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ABSTRACT

Background: Estrogen is an important ovarian hormone with anti-atherogenic and
cardioprotective effects. Postmenopausal women have lower estrogen levels,
associated with significantly higher risks of coronary heart disease (CHD) and
CHD-related death. Effective biomarkers for the diagnosis, prediction, and treatment
of CHD are needed to address this problem and thus reduce the mortality due to
CHD in postmenopausal women. We recently reported that the PPBP and DEFA1/
DEFA3 genes may be feasible synergistic biomarkers for CHD risk in Thai men with
hyperlipidemia. The PPBP gene encodes pro-platelet basic protein (PPBP) from
activated platelets, and DEFA1/DEFA3 encodes human neutrophil peptides (HNP)
1-3, mainly produced by activated neutrophils. Both platelets and neutrophils are
involved in chronic inflammation during the development of atherogenesis and
CHD. This study investigated the potential roles of PPBP and DEFA1/DEFA3 and
their proteins as biomarkers for CHD risk in postmenopausal Thai women.
Methods: This cross-sectional study enrolled 90 postmenopausal Thai women,
including 12 healthy controls (N), 18 patients with hyperlipidemia (H), and 21
patients diagnosed with CHD. The remaining 39 women were receiving
cholesterol-lowering drugs for hyperlipidemia (HD) were excluded from the study.
All CHD patients underwent coronary bypass grafting or coronary angioplasty. PPBP
and DEFA1/DEFA3 mRNA expression levels in peripheral blood mononuclear cells
isolated from heparinized blood were determined by quantitative
reverse-transcription polymerase chain reaction. Levels of PPBP and HNP-1-3
proteins in corresponding plasma samples were assessed by enzyme-linked
immunosorbent assay. Differences in parameters were compared among groups and
correlations between parameters and clinical manifestations were analyzed.
Results: PPBP mRNA and protein levels were significantly increased in the CHD
group compared with the N and H groups. In contrast, DEFAI/DEFA3 mRNA and
HNP-1-3 protein levels did not differ significantly among the groups. None of the
levels were associated with any of the clinical parameters analyzed in this study.
Conclusion: The results indicate that gene and protein expression levels of PPBP, but
not DEFA1/DEFA3, and HNP-1-3, may be feasible biomarkers for assessing CHD
risk in postmenopausal Thai women with hyperlipidemia.
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INTRODUCTION

Atherosclerosis involves chronic progressive inflammation of the blood vessel wall, and is
characterized by fatty plaque development or the accumulation of lipids and fibrous
elements in large and medium-sized arterial walls. It is the most common underlying cause
of cardiovascular disease (CVD), which is in turn the leading cause of death in the
developed world and an important cause of morbidity worldwide. Atherogenesis and
coronary heart disease (CHD) involve a long preclinical process. Complicated risk factors
for CHD have been identified in both women and men without familial
hypercholesterolemia, including behavioral, dietary, and lifestyle factors such as smoking,
physical activity, dietary fat intake, exogenous infections, changes in endogenous blood
constituents such as lipid and lipoprotein particles, inflammation and coagulation
proteins, intermediate metabolites, and oxidant markers of stress, obesity, hypertension,
and diabetes mellitus (Anand et al., 2008; Gonzalez-Jaramillo et al., 2022; Sucato et al.,
2022). Sex is also an important factor affecting the development of CVD. The ovarian
hormone estrogen is an anti-atherogenic and cardioprotective factor, and premenopausal
women with normal estrogen levels are thus relatively protected against coronary artery
disease and CHD compared with age-matched men. However, this sex difference narrows
after the menopause. Postmenopausal women (usually 44-55 years old, average 50 years),
with 12 consecutive months without menstruation, have lower levels of estrogen
because of cessation of ovary function, as the main source of estrogen. Postmenopausal
women consequently have a significantly higher risk of CHD than premenopausal women.
These findings have been supported by treatment with estrogen or estrogen analogs in
postmenopausal women and animal models (reviewed in Garcia et al. (2016), Nie et al.
(2022)). Moreover, hyperlipidemia is the major population-adjusted risk factor for CVD in
women, accounting for approximately 47.1% of the known risk for CVD (reviewed in
Garcia et al. (2016)). Effective biomarkers for the diagnosis, prediction, and follow-up of
CHD are therefore needed to reduce CHD-related mortality in postmenopausal women
with hyperlipidemia.

Previous studies in humans and animal models demonstrated a link between
dyslipidemia and atherogenesis, and clarified the roles of chronic inflammation coupled
with dyslipidemia in plaque formation (Fan ¢ Watanabe, 2003; Libby, 2012; Weber ¢
Noels, 2011). Atherogenesis is initially characterized by inflammatory cell recruitment
combined with pro-inflammatory cytokine expression (Libby, 2012). Inflammatory
pathways also contribute to the development of thrombosis, as a serious, late complication
of atherosclerosis leading to myocardial infarction and CHD, and associated with an
increased risk of sudden death (Weber ¢ Noels, 2011).

Previous studies of the pathogenesis of atherosclerosis revealed that the progression of
early-stage (fatty streak) atherosclerosis to more complicated lesions involved chronic
inflammation. This develops from interplays among plasma lipoproteins, activated
immune cells such as monocytes, macrophages, T cells, and B cells, cellular components of
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the arterial wall, including endothelial cells and smooth muscle cells, and the extracellular
matrix (Libby, 2012). Notably, neutrophils have also demonstrated a notable innate
immunity role in atherogenesis in humans (Dorweiler et al., 2008) and animal models,
including mice (van Leeuwen et al., 2008) and pigs (Kougias et al., 2006). Neutrophils were
associated with plaque rupture and erosion of human lesions, and in thrombi in patients
with acute coronary syndrome (Naruko et al., 2002). In addition, the number of
neutrophils in the blood circulation and the levels of neutrophil-produced elastase and
myeloperoxidase are correlated with CVD, atherosclerosis (Naruko et al., 2002; Ovbiagele
et al., 2007), and myocardial infarction (Kawaguchi et al., 1996; Wang et al., 2022).

During inflammation, activated neutrophils produce and release large amounts of
intracellular proteins into the extracellular environment by degranulation, leakage during
phagosome formation, and cell death. The highly homologous human neutrophil peptides
(HNPs)-1, -2, and -3 (HNP-1-3) (also known as a-defensin), comprise a cysteine-rich
positively-charged polypeptide that accounts for more than half of the total protein
composition within neutrophilic azurophilic granules (Ganz ¢ Lehrer, 1994). The o-
defensin genes (DEFA1/DEFA3) encode HNP-1-3 (Aldred, Hollox ¢ Armour, 2005;
Linzmeier & Ganz, 2005), which in turn play roles in endothelial cell dysfunction during
early atherogenesis. HNP levels were also shown to be markedly elevated in inflammation
in sepsis and in acute coronary vascular disorders (Harnsson, 2005). We accordingly found
that HNP-1-3 expression levels were associated with CHD development in men with
hyperlipidemia (Maneerat et al., 2016, 2017).

Platelets are anuclear cellular fragments derived from megakaryocytes in the bone
marrow, which play an important role in the hemostatic system (Junt et al., 2007).

In addition to the various inflammatory cells mentioned above, platelets and
platelet-derived factors have long been implicated in atherogenesis and the development of
CVD. Platelets are also involved in thrombus formation in response to vascular injury, and
can affect the coronary, cerebral, and peripheral circulations (Meadows ¢ Bhatt, 2007).
After activation, platelet a-granules rapidly release chemokines, which play an important
role in atherogenesis. Most platelet-derived chemokines induce the recruitment of
hematopoietic cells to the vascular wall, thus fostering processes such as plaque formation,
atherosclerosis, and thrombosis. Platelets are also involved in the proliferation,
differentiation, and degranulation of various cell types (Gleissner, von Hundelshausen ¢
Ley, 2008).

Pro-platelet basic protein (PPBP), or chemokine (C-X-C motif) ligand 7 (CXCL7?), is a
small cytokine released by activated platelets and involved in the response to vascular
injury (Stankiewicz et al., 2014). PPBP enhances various processes including mitogenesis,
extracellular matrix and plasminogen activator synthesis, and glucose metabolism (Hristov
et al, 2007).

We previously conducted cross-sectional studies to evaluate predictive biomarkers of
CHD in Thai men with non-familial hyperlipidemia. We found that PPBP and
DEFA1/DEFA3 were potentially correlated with CHD development, and also showed
promise as inflammatory markers to help predict the risk of CHD in hyperlipidemic Thai
patients (Maneerat et al., 2017).
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The present study aimed to determine the values of the PPBP and DEFA1/DEFA3 genes
and their encoded proteins as biomarkers of CHD risk in postmenopausal Thai women
with hyperlipidemia.

MATERIALS AND METHODS

Materials

Dulbecco’s phosphate-buffered saline (D-PBS) and TRIzol® reagent were purchased from
Invitrogen (Carlsbad, CA, USA). Luna Universal One-Step Reaction mix (2x) was
purchased from BioRad Laboratories Inc. (Hercules, CA, USA). Human CXCL7/PBP
matched antibody pair kit (ab219537) and enzyme-linked immunosorbent assay (ELISA)
accessory pack (ab210905) were purchased from Abcam (Cambridge, UK). Human HNP-
1-3 ELISA reagents were purchased from Hycult Biotech (Uden, the Netherlands).

All other reagents were from Sigma-Aldrich (St. Louis, MO, USA).

Study design and patient population

The patient flow and experimental design are summarized in Fig. 1. The study was
conducted at the Faculty of Tropical Medicine, Mahidol University, Thailand. The study
was approved by the Ethical Committees of the Faculty of Tropical Medicine (MUTM
2020-007-01, MUTM 2020-007-02) and Bhumibol Adulyadej Hospital (No. 43/64).
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All participants were informed of the study objectives and completed an informed consent
form before enrollment. The sample size calculation from two independent means formula
(Rosner, 2000) was made by assuming baseline of mean and standard deviation of all
parameters obtained from our previous study (Maneerat et al., 2017). The calculated
sample size of hyperlipidemia and coronary heart disease groups are 20 and 35 cases,
respectively.

Patients

All the participants were unrelated postmenopausal women born to Thai parents.
Seventy-eight patients were diagnosed, classified, and treated by a specialist (CM) at the
Hospital for Tropical Diseases, Faculty of Tropical Medicine, and Bhumibol Adulyadej
Hospital, Thailand. They were classified into three groups based on their clinical
manifestations, according to the American College of Cardiology/American Heart
Association criteria (2013) (Goff et al., 2014): 18 patients had high cholesterol levels (H
group) (total cholesterol (TC), low-density lipoprotein (LDL), and high-density
lipoprotein (HDL)), 39 patients had high cholesterol levels and received
cholesterol-lowering drugs (HD group), and 21 patients were diagnosed with CHD (CHD
group). No patients in the H and HD groups had any evidence of vital organ dysfunction.
We also enrolled 12 healthy controls with no infections, underlying disease, or CVD
risk factors (N group). No H patients or controls received any cholesterol- or blood
pressure-lowering medication.

Blood sample collection and methods
Whole blood samples (10 ml) were collected once from healthy controls and patients
into EDTA blood vacutainer tubes with serum clot activator before hyperlipidemia
treatment (except HD group) or coronary bypass grafting. Plasma (2 ml) was immediately
collected by centrifugation of whole blood samples and prepared for lipid analysis, and
kept at =70 °C for the detection of plasma PPBP and HNP-1-3. Serum levels of lipids (TC,
triglycerides (TG), HDL, and LDL) were measured.

Packed blood cells were resuspended in D-PBS (Carlsbad, CA, USA) and used to
isolate mononuclear cells. Approximately 2 x 10° peripheral blood mononuclear
cells (PBMCs) in TRIzol (Invitrogen, Carlsbad, CA, USA) were kept at —70 °C for
determination of PPBP and DEFA1/DEFA3 mRNA expression levels by quantitative
reverse transcription-polymerase chain reaction (RT-qPCR) analysis, using specific
primers. Gene expression was expressed as fold-change relative to the housekeeping
B-actin gene (ACTB) (Kotepui et al., 2012; Maneerat et al., 2017).

Lipid test

Lipid markers including TC, TG, LDL, and HDL were analyzed enzymatically using kits
(Randox Laboratories Ltd., Crumlin, UK) and a biochemistry analyzer (Architect CI
16200; Abbott Laboratories, Abbott Park, IL, USA).
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Investigation of DEFA1/3 and PPBP mRNA expression by RT-qPCR
RT-qPCR was performed in duplicate. Each 10-pul RT-qPCR reaction contained 5 pl of
Luna Universal One-Step Reaction mix (2x) (BioRad Laboratories, Hercules, CA, USA)
mixed with 10 ng of RNA. Total RNA was isolated from 2 x 10° PBMCs using TRIzol
(Invitrogen, Carlsbad, CA, USA) and 0.4 um of each set of forward and reverse primers.
The primers were designed based on the DEFA1/DEFA3 genes (GenBank accession
numbers NM_005217.3) (forward: 5'-TCCTTGCTGCCATTCTCCTG-3’ and reverse:
5-TGCACGCTGGTATTCTGCAA-3’) (Li et al., 2014) and PPBP gene (GenBank
accession numbers NM_002704.3) (forward: 5'-TTGTAGGCAGCAACTCACCC-3" and
reverse: 5'-TGCAAGGCATGAAGTGGTCT-3’ (Yeo et al, 2016). The expected PCR
product sizes were 204 bp and 135 bp, respectively. The RT-qPCR reaction was run in a
Bio-Rad CFX96 Real-time system (BioRad Laboratories, Hercules, CA, USA).

The RT-qPCR conditions were as follows: 55 °C for 10 min and 95 °C for 1 min, followed
by 40 cycles of denaturation at 95 °C for 10 s, extension at 60 °C for 30 s (+plate read), and
melting curve analysis at 65 °C for 5 min. The expected PCR product size was 204 bp.
ACTB primers (forward: 5'-TCACCCACACTGTGCCCATCTACGA-3’ and reverse:
5'-CAGCGGAACCGCTCATTGCCAATGG-3') (Heid et al., 1996; Kotepui et al., 2012)
were used to normalize the relative expression levels of DEFA1/DEFA3 and PPBP.

The 2-“*“Y method was used to quantify relative expression levels (Kotepui et al., 2012;
Maneerat et al., 2017).

Determination of protein levels by ELISA

The plasma kept at =70 °C was thawed to room temperature (RT) and then centrifuged at
2,500 x g for 5 min. PPBP and HNP-1-3 protein levels were determined in the clear
plasma.

Determination of plasma HNP-1-3 levels

Plasma HNP-1-3 concentrations were measured in triplicate using ELISA kits (Hycult
Biotech, Uden, Netherlands), according to the manufacturer’s instructions. Briefly, 100 pl
of each plasma from the three groups (N =12, H = 18, and CHD = 21) was diluted 20-fold
in sample dilution buffer, and standards were prepared at concentrations of 10,000-156
pg/ml. The diluted samples and two-fold serial diluted standard were transferred to
microtiter wells coated with captured antibody to HNP-1-3 and incubated for 60 min at
RT. Each well was then washed to remove unbound material and biotinylated tracer
antibody to HNP-1-3 (100 pul) was added, followed by incubation for 60 min at RT. After
washing to remove unbound material, streptavidin-peroxidase conjugate was added

(100 pl/well) and incubated for 60 min at RT. Bound enzyme was detected by adding 100
ul of tetramethylbenzidine substrate to each well, and reactions were stopped by adding
100 pl of stop solution. The optical density was determined at 450 nm using an Ao
Microplate Reader (Azure Biosystems, Dublin, CA, USA). Plasma levels of HNP-1-3 were
calculated from the HNP-1-3 standard curves (Maneerat et al., 2016).
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Determination of plasma PPBP levels

Plasma PPBP levels were measured in triplicate using a Human CXCL7/PBP matched
antibody pair kit (ab219537) and ELISA accessory pack (ab210905) (Abcam, Cambridge,
UK), according to the manufacturer’s instructions as previously described (Maneerat et al.,
2016). Briefly, 100 pl of plasma from all groups, as above, were diluted 5,000-fold in sample
dilution buffer, and standards at concentrations of 1,000-15.6 pg/ml were transferred

to microtiter wells coated with 2 pg/ml of the specific captured antibody and incubated for
2 h at RT. Each well was then washed to remove unbound material and 0.5 pg/ml of
biotinylated detector antibody was added, followed by incubation for 1 h at RT. After
washing unbound material, 0.02 pg/ml of streptavidin-horseradish peroxidase conjugate
was added and incubated for 1 h at RT. Bound enzyme was detected by adding 100 pl
of tetramethylbenzidine substrate to each well, and reactions were stopped by adding 100
pul of stop solution. The optical density was measured at 450 nm using an Ao Microplate
Reader (Azure Biosystems, Dublin, CA, USA). Plasma levels of PPBP were calculated
from the PPBP standard curves (Maneerat et al., 2017).

Statistical analysis

All data were determined for normality using the kolmogorov-Smirnov test. Most were
non-normally distributed variables. Clinical data, plasma levels of PPBP and HNP-1-3
were reported as median (minimum, maximum). mRNA expression was presented as
fold-change relative to mRNA in healthy controls. Parameters were compared between
two and more than two groups by Mann-Whitney test and Kruskal-Wallis test,
respectively. Correlations between parameters and clinical data were analyzed by the
Spearman rank correlation test. The o level was set at <0.05 with a 95% confidence interval.
All statistical analyses were performed using SPSS version 18 (SPSS, Chicago, IL, USA).

RESULTS

Characteristics and clinical manifestations of controls and patient
groups

The general data and clinical manifestations of the controls and patients are shown in
Table 1. Patients were classified based on their clinical manifestations according to the
American College of Cardiology/American Heart Association criteria (2013) (Goff et al.,
2014). Our criteria for patient selection was previously described (Maneerat et al., 2016).
Especially, the H group had high cholesterol levels (TC, LDL, HDL), but no evidence of
vital organ dysfunction. Before inclusion, we confirmed that participants in the N and H
groups had not received any cholesterol- or blood pressure-lowering medication. CHD
patients were about to undergo coronary bypass grafting. All CHD patients had been
treated with statins since they were diagnosed and after surgery. None of the N or H
patients had any infections or underlying diseases. As shown in Table 1, there was no
significant difference in age between the N and H groups (p > 0.05), but patients in the
CHD group were significantly older than the other groups (p < 0.0001). The differential
complete blood counts (CBC) were similar in all three groups (p > 0.05) except number of
platelets in H were significantly higher than CHD groups (p = 0.0115), and monocyte in
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Table 1 General description and clinical manifestations of the study groups.

Variables N H CHD p-value* p-value™*
in 3 group
(n=12) (n=18) (n=21) Nvs. H N vs. CHD H vs. CHD

Age (year) 56 (42-63) 57 (47-72) 69 (46-88) <0.0001 0.2324 <0.0001 <0.0001
Complete blood count

WBC (10*/ul) 6 (4.5-8.6) 7 (4.1-8.1) 6 (4.7-9.6) ns

RBC (10°/ul) 41 (24-5.2) 44 (2.9-6.0) 4.4 (2.8-5.4) ns

Hb (g/dL) 12.1 (7.3-29.8) 12.8 (0.8-14.8) 12.9 (8-14.7) ns

HCT (%) 35 (21.2-81.3) 38.2 (25.4-44.6) 39.4 (24.8-46.2) ns

PLT (10%/ul) 273 (177-406)  289.5 (206-415)  229.5 (155-388)  0.0496 0.3517 0.3118 0.0115

NEUT (%) 51.7 (35-67) 52.4 (33-60.9) 54.2 (36-77) ns

LYMPH (%) 37.9 (20-59) 38.7 (3.2-54) 31.5 (10-48) ns

MONO (%) 5.8 (4-9.3) 5 (3.3-6.2) 6.6 (3.7-12) 0.0006 0.1359 0.0404 <0.0001

EO (%) 2.5 (1-7.3) 2.1 (1-5) 2.4 (0.5-17.9) ns

BASO (%) 0.7 (0-1) 0.5 (0-3) 0.7 (0.4-1.2) ns
Lipid profile

Cholesterol (mg/dL) 196 (141-228) 242 (207-316) 162 (104-369) <0.0001 <0.0001  0.0171 <0.0001

Triglyceride (mg/dL) 159 (53-266) 169 (48-425) 125 (63-577) ns

HDL (mg/dL) 50 (40-116) 54 (36-98) 54 (18-97) ns

LDL (mg/dL) 101 (68-154) 138 (60-200) 84 (6-236) <0.0001 0.0003 0.0277 <0.0001

Note:

All patients and controls were Thai postmenopausal women. N, normal; H, hyperlipidemia; and CHD, patients diagnosed with coronary heart disease. Data are shown as
median (minimum-maximum). The comparison of values was determined by **Mann-Withney test and *Kruskal-Wallis test. The « level was set at <0.05 with a 95%
confidence interval. WBC, white blood cell; RBC, red blood cells; Hb, hemoglobin, HCT, hematocrit; PLT, platelet; NEUT, neutrophil; LYMPH, lymphocyte; MONO,
monocyte; EO, eosinophil; BASO, basophil; HDL, high density lipoprotein; LDL, low density lipoprotein.

CHD were significantly higher than the other groups (p < 0.0001). The TC (p < 0.0001),
and LDL levels (p = 0.0003, and p < 0.0001) were significantly higher in the H compared
with the N and CHD groups. The HD group included participants with hyperlipidemia

who were taking lipid-lowering drugs daily. These women showed significant differences
in most lipid parameters, including TC (p < 0.0001), TG (p = 0.0048), and LDL

(p <0.0001), compared with the H group. The significant difference in CBC between the H
and HD groups included differences in white blood cell count (p = 0.0146), RBC

(p = 0.0280), hematocrit (p = 0.0004), platelets (p = 0.0292), and neutrophils (p = 0.0147)
(Table S1). These findings indicated that the clinical manifestations in the HD group

were significantly affected by lipid-lowering treatment. The HD group was therefore

excluded from subsequent analyses.

mRNA expression in PBMC extracts
The relative mRNA expression levels (mean two-fold changes) of PPBP and DEFA1/
DEFA3 in the N, H, and CHD groups are shown in Fig. 2. PPBP mRNA levels were
significantly higher in the CHD group (5.439, 0.173-25.02) compared with the N (0.8470,
0.265-3.506), p = 0.0018) and H groups (0.173, 0.830-7.260), p = 0.0009) (Fig. 2A).
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Figure 2 Expression of PPBP and DEFA1/DEFA3 genes. Box and whisker plots of PPBP (A) and
DEFA1/DEFA3 gene expressions (B) showing altered expression in patient groups vs. controls. mRNA
expression (2.0-fold change) relative to f-actin mRNA in PBMCs obtained from normal, and hyperli-
pidemia (H) and patients who were diagnosed coronary heart disease (CHD), as determined by RT-
qPCR. Horizontal bar, box edges, and whiskers represent the median, the first/third quartiles, and the
min/max values, respectively. The comparison of values between groups was determined by Man-
n-Whitney test. The o level was set at <0.05 with a 95% confidence interval.

Full-size K&] DOT: 10.7717/peer;j.13615/fig-2

DEFA1/DEFA3 mRNA levels were not significantly different among N, H, and CHD
groups (p > 0.05) (Fig. 2B).

Plasma levels of PPBP and HNP-1-3

Plasma levels of PPBP and HNP-1-3 proteins were determined by ELISA and compared
among the N, H, and CHD groups (Fig. 3). PPBP levels were significantly higher in the H
(1268.23, 583.579-1154.980 ng/ml, p < 0.0001) and CHD (867.965, 556.912-1492.70 ng/
ml, p = 0.0004) groups compared with the N group (575.685, 68.842-944.632 ng/ml)
(Fig. 3a). In contrast, there were no significant differences in HNP-1-3 levels among the
patient and control groups (p > 0.05) (Fig. 3b).

Correlations between mRNA expression, plasma protein levels, and
clinical manifestations

The correlations among characteristics/clinical manifestations, PPBP and DEFA1/DEFA3
mRNA expression, and plasma PPBP and HNP-1-3 levels are shown in Table S2.
Plasma PPBP levels were significantly correlated with age (r = 0.3950, p = 0.0307), TC
(r=10.5794, p = 0.0008), LDL (r = 0.4923, p = 0.0057), and number of platelets (r = 0.4067,
p =0.0257). In contrast, plasma HNP-1-3 levels were not significantly associated with any
clinical parameters. Neither DEFA1/DEFA3 mRNA nor plasma levels of HNP-1-3

were correlated with number of neutrophils (p > 0.05).
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Figure 3 Plasma levels of pro-platelet basic protein, and human neutrophil peptides 1-3. Box and
whisker plots showing plasma levels (ng/ml) of pro-platelet basic protein (PPBP) (A), and human
neutrophil peptides 1-3 (HNP 1-3) (B) from healthy normal control (N) (n = 12), hyperlipidemia
patients (H) (n = 18), and patients who were diagnosed coronary heart disease (CHD) (n = 21). Hor-
izontal bar, box edges, and whiskers represent the median, the first/third quartiles, and the min/max
values, respectively. The comparison of values between groups was determined by Mann-Whitney test.
The « level was set at <0.05 with a 95% confidence interval.  Full-size Kal DOI: 10.7717/peerj.13615/fig-3

DISCUSSION

We recently reported that the PPBP and DEFAI-DEFA3 genes and their corresponding
proteins, PPBP and HNP-1-3, were potential biomarkers for CHD risk in hyperlipidemic
Thai men (Maneerat et al., 2016, 2017). The present study aimed to prove if these
markers might also be used to predict CHD development in hyperlipidemic
postmenopausal Thai women. We conducted a cross-sectional observational study

in postmenopausal Thai women, to represent the spectrum of development from
normolipidemia to hyperlipidemia and finally CHD. All participants had low estrogen
levels, as an important CHD risk factor (Anand et al., 2008; Garcia et al., 2016; Nie et al.,
2022) The current findings and knowledge of platelets and their protein functions
(Gleissner, von Hundelshausen & Ley, 2008; Junt et al., 2007; Meadows & Bhatt, 2007;
Nording, Seizer ¢ Langer, 2015) suggested that PPBP and its protein were potential
predictive biomarkers for CHD risk in postmenopausal Thai women. In contrast however,
in this study we found that the DEFAI/DEFA3 genes and encoded protein were not
suitable markers.

The current findings revealed that PPBP mRNA expression levels were significantly
increased in the CHD and H groups compared with the N group. In addition, plasma levels
of PPBP protein were associated with lipid profiles. These findings, together with our
previous results, suggested that PPBP mRNA and protein may be appropriate markers for
CHD risk in both males and females (Maneerat et al., 2017). PPBP is known as a
platelet-rich marker because it is a major protein component in activated platelets (Eicher
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et al., 2016; Stankiewicz et al., 2014). Similar to other vascular diseases, PPBP was recently
reported as a potential biomarker for predicting acute ischemic stroke due to large vessel
occlusion (Moin et al., 2021; Qin et al., 2019) and calcific aortic valve disease (Qiao, Huang
¢ Wang, 2022). Moreover, PPBP has also been identified as a biomarker for other
diseases, such as cancers (e.g. gastric cancer (Chen et al., 2022) and thyroid carcinoma
(Zhang et al., 2021b)), inflammation (e.g. rheumatoid arthritis (Guerrero et al., 2021)),
neurosyphilis (Li et al., 2020), COVID-19 (Yatim et al., 2021), and metabolic disease (e.g.
diabetes mellitus (Moin et al., 2021; Zhang et al., 2021a)).

The present results suggested that expression of DEFA1/DEFA3 and the encoded
proteins HNP-1-3 did not differ significantly among the groups. In addition, neutrophil
numbers were similar in all groups, even though neutrophils are an important factor in
all stages of atherogenesis correlated with CVD (Kawaguchi et al., 1996; Naruko et al.,
2002; Ovbiagele et al., 2007; Quinn et al., 2008; Weber ¢» Noels, 2011). Neutrophils act as
initiators of innate immunity in atherogenesis, are emerging players in atherosclerosis and
infiltrate and are involved in the formation of atherosclerotic plaques, and are chronic
atherogenic triggers and present in advanced plaques (Weber ¢» Noels, 2011). However, we
confirmed that our results were reliable and not the result of a technical error, and the
appropriate positive controls were used. It is possible that there are differences in
neutrophil biology and functions between adult males and females related to sex hormones
(Maianski et al., 2004). Previous studies suggested that estradiol plays a role in modulating
neutrophil phenotypes by triggering granulocyte-macrophage stimulating factor
production to regulate neutrophil maturation (Robertson, Mayrhofer ¢ Seamark, 1996).
Adult males have more neutrophils with more-effective functioning than adult females
(Casimir et al., 2010). In contrast, neutrophils in prepubescent males and females with
incomplete estrogen levels showed similar maturation statuses (Maianski et al., 2004). This
could help to explain the observed lack of difference in DEFA1/DEFA3 and HNP-1-3
expression levels among the N, H, and CHD groups. Low estrogen levels in
postmenopausal women may thus be associated with decreased neutrophil activity
(Casimir et al., 2010; Gupta et al., 2020; Maianski et al., 2004). Moreover, the sex
differences in the plaque morphology of coronary atherosclerosis are reported but still
incompletely understood. The frequency of plaque erosion is higher in young women who
smoke. Whereas plaques rupture is found higher in older women as compared to younger,
in women and men with hyperlipidemia. The incidence and degree of coronary
calcification are also different by sex. Less calcification is found in premenopausal women.
It is necessary to elucidate these finding to better manage CVD (Sato et al., 2022).

The current study had some limitations, including (1) our sample size was small and did
not meet the requirement of minimum sample size. Statistical bias might occur. Small
sample size could affect the findings, more patient recruitment in each group would
strengthen the study. (2) the gene profile was obtained and applied from male samples
using next-generation sequencing analysis (Maneerat et al., 2016, 2017). The data might
thus not be applicable in women, because of sex differences, for instance in innate
immunity (Casimir et al., 2010; Gupta et al., 2020; Maianski et al., 2004; Stubelius et al.,
2017), various risk factors (Anand et al., 2008; Gonzalez-Jaramillo et al., 2022; Sucato et al.,
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2022), and plaque morphology in coronary atherosclerosis (Sato et al., 2022). Further
studies with larger sample size are therefore needed to validate the findings using
sex-specific gene profiles to select appropriate biomarkers for females.

CONCLUSIONS

We recently reported that the PPBP and DEFA1/DEFA3 genes could act as biomarkers for
CHD risk in Thai men with hyperlipidemia. The results of this study suggest that gene and
protein levels of PPBP, but not DEFAI/DEFA3, and HNP-1-3, may also be feasible
biomarkers for CHD risk in postmenopausal Thai women. Further multicenter studies
with larger sample sizes are needed to confirm the current results and to identify more
tools for predicting CHD risks in women worldwide.

ACKNOWLEDGEMENTS

We are grateful to the volunteers and patients who donated blood and to the staff of the
Hospital for Tropical Diseases, Faculty of Tropical Medicine, Mahidol University,
Thailand, and Bhumibol Adulyadej Hospital, Thailand, for obtaining patient consent and
filling out the questionnaire. We appreciate Ms. W. Dechkhajorn and Mr. S.
Benjathummarak for sample preparation, laboratory assistance and bioinformatic analysis.
We also thank Susan Furness, PhD, from Edanz for editing a draft of this manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the Faculty of Tropical Medicine, Mahidol University, Fiscal
Year 2019 (0404/2019). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Mahidol University: 0404/2019.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Chayasin Mansanguan conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

e Yaowapa Maneerat conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

Mansanguan and Maneerat (2022), PeerdJ, DOI 10.7717/peerj.13615 12/16


http://dx.doi.org/10.7717/peerj.13615
https://peerj.com/

Peer/

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

the Hospital for Tropical Diseases, Faculty of Tropical Medicine (Ethical Application
Ref: MUTM 2020-007-01, MUTM 2020-007-02).

Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Bhumibol Adulyadej Hospital (Ethical Application Ref: No. 43/64).

Data Availability
The following information was supplied regarding data availability:
The raw data is available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.13615#supplemental-information.

REFERENCES

Aldred PM, Hollox EJ, Armour JA. 2005. Copy number polymorphism and expression level
variation of the human alpha-defensin genes DEFA1 and DEFA3. Human Molecular Genetics
14(14):2045-2052 DOI 10.1093/hmg/ddi209.

Anand SS, Islam S, Rosengren A, Franzosi MG, Steyn K, Yusufali AH, Keltai M, Diaz R,
Rangarajan S, Yusuf S, Investigators I. 2008. Risk factors for myocardial infarction in women
and men: insights from the INTERHEART study. European Heart Journal 29(7):932-940
DOI 10.1093/eurheartj/ehn018.

Casimir GJ, Mulier S, Hanssens L, Zylberberg K, Duchateau J. 2010. Gender differences in
inflammatory markers in children. Shock 33(3):258-262 DOI 10.1097/SHK.0b013e3181b2b36b.

Chen L, Ge C, Feng X, Fu H, Wang S, Zhu J, Linghu E, Zheng X. 2022. Identification of
combinations of plasma IncRNAs and mRNAs as potential biomarkers for precursor lesions and
early gastric cancer. Journal of Oncology 2022(10):1-13 DOI 10.1155/2022/1458320.

Dorweiler B, Torzewski M, Dahm M, Kirkpatrick CJ, Lackner KJ, Vahl CF. 2008. Subendothelial
infiltration of neutrophil granulocytes and liberation of matrix-destabilizing enzymes in an
experimental model of human neo-intima. Thrombosis and Haemostasis 99(2):373-381
DOI 10.1160/TH07-06-0387.

Eicher JD, Wakabayashi Y, Vitseva O, Esa N, Yang Y, Zhu J, Freedman JE, McManus DD,
Johnson AD. 2016. Characterization of the platelet transcriptome by RNA sequencing in
patients with acute myocardial infarction. Platelets 27(3):230-239
DOI 10.3109/09537104.2015.1083543.

Fan J, Watanabe T. 2003. Inflammatory reactions in the pathogenesis of atherosclerosis. Journal of
Atherosclerosis and Thrombosis 10(2):63-71 DOI 10.5551/jat.10.63.

Ganz T, Lehrer RI. 1994. Defensins. Current Opinion in Immunology 6(4):584-589
DOI 10.1016/0952-7915(94)90145-7.

Mansanguan and Maneerat (2022), PeerdJ, DOI 10.7717/peerj.13615 13/16


http://dx.doi.org/10.7717/peerj.13615#supplemental-information
http://dx.doi.org/10.7717/peerj.13615#supplemental-information
http://dx.doi.org/10.7717/peerj.13615#supplemental-information
http://dx.doi.org/10.1093/hmg/ddi209
http://dx.doi.org/10.1093/eurheartj/ehn018
http://dx.doi.org/10.1097/SHK.0b013e3181b2b36b
http://dx.doi.org/10.1155/2022/1458320
http://dx.doi.org/10.1160/TH07-06-0387
http://dx.doi.org/10.3109/09537104.2015.1083543
http://dx.doi.org/10.5551/jat.10.63
http://dx.doi.org/10.1016/0952-7915(94)90145-7
http://dx.doi.org/10.7717/peerj.13615
https://peerj.com/

Peer/

Garcia M, Mulvagh SL, Merz CN, Buring JE, Manson JE. 2016. Cardiovascular disease in women:
clinical perspectives. Circulation Research 118(8):1273-1293
DOI 10.1161/CIRCRESAHA.116.307547.

Gleissner CA, von Hundelshausen P, Ley K. 2008. Platelet chemokines in vascular disease.
Arteriosclerosis, Thrombosis, and Vascular Biology 28(11):1920-1927
DOI 10.1161/ATVBAHA.108.169417.

Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB Sr, Gibbons R, Greenland P,
Lackland DT, Levy D, O’Donnell CJ, Robinson JG, Schwartz JS, Shero ST, Smith SC Jr,
Sorlie P, Stone NJ, Wilson PWF. 2014. 2013 ACC/AHA guideline on the assessment of
cardiovascular risk: a report of the American College Of Cardiology/American Heart
Association task force on practice guidelines. Journal of the American College of Cardiology
63(25 Pt B):2935-2959 DOI 10.1016/j.jacc.2013.11.005.

Gonzalez-Jaramillo N, Wilhelm M, Arango-Rivas AM, Gonzalez-Jaramillo V, Mesa-Vieira C,
Minder B, Franco OH, Bano A. 2022. Systematic review of physical activity trajectories and
mortality in patients with coronary artery disease. Journal of the American College of Cardiology
79(17):1690-1700 DOI 10.1016/j.jacc.2022.02.036.

Guerrero S, Sanchez-Tirado E, Agui L, Gonzalez-Cortes A, Yanez-Sedeno P, Pingarron JM.
2021. Simultaneous determination of CXCL7 chemokine and MMP3 metalloproteinase as
biomarkers for rheumatoid arthritis. Talanta 234:122705 DOI 10.1016/j.talanta.2021.122705.

Gupta S, Nakabo S, Blanco LP, O’Neil L], Wigerblad G, Goel RR, Mistry P, Jiang K,
Carmona-Rivera C, Chan DW, Wang X, Pedersen HL, Gadkari M, Howe KN, Naz F,
Dell’Orso S, Hasni SA, Dempsey C, Buscetta A, Frischmeyer-Guerrerio PA, Kruszka P,
Muenke M, Franco LM, Sun HW, Kaplan M]J. 2020. Sex differences in neutrophil biology
modulate response to type I interferons and immunometabolism. Proceedings of the National
Academy of Sciences of the United States of America 117(28):16481-16491
DOI 10.1073/pnas.2003603117.

Hansson GK. 2005. Inflammation, atherosclerosis, and coronary artery disease. New England
Journal of Medicine 352(16):1685-1695 DOI 10.1056/NEJMra043430.

Heid CA, Stevens J, Livak KJ, Williams PM. 1996. Real time quantitative PCR. Genome Research
6(10):986-994 DOI 10.1101/gr.6.10.986.

Hristov M, Zernecke A, Bidzhekov K, Liehn EA, Shagdarsuren E, Ludwig A, Weber C. 2007.
Importance of CXC chemokine receptor 2 in the homing of human peripheral blood endothelial
progenitor cells to sites of arterial injury. Circulation Research 100(4):590-597
DOI 10.1161/01.RES.0000259043.42571.68.

Junt T, Schulze H, Chen Z, Massberg S, Goerge T, Krueger A, Wagner DD, Graf T, Italiano JE
Jr, Shivdasani RA, von Andrian UH. 2007. Dynamic visualization of thrombopoiesis within
bone marrow. Science 317(5845):1767-1770 DOI 10.1126/science.1146304.

Kawaguchi H, Mori T, Kawano T, Kono S, Sasaki J, Arakawa K. 1996. Band neutrophil count
and the presence and severity of coronary atherosclerosis. American Heart Journal 132(1):9-12
DOI 10.1016/S0002-8703(96)90384-1.

Kotepui M, Thawornkuno C, Chavalitshewinkoon-Petmitr P, Punyarit P, Petmitr S. 2012.
Quantitative real-time RT-PCR of ITGA7, SVEP1, TNS1, LPHN3, SEMA3G, KLB and MMP13
mRNA expression in breast cancer. Asian Pacific Journal of Cancer Prevention
13(11):5879-5882 DOI 10.7314/APJCP.2012.13.11.5879.

Kougias P, Chai H, Lin PH, Yao Q, Lumsden AB, Chen C. 2006. Neutrophil antimicrobial
peptide alpha-defensin causes endothelial dysfunction in porcine coronary arteries. Journal of
Vascular Surgery 43(2):357-363 DOI 10.1016/j.jvs.2005.10.019.

Mansanguan and Maneerat (2022), Peerd, DOI 10.7717/peerj.13615 14/16


http://dx.doi.org/10.1161/CIRCRESAHA.116.307547
http://dx.doi.org/10.1161/ATVBAHA.108.169417
http://dx.doi.org/10.1016/j.jacc.2013.11.005
http://dx.doi.org/10.1016/j.jacc.2022.02.036
http://dx.doi.org/10.1016/j.talanta.2021.122705
http://dx.doi.org/10.1073/pnas.2003603117
http://dx.doi.org/10.1056/NEJMra043430
http://dx.doi.org/10.1101/gr.6.10.986
http://dx.doi.org/10.1161/01.RES.0000259043.42571.68
http://dx.doi.org/10.1126/science.1146304
http://dx.doi.org/10.1016/S0002-8703(96)90384-1
http://dx.doi.org/10.7314/APJCP.2012.13.11.5879
http://dx.doi.org/10.1016/j.jvs.2005.10.019
http://dx.doi.org/10.7717/peerj.13615
https://peerj.com/

Peer/

Li YX, Lin CQ, Shi DY, Zeng SY, Li WS. 2014. Upregulated expression of human alpha-defensins
1, 2 and 3 in hypercholesteremia and its relationship with serum lipid levels. Human
Immunology 75(11):1104-1109 DOI 10.1016/j.humimm.2014.09.014.

Li XX, Zhang J, Wang ZY, Chen SQ, Zhou WF, Wang TT, Man XY, Zheng M. 2020. Increased
CCL24 and CXCLY7 levels in the cerebrospinal fluid of patients with neurosyphilis. Journal of
Clinical Laboratory Analysis 34(9):€23366 DOI 10.1002/jcla.23366.

Libby P. 2012. Inflammation in atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular Biology
32(9):2045-2051 DOI 10.1161/ATVBAHA.108.179705.

Linzmeier RM, Ganz T. 2005. Human defensin gene copy number polymorphisms:
comprehensive analysis of independent variation in alpha- and beta-defensin regions at 8p22-
p23. Genomics 86(4):423-430 DOI 10.1016/j.ygeno.2005.06.003.

Maianski NA, Geissler J, Srinivasula SM, Alnemri ES, Roos D, Kuijpers TW. 2004. Functional
characterization of mitochondria in neutrophils: a role restricted to apoptosis. Cell Death and
Differentiation 11(2):143-153 DOI 10.1038/sj.cdd.4401320.

Maneerat Y, Prasongsukarn K, Benjathummarak S, Dechkhajorn W. 2017. PPBP and DEFA1/
DEFA3 genes in hyperlipidaemia as feasible synergistic inflammatory biomarkers for coronary
heart disease. Lipids in Health and Disease 16(1):80 DOI 10.1186/512944-017-0471-0.

Maneerat Y, Prasongsukarn K, Benjathummarak S, Dechkhajorn W, Chaisri U. 2016. Increased
alpha-defensin expression is associated with risk of coronary heart disease: a feasible predictive
inflammatory biomarker of coronary heart disease in hyperlipidemia patients. Lipids in Health
and Disease 15(1):117 DOI 10.1186/s12944-016-0285-5.

Meadows TA, Bhatt DL. 2007. Clinical aspects of platelet inhibitors and thrombus formation.
Circulation Research 100(9):1261-1275 DOI 10.1161/01.RES.0000264509.36234.51.

Moin ASM, Nandakumar M, Al-Qaissi A, Sathyapalan T, Atkin SL, Butler AE. 2021. Potential
biomarkers to predict acute ischemic stroke in type 2 diabetes. Frontiers in Molecular Biosciences
8:744459 DOI 10.3389/fmolb.2021.744459.

Naruko T, Ueda M, Haze K, van der Wal AC, van der Loos CM, Itoh A, Komatsu R, Ikura Y,
Ogami M, Shimada Y, Ehara S, Yoshiyama M, Takeuchi K, Yoshikawa J, Becker AE. 2002.
Neutrophil infiltration of culprit lesions in acute coronary syndromes. Circulation
106(23):2894-2900 DOI 10.1161/01.CIR.0000042674.89762.20.

Nie G, Yang X, Wang Y, Liang W, Li X, Luo Q, Yang H, Liu J, Wang J, Guo Q, Yu Q, Liang X.
2022. The effects of menopause hormone therapy on lipid profile in postmenopausal women: a
systematic review and meta-analysis. Frontiers in Pharmacology 13:850815
DOI 10.3389/fphar.2022.850815.

Nording HM, Seizer P, Langer HF. 2015. Platelets in inflammation and atherogenesis. Frontiers in
Immunology 6(11):98 DOI 10.3389/fimmu.2015.00098.

Ovbiagele B, Lynn M]J, Saver JL, Chimowitz MI. 2007. Leukocyte count and vascular risk in
symptomatic intracranial atherosclerosis. Cerebrovascular Diseases 24(2-3):283-288
DOI 10.1159/000105681.

Qiao E, Huang Z, Wang W. 2022. Exploring potential genes and pathways related to calcific aortic
valve disease. Gene 808(1):145987 DOI 10.1016/j.gene.2021.145987.

Qin C, Zhao XL, Ma XT, Zhou LQ, Wu LJ, Shang K, Wang W, Tian DS. 2019. Proteomic
profiling of plasma biomarkers in acute ischemic stroke due to large vessel occlusion. Journal of
Translational Medicine 17:214 DOI 10.1186/s12967-019-1962-8.

Quinn K, Henriques M, Parker T, Slutsky AS, Zhang H. 2008. Human neutrophil peptides: a
novel potential mediator of inflammatory cardiovascular diseases. American Journal of

Mansanguan and Maneerat (2022), PeerdJ, DOI 10.7717/peerj.13615 15/16


http://dx.doi.org/10.1016/j.humimm.2014.09.014
http://dx.doi.org/10.1002/jcla.23366
http://dx.doi.org/10.1161/ATVBAHA.108.179705
http://dx.doi.org/10.1016/j.ygeno.2005.06.003
http://dx.doi.org/10.1038/sj.cdd.4401320
http://dx.doi.org/10.1186/s12944-017-0471-0
http://dx.doi.org/10.1186/s12944-016-0285-5
http://dx.doi.org/10.1161/01.RES.0000264509.36234.51
http://dx.doi.org/10.3389/fmolb.2021.744459
http://dx.doi.org/10.1161/01.CIR.0000042674.89762.20
http://dx.doi.org/10.3389/fphar.2022.850815
http://dx.doi.org/10.3389/fimmu.2015.00098
http://dx.doi.org/10.1159/000105681
http://dx.doi.org/10.1016/j.gene.2021.145987
http://dx.doi.org/10.1186/s12967-019-1962-8
http://dx.doi.org/10.7717/peerj.13615
https://peerj.com/

Peer/

Physiology-Heart and Circulatory Physiology 295(5):H1817-H1824
DOI 10.1152/ajpheart.00472.2008.

Robertson SA, Mayrhofer G, Seamark RF. 1996. Ovarian steroid hormones regulate
granulocyte-macrophage colony-stimulating factor synthesis by uterine epithelial cells in the
mouse. Biology of Reproduction 54(1):183-196 DOI 10.1095/biolreprod54.1.183.

Rosner BR. 2000. Fundamentals of biostatistics. United States: Cengage Learning, Inc.

Sato Y, Kawakami R, Sakamoto A, Cornelissen A, Mori M, Kawai K, Ghosh S, Romero ME,
Kolodgie FD, Finn AV, Virmani R. 2022. Sex differences in coronary atherosclerosis. Current
Atherosclerosis Reports 24(1):23-32 DOI 10.1007/s11883-022-00980-5.

Stankiewicz AM, Goscik J, Swiergiel AH, Majewska A, Wieczorek M, Juszczak GR, Lisowski P.
2014. Social stress increases expression of hemoglobin genes in mouse prefrontal cortex. BMC
Neuroscience 15(1):130 DOI 10.1186/s12868-014-0130-6.

Stubelius A, Andersson A, Islander U, Carlsten H. 2017. Ovarian hormones in innate
inflammation. Immunobiology 222(8-9):878-883 DOI 10.1016/j.imbio.2017.05.007.

Sucato V, Coppola G, Manno G, Vadala G, Novo G, Corrado E, Galassi AR. 2022. Coronary
artery disease in South Asian patients: cardiovascular risk factors, pathogenesis and treatments.
[Online ahead of print 29 April 2022]. Current Problems in Cardiology 101228
DOI 10.1016/j.cpcardiol.2022.101228.

van Leeuwen M, Gijbels MJ, Duijvestijn A, Smook M, van de Gaar MJ, Heeringa P,
de Winther MP, Tervaert JW. 2008. Accumulation of myeloperoxidase-positive neutrophils in
atherosclerotic lesions in LDLR-/- mice. Arteriosclerosis, Thrombosis, and Vascular Biology
28(1):84-89 DOI 10.1161/ATVBAHA.107.154807.

Wang Y, Yuan M, Ma Y, Shao C, Wang Y, Qi M, Ren B, Gao D. 2022. The admission (neutrophil
+monocyte)/lymphocyte ratio is an independent predictor for in-hospital mortality in patients
with acute myocardial infarction. Frontiers in Cardiovascular Medicine 9:870176
DOI 10.3389/fcvm.2022.870176.

Weber C, Noels H. 2011. Atherosclerosis: current pathogenesis and therapeutic options. Nature
Medicine 17(11):1410-1422 DOI 10.1038/nm.2538.

Yatim N, Boussier J, Chocron R, Hadjadj J, Philippe A, Gendron N, Barnabei L, Charbit B,
Szwebel TA, Carlier N, Pene F, Azoulay C, Khider L, Mirault T, Diehl JL, Guerin CL,
Rieux-Laucat F, Duffy D, Kerneis S, Smadja DM, Terrier B. 2021. Platelet activation in
critically ill COVID-19 patients. Annals of Intensive Care 11(1):113
DOI 10.1186/s13613-021-00899-1.

Yeo L, Adlard N, Biehl M, Juarez M, Smallie T, Snow M, Buckley CD, Raza K, Filer A, Scheel-
Toellner D. 2016. Expression of chemokines CXCL4 and CXCL7 by synovial macrophages
defines an early stage of rheumatoid arthritis. Annals of the Rheumatic Diseases 75(4):763-771
DOI 10.1136/annrheumdis-2014-206921.

Zhang S, Chen S, Wang Y, Zhan Y, Li J, Nong X, Gao B. 2021b. Association of a novel prognosis
model with tumor mutation burden and tumor-infiltrating immune cells in thyroid carcinoma.
Frontiers in Genetics 12:744304 DOI 10.3389/fgene.2021.744304.

Zhang F, Jiang N, Gao Y, Fan Z, Li Q, Ke G, Li B, Wu Q, Xu R, Liu S. 2021a. PPBP as a marker of
diabetic nephropathy podocyte injury via bioinformatics analysis. Biochemical and Biophysical
Research Communications 577:165-172 DOI 10.1016/j.bbrc.2021.08.087.

Mansanguan and Maneerat (2022), PeerdJ, DOI 10.7717/peerj.13615 16/16


http://dx.doi.org/10.1152/ajpheart.00472.2008
http://dx.doi.org/10.1095/biolreprod54.1.183
http://dx.doi.org/10.1007/s11883-022-00980-5
http://dx.doi.org/10.1186/s12868-014-0130-6
http://dx.doi.org/10.1016/j.imbio.2017.05.007
http://dx.doi.org/10.1016/j.cpcardiol.2022.101228
http://dx.doi.org/10.1161/ATVBAHA.107.154807
http://dx.doi.org/10.3389/fcvm.2022.870176
http://dx.doi.org/10.1038/nm.2538
http://dx.doi.org/10.1186/s13613-021-00899-1
http://dx.doi.org/10.1136/annrheumdis-2014-206921
http://dx.doi.org/10.3389/fgene.2021.744304
http://dx.doi.org/10.1016/j.bbrc.2021.08.087
http://dx.doi.org/10.7717/peerj.13615
https://peerj.com/

	PPBP gene as a biomarker for coronary heart disease risk in postmenopausal Thai women
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


