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Breast cancer is by far the most common cancer in women, and for a while, it surpassed
lung cancer as the most diagnosed cancer, regardless of gender, in 2020 [1]. Chemotherapy
and hormone therapy are still the first line of treatment, despite extensive research in
molecularly targeted drugs. Therefore, triple negative breast cancer (TNBC) is still known
as the most challenging type for treatment due to the limited identified targets. Inherent and
acquired resistance are still major hurdles in breast cancer therapy, which further highlights
the importance of identifying new molecular targets in this battle. The inherent resistance
of unresponsive cells could be explained by tumor heterogeneity. In a “Big Bang” model
proposed in 2015, a “spatial heterogeneity” is illustrated due to consecutive mutations
in different generations of cancer cells within a single tumor [2]. This heterogeneity has
been demonstrated in a study of two human acute lymphoblastic leukemia samples using
viSNE technology, which shows that the differences between the samples outnumber
the similarities [3]. Obviously, this intra-tumoral heterogeneity also affects the theory
of personalizing the treatment based on the biomarker expression in a specific patient.
Even if the selected molecularly targeted drug eradicates all the “sensitive” cells that rely
on the targeted molecule for their survival, a sub-population of the population of cells
would survive and trigger a relapse [4]. This “Darwinian” model is reported in a variety
of cancer types [5]. On the other hand, the plasticity of cancer cells that enables adapting
to molecularly targeted drugs could explain the acquired resistance. In addition to point
mutations, the availability of a variety of pathways leading to enhanced proliferation
and survival could be partially responsible for the intracellular adjustments required. We
have previously reported the possibility of overcoming inherent or acquired resistance to
molecularly targeted drugs by targeting well-selected alternative proteins. This Special
Issue aimed to collect current efforts and insights into the most recent developments in
potential molecular targets in breast cancer therapy. The Special Issue presents three
original research articles and two review articles.

Abbasi Dezfouli et al. report a nanoparticle design to deliver small interfering RNAs
(siRNAs) to the triple-negative breast cancer (INBC) cell line, MDA-MB-231, and demon-
strate the efficiency of this approach in silencing the expression of survivin in this cell
line [6]. The overactivation of anti-apoptosis pathways and/or inhibition of pro-apoptosis
procedures are among the mechanisms involved in carcinogenesis [7], cancer progres-
sion [8], and/or resistance against anticancer treatments [9-11]. Among the anti-apoptosis
proteins, survivin, a member of “inhibitors of apoptosis proteins (IAP), is reported to
be involved in different mechanisms, which all result in cell survival [12]. Survivin is
overexpressed in a variety of cancer types, including breast cancer [13], but is indetectable
in normal cells [14]. Dr. Uludag’s group (the corresponding author of this manuscript) has
been working for quite some time on hydrophobically modified low molecular weights
for complex formation and delivery of siRNAs to different cancer cells; however, in this
paper, they report the effect of adding an anionic component to the nanoparticles on the
internalization of siRNA and silencing efficiency [6].

Vaganova et al. manuscript focuses on trace amine-associated receptors (TAARs)
and their involvement in breast cancer progression [15]. It has been previously reported
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that TAAR1 expression enhances the positive survival rate in breast cancer patients [16].
However, in a more recent study, Vaganova et al. have revealed an association between
TAAR6 and the mTOR pathway that suggested TAARs’ role in melanoma pathogenesis [17].
In the present study, authors analyze publicly available transcriptomic data to estimate
TAARs’ association with breast cancer subtypes. They evaluated the association between
the TAAR family members’ expression (TAAR1, TAAR2, TAAR5, TAAR6, TAARS, and
TAAR9) and the stage, grade, and subtype of the breast cancer patient. They reported
that TAAR expression was upregulated in basal-like and HER2-positive sub-types as well
as in circulating tumor cells (as compared to metastatic lesions). The authors concluded
that TAAR1 and perhaps other members of the TAAR family could be further studied as
potential targets in breast cancer treatment due to the co-expression of these receptors and
G-protein-coupled receptors (GPCRs) [15].

Metal-organic frameworks (MOFs) have been extensively evaluated as delivery sys-
tems for anticancer drugs in the last decade. They have been reported as hybrid porous
materials that are built from metal ions or clusters bridged by organic linkers [18]. They
offer adjustable porosity, a large surface area, biocompatibility, and the possibility to func-
tionalize for targeted delivery, which makes them promising candidates for delivery of
anticancer drugs [19]. MOF-based delivery systems have been used in targeted delivery
to breast cancer cells for different purposes, including delivering gene silencing tools,
DNAzymes, and rapamycin to TNBC cells in vivo [20], nanocarriers for magnetic reso-
nance imaging of 4T1-Luc breast tumors in a mouse model [21], delivering honokiol and
indocyanine green for enhancing photochemotherapy of breast tumors [22], and tumor
microenvironment remodeling in 4T1 tumor-bearing mice [23]. The paper by Rajamohan
et al. in this Special Issue reports encapsulation of adenosine (AND) in 3-cyclodextrin and
potassium ions using a diffusion method. The authors use an approach based on quantum
mechanics to investigate the formation of hydrogen bonds and energy parameters to better
understand the interactions between the components of the MOFs. They also evaluate the
cytotoxicity of these MOFs in vitro in the MDA-MB-231 TNBC cell line [24].

Targeted therapies for TNBC are the topic of Chapdelaine and Sun’s review paper
included in this Special Issue [25]. The authors emphasize the heterogeneity in molecular
drivers of TNBC, which they suggest would require combinatorial therapies to target
more than one molecular driver at the same time. The manuscript reviews some of the
FDA-approved molecularly targeted drugs and then covers some of the ongoing clinical
trials targeting phosphatidylinositol-3 kinase (PI3K), epithelial growth factor receptor
(EGFR), Src, and Mitogen-activated protein kinases (MAPKSs) pathways, and then discusses
combination treatments in the clinical trial stage. However, they correctly point out that
most of these efforts combine chemotherapy with a molecularly targeted drug, except for a
clinical trial combining GSK214179, an AKT inhibitor, with trametinib as a MEK inhibitor
(NCT0196392), which showed an improvement in clinical benefit rate for the combination
over trametinib monotherapy. The authors then review mathematical modeling approaches
that could result in the identification of promising combinations of molecularly targeted
drugs and conclude with some of the new treatment strategies, including drugs targeting
metabolism in cancer cells or epigenic therapy [25].

Finally, in a review paper by our research group, we reviewed all the molecularly
targeted FDA-approved drugs for breast cancer treatment (including hormone-related
molecules) [26]. A simple look at the 23 drugs included in this list (as of 10 February 2023),
35% were targeting hormone-related molecules, and 26% target a member of the HER
family of receptors, for a total of 61% (14 out of 23). Since that date, the FDA has approved
capivasertib (AZD5363), an AKT inhibitor, to be used along with fulvestrant, an estrogen
receptor inhibitor, in adult patients with hormone receptor-positive, HER2-negative locally
advanced or metastatic breast cancer with PI3K/AKT mutation(s) (16 November 2023) [27].
However, despite this new entry and the other molecularly targeted drugs previously ap-
proved, it seems that we are still heavily relying on hormone (or hormone-related) therapy
and HER? targeting. In the manuscript, after reviewing the “familiar” (hormone therapy
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and HER2 and CDK4/6 targeting drugs), we reviewed some of the emerging strategies in
molecular targets in breast cancer treatment, which include immune checkpoint inhibitors,
PARP inhibitors, and PI3K/AKT pathway inhibitors. Among these strategies, targeting
immune checkpoints (also referred to as immunotherapy) has been extensively studied in
different cancer types and seems promising. PD-1/PD-L1 pairs on T cells/cancer cells seem
to be the most popular targets, which we thought could be at least partially since PD-1 was
the first target discovered among the checkpoints. We also noticed that targeting the check-
point expressed on the T cells is more attractive to clinicians as compared to the counterpart
expressed on the tumor cells, which we again proposed to be explained (at least partially)
to the immune cells being more “accessible”. The last part of this manuscript reviews the
signaling pathways and molecular targets that have not been clinically used despite exten-
sive research. Among the targets reviewed in this section are Src, RAS/RAF/MEK/ERK
pathway, JAK/STAT pathway (which we have reviewed previously as well [28]), and other
immerging targets, e.g., peroxisome proliferator-activated receptors (PPARs), and novel
strategies such as chimeric antigen receptor (CAR) T-cell immunotherapy.

We have come a long way in studying and understanding the complicated signaling
pathways that enable cancer cells to proliferate and survive the harshest biological con-
ditions and chemotherapy assaults; however, the crosstalk among these interconnected
pathways has proven to be an obstacle difficult to overcome with single therapy. While
combinatorial therapy seems to be a major part of ongoing clinical trials, it is surprising
that most of the combinations are exploring chemotherapy/molecular targeting instead of
two or more molecular targets that take part in those intercellular crosstalks. We hope that
this Special Issue will trigger some thoughts on the new directions that could be explored
to expand molecular targeting as a major component of clinical breast cancer treatment.

Conflicts of Interest: The author declares no conflicts of interest.
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