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Editorial on the Research Topic

Protein Functional Changes and Signaling Transduction in Cancer Stem Cells

PHOSPHORYLATION OF ENDOTHELIN-CONVERTING
ENZYME-1C AT SERINES 18 AND 20 BY CK2 PROMOTES
AGGRESSIVENESS TRAITS IN COLORECTAL CANCER CELLS

Pérez-Moreno et al. found that phosphorylation of endothelin-converting enzyme-1c (ECE1c) at
serines 18 and 20 by protein kinase CK2 promotes aggressiveness in colorectal cancer cells. This
finding proposed a novel role of phospho-ECE1c as a biomarker for poor prognosis. CK2 is
suggested to promote the malignant progression of colon cancer via increased stability of ECE1c
protein (1). The inhibition of CK2 may be a potential target for the treatment of colorectal cancer.
LINC00337 REGULATES KLF5 AND MAINTAINS STEM-CELL
LIKE TRAITS OF CERVICAL CANCER CELLS BY
MODULATING MIR-145

Han et al. identified that a long non-coding RNA (lncRNA) LINC00337 knockdown decreased the
cancer stem cell (CSC)-like properties of CD44+/CD24low/- sphere-forming cells. The results further
demonstrate that LINC00337 regulates Kruppel-like factor 5 (KLF5) by sharing the binding sites
with a microRNA, miR-145-5p, and highlighted the role of LINC00337 as an oncogenic lncRNA in
cervical cancer. The miR-145 has predicted binding sequences on Oct4, Nanog, and Sox2, which
induces cervical tumor-sphere differentiation, and inhibits invasion of the cervical CSCs (2). The
regulation of the RNA network in cancer and stem cells is one of the important mechanisms in
CSCs (3, 4).
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STIL ENDOWS ONCOGENIC AND
STEM-LIKE ATTRIBUTES TO
COLORECTAL CANCER PLAUSIBLY
BY SHH AND WNT SIGNALING

Pradhan et al. revealed that SCL/TAL1 interrupting locus (STIL)
regulates phosphorylation of AKT and b-catenin expression in
colorectal cancer. Sonic hedgehog (Shh) and Wnt signaling were
highlighted in STIL-mediated regulation of CSC signatures. The
role of STIL in stemness and drug resistance has been
investigated, which found that the STIL regulates CSC markers
CD133 and CD44, and drug-resistant markers, thymidylate
synthase, ATP binding cassette subfamily B member 1
(ABCB1), and ABCG2. The Hedgehog (Hh)/Gli signaling and
Wnt/b-catenin pathways cross-talks in colon cancer (5). The
signaling pathways including Shh and Wnt signaling pathways
are regulated in epithelial-mesenchymal transition and CSCs (6).
The Shh-independent mechanism of STIL-induced up-
regulation of CSC markers may be one of the interesting topics
for future investigation.
TUMOR GROWTH IN THE HIGH
FREQUENCY MEDULLOBLASTOMA
MOUSE MODEL PTCH1+/-/TIS21KO HAS
A SPECIFIC ACTIVATION SIGNATURE
OF THE PI3K/AKT/MTOR PATHWAY
AND IS COUNTERACTED BY THE PI3K
INHIBITOR MEN1611

Ceccarelli et al. found that a mouse model (Ptch1+/-/Tis21KO),
which shows a significantly higher medulloblastoma frequency,
demonstrated the activation signature of the phosphatidylinositol
3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR)
pathway. Patched (Ptch), a Hh receptor, inhibits the activity of
Smoothened (Smo), a G protein (heterotrimeric guanosine
triphosphate-binding protein)-coupled receptor (GPCR)-like
molecule, which is a mainstream of the Hh pathway (7, 8). The
activation of the PI3K pathway is involved in the resistance to a
Smo antagonist in medulloblastoma (7). The administration of
MEN1611, a PI3K inhibitor, demonstrated significant tumor
growth inhibition relative to vehicle administration in the
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Ptch1+/-/Tis21KO model mice. Dual targeting of the Shh and
PI3K/AKT/mTOR pathway would be one of the potential
treatments for medulloblastoma.
TGF-b1 INDUCES IMMUNE ESCAPE
BY ENHANCING PD-1 AND CTLA-4
EXPRESSION ON T LYMPHOCYTES
IN HEPATOCELLULAR CARCINOMA

Bao et al. investigated the hepatocellular carcinoma
microenvironment and the immune cell involvement and
revealed that transforming growth factor b1 (TGF-b1) attenuated
the immune function of T lymphocytes via the enhancement of the
expression of programmed cell death 1 (PD-1) and cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4) on the T cells. TGF-b
induces the calcineurin (CaN) pathway in cardiac myofibroblasts
(9). The results demonstrated that TGF-b1 increased the activity of
CaN and translocation of the nuclear factor of activated T cells 1
(NFATc1) into the nucleus, leading to the binding of the NFATc1
to PD-1 and CTLA-4 promoters and increased transcription of
PD-1 and CTLA-4.
AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.
FUNDING

This work was supported by JSPS KAKENHI Grant Number
JP21K12133, Japan Agency for Medical Research and
Development (AMED), Grant Number JP21mk0101216, and
Ministry of Health, Labour, and Welfare (MHLW), Japan.
ACKNOWLEDGMENTS

The author would like to thank all authors, reviewers, and
contributors to the Research Topic.
REFERENCES
1. Niechi I, Silva E, Cabello P, Huerta H, Carrasco V, Villar P, et al. Colon Cancer

Cell Invasion Is Promoted by Protein Kinase CK2 Through Increase of
Endothelin-Converting Enzyme-1c Protein Stability. Oncotarget (2015) 6
(40):42749–60. doi: 10.18632/oncotarget.5722

2. Zhou X, Yue Y, Wang R, Gong B, Duan Z. MicroRNA-145 Inhibits
Tumorigenesis and Invasion of Cervical Cancer Stem Cells. Int J Oncol
(2017) 50(3):853–62. doi: 10.3892/ijo.2017.3857

3. Tanabe S, Ono R. The Gene and microRNA Networks of Stem Cells and
Reprogramming. AIMS Cell Tissue Eng (2018) 2(4):238–45. doi: 10.3934/
celltissue.2018.4.238
4. Tanabe S, Quader S, Ono R, Cabral H, Aoyagi K, Hirose A, et al. Molecular
Network Profiling in Intestinal- and Diffuse-Type Gastric Cancer. Cancers
(Basel) (2020) 12:3833. doi: 10.3390/cancers12123833

5. Song L, Li Z-Y, Liu W-P, Zhao M-R. Crosstalk Between Wnt/b-Catenin and
Hedgehog/Gli Signaling Pathways in Colon Cancer and Implications for
Therapy. Cancer Biol Ther (2015) 16(1):1–7. doi: 10.4161/15384047.2014.
972215

6. Tanabe S, Quader S, Cabral H, Ono R. Interplay of EMT and CSC in Cancer
and the Potential Therapeutic Strategies. Front Pharmacol (2020) 11:904.
doi: 10.3389/fphar.2020.00904

7. Buonamici S, Williams J, Morrissey M, Wang A, Guo R, Vattay A, et al.
Interfering With Resistance to Smoothened Antagonists by Inhibition of the
September 2021 | Volume 11 | Article 761678

https://doi.org/10.3389/fonc.2021.581671
https://doi.org/10.3389/fonc.2021.692053
https://doi.org/10.3389/fonc.2021.694145
https://doi.org/10.18632/oncotarget.5722
https://doi.org/10.3892/ijo.2017.3857
https://doi.org/10.3934/celltissue.2018.4.238
https://doi.org/10.3934/celltissue.2018.4.238
https://doi.org/10.3390/cancers12123833
https://doi.org/10.4161/15384047.2014.972215
https://doi.org/10.4161/15384047.2014.972215
https://doi.org/10.3389/fphar.2020.00904
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Tanabe Editorial: CSC Signaling and Protein Function
PI3K Pathway in Medulloblastoma. Sci Trans Med (2010) 2(51):51ra70–0.
doi: 10.1126/scitranslmed.3001599

8. Tanabe S, Aoyagi K, Yokozaki H, Sasaki H. PTCH1 Pathway Network Model in
Diffuse-Type Gastric Cancer and Epithelial Mesenchymal Transition. J Stem
Cell Res Med (2018) 3(1):1–15. doi: 10.15761/JSCRM.1000128

9. Li S, Sun X, Wu H, Yu P, Wang X, Jiang Z, et al. TRPA1 Promotes Cardiac
Myofibroblast Transdifferentiation After Myocardial Infarction Injury via the
Calcineurin-NFAT-DYRK1A Signaling Pathway. Oxid Med Cell Longev (2019)
2019:6408352. doi: 10.1155/2019/6408352

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Oncology | www.frontiersin.org 3
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.

Copyright © 2021 Tanabe. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
September 2021 | Volume 11 | Article 761678

https://doi.org/10.1126/scitranslmed.3001599
https://doi.org/10.15761/JSCRM.1000128
https://doi.org/10.1155/2019/6408352
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Editorial: Protein Functional Changes and Signaling Transduction in Cancer Stem Cells
	Phosphorylation of Endothelin-Converting Enzyme-1c at Serines 18 and 20 by CK2 Promotes Aggressiveness Traits in Colorectal Cancer Cells
	LINC00337 Regulates KLF5 and Maintains Stem-Cell Like Traits of Cervical Cancer Cells by Modulating miR-145
	STIL Endows Oncogenic and Stem-Like Attributes to Colorectal Cancer Plausibly by Shh and Wnt Signaling
	Tumor Growth in the High Frequency Medulloblastoma Mouse Model Ptch1+/-/Tis21KO Has a Specific Activation Signature of the PI3K/AKT/mTOR Pathway and Is Counteracted by the PI3K Inhibitor MEN1611
	TGF-β1 Induces Immune Escape by Enhancing PD-1 and CTLA-4 Expression on T Lymphocytes in Hepatocellular Carcinoma
	Author Contributions
	Funding
	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 /LeaveColorUnchanged
  /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 true
  /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 true
  /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 true
  /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


