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Breast cancer is the leading cause of cancer-related deaths in the female population [1].
The complexity of the molecular mechanisms that regulate tumor initiation and progression
determines the heterogeneity of breast cancer. At the molecular level, this diversity poses
a challenge in the selection of treatment options and disease prognosis [2]. Advances in
molecular research have allowed for a greater understanding of the cellular pathways that
govern breast tumor development, facilitating progress in identifying diagnostic markers
and the development of novel therapeutic strategies, some of which are presented in this
Special Issue.

The diversity of therapy outcomes for breast cancer patients with similar prognostic
variables calls for further advances in the identification of novel prognostic markers for
the improvement of clinical prognosis [3]. Transcription factors are considered important
markers of prognostic and predictive value; since they are drivers of tumor development
and progression, this makes them valuable prognostic and therapeutic targets [4]. Ogura
et al. [5] identified the transcription factor octamer transcription factor 1 (OCT1) as a novel
prognostic factor for estrogen receptor-positive breast cancer. OCT1 regulates the expression
of genes involved in processes such as cell proliferation and metastasis. Positive OCT1
immunoreactivity (IR) was found to be a poor prognostic factor in ER-positive breast cancer.
The identified OCT1 target gene NCAPH positively correlated with OCT1 IR and was also
found to be associated with poor prognosis. OCT1 and NCAPH promoted the proliferation
of breast cancer cells and long-term estrogen-deprived (LTED) cells, suggesting their role
in estrogen resistance and pointing to not only their prognostic, but also their therapeutic
value in ER-positive breast cancer [5].

Another molecular target in breast cancer, functioning as a cotranscription factor, is
nuclear EGFR (nEGFR). EGFR signaling functions at the plasma membrane and regulates
genes in the nucleus involved in tumor progression. nEGFR mediates triple-negative breast
cancer (TNBC) resistance to anti-EGFR agents, such as cetuximab [6]. The antimalarial
drug primaquine was found to inhibit the nuclear translocation of EGFR in TNBC by induc-
ing endocytosis-mediated EGFR degradation. nEGFR interacted with the DNA-binding
transcription factor STAT3, activating the transcription of genes involved in cell cycle pro-
gression and apoptosis in the nucleus. Primaquine inhibited Stat3/nEGEFR interactions and
induced apoptosis through the downregulation of c-Myc, providing a therapeutic strategy
for TNBC by targeting nEGFR signaling [7].

An important aspect of improving the efficacy of drugs currently used in breast can-
cer is delineating the mechanisms responsible for drug resistance. Drug resistance is a
multifactorial and multistep process, and advances in molecular research have identified
multiple involved mechanisms, including the activity of drug-metabolizing enzymes, drug
efflux, and glutathione detoxification systems. Changes in drug targets, DNA damage
repair mechanisms, and the overexpression of apoptosis-related factors also contribute to
the development of drug resistance. The response of cancer cells to drugs is not solely asso-
ciated with intrinsic mechanisms, but is also dependent on signals obtained from the tumor
microenvironment, playing an important role in tumor progression and therapy response,
mediating drug resistance. The epithelial-to-mesenchymal transition (EMT), associated
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with the enhanced migratory and invasive potential of breast cancer cells and their increased
stemness, also contributes to drug resistance [8]. The epithelial-mesenchymal transition
(EMT) and cancer stem cell (CSC) properties were acquired in doxorubicin-resistant breast
cancer cells. Doxorubicin-based chemotherapy is one of the most frequently used systemic
triple-negative breast cancer (TNBC) treatments. The upregulation of EGFR signaling was
suggested to be involved in doxorubicin-acquired resistance. Doxorubicin-induced EMT
and CSC properties of resistant cells were transferred from doxorubicin-resistant cells to
doxorubicin-sensitive cells through autocrine signaling [9].

Novel drug delivery systems aiming to improve drug efficacy and minimize systemic
toxicity are currently being explored, including ligand-mediated drug delivery methods as
well as stimuli-responsive drug delivery systems. Esawi et al. [10] presented an aptamer
chimera that targets doxorubicin delivery into breast cancer cells. This chimera consisted
of an AS1411 DNA aptamer that recognizes nucleolin receptors, overexpressed in breast
cancer, and an ATP aptamer loaded with doxorubicin for stimuli-triggering release. The
AS1411-ATP aptamer chimera was demonstrated to release doxorubicin into the nucleus of
cancer cells in response to ATP, inhibiting cell growth. The selective delivery of doxorubicin
could decrease its off-target cytotoxicity and increase the efficacy of this agent [10].

Apart from novel drug delivery systems, novel targeted therapeutics are sought after.
Among targeted drugs used in the treatment of breast cancer, poly-(ADP)-ribose poly-
merase (PARP) inhibitors (PARPis) and cyclin-dependent kinase 4/6 (CDK4/6) inhibitors
(CDK4/6is) were approved in the clinical setting [11]. Combination treatment with PARPi
and CDK4/6i showed improved efficacy in breast cancers, regardless of the homologous
recombination (HR) proficiency [12]. Furthermore, the development of compounds com-
prising dual targeting activities exceeded the efficacy of mono- and combination therapy
with PARP and CDK4/6 inhibitors. One such compound, ZC-22, inhibited breast cancer
cell proliferation through DNA damage induction and cell cycle arrest. ZC-22 exhibited
higher activity than the combination of PARPi olaparib and CDK4/6i abemaciclib and
sensitized breast cancer cells to the activity of cisplatin, indicating its potential application
in mono- and combination therapy [13].

Another important strategy in drug design is the development of agents capable
of inhibiting the metastasis of cancer cells and the evaluation of their activity toward
cell migration and invasion. The research of Meyer et al. [14] showed that drugs could
elicit a diverse response on the migration of tumor cells, depending on cell—cell and cell-
extracellular matrix interactions. Breast cancer cells treated with staurosporine displayed
different migratory properties, which were context-dependent, subject to the presence of
single or collective cells, and on growth substratum. Thus, the influence of a drug on the
migration of tumor cells can be dependent not only on the cell line type, but also on the
particular cellular context, which should be examined in order to fully elucidate the impact
profile of a drug [14].

In summary, advances in the elucidation of molecular mechanisms regulating breast
cancer progression and response to treatment have fueled the identification of novel molecu-
lar targets and treatment strategies. The articles within this Special Issue cover a wide range
of research topics related to these advances, from the identification of prognostic markers to
the development of targeted therapies. The findings presented in this Special Issue contribute
to improving our understanding of the complexity of molecular mechanisms associated with
breast cancer, and highlight the importance of elucidating these mechanisms.

Funding: This research received no external funding.

Acknowledgments: As the guest editor, I would like to thank all the authors for contributing to this
Special Issue.

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



Int. . Mol. Sci. 2022, 23,9617 30f3

References

1.

10.

11.

12.

13.

14.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209-249. [CrossRef]
Liond, E; Tiede, S.; Christofori, G. Breast cancer as an example of tumour heterogeneity and tumour cell plasticity during
malignant progression. Br. ]. Cancer 2021, 125, 164-175. [PubMed]

Vallon-Christersson, ].; Hakkinen, J.; Hegardt, C.; Saal, L.H.; Larsson, C.; Ehinger, A.; Lindman, H.; Olofsson, H.; Sjoblom, T.;
Warnberg, F; et al. Cross comparison and prognostic assessment of breast cancer multigene signatures in a large population-based
contemporary clinical series. Sci. Rep. 2019, 9, 12184. [CrossRef] [PubMed]

Belluti, S.; Rigillo, G.; Imbriano, C. Transcription Factors in Cancer: When Alternative Splicing Determines Opposite Cell Fates.
Cells 2020, 9, 760. [CrossRef] [PubMed]

Ogura, T.; Azuma, K,; Sato, J.; Kinowaki, K.; Takayama, K.-I.; Takeiwa, T.; Kawabata, H.; Inoue, S. OCT1 Is a Poor Prognostic
Factor for Breast Cancer Patients and Promotes Cell Proliferation via Inducing NCAPH. Int. ]. Mol. Sci. 2021, 22, 11505. [CrossRef]
[PubMed]

Brand, T.M.; lida, M.; Dunn, E.F; Luthar, N.; Kostopoulos, K.T.; Corrigan, K.L.; Wleklinski, M.].; Yang, D.; Wisinski, K.B.; Salgia,
R.; et al. Nuclear epidermal growth factor receptor is a functional molecular target in triple-negative breast cancer. Mol. Cancer
Ther. 2014, 13, 1356-1368. [CrossRef] [PubMed]

Kim, J.-H.; Choi, H.-S.; Lee, D.-S. Primaquine Inhibits the Endosomal Trafficking and Nuclear Localization of EGFR and Induces
the Apoptosis of Breast Cancer Cells by Nuclear EGFR/Stat3-Mediated c-Myc Downregulation. Int. J. Mol. Sci. 2021, 22, 12961.
[CrossRef] [PubMed]

An, ]J.; Peng, C.; Tang, H.; Liu, X.; Peng, F. New Advances in the Research of Resistance to Neoadjuvant Chemotherapy in Breast
Cancer. Int. J. Mol. Sci. 2021, 22, 9644. [CrossRef] [PubMed]

Paramanantham, A.; Jung, E.J.; Kim, H.J.; Jeong, B.K; Jung, ].-M.; Kim, G.S.; Hong, S.C.; Lee, W.S. Doxorubicin-Resistant TNBC
Cells Exhibit Rapid Growth with Cancer Stem Cell-like Properties and EMT Phenotype, Which Can Be Transferred to Parental
Cells through Autocrine Signaling. Int. ]. Mol. Sci. 2021, 22, 12438. [CrossRef] [PubMed]

Esawi, E.; Alshaer, W.; Mahmoud, 1.S.; Alqudah, D.A.; Azab, B.; Awidi, A. Aptamer-Aptamer Chimera for Targeted Delivery and
ATP-Responsive Release of Doxorubicin into Cancer Cells. Int. J. Mol. Sci. 2021, 22, 12940. [CrossRef] [PubMed]

Waks, A.G.; Winer, E.P. Breast Cancer Treatment: A Review. JAMA 2019, 321, 288-300. [CrossRef] [PubMed]

Zhu, X,; Chen, L.; Huang, B.; Li, X.; Yang, L.; Hu, X,; Jiang, Y.; Shao, Z.; Wang, Z. Efficacy and mechanism of the combination of
PARP and CDK4/6 inhibitors in the treatment of triple-negative breast cancer. J. Exp. Clin. Cancer Res. 2021, 40, 122. [CrossRef]
[PubMed]

Tian, C.; Wei, Y,; Li, J.; Huang, Z.; Wang, Q.; Lin, Y.; Lv, X; Chen, Y.; Fan, Y.; Sun, P; et al. A Novel CDK4/6 and PARP Dual
Inhibitor ZC-22 Effectively Suppresses Tumor Growth and Improves the Response to Cisplatin Treatment in Breast and Ovarian
Cancer. Int. J. Mol. Sci. 2022, 23, 2892. [CrossRef]

Meyer, F A H.; Kraus, D.; Glassmann, A.; Veit, N.; Winter, J.; Probstmeier, R. The Presence of Yin-Yang Effects in the Migration
Pattern of Staurosporine-Treated Single versus Collective Breast Carcinoma Cells. Int. . Mol. Sci. 2021, 22, 11961. [CrossRef]
[PubMed]


http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33824479
http://doi.org/10.1038/s41598-019-48570-x
http://www.ncbi.nlm.nih.gov/pubmed/31434940
http://doi.org/10.3390/cells9030760
http://www.ncbi.nlm.nih.gov/pubmed/32244895
http://doi.org/10.3390/ijms222111505
http://www.ncbi.nlm.nih.gov/pubmed/34768935
http://doi.org/10.1158/1535-7163.MCT-13-1021
http://www.ncbi.nlm.nih.gov/pubmed/24634415
http://doi.org/10.3390/ijms222312961
http://www.ncbi.nlm.nih.gov/pubmed/34884765
http://doi.org/10.3390/ijms22179644
http://www.ncbi.nlm.nih.gov/pubmed/34502549
http://doi.org/10.3390/ijms222212438
http://www.ncbi.nlm.nih.gov/pubmed/34830320
http://doi.org/10.3390/ijms222312940
http://www.ncbi.nlm.nih.gov/pubmed/34884745
http://doi.org/10.1001/jama.2018.19323
http://www.ncbi.nlm.nih.gov/pubmed/30667505
http://doi.org/10.1186/s13046-021-01930-w
http://www.ncbi.nlm.nih.gov/pubmed/33832512
http://doi.org/10.3390/ijms23052892
http://doi.org/10.3390/ijms222111961
http://www.ncbi.nlm.nih.gov/pubmed/34769389

	References

