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Editorial on the Research Topic

Advances in Heart Transplantation

INTRODUCTION

Heart transplantation (HTx) is considered a standard therapy for patients with end-stage heart failure
refractory to medical treatment. Currently, the one-year and 10-year survival is around 85% and 60%,
respectively, thus calling for further improvements in short- and long-term outcomes (1). The number of
patients with end-stage heart failure is increasing, while the limited number of available donor organs is
still a major limiting factor to the broader applicability of HTx (2). Advancements in HTx to improve
quality of life and survival of higher risk patients, including those in waiting list, with new methods, such
as broadening the donor pool and making the best use of existing organs by supportive means are
anticipated. A better understanding of organ graft immune acceptance and connection between heart
and other organs will be decisive for any attempt to impr5ove graft survival (3). The subjects covered
within this Research Topic include contributions on progress made in the field of HTx and related fields,
such has heart failure diagnosis, risk factors, treatment, prognosis, graft immune response and novel
treatment approaches in HTx. These include innovations in heart failure and HTXx, potential new drugs
to be used in HTx, new targets to control transplant rejection or enhance immune tolerance (or graft
acceptance), strategies for expanding the donor pool for heart transplantation, new important clinical
evidence advances in HTx, and association between previous disease and graft rejection after HTx. Here,
we summarize the 7 manuscripts that were submitted to this Research Topic (Figure 1).

UNDERSTANDING AND MODULATING HEART ALLOGRAFT
REJECTION

Kakuda et al. from the Department of Cardiovascular Medicine at the University of Tokyo in Japan
present a case report of acute cellular rejection (ACR) associated with atopic dermatitis exacerbation 3
years after HTx in a 32-year-old man with progressing atopic dermatitis admitted to regular
monitoring of graft rejection. Little evidence exists on the potential association between atopic/
allergic disease and graft rejection in solid organ transplantation (SOT), but this case suggested an
association between atopic disease and graft rejection. Consequently, the authors examined 76 patients
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FIGURE 1 | Word cloud of the most frequent terms. This picture describes the most commonly used words in the Editorial on the Research Topic Advances in
Heart Transplantation. Note that the size of the words is proportional to their frequency.

who underwent HTx at their hospital and found that patients with
atopic/allergic disorders, such as atopic dermatitis and asthma,
tended to have a higher frequency of moderate rejection than non-
allergic patients (P=0.012). The authors suggest that exacerbation
of allergic disease might cause graft rejection of the transplanted
organ, and that it is important to carefully evaluate the risk of graft
rejection if there is a previous history of atopic/allergic disease.

In two mechanistic studies, Chinese groups studied the
mechanisms underlying heart allograft rejection and new
therapeutic approaches to modulate the outcome. Xu et al. from
Tongji Medical College found that ablation of Survivin (encoded
by Birc5 gene) in T cells attenuates allograft rejection after murine
heterotopic HTx by inducing apoptosis in T cells and thus shifting
the ratio of Th1 and Treg cells. In turn, Ma et al. from the Fujian
Provincial Key Laboratory of Organ and Tissue Regeneration at
the School of Medicine and Organ Transplantation Institute of
Xiamen University in China found that administration of
moderate doses of Berberine (5 mg/kg) — a traditional Chinese
medicine known to induce tumor cell apoptosis — prolongs mouse
heart allograft survival by activating T cell apoptosis via the
mitochondrial pathway without any obvious Berberine-related
toxicity. Berberine was found to eliminate alloreactive T cells
and to reduce CD4+ and CD8+ T cell infiltration.

CARDIAC BIOMARKERS IN
HEART TRANSPLANTATION

Clemmensen et al. from the Department of Cardiology at
Aaarhus University Hospital in Denmark evaluated the
relevance of left ventricular global longitudinal strain (LVGLS)

and non-invasive cardiac biomarkers for acute cellular rejection
(ACR) diagnosis and severity assessment in HTx patients. All
HTx patients transplanted between 2013 to 2019, including 1436
endomyocardial biopsies (EMBs) from 83 HTx patients, were
included. The authors found that patients with >2R ACR have
lower LVGLS and higher Troponin T and N-terminal pro brain
natriuretic peptide (Nt-ProBNP) than patients without 2R
rejection. A non-invasive model combining changes in LVGLS
and Troponin T or Nt-ProBNP showed excellent negative
predictive value and moderate sensitivity and may be used as a
gatekeeper to invasive biopsies after HTx.

Kamath et al. from the Division of Cardiology at Los Angeles
Medical Center (UCLA) in the United States evaluated the
variability in donor-derived cell-free DNA scores (dd-cf-DNA)
as non-invasive liquid (blood) biomarker to predict mortality in
HTx recipients in a single-center retrospective pilot study,
including 72 adult HTx patients with at least 3 concurrent
AlloMap/AlloSure results. A total of 5 patients (6.9%) died
during the median follow-up of 480 days. Given the small size
of the patient cohort, the authors carefully suggest that increased
variability of dd-cf-DNA in HTx patients is associated with
both mortality risk and the presence of donor specific
antibodies (DSA).

HEART ALLOGRAFT SUITABILITY FOR
TRANSPLANTATION AND HEART VALVE
IMMUNE PRIVILEGE

Olkowicz et al. from the University of Toronto and Toronto
General Hospital in Canada found that dynamic metabolic changes
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during prolonged ex situ heart perfusion (ESHP) are associated with
myocardial decline. The authors used minimally invasive solid-
phase micro-extraction (SPME) microprobes sampling and global
metabolite profiling to evaluate changes in metabolic patterns
associated with myocardial functional decline during ESHP in
porcine and human hearts. The authors observed striking
metabolic alterations during prolonged 8-hours ESHP associated
with uncontrolled inflammation, endothelial injury, increased
mitochondrial oxidative stress, disruption of mitochondrial
bioenergetics, and accumulation of harmful lipid species. This
method may be of use to differentiate between donor hearts
transplantable from those that should be discarded.

Hill et al. from the Divisions of Cardiothoracic and Transplant
Surgery at the Medical University of South Carolina in the United
States reflect on the “Immune Privilege of Heart Valves”. The
authors state that immune privilege is an evolutionary adaptation
that protects vital tissues with limited regenerative capacity from
collateral damage by the endogenous immune response, with
some classical examples including the anterior chamber of the
eye and the brain, but also the placenta, testes, and articular
cartilage. Here, the authors review the experimental and clinical
evidence from heart valve transplantation that indicates that heart
valves are spared from alloimmune injury and may thus be
considered as immune privileged sites.

CONCLUSION

This multidisciplinary Research Topic has brought together
specialists in Immunology, Transplantation and Biomarker
Research, to share their knowledge on current scientific and
therapeutic strategies to advance HTx. The different articles
contained in this collection reflect the great interest, knowledge,
and innovation in these fields.

AUTHOR CONTRIBUTIONS

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

REFERENCES

1. Masha L. Geographic Variation in US Heart Transplant Outcomes and
Consequences for Health Care Equity. JAMA Netw Open (2020) 3:€2028856.
doi: 10.1001/jamanetworkopen.2020.28856

2. Bakhtiyar SS, Godfrey EL, Ahmed S, Lamba H, Morgan J, Loor G, et al. Survival
on the Heart Transplant Waiting List. JAMA Cardiol (2020) 5:1227-35. doi:
10.1001/jamacardio.2020.2795

3. Millington TM, Madsen JC. Innate Immunity and Cardiac Allograft Rejection.
Kidney Int Suppl (2010) S18-21. doi: 10.1038/ki.2010.417

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.

FUNDING

Contributions from GM were made possible by the German
Research Foundation (DFG) and the German Federal Ministry of
Education and Research (BMBF) through the BSRT (GSC203)
and BCRT, respectively, and in part supported by the European
Union’s Horizon 2020 research and innovation program
(Horizon 2020 Framework Program) under the grant
agreements no. 733006 (PACE) and no. 779293 (HIPGEN).
ZD was supported in part by grants from the State Key
Laboratory of Dampness Syndrome of Chinese Medicine
(822021727216, SZ202172743, and SZ2021ZZ718), Guangdong
Provincial Key Laboratory of Clinical Research on Traditional
Chinese Medicine Syndrome (ZH2020KF02), National Natural
Science Foundation of China (81603717, 81873261), Guangzhou
University of Chinese Medicine (Grant No: AFD018171Z211099),
and Special Fund of Guangdong Provincial Science and
Technology Innovation Strategy (Guangdong-Hong Kong-
Macau Joint Lab, 2020B1212030006). NC was supported in
part by grants from the Funda¢do de Amparo & Pesquisa do
Estado de Sio Paulo (FAPESP, Sao Paulo, Brazil) (grant numbers
2014/50833-1 and 2017/05264-7), Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) and
Coordenagio de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES, financial code 001). This work was also supported
under the International Collaboration Research Funding from
FAPESP and The Netherlands Organization for Scientific
Research (NWO, The Netherlands, Grant number 2019/
19435-3).

ACKNOWLEDGMENTS

We would like to thank all authors who contributed submitting
manuscripts to this Research Topic and all reviewers who
provided insightful feedback and helpful comments. All listed
authors have made a substantial, direct and intellectual
contribution, approved it for publication, and declare that the
research was conducted in the absence of any 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.

Copyright © 2022 Moll, Dai and Camara. 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

June 2022 | Volume 13 | Article 960800


https://doi.org/10.3389/fimmu.2021.731361
https://doi.org/10.1001/jamanetworkopen.2020.28856
https://doi.org/10.1001/jamacardio.2020.2795
https://doi.org/10.1038/ki.2010.417
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: Advances in Heart Transplantation
	Introduction
	Understanding and Modulating Heart Allograft Rejection
	Cardiac Biomarkers in Heart Transplantation
	Heart Allograft Suitability for Transplantation and Heart Valve Immune Privilege
	Conclusion
	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 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


