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Editorial on the Research Topic

FDA-Approved Drug Repositioning for P-Glycoprotein Overexpressing Resistant Cancer

Anticancer drugs are an essential part of cancer treatment. Cancer cells can, however, develop
resistance to these drugs by e.g., P-glycoprotein 1 (P-gp) overexpression or accumulation of
mutations in the genes part of growth signaling pathways, apoptotic pathways, or repair system.
Intrinsically, metastatic cancers, advanced-stage cancers, or stem cell-like cancers are usually drug-
resistant and difficult to treat using current anticancer drugs. The overexpression of P-gp, also
known as multidrug resistance protein 1 (MDR1) or ATP-binding cassette sub-family B member 1
(ABCBL1), is one of the well-known mechanisms of resistance to anticancer drugs. Stem cell-like
cancers often overexpress P-gp on their membranes, which results in inefficient treatment using the
currently available anticancer drugs (1). It is, therefore, important to investigate novel therapeutic
options to treat the P-gp overexpressing drug-resistant cancer cells. Identifying the mechanisms for
targeting these cancers can overcome the inefficiencies of current anticancer drugs and lead to better
outcomes for patients with P-gp overexpressing cancers.

Multiple P-gp inhibitors have been developed, however their toxicity in normal cells, particularly
in combination with anticancer drugs, limits their utilities. Drug repositioning has been applied for
the treatment of various diseases. It could lower the costs and speed up the process of developing
drugs for the treatment of patients with drug-resistant cancer since repeating a large number of
toxicity tests could be avoided (2). Food and Drug Administration (FDA) already has easily
accessible data on the beneficial and adverse effects of a large number of drugs used in humans over
a long period. Identifying existing FDA-approved drugs, which can be repositioned to target cancer
cells that overexpress P-gp, can lead to better treatment in patients who develop resistance to
anticancer drugs. As these drugs are already used in clinical settings, drug repositioning would offer
an efficient method to address the urgent need for the pharmacological treatment of P-gp
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overexpressing drug-resistant cancer, allowing the approval of
the treatment relatively rapidly. For example, metformin, a well-
known drug used to treat type 2 diabetes mellitus, has anticancer
effects and is clinically widely tested as a repositioned drug (3-7).

In this Research Topic issue, seven articles (three research and
four review articles) present novel applications of drug
repositioning to sensitize P-gp overexpressing resistant cancer
cells and discuss better targeting strategies (Beklen et al.; Cho and
Kim; Dahlmann et al; Kim et al; Lai et al.; Robinson and
Tiriveedri; Seelig). These studies provide critical information
needed for clinical trials, which could lead to therapeutic
applications and incorporation of these drugs to treatment
regimens in cancer.

Three research articles focus on drugs that target P-gp
overexpressing resistant cancer cells (8-10). An article by Kim
et al. describes novel findings with monotherapy for P-gp
overexpressing resistant cancer cells. They used both in vitro
and in vivo approaches to test 13 tyrosine kinase inhibitors, and
demonstrated that crizotinib specifically targeted P-gp
overexpressing cancer cells without P-gp inhibition. This
finding indicates that crizotinib may potentially be used for
resistant cancer patients, without the toxic effects of P-gp
inhibition. Another study by Dahlmann et al. applied a
combination therapy for metastatic colon cancer that is
resistant to current anticancer drugs due to ABCBI1
overexpression. Their findings suggest that co-treatment with
lovastatin can increase the accumulation of the anticancer drug
by transcriptionally reducing the ABCBI1 expression and finally
overcome P-gp overexpressing resistant cancers. The third
research article by Beklen et al. investigated the transcriptional
regulation of the MDR phenotype, including a new network-
based approach. They identified a gene expression signature for
colorectal cancer, which included the ABCBI gene and several
other genes. The authors conclude that the best approach would
be to identify drugs that inhibit P-gp via direct binding, but also
reverse the gene expression profile of ABCBI and other co-
repressed genes in various drug-resistant cancer types.

Two of the five review articles discuss drugs that target P-gp
overexpressing resistant cancer cells (Cho and Kimj Lai et al.). Lai
et al. identified 98 FDA-approved drugs with P-gp inhibitory
activities by searching the DrugBank Database. The authors
summarize clinical trials which used single or combination
treatments of these drugs targeting specific cancer types (11).
Another review article by Cho and Kim summarizes information
available on various MDR-targeting drugs that inhibit P-gp
overexpressing resistant cancer cells via different mechanisms, e.g,,
epithelial-mesenchymal transition, epigenetic modification, and
factors such as hypoxia affecting tumor microenvironment (12).
They found that these drugs inhibit specific signaling pathways for
the reversal of MDR phenotype cancers. Additionally, considering
that cancer stem cells develop throughout an individual’s lifetime,
repositioned drugs with MDR-targeting ability are likely to reduce
the incidence of cancer in susceptible individuals.

To develop highly specific inhibitors for targeting P-gp
overexpressing resistant cancer, comprehensive studies on

immune side-effects, body toxicity, and tumor-specific
cytotoxicity of such inhibitors are necessary. The review
articles by Robinson and Tiriveedri, and by Seelig, summarize
the molecular mechanisms of P-gp (13, 14). These reviews
emphasize that understanding the molecular function of P-gp
is essential in developing specific P-gp inhibitors, as normal cells
also have or increase P-gp expression on their membranes.
Robinson and Tiriveedhi discuss the design of specific drugs
for targeting P-gp overexpressing resistant cancer, because
cancer-attacking immune cells in the tumor microenvironment
also increase P-gp expression. They suggest that studying the 3D-
crystal structure of P-gp with various mutations should be
included in a drug-design strategy. In another review article,
Seelig summarized the findings on the interaction of P-gp with
the lipid sites of the substrate, drug-P-gp binding mechanisms,
and the strength of P-gp interactions, to avoid toxicity in normal
cells owing to P-gp targeting drugs. Considering that P-gp plays a
role in eliminating oxidative waste to prevent cell apoptosis, the
review also suggests drug-strategies for targeting the
transcription of P-gp, by regulating its promoter activators.

Identifying therapeutic drug repositioning options (a single
drug or a combination therapy) for targeting P-gp
overexpressing resistant cancer cells could overcome the
inefficiencies of the current cancer-targeting drugs and lead to
better treatment options for patients with cancers that are
resistant to the available drugs. The seven articles in this
Research Topic highlight the different aspects of P-gp
overexpressing resistant cancers and provide information on
the development of improved treatment strategies. We hope
the drug repositioning discussed in this Topic will facilitate
initiation of clinical trials and lead to therapeutic application
for P-gp overexpressing resistant cancers.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved the manuscript
for publication.

FUNDING

This work was supported by National Research Foundation of
Korea (NRF) funded by the Ministry of Education (NRE-
2019R1A2C2002923), and the Faculty of Medicine and Health
Sciences, Stellenbosch University, South Africa.

ACKNOWLEDGMENTS

The authors thank the reviewers for contributing their valuable
time to review and improve the seven articles and the editorial
included in this issue.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 632657


https://doi.org/10.3389/fonc.2020.01273
https://doi.org/10.3389/fonc.2020.00764
https://doi.org/10.3389/fonc.2020.00764
https://doi.org/10.3389/fonc.2020.00599
https://doi.org/10.3389/fonc.2020.00696
https://doi.org/10.3389/fonc.2020.561936
https://doi.org/10.3389/fonc.2020.00265
https://doi.org/10.3389/fonc.2020.00265
https://doi.org/10.3389/fonc.2020.576559
https://doi.org/10.3389/fonc.2020.00696
https://doi.org/10.3389/fonc.2020.00696
https://doi.org/10.3389/fonc.2020.00599
https://doi.org/10.3389/fonc.2020.01273
https://doi.org/10.3389/fonc.2020.00764
https://doi.org/10.3389/fonc.2020.561936
https://doi.org/10.3389/fonc.2020.561936
https://doi.org/10.3389/fonc.2020.561936
https://doi.org/10.3389/fonc.2020.00764
https://doi.org/10.3389/fonc.2020.00265
https://doi.org/10.3389/fonc.2020.576559
https://doi.org/10.3389/fonc.2020.00265
https://doi.org/10.3389/fonc.2020.576559
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Yoon et al.

Editorial: P-Glycoprotein Overexpressing Resistant Cancer Drugs

REFERENCES

. Chen Z, Shi T, Zhang L, Zhu P, Deng M, Huang C, et al. Mammalian drug
efflux transporters of the ATP binding cassette (ABC) family in multidrug
resistance: A review of the past decade. Cancer Lett (2016) 370:153-64.
doi: 10.1016/j.canlet.2015.10.010

. Clark KB. New therapeutic bearings for repositioned drugs. Curr Top Med
Chem (2013) 13:2281-2. doi: 10.2174/15680266113136660159

. Urpilainen E, Puistola U, Boussios S, Karihtala P. Metformin and ovarian cancer:
the evidence. Ann Transl Med (2020) 8:1711. doi: 10.21037/atm-20-1060

. Ahn HK, Lee YH, Koo KC. Current Status and Application of Metformin for
Prostate Cancer: A Comprehensive Review. Int | Mol Sci (2020) 21:8540.
doi: 10.3390/ijms21228540

. Fatehi Hassanabad A, MacQueen KT. Molecular mechanisms underlining the
role of metformin as a therapeutic agent in lung cancer. Cell Oncol (Dordr)
(2021) 44:1-18. doi: 10.1007/s13402-020-00570-0

. Chen YC, Li H, Wang J. Mechanisms of metformin inhibiting cancer invasion
and migration. Am ] Transl Res (2020) 15:4885-901. eCollection 2020.

. Samuel SM, Varghese E, Koklesova L, Liskova A, Kubatka P, Biisselberg D.
Counteracting Chemoresistance with Metformin in Breast Cancers: Targeting
Cancer Stem Cells. Cancers (Basel) (2020) 12:2482. doi: 10.3390/
cancers12092482

. Kim KS, Jiang C, Kim JY, Park JH, Kim HR, Lee SH, et al. Low-dose
crizotinib, a tyrosine kinase inhibitor, highly and specifically Sensitizes P-
Glycoprotein-Overexpressing Chemoresistant Cancer Cells Through
Induction of Late Apoptosis in vivo and in vitro. Front Oncol (2020)
10:696. doi: 10.3389/fonc.2020.00696

. Dahlmann M, Werner R, Kortiim B, Kobelt D, Walther W, Stein U. Restoring
Treatment Response in Colorectal Cancer Cells by Targeting MACCI-

10.

11.

12.

13.

14.

Dependent ABCB1 Expression in Combination Therapy. Front Oncol
(2020) 10:599. doi: 10.3389/fonc.2020.00599

Beklen H, Gulfidan G, Arga KY, Mardinoglu A, Turanli B. Drug Repositioning
for P-Glycoprotein Mediated Co-Expression Networks in Colorectal Cancer.
Front Oncol (2020) 10:1273. doi: 10.3389/fonc.2020.01273

Lai JI, Tseng Y], Chen MH, Huang CY, Chang MH. Clinical Perspective of
FDA Approved Drugs With P-Glycoprotein Inhibition Activities for Potential
Cancer Therapeutics. Front Oncol (2020) 10:561936. doi: 10.3389/
fonc.2020.561936

Cho Y, Kim K. Cancer Stem Cells as a Potential Target to Overcome
Multidrug Resistance. Front Oncol (2020) 10:764. doi: 10.3389/
fonc.2020.00764

Robinson K, Tiriveedhi V. Perplexing role of P-glycoprotein in tumor
microenvironment. Front Oncol (2020) 10:265. doi: 10.3389/fonc.2020.00265
Seelig A. P-Glycoprotein: One Mechanism, Many Tasks and the
Consequences for Pharmacotherapy of Cancers. Front Oncol (2020)
10:576559. doi: 10.3389/fonc.2020.576559

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.

Copyright © 2021 Yoon, Wang, Vongpunsawad, Tromp and Kuivaniemi. 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.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 632657


https://doi.org/10.1016/j.canlet.2015.10.010
https://doi.org/10.2174/15680266113136660159
https://doi.org/10.21037/atm-20-1060
https://doi.org/10.3390/ijms21228540
https://doi.org/10.1007/s13402-020-00570-0
https://doi.org/10.3390/cancers12092482
https://doi.org/10.3390/cancers12092482
https://doi.org/10.3389/fonc.2020.00696
https://doi.org/10.3389/fonc.2020.00599
https://doi.org/10.3389/fonc.2020.01273
https://doi.org/10.3389/fonc.2020.561936
https://doi.org/10.3389/fonc.2020.561936
https://doi.org/10.3389/fonc.2020.00764
https://doi.org/10.3389/fonc.2020.00764
https://doi.org/10.3389/fonc.2020.00265
https://doi.org/10.3389/fonc.2020.576559
http://creativecommons.org/licenses/by/4.0/
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: FDA-Approved Drug Repositioning for P-Glycoprotein Overexpressing Resistant Cancer
	&nbsp;
	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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


