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Incidence of acute ST-segment elevation myocardial infarc-
tion (STEMI) has decreased over the last decades, mostly in
developed, higher-income countries. Otherwise, acute MI
(either STEMI or non-STEMI) has increased in developing,
lower-income countries.1 International guidelines have
advocated invasive procedures in all except low-risk patients

with acute coronary syndrome (ACS); the Major adverse
cardio-cerebrovascular events (MACCE) in STEMI is still
high. However, there have been advances in pharmacology
and interventional procedures.

PCSK9 is a serine protease that promotes the catabolism of
low-density lipoprotein (LDL) receptors (LDLR), through
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Abstract Major adverse cardio-cerebrovascular events (MACCE) in ST-segment elevation myo-
cardial infarction (STEMI) are still high, although there have been advances in
pharmacology and interventional procedures. Proprotein convertase subtilisin/Kexin
type 9 (PCSK9) is a serine protease regulating lipid metabolism associated with
inflammation in acute coronary syndrome. The MACCE is possibly related to poly-
morphisms in PCSK9. A prospective cohort observational study was designed to
confirm the association between polymorphism of E670G and R46L in the PCSK9
gene with MACCE in STEMI. The Cox proportional hazards model and Spearman
correlation were utilized in the study. The Genotyping of PCSK9 and ELISA was assayed.
Sixty-five of 423 STEMI patients experienced MACCE in 6 months. The E670G
polymorphism in PCSK9 was associated with MACCE (hazard ratio¼45.40; 95%
confidence interval: 5.30–390.30; p¼0.00). There was a significant difference of
PCSK9 plasma levels in patients with previous statin consumption (310 [220–1,220]
pg/mL) versus those free of any statins (280 [190–1,520] pg/mL) (p¼ 0.001).
E670G polymorphism of PCSK9 was associated with MACCE in STEMI within a 6-month
follow-up. The plasma PCSK9 level was higher in statin users.
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which it substantially affects lipid metabolism. Accordingly,
the abolition of PCSK9 physiological activity limits LDLR
degradation, promoting the clearance of LDL cholesterol
(LDL-C) and other atherogenic lipoproteins from the circula-
tion.2 The immense potential of PCSK9 activity might extend
beyond post-ACS. A recent study has proposed that PCSK9
inhibition could be beneficial during the early phase of ACS
treatment due to some of its pleiotropic actions.3 Indeed,
studies in animals and humans have indicated that PCSK9
inhibition might affect not only LDL-C reduction but also
other aspects of lipoprotein metabolism, thrombosis,
immune function, and inflammation.4

Genetic variants that increase LDL-C have also been associ-
ated with increased susceptibility to coronary heart disease
(CHD). Accordingly, several polymorphisms of the PCSK9 gene,
located on chromosome 1p32.3 and encompasses 12 exons,
may positively or negatively modulate plasma cholesterol
levels, consequently influencing the risk for CHD. The gain-
of-function (GOF) single nucleotide polymorphism (SNP)
E670G in the PCSK9 gene reduces LDLR expression on the
cell surface, which inhibits cellular uptake of serum LDL-C and
ultimately elevates LDL-C, leading to autosomal dominant
hypercholesterolemia and premature atherosclerosis.5,6

Instead, loss-of-function (LOF) R46L mutations promote
LDL-C uptake and lower serum cholesterol, thereby conferring
protection against CHD.7,8

Though several studies have investigated the association
between the two variants above and lipid levels and CHD
susceptibility in different populations, the results have been
inconsistent. Moreover, no study has yet determined the
association and interaction between the twovariants and the
MACCE among patients with STEMI. Consequently, deter-
mining the association between PCSK9 gene variants and
MACCE among patients with STEMI undergoing primary
percutaneous coronary intervention (PCI) may be clinically
justified and relevant, given that it allows for secondary
prevention wherein patients at high risk of an CHD event
can be identified.

Methods

Study Population and Study Design
This was a single-center prospective cohort observational
study designed to determine the association between PCSK9
E670G and R46L polymorphisms andMACCE among patients
with STEMI undergoing primary PCI.

Adultpatients (18yearsorolder) admittedbecauseofSTEMI
with an onset of <12hour and undergoing primary PCI were
included. Acute STEMI was diagnosed based on the increase in
cardiacbiomarker levels (hs-Troponin-T)withat leastonevalue
above the 99th percentile of the upper reference limit and
clinical evidence of acute myocardial ischemia (i.e., symptoms
of myocardial ischemia and electrocardiogram changes indi-
cating new-onset ischemia),9 then they were enrolled consec-
utively. Accordingly, patients with STEMI receiving fibrinolytic
therapy; those with non-STEMI or unstable angina and those
with a history of cancer, severe renal insufficiency (estimated
glomerular filtration rate<30mL/min), hepatic insufficiency,

acute severe infection, and the inability to provide consent
were excluded.

The study was approved by the Institutional Review Board
and Local Ethics Committee of National Cardiovascular Centre
—Harapan Kita Hospital in Jakarta, Indonesia (No: LB.02.01/
VII/307/KEP.078/2–18) and conforms to the ethical guidelines
of the1975DeclarationofHelsinki. Allpatientsadmitted to the
emergency unit with life-threatening conditions agreed to
participate andmighthaveprovidedwritten informedconsent
the morning after admission, given the need for prioritizing
emergency medical procedures.

Biomarker Measurements
Anthropometric data, medical history, and comorbidities
were recorded and documented, and serum samples were
obtained on the first day of admission and before statin
administration. Peripheral venous blood samples were
drawn upon entrance (day 0) and then centrifuged to obtain
plasma samples. Samples were centrifuged at 2,100 g for
10minutes and then kept as aliquots at �80°C in the Biomo-
lecular Laboratory of Harapan Kita Hospital—NCC, Jakarta.

Biomarker measurement was performed by individuals
blinded to the patient’s clinical outcome data. PCSK9 analysis
was performed on plasma samples using the OmniKine
Human PCSK9 colorimetric ELISA kit (OmniKine kit
MBS9502070, MyBiosource, Inc, San Diego, CA 92195–3308)
according to the manufacturer’s instructions. Briefly, plasma
sampleswerefirst spun for 15minutes at 1,000 rpm (rotation
per minute) and 10-fold diluted in 10% fetal bovine serum–

phosphate buffer saline. It was subsequently reacted in a
“sandwich” format to capture antibodies for specific partic-
ular epitopes on human PCSK9 and secondary detection
antibodies. Finally, colorimetric reactions were obtained by
peroxidase enzymes and TMB (tetramethylbenzidine) sub-
strate reaction. An excellent standard curve formedwas then
utilized to measure the PCSK9 levels. The latex agglutination
method was used to measure plasma high-sensitivity C-
reactive protein (hs-CRP) using CRPHS Cobas from Roche
Diagnostics (Roche Diagnostics, Risch-Rotkreuz; Mannheim,
Germany). Different laboratory technicians performed plas-
ma PCSK9 andhs-CRP assays. All procedures strictly followed
the manufacturer’s instructions.

Genotyping
The PCSK9 genetic variability of R46L and E670G were deter-
mined using genomic DNA obtained from peripheral blood
mononuclear cells with the QIAmp DNA Mini Kit (Qiagen,
Hilden, Germany), then analyzed using TaqMan SNP Genotyp-
ing Assays (Thermo Fisher Scientific Inc, Applied Biosystem,
NYSE; TMO). The TaqMan SNP genotyping assay ID number:
c_2018188_10 (rs11591147) and ID number: c_998744_10
(rs505151) were respectively used to identify R46L and
E670G variants. Briefly, the PCR (polymerase chain reactions)
were conducted in 96-well plates, inwhich eachwell contained
10ng genomicDNA inafinal volumeof10µL. Thisfinal volume
consisted of 5 µL of each TaqMan SNP assay, and 5 µL of each
TaqMan GTXpress master mix (Thermo Fischer Scientific Inc,
Applied Biosystem, NYSE; TMO). To validate the amplification
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of entire samples, assessment of reagent qualities, and detec-
tion of contamination and possible technical errors, negative
controls, namely nontemplate control, was utilized. The ampli-
ficationprocesswas conductedby real-timePCR—FastAdvance
type 7500 (Thermo Fisher Scientific Inc, Applied Biosystem,
NYSE; TMO).

Clinical Outcomes
The primary outcome of the present studywas the association
between PCSK9 polymorphisms and the occurrence ofMACCE
within6monthsofonset,whereas thesecondaryoutcomewas
the correlation between the plasma PCSK9 and inflammation
indicated by hs-CRP concentrations. The primary outcome
was defined as the first occurrence of any composite outcome
of all-cause mortality, recurrent MI, re-hospitalization, urgent
revascularization procedure, and ischemic stroke within the
6-month follow-up period. Exposures were defined as
polymorphisms of E670G and R46L in the PCSK9 gene,
namely: homozygote/heterozygote of both variants versus
wild type.

Post-discharge follow-ups were conducted to collect infor-
mation regarding medication adherence, risk factor control,
and any clinical outcome during the follow-up period.

Statistical Analysis
Continuous variables were presented as mean� standard
deviation or median (interquartile range or between upper
and lower quartiles), depending on the normality of their
distribution, whereas categorical variables were expressed
as proportions. Chi-square or Fisher’s exact testswere utilized
to compare categorical variables. The correlation between
plasma PCSK9 and hs-CRP concentration was determined
using theSpearmancorrelationanalysis. Differences inplasma
PCSK9 concentrations between patients who did and did not
receive statins were presented using a boxplot and measured
using Fischer’s exact test.

The association between PCSK9 gene variants and the
MACCE was evaluated using the Cox proportional-hazards
model and expressed as hazard ratios (HR) and 95% confi-
dence intervals (CIs). Potential determinants showing a
univariate associationwithMACCE (p<0.25) were identified
and included in the multivariate analysis model. This mea-
sure was intended to control for confounding variables to
avoid the spurious association. All hypothesis tests were
two-sided, with the significance level set at 5%, whereas
sufficient statistical power was confirmed (�0.80).

Results

Patients’ Characteristics
This study was conducted between September 1, 2018, and
April 30, 2019, at the National Cardiovascular Centre Harapan
Kita Hospital in Jakarta, Indonesia. This was a tertiary referral
teaching hospital for cardiovascular diseases (CVDs) accred-
ited by JCI (Joint International Commission) no: CN 3599–1
and was effective from June 20, 2019, through June 19, 2022.
Thefirst and last patientswere enrolled on September 2, 2018,
and April 30, 2019.

The study subjects consisted of 423 patients admitted for
STEMI undergoing primary PCI, among whom 31 (7.3%) had
previously taken statins, and 392 were free of any lipid-
loweringmedications. Subjects had amean age of 59.2 (�10)
years, and a vast majority (85.8%) identified as male. Among
the included patients, 2.1% had the PCSK9 E670G polymor-
phism and carried the 670G allele. Unfortunately, no PCSK9
R46L polymorphisms were encountered despite extending
the recruited sample to 610 subjects. Patients’ characteristics
are presented in►Table 1. Interestingly, 2.1% of subjectswith
a heterozygote AG allele were male, and no homozygote GG
allele was found (►Table 1 and ►Fig. 1).

Furthermore, no significant differences in demographic and
risk factors were observed between those with a heterozygote
(AG) andwild-type (AA) allele, except for age (p¼0.00), throm-
bolysis in MI (TIMI) risk score>4 (p¼0.005) and MACCE
proportion (p¼0.00). All heterozygote patients were older,
had more significant TIMI risk scores, and eventually had
higherMACCEproportions thanwild-type subjects (►Table 1).

During 6 months follow-up after index STEMI, 65 of 423
STEMI (15.4%)patients experiencedMACCE. TheKaplan-Meier
curve demonstrated that those with AG polymorphism
had significantly more adverse events than wild type
(►Fig. 2). Multivariate analysis showed significant positive
associations between Killip class status (II-IV) (HR¼4.85; 95%
CI: 2.30–10.20; p¼0.00) and E670G polymorphism (HR
¼45.40; 95% CI: 5.30–390.30; p¼0.00) and MACCE among
patients with STEMI (►Table 2).

As expected, a significant difference in PCSK9 levels was
observed between patients who did (310 [220–1220] pg/mL)
and did not (280 [190–1520] pg/mL) (p¼0.001) take any
statins/lipid-lowering drugs. Moreover, no correlation was
observed between PCSK9 concentration and hs-CRP levels
among patients with STEMI in the scatter plot (p¼0.88)
(►Figs. 3 and 4).

Discussion

The present study genotyped two PCSK9 gene polymor-
phisms, namely, E670G (rs505151) and R46L (rs11591147)
as exposures and determined the association between
these variants and MACCE. Accordingly, our results
demonstrated a significant association between E670G, a
GOF polymorphism in the PCSK9 gene, and the occurrence
of MACCE within 180 days follow-up, as shown in Kaplan-
Meier curve with HR: 7.47; 95% CI: 3.57–15.70; p¼0.00
(►Fig. 2). However, after adjustment in multivariate anal-
ysis, E670G polymorphism’s association appeared to be the
most important predictor to attenuate along with the
Killip class (►Table 2). This has been the first study
conducted in Asia for our ethnicity to the best of our
knowledge.

Among the included patients, only 2.1% exhibited E670G
polymorphism. Unfortunately, no R46L polymorphisms had
been encountered despite increasing the number of subjects
to 610. Consequently,we could not determine the interaction
between such genotypic variants and phenotype in the
studied ethnicity. The present study found no correlation
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between plasma PCSK9 levels and inflammatory response
indicated by hs-CRP concentration (p¼0.88) (►Fig. 3).

Nonetheless, other studies have shown that plasma PCSK9
concentration measured during the acute phase was associ-
ated with serum hs-CRP, triglycerides, and premature CHD
among those with acute MI. However, the study did not
predict cardiovascular disease (CVD) recurrence during the
1-year follow-up period.10 Our present study recruited only
patients with STEMI, all of whom were managed with
primary PCI as recommended by our medical care standards.

However, in another previous study,11 only half of the
recruited non-STEMI (around 17% of all subjects) and STEMI
(83%) patients underwent reperfusion therapy. The present
study measured PCSK9 during admission (day 0), regardless
of statin consumption. Nonetheless, only around 7.3% of all

subjects included herein consumed statins before admission.
Another essential finding of the current study was that
patients who had received statins had significantly higher
plasma PCSK9 levels than those who did not (p¼0.001)
(►Fig. 4). Indeed, we observed a significant increase in
plasma PCSK9 levels 24 hour after statin consumption, which
plateaued after 48 hours.11,12Moreover, plasma PCSK9 levels
did not further increase with continuous statin therapy.

Previous studies have limited their analysis to patients
without prior statin consumption, given that statins have
been recognized to enhance plasma PCSK9 levels in human
and animal studies.13,14 Accordingly, Dubuc had been the
first to encounter higher PCSK9 mRNA expression due to
statins in 2004.13 The statin-induced upregulation of PCSK9
expression occurs through a mechanism involving the sterol

Table 1 Baseline characteristic of the subjects

Variable Heterozygote (AG) Wild type (AA) p-Value

Demographic

Age (Year), median (IQR) 64 (7) 54 (13) 0.00

Male, n (%) 9 (2.1) 414 (97.9) 0.61

Risk factor

Hypertension, n (%) 5 (55.6) 248 (59.9) 1.00

Diabetes mellitus, n (%) 4 (44.4) 146 (35.3) 0.73

Dyslipidemia, n (%) 1 (11.1) 104 (25.1) 0.46

Smoker, n (%) 3 (33.3) 278 (67.1) 0.07

Family history, n (%) 1 (11.1) 58 (14) 1.00

Clinical characteristic

Onset, n (%)

<6 h 4 (44.4) 197 (47.6) 1.00

�6 h 5 (55.6) 217 (52.4) 1.00

Killip Class I, n (%) 6 (66.7) 360 (87) 0.11

Killip Class II-IV, n (%) 3 (33.3) 54 (13) 0.11

TIMI score >4, n (%) 7 (77.8) 123 (29.7) 0.00

Anterior infarction, n (%) 1 (11.1) 48 (11.6) 0.60

Previous statin, n (%) 1 (11.1) 30 (7.3) 0.50

TIMI flow post intervention (TIMI 3) 3 (66.7) 210 (50.7) 0.50

Length of stay >5 d 3 (33.3) 129 (31.2) 0.57

Systolic ejection fraction (>40%) 2 (25) 171 (42.3) 0.48

MACCE 8 (88.9) 57 (13.8) 0.00

Laboratory parameter

LDL-C (mg/dL), median (IQR) 126.29 (49) 127 (47) 0.73

HDL-C (mg/dL), median (IQR) 36 (15) 36 (12) 0.71

Triglyceride (mg/dL), median (IQR) 116 (129) 144 (89) 0.66

TC (mg/dL), median (IQR) 190 (58) 176 (50) 0.92

eGFR (mg/dl), median (IQR) 87 (39) 85 (38) 0.74

PCSK9 level (pg/mL), median (IQR) 260 (128) 280 (98) 0.43

Abbreviations: e-GFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein-cholesterol; IQR, interquartile range; LDL-C, low-density
lipoprotein-cholesterol; MACCE, major adverse cardio-cerebrovascular events; PCSK9, proprotein convertase subtilisin/kexin type 9; TC, total
cholesterol; TIMI, thrombolysis in myocardial infarction.
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regulatory binding protein-2 transcription factor.15 Addi-
tionally, insulin concentration/resistance and tumor necrosis
factor-α have affected PCSK9 expression.16

The PCSK9 gene is highly polymorphic, and functional
variants affect plasma PCSK9 activity, resulting in lipid
metabolism disturbances. Studies have shown that the

E670G polymorphism is an independent determinant of
plasma LDL-C, conferring increased triglycerides and severi-
ty of atherosclerosis and ischemic stroke.17–19 Meanwhile,
another study found that among the Asian population, those
with AGþGG genotypes had lower high-density lipoprotein
cholesterol (HDL-C) levels than the wild types.20 Moreover,
among Han population G allele carriers, males had higher
serum HDL-C and apoprotein A-1 levels, whereas females
had lower serum Apo B levels and higher Apo A-1/Apo B
ratio.21 Among the Han people of Hainan and Northeast
China who had CHD, the PCSK9 E670G variant also showed
regional differences.6 The present study demonstrated that
E670G polymorphisms could become a novel predictor of
MACCE in patients with STEMI. Despite the small prevalence
of the variants after multivariate analysis, these findings
remain seemingly relevant.

Fig. 1 Kaplan-Meier curve on E670G polymorphism of PCSK9 and
MACCE. HR, hazard ratio; MACCE, major adverse cardio-cerebrovas-
cular events; PCSK9, proprotein convertase subtilisin/kexin type 9;
95% CI, 95% confidence interval).

Fig. 2 Fluorescence curve of AG and GG genotype. (Blue line
representing AG polymorphism and green line representing wild type AA).

Table 2 Multivariate analysis based on MACCE in STEMI
patients

Variable HR 95% CI p-Value

Killip Class II-IV 4.85 2.30–10.20 0.00

Polymorphism of
E670G mutant (AG)

45.40 5.30–390.30 0.00

Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio;
MACCE, major adverse cardio-cerebrovascular events; STEMI, ST-eleva-
tion myocardial infarction.

Fig. 3 Scatter plot of plasma PCSK9 and hs-CRP in STEMI patients
treated with primary PCI. hs-CRP, highly sensitive C-reactive protein;
PCI, percutaneous coronary intervention; PCSK9, proprotein conver-
tase subtilisin/kexin type 9; STEMI, ST-elevationmyocardial infarction.

Fig. 4 Boxplot of median of PCSK9 levels between STEMI patients
with previously statins versus without statins consumption. PCSK9,
proprotein convertase subtilisin/kexin type 9; STEMI, ST-elevation
myocardial infarction.
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One previous meta-analysis indicated that the PCSK9
E670G polymorphism might be involved in coronary artery
disease.22 Despite the weak effect of a single SNP on patho-
physiological processing, such genetic information may be
potentially useful during lipid management and CVD risk
prediction in clinical practice.

Two years after the first study reported that GOF mutations
lead to hypercholesterolemia, LOF mutations emerged as
described.8 They were found to be associated with lower
cholesterol levels and a reduction of CHD. Moreover, studies
had observed the L46 allele showed a trend toward a protective
effect (OR¼0.75, 95% CI¼0.49–1.13; p¼0.17), as well as a
significant association between the PCSK9 R46L variant and
markers of subclinical atherosclerosis (carotid intima-media
thickness), although its association with MI was not signifi-
cant.23,24 This association was plausible as the mutation
decreases the phosphorylation of Ser47. Phosphorylation may
play an essential regulatory role in the PCSK9 function,which is
assumed to protect PCSK9 from proteolysis.25,26 Therefore,
PCSK9 secretion into plasma decreases with rs11591147.

The absence of such a variant in the present study may be
reasonable considering its minimal frequency in some pop-
ulations. Indeed, one study showed that the R46L variant was
present in only 3% of the familial hypercholesterolemia popu-
lation.27 Furthermore, the PCSK9 46L allele is more frequent
among healthy men from the United Kingdom than patients
with familial hypercholesterolemia. It is strongly associated
with a protective plasma lipid profile risk against CHD. How-
ever, considering its low frequency (approximately 2% of
carriers), it does not significantly determine populations at
risk for CHD in the United Kingdom.28 Pharmacogenetic
studies have shown that GOF and LOF variants of the PCSK9
gene are associated with worse and better responses to statin
treatment, respectively.29,30

The current study’s strength was that the recruited sub-
jects were better identified as a high-risk population, which
is entirely different compared with other studies.10,11,13,31

Moreover, this has been the first study to determine the
association between PCSK9 E670G and R46L polymorphisms
andMACCE among patients with STEMI undergoing primary
PCI. Given that the current study was a single-center pro-
spective cohort observational study and not a nationwide
study, its selected population attending the tertiary hospital
can be considered a limitation.

Conclusion

The present study found that theGOFE670Gpolymorphismof
the PCSK9 gene was associated with MACCE among patients
with STEMI undergoing primary PCI within a follow-up dura-
tion of 6 months. Additionally, prior statin consumption was
significantly associated with higher plasma PCSK9 levels
among patients with STEMI.
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