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Pentraxin 3: A Marker for the Presence and
Severity of Coronary Artery Disease

Pentraxin 3: Koroner Arter Hastaligi Varuginin ve
Siddetinin Belirteci

ABSTRACT

Objective: Atherosclerosis, a major contributor to coronary artery disease (CAD), is
characterized by chronic arterial inflammation. Pentraxin 3 (PTX-3), a biomarker of
inflammation, serves as an indicator of both atherosclerosis and the progression of
CAD. The aim of this study was to investigate the association between PTX-3 levels and
the presence and severity of CAD, as determined by coronary computed tomography
angiography (CCTA).

Method: In this study, 94 participants (54 with CAD and 40 controls) underwent CCTA
and coronary artery calcium scoring (CACS) using computed tomography. PTX-3 levels
were measured using the enzyme-linked immunosorbent assay (ELISA) method. CAD
patients were categorized based on CCTA findings and further subdivided into three groups
according to their CACS: Group | (CACS < 100), Group Il (CACS 100-299), and Group I
(CACS = 300).

Results: Serum PTX-3 levels were significantly higher in the CAD group. A PTX3 cut-off
value of 5.80 ng/mL predicted CAD with 68% sensitivity and 66% specificity. A strong
positive correlation was observed between CACS and PTX-3 levels (r= 0.521, P < 0.001).
In high-risk patients with a CACS = 300, PTX-3 levels were significantly higher than those
in low- and intermediate-risk groups a CACS < 300. However, no significant difference
in PTX-3 levels was observed between the normal coronary group and the low- and
intermediate-risk groups. Furthermore, no correlation was found between the degree of
coronary artery stenosis and PTX-3 levels.

Conclusion: Pentraxin 3 might serve as a valuable biomarker for the diagnosis and severity
of CAD.

Keywords: Agatston score, atherosclerosis, coronary artery calcification, coronary artery
disease, coronary computed tomography angiography, Pentraxin 3

OzET

Amag: Kronik arteriyel inflamasyon ile karakterize ateroskleroz koroner arter hastaliginin
(KAH) en 6nemli sebebidir. inflamasyonun bir biyobelirteci olan Pentraksin 3 (PTX-3),
hem aterosklerozun vartigr hem de KAH'I siddetinin bir gostergesi olarak kullanilmaktadir.
Calismamizin amaci, PTX-3 dlzeyleri ile koroner bilgisayarli tomografik anjiyografi (KBTA)
ile belirlenen KAH varligi ve siddeti arasindaki iliskiyi arastirmaktir.

Yéntem: Calismada 94 katiimciya (54 KAH ve 40 kontrol) bilgisayarli tomografi kullanilarak
KBTA ve koroner arter kalsiyum skorlamasi (KAKS) yapilmis ve serum PTX-3 duzeyleri
ELISA yontemiyle OlcUlmUstlr. KAH hastalann KAKS'larina gdre Ug¢ gruba aynlmistir:
Grup | (<100), Grup Il (100-299) ve Grup Il (2300). KAH hastalar KAKS'larina gore tge
aynilmusitir: Grup | (KAKS<100), Grup Il (KAKS 100-299) ve Grup Ill (KAKS=300).

Bulgular: Serum PTX-3 dlzeyleri KAH grubunda anlaml olarak daha yliksekti. PTX-3
cut-off degeri 5.80 ng/mL, KAH'I %68 duyarlilik ve %66 6zglllik ile 6ngordirdu.

KAKS ve PTX-3 seviyeleri arasinda gliglli bir pozitif korelasyon saptandi (r = 0.521, P <
0.001). PTX-3 seviyeleri; KAKS=300 olan yUlksek riskli hastalarda KAKS<300 olan dislk
ve orta riskli gruplara gore anlaml derecede yuksekti. Normal koroner grubu ile distk ve
orta riskli KAH gruplari arasinda PTX-3 dizeylerinde anlamli bir fark gézlenmedi ve koroner
arter stenoz derecesi ile PTX-3 dizeyleri arasinda bir korelasyon bulunmadi.

Sonug: PTX-3, KAH tanisi ve siddeti icin degerli bir biyobelirteg olarak kullanilabilir.

Anahtar Kelimeler: Agatston Skoru, ateroskleroz, koroner arter kalsifikasyonu, koroner
arter hastaligi, koroner bilgisayarli tomografik anjiyografi, Pentraxin 3
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Cardiovascular disease (CVD) remains a significant contributor
to mortality in both Tirkiye and Europe as a whole. The
elevated occurrence of circulatory system disorders places a
considerable strain on healthcare systems and government
budgets. A 2017 report from the European Union (EU) indicated
that circulatory system diseases were responsible for 1.71
million fatalities, representing approximately 36.7% of all
recorded deaths. Similarly, in Turkiye, these diseases accounted
for approximately 36.5% of total deaths.” The majority of these
deaths are attributable to coronary artery disease (CAD) and
stroke. Despite significant progress in therapy and prevention
over the past three decades, CAD remains the leading cause of
death in Europe.?2 The current global prevalence rate of coronary
artery disease is 1,655 per 100,000, with this figure projected
to rise to 1,845 per 100,000 by 2030.3 Approximately 50% of
deaths associated with CVD occur without any prior indications
or diagnoses of cardiac conditions. This underscores the critical
need to assess risk in asymptomatic individuals, which is essential
for preventing such fatalities.*

Despite invasive coronary angiography (ICA) remaining the gold
standard for diagnosing and treating CAD, non-invasive imaging
is becoming an increasingly crucial aspect of the diagnostic
process. In particular, coronary computed tomography
angiography (CCTA) is poised to become a pivotal tool in the
near future for the exclusion of CAD, with current guidelines
placing it at the forefront of the assessment of stable coronary
syndromes.® In addition to diagnosing CAD, CCTA applications
may also determine the composition of atherosclerotic plaques
in identified lesions. This enables the assessment of plaque
vulnerability to acute coronary syndrome (ACS) and the
prevention of future ischemic events through the optimization of
medical treatment or the performance of coronary interventions.®
The significance of biomarkers in diagnosing CAD is particularly
important for its early detection, whether used alone or as part
of imaging modalities. In recent times, a considerable number
of biomarkers linked to the risk of CAD have been identified
and investigated. These include various inflammation markers
such as C-reactive protein (CRP), pentraxin, select interleukins,
tumor necrosis factor alpha (TNF-a), adipokines, lipid-associated
parameters, and hematological cell-derived indices.” "

Pentraxin 3 (PTX-3) is part of the pentraxin superfamily, which
includes C-reactive protein and serum amyloid P. Unlike CRP,
which is synthesized by the liver, PTX-3 is produced in response
to inflammatory stimuli across several cell types and organs,
particularly within the arterial wall.> Research has demonstrated
that PTX-3 serves as a more specific factorin plaque formation and
inflammatory responses in coronary arteries. It has been shown
that PTX-3 is created at the site of inflammation and is present
in atherosclerotic lesions.”™ PTX-3 levels likely reflect a localized
inflammatory response to arterial wall damage rather than a
systemic response. Consequently, PTX-3 could serve as a more
accurate indicator for identifying inflammmation localized within
the arterial wall.™ Previous studies have utilized ICA to investigate
the correlation between PTX-3, CAD, and atherosclerosis.
However, the results of these studies have been inconclusive
regarding the prediction and severity of CAD. The objective of
this research was to examine serum PTX-3 levels in patients with
varying degrees of atherosclerotic burden, as identified by CCTA,
which is a more sensitive indicator of atherosclerosis.18
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ABBREVIATIONS

ACS Acute coronary syndrome

CACS Coronary artery calcium scoring

CAD Coronary artery disease

CCTA Coronary computed tomography angiography

CRP C-reactive protein

CvD Cardiovascular disease

ELISA Enzyme-linked immunosorbent assay
EU European Union

ICA Invasive coronary angiography

PTX-3 Pentraxin 3

TNF-a Tumor necrosis factor alpha

Materials and Methods

This observational pilot study cross-sectionally evaluated 94
consecutive participants who presented with chest pain and
underwent CCTA between June and September. Exclusion criteria
included atrial fibrillation, age below 35 years, prior use of statins
or anti-inflammatory drugs, chronic renal disease, chronic liver
disease, autoimmune oracute infectious diseases, and established
CAD or peripheral artery disease. Participants with a positive
exercise electrocardiogram (ECG) or myocardial perfusion single-
photon emission computed tomography (SPECT) indicating CAD
were referred for direct ICA in accordance with clinical guidelines.
To refine the definition of the normal coronary artery group, we
aimed to exclude participants with microvascular disease from
the normal group identified by CCTA.

Following the provision of informed consent, a range of clinical
and laboratory data were collected, including demographic and
medical variables such as sex, age, smoking history, body mass
index (BMI), blood pressure, lipid profiles, and family history of
CAD. Blood samples were obtained from the antecubital vein after
an overnight fast of at least eight hours. Serum lipid levels and
other biochemical markers were analyzed using a biochemical
analyzer. Serum PTX-3 levels were measured using enzyme-
linked immunosorbent assay (ELISA) kits (Invitrogen Human
PTX-3 ELISA) according to the manufacturer's instructions. All
samples were stored at -80 °C until analysis.

CCTA was performed on all participants using a 128-slice
single-source scanner (Somatom Go Top; Siemens Healthcare,
Forchheim, Germany). The Agatston score was used to assess the
extent of coronary artery calcification, evaluated on the same
computed tomography (CT) scanner.

Ethics approval was obtained from the izmir Bakircay University
Non-Interventional Clinical Research Ethics Committee (Approval
Number: 1155, Research Number: 1135, Date: 24.08.2023).

This study was conducted in accordance with the Declaration
of Helsinki. No artificial intelligence (Al)-assisted technologies,
including large language models (LLMs), chatbots, or image
generators, were used in the production of this study.

Statistical Analysis

Continuous variables were expressed as mean * standard
deviation (SD) and analyzed using the independent samples
t-test. Categorical variables were described as frequencies (n)
and percentages (%) and analyzed using the chi-squared test or
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Table 1. Differences Between Coronary Artery Disease Group

and Normal Coronary Group

Coronary Control P
Artery Disease (n = 40)

(n =54)
Female (%) 35.18% 37.5% 0.532
Age (years) 59.08 £9.78 60.23+9.92  0.835
BMI (kg/m?) 27.65 £ 3.88 26.98 £ 4.08 0.584
Glucose (mg/dL) 105.83 +34.76  98.85+54.74  0.489
Cholesterol (mg/dL) 215.45£50.99 222.45+37.89 0.324
LDL (mg/dL) 139.07 £41.78 149.27 £39.96 0.401
HDL (mg/dL) 52.76 £ 09.51 55.01£13.90 0.701
Non-HDL (mg/dL) 172.52 +53.76  175.65 +52.73 0.821
Triglycerides (mg/dL) ~ 190.39 + 109.76 167.19 +98.78  0.087
Creatinine (mg/dL) 0.82+0.12 0.77 £ 0.11 0.071
Smoking (%) 37.00% 35.00% 0.401
Diabetes mellitus (%) 24.07% 20.00% 0.361
Systolic BP (mmHg) 135.65+12.55 132.45+11.76 0.643
Diastolic BP (mmHg) 77.76 £ 10.55 76.98 +9.08  0.701
PTX-3 6.72 £ 2.02 575+ 1.11 0.035

BMI, Body Mass Index; BP, Blood Pressure; HDL, High-Density Lipoprotein;
LDL, Low-Density Lipoprotein; PTX-3, Pentraxin 3.

Fisher's exact test, as appropriate. Pearson's correlation analysis
was used to evaluate associations between PTX-3 levels and
other continuous variables. Receiver operating characteristic
(ROC) curves were constructed to assess the diagnostic efficacy
of PTX-3 in identifying CAD. All statistical analyses were
performed using SPSS software, version 29.0 (SPSS Inc., Chicago,
IL, USA). A two-tailed p-value of less than 0.05 was considered
statistically significant.

Results

The results indicated no statistically significant differences in
age, sex, body mass index, or smoking status between the CAD
and control groups. Additionally, the two groups exhibited similar
lipid profiles, blood pressure levels, as well as comparable blood
glucose and creatinine levels. However, a significant difference
was observed in serum PTX-3 levels, which were markedly
elevated in the CAD group compared to the normal coronary
group (Table 1). The ROC analysis (Figure 1) demonstrated that
a PTX-3 cut-off value of 5.80 ng/mL predicted CAD with a
sensitivity of 68% and a specificity of 66%.

A statistically significant positive correlation was found between
coronary artery calcium score (CACS) and serum PTX-3 levels (r
=0.521, P < 0.001) in the patient population. Patients classified
as high-risk, characterized by a substantial atherosclerotic plaque
load (Group Ill), indicated by a CACS (Agatston score) greater than
300, exhibited significantly elevated blood PTX-3 levels compared
to those in the low- and intermediate-risk categories (Group | and
Group I1). No statistically significant differences in serum PTX-3
levels were detected between Group | (Agatston score < 100)
and Group Il (Agatston score 100-299), which represent low and
moderate cardiac risk and plaque load, respectively. Furthermore,
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Figure 1. Receiver operating characteristic (ROC) curve analysis
showing the cut-off value of pentraxin-3 for predicting
coronary artery disease.

both Group | and Group Il showed no significant differences when
compared to the normal coronary artery group (Table 2). The data
suggest a possible association between elevated serum PTX-3
levels and an increased risk of CAD and atherosclerotic plaque
accumulation, as evidenced by the CACS.

However, the current investigation found no statistically significant
association between the extent of intraluminal coronary artery
stenosis identified by CCTA and serum PTX-3 levels.

Discussion

This study aimed to explore the potential relationship between
PTX-3 levels and the presence and severity of CAD in patients with
stable CAD. Our findings showed that serum PTX-3 concentrations
were elevated in the CAD population compared to the control group
without atherosclerotic lesions in the coronary arteries. These
findings align with those reported by other researchers.’™ "7 In
previous studies, the diagnosis and severity of CAD were determined
using ICA. In these studies, CAD was defined as intraluminal
stenosis exceeding 50% in the coronary arteries. Disease severity
was analyzed using tools such as the Gensini score, SYNTAX score
(Synergy Between Percutaneous Coronary Intervention With Taxus
and Cardiac Surgery), or by examining the relationship between
the number of vessels with stenosis greater than 50% and serum
PTX-3 levels.’>17:20 However, patients with less than 50% stenosis
identified via ICA orthose lacking significant intraluminal narrowing
due to eccentric plaques—often classified as the "normal coronary
artery group” in previous studies—may not accurately represent a
truly normal population. The inclusion of patients with CAD in the
control groups of these studies complicates the interpretation of
their findings. Moreover, assessing CAD severity solely through ICA
is limited, as this method does not account for eccentric plaques
that may not result in significant intraluminal obstruction.?'2? Our
study examined the relationship between PTX-3 and CAD using
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Table 2. Pentraxin 3 Levels in the Normal Coronary Artery Group and Coronary Artery Disease Groups Classified by Agatston Score,

with Statistical Analysis of Differences Between the Normal Coronary Artery Group (Group 0) and CAD Groups (Groups I, II, 11I)

Group 0 (n = 40)

Normal

PTX:5.75 £ 1.11
Group I (n=19) P =0.066 Group I (n=19)
Agatston < 100 Agatston < 100
PTX:6.11 £ 1.05 PTX:6.11 £ 1.05
Group Il (n=17) P =0.061 P =0.995 Group Il (n=17)
100 < Agatston < 300 100 < Agatston < 300
PTX: 6.27 £ 1.11 PTX: 6.27 £ 1.11
Group Il (n = 18) P < 0.001 P < 0.001 P=0.017

Agatston = 300
PTX: 8.51 £3.12

PTX, Serum Pentraxin 3 Levels.

CCTA, which offers greater accuracy than ICA in identifying the CAD
group and the true normal coronary artery group. This approach
represents an important contribution to the medical literature.?!

PTX-3 belongs to the pentraxin superfamily, which also includes
CRP. Unlike CRP, PTX-3 is proposed to have an atheroprotective
role’™# and demonstrates evidence of local action. PTX-3
inhibits the activity of fibroblast growth factor 2 (FGF2), reduces
the migration of vascular smooth muscle cells (SMCs), and
limits angiogenesis. In coronary plaques, PTX-3 accumulates
in and around intraplaque hemorrhages, notably co-localizing
with M2 macrophages, which play a critical role in tissue repair.
PTX-3 may also provide protection against thrombosis following
plaque rupture.'324

Rolph et al.”™® were the first to identify PTX-3 in atherosclerotic
lesions through immunohistochemistry, establishing PTX-3 as a
specific marker for atherosclerotic plaques. Histological analyses
of coronary plaques corroborate these findings, indicating higher
PTX-3 levels in advanced compared to early atherosclerotic
lesions and in unstable versus stable coronary plaques.'®?
Elevated PTX-3 levels in unstable, vulnerable plaques may
explain the independent association between high circulating
PTX-3 levels and an increased risk of all-cause mortality, cardiac
death, and adverse cardiac events, including cardiac death and
rehospitalization for ACS or worsening heart failure in patients
with CAD.™3:25:26

PTX-3 secretion appears to be a targeted response to vascular
injury, with its levels potentially correlating more significantly with
advanced stages of atherosclerosis.?” Studies evaluating serum
PTX-3 levels and CAD severity using metrics such as the SYNTAX
score,'® Gensini score,” and the number of coronary arteries
with > 50% stenosis,'” 82928 based on ICA, have demonstrated a
statistically significant relationship between elevated PTX-3 levels
and more advanced stages of atherosclerosis and CAD severity.

The current research demonstrated a statistically significant
association between serum PTX-3 levels and the presence of
CAD as assessed by CCTA. This finding aligns with and supports
the results of prior studies utilizing ICA. Additionally, a positive
correlation was observed between serum PTX-3 levels and the
CACS, a reliable measure of atherosclerotic burden in CAD. This
finding is particularly significant in light of prior studies utilizing
ICA, where PTX-3 serum levels were associated with the SYNTAX

920

and Gensini scoring systems, as well as the count of vessels
exhibiting stenosis greater than 50%.1>-"828

The detection of CAD using CCTA is considerably more sensitive
than detection using ICA. CCTA can identify eccentric and small
plaques that do not cause intraluminal narrowing and, therefore,
may go undetected by ICA. Furthermore, ICA studies often
classify coronary groups with less than 50% luminal stenosis
as normal, even though these arteries may still be affected by
CAD. This discrepancy arises from differing methodologies used
in studies investigating the correlation between serum markers
and CAD compared to those examining the extent and severity
of CAD using CCTA and ICA.7821.22

CACS reflect the overall burden of coronary atherosclerosis.
While there has been ongoing debate about whether CACS
indicates plaque stability or instability, the current consensus
suggests that elevated CACS levels are more indicative of
patient vulnerability rather than plaque vulnerability. CACS has
demonstrated superior predictive capability for cardiovascular
events compared to the Framingham risk score, with rapid
progression of coronary calcium associated with poorer
prognoses.? Sangiorgi et al.* found in their research that
coronary calcium measurement is an effective technique for
evaluating the presence of atherosclerotic plaque in specific
arterial regions. Moreover, the quantity of calcium correlates with
the overall extent of atherosclerotic plaque burden. However,
their study revealed a lack of a strong predictive correlation
between luminal narrowing and mural calcification, which they
attributed to the phenomenon of remodeling. Findings from the
Denmark Heart Registry using CCTA indicate that the principal
factor influencing cardiovascular events and mortality risk is the
total plaque burden, as assessed by the CACS, rather than the
degree of stenosis alone. Consequently, patients with similar
levels of CACS exhibit comparable risks for cardiovascular events,
regardless of the presence of nonobstructive or obstructive
CAD.3" According to the results of our study, PTX-3 levels were
significantly higher in patients with more advanced stages of
atherosclerosis, particularly in those with a CACS = 300. In light
of the findings from the Denmark Registry, PTX-3 may be useful
for identifying high-risk patients with advanced CAD. However,
it appears to have limited utility in detecting patients with low
CACS or non-calcified "vulnerable patients” with atherosclerotic
plaques. A recent study, with findings similar to ours, used ICA
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for CAD diagnosis and found that PTX-3 concentrations were
significantly elevated in the CAD group compared to the control
group. No association was detected between PTX-3 levels
and angiographically significant atherosclerotic lesions in the
coronary arteries, consistent with our findings."”

PTX-3 is produced at sites of inflammation and is present in
atherosclerotic lesions. Consequently, PTX-3 levels reflect
a localized inflammatory response to arterial wall damage
rather than a systemic reaction. Therefore, PTX-3 blood levels
are expected to increase in proportion to the atherosclerotic
burden in coronary arteries.’® This may explain why, in our
study, PTX-3 levels showed a statistical association with
CACS, a reliable indicator of atherosclerotic burden, but no
such statistical association was observed with the degree of
intraluminal coronary artery stenosis. Additionally, participants
with a positive exercise ECG or myocardial perfusion SPECT
predictive of CAD were directly referred for ICA in accordance
with clinical recommendations and subsequently excluded
from our cohort. This exclusion of participants with severe
coronary artery stenoses likely reduced the incidence of severe
coronary artery stenoses in the remaining CAD group, potentially
attenuating the statistical association between PTX-3 levels and
severe coronary artery stenosis.

The CAD cohort in our study was categorized into three groups
based on their CACS (CACS, Agatston score), which assesses
atherosclerotic burden, CAD prevalence, and associated risk, as
outlined in the literature.3? Serum PTX-3 levels were significantly
elevated in the high-risk group with extensive and severe
atherosclerosis (Agatston score = 300) compared to the low- and
moderate-risk groups. Our study found no statistical difference
in PTX-3 levels between the low-risk, low-severity CAD group
(Agatston score 0-99) and the moderate-severity, moderate-
risk CAD group (Agatston score 100-299). Additionally, serum
PTX-3 levels did not differ between these two groups and the
normal coronary artery group.

This may explain the consistency observed between prior research
employing ICA to examine the relationship between blood PTX-3
levels and the presence and severity of CAD, and the results of
our investigation utilizing CCTA. Elevated serum PTX-3 levels
are generally associated with advanced stages of atherosclerosis,
as demonstrated in our CAD Group Il and the CAD groups in
ICA studies. In ICA investigations, cohorts with coronary artery
stenosis below 50%, often functioning as control groups, may
exhibit characteristics similar to those of patients with low to
intermediate CAD risk in our analysis, classified as Groups | and II.

Limitations

This study has some limitations. It was conducted at asingle center
and included a relatively small cohort of patients. Additionally,
there was no prospective monitoring of cardiovascular events
and their relationship with serum PTX-3 levels. Participants with
a positive exercise ECG or myocardial perfusion SPECT indicating
CAD were referred for ICA and excluded from our cohort. This
exclusion likely reduced the incidence of severe coronary artery
stenoses in the remaining CAD group, potentially weakening the
statistical association between PTX-3 levels and severe stenosis.
Nonetheless, this study serves as a preliminary investigation that
lays the groundwork for more extensive future research.

Turk Kardiyol Dern Ars 2025;53(2):87-92

Conclusion

Serum PTX-3 levels were significantly elevated in individuals
with CAD identified by CCTA compared to those without CAD. A
PTX-3 threshold of 5.80 ng/mL predicted CAD with a sensitivity
of 68% and a specificity of 66%. PTX-3 levels showed a positive
correlation with the CACS and were significantly elevated in the
high-risk and severe CAD group (CACS = 300) compared to low-
and moderate-risk CAD patients based on CACS. These findings
suggest that PTX-3 might serve as a valuable biomarker for the
diagnosis and assessment of CAD severity.
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