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Highlights:
What are the main findings?

e  This is the first multi-ethnic population-based study to use these serum biomarkers for
preventive strategy.

e  No association was found between RANTES, EMMPRIN, MMP2, and MMP9 with CVD.

What is the implication of the main findings?

e  Our research improves the understanding of inflammatory biomarkers in the cardiovascular
field. Currently, these biomarkers are ineffective for risk stratification or diagnosis when used as
a single indicator.

. Prevention of CVD still requires a comprehensive evaluation of CVD risk factors.

Abstract: Background: The growing cardiovascular disease (CVD) epidemic calls for further research
to identify novel biomarkers for earlier detection and as potential therapeutic targets. Biomarkers
Regulated on Activation, Normal T Cell Expressed and Secreted (RANTES), extracellular matrix
metalloproteinase inducer (EMMPRIN), and matrix metalloproteinases (MMP-2, and MMP-9) are
linked to proatherogenic and proinflammatory pathways of CVD development, the majority of which
are coronary artery disease (CAD) and stroke. We evaluated potential factors affecting these four
biomarkers and established their association with CVD. Methods: This is a cross-sectional analysis
using a nested case-control design involving 580 participants aged 21-75 years from the prospective
multi-ethnic cohort study. A total of 290 CVD cases and 290 age-and sex-matched controls were
identified. All participants underwent interviews, health screenings, and provided blood samples,
including biomarkers RANTES, EMMPRIN, and MMPs. CVD was defined based on previous medical
history. Results: The average age of the participants was 55.7 (SD = 10.3) years of age, and 34.6%
were female. Arrhythmia history and low-density lipoprotein (LDL) levels were significant factors
of logEMMPRIN (3 = —0.124 [—0.245, —0.003] and 3 = 0.111 [0.0, 0.191], respectively). Only female
sex (3 = 0.189 [0.078, 0.300]) for logRANTES and age (3 = 0.033 [0.010, 0.055]) for logMMP-2 and
logMMP-9 were significant. The Indian ethnicity (3 = 0.192 [0.048, 0.335]) and highly sensitive
C-reactive protein (hs-CRP) levels (3 = 0.063 [0.011, 0.116]) were statistically significant for logMMP-9.
No association was detected between biomarkers and CVD. Conclusions: In this multi-ethnic study
cohort, RANTES was associated with sex, EMMPRIN was associated with a history of arrhythmia
and LDL levels, MMP-2 with age, and MMP-9 with ethnicity and hs-CRP levels. The biomarker
serum levels were not associated with CVD.
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1. Introduction

Cardiovascular disease (CVD) is one of the major causes of death, accounting for
over 19 million deaths annually and approximately 31% of worldwide deaths [1]. CVD
encompasses a group of diseases affecting the heart and vasculature of which coronary
artery disease and stroke are the most common forms [2]. Heart disease and stroke share
similar risk factors, such as diabetes mellitus, hypertension, hyperlipidemia, unhealthy
diet, and tobacco use, resulting in the underlying pathophysiology of atherosclerosis [3].
It is well established that chronic inflammation is the key driver of atherosclerosis and
cardiovascular events [4]. Atherosclerosis can be a silent process with stable plaques filled
with chronic inflammatory infiltrates or unstable with “active” inflammation and ischemic
symptoms, resulting in AMI, transient ischemic attacks, or stroke. Traditional biomarkers,
such as low-density lipoprotein and glycated hemoglobin (HbA1c), while essential, are
only part of the atherosclerotic pathway, do not address the residual risks, and exclude
a significant population of those who present with CVD events without traditional risk
factors [5]. Relying only on conventional risk factors impedes the ability to identify high-risk
individuals long before the development of CVD events. As a result, in recent years, novel
peripheral inflammatory biomarkers have been proposed for earlier risk stratification and
as potential specific targets in inflammatory pathways before the development of CVD [6].

Regulated on Activation, Normal T cell Expressed and Secreted (RANTES), also known
as chemokine ligand (CCL5), is a proinflammatory cytokine generated by activated T cells,
macrophages, and platelets that plays a role in atherosclerosis pathogenesis [7,8]. Higher
RANTES expression is seen in vasculature that is vulnerable to high shear stress of blood
flow [9]. However, the association of RANTES with CVD is contradictory and limited
data suggests that low-baseline plasma RANTES levels were an independent predictor of
cardiac death in males referred for coronary angiography [9], whereas elevated plasma
RANTES levels were reported in acute coronary syndrome [7].

Extracellular matrix metalloproteinase inducer (EMMPRIN) is a cell surface glycopro-
tein of the immunoglobulin superfamily. EMMPRIN induces MMP-2 in smooth muscle
cells and MMP-9 in monocytes. In-vitro studies show that EMMPRIN surface expression is
enhanced in hypoxia/ischemia and normalizes after successful therapy [10]. EMMPRIN
has been shown to promote plaque instability by inducing extracellular matrix degradation
and MMP synthesis, though the mechanism remains unclear [11]. Small sample studies
(n < 100) show that EMMPRIN levels were elevated in myocardial infarction [12,13] and its
up-regulation in neural injury (degeneration and gliomas) in mouse models [10]. However,
it remains unclear whether elevated levels of EMMPIRIN are detrimental or advantageous
for CVD.

Extracellular Matrix Metalloproteinases (MMPs) are a family of endopeptidases pro-
duced by macrophages and neutrophils that regulate a variety of physiological and patho-
logical processes, such as tissue remodeling, inflammation, aging, and cancer. Consequently,
dysregulated activity can result in pathology [14]. In the context of CVD, MMP-2, and
MMP-9 are implicated in destabilizing atherosclerotic plaques and increase the risk of
ischemic strokes and CAD [15-17]. MMP-9 has been associated with both cardiovascular
and cerebrovascular death, as well as heart failure [18]. MMP-2 is also elevated post my-
ocardial infarction [19] and is an independent predictor of all-cause mortality in post-acute
coronary syndrome [20]. However, the source of plasma MMP-9 cannot be ascertained as
the elevated levels may originate from other vascular beds or diseases.

Despite a growing body of research demonstrating the importance of the inflamma-
tory process in the progression of CVD, it remains unclear which factors activate these
inflammatory indicators. Furthermore, the majority of the research is conducted in an acute
disease state. There have been relatively few population studies exploring the utility of
these four biomarkers to improve the existing risk-stratification metrics for CVD and the
selection of individuals for preventive therapies. In this cross-sectional analysis of a nested
case-control study conducted within a large multi-ethnic Singaporean population, we aim
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to evaluate factors associated with these four biomarkers, RANTES, EMMPRIN, MMP-2,
and MMP-9, and establish their association with CVD.

2. Methods
2.1. Study Sample

This nested case-control study was derived from the prospective multi-ethnic cohort
(MEC) study. The MEC cohort was developed by merging two cohorts—Singapore Prospec-
tive Study Program (SP2) and the Singapore Cardiovascular Cohort Study (SCCS2) from
2004 to 2007—with further participant recruitment via public outreach methods from 2007
to 2010 [21]. A total of 14,465 Singaporeans and long-term residents aged 21 to 75 years
of Chinese, Malay, and Indian ethnicity formed the cohort. At baseline, the participants
completed interviewer-administered structured questionnaires that included sociodemo-
graphic, lifestyle practices, family, and medical history, as well as health examinations and
blood taking. From 2011 to 2016, a total of 6101 participants were revisited, and participants’
blood samples and medical history were collected.

Of the 6101 participants, 580 (290 cases and 290 age and sex matched controls) MEC
participants from the follow-up visit were enrolled in this study. Cases of CVD were defined
based on self-reported IHD (N = 150), which is defined as a previous physician or angiogram
diagnosis, previous angioplasty or bypass surgery, and abnormal electrocardiogram (ECG)
findings of q waves suggestive of IHD (N =47). Cases also included those with self-reported
TIA or stroke (N = 57). The case status was further validated by use of aspirin medication.
Controls were individuals without any history of CVD. Subsequently, 515 participants
(254 cases and 261 controls) were included in the final analysis, as those with incomplete
biomarker investigations were excluded from the analysis (Figure 1).

‘ MEC follow up 1 (n=6101) ‘

|

Nested case control (n=580) ‘

Cases (n=290) ‘ Controls (n=290) ‘
Excluded: Excluded:
-Missing biomarker -Missing biomarker
(n=2) (n=1)
-Missing waist — 1 -Missing variables
measurement (n=1) in lifestyle/PMH
-Missing variables in (n=28)
lifestyle/ PMH (n=33)

Cases (n=254) ‘ ‘ Contrals (n=261)

Figure 1. Flow chart of the study population.

Ethics approval was obtained from the National University of Singapore Institutional
Review Board. Signed informed consents were obtained from all participants by bilingual
study coordinators, in the participants’ preferred language prior to recruitment.

2.2. Assessment of Biomarkers

At the follow-up visit of the cohort study (which is the recruitment visit of the case-
control study), participants” non-fasting blood was collected into serum separating tubes
and centrifuged at 2000x g for 10 min at 4 °C, followed by extraction of the top serum
layer and storage at —80 °C until use. Serum RANTES, EMMPRIN, MMP-2, and MMP-
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9 (Quantikine®, Catalogue numbers DEMP00, MMP200, and DMP900, R&D System:s,
Inc. Minneapolis, MN, USA) concentrations were measured using quantitative sandwich
enzyme-linked immunosorbent assays (ELISAs) following manufacturer’s instructions.
Before adding serum samples to the antibody-coated plate, serum samples were diluted
3-, 10-, 20-, and 100-fold in calibrator diluent solution for RANTES, EMMPRIN, MMP-2,
and MMP-9, respectively. Detection was conducted by adding the stabilized chromogen
(tetramethylbenzidine), and color development was stopped after 10 to 30 min by adding
an acidic stop solution. Absorbance was measured at 450 nm on a microplate reader
(BioTek, Winooski, VI, USA) with background subtraction at 570 nm, and a standard
curve range was generated for each biomarker assay. Sample concentrations read from
the corresponding standard curves were multiplied by the respective dilution factors to
obtain the actual biomarker concentrations in serum. All blood samples were measured
in duplicate and analyzed blinded to subject characteristics and clinical status. Besides
the biomarkers, the blood samples taken were also assessed for creatinine, estimated
glomerular filtration rate (eGFR), HbAlc, high-sensitive C-reactive protein (hs-CRP), and
cholesterol levels using a clinical chemistry analyzer (DxC 600, Beckman Coulter, Brea,
CA, USA).

2.3. Assessment of Covariates

Conventional cardiovascular risk factors, such as diabetes mellitus, hypertension,
hyperlipidemia, and family history, of CVD were obtained from the questionnaires. The
questionnaires also had detailed past medical history, such as chronic kidney disease (CKD),
gout, arrhythmia, and sedentary time per week. The participant’s medical history was
recorded as “Yes” if the condition had been diagnosed and “No” if the condition had never
been diagnosed. Medication usage (lipid lowering medications and antihypertensives)
were self-reported and verified if prescriptions were brought by the participants. Sedentary
time was calculated as the sum of hours spent resting or sitting during weekdays and
weekends per week. Smoking history was classified as “Yes” for current or previous
smokers and “No” for those who had never smoked. Sedentary time was calculated as
the sum of hours spent resting or sitting by the participants during the weekdays and
weekends. Based on reported answers, the Framingham risk score (FRS) for CVD was
calculated. Higher risk scores indicate a higher risk for major adverse cardiovascular
events, such as CAD, stroke, and cardiac-related mortality [22]. The presence of metabolic
syndrome was assessed using the adult treatment panel III report (ATP III) criteria from
the National Cholesterol Education Program [23], which incorporates waist circumference,
triglycerides, high-density lipoprotein, blood pressure, and hyperglycemia. Height was
taken using a stadiometer (SECA 200 series) and weight was measured on a digital scale
after participants emptied their pockets (SECA 700 series). Body mass index (BMI) was
obtained by dividing the participants’” weight in kilograms by their height in meters
squares. The waist circumference was measured between the last rib and the iliac crest.
After participants had rested for 5 minutes, an average of two automated blood pressure
readings (Dinamap Carescape V100) were collected in a calm conducive setting. A third
reading was obtained if the systolic blood pressure (SBP) differed by more than 10 mm Hg
or the diastolic blood pressure differed by more than 5 mm Hg. A 10 lead electrocardiogram
(ECG) was performed in the supine resting position (Nihon Kohden ECG-1350 K).

2.4. Statistical Analysis

Demographic parameters, cardiovascular risk factors, and serum levels of the biomark-
ers RANTES, EMMPIRIN, MMP2, and MMP9 were summarized using mean =+ standard
deviation (SD) for continuous data and frequency and percentages (%) for categorical data.

Normality was assessed through histogram plots visually followed by the Shapiro-
Wilk test.

Comparisons between cases and controls were evaluated using chi-square for categor-
ical variables and Student’s t-tests for continuous variables. As RANTES, MMP-2, MMP-9
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and EMPIRIN were not normally distributed, the logarithmically transformed values that
improved normality were used in the models. The first objective was to find potential
factors associated with each of these four biomarkers using multiple linear regression. We
build up models using the forward stepwise approach. For Model 1.1, forward stepwise
selection was performed where the p-value thresholds for variables to enter and exit the
model were 0.1 and 0.2. Sensitivity analysis was conducted using subsequent adjustments
from Models 1.2 to 1.4 to take into account other potential competing variables of the
biomarkers. In Model 1.2, age, gender, and ethnicity were added to the model if these
variables did not already enter the model. In Model 1.3, the models differed slightly for
each biomarker because additional variables were added based on previously published
literature as potential factors of the individual biomarker [9,24-31]. For RANTES, Model
1.3 was further adjusted for history of gout, metabolic syndrome, body mass index (BMI),
serum creatinine, and hs-CRP. For EMMPRIN, Model 1.3 was further adjusted for CAD,
arrhythmia history, stroke, CKD, family history, sedentary time, low-density lipoprotein
(LDL), and hs-CRP. For MMP-2, Model 1.3 was adjusted for CAD, sedentary time, and LDL,
and for MMP-9, Model 1.3 included CAD, BMI, and LDL. The final modell.4 for all four
biomarkers was the same and incorporated all the variables listed in Model 1.3. In addition,
sensitivity analysis was conducted for MMP-2 and MMP-9 to account for the menopausal
status in women due to the effect of the menstrual cycle on MMPs [32].

Logistic regression was used to determine the association of these biomarkers with
CVD cases. The first model, Model 2.1 was adjusted for significant biomarker variables
identified from the final Model 1.4 of objective 1 with p < 0.05 as they may be potential
confounders. Model 2.2 was adjusted for age, gender, and ethnicity if they were not
in the first model. Baseline variables identified as significantly different between cases
and controls from the earlier chi-square and Student’s t-tests were added to Model 2.3 if
they were not present in the prior models. The final Model 2.4 incorporated all factors
that appeared in Model 2.3 of the biomarkers but were shared by all four biomarkers.
All statistical analyses were performed using STATA 17, with a 2-sided p-value of 0.05
indicating statistical significance.

3. Results
3.1. Participant Characteristics

Of the 515 participants analyzed (Table 1), 178 were women (34.6%), and the average
age was 55.7 years (SD 10.31). The majority were of Chinese ethnicity (64.3%), followed
by Indians (21.6%) and Malays (3.5%). A total of 27.2% were current or former smokers,
37.1% had hypertension, 38.3% had hyperlipidemia, and 16.3% had type 2 diabetes mellitus.
Almost a third of the population had metabolic syndrome. Gout was prevalent in 7.4% and
CKD in 1.2%. Approximately a quarter had a family history of CVD.

3.2. Factors Associated with the Biomarkers

Table 2 shows the factors associated with the individual biomarkers, and Figure 2
illustrates the initial and final models for each biomarker on the forest plot.

3.2.1. RANTES

RANTES was significantly associated with younger age, female sex, Indian ethnicity,
higher BMI, lower FRS, and increasing hs-CRP according to univariate analysis (Model
1.0). After stepwise forward selection, the variables age, sex, and hs-CRP entered the model
and were significantly associated with RANTES (Model 1.1). In the second model (Model
1.2), which additionally included ethnicity, the variables that entered Model 1.1 remained
significant. However, after adding in variables with previously reported associations
with RANTES (i.e., CKD, serum creatinine, BMI, and metabolic syndrome), only younger
age (3 = —0.043; 95% CI: —0.08, —0.007) and female sex (3 = 0.212; 95% CI: 0.109, 0.314)
remained significant (Model 1.3). In the final model (Model 1.4), only female sex remained
significant (3 = 0.189; 95% CI: 0.078, 0.300).
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Table 1. Characteristics of the study population.
Total Case Control
(with CVD) (without CVD) p-Value *
N =515 N =254 N =261
Females, n (%) 178 (34.6%) 89 (35.0%) 89 (34.1%) 0.820
Age 55.65 (10.31) 55.5827 (10.36) 55.7126 (10.27) 0.890
Ethnicity, n (%) 0.960
Chinese 331 (64.3%) 163 (64.2%) 168 (64.4%)
Malay 73 (14.2%) 37 (14.6%) 36 (13.8%)
Indian 111 (21.6%) 54 (21.3%) 57 (21.8%)
logRANTES 3.75(0.43) 3.76 (0.43) 3.74 (0.43) 0.730
logEMMPRIN 1.55 (0.24) 1.56 (0.23) 1.54 (0.25) 0.340
logMMP-2 5.39 (0.24) 5.38 (0.25) 5.39 (0.23) 0.710
logMMP-9 5.79 (0.59) 5.80 (0.58) 5.79 (0.60) 0.770
Current/previous smoker, n (%) 140 (27.2%) 78 (30.7%) 62 (23.8%) 0.076
Hypertension, n (%) 191 (37.1%) 119 (46.9%) 72 (27.6%) <0.001
Hyperlipidemia, n (%) 197 (38.3%) 112 (44.1%) 85 (32.6%) 0.007
Diabetes Mellitus, n (%) 84 (16.3%) 55 (21.7%) 29 (11.1%) 0.001
Metabolic Syndrome, n (%) 158 (30.7%) 87(34.3%) 71(27.2%) 0.083
Framingham score 0.18 (0.15) 0.20 (0.16) 0.16 (0.14) 0.004
Gout, n (%) 38 (7.4%) 21 (8.3%) 17 (6.5%) 0.450
Chronic kidney disease, n (%) 6 (1.2%) 5 (2.0%) 1(0.4%) 0.150
Sedentary time total hrs/week 38.58 (18.58) 39.64 (18.67) 37.56 (18.47) 0.200
Family history, n (%) 137 (26.6%) 76 (29.9%) 61 (23.4%) 0.093
Waist, cm 87.86 (11.48) 89.30 (11.34) 86.46 (11.46) 0.005
BMI, kg/m? 25.45 (4.26) 26.06 (4.41) 24.86 (4.03) 0.001
SBP, mmHg 129.66 (18.38) 132.13 (18.87) 127.26 (17.59) 0.003
DBP, mmHg 77.04 (11.56) 77.82 (12.22) 76.28 (10.86 0.130
LVH by ECG, n (%) 17(3.3%) 11(4.3%) 6 (2.3%) 0.200
TC, mmol/L 5.11 (0.94) 5.10 (0.97) 5.12 (0.91) 0.790
HDL, mmol/L 1.27 (0.31) 1.25(0.27) 1.30 (0.34) 0.066
LDL, mmol/L 3.16 (0.82) 3.16 (0.86) 3.16 (0.77) 1
Cholesterol Ratio 4.18 (1.00) 4.24 (1.03) 4.12 (0.99) 0.18
Triglycerides, mmol/L 1.56 (0.85) 1.61 (0.91) 1.52 (0.80) 0.22
Creatinine, pmol/L 75.11 (22.28) 77.39 (26.80) 72.89 (16.52) 0.022
eGFR, mL/min/1.73m?% 91.96 (27.35) 92.93 (29.66) 91.01 (24.93) 0.430
Hs-CRP, mg/L 2.81 (6.64) 3.51(8.97) 2.14 (2.81) 0.019
HbAlc % 6.10 (1.29) 6.31(1.46) 5.90 (1.07) <0.001
Lipid lowering medications, n (%) 146(28.3) 91(35.8) 55(21.1) <0.001
Hypertensive medications, n (%) 151(29.3) 96(37.8) 55(21.1) <0.001

Data are presented as mean (SD) for continuous variables unless stated otherwise as n (%) for categorical variables.
* p-value was obtained via chi-square for categorical variables and Student’s t-tests for continuous variables with
a p-value of <0.05 taken to be statistically significant. BMI = body mass index, CKD = chronic kidney disease,
cholesterol ratio = TC/LDL, DBP = diastolic blood pressure, EMMPRIN = extracellular matrix metalloproteinase
inducer eGFR = estimated glomerular filtration rate, Framingham score = algorithm used to estimate the 10-year
CVD risk of an individual. HbAlc = glycated hemoglobin, HDL = high-density lipoprotein, Hs-CRP = Highly
sensitive C-reactive protein, LDL = low-density lipoprotein, LVH = left ventricular hypertrophy, MMP = matrix
metalloproteinases, RANTES = Regulated on Activation, Normal T Cell Expressed and Secreted, SBP = systolic

blood pressure, TC = total cholesterol.
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Table 2. Factors associated with the biomarkers: (a): LogRANTES; (b): Log EMMPRIN; (c): Log MMP-2; (d): Log MMP-9.
(a) logRANTES
Variable Model 1.0 Model 1.1 Model 1.2 Model 1.3 Model 1.4
B 95% CI p B 95% CI p B 95% CI P B 95% CI p B 95% CI P

VD 0.013 (—0.061,0.087) 0.731
composite
CAD 0.078 (—0.089,0.082) 0.195 0.008 (—0.088,0.103)  0.875
Arrhythmia 0.048 (—0.262,0.165) 0.656 —0.008 (-0.223,0207) 0943
Stroke 0.078 (—0.40, 0.196) 0.195 0.095 (-0.037,0.226)  0.159
Age —0.04 (0076, —0.004)  0.029  —0.042  (—0.079, —0.004)  0.029 —0.042 (—0.078, —0.006) 0.021 —0.043 (_*006%870)' 0.021 —0.036 (—0.076, 0.004) 0.08
Male ref ref
Female 0.153 (0.077,0.230) <0001 0141 (0.06,0.221) 0.001 0.167 (0.090, 0.243) <0.001 0212 (0.109, 0.314) <0.001 0.189 (0.078, 0.300) 0.001
Ethnicity 0.055* 0213 * 0.268* 0.392*
Chinese ref ref ref ref
Malay 0.059 (—0.049,0.167) 0.282 0.013 (—0.095,0.121) 0.814 0.002 (—0.109,0.113) 0976 —0.007 (-0.131,0117) 0911
Indian 0.109 (0.017,0.201) 0.02 0.083 (—0.010,0.176) 0.081 0.076 (—0.019,0.172)  0.118 0.067 (—0.036,0.169) 0204
Gout —0.105 (—0.246, 0.036) 0.143
CKD —0.113 (—0.458,0.232) 0519 —0.109 (—0.466,0248) 0548 —0.168 (—0.617,0281)  0.463
Family
History —0.045 (—0.129, 0.038) 0.288
Sedentary
time, 0.001 (—0.001, 0.003) 0279 0.001 (—0.001,0.004)  0.209
Hrs/week
BMI kg/m? 0.01 (0.001, 0.018) 0.03 0.004 (—0.006,0.014)  0.444 0.003 (—0.009,0.014)  0.652
g/[etab"hc 0.025 (—0.055,0.105) 0.542 —0.022 (—0.111,0.066)  0.621 —0.01 (—0.108, 0.088) 0.84

yndrome
LVH ECG —0.161 (—0.368, 0.046) 0.127
fcrgf;mgham —0.405 (—0.645, —0.165)  0.001
LDL mmol/L 0.017 (—0.119,0.153) 0.804 0.041 (—0.102,0.184) 0575
rcnrgth‘“me ~0.133 (—0.285,0.183) 0.085 0.136 (—0.071,0.343)  0.198 0.131 (—0.094,0.355)  0.254
E;ERP 0.044 (0.012, 0.077) 0008  0.041 (0.007, 0.075) 0.019 0.035 (0.001, 0.068) 0.041 0.031 (—0.004,0.067)  0.083 0.034 (—0.004,0.071)  0.081
Hbalc % 0.09 (—0.112, 0.304) 0.366
Lipid
lowering 0.018 (—0.064, 0.100) 0.669
medications
Hypertensive 0.022 (—0.060, 0.103) 0.6

medications
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Table 2. Cont.

(b) logEMMPRIN
Variable Model 1.0 Model 1.1 Model 1.2 Model 1.3 Model 1.4
B 95% CI P B 95% CI P B 95% CI P B 95% CI p B 95% CI P

CVD 0.02 (—0.021,0.062) 0342
composite
CAD 0.011 (—0.037, 0.059) 0.641 0.012 (—0.042, 0.066) 0.66
Arrhythmia —0.115 (—0.236, 0.005) 0061  —0113  (—0.232,0.005) 0.061 —0.11 (—0.230, 0.009) 0.07 —0.11 (—0.230,0.009) 0.07 —0.124  (—0.245.—0.003  0.045
Stroke 0.075 (0.009, 0.141) 0027 0064 (—0.009, 0.137) 0.084 0.065 (—0.008, 0.139) 0.081 0.065 (—0.008,0.139) 0.081 0.06 (—0.014, 0.135) 0.11
Age 0.012 (—0.008, 0.032) 0.244 0.013 (—.008, 0.035) 0.232 0.012 (—0.010,0.034) 0.289 0.012 (—0.010,0.035)  0.284
Male ref ref ref ref
Female 0.006 (—0.037, 0.050) 0.774 0.021 (—0.025, 0.067) 0.359 0.02 (—0.026,0.066)  0.402 0.042 (—0.020,0.105)  0.185
Ethnicity 0.018* 0.127* 0.130* 0.123 %
Chinese ref ref ref ref
Malay —0.004 (—0.065, 0.056) 0.887 —0.018 (—0.086, 0.050) 0.601 —0.019 (—0.087,0.049) 0578 —0.024  (—0.094,0.046)  0.499
Indian 0.072 (0.021,0.123) 0.006 0.051 (—0.006, 0.107) 0.078 0.05 (—0.007,0.106)  0.084 0.048 (-0.010,0.106)  0.105
Gout 0.055 (—0.024,0.135) 0.172
CKD 0.163 (—0.030, 0.357) 0098 0255 (0.021, 0.489) 0.033 0.258 (—0.006, 0.107) 0.031 0.257 (0.022,0.491) 0.032 0216 (—0.037.0.469) 0.094
Family
History 0.028 (—0.019, 0.075) 0241
Sedentary
time, —0.001 (—0.002, 0.001) 0301 0 (—0.002,0.001)  0.556 0 (—0.002,0.001) 0537
Hrs/week
BMI kg/m? 0.003 (—0.002, 0.008) 0222 0.002 (—0.004.0.009)  0.459
g/[etabOhC —0.017 (—0.062, 0.028) 0.453 —0.024  (—0.079,0031) 0392

yndrome
LVH ECG —0.02 (—0.137, 0.096) 0.731
S;g;‘e““gham 0.048 (—0.089, 0.184) 0491
LDL mmol/L 0.109 (0.033,0.184) 0.005  0.105 (0.027, 0.183) 0.009 0.112 (0.033,0.191) 0.005 0.112 (0.034,0.191) 0.005 0.111 (0.030, 0.191) 0.007
;rg?tﬁnme 0.066 (—0.019, 0.151) 0.129 0.062 (—0.065, 0.188) 0.339
SI;ERP 0.019 (0.001, 0.038) 0.04 0.02 (0.000, 0.039) 0.045 0.018 (—0.002, 0.038) 0.086 0.018 (—0.002,0.038)  0.084 0.017 (—0.004,0.038)  0.121
Hbalc % 0.013 (—0.104, 0.130) 0.827
Lipid
lowering —0.022 (—0.069, 0.024) 0342
medications
Hypertensive —0.012 (—0.058, 0.033) 0597

medications
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Table 2. Cont.
(c) logMMP2
Variable Model 1.0 Model 1.1 Model 1.2 Model 1.3 Model 1.4
B 95% CI P B 95% CI P B 95% CI P B 95% CI p B 95% CI P

CVD —0.008 (—0.049, 0.034) 0.713
composite
CAD 0.025 (—0.023,0.072) 0311 0.027 (—0.021,0075)  0.269 0.031 (—0.022,0.084)  0.256
Arrhythmia 0.004 (—0.114,0.122) 0.953 0 (=0.120,0.120)  0.998
Stroke —0.031 (—0.096, 0.035) 0359  —0.062  (—0.134,0.010) 0.089 —0.038 (—0.103, 0.028) 0.26 —0.041 (-0.107,0.025) 0221 ~0.065 (—0.138,0.009)  0.084
Age 0.033 (0.013, 0.053) 0.001 0032 (0.011, 0.053) 0.003 0.034 (0.014, 0.054) 0.001 0.036 (0.015, 0.056) 0.001 0.033 (0.010, 0.055) 0.004
Male ref ref ref ref
Female 0.005 (—0.038, 0.049) 0.809 —0.001 (—0.044, 0.042) 0.963 0.001 (—0.043,0.044) 0982 0.013 (—0.049,0.075)  0.684
Ethnicity 0.736 * 0.815* 0.700 * 0.545 *
Chinese ref ref ref ref
Malay —0.023 (—0.084, 0.037) 0.454 —0.011 (—0.072, 0.050) 0.72 —0.026 (—0.090,0.037)  0.418 —0.039 (—0.108,0.031)  0.274
Indian 0.002 (—0.050, 0.053) 0.946 0.011 (—0.040, 0.063) 0.664 0 (—0.053,0.053)  0.999 —0.006  (—0.063,0.052)  0.849
Gout 0.011 (—0.068, 0.090) 0.782
CKD —0.011 (—0.203,0.181) 0.909 —0.036  (—0286,0214)  0.777
Family
History —0.025 (—0.072,0.022) 0.294
Sedentary
time, 0.001 (—0.001, 0.002) 0.327 0.001 (—0.001,0.002) 0371
Hrs/week
BMI kg /m? 0.002 (—0.003, 0.007) 0361 0.004 (—0.001,0.009)  0.164 0.005 (—=0.002,0.011)  0.144
g/[etabOhC 0.022 (—0.023, 0.067) 0.336 0.01 (—0.044,0.65) 0.715

yndrome
LVH ECG 0.013 (—0.103,0.128) 0.829
S;S;‘e““gham 0.157 (0.023,0.292) 0.022
LDL mmol/L —0.013 (—0.088, 0.063) 0.739 0.006 (—0.070,0.082) 0873 0.006 (—0.073,0.086) 0873
;rge?tﬁnme 0.002 (—0.082,0.087) 0.956 0005  (—0.130,0.1200 0938
S\;ERF —0.015 (—0.034, 0.003) 0.101 ~0.019 (—0.040,0.002)  0.072
Hbalc % 0.021 (—0.095,0.137) 0.725
Lipid
lowering 0.012 (—0.033, 0.058) 0.598
medications
Hypertensive 0.024 (—0.021, 0.070) 0.29

medications
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Table 2. Cont.

(d) logMMP9
Variable Model 1.0 Model 1.1 Model 1.2 Model 1.3 Model 1.4
B 95% CI P B 95% CI P B 95% CI P B 95% CI p B 95% CI P

CVD 0.013 (—0.088,0.118) 0.731
composite
CAD 0.033 (—0.085,0.152) 0.583 —0.002 (—0.120,0.115) 0972 0.035 (—0.097,0.168) 0.6
Arrhythmia —0.279 (—0.579, 0.020) 0.068 0256  (—0.082,0.286)  0.094
Stroke 0.108 (—0.055, 0.272) 0.194 0.102 (—0.556,0.044) 0275
Age —0.015 (—0.065, 0.035) 0.549 0.005 (—0.044, 0.055) 0.829 0.008 (—0.043,0.058)  0.767 0.02 (—0.036, 0.075) 0.49
Male ref ref ref ref ref
Female ~0.199 (0306, —0.092)  <0.001  —0.186  (—0.298, —0.074)  0.001 —0.196 (=0.303, —0.090)  <0.001 —0.196 (:00638%3)' <0001 0122  (-0277,0033)  0.122
Ethnicity 0.029 * 0.043 % 0.184* 0.208 * 0.032*
Chinese ref ref 0.208 ref ref ref
Malay 0.05 (—0.100, 0.199) 0515 0072 (—0.092, 0.236) 0.388 0.03 (—0.121,0.181) 0.698 0.018 (—0.139,0.174)  0.823 0.075 (—0.099,0248) 0397
Indian 0.173 (0.046, 0.300) 0.008 0175 (0.037,0.313) 0.013 0.122 (—0.008, 0.251) 0.066 0.118 (—0.014, 0.250) 0.08 0.192 (0.048, 0.335) 0.009
Gout 0.004 (—0.192,0.201) 0.966
CKD 0.249 (—0.229,0.728) 0.306 —0.044  (—0.670,0583)  0.892
Family
History —0.06 (—0.176, 0.056) 0313
Sedentary
time, 0.002 (—0.001, 0.005) 0.115 0.002 (—0.001,0.005)  0.258
Hrs/week
BMI kg /m? 0.009 (—0.003, 0.021) 0.139 0.001 (—0.012,0.014)  0.899 0.003 (—0.013,0.019)  0.681
g[etab"hc —0.026 (—0.137,0.086) 0.649 —0104  (—0241,0.033)  0.136

yndrome
LVH ECG —0.062 (—0.350, 0.225) 0.67
Framingham 0227 (~0.109,0562)  0.185
LDL mmol/L 0.104 (—0.084, 0.292) 0.278 0.103 (—0.085,0290)  0.283 0.094 (—0.105,0294) 0353
gg?ﬁ“e 0316 (0.107, 0.525) 0.003 0.134 (—0.179,0.447)  0.401
E;ERP 0.072 (0.027,0.118) 0.002 0.06 (0.010, 0.110) 0.019 0.063 (0.017,0.110) 0.008 0.063 (0.014,0.112) 0.012 0.063 (0.011, 0.116) 0.019
Hbalc % 0.079 (—0.210, 0.367) 0.591
Lipid
lowering —0.097 (—0.210,0.017) 0.095
medications
Hypertensive —0.031 (—0.144,0.082) 0.589
medications

(a—d) p-Value of <0.05 was taken to be statistically significant. BMI = body mass index, CAD = coronary artery disease, CKD = chronic kidney disease, CAD = coronary artery disease,
CVD = cardiovascular disease, Framingham score = algorithm used to estimate the 10-year CVD risk of an individual. HbAlc =glycated hemoglobin, Hs-CRP = highly sensitive
C-reactive protein, LDL = low-density lipoprotein, LVH = left ventricular hypertrophy. *: p-value to assess whether at least one of the (3 coefficients associated with ethnicity is
non-zero. Model 1 = forward stepwise selection. Model 2 = Model 1 + age, gender, and ethnicity. (a) Model 3 = Model 2 + previously published associations (CKD, BMI, metabolic
syndrome, creatinine). (b) Model 3 = Model 2 + previously published associations (sedentary time). (c,d) Model 3 = Model 2 + previously published associations (CAD, BMI, LDL).
Model 4 = all factors that appeared in Model 3 of the biomarkers but are shared by all four biomarkers (age, gender, ethnicity, BMI, CAD, stroke/TIA, arrhythmia, CKD, metabolic
syndrome, sedentary time, LDL, creatinine).
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Figure 2. Forest plot for factors associated with the biomarkers.

3.2.2. EMMPRIN

Univariate analysis revealed that a history of stroke, Indian ethnicity, increasing LDL
levels, and higher hs-CRP were significantly associated with EMMPRIN. Using stepwise
forward selection, the first model contained the history of arrhythmia, stroke, CKD, LDL,
and hs-CRP (Model 1.1) of which the last three are significant. In the second model (Model
1.2), only a history of CKD and LDL remained significant after adjusting for age, sex, and
ethnicity. Subsequent adjustment for sedentary behavior (Model 1.3) did not attenuate this
association. A history of arrhythmia (3 = —0.124; 95% CI: —0.042, —0.066) and LDL levels
(B =0.111; 95% CI: 0.030, 0.191) were significantly correlated with EMMPRIN levels in the
final model (Model 1.4).

3.2.3. MMP-2

Univariate analysis showed that increasing age and Framingham risk scores were
significantly associated with MMP-2 levels. In the first model (Model 1.1), histories of
stroke and age entered the model by forward stepwise selection, with age being the only
significant factor. In the second model (Model 1.2), which additionally included sex and
ethnicity, age remained significantly correlated with MMP-2. Despite adjustments in
Models 1.3 and 1.4, no new associations were found, nor was the effect of age attenuated
(B =0.033; 95% CI: 0.010, 0.055). Taking into account the menopausal status of women,
sensitivity analysis did not yield different conclusions (Supplementary Materials).
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3.2.4. MMP-9

Univariate analysis showed that female sex, Indian ethnicity, serum creatinine, and
hs-CRP were significantly associated with MMP-9 levels. The first model (Model 1.1) had
sex, ethnicity, and hs-CRP entering the model with forward stepwise selection with sex
and ethnicity significantly associated with MMP-9. In the second model (Model 1.2), after
adjustment for age, sex and ethnicity, hs-CRP was significantly correlated with MMP-9
levels. Subsequent adjustment for other previously reported associations did not attenuate
the significance of female sex and hs-CRP levels in Model 1.3. In the final model (Model
1.4), Indian ethnicity (3 = 0.192 [CI 0.048, 0.335]) and hs-CRP (3 = 0.063 [CI 0.011, 0.116])
were significant. Sensitivity analysis for menopausal status did not change the overall
findings (Supplementary Materials).

3.3. Association of Biomarkers with CVD

On univariate analysis, the mean values of all four biomarkers did not differ statis-
tically between those with and without CVD. Variables that significantly associated with
each biomarker from Model 1.4 were added in the first logistic regression model for CVD,
Model 2.1, and subsequent adjustment for age, sex, and ethnicity in Model 2.2 did not
alter the findings for all 4 biomarkers. Model 2.3 included significant factors for CVD
identified in Table 1.

Except for smoking, those with CVD showed a significantly higher proportion of
conventional risk factors of diabetes, hyperlipidemia, and hypertension than those without.
Those with CVD were also more likely to have higher Framingham scores, increased
abdominal circumference, BMI, and systolic blood pressure (SBP). Serum creatinine, hs-
CRP, and HbA1c were significantly elevated in participants with CVD compared to those
without CVD. Other risk factors, such as metabolic syndrome, gout, chronic kidney disease,
and family history of CVD did not differ significantly between the two groups. Adjustments
for these potential confounders from Table 1 did not alter our findings. In the final model,
Model 2.4, no significant association was found between RANTES (OR = 0.934), EMMPRIN
(OR =1.348), MMP-2 (OR = 0.836) and MMP-9 (OR = 1.044) with CVD (Table 3).

Table 3. Association of inflammatory biomarkers with CVD.

log RANTES log EMMPRIN log MMP-2 log MMP-9
OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI
Univariat 1.074 1.421 0.872 1.044
nivariate (0.716, 1.700) (0.688, 2.936) (0.422, 1.803) (0.780-1.397)
Model 2.1 1.064 1.441 0.876 1.009
odel = (0.703, 1.609) (0.480, 1.720) (0.421, 1.826) (0.749, 1.358)
Model 2.2 1.067 1471 0.879 1.013
odel & (0.704, 1.617) (0.702, 3.084) (0.422,1.832) (0.750, 1.369)
Model 2.3 0.937 1.348 0.834 1.046
odel = (0.602, 1.457) (0.610, 2.980) (0.384, 1.810) (0.762, 1.436)
Model 2.4 0.934 1.348 0.836 1.044
odel & (0.601, 1.452) (0.610, 2.980) (0.385, 1.817) (0.760, 1.433)

Model 2.1 = adjusted for significant biomarker factors from Table 2. Model 2.2 = Model 1+ adjusted for age,
sex, and ethnicity. Model 2.3 = Model 2 + other significant variables from Table 1(hypertension, hyperlipidemia,
diabetes, Framingham score, BMI, waist, mean SBP, creatinine, hbalc, hs-CRP) Model 2.4 = all factors that
appeared in Model 3 of the biomarkers but are shared by all four biomarkers (age, sex, ethnicity, hypertension,
hyperlipidemia, diabetes, Framingham score, BMI, waist, mean SBP, creatinine, hbalc, LDL, hs-CRP).

4. Discussion

In this multi-ethnic study cohort, we found that RANTES is associated with sex,
EMMPRIN is associated with a history of arrhythmia and LDL levels, MMP-2 with age,
and MMP-9 with ethnicity and hs-CRP levels. No associations were observed between
serum levels of RANTES, EMMPIRIN, MMP-2, and MMP-9 with CVD.
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In one of the few population studies on RANTES, Tetsuya et al. found that RANTES lev-
els were associated with metabolic syndrome in their cohort of 210 middle-aged (40.9 years
SD 9.5) healthy Japanese males [33]. Age, interleukin 6 (IL-6), and plasma platelet-derived
microparticles (PDMP) were found to be predictive of RANTES on multivariate analysis.
However, our study did not detect a correlation between metabolic syndrome and RANTES,
and only the female sex positively correlated with RANTES levels. Possible reasons for this
include that our study population is more diverse, with a greater age range, inclusive of
more ethnicities and both sexes. In the MONICA /KORA Ausburg case-cohort population
investigation, no correlation between RANTES and incident cardiac coronary events was
detected. The study also assessed the influence of RANTES polymorphisms and found no
correlation with coronary events. They also observed no relationship between RANTES
levels in carotid plaques and future coronary heart disease risk [34]. This is consistent with
the findings in this study that found no correlation between RANTES levels and either
combined CVD or CAD alone, which indicate that plasma RANTES levels may not be a
suitable biomarker for assessing CVD risk in humans

Our study reported that the history of arrhythmias was associated with decreasing
EMMPRIN levels, whereas increasing LDL levels remained positively correlated with
EMMPRIN levels. Studies from mouse models have shown that the mice fed with a high-fat
diet exhibited increased EMMPRIN expression, and in mice given neutralizing antibodies
to EMMPRIN, lipid-filled atherosclerotic lesions were reduced in the aorta [35]. Limited
data regarding EMMPRIN and history of arrhythmias or palpitations reported that in a
small sample of patients with cryptogenic stroke or TIA who subsequently had subclinical
atrial fibrillation, growth differentiation factor (GDF-15) correlated with premature atrial
contractions and subclinical atrial fibrillation but not EMMPRIN [36]. This is in line with
our findings where EMMPRIN was not associated with CVD. There is a need for additional
research on arrhythmias and EMMPRIN to analyze this relationship.

MMP-2 and MMP-9 have been extensively investigated in the context of vascular
remodeling and angiogenesis. In a community study with 447 non-hypertensive healthy
individuals without any history of symptomatic CVD, aortic pulse wave velocity, mean
arterial pressure, and CRP correlated positively with MMP-9 levels [37]. MMP-9 levels
are thought to enhance inflammation and vascular wall degradation, resulting in greater
arterial stiffness and a potentially increased risk of hypertension and other CVD. Our study
corroborates these findings by reporting that hs-CRP was associated with log MMP-9 levels.
The other significant finding in our final adjusted model for log MMP-9 was that Indian
ethnicity was associated with higher MMP-9 levels than Chinese (p = 0.009). Besides MMP-9
levels, Indian ethnicity was also associated with RANTES and EMMPRIN in univariate
analysis. This may indicate a higher inflammatory state in Indians. Among the ethnicities
in Singapore, the Indian population has the highest rates of insulin resistance and IHD,
which may explain the pro-inflammatory state [38,39]. This finding may also be attributable
to ethnic-related genetic polymorphisms of the MMP-9 promoter, as well as sociocultural
differences, and ethnic inequalities. However, these variables were not examined in this
study. Similarly, in an Iranian study, serum MMP-2 and MMP-9 were elevated in patients
with recent symptoms suggestive of CAD and proven elevated coronary artery calcium
(CACQ) scores compared to healthy controls [29]. On the other hand, sub-analysis of our
CAD cases (self-reported IHD and previous angiography or angioplasty) revealed no
association with MMP-2 or MMP-9 levels. This may be due to the variation in how CAD
cases are defined, as well as the fact that our participants were also not acutely symptomatic.
Moreover, CAC score is not only prognostic of coronary atheroma burden but also other
systemic atherosclerotic sites in the vascular tree and myocardium; hence, sources of these
MMPs cannot be established [40].

Although we found no association between RANTES, EMMPRIN, MMP-2, MMP-
9 and CVD, our study adds to the current understanding of vascular biomarkers. Our
findings are not surprising nor do they contradict previous research, as the majority of the
positive findings were based on animal studies and organ or tissue-specific expression of
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these biomarkers, which does not necessarily translate to a rise in systemic levels. Moreover,
the results of inflammatory inhibition therapy and their effect on vascular biomarkers and
CVD outcomes in clinical trials have been varied. For example, low-dose methotrexate used
in cardiovascular inflammatory reduction trial (CIRT) did not lower IL-1f3, IL-6, CRP levels,
or reduce cardiovascular events in patients with stable atherosclerosis [41]. On the other
hand, canakinumab anti-inflammatory thrombosis outcomes study (CANTOS) showed
that Canakinumab, a selective inhibitor of IL-13, reduced hs-CRP, IL-6 and cardiac events
in patients with a previous history of AMI [42] In particular, individuals with persistently
increased hs-CRP levels despite treatment with Canakinumab, indicating a high residual
risk, were more likely to experience cardiac events. Other research on potential clinical
applications of inflammatory biomarkers include neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR) and systemic inflammation index (SII), where elevated
levels are associated with poorer post operative outcomes in acute limb ischemia, arterio-
venous fistula patency, post operative delirium in vascular surgery patients, and post
discharge outcomes in AMI [43-46]. More work is, therefore, needed to understand the role
of these inflammatory biomarkers for cardiac events and diverse systemic vascular effects.

These biomarkers are frequently measured in studies at an acute CVD event or one-
time point, but these plasma biomarker levels are dynamic, with variations over time
and context that must be considered, especially for CVD, which includes a wide range
of disease states, such as subclinical atherosclerosis development versus AMI, and TIA
versus stroke [47]. In a heterogeneous population setting, multiple systemic processes
may occur simultaneously; some may result in an increase in biomarker expression in one
organ and yet a decrease in expression in another. MMP-9, for instance, is both a proximal
biomarker, defined as one that has a direct impact on target disease pathology, such as
cardiac remodeling post-infarction, as well as a distal biomarker, defined as a more systemic
and less organ-specific modifying process, such as atherosclerosis, or periodontitis and
chronic inflammation from rheumatoid arthritis [48]. Population-based research related
to these biomarkers has shown inconsistent results. Lower circulating levels with poor
stability and less refined assays compared to hs-CRP may make these biomarkers unsuitable
for regular use in predicting CAD in non-acute settings or less symptomatic individuals [49].
There is still no direct evidence linking these inflammatory biomarkers with future CVD in
asymptomatic individuals. While these biomarkers are involved in specific pathologies and
are beneficial when researching tissue-specific molecular expression or acute symptomatic
disease states, they are unlikely to be useful biomarkers for risk stratification or prognosis
when used as a single indicator.

This study has several potential limitations. As participants were drawn from the MEC
population cohort, the population is more heterogeneous than many of the experimental
biomarker investigations that have been previously described. Therefore, any substantial
effect in this general population setting may be small. A larger sample size may be required
to demonstrate significance. We also relied on self-reporting of CVD events and medication
use by participants. Hence, there could be recall and misclassification bias. Lastly, these
biomarkers are dynamic in acute events, such as stroke and AMI [12,50,51]; however, the
time from the event to the biomarker collection was not ascertained in this study.

Despite healthcare advancements and the availability of state-of-the-art medical care,
the burden of AMI and stroke continues to increase with increasing prevalence of chronic
metabolic disease and an aging population, resulting in rising healthcare costs in many
developed countries, including the United States [52], United Kingdom [53], and Singa-
pore [54]. Given that the majority of CVDs are preventable, there is substantial opportu-
nity to make a difference. Based on our findings, recommendations for CVD prevention
strategies remain unchanged with emphasis on early identification and management of
risk factors.

This study adds to the current understanding of the factors that influence these
biomarkers and found no correlation between them and CVD. However, more exploratory
research is needed to continue the search for alternative biomarkers implicated in atheroscle-
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rosis for earlier detection and as potential therapeutic targets for CVD. Additionally, studies
on these four biomarkers, RANTES, EMMPRIN, MMP-2, and MMP-9, should be conducted
in better-defined demographic groups and in the setting of acute cardiovascular events to
elucidate the impact and relationship between the biomarkers and CVD. A longitudinal
follow-up of this cohort may help assess the predictive value of these biomarkers, such as
recurrent myocardial infarctions, stroke, and mortality.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jecm11247281/s1, Table S1: Sensitivity analysis for log MMP-2
excluding pre-menopausal women; Table S2: Sensitivity analysis for log MMP-9 excluding pre-
menopausal women.
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EMMPRIN: extracellular matrix metalloproteinase inducer
FRS: Framingham risk score

Hs-CRP: highly sensitive C-reactive protein

MEC: multi-ethnic cohort (MEC)

MMP: matrix metalloproteinases

NLR: neutrophil-to-lymphocyte ratio

PLR: platelet-to-lymphocyte ratio

RANTES: regulated on Activation, Normal T Cell Expressed and Secreted
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