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Editorial on the Research Topic

Y0 T Cells in Cancer

Since the discovery of Y8 T cells, this rare and unique component of the immune system has been
recognized for its potential in cancer immunology and immunotherapy. In the mid-1980s, it became
clear that a major component of adaptive immune responses is the ability of T cell receptors (TCR)
to undergo somatic recombination in order to recognize multiple antigens. TCRs consisting of
either o8 and 0 chains were discovered in rapid succession (1-6). An important observation was
made in these initial studies: y0 T cells stimulated through their TCR are able to kill cancer cells (2).
Over these past decades, researchers have learned that Y0 T cells share many similarities with oy T
cells, as well as major differences. However, discoveries in yd T cell biology have failed to keep the
same pace as 0 T cell biology. The molecular targets of YOTCRs and functions of these cells have
largely eluded researchers, partly because yd T cell recognition of cancer cells and their response
kinetics are very different to o3 T cells (7, 8). Recent years have seen major advances in yd T cell
biology and established the non-redundancy of this lymphocyte subset, particularly in the context of
cancer (9-11). ¥0 T cells are being used as cellular vehicles to target tumors and prognostic
indicators of cancer progression. The aim of the articles collected in this Research Topic is to
describe new developments and approaches to enhance the anti-tumor functions of yd T cells, and
to discuss how expression of their ligands can assist with prognosis of cancer patients.

Given the robust ability of 0 T cells to kill cancer cells, various strategies to enhance their
cytotoxic behavior are being pursued in the laboratory. The Vy9V32 cell subset in humans
recognizes transformed cells with dysfunctional metabolism, primarily through the up-regulation
of phosphoantigens stemming from abnormalities in the mevalonate pathway. One of the best
studied phosphoantigens is isopentenyl pyrophosphate (IPP), which activates a receptor complex in
cancer cells consisting of butyrophilin (BTN)-3A1 and BTN2A1 (12, 13). However, very little
information exists on how this receptor complex is presented on the cell surface and its other
interacting partners. Laplagne et al. report on the importance of the GTPase, RhoB, in regulating
BTN3ALI presentation on the cell membrane. They observed that the differential susceptibility of
lung tumor cell lines to Vy9V32 T-cell killing correlated with differential subcellular and plasma
membrane distribution of RhoB. There are a few methods to increase Vy9Vo2 cell recognition of
cancer cells, primarily via boosting the IPP-activated BTN3A1/BTN2A1 complex. Bisphosphonate
drugs increase accumulation of IPP making cancer cells more susceptible to Vy9V 62 cell killing, but
these drugs also induce proliferation of Vy9Vo2 cells in culture. Okuno et al. report on a newly
synthesized bisphosphonate drug, pivaloyloxymethyl 2-(thiazole-2-ylamino)ethylidene-1,1-
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bisphosphonate (PTA), that both expands Vy9Vd2 cells and
increases their ability to recognize cancer cells.

Y0 T cells are also being equipped with chimeric antigen
receptors (CAR) for hematological and epithelial-derived
malignancies. Most likely, ¥& CAR T cells will associate with a
lower risk of cytokine release syndrome as reported for NK CAR
cells. Whether 0 CAR T cells will overcome the scarce infiltration
of tumors by classical oy CAR T cells remains to tested and might
depend on the type of ¥ T cells (i.e. VI cells versus V32 cells),
which have naturally different homing tissues. Rozenbaum et al.
describe a new expansion protocol that generates high numbers of
pure (> 99%) Y0 T cells which could be efficiently transduced with
CAR constructs. CD19-directed y& CAR T cells efficiently killed
CD19+ leukemic cells in vitro and in vivo. To test these various
strategies whose goal is augment ¥8 T cell cytotoxic function, a
variety of pre-clinical models are used that evaluate killing efficacy,
but these models come with their own challenges. Joalland and
Scotet summarize the advantages and disadvantages of the most
commonly used pre-clinical models in ¥8 T cell immunotherapy.
In addition to the use of immunodeficient mice transplanted with
human tumor cells and 3 T cells, they also discuss the urgent need
for improved animal-free in vitro models such as spheroids
and organoids.

Another outstanding question in the field is how Y0 T cell
function may be suppressed by tumors. Siegers et al. show that an
embryonic-associated molecule, called NODAL, expressed by
breast cancer cells, impacts 0 T cell function. In human breast
tumors, Y0 T cells are found in close proximity to NODAL+ cancer
cells. Through gain-of-function and loss-of-function experiments,
the authors report that NODAL expression on breast cancer cell
lines reduces y0 T-cell cytotoxicity. Gonnermann et al. describe a
novel immunosuppression pathway in pancreatic cancer, where
Galectin-3 secreted by cancer cells inhibits Y3 T cell proliferation
via 03P1 integrin. Interestingly, the cytotoxic activity of 8 T cells
was not impaired by Galectin-3.

This Research Topic includes two clinical trials. One trial
investigated the ability of B-adrenergic receptor activation to
mobilize ¥§ T cells into the peripheral blood of test subjects.
Baker et al. found that drugs antagonizing the B-adrenergic
receptor pathway not only prevent Y8 T cell accumulation in
blood, but that this pathway is also important for Y3 T cell
expansion ex vivo. These data suggest that 3-adrenergic receptor
agonists may improve expansion protocols or Y3 T cell cytotoxic
function. The second clinical trial included 46 children with
acute leukemia that received hematopoietic stem cell
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transplantation of o3 TCR/CD19-depleted haploidentical grafts.
Merli et al. tested the ability of the bisphosphonate drug,
zoledronic acid, to counteract graft-versus-host-disease in these
patients, and they show that zoledronic acid is well tolerated.
Moreover, the children that received more doses of zoledronic
acid had a better outcome than the children receiving
fewer doses.

Finally, two articles in this collection discuss the importance
of Y8 T cell ligands in cancer immunotherapy. Bartish et al.
summarize the role of immunosuppressive molecules that
contain sugar residues as well as the relationship between these
glyco-molecules and yd T cells, highlighting opportunities for
intervention. Wang et al. wrote a meta-analysis on publications
pertaining to the BTN family. In this review, the authors also
provide prognostic data for several BTN family members in lung
adenocarcinoma and lung squamous cell carcinoma.

Together, this Research Topic features new developments in
vd T cell cancer immunotherapy, providing insight into
mechanisms that both increase and suppress their effector
functions. Finding the right patient population in which to
manipulate these pathways and exploit this new information
may be key to counteracting cancer.

AUTHOR CONTRIBUTIONS

SC, DK, BS-S, JK, WB, and IB wrote the editorial and invited
authors to participate in the collection. All authors contributed to
the article and approved the submitted version.

FUNDING

The authors acknowledge funding from the Cancer Research UK
Glasgow Centre (A25142 to SBC), the Wellcome Trust (208990/
Z/17/Z to SBC), the Medical Research Council (MR/R502327/1
to SBC), Breast Cancer Now (2018JulPR1101 and
2019DecPhD1349 to SBC), Tenovus Scotland (S17-17 to SBC),
the Deutsche Forschungsgemeinschaft (Ka 502/19-2 to DK), the
Wilhelm Sander Foundation (2018.045.1 to DK), “la Caixa”
Banking Foundation (HR18-00069 to BS-S), the Dutch
Research Council (NWO ZonMW 43400003 to JK), the Dutch
Cancer Society (KWF UU 2014-6790, UU 2015-7601, UU 2018-
11393, UU 2018-11979, UU 2019-12586, UU 2020-13043 to JK).

3. Brenner MB, McLean ], Dialynas DP, Strominger JL, Smith JA, Owen FL,
et al. Identification of a putative second T-cell receptor. Nature (1986) 322
(6075):145-9. doi: 10.1038/322145a0

4. Borst ], van de Griend RJ, van Oostveen JW, Ang SL, Melief CJ, Seidman JG,
et al. A T-cell receptor gamma/CD3 complex found on cloned functional
lymphocytes. Nature (1987) 325(6106):683-8. doi: 10.1038/325683a0

5. Born W, Miles C, White J, O'Brien R, Freed JH, Marrack P, et al. Peptide
sequences of T-cell receptor delta and gamma chains are identical to predicted
X and gamma proteins. Nature (1987) 330(6148):572-4. doi: 10.1038/
330572a0

Frontiers in Immunology | www.frontiersin.org

November 2020 | Volume 11 | Article 602411


https://doi.org/10.3389/fimmu.2020.01347
https://doi.org/10.3389/fimmu.2020.00992
https://doi.org/10.3389/fimmu.2020.00992
https://doi.org/10.3389/fimmu.2020.01287
https://doi.org/10.3389/fimmu.2020.01328
https://doi.org/10.3389/fimmu.2019.03082
https://doi.org/10.3389/fimmu.2020.00699
https://doi.org/10.3389/fimmu.2020.564499
https://doi.org/10.3389/fimmu.2020.01187
https://doi.org/10.1038/309757a0
https://doi.org/10.1038/309757a0
https://doi.org/10.1038/322179a0
https://doi.org/10.1038/322145a0
https://doi.org/10.1038/325683a0
https://doi.org/10.1038/330572a0
https://doi.org/10.1038/330572a0
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Coffelt et al.

Editorial: Cancer-Associated /3 T cells

6. Chien YH, Iwashima M, Kaplan KB, Elliott JF, Davis MM. A new T-cell
receptor gene located within the alpha locus and expressed early in T-cell
differentiation. Nature (1987) 327(6124):677-82. doi: 10.1038/327677a0

7. Hayday AC. gammadelta T Cell Update: Adaptate Orchestrators of Immune
Surveillance. ] Immunol (2019) 203(2):311-20. doi: 10.4049/jimmunol.1800934

8. Willcox BE, Willcox CR. gammadelta TCR ligands: the quest to solve a 500-
million-year-old mystery. Nat Immunol (2019) 20(2):121-8. doi: 10.1038/
$41590-018-0304-y

9. Silva-Santos B, Mensurado S, Coffelt SB. gammadelta T cells: pleiotropic
immune effectors with therapeutic potential in cancer. Nat Rev Cancer (2019)
19(7):392-404. doi: 10.1038/s41568-019-0153-5

10. Sebestyen Z, Prinz I, Dechanet-Merville J, Silva-Santos B, Kuball J. Translating
gammadelta (gammadelta) T cells and their receptors into cancer cell therapies.
Nat Rev Drug Discov (2020) 19(3):169-84. doi: 10.1038/s41573-019-0038-z

11. Kabelitz D, Serrano R, Kouakanou L, Peters C, Kalyan S. Cancer
immunotherapy with gammadelta T cells: many paths ahead of us. Cell Mol
Immunol (2020) 17:925-39. doi: 10.1038/s41423-020-0504-x

12. Harly C, Guillaume Y, Nedellec S, Peigne CM, Monkkonen H, Monkkonen J,
et al. Key implication of CD277/butyrophilin-3 (BTN3A) in cellular stress
sensing by a major human gammadelta T-cell subset. Blood (2012) 120
(11):2269-79. doi: 10.1182/blood-2012-05-430470

13. Karunakaran MM, Willcox CR, Salim M, Paletta D, Fichtner AS, Noll A, et al.
Butyrophilin-2A1 Directly Binds Germline-Encoded Regions of the
Vgamma9Vdelta2 TCR and Is Essential for Phosphoantigen Sensing.
Immunity (2020) 52(3):487-98.¢6. doi: 10.1016/j.immuni.2020.02.014

Conflict of Interest: BS-S is a founder and share holder of Lymphact S.A., which
has been acquired by GammaDelta Therapeutics (London, UK). JK is scientific
co-founder and shareholder of Gadeta. JK received financial research support of
Gadeta, Miltenyi Biotech and Novartis.

The remaining 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 © 2020 Coffelt, Kabelitz, Silva-Santos, Kuball, Born and Bank. 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 Immunology | www.frontiersin.org

November 2020 | Volume 11 | Article 602411


https://doi.org/10.1038/327677a0
https://doi.org/10.4049/jimmunol.1800934
https://doi.org/10.1038/s41590-018-0304-y
https://doi.org/10.1038/s41590-018-0304-y
https://doi.org/10.1038/s41568-019-0153-5
https://doi.org/10.1038/s41573-019-0038-z
https://doi.org/10.1038/s41423-020-0504-x
https://doi.org/10.1182/blood-2012-05-430470
https://doi.org/10.1016/j.immuni.2020.02.014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Editorial: &gamma;&delta; T Cells in CancerEditorial: Cancer-Associated &gamma;/&delta; T cells
	Author Contributions
	Funding
	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


