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Cellular protein kinases remain the target of choice when the intention is to intervene
in a particular signaling pathway leading to cancer progression. Their reversible mode of
action, tight regulation, and molecular structure allows for the design of specific inhibitors.
However, from the more than 500 protein kinases identified, many potentially involved in
important cancer-related signaling cascades, only a few have received most of the attention
over the years. This is either due to their central role on essential processes, the facility of
intervention, or their early discovery. This Special Issue tried to offer new insights into some
of the lesser-known human protein kinases, their substrates, regulation, and involvement
in cancer progression. The published articles offer good examples of the important cellular
functions that the so-called non-canonical kinases develop and their contribution to cancer.
They also discuss some of the therapeutical opportunities and challenges.

The vaccinia-related kinase (VRK) proteins are structurally related to the casein kinase
family and the viral protein B1R. This family of protein kinases has revealed itself as
an important mediator of tumor progression and cell proliferation. Although a role for
VRK1 in normal cell division is granted, the high expression and activity of this protein in
some cancers, including now pediatric neuroblastoma, is essential for malignization [1].
VRK1 synergizes with other oncogenes to drive cancer progression, notably with NMYC
in neuroblastoma. Increasingly, data point to their possible use as a prognostic marker
and therapeutical target. However, the complexity of its regulation and substrates makes
detailed molecular studies about this chromatin remodeling enzyme necessary. Here,
García-González et al. also report a role for VRK1 in chromatin acetylation leading to
DNA damage response, indicating that VRK1 could also be involved in increased genome
instability [2]. It is now clear that the expression of some of these non-canonical kinases
could be incorporated as new prognostic markers or biomarkers of therapy response
in various cancers. Another example is offered by the study of the protein kinase R
(PKR) and its regulator, the non-coding pre-mir-nc886, in colorectal cancer responses
after chemotherapy [3].

Another family of pleiotropic protein kinases associated with cancer is dual-specificity
tyrosine-regulated kinases (DYRK). Their molecular functions leading to tumor progression
are discussed in another contribution to this Special Issue [4]. Interestingly, small DYRK
inhibitors have been developed, offering new therapeutic avenues. Recent evidence has
established the importance of the tumor microenvironment for cancer progression and there
is a need to understand the signaling pathways mediating the response and adaptation
of cancer cells to external stimuli. In their contribution to the Special Issue, Reglero et al.
describe how a GRK2-dependent phosphorylation can modulate Hypoxia Inducible Factor
(HIF)-dependent responses to hypoxia in cancer cells [5].

Specific tyrosine kinase inhibitors are being used with success in the treatment of some
types of cancer. In addition to major signaling players, tyrosine kinase inhibitors also offer
specificity against other tyrosine kinases. A revision of their use and targets could offer new
opportunities for the treatment of tumors with poor prognosis and few therapeutic tools
available [6]. For example, the inhibitor sunitinib is used as an antiangiogenic inhibitor,
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principally for its action against the VEGF receptors, VEGFR1 and VEGFR2, and the
PDGF receptor. Sunitinib also inhibits other protein kinases such as Fms Related Receptor
Tyrosine Kinase 3 (FLT3) or KIT. These kinases seem to be the main targets in glioblastoma
and, when combined with a cytotoxic therapy such as boron neutron capture, offer a good
response in these difficult-to-treat tumors [7]. This is an example in which well-known
inhibitors use could be expanded for their action over non-canonical kinases. In most cases,
the attention, even in widely studied protein kinases, has been focused on kinase activity,
ignoring other protein domains with potentially important molecular functions. The Src
tyrosine kinase was one of the first oncogenic kinases discovered. However, much less
attention has been paid to the adapter domains SH2 and SH3 in the molecule. The results
presented in this Special Issue by Mayoral-Varo et al. explore the functionality of these
domains in breast cancer cells, suggesting a synergistic effect between their inhibition and
the inhibition of the kinase activity [8].

In summary, this Special Issue of Cancers shows good examples of the functionality
and therapeutic values that the study of non-canonical kinases or domains, their substrates,
and inhibition can offer. With research on these lesser-known proteins, we will expand not
only our knowledge about cancer progression, but our possibilities to halt it.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Colmenero-Repiso, A.; Gómez-Muñoz, M.; Rodríguez-Prieto, I.; Amador-Álvarez, A.; Henrich, K.; Pascual-Vaca, D.; Okonech-

nikov, K.; Rivas, E.; Westermann, F.; Pardal, R.; et al. Identification of VRK1 as a New Neuroblastoma Tumor Progression Marker
Regulating Cell Proliferation. Cancers 2020, 12, 3465. [CrossRef] [PubMed]

2. García-González, R.; Morejón-García, P.; Campillo-Marcos, I.; Salzano, M.; Lazo, P. VRK1 Phosphorylates Tip60/KAT5 and Is
Required for H4K16 Acetylation in Response to DNA Damage. Cancers 2020, 12, 2986. [CrossRef] [PubMed]

3. Ortega-García, M.; Mesa, A.; Moya, E.; Rueda, B.; Lopez-Ordoño, G.; García, J.; Conde, V.; Redondo-Cerezo, E.; Lopez-Hidalgo,
J.; Jiménez, G.; et al. Uncovering Tumour Heterogeneity through PKR and nc886 Analysis in Metastatic Colon Cancer Patients
Treated with 5-FU-Based Chemotherapy. Cancers 2020, 12, 379. [CrossRef] [PubMed]

4. Boni, J.; Rubio-Perez, C.; López-Bigas, N.; Fillat, C.; de la Luna, S. The DYRK Family of Kinases in Cancer: Molecular Functions
and Therapeutic Opportunities. Cancers 2020, 12, 2106. [CrossRef] [PubMed]

5. Reglero, C.; Lafarga, V.; Rivas, V.; Albitre, Á.; Ramos, P.; Berciano, S.; Tapia, O.; Martínez-Chantar, M.; Mayor, F., Jr.; Penela, P.
GRK2-Dependent HuR Phosphorylation Regulates HIF1α Activation under Hypoxia or Adrenergic Stress. Cancers 2020, 12, 1216.
[CrossRef] [PubMed]

6. Pottier, C.; Fresnais, M.; Gilon, M.; Jérusalem, G.; Longuespée, R.; Sounni, N. Tyrosine Kinase Inhibitors in Cancer: Breakthrough
and Challenges of Targeted Therapy. Cancers 2020, 12, 731. [CrossRef] [PubMed]

7. Alamón, C.; Dávila, B.; García, M.; Sánchez, C.; Kovacs, M.; Trias, E.; Barbeito, L.; Gabay, M.; Zeineh, N.; Gavish, M.; et al.
Sunitinib-Containing Carborane Pharmacophore with the Ability to Inhibit Tyrosine Kinases Receptors FLT3, KIT and PDGFR-β,
Exhibits Powerful In Vivo Anti-Glioblastoma Activity. Cancers 2020, 12, 3423. [CrossRef] [PubMed]

8. Mayoral-Varo, V.; Sánchez-Bailón, M.; Calcabrini, A.; García-Hernández, M.; Frezza, V.; Martín, M.; González, V.; Martín-Pérez, J.
The Relevance of the SH2 Domain for c-Src Functionality in Triple-Negative Breast Cancer Cells. Cancers 2021, 13, 462. [CrossRef]

http://doi.org/10.3390/cancers12113465
http://www.ncbi.nlm.nih.gov/pubmed/33233777
http://doi.org/10.3390/cancers12102986
http://www.ncbi.nlm.nih.gov/pubmed/33076429
http://doi.org/10.3390/cancers12020379
http://www.ncbi.nlm.nih.gov/pubmed/32045987
http://doi.org/10.3390/cancers12082106
http://www.ncbi.nlm.nih.gov/pubmed/32751160
http://doi.org/10.3390/cancers12051216
http://www.ncbi.nlm.nih.gov/pubmed/32413989
http://doi.org/10.3390/cancers12030731
http://www.ncbi.nlm.nih.gov/pubmed/32244867
http://doi.org/10.3390/cancers12113423
http://www.ncbi.nlm.nih.gov/pubmed/33218150
http://doi.org/10.3390/cancers13030462

	References

