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Purpose: Heart-type fatty acid binding protein (H-FABP) is primary transporter of free fatty acid and plays an

important role in myocardial metabolism, which is characterized by high specificity and rapid appearance under
ischemic condition. The objective of this study was to clarify the usefulness of imaging study of targeting H-
FABP appearance using radio-labeled antibody, and correlation with myocardial fatty acid metabolism and
perfusion in acute reperfusion ischemia.

Method: Wistar rats were allotted to sham-operated control group (sham; n=4), ischemia non-reperfused group
(IG; n=5), and ischemia-reperfusion group (RG; n=5). Ligation of left coronary artery (LCA) was performed for
IG and RG. 20 min of ischemia was followed by 60min of reperfusion for RG. '*I labeled anti H-FABP antibody
(anti H-FABP), BMIPP and ”"Tc-sestamibi (MIBI) was injected intravenously. Multi-tracer digital autoradio-
gram was performed using p-imager”. The ratio of radioactivity in LCA related (culprit) area to the inferior
(remote) area (target uptake ratio=TUR) was generated.

Results: In sham group, no visually detectable accumulation was observed for the anti H-FABP image, and
TURwie and TURgwirr were equivalent to 1. In IG, TURyis and TURgyire were remarkably low (0.12 £0.01, 0.24
0.07). In RG, TURws was significantly lower (0.20 = 0.03, p<0.05 vs. other groups). However, TURgwpr Was
significantly higher (2.78 + 1.28, p<0.05) compared to the sham and IG, whereas anti H-FABP showed markedly
higher ratio in the reperfused area compared to the sham and IG (3.43 £0.73 vs. 0.31 = 0.13 and 1.09 = 0.07 for
IG and sham; p<0.05, and <0.01, respectively).

Conclusion: Anti H-FABP accumulated specifically in reperfused area under acute ischemia, and it accorded to
the area where fatty acid metabolism was activated. This study has shown the future potential for clinical
application in vivo imaging of acute coronary syndrome.

Keywords: Heart type fatty acid binding protein, Imaging, Myocardial ischemia, Nuclear medicine, Radio-
labeled antibody, Rat heart
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T he early triage and therapeutic decision making for
patients suspected acute coronary syndrome is common

challenging and has been expected to improve. Cardiac

biomarker such as creatinine kinase type MB (CK-MB),
myoglobin, troponin T (TnT), or I (Tnl), which are

specifically localized in myocardium is now an accurate and
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useful diagnostic tool for acute myocardial infarction (AMI)
than conventional process such as anamnesis, physical
examination, electrocardiogram, or echocardiography. In
emergency medicine, measuring cardiac biomarker is quite
useful and recommended for detecting unstable angina (UA)
or non-ST elevated AMI (1). But these markers are still
lacking in diagnostic performance in detecting initial several
hours from onset (2).

Recently, heart-type fatty acid binding protein (H-FABP)
has been focused as most accurate diagnostic marker for acute
coronary syndrome, which is specifically localized in
myocardium and thought to leak out in quite early phase of
acute ischemia (3). Detecting methodology of H-FABP by
using immuno-histochemical assay has been established and
employed to clinical use (4-6). The detection of acute coronary
syndrome using H-FABP has been introduced and its
diagnostic ability was confirmed. Commercially available
detection kits for H-FABP is now frequently used in outpatient
clinics and the emergency departments (7-9). But several
clinical trials reported that this method still has issue in lacking
of specificity and low positive predictive value compared to
conventional biomarkers (10-14).

As well as biomarker test, noninvasive cardiac imaging in
emergency cardiology has been employed frequently with the
help of innovating technology. In some facilities, the imaging
study by using myocardial fatty acid analogue are set up for
detecting the patients with acute coronary syndrome and this
approach is quite useful combined and compared with
radiopharmaceutical perfusion agent (15, 16). For detecting
myocardial fatty acid metabolism dysfunction would be a key
to find high-risk patient, cardiac fatty acid imaging is
discordant in acute phase of ischemia. Therefore, we
hypothesized that imaging study targeting FABP would be a
precursor for detection of early phase of ischemia.

In this study, we aimed to explore the altering in myocardial
fatty acid transporting system in acute reperfusion ischemia by
using imaging of fatty acid transporter and evaluate its potency

for clinical application.

Materials and methods

Preparation of radiopharmaceuticals

MIBI and BMIPP were supplied by Fuji RI pharmaceuticals
Co., Ltd., (Tokyo, Japan) and Nihon-Medi-physics (Kobe,
Japan) as lyophilized kit formulations. I was supplied by
Perkin-elmer (Waltham, MA) as I-Na in vial kit. Anti-heart
type fatty acid binding protein antibody (Anti-H-FABP
antibody [diluted 1:2,500] Abcam Co., Ltd., Cambridge, UK).
The conventional iode-gen method was employed for
radiolabeling. The methodology was previously described by
(17). The purity of radiolabeled antibody was evaluated by
thin layer chromatography, and was over 90% at 2 hours post

labeling under 37 degree.

Bio-distribution study

Healthy rats (n=4) were employed to bio-distribution study.
40 min after tracer injection, heart, lung, brain, liver, kidney
and quadriceps were removed. Radioactivity of each organ
and lcc of whole blood were counted by well counter
(ALOKA). Measured data were presented as counts per min
(cpm/g). Decay correction for measured activity was not

performed due to long half-life.

Rat acute ischemia reperfusion model

Male wistar rats (aged 6 to 8 weeks, body weight 250-300 g
n=13; Saitama Experimental Animals Supply Co., Ltd.
Saitama, Japan) were anesthetized by intraperitoneal injection
of pentobarbital (25 mg/kg), and kept under mechanical
ventilation with room air. After left thoracotomy, anterior wall
of the rat heart was in the view. Myocardial ischemia was
induced by ligation in left coronary artery by a 5-0
polypropylene suture. Myocardial ischemia was confirmed by
change of the appearance in anterior wall and motion. Sham-
operated group (Sham n=4) was enrolled as control group.
The schematic of protocols was shown in Figure 1. Coronary
ligation was performed for 20 min, then ligation was released
and followed by 40 min of reperfusion (ischemia-reperfusion
group=RG, n=5). Permanent occlusion was performed for
ischemia non-reperfusion group (IG n=5). During reperfusion
or occlusion (approximately 40 min after reperfusion, or 60
min after ligation or sham operation), the tracers were
administrated via tail vain (SMBq of FABP for protocol 1, n=
4; 50, 15, and SMBp of MIBI, BMIPP, and FABP for protocol
2, n=>5 for ischemia after reperfusion). The experimental

protocol was in accordance with the institutional guidelines.

Image acquisition by multi-tracer digital autoradiogram

Micro-imager® (Biospace lab co.,ltd., Lyon, France) was
employed to perform digital autoradiogram. In protocol 1, 20
min after tracer injection, rats were sacrificed, and the heart
was quickly removed. The heart was embedded in optimal
cutting temperature compound (Tissue-tek®, Sakura-fintec,
Japan) and frozen by liquid-nitrogen. Short axis slices (20 pwm)
of mid ventricle was obtained on a microtome (Cryostat
CM3050", Leica, Microsystems co., Itd., Mannheim, Ger-
many). 3 X3 cm of Scintillator sheet” (Biospace) was covered
on section. 10 hours of acquisition was performed by Micro-
imager”.

For multi-tracer digital autoradiogram, a preliminary study
was performed for “mTe, 1, and "1 to evaluate the accuracy
of isotope separation. 1 X1 X1 c¢cm of 4 frozen cubes, which
contained 10, 20, 30 uCi/mL of each radio-isotope, and mixed all

tracers were made. Frozen cubes were cut into 20 um of slices
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Sham operated group (sham): n=4

Tracer Administration

LAD no ligation 60 min after the procedure Sacrifice
No ischemia
Ischemia-reperfusion group (RG) : n=5
Ligation release Tracer Administration
LAD ligation 40 min after reperfusion Sacrifice
Reperfusion (60min)
Ischemia non-reperfusion group (IG) :n=5
Tracer Administration
LAD ligation 60 min after LAD ligation Sacrifice

Figure 1 Experimental protocol for coronary ligation and tracer injection.

Schematic view for rat model of acute ischemia was shown. The upper figure stands for sham
operated control group (sham). The middle and lower figure present ischemia non-reperfused (IG) /
reperfused groups (RG) which had permanent or 20 min of transient coronary ligation following
tracer administration. The interval of tracer administration and sacrifice is same for all protocols.
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Figure 2 Preliminary study for RI separation in multiple-tracer digital autoradiogram.
Rectangles-sheet shaped (1 X1 cm; 5, 10, and 20 pm of thickness) scintillater sheet” which contained 20, 30 pCi/mL of
each radio-isotope, and mixed all tracers. Acquisition duration was 40 hours for sufficient RI separation.

by using a microtome and covered by scintillator sheet for
image acquisition. A commercially available software (Multi
Decay Label: MDL", Biospace lab co., Itd., Lyon, France),
which enables to separate isotope concentration by half-life of
radio-isotope was employed to obtain the image of individual
tracer. A preset setting was employed according to the
experiment by Riou et al. (18). As shown in Figure 2, 40
hours of acquisition is enough to obtain satisfactory separated
images. Thus, 40 hours of acquisition was performed after
protocol has finished. All data was analyzed by using M3
vision (Biospace lab), and myocardial uptake (cpm/mm”) and
target uptake ratio (TUR) was obtained for the ratio of
myocardial uptake in reperfused area against remote myocar-
dium (Figure 3A).

To confirm the specificity of the imaging using H-FABP
antibody, co-injection with excess amount of mouse-IgG (1:
500, Abcam) labeled by '*I was performed for sham (n=1)

and RG (n=1) by same procedure. 10 hours of digital
autoradiogram was performed, and analyzed using same

setting as described above.

Statistical analysis

All values are expressed as mean * SD, and are compared
with nonparametric data. A Windows software tool, GraphPad
PRISM" (version 5.0, Graph Pad, NC) was used to analyze the
generated data. A one-factor ANOVA and post-hoc test were
used in an attempt to compare the generated data. A value of

p<0.05 was considered statistically significant.

Bio-distribution of radiolabeled anti H-FABP antibody
Radioactive counts in organs were shown in Table 1.
Radioactive in blood was quite low. The heart count was

specifically higher compared to lung. Relatively higher
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TUR = 1.0+0.00

Blocking with
125] non-specific IgG

A
Culprit area
Ischemia
-reperfusion
TUR = 2.1+0.05
Target uptake ratio (TUR)
= Count(cu\pmlarea)/ Count(remote area)
TUR = 0.98+0.08
|
125] ant H-FABP
Figure 3 "I anti-HFABP antibody imaging with or without blocking agent.

125

I anti-HFABP antibody imaging in acute reperfusion ischemia is shown. A significant uptake in ischemia

reperfused area was observed. In contrast, the specific-blocking study using '*’I rabeled non-specific mouse
IgG showed no significant resional uptake in global myocardium and no accumulation in ischemic-reperfused

area (Figure 2 left).

Table 1 Bio-distribution of "I labeled
anti H-FABP antibody (n=4)

Organs Radioactivity (cpm/g)
Blood 47+17.6
Heart 354+65.42
Lung 66 +£40.22
Liver 258 +£56.86
Spleen 65*31.6
Kidney 269.8 +28.81
Stomach 56.25£52.9
Intestine 48.8+32.4
Brain 25+£9.8
Quadriceps 92.5+15.1

activity was observed in liver and kidney. A remarkably low

uptake was observed in brain.

Image of ant H-FABP in acute ischemia-reperfusion

The tracer accumulation was observed in ischemia-
reperfused area (TURpagpr=2.1 = 0.05, n=4, Figure 3B left
upper). In contrast, homogeneous accumulation was observed
in the sham group. The specificity study using '*’I labeled non-
specific mouse IgG showed no accumulation in the ischemia-

reperfused area (Figure 3 right upper).

Comparison to myocardial perfusion and fatty acid
metabolism by multi-tracer autoradiogram

In sham operated group, the target uptake ratio (TUR) of all
tracers was equivalent to 1 (0.1 £0.10, 1.0 =0.08, and 1.09 =

0.07 for TURwi;, TURgure, and TURespe; n=4). In IG,
TURwmis, TURsmer, and TURgase were remarkably low
compared to sham (0.12+0.01, 0.24 £0.07, and 0.31 =0.13).
In contrast, significant higher uptake was observed in
ischemia-reperfused area (TURpapr = 3.47*1.50) in RG
(Figure 4). In comparison among three groups, statistically
significant increased TUR was observed in RG for TURgmwr
and TURgasr compared to other groups in the area of LCA
related territory where TURwm significantly reduced (Figure 4
right).

In this study, we evaluated the potency of imaging in
myocardial fatty acid transporting system in acute reperfusion
ischemia using radiolabeled anti H-FABP antibody. The
images showed significant accumulation in reperfused-
ischemic myocardium, which indicated the future potential for
the non-invasive tool as “hot-spot imaging”. FABP is thought
to specifically express in myocardium and consists of two
subtypes. One is expressed on myocardial membrane in a
bound form with FAT/CD36" and engaged in incorporating
free fatty acid into myocardial cells. The other is mainly
retained in cytosol, which is combined with incorporated free
fatty acid and transported into triglyceride pools and
mitochondria (19, 20). These proteins are different in their
molecular weight (FABP on membrane is 40kDa, the other is
15kDa), and the anti-body we used in this study is targeting
cytosolic FABP (21). It is widely known that FABP is easy to
leak out from myocardium and pooled in extra cellular spaces

in the early phase of ischemia. Considering molecular weight,
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ant H-FABP

BMIPP

MiBI

Sham IG

Figure 4

s *p<0.05
#p<0.01

TUR

RG

"I anti-HFABP antibody imaging with multi-tracer study under acute ischemia and reperfusion.

Multi-tracer imaging study in acute reperfusion model by *"Tc sestamibi, '*’I BMIPP, and '*’I anti H-FABP. In
ischemia non-reperfused group, remarkable reduction was observed for all tracers (0.12+0.01, 0.24 =0.07, and 0.31
*0.13 for TURmmI, TURpmpr, and TURpagp). In ischemia reperfused group, significant increased H-FABP and
BMIPP uptake was observed in reperfused area and showed markedly higher ratio compared to sham group (2.78 =
1.28, and 3.43 =0.73 for TURgar and TURgwmipp, vs sham p<0.05) while significant reduction of MIBI uptake was
observed (0.20=0.03 for TURwgi, p<0.05) (Figure 4 right upper). In correlation for TUR between FABP and
BMIPP, a trend of positive correlation was observed, but did not reach statistically significant (right lower).

anti H-FABP is monoclonal antibody, which is usually
incapable of passing through myocardial membrane; impossi-
ble to visualize intra-myocardial H-FABP in normal myocar-
dium. Fatty acid binding protein family was known for various
subgroups, which specifically expressed in liver, intestine,
testis, brain, and muscle including myocardium (14). Our
result in bio-distribution study showed specific accumulation
in heart compared to other organs due to specific subtypes of
the protein. A subtype of FABP is also expressed in brain, but
blood brain barrier would protect antibody from reaching
targeting protein. This is the reason why tracer distribution in
brain is low. High activity in liver was also observed, but this
is unknown whether antibody reacted liver type FABP or
purely under metabolite. A substantial uptake was also
observed in quadriceps, it might reflect the existence of FABP
in muscle.

Using FABP in early detection of acute coronary syndrome
in emergency department allows more accurate risk stratifica-
tion compared to the guidance of conventional diagnosis.
Cardiodetect” is frequently used in bedside in emergency
medicine in clinical setting, which enable us to detect high risk

patients and multi-center study is under investigation (22).
However, Haltern et al. reported that blood test of FABP is
lacking its specificity for non-ST elevated AMI (11). Seino et
al. reported that blood testing with H-FABP demonstrated
high sensitivity and low specificity in initial hours after onset
of acute coronary syndrome (5). There are several issues in
specificity due to the existence of various types of FABP and
H-FABP also express in other organs such as major vessel.
And also, the accuracy of FABP testing frequently influenced
by the age or underlying disease such as renal dysfunction,
post surgery state, and skeletal muscle injury (23, 24). In
emergency medicine, it is frequent to encounter the patients
with those status. With this respect, the imaging study using
high-sensitive marker can be powerful probe for triage. For
this imaging study was performed using digital autoradiogra-
phy, the detectability of this imaging technique should be
validated in preclinical setting using small animal SPECT
system to determine whether it can detect small size of
infarction.

In multi-tracer digital autoradiogram, there were significant

differences in myocardial uptake for all three tracers.
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Myocardial perfusion, and especially myocardial mitochond-
rial function is thought to be easily insulted by ischemia or
hypoxia. In our study, the uptake of MIBI was significantly
decreased in area of occluded or reperfused myocardium,
indicating myocardial mitochondrial dysfunction. Neverthe-
less, combined with fatty acid metabolism study, significant
accelerated BMIPP uptake was observed. This phenomenon
seemed to be controversial, however, several reports proved
that fatty acid metabolism is enhanced early phase of
ischemia-reperfusion. In clinically, several discordant findings
of BMIPP and flow tracers were reported (25). Seino et al.
reported that fatty acid uptake tracer showed greater
accumulation compared perfusion tracer in some of the
patients with myocardial infarction and unstable angina who
received reperfusion therapy (5). In experimental setting using
rat, Noriyasu et al. reported BMIPP uptake was relatively
higher compared to thallium-201 in ischemic myocardium
(26). Higuchi et al. reported BMIPP uptake was higher
compared to myocardial MIBI uptake for 72 hours in
reperfused myocardium then started to decrease after 3 days
(27). Using isolated rat heart model, we previously reported
that BMIPP extraction was accelerated immediate after 15 min
of acute ischemia and more acceleration was observed in 30
min, while extraction of perfusion tracer decreased (28). In
large animal study, Nishimura et al. documented that BMIPP
uptake was higher than TL perfusion in reperfused myocar-
dium, but similar reduction was observed in permanent
occlusion group (29). They concluded that the reason of
enhancement of BMIPP uptake was due to the nature of the
tracer, which is designed to resist beta oxidation would
predominantly retain triglyceride pools. BMIPP may reflex
over stored fatty acid in TG pool or intra-cellular and not
assess true myocardial beta oxidation in myocardial mitochon-
dria (26, 27). Further studies are needed to explore the
acceleration and correlation of BMIPP and anti H-FABP in
acute reperfused ischemia.

In translating this novel technique into clinical application,
several issues should be addressed. First, a stability and
metabolic fate of radiolabeled HFABP is unknown. In general,
monoclonal antibody is known to be metabolized in the liver,
renal clearance, or both. The eliminating half-life of HFABP is
reported to be approximately 270 min, thus the imaging
feasibility should be limited in several hours after onset (3).
Our biodistribution study revealed remarkable hepatic uptake
which indicated a considerable liver metabolism. Biodistribu-
tion in large mammals including human also needs to be
investigated. Second, the safety of monoclonal antibody
administration needs to be discussed. The clinical usefulness
and safety of monoclonal antibody imaging has been
investigated since 1980. These studies have been investigated

mainly oncologic fields, mostly, In-111 or I have been used

125
I labeled mouse monoc-

as primal radionuclides. We used
lonal antibody which may have significant risks for antibody-
mediated side-effects including an anaphylaxis, a late allergic
reaction or production of neutralizing antibodies. The
draggability for human origin antibody needs to be tested in
the process of translating into clinical practice. Currently, the
safety of antibody treatment has been extensively investigated
because of the recent emergence of theranostics, and the
technological innovation in introducing humanized antibody
with less immunogenicity has been widely established (30). It
can be expected that this promising technique will be
introduced into non-invasive imaging. Nevertheless, although
the further studies are needed to clarify the usefulness of this
in-vivo antibody imaging, the results of our study indicated a
potential to proceed to highly specific hot-spot imaging

modality in emergency medicine.

Conclusion

Imaging study using radiolabeled anti-FABP antibody is
feasible to identify acutely ischemic myocardium, and
indicated the future potential for clinical application in-vivo

imaging.
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