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Background: Monomeric C-reactive protein (mCRP) may contribute to atherogenesis by inducing endothelial activation.
Results: mCRP induces much weaker endothelial cell (EC) responses from the basolateral than from the apical surfaces of ECs.
Conclusion: Tissue-associated mCRP likely contributes little to EC activation.
Significance: Topological localization is an important factor that defines the contribution of inflammatory mediators to chronic
vascular inflammation.

The activation of endothelial cells (ECs) by monomeric C-re-
active protein (mCRP) has been implicated in contributing to
atherogenesis. However, the potent proinflammatory actions of
mCRP on ECs in vitro appear to be incompatible with the
atheroprotective effects of mCRP in a mouse model. Because
mCRP is primarily generated within inflamed tissues and is rap-
idly cleared from the circulation, we tested whether these dis-
crepancies can be explained by topological differences in
response to mCRP within blood vessels. In a Transwell culture
model, the addition of mCRP to apical (luminal), but not baso-
lateral (abluminal), surfaces of intact human coronary artery EC
monolayers evoked a significant up-regulation of MCP-1, IL-8,
and IL-6. Such polarized stimulation of mCRP was observed
consistently regardless of EC type or experimental conditions
(e.g. culture of ECs on filters or extracellular matrix-coated sur-
faces). Accordingly, we detected enriched lipid raft microdo-
mains, the major surface sensors for mCRP on ECs, in apical
membranes, leading to the preferential apical binding of mCRP
and activation of ECs through the polarized induction of the
phospholipase C, p38 MAPK, and NF-�B signaling pathways.
Furthermore, LPS and IL-1� induction of EC activation also
exhibited topological dependence, whereas TNF-� did not.
Together, these results indicate that tissue-associated mCRP
likely contributes little to EC activation. Hence, topological
localization is an important, but often overlooked, factor that
determines the contribution of mCRP and other proinflamma-
tory mediators to chronic vascular inflammation.

C-reactive protein (CRP)3 is a major human acute phase
reactant that is highly conserved during evolution (1). The
serum level of CRP is closely associated with the risk and prog-
nosis of many chronic inflammatory diseases, including cardio-
vascular disease (2) and cancer (3). However, it is still hotly
debated whether this protein plays any significant role in the
underlying pathological processes (1, 3, 4). This may be due to
the following reasons. First, the 2-3 orders of nonspecific fluc-
tuations in the serum level of CRP appear to be incompatible
with a role of CRP in the fine regulation of chronic inflamma-
tion (1). Second, large-scale genetic epidemiologic studies do
not support a causal association of CRP with these diseases (5,
6). Third, contradictory findings have been reported in both in
vitro and animal models regarding the proinflammatory and
atherogenic activities of CRP (7).

Recently, we identified a recurrent promoter mutation and
markedly enhanced expression of CRP in human cancers, indi-
cating that CRP may be a potential driver in tumorigenesis and,
hence, plays an important role in the regulatory network of
inflammation (8). Moreover, continuous efforts from several
groups, including ours, have led to the notion that the discord-
ant actions attributed to CRP can be explained by distinct activ-
ities and localizations of CRP isoforms as well as their interplay
(7, 9, 10). Thus, circulating CRP is secreted by hepatocytes as
a homopentamer and primarily exhibits anti-inflammatory
activities (9). In inflammatory loci, however, pentameric CRP
undergoes sequential conformational changes, including disso-
ciation into subunits (i.e. mCRP) (11–14), followed by reduc-
tion of the intrasubunit disulfide bond (15), to express its full
proinflammatory potential. Therefore, mCRP is proposed to be
the major CRP isoform that functions as a regulator of local
inflammation, whereas native pentameric CRP may serve as the
precursor of mCRP and a systemic marker of inflammation (7,
9, 10).
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Because both reduced and Cys-mutated mCRP are potent
activators of endothelial cells (ECs) (15, 16), it appears plausible
that mCRP would contribute to the initiation of atherosclero-
sis, in which EC dysfunction is one of the earliest events (17).
However, subcutaneous administration of Cys-mutated mCRP
into ApoE�/� mice was found to reduce plaque formation (18).
ECs are highly polarized cells with compositionally and func-
tionally distinct plasma membrane domains, i.e. apical and
basolateral membranes (19, 20). It is worth noting that, in in
vitro experiments, mCRP is usually added to the apical surface
of cultured EC. This would mimic the luminal localization of
mCRP, whereas the generation of mCRP primarily occurs
within inflamed tissues (7, 10), wherein only the basolateral
surface of ECs is accessible. Thus, we investigated the impact of
distinct localizations of mCRP with respect to EC on EC func-
tion and detected profound EC responses only with apically
applied, Cys-mutated mCRP.

EXPERIMENTAL PROCEDURES

Reagents—Human native pentameric CRP (purity �99%,
purified from ascites) was purchased from The BindingSite
(Birmingham, UK, catalog no. BP300.X). Acylated Cys-mutated
mCRP was prepared as described previously (15, 16). The two
cysteines of this mutant were replaced with alanines. Proteins
were dialyzed to remove NaN3 and passed through Detoxi-Gel
columns (Thermo Fisher Scientific, Rockford, IL, catalog no.
20344) to remove endotoxin when necessary. 2.5 �g/ml poly-
myxin B (Sigma, catalog no. P4932) was included in all EC
response experiments to exclude possible confounding effects
from residual endotoxin.

Clearance of CRP Isoforms from the Circulation—Cys-mu-
tated mCRP or CRP (2.5 mg protein/kg) was injected into male
C57BL/6 mice (3– 4 mice/group) via the tail veins. Mice were
anesthetized to an immobile state by exposure to a cotton appli-
cator with diethyl ether. Blood samples were collected from the
retro-orbital sinus into anticoagulation tubes at the indicated
time points. After centrifugation for 15 min, the concentrations
of CRP/mCRP in the supernatants were determined with a spe-
cific ELISA (12). At the end of the experiments, the mice were
injected intraperitoneally with pentobarbital sodium (100
mg/kg), followed by cervical dislocation. The experiments con-
formed to the Guide for the Care and Use of Laboratory Ani-
mals published by the United States National Institutes of
Health and were conducted according to the protocols
approved by the Ethics Committee of Animal Experiments of
Lanzhou University.

Transwell Culture of Endothelial Cells—Primary human aor-
tic endothelial cells (HAEC) (Cascade Biologics, Portland, OR;
catalog no. C-006-5C; lot nos. 5C0619, 5C1143, and 765093),
human umbilical vein endothelial cells (Cascade Biologics, cat-
alog no. C-003-5C, lot no. 4C0218), and human coronary artery
endothelial cells (HCAEC) (Cell Applications, San Diego, CA;
catalog no. 300-05a; lot nos. 2463, 2827, and 2139; Lifeline Cell
Technology, Frederick, MD; catalog no. FC-0032; lot no. 01181)
were cultured as described previously (12, 15). For the coating
of the Transwell membrane filters, rat tail collagen I (Sigma, 36
�g/filter, catalog no. C7661) in 70% ethanol were air-dried on
each filter. Alternatively, filters were incubated with 0.1 mg/ml

fibronectin (BD Biosciences, catalog no. 354008) overnight.
After washing with PBS, ECs (at passages 4 – 6) were seeded in
the Transwell at a density of 105/filter for 8 h before washing to
remove non-adherent cells. The culture media were changed
every 2 days and used upon confluence. In addition to staining
with crystal violet, the intactness of the EC monolayers was also
evaluated by measuring the transendothelial electrical resis-
tance by Millicell-ERS (Millipore, Billerica, MA).

Endothelial Cell Responses—Cys-mutated mCRP or other
molecules were added to either the apical or basolateral cham-
bers of the Transwell with an intact EC monolayer for 4 h at
37 °C. IL-8, IL-6, and monocyte chemoattractant protein
(MCP) 1 concentrations in conditioned media were deter-
mined by commercial ELISA kits (BD Biosciences; catalog nos.
555244, 555220, and 555179) (12, 15). Cytokine mRNA levels
were measured by quantitative PCR using SYBR Premix
DimerEraser (Takara, Shiga, Japan, catalog no. DRR091C) in a
CFX96 real-time thermal cycler (Bio-Rad). The mRNA levels of
cytokines were normalized to that of �-actin. The primer
sequences used were as follows: MCP-1, 5�-TGGACCACCTG-
GACAAGCAAACC-3� (forward) and 5�-TCCGGGAAAGCT-
AGGGGAAAATAAGT-3� (reverse); IL-8, 5�-CTCCAAACC-
TTTCCACCCC-3� (forward) and 5�-CCACAACCCTCTGC-
ACCCA-3� (reverse); IL-6, 5�-GAGGAGACTTGCCTGGT-
GAA-3� (forward) and 5�-TTGGGTCAGGGGTGGTTATT-3�
(reverse); and �-actin, 5�-CGTGGACATCCGCAAAGAC-3�
(forward) and 5�-CTCAGGAGGAGCAATGATCTTGA-3�
(reverse).

Fluorescence Imaging—For colocalization analysis of Cys-
mutated mCRP and lipid rafts, HCAECs were cultured on col-
lagen-coated coverslips to �80% confluence. After washing
with cold PBS, lipid rafts on cell surfaces were marked with
Alexa Fluor 594-cholera toxin subunit B (Invitrogen, catalog
no. C22842) at 4 °C for 20 min. Cells were then incubated with
20 �g/ml Cys-mutated mCRP for an additional 30 min, fol-
lowed by treatment with a Cytofix/Cytoperm fixation/permea-
bilization kit (BD Biosciences, catalog no. 554714) according to
the instructions of the manufacturer. After extensive washing
and blocking with 0.5% BSA, cells were incubated sequentially
with mCRP mAb 3H12 and a DyLight 488-labeled secondary
antibody (Abcam, Cambridge, UK, catalog no. ab96871). Nuclei
were counterstained with DAPI (Sigma, 300 nM, 5 min, catalog
no. D9542). Samples were examined by FluoView FV1000 con-
focal microscopy (Olympus, Tokyo, Japan). For analysis of the
polarized binding of Cys-mutated mCRP and the distribution
of lipid rafts, HCAECs cultured on collagen-coated CM filters
were used with a similar protocol for sample preparation.

Flow Cytometry—Confluent HCAEC monolayer on colla-
gen-coated CM filters were incubated with Cys-mutated mCRP
(20 �g/ml) in apical or basolateral chambers at 4 °C for 30 min.
Cells were incubated with anti-mCRP mAb 3H12 for 30 min
and then with a DyLight 650-labeled secondary antibody
(Abcam, catalog no. ab96874) for 30 min at room temperature.
After counterstaining with 50 �g/ml propidium iodide (PI) for
15 min, suspended cells were examined with a BD LSRFortessa
flow cytometer.

Statistical Analysis—Data are presented as mean � S.E. Sta-
tistical analysis was performed by the two-tailed Student’s t test
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or one-way analysis of variance with Tukey’s post hoc test. Val-
ues of p � 0.05 were considered significant.

RESULTS

Blood-borne, Cys-mutated mCRP Is Cleared Rapidly from the
Circulation—Previous studies have demonstrated the presence
of mCRP in blood vessels (21) and human atherosclerotic
plaques (13, 15). However, mCRP may also be generated in the
circulation, for example upon binding of CRP to blood-borne
microparticles (22) or activated platelets (11, 13, 23). Although
non-reduced mCRP is cleared rapidly from the circulation of
mice within minutes (24), it is uncertain whether this also
applies to mCRP whose intrasubunit disulfide bond is broken.
Thus, we administered Cys-mutated mCRP into mice intrave-
nously and found that only �10% of the injected protein
remained in blood after 10 min (Fig. 1A). By contrast, over 70%
of injected CRP could be recovered from the blood 30 min post-
administration. Thus, these results suggest that the majority of
mCRP, regardless of the redox state, is tissue-associated in vivo
and can only access the basolateral surface of ECs in intact
vessels.

Polarized Induction of EC Responses by Cys-mutated mCRP—
We next examined whether the effects of Cys-mutated mCRP
on ECs depend on topological localizations by using the Tran-
swell model, in which EC monolayers were cultured on porous
membrane filters with their apical and basolateral surfaces
exposed to different chambers (Fig. 1B). The pore size of the

filters (0.4 �m) does not hinder the interaction of mCRP with
the basolateral surface of ECs (Fig. 1C). As expected, the addi-
tion of Cys-mutated mCRP to the apical chamber resulted in a
significant up-regulation of MCP-1, IL-8, and IL-6 in HCAECs
after 4 h of incubation. By contrast, much weaker responses
were evoked by the addition of Cys-mutated mCRP to the baso-
lateral surface (Fig. 1D). These polarized effects of Cys-mutated
mCRP were also observed with HAEC and human umbilical
vein endothelial cell monolayers cultured on different types of
filters with or without coating with either collagen or fibronec-
tin (Fig. 2). Control experiments showed that prior treatment of
Cys-mutated mCRP with proteinase K, which would degrade
mCRP but leave LPS intact, abrogated HCAEC responses to
Cys-mutated mCRP (data not shown), thus demonstrating that
the observed effects were due to mCRP instead of LPS contam-
ination. We also prepared reduced mCRP by treating native
CRP with urea/DTT and confirmed that this mCRP prepara-
tion activated HCAECs and HAECs only when applied apically
(data not shown).

Reduced responses to basolaterally added Cys-mutated
mCRP to activate ECs cannot be attributed to the small differ-
ence in the extent of surface accessibility because up to 80% of
the filter area is decorated by pores, according to the specifica-
tions of the manufacturer. Moreover, anisomycin induced
comparable HCAEC responses regardless of whether it was
added to the apical or basolateral chambers (Fig. 3A). Because

FIGURE 1. Cys-mutated mCRP activates HCAECs in a polarized manner. A, time-dependent clearance of Cys-mutated mCRP from the circulation. CRP or
Cys-mutated mCRP was injected intravenously into male C57BL/6 mice (3– 4 mice/group) at a dose of 2.5 mg protein/kg. Blood samples were collected at the
indicated time points, and the plasma concentrations of proteins were determined with a specific ELISA. The half-life of Cys-mutated mCRP in blood was
calculated to be less than 2 min. B, schematic of the Transwell EC culture system for polarized EC activation. Confluent monolayers of HCAECs and HAECs on CM
filters were visualized by crystal violet staining. C, electron microscopy imaging of Cys-mutated mCRP. D, cytokine expression induced by apical and basolateral
stimulation of Cys-mutated mCRP. HCAEC monolayers on collagen-coated CM filters were incubated with 20 �g/ml Cys-mutated mCRP added to either the
apical or basolateral chambers for 4 h at 37 °C. HCAEC monolayers without mCRP treatment served as controls. mRNA levels of MCP-1, IL-8, and IL-6 were
quantified by quantitative PCR (n � 4 – 8). *, p � 0.05. Apical addition of Cys-mutated mCRP resulted in much stronger cytokine up-regulation in HCAECs over
basolateral addition.
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anisomycin is a small molecule that can cross cell membranes
freely and potently activates MAPK, the non-polarized stimu-
lation of ECs by anisomycin verifies the integrity of our exper-
imental system and indicates that the observed polarized effects
of Cys-mutated mCRP were not due to artifacts. Further exper-
iments revealed a similar topological dependence of EC activa-
tion by LPS (Fig. 3B) and IL-1� (Fig. 3C) but not by TNF-� (Fig.

3D). Taken together, we conclude that polarized EC stimula-
tion is not a universal phenomenon but, rather, a specific one
for selective mediators.

Apically Enriched Lipid Rafts on ECs Mediate the Polarized
Effects of Cys-mutated mCRP—We have identified cholesterol-
enriched lipid raft microdomains as the major cell surface sen-
sors that mediate the actions of apically added reduced or Cys-

FIGURE 2. The polarized EC activation by Cys-mutated mCRP does not depend on EC type or culture conditions. A, the filter types used in the experiments.
B–F, Cys-mutated mCRP induced polarized responses in HCAEC monolayers on collagen-coated CM filters (n � 6 – 8) (B); human umbilical vein endothelial cell
(HUVEC) monolayers on collagen-coated PET filters (n � 3) (C); and HAEC monolayers on fibronectin-coated HA filters (n � 3) (D), collagen-coated CM filter (n �
4) (E), and collagen-coated PET filters (n � 3– 4) (F). Following incubation for 4 h with 20 �g/ml Cys-mutated mCRP added apically or basolaterally, conditioned
culture media from both chambers were collected, and MCP-1 and IL-8 levels were determined with specific ELISAs. EC monolayers without mCRP treatment
served as controls. *, p � 0.05; **, p � 0.01.

FIGURE 3. Polarized and non-polarized activation of HCAECs by other inflammatory mediators. HCAEC monolayers on CM filters were activated for 4 h by
apically or basolaterally added anisomycin (100 ng/ml, n � 3) (A), LPS (100 ng/ml, n � 5) (B), IL-1� (10 ng/ml, n � 5) (C), or TNF-� (1 ng/ml, n � 3) (D). HCAEC
monolayers without stimulation served as controls. The expression of MCP-1, IL-8, and IL-6 mRNA were determined by quantitative PCR. *, p � 0.05.
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mutated mCRP on ECs (15, 25). Accordingly, Cys-mutated
mCRP colocalized with lipid rafts marked with cholera toxin
subunit B on the surface of HCAECs (Fig. 4A), and depletion of
cholesterol resulted in diminished HCAEC responses to both
apically and basolaterally added Cys-mutated mCRP (Fig. 4B).

These findings indicate that the actions of Cys-mutated mCRP
on both apical and basolateral surfaces depend on intact lipid
raft microdomains. By contrast, disruption of lipid rafts did not
affect the polarized EC activation by LPS (Fig. 4C), likely
because of the unusual intracellular localization of TLR4 in
HCAECs (26). Of note, monocytes express TLR4 on their sur-
faces (26, 27), and, consistent with a previous report (27), dis-
ruption of lipid rafts fully inhibited the effects of LPS on mono-
cytic cell lines (data not shown). Further experiments showed
that lipid rafts were highly enriched in the apical membranes of
HCAECs (Fig. 4D) and that the apical binding of Cys-mutated
mCRP was over 4-fold stronger than the basolateral binding, as
assessed by both FACS analysis and fluorescence imaging (Fig.
5). Therefore, the preferential apical binding and activation of
Cys-mutated mCRP are most likely due to the polarized distri-
bution of lipid rafts on ECs.

Polarized Activation of the PLC and p38 MAPK Signaling
Pathways by Cys-mutated mCRP—The EC responses to Cys-
mutated mCRP have been reported to be partly dependent on
p38 MAPK signaling (16). To further dissect the intracellular
pathways evoked by Cys-mutated mCRP, we first activated
HCAECs cultured in 96-well plates with Cys-mutated mCRP in
the presence of specific pharmacological inhibitors (Fig. 6A).
The results showed that the effects of Cys-mutated mCRP were
essentially abrogated by the NF-�B inhibitor Bay11-7082 and
partially suppressed by the p38 MAPK inhibitor SB20385 and
the phospholipase C (PLC) inhibitor U73122. By contrast,
blockade of MEK1/2 with U0126, of c-Raf-1 with GW5074, and
of Syk with piceatannol was without effect. Concurrent inhibi-
tion of PLC and p38 MAPK, however, fully blocked HCAEC
responses to Cys-mutated mCRP. Together, these results sug-
gest that Cys-mutated mCRP induces parallel activation of PLC
and p38 MAPK signaling, converging on the activation of
NF-�B.

In the Transwell system, the responses of HCAECs to Cys-
mutated mCRP were still exclusively dependent on down-
stream NF-�B signaling because Bay11-7082 completely inhib-
ited the effects of Cys-mutated mCRP, regardless of whether it
was added to the apical or basolateral chambers (Fig. 6B). By
contrast, the contribution of p38 MAPK appeared to be much
less evident in this model, with moderate or little suppression
by SB20385 of the HCAEC responses to the apical and basolat-
eral addition of Cys-mutated mCRP, respectively (Fig. 6C). It is
worth noting that the PLC inhibitor U73122 partially reduced
the effects of apically applied Cys-mutated mCRP but com-
pletely inhibited those of basolaterally applied mCRP (Fig. 6D).
These would indicate that the Cys-mutated mCRP signals
through the phospholipase C3 NF-�B axis from the basolat-
eral surface instead of induction of the phospholipase C/p38
MAPK and NF-�B pathway from the apical surface (Fig. 7).

DISCUSSION

The apical and basolateral surfaces of ECs face blood and
tissues, respectively (19, 20). ECs respond strongly to apical but
weakly to basolateral stimulation of Cys-mutated or reduced
mCRP, suggesting that tissue-resident mCRP may be inefficient
in activating ECs. Because mCRP would be generated primarily
within inflamed tissues (13–15, 28 –31) and the half-life of

FIGURE 4. Lipid rafts are mCRP sensors and are enriched in the apical
membranes of HCAECs. A, confocal imaging of the colocalization of Cys-
mutated mCRP and membrane lipid rafts on HCAECs. Cells were cultured on
coverslips and incubated sequentially with the raft marker, Alexa Fluor 594-
cholera toxin subunit B, and Cys-mutated mCRP. The latter was visualized by
mAb 3H12 and a DyLight 488-labeled secondary antibody. Nuclei were coun-
terstained with DAPI. B and C, cholesterol depletion abrogated HCAEC
responses to Cys-mutated mCRP (B) but did not affect the polarized actions of
LPS (C). HCAEC cells were pretreated with a combination of lovastatin (L) and
methyl-cyclodextrin (CD), followed by stimulation with Cys-mutated mCRP.
HCAEC monolayers without stimulation served as controls. MCP-1, IL-8, and
IL-6 mRNA expression were quantified with quantitative PCR (n � 3). D, con-
focal imaging of the asymmetric distribution of lipid rafts on HCAECs cultured
on collagen-coated CM filters. Three-dimensional models of cholera toxin
subunit B-labeled cells were constructed by x-y sections with a 0.5-�m z axis
step. One representative x-z section of a three-dimensional cell model is
shown.
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blood-borne mCRP is rather short (Ref. 24 and this study), it
appears conceivable that circulating mCRP does not play a sig-
nificant role in direct induction of EC dysfunction, at least in
the setting of chronic local inflammation (e.g. atherogenesis).
Moreover, tissue-associated mCRP, irrespective of its redox
state (15), may exert antiatherosclerotic actions, in particular at
initial stages of plaque development, by promoting opsonic
activation of the early complement pathway and non-inflam-
matory clearance of damaged cells (14, 28, 32, 33) and by inhib-
iting foam cell formation (34, 35). Overall, these would underlie
the seemingly counterintuitive findings of the in vivo athero-
protective effects of Cys-mutated mCRP (18).

The polarized response of ECs to Cys-mutated mCRP may be
due to the distinct cellular sensors engaged. However, our
results are incompatible with such a scenario because Cys-mu-
tated mCRP activates ECs through cholesterol-enriched lipid
raft microdomains on both apical and basolateral membranes.
By contrast, the asymmetric distribution of lipid rafts on EC
surfaces seems to be the key determinant. Lipid rafts are
enriched in the apical membranes but depleted in the basolat-

eral membranes, tightly correlating with the preferential apical
binding of Cys-mutated mCRP. Consequently, this may lead to
differential induction of intracellular pathways as the result of
distinct interaction strength and polarized localization of
receptors (e.g. CD16 (16)) or signaling components. Indeed,
Cys-mutated mCRP signals through p38 MAPK and PLC to
NF-�B from the apical surfaces but only activates the PLC3
NF-�B pathway from the basolateral surfaces (Fig. 7). There-
fore, the absence of the concurrent p38 MAPK signaling may
account for the weak EC responses to basolaterally applied Cys-
mutated mCRP.

Besides Cys-mutated mCRP, LPS and IL-1�, but not TNF-�,
also exhibited polarized EC stimulation. These data highlight
the fact that topological localization of certain mediators within
the vessels is an important factor that determines their contri-
butions to vascular inflammation and, hence, may to some
extent account for the inconsistencies between in vitro and in
vivo findings. Our results identify spatial localization as a novel
determinant for the highly context-dependent actions of CRP
isoforms within the vessels. Tissue-resident mCRP may pri-

FIGURE 5. Preferential interaction of Cys-mutated mCRP with the apical membranes of HCAECs. A, confluent HCAEC monolayers on CM filters were
incubated with Cys-mutated mCRP (20 �g/ml) added to the apical or basolateral chamber at 4 °C for 30 min. mCRP binding was detected with 3H12 mAb and
a DyLight 650-labeled secondary antibody. Cells were detached, counterstained with propidium iodide, and analyzed with flow cytometry. HCAEC monolayers
without binding served as controls. B, confluent HCAEC monolayers were incubated with FITC-Cys-mutated mCRP (20 �g/ml) added to the apical or basolateral
chamber for 30 min at 37 °C in the presence of 10 mM NaN3. Following extensive washing, cells were lysed, and fluorescence intensity was measured (n � 5).
*, p � 0.05. C, a representative x-z section of a three-dimensional HCAEC model bound with Cys-mutated mCRP. The model was constructed with a series of
1-�m-thick sections along the z axis.
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marily act as a pattern recognition molecule to facilitate non-
inflammatory complement activation (14, 15, 32) and macro-
phage clearance (34, 35) within vessels undergoing chronic
inflammation. However, in acute vascular inflammation,
mCRP might be present in the circulation for an extended
period of time as a consequence of endothelial damage,
enhanced conversion, or transportation by microparticles (22)
or activated platelets (11, 13, 23). Ultimately, these would lead
to amplification of the inflammatory responses by further acti-
vating ECs (15, 16), platelets (36), and neutrophils (37). In sum-
mary, our data reveals an additional layer of regulation of the
actions of mCRP on ECs by topological localization, consistent
with the apical enrichment of lipid rafts, the primary endothe-
lial sensors of mCRP.
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collagen-coated CM filters were challenged by Cys-mutated mCRP in the presence of absence of one of the indicated inhibitors (n � 3– 4). The effects of apically
added Cys-mutated mCRP were inhibited completely by the NF-�B inhibitor Bay11-7082 (B), affected mildly by the p38 MAPK inhibitor SB20358 (C), and
inhibited significantly by the PLC inhibitor U73122 (D). The basolateral activation, however, was abrogated by either Bay11-7082 or U73122 but not affected by
SB20358. *, p � 0.05; **, p � 0.01.

FIGURE 7. Schematic of the polarized EC activation by reduced mCRP.
Reduced mCRP interacts with ECs through lipid raft microdomains on both
apical and basolateral surfaces. The enrichment of lipid rafts in apical mem-
branes would, thus, dictate the preferential apical activation of ECs by
reduced mCRP through polarized induction of the PLC, p38 MAPK, and NF-�B
signaling pathways. PLC may activate NF-�B through PKC. Of note, mCRP is
generated primarily in inflamed tissues and would, therefore, access only the
basolateral surfaces of ECs. Significant accumulation of circulating mCRP
may, however, occur in acute inflammation, where it could amplify the
inflammatory response via apical activation of ECs.
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