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In 1999, the National Academy of Clinical Biochemistry [now
known as the American Association for Clinical Chemistry (AACC)
Academy], published a document on laboratory recommendations for
the use of cardiac biomarkers in coronary artery disease (CAD) [1].
Over these past twenty years, the field has been dominated by cardiac
troponin (cTn), because of its reliability of detection and high degree of
specificity for the heart. The most recent laboratory recommendations
have focused on high-sensitivity cardiac troponin assays (hs-cTn) [2].
From the early clinical and analytical descriptions of the hs-cTn assays
nearly a decade ago, there was an appreciation that the low con-
centrations measured by these assays would enhance detection and
enable earlier decision making in patients with possible acute coronary
syndrome (ACS) [3,4]. However, there were also concerns that the
more sensitive tests could create false positives, leading to unnecessary
investigations and interventions [5,6].

In complex, atypical, or unstable patients, clinicians sometimes
struggle to differentiate between ACS and other pathologic processes
that release cardiac troponin, relying on a combination of clinical
presentation, ECG changes, and imaging studies. A tantalizing possibi-
lity is that a difference in the forms of cardiac troponin released would
allow a biochemical distinction between irreversible infarct versus
milder reversible injuries. It has been known since 1998 that cardiac
troponin released into the bloodstream is a heterogeneous mixture of
complexed and uncomplexed forms [7], as well as proteolyzed and
more intact forms [8].

In this issue of Clinical Biochemistry, Van Wijk and collaborators
explore the possibility that uncomplexed cardiac troponin I (cTnl) is
preferentially released from a free cytoplasmic pool in injured but still
viable cells [9,10]. In a first, they used high-sensitivity methods to
detect total versus complexed forms of cTnl in plasma taken from pa-
tients, many of whom had troponin elevations due to non-ACS condi-
tions [9]. The investigators did not consistently deduce free cTnl in any
particular population of patients, in agreement with earlier studies in-
dicating that plasma cTnl always exists in a complexed state, either as a
binary troponin IC complex or ternary ITC complex [7]. Also, using

DOI of original article: https://doi.org/10.1016/j.clinbiochem.2019.06.012

https://doi.org/10.1016/j.clinbiochem.2019.07.012
Received 8 July 2019; Accepted 24 July 2019
Available online 27 July 2019

light microscopy and immunohistochemistry, they could not detect a
free cTnl pool in adult cardiomyocytes, though they could detect it in
the Golgi/endoplasmic reticulum region of newly differentiated rat
myotubes [9]. It is possible that only newly synthesized cTnl is soluble
apart from cardiac troponin C (¢TnC) and cardiac troponin T (cTnT),
while it is still attached to the protein translation machinery or cha-
perones.

Instead of free cTnl, the Van Wijk team did find elevated con-
centrations of relatively intact troponin ternary ITC complex earlier in
patient clinical courses, consistent with two other studies published in
July 2019 [11,12] demonstrating that the amount of troponin ternary
ITC complex decreased with time in ACS patients. Moreover, a sig-
nificant proportion of the early ITC complex was largely intact (early
pain onset approximately 6h post-symptom onset), but at 30h was
largely replaced by highly proteolyzed ternary ITC complex, binary IC
complex, and free cTnT fragments (Fig. 1). It is possible that the rela-
tively intact ternary troponin ITC complex represents the sought-after
free pool of early-release troponin, rather than cTnl on its own. Cer-
tainly, the ternary complex is more soluble than isolated c¢TnI or cTnT.

Release of sarcomere-bound troponin ternary complex may very
well require proteolytic cleavage. Based on studies of tropomyosin
binding to c¢TnT fragments, there is an important tropomyosin binding
site located between cTnT residues Ile188 and Arg230, with additional
weak binding sites N-terminal to it [13,14]. (Note that alternative
splicing of residues 23-32 from the 298- residue form of c¢TnT leads to
different numbering schemes for cTnT. We are using the numbering for
the 288-residue cTnT isoform.) Cleavage within this site generates cTnT
fragments commonly found in the blood circulation of myocardial in-
farction patients. Mass spectrometry analysis reveals 16 and 29 kDa
cTnT fragments consisting of Ser69-GIn189 and Ser69-Trp287, respec-
tively [15,16]. Cleavage at GIn189-Lys190 might be required to release
c¢TnT from sarcomeric tropomyosin. More often, c¢TnT is cleaved at
Arg68-Ser69 by extracellular thrombin, a well-known protease that is
highly present at the infarcted zone, but which is also overwhelmingly
activated in the conversion of plasma to serum [17,18].
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Fig. 1. Intact cardiac troponin complex
binds to tropomyosin via cTnT[80-224] and
to actin via cTnI[135-209]. Intracellular
protease activation associated with cell
death cleaves the complex to release trun-
cated ternary complex, binary complex, and
N-terminal c¢TnT fragments. This figure was
generated using 1J1E from reference [20].
Regions that were not included in the X-ray

crystal structure have been drawn in.
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While ¢TnT is found mainly as free fragments or in cTn ternary
complexes, c¢Tnl appears to exist almost exclusively in complex with
c¢TnC, which is not surprising given its very high affinity for ¢TnC
(Kp~1nM) [19]. cTnl also has a strong tendency to aggregate in the
absence of ¢TnC. The well-structured proteolysis-resistant core of the
ternary complex is comprised of the C-terminal domain of cTnC,
c¢TnT[225-288], and cTnI[39-135], which are together known as the I-T
arm (Fig. 1) [20]. In the recent Vylegzhanina and colleagues study,
binary troponin IC complexes, were shown to possess a very truncated
form of cTnl, suggesting that perhaps a proteolytic cleavage within the
protease-resistant core of cTnl (cTnI[39-135]) releases cTnT to yield
binary IC complex [11] (see Fig. 1). Apart from its protease-resistant
core, cTnl has long intrinsically disordered tails at the N- and C-termini
(cTnI[1-37] and cTnI[135-209], respectively), both of which are very
susceptible to proteolytic cleavage by intracellular matrix metallopro-
teinase or calpain [21]. Most cTnl fragments found in serum derive
from proteolytic cleavages in these N- or C-terminal tails rather than the
structured core [22]. Another recent study found that cTnl was more
extensively proteolyzed in patients with ACS, particularly those with
severe ST-elevation MI versus those with non-ACS conditions [23].

Thus, with the recent expansion in the repertoire of high affinity
monoclonal antibodies capable of detecting different epitopes and dif-
ferent complexed forms of cardiac troponin, a more comprehensive
picture of cardiac troponin release is beginning to emerge. Early and
reversible injury releases relatively intact ternary troponin ITC com-
plexes from a soluble cytoplasmic pool. If the injury progresses to ir-
reversible cell necrosis, then intracellular protease activation results in
the release of sarcomere-bound troponin, a mixture of N-terminal ¢cTnT
fragments and highly proteolyzed ternary ITC and binary IC complexes.
Carefully conducted studies are needed to correct or refine this model
further. One major barrier to understanding this process is the lack of
universal standardization for cTnl [24], given its many different pro-
teolyzed forms and the many different epitopes that are used in its
detection. The issue of large discrepancies in cTnl measurement is only
magnified when one considers the many different forms of troponin
complexes that include cTnT as well. Another equally challenging issue
is the heterogeneity of patient presentations, particularly for non-ACS
conditions. Careful and appropriately referenced quantitation of free
versus complexed troponin, intact versus proteolyzed troponin, and
correlation with clinical presentation are needed to fully understand the
different forms of cardiac troponin and how this new information can
be used to impact the diagnosis and management of complex cardiac
patients. As more sophisticated laboratory algorithms have and are
being developed to harness the analytical power of the hs-cTn assays for
early risk-stratification and decision-making in the emergency setting
[25,26], the ability to detect different cardiac troponin complexes and
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fragments represents exciting new avenues to explore for improving
patient care in the era of high-sensitivity cardiac troponin testing [2].
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