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Introduction

Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) refers to the respiratory 
disease triggered by the coronavirus related to 
SARS, which is of particular concern after the 
World Health Organization (WHO) declared it 
as a pandemic. Although the physiopathology 
of human coronaviruses (H-CoVs) such as 
SARS-CoV, MERS, and SARS-CoV-2 is not fully 
understood, their strong association occurs 
due to a disproportionately disturbed response 
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Abstract

Hyperinflammation in COVID-19 patients is one of the causes of the high mortality rate of COVID-19. An in vitro 
model mimicking the inflammatory responses in COVID-19 patients is important in the efforts of finding new 
drug candidates for this disease. Lipopolysaccharide (LPS) can increase the proinflammatory cytokine interleu-
kin 8 in response to the presence of foreign substances. This preliminary study sought to explore the use of  the 
A549 cells as an in vitro inflammatory model. This study was conducted from August to November 2022 at the 
stem cell research and development laboratory of Bio Farma Indonesia. The exposure of 100, 500, and 1000 g/
mL doses of LPS administered for 24, 72, and 120 hours on the A549 cells was analyzed for cell viability, pop-
ulation doubling time (PDT), and the presence of  proinflammatory cytokine IL-8. The group differences were 
examined using one- and two-way analysis of variance in IBM SPSS Statistics Version 29, with a p-value of 0.05 
considered significant. Cells exposed to a dose of 1,000 g/mL LPS had a lower viability and a higher proliferation 
rate (p<0.05) based on the viability and PDT. Viability, PDT, and pro-inflammatory cytokines showed concen-
tration- and time-dependent responses. Therefore, increased levels of the proinflammatory cytokine IL-8 in 
cells exposed to LPS at a dose of 1000 g/mL for 24 hours can be used as a mimic to study hyperinflammation in 
COVID-19 patients.
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of the immune system, especially to cytokine 
production.1 Several studies have reported that 
very high levels of proinflammatory cytokines 
consumed during crosstalk between epithelial 
cells and immune cells in COVID-19 are 
associated with cytokine storms with severe 
complications.2

The involvement of LPS (also known as 
endotoxin) in ARDS pathology has been reported 
previously.3 Toll-like receptor-4 (TLR4) activation 
with LPS during ARDS induces recruitment 
of leukocytes to the lung, activation of pro-
inflammatory cytokine release, and consequent 
induction of lung injury, similar to SARS. LPS 
precisely activates TLRs, leading to activation 
of the nuclear factor-kappa B (NF-κB) signaling 
pathway and secretion of pro-inflammatory 
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cytokines and chemokines, such as interleukin 
(IL)-1β, IL-6, IL-8, tumor necrosis factor α 
(TNF-α) and type 1 interferon.4 Endotoxins 
have been shown to reduce alveolar epithelial 
cell viability in an animal model of LPS-induced 
acute lung injury (ALI)5 and in vitro.6

Primary alveolar epithelial cell culture is 
currently considered the most representative 
in vitro model for alveolar studies. Still, the 
problem is tissue availability which requires 
ethical approval and patient consent to diagnose 
lung carcinoma.7  In addition, using these cells 
has a short period because they will differentiate 
spontaneously within 1–2 weeks.8 Therefore, cell 
lines such as A549 cells with lasting properties 
(provided they are correctly maintained) have 
their advantages. These continuous cells have 
the main advantages of ease of cultivation, 
reproducibility, and relatively unlimited supply.9

The critical parameter for successfully 
modeling hyperinflammatory reactions in vitro 
is the increased concentration of cytokines and 
chemokines in the conditioned culture medium. 
Intraperitoneal or intravenous injection of high 
doses of LPS into animals induces systemic 
inflammatory cytokine production, ultimately 
leading to tissue damage, body temperature 
dysregulation, and death.10 Because of this, 
high-dose LPS injection has been used as an 
experimental model of septic shock. However, 
low-dose (sublethal) injection of LPS into 
animals can induce a state of “LPS tolerance” 
that alters the subsequent response to induction 
with LPS or other inflammatory stimuli. Long-
term exposure to endotoxin at low doses has 
little or no effect on immune function, indicating 
that endotoxin can be rapidly eliminated by the 
immune system.11

The lack of effective target-specific therapies 
has been increasingly highlighted during the 
COVID-19 pandemic, resulting in severe acute 
respiratory failure and ARDS. Mortality and 
morbidity from this clinical condition remain 
high, so there is an urgent need to find new 
effective therapies to reduce mortality.12 A549 
cells, as an in vitro model exposed to LPS, will 
be the basis for making an inflammatory model 
so that later it will become the basis of targeted 
supporting therapy for COVID-19 patients.

Methods

This study was conducted from August to 
November 2022 at the stem cell research 
and development laboratory, Bio Farma. This 

research did not contain any studies involving 
animal or human participants because it uses the 
commercial cell line A549, nor did it take place 
on any private or protected areas. No specific 
permissions were required for corresponding 
locations.

The A549 human lung adenocarcinoma cell 
line (CLL-185™) were purchased from American 
Type Culture Collection (ATCC). A549 cells 
were cultured in Dulbecco’s Modified Eagle’s 
Medium/Nutrient Mixture F-12 Ham (Sigma 
Aldrich, Dorset, United Kingdom) supplemented 
with 10% (v/v) Fetal Bovine Serum (Gibco, 
Invitrogen, USA) and 1% (v/v) pen-strep 
(Gibco, Invitrogen, USA) seeded at an optimal 
cell density of 2 × 103 cells/cm2 in a humidified 
atmosphere with 5% CO2 at 37°C. The culture 
medium was renewed every third day. After the 
cells have 85% confluence, change the medium 
with the treatment medium.

Based on the analysis, LPS was dissolved in a 
culture medium and used for the cell treatment 
in a concentration and time-dependent manner. 
LPS-induced cultures with doses of 100, 500, 
and 1,000 µg/mL for 24 hours, and in the follow-
up study, one dose was taken, which experienced 
a significant difference based on viability, PDT, 
and IL-8 using time intervals of 24, 72, and 120 
hours.

To measure the viability and population 
doubling time of A549 cells, the A549 cells 
Passage 54 were plated at a density of 5x103 

cells/cm2 and were seeded into four-well plates 
(Nunc, Thermo Scientific, Massachusetts, USA) 
supplemented with 2 mL of growth medium, 
grown to confluence, and incubated around 4 
days in the growth medium at 37°, 5% CO2. On 
the fourth day, media were replaced by culture 
media with LPS in varied concentrations in the 
presence of 10% FBS, and cells were incubated 
for 24, 72, and 120 h. A549 cells were harvested 
according to the time interval and dissociated 
with trypsin porcine for 3 minutes and 
centrifuged at 300 g for 4 minutes. The pellet 
was resuspended with a culture medium, and 
cells were counted with a hemocytometer. The 
viability cells were determined as a ratio of viable 
cells to the number of death cells and expressed 
as a percentage. The population doubling (PD) 
was calculated as described previously13 using 
the equation of PD =log2 / log (CH/CS), where CH 
is the number of viable cells at harvest and CS 
is the number of cells seeded. The population 
doubling time (PDT) was calculated using 
the interval between cell seeding and harvest 
divided by the number of PDs. All experiments 
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were performed in triplicate.
The IL-8 proinflammatory cytokine of A549 

cells were evaluated by flow cytometry (BD 
FACSLyric, Becton, USA). A549 cells were seeded 
in four-well plates (2,000 cells/cm2) and cultured 
in media with 10% FBS. On the fourth day, cells 
were treated with LPS of varied concentration of 
LPS in the presence of 10% FBS for 24, 72 and 
120 h.  The analysis phase was carried out by 
following the procedure of the FACS commercial 
kit. The secretome was transferred to a 1.5 mL 
tube, then 1µL/sample was given a cytokine 
bead capture. PE antibody was prepared with the 
same calculation as the capture cytokine bead 
and then stored in the dark. A 50 µL secretome 
sample was put into a 1.5 mL tube, then 50 µL 
of cytokine bead capture mix was added. Vortex 
briefly to make sure everything is homogeneous. 
Incubate in the dark, room temperature for 1 
hour. The 50µL prepared PE antibody was added 
into the mixture of cytokine capture bead and 
secretome samples. Vortex at medium speed, 
then incubate in the dark, room temperature for 
2 hours. 1 mL of wash buffer was added, then 

centrifuged at 1,600 rpm for 5 minutes. The 
supernatant was carefully removed. After that, it 
was vortexed, and 300 µL wash buffer was added 
and ended with another vortex. 

Data of viability and PDT were presented as 
mean±standard deviation (SD) and analyzed 
using analysis of variance (ANOVA). If there 
were differences between the treatments, the 
Tukey Post Hoc Test was continued (p<0.05)data 
analysis using IBM SPSS statistics.

Results 

The morphological observations showed a 
decrease in cell density with increasing LPS 
doses without changing the morphology of 
A549 cells (Figure 1). The phenomenon aligns 
with decreased cell viability (Figure 2A) and 
prolonged PDT (Figure 2B). Cell viability 
decreased to 96% after exposure with 100 µg/
mL LPS, to 92% after exposure with 500 µg/
mL LPS and to 84% after exposure with 1,000 
µg/mL LPS for 24 hours. Proliferation in A549 
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Figure 1    Morphology of A549 Cells After Exposure to LPS at Various Concentrations for 24 Hours.    	
	     (A) 0 µg/mL LPS, (B) 100 µg/mL LPS, (C) 500 µg/mL LPS, (D) 1,000 µg/mL LPS

Figure 2 Viability and PDT After Exposure to LPS at Various Concentrations for 24 Hours.
	  (A) Viability cell, (B) Population Doubling Time. Bars Represent the Mean±SD. Significant 
	   Differences were Considered when *p<0.05

A B
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cells exposed to LPS was significantly increased 
compared to cells not exposed to LPS. 

A549 cells were analyzed for their secretome 
to determine the concentration of the pro-
inflammatory cytokine IL-8. The increase in the 
pro-inflammatory cytokine IL-8 was marked 
when compared with cells that were not 
exposed (Figure 3). A sharp increase occurred 
with exposure to LPS with a 1,000 µg/mL 
concentration. So that in future studies, a dose 
of 1,000 µg/mL was used to see the effect of LPS 
exposure time.

Based on the morphology, viability, and PDT 
on the effect of LPS exposure time, there was a 
significant difference between cells exposed to 
LPS and those not exposed to LPS (Figure 4). The 
concentration of the pro-inflammatory cytokine 
IL-8 produced by cells exposed to LPS increased 
compared to those not exposed (Figure 5). 

Figure 3 The Concentration of the   
                  Proinflammatory Cytokine IL-8 at LPS 
	   Concentrations Varied 24 Hours

Figure 4 Viability and PDT of A549 Cells After Exposure to LPS at a Dose of 1000 µg/mL with 
	   Differences in Exposure Time. After Exposure to LPS at Various Concentrations for 24 Hours. 
	  (A) Viability cell, (B) Population Doubling Time. Bars Represent the mean±SD. Significant 
	  Differences were considered when *p<0.05

A B

Although the LPS exposure time of 72 hours 
decreased, the concentration of IL-8 produced 
was still much higher compared to cells that 
were not exposed to LPS.

Discussion

Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infects lung tissue, significantly 
accumulating immune cells and causing an 
inflammatory cytokine storm. The excess 
of inflammatory cytokines then leads to the 
infiltration of immune cells into the inflamed 
lung to induce alveolar damage and reduced 
lung function.14 There was an increase in the 
pro-inflammatory cytokine IL-8 compared to 
cells that were not exposed to LPS. A sharp 

Figure 5 Concentration of Proinflammatory 		
  	   Cytokine IL-8 at LPS Concentrations of 	
	  1,000 µg/mL with Different Length of 		
	   Exposure
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increase occurred with exposure to LPS with a 
concentration of 1000 µg/mL. IL-8 is one of the 
main mediators of the inflammatory response.15 
These results are in line with research conducted 
by Li et al. which showed an increase in IL-8 in 
COVID-19 patients,16  which means that acute 
inflammation had occurred in A549 cells in the 
presence of LPS exposure. Lipopolysaccharide 
(LPS), the main component of the cell wall of 
Gram-negative bacteria, is the central stimulus 
for releasing inflammatory mediators. This is 
supported by changes in morphology, viability, 
and PDT with exposure to LPS at various 
concentrations.

Based on morphological observations, it was 
shown that there was a decrease in cell density 
with increasing exposure to LPS doses without 
changing the morphology of A549 cells. This 
is in line with the decrease in cell viability and 
prolonging PDT. Literature data regarding the 
responsiveness of A549 cells to LPS is highly 
controversial. Several studies have reported 
a significant decrease in A549 cell viability of 
around 50% at a low LPS concentration of 1 µg/
mL after 24 hours.17 Meanwhile, the minimal 
cytotoxic dose of endotoxin for A549 cells at a 50 
µg/mL concentration.18 However, cell viability 
did not fall below 80%. A potential reason for 
the different responses of A549 cells could be the 
type of LPS used for the experiment. Previous 
studies showed that the LPS substructure 
could modulate its endotoxic properties, 
possibly through different interactions of the 
LPS molecule with the TLR4 receptor complex, 
leading to different activation of subsequent 
inflammatory pathways.19 This is supported by 
studies that found that structural differences 
in the O-antigen LPS molecule were able to 
modulate its recognition and phagocytosis by 
macrophages.20

The results of PDT showed that the longer 
the time needed to double the number of cells 
as the exposure to LPS dose increased. In cells 
that were not exposed to LPS, they showed a PDT 
of 21.9 hours; this is in line with the literature, 
which states that the PDT of A549 cells is 21.8 
hours.13 Based on analysis with one way ANOVA, 
it showed significance in cells exposed to LPS 
at a dose of 1000 µg/mL. This means that cells 
exposed to LPS experience disturbances in 
their proliferation process, so the time needed 
becomes longer. LPS with a concentration of 
1000 μg/mL greatly affected the viability, PDT, 
and the concentration of the pro-inflammatory 
cytokine IL-8 in A549 cells. Therefore, an LPS 
concentration of 1000 μg/mL was set as the 

concentration to induce inflammation in the 
follow-up experiments.

Morphological observations showed a 
decrease in cell density with increasing exposure 
to LPS doses without changing the morphology 
of A549 cells. This is in line with the decrease 
in cell viability and prolonging PDT. The results 
of the PDT calculation also show an extension 
of the time needed for cells to double their cell 
number. PDT increases with increasing exposure 
time. Cells not exposed to LPS showed PDT 21 
hours, then increased to 28 hours, and at the end, 
showed 35 hours. In control cells at 24 hours, 
the cells were still growing well with normal 
PDT. An increase in PDT in control cells indicates 
the occurrence of confluence, which causes the 
cells to experience abnormalities. Cells exposed 
to LPS showed abnormalities after exposure to 
LPS for 24 hours and then increased with the 
length of exposure, the difference in time needed 
for cells not exposed to LPS compared to cells 
exposed to LPS for 120 hours reached 11 hours.

Scoring cytokine storm by levels of MCP-3 and 
IL-8 can accurately stratify COVID-19 patients 
for high mortality risk.21 The pro-inflammatory 
cytokine IL-8 showed a sharp increase during 
LPS exposure for 120 hours. Hyperinflammation 
of the lungs of severe COVID-19 patients is 
fueled by excessive production of chemokines 
Chemokines like CXCL1 (GROα) and IL-8 were 
found to be 30 times more abundant in BALF 
than in plasma and 200 times more abundant 
than IL-6 and TNF-α; consistent with the levels 
of these chemotactic molecules, BALF was rich in 
neutrophils, lymphocytes, and eosinophils.22

Neutrophils are essential effector cells in the 
innate immune defense against human infection. 
IL-8, secreted by macrophages and lung 
epithelial cells, is a neutrophil chemoattractant. 
IL-8 contributes to neutrophil activation and 
NET formation after binding to CXCR2 on 
neutrophils, causing hyperinflammation.23 
The results showed that the concentration of 
the pro-inflammatory cytokine IL-8 increased 
significantly after 1,000 µg/mL LPS exposure, 
indicating that the LPS-induced A549 cell 
inflammation model was successful.
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