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clinical implications of basic research

T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

Approximately 1.1 million Americans have an 
acute myocardial infarction each year. The size 
of the infarction is a major determinant of both 
the risk of death and the likelihood of subse-
quent heart failure. For this reason, a goal of 
therapy is to reduce the size of the infarct. Cur-
rent treatments focus on restoration of coronary 
blood flow (through reperfusion) and reduction 
of myocardial oxygen demand (e.g., through the 
use of beta-blockers). Research during the past 
two decades, however, has tried to elucidate the 
critical steps in the injury and subsequent killing 
of myocardial cells, with the hope that antagoniz-
ing these steps may provide new cardioprotective 
therapies. To this end, Pepys et al.1 recently re-
ported that they used a small molecule that binds 
and inhibits human C-reactive protein (CRP) to 
reduce the size of myocardial infarctions.

CRP is an acute-phase serum protein that is 
synthesized by hepatocytes. During infection, in-
flammation, and tissue injury, the serum level 
of CRP rises by a factor of up to several thou-
sand. The physiologic roles of CRP are not known, 
but it may contribute to innate immunity and 
suppression of autoimmunity. Baseline CRP levels 
are moderately elevated in obese persons or those 
who smoke or have diabetes or hypertension. 
Even in otherwise apparently healthy subjects, 
elevations in CRP may predict coronary events. 
CRP levels increase dramatically in patients with 
myocardial infarction beginning 6 hours after the 
onset of ischemia and peaking at approximately 
50 hours. CRP values after acute myocardial in-
farction predict outcome, including death and 
heart failure.2 The binding of CRP to phospho-
choline groups in damaged cell membranes leads 
to complement activation, which may cause fur-
ther tissue damage. In fact, CRP and complement 
are found in infarcted human myocardial tissue.3 
CRP may also bind other ligands, including the 

Fcγ receptor, through which it may modulate sev-
eral signaling pathways.

Using the x-ray crystallographic structure of 
human CRP bound to free phosphocholine and 
building on their experience in developing a drug 
that binds and depletes the closely related protein 
serum amyloid P component, Pepys et al. designed 
a small molecule, 1,6-bis(phosphocholine)-hexane 
(abbreviated Bis(PC)-H), that binds CRP and pre-
vents interactions between CRP and its various 
ligands, as well as CRP-induced complement ac-
tivation.

Next, Pepys et al. took advantage of the abil-
ity of Bis(PC)-H to inhibit CRP to determine the 
role of CRP-induced complement activation in the 
pathogenesis of myocardial infarction (Fig. 1). In-
farction was induced by surgical occlusion of the 
left coronary artery. The investigators used a rat 
model to exploit the fact that human CRP, but 
not rat CRP, can activate rat complement. They 
had previously shown that human CRP increas-
es the size of myocardial infarctions in rats in a 
complement-dependent way.4

Five days after coronary occlusion, the average 
size of the infarct among rats in the control group 
treated with placebo was 17.0 percent of the size 
of the left ventricle. A second group underwent 
the coronary-occlusion procedure but received hu-
man CRP for five days starting shortly after sur-
gery. The average size of the infarct in this group 
was 24.8 percent of the size of the left ventricle, 
reflecting additional damage to the left ventricle 
resulting from the superimposition of human 
CRP onto coronary occlusion. A third group was 
treated like the second group (i.e., the rats under-
went coronary occlusion followed by treatment 
with human CRP) except that the rats in this 
group received Bis(PC)-H starting two days be-
fore surgery and continuing for five days after 
surgery. The average size of the infarct in this 

Limiting Myocardial Damage during Acute Myocardial 
Infarction by Inhibiting C-Reactive Protein

Richard N. Kitsis, M.D., and Ishwarlal Jialal, M.D., Ph.D.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at ALBERT EINSTEIN COLLEGE OF MEDICINE on May 12, 2008 . 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 355;5 www.nejm.org august 3, 2006514

group was 18.6 percent of the size of the left ven-
tricle and not significantly different from that in 
the control group. Missing from the study is the 
following internal control: the measurement of 
the area at risk — the amount of myocardium 
subjected to ischemia — in each group. If one 
assumes that the areas at risk in each group 
were similar, Bis(PC)-H almost completely abro-
gated the increase in infarct size that resulted 
from human CRP.

In a parallel experiment, Bis(PC)-H had no 
effect on infarct size in rats that underwent left 
coronary occlusion but did not receive human 
CRP. This finding indicates that inhibition of rat 
CRP had no effect, which is consistent with the 
inability of rat CRP to activate complement. It also 
shows that Bis(PC)-H did not substantially influ-
ence other signaling pathways that are critical to 
the pathogenesis of myocardial infarction.

Additional work is needed to delineate the 
precise mechanisms underlying these observa-

tions. The most straightforward explanation for 
the effects is that the binding of Bis(PC)-H to 
circulating human CRP prevents the latter from 
binding to damaged myocardial cells, thereby ab-
rogating human CRP–dependent complement ac-
tivation. However, other potential mechanisms 
(e.g., the disruption of the binding of CRP to 
Fcγ receptors) were not explored.

Do these studies in animals predict that 
Bis(PC)-H will be useful in limiting infarct size 
in myocardial infarction in humans? Although 
this study provides proof of concept, one won-
ders about the extent to which CRP drives myo-
cardial damage during myocardial infarction in 
humans. The plausibility of this hypothesis is 
supported by the fact that the human CRP levels 
in the rats in the second group (the CRP group) 
analyzed by Pepys et al. were similar to the lev-
els in myocardial infarction in humans. In addi-
tion, the prognostic significance of acute eleva-
tions in CRP levels in myocardial infarction in 
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Figure 1. Inhibition of CRP and Myocardial Damage.

An inhibitor of CRP, known as 1,6-bis(phosphocholine)-hexane and abbreviated as Bis(PC)-H, inhibits incremental 
myocardial damage resulting from human CRP in a rat model of coronary-artery occlusion. Infarct size refers to the 
mean (±SD) percentage of the left ventricle that was nonviable.
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humans is consistent with an important role for 
CRP-mediated myocardial damage, although this 
relationship is only an association and does not 
necessarily represent cause and effect.3 Ultimate-
ly, however, an experiment using humans is re-
quired to determine the relative contribution of 
CRP-dependent mechanisms to myocardial dam-
age during infarction in humans.

Another issue regarding the clinical applica-
bility of the present study is that a model of per-
sistent coronary occlusion without reperfusion 
was used. In contrast, prompt restoration of cor-
onary blood flow is standard therapy for myo-
cardial infarction involving ST-segment elevation. 
The extent to which myocardial damage is CRP-
dependent in this more clinically relevant exam-
ple remains to be determined.

The timing of drug delivery may also be rel-
evant to the ability of Bis(PC)-H to limit myo-
cardial damage in humans. In the study in rats, 
Bis(PC)-H was administered two days before cor-
onary occlusion, an approach that will not be 
available in the case of myocardial infarction in 
humans. It may be possible, however, to use a 
quicker, intravenous route of administration in hu-
mans. Nevertheless, initiating the drug soon af-
ter the onset of ischemia will presumably be im-
portant, so that the drug will be in the system 
before CRP levels begin to rise.

If progress continues and studies in humans 
are warranted, an in-depth safety evaluation will 

be mandatory. In particular, any adverse conse-
quences of inhibiting CRP must be identified, 
given the possibility that other inflammatory or 
infectious conditions may coexist in patients with 
acute myocardial infarction.

These caveats notwithstanding, Pepys et al. 
provide exciting data from studies in animals. 
In addition, the availability of a CRP inhibitor 
will facilitate experiments to determine the role 
of human CRP in normal biologic processes and 
disease states including atherogenesis, plaque in-
stability, stroke, infection, inflammatory diseas-
es, and autoimmunity.
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