and increased the phosphorylation
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of p38 MAPK and SAPK/JNK pathways, leading to apoptosis in TNBC cells. C828 was
effective in reducing cell viability in SUM159PT, MDA-MB-231, and SUM149 with the
ICsp values of 0.01 uM, 0.01 uM, and 0.02 uM, respectively, compared to non-TNBC cells
and chemotherapeutic drugs (doxorubicin and cisplatin) on SUM159PT cells after 24 h of
treatment [205].

4.21. Amyris texana

The discovery of isoxazole compound (CIDD-0067106) from Amyris texana inhibited
the phosphorylation of Akt/mTOR and NF-«B signaling pathways, a model of the Luminal
Androgen Receptor (LAR). The result showed ICsj of 0.8 uM in MDA-MB-453 cells [206].

4.22. Sequesterpenoid (Tussilago farfara)

Sequesterpenoid was isolated from Farfarae Flos (Tussilago farfara). The sequester-
penoid fraction used countercurrent chromatography (CCC) and isolation, using preparative-
HPLC. This compound showed inhibited JAK-STAT3 signaling pathway and suppressed
the expression of STAT3 target genes, inducing apoptosis of TNBC MDA-MB-231 cells by
extrinsic and intrinsic pathways in the in vitro and in vivo studies. The result of the ICsg
values is 0.18 uM compared to the positive control of Staurosporine [207].

4.23. Diterpen Jatrophone

Diterpen Jatrophone is derived from the plant Jatropha isabelli. Jatrophone isolated
was purified by normal-phase silica gel column chromatography. This study compared
various TNBC subtypes of MSL-TNBC cell lines in MDA-MB-231 versus MDA-MB-157 with
BL-1 subtype TNBC cell lines in HCC-38 versus MDA-MB-468. This compound showed
the capability to inhibit the proliferation of the oncogenic WNT10B/ 3-Catenin/ HMGA-2
signaling axis. However, the ICsy values were 2 uM in MDA-MB-231 and 3.5 uM in MDA-
MB-157 cell lines, whereas in HCC38 and MDA-MB-468 cell lines were 2 uM and 1 puM,
respectively [208,209].

4.24. Naringin/Flavonoid

Naringin is a flavonoid compound specifically of the flavanone subgroup. This com-
pound of purity >95% uses HPLC. Naringin can induce G1 cell cycle arrest, inhibit cell
proliferation, and promote cell apoptosis by regulating p21, survivin, and suppressed
[-catenin signaling pathway with ICs values of 200 uM in MDA-MB-231, MDA-MB-468,
and BT-549 cell lines [210].

4.25. Myrothamnus flabelli folius

Galloylquinic acids from Myrothamnus flabella folius extracts have the potential an anti-
cancer. They inhibit the growth of TNBC cells with a concentration of 31.125 pg/mL in
BT-549 and MDA-MB-231 cell lines [211].

4.26. Cryptotanshinone

Cryptotanshinone is a bioactive component from the dried roots of Salvia miltiorrhiza
Bunge (Danshen) that is purified by normal-phase silica gel column chromatography
followed by preparative TLC [224]. KYZ3 inhibited TNBC cell metastasis by decreasing
the levels of MMP-9 which were directly regulated by activated STAT3. A STAT3 plasmid
transfecting assay suggested that KYZ3-induced tumor cell apoptosis target STAT3 MDA-
MB-231 and MDA-MB-468 cells by suppressing the growth of tumors resulting from
subcutaneous implantation of MDA-MB-231 cells in vivo with ICs values of 0.68 pM and
0.86 UM in MDA-MB-468 [212].

4.27. Curcuma longa

Curcumin from rhizomes of Curcuma longa (C1386, purity >65%) was purified by
column chromatography on silica gel using CHCl3 /hexane 90:10 as eluent using TLC for
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monitoring the reaction. The result showed that analog curcumin (1-3) compounds can
decrease the activity of the NF-«B transcriptional factor. The compounds inhibited TNBC
cell lines with ICsq values of 1.30, 1.59, and 0.88 uM in the SUM149 cell and 0.41, 0.00, and
0.85 in MDA-MB-231, respectively, compared to curcumin [213].

4.28. Ganoderma lucidum

Ganoderma lucidum is a medicinal mushroom with anti-cancer activity. It was found
to reduce cell adhesion, proliferation, survival, invasion, and downregulation of the STAT3
pathway. Ganoderma lucidum decreases the STAT3 pathway and the expression of OCT4,
NANOG, and SOX2 in vitro, as well as in vivo on injected limiting dilutions (CD44+/CD24-)
tumor models with ICs( values of 0.50 mg/mL in SUM-149 and 0.96 mg/mL in MDA-MB-231
cells [214].

4.29. Astragalus membranaceus

Astragalus membranaceus major components are comprised of polysaccharides, flavonoids,
and saponins with a purity of 98%. It has pharmacology activities, such as immunomod-
ulating, anti-oxidant, and anti-inflammatory [225]. The in vitro study reported that Astra-
galus polysaccharides inhibited the proliferation, invasion, and apoptosis of cell lines by the
PIK3CG/AKT/BCL2 pathway, with an ICsj value of 2 mg/mL in MDA-MB-231 [216].

4.30. Vanicoside B

Vanicoside B, isolated from Persicaria dissitiflora, has been reported as an antiprolifera-
tive agent in cancer cells. Vanicoside B suppressed CDK8-mediated signaling pathways
and the expression of epithelial -mesenchymal transition proteins and induced cell cycle
arrest and apoptosis in MDA-MB-231 and HCC38 TNBC cells in vitro and in vivo study,
with the ICsy values of 9.0 uM [217].

4.31. Eupalinolide |

Eupalinolide ] is a new sesquiterpene lactone isolated from Eupatorium lindleyanum
DC. It has various biological activities, including anti-inflammatory [226], anti-cancer [227],
and anti-oxidant activities [228]. The purity of Eupalinolide ] was above 95%. Eupalinolide
J suppressed tumor growth by STAT3 signaling pathways in vitro and in vivo in the mouse
xenograft model which induces apoptosis, mitochondrial membrane potential (MMP)
disruption, proliferation, and cell cycle arrest at the G2/M phase. The ICsy values were
0.58 in MDA-MB-231 and 0.39 uM in MDA-MB-468 cells [218].

4.32. Chantaridin

Chantaridin is a terpenoid compound from the blister beetle Mylabris phalerata (Pallas).
Chantaridin inhibited cell proliferation by inducing apoptosis and inhibiting autophagy,
additionally leading to the conversion of LC3-I to LC3-II with suppressed Beclin-1 expres-
sion in vitro using flow cytometry and in vivo using nude mice of tumor xenograft with a
dose of 10 mg/kg. The ICsg value is 5 pg/mL in MDA-MB-231 and MDA-MB-468 TNBC
cell lines [219,229].

4.33. Cucurbitacin E

Cucurbitacin E was isolated from Hemsleya delavayi var. yalungensis (Cucurbitaceae).
This compound was extracted with methanol followed by purification using silica gel
column chromatography by monitoring TLC and spectroscopic. Cucurbitacin E has been
reported to significantly decrease cell viability by inducing cell cycle G2/M phase arrest,
decreased expression of cyclin D1, survivin, XIAP, Bcl-2, and Mcl-1 and increased activation
of INK, as well as inhibited AKT and ERK activation. The reported ICs; value is 0.2 pM
in MDA-MB-468 and SW527 TNBC cell lines. Kong et al. (2014) also reported that ICsg
of Cucurbitacin E is 10-70 nM in five TNBC cell lines, and among the TNBC cell lines
MDA-MB-468 and SW527, Cucurbitacin E significantly decreased cell viability, induced
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cell cycle G2/M phase arrest, and trigged apoptosis. CuE at a concentration of 0.2 uM
decreased the protein levels of CyclinD1, XIAP, Survivin, and Mcl-1 [221].

5. Future and Prospects

TNBC is a type of tumor that is aggressive when it comes to metastasis and has a poor
prognosis. Medication has a low clinical benefit in TNBC patients, therefore, finding molec-
ular targets for TNBC treatment is essential for acquiring appropriate therapeutic targets.
Several pathways can be targeted, including BRCA, Wnt/ 3-catenin, NF-kB, Hedgehog,
JAK, PD-1/PD-L1, PI3K/Akt/m-TOR, EGFR [230,231], and others that have long been part
of the treatment strategy. Finding new and effective treatment options for TNBC remains a
critical clinical need. To enhance TNBC survival and treatment, a greater understanding
of the molecular basis of heterogeneity and the development of improved therapeutic
strategies are necessary.

The Wnt/ 3-catenin signaling pathway is one of the molecular targets in TNBC [232]
that is currently being investigated. Wnt activation can cause 3-catenin accumulation in
the nucleus. It can activate TCF/LEF-1, which promotes the transcription of target genes,
thus a molecular understanding of the Wnt/3-catenin pathway is required for suppressing
the metastatic pathway in TNBC. To develop more effective drugs, new experimental
approaches should be tested in patients with TNBC. Several approaches to TNBC therapy
include targeted DNA repair (platinum compounds and taxanes) [233], p53 (taxanes) [234],
cell proliferation (anthracycline-containing regimens) [235], and targeted therapy. The best
adjuvant regimen for TNBC is still being developed [235].

As shown in Figure 4, several signaling pathways are associated with genetic muta-
tions in cancer, including the upregulation of the Wnt pathway and growth factors such
as EGFR leading to cancer growth, metastasis, cell proliferation, invasion, differentiation,
angiogenesis, and apoptosis. Inhibition of the Wnt pathway by inhibitors (bioactive com-
pounds or plant extracts) begins when the Wnt ligand binds to the frizzled main receptor
(FZD) and co-receptor LRP5/6 (LRP). The binding of the Wnt ligand to its receptor during
signaling leads to disruption of LRP phosphorylation by inhibitors (red and blue boxes) and
disheveled inactivation. As a result, the action of AXIN and APC to bind to LRP GSK-3f3
is inhibited and (3-catenin is retained because it is not phosphorylated by GSK-3(3. This
causes the inactivation of TCF/LEF gene transcription. Inhibition of PI3K/Akt/m-TOR
and JAK/STAT3 by bioactive compounds or plant extracts results in the prevention of cell
proliferation, invasion, and survival in the EGFR growth pathway. Thus, the degradation of
cyclin D1 occurs after being induced by bioactive compounds to encourage the inactivation
of Wnt/ 3-catenin.

Natural substances may be useful in the treatment of breast cancer. Based on previous
studies, we resumed the involvement of bioactive compounds and plant extracts to inhibit
targets involved in TNBC regulation as shown in Figure 4. In this review, we only explored
the natural compounds from extracts and isolates that have an effect on TNBC cell lines
in in vivo, in vitro, and in silico studies. Other compounds from natural products are
still needed for TNBC treatment agents, thus further developments should be carried out
using compounds such as luteolin, a-mangostin, piperine, silibinine, apigenin, quercetin,
fisetin, resveratrol, genistein, 10-gingerol, chalcones, berberine, curcumin, epigallocate-
chin gallate, cyanidin-3-o-glucoside, and glycyrrhizin. The potential oncogenic molecular
pathways in TNBCs were discussed, as well as how the dose and purified plant-derived
natural compounds selectively target and modify the genes and/or proteins implicated
in these aberrant mechanisms to demonstrate anti-cancer potential. The mechanism of
action of each natural compound component varies according to the influence of dose,
purity, and isolation. Furthermore, the IC5y value of natural compounds that inhibits
TNBC also influences their mechanisms. One of the chemical components having the
potential as a TNBC therapeutic agent is «-mangostin isolated from the mangosteen rind
(Garcinia mangostana L.). «-mangostin has been shown to suppress the MDA-MB-231 and
TNBC cell lines, as well as tumor development and metastasis in a mouse breast cancer

Z"—.I turnitin Page 29 of 41 - Integrity Submission Submission ID _ trn:oid:::28973:111548718



z'l_.l turnitin Page 30 of 41 - Integrity Submission Submission ID _ trn:0id::28973:111548718

Molecules 2022, 27, 3661

22 of 33

| Growth Factor

EGFR Tussilago farfara ~d -
; ) -F'--".W ;h'bn

e L
Proliferation cell

Target genes
Transcription

model. Therefore, understanding the characteristics of TNBC is critical in identifying effec-
tive treatment targets for the development of aggressive TNBC, particularly the metastatic
route via the Wnt/ 3-catenin pathway.
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Figure 4. The role of bioactive compounds (red box) and plant extracts (blue box) to inhibit targets
involved in TNBC regulation.

6. Conclusions

Chemotherapy or radiotherapy is a common treatment for triple-negative breast
cancer; however, it has various side effects such as the occurrence of resistance, narrow
therapeutic index, and unselective action of anti-cancer drugs damaging the DNA of cancer
cells and regular cells. Numerous studies are being conducted to develop new medicines
that are more effective against cancer cells and have fewer adverse effects. Exploring
molecules derived from natural sources as anti-cancer treatment agents is one of the
potential research avenues. This has led to an alternative therapeutic approach for TNBC
using natural compounds.

Many plant-derived natural compounds, including luteolin, c-mangostin, piperine,
silibinin, apigenin, quercetin, fisetin, resveratrol, genistein, 10-gingerol, chalcones, berber-
ine, curcumin, epigallocatechin gallate, cyanidin-3-o-glucoside, and glycyrrhizin, have
shown anti-cancer properties, especially in the treatment of TNBCs. These compounds
exhibit the capability to suppress cell growth, migration, and metastasis by targeting ir-
regular/irregular signaling pathways present in TNBC, such as Wnt/ 3-Catenin, NF-«B,
PI3K/Akt/mTOR, PD-1/PD-L1, LAG-3, CTLA-4, STAT-3, EGFR, Trop-2, RAF/MEK/ERK,
JAK, Glycoprotein NMB (GpNMB), and hedgehog pathways. Despite the fact that the
natural molecule shows potential against TNBC cell lines, compounds derived from natural
resources are currently limited in their usage as TNBC therapeutic agents. Further research
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on the composition of substances derived from natural resources is needed to determine
potential therapeutic candidates and histological characteristics. Data from these studies
could provide insight into potential sources of natural compounds that could be used
against the aggressive TNBC cells, particularly the metastatic pathway, in a targeted and
effective manner.
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