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ABSTRACT 

 

The ox-LDL generated apoptotic bodies using THP-1 macrophage is a useful tool to 

study foam cell formation in atherosclerosis. However, the cells in the negative con-

trol group undergo apoptosis in the absence of ox-LDL. Therefore, the type of cell 

culture vessel was proposed to be the key factor contributing to cell apoptosis. The 

THP-1 cells were differentiated into M1 macrophages using 10 ng/L PMA, 5 ng/L 

LPS, and 20 ng/L IFN-𝛾 while 5 ng/L PMA, 20 ng/L IL-4 and 20 ng/L IL-13 

were used to differentiate THP-1 into M2 macrophages. Two types of cell culture 

vessels (6-well plate and T25 flask) were used to culture the macrophages. The cells 

were stained using Annexin V-FITC and Propidium Iodide before flow cytometry 

analysis. Interestingly, both M1 and M2 macrophages cultured in the T25 flask re-

sulted in a significantly higher percentage of cell viability compared to macrophages 

cultured in 6-well plate [M1: 84.15% ± 4.39 vs 8.02% ± 1.55, p < 0.0001; M2: 95.95% 

± 1.74 vs 10.50% ± 0.05, p < 0.0001]. In summary, the type of culture vessel is a vital 

factor in determining cell viability attributed to the surface area and cell seeding den-

sity in different types of vessels. 
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Introduction 

Efferocytosis is a highly regulated process 

which responsible for the clearance of daily-gen-

erated dying cells (i.e. apoptotic bodies) in the 

physiological state of the human body [1]. The en-

gulfment of apoptotic bodies by professional ef-

ferocyte such as macrophages provides a protec-

tive mechanism from the detrimental effect of the 

apoptotic body build-up. The efferocytosis is also 

essential in inflammation resolution as the unen-

gulfed apoptotic bodies can easily undergo sec-

ondary necrosis and release inflammatory contents 

that may subsequently cause inflammatory disor-

der [2, 3]. The significance of efferocytosis is 

highlighted in inflammatory disorders such as ath-

erosclerosis [4, 5]. In atherosclerosis, the efferocy-

tosis mechanism is hampered, accumulating apop-

totic bodies in atherosclerotic plaque. The assem-

blage of apoptotic bodies in the plaque can trigger 

a plaque rupture, resulting in disastrous clinical 

outcomes such as myocardial infarction, ischemic 

stroke, and sudden cardiac death [6–8]. Therefore, 

the study to elucidate the dysregulated efferocyto-

sis mechanism is worthy of attention to discover 

potential novel biomarkers or therapeutic candi-

dates for atherosclerosis. 

During atherosclerosis, the gradual accumula-

tion of oxidized low-density lipoprotein (ox-LDL) 

particles contributes to the formation of plaque in 

the artery [1, 4]. Macrophages are responsible for 

ox-LDL uptake and transforming them into foam 

cells. The lipid-engorged foam cells are suscepti-

ble to diverse cellular death pathways, including 

apoptosis which further turns them into apoptotic 

bodies [9, 10]. We are interested in generating in 

vitro apoptotic bodies model using macrophages 

derived from THP-1 cell line to mimic the patho-

logical state of atherosclerosis.  

THP-1 cell line is among the potential in vitro 

surrogate of primary macrophages because it has 

unlimited sources due to its infinite life span, pos-

sesses a homogenous background as they origi-

nated from a single source, and can eliminate the 
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invasive procedure of human blood withdrawal 

[11, 12]. The generation of apoptotic bodies in 

THP-1 macrophage induced by ox-LDL can serve 

as a substrate for efferocytosis. The apoptotic 

body formation can be detected using flow cytom-

etry by assessing Annexin V FITC and Propidium 

Iodide (PI) staining on the cell. During apoptosis, 

phosphatidylserine is translocated to the external 

membrane, which serves as an apoptotic recogni-

tion molecule recognized by Annexin V FITC. 

The macrophage also can undergo another cellular 

death pathway, such as necrosis, in which they 

will release nucleus contents after their death 

which can be detected by DNA binding dye, PI. 

This allows the discrimination of viable cells 

(FITC−PI−), early apoptotic cells (FITC+PI−), 

late apoptotic cells (FITC−PI+) and necrotic cells 

(FITC+PI+), which can be detected by flow cy-

tometry [13].  

However, the common challenge in the apop-

tosis assay is that the negative control group cells 

undergo apoptosis. Generally, a negative control 

group is a group that receives no treatment and is 

expected to survive in the absence of the interven-

tion [14]. Therefore, the validity and reliability of 

any intervention in the treatment group could be 

challenged and invalid if the cells in the negative 

control group undergo apoptosis. An expected oc-

currence happens, which is the THP-1 macro-

phage in the negative control group undergoes 

apoptosis without induction of ox-LDL. Until 

now, a limited study is available investigating the 

reason for cell lines, particularly THP-1 suscepti-

bility to apoptosis in the absence of an apoptosis 

inducer. Due to the growth of adherent cells, in-

cluding macrophages depending on the availabil-

ity of surface area [15], we proposed that different 

types of cell surface area in culture vessels impact 

the viability of THP-1 macrophages. Two types of 

culture vessels which are the culture flask (T-25 

flask) and well plate (6-well plate) were investi-

gated for THP-1 culture and differentiation into 

M1 and M2 macrophages. The differences in the 

culture environment provided by the two culture 

vessels may lead to the disparity of viability per-

centage in macrophages. 

The findings from this study can provide sig-

nificant inputs for the optimization of apoptosis 

assay involving cell lines, particularly THP-1. 

Several other macrophage cell lines are available 

as an alternative for primary macrophages, such as 

RAW 264.7 and U937 [16], however, THP-1-

derived macrophages possess the closest charac-

teristics as primary macrophages in terms of phag-

ocytosis, pro-inflammatory and anti-inflammatory 

cytokines secretion as well as lipid uptake [17, 

18]. The involvement of cells in a laboratory ex-

periment is time-consuming as it requires the op-

timization of numerous factors. In this study, we 

evaluated the effect of two different culture condi-

tions on the viability THP-1 after differentiation 

into M1 and M2 macrophages. We demonstrated 

that the condition of the culture vessel is critical 

for the viability of THP-1 macrophage. 

 

Material and Methods 

THP-1 culture 

THP-1 cell line was cultured in RPMI-1640  

media (Corning, USA) supplemented with 10% 

fetal bovine serum (Capricon Scientific, USA), 

and 1% of penicillin/streptomycin (Corning, 

USA). The THP-1 culture was maintained at 5% 

CO2, 37°C and the media was replaced every two 

or three days a week. 

 

THP-1 macrophage differentiation 

THP-1 cell line was differentiated into M1 

macrophage using 10 ng/L PMA (phorbol 12-

myristate 13-acetate; Targetmol, USA), 5 ng/L 

LPS (Lipopolysaccharides; Sigma, USA) and 20 

ng/L IFN-𝛾  (Interferon-gamma; Stem Cell 

Technologies, Canada) while 5 ng/L PMA, 20 

ng/L IL-4 (Interleukin-4; Peprotech, USA) and 

20 ng/L IL-13 (Interleukin-13; Peprotech, USA) 

were used to differentiate THP-1 into M2 macro-

phage. The full differentiation of M1 and M2 mac-

rophages occurred in seven days. The media were 

changed every three days through day seven. The 

macrophages were differentiated into two types of 

cell culture vessels: a T-25 flask (SPL Life Sci-

ences, Korea) and a 6-well plate (True Line, 

USA). The cell seeding number for THP-1 macro-

phage differentiation was 1 × 106 and 3 × 105 in 

T25-flask and 6-well plate, respectively. The dif-

ferentiated M1 and M2 macrophages in a flask and 

well plate were harvested using cell detachment 

solution, Accumax (Thermo Fisher Scientific, 

USA) and cell scraper (NEST, China) before flow 

cytometry analysis. 

 

Characterization of M1 and M2 macrophages 

derived from THP-1 

The phenotypic characteristic, and cell surface 

markers of M1 and M2 macrophages were verified 
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using flow cytometry analysis. The harvested 

macrophage was incubated with 2 l of CD86-

FITC human clone FM95 (M1 surface marker) 

and 2 l of CD200R-PE human clone REA725 

(M2 surface marker) (Miltenyi Biotec, German) in 

100 l of MACS buffer for 10 minutes at 4°C in 

the dark. After the final washing step, the labeled 

macrophages were analyzed in 400 l of MACS 

buffer using a flow cytometry machine (BD 

FACSCanto). 

 

Apoptosis assay 

 The harvested macrophages were stained us-

ing FITC Annexin V Apoptosis Detection Kit with 

PI (Biolegend, California). The macrophages were 

incubated with 5 l of Annexin V and 3 l of PI in 

400 l of binding buffer for 15 minutes at room 

temperature in the dark. The fluorescent signal of 

Annexin V and PI expressed by macrophages was 

evaluated using a flow cytometry machine (BD 

FACSCanto). Macrophages with both Annexin V 

and PI negative were considered healthy and via-

ble, macrophages with PI negative and Annexin V 

positive were considered early apoptotic, macro-

phages with PI positive and Annexin V negative 

were considered late apoptotic and macrophages 

with both PI and Annexin V positive were consid-

ered necrotic. 

 

Statistical analysis 

Quantitative data were managed using 

GraphPad Prism Version 8. The data were ex-

pressed as mean ± SD. The independent t-test was 

employed to determine the significant difference 

in parameters between the two groups. The statis-

tical test was considered significant when the p-

value was < 0.05. 

 

Results and Discussion 

THP-1 differentiation into M1 and M2 macro-

phages 

THP-1 is a monocytic cell line that has been 

extensively employed as in vitro cell model of pri-

mary macrophage. THP-1 was first discovered in 

a 1-year-old male patient with acute monocytic 

leukemia [19, 20]. The use of THP-1 is hugely 

beneficial in the immunological field as it can be 

used as a surrogate in vitro tool to study the mon-

ocyte/macrophage function [21–23]. THP-1 were 

selected as the primary tool in the present study 

due to the similitude of their function with primary 

macrophage in terms of surface markers 

expression, phagocytosis capability, lipid uptake, 

and secretion of inflammatory cytokines [22, 24, 

25]. The main advantages of employing THP-1 

over primary macrophages are their endless 

sources owing to the eternal shelf life of cell line 

[12, 20]. Several cell lines are available as an al-

ternative to primary macrophages such as U937 

and HL-6p [12, 16], but THP-1 is the most com-

monly utilized as they shared the closest charac-

teristic of primary macrophages, notably in the 

surface markers expression [24, 26].  

THP-1 can differentiate into resting macro-

phages (M0) using PMA and polarized into M1 

and M2 macrophages using LPS, IFN-𝛾, IL-4 and 

IL-13. A 72-hour incubation in the presence of 5 

and 10 ng/L PMA to induce THP-1 cell line dif-

ferentiation into resting macrophage followed by 

a 72-hour incubation with M1 stimulants (5 ng/L 

LPS & 20 ng/L IFN-𝛾) and M2 stimulants (20 

ng/L IL-4 & 20 ng/L IL-13) to induce polariza-

tion into M1 and M2 macrophage was selected as 

differentiation protocol [24, 27, 19]. To allow full 

THP-1 differentiation into resting macrophages, 

24 hours resting period (i.e.macrophage in media 

only) was implemented after PMA treatment prior 

to stimulation of M1 and M2 stimulants [24].  

The macrophage surface markers expression, 

CD86 and CD200R were analyzed via flow cy-

tometric analysis to verify the THP-1 monocyte 

differentiation into M1 and M2 macrophages. A 

significantly higher CD86 expression was ob-

served in M1 macrophages compared to M2 mac-

rophages attributed to the exposure of LPS and 

IFN-𝛾 [M1: 2.71 ± 0.69 vs M2: 1.07 ± 0.06, p = 

0.014] (Figure 1A). The findings generated from 

this study were consistent with previous studies in-

dicating that M1 macrophages exhibited a higher 

CD86 signal than M2 macrophages [20, 28]. 

CD200R serve as M2 marker was induced in M2 

macrophage using IL-4 and IL-13. According to 

Figure 1B, M2 macrophage significantly ex-

pressed higher CD200R than M1 macrophage 

[M1: 1.01 ± 0 vs M2: 1.25 ± 0.02, p <0.0001]. 

Purcu and colleagues also reported a higher 

CD200R expression in M2 macrophages com-

pared to M1 macrophages after stimulation of IL-

4 and IL-13 [29]. 

 

Apoptotic bodies formation in the negative con-

trol group 

 Apoptosis is the most prominent event in ath-

erosclerotic plaque and is a crucial contributing 
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factor to plaque vulnerability [10, 9]. The rupture 

of vulnerable plaque can progress to acute throm-

bosis, the terminal event that provokes acute my-

ocardial infarction, sudden cardiac death and 

stroke [7, 30]. Macrophages lead to reducing the 

atherosclerotic plaque burden by engulfing the ac-

cumulated ox-LDL and transforming them into 

foam cells [31]. The lipid overload in the macro-

phage foam cell can induce apoptosis of the cell 

by activating the apoptotic pathway. The lipid par-

ticles of ox-LDL can induce apoptosis through the 

caspase cascade, such as caspase 9, caspase 3, and 

caspase 7 [9, 32]. Interestingly, macrophages also 

can serve as efferocyte to clear the apoptotic bod-

ies, a process known as efferocytosis. In athero-

sclerosis conditions, the efferocytosis is dysregu-

lated and leads to the accumulation of apoptotic 

bodies [5]. Therefore, to better understand how ef-

ferocytosis is dysregulated in atherosclerosis, in-

vestigating apoptotic body formation induced by 

ox-LDL can provide useful and practical insight. 

However, the problem in the present study is both 

M1 and M2 macrophage-derived from THP-1 in 

the negative control group were susceptible to 

apoptosis without the presence of ox-LDL. The 

apoptotic body formation was assessed using 

FITC Annexin V Apoptosis Detection Kit with PI. 

The percentage of viable cells in M1 and M2 mac-

rophages was 9.70 % and 10.02 %, respectively 

(Figure 2A and B).  

Several variables may induce low cell viability 

in the negative control group. In the cell culture 

environment, macrophages are highly adherent 

cell types and improper cell detachment methods 

can interfere with the cell viability [33]. Tsuji et 

al. (2017) reported that different types of cell de-

tachment reagents resulted in different outcomes 

of cell viability as well as surface marker expres-

sion. They suggested that TrypLE solution is su-

perior to other cell dissociation reagents as cell vi-

ability was not significantly altered and the treat-

ment did not affect the expression of any cell sur-

face marker after 30 minutes of the treatment [34]. 

This study employed the Accumax solution as a 

detachment reagent to detach macrophages from 

the culture vessel. We attempted changing to Try-

pLE as a detachment reagent for macrophages; 

however, the outcomes of cell viability percentage 

were similar to the macrophages that were treated 

with Accumax, [TrypLE: 7.23 % ± 1.27 vs Ac-

cumax: 6.50 % ± 0.81] (Data not shown).  

Moreover, in the present study, a cell scraper 

usage was established for the macrophage detach-

ment process to  maximize  the  yield  of  the  har- 

  

a b 

Figure 1. CD86 (a) and CD200R (b) expression in M1 and M2 macrophages. Cell surface markers of CD86 and 

CD200R were measured via flow cytometric analysis. The data represent the mean fluorescence in-

tensity (MFI) of three biological replicates and the statistical differences between the two groups were 

tested by an independent t-test.  As shown in Figure 1A and B, the mean expression of M1 marker, 

CD86 was significantly higher in M1 macrophage [M1: 2.71 ± 0.69 vs M2: 1.07 ± 0.06, p = 0.014] 

and M2 marker, CD200R was significantly higher in M2 macrophage [M1: 1.01 ± 0 vs M2: 1.25 ± 

0.02, p <0.0001]. 
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vested cells. According to previous studies, exces-

sive mechanical handling of the adherent cell us-

ing a cell scrapper can affect the cellular mem-

brane integrity in a human cell line, exposing 

phosphatidylserine and nucleus contents that An-

nexin V and PI can positively detect. In addition 

to that, a prior study revealed that the detachment 

method using a cell scrapper is considered an in-

effective way of harvesting cell lines as their usage 

significantly reduced cell viability, ranging from 

34.6% to 87.18 % [35, 36]. We attempted the elim-

ination of the cell scraper application in order to 

increase the macrophage viability, but the percent-

age of viable cells remained low, [Harvested mac-

rophage with scrapper: 8.29 % ± 1.09 vs harvested 

macrophage without scrapper: 9.22 % ± 0.91] 

(Data not shown). Thus, it demonstrated that this 

study's apoptosis of M1 and M2 macrophages was 

less likely attributed to the common factors indi-

cated above. 

 

Viability of THP-1 macrophage in two different 

culture vessel conditions 

There was increasing evidence proving that 

the cell detachment technique can affect cell via-

bility in the cell line [33–36]. To date, no research 

has explored how different conditions in culture 

vessels can affect cell viability. Therefore, a dif-

ferent type of culture vessel condition was 

proposed to be a key apoptosis factor that may 

have an impact on the viability of THP-1 macro-

phages as the growth of adherent cells is limited 

by available surface area. The T-25 flask and 6-

well plate were investigated to determine the ef-

fect of different cell culture vessel conditions on 

cell viability.  

A good cell viability percentage must be be-

tween 80 to 90 %. In line with our prediction, the 

dot plot shown in Figure 3A, 80.95 % of M1 mac-

rophages survive in the T-25 flask as opposed to 

only 9.70 % of M1 macrophages viable in the 6-

well plate (Figure 3B). The dot plot shown in Fig-

ures 4A and B also revealed higher viability ob-

tained by M2 macrophages that were cultured in 

the T-25 flask (M2 in T-25 flask: 96.3 8% vs M2 

in 6- well plate: 10.02 %). The data were analyzed 

using an independent t-test. A significant increase 

of cell viability percentages were observed in M1 

macrophage (Figure 3 C) that cultured in T-25 

flask compared to 6-well plate, [M1: 84.15 % ± 

4.39 vs 8.02 % ± 1.55, p < 0.0001]. A similar pat-

tern was observed in M2 macrophage (Figure 4 C) 

in which the macrophage viability percentages 

significantly increased after being cultured in T-

25 flask compared to with 6-well plate, [M2: 95.95 

% ± 1.74 vs 10.50 % ± 0.05, p < 0.0001]. In gen-

eral, cell attachment to the substrate, a culture ves-

sel, is an early stage for the adherent cell to 

  

a b 

Figure 2. Apoptotic bodies formation in negative control group: (A) apoptotic bodies formation in negative 

control of M1 macrophage, and (B) apoptotic bodies formation in negative control of M2 macro-

phage.Macrophage with both Annexin V and PI negative were considered healthy and viable, macro-

phage with PI negative and Annexin V positive cells were considered early apoptotic, macrophage 

with PI positive and Annexin V negative cells were considered late apoptotic and macrophage with 

both PI and Annexin V positive were considered necrotic. M1 and M2 macrophages form apoptotic 

bodies in the absence of apoptosis inducer, ox-LDL. The percentage of viable cells in M1 and M2 

macrophages were 9.70 % and 10.02 %, respectively. 
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proliferate and differentiate [37]. THP-1 is a mon-

ocytic cell that manifests as a suspension cell in a 

culture environment. Upon exposure to specific 

stimulants, they will differentiate into adherent 

cell type macrophage by adhering to the culture 

vessels. The findings from this study suggested 

that different conditions of culture vessels can af-

fect the viability of THP-1 macrophages. The T-

25 flask provides a greater surface area than the 6-

well plate for THP-1 differentiation into macro-

phages, which increases cell viability percentage. 

The idea was supported by a previous study which 

highlighted that increased culture surface area is 

able to maximize the growth of the cells [38]. Be-

sides, the adherent cell, including macrophages, 

also requires an attachment to the substrate in the 

culture environment for their survival [39]. The 6-

well plate provides a smaller surface area com-

pared to the T-25 flask, which may cause insuffi-

ciency of macrophage attachment that eventually 

promotes apoptosis. Moreover, Ponath and Kaina 

revealed that monocytes are more susceptible to 

death than macrophages due to superior survival 

ability [40]. Therefore, the difference in surface 

area of different culture vessel types can promote 

disparity and profoundly affect the study out-

comes.  

 In addition to that, the T-25 flask offers a 

higher cell seeding number for cell culture com-

pared to the 6-well plate. The results demonstrated 

that cell seeding numbers could affect cell viabil-

ity because M1 and M2 macrophages could sur-

vive well in the T25 flask. It is supported by the 

study of Zhou and his colleagues, which reported 

that cell viability greatly increases by increasing 

cell seeding number in human mesenchymal stem  

cells [41]. However,  these findings were contra-

dicted by the study of adipose tissue-derived stem 

cells in which increasing cell seeding number 

leads to a reduction of cell viability [42]. The dif-

ference among the studies may be due to different 

cell types that behave differently in certain in vitro 

culture conditions. 

 
Figure 3. Comparison of viable percentage of M1 macrophage inT-25 flask versus 6-well plate: (A) the dot 

plot shows the apoptosis and viability of M1 macrophage cultured in T-25 flask, (B) The dot plot 

shows the apoptosis and viability of M1 macrophage cultured in 6-well plate, and (C) the bar graph 

shows the difference of viable M1 macrophage percentage of 3 biological replicates in T-25 flask and 

6-well plate and the statistical differences between two groups were tested by an independent t-test. A 

significant difference in viable cell percentage was observed in M1 macrophage cultured in T-25 flask 

versus 6-well plate, 84.15 % ± 4.39 vs 8.02 % % ± 1.55; (p < 0.0001), respectively.   
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Furthermore, a different culture media volume 

in different culture vessels can have an impact on 

the cellular interaction in cell culture as they pro-

vide different nutrient concentrations and allow 

different cellular waste exchanges [43]. Insuffi-

cient proper nutrients can affect cell viability in 

the in vitro culture experiments [44]. Finally, yet 

importantly, using a flask instead of a well plate 

benefits the routine of cell culture maintenance as 

they provide better protection from contamination  

attributed to a secure screw cap. 

 

Conclusion 

Optimization of experimental conditions is 

critical in ensuring robust experimental reproduc-

ibility, validity, and reliability. The obtained find-

ings in this study can provide useful insight for the 

optimization of cell culture assay. The present 

study highlighted that different types of culture 

vessels can significantly affect the growth and vi-

ability of the cell. Hence, the type of culture vessel 

is a vital factor in determining cell viability at-

tributed to the difference in surface area and cell 

seeding number. Therefore, optimizing the basal 

condition of cell culture assay is crucial for the 

downstream experiment's reliability and reproduc-

ibility. 
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Figure 4. Comparison of viable percentage of M2 macrophage in T-25 flask versus 6-well plate: (A) The dot 

plot shows the apoptosis and viability of M2 macrophage cultured in T-25 flask, (B) The dot plot 

shows the apoptosis and viability of M2 macrophage cultured in 6-well plate, and (C) The bar graph 

shows the difference in viable M2 macrophage percentage of 3 biological replicates in T-25 flask and 

6-well plate and the statistical differences between two groups were tested by independent t-test. A 

significant difference in viable cell percentage was observed in M2 macrophage cultured in T-25 flask 

versus 6-well plate, 95.95 % ± 1.74 vs 10.50 % ± 0.05;(p < 0.0001), respectively.   
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