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Eradication of CSCs: the roadmap for curing cancer
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Cancer treatment failure mostly involves the 
insensitivity of a small, heterogeneous fraction of 
cancer cells within the tumor mass, endowed with 
extraordinary plasticity and the ability to self-renew 
and metastasize [1, 2]. These cells, termed cancer stem 
cells (CSCs) are, in general, resistant to conventional 
anti-cancer treatments [1, 2]. Radio- and chemotherapy 
can even result in the enrichment of this cell subset  
[1, 2]. A cancer research ambition of the last decades 
is to develop therapies that target the dynamic nature 
of CSCs and hamper the potential of non-CSCs to 
switch to CSC-like cells. Several strategies to target 
CSC-supporting pathways, that are currently under 
investigation in clinical trials, include impairment of 
mitochondria, either biogenesis and the metabolism, 
particularly the oxidative phosphorylation system; 
contrasting angiogenesis; redirect the CSC genetic 
program with epigenetic modulators [3]. A caveat is, 

however, emerging because of the intra- and inter-
tumoral diversity of CSCs and the not negligible 
toxicity of the molecular inhibitors that undermine 
the success of CSC-targeted approaches [3]. CSCs 
have a special immunoediting capacity, a process that 
leads the immune system to play cooperative roles in 
tumorigenesis and metastasis. Recent findings show 
that genes active in the embryo, like Sox2, Oct4, Hippo/
YAP [4], and members of the stemness-associated Wnt-
signaling pathway [5] contribute to immune evasion 
of CSC through transcriptional activation of PD-
L1 expression while disarming dendritic cells. It is 
worth noting that CSC-enriched subpopulations often 
show prominent aspects of epithelial-to-mesenchymal 
transition (EMT) [2]. Inherent cellular plasticity 
and chronic inflammatory signals associated with 
mesenchymal differentiation of cancer cells contribute 
to immune escape through multiple routes, particularly, 
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Figure 1: Multiple approaches for CSC disarming.
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shaping of the tumor microenvironment leads to 
decreased susceptibility to immune effector cells [2, 
6]. In general, EMT  stimulates an adaptive immune 
response, characterized by a significant increase in 
CD3+ tumor-infiltrating lymphocytes and regulatory T 
cells in the tumor microenvironment (TME) along with 
inflammation-associated cytokines, like IL-6, IL-8, 
and TGF-β and multiple immune regulatory molecules, 
including PD-L1, altogether contributing to the 
immunosuppressive TME [6].  The interplay between 
CSC/EMT and PD-L1 is bidirectional: signals generated 
through PD-L1 can, indeed, sustain cancer stemness and 
EMT genetic programs [6]. Therapies based on the so-
called “immune checkpoints” have provided impressive 
outcomes for many tumors that are considered incurable. 
Particularly, PD-1/PD-L1-targeted therapy has shown 
enthusiastic results in clinics. The complex and dynamic 
interactions between tumor and TME, however, not 
rarely favor the immuno-escape circuits that support the 
intrinsic or acquired resistance to immune checkpoint 
blockade with antibodies. Particularly, tumor-
associated macrophages (TAMs) from one side contrast 
immunotherapy and the other side directly communicate 
with CSC to promote their survival and tumorigenic 
potential [7]. TAMs usually express an M2 phenotype, 
which performs immunosuppressive and tumor-
supporting functions, as the promotion of cancer cell 
motility, metastasis, and angiogenesis [8]. The ability of 
TAMs to present tumor-associated antigens is decreased 
as well as stimulation of the anti-tumor functions of T 
and NK cells [8]. Efforts to re-educate TAMs from an 
M2 to an M1 phenotype are being made in an attempt 
to make cancer more vulnerable to an immune attack. 
It is noticeable that treatment with antibodies blocks 
co-inhibitory immune receptor signaling mediated by 
membrane ligands/receptors. In the case of PD-L1, 
recent studies outline an intracellular localization of PD-
L1 [9], suggesting possible functions of this molecule 
in intracellular compartments. Most importantly, it 
is increasingly emerging that PD-L1 exerts tumor-
intrinsic properties, including drug resistance, cell 
proliferation, cell migration and invasion, and stemness 
phenotype [10]. Pharmacological agents that reduce PD-
L1 expression were shown to exert anti-proliferative 
and pro-apoptotic effects in a glioma model [11]. More 
knowledge of genetic and molecular regulation of PD-L1 
expression can lead to developing innovative tools for 
downmodulating PD-L1 and undermine the evil CSC/
EMT/PD-L1 axis. In conclusion, the complexity and 
plasticity of the CSCs make it very difficult to target this 
subgroup of cells responsible for resistance, metastasis, 
and recurrence. It should be emphasized, however, 
that cancer research in recent years has uncovered 
several Achilles heels for CSCs, suggesting that tumor 
eradication is no longer so far. (Figure 1) resumes 
current approaches for CSC disarming.

ACKNOWLEDGMENTS

The authors are grateful to STAR-Junior Principal 
Investigator Grants 2018 (funded by Unina and CSP) and 
Regione Campania SATIN grant 2018-2020, for supporting 
their research.

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interest.

REFERENCES

1. Visvader JE, Lindeman GJ. Cancer stem cells in solid 
tumours: accumulating evidence and unresolved questions. 
Nat Rev Cancer. 2008; 8:755–68. https://doi.org/10.1038/
nrc2499. PMID:18784658

2. Shibue T, Weinberg RA. EMT, CSCs, and drug resistance: 
the mechanistic link and clinical implications. Nat Rev 
Clin Oncol. 2017; 14:611–29. https://doi.org/10.1038/
nrclinonc.2017.44. PMID:28397828

3. Turdo A, Veschi V, Gaggianesi M, Chinnici A, Bianca P, 
Todaro M, Stassi G. Meeting the Challenge of Targeting 
Cancer Stem Cells. Front Cell Dev Biol. 2019; 7:16. https://
doi.org/10.3389/fcell.2019.00016. PMID:30834247

4. Janse van Rensburg HJ, Azad T, Ling M, Hao Y, Snetsinger 
B, Khanal P, Minassian LM, Graham CH, Rauh MJ, Yang 
X. The Hippo Pathway Component TAZ Promotes Immune 
Evasion in Human Cancer through PD-L1. Cancer Res. 
2018; 78:1457–70. https://doi.org/10.1158/0008-5472.CAN-
17-3139. PMID:29339539

5. Kerdidani D, Chouvardas P, Arjo AR, Giopanou I, Ntaliarda 
G, Guo YA, Tsikitis M, Kazamias G, Potaris K, Stathopoulos 
GT, Zakynthinos S, Kalomenidis I, Soumelis V, et al. Wnt1 
silences chemokine genes in dendritic cells and induces 
adaptive immune resistance in lung adenocarcinoma. Nat 
Commun. 2019; 10:1405. https://doi.org/10.1038/s41467-
019-09370-z. PMID:30926812

6. Lou Y, Diao L, Cuentas ER, Denning WL, Chen L, 
Fan YH, Byers LA, Wang J, Papadimitrakopoulou VA, 
Behrens C, Rodriguez JC, Hwu P, Wistuba II, et al. 
Epithelial-Mesenchymal Transition Is Associated with a 
Distinct Tumor Microenvironment Including Elevation of 
Inflammatory Signals and Multiple Immune Checkpoints 
in Lung Adenocarcinoma. Clin Cancer Res. 2016; 22:3630–
42. https://doi.org/10.1158/1078-0432.CCR-15-1434. 
PMID:26851185

7. Jinushi M, Chiba S, Yoshiyama H, Masutomi K, Kinoshita 
I, Dosaka-Akita H, Yagita H, Takaoka A, Tahara H. Tumor-
associated macrophages regulate tumorigenicity and 
anticancer drug responses of cancer stem/initiating cells. 
Proc Natl Acad Sci USA. 2011; 108:12425–30. https://doi.
org/10.1073/pnas.1106645108. PMID:21746895

8. Lewis CE, Pollard JW. Distinct role of macrophages in 
different tumor microenvironments. Cancer Res. 2006; 

https://doi.org/10.1038/nrc2499
https://doi.org/10.1038/nrc2499
https://pubmed.ncbi.nlm.nih.gov/18784658
https://doi.org/10.1038/nrclinonc.2017.44
https://doi.org/10.1038/nrclinonc.2017.44
https://pubmed.ncbi.nlm.nih.gov/28397828
https://doi.org/10.3389/fcell.2019.00016
https://doi.org/10.3389/fcell.2019.00016
https://pubmed.ncbi.nlm.nih.gov/30834247
https://doi.org/10.1158/0008-5472.CAN-17-3139
https://doi.org/10.1158/0008-5472.CAN-17-3139
https://pubmed.ncbi.nlm.nih.gov/29339539
https://doi.org/10.1038/s41467-019-09370-z.
https://doi.org/10.1038/s41467-019-09370-z.
https://pubmed.ncbi.nlm.nih.gov/30926812
https://doi.org/10.1158/1078-0432.CCR-15-1434
https://pubmed.ncbi.nlm.nih.gov/26851185
https://doi.org/10.1073/pnas.1106645108
https://doi.org/10.1073/pnas.1106645108
https://pubmed.ncbi.nlm.nih.gov/21746895


Oncoscience72www.oncoscience.us

66:605–12. https://doi.org/10.1158/0008-5472.CAN-05-
4005. PMID:16423985

9. Wu Y, Chen W, Xu ZP, Gu W. PD-L1 Distribution and 
Perspective for Cancer Immunotherapy-Blockade, 
Knockdown, or Inhibition. Front Immunol. 2019; 10:2022. 
https://doi.org/10.3389/fimmu.2019.02022. PMID:31507611

10. Romano S, Tufano M, D’Arrigo P, Vigorito V, Russo S, 
Romano MF. Cell stemness, epithelial-to-mesenchymal 
transition, and immunoevasion: intertwined aspects in cancer 
metastasis. Semin Cancer Biol. 2020; 60:181–90. https://doi.
org/10.1016/j.semcancer.2019.08.015. PMID:31422157

11. D’Arrigo P, Digregorio M, Romano S, Tufano M, Rea A, 
Hausch F, Dedobbeleer M, Vigorito V, Russo S, Bauder 
M, Rogister B, Romano MF. The splicing FK506-binding 
protein-51 isoform plays a role in glioblastoma resistance 
through programmed cell death ligand-1 expression 
regulation. Cell Death Discov. 2019; 5:137. https://doi.
org/10.1038/s41420-019-0216-0. PMID:31583120

https://doi.org/10.1158/0008-5472.CAN-05-4005
https://doi.org/10.1158/0008-5472.CAN-05-4005
https://pubmed.ncbi.nlm.nih.gov/16423985
https://doi.org/10.3389/fimmu.2019.02022
https://pubmed.ncbi.nlm.nih.gov/31507611
https://doi.org/10.1016/j.semcancer.2019.08.015
https://doi.org/10.1016/j.semcancer.2019.08.015
https://pubmed.ncbi.nlm.nih.gov/31422157
https://doi.org/10.1038/s41420-019-0216-0
https://doi.org/10.1038/s41420-019-0216-0
https://pubmed.ncbi.nlm.nih.gov/31583120

