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Editorial on the Research Topic
Multi-target directed ligands for the treatment of cancer

Cancer remains a major cause of mortality. However, significant progress has been
made in understanding the molecular basis of the disease. Cancer is a multigenic and
multicellular disease characterized by a multifactorial etiology, which initiates
uncontrolled cell growth. The major problem associated with current cancer treatment
regimens is ascribable to the development of resistance to therapy, which may arise due
to several reasons, such as the overexpression of anti-apoptotic proteins, mutations in key
signaling molecules, overexpression of drug efflux pumps, or the presence of dormant
and/or resistant tumor cells. Most of the anticancer drugs in clinical use are based on the
principle of ‘one molecule - one target - one malady’. However, multifactorial diseases
such as cancer may greatly benefit from therapies simultaneously hitting multiple key
pathways and/or their pathogenic cross-talk.

The design strategy for multi-target-directed ligands (MTDLs) involves the
incorporation of two or more distinct pharmacophores of different drugs in a single
structure to develop hybrid molecules. MTDLs can bind/inhibit two or more targets
simultaneously, thus boosting the compound’s therapeutic potential via a
polypharmacological approach. In addition, these also eliminate the chances of
development of drug resistance frequently observed in case of single targeted
regimens. Modern drug discovery has the power to identify potential multifunctional
modulators for biologically and clinically validated targets among millions of
compounds. The design of MTDLs is an essential and promising research area since
recent research confirmed the potential therapeutic benefit for managing/treating
complex multifactorial diseases. Despite the significant amount of drug discoveries in
the vast field of cancer therapy, there is still an urgent need for novel and innovative
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treatments. The MTDL approach holds great potential in cancer
therapy since it may significantly simplify treatment regimens
with respect to standard combination therapy, reduce the risk of
possible drug-drug interactions, and most importantly, limit the
insurgence of resistance.

In the present Research Topic, several multitargeted
approaches to cancer therapy are showcased in original articles
and discussed from an interdisciplinary point of view, thus
providing an updated picture of the latest progress in the field.

Lawal et al. applied computational and multi-omics studies
to identify the targets of NSC765598, a novel small molecule
derivative of salicylanilide. First, they screened the compound in
vitro against the National Cancer Institute 60 (NCI60) human
tumor cell lines and subsequently used specific molecular
docking studies to identify potential ligand-protein
interactions comparing the NSC765598 anticancer fingerprints
with NCI standard agents. As a result, they identified the
mammalian target of rapamycin (mTOR), the epidermal
growth factor receptor (EGFR), the inducible nitric oxide
synthase (iNOS), the mitogen-activated protein 2 kinase 1
(MAP2K1), the fibroblast growth factor receptor (FGFR), and
the transforming growth factor-betal (TGFBI1) as potential
targets for NSC765598. In summary, NSC765598 displayed
numerous potential multitarget properties and promising
anticancer activities in several cancer cell lines, thus
warranting further preclinical studies.

In their original research article, Yan et al. validated the in
vitro efficacy on hematologic cells as well as the mechanism of
action of a PI3K/HDAC dual-target inhibitor. The
antiproliferative effects were also confirmed in vivo using EL4
and A20 xenograft models.

Wu et al. examined the effects of Xihuang pills (XHP),
known in traditional Chinese medicine containing various
herbs, on prostate cancer. The active principles of the various
herbs in XHP were searched in specific publicly available
databases, isolated, and subsequently tested on PC3 and
LNCaP cells. Gene ontology and KEGG pathway analysis led
to the identification of the PI3K/Akt/mTOR signaling pathway
as primary targets of the XHP active principles. The dose-
dependent effect on the expression levels of target proteins
fosters deeper evaluation of this herbal mix.

Xiong et al. examined, in a clinical setting, the novel anti-
angiogenesis compound anlotinib, a tyrosine kinase inhibitor
that targets vascular endothelial growth factor receptors
(VEGEFRs), fibroblast growth factor receptors (FGFRs), and
platelet-derived growth factor receptors (PDGFRs). The
research team studied, in non-small cell lung cancer
(NSCLC) patients, the influence of the body mass index
(BMI) on the survival rate under anlotinib treatment.
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They revealed a U-shaped relationship between BMI and risk
of death in patients receiving anlotinib for advanced NSCLC;
thus, a high BMI, as well as a low one, can be associated with a
worse survival rate.

Chen et al. analyzed Ganoderic acid Me (GA-Me), a natural
bioactive compound derived from Ganoderma lucidum, via a
whole-transcriptome sequencing approach to assess the long
noncoding RNA (IncRNA), circular RNA (circRNA),
microRNA (miRNA), and messenger RNA (mRNA) profiles in
colorectal cancer (CRC). Via this approach, they identified
matrix metalloprotease (MMP) 2 and MMP9 as potential
targets and confirmed the binding of GA-Me to these enzymes
via a docking approach. Furthermore, they were able to show
that GA-Me inhibited proliferation, induced DNA
fragmentation, and significantly activated caspase-9 and
caspase-3 in HCT116 cells. In summary, their results
suggested that GA-Me is a promising multitarget lead
compound for CRC treatment.

Within this Research Topic, we have seen promising
interdisciplinary workflows supporting the implementation of
multitarget approaches in cancer biology and treatment. All
contributions to this Research Topic strengthen the link between
the development of multi-target directed ligands and oncology,
showing a high grade of innovation and, at the same time,
significant translational potential towards preclinical or even
clinical applications in numerous types of cancer.

Author contributions

All the authors have contributed to the composition and the
revision of this Editorial Article.

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.2021.656738
https://doi.org/10.3389/fphar.2021.741697
https://doi.org/10.3389/fphar.2021.791269
https://doi.org/10.3389/fphar.2022.812555
https://doi.org/10.3389/fonc.2022.833375
https://doi.org/10.3389/fonc.2022.980141
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Multi-target directed ligands for the treatment of cancer
	Author contributions



<<
  /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 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


