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ABSTRACT

BACKGROUND In patients with chronic stable coronary artery disease (CAD), well-developed coronary
collateral circulation (CCC) is known to reduce long-term mortality.

AIMS  The objective of this study was to determine the relationship of serum calprotectin (S100A8 /S100A9),
angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2) concentrations with CCC in patients with stable CAD.
METHODS This prospective cross-sectional study included 147 patients with stable angina pectoris.
The Cohen-Rentrop classification was used to assess CCC. Patients were divided into 2 groups: with poor
CCC (Cohen-Rentrop score, 0-1; n = 79) and with good CCC (Cohen-Rentrop score, 2-3; n = 68). Serum
calprotectin, Ang-1, and Ang-2 concentrations were compated between groups.

RESULTS Compared with the group with good CCC, serum calprotectin and Ang-1 levels were higher
(P<0.01and P<0.001, respectively), while serum Ang-2 levels were lower (P <0.01) in the poor-CCC group.
C-reactive protein levels showed a moderate positive correlation with calprotectin levels (r = 0.359;
P<0.001). In a multivariate regression analysis, only calprotectin (P <0.05) and Ang-1 (P <0.05) were found
to be independent predictors of good and poor CCC.

CONCLUSIONS  Our study showed that Ang-2 levels were lower, while serum calprotectin and Ang-1 levels
were higher, in patients with stable CAD and poor CCC regardless of the complexity and severity of coronary
arteriosclerosis. If these results are confirmed in future studies, calprotectin may be considered a useful
biomarker for guiding anti-ischemic treatment.

INTRODUCTION Coronary artery disease
(CAD) is the leading cause of mortality and
morbidity worldwide.! In the clinical progno-
sis of CAD, the complexity and severity of ath-
erosclerosis is as important as the resistance
of the heart to ischemia. The myocardial tissue
with a sufficiently rich collateral network is more
resistant to ischemia. In patients with occlud-
ed coronary arteries, the signs and symptoms
of CAD may be milder. In patients with chronic
stable CAD, well-developed coronary collateral
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circulation (CCC) reduces long-term mortality.’
The development of CCC in response to severe
coronary stenosis may vary between individu-
als. The factors that underlie these differences
have not been fully elucidated so far.

Two mechanisms, namely angiogenesis and
arteriogenesis, are known be involved in the de-
velopment of coronary collaterals. Angiogene-
sis is the process of growth, expansion, and re-
structuring of primitive vessels to form a com-
plex and mature network.?? Arteriogenesis
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WHAT’'S NEW?

Thisis the first study in the literature that investigated the relationship between
the serum calprotectin level and coronary collateral circulation (CCC) in patients
with stable coronary artery disease (CAD). In our study group, which was
homogenous in terms of cardiovascular risk factors, serum calprotectin and
angiopoietin-1 levels were high in those with stable CAD and poor CCCregardless
of the extent and severity of CAD. Calprotectin, an inflammatory marker, may
be therefore an indicator of poor CCC.
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is the conversion of pre-existing collateral ar-
terioles into muscular collateral arteries. Angio-
poietins are one of the angiogenetic regulators
involved in the angiogenic cascade. Angiopoie-
tins modulate vascular development and restruc-
turing during angiogenesis and inflammation.?
Angiopoietin-1 (Ang-1) released from the endo-
thelium affects vascular stabilization and matu-
ration to a great extent. By inhibiting the release
of adhesion molecules, it demonstrates an anti-
-inflammatory effect associated with the activ-
ity of the vascular endothelial growth factor.*
Angiopoietin-2 (Ang-2) released from the Wei-
bel-Palade bodies is a competitive inhibitor of
Ang-1, which limits its effect by binding to Tie-2
receptors. Angiopoietin-2 makes the endotheli-
um susceptible to proinflammatory factors and
facilitates angiogenesis mediated by the vascu-
lar endothelial growth factor.”’

Calprotectin, a member of the S100 family, is
a heterodimeric calcium-binding protein com-
plex with 2 subunits—S100A8 and S100A9. It is
alarge protein found in leukocytes (monocytes
and macrophages) that constitutes up to half
of the cytosolic proteins in neutrophil granu-
locytes. Calprotectin is released by neutrophils
and monocytes during the interaction of the in-
flammation-activated endothelium and mono-
cytes. It binds to endothelial cells and modu-
lates the transendothelial migration of leuko-
cytes.®? There have been no studies on the role
of serum calprotectin in the development of col-
lateral vessels.

For patients who cannot undergo coronary ar-
tery revascularization—especially those who do
not benefit from a conventional therapy—new
therapeutic approaches are needed to achieve
CCC formation. For this purpose, we investigat-
ed the relationship between serum calprotec-
tin, Ang-1, and Ang-2 levels and CCC in patients
with severe stenosis in at least 1 coronary artery.

METHODS Study design and population This
prospective cross-sectional study was carried out
at the Department of Cardiology, Medical Faculty,
Bozok University, Turkey. We enrolled 147 con-
secutive patients who underwent coronary an-
giography from June 2016 to January 2019 and
who showed stenosis greater than 90% in at least
1 coronary artery. The exclusion criteria were as
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follows: a history of coronary revascularization,
acute coronary syndrome in the last 6 months,
moderate and severe valvular disease, pericar-
dial disease, congenital heart disease, cardio-
myopathy, acute infection or chronic inflam-
matory disease, renal dysfunction (estimated
glomerular filtration rate <50 ml/min/1.73 m?),
as well as liver dysfunction (transaminase lev-
els 3 times higher than the upper limit of nor-
mal). Patients who used antihypertensive, lipid-
lowering, antiplatelet, and anticoagulant drugs
were also excluded. The study protocol was ap-
proved by the local ethics committee (decision
no., 11/05-04.05.2016). Participants were in-
formed about the aim of the study and provided
their written consent before enrollment.

All patients underwent physical examination,
and data on their demographic characteristics,
cardiovascular risk factors, and concomitant
medication were obtained. Transthoracic echo-
cardiography was performed with the Philips Af-
finiti 50 device (Philips Healthcare, Eindhoven,
the Netherlands) according to the recommenda-
tions of the American Society of Echocardiogra-
phy. Left ventricular ejection fraction was cal-
culated using the modified Simpson method.
Diabetes was defined as a fasting blood glucose
level of 126 mg/dl or higher or the use of oral
antidiabetic medication and insulin. Hyperten-
sion was defined as a systolic blood pressure of
140 mm Hg or higher, diastolic blood pressure
of 90 mm Hg or higher, or the use of antihy-
pertensive drugs. Hyperlipidemia was defined
as a total cholesterol level of 200 mg/dl or higher
or the use of lipid-lowering drugs. Finally, smok-
ing was defined as current smoking. Body mass
index was calculated by dividing body weight by
the square of the height (kg/m?).

Laboratory tests In the morning after ad-
mission, fasting venous blood samples were col-
lected in 5-ml BD Vacutainer SST II Advance
tubes (Becton, Dickinson and Company, Frank-
lin Lakes, New Jersey, United States) and cen-
trifuged at 1300 x g for 10 minutes after comple-
tion of clotting. The separated sera were stored
at -80°C until measurement. Serum calprotec-
tin, Ang-1, and Ang-2 levels were analyzed using
the Human ELISA kits (Sunlong Biotech Co., Ltd.,
Hangzhou, China). The values of calprotectin,
Ang-1, and Ang-2 were expressed in ng/ml. Ad-
ditionally, a complete blood count was measured
with the XN-1000 analyzer (Sysmex Ameria Inc.,
Lincolnshire, Illinois, United States), while C-re-
active protein (CRP) level, lipid profile, as well
as liver and kidney function parameters, with
the Architect ci4100 automated analyzer (Abbott,
Abbott Park, Illinois, United States).

Coronary angiography and coronary collater-
al circulation scoring Coronary angiography
was performed through the right femoral artery



using the standard Judkins technique. Coronary
arteries were visualized in the cranial and caudal
projections, in the right and left oblique views.
Iopromide (Ultravist 370, Schering AG, Berlin,
Germany) was used as a contrast agent. The an-
giograms were evaluated by 2 experienced car-
diologists who were blinded to patients’ clini-
cal characteristics and laboratory values. The
interobserver agreement of the Cohen-Rentrop
scores was assessed based on a random sample
of 30 coronary angiograms (x = 0.621; P <0.001).
Stenosis and the length of lesions in the coro-
nary arteries were calculated quantitatively us-
ing the Digital Imaging and Communications
in Medicine program (DICOM, Arlington, Vir-
ginia, United States). The CCC was evaluated us-
ing the Cohen-Rentrop score and was classified
as stage O to 3 according to contrast agent con-
centration in the occluded artery.”” The classifi-
cation is defined as follows: 0—no significant
collateral circulation; 1—collateral circulation
to the lateral branches, not reaching the epi-
cardial artery; 2—partial filling of the epicar-
dial artery; 3—full filling of the epicardial ar-
tery. For all patients, the extent and complexity
of CAD was evaluated by calculating the SYN-
TAX score, using a web-based program available
at www.syntaxscore.com." The severity of coro-
nary lesions was also calculated using the Gen-
sini score."” Patients were classified according
to the Cohen-Rentrop score into a group with
poor CCC (Cohen—Rentrop score, 0-1; n = 79)
and a group with good CCC (Cohen—Rentrop
score, 2-3; n = 68).

Statistical analysis Statistical analysis was

performed using the SPSS software, version 21
(SPSS Inc., Chicago, Illinois, United States). Nor-
mal distribution of variables was verified with
the Kolmogorov-Smirnov test in a sample of
more than 30 and with the Shapiro-Wilk test
in a group of less than 30. The descriptive sta-
tistics of continuous variables were expressed
as mean (SD) or median (minimum-maximum).
Data with normal distribution were evaluated us-
ing parametric tests, and those with nonnormal
distribution, with nonparametric tests. Categor-
ical variables were examined with the x? test or
Fisher exact test, and continuous variables with
the t test or Mann-Whitney test. The Kruskal-
Wallis test was used for the comparison of multi-
ple groups. For correlation analysis, the Pearson

or Spearman correlation tests were performed
according to data distribution. The parameters

were evaluated by a univariate logistic regression

analysis in order to show poor coronary collater-
al development. The parameters with a P value

of 0.2 or lower in the univariate logistic regres-
sion analysis were reevaluated by a multivari-
ate logistic regression analysis. The values were

expressed as mean (SD). In all analyses, a P val-
ue of less than 0.05 was considered significant.
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RESULTS A total of 248 patients were evaluated.
Ten patients were excluded from the study due to
a history of acute coronary syndrome in the last
month; 8 patients, due to a history of coronary
artery bypass graft surgery; 13, due to a histo-
ry of percutaneous coronary intervention (PCI);
50, due to noncompliance with the inclusion cri-
teria; 10, due to moderate-to-severe heart valve
disease; 6, due to renal failure; and 4, due to acute
infection and chronic inflammatory disease. This
resulted in the final study sample of 147 patients
(100 women, 47 men), icluding 79 individuals
with poor CCC (mean [SD] age, 62 [9] years) and
68 with good CCC (mean [SD] age, 60 [7] years).

There were no differences between groups in
terms of age, sex, body mass index, heart rate,
diabetes mellitus, hyperlipidemia, hypertension,
and smoking (1a8Le1). The levels of fasting blood
glucose, creatinine, alanine aminotransferase,
aspartate aminotransferase, albumin, total cho-
lesterol, and triglycerides were similar in both
groups. White blood cell count, low-density li-
poprotein cholesterol levels, lymphocyte count,
and CRP levels were higher in patients with poor
CCC than in those with good CCC. High-density
lipoprotein cholesterol levels were lower in the
poor-CCC group than in the good-CCC group. No
differences in the echocardiographic data were
noted between groups (TABLE2).

There were also no differences between the
groups in the results of coronary angiography
such as the number of affected vessels, percent-
age of vessel stenosis, vessels involved, length,
location, and type of lesions, as well as the Gen-
sini and SYNTAX scores (TABLE3).

The median serum calprotectin level in
the poor-CCC group was 39.1% higher than
in the good-CCC group. Similarly, the median
Ang-1level in the poor-CCC group was 22% high-
er than in the good-CCC group. However, medi-
an serum Ang-2 level in the poor-CCC group was
19.9% lower than in the good-CCC group. Data
are presented in TABLE3.

The correlation analysis demonstrated that
the CRP values were positively correlated with
calprotectin levels (r = 0.359; P <0.001) (FIGURE1).
There were no significant correlations between
CRP and Ang-1 or Ang-2 levels.

In the multivariate analysis including age
(B=-0.094, P = 0.274), calprotectin (f = -0.185,
P <0.05), Ang-1 (B = -0.276, P <0.005), Ang-2
(B=0.102, P = 0.226), the Gensini score (§ = 0,019,
P = 0.841), and the SYNTAX score (f = -0.175,
P =0.058), only calprotectin and Ang-1 were
found to be independent predictors of good or
poor CCC (R =0.426, P <0.001).

DISCUSSION The current study showed that
patients with poor CCC had lower Ang-2 and
higher calprotectin and Ang-1 levels as com-
pared with patients with good CCC. An elevated
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TABLE1 Demographic, clinical, and laboratory data of the study groups

Parameter Poor CCC Good CCC

(n=79) (n=68)
Age,y 62(9) 60(7) 0.25
Sex, female/male 55/24 45/23 0.66
BMI, kg/m? 24.5(2.0) 247 (2.5) 0.58
Smoking, n (%) 31(39) 30 (44) 0.58
Hyperlipidemia, n (%) 45 (57) 31(46) 0.18
Diabetes mellitus, n (%) 39 (49) 38 (56) 0.45
Hypertension, n (%) 35(44) 35(52) 0.41
SBP, mm Hg 134(7) 133(9) 0.35
DBP, mm Hg 81(5) 80 (5) 0.44
Heart rate, bpm 79 (5) 78 (6) 0.13
FBG, mg/dI 112(25) 117 (40) 0.40
Creatinine, mg/dl 0.87(0.13) 0.85(0.14) 0.26
Total cholesterol, mg/d| 225 (46) 214 (41) 0.14
Triglycerides, mg/dl 192 (103) 181(98) 0.55
HDL-C, mg/dl 38(10) 43 (10) <0.005
LDL-C, mg/dl 139 (34) 127 (30) <0.05
AST, U/I 18(8) 18(5) 0.84
ALT, U/I 21(4) 22(5) 0.22
Albumin, g/dI 4.0(0.3) 4.1(0.2) 0.14
White blood cells, 103/mm? 9.1(1.8) 8.2(1.9) <0.01
Hemoglobin, g/dI 14.5(1.0) 14.4(1.3) 0.74
Neutrophils, 103/mm?3 4.8(1.5) 4.8(1.7) 0.99
Lymphocytes, 103/mm?3 31(1.2) 2.6(1.1) <0.01
Platelets, 103/mm3 240 (44) 247 (63) 0.48
MPV, fl 9.9(0.7) 10.0(0.9) 0.66
CRP, mg/d| 76(4.1) 5.7(3.7) <0.01

Data are presented as mean (SD) unless otherwise indicated. P values were compared using the ¢ test or y2test, as appropriate. P <0.05

was considered significant.

SIconversion factors: to convert C-reactive protein to nmol/l, multiply by 9.524; LDL-C, HDL-C, and total cholesterol to mmol/I, by

0.0259; triglycerides to mmol/I, by 0.0113; hemoglobin to g/I, by 10.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CCC, coronary collateral
circulation; CRP, C-reactive protein; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; MPV, mean platelet volume; SBP, systolic blood pressure

calprotectin level, which is an inflammatory
marker, and a low level of Ang-2, which plays
a role in arteriogenesis, suggested that these
molecules may be important for CCC.

Current experimental studies show a key role
of angiopoietins in angio- and arteriogenesis.*
What is more, growth factors released from in-
flammatory cells (eg, monocytes) that attack
the ischemic region in angiogenesis and arte-
riogenesis are also involved in this process.""*™
Some cytokines initiate an inflammatory re-
sponse by activating transcription factors. This
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stimulates the endothelium, resulting in a
prompt release of presynthesized and stored
molecules such as von Willebrand factor, P-se-
lectin, CD63, interleukin 8, endothelin-1, tissue
plasminogen activator, and Ang-2."* All of them
are involved in the control a rapid endothelial
response, hemostasis, inflammation, hemody-
namic adaptation, and vascular permeability.
Calprotectin is a newly identified cytokine
that can be detected in the cytoplasm of healthy
individuals. Its concentrations are locally in-
creased in tissue trauma and inflammation.



TABLE2 Results of transthoracic echocardiography in the study groups

Parameter Poor CCC Good CCC Pvalue
(n=79) (n=68)
LVEF, % 53.7(3.7) 52.6(3.5) 0.08
Aortic diameter, cm 2.31(0.27) 2.33(0.23) 0.67
Left atrial diameter, cm 3.52(0.37) 3.55(0.41) 0.74
LVEDD, cm 4.56 (0.33) 4.61(0.33) 0.39
LVESD, cm 2.88(0.64) 2.75(0.54) 0.26
IVSd, cm 1.10(0.10) 1.13(0.13) 0.17
PWd, cm 1.00(0.06) 0.99(0.11) 0.45
Mitral E-wave velocity, cm/s 62(19) 55(20) 0.12
Mitral E/A ratio 0.84(0.35) 0.74(0.39) 0.18

Data are presented as mean (SD). P <0.05 was considered significant.

Abbreviation: IVSd, interventricular septal thickness; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection
fraction; LVESD, left ventricular end-systolic diameter; PWd, posterior wall thickness at end-diastole, others, see TABLE 1

TABLE3 Results of coronary angiography and serum calprotectin, angiopoietin-1, and angiopoietin-2 levels in
the study groups

Parameter Poor CCC Good CCC Pvalue
(n=79) (n=68)
Affected vessels, n 2.2(0.75) 2.3(0.67) 0.27
Vessel involved LAD 12 (15) 8(12) 0.74
LCx 33(42) 27 (40)
RCA 34 (43) 33(48)
Lesion length, mm 24.4(7.3) 25.8(6.3) 0.25
Lesion location Proximal 34 (43) 33(48) 0.53
Medial 32(41) 28 (41)
Distal 13 (16) 7(11)
Vessel stenosis, % 98.5(2.6) 98.6 (2.6) 0.78
Lesion type A 24.(30) 22(32) 0.69
B 26(33) 18(27)
C 29(37) 28 (41)
Rentrop class, n (%) 0 31(39) - <0.001
1 48 (61) -
2 - 22(32)
3 - 46 (68)
Gensini score 36(19) 34(16) 0.50
SYNTAX score 23(9) 21(8) 0.18
Calprotectin, ng/ml, median (range) 718 (465-1275) 516 (352-794) <0.01
Angiopoietin 1, ng/ml, median (range) 2.11(1.83-2.71) 1.73(1.35-2.08) <0.001
Angiopoietin 2, ng/ml, median (range) 6.88 (3.90-11.03) 8.59 (6.57-14.60) <0.01

Data are presented as mean (SD) unless otherwise indicated. P <0.05 was considered significant.

Abbreviations: LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery, others, see TABLE 1
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2500 - o coronary syndrome and with a long-term follow-

-up of approximately 84 months, the calprotec-
tin level was associated with all-cause mortality
° (hazard ratio, 1.94; 95% CI, 1.42-2.66; P <0.001)
and recurrent acute myocardial infarction (haz-
ard ratio, 1.60; 95% CI, 1.06-2.41; P = 0.024).”
These findings emphasize the prognostic signif-
icance of calprotectin.?’?' Since patients with
acute coronary syndrome were excluded from
our study, no comparison was possible; howev-
er, high serum calprotectin levels were remark-
able in patients with poor CCC.

Several studies have shown that inflamma-
tory process and growth factors play an impor-
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Correlation between serum calprotectin and C-reactive protein levels

Calprotectin, released from activated granulo-
cytes and macrophages during inflammation,
has a proinflammatory effect.”"” Compared with
healthy individuals, serum calprotectin levels
were found to be increased in patients with CAD.
In addition, this increase is associated with car-
diovascular mortality.”'® Moreover, increased
all-cause mortality was reported in patients
without CAD but with high serum calprotectin
levels." Similarly, in our study, the levels of CRP,
which is a marker of inflammation, were higher
in the poor-CCC group. Moreover, they showed
a positive correlation with calprotectin levels.
Although inflammation is a basic defense mech-
anism of the human body, persistently elevated
values of some inflammatory markers consider-
ably affect the development and prognosis of car-
diovascular diseases." It was reported that cal-
protectin catalyzes the formation of reactive ox-
ygen species by activating NADPH oxidase, as
well as is involved in the pathogenesis of athero-
sclerosis by interacting with the receptor for ad-
vanced glycation end products and the toll-like
receptor and by accelerating the signaling path-
way.” Katashima et al” reported high serum cal-
protectin levels in patients with acute myocar-
dial infarction. Additionally, the peak calprotec-
tin levels were positively related to peak white
blood cell and neutrophil counts along with peak
creatine kinase MB isoenzyme and CRP levels.
In a study by Jensen et al,”’ in 41 patients with
ST-segment elevation myocardial infarction suc-
cessfully treated with PCI, calprotectin levels
were higher in 13 patients who died after a mean
follow-up of 12 months as compared with sur-
vivors (0.209 mg/1 vs 0.174 mg/], respectively;
P <0.001). Calprotectin was associated with an
adverse clinical outcome in patients with sus-
pected chest pain. In another study, including
871 consecutive patients with suspected acute
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tant role in the development of CCC in myocar-
dialischemia.®?*? Some biomarkers may be use-
ful for demonstrating the diversity of CCC devel-
opment. As previously mentioned, calprotectin,
Ang-1, and Ang-2 are biomarkers involved in an-
giogenesis and inflammation. The calprotectin
level increases in inflammatory events, and in-
flammation considerably affects the onset and
progression of atherosclerosis. Angiopoietin-1
and -2 are involved in vessel maturation and an-
giogenesis. In our study, calprotectin and Ang-1
levels were lower and Ang-2 levels were higher
in patients with well-developed CCC. All these
findings suggest more intensive angiogenesis in
the heart with good collateral circulation.

In the literature, a few studies found a rela-
tionship between elevated plasma Ang-1 levels
and CCC development, as well as showed that
patients with high plasma Ang-1 and low plas-
ma Ang-2 levels have less developed CCC.* In
a case-control study that included 695 patients
with acute coronary syndrome and 690 healthy
individuals, Ang-2 served as a biomarker of acute
myocardial infarction.? In our study, calprotec-
tin and Ang-1 levels were low and Ang-2 levels
were high in patients with good CCC, which is
consistent with literature data. Furthermore,
in the multivariate analysis, calprotectin and
Ang-1 were independently associated with poor
CCC. Even more importantly, this relationship
was demonstrated in patients with stable CAD,
while it is known that calprotectin concentra-
tions are higher in patients with acute coronary
syndrome.??' It is suggested that Ang-1 can pre-
vent remodeling by providing vascular integri-
ty and correct impaired balance by shifting the
ratio of Ang-1to Ang-2 towards Ang-1. Further-
more, high levels of calprotectin in patients with-
out acute coronary syndrome suggest that sub-
clinical inflammation in stable CAD may have
a negative effect on CCC.

In a study by Gok et al,”’ higher CRP levels pos-
itively correlated with poor CCC and lower levels
of ischemia-modified albumin in patients with
stable CAD. Our findings also confirmed that
the CRP level was higher in the poor-CCC group
and, additionally, CRP was significantly corre-
lated with serum calprotectin levels. Most likely,



this was related to the high inflammatory status
of patients with poor CCC. The study by Sen et
al’® also underlined the relation between the CRP
value and poor development of CCC. It was re-
ported that higher CRP levels were associated
with a higher rate of adverse clinical events and
higher probability of non-infarct-related chron-
ic total occlusion in patients with acute ST-seg-
ment elevation myocardial infarction. All these
findings may reflect the continuous process of
CCC development.

Although cardiovascular risk factors have
been shown to have negative effects on the de-
velopment of CCC,’ there was no significant dif-
ference between our study groups in terms of
classic cardiovascular risk factors other than
high-density and low-density lipoprotein choles-
terol. This may be due to the low number of pa-
tients and the exclusion of those who used med-
ications known to reduce cardiovascular risk.

Complex long-term mechanisms may be in-
volved in the interplay between CCC and se-
rum calprotectin and angiopoietins. The eluci-
dation of the relationship between these mark-
ers and CCC could help diagnose high-risk pa-
tients earlier and initiate aggressive treatment.
In addition, if these mechanisms are clarified,
new treatment strategies can be developed for
high-risk patients with CAD.

Limitations The mostimportant limitation of
our study is the small number of patients. This
might have prevented the identification of ad-
ditional risk factors that may affect the devel-
opment of CCC. Another limitation is the use of
coronary angiography to detect CCC. Collateral
vessels with a diameter of at least 100 pm can be
angiographically visualized, but not the smaller
ones. Therefore, patients with suspected inade-
quate CCC network may have collateral vessels
that cannot be detected using this method. Fur-
thermore, we excluded patients on antihyperten-
sive, lipid-lowering, antiplatelet, and anticoagu-
lant drugs, which may affect the development of
CCC. This can be a limitation, since it might not
reflect a real-life setting. Thus, the results may
not be applied to the general population.

Conclusion In our study, we compared 2 pa-
tient groups with similar cardiac and metabolic
characteristics and no difference in the severity
and complexity of risk factors for CAD and ath-
erosclerosis. As a result, calprotectin and Ang-1
were independently associated with poor CCC.
Considering the relationship between the se-
rum calprotectin level and poor prognosis in
patients with CAD, poor CCC associated with
the serum calprotectin concentration may be
one of the causes of this poor prognosis. Un-
derstanding the role of calprotectin and Ang-1
may lead to the development of new treatment
strategies for patients who cannot benefit from
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conventional therapies such as coronary bypass
surgery or PCI. What is more, both proteins can
serve as biomarkers of poor CCC. Therefore, more
comprehensive multicenter prospective studies
should be performed to further elucidate the re-
lationship between serum calprotectin and an-
giopoietins and the development of CCC.
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