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Sources of CRP in Atherosclerotic Lesions

To the Editor-in-Chief:

We read with great interest the recent article by Sun and
colleagues' in which they show, in two rabbit models,
that C-reactive protein (CRP) is present in the atheroscle-
rotic lesion and indeed correlates with lesion area. Fur-
thermore, they show in these two models a significant
correlation between total cholesterol and plasma CRP, a
finding that has not been observed in human patients.
They provide no explanation for this correlation. Is it
possible that the hypercholesterolemia in these models
induces inflammation in the liver resulting in the elevated
levels of CRP, which then enters the atheroma?

More importantly, however, in a sample size of eight, they
demonstrate the presence of CRP in the atherosclerotic
lesion, where it did not co-localize with macrophages or
smooth muscle cells, and CRP was also found in the sur-
face area of the lesion (see Sun et al,’ Figures 6 and 7).
Using real-time reverse transcriptase-polymerase chain re-
action (RT-PCR), they could not demonstrate CRP mRNA in
the atherosclerotic lesion and concluded that the CRP was
derived from the liver. This finding challenges a great body
of data suggesting that CRP is synthesized in the atheroma.

The first observation in this regard was made by
Yasojima and colleagues® who showed 10-fold more
mRNA for CRP in atherosclerotic lesions versus normal
vessels (n = 10 arterial samples). This finding has now
been confirmed by numerous groups. Kobayashi and
colleagues® used anti-sense riboprobe to show, in 39
directed coronary atherectomy samples, that CRP is
present in the coronary atheroma. Furthermore, Jabs
and colleagues* have shown by real-time RT-PCR that
CRP is expressed in coronary artery venous bypass
grafts (n = 11 of 15), and Vainas and colleagues® have
documented CRP mRNA in abdominal aortic aneurys-
mal tissue (n = 4 of 16). In addition to real-time RT-
PCR, some of these investigators have used other sen-
sitive techniques to document CRP. Using Western
blotting, immunohistochemistry, and real-time RT-PCR,
Sattler and colleagues® have recently documented
CRP protein and mRNA in plagues obtained from pa-
tients undergoing carotid endarterectomy (n = 41).
Furthermore, the CRP staining was present in plaque
shoulders, microvessels, or borders, mainly in foam
cells and endothelial cells.

The major cells of the atherosclerotic lesion include
endothelial cells, monocytes/macrophages, T lympho-
cytes, and smooth muscle cells. Calabro and col-
leagues” have shown by RT-PCR and enzyme-linked im-
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munosorbent assay that vascular smooth muscle cells in
culture express and secrete CRP. In a recent article in
The American Journal of Pathology, we made the novel
observation that both coronary and aortic endothelial
cells express CRP mRNA and protein using a compre-
hensive approach of examining mRNA by RT-PCR and in
situ hybridization and protein by Western blotting. Most
importantly, we showed a 100-fold increase in secretion
of CRP after incubation of aortic endothelial cells with
macrophage-conditioned media.®

It is interesting that in the article by Sun and col-
leagues,’ no mention is made about the possibility that
CRP is derived from aortic endothelial cells, despite sur-
face expression of CRP in the human atherosclerotic
tissue in their study. Also, using an activated monocytic
cell line, U937 cells, they fail to detect mMRNA for human
CRP. We have preliminary data that human monocyte-
derived macrophages express CRP mRNA (unpublished
data), concurring with similar findings in alveolar macro-
phages.® The authors also fail to mention other sources
for CRP. In fact, CRP has now been reported in neurons
of Alzheimer’s brain, in renal tubular epithelial cells, and
also in alveolar macrophages.®® Based on our experi-
mental experience, as well as that of others, we argue for
potential paracrine and autocrine effects in microdo-
mains in the intima resulting in potentially very high CRP
levels. Although it is the general consensus that the ma-
jority of the CRP in the atheroma derives from the liver, it
is not unreasonable that both vascular cells and adipose
tissue contribute to some degree. Future studies will help
determine their relative contributions. CRP produced in
endothelial, vascular smooth muscle cells, and macro-
phages via autocrine and paracrine loops could exert
biological effects on these cells contributing to athero-
thrombosis and plague instability.'®

In conclusion, the majority of published studies docu-
ment CRP expression in atheroma and further support the
notion that CRP is elaborated by cells of the vessel wall
including endothelial cells, smooth muscle cells, and hu-
man monocytes/macrophages. We believe it is prema-
ture for Sun and colleagues’ to arrive at the conclusion
that CRP is derived exclusively from the liver. In fact,
Ouchi and colleagues’" have shown that the presence of
CRP mRNA in adipose tissue has an inverse relationship
with adiponectin. In addition, CRP secreted from adipose
tissue has recently been documented.'® Thus, we be-
lieve this is an area that clearly requires further scientific
inquiry to establish the major sources of CRP in the



atheroma. We hypothesize that CRP in atheroma may
derive from the liver, the atherosclerosic lesion, and ad-
ipose tissue. In this regard it is important to mention that
CRP levels have been reported to be significantly higher
in the coronary sinus versus the peripheral circulation, '
arguing that at least some of the CRP is elaborated in the
atheroma itself.

Ishwaral Jialal
Sridevi Devaraj
Uma Singh
University of California Davis Medical Center
Sacramento, California
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Authors’ Reply:

Dr. Jialal and his co-workers have raised several issues
regarding our recently published paper.’ Although we
appreciate these comments, it seems that some con-
cerns are related to a misunderstanding and/or personal
interpretation of our results. The purpose of our study was
to elucidate 1) whether elevated C-reactive protein (CRP)
is associated with atherosclerosis in cholesterol-fed rab-
bits and Watanabe heritable hyperlipidemic (WHHL) rab-
bits; 2) which tissues (hepatic versus extrahepatic
sources) are responsible for elevated CRP in plasma; 3)
whether CRP is present in the lesions of atherosclerosis;
and if so, 4) whether CRP is produced locally by vascular
cells or transported from the circulation or both. In both
hyperlipidemic rabbit models, we found that plasma CRP
is strongly associated with atherosclerosis but weakly, if
at all, associated with plasma cholesterol levels. We think
that it is nearly impossible to determine whether hyper-
cholesterolemia itself can directly raise CRP production
in the liver without considering atherosclerosis (vascular
inflammation) in these animals. Furthermore, compared
to the relationship between lesion size and CRP, the
hypercholesterolemia-CRP relationship seems to be ca-
sual, and therefore, we should not overstate its impor-
tance in terms of atherosclerosis.

The second set of issues raised by Jialal and colleagues
involves whether CRP is really present in the lesions and
from where such CRP is derived or whether vascular cells
can directly produce CRP. Our study clearly demonstrates
that the liver is the principal organ that expresses CRP
mRNA in rabbits (based on Northern blotting analysis). De-
spite the substantial amount of CRP proteins in the arterial
wall, normal aortas as well as atherosclerotic aortas ex-
pressed extremely low levels of CRP mRNA. First, CRP
mRNA expression was below the detection limits of North-
ern blotting. Second, real-time reverse transcriptase-poly-
merase chain reaction (RT-PCR) results showed that abso-
lute values (arbitrary units) of aortic CRP expression,
regardless of the presence or absence of lesions, are less
than 1/100th of that from the liver. Furthermore, neither
alveolar nor peritoneal macrophages showed detectable
CRP expression. The same was true for human aortas (eight
autopsy cases) and activated macrophages (U937 cells).
Thus, our findings argue against the notion that arterial wall
cells (especially macrophages) are the major sources for
CRP production and responsible for the elevation of CRP in
plasma. By analyzing 10 human autopsy cases by semi-
quantitative RT-PCR, Yasojima and colleagues® have
shown that atherosclerotic aortas express 10.2-fold higher
CRP than normal aortas and 7.2-fold higher CRP than liver.
Such data have never been confirmed by other researchers
in the literature, even though sporadic reports document
that vascular cells indeed express extremely low levels of
CRP. In this regard, CRP mRNA can be detected in saphe-
nous veins (n = 10 of 15) and coronary artery venous
bypass grafts (n = 11 of 15) but not in coronary arteries with
advanced atherosclerotic lesions (n = 0 of 10),® abdominal
aortic aneurismal tissues (n = 4 of 16),* carotid plagues
(n = unknown of 41),° or coronary plagues (n = unknown of
39)° by various methods. It seems likely that vascular
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smooth muscle cells” and endothelial cells,® along with
adipocytes® in certain situations, may express CRP (at ex-
tremely low levels compared to those expressed by liver or
HepG2 cells), although it remains unclear whether small
amounts of vascular cell-derived CRP are really physiologi-
cally important in terms of atherosclerosis and plague
rupture.

Jialal and co-workers® have reported that treatment with
macrophage-conditioned medium leads to a twofold in-
crease of CRP production in human aortic endothelial cells
and have proposed an intriguing paracrine/autocrine hy-
pothesis. However, the relevance of these in vitro observa-
tions to in vivo situations remains unknown, and the signifi-
cance of vascular cell-derived CRP in vivo may require more
comprehensive investigations of both animal experiments
and clinical studies. Furthermore, it still seems premature to
conclude that vascular cell-derived CRP (compared to
large amounts of circulation-derived CRP in the lesions)
may actually make a major contribution to the pathogenesis
of atherosclerosis and plaque stability because we do not
have a clear indication of whether CRP is a “good guy” or
“bad guy” in terms of lesion development.'® Nevertheless,
we are still left wondering whether CRP in the lesions is a
cause, consequence, or both of atherosclerosis, because
the presence of CRP at the “scene of the crime” is not
necessarily evidence of guilt. CRP could be an innocent
bystander, a victim, or possibly an atheroprotective force.
At present, neither transgenic nor knockout mice seem
useful for the study of CRP, and the development of alter-
native CRP experimental animals is urgently required.’" We
expect that in the next few years, with the advent of novel
CRP transgenic rabbit models, we will soon find an answer
to whether CRP is only a “marker” or is also a “maker”"" of
atherosclerosis and determine whether we should target
CRP for the treatment of cardiovascular diseases in
future. 2

Jianglin Fan
University of Yamanashi
Yamanashi, Japan
Yuging E. Chen
University of Michigan
Ann Arbor, Michigan
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