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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 newmethods, 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 HTx, 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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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)
Frontiers in Immunology | www.frontiersin.org 2
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
GeneralHospital inCanada found that dynamicmetabolic changes
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.
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duringprolonged ex situheartperfusion (ESHP) are associatedwith
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.
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