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ABSTRACT

Aim The infection of the SARS-CoV-2 virus potentially causes a 
cytokine storm with elevated IL-6 and IL-1β levels. Statin therapy 
was common among COVID-19 patients due to their cardiovas-
cular comorbidities. However, the effect of statins on COVID-19 
infection is unclear. The aim of this study was to evaluate the im-
pact of statin administration on IL-6 and IL-1β level in peripheral 
blood mononuclear cells (PBMCs) after SARS-CoV-2 spike pro-
tein stimulation.

Methods The PBMCs were isolated from a hypertensive patient 
and stimulated by the SARS-CoV-2 subunit S1 spike protein. The 
PBMCs were then divided into four treatment groups and trea-
ted with simvastatin at various doses (10 µM, 25 µM, 50 µM, 
and control). IL-6 and IL-1β were measured from the supernatant 
using the ELISA method.

Results The stimulation of SARS-CoV-2 spike protein in PBMC 
cell culture statistically increased IL-6 and IL1β expression of 5.2 
and 35.07 fold, respectively (p<0.05). The expressions of IL-6 and 
IL-1β were not statistically significant among three simvastatin 
doses and control.

Conclusion Statin administration did not have significant effect 
on IL-6 and IL-1β levels in PBMCs after SARS-CoV-2 spike pro-
tein stimulation in this study, a further study is needed. 

Key words: cytokine release syndrome, interleukin-1 , interleu-
kin-6, leukocytes, mononuclear, simvastatin
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INTRODUCTION

The COVID-19 pandemic caused by the SARS-
CoV-2 virus has become a serious global pro-
blem and affected more than 260 million people, 
with more than 5 million deaths worldwide as of 
November 28, 2021 (1). SARS-CoV-2 is a pat-
hogenic virus which primarily transmitted thro-
ugh respiratory droplets and close contact (2). 
Currently, there is no specific treatment for the 
SARS-CoV-2 virus. Thus, supportive treatment 
is the most recommended strategy to reduce the 
severity of COVID-19 and mortality (3).
Acute Respiratory Distress Syndrome (ARDS) 
is an immunopathological event and considered 
as the leading cause of death in COVID-19 pa-
tients. The mechanism of ARDS is initialized by 
the release of pro-inflammatory cytokines, which 
results in uncontrolled systemic inflammatory 
responses and cytokine storm (4). Previous evi-
dence concluded that IL-6 and/or IL-1β  are the 
main drivers of severe pathological conditions in 
COVID-19 patients (5). Therefore, anti-inflam-
matory drugs are expected to have beneficial ef-
fects in COVID-19 management.
Cardiovascular disease is the most common co-
morbidity in COVID-19 patients and associated 
with a higher mortality rate. A New York study 
involving 5.700 COVID-19 patients stated that 
hypertension was the most common comorbidity 
(56.6%), followed by obesity (47.1%), diabetes 
(33.8%), and coronary heart disease (11.1%) (6). A 
study in Wuhan included 138 patients and conclu-
ded that patients with more than one comorbidity 
had more severe presentation, up to 72% (7). This 
indicates that COVID-19 patients with the highest 
risk of mortality are those with cardiovascular co-
morbidities, particularly hypertension.
Statins are often used in cardiovascular disea-
se management due to their numerous benefits 
among cardiovascular disease. Statins are known 
to have pleiotropic or anti-inflammatory effects 
(8). Among COVID-19 patients, the anti-in-
flammatory effects may promote clinical impro-
vement for respiratory failure, elevated D-dimer, 
and IL-6 levels (9,10). Two observational studies 
reported 41% and 59%, respectively, reduction 
in 30-day all-cause mortality among hospitalized 
patients with influenza infection receiving statins 
(11,12). Recent molecular docking study sugge-

sted that statins may inhibit SARS-CoV-2 cell 
entry by binding directly to the main protease of 
the coronavirus (3).
Currently, an effect of statins on COVID-19 
infection is still unclear, whether it is benefici-
al or detrimental. Scientific evidence is needed 
to answer whether statins are beneficial in CO-
VID-19 management, especially regarding their 
anti-inflammatory effects. 
The aim of this study was to evaluate the effect of 
statins on inflammatory cytokine IL-6 and IL-1β 
level in COVID-19 patients.

MATERIALS AND METHODS

Patients and study design

This study was a true experimental in vitro study 
with pre-test and post-test control group design. 
The period of investigation was from August 
until September 2021. Human peripheral blood 
mononuclear cells were a sample (PBMCs) ta-
ken and isolated from peripheral blood of patient 
with hypertension who was willing to participate 
in the study and had signed informed consent. 
The inclusion criteria was a hypertension patient 
with the age ˃40 years old, who had a COVID-19 
swab examination with negative results, and had 
no history of SARS-CoV-2 infection and had nev-
er received a Covid-19 vaccine, and had no other 
comorbidities besides hypertension. Exclusion 
criteria were patients with comorbidities other 
than hypertension, who had been vaccinated.
The isolated PBMCs cells obtained were then 
exposed to the SARS-CoV-2 spike protein and 
grouped randomly into 4 treatment groups: P0  - 
control group that was not given simvastatin, 
P1- treatment group with 10 μM simvastatin, P2 
- treatment group with 20 μ M of simvastatin, P3 
- treatment group with 50 μM simvastatin, and a 
negative control group (PBMC without spike pro-
tein stimulation). Three times replication was car-
ried out in each treatment group (P0-P3) and the 
negative control group, resulting in total of 15 well 
plates. This process was repeated for each outcome 
measurement, namely IL-6 and IL-1 β expression. 
This study follows the principles of the Decla-
ration of Helsinki. The study protocol has been 
approved by the Institutional Ethics Committee 
of Faculty of Medicine Airlangga University 
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(approval number: 190/EC/KEPK/FKUA/2021). 
The patient gave his informed consent to be sam-
pled for PMBCs and to participate in research 
activities. All information that could disclose the 
subject's identity was removed.

Methods 

Peripheral blood mononuclear cells (PBMCs) 
isolation, culture and seeding. The 10 mL blood 
was collected in tube containing EDTA and pro-
cessed in less than 2 hours after puncture. The 
PBMCs were isolated using density gradient cen-
trifugation method. Collected blood was placed 
into a 50 mL centrifuge tube (Corning, Merck 
Chemicals, Indonesia), and diluted with phos-
phate buffer saline (PBS) with ratio of 1:1. Six 
millilitres of Ficoll solution (Ficoll  Paque Plus, 
GE Healthcare, USA) were then added into the 
bottom of a 15 mL centrifuge tube (Corning); 6 
mL of blood and PBS mixture were added to the 
Ficoll solution slowly to form two separate liquid 
phases. The tube was then centrifuged at 400xg at 
20°C for 40 minutes. Plasma was collected and 
stored in a 1.5 mL tube (temperature -80°C). The 
buffy coat containing PBMC was collected using 
a Pasteur pipette and transferred to a new 15 mL 
centrifuge tube. Two wash procedures were car-
ried out using PBS and centrifuged at 100xg at 20 
°C for 10 minutes. The pellet was suspended in 
1 mL of RPMI 1640 medium (Merck Chemicals, 
Indonesia) supplemented with 10% Fetal Bovine 
Serum (FBS) (Merck Chemicals, Indonesia), two 
mM 1-glutamine, 100 U/mL penicillin, and 100 
ug/mL streptomycin (Merck Chemicals, Indone-
sia). PBMCs value was calculated using a hema-
cytometer and incubated in a 37°C incubator with 
5% CO2 for three days. Then, PBMCs were seeded 
into 24-well plates for each treatment and time of 
infection. Each observation was carried out in tri-
ples. Each well plate contains 100,000 cells.
SARS-CoV-2 spike protein. The SARS-CoV-2 
spike protein subunit S1 (RayBiotech, Cat No. 
230-01101) was used in this study. The concen-
tration of the S1 subunit was at 28 nM, similar 
to previous studies (13). The SARS-CoV-2 spike 
protein was stored at -80°C and was stable at 4°C 
for two weeks.
Cell stimulation with SARS-CoV-2 spike pro-
tein. The SARS-CoV-2 subunit spike protein S1 
was dissolved in Roswell Park Memorial Insti-

tute (RPMI) medium before being exposed to 
PBMC cell culture. The cell cultures were then 
exposed to S1 subunit protein at a dose of 28 nM 
and incubated for 30 minutes on ice and 30 min-
utes at 37.5°C. Then, 5 mL of RPMI 1640 was 
added, and the culture was stored at 37°C. After 
24 hours, 0.5 mL of supernatant medium was col-
lected and examined using the ELISA method to 
measure basal IL-6 and IL-1β levels.
Methods of treatment with statins. We used 
simvastatin (S6196) (Sigma-Aldrich) as statin 
treatment. The simvastatin was dissolved in 5 
mM dimethyl sulfoxide (DMSO) and stored in 
the RPMI medium. After stimulated for 24 hours 
with spike protein SARS-CoV-2, the PBMCs 
were divided into 4 groups with the following 
statin concentration: 10 µM, 25 µM, 50 µM, 
and control (without statin). The control cultures 
were incubated with RPMI medium and DMSO 
at concentrations of 0.2% and 1% according to 
the concentrations added with the statin. Both 
control and treatment cultures were incubated 
with 10 ng/mL lipopolysaccharide for 24 h. At the 
end of the incubation period, in each statin level 
group, the cells were removed by centrifugation 
and supernatant medium was collected, stored at 
-70°C until further cytokine count testing.
ELISA assays to measure IL-6 and IL-1β expre-
ssion. Measurements of IL-6 and IL-1β in stimu-
lated PBMCs supernatants were carried out using 
specific ELISA tools, Human IL-6 ELISA kit (Si-
gmaaldrich, RAB0306, Germany) and Human IL-1 
β ELISA kit (RAB0273). Nine standard controls 
were followed for which the manufacturing method 
had been provided from the kit. The control and 
PBMC samples supernatant were diluted in the di-
luent in a ratio of 1:10 for the measurement of IL-6 
expression, and 1:2 for the expression of IL-1β. A 
total of 100 mL of wash the control and samples 
dilution were inserted into microplate (12x8 wells). 
The microplates were covered with a sealing cover 
and incubated at room temperature for 2.5 hours 
with gentle shaking. The microplates were then 
washed 4 times with 1x wash solution. Each well 
was washed and filled with wash buffer (300 µL) 
using a multi-channel pipette or autowasher. After 
washing, 100 µL of detection antibody was added to 
each well. The well was closed well and incubated 
for one hour at room temperature with gentle sha-
king. After each well was washed again, 100 µL of 
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streptavidin solution was added and incubated for 45 
minutes at room temperature. After re-washing, 100 
µL of 3,3',5,5'-tetramethylbenzidine (TMB) one-
step substrate reagent (Sigma-Aldrich, RAB0306, 
Germany) was added, incubated for 30 minutes at 
room temperature and dark cover. To each well 50 
µL stop solution (Sigma-Aldrich, RAB0306, Ger-
many) was then added. The intensity of the resul-
ting colour was measured at a wavelength of 450 
nm using a Microplate Photometer (Thermo Scien-
tific, Indonesia). Cytokine levels were measured in 
all groups, PBMC cells without spike protein stimu-
lation, PBMC cells with spike protein stimulation 
without simvastatin, and PBMC groups with spike 
protein stimulation and administration of simvasta-
tin doses of 10 M, 25 M, and 50 M.

Statistical analysis

The data were not normally distributed, hence 
the Kruskal-Wallis comparison test was used to 
compare the differences between each group and 
compared to control group, and the Mann-Whit-
ney post hoc test was used to compare the two 
groups. A p<0.05 was considered statistically si-
gnificant.

RESULTS

The PBMC isolation process was carried out by the 
density gradient centrifugation method with FiColl 
solution. The centrifugation process produced a 
cloudy white ring-like between the plasma layer and 
Ficoll containing PBMC cells. The average number 
of viable PBMCs was 1.18 x 106 PBMC/mL.
The PBMCs cell culture was then incubated. Af-
ter three days, PBMCs were evaluated under an 
inverted microscope with final density of 1.06 x 
106 PBMC/mL (Figure 1).

Cytokine expression measurements were perfor-
med at 24 h of incubation after the SARS-CoV-2 
spike protein stimulation. The expression of IL-6 
was 5.2-fold higher compared to the negative 
control (p=0.037) (Figure 2). 

Figure 1. Peripheral blood mononuclear cells (PBMC) cells 
after incubation for three days (40x magnification)

Figure 2. Differences in IL-6 expression in PBMCs without 
spike protein administration compared to SARS-CoV-2 spike 
protein stimulation

Figure 3. Differences in IL-1ß expression in PBMCs without 
spike protein administration compared to SARS-CoV-2 spike 
protein stimulation

Figure 4. Differences in IL-6 expression in all doses of simvas-
tatin and the control group

Similarly, the expression of IL-1β was 35.07-fold 
higher than negative control (p=0.037). 
These findings indicated that the spike protein 
stimulation increased the expression of IL-6 and 
IL-1β in PBMCs (Figure 3).

The average IL-6 expression in PBMCs without 
simvastatin was 15.615 pg/mL. The administra-
tion of simvastatin decreased IL-6 expression in 
dose-dependent manner, but the difference was 
not statistically significant (Figure 4). The ave-

p=0.058
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rage IL-6 expression in PBMCs treated with 10 
µM, 25 µM, and 50 µM simvastatin was 15.040 
pg/mL (3.7% less; p= 0.317),  14.708 pg/mL 
(5.8% less; p=0.121), and 14.461 pg/mL (7.4% 
less; p=0.121), respectively. 
Similar to IL-6, the difference of IL-1β expressi-
on after simvastatin treatment was not significant 
(Figure 5). However, the expression was not in 
a dose-dependent manner. The highest IL-1β 
expression was in the control group with 8.44000 
pg/mL, while the lowest was in the PBMCs re-
ceiving 25 µM simvastatin with 5.52667 pg/mL 
(34.6%less; p=0.513). The average IL-1β expre-
ssion in simvastatin 10 µM and 50 µM  was 6.94 
pg/mL (17.8% less; p=0.513) and 8.823 pg/mL 
(4.5% less; p=0.827).

ducing caspase-1 activation. Subsequently, the 
caspase-1 converts cytokines into their active 
form and triggers inflammation process (14).
Furthermore, based on our findings, simvastatin 
administration reduced expression of IL-6 and 
IL-1β in stimulated PBMCs, yet not statistically 
significant. Similarly, a Johns Hopkins observa-
tional study with 4.447 participants showed that 
the use of statins was not associated with reduced 
mortality (15). On the contrary, a meta-analysis of 
147.824 COVID-19 patients concluded that statin 
use was associated with a significantly lower risk 
of death compared to non-statin users based on 
adjusted estimation. The subgroup analysis also 
showed that only chronic statin use was associa-
ted with a significant reduced risk of death (16). 
The duration of statin consumption is an important 
issue to highlight. The patients who received statin 
in long-term had a lower risk of death indepen-
dently. This suggests that statins may be beneficial 
for COVID-19 patients after long-term consump-
tion. While, in this study the exposure to statins 
was limited to merely 24 hours.
In contrast to the effect of simvastatin on IL-6 
expression which was linear with increasing do-
se-dependent, IL-1β expression varied among 
three doses. One possibility is that, statins can 
trigger pro-inflammatory effects at certain dose 
to affect IL-1β expression response. This pro-
inflammatory effect is related to statin effect in 
protein prenylation process by adding mevalona-
te or GGPP (an intermediate in the mevalonate 
pathway), which prevents the release of IL-1β 
(17). In vivo and in vitro studies have also iden-
tified novel pleiotropic properties of statins in 
modulating the adiponectin-AdipoR pathway in 
the human monocyte-macrophage lineage, whe-
rein intensive statin therapy impairs the expressi-
on and function of adiponectin and its receptors, 
thereby increasing IL-1β release (18).
Although they have the same mechanism of ac-
tion, several types of statins have different effi-
cacy and effectiveness, especially their anti-in-
flammatory activity. Previously, a comparison of 
simvastatin to atorvastatin in patients with type 
2 diabetes mellitus showed that atorvastatin had 
superior pleiotropic effect on oxidative stress and 
inflammation markers (19). Another study that 
compared the effects of simvastatin 20 mg/day 
with atorvastatin 10 mg/day in coronary heart di-

Figure 5. Differences in IL-1ßexpression in all doses of simv-
astatin and the control group

DISCUSSION

Our study result showed that the SARS-CoV-2 
spike protein stimulation increased the expressi-
on of IL-6 and IL-1β in PBMCs. This result was 
similar to previous in vitro studies conducted on 
PBMC cells with SARS-CoV spike protein sti-
mulation that showed a significant increase in 
IL-6 levels along with activation of the nuclear 
transcription factor p65/NF-kb. The study also 
proved that administration of TPCK, a NF-kb in-
hibitor, before spike protein transfection reduced 
the expression of IL-8 cytokines. Therefore, NF-
kB was expected to take important roles in cyto-
kine expression after spike protein transfection of 
PBMC cells (13).
In our study, PBMCs were derived from a patient 
with hypertension. Chronic inflammation of blo-
od vessel walls is a major contributor to hyperten-
sion. However, the mechanisms responsible for 
the inflammatory response remain unclear. There 
was a suggestion that inflammasomes might play 
as important initiators of sterile inflammation in-
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