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Strasbourg, France

KEYWORDS

kidney cancer, renal cell carcinoma (RCC), patient-derived xenograft (PDX),
tumoroids, tissue slice culture, pre-clinical oncology, targeted therapy,
immuno-oncology
Editorial on the Research Topic

In vitro and in vivo non-clinical models of kidney cancers
Worldwide, kidney cancer accounts for 403 000 new cases and 175 000 deaths per year.

Kidney tumors are highly heterogeneous at the molecular and genetic levels both intra- and

inter-patients (1). Intrinsic and therapy-induced heterogeneity, and changes in the tumor

microenvironment, might play a role in the development of resistance to therapies. To be

reliable, nonclinical studies may require multiple models capable of recapitulating diverse

aspects of the heterogeneity of the tumor and its microenvironment at different sites (i.e.,

primary and metastatic sites). There are nomouse transgenic models for kidney cancer that

recapitulate the disease stages, despite many attempts to develop them (2–5). Well-

characterized and controlled cancer models derived from kidney cancer patients (such as

patient-derived xenografts, PDX) could become essential tools to understand how tumors

evolved under therapeutic pressure and to identify potential mechanisms of resistance. In

vitro models such as tumor slices in culture and cancer tissue fragments cultured with an

air-liquid interface could provide clues about how the tumor cells interact with their

microenvironment and how therapies might affect the immune populations present in the

microenvironment. Traditional in vitro and in vivomodels such as kidney cancer cell lines,

spontaneous or induced tumors as well as cell-derived xenografts or xenografts of

tumoroids derived from patients in immunocompromised rodents may also play a role

in the nonclinical setting by allowing for higher throughput and consistency.
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Diverse preclinical models used for kidney cancer were

reviewed by Shapiro et al.. They comprehensively described the

history, strengths, and limitations of 3-dimensional (3D) tumoroids,

transgenic mouse models, and microphysiological devices, in

addition to more traditional 2-dimensional (2D) cell cultures and

PDX models, and critically evaluated their performance and ability

to recapitulate tumors’ characteristics. The challenges and

opportunities of pre-clinical kidney cancer models were also

discussed by Pohl et al. in the context of drug development.

Modelling of the complex ecosystem of kidney tumors will

undoubtedly require the use of a combination of models and

methodologies including artificial intelligence. Furthermore, Xiang

et al. provided an overview of RCC drug resistancemodels that were

developed over the last ten years. Numerous models have been used

to study RCC drug resistance using both cell lines–derived and

patient-derived in vitro and in vivo models, as well as 3D culture

models investigating the relationship between hypoxia and TKI

resistance in RCC. The authors also described transgenic mouse

models generated using the CRISPR Cas-9 editing approach and

their applications to explore the mechanisms of drug resistance in

RCC. They concluded that all the models have advantages and

drawbacks but are useful to better understand RCC drug resistance.

Recapitulation of kidney tumors’ characteristics is a key

component for the establishment of relevant nonclinical models.

Simon et al. tackled the transposability of in vitro results considering

that kidney tumor cells in culture are known to generally behave

differently than what is observed in situ, especially in terms of

response to therapeutic compounds. They used a bulk (3’m)RNA

sequencing approach to compare the transcriptomes of cells within

tissues and cells in primary cultures. Changes in gene expression

were observed for genes involved in DNA repair, cell cycle, hypoxia,

metabolism, immune cell differentiation and cell adhesion. The

study thus further reflected the adaptive changes of cells to the

microenvironment, and clearly argued for a more reasonable

selection of preclinical models. PDX models represent an

invaluable tool for therapeutic evaluation, the study of drug

resistance, and the identification of biomarkers. Their use for

personalized medicine is however limited when considering the

limited take rate of tumor growth at primo-implantation and the

time of development (6). In their study, Gürgen et al. established

and characterized a comprehensive panel of PDX models for renal

cell carcinoma (RCC). The original feature of their cohort was the

inclusion of metastatic sites as well as the development of PDX

models frommultiple regions for the same patients, representing, at

least in part, the heterogeneity of RCC tumors. They performed an

extensive molecular and drug response characterization. Such panel

may help developing humanized PDXmouse models for preclinical

testing of immune checkpoint inhibitors. Tumor-derived spheroids,

known as tumoroids, play an increasingly important role in cancer

research, but their use in the field of kidney cancer remains limited

(7). In their report, Lugand et al. present new methods to develop

this model from tumor tissue dissociation to tumoroid infiltration

by immune cells. They also implemented an immune spheroid
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killing assay to analyse the effects of immune checkpoint inhibitors

on tumoroids viability. Such model could potentially be

standardized and validated to study and compare different

immunotherapies. Tumor slices from freshly resected clear cell

RCC were established as an ex vivo culture model to test antibodies

against VISTA (also known as B7-H5, GI24, Dies1 and PD-1

homolog), as presented by Hong et al.. VISTA is a checkpoint

molecule (8, 9) with an extracellular domain homologous to PD-L1

(10). The readout of this assay included the quantitative evaluation

of cytokine production, proliferation, and cell death. Although the

slices showed an increase in cell death overtime in culture

conditions, the comparative analysis may indicate the antitumor

efficacy of novel candidate molecular targets in individual patient-

derived tumor tissues.

In conclusion, the domain of preclinical research is vast,

complex, and should take into account all the tumors feature,

including the tumors’ microenvironment and circulating tumor

cells. It is also likely that lessons learned during the development

and characterization of preclinical models for kidney tumors may

translate to other cancer types. It would be beneficial for the

scientific community to assemble in a publicly accessible repository

of all the existing preclinical models to support the establishment of

robust preclinical data, ultimately lowering the attrition rate (>

85%) of new potential therapeutic molecules in oncology.
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6. Lang H, Béraud C, Bethry A, Danilin S, Lindner V, Coquard C, et al.
Establishment of a Large panel of patient-derived preclinical models of human
Frontiers in Oncology 03
renal cell carcinoma. Oncotarget (2016) 7(37):59336–59. doi: 10.18632/
oncotarget.10659

7. Bolck HA, Corrò C, Kahraman A, von Teichman A, Toussaint NC,
Kuipers J, et al. Tracing clonal dynamics reveals that twoand three-
dimensional patient-derived cell models capture tumor heterogeneity of clear
cell renal cell carcinoma. Eur Urol Focus (2021) 7(1):152–62. doi: 10.1016/
j.euf.2019.06.009

8. Wang L, Rubinstein R, Lines JL, Wasiuk A, Ahonen C, Guo Y, et al. VISTA, a
novel mouse ig superfamily ligand that negatively regulates T cell responses. J Exp
Med (2011) 208(3):577–92. doi: 10.1084/jem.20100619

9. Flies DB, Wang S, Xu H, Chen L. Cutting edge: A monoclonal antibody
specific for the programmed death-1 homolog prevents graft-Versus-Host disease
in mouse models. J Immunol (2011) 187(4):1537–41. doi: 10.4049/
jimmunol.1100660

10. Powles T, Albiges L, Staehler M, Bensalah K, Dabestani S, Giles RH, et al.
Updated European association of urology guidelines: Recommendations for the
treatment of first-line metastatic clear cell renal cancer. Eur Urol (2018) 73(3):311–
15. doi: 10.1016/j.eururo.2017
frontiersin.org

https://doi.org/10.1016/j.cell.2018.02.020
https://doi.org/10.1016/j.cell.2018.02.020
https://doi.org/10.1158/0008-5472
https://doi.org/10.1158/0008-5472
https://doi.org/10.1038/nm.4343
https://doi.org/10.1038/nm.4366
https://doi.org/10.18632/oncotarget.10659
https://doi.org/10.18632/oncotarget.10659
https://doi.org/10.1016/j.euf.2019.06.009
https://doi.org/10.1016/j.euf.2019.06.009
https://doi.org/10.1084/jem.20100619
https://doi.org/10.4049/jimmunol.1100660
https://doi.org/10.4049/jimmunol.1100660
https://doi.org/10.1016/j.eururo.2017
https://doi.org/10.3389/fonc.2022.987682
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: in vitro and in vivo non-clinical models of kidney cancers
	Author contribution
	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 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


