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Anti-cardiac troponin antibodies in clinical human disease: a
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Abstract: Anti-cardiac troponin antibodies have been studied in different types of clinical diseases and
in healthy populations. A systematic review of published data on anti-troponin antibodies was carried out
(search performed on PubMed, ISI Web of Knowledge and Scopus databases). From title and abstract
analysis, thirty-three articles were included that met the pre-specified criteria; after full-text analysis, nine
articles were excluded. Most studies assessed anti-troponin I antibodies. The prevalence of anti-cardiac
troponin antibodies in healthy individuals ranged from 0.0% to 20.0%. The prevalence of anti-troponin I
autoantibodies in dilated cardiomyopathy (DCM) ranged from 7.0% to 22.2%. Other conditions under study
were myocardial infarction, ischemic cardiomyopathy (ICM), peripartum cardiomyopathy (PPCM), Chagas
disease, Emery-Dreifuss muscular dystrophy (EDMD) and renal transplantation. In the different patient
populations studied, anti-cardiac troponin antibodies have been shown to be either positively or negatively
associated with prognostic and clinical features. In what concerns a possible value as biomarkers, these assays
have not emerged up to the present moment as important aids for practical clinical decisions in cardiac or
other types of patients. In what concerns pathophysiology, anti-cardiac troponin autoantibodies may play a
role in different diseases. It can be speculated that these antibodies could be involved in perpetuating some

degree of cardiac injury after an event, such as myocardial infarction or PPCM.
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The major function of the heart is its contractile function, troponins exist in different settings, and questions about

and cardiac muscle contains sarcomeres, which include their role in the cardiovascular pathological continuum

different types of molecules, of which actin and myosin
are essential for strength generation during contraction.
Other molecules, such as cardiac troponins, play a role
of regulation concerning cardiac muscle contraction.
Cardiac troponins I and T have been shown to be different
molecules than the corresponding ones in skeletal muscle,
and have gained importance as cardiac biomarkers (1,2).
Research has shown that antibodies against cardiac

© Annals of Translational Medicine. All rights reserved.

have emerged over the last years. The possible role of
cardiac troponin autoantibodies in disease processes [and
particularly in dilated cardiomyopathy (DCM) and ischemic
cardiomyopathy ICM)] has gained interest (3-6).

Animal models in mice have demonstrated that anti-
cardiac troponin I autoantibodies are capable of inducing
heart dilatation and dysfunction, apparently through
interactions with the calcium balance in cardiomyocytes (7).
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Okazaki et al. showed that in mice antibodies to cardiac
troponin I stained the surface of cardiomyocytes, implying
the presence of troponin I on the cell surface (differing from
cardiac troponin T) (7). Goser et al. immunized mice with
cardiac troponin I, leading to severe inflammation of the
myocardium, cardiomegaly, fibrosis and 30% mortality over
270 days (8). However, in a study carried out in cultured
neonatal rat ventricular myocytes, anti-cardiac troponin
I autoantibodies obtained from human patients were
unable to bind to cardiomyocytes or to influence calcium
transients (9). Halley er /. described a heightened cellular
interleukin-10 response of peripheral blood mononuclear
cells to cardiac troponin I in a subset of patients with
idiopathic DCM, in association with reduced systemic levels
of C-reactive protein and a lower prevalence of advanced
diastolic dysfunction (10).

Published data concerning anti-cardiac troponin
antibodies has not yet provided a clear overall picture. For
instance, conflicting data have been published concerning
the impact on prognosis in heart disease (4). Leuschner
et al. showed that the absence of autoantibodies against
cardiac troponin I predicted an improvement of left
ventricular function after an acute myocardial infarction
(MI) (11). Doesch et al., however, described a beneficial
effect of anti-troponin I autoantibodies in the setting
of DCM (improved survival), but not in patients with
ICM (12). Thus, although having been described over
20 years ago (initially as a source of potentially false-
negative immunoassay results), the specific role of these
autoantibodies, if any, remains elusive (13,14).

Autoantibodies can play different roles in autoimmune
diseases. They can be useful for diagnostic purposes,
as markers of disease activity and in some cases for
establishing prognosis (15,16). B lymphocytes, responding
to discrete changes in the balance between activation and
inhibition signals, play a pivotal role in the production of
autoantibodies (17,18). Activation of lymphocyte clones
reactive against “self” antigens is an important step in
the autoimmune response, and the ensuing collaboration
between B and T lymphocytes seems critical in several
disease entities (17-20). In addition to their role in the
production of autoantibodies, B lymphocytes can present
small fragments of peptides to T lymphocytes, and in
an appropriate context lead to activation of these clones
reactive against “self” antigens (21). Several factors can be
involved in the modulation of the autoimmune response,
including hormonal, immunological, genetic (both
MHC and non-MHC genes) and environmental (namely
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smoking, diet and the presence of infectious agents such
as the Epstein-Barr virus and Cytomegalovirus) (22). Also,
the age and sex of the individual in question are relevant
considerations (22). Interestingly, the CD4/CD8 ratio
can influence the immune response (namely the response
to certain infectious agents), being itself influenced by
the hormonal environment (22). Also involved in altered
lymphocyte response (and more broadly immune response)
are different receptors and proteins which are able to
influence immunological mechanisms (23-26). In addition
to these mechanisms, the cytokine milieu (and specifically
imbalances in their expression) is also of relevance
in the regulation of inflammatory and autoimmune
mechanisms (27).

However, the production of autoantibodies implies that
the immune system fails to recognize some antigens as “self”.
The induction of thymic tolerance is indispensable for the
self-regulation of the immune system and the induction of
self-antigen tolerance. This complex regulation is achieved
by the elimination of high affinity self-reactive T cells
and by the stimulation of T lymphocyte clones acting as
inhibitors of the autoimmune response (namely regulatory
T lymphocytes). This control is genetically driven, usually
in polyclonal form (28), but as previously mentioned may
also be influenced by different factors (22). The loss of
this mechanism of tolerance (which can lead to the so-
called ‘friendly fire’ and the development of autoimmune
disease) can affect different individuals in the general
population (29).

Given the present data, addressing the importance of
anti-cardiac troponin autoantibodies is of relevance. In
the present report, we aimed to systematically review the
data concerning the prevalence of anti-cardiac troponin
autoantibodies (both against cardiac troponin I and T) in
different human clinical contexts (including apparently
healthy individuals), and its possible clinical significance.

Methods
Search strategy

The study started with a search on three databases, Medline
(PubMed), ISI Web of Knowledge and Scopus, using the
queries “anti-troponin AND antibody”, “antitroponin AND
antibody”, “anti troponin AND antibody”, “anti-troponin
AND antibodies”, “antitroponin AND antibodies”, “anti
troponin AND antibodies”. The search took place between

June and July 2016, and no articles were excluded based

atm.amegroups.com Ann Transl Med 2017;5(15):307



Annals of Translational Medicine, Vol 5, No 15 August 2017

on publication date. The aim of our search was to identify
studies evaluating the presence of anti-troponin antibodies
in different clinical contexts. The queries resulted in 523
articles on the PubMed database, 884 on ISI Web of
Knowledge and 876 on Scopus. Additional studies were
found after searching the references of previous review
articles and other relevant sources, including articles related
to the topic in question as well as articles citing the selected
articles (allowing the inclusion of a paper published in 2016
with publication date 2017).

Inclusion criteria

Only human studies were included, and both observational
and interventional studies were considered within the scope
of this review. Both anti-troponin I and T autoantibodies
were considered relevant for the purposes of this review.

Exclusion criteria

Articles written in languages other than English, as well as
mechanistic and animal studies, were excluded. Case reports
and studies containing less than ten subjects were also
excluded.

Articles concerning mainly the characterization of anti-
cardiac troponin autoantibodies (rather than focusing on
assessing their presence on a given context), although of
relevance, were considered outside the scope of this review,
which aimed at addressing the prevalence and significance
of anti-cardiac troponin autoantibodies.

Summary measure

We aimed at presenting an overview of studies assessing
anti-cardiac troponin autoantibodies in different clinical
contexts (qualitative synthesis). The primary summary
measure (quantitative synthesis) in this analysis was the
determination of the number of individuals with detectable
anti-troponin antibodies. The number of participants
in some studies was calculated from the published value
corresponding to the percentage. In order to be included
in the quantitative synthesis the article had to specifically
define the number of individuals with detectable (i.e., above
a pre-defined threshold) anti-troponin autoantibodies.

Quality assessment of studies and data extraction

Study quality and eligibility were individually assessed
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by four investigators. Different opinions regarding the
relevance of articles were solved by consensus between
the authors. In the case of more than one report from the
same research group, data from each report were assessed
separately, whenever the authors did not indicate that the
same cohort was being studied.

Results

From title and abstract analysis, thirty-three articles were
included that met the pre-specified criteria, and this set of
articles was analyzed by the authors. After full-text analysis,
nine articles were excluded. Of these, six did not specify
that anti-cardiac troponin was assessed (30-35), one did
not specify that anti-troponin autoantibodies were assessed
(referring only anti-heart autoantibodies) (36), and two
were mainly concerned with the characterization of anti-
troponin autoantibodies (37,38). A flowchart showing the
literature search method, as well as the resulting number of
articles selected, is displayed in Figure 1.

The articles included in the qualitative synthesis were
published between 2006 and 2016, and comprised a total
of 10,229 individuals. Table 1 presents an overview of the
articles included in the qualitative synthesis.

The articles included in the quantitative synthesis were
also published between 2006 and 2016, and comprised a
total of 7,406 individuals. Table 2 presents an overview of
the articles included in the quantitative synthesis.

Most studies assessed anti-troponin I antibodies
(9,12,14,39-42,45-48,50,51,53-58), whereas anti-troponin T
antibodies were assessed in only 16% (n=1,636) of individuals
(11,43,44,49,52) (including 993 individuals where both types
of autoantibodies were evaluated) (11,44,49).

Over half of the studies included assessed individuals with
cardiovascular diseases (9,11,12,14,39,40,44-48,50,51,53,55-
57), especially DCM. The prevalence of anti-troponin I
autoantibodies in DCM ranged from 7.0% (11) to 22.2% (in
patients prior to immunoadsorption, notably decreased to
3.7% after immunoadsorption) (53). Only one study presented
data concerning anti-troponin T" autoantibodies in DCM (11).
Importantly, a total of 3,661 healthy (or presumably healthy)
individuals were also assessed, though mainly as control
groups (9,11,14,39,40,43-49,52,54,56,58).

Healthy volunteers

The current literature included a total of 3,661 healthy
(or presumably healthy) individuals. Of these, 2,317
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Records identified through initial database searching
using queries “anti-troponin AND antibody”,
“antitroponin AND antibody”, “anti troponin AND
antibody”, “anti-troponin AND antibodies”, “antitroponin
AND antibodies”, “anti troponin AND antibodies”
(n=523 in PubMed; n=884 in ISI Web of Knowledge;
n=876 in Scopus)

Additional records identified
through other sources
(n=11)

(n=20 in PubMed; n=1 additio
Knowledge; n=1 additional record

Records after title and abstract analysis and duplicates removal

records through other sources)

nal records in IS Web of
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Figure 1 Flowchart showing literature search method. n, number of artic

were included in the quantitative synthesis (7Tzble 2)
(9,11,14,40,45,47-49,52,56,58). The prevalence of anti-
troponin antibodies in healthy individuals ranged from 0.0%
to 20.0% for anti-troponin I (9,11,14,45,47,58) and from
0.0% t0 9.9% for anti-troponin T (11,49,52).

Emery-Dreifuss muscular dystropby (EDMD)

Two studies assessed anti-cardiac troponin I autoantibodies
in the context of EDMD (54,58). In these studies, anti-
cardiac troponin I autoantibodies were present in all
patients with EDMD (X-linked and autosomal dominant-
type). The investigators reported on a significant difference
between the levels of anti-cardiac troponin I autoantibodies

les.

among both forms of the disease, these being significantly
higher in the X-linked type (54). Interestingly, although
persistently detectable, at follow-up the levels of these
autoantibodies were decreasing in the X-linked type,
whereas they were increasing in the autosomal dominant-
type. In neither study, however, were levels of anti-cardiac
troponin I autoantibodies significantly correlated with
cardiovascular symptoms.

Mpyocardial infarction

Leuschner et al. studied 108 patients with acute MI (both
with or without ST segment elevation) (11). Ten patients
had anti-cardiac troponin I with IgG titres >1:160. Patients

© Annals of Translational Medicine. All rights reserved. atm.amegroups.com Ann Transl Med 2017;5(15):307



Page 5 of 16

, Vol 5, No 15 August 2017

icine

Annals of Translational Med

(ponurguo3) 1 dqey,

(sj043u09)
0GL/0S+
dNgoud (sj0s3u09 ‘uelpaw) {(uonejndod sjosjuod Auyeay [0102] (8Y) T8 18
-LN ‘| ujuodouy OBIpPJED (07T PuluesID [uL-nuy (Auepie) 4H 0¥ ‘(uonendod 3s8}) 9°GF0'EL 1s8)) 2//99  00g + sjuened 4H g¢l usbung
auluiealo ‘asepixoladojpAw {d4o (sjosu0o  (sj041U09) B1L/91 S|043U0D [L102]
Aunnisuss-ybiy :dNg ‘| uiuodouy delpseD [uL-uy NOa Auyesu) vLF.y ((NOQ) €LFES NoQ) Sl/ee  Aunesy e + INOA by (L) e 1o 9dden
sjonuod Ayyeay GLL'L [LLog] (9Y) Te 1o
- jul-nuy 4H - - + sjuaned 4H GLE‘L ownsje
uuodoajso ‘dNgoid (fe))] (Won et/set syuened WOI [L10¢2] (€1) Tede
-LN ‘Wnipos ‘dy9 ‘euluipeasd ‘uigojbowsH |uL-uy NOI pue NOd 8'8F7'6S ((INOQ) 2 LLF6' LS  (INOQ) 65/061 L1 + syuened NOQ 672 yoseo(Qg
(sjonuoo) #8/92 1
(s|onuo09) g5 ‘(uoneindod s|ou00 Ayyesy 01z [c1o2]
- [uL-nuy [N @noy  (uoneindod 3s8} ‘ueipsw) /9 1s8y) vi/22  +sjusned [N 8ok |gL  (Gp) e 1o Buel
(slonuoo) €1/01
{(43 peonpai
(s]013u02) 0’0 LFHE  uonendod 1s93)
{(43 paonpas uoneindod G712 {43 lew.ou S|0J3U00 Ay3jeay
1ul-huy (43 paonpai 1s8) 2’91 F/€ (43 [ewou uonejndod gz + (43 paonpai 9g/43 [eLoc]
1 uiuodouy oelpJed ‘| uluodo} oelpIED) [UL-BUY  "SA [ewsou) ON/HA uonendod 3se}) 8'91F9¢ 1s8) v1/01 [BwJou 2) ON/HA 05 (v) 12 Jo Jei3
(syuened
(swuoy DI G + Auiesy 0g)
sa|poqgiue 1znid ewosouedAll [e21UID JUBIBYIP) (uonreindod S|0J3U0D G + sjuaied [ero2]
-1jUe ‘S8IpoqiueoINe UISOAW-IIUY Lul-nuy aseas|Ip sebey)n (uoneindod 1s9)) €1 F61 1s9}) £9/89 aseasIp sebey) Lgl (Ep) Je 18 seunN
(smess Apoguueoine 7102l (e¥) 1e e
- |uL-iuy IN pejoadsng 0} Buipiodde papIAIp Exep) — 0tc/00¢ IN pejoadsns Q.G Msoxnaeg
sjueidioal [sLoc]
- |uL-iuy jue|dsuely [eusy 9'CL¥6'CS 81/0¢ jue|dsues} [euss 8% (Lf) & 39 sounN
01 ‘euowoy Bunenwis-ploJAyl
‘{dNgosd-IN {1 uluodosy oelpIeD JUN0d
pooiq |In} ‘uigojboway ‘44D unoejoud
MO ‘auluneasd v 1 SY iselpogiueoine sjoiuoo Ayyesy [5102] (0F) e 10
uISOAW DlBWIODIES DBIPJED-NIUY |uL-uy NOdd (uonreindod 1s8)) 9F e (selewsy &) =  0G + siuaed NOdd 0/ enjiybeH
91 9731 -971aH (slonuod) ge/irik $|04ju00
D1 ‘uigojbowsy BwAzusos! gIN-MO MO (slonuo2) ¥9°01709°8S ‘(swuened)  Ayyesy 99| + sjusned [210¢]
‘se|pogpueoine Jojdesousipe- | e1ed-iuy |uL-huy I\ uoneasie-IS {(syuened) L9°0LF1ELS G9/9¢y IN uonense IS L6y (6€) 1239 ued
passasse
Apoqgniueoine onel
passosse siojoweled [eonAjeuy uiuodou 1X31U09 [BOIUID (s1eah) obe ues|y oeWalBEN u [reaA] Apnis
OBIPJBD-IIUY

SIsayuAs aanerrenb oy ur papnpour ‘eroInd pagwads-axd oy Sunoour s[eLn Jo MO1AIAQ) T I[qEL

Ann Transl Med 2017;5(15):307

atm.amegroups.com

© Annals of Translational Medicine. All rights reserved.



IC review

a systemati

Vilela et al. Anti-cardiac troponin antibodies

Page 6 of 16

(ponurguo)) 1 Qe

(se101U3E) sele|yre Ayyesy
(dnoub |\ @1noe (sew@ye  0/01 ‘(W 8Inoe) Q| + swened ||\ 81noe
Joy 8|qe|ieAe ejep) ‘uigo|Bowsy paredh|b lul-nuy  sels|yie ||\ 8noe ‘ueipaw) gg (IIN @Inoe) 02/88 ‘(NOI 80} + stuanied NOI 681 [800¢c] (L1) T2 je
‘01 '07A7 'dNgoid-IN ‘1 uluodoly oelpred |uL-huy INDI PUB NOA € LLFL 09 {(NDI PUe NDQ) - pue NOQ) - + syuened NOQ 2.2 J8uyosneT
(poxuIl-X
pue jueuiwop (uoryeindod sjosu00 Ayyesy [g002] (¥S) 1e 10
= lul-uy  [ewosoIne) QNa3 - 1se)) /9 0l + swuened gNQ3 0L zsogog-loigalN
5 ulngojfounwiw
[e101 {dNgoid-| N ‘esoon|b ‘juoo1eway
‘uigojBowsy Q1 O] 0707 071QH ‘wnioed (uondiospeounwiuwi [600¢] (€9) 18 19
‘wnissejod WNIPOS {dyD 'eain laululyesid |ul-uy 0} papiwans) NOd L'6%0°LS g/ve NOQ L2 yoseoQ
siouop
poojq Ayiesy sJouop pooiq
wouJy sa|dwes Ayyesy oG/ + aniisod
"JO}oe} plojewnayl J0}0B} plojewnayl Jg| +
‘snsolewayifis (sjosu00 Ayyeay) g°/¢ sjuaijed snsojewsayifia
sndn| olwalsAs  {(8Allsod J01oB} plojewnayl) sndn| olwalsAs 9g |
‘snuIA g siyizeday 6°€G ‘(snsoyewayifie sndn| + aAlIsod snuIA g
‘SnJIA O siyjeday oJwa)sAs) g'GG ‘(ensod siyeday oG + aAlsod
‘oseasip sebey)  snuia g siieday) — {(eAsod sniIA 9 siireday 002
10108} plojewnays | uijuodouy oelpied dNg ‘] uluodouy snJIA O sireday) 8'2y + sjueijed asess|p
{dNg ‘peo| [edin snuia O siyreday (seipognue oe|pJeD J0} dAIIsod ‘(oseasip sebey)) 6Ly  (sdnoub 1oslgns  sebey) 19z + anilsod
SnUIA O shiyedey-iue ‘S8IpogiuUE SNIIA g pajse} suonendod  (eAisod dNg) 0'6. ‘(eAtHsod 0} Buipioooe dNg 00g + aalsod | [600¢] (71) T8 19
siireday-nue ‘YNQ papuUells a|gnop-ijuy Jul-nuy wouy sa|dwes | uluodoJy oBIpJeD) 0°L/  PSPIAIP BIEP) — uiuodou} oelpied g/ | MAzowepy
sJouop siouop [6002] (¢9) Te te
- 1ul-uy poojq woly se|dwes 1'6€ 81¢/6l¢c pooiq Ayyeay /91 MAzowepy
1 uluodon
oelpJed {| uluodoly oeipled {dNgosd-IN SOV sSov [600¢] (19) e 1o
dHO Aunnsuss-ybiy ewiAzusosi gN-H0O |uL-nuy uoneAs|d | S-UoN L'6¥€Y9 ¢c/6S uoneAs|d | S-uou |8 uossisped
dNgoud-LN ‘| uiuodon SOV (snieys Apoquueoine SOV loroz] (09)
oeIpJed YD AuAiususs-ybly eulunesio |uL-huy uoleAs|d |S-UON 0} Bulpiodoe PapIAIP elep) — 69¢/889 uoneAs|s | S-uou /56 ‘e 18 |yepur
(sneis
Apoquueoine
1ul-nuy sJouop (snye3s Apoqnueoine 0} Buipioooe siouop [0102] (6Y) ‘B 18
= JuL-uy pPoo|q woly se|dwes 0} BulpIodOe POPIAIP BIEP) —  PSPIAID BIEp) — Poo|q [ewliou GiE MAzowepy
poessasse
passosse siajoweled [eonAjeuy %OQW__UMMO:M 1X31U09 [BOIUlD (s1eah) abe ues|y w_mEmtwo_WW_ u [reaA] Apn1s
oBIpJEO-IIUY

(ponuruo3) 1 Sqe],

Ann Transl Med 2017;5(15):307

atm.amegroups.com

© Annals of Translational Medicine. All rights reserved.



Page 7 of 16

, Vol 5, No 15 August 2017

icine

Annals of Translational Med

‘uonjoedwoouou/uolie|noageadAy Jeinoujusn ‘“ON/HA SepladA|bLy
‘D1 ‘lossssjoyo .30} ‘D ‘AyredoAwolpies wnpeduad ‘NDdd ‘epiidad ofainuieu ulelq jo suowloy-oid jeuiwls}-N dNgodd-IN ‘epndad oieinuieu jeuje jo suowoy-oid
[eulwia}-N ‘dNVOId-IN {S[enpIAIpUIl JO Joaquinu ‘U fuolosejul [eipieooAw ‘||N ‘joaisajoyo uejoidodi) Alsusp-mol ‘07T ‘AyredoAwoipied olwsyos! ‘ND| ‘ein|ie; pesy 4H
‘losaisajoyo uisroadodi Ausuap-ybiy ‘01gH ‘uonoedy uonoale 43 ‘AydosisAp Jejnosnw ssnyaig-Aew3 ‘gNa3T ‘AyredoAwolpled palelip ‘INDQ ‘uieloid BA1oBaI-D) YD ‘eseuly
aunealo ‘Y0 ‘epnded onainuiBU UlRIg dNg ‘eselajsuelioulwe alepedse ‘| Qy ‘epndad dnjainuieu [euUle dNYV ‘9SeJajSuBioulWE SulUBR [TV ‘DWOoIpUAS AIBuoiod 81nde ‘SOV

(uoneindod
189)) awAzus0s| gIN-MD MO ‘selpogiueoine

(PoxuI-X
pue jueujwop

S|0J3u02 Ayeay
0l + sjuenred NOQ OF [900¢] (8S) e 19

uioe-IuUY ‘seipogiiueoine uisoAwodos-ljuy |ul-nuy  [ewosoine) gNa3 - - + sjuanied QINAQ3T 1 zsogoq-loigaiN
(slonuo9) gz/E L s|os3u00 Ayesy
(s103u09) 2°€€ (INDI) ‘Won 9/22 gy + swened WOl €€ [200¢] (6) e 1o
uiqojboweH JuL-nuy INOI pue NOQ 8'L¥2" 1L {(INDq) £'2FEe9 (noa) ot/ee + spualred NOQ g€ UoIAo[IlYS
0-10}08}
SIS0J08U Jown} fulual {dNgodd-1N ‘{dNvosd
-IN ‘] uluodouy oelpJeD ‘0 |-Unajelul
‘9-upinepisiul ‘44D AlAisues-ybiy [8002] (29) fe 18
‘aunydauidaiou ‘eunydsauids ‘euoia1sop|y Jul-nuy I\felel (ueipaw) 96 e2/2l sjuened NDOA S6 usumaIN
$|0J3UO0D UooUNy
(dnoub NDQ) sewousb [elin ‘saipogiueolne (sj013u09) 81/08 Je[NOLIUSA 1| [ewou
9'g uieloud BupoeIBUI-[PULBYD AM-[JUE (slonuoo) |1 ¥Gg (nol) o/ev 86 + syuaned NOI 6v [800¢] (99) /e 1o
‘saIpoqpueoine J0}deoousipe | e1eg-iuy [uL-uy WOl Pue NOA  (NDI) LLFLO (INDQ) LILFES ‘(N0Q) 2e/9. +sjuaed NOQ 86 JebiagspueT]
aulydauldaiou { NV ‘salpoqiiueoine
Joydeoal auljoyo}A190E ZIA dluLeosnw
-lue ‘saipogueoine Joydeoousipe | eleq (Wol) s/2 swened ND| [s00z]
-ljUe !s8IpoqjuBoiNe 8sed |+ +EN-IUY [uL-nuy Noa (NDI) 01F96 {(NDQ) - (NDa) €2/18 O} + swenied NOA vO L (5) eqeg
possasse
passasse sJojoweled [eonAjeuy %OQW__UMMO:M 1X31U09 [BOIUlD (s1eah) abe ues|y w_mEmtwo_WW_ u [reaA] Apn1s
Jelpied-ljuy

(ponuuo3) 1 Sqe],

Ann Transl Med 2017;5(15):307

atm.amegroups.com

© Annals of Translational Medicine. All rights reserved.



Page 8 of 16

Vilela et al. Anti-cardiac troponin antibodies: a systematic review

Table 2 Overview of studies presenting number of individuals with presence of anti-cardiac troponin autoantibodies

Study [year]

Proportion (and percentage) of individuals with detectable anti-cardiac troponin autoantibodies,
assessed at different time points according to different studies

Fan et al. (39) [2017]
Haghikia et al. (40) [2015]

Nunes et al. (41) [2015]*
Savuskoski et al. (42) [2014]

Nunes et al. (43) [2013]

Tang et al. (45) [2012]*

Doesch et al. (12) [2011]

Lappé et al. (47) [2011]

Diingen et al. (48) [2010]

Adamczyk et al. (49) [2010]

Lindahl et al. (50) [2010]

Pettersson et al. (51) [2009]

Adamczyk et al. (52) [2009]
Adamczyk et al. (14) [2009]

94/491 (19.1%) ST-elevation Ml patients

18/70 (25.7%) PPCM patients

3/50 (6.0%) healthy controls

18/48 (37.5%) renal transplant recipients

37/510 (7.3%) suspected MI patients (old assay)

47/510 (9.2%) suspected Ml patients (new assay)

78/131 (59.5%) Chagas disease patients

0/15 (0.0%) ICM patients

18/121 (14.9%) AMI patients (assessed by ELISA)

13/121 (10.7%) AMI patients (assessed by WB)

1/210 (0.5%) healthy controls (assessed by ELISA)

0/210 (0.0%) healthy controls (assessed by WB)

43/249 (17.3%) DCM patients

30/141 (21.3%) ICM patients

6/44 (13.6%) DCM patients

7/35 (20.0%) healthy controls

12/138 (8.7%) HF patients at baseline

20/138 (14.5%) HF patients at follow-up (median 85 days)
28/300 (

33/345 (
28/345 (8.1%) normal blood donors (anti-TnT autoantibodies)

7/957 (0.7%) non-ST elevation ACS patients only at baseline

42/957 (4.4%) non-ST elevation ACS patients only at 6 months

62/957 (6.5%) non-ST elevation ACS patients at baseline and 6 months

9.3%) healthy controls
9.6%) normal blood donors (anti-Tnl autoantibodies)

111/957 (11.6%) non-ST elevation ACS patients considering any time point
9/81 (11.1%) non-ST elevation ACS patients at baseline

12/81 (14.8%) non-ST elevation ACS patients at 12 months

14/81 (17.3%) non-ST elevation ACS patients considering any time point
46/467 (9.9%) healthy blood donors

18 /173 (10.4%) cardiac troponin | positive individuals

21/200 (10.5%) brain natriuretic peptide positive individuals

31/264 (11.7%) Chagas disease patients

27/200 (13.5%) hepatitis C virus positive individuals

7/50 (14.0%) hepatitis B virus positive individuals

13/136 (9.6%) systemic lupus erythematosus individuals

28/137 (20.4%) rheumatoid factor positive individuals

95/750 (12.7%) healthy blood donors

Table 2 (continued)
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Study [year]

Proportion (and percentage) of individuals with detectable anti-cardiac troponin autoantibodies,
assessed at different time points according to different studies

Doesch et al. (53) [2009]

6/27 (22.2%) DCM at baseline

1/27 (3.7%) DCM after immunoadsorption
4/27 (14.8%) DCM at 6 months

Niebroj-Dobosz et al. (54) [2008]

10/10 (100.0%) EDMD patients at baseline

10/10 (100.0%) EDMD patients at follow-up (1-6 years after diagnosis)

Leuschner et al. (11) [2008]

19/272 (7.0%) DCM patients (anti-Tnl autoantibodies)

5/272 (1.8%) DCM (anti-TnT autoantibodies)

17/185 (9.2%) ICM patients (anti-Tnl autoantibodies)
1/185 (0.5%) ICM patients (anti-TnT autoantibodies)
10/108 (9.3%) AMI patients at baseline

10/108 (9.3%) AMI patients at follow-up (6-9 months)

0/10 (0.0%) healthy athletes (assessed at multiple timepoints)

Landsberger et al. (56) [2008]

20/98 (20.4%) DCM patients
9/49 (18.4%) ICM patients

4/98 (4.1%) controls with normal left ventricular function

Miettinen et al. (57) [2008]

9/95 (9.5%) DCM patients at baseline

7/95 (7.4%) DCM patients at follow-up (median 4.1 years)
15/95 (15.8%) DCM patients at any time point

Shmilovich et al. (9) [2007]

Niebroj-Dobosz et al. (58) [2006]

5/32 (15.6%) DCM patients
6/33 (18.2%) ICM patients
0/42 (0.0%) healthy controls
14/14 (100.0%) EDMD patients
10/10 (100.0%) DCM patients
0/10 (0.0%) healthy controls

*, considered if titre >1:40; **, western blot analysis performed on subgroup of individuals (those positive for anti-cardiac troponin | with
ELISA and 19 additional negative healthy controls). ACS, acute coronary syndrome; AMI, acute myocardial infarction; DCM, dilated
cardiomyopathy; EDMD, Emery-Dreifuss muscular dystrophy; ELISA, enzyme-linked immunosorbent assay; HF, heart failure; ICM,
ischemic cardiomyopathy; MI, myocardial infarction; PPCM, peripartum cardiomyopathy; WB, western blot.

without anti-cardiac troponin I autoantibodies showed
a significant increase in left ventricular ejection fraction
6-9 months after the event, in contrast to those where
these autoantibodies were detected (11). Interestingly, in
this study, all patients positive for anti-cardiac troponin
I autoantibodies presented positivity at baseline (while
none of the remaining patients developed autoantibodies
throughout the follow-up).

In the context of non-ST elevation acute coronary
syndromes (ACS), the presence of anti-cardiac troponin I
autoantibodies was associated with higher troponin I release
(50,51). Lindahl et a/. studied 957 patients with non-ST

© Annals of Translational Medicine. All rights reserved.

elevation ACS, with outcomes assessed through 5 years. In
this study, despite being associated (as previously described)
with chronically elevated troponin concentrations, anti-
cardiac troponin autoantibodies were not independently
associated with death and MI during follow-up (50).

In a recent study, Fan ez 4/. studied both anti-betal
adrenoceptor and anti-cardiac troponin I autoantibodies
in patients with ST-elevation acute MI (39). Both types
of autoantibodies were independent predictors of left
ventricular remodeling, whereas only the first type of
antibody was an independent predictor of major adverse
cardiovascular events (39). Savukoski et 4l. reported that the

atm.amegroups.com Ann Transl Med 2017;5(15):307
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presence of anti-cardiac troponin I autoantibodies was not
correlated with 12-month outcome (studying a population
of 510 individuals presenting with suspected MI, of which
167 had the diagnosis confirmed) (42).

Heart failure, including DCM and ICM

Several studies assessed individuals with DCM and ICM.
On the first published report concerning this clinical
setting, Shmilovich et 4/. studied anti-cardiac troponin I
autoantibodies in patients with idiopathic DCM and with
ICM (9). IgG antibodies were detected more frequently
in both groups of patients, when compared to controls (9)
(Table 2).

On a seminal study, Leuschner ez #/. measured both anti-
cardiac troponin I and T autoantibodies in 272 patients
with DCM and 185 with ICM, with 7.0% and 9.2% of
patients having anti-troponin I IgG antibody titre >1:160,
respectively (11). Anti-troponin T autoantibodies were
found much more rarely (11).

Baba studied 104 patients with DCM, and found that
cardio-depressant autoantibodies (defined as those able to
lead to a significant depression of left ventricular ejection
fraction) were similarly found in patients with and without
antibodies against troponin I (55).

Landsberger et a/. studied anti-cardiac troponin I
autoantibodies in patients with DCM and ICM. In
accordance with previous data, in both cases these
antibodies were more frequently detected than in a control
population (56) (Table 2).

Miettinen et «/. studied 95 patients with idiopathic
DCM (57). The presence of anti-cardiac troponin I
autoantibodies was not associated with patients’ clinical
status or outcome, in contrast to findings related to cardiac
troponin I (57).

Diingen et al. studied anti-cardiac troponin I autoantibodies
in elderly HF patients, as well as the effect of treatment
with beta-blockers. At baseline levels of anti-cardiac
troponin antibodies were not significantly different between
HF patients and controls (0.56 vs. 0.53 relative value units,
respectively), but increased after beta-blocker titration.
The antibody values were not associated with the severity
of HF, and there was no correlation between levels of these
antibodies and cardiac troponin I (48).

Doesch et al. [2009] studied anti-troponin I antibodies in 27
DCM patients, as well as the effects of immunoadsorption (53).
Mean left ventricular ejection fraction was not significantly
improved overall, but an increase in exercise capacity

© Annals of Translational Medicine. All rights reserved.

Vilela et al. Anti-cardiac troponin antibodies: a systematic review

was seen after immunoadsorption (53). In this study
the prevalence of anti-troponin autoantibodies changed
during follow-up. After immunoadsorption the number
of individuals with autoantibodies decreased (from 6/27 at
baseline to 1/27), though 6 months after this therapeutic
intervention the number increased again (to 5/27).

In another study, Doesch et a/. [2011] studied the
prognostic impact of anti-troponin I antibodies in HF
patients (12). The authors reported superior survival in
patients with DCM when compared to ICM, and the
presence of autoantibodies in plasma was associated with an
improved survival in patients with chronic DCM (though
not in ICM) (12).

Matsumori et a/. studied anti-cardiac troponin I
autoantibodies in HF patients, including patients with
myocarditis with or without HCV infection (46). Elevated
antibody titres were detected in those with myocarditis, and
were even higher in HCV-infected patients (46).

Peripartum cardiomyopathy (PPCM)
Haghikia ez al. studied a group of 70 patients with PPCM.

The presence of autoantibodies to either cardiac sarcomeric
myosin or troponin I was associated with a significantly lower
baseline left ventricular ejection fraction and lower rate of
full cardiac recovery at follow-up (6+2 months) (40). In this
study, patients with anti-cardiac troponin I antibodies also
had more frequent pericardial effusion (40).

Chagas disease

"Two studies presented data concerning anti-cardiac troponin
autoantibodies in Chagas disease (14,43). In one study,
Nunes er al. assessed the possible impact of anti-troponin
T autoantibodies in patients with different clinical forms of
Chagas disease (43). The investigators showed that in the
chronic phase of Chagas disease, total IgG anti-troponin T
was correlated with left ventricular end-systolic dimension
and had a negative correlation with left ventricular ejection
fraction. However, similarly high levels of anti-troponin
T antibodies were seen when patients with cardiac disease
were compared to indeterminate forms of the disease (43).

In another study (14), Adamczyk et a/. presented
data from samples from clinically diagnosed Chagas
disease subjects. In this latter study, 11.7% of individuals
presented anti-cardiac troponin I autoantibodies, a value
not significantly different from the positive rate in healthy
controls (see Tuble 2 for details).

atm.amegroups.com Ann Transl Med 2017;5(15):307
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Left ventricular bypertrabeculation/non-compaction
(VH/NC)

Erer et al. assessed anti-troponin autoantibodies (IgM and
IgG for troponin T, only IgM for troponin I) in patients
with VH/NC (44). The authors reported a correlation
between anti-troponin I autoantibodies and troponin I,
whereas there was no significant correlation between anti-
troponin T autoantibodies and troponin T. Contrary
to anti-troponin T autoantibodies, which were elevated
only in patients with systolic dysfunction, levels of anti-
troponin I autoantibodies were elevated both in the
presence and absence of systolic dysfunction. There was
no significant correlation between autoantibody levels and
left ventricular ejection fraction, number of segments with
hypertrabeculation/non-compaction, end-diastolic or end-
systolic volume.

Renal transplantation

One study presented data regarding the prevalence of anti-
troponin I antibodies in a group of 48 renal transplant
patients under immunosuppressive therapy (41). The
presence of an anti-troponin I antibody titre >1:80 was not
associated with the presence of clinical cardiac disease, but
was associated with statin therapy status, being less frequent
in patients under statin therapy.

Discussion

We have reviewed the available evidence concerning
anti-cardiac troponin autoantibodies in different clinical
scenarios. A plethora of conditions has been presented,
ranging from healthy (or presumably healthy) subjects to
different degrees of cardiovascular and non-cardiovascular
pathology. In this review, the prevalence of anti-cardiac
troponin antibodies ranged from 0.0% to 100% (in the
different groups under study—see Table 2).

The role of autoimmunity in heart disease has attracted
attention (3,4). Theoretically, autoantibodies against
different cardiac antigens could be involved in different
dimensions of physiopathology, such as having a causative
role in disease processes, lead to aggravation of concomitant
or pre-existent cardiovascular disease, act as an indicator
of disease (not exclusively cardiac disease) or be an
epiphenomenon without a causal relationship to cardiac
disease.

Research has shown that autoantibodies against

© Annals of Translational Medicine. All rights reserved.
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different cardiac antigens (such as beta-1 adrenoceptors)
can have an important role in the pathophysiology of
heart diseases, namely HF (4,56). In a recent study in the
setting of ST-elevation acute MI, beta-1 adrenoceptor
autoantibodies were associated with adverse outcomes
(being an independent predictor of major adverse
cardiovascular events) (39). Evermore sensitive assays for
cardiac troponins have demonstrated that these biomarkers
may be detectable in several clinical conditions, as well as
in a significant proportion of healthy subjects (59,60). Anti-
cardiac troponin autoantibodies have also been described
in different settings (namely in healthy subjects and after
MI) (6). Although the possible role of autoimmunity
mediated by autoantibodies against cardiac troponin has
raised interest, this phenomenon has still not been fully
elucidated (3,4).

Anti-cardiac troponin antibodies were reported in some
healthy individuals. In light of this data, it appears that the
presence of these antibodies per se does not necessarily
imply the presence of clinical disease. The mechanisms
by which healthy individuals develop anti-troponin
autoantibodies, however, are not yet fully characterized.
Although subclinical cardiovascular disease could be
present in at least some individuals (11,14), in some studies
the prevalence of autoantibodies did not differ from
that of the cardiac disease group (47,48). Moreover, the
mechanisms explaining the wide range of positivity (0.0%
to 20.0%) should also be addressed (some of which are
detailed below). As new high-sensitivity assays reveal that in
different physiological activities increased levels of cardiac
troponins (and other cardiac biomarkers) may be detectable
in apparently healthy individuals (61,62), it would be
interesting to explore if there is an association between
these two phenomena. The long-term meaning of the
presence of anti-cardiac troponin autoantibodies (and their
prevalence, throughout time, in a given healthy population)
is still not ascertained, and future studies should address this
relevant issue.

One issue worth considering would be the possibility
of a given type of heart disease (with myocardial injury
and possible release of self-antigens) initiating (or
modulating) further pathological phenomena. Regardless
of the origin of the myocardial insult, it may initiate a
series of autoimmune-like immunological mechanisms
mediated either by humoral or cellular immunity, and
thus perpetuate myocardial injury. Although this notion
seems plausible, the immunological mechanisms involved
in the induction, modulation or severity of heart disease
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are not yet known (3). As previously described, in an
animal model the administration of anti-cardiac troponin
I antibodies induced inflammation of the myocardium,
dilation of cardiac chambers with fibrosis and a higher
mortality (8). In addition, the inoculation of T lymphocytes
specific for cardiac troponin I in another animal model
induced inflammation, fibrosis and impairment of cardiac
contractility (63). In situations of myocardial ischemia the
release of cardiac molecules (self-antigens) may occur and
these, if recognized by the immune system, may initiate
mechanisms of autoimmunity. The presence of these
autoantibodies could induce direct cell injury and apoptosis,
as well as having a cytotoxic action by means of complement
activation (5,7).

In EDMD (54,58), anti-troponin I autoantibodies
were present in all patients studied, however their levels
were not significantly correlated with cardiovascular
symptoms. Cardiac involvement in EDMD can have
different manifestations (54). Whereas in some cases it
presents primarily as a cardiac conduction defect, in others
functional impairment of the ventricular myocardium is
predominant (64). Although only a small number of patients
is represented in the current literature, given the reported
prevalence for anti-cardiac troponin autoantibodies, the role
for these antibodies in EDMD (as well as the mechanisms
behind the different kinetics observed in one of the studies,
regarding different forms of this entity) deserves further
clarification.

In light of the data presented in the setting of MI it can
be said that anti-cardiac troponin I antibodies have not
been shown, up to the present moment, to be associated
to an adverse clinical prognosis in this context, although
they have been shown to be associated with lack of recovery
in left ventricular function, chronically elevated cardiac
troponin concentrations and in certain subgroups with
adverse left ventricular remodeling. Given these data, and
the fact that there are still gaps in our knowledge, especially
concerning remodelling mechanisms (6,39), a reappraisal of
anti-cardiac troponin autoantibodies in this setting seems
important.

In HF patients, anti-cardiac troponin antibodies were
found to be more frequently seen than in controls in some
but not all reports. A clear association between the presence
of these antibodies and functional status was not apparent,
and there was even a description of improved survival in
patients with chronic DCM in association with the presence
of cardiac troponin I autoantibodies (12). Interestingly, when
studying myocarditis patients, Matsumori er #/. compared
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the levels of anti-cardiac troponin I autoantibodies between
those who satisfied Dallas criteria (n=88) and those who
did not (n=1,227) (46). Although levels tended to be higher
among those who satisfied the Dallas criteria, they did
not reach significance. However, an additional analysis
showed that individuals who satisfied Dallas criteria and had
hepatitis C virus infection (n=5) had significantly higher
autoantibody levels than those who did not have this viral
infection (P<0.05) (46). As suggested by the authors, these
findings highlight the possible interplay between infectious,
inflammatory and immunological phenomena.

In PPCM (40), the presence of autoantibodies to
cardiac troponin I was associated with a significantly lower
baseline left ventricular ejection fraction and lower rate
of full cardiac recovery at follow-up. Though a single
study assessed this entity, data seems to point towards the
importance of immunological mechanisms in this setting,
thus warranting further studies.

Previous research showed that high-sensitivity cardiac
troponin T was significantly higher in patients with Chagas
cardiomyopathy when compared to a control population,
and that troponin T value was correlated with the severity of
the cardiomyopathy (65). Given the pathobiology of Chagas
disease and the possible importance of cardiac troponin
as a biomarker, it seems important to address the role of
cardiac troponin autoantibodies in this disease. In a study
of Chagas disease patients, similarly high levels of anti-
cardiac troponin T autoantibodies were seen when patients
with cardiac disease were compared to indeterminate forms
of the disease (43). In another study (14), the prevalence of
patients with anti-cardiac troponin I autoantibodies was not
significantly different from that of healthy controls (11.7%
vs. 12.7%, respectively). At the present moment, in Chagas
disease, data seems to be insufficient to suggest a role for
anti-cardiac troponin antibodies in the assessment of these
patients (acting as biomarkers).

Only one study assessed patients with VH/NC (44),
and given the results (vide supra) the role of anti-cardiac
troponin autoantibodies in this pathology is yet to be fully
characterized.

In renal transplant patients (under immunosuppressive
therapy) (41), the presence of an anti-troponin I antibody
titre >1:80 was not associated with clinical cardiac
disease, but was associated with statin therapy status.
This find is particularly peculiar, and although possible
immunomodulatory statin effects may play a role in the
mechanism behind these findings, other explanations
(such as chance or a selection bias, as acknowledged by
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the authors) warrant further consideration. An additional
case of renal transplant was previously described in which
a partial reversion of DCM was seen in association with
immunosuppressive therapy, in the presence of a high value
for anti-troponin I antibodies (66).

Two concepts deserve further consideration. One relates
to the interplay between different cell and immunoglobulin
subtypes. Understanding the complex interplay between
IgM and IgG formation, as well as the relative significance
between different cell types and cytokines, seems pivotal
in order to adequately define the pathways by which
immunological mechanisms may relate to cardiac disease
(67-69). Only with a profound knowledge of these
phenomena can adequate strategies of risk prediction
(and possible therapeutic interventions) be properly
developed (70).

A second pitfall relates to why certain individuals develop
autoantibodies. As previously described, several mechanisms
could be involved, namely genetic, environmental,
hormonal and immunological. Studying the mechanisms
which predispose to the formation of anti-cardiac troponin
autoantibodies per se seems of relevance (15,22,71).

Study limitations

The heterogeneity of the data presented in this review is
associated with several limitations in its interpretation.
Firstly, different methods of assessing anti-cardiac troponin
autoantibodies were used in different studies [although
enzyme-linked immunosorbent assays (ELISA) methods
were used in many, other methods such as chemiluminescent
microplate assays were also present]. These may lead to
discrepancies in the number of individuals with positive
autoantibodies, as was shown in a study which compared
ELISA with western blotting (45). This possible source
of bias was also highlighted when comparing indirect and
direct methods of assessing these autoantibodies (52), and
in a comparison between two immunoassays (42). The
fact that different cut-offs were used to define positivity
for autoantibodies (such as a titre of 1:160 in the study
by Leuschner e al. vs. a titre of 1:320 in the study by
Niebroj-Dobosz et a4l.) is a factor which must be taken into
consideration when assessing results (11,54). In fact, when
considering a titre of 1:160 as a cut-off value, Leuschner
et al. described a total of 7.0% and 9.2% of DCM and ICM
(respectively) as being anti-cardiac troponin I autoantibody
positive (as illustrated in 7able 2), whereas if a titer of >1:40
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was considered [as in other studies (41)] a total of 27.9%
and 27.6% of DCM and ICM patients (respectively) would
have been considered anti-cardiac troponin I autoantibody
positive (11).

Furthermore, the assessments were made at different
time points. Whereas in some studies autoantibodies were
assessed after an acute MI, in others they were assessed
after years of cardiovascular disease (such as DCM). As was
described in several studies, levels of autoantibodies can vary
over time (50,51). In addition, different clinical contexts
were assessed, and should be taken into consideration (72).
As put forward by Doesch ez 4/, different risk factors play a role
in distinct cardiac disorders (namely DCM and ICM) (12), a
fact that has been previously highlighted (73). Also, the fact
that medication could affect its values is worth considering
in future research (41,48). As such, only with large patient
groups with similar characteristics can solid conclusions be
reached on such a complex issue.

Conclusions

Anti-cardiac troponin autoantibodies are present in a
relevant proportion of individuals with cardiovascular
disease, and are also detectable in other pathologies and in
up to 20% of healthy individuals.

In the different patient populations studied, anti-cardiac
troponin antibodies have been shown to be either positively
or negatively associated with prognostic and clinical
features. These assays have not emerged, up to the present
moment, as important practical aids for clinical decisions in
cardiac or other types of patients.

In what concerns pathophysiology, anti-cardiac troponin
antibodies may play a role in different diseases. It can
be speculated that these antibodies could be involved in
perpetuating some degree of cardiac injury after an acute
event, such as a myocardial infarction or PPCM. A possible
role for immune modulation in this setting cannot be ruled
out at the present stage, and should be the subject of future
studies.
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