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Original Clinical Science—General

Increase of Cardiac Autoantibodies Against
Beta-2-adrenergic Receptor During Acute

Cellular Heart Transplant Rejection

Christian Salbach, MD," Philipp Schlegel, MD," Vera Stroikova, MD," Matthias Helmschrott, MD,’
Anna-Maria Mueller, MD," Christel WeiB, PhD,? Evangelos Giannitsis, MD," Norbert Frey, MD,’
Philip Raake, MD,® and Ziya Kaya, MD'

Background. Acute cellular rejection (ACR) in heart transplant (HTx) recipients may be accompanied by cardiac cell dam-
age with subsequent exposure to cardiac autoantigens and the production of cardiac autoantibodies (@ABs). This study
aimed to evaluate a peptide array screening approach for cardiac aABs in HTx recipients during ACR (ACR-HTX). Methods.
In this retrospective single-center observational study, sera from 37 HTx recipients, as well as age and sex-matched healthy
subjects were screened for a total of 130 cardiac aABs of partially overlapping peptide sequences directed against structural
proteins using a peptide array approach. Results. In ACR-HTX, troponin | (Tnl) serum levels were found to be elevated.
Here, we could identify aABs against beta-2-adrenergic receptor (3-2AR: EAINCYANETCCDFFTNQAY) to be upregulated in
ACR-HTXx (intensities: 0.80 versus 1.31, P = 0.0413). Likewise, patients positive for 3-2AR aABs showed higher Tnl serum
levels during ACR compared with aAB negative patients (10.0 versus 30.0ng/L, P = 0.0375). Surprisingly, 2ABs against a
sequence of troponin | (Tnl: QKIFDLRGKFKRPTLRRYV) were found to be downregulated in ACR-HTx (intensities: 3.49 versus
1.13, P = 0.0025). A comparison in healthy subjects showed the same Tnl sequence to be upregulated in non-ACR-HTx
(intensities: 2.19 versus 3.49, P = 0.0205), whereas the majority of aABs were suppressed in non-ACR-HTx. Conclusions.
Our study served as a feasibility analysis for a peptide array screening approach in HTx recipients during ACR and identified
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2 different regulated aABs in ACR-HTx. Hence, further multicenter studies are needed to evaluate the prognostic implications

of aAB testing and diagnostic or therapeutic consequences.
(Transplantation 2024;108: e327-e332).

)

INTRODUCTION

For a selected group of end-stage heart failure (HF)
patients, heart transplantation (HTx) remains the last
available treatment option.! Here, acute transplant rejec-
tion represents a pivotal cause of impaired long-term
outcomes. Within the first year after HTx, up to 40% of
the patients develop an acute cellular rejection (ACR).>
Despite the potentially fatal impact of an ACR, there is
sparse knowledge about the prevalence and role of cardiac

autoantibodies (aABs) in this process. Mechanistically, car-
diac damage and cardiomyocyte cell death might cause a
presentation of former unknown cellular antigens to the
immune system, stimulating the production of cardiac
aABs. In other circumstances, such as dilated cardiomy-
opathy (DCM) or ischemic cardiomyopathy (ICM), car-
diac aABs against beta-1-adrenergic receptor (B-1AR) or
troponin I (Tnl) were shown to be associated with car-
diac dysfunction and progressive HE>* In animal models,
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experimental immunization using peptide sequences of
cardiac autoantigens is known to cause experimental
autoimmune myocarditis (EAM) accompanied by HF
and DCM phenotype within susceptible mouse strains.”®
Recent studies could identify certain immunogenic pep-
tide sequences in common autoantigens such as Tnl or
cardiac myosin (CM), causing autoimmunity in animal
models after immunization or exposition to the immune
system.®!! Additionally, current evidence suggests a worse
prognosis in HTx recipients with the presence of cardiac
aAB."” However, accounting for the immunosuppression
for prevention of fatal rejection, HTx patients represent
a unique study population for detection of cardiac aABs.
Current literature describes both, aAB directed against
cardiac autoantigens of the vascular endothelium such
as endothelin-1 type A receptor or vimentin, as well as
aABs against structural cardiac proteins such as CM or
lamin A/C.'*'* Albeit, the knowledge about cardiac aAB
in HTx recipients during ACR directed against structural
proteins remains scarce and their potential impact is not
yet elucidated.'>” Thus, this study aimed (1) to serve as a
feasibility analysis for a screening of cardiac aABs directed
against structural proteins in HTx patients using a peptide
array approach and (2) to serve as hypothesis-generating
approach for evidence of differently regulated cardiac
aABs during ACR in HTx patients (ACR-HTx) compared
with non-ACR-HTx.

MATERIALS AND METHODS

Study Population and Definitions

In this retrospective, single-center study 37 HTx recip-
ients who presented with ACR between April 2007 and
February 2016 in the University Hospital of Heidelberg
were included. Serum samples for peptide array analy-
sis were collected during endomyocardial biopsy (EMB).
Demographic and clinical data from HTx recipients were
obtained retrospectively using electronic medical records.
All data were checked by 2 physicians not involved in
patient care and a third researcher. Healthy age and sex-
matched subjects screened for cardiac abnormalities by
cardiac MRI were used as control. ACR stage was assessed
in EMB using the International Society for Heart and Lung
Transplantation (ISHLT) standardized grading system.
Here, OR and 1R were summarized as non-ACR-HTx, and
an ISHLT grading >1 R was defined as ACR-HTx. EMB
staining ensured the absence of aAB-mediated rejection.'®
ACR-HTx and non-ACR-HTx patients are the same indi-
viduals and are used as their own control group. All sub-
jects gave their informed consent for inclusion before they
participated in the study. The study was performed in con-
formation to the principles of the Declaration of Helsinki
of the World Medical Association and approved by the
local ethics committee of the University of Heidelberg

(S-390/2011, 198/1996).

Peptide Array Technique

For detection of aABs, sera from healthy subjects
and HTx patients were screened using PEPperPRINT
microarray for IgG aABs as described.” Serum sam-
ples from HTx patients, collected during EMB were
frozen at -80 °C. For conduction of the peptide array
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analysis, serum samples were thawed and centrifuged
at 2.500g for 10 min at 4 °C before further processing.
Fluorescence intensities of selected IgG aABs directed
against predefined peptides were measured. For screen-
ing of existing aABs, the peptide array was assembled
with corresponding autoantigens. Because most of the
screened autoantigens were relatively large and as sin-
gle antigens exceeding the capacities of a peptide array,
antigens were divided into partially overlapping peptide
sequences. Thus, a total of 130 partially overlapping pep-
tide sequences from a total of 20 antigens were screened
for cardiac aABs. Peptides and proteins were selected
based on comprehensive literature research for immuno-
genic peptide sequences. A table of screened sequences is
shown in Table S1 (SDC, http://links.lww.com/TP/D63).
Peptide array analysis using PepSlideAnalyzer was per-
formed by PEPperPRINT GmbH Heidelberg. Variance-
stabilized intensities of pe}atide array responses were
used for statistical analysis.”°

Statistical and Data Analyses

Peptide array data were processed with the Statistical
Utility for Microarray and Omics data software,
developed at the German Cancer Research Center in
Heidelberg Germany. For comparison of aAB intensities,
the Wilcoxon rank-sum test was used. Continuous vari-
ables were expressed either as mean and SD or as median
and interquartile range (IQR). For the comparison of
continuous parametric variables Student # test was used
and for nonparametric data, the Mann-Whitney U test
was used. For analysis of paired samples, paired sam-
ples t test for normal distributed data or Wilcoxon rank-
sum test for non-normal distributed data were used,
respectively. Categorical variables were compared using
the %* test or Fishers exact test. A 2-sided P value of
<0.05 was considered as significant. Statistical analy-
ses of the patient data were performed using MedCalc
20.105 (MedCalc Software bvba, Ostend, Belgium). For
generation of heat maps from the peptide array inten-
sities GraphPad Prism 7 (GraphPad Software, La Jolla,
CA) was used. The data that support the findings of this
study are available from the corresponding author upon
reasonable request. The corresponding authors and first
authors had full access to all data in the study and took
responsibility for its integrity and data analysis.

RESULTS

In this retrospective, single-center, study 37 HTx
recipients who developed an ACR were included. Sera
of these patients were obtained during ACR as well as
non-ACR and screened for aABs against structural pro-
teins described in the literature to be associated with
autoimmunity and cardiac dysfunction. Mean interval
between sample collections was 9 mo (IQR 1-23). The
mean age of patients at the time of HTx was 48.9 y
(SD 12), and 28 (75.7%) patients were male. The most
frequent underlying diseases for HTx were DCM in
21 (56.6%), amyloidosis in 6 (16.2%), and ICM in
6 (16.2%) patients. Comorbidities of HTx patients
included arterial hypertension in 43 %, dyslipidemia in
46%, and diabetes mellitus in 24%. A full list of base-
line characteristics for HTx patients is shown in Table 1.

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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A comparison of clinical parameters in HTx patients
classified by ACR status (non-ACR-HTx versus ACR-
HTx) is shown in Table 2. Except for Tnl serum levels,
which were significantly higher in ACR-HTx, there were
no significant differences between ACR-HTx and non-
ACR-HTx patients.

TABLE 1.

Baseline characteristics for HTx patients

)
11)
ACR, acute cellular rejection; BMI, body mass index; COPD, chronic obstructive pulmonary dis-

ease; DCM, dilated cardiomyopathy; o-TGA, transposition of the great vessels; HTx, heart trans-
plantation; ICM, ischemic cardiomyopathy.

Variable S
Age, mean (SD), y 48.9(12)
Sex, male, n (%,,) 28 (76)
BMI, mean (SD) kg/m? 26.1 (4)
Interval from transplant to ACR (mo), median (IQR) 16 (9-40)
End-stage disease
DCM, n (%,) 21 (57)
ICM, n (%,) 6 (16)
Amyloidosis, n (%, 6 (16)
Sarcoidosis, n (%, 1(3)
Valvular heart disease, n (%, 2 (5
D-TGA, n (%) 103
Comorbidities
Arterial hypertension, n (%) 16 (43)
Diabetes mellitus, n (%) 9 (24)
Dyslipidemia, n (%,,) 17 (46)
COPD, n (%, 25
4(

Malignant neoplasm, n (%)
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Identification of Differentially Regulated aABs
During ACR

To characterize differently regulated aABs during ACR,
seraofnon-ACR-HTxand ACR-HTx were screened for IgG
aABs. Differentially regulated aABs are shown in Table 3.
A heat map of screened IgG aABs is shown in Figure S1
(SDC, http://links.lww.com/TP/D63). Our peptide array
analysis revealed 2 differences in intensities for IgG aABs
in ACR-HTx compared with non-ACR-HTx. A total of 12
(32%) of HTx patients showed upregulated aABs against
the peptide sequence of EAINCYANETCCDFFTNQAY
corresponding to beta-2-adrenergic receptor (f-2AR). Tnl
serum levels were elevated compared in ACR-HTx com-
pared with non-ACR-HTx. In patients positive for 3-2AR
(peptide sequence: EAINCYANETCCDFFTNQAY), Tnl
serum levels at baseline were similar with a median Tnl
serum level of 6.45ng/L (IQR 2.9-25.0) versus 10.0 (IQR
8.2-22.5), P = 0.3293. However, comparing Tnl serum
levels during ACR revealed higher Tnl serum levels in
EAINCYANETCCDFFTNQAY aAB positive patients
compared with aAB negative patients with a median of
10.0ng/L (IQR 6.5-35.0) versus 30.0ng/L (IQR 17.5-
100.0), P = 0.0375. Surprisingly, IgG aAB intensities
against the peptide sequence QKIFDLRGKFKRPTLRRV
corresponding to Tnl were significantly downregulated
during ACR in 22 (59.5%) patients. Most of the patients
with downregulated for Tnl aABs were former DCM
patients (45.5%), whereas 18.2% had a former ICM or
cardiac amyloidosis, respectively. Comparison of other
clinical parameters between aAB positive versus aAB
negative patients revealed no differences for Tnl aAB
positive patients.

TABLE 2.

Clinical parameters of HTx patients classified by non-ACR-HTx vs ACR-HTx

Variable Non-ACR-HTx, n = 37 ACR-HTX, n = 37 P
LVEF
Preserved, n (%, 29 (78) 33 (89) 0.1357
Moderately impaired, n (%,,) 5(14) 2 (9) 0.2354
Severely impaired, n (%, 1) 0() 0.3173
NYHA class
NYHAL n (%,) 23 (62 22 (60) 0.3173
NYHATL, n (%,) 12 (32) 12 (32 1.00
NYHA'IIL 0 (%,) 2 (6) 38 0.6547
NYHA IV, n (%,,) 0(0) 0() n/a
Immunosuppression
CSA/Eve, n (%,) 4(11) 38 1.00
CSA/MMF, n (%) 8(22) 9 (24) 1.00
MMF/Eve, n (%,,) 4(11) 11 (30) 0.1213
Tac/Eve, n (%,) 5(14) 5(14) 0.7518
Tac/MMF, n (%,,) 16 (43) 9 (24) 0.2310
Laboratory parameters
NTproBNP, ng/L, median (IQR) 768 (296-1571),n = 36 1024 (476-1784),n = 36 0.7729
Tnl, ng/L, median (QR) 10 0(2.9-22.5,n=37 30 0(10.0-90.0),n=36 0.0072
Leucocytes, /nL, median (IQR) 1(@4.5-7.4),n=35 0(4.9-81),n=36 0.1260
CRP, mg/L, median (IQR) 9(@2-12),n=37 8(@-14),n=37 0.9075
Hb, g/dL median (IQR) 11 3 (9-13),n=35 11 5 (10-13),n =36 0.1889
Creatinine, mg/dL, median (IQR) 1.52 (1.1-1.6),n =37 1.29(1.0-1.7),n=37 0.2363

ACR-HTx, acute cellular rejection in heart transplantation recipients; CRP, C-reactive protein; CSA, ciclosporin A; Eve, everolimus; Hb, hemoglobin; IQR, interquartile range; LVEF, left ventricular ejection
fraction; MMF, mycophenolate mofetil; NTproBNP, n-terminal brain natriuretic peptide; NYHA, New York Heart Association; Tac, tacrolimus; Tnl, troponin .
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TABLE 3.

Differential IgG aABs in patients with ACR-HTx and non-ACR-HTx

Protein Peptide sequences Non-ACR-HTx, mean (SD) ACR-HTx, mean (SD) P
Upregulated autoantibodies
B-2AR EAINCYANETCCDFFTNQAY 0.80 (1.65) 1.31 (1.91) 0.0413

I —

123 4567 8 91011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

-5
Downregulated autoantibodies
Tnl QKIFDLRGKFKRPTLRRV

5

3.49 (2.77 1.13 (2.23) 0.0025

)
| ]

1234567 8 910111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

-5

5

Pvalue was calculated using the Wilcoxon rank-sum test.

aABs, autoantibodies; ACR, acute cellular rejection; ACR-HTXx, heart transplantation recipients with ACR; 3-2AR, beta-2-adrenergic receptor; Tnl, troponin I.

Downregulation of aABs in Healthy Subjects
Compared With Non-ACR HTx

Because HTx recipients represent a group of immuno-
suppressed patients, we sought to compare the prevalence
of cardiac aABs in non-ACR-HTx recipients compared
with healthy nonimmunosuppressed subjects. A table of
significantly different peptide array intensities is shown
in Table S2 (SDC, http://links.lww.com/TP/D63). A heat
map for the comparison of healthy subjects and non-ACR-
HTx is shown in Figure S2 (SDC, http:/links.lww.com/TP/
D63). A total of 32 (24.4%) of the screened aABs were
downregulated in HTx recipients compared with healthy
subjects. However, aABs against Tnl peptide sequence
(QKIFDLRGKFKRPTLRRYV) were significantly upregu-
lated in HTx patients compared with healthy subjects
(P = 0.0205).

DISCUSSION

Despite significant improvements in recent years, acute
rejection and subsequent graft loss of the HTx still remain
a life-threatening complication for HTx recipients.”! Thus,
identifying novel factors affecting graft function remains
of utmost importance. In recent years, the characterization
of the humoral immune response during HTx rejection
attained more attention. Peptide arrays offer the possibility
of screening for multiple antibodies using a small amount
of blood sample.'” However, screening approaches for car-
diac aABs in HTx patients are seldom implemented in clin-
ical routine. Thus, this study aimed to evaluate a peptide
array analysis for the detection of cardiac aABs in HTx
patients during ACR.

We screened the sera of 37 HTx recipients during
ACR using a peptide array technique for a predefined
subset of cardiac aABs against proteins or peptides
that were described to be associated with autoimmun-
ity in animal models or humans. Mechanistically, car-
diac cell damage during ACR reveals formerly unknown
autoantigens to the immune system, stimulating the pro-
duction of cardiac aABs. Due to underlying immuno-
suppression, HTx recipients represent a unique patient

population when focusing on the measurement of
immune responses. In our study, we were able to detect
an upregulation of aABs corresponding to a peptide
sequence of B2-AR, which was significantly upregulated
in ACR-HTx. To the best of our knowledge, there is no
evidence for cardiac aABs against $2-AR in HTx recipi-
ents yet. Recently, aABs against f2-AR were described
to be prevalent in patients with acute ST-elevation myo-
cardial infarction with proximal left anterior descend-
ing lesions.”” Although the authors studied a partially
overlapping epitope of f2-AR corresponding to amino
acids 172 - 192, they hereby discuss that $2-AR could
be abnormally expressed in unphysiological condi-
tions such as hypoxia in acute myocardial infarction,
causing the formation of cardiac aABs against f2-AR.
This mechanism might be transferred to ACR-HTx and
could also in part explain our results of an upregulation
of B2-AR during ACR. Additionally, for cardiac aABs
against B1-AR, there is strong evidence in HF patients;
however, results of B1-AR could not be transferred
to aABs against p2-AR.*”> During ACR-HTx we also
observed elevated Tnl serum levels in f2-AR positive,
compared with f2-AR-negative patients, which supports
the hypothesis that a myocardial injury triggered aAB
formation. Cardiac damage during ACR is described to
be associated with elevated troponin levels.** However,
a systematic review on troponin elevation during ACR
concluded a poor diagnostic accuracy for stand-alone
troponin elevation in ACR-HTx. Thus, additional bio-
markers such as cardiac aABs against $2-AR might help
identify patients developing an ACR. Additionally, the
amount of calcineurin inhibitor (CNI)-free immunosup-
pression in ACR-HTx was higher compared with non-
ACR-HTx. This is in accordance with previous data from
the MANDELA trial, where CNI-free immunosuppres-
sion protocols were found to be associated with more
frequent ACRs.”® Surprisingly, we identified aABs tar-
geting the sequence of Tnl QKIFDLRGKFKRPTLRRV
to be downregulated in ACR-HTx and found aABs
against the same peptide sequence to be upregulated in
non-ACR-HTx compared with healthy individuals. The

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Tnl peptide sequence of QKIFDLRGKFKRPTLRRYV,
corresponding to amino acids 130-147 of the Tnl pro-
tein was already described to induce EAM in susceptible
mice strains and corresponds to the upstream of helix
H2 of whole Tnl protein.®*® Using an ELISA, Doesch et
al® previously investigated Tnl aABs in DCM and ICM
patients and described an unsuspected ambivalent role
of Tnl aABs in their study since the presence of Tnl aABs
in 23% of DCM patients was associated with increased
survival. The authors assumed the protective effect of
Tnl aABs to be mediated by a more robust immune sys-
tem or a higher capacity of reverse remodeling in DCM
patients. In our cohort, however, 45.5% of Tnl aAB pos-
itive ACR-HTx patients had a former DCM before HTx.
Thus, an underlying disease-specific effect in our study
remains unlikely. The role and mechanism of action of
the observed upregulation of Tnl aABs in DCM patients
in the study from Doesch et al® and the downregulation
in our peptide array screening during ACR-HTx remains
controversial. Animal data suggest contrary effects
since in mice, immunization using the Tnl protein or
Tnl peptide sequences triggers the development of Tnl
aABs which induce HF with a DCM phenotype.®®*’
However, one of the reasons for the detected down-
regulation of Tnl aABs during ACR could be an inter-
ference of cardiac Tnl aABs and released cardiac Tnl
during ACR. As already described by Eriksson et al,?®
Tnl antibodies are able to bind serum Tnl and cause a
delay and confounding in Tnl measurement in patients
with acute myocardial infarction. Because the peptide
array technique also relies on ELISA, one could assume
an interference. Here, Tnl aABs could cause binding of
the released Tnl protein, and a subsequent false negative
peptide array result for this Tnl aAB sequence. The fact
that the observed effect of Tnl sequence corresponds to
the upstream of Tnl helix H2, which is a noncryptic part
of the Tnl protein, where aABs could potentially bind
supports this hypothesis.”® However, the observed result
of a downregulated subproportion of Tnl aABs during
ACR highlights the importance of further research on
cardiac Tnl aABs in HTx patients.

Limitations

This retrospective single-center study serves as feasibil-
ity analysis of a peptide array screening approach for car-
diac aABs in HTx patients developing an ACR. This study
is neither designed nor powered to validate peptide arrays
for screening tools in HTx patients.

The current analysis could not provide confirmatory
data to prove the peptide array reactivity with true specific-
ity for the described results. Owing to the pivotal descrip-
tive, hypothesis-generating design, a larger multicenter
approach is needed, which should also include confirma-
tory data for the peptide array specificity. The study was
neither designed nor powered to access a pathophysiologic
relevance and provide adequate powered longitudinal
data. Thus, no pathophysiologic relevance of our results
could be concluded. Because of the retrospective design
of the study, clinical data were accessed from electronic
patient records with the respective limitations in data qual-
ity and control. Therefore, a systematic underestimation of
the results cannot be fully excluded.

Salbach et al e331

Strengths

Because HTx patients represent a small but special
patient population, this study was able to characterize dif-
ferentially regulated cardiac aABs in post-HTx patients in
the presence and absence of ACR. Herein, we could show
the feasibility of a screening approach for cardiac aABs in
HTx patients, enabling further research for autoimmune
mechanisms within this field.

CONCLUSIONS

Our study was able to collect evidence for differentially
regulated cardiac aABs against structural proteins in HTx
patients during ACR. We designed this study as feasibility
analysis for a peptide array screening approach in HTx
recipients and were able to identify 2 differentially regu-
lated aABs against $2-AR and Tnl in ACR-HTx patients.
These data pave the ground for further studies assessing
aABs in this patient population. High throughput screen-
ing might help to better understand the clinical significance
of aABs against structural cardiac proteins potentially
identifying patients at risk.
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