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Editorial on the Research Topic

Cancer stem cell differentiation: A realistic potential therapeutic option?
During cancer progression, tumor cells undergo molecular and phenotypic changes,

collectively referred to as cellular plasticity. Cell plasticity is one of the fundamental abilities

of cells to change their properties reversibly. It plays a critical role in different physiological

processes, as well as in the evolution and progression of multiple diseases, particularly

cancer. Tumor cell plasticity is regulated by highly integrated and complex interactions

between endogenous and exogenous stimuli. Understanding the mechanisms underlying

the various forms of cell plasticity may deliver new strategies for targeting the most lethal

aspects of cancer. In this context, phenotype switching contributes to high heterogeneity,

therapeutic resistance, and clonal long-termmaintenance within the tumor (1). Key players

in these events are cancer cells with stem-like properties (cancer stem cells, CSCs),

endowed with an enormous potential for phenotype plasticity, differentiation, and self-

renewal capability. Indeed, CSCs have the capacity to self-renew, to give rise to progeny

that are different from them, and to utilize common signaling pathways. It is noteworthy

that CSCs can trans-differentiate towards different cell lineages, to acquire a more

aggressive and therapy-resistant phenotype (2). In the last years, the idea that several

cancers might have a subpopulation of self-renewing cells that sustain the development,

metastases, drug resistance, and recurrence of tumors has emerged. Several shreds of

evidence demonstrated that targeting cell surface markers and stemness-related pathways

of CSCs, represents an emerging therapeutic approach (3). The possibility to impair CSC

properties through the induction of differentiation represents an interesting and promising

anticancer strategy, to overcome therapy resistance.

Within this Research Topic we have collected seven research articles and one review

that address the role of CSCs as potential target of therapeutic option.

One of the deadliest cancer types with a poor prognosis is the hepatocellular carcinoma

(HCC). Surgical resection is potentially curative, if diagnosed early, while patients with

advanced disease are often inoperable. To date, treatments for HCC include tyrosine kinase

inhibitors (TKIs) (such as sorafenib, lenvatinib, cabozantinib, and regorafenib) and

immune checkpoint inhibitors (ICIs) (such as nivolumab, pembrolizumab, atezolizumab,
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durvalumab, and ipilimumab). However, acquired drug resistance

and the resulting high rate of recurrence are unavoidably developed,

probably due to the presence of CSC population, which can be

identified based on specific differentiation markers such as CD44,

the epithelial cell adhesion molecule (EpCAM), and CD133 (4).

Therefore, the use of therapies for preventing HCC relapse by

targeting liver CSCs is of great interest. Tang et al. clearly

demonstrated that small ubiquitin-like modifier specific peptidase

2 (SENP2), a protease responsible for tuning the SUMOylation of

proteins, suppresses stemness properties and promotes sorafenib

sensitivity in HCC tumor model. In particular, SENP2 expression is

reduced in HCC cells and in the CSCs with respect to its normal

counterpart. Overexpression of SENP2 reduced the expression of

stemness markers (i.e., CD133) and increased the sensitivity to

sorafenib through the inhibition of AKT/GSK3b/CTNNB1 (b-
catenin) signaling pathway. In cancer cell plasticity the tumor

microenvironment (TME) plays a crucial role by different

mechanisms, such as exosome-based intercellular communication.

Lin et al. demonstrated the effects of exosomal miR-4800-3p in

affecting epithelial-mesenchymal transition (EMT) and stemness

properties of HCC cells by the regulation of the Hippo signaling

pathway. Likewise, Shang et al. reported that exosomes derived

from mesenchymal stem cells transmit TMBIM6 (Bax inhibitor-1)

to promote EMT and stemness through activation of PI3K/AKT

pathway in HCC cells. Among potential therapeutic approaches,

Yao et al. reported that overexpression of miR-186 impairs the self-

renewal capacity of CSCs in liver cancer by targeting PTPN11 (also

known as SHP2), a protein tyrosine phosphatase of RAS/MAPK

signaling pathway. Interestingly, miR-186 overexpression sensitizes

HCC cells to cisplatin treatment.

On the other hand, targeting the molecular players of CSC

trans-differentiation capacity could represent a promising

anticancer strategy, particularly in tumors such as glioblastoma

(GBM). Indeed, the GBM–endothelial cell trans-differentiation

process represents one of the most recent GBM-associated neo-

vascularization mechanisms that has been described, consisting of

the direct trans-differentiation of GBM stem cells (GSCs) into

endothelial cells. Targeting GSC trans-differentiation could

represent a chance to overcome therapeutic resistance to anti-

angiogenic treatment (5). Han et al. reported that the

transformation process of GSCs to endothelial cells is regulated

by the signal axis P4HA1/COL6A1 as an adaptive response to

hypoxia, offering a novel target for anti-vascular therapy in

GBM patients.

Triple-negative breast cancer (TNBC) is the most lethal subtype

of breast cancer characterized by hyperproliferative cells lacking

expression of estrogen receptor (ER), progesterone receptor (PR),

and expression/amplification of human epidermal growth factor

receptor 2 (HER2). It has been suggested that the presence of CSCs

in TNBC significantly contributes to highly invasive and therapy

resistance features, and recurrence. In particular, CD44, CD24, and

aldehyde dehydrogenase 1 (ALDH1) are widely used markers for

identifying CSCs in breast cancer (6). In their article, Chen et al.

provided evidence that nucleolar and coiled-body phosphoprotein 1

(NOLC1), a nucleolar protein acting as a chaperone that shuttles

between the nucleus and the cytoplasm and plays an important role
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in rRNA synthesis and in the regulation of tumorigenesis, is

significantly associated to stemness properties of TNBC. The

knockdown of NOLC1 inhibited mammosphere-forming capacity

and decreased the expression of several stemness regulators (such as

ALDH and MYC). Since the expression of NOLC1 is significantly

different between TNBC and non-TNBC patients, this protein may

represent a suitable target to reverse TNBC phenotype.

Myxoid liposarcoma (ML) is a subtype of liposarcomas, rare

mesenchymal neoplasms arising from adipocytes. ML is

characterized by the presence of FUS-DDIT3 gene fusion

(in >95% of cases) as a result of the chromosomal translocation t

(12;16)(q13;p11) (7). Dolatabadi et al. provide evidence that FUS-

DDIT3 fusion oncoprotein increased the activation of the JAK-

STAT signaling pathway that regulates stemness properties (down

regulation of CD44) and chemotherapy resistance in ML.

Organoids are three-dimensional cellular complexes grown in

vitro which maintain phenotypic, genetic, structural, and functional

features of the original tissues. The use of organoids to study CSC

differentiation has been proposed in recent years (8). Wang et al.

reviewed the current and potential applications of organoids in

tumorigenesis and tumor vaccination. The authors also focused on

the possibility to use organoids for studying bidirectional

communication between tumor cells and TME, for example, the

crosstalk between cancer-associated fibroblasts and CSCs.
Author contributions

Writing, Review, and Editing: MB, SB, and CT. All authors

contributed to the article and approved the submitted version.
Acknowledgments

We would like to thank all contributing authors for this

collection, all reviewers, and the Frontier in Oncology Journal for

editorial efforts. CT was partially supported by Fondazione

Umberto Veronesi, which is gratefully acknowledged.
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.
frontiersin.org

https://doi.org/10.3389/fonc.2021.773045
https://doi.org/10.3389/fonc.2022.759864
https://doi.org/10.3389/fonc.2022.868726
https://doi.org/10.3389/fonc.2021.632976
https://doi.org/10.3389/fonc.2022.836511
https://doi.org/10.3389/fonc.2022.731528
https://doi.org/10.3389/fonc.2022.816894
https://doi.org/10.3389/fonc.2022.855996
https://doi.org/10.3389/fonc.2023.1188765
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Buccarelli et al. 10.3389/fonc.2023.1188765
References
1. Hass R, von der Ohe J, Ungefroren H. Impact of the tumor microenvironment on
tumor heterogeneity and consequences for cancer cell plasticity and stemness. Cancers
(2020) 12:3716. doi: 10.3390/cancers12123716

2. Gupta PB, Pastushenko I, Skibinski A, Blanpain C, Kuperwasser C. Phenotypic
plasticity: Driver of cancer initiation, progression, and therapy resistance. Cell Stem Cell
(2019) 24:65–78. doi: 10.1016/j.stem.2018.11.011

3. Zhou H, Tan L, Liu B, Guan XY. Cancer stem cells: Recent insights and therapies.
Biochem Pharmacol (2023) 209:115441. doi: 10.1016/j.bcp.2023.115441

4. Wu Y, Zhang J, Zhang X, Zhou H, Liu G, Li Q. Cancer stem cells: A potential
breakthrough in HCC-targeted therapy. Front Pharmacol (2020) 11:198. doi: 10.3389/
fphar.2020.00198
Frontiers in Oncology 03
5. Buccarelli M, Castellani G, Ricci-Vitiani L. Glioblastoma-specific strategies of
vascularization: Implications in anti-angiogenic therapy resistance. J Pers Med (2022)
12:1625. doi: 10.3390/jpm12101625

6. Fultang N, Chakraborty M, Peethambaran B. Regulation of cancer stem cells in
triple negative breast cancer. Cancer Drug Resist (2021) 4:321–42. doi: 10.20517/
cdr.2020.106

7. Ho TP. Myxoid liposarcoma: How to stage and follow. Curr Treat Options Oncol
(2023). doi: 10.1007/s11864-023-01064-5

8. Shimono Y, Mukohyama J, Isobe T, Johnston DM, Dalerba P, Suzuki A.
Organoid culture of human cancer stem cells. Methods Mol Biol (2019) 1576:23–31.
doi: 10.1007/7651_2016_13
frontiersin.org

https://doi.org/10.3390/cancers12123716
https://doi.org/10.1016/j.stem.2018.11.011
https://doi.org/10.1016/j.bcp.2023.115441
https://doi.org/10.3389/fphar.2020.00198
https://doi.org/10.3389/fphar.2020.00198
https://doi.org/10.3390/jpm12101625
https://doi.org/10.20517/cdr.2020.106
https://doi.org/10.20517/cdr.2020.106
https://doi.org/10.1007/s11864-023-01064-5
https://doi.org/10.1007/7651_2016_13
https://doi.org/10.3389/fonc.2023.1188765
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Cancer stem cell differentiation: A realistic potential therapeutic option?
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


