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Introduction
Coronary angioplasty or bypass surgery is routinely
applied to restore flow to ischemic myocardium. Never-
theless, many patients with end stage coronary artery dis-
ease continue to suffer from disabling angina. This
problem has increased interest in alternative revasculari-
zation strategies (angiogenic growth factors, genes or stem
cells).

Purpose
To determine the effects of intramyocardial transfer of
plasmid DNA gene (HGF gene) expressing two isoforms
of human hepatocyte growth factor (HGF) on perfusion,
viability and LV function using MR imaging.

Methods
In this study the HGF gene was injected intramyocardially
in reperfused infarction (2 hr occlusion), for the purpose
of evaluating this strategy as a therapeutic approach for
protection from LV remodeling. MR imaging was per-
formed at 3 days and 7–8 weeks on a 1.5-T MR clinical
scanner (Philips Medical Systems). First pass perfusion,
delayed contrast enhancement and cine MR imaging was
used in the evaluation. Triphenyltetrazolium chloride
(TTC) and histopathological (Masson's trichrome and
Biotinylated Bandeiria simplicifolia isolectin B4) stains were
utilized to quantify vascular density and myocardial via-
bility.

Results
The peak signal intensity (SI), extents of hypoenhanced
ischemic myocardium and max upslope data in the two
groups were not significantly different at 3 days. At 7–8
weeks peak signal intensity was higher and maximum
upslope data was steeper in treated animals compared to
controls. The extent of hyperenhanced scar was signifi-
cantly larger in control (13.2 ± 1.6% LV) compared with
HGF treated (7.0 ± 0.5% LV) animals. TTC analysis also
showed that the extent of scar tissue was significantly
larger in control (12.0 ± 1.7%) compared with treated
(6.6 ± 0.7% LV, P = 0.04) animals. There was no signifi-
cant difference between the extent of hyperenhanced scar
on MRI and TTC (P = 0.32). The infarction tended to be
non-transmural with a residual thicker wall in treated
compared with control animals both on MR images and
TTC. Control animals showed evidence of LV remodeling,
which was reflected by increased end systolic volumes and
decline in ejection fraction. Treated animals showed a
decrease from in end diastolic (2.15 ± 0.12 to 1.82 ± 0.12,
P = 0.008) and end systolic (1.33 ± 0.07 to 1.00 ± 0.08, P
= 0.001) volumes. They also showed increased ejection
fraction (40.3 ± 1.3 to 45.7 ± 1.8, P = 0.001).

Quantitative analysis in control animals revealed clear
gradients of capillary density between remote (422 ± 20
capillaries/mm2), peri-infarcted myocardium (145 ± 7/
mm2) and scar (119 ± 17/mm2). In these regions, the den-
sity of blood vessels greater than 15 μ was 6.4 ± 0.3 arteri-
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oles/mm2, 5.2 ± 1.6/mm2 and 2.6 ± 0.7/mm2,
respectively. Control animals showed sharp borders sepa-
rating viable myocardium from scar. In contradistinction,
treated animals showed irregular scars with peninsulas/
islands in peri-infarcted region and scar (Figure 1).

Conclusion
Our study is the first to demonstrate the biological effects
of coexpression of HGF and dHGF in myocardial infarc-
tion. This MR study provides comprehensive assessment
of myocardial perfusion, viability and function after
intramyocardial transfer of therapies. It is apparent that
the mechanism of improvement of global LV lies in the
formation of new blood vessels and peninsulas/islands of
viable cardiomyocytes.

There is a sharp boundary between the healed infarct (I) and viable myocytes (M)Figure 1
There is a sharp boundary between the healed infarct (I) and viable myocytes (M). At 7–8 weeks following coronary artery 
occlusion/reperfusion. At the edge of infarction in control animals few sparse thin-walled vessels (arrows), thick-walled vessels 
(arrowheads) and degenerated myocytes are shown (top left). In contrast, a treated HGF heart showed an irregular healed inf-
arct (I) borders (top right). The edge of the scar contains numerous thin-walled blood vessels (arrows). Top panels:_Masson 
trichrome stain. Bottom panels: biotinylated Bandeiria simplicifolia isolectin B4. Calibration bars = 45 microns.
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