
The heart muscle specific isoform of troponin T
(cardiac troponin T, cTnT) is released after acute
myocardial infarction (AMI) and shows a character-
istic biphasic change in the serum time concentration
curve (1). In patients with early reperfusion (>3.5
hours), a rapid initial rise of cTnT is followed by a
delayed second release. This is probably the result of
the fast release of the unbound cytosolic fraction
(6%), followed by a more slow release of the cTnT
fraction bound to the myofibrils (94%) (1). The Roche
immunoassay for cTnT, without cross-reactivity to the
skeletal isoforms, has become widely used and tro-
ponin (both T and I) is now the standard in the labora-
tory diagnosis of acute coronary syndromes (2).
In addition to our reports (3, 4), there have been two
reports by other groups describing both intact cTnT
and its fragments in serum of patients with AMI. The
first study used serum samples from three patients and
used gel filtration (5). The second study detected one
major (≈26 kDa) and two minor degradation products
with Western blot in serum from one patient(6). The
latter clearly showed a time related difference in the
appearance of cTnT fragments. The first, however, did
not. In the present study we thoroughly investigated
cTnT degradation at different time points after AMI.

Methods

Patients and Analytical methods
Serum samples sent to our laboratory for routine
analysis were collected from 20 patients diagnosed
with AMI. Routine analyses, including cTnT, CK-
MBmass and creatinine were performed within 1 hour
after blood collection. cTnT (3rd generation) and CK-
MBmass were measured on an Elecsys 2010 analyzer
(Roche Diagnostics) and creatinine on a Synchron
LX20 analyzer (Beckman Coulter). Samples were
stored at -20 ºC until used for analysis.

Western Blotting
Serum samples were thawed and cTnT was purified
according to the method we described earlier (4). In
brief, samples were prepared for SDS-PAGE by
adding 20 µL of sample buffer to 80 µL of purified
cTnT sample. We applied 20 µL of this mixture to a
4-15% linear gradient Tris-HCl polyacrylamide pre-
cast gel. The Precision Plus Protein Standard was

used as the molecular mass marker. After electro-
phoresis, the gel was blotted onto a 0.45 µm nitro-
cellulose membrane. The primary anti-cTnT antibody
(4C5) was added at a 1:1000 dilution in wash buffer
(PBS containing 0.2 mL/L Tween-20 and 6.7 g/L
nonfat dry milk) and incubated overnight at 4 ºC. The
secondary peroxidase labeled goat-anti-mouse anti-
body was added at a 1:5000 dilution in wash buffer
and incubated for 60 minutes at 4 ºC. The membrane
was developed using chemiluminescence and cap-
tured on Kodak X-Omat Blue film.

Statistical analysis
Statistical analysis was done with SPSS 11. The
overall differences between the time points after AMI
were tested with the non-parametric Kruskal-Wallis
test. Because there was a significant difference
(p<0.01), the non-parametric Wilcoxon signed rank
test was used for analysis of differences in the
number of fragments and their average molecular
weight at different time points after AMI. Bonferroni
correction was used to adjust for multiple testing.

Results
All patients had rapid reperfusion (< 4 hours), either
by thrombolysis, PTCA, PCI with stenting of one or
more coronary arteries or rescue CABG. Two patients
died during hospitalization at 14 and 20 days after
onset of symptoms. Release kinetics for cTnT
showed a characteristic biphasic change in the serum
time concentration curve (Figure 1). The curve was
then divided as shown in the inset of Figure 1A,
where point 0 represents the last measurement of
cTnT that was below the 99th percentile reference
limit of <0.010 µg/L. Point 2 indicates the highest
cTnT measurement. Point 4 represents the second
cTnT peak, and points 1, 3 and 5 samples in between.
The mean time at points 0 – 5 was 0, 10, 13, 46, 101
and 198 hours.
Two researchers, blinded for cTnT, CK-MBmass and
creatinine levels, independently counted the number
of cTnT fragments per sample and calculated their
molecular weights based on the molecular mass
markers (Figures 2 A and 2B). Intact cTnT (37 kDa)
was detected in 15 patients (75%), however, only
within the first 13 hours after AMI. In later samples,
after the cTnT peak concentration at 13 hours, no
intact cTnT could be detected and only cTnT frag-
ments were identified. Evidence for the presence of
the troponin TIC complex (± 79 kDa) was not found
in any of these patients. During the first 13 hours, the
number of cTnT fragments increased rapidly to 5,
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with a 25 kDa fragment being the most prominent.
Thereafter, the number of fragments decreased slowly
to 2 at 198 hours (p=0.066). The average molecular
weight of all detected fragments was highest directly
after AMI (30.3 kDa). From the peak cTnT at 13
hours, the average molecular weight (21.5 kDa)
decreased significantly to 19.3 kDa at 46 hours
(p=0.006), 17.2 at 101 hours (p=0.006) and 15.9 kDa
at 198 hours (p<0.012).

Conclusions
Intact cTnT (37 kDa) was detected only during the
first 13 hours of fast cTnT release. During the slow
cTnT release phase, only smaller molecular weight
immunoreactive fragments could be detected and no
intact cTnT. With our study, we provide valuable data
about the presence of intact cTnT in the early hours
after onset of symptoms and the presence of immuno-
reactive fragments in serum of patients with AMI. 
Although cTnT has proven to be a valuable marker
for acute coronary syndromes (2), its clearance and
metabolism remain unclear and require further inves-
tigation. However, the results from our study indicate
that fragmentation of cTnT is not likely to influence
clinical interpretation of elevated cTnT levels.
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Figure 1. Release kinetics of cTnT, fragments and molecular weight. A) Typical biphasic cTnT release kinetics after AMI for 20
patients. The serum cTnT concentrations are represented as median and interquartile range (25 to 75%). B) Example of a Western
blot from one patient analyzed in time.

Figure 2. cTnT fragments and molecular weight in time. A) The number of cTnT fragments increased rapidly in the first 13 hours
and then decreased slowly; immunoreactive fragments were still present in the circulation at 198 hours. B) The average molecular
weight of all fragments showed intact cTnT to be rapidly degraded into smaller fragments. Horizontal lines represent median values,
n = 6, 11, 20, 20, 17 and 14 at 0, 10, 13, 46, 101 and 198 hours, respectively.


