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Abstract: Objective: To evaluate the correlation of galectin-3 (Gal-3) and lipoprotein-associated phospholipase A2
(Lp-PLA2) with the severity of coronary artery disease and major adverse cardiovascular events (MACE). Methods:
130 patients diagnosed with coronary heart disease (CHD) by coronary angiography from October 2018 to August
2019 in the Department of Cardiology, the First Affiliated Hospital of Hebei North University, were matched into the
CHD group, with 68 cases in the mild stenosis (MS) group (degree of stenosis 50%~75%), and 62 cases in the se-
vere stenosis (SS) group (degree of stenosis >75%). For comparison, patients with negative results of angiography
during the same period (stenosis degree <50%) were assigned to the normal group. Indicators for detection in-
cluded plasma Gal-3, Lp-PLA2 concentrations, Gensini scores, and MACE events in a 30-day follow-up visit. Results:
Remarkably higher plasma Gal-3 and Lp-PLA2 concentrations in the CHD group were observed in comparison with
the normal group. The SS group obtained a more positive result regarding plasma Gal-3 and Lp-PLA2 concentra-
tions and Gensini scores than the MS group (P<0.05). The highest concentration of plasma Gal-3 and Lp-PLA2 was
detected in the multi-vessel disease (MVD) group, followed by the double-vessel disease (DVD) group, and finally
the single-vessel disease (SVD) group. Pearson correlation analysis revealed a positive correlation of plasma Gal-3
and Lp-PLA2 concentrations with Gensini scores (P<0.05). Results of the follow-up visit presented strong relevance
between noticeably higher concentrations of the plasma Gal-3 and Lp-PLA2 and MACE events (P<0.05). Increased
Gal-3 and Lp-PLA2 are risk factors for the prognosis of coronary artery disease. Conclusion: Plasma Gal-3 and Lp-
PLA2 concentrations in patients with CHD are strongly related to the severity of coronary artery disease and MACE
events, which is valuable for assessing the risk of patients in clinical practice.
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of reactive vascular inflammation with stable
properties that can reflect neurohumoral
changes and participate in the occurrence and
development of atherosclerosis [5, 6]. This
study investigated the correlation of plasma
Gal-3 and Lp-PLA2 concentrations with the
severity of CHD and MACE events, aiming to

Introduction

Coronary atherosclerotic heart disease (CHD)
is a common disease among the middle-aged
and elderly population, and has been showing
a gradual rise in its morbidity and also in the
number of young patients in recent years [1].

The formation and rupture of the plaque, inde-
terminacy in its pathogenesis notwithstanding,
has been proved to be crucially related to the
inflammatory response [2]. Plasma Gal-3, one
type of galectin, is an inflammatory factor
involved in cell adhesion, activation, growth,
and apoptosis, and can accelerate the forma-
tion of atherosclerosis [3, 4]. Plasma Lp-PLA2,
one of the subtypes of the phospholipase
superfamily, is mainly synthesized by macro-
phages and T lymphocytes. It is a new marker

provide new markers for CHD risk assess-
ment.

Materials and methods
General information

One hundred and thirty patients diagnosed
with CHD from October 2018 to August 2019
by coronary angiography in the Department of
Cardiology, the First Affiliated Hospital of Hebei


http://www.ajtr.org

Correlation of plasma galectin-3 and plasma lipoprotein

Table 1. Scores of different degree of stenosis and coefficients of different branches

Left main stenosis (x5)

Left anterior descending 1 (x2.5)

Left anterior descending 2 (x1.5)

Diagonal branch 1 (x1)

Diagonal branch 2 (x0.5)

Left circumflex branch 1 (x2.5)

Left circumflex branch 2 (x1)

Posterior descending branch (x1)

Posterior lateral branch (x0.5)

Right coronary artery (1, 2, 3 and posterior descending branch) (x1)

<25% 25~49% 50~74% T75~89% 90~99% >99%
(1) point (2) points (4) points (8) points (16) points (32) points
5 10 20 40 80 160
2.5 5 10 20 40 80
1.5 3 6 12 24 48
1 2 4 8 16 32
0.5 1 2 4 8 16
2.5 5 10 20 40 80
2 4 8 16 32
2 4 8 16 32
0.5 1 2 4 8 16
1 2 4 8 16 32

North University, were matched into the CHD
group, with 68 cases in the MS group (mild
stenosis, degree of stenosis 50%~75%) and
62 cases in the SS group (severe stenosis,
degree of stenosis >75%).

Inclusion criteria: Patients were diagnosed with
coronary angiography. Patients were between
18 and 75 years old. Patients had good compli-
ance and were willing to cooperate with the fol-
low-up visit.

Exclusion criteria: Patients with severe heart
failure, severe liver and kidney insufficiency,
acute myocarditis, cardiomyopathy, valvular
heart disease, severe acute and chronic infec-
tious diseases, autoimmune diseases, malig-
nant tumors, and previous percutaneous coro-
nary intervention, or coronary artery bypass
graft.

This study was reviewed and approved by the
Medical Ethics Committee of our hospital
(2016-21-3). The patients and their families
had signed an informed consent form.

Diagnosis and grouping of CHD

Coronary angiography was performed by the
Seldinger puncture through the radial artery.
Patients with a stenosis degree >50% de-
tected at any of the four following branches,
namely left main trunk, anterior descending
artery, circumflex artery, and right coronary
artery were distributed into the CHD group.
Healthy individuals with a stenosis degree
<50% by coronary angiography were assigned
to the normal group. The CHD group was divid-
ed into an MS group (50%~75%) and a SS
group (=75%) in accordance with the degree of
coronary artery stenosis. According to the
number of coronary artery lesions, it was also
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categorized into an SVD (single-vessel disease)
group, a DVD (double-vessel disease) group,
and an MVD (multi-vessel disease) group.

Sample collection and detection

5 mL of venous blood was taken from the
patients immediately after admission and
placed to stand for 60 minutes after Ethylene
Diamine Tetraacetic Acid (EDTA) anticoagula-
tion. It was then centrifuged at 3000 r/min for
15 minutes. The upper plasma was collect-
ed and stored at -80°C. After admission, the
ELISA method was used to detect Gal-3 and
Lp-PLA2 at a unified time.

The Gal-3 kit was provided by MultiScience of
the United States (lot No.: 70-EK1126-96).
The Lp-PLA2 kit was provided by Wuhan Fine
Biotechnology Co., Ltd., (lot No.: EH3302). All
operations were performed in strict accord-
ance with the instructions.

Scores of the vascular stenosis degree

Based on the Gensini [7] method, the diameter
measurement method was employed to select
the blood vessel with the most severe stenosis
to calculate the stenosis ratio. The coefficient
was determined according to different lesions.
The scores of Gensini = scores of different ste-
nosis ratios of lesion x the total of coefficients
in the same lesion branch. The scores of differ-
ent degrees of stenosis and different branch
coefficients are shown in Table 1.

Follow-up visit

All patients were followed up for 30 days by
phone calls or outpatient visits. The occurren-
ce of MACE events in patients with CHD, in-
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Table 2. Comparison of general information between the two groups

Normal group (n=54)

MS group (n=68) SS group (n=62)

F/x P

Age (X ts, year) 57.63+13.65 56.26+14.15 58.89+15.52 0.506 0.604
Gender (male/female) 31/23 38/30 36/26 1.810 0.167
BMI (X + s, kg/m?) 27.6945.21 26.35+3.56 27.25+3.18 0.067 0.967
Smoking (yes/no) 29/25 36/32 32/30 0.053 0.974
Hypertension (yes/no) 18/36 20/48 26/36 2.313 0.315
Diabetes (yes/no) 8/46 10/58 12/50 0.638 0.727
Dyslipidemia (yes/no) 9/47 8/60 9/53 0.496 0.780

15+ Results
. ok =2 Comparison of clinical data
-
.E., 101 E As shown in Table 2, the two groups did not
£ " present any statistical difference regarding
? their general information (P>0.05).
™ 51 _Jﬂ_
© I -1 Comparison of plasma Gal-3 concentration of

patients
0

Normal Mild Severe

Figure 1. Comparison of plasma Gal-3 concentra-
tion among groups. The concentrations of Gal-3 in
the normal group, MS group, and SS group were
(3.88+£0.76) ng/mL, (4.46+1.15) ng/mL, and (9.65%
1.38) ng/mL, respectively. * represents the compari-
son with the normal group, P<0.05; # represents the
comparison with the MS group, P<0.05.

cluding angina pectoris, myocardial infarction,
heart failure, and cardiac death was recorded.

Statistical processing

Data analysis was conducted by using SPSS
22.0 software, and GraphPad 8.0 was employ-
ed for plotting the graphics. The measurement
data were represented by (X + s). The mean of
the paired samples was analyzed by t-test, the
comparison of the means among multiple
groups was analyzed by One-Way ANOVA. The
multiple comparisons between groups were by
least significant difference (LSD) test. The
count data was expressed as [n (%)]. The com-
parison between groups was performed by
using the x? test. Pearson correlation analysis
was employed for the correlation analysis bet-
ween the indicators. Logistic regression analy-
sis was used for multivariate analysis. The dif-
ference was considered statistically significant
when P<0.05.
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The concentrations of Gal-3 of the normal
group, the MS group, and the SS group were
(3.88+0.76) ng/mL, (4.46+1.15) ng/mL, and
(9.65+£1.38) ng/mL respectively, with a se-
quence from the high to low concentration in
the SS group. The MS group, and the normal
group were determined by LSD test (Figure 1,
all P<0.001).

Comparison of plasma Lp-PLA2 concentration
of patients

Results of One-Way ANOVA emphasized a
prominent difference among the three groups,
with a sequence from the high to low Lp-PLA2
concentration of (236.65+30.25) ng/mL in the
SS group, (199.366+25.14) ng/mL in the MS
group, and (158.36+16.82) ng/mL in the nor-
mal group (P<0.001). See Figure 2.

Comparison of Gensini scores

Higher Gensini scores of (32.4815.36) were
observed in the SS group as compared with
the (32.4845.36) in the MS group (Figure 3,
P<0.001).

Comparison of plasma Gal-3 and Lp-PLA2 con-
centrations in patients with different diseased
branches

The differences among Gal-3 and Lp-PLA2
concentrations of the three groups are

Am J Transl Res 2021;13(8):8997-9004
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Figure 2. Comparison of plasma Lp-PLA2 concentra-
tion among groups. The concentrations of Lp-PLA2
in the normal group, MS group and SS group were
(158.36+16.82) ng/mL, (199.366+25.14) ng/mL,
and (236.65+30.25) ng/mL, respectively. * rep-
resents P<0.05 when compared with the normal
group; # represents the comparison with the MS
group, P<0.05.
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Figure 3. Comparison of Gensini scores. Gensini
scores for MS group and SS group were (22.15+4.36)
and (32.48+5.36), respectively. # represents the
comparison with the MS group, P<0.05.

highlighted in Figures 4 and 5 by One-Way
ANOVA, with Gal-3 concentrations of (5.24+
0.86) ng/mL, (7.87+1.02) ng/mL, and (10.65+
1.87) ng/ML and Lp-PLA2 concentrations of
(187.36%£17.20) ng/mL, (216.85+21.38) ng/
mL, (243.69+25.63) ng/mL in the SVD, DVD,
and MVD group, respectively. A rising trend of
the Gal-3 and Lp-PLA2 concentrations along
with the increasing diseased branches was
observed in LSD results (P<0.001).

Correlation analysis of Gal-3 and Gensini
scores in MS group and SS group

Pearson correlation analysis obtained a posi-
tive correlation between the plasma Gal-3
level with the Gensini scores (r=0.765, 0.876;
all P<0.05) in the MS group and the SS group.
See Table 3.
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Figure 4. Comparison of Gal-3 concentration among
patients with different diseased branches. The con-
centration of Gal-3 in SVD, DVD, and MVD group
were (5.24+0.86) ng/mL, (7.87+1.02) ng/mL, and
(10.65+1.87) ng/mL, respectively. * represents P<
0.05 compared with SVD group; # represents the
comparison with DVD group, P<0.05.
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Figure 5. Comparison of Lp-PLA2 concentration
among patients with different number of diseased
branches. The concentrations of Lp-PLA2 in SVD,
DVD, and MVD group were (187.36+17.20) ng/mL,
(216.85+21.38) ng/mL, and (243.69+25.63) ng/
mL, respectively. * represents the comparison with
SVD group, P<0.05; # represents the comparison
with DVD group, P<0.05.

Correlation analysis between Lp-PLA2 and
Gensini scores in MS group and SS group

The plasma Lp-PLA2 in the MS group and the
SS group was proved to be positively related
with the Gensini scores by Pearson correla-
tion analysis (r=0.547, 0.683; all P<0.05). See
Table 4.

Concentrations of Gal-3 and Lp-PLA2 in MACE
and non-MACE patients

As shown in Tables 5, 6, the 30-day follow-
up visit recorded 26 cases of MACE, among
which 24 cases were from the SS group and 2

Am J Transl Res 2021;13(8):8997-9004



Correlation of plasma galectin-3 and plasma lipoprotein

Table 3. Correlation analysis between Gal-3 and Gensini scores in

sults showed that the in-

MS group and SS group crease in Gal-3 and Lp-

n Gal-3 Gensini r P PLA2 was a negative factor
MSgroup 68  4.46+1.15 22154436  0.765 0.011 of prognosis of coronary
SSgroup 62  9.65+1.38 3248536 0876  0.001 artery disease. See Table 7.

Table 4. Correlation analysis between Lp-PLA2 and Gensini scores in

MS group and SS group

Discussion

Traditional concepts believe
that CHD is mainly triggered

n Lp-PLA2 Gensini r P by myocardial insufficiency
MS group 68  199.366+25.14 22.15+4.36  0.547  0.021 due to coronary artery ste-
SS group 62  236.65+30.25  32.48+5.36 0.683  0.003 nosis [8]; yet consensus

Table 5. The incidence of MACE events during the 30-day follow-up

statements in recent stud-
ies have been developed
specifically to turn down

visit [n (%)] the direct relationship bet-

Angina  Myocardial Heart Cardiogenic  MACE ween myocardial hypoper-

pectoris  infarction  failure death incidence fusion and coronary artery
MS group 68 2 (2.94) 0 0 0 2 (2.94) ste.n05|s. Though the patho-
SSgoup 62 15(2419) 5(8.06) 3(4.84) 1(161) 243871  |ogical mechanism of CHD
32 25.932 remains elusive, inflamma-
p <0.001 tion, endothelial dysfunc-

Table 6. Concentrations of Gal-3 and Lp-PLA2 in MACE patients and

non-MACE patients (X + s, ng/mL)

tion, and microvascular dys-
function have received ex-
tensive attention, among
which inflammation exerts

a tremendous fascination

n Gal-3 Lp-PLA2 on academia [9-12]. Gal-3
Non-MACE 134 7.381.42 243.68+15.67 is one of the members of
MACE 26 16.39+3.46 354.38+53.67 the galectin family, which
t 22.19 20.07 can regulate various inflam-
P 0.001 0.002 matory cells such as T lym-

Table 7. Multivariate analysis of prognosis of coronary artery disease

phocytes, B lymphocytes,
macrophages, and centri-
oles—[13]. It is synthesized

Index B SE Wald P OR 95% Cl by macrophages, which is
Gal-3 0.49 0.08 3740 <0.01 163  1.40~1.92 the activation of macro-
Lp-PLA2 046 013 1244 <001 154  1.26~2.07 phages and capable of pro-

were from the MS group, indicating that SS
patients were of a higher possibility to suffer
from MACE than those with MS. Higher Gal-3
and Lp-PLA2 concentrations of (16.39+3.46)
ng/mL and (354.38453.67) ng/mL in MACE
patients were observed, as compared to those
of (7.38+1.42) ng/mL and (243.68+15.67) ng/
mL in non-MACE patients (P<0.05).

Multivariate regression analysis

Taking Gal-3 and Lp-PLA2 as the independent
variable and Gensini scores as the dependent
variable, the Logistic regression analysis re-

9001

moting the secretion of pro-
inflammatory factors such
as tumor necrosis factor o, C-X-C Motif Che-
mokine Ligand 8 (CXCL-8), C-C Motif Chemo-
kine Ligand 5 (CCL5), and intensifying tissue
inflammatory response [14]. Gal-3 can acti-
vate reduced coenzyme Il, stimulate neutro-
phils to produce superoxide, give rise to oxida-
tive stress, and further aggravate vascular
damage [15]. Lp-PLA2, as one of the subtypes
of the phospholipase superfamily, can hydro-
lyze oxidized low-density lipoproteins to pro-
duce oxidized free fatty acids and lysolecithin,
enhance monocyte migration and foam cell
proliferation, cause endothelial dysfunction,
and induce chronic inflammation, accelerating

Am J Transl Res 2021;13(8):8997-9004
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the occurrence and development of athero-
sclerosis [16].

Remarkably higher plasma Gal-3 and Lp-PLA2
concentrations in the CHD group were collect-
ed in comparison with the normal group. The
SS group obtained a more positive result
regarding plasma Gal-3 and Lp-PLA2 concen-
trations than the MS group (P<0.05). The con-
centrations of plasma Gal-3 and Lp-PLA2 also
witnessed a growing trend along with the
increase of diseased branches. Prior studies
conducted by Tsai et al. obtained higher plas-
ma Gal-3 concentrations of patients with ST-
segment elevation myocardial infarction than
that of normal people [17]. Chung H et al. pro-
posed that the plasma Lp-PLA2 concentra-
tions in patients with acute angina pectoris
were significantly higher than that of normal
people [18]. It has also been stated in pre-
vious studies that in atherosclerotic plaques,
especially vulnerable plaques, the plasma lev-
els of Gal-3 and Lp-PLA2 were elevated, which
is in conformity with the results of this study.
The relevancy between Gal-3 and Lp-PLA2 and
the degree of coronary artery disease was also
proved in this study from the higher results of
the plasma levels of Gal-3 and Lp-PLA2 con-
centrations in the SS group than those in the
MS group. To evaluate the relationship bet-
ween Gal-3 and Lp-PLA2 and the severity and
prognosis of CHD, this study employed Pear-
son correlation analysis to detect the correla-
tion of plasma Gal-3 and Lp-PLA2 concentra-
tions with Gensini scores which is a widely us-
ed method to assess the severity of CHD. The
higher the Gensini scores, the more severe the
disease [19]. A positive correlation of plasma
Gal-3 and Lp-PLA2 concentrations with the
Gensini scores was collected from the results
(P<0.05), indicating that the plasma Gal-3 and
Lp-PLA2 concentrations were proportional to
the severity of the coronary artery, which
implied a latent application value for CHD risk
assessment. It was also found in the 30-day
follow-up results that higher plasma Gal-3
and Lp-PLA2 levels indicated a greater risk of
MACE events. Similar conclusions have been
drawn by prior studies that Gal-3 and Lp-PLA2
are one of the independent and effective
markers for risk stratification of patients with
suspected ACS. They can be used as one of
the indicators of ACS risk assessment with a
positive correlation with the occurrence of
MACE events in ACS patients [20].
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Since diabetes and hypertension are consid-
ered high-risk factors for CHD and the attri-
bute of Gensini scores reflect the degree of
coronary artery stenosis seen. It can be inferr-
ed that Plasma Lp-PLA2, which is involved in
the development of coronary atherosclerotic
plaques [21], can be used as an indicator to
assess the relationship among CHD, diabetes,
and hypertension. Wang et al. [22] stated a
higher level of the Lp-PLA2 level and higher
Gensini scores of the CHD combined with dia-
betes group, CHD combined with hypertension
group, CHD combined with diabetes and hy-
pertension group than those of the CHD group
without combined diseases, which indicated a
certain correlation between human plasma
lipoprotein-related Lp-PLA2 and CHD with dia-
betes and hypertension. It is reasonable that
the severity of coronary artery lesions can
be evaluated from the level of human plas-
ma lipoprotein-related Lp-PLA2 and Gensini
scores, which is conducive to accurately under-
standing the coronary artery lesion and the
severity of it. Increased levels of Gal-3 and
Lp-PLA2 are unfavorable factors for the prog-
nosis of coronary artery disease. Gal-3 and
Lp-PLA2 levels are closely related to athero-
sclerosis, and the expression of Lp-PLA2 levels
in arterial lesions is significantly increased.
Lp-PLA2 levels can also be used as a serum
marker of heart failure. Clinical monitoring of
Gal-3 level can reflect the degree of heart fail-
ure in real-time, which is helpful for the diagno-
sis, treatment, and prognosis of cardiovascular
diseases, and is consistent with the study
results conducted by Zhang et al. [23].

This study provided a basis for the assess-
ment of the severity of CHD and MACE events
by the detection of plasma Gal-3 and Lp-PLA2.
This study was limited by the small sample
size, the limited time of follow-up visits, and
the absence of further analysis of the reasons
behind the correlations. Corresponding basic
research with a larger sample size and a long-
term follow-up clinical research should be con-
ducted to provide stronger evidence for the ap-
plication of plasma Gal-3 and Lp-PLA2 in the
future.

In conclusion, plasma Gal-3 and Lp-PLA2 con-
centrations in patients with CHD are strongly
related to the severity of coronary artery disea-
se and MACE events. A new promising thera-
peutic target for the treatment of CHD is now

Am J Transl Res 2021;13(8):8997-9004



Correlation of plasma galectin-3 and plasma lipoprotein

revealed that Gal-3 and Lp-PLA2 are consid-
ered as key biochemical markers in patients
with CHD at the early stage.
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