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C-reactive protein (CRP), a phylogenetically highly conserved
plasma protein, is the classical acute phase reactant in humans.
Upon infection, inflammation, or tissue damage, its plasma level
can rise within hours >1000-fold, providing an early, nonspecific
disease indicator of prime clinical importance. In recent years,
another aspect of CRP expression has attractedmuch scientific
and public attention. Apart from transient, acute phase-associ-
ated spikes in plasma concentration, highly sensitivemeasure-
ments have revealed stable interindividual differences of baseline
CRP values in healthy persons. Strikingly, evenmodest elevations
in stable baseline CRP plasma levels have been found to correlate
with a significantly increased risk of future cardiovascular disease.
These observations have triggered intense controversies about
potential atherosclerosis-promoting properties of CRP. To di-
rectly assess potential effects of CRP on atherogenesis, we have
generated CRP-deficientmice via gene targeting and introduced
the inactivated allele into atherosclerosis-susceptible ApoE�/�

and LDLR�/� mice, two well establishedmousemodels of athero-
genesis. Morphometric analyses of atherosclerotic plaques in
CRP-deficient animals revealed equivalent or increased athero-
sclerotic lesions compared with controls, an experimental result,
which does not support a proatherogenic role of CRP. In fact, our
data suggest thatmouse CRPmay evenmediate atheroprotective
effects, adding a cautionary note to the idea of targeting CRP as
therapeutic intervention against progressive cardiovascular
disease.

Atherosclerosis is a complex, multifactorial disease initi-
ated by focal lipid deposition in the arterial wall and forma-
tion of characteristic lesions known as atherosclerotic
plaques. Such plaques can narrow the lumen and eventually
rupture, causing thrombotic arterial occlusion responsible for
heart attacks and strokes, the cardiovascular disease events
that are the leading cause of death worldwide. Research dur-

ing the last two decades has firmly established chronic arterial
inflammation as key participant in atherogenesis at all stages
of pathology, from its initiation through to its life-threatening
clinical manifestations (1, 2). There is thus intense interest in
systemic markers of inflammation in relation to both risk as-
sessment for cardiovascular disease and the possible role of
such markers in pathogenesis of atherosclerosis and athero-
thrombosis. C-reactive protein (CRP),2 the classical acute
phase plasma protein, which is an exquisitely sensitive, non-
specific marker of inflammation and tissue damage (3, 4), has
become a particular focus of attention and controversy. De-
spite the dynamic behavior of CRP in response to injury and
disease, baseline values in apparently healthy general popula-
tions are surprisingly stable, comparable with repeat measure-
ments of plasma cholesterol. Importantly, modestly higher
CRP concentrations have been found to correlate significantly
with increased risk of cardiovascular disease (5–7), an obser-
vation that has fueled much debate about a potential causative
role of CRP in cardiovascular pathogenesis (6, 8–12).
Hypercholesterolemic apolipoprotein E (ApoE�/�) and

LDL receptor knock-out (LDLR�/�) mice are established ani-
mal models of atherosclerosis, widely used to unveil environ-
mental and genetic effects on atherogenesis (13–17). In sev-
eral independent studies, transgenes overexpressing rabbit
(18) or human CRP (19–24) have been introduced into these
and other atherosclerosis-prone mouse strains. Although the
authors of one study interpreted their findings as evidence for
a proatherogenic role of CRP (23), other investigators could
not find such indications. However, as some authors rightly
caution (18–20), expression of human or rabbit CRP in a xe-
nogeneic murine environment is associated with limitations,
which may presage a negative result. To avoid such limita-
tions, we have chosen a complementary approach and gener-
ated mice with a targeted deletion of the CRP gene on
B6.ApoE�/� as well as B6.LDLR�/� genetic backgrounds.
Based on quantitative analysis of atherosclerotic lesions in
such animals, we here provide decisive evidence against a
proatherogenic role of CRP in the two most widely used
mouse models of atherosclerosis.

EXPERIMENTAL PROCEDURES

Generation of CRP-deficient Mice—Mice with inactivated
CRP alleles were generated with C57BL/6-derived BRUCE4

* This work was supported by SFB451-Teilprojekt B12 and by the Leipzig
Interdisciplinary Research Cluster of Genetic Factors, Clinical Phenotypes,
and Environment at the Universität Leipzig. LIFE is funded by the Euro-
pean Union, the European Regional Development Fund, and the Free
State of Saxony within the framework of the excellence initiative.

□S The on-line version of this article (available at http://www.jbc.org) con-
tains supplemental Tables S1–S4.
Author’s Choice—Final version full access.

1 To whom correspondence should be addressed: Albert-Einstein-Allee 11,
D-89081 Ulm, Germany. Fax: 49-0-731-500-65211; E-mail: Joerg.fehling@
uni-ulm.de.

2 The abbreviations used are: CRP, C-reactive protein; BCA, brachiocephalic
artery; LDLR, LDL receptor.

THE JOURNAL OF BIOLOGICAL CHEMISTRY VOL. 286, NO. 8, pp. 6272–6279, February 25, 2011
Author’s Choice © 2011 by The American Society for Biochemistry and Molecular Biology, Inc. Printed in the U.S.A.

6272 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 286 • NUMBER 8 • FEBRUARY 25, 2011

http://www.jbc.org/cgi/content/full/M110.161414/DC1


ES cells (25) by classical gene targeting. The targeting vector
consisted of a short arm of homology, a loxP-flanked neomy-
cin resistance cassette, a long arm of homology, and a herpes
simplex thymidine kinase-encoding cassette for selection
against random integration. Relevant DNA fragments homol-
ogous to endogenous CRP sequences were obtained by PCR
with genomic DNA from BRUCE-4 ES cells as template using
an Expand Long Template PCR system (Roche Diagnostics)
and 5�-CAATGTACCAACTCTGGGTCAGGC-3�/5�-
ATGATCAGAAGGCACCAGAGTAGC-3� and 5�-TGGTC-
CTCAGCACTAGAGCAC-3�/5�-CAGTTAACAGTCCCT-
GCTGATTC-3� as specific primer combinations, respectively.
The complete nucleotide sequence of the final targeting con-
struct pCR-XH are available upon request. Gene targeting
experiments were performed with C57BL/6-derived BRUCE4
ES cells (25) (kind gift of Ralf Kühn) as described (26). In two
separate experiments, three independent ES clones (25, 87,
and 147) with a correctly targeted CRP allele were identified
after screening a total of 541 colonies by PCR with the Expand
Long Template PCR system (Roche Diagnostics) and 5�-
GAGAAATGAGCAGGAAATACTGGC-3�/5�-TTCT-
GAGGGGATCGGCAATA-3� as primers. Correct homolo-
gous recombination events in candidate clones were
confirmed by Southern blotting with a probe located outside
of the targeting construct. Considering the adenine in the
ATG start codon of the CRP gene as nucleotide position �1,
this probe covers positions �5627 to �4998 (5�-CATGGAT-
ACC…609 nt…ACTCTGGGTC-3�). Two of the three inde-
pendently generated CRP�/� ES clones (25 and 147) were
injected into BALB/c blastocysts. Coat color chimeras derived
from both clones were mated with C57BL/6 partners, and
offspring carrying the inactivated CRP allele was used to es-
tablish the two separate CRP knock-out mouse lines 25 and
147, both on inbred C57BL/6 background.
Atherosclerosis Studies—For atherosclerosis studies,

CRP�/� mice were crossed onto the atherosclerosis sensitiz-
ing ApoE�/� and LDLR�/� backgrounds. ApoE�/� and
LDLR�/� mice, originally generated in the laboratories of N.
Maeda (27, 28) and J. Herz (29), were purchased from The
Jackson Laboratory, both at the �10th generation onto
C57BL/6 (strain C57BL/6J-Apoetm1Unc, stock no. 002052 and
strain B6.129S7-Ldlrtm1Her/J, stock no. 002207, respectively).
To introduce inactivated CRP alleles onto the ApoE�/� back-
ground, heterozygous CRP�/� mice of line 147 were back-
crossed to ApoE�/� animals to generate CRP�/�ApoE�/�

“master breeders.” Pups of CRP�/�ApoE�/� parents were
weaned at the age of 4 weeks onto a lowfat, semisynthetic
diet, genotyped, and used to assess artherosclerotic lesion size
at indicated time points. Inactivated CRP alleles were intro-
duced onto the LDLR�/� background following an analogous
breeding strategy. The CRP genotype of all experimental ani-
mals was determined initially by PCR and subsequently con-
firmed by Southern blotting. Homozygous ApoE�/� and
LDLR�/� breeders were identified by PCR; predicted ApoE
and LDLR genotypes of respective offspring were routinely
confirmed in the first litter by PCR and in all sacrificed ani-
mals by analysis of serum lipoprotein levels at the time of
death. All animals used in this study were housed under spe-

cific pathogen free (SPF) conditions in individually ventilated
cages in the same room with access to food ad libidum. The
lowfat, semisynthetic diet containing 0.02% cholesterol (30)
was purchased from SNIFF Spezialdiäten GmbH, Soest, Ger-
many (modified AIN76; article no. S8619-E010). For composi-
tion/ingredients, see supplemental Table S1. Mice were ex-
sanguinated by a left ventricular puncture, and blood was
collected into syringes containing EDTA. The circulatory system
was flushed with PBS (20ml), and the heart and brachiocephalic
artery (BCA) were removed and snap-frozen in Tissue-Tek opti-
mum cutting temperature compound (Sakura Finetek).
Morphometric Determination of Atherosclerotic Lesion Size—

To quantify atherosclerosis at the aortic root, optimum cut-
ting temperature-embedded hearts were processed as de-
scribed previously (31). In brief, atherosclerotic lesion size at
the aortic root was determined as the mean of five Oil Red
O-stained sections through the aortic valve area, with each
section 50 �m apart from each other. Atherosclerotic lesions
in the BCA were quantified luminal to the internal elastic
lamina in three equidistant Oil Red O-stained sections 200,
400, and 600 �m from the branching point of the BCA into
the carotid and subclavian arteries. For en face analysis, the
aorta was dissected to the iliac bifurcation, opened longitudi-
nally, and fixed between glass slides.
Immunohistochemistry—Frozen sections were fixed in ice-

cold acetone/methanol (mixture, 1:1 for 15 min) and washed
with PBS. Peroxidases were quenched with 3% H2O2 in PBS,
10% methanol (4 min). Sections were blocked with 2.5% nor-
mal serum (goat serum for CD68 and complement C3, horse
serum for �-actin) for 30 min. Primary antibodies were incu-
bated at 4 °C overnight at dilutions shown in supplemental
Table S2. Sections were washed and incubated with HRP-
conjugated secondary antibodies as indicated in supplemental
Table S2 for 30 min at room temperature. After washing, per-
oxidase was visualized by incubation with ImmPACT Nova
Red (Vector Laboratories), and sections were counterstained
with hematoxylin. Sections were dehydrated and permanently
mounted with Vecta Mount mounting medium (Vector Labo-
ratories). CD68-stained area of aortic root sections was as-
sessed by planimetry.
Blood Analysis—In immunoblots, mouse CRP was detected

with a biotinylated goat anti-mouse CRP antibody from R&D
Systems (catalog no. BAF1829), followed by a horseradish
peroxidase-labeled donkey anti-goat secondary antibody from
Santa Cruz Biotechnology (Santa Cruz, CA; catalog no. SC-
3851). �1-Antitrypsin as loading control was detected with a
rabbit anti-human �1-antitrypsin serum from Sigma-Aldrich
(catalog no. A-0409), which cross-reacts with the mouse or-
tholog, followed by a horseradish peroxidase-labeled goat
anti-rabbit secondary antibody from Santa Cruz Biotechnol-
ogy (catalog no. SC-2768). The concentration of CRP in se-
rum was measured with an anti-mouse CRP ELISA (catalog
no. 2210-01) purchased from Life Diagnostics (West Chester,
PA). Lipoproteins were isolated by sequential ultracentrifuga-
tion from 60 �l plasma at d � 1.006 g/ml (very low density
lipoprotein), 1.006 � d � 1.063 g/ml (intermediate density
lipoprotein, low density lipoprotein), and d � 1.063 g/ml
(HDL) in a TL-100 ultracentrifuge (Beckman Coulter) as de-
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scribed (31). Cholesterol was determined enzymatically using
a colorimetric method (Roche Applied Science).
Statistical Analysis—Distributions were tested for normal-

ity, and statistical analysis was done by analysis of variance for

normally distributed data and Kruskal-Wallis test for non-
normally distributed data using the Prism software (version
4.0). Differences were considered statistically significant at
p � 0.05.
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RESULTS

CRP knock-out mice were generated via classical gene tar-
geting, following the strategy depicted in Fig. 1 (A and B). As
genetic background significantly influences atherosclerosis
susceptibility (32, 33), we generated and maintained CRP-
deficient mouse mutants on a pure, inbred C57BL/6 back-
ground. Homozygous CRP-deficient animals were obtained
from heterozygous parents with the expected Mendelian fre-
quency. Complete absence of CRP message in liver and CRP
protein in serum of CRP�/� mice was demonstrated by RT-
PCR (Fig. 1C) and immunoblotting (Fig. 1D), respectively. In
heterozygous mutant animals, circulating CRP levels were
reduced by �50%, demonstrating a potent gene-dosage effect
(Fig. 1E). Neither heterozygous nor homozygous CRP-defi-
cient mice exhibited any gross abnormalities and proved
healthy and fertile when maintained under specific pathogen
free conditions.
To assess potential effects of CRP deficiency on atheroscle-

rosis susceptibility, we first bred the CRP null mutation onto
the B6.ApoE-deficient background. Littermates with all three

CRP genotypes were obtained from CRP�/�ApoE�/� parents
and weaned to a lowfat, semisynthetic diet containing 0.02%
cholesterol (supplemental Table S1), which has been shown
previously to promote hypercholesterolemia and atheroscle-
rosis while avoiding obesity with its attendant metabolic com-
plications (31). When atherosclerotic lesion size was deter-
mined in BCAs and aortic roots of a first cohort of 16-week-
old mice, no protective effect neither of heterozygous nor
homozygous CRP deficiency was noticeable. In fact, lesions
were increased with statistical significance by 71% (157,838 �
71,398 �m2 versus 92,328 � 47,889 �m2; p � 0.01) in aortic
roots of CRP�/� males (Fig. 2A), whereas no significant dif-
ferences were observed in females. Lesions were increased in
male CRP�/� mice in the absence of significant changes in
plasma lipids and lipoproteins (supplemental Table S3). As
lesion development is known to be slower in males, detection
of CRP effects in ApoE�/� females might require an earlier
time point of analysis. We thus analyzed a second group of
animals sacrificed 4 weeks earlier, i.e. at 12 weeks of age.
There was again no indication that CRP deficiency would de-

FIGURE 3. Representative photomicrographs of atherosclerosis histology from 16-week-old CRP�/�ApoE�/� and CRP�/�ApoE�/� mice. Serial sec-
tions from BCAs (A) and aortic roots (B) were stained with Oil Red O to visualize lipid depositions (top panels) or immunostained with an antibody against
CD68 to highlight macrophage infiltrates typical for atherosclerotic lesions (middle panel). Black arrowheads point to areas depicted enlarged in the insets,
with the scale bar representing 100 �m. The lower panels show immunostaining for smooth muscle actin (�-actin).
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lay or inhibit atherogenesis in any of the experimental groups.
Instead, we observed once more a statistically significant 64%
increase of lesion size (89,233 � 39,598 �m2 versus 54,426 �
18,662 �m2; p � 0.05) in aortic roots of CRP�/� animals, this
time in females (Fig. 2B). Plasma total cholesterol was not
significantly different between groups (supplemental Table
S3). Representative micrographs of atherosclerotic tissue sec-
tions from BCAs and aortic roots of CRP�/� and CRP�/�

animals on the ApoE�/� background are shown in Fig. 3. To
test whether differences in lesion formation might be seen at
other parts of the aorta, we performed en face evaluations of
the whole aorta at 36 weeks of age but detected no significant
differences (Fig. 4).
We also bred the CRP null mutation onto the LDL recep-

tor-deficient (LDLR�/�) background, an alternative mouse
model of atherogenesis, to test whether the mode of athero-
sclerosis induction might influence the result (13, 14). Off-
spring of CRP�/�LDLR�/� breeders were sacrificed when 20
weeks old. Importantly, morphometric analysis of plaques
revealed similar levels of atherosclerosis within male and fe-
male cohorts irrespective of CRP genotype (Fig. 5A), confirm-
ing data from the ApoE�/� model that CRP does not promote
atherosclerosis. Because male mice on the LDLR�/� back-
ground showed differences in lipid levels (supplemental Table
S3), these analyses were repeated after adjusting for these pa-
rameters, and the lack of effect of CRP deficiency on athero-
sclerosis was confirmed (supplemental Table S4). In addition,
a more detailed analysis of lesion composition of these ani-
mals showed no general differences in lesion composition
between CRP�/� and CRP�/� animals (Fig. 5B). However,

female LDLR�/� mice had a significantly larger content of
macrophages in lesions in CRP�/� mice compared with
CRP�/� animals (Fig. 5C). Thus, even though neither male
nor female CRP-deficient mice exhibited any statistically sig-
nificant increase in lesion size on LDLR�/� background, the
more macrophage-rich plaque phenotypes in female CRP�/�

mice might provide additional evidence for an atheroprotec-
tive effect of CRP.
To test for potentially confounding effects of diet or athero-

sclerotic load on CRP serum levels in experimental animals,
we collected blood over a period of 1 year at regular intervals
from three informative cohorts of mice. Essentially stable CRP
serum levels in all animals analyzed (Fig. 6) exclude indirect
effects of the experimental set-up on CRP concentration as
complicating factor.

DISCUSSION

A possible role of CRP in atherogenesis would be of consid-
erable clinical and potential therapeutic importance. Here, we
demonstrate that neither a reduction of CRP serum concen-
tration nor its complete absence result in a measurable reduc-
tion of atherosclerotic lesions in two distinct mouse models of
atherogenesis. Our data are based on the morphometric anal-
ysis of brachiocephalic arteries and aortic roots from a total of
�240 animals, providing powerful evidence against a
proatherogenic role of CRP in mice. In fact, in two CRP�/�

subgroups on the ApoE�/� background, we observed a suspi-
cious increase in aortic root lesions, more compatible with an
overall beneficial, antiatherogenic influence of CRP. This was
corroborated by a more unstable, macrophage-rich plaque

FIGURE 4. Representative images of en face aorta preparations from four CRP�/� and four CRP�/� mice on the ApoE�/� background. When 4 weeks
old, mice were weaned and fed a standardized semisynthetic diet until sacrifice at 36 weeks of age. No significant differences between CRP-proficient and
-deficient mice were observed.
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phenotype in female CRP�/� mice on the LDLR�/� back-
ground, even though lesion size was comparable with wild-
type animals on that background. However, we did not find
independent evidence for such an atheroprotective activity in
the LDLR�/� mouse model. Currently, we thus cannot ex-
clude that the apparent atheroprotective effect of CRP with
respect to lesion size and lesion composition may be linked to
physiologic peculiarities associated with any of the atheroscle-
rosis-prone backgrounds used in the current study. For exam-
ple, ApoE itself has been reported to have immunomodula-
tory effects and to be essential for some innate immune
functions (34). On the other hand, mild atheroprotective ef-
fects may manifest phenotypically only within a limited range
of specific atherogenic conditions. Modest effects of the CRP
deletion might be obscured when the course of atherogenesis

is too aggressive. A conclusive evaluation of potential athero-
protective functions of CRP thus requires additional, compre-
hensive studies, for instance in mice with more indolent ath-
erosclerosis-sensitizing backgrounds, like the ApoE*-Leiden
or the ApoB100/100LDLR�/� strains (14). Actually, a mild ben-
eficial influence of CRP has been observed previously in mice
of the ApoB100/100LDLR�/� strain, when overexpressing hu-
man CRP (22). Although a conclusive demonstration of po-
tential atheroprotective functions of CRP needs further inves-
tigation, our data clearly refute a proatherogenic role of CRP
in mice. Our findings along with the latter report (22) there-
fore question the effectiveness of proposed strategies to slow
atherosclerosis by pharmaceutical reduction of CRP serum
levels or CRP activity and caution that such attempts could
actually bring about the adverse effect.
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tic root and BCA of an individual 20-week-old LDLR-deficient mouse with the indicated CRP genotype. The mean lesion area was obtained morphometrically for
each mouse from a total of five and three equidistant Oil Red O-stained cross-sections at the aortic root and BCA, respectively. Numbers on top of each cohort give
means of individual data points, as indicated by lines. OCT-embedded hearts and BCAs were processed as described (31). B, representative photomicrographs of
atherosclerotic lesions in the aortic root from 20-week-old male CRP�/�LDLR�/� and CRP�/�LDLR�/� mice. Serial sections were stained with Oil Red O to visualize
lipid depositions, CD68� macrophages, complement C3 deposition, and smooth muscle actin (�-actin) as indicated. The scale bar represents 200 �m. C, the CD68
stained area of sections was assessed by planimetry and represents the macrophage content of lesions at a defined site (section 2) in the aortic root. Interestingly,
lesions in female mice lacking CRP showed significantly larger areas of CD68 staining than CRP�/� control lesions reflecting a greater percentage of macrophage
content (16% in CRP�/� versus 40% in CRP�/� mice). All morphometric measurements were done by investigators blinded for CRP genotypes.
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Atherosclerosis is an intricate, systemic disease with complex
contributions from the immune system, the vascular system, and
from genetic and environmental determinants. Experimental
investigation of individual effects of these determinants on the
development and progression of atherosclerosis thus necessitates
in vivo studies. So far, all published investigations designed to
assess the in vivo role of CRP in atherogenesis have been based
on experimental elevation of CRP serum levels, either by inject-
ing purified mouse CRP into animals (35) or by overexpressing
rabbit (18) or human CRP (19–24) in transgenic mice. Notably,
none of the transgenic studies were able to detect any pro-
atherogenic effect of CRP (or any other adverse effects, for that
matter), with one exception (23). The authors of this latter report
interpreted their findings as evidence that transgenic expression
of human CRP accelerates the progression of atherosclerosis in
ApoE-deficient mice. This interpretation has been criticized ve-
hemently (18, 19), as differences in lesion size were observed only
in males, only at one time point at the end of the study, as the
reported difference “was of marginal statistical significance that
could be abolished by elimination of a single outlier” (19) and for
relying on the poorly controlled use of turpentine to periodically
boost circulating CRP levels, which itself might induce active
inflammatory pathology in the animals studied. However, failure
to detect effects of elevated CRP levels in other studies could be
due to the inability of human or rabbit CRP to interact with criti-
cal mouse effector molecules, such as complement, cellular re-
ceptors, the extracellular matrix, lipoproteins etc., in a xenoge-
neic environment, as prudently pointed out in most of these
previous reports. By avoiding xenogeneic complications, our
approach eliminates this pitfall entirely. Moreover, our in vivo
study is the first, which investigates atherosclerosis under condi-
tions of CRP deficiency rather than CRP overload.
No currently available animal model of atherosclerosis can

fully reflect the human situation, which also holds true for our
study. In mice, the major acute phase protein is the homologous
pentraxin serum amyloid protein, whereas CRP plasma levels
rise only moderately following appropriate stimulation ((3) and
our own data, data not shown). However, the reported associa-
tion between CRP and cardiovascular disease in humans strictly
refers to stable baseline serum levels of CRP and not to highly
transient acute-phase associated peaks. In fact, to obtain mean-
ingful correlations, data from patients or controls with an ongo-
ing acute phase response are rigorously excluded in such studies.

Pertinent publications frequently reiterate that serum concentra-
tions of CRP in themouse are distinctly low compared with hu-
man. Surprisingly, it is quite difficult to find convincing experi-
mental evidence for such statements in the available literature. If
references are given at all, they either refer to review articles de-
void of experimental data or to a single publication from the late
1970s, which reports results of an electroimmunoassay using
sheep anti-human CRP antibodies cross-reacting withmouse
CRP, which failed to detect anymouse CRP in sera before acute
phase induction (36). Reliable reagents specific for mouse CRP
have become available just recently. Using such commercial re-
agents along with serum from our CRP knock-out mice as strin-
gent negative control, our ownmeasurements appear to indicate
robust expression of mouse CRP even in the noninduced state
(Fig. 1,D and E), which suggests that serum levels might be vastly
underestimated and comparable with humans. Until currently
available assays have been rigorously calibrated, the genuine CRP
concentration in normal mouse serum should simply be consid-
ered as not yet established. Importantly, the CRP knock-out mice
described here provide a critical negative control for assessing
the specificity of anti-CRP reagents, which has not been available
so far. In any case, the phylogenetic conservation of mouse CRP,
its conserved structure and phosphocholin ligand binding speci-
ficity imply that mouse CRP serum levels are obviously high
enough to provide a biologically significant activity and a distinct
survival advantage. This not withstanding, there are certainly
marked inter-species differences, for instance in secondary ef-
fects of ligand binding, such as precipitation and complement
activation. Extrapolation frommouse toman therefore requires
caution. Irrespective of these limitations, our findings are entirely
consistent with themost recent, largescale human observational
(37) and genetic epidemiology studies (38), which also provide
no support for a proatherogenic role of human CRP.
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