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Editorial on the Research Topic

Altered expression of proteins in cancer: function and potential
therapeutic targets, volume Il

Introduction

Cancer cells and cells of the tumor microenvironment (TME) show extensive
biochemical alterations, which provide multiple opportunities for developing innovative
strategies for diagnosis, therapy, and prognosis. The disrupted metabolism of cancer cells
(1) and immune cells of the TME (2) is controlled by several protein families. As such, it is
not surprising that many of them have their cellular levels significantly increased or
decreased. In the first volume of the Research Topic “Altered expression of proteins in
cancer: function and potential therapeutic targets”, we provided an update on proteins
whose cellular levels are altered in cancer, highlighting their promise for diagnosis and
therapy. The second volume of this Research Topic complements the first one. It contains 9
original research articles and 5 review articles. In the following sections, we summarize the
main concepts and findings of these studies, grouped according to the main physiological
or pathological role of each protein.
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Gene expression

Proteins with altered cellular levels in cancer cells include those
regulating gene expression. In prostate cancer, Yang et al.
investigated the interactions of the competitive endogenous RNA
regulatory network associated with the forkhead box Al
transcription factor. Its up-regulation correlated with the down-
regulation of the dual specificity phosphatase 2 (DUSP2). DUSP2
overexpression reduced cell proliferation and migration. Alterations
in gene expression can cross-talk with environmental factors,
including hypoxia (decreased oxygen availability) (3). Guo et al.
reviewed the mechanistic interactions between the hypoxic
response and the Notch signaling pathways, proposing a
combinatorial therapeutic strategy targeting both pathways.
Depending on the cancer type, the Notch pathway can be
oncogenic or tumor-suppressive. Gene expression can also be
influenced by nuclear pore proteins, the nucleoporins. Singh et al.
demonstrated that the Nup88 and Nup62 nucleoporins were up-
regulated in head and neck cancer samples and cell lines. Nup88
was stabilized by Nup62 and enhanced cell proliferation, through
gene expression alterations mediated by the NF-xB
transcription factor.

These studies exemplify the multiple direct and indirect players
involved in gene expression and their complex regulation, whose
disruption in cancer cells affects the levels of messenger RNA
(mRNA) and translated proteins.

Protein phosphorylation
and degradation

Cellular levels of functional proteins are also determined by the
equilibrium between their phosphorylation and degradation. These
processes, also governed by proteins, can be disrupted in cancer
cells. Pidkovka and Belkhiri reviewed the impact of the up-regulated
transmembrane AXL receptor tyrosine kinase in gastrointestinal
cancers and its potential role as a therapeutic target. Inhibition of
this protein with small molecules or antibodies is currently being
investigated in several clinical trials. In addition, Tang et al.
reviewed the relevance of intracellular non-receptor protein
tyrosine phosphatases across multiple cancer histologies. Some of
these proteins seem to play a dual role in specific cancer types. They
are also emerging as targets for immunotherapy and specific
inhibitors have shown promising activity. Alterations in protein
degradation levels are also found in cancer cells (4). Zhou et al.
demonstrated the impact and suggested the therapeutic role of up-
regulated MMP1 zinc-dependent endopeptidase in the progression
and dedifferentiation of papillary thyroid cancer into poorly
differentiated or anaplastic thyroid cancer. Another essential
proteolytic mechanism disrupted in cancer involves ubiquitin
ligation, which targets proteins for proteasomal degradation (5).
Guo et al. reviewed the dual role of tripartite motif 31 (an E3
ubiquitin ligase) in different cancer types. Its oncogenic or tumor-
suppressive roles (depending on the histology) could result from
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differential cellular levels in its isoforms that could be involved in
different functions. In addition, Jin et al. demonstrated that the
ubiquitin-specific peptidase 20 (a deubiquitinating enzyme) was
down-regulated in colorectal cancer. Nevertheless, inducing its
overexpression in representative cell lines increased cell migration
and invasion, suggesting a potential therapeutic strategy.

These studies confirm that proteostasis is deregulated in cancer
cells. The same regulatory protein can be oncogenic or tumor-
suppressive across cancer types, underlining the complexity of these
regulatory mechanisms.

Cell division and apoptosis

Altered protein levels can change cell homeostasis through
several processes, including cell division and programmed cell
death. One of the critical stages in cell division is chromosome
segregation during the anaphase stage of mitosis, in which sister
chromatids are attached to microtubules via kinetochores (6). Leng
at al. investigated the mechanism causing up-regulation of the
NDC80 kinetochore complex component in epithelial ovarian
cancer. Its knockdown decreased proliferation, invasion, and
migration in cell lines and decreased tumor growth in mice.
Together with cell division blockade, apoptosis induction is,
despite its limitations, a promising emerging anticancer strategy
(7). Delgado-Waldo et al. used a combination of three small
molecules for inducing apoptosis in three cervical cancer-derived
cell lines. The approach involved the simultaneous inhibition of
complex I of the mitochondrial respiratory chain, lactate
dehydrogenase A, and DNA topoisomerase II, affecting multiple
metabolic pathways. In addition, Pandey et al. characterized the
non-apoptotic function of SMAC/diablo in lung cancer. Although
this mitochondrial protein is generally pro-apoptotic, its knockout
in lung cancer cells activated apoptosis and inhibited proliferation
and migration. It also decreased tumor growth in mice.

These studies introduce novel strategies to interfere with cell
division or to induce apoptosis, which provide promising outcomes
against uncontrolled proliferation, the most distinctive feature of
cancer cells.

Tumor microenvironment,
angiogenesis, and metastasis

The effects of altered protein levels can reach beyond their cell
of origin. Through proteomics, Akhtar et al. identified differentially
expressed proteins in early-stage gallbladder cancer. These proteins
were mostly associated with neutrophil degranulation and
extracellular matrix remodeling, which might promote cell
invasion. Alterations in the TME are correlated with enhanced
angiogenesis. In the major types of solid tumors, most
noncancerous cells are tumor-associated macrophages (TAMs),
which control both cancer cell proliferation and tumor
angiogenesis (8, 9). In our Research Topic, Kazakova et al.
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studied the impact, in colon and rectal cancer, of the pro-angiogenic
S100A4 calcium-binding protein and the integrin-binding secreted
phosphoprotein 1, as well as the anti-angiogenic SPARC calcium-
binding protein, expressed by TAMs. Although their up-regulation
indicated poor prognosis, neoadjuvant chemotherapy/
chemoradiotherapy converted S100A4 into a more favorable
prognosis marker. Moreover, Ali et al. reviewed the impact of the
TME and exosomes in the formation of metastases in the brain.
Despite their harmful impact, exosomes could be exploited as a
liquid biopsy technology, for the non-invasive diagnosis of
brain metastases.

These studies demonstrate that proteins related to the
propagation of cancer features are promising tools for diagnosis
and prognosis.

10.3389/fonc.2023.1242855

Concluding remarks

The data reported in the present Research Topic provide novel
data about regulatory proteins expressed in cancer cells and in
immune cells of the TME. These regulatory proteins can control not
only primary tumor growth and metastasis but also the efficiency of
anti-cancer therapies. These proteins include transcription factors,
which affect the levels of transcribed mRNA and translated protein.
They also include enzymes involved in protein phosphorylation,
dephosphorylation, and degradation, whose altered expression
deregulates the levels of functional proteins (Figure 1A). These
alterations can affect processes including cell division and apoptosis
(Figure 1B). Altered protein levels can exert effects on a larger scale,
by modifying the TME and promoting tumor angiogenesis
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FIGURE 1

Causes and consequences of altered protein levels in cancer cells. (A) In the nucleus of a cancer cell (orange), up-/down-regulated transcription
factors (light-blue) modify the levels of transcribed messenger RNA (dark-blue). The resulting proteins (blue) can be phosphorylated or degraded, in
an equilibrium whose disruption affects their functional levels. (B) Altered protein levels can deregulate cell division and apoptosis (whose
therapeutic induction up-regulates pro-apoptotic proteins). (C) They can also affect the tumor microenvironment and enhance angiogenesis
(represented by gray arrows), which will promote cancer cell proliferation. For simplicity, only tumor (dark-yellow), endothelial (red), and tip (green)
cells are represented. In panels (B, C), protein up-regulation is represented as a blue gradient.
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(Figure 1C). Since these alterations are responsible for cancer
development and progression, they are also potential new
molecular tools for its diagnosis and therapy.

Author contributions

JP, MV, and JK wrote the article with input from all authors,
who contributed insight and approved the final manuscript.

Funding

This work was financed by the European Regional Development
Fund (ERDF), through the COMPETE 2020 - Operational
Programme for Competitiveness and Internationalization and
Portuguese national funds via FCT - Fundacdo para a Ciéncia e a
Tecnologia, under the projects UIDB/04539/2020, UIDP/04539/2020,
and LA/P/0058/2020 (to JP); by Fondi Universitari di Ricerca (FUR; to
MV); by Programa de financiamiento para la Investigacion, UNAM,
PAPIIT-IN231420, Mexico, under the project UNAM-DGAPA:
IN231420 (to CP-P); and by the state contract of the Ministry of
Science and Higher Education of the Russian Federation “Genetic and
epigenetic editing of tumor cells and microenvironment in order to
block metastasis” (075-15-2021-1073) and by the Tomsk State
University Development Programme (Priority 20-30; to JK).

References

1. Morrison AJ. Cancer cell metabolism connects epigenetic modifications to
transcriptional regulation. FEBS J (2022) 289:1302-14. doi: 10.1111/febs.16032

2. Larionova I, Kazakova E, Patysheva M, Kzhyshkowska J. Transcriptional,
epigenetic and metabolic programming of tumor-associated macrophages. Cancers
(Basel) (2020) 12(6):1411. doi: 10.3390/cancers12061411

3. Lee P, Chandel NS. And Simon, M.C. 2020. cellular adaptation to hypoxia
through hypoxia-inducible factors and beyond. Nat Rev Mol Cell Biol (2020) 21:268-83.
doi: 10.1038/s41580-020-0227-y

4. Vizovisek M, Ristanovic D, Menghini S, Christiansen MG, Schuerle S. The tumor
proteolytic landscape: a challenging frontier in cancer diagnosis and therapy. Int ] Mol
Sci (2021) 22(5):2514. doi: 10.3390/ijms22052514

Frontiers in Oncology

04

10.3389/fonc.2023.1242855

Acknowledgments

We thank all contributing researchers and the respective
reviewers for ensuring the success of the second volume of the
present Research Topic. We are also thankful to all the patients
whose biological sample donations were instrumental in the studies
mentioned herein.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

5. Sun T, Liu Z. And yang, q. 2020. the role of ubiquitination and deubiquitination
in cancer metabolism. Mol Cancer (2020) 19:146. doi: 10.1186/s12943-020-01262-x

6. Musacchio A, Desai A. A molecular view of kinetochore assembly and function.
Biol (Basel) (2017) 6(1):5. doi: 10.3390/biology6010005

7. Morana O, Wood W, Gregory CD. The apoptosis paradox in cancer. Int | Mol Sci
(2022) 23(3):1328. doi: 10.3390/ijms23031328

8. Larionova I, Kazakova E, Gerashchenko T, Kzhyshkowska J. New angiogenic
regulators produced by TAMs: perspective for targeting tumor angiogenesis. Cancers
(Basel) (2021) 13(13):3253. doi: 10.3390/cancers13133253

9. Kloosterman DJ, Akkari L. Macrophages at the interface of the co-evolving cancer
ecosystem. Cell (2023) 186:1627-51. doi: 10.1016/j.cell.2023.02.020

frontiersin.org


https://doi.org/10.1111/febs.16032
https://doi.org/10.3390/cancers12061411
https://doi.org/10.1038/s41580-020-0227-y
https://doi.org/10.3390/ijms22052514
https://doi.org/10.1186/s12943-020-01262-x
https://doi.org/10.3390/biology6010005
https://doi.org/10.3390/ijms23031328
https://doi.org/10.3390/cancers13133253
https://doi.org/10.1016/j.cell.2023.02.020
https://doi.org/10.3389/fonc.2023.1242855
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Altered expression of proteins in cancer: function and potential therapeutic targets, volume II
	Introduction
	Gene expression
	Protein phosphorylation and degradation
	Cell division and apoptosis
	Tumor microenvironment, angiogenesis, and metastasis
	Concluding remarks
	Author contributions
	Funding
	Acknowledgments
	References


