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Fabulous FABP 
The earliest plasma marker for myocardial infarction

The application of Fatty Acid-Binding Protein (FABP) as a plasma marker for the diagnosis of acute myo-
cardial infarction was first suggested in 1988. Currently, FABP is proven to have added value for the diagnosis  
of patients presenting with chest pain suggestive of myocardial infarction, especially in the early hours after 
onset of symptoms. The routine application of FABP for this purpose not only will improve patient outcome 
but also markedly reduce costs for those cases in which an infarction can be excluded. This article describes 
the almost 25 years of fascinating history between discovery and commercial application.
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“Time saves heart muscle”
Suspected heart attack? Rapid triaging of 
patients admitted to hospital with chest 
pain is needed to include positive cases for 
immediate application of appropriate thera-
py. An acute myocardial infarction (AMI) is 
caused by obstruction of one or more co-
ronary arteries leading to lack of oxygen 
supply and ultimately dysfunction of that 
area of the heart. The sooner the arteries 
can be re-opened – by installing thrombo-
lytic therapy – the less cardiac muscle will 
die and the better cardiac performance is 
maintained (“time saves muscle”). How-
ever, rapid triaging is equally important to 
exclude low-risk patients who can safely 
then be sent home. The latter not only adds 
to proper patient care but also to a marked 
reduction of costs for health care.

AMI markers
Biochemical plasma markers for myocardi-
al injury have now for years been accepted 
as the primary tool for AMI diagnostics. 
These markers include creatine kinase iso-
enzyme MB (CK-MB), troponin T, and tro-
ponin I. The advantage of these markers is 
that an elevation of their plasma concentra-
tion, together with typical complaints of 
the patient, is almost absolute proof of the 
occurrence of an AMI. Changes in the elec-
trocardiagram (typically, S-T segment ele-
vation) may also be seen after an AMI but, 
importantly, some 25% of patients do not 
show such changes so that this parameter 
alone cannot be applied for making a final 
diagnosis. 

The biochemical markers, however, have  
the disadvantage that, following an AMI, 
their plasma concentration does not start to 
increase until about 4 (CK-MB) or about 6 
hours (troponins) after onset of symptoms. 
As a result, for a significant number of pa-
tients presenting with chest pain their final 
diagnosis is delayed, while for saving lives 
in the early hours after onset of AMI symp-
toms speed is the key! 

The corollary is that the ideal biochemi-
cal marker for AMI would show a much 
more rapid appearance in plasma after car-
diac injury. Both myoglobin and Fatty 
Acid-Binding Protein (FABP) have been 
found to be elevated in plasma within 2 
hours after symptom onset. Clinical studies 
have revealed that of these, FABP performs 
more specifically than myoglobin, making 
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FABP the preferred plasma marker for early 
diagnosis or exclusion of AMI.

The discovery  of a 
“smart dwarf”, FABP
The cytoplasmic protein FABP functions as 
an intracellular fatty acid carrier in paren-
chymal cells, thus supplying essential sub-
strates for energy production in the myo-
cytes. It comprises as much as 1–2% of total 
cardiac cytosolic proteins, making it one of 
the most abundant cytosolic proteins. This 
is very good for a potential biomarker.

It was as early as in 1988 that Jan Glatz 
suggested FABP as a plasma biomarker [1]. 
He was studying the biological function of 
FABP in the transport of long-chain fatty 
acids across the cellular cytoplasm. When 
performing experimental studies with the 
isolated perfused rat heart subjected to is-
chemia and reperfusion, he observed that 
FABP was released from damaged myo-
cytes into the perfusion buffer. This seren-
dipitous finding led him to suggest FABP as 
a potentially superior marker of myocardial 
injury in humans. It was reasoned by him 
that its relatively small size (14.5 kDa) and 
abundance in the heart could allow a rapid 
release of significant amounts of FABP 
from injured myocardium into the circulati-
on. Subsequent mechanistic studies disclo-
sed that these assumptions indeed were 
correct.

Biochemical AMI 
markers compared
Table 1 compares the characteristics of pro-
teins that can serve as a plasma biomarker 
for AMI. It is clear that FABP stands out 
from the other marker proteins in that it is 
detectable in plasma within 1–2 h after my-
ocardial injury, which is much earlier than 
any of the other marker proteins. In fact, 
some studies have reported its elevated 
presence in plasma as soon as 30 min after 
AMI onset. Although referred to as heart-
type FABP, this protein – unlike CK-MB and 
the troponins – is not absolutely heart-spe-
cific but is expressed only in relatively low 
amounts in skeletal muscles. Peaks of FA-
BP are reached at 6–8 hours, and the blood 
plasma level returns to normal within 24–
36 hours due to rapid elimination by the 
kidneys. 

The latter is the ‘beauty’ of FABP: the 
rapid renal clearance keeps the normal (re-
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ference) plasma concentration very low so 
that upon release of FABP from cardiac 
muscle after AMI the upper reference level 
(established for groups of individuals) is 
soon surpassed, enabling a very early dia-
gnosis. In contrast to this ‘dwarf protein’, 
all other marker proteins (except the small 
size muscle molecule myoglobin) are lar-
ger in size: troponin I (TnI) is 1.5-fold lar-
ger, troponin T (TnT) 3 times larger, and 
CK-MB 5 times larger. Myoglobin has the 
disadvantage that it is more abundant in 
skeletal muscle than in cardiac muscle (up 
to 3-fold higher content in skeletal muscle), 
resulting in a relatively high plasma refe-
rence concentration which hampers an 
early diagnosis. 

The troponins, cardiac TnI and cardiac 
TnT, are structurally bound proteins that 
upon AMI first must be dissociated from the 
myofibrillar structures before they can be 
released into the circulation. Therefore, 
their release from injured myocardium fol-
lows a different pattern with elevated plasma  
concentrations occurring from approxima-
tely 6 h to more than 1 week after infar-
ction. Hence, the so-called diagnostic win-
dow of the various marker proteins differs 

significantly with FABP being the preferred 
early marker and cTnI/cTnT the preferred 
late marker (Fig. 1) [2,3]. A panel of marker 
proteins, e.g., FABP together with cTnI or 
with cTnT, would cover the entire range 
and allow the proper diagnosis of patients 
with chest pain from almost immediately 
until more than a week after AMI onset. 
FABP has a further diagnostic advantage in 
that due to the early normalisation of its 
plasma concentration after AMI, a re-infar-
ction (second AMI) occurring within a few 
days from the first event can be monitored 

from a new rise of plasma FABP, which is 
not the case for CK-MB nor the troponins as 
these would just remain elevated.

An early marker needs a rapid test
Because FABP, unlike CK-MB, is a non-
enzy matic protein, its detection and quan-
tification must be performed with an im-
munochemical assay. A large number of 
immunoassays for FABP have been descri-
bed and have been successfully applied for 
retrospective analyses of plasma FABP in 
patient samples. However, the implication 
of FABP for clinical decision-making in the 
case of suspected AMI would  require tests 
 with a performance time < 10 min. For im-
mun oassays this represents quite a challenge.

In June 1993, Jan Glatz presented his 
novel findings on FABP in the diagnosis of 
AMI for the first time to an international 
conference of the Belgian Society for Clini-
cal Chemistry, held in Brugge, Belgium. He 
was approached by Dr. Hans-Georg Eisen-
wiener, head of the Research Division at 
Roche Diagnostics, Basel, Switzerland. In 
the same year they embarked on a collabo-
rative project to develop a microparticle-
enhanced turbidimetric assay to be perfor-
med on a conventional clinical chemistry 
analyzer (performance time 8 min) [4]. For 
this, specific monoclonal antibodies show-
ing exceptionally high affinities for FABP 
were generated, and much attention was 
paid to standardization of measurements 
using recombinant human heart-type FABP 
produced under strictly controlled condi-
tions. Both this turbidimetric assay and an 

Characteristics of plasma biomarkers for acute myocardial infarction (AMI)

Marker protein Molecular mass 
(kD)

Elevation in 
plasma after 

AMI (h) 

Peak plasma 
concentration 

(h)

Normalisation 
of plasma level * 

(days)

FABP 14.5 1 – 2 6 – 12 1 – 1.5

Myoglobin 17.8 2 – 3 6 – 12 1 – 2

Cardiac troponin I 22.5 3 – 8 12 – 24 7 – 10

Cardiac troponin T 37.0 3 – 8 12 – 24 7 – 10

Creatine kinase MB 86 2 – 6 12 – 24 2 – 3

* Dependent on (time of) reperfusion of the occluded vessels.

Fig. 1 Release of FABP, myoglobin, CK-MB and 
cardiac troponins from the injured heart into plas-
ma after acute myocardial infarction (AMI).

extremely accurate and reproducible ELISA method for FABP have 
been instrumental to revealing the added value of plasma FABP as 
early biomarker for AMI diagnosis in a number of large trials. Figure 
2 shows the outcome of a European multicentre clinical trial Euro-
cardi, comprising 4 hospitals in 3 countries, illustrating the superi-
ority of FABP [5]. It unanimously revealed  a significantly better 
performance of FABP over the other small biomarker, myoglobin, 
for early AMI detection as well as early estimation of infarction size. 
It also showed its advantages compared with the ‘slow’ troponins.

At this time, the German company Boehringer Mannheim of-
fered immunochemical tests for myoglobin, CK-MB and also a test 
for the new cardiac marker, troponine T. The troponine test was a 
milestone in cardiology, developed by Dr. Hugo Katus in Germany 
(reference). In spring 1998, Roche and Boehringer Mannheim mer-
ged. Roche decided after this merger to concentrate on the troponine 
T test taken over from Boehringer Mannheim. This was understan-
dable as the TnT test was well-appreciated and well-introduced to 
physicians internationally already and had been adopted as a ‘golden 
standard’ by cardiologists. Unfortunately, the cardiac marker divi-
sion of the new company (based at the former Boehringer plant in 
Mannheim) did not appreciate the performance of FABP, especial-
ly the added value for early infarction diagnostics, whereby the 
combination of FABP and TnT could markedly extend the diagnos-
tic window. The consequence was that the turbidimetric FABP test 
that had been developed with so much care was not launched to 
the market. This regrettable event also made other (smaller) bio-
tech companies to reconsider their efforts to build an FABP test.

Biosensor technology for FABP
In the same period the Fraunhofer Institute of Chemical and Biosen-
sors (ICB) in Münster had started a project to develop a biosensor for 
FABP. This project was supervised by Reinhard Renneberg who had 
moved in 1991, after German unification, from the Central Institute 
of Molecular Biology (Berlin-Buch) to the ICB to become head of the 
Department of Immunosensors. Like Jan Glat, he immediately took 
an enthusiastic view of the new biomarker. His ICB-Department 
constructed an immunosensor-based instrument (Fig. 3). This was 
the first bioelectrochemical approach worldwide to quantify FABP in 
plasma samples. Unfortunately, it could not work with full blood due 
to electrochemical interferences with red blood cells.

“Crisis means danger plus chance”
While the stage for FABP was far from promising, events developed 
internationally in different directions. This follows the Chinese 
character for “crisis” (Fig. 4) which wisely combines danger and 
chance. Reinhard Renneberg accepted a professorship at the Hong 
Kong University of Science and Technology (HKUST), currently 
(2012) ranking as the top Asian university. Together with Dr. John 
Sanderson of Prince of Wales Hospital and the small Chinese com-
pany EY labs Inc. he managed to get a government grant of 4.5 
million HKD (450 k€) to develop a reliable and cheap full-blood 
FABP rapid test for the huge Chinese market. 

In parallel, in Berlin-Buch (Germany) Ilka Renneberg started in 
2000 the first FABP company, 8sens biognostic Ltd., target ing 
 Europe. Together with the producer and distributor rennesens 
GmbH, they produced a credit card style FABP rapid test (Fig. 5) 

Fig.2 Receiver operating characteristic (ROC) curves for detection of AMI in patients presenting with 
chest pain to the emergency room. Results of the EUROCARDI multicentre trial [5].
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Personal case report 
“At 3 o’ clock on a Sunday very early morning I felt suddenly a strong 
chest pain. It did not cease. It irradiated to my heart, my left arm got 
numb…the classical heart attack symptoms! Ironically, I am ‘praying’ 
about these symptoms all the time to my 500 Chinese bioanalytics stu-
dents at HKUST and in exams always ask them about these symptoms. 
Now, for the first time, I could watch the symptoms on myself  and − 
most important – in “real time”.  Great for a passionate experimental 
scientist like me. So, not being scared at all, even in “good mood”, I 
called the Hong Kong Hot Line for emergencies (1). In the 12 minutes  
time before the ambulance arrived, I  tried our new rapid FABP test. A 
great experiment. When I arrived at hospital with the ready test, there 
was no dispute about the diagnosis and I got treated immediately. As you 
can witness today: I am still alive. Thanks to our new test, thanks  to the 
plasma marker FABP, it saved my  life. ”

Very lucky! 

What better can happen to a scientist than a successful self-experiment?

Reinhard Renneberg, Hong Kong 2008

click&watch
www.youtube.com/watch?v=R4w0FK5aGLU

diagnostic
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[6]. The card needed three hanging drops 
of blood and it took 15 min to get a reliable  
YES or NO result. The design was great in 
style, however, but quite expensive in pro-
duction. 8sens is currently marketing a follow-
up test, a simpler cassette-type rapid test 
for FABP and a second test for troponin I. 
In this way an early and a late marker can be 
evaluated at the same time and be quanti-
fied with a reader (Fig. 6). 

More recently, in 2008 the small biotech  
company FABPulous was started in the Ne-
therlands (www.fabpulous.com). FABPu-
lous combines an ultra-rapid manual plasma  
preparation method with a rapid and sen-
sitive FABP lateral flow immunoassay thus 
providing a point-of-care test with a per-
formance time of < 5 min, to be used in 
primary care especially to rule-out AMI in 
patients presenting with acute chest pain. 

Several other companies now also offer 
FABP plasma tests. For instance, Randox 
Laboratories Ltd. has included FABP in 
their Biochip Array Technology panel 
which enables the simultaneous assess-
ment of multiple AMI biomarkers in a sin-
gle patient sample using the MultiStat ra-
pid testing platform. Results are available 
within 30 min. In China, Reinhard Renne-
berg launched in 1995 a university-based 
biotech company, Renneberg &  Caughter-
ley Biogenius Ltd (R&C Biogenius) at 
HKUST. It was supported generously by 
the Small Company Development  scheme 
(SERAP) of the Hong Kong government. 
R&C developed cassette style tests for FA-
BP, troponin I, CRP and neopterin, licen-
sed  and transferred the technology across 
the border to KSB (Shenzhen Kang Sheng 
Bao Bio-Technology Co, Ltd), a producer 
company in Shenzen (PR China). KSB and 
R&C Biogenius in turn applied for a Sino-
FDA approval in Beijing which was gran-
ted in 2009. This means: the FABP test is 
now available commercially in China [7]. A 
quantitative version of the FABP rapid test 
is available worldwide except in the USA 
through Concile GmbH (Germany, www.
concile.de) and 8sens.biognostic (Germa-
ny, www.biognostic.de).

FABP is more than a  
fabulous marker
FABP is a sensitive marker that detects mi-
nor myocardial injury like that occurring in 
selected patients with unstable angina pec-
toris. In a prospective study comprising more 
than 1,400 patients it was shown that FABP 
predicts long-term mortality after acute co-
ronary syndromes (ACS, which includes 
AMI and unstable angina pectoris) and 
identifies patients at risk for subsequent car-
diovascular events [8]. Importantly, FABP is 
able to distinguish between low-risk and 
high-risk patients across the wide range of 
plasma troponin values and at all parts of 
the ACS spectrum, thus showing that FABP 
offers independent prognostic information 
[8]. Similarly, other studies have disclosed 
that in patients with congestive heart failure 
plasma FABP identifies those at high risk for 
future cardiac events.  

A new development in the field is the 
generation of high-sensitivity troponin ass-
ays (hsTnT and hsTnI). The limit of detec-
tion of these assays is about 10-fold lower 
than that of conventional assays. This sug-
gests their application for diagnosing smal-
ler AMIs otherwise undetected, or for iden-
tifying AMI earlier when abnormal troponin 
levels are too low for detection by conven-
tional assays. While recent reports describe 
an improved performance of hsTnT when 
compared to conventional TnT, various 
studies have also demonstrated frequent 
elevation of plasma troponin in asympto-
matic patients with stable coronary disease, 
pulmonary embolism, etc. These newer data  
challenge the application of hsTnT for tria-
ging patients with acute coronary syn-
dromes. Very recent studies have com pared 
the performance of plasma FABP and hsTnT 
in the emergency room to conclude that 
FABP performs at least similarly, if not bet-
ter, than hsTnT, and certainly earlier [9]. As 
a result, each of the biomarkers has its own 
characteristics, with FABP being the prefer-
red marker to rule out AMI in the early 
hours after onset of symptoms and (hs)TnT 
or (hs)TnI the preferred marker from 3 
hours onwards after presentation. 

The future is golden
Despite the strong data available for FABP 
on its performance both as a biomarker for 
early triaging of patients with chest pain 
and as a prognostic marker for future cardiac 

events, the use of FABP is not yet wide spread. We predict that this 
will change in the near future, when more POC tests and tests for 
clinical chemistry analyzers become  available. FABP will then be 
adopted as an early plasma marker to be applied besides a late 
marker such as cTnT or cTnI. In emergency care diagnostics the 
future focus will be on exclusion of AMI, as this comprises some 
80% of patients presenting with chest pain. FABP is excellently 
suited for this purpose, and in this way will enable a major reduc-
tion of costs otherwise spent on hospitalization of non-AMI pati-
ents. Given the large numbers of patients who present with chest 
pain (for instance, in Germany ca. 400,000  annually) it is clear that 
FABP is destined for becoming a new Golden Standard for life sa-
ving. 
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