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Aim: To understand the differences between histopathological characteristics related to PTX3 (pen-
traxin 3) and CRP (C-reactive protein) in coronary atherosclerotic plaques.
Methods and Results: To assess the localization of PTX3 and CRP in coronary plaque, immunohis-
tochemistry was performed using 157 coronary artery specimens from 45 autopsied cases. Overall, 
immunoreactivity to CRP was more intense than that to PTX3 in lipid rich plaque; however, PTX3 
was notably abundant in areas of intraplaque hemorrhage, in which CRP was quite sparse. On quan-
titative analysis, complicated plaques showed more immunopositive area of PTX3 than fibroather-
oma, but with CRP, this trend disappeared. In addition, we examined the phenotype of macrophages 
in PTX3- and CRP-rich areas using CD163 staining (M2 macrophages). Consequently, these areas 
were differently characterized by the accumulation of macrophages with high and low magnitude of 
CD163 positivity, respectively. Next, we immunohistochemically investigated relationships among 
PTX3, CRP, histological components and clinical presentation in 73 coronary atherectomy speci-
mens obtained from 35 and 38 patients with unstable (UAP) and stable angina pectoris (SAP), 
respectively. Both PTX3 and CRP were more intense in culprit plaques from patients with UAP than 
with SAP, and they significantly correlated with CD68 (pan macrophage)-positive areas; however, 
there was no correlation between PTX3 and CRP.
Conclusion: Although PTX3 and CRP were more enhanced in unstable than in stable coronary 
plaques, their distribution distinctly differed, suggesting that they play distinct biological roles in 
unstable plaques.
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Introduction

Chronic vascular inflammation plays a pivotal 
role in atherogenesis and plaque instability1). To date, 
several inflammatory mediators have been implicated 
in the pathogenesis of cardiovascular disease (CVD)2). 
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Among them, C-reactive protein (CRP) is the most 
frequently associated with CVD and is widely used in 
clinical settings due to its potential value as a diagnos-
tic indicator and prognostic predictor of CVD3-9). 
CRP is a classic short pentraxin produced mainly in 
the liver in response to inflammatory mediators, par-
ticularly interleukin (IL)-610). On the other hand, 
pentraxin 3 (PTX3) is a prototypic long pentraxin 
synthesized by diverse cell types involved in athero-
sclerotic lesions, including macrophages, endothelial 
cells and smooth muscle cells in response to inflam-
matory stimuli such as IL-1β and tumor necrosis fac-
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according to the American Heart Association (AHA) 
classification21, 22) (Table 3).

Immunohistochemistry
Serial sections (4-μm thick) were immunohisto-

chemically stained using the primary antibodies men-
tioned below19). In brief, after blocking endogenous 
peroxidase activity in 3% hydrogen peroxide in meth-
anol for 20 minutes, the sections were incubated with 
primary monoclonal antibodies to PTX3 (clone PPZ 
1228; Perseus Proteomics Inc., Tokyo, Japan), CRP 
(clone CRP-8; Sigma, St. Louis, MO, USA), macro-
phages (CD68: clone PGM-1; Dako, Glostrup, Den-
mark, and CD163: clone 10D6; Leica Biosystems, 
Newcastle, UK), smooth muscle cells (α-smooth mus-
cle actin (SMA); Dako) and T lymphocyte (CD3: 
clone F7.2.38; Dako). Antigen retrieval was per-
formed for PTX3, CD163 and CD3 staining using a 
microwave, and then the sections were immunos-
tained using the EnVision＋kit (Dako). Horseradish 
peroxidase activity was visualized with 3, 3´- diamino-
benzidine containing hydrogen peroxide. The negative 
control contained a normal mouse IgG instead of the 
primary antibody.

Detection of Iron Deposition
Iron deposition was detected using Perl’s iron 

staining.

Morphometric Image Analysis
Specimens were quantified using a color imaging 

analysis system (Win ROOF; Mitani, Fukui, Japan). 
In postmortem coronary specimens, we identified 6 
high intensity areas of PTX3 or CRP through an 
entire coronary plaque, quantified the immunoposi-
tive area per image at ×400 magnification, and then 
assessed the mean rate (%) in each section. In atherec-
tomy specimens, we quantified immunopositive areas 
and iron deposition areas as previously described23, 24).

T lymphocytes defined by CD3 were counted at 
×400 magnification and their density is expressed as 
numbers per mm2. Two investigators (Y.A. and K. H.) 
who were blinded to the clinical classification of the 

tor (TNF) α11, 12); therefore, plasma or tissue levels of 
PTX3 are considered to reflect localized vascular inflam-
mation. Increasing evidence indicates that PTX3 has 
high diagnostic value for acute myocardial infarction 
(AMI) and unstable angina pectoris (UAP)13) and that 
it can serve as a significant prognostic predictor in 
patients with CVD14, 15).

Both CRP and PTX3 are found in human ath-
erosclerotic plaques16-18). We previously demonstrated 
that CRP accumulation is enhanced in unstable coro-
nary plaques, suggesting that CRP is associated with 
plaque instability19); however, its relationship to PTX3 
in coronary plaques has not yet been examined. Also, 
regarding the differences between PTX3 and CRP, 
there is little histological evidence of their effect on 
coronary atherosclerotic plaques. Therefore, we inves-
tigated, 1) the localization and quantitative distribu-
tion of PTX3 and CRP in various stages of coronary 
atherosclerotic lesions, 2) whether the extent of PTX3 
in coronary culprit plaque is actually associated with 
clinical presentation, and 3) the nature of the associa-
tion between histological components and PTX3 
accumulation in culprit coronary plaques.

Materials and Methods

Materials
All coronary artery specimens were collected 

under a study protocol approved by the institutional 
review board of the University of Miyazaki. Details of 
the specimens are as follows: 157 coronary artery spec-
imens were obtained from 45 autopsies and 73 culprit 
coronary plaques were obtained by directional coro-
nary atherectomy (DCA) for a de novo lesion from 
patients with UAP (n =35) and SAP (n =38). Post-
mortem coronary arteries were also removed as 
described20) and Table 1 shows the profiles of autopsy 
cases. Table 2 lists the clinical characteristics of the 
patients who had undergone the DCA procedure. 
Patients with apparent infectious diseases, malignan-
cies or chronic inflammatory diseases were excluded 
from this group. Risk factors for coronary artery dis-
ease and medications upon admission except for aspi-
rin did not statistically differ between patients with 
UAP and those with SAP. Culprit lesions were com-
prehensively identified by electrocardiography, coro-
nary angiography and by assessing left ventricle wall 
motion abnormalities using left ventriculography or 
echocardiography. All coronary artery specimens were 
fixed in 4% paraformaldehyde and embedded in par-
affin, and tissue sections were stained with hematoxy-
lin and eosin (HE) for morphological studies. The 
postmortem specimens were histologically categorized 

Table 1. Profiles of autopsied cases

Number

Age (y; mean±SD)

Male, n (%)

Cardiovascular death, n (%)

Acute myocardial infarction, n

Non-cardiovascular death, n (%)

45

63.1±13.8

35 (78)

18 (40)

8

27 (60)



839Pentraxin 3 and Intraplaque Hemorrhage

atherosclerotic lesions than in early lesions. In 
advanced lesions, both PTX3 and CRP were more 
accumulated in fibroatheroma (Va) and complicated 
lesions (VI) than in fibrous plaque (Vc). CRP but not 
PTX3 was more augmented in fibroatheroma than in 
atheroma (IV). On the other hand, PTX3 but not 
CRP was more enhanced in complicated lesions than 
in fibroatheroma.

Different Localization between PTX3 and CRP in 
Coronary Plaques

Immunohistochemistry using serial sections 
showed that PTX3 and CRP were distinctly localized 
in coronary atherosclerotic lesions. Immunoreactivity 
for PTX3 was quite sparse in lipid-rich lesions in 
fibroatheroma (Fig.2A and B), whereas that for CRP 
was particularly intense surrounding and within the 
lipid core (Fig.2C). Areas with intraplaque hemor-
rhage (type VI lesions, Fig.3A and B) contained 
abundant PTX3, but little CRP (Fig.3C).

In postmortem coronary arteries, 39 fibroathero-
matous plaques had intraplaque hemorrhage in 62 
complicated lesions. Fig.4 shows the quantitative 
analysis of PTX3- and CRP-positive areas between 

patients performed all morphometric analyses.

Statistical Analysis
Data were analyzed using JMP 7.0 (SAS Institute 

Inc., Cary, NC) and Graph Pad Prism 5.0 (GraphPad 
Software Inc., San Diego, CA). Values are expressed as 
the means with standard deviation (SD) or as medians 
with interquartile ranges (IQR) when the variance was 
skewed. Categorical variables were compared using 
Fisher’s exact test. Differences in histological composi-
tion among groups were compared using the Mann-
Whitney U test or the Kruskal-Wallis test followed by 
Dunn’s multiple comparison post-hoc analysis. Rela-
tionships among histological characteristics were eval-
uated using Spearman’s correlation test. A p-value of 
＜0.05 was considered significant.

Results

Immunoreactivity for PTX3 and CRP in Coronary 
Plaques

In both sets of coronary specimens, immunore-
activity for PTX3 and CRP was observed mainly as 
depositions in the extracellular matrix, and as expres-
sion in some macrophages and smooth muscle cells.

Different Quantitative Distributions between 
PTX3 and CRP Among the Types of Coronary 
Atherosclerotic Lesions

Quantitative analysis of PTX3- and CRP-posi-
tive areas among the types of atherosclerotic lesions 
was investigated using serial sections of the postmor-
tem coronary artery (Fig.1). Both PTX3 (Fig.1A) 
and CRP (Fig.1B) are more abundant in advanced 

Table 3. Classification of 157 coronary artery specimens

AHA classification n

Type Ⅱ-Ⅲ (Fatty streak, preatheroma)
Type Ⅳ (Atheroma)
Type Vc (Fibrous plaque)
Type Va (Fibro-atheroma)
Type Ⅵ (Complicated lesion/Ruptured plaque)

17
23
22
33
62

Table 2. Clinical characteristics of patients who underwent Directional Coronary Atherectomy (DCA)

UAP (n =35) SAP (n =38) p value

Age (y)
Male, n (%)
Body mass index (kg/m2)
Hypertension, n (%)
Dyslipidemia, n (%)
Diabetes mellitus, n (%)
Smoking, n (%)
Family history, n (%)
Aspirin, n (%)
ACE-I/ARB, n (%)
Statins, n (%)
CCB, n (%)
Beta blocker, n (%)

61.8±1.9
27 (77)

24.7±0.7
25 (71)
18 (51)
14 (40)
11 (31)

7 (20)
28 (80)
13 (37)

8 (23)
16 (46)

5 (14)

63.0±1.8
33 (87)

24.9±0.6
26 (68)
21 (55)
15 (39)
19 (50)

8 (21)
37 (97)
16 (42)
12 (32)
17 (45)

7 (18)

0.62
0.36
0.59
0.80
0.81
1.00
0.15
1.00
0.02
0.81
0.44
1.00
0.76

ACE-I, Angiotensin-converting enzyme inhibitor; ARB, Angiotensin Ⅱ type Ⅰ receptor blocker; CCB, Calcium channel blocker.
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(r =0.31, p=0.007 and r =0.34, p=0.003, respec-
tively), whereas the number of CD3-positive cells (T 
lymphocytes) significantly correlated only with CRP 
(r =0.27, p=0.02). Between PTX3 and CRP, there 
was no significant correlation (r =0.21, p=n.s).

PTX3 but not CRP Significantly Correlates with 
the Extent of CD163 and Iron Deposition in 
Atherectomy Specimens from Patients with UAP

In culprit plaques obtained from patients with 
UAP, we examined the correlation between immu-
nopositive areas of CD163 and the extent of iron 
deposition with PTX3 and CRP, respectively. As a 
result, the extent of both CD163 and iron deposition 
significantly correlated with those of PTX3 (r =0.35, 
p=0.037, r =0.42, p=0.011, respectively) but not 
with those of CRP (r =0.09, p=0.61, r =0.18, p=  
0.29, respectively).

Discussion

The major findings of the present study are as 
follows: 1) PTX3 but not CRP was augmented in 
complicated plaque compared to fibroatheroma, 
whereas CRP but not PTX3 was more accumulated in 
fibroatheroma than in atheroma; 2) The localization 

fibroatheromatous plaques with and without intra-
plaque hemorrhage. Immunopositive areas for PTX3 
but not CRP were significantly greater in fibroather-
oma with hemorrhage (complicated lesion) compared 
to fibroatheroma without hemorrhage.

PTX3 Closely Localized CD163-Positive 
Macrophages

In both PTX3- and CRP-rich areas, the accumu-
lation of macrophages was defined as CD68-positive 
cells (Fig.2E and 3E); however, PTX3- and CRP-rich 
areas were differently characterized by the accumula-
tion of macrophages with high and low magnitude of 
CD163 positivity, respectively (Fig.3D and 2D).

Enhanced Accumulation of PTX3 and CRP in 
Culprit Coronary Plaques from Patients with UAP 
than SAP, but not Significant Correlation between 
PTX3 and CRP

Table 4 compares the histological characteristics 
of culprit coronary plaques between UAP and SAP. 
Quantitative analysis indicated that PTX3 and CRP 
were more intense in culprit coronary plaques from 
patients with UAP than with SAP. In addition, immu-
nopositive areas of CD68 (pan macrophages) signifi-
cantly correlated with those of both PTX3 and CRP 

Fig.1. Quantitative analysis of PTX3- and CRP-positive areas among the types of atherosclerotic lesions according to AHA 
classification (A: PTX3, B: CRP)

A B
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Fig.2. Representative microphotographs of fibroatheromatous lesion in coronary plaque from an autop-
sied case. Lipid and macrophage-rich plaque covered with fibrous cap (A, HE stain). Immunoreac-
tivity for PTX3 (B) is sparse whereas that for CRP (C) is abundant in plaque, especially at lipid 
core. CD163 (D) positive macrophages (E) mainly localize beneath the cap and not in the lipid 
core. Original magnification ×100

Fig.3. Representative microphotographs of complicated lesion with intraplaque hemorrhage of coronary 
plaque from an autopsied case. PTX3 immunoreactivity is abundant at hemorrhagic site (A, B), 
whereas that of CRP is sparse (C). Many macrophages (E) are CD163 positive (D). Original mag-
nification ×100
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showed that PTX3 could stratify complicated plaques 
from other types, but CRP showed similar levels 
between fibroatheroma and complicated plaques, sug-
gesting that PTX3 is superior to CRP as a biomarker 
in the detection of complicated plaques.

On the other hand, CRP but not PTX3 seems to 
be associated with development from atheroma to 
fibroatheroma, although the underlying mechanism is 
unknown.

Taken together, the two pentraxins are associated 
with different characteristics in unstable coronary 
plaques, suggesting that their combination might 
allow the appropriate stratification of high-risk coro-
nary plaque.

It is difficult to explain the underlying grounds 
for these different localizations of two pentraxins in 
coronary plaques because vascular cells are exposed to 
a multiplicity of signals.

Several differences have been demonstrated 
between ligands with which PTX3 and CRP inter-
act25). In the present study, PTX3 could be observed 
mainly as extracellular matrix deposition and its local-
ization was different from that of CRP. This finding 
might be due to the spatial distribution of extracellu-
lar ligands in atherosclerotic plaques to which two 
pentraxins could bind. Previous studies have demon-
strated that PTX3 plays an important role in extracel-
lular matrix (ECM) remodeling and organization in 
cumulus oophorus26) or inflamed tissues27), in which 
it was suggested that PTX3 interacts with tumor 

of PTX3 differed from that of CRP in coronary 
plaque, and macrophages closely located with these 
molecules exhibited different phenotypes; 3) Abun-
dant PTX3 was observed in areas of intraplaque hem-
orrhage, but CRP was scarce in such areas; 4) PTX3 
as well as CRP was more enhanced in unstable than in 
stable coronary plaque and both PTX3 and CRP were 
significantly correlated with the amplitude of macro-
phages; however, there was no significant correlation 
between PTX3 and CRP.

PTX3 and CRP belong to the pentraxin family, 
and recent studies indicated that both are associated 
with CVD; however, little is understood about the dif-
ferences regarding the aspects of human atheroscle-
rotic lesions associated with PTX3 and CRP. There-
fore, in the clinical setting, it is still difficult to use 
them as biomarkers for the detection or stratification 
of high-risk coronary plaques.

Regarding the immunoreactivity of PTX3 and 
CRP, our results are consistent with previous stud-
ies16-18); however, it remains unclear whether the local-
izations of two pentraxins in coronary plaques show a 
similar or different trend. The present study showed 
that the localization of PTX3 is obviously different 
from that of CRP in both sets of coronary specimens, 
and also the amounts of two pentraxins in coronary 
plaques differed depend on the types of atherosclero-
sis, although both pentraxins were enhanced with 
unstable coronary plaque.

The analysis of postmortem coronary specimens 

Fig.4. Quantitative analysis of PTX3- and CRP-positive areas in fibroatheromatous plaques with or 
without intraplaque hemorrhage. Immunopositive areas for PTX3 but not CRP were significantly 
greater in fibroatheroma with hemorrhage (complicated lesion) than in fibroatheroma without 
hemorrhage.
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between PTX3- and CD163-positive macrophages in 
atherosclerotic plaques. Furthermore, recent vitro 
studies indicated that T-lymphocytes incubated with 
CRP-pulsed dendritic cells displayed increased IFN-γ 
secretion and proliferation34) and that CRP polarized 
human monocyte differentiation toward M1 macro-
phages and also prevented the polarization of IL-4 
induced M2 macrophage phenotypes35). These results 
might support our findings that, in atherectomy speci-
mens, CRP but not PTX3 is significantly correlated 
with T-lymphocytes and also, the CRP-rich area in 
post-mortem coronary plaques could be characterized 
by the magnitude of CD163-negative macrophages.

Recent reports showed that PTX3 deficiency in 
mice is associated with an increased burden of vascular 
lesions as well as macrophage accumulation within 
atherosclerotic lesions36). Taken together, PTX3 has 
potential anti-atherogenic properties and is amplified 
in various involved cells, especially in complicated ath-
erosclerotic lesions. Our observation that macrophages 
closely localized with PTX3 but not with CRP sup-
ports the notion of an athero-protective role for 
PTX3.

The underlying mechanisms and interactions 
between PTX3/CRP and macrophage phenotypes 
remain to be clarified in further studies.

Study Limitations

The present study has several limitations. We 
excluded patients with an apparent inflammatory con-
dition and malignancies from among those who had 
undergone the DCA procedure; however, we exam-
ined postmortem specimens with inflammatory con-
ditions due to organ failure and malignancies. Sec-
ondly, fewer patients with UAP than with SAP 
received aspirin upon admission before undergoing 
DCA and therefore, the anti-inflammatory effect of 
this agent might have influenced PTX3 and CRP 
expression in coronary plaques; however, all patients 
received aspirin at the time of the DCA procedure, 
and areas that were immunopositive for PTX3 and 
CRP in coronary plaque did not significantly differ 

necrosis factor α-induced protein 6 (TSG-6), which is 
a ligand of PTX3 but not CRP and has anti-inflam-
matory properties28). Although it remains unclear how 
the interaction between TSG-6 and PTX3 contributes 
to extracellular matrix organization in atherosclerotic 
plaque, this might be one possible explanation for the 
different localization between the two pentraxins.

Insights from macrophage polarities or their 
framework might help in the interpretation of our 
observational findings. Emerging evidence showed 
that macrophage polarities are implicated in various 
situations of human pathophysiology, such as inflam-
mation, cancer and atherosclerosis, indicating that 
macrophages seem to be two prominent types of pop-
ulations, such as M1 (inflammatory) and M2 (anti- 
inflammatory) phenotypes.

CD163 is a specific haemoglobin scavenger 
receptor that is expressed by resident tissue macro-
phages29), its expression in macrophages has been asso-
ciated with anti-inflammatory properties, and there-
fore it is known to be a marker of M2 macrophage 
phenotypes. Our results showed that in advanced cor-
onary plaques without complicated lesions, CD163-
positive macrophages were observed mainly in superfi-
cial regions and less in deep layers of plaques. This 
distribution of CD163 macrophages shows a similar 
trend to that of PTX3 and is opposite that of CRP. 
Also, complicated plaques with hemorrhage contained 
abundant CD163-positive macrophages, which 
showed high immunoreactivity to PTX3 but not CRP. 
Yunoki et al.30) found a positive association between 
intraplaque haemorrhage and CD163 positivity in 
macrophages in human unstable coronary plaques. 
Boyle et al.31) indicated that CD163-positive macro-
phages are distinct from pro-inflammatory lipid core 
macrophages characterized by high HLA-DR. Addi-
tionally, CD163 expression in monocytes and macro-
phages was markedly induced by anti-inflammatory 
cytokines such as IL-10 and inhibited by pro-inflam-
matory cytokines such as interferon (IFN)-γ. PTX3 
expression in dendritic cells and monocytes is similarly 
stimulated by IL-10 and inhibited by IFN-γ32, 33). 
These lines of evidence suggest a cross-relationship 

Table 4. Comparison of histological characteristics between UAP and SAP

UAP (n =35) SAP (n =38) p value

CD68 (% positive area)
CD3 (number per mm2)
α-SMA (% positive area)
PTX3 (% positive area)
CRP (% positive area)

3.57 (0.96-7.42)
24 (13-67)

7.98 (2.68-11.42)
1.24 (0.24-5.96)
1.01 (0.14-3.85)

0.97 (0.27-3.10)
9 (2-35)

8.89 (3.80-14.34)
0.43 (0.08-1.62)
0.08 (0-1.07)

0.001
0.005
0.23
0.01
0.002
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regardless of whether aspirin was administered at the 
time of admission (data not shown). Finally, a quanti-
tative relationship between serum and tissue PTX3 
and CRP could not be assessed because blood samples 
from the patients were unavailable.

In conclusion, both PTX3 and CRP were more 
enhanced in unstable coronary plaque; however, they 
were differently localized in coronary plaque and dif-
ferently distributed among types of atherosclerosis, 
suggesting that PTX3 and CRP reflect different 
aspects of unstable coronary plaque. The two pentrax-
ins might play different roles in the pathogenesis of 
plaque progression and in the instability of coronary 
artery disease.
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