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Abstract. Background. Cardiovascular disease (CVD) is the most significant cause of death worldwide. More than 17.9 mil-
lion people died from CVD, of which 85% deceased due to heart disease. On the other hand, atherosclerosis is one of the
most dominant CVD in most developing countries and developed countries. Lp-PLA2 is an enzyme produced by inflam-
matory cells and a pro-atherogenic protein in atherosclerosis. In the process, monocytes will produce Lp-PLA?2 so that
it may hydrolyse oxidized low density lipoprotein (oxLDL) into lysophosphatidylcholine (IlysoPC) and oxidized fatty acids
(oxFA), atherogenic proteins involved in atherogenesis. A chronic inflammatory process that occurs in atherosclerosis
requires early detection to avoid CVD severity. The research aims to determine the correlation between Lp-PLA2 con-
centration and monocyte count as well as percentage in cohorts linked to risk of atherosclerosis. Materials and methods.
This study was a descriptive correlational analysis of the population with conditions at risk of atherosclerosis. The total
number of respondents sampled in this research was 86. We used the ELISA method to measure Lp-PLA2 concentration
and the Hematology Analyzer method to measure monocyte count and percentage. Results. The relationship between
monocyte and Lp-PLA2 level accounts for a probability value of 0.028. The correlation coefficient of 0.789 is categorized
as very strong. Conclusion. Increase in the concentration of Lp-PLA?2 correlates with monocyte count and percentage
in a population with conditions at risk of atherosclerosis.
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KOPPENSILUA YPOBHEM Lp-PLA2 U MOHOLUTOB Y JIIOAEW C PUCKOM ATEPOCKJIEPO3A
Kymooiiono K., Yomen . H., Bunxasanac /1., Buxactyru T.A.

Yuueepcumem bpasuodicas, e. Manrane, Hnoonesus

Pesiome. Axmyanvrnocms. CepaedHo-cocyauctbie 3aboneBaHust (CC3) saBasioTca Hanbojee Cepbe3HON MPUUYMHOM
CMEPTHOCTHU BO BceM Mupe. OT cepaeuHO-COCYIMCTHIX 3a00JIeBaHIi yMepiio 6ojiee 17,9 MJTH yesioBeK, 13 HUX 85% —
oT OosesHeil cepania. C Apyroif CTOPOHBI, aTePOCKIEPO3 SIBJISETCS ONHUM M3 Haubosee pacmpocTpaHeHHBIX CC3
B OOJIBIITMHCTBE pa3BUBAIOIIMXCS U Pa3BUTHIX cTpaH. Lp-PLA?2 aBisercs pepMeHTOM, CAHTE3MPYEMbIM BOCTIAIUTEIb-
HBIMU KJIETKAMU, U TTPOATEPOTeHHBIM O€TKOM IpH aTepocKiepose. [1pr 3Tom MOHOLIUTHI TTponyunpyiot Lp-PLA2 nia
TUAPOJIN3a OKMCICHHOTO JTUIIONPOTeMHAa HU3KOM ToTHOCTH (0xLDL) B nusodocharuaunxonus (lysoPC) u okuc-
JIEHHBIE XU PHBIC KUCTOTH (0XFA), areporeHHbIe OeJIKM, YIaCTBYIOIINE B aTeporeHe3e. XpOHMIECKUIA BOCITATUTEb-
HBIIA TIpoliecc, BO3HUKAIOIINI TP aTepoCKIIepo3e, TpeOyeT paHHETO BHISIBIICHMS Bo m3bexkaHue yTsaxeneHus CC3.
HccnenoBanue HAIIpaBlIcHO Ha OIpenesIeHIe KOPPeISIny MeX Ty KoHIeHTpaueir Lp-PLA2 1 KoirmyecTBOM MOHO-
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Lp-PLA2 and monocyte correlation in the atherosclerosis

LIMTOB, a TAK3KE MPOLIEHTOM B TPYIITaX JIUII, CBSI3aHHBIX C PUCKOM aTepockiieposa. Mamepuans: u memoodst. Hactositiee
MCCIeIOBaHMe TIPEACTaBJISIIIO COOOM ONKcaTeIbHbII KOPPENSIIUOHHBII aHaIN3 HAaCeJIeHUsI C COCTOSTHUSIMU, TTOBEP-
>KEHHBIMM PUCKY aTepockiieposa. Ooliee KOJIMYECTBO JUIL, OTOOPAaHHBIX B 3TOM MCCJIEIOBAaHUM, COCTABUIO 86. Mbl
ucnoab3oBaau meton ELISA nns usmepenust konuentpauuu Lp-PLA2 u MmeToa reMaTonornyeckoro aHaau3atopa Jajs
M3MEpPEHU S KOJMUYECTBA U MPOLICHTHOTO COAePXKaHU I MOHOLIMTOB. Pe3yismamsl. B3auMOCBSI3b MeXX 1Y YPOBHEM MOHO-
uuToB U Lp-PLA2 cocraBinset 3HaueHue BepositHocTH 0,028. Koadhdunnent Koppensiuu 0,789 oTHOCUTCS K KaTero-
pPUU OYEHb CUJIBHBIX. 3aka4erue. YBenndeHne KoHIeHTpauuu Lp-PLA2 Koppeaupyer ¢ KOTM4ecTBOM M ITPOLIEHTOM
MOHOIIMTOB B TIOMYJISIITUY C COCTOSTHUSIMU PHCKa aTepOCKIIepo3a.

Karouesnie caosa: amepocknaepos, pepmenm, Lp-PLA2, kaemku 6ocnanenus, nOnyaayus MOHOUUMO8, Npoamepo2eHHblil MapKep.

Introduction

Cardiovascular disease (CVD) is the most signifi-
cant cause of death worldwide. More than 17.9 mil-
lion people died from CVD, 31% of all deaths in the
world, of which 85% globally were due to heart dis-
ease [33]. On the other hand, atherosclerosis is one
of the most dominant CVD in most developing
countries and developed countries. Therefore, a high
mortality rate has been registered with this disease.
Most Asian countries experience challenges from
cardiovascular disease, with mortality rates varying
from 103 to 366 per year in adults reported by newly
published studies. Elevated cholesterol levels in the
population have become a frequent cause. Older men
and people with dyslipidemia, hypertension, and dia-
betes are at high risk of cardiovascular disease. Over
the past decade, there has been a tendency to escalate
atherosclerotic charges, especially in East Asia, with
an increase of 117.2% and 115.3% of total deaths and
disability-adjusted by 2015 [7].

Many CVD risk factors (smoking, dyslipidemia,
hypertension) are known to lead to atherosclerosis.
It begins with dysfunction of endothelial function.
Endothelial function plays a central role in vasomo-
tor abnormalities and inflammatory responses [8].
Dysfunction of these tissues happens due to in-
flammatory response followed by plaque formation.
Plaque consists of cholesterol, fatty acid, calcium,
and fibrin, leading to blockage at the artery wall.
Blockage of the artery wall by the plaque will reduce
the flow of blood and oxygen supply [16]. The abrupt
change mechanism is associated with acute thrombo-
sis in atherosclerotic plaque that is eroded, cracked or
ruptured. The rupture of atherosclerotic plaque is as-
sociated with unstable atherosclerotic plaque changes
that are volatile and easily torn. Therefore, laboratory
tests are also intended to detect early plaque phase
changes before arterial plaque rupture [1, 14].

Arterial plaque rupture will cause a lesion that will
attract circulating monocytes to the lesion area [17].
The interaction between leukocytes, platelets, and
blood vessel cells leads to monocyte production
in the bone marrow, releasing it into an artery and at-
taching it to the endothelial cell. Continuous recruit-
ment of monocytes to the lesion will cause the accu-
mulation of macrophages. Macrophages will ingest
oxidised lipoprotein into developing plaques through

scavenger receptors [29]. In this process, macrophag-
es cause the expansion of the necrotic nucleus of ath-
erosclerotic plaque, fibrous capsule depletion, and
destabilisation of plaque resulting in rupture of arte-
rial plaque, which will initiate atherosclerosis [9].

Many endogenous factors affect the occurrence
of atherosclerosis, both protective factors and ag-
gravating factors. Monocytes are a type of pro-
tective cell, but they also play a role in induction
of atherosclerosis. Monocytes are white blood cells
related to granulocytes, which are white blood cells
designed to kill bacteria. Monocytes are produced
in the bone marrow and then released into the blood-
stream. Young monocyte cells start as monoblasts
in the bone marrow. Once released, they leave
the bone marrow and circulate through the blood-
stream for a few hours before getting to other tissues,
such as the spleen and lungs. Once monocytes are
embedded in tissues, they become macrophages.
Macrophages support healthy immune function by
destroying and ingesting pathogens. They also help
lymphocyte cells recognise pathogens and create an-
tibodies against them [12, 13]. Rupture at the blood
vessel will cause a lesion, attracting the circulating
monocytes to the lesion area. The interaction be-
tween leukocytes, platelets, and blood vessel cells
leads to monocyte production in the bone marrow
and release to circulating blood. Continuous recruit-
ment of monocyte to the lesion will cause the accu-
mulation of macrophages. Macrophages ingest oxi-
dised lipoproteins through scavenger receptors and
lipid-rich cells, contributing to the physical aspect
of plaque development [21].

In this process, macrophages, lymphocytes and
mast cells produce an enzyme known as Lipoprotein-
associated phospholipase A2 (Lp-PLA2) [32]. Lp-
PLA2 hydrolyses oxidised LDL (oxLDL) to produce
lysophosphatidylcholine (lysoPC) and oxidised fatty
acids (oxFA). LysoPC and oxFA will cause endothe-
lial dysfunction, inducing apoptosis of smooth mus-
cle cells and macrophages that cause the expansion
of the necrotic nucleus of atherosclerotic plaque, fi-
brous capsule depletion, and destabilisation of plaque
resulting in rupture of arterial plaque. Therefore,
the localisation of Lp-PLA2 in atherosclerotic lesions
and their association with plaque instability supports
a potential causal role for Lp-PLA2 in cardiovascular
disease (CVD) [28].
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A chronicle inflammatory process occurs at dif-
ferent stages of atherosclerosis [9], and the stages
of atherosclerosis development are essential stages
that require early detection to avoid CVD severity.
Research shows that increased levels of Lp-PLA?2
are linearly correlated with increased risk of CVD.
However, it is known that Lp-PLA2 can be pro-
inflammatory and anti-inflammatory at certain
stages in the mechanism of CVD pathology. This
research seeks to prove the anti-inflammatory role
of Lp-PLA2. Therefore, the researchers sought
to analyse the correlation between the monocyte
population and Lp-PLA?2 levels as two variables
that can be used as markers for the early stages
of atherogenesis, hopefully in time to prevent se-
vere disease.

Materials and methods

Research design. This research was a cross-sec-
tional study. The sample population of this research
was chosen by total sampling among 86 people who
attended health examination with risk factors of ath-
erosclerosis based on American College of Cardiology
(ACC) and American Heart Association (AHA)
guidelines in Malang, East Java, Indonesia. We used
human venous blood sampling to determine the con-
centration of Lp-PLA2 and circulating monocytes.
Examination of blood profiles was conducted at
the Saiful Anwar Central Hospital Laboratory,
Malang. Measurement of Lp-PLA2 and monocyte
concentrations was conducted in the Bioscience
Laboratory, University Brawijaya, Malang.

Measurement of Lp-PLAZ2. Blood obtained from
respondents was placed in an EDTA vacutainer
containing anticoagulant and incubated for 10—
20 minutes. Blood in the EDTA vacutainer was
then centrifuged for 20 minutes at 2000—3000 rpm.
Blood was then diluted with standard buffer solu-
tion. On the tube samples, 40 uL sample buffer so-
lution was entered into the plate with 10 uL sam-
ple buffer solution consistent with dilution factor;
they were then well shaken. The sample was then
incubated for 30 minutes at 37°C. The concentrat-
ed buffer was diluted with water, and then 50 pL
HRP-conjugated reagent was added to each tube,
except for the control tube. The solution was incu-
bated for 10 minutes and washed back. Fifty micro-
liters of chromogen A and B solution were added
into both tubes, shaken well, and incubated at 37°C
for 15 minutes. Fifty microliters stop anti-dilu-
tion provisions were added into each tube to stop
the reaction. The colour of the sample in the tube
changed from blue to yellow. The optical absorp-
tion of the samples was read at 450 nm using a mi-
crotiter plate reader.

Measurement of monocytes. Monocytes were
measured using the Hematology Analyzer method.
The capillary tube is filled with blood. The speci-

men flows down the tube until it is near the dry end.
The dry end was inserted vertically into the sealant
and pushed to the tray’s bottom. The tube is twisted
to remove it from the sealant and to prevent the seal-
ing plug from being extracted. The sealed end of the
tube was tapped on a flat surface to help ensure prop-
er sealant contact in the tube. The prepared capillary
tube was then wiped off. The capillary tube was put
carefully in the centrifuge tube holder with the seal-
ant end down. All tube positions were numbered
on the rotor and can be used to record the position
of each patient specimen. With the tube holders and
hematocrit tubes in place, the lid was locked by firm-
ly pressing down. Measurement of monocyte cells
was based on the optical double-angle light scatter-
ing method (2...5°C).

Ethics clearance. The Medical Research Ethics
Committee, Medical Faculty of the University
of Brawijaya approved the research (Letter Number
277/EC/KEPK-S1-PD/11/2018).

Data analysis. Data analysis used the SPSS v.17
application with a confidence level of 95% (p < 0.05).
Normality was tested with the Kolmogorov-Smirnov
method, followed by one-way ANOVA, with post-
hoc Tukey HSD. Correlations between variables were
analysed using Pearson’s correlation test.

Results

Baseline Characteristics of Participants

The data below shows the characteristics of the 86
people based on age category, gender, body mass in-
dex (BMI), blood pressure, fasting blood sugar level,
and lipid profile.

Based on Table 1, the data homogeneity is known
to be different. To ensure that in this study, LP-PLA
and Monocyte levels were not affected by other fac-
tors (age, sex, body mass index (BMI), blood pres-
sure and fasting blood sugar), we analyzed using
the Kruskal Wallis test. The data is homogeneous.
Based on these tests, gender, age, body mass index
(BMI), blood pressure, fasting blood sugar, and lipid
profiles showed significance for monocytes. In Lp-
PLA2, significant differences come from gender, age,
body mass index (BMI), blood pressure and fasting
blood sugar (p < 0.05).

The normality test for monocyte levels and Lp-
PLA2 produced by Kolmogorov—Smirnov analysis
resulted in p = 0.072 and p = 0.115, respectively, with
a probability of p = 0.200 and p = 0.007. Therefore,
it can be known that the monocyte data is declared
normally distributed (p > 0.05); meanwhile, Lp-
PLAZ2 is not.

Based on Spearman correlation analysis, the rela-
tionship between monocytes and Lp-PLA2 produced
a probability value of 0.028. These results indicate
that the probability is less than the level of signifi-
cance (p < 0.05). Thus, it can be stated that there
is a significant relationship between monocytes and
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Table 1. Baseline characteristics of the participants

. Lp-PLA2 (ng/mL) Monocyte
Variable Percentage Mean | p-value | Number of cells per 103/uL | Percentage p-value
Gender
Male 56 0.105 0.287 7.26
Female 44 0.105 0.032 0.253 6.69 0.042
Age
30-49 28 0.103 0.281 7.18
50-69 59 0.107 0.025 0.265 6.89 0.034
70-89 13 0.103 0.283 714
Body mass index (kg/m?)
Underweight 7 0.107 0.287 7.00
Normal weight 40 0.105 0.269 6.78
Overweight 23 0.103 0.274 7.24
Obese Class | 17 0.107 0.024 0.250 7.16 0.036
Obese Class I 12 0.104 0.295 745
Obese Class Il 1 0.104 0.420 8.90
Blood pressure (mmHg)
90/60-130/80 31 0.108 0.252 6.57
> 130/80 69 0.104 0.028 0.283 7.25 0031
Fasting blood sugar (mg/dL)
<70 52 0.106 0.268 6.75
70-99 20 0.105 0.039 0.264 7.46 0.045
> 99 28 0.104 0.282 7.89
Lipid profile (mg/dL)
Dyslipidemia 87 0.105 0.271 7.01
Non-dyslipidemia 13 0.107 0072 0.274 6.97 0.041

Lp-PLA2. The positive correlation coefficient in-
dicates that the relationship between monocyte and
Lp-PLA2 concentration is directly proportional,
meaning: higher monocyte levels matched higher
Lp-PLA2 concentrations. The correlation coeffi-
cient of 0.789 is categorised as very strong. This re-
sult means that the relationship between monocyte
levels and Lp-PLA2 concentration is significant and
strong.

Discussion

Lp-PLA2 is secreted by inflammatory cells; one
of them is monocytes. Lp-PLA?2 binds with oxidised
low-density lipoprotein (oxLDL) and breaks it into
lysoPC and OxNEFA [28]. Lp-PLA2 inducing for-
mation lipid mediator through hydrolysis of fatty
acids. It has been shown that increase in the con-
centration of Lp-PLA?2 in the blood indicates signs
of plaque formation. It has also been shown that
inhibiting the activity of Lp-PLA2 reduced the le-
sion of intimal and progressive atherosclerosis [18].
Research also mentions that an increase in inflam-
matory cells induces the concentration of Lp-PLA2
to increase on the atherosclerotic plaque [17, 26].

Lp-PLA2 is related to atherosclerosis risk fac-
tors such as gender, age, BMI, blood pressure,
blood glucose level and lipid profile. Gender in-
dependently influences the exitance of Lp-PLA2:

males have a high tendency towards high Lp-PLA?2
concentrations compared to females [5, 31, 34].
This research also proves a significant relationship
between gender and Lp-PLA2. A high concentra-
tion of Lp-PLA2 participants aged 62 years old
and below indicates an increase in the risk factors
of coronary heart disease; meanwhile, this is not ap-
plicable for those above 62 years old [11]. Research
has also shown a significant relationship between
age and Lp-PLA2. High BMI causes the concen-
tration of Lp-PLA?2 to increase [10]. This research
also proves a significant relationship between BMI1
and Lp-PLA2. In the case of hypertension, blood
pressure is directly proportional to the concentra-
tion of Lp-PLA2, where both increase together [15].
The research also proves a significant relationship
between blood pressure and Lp-PLA2. Research has
shown that diabetic retinopathy patients have a high
concentration of Lp-PLA2. This finding indicates
that high sugar content in the blood will induce an
increase in Lp-PLA2 concentration [27]. The re-

Table 2. Statistical characteristics of the variables

Variable Min | Max [Mean Sta'.‘d"."d
deviation
Monocyte Percentage (%) | 42 | 11 | 6.99 1.49
Number (10%/uL) | 0.17 | 0.42 | 0.27 0.06
Concentration of Lp-PLA2 | 0.08 [ 0.13 | 0.11 0.01
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search also proves a significant relationship between
fasting blood sugar and Lp-PLA2. Furthermore,
patients with dyslipidemia undergo hypolipidemic
medication for LDL level and Lp-PLA2 concentra-
tion in the blood [25]. But the research shows there
is no significant relationship between lipid profile
and Lp-PLA2.

This research shows that the concentration of Lp-
PLAZ2 is high in the population with risk factors such
as male, increase in age, non-smokers, underweight,
normal blood pressure, low fasting blood sugar, and
non-dyslipidemia. Meanwhile, the concentration
of Lp-PLA2 is low in the population with risk fac-
tors such as female, young age group, smokers, in-
crease in BMI, increase in blood pressure, increase
in blood glucose level, and the condition of dyslipi-
demia. In addition, there was a significant relation-
ship between Lp-PLA2 with gender, age, BMI, blood
pressure and fasting blood sugar.

Based on the results received, the mean number
and percentage of monocytes were high in: males;
the age group of 30—49; smokers; obese class I11; high
blood pressure; high blood sugar level; and the pop-
ulation with dyslipidemia condition. Meanwhile,
the mean number and percentage of monocyte were
low in: the female age group of 50—69; non-smokers;
normal BMI; normal blood pressure; the population
with low blood sugar level; and the sample popula-
tion with non-dyslipidemia condition. Based on pre-
vious research on monocytes, it is proven that risk
factors can increase monocyte number and percent-
age. Although the difference in the result of mono-
cyte received compared with previous research
related to gender and number and percentage, fe-
males have a high number and percentage compared
to males. Still, there was a significant relationship
between gender and monocyte levels. There is a dif-
ference in the result received compared to previous
research, which shows an increase in the age group
lead to an increase in number and percentage, which
proves the significant relationship between age and
Lp-PLA2. Research shows BMI is directly propor-
tional to the number and percentage cause both in-
creases together, proving a significant relationship
between BMI and monocytes. The increase in blood
pressure and dyslipidemia will increase in number
and percentages of monocytes. Both prove that it has
a significant relationship with Lp-PLA?2.

Monocytes in atherosclerotic lesions produce
foam cells by breaking down oxLDL that contain
lipid droplets. The accumulation of foam cells con-
tributes to lipid storage and atherosclerotic plaque
growth. The atherosclerotic plaque has a decreased
ability to migrate the foam cells, leading to the reso-
Iution of inflammation and the development of oth-
er lesions into complex atherosclerotic plaques [22].
Some of the risk factors of atherosclerosis, such as
gender, age, body mass index (BMI), blood pres-
sure, blood glucose level, and lipid profile, seem

related to the number and percentage of monocytes
in the body.

Previous research shows a relationship be-
tween gender and monocyte number and percent-
age. Females have a higher number and percentage
of monocyte than males, due to the estrogen hor-
mone [24]. Research shows that a body mass index
(BMI) in the obese category will increase monocyte
number and percentage [23]. Also, high blood pres-
sure causes the number and percentage of monocytes
to increase [20]. Research shows that the number and
percentage increase in patients with dyslipidemia
is due to the LDL elevation [19, 30].

Monocytes also produce Lp-PLA2 [2]. Based
on the research done, high activity of Lp-PLA2
is one of the independent factors of inflammation
and risk factors of cardiovascular disease. Research
proves that a high concentration of Lp-PLA2 causes
an increase in the risk of stroke and coronary heart
disease [6]. Meanwhile, monocytes produce oxi-
dised LDL and HIF-1A, which will induce intercel-
lular adhesion molecule (ICAM-1), vascular cell-1
adhesion molecule (VCAM-1), and enhance the en-
dothelial adhesive properties in a proinflammatory-
like effect [3]. Monocytes also produce Lp-PLA2
to break down oxLDL into lysoPC and OxNEFA.
These particles will cause fibrous cap formation
on the blood vessel [4]. Based on the results ob-
tained from this research, there is a significant re-
lationship between monocyte levels and Lp-PLA2.
Furthermore, Lp-PLA2 is directly proportional
to monocytes. Therefore, it can be seen that both can
be used to detect risk in the early stages of athero-
genesis, hopefully with appropriate therapy to pre-
vent severe disease.

Conclusion

There is a significant relationship between mono-
cytes and Lp-PLA2, and Lp-PLA2 is directly pro-
portional to monocyte levels. This research proves
that Lp-PLA2 tendsto act as proinflammatory factor.
Further research needs to be done to investigate Lp-
PLA2 activity because it seems like the concentration
and activity of Lp-PLA2 plays a role in formation
of Lp-PLA2 products, such as LysoPC and oxNEFA,
which play different roles in atherosclerogenesis.
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