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 Abstract 
Monocyte-derived macrophages regulate various aspects of inflammation. 
Phorbol 12-myristate 13-acetate (PMA)-induced THP-1 monocytes are widely 
used as monocyte-derived macrophage models suitable for studying the 
pathophysiology of inflammation and developing therapies. However, there is 
insufficient data concerning the baseline expression of pro-inflammatory 
receptors and the associated cytokine levels in THP-1-derived macrophage-like 
cells compared with their monocyte precursors. In this study, PMA-treated 
THP-1 cells were employed as models for monocyte-derived macrophage-like 
cells (M0). The mRNA levels of Toll-like receptors (TLR)4, receptor for 
advanced glycation end-product (RAGE), and TLR7 in THP-1 cells, both with 
and without PMA treatment, were evaluated using quantitative real-time 
polymerase chain reaction (RT-qPCR). ELISA was performed to quantify IL-6, 
TNF-α, and IL-18 levels in the THP-1 culture supernatant. The mRNA 
expression of TLR4, RAGE, and TLR7 was increased twofold in PMA-induced 
THP-1-derived macrophage-like cells compared to monocytes. IL-6 (p = 
0.0277) and TNF-α (p = 0.0105) levels were significantly elevated in the culture 
supernatants of THP-1-derived macrophages. However, IL-18 levels did not 
show a significant increase. The upregulation of TLR4, RAGE, and TLR7 
transcription was accompanied by elevated secretion of IL-6 and TNF-α during 
PMA-induced differentiation of THP-1-derived macrophage-like cells (M0), 
highlighting the polarization state and the specific role of macrophages in 
producing pro-inflammatory cytokines. This study provides baseline data on 
pro-inflammatory receptor expression and cytokine production in the THP-1-
derived macrophage-like cells model for inflammatory research. 
 

 
1. INTRODUCTION 

Monocytes and macrophages are fundamental in regulating all phases of inflammation. Under inflammatory 

conditions, circulating monocytes in the bloodstream are recruited to the tissue by cytokines and chemokines released by 

damaged and endothelial cells, where they further differentiate into monocyte-derived macrophages. The balance between 

tissue-resident and monocyte-derived macrophages is consistently maintained to ensure tissue homeostasis (1). 

Disrupting this balance may adversely affect disease progression. Monocyte-derived macrophages, characterized by their 

highly inflammatory features, dominate the cell population in the bronchoalveolar lavage fluid of patients with severe 

COVID-19 (2). They also promote low-grade inflammation in diabetes mellitus, and macrophage-induced inflammation is a 

significant factor in the progression of both insulin resistance and hyperinsulinemia (3).  

The activation of monocytes and macrophages is initiated when pathogen-associated molecular patterns (PAMPs) 

or damage-associated molecular patterns (DAMPs) interact with their specific pattern recognition receptors (PRRs) on the 

cell surface. PAMPs are exogenous molecules, such as nucleic acids, lipopolysaccharides, flagellin, and peptidoglycan, 

produced by pathogens as part of their life cycle. In contrast, DAMPs are self-molecules of the host, including heat shock 

protein, high mobility group box 1, and ATP, which are liberated into the extracellular space during various forms of cell 
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death (4). Change in the metabolic homeostasis of lipids, amino acids, glucose, and nucleic acids can also lead to the 

formation of DAMPs, which in turn trigger specific PRRs and provoke an inflammatory response (5).  

Toll-like receptors (TLRs) are a family of PRRs that recognize DAMPs and PAMPs, triggering the secretion of 

interferon, chemokines, cytokines, and antimicrobials as part of the host’s first line of defense. Ten human TLRs have been 

identified and categorized by their function and localization into cell surface and intracellular TLRs (6). Cell surface TLR4 

is a crucial receptor, capable of inducing both myeloid differentiation primary response gene 88 (MyD88)-dependent and 

independent signaling pathways, underlining its relevance in both infectious and non-infectious inflammation (7). TLR7 is 

an endosomal receptor that functions as part of the nucleic acid sensor system, recognizing fragments of single-stranded 

RNA (ssRNA) from viruses, bacteria, fungi, and protozoa (8). It can also detect self-derived ssRNA, playing a fundamental 

part in the pathophysiology of systemic lupus erythematosus (SLE) (9) and Parkinson’s disease (10). TLR7 activation 

prompts the release of inflammatory cytokines regulated by NF-κB and interferons, further activating various cells to 

sustain inflammation (11). 

The receptor for advanced glycation end-product (RAGE) is a member of the immunoglobulin superfamily that 

functions as a PRR. It serves as a ligand for AGEs, harmful molecules formed when reducing sugars reacts with proteins, 

lipids, or DNA. RAGE activation leads to heightened inflammation and accelerates the progression of vascular complications 

in neurological disease, diabetes, cardiovascular disease, and cancer (12,13). The lungs exhibit the highest expression of 

RAGE (14), underscoring its impact on the pathophysiology of COVID-19 (15-17). 

There are considerable discrepancies regarding TLR expression in human primary monocytes and macrophages. 

TLR4 expression has been reported to be significantly higher in monocyte-derived macrophages compared to their 

precursors; however, other studies have found no such differences. Similar inconsistencies have been observed for TLR2 

and TLR9. These variations are likely due to differences in the conditions used to induce monocytes to differentiate into 

macrophages (18,19). RAGE is upregulated in macrophages; however, differences in expression levels between monocytes 

and macrophages remain undefined (20). 

Primary monocyte cells isolated from human blood serve as an ideal model for studying inflammation. However, 

they present several challenges: each experiment requires fresh specimens; they cannot be stored long-term; and their 

genetic diversity is wide, as they originate from multiple donors. As an alternative, the immortalized THP-1 cell line, 

originally derived from a patient with acute monocytic leukemia, is commonly used for investigating pathways and 

functions associated with human monocytes and macrophages. These cells can be cultured in vitro, conveniently preserved 

in liquid nitrogen, and exhibit a genetically consistent background. The genetic stability of THP-1 cells offers the advantage 

of minimizing individual variability in various experiments (21). 

Exposure to phorbol 12-myristate 13-acetate (PMA) induces the conversion of THP-1 monocyte cells into 

macrophage-like cells (M0), which can subsequently be polarized into inflammatory macrophages (M1) or anti-

inflammatory macrophages (M2) models (22,23). Exposure to PMA, followed by a PMA-free rest period, induces THP-1-

derived macrophage-like cells that exhibit morphology, organelles, surface markers, phagocytic capacity, and cytokine 

patterns resembling those of human monocyte-derived macrophages (24). PMA concentrations ranging from 5 to 100 

ng/ml have been shown to induce differentiation with minimal toxicity (25). Previous studies have characterized the 

expression of specific markers in PMA-differentiated THP-1 cells, including surface markers cluster of differentiation 

(CD)14, CD35, CD36, CD55, CD59, CD163, and CD204 (24,26,27).  

However, data regarding the expression of TLRs and RAGE in PMA-induced THP-1 macrophage-like cells (M0) 

compared to undifferentiated THP-1 monocytes remains limited. Studies have reported receptor and cytokine expression 

in PMA-induced THP-1 cells under stimulated conditions, typically using LPS (27,28). Establishing receptor expression 

under unstimulated conditions is not only essential for understanding the differentiation of monocytes into macrophages 

(M0) but also serves as a baseline reference for detecting receptor and cytokine upregulation or downregulation in 

response to various stimuli. This study followed a previously validated protocol (27), which utilized a short period of PMA 

exposure followed by a rest period to induce THP-1 differentiation effectively. This protocol has been shown to produce 

THP-1-derived macrophage-like cells with optimal innate immune and inflammatory responses. Using this approach, we 

evaluated the baseline mRNA expression of key receptors involved in inflammatory signaling in both monocytes and 

macrophages, with TLR4 and RAGE representing surface receptors and TLR7 representing intracellular (endosomal) 

receptors. The production of cytokines interleukin (IL)-6, tumor necrosis factor (TNF)-α, and IL-18 as downstream effectors 

of receptor activation was also assessed. IL-6, TNF-α, and IL-18 are key pro-inflammatory cytokines produced by 

monocytes and macrophages whose elevated levels reflect increased inflammatory activity. IL-18 is produced as an inactive 

precursor (pro-IL-18) and requires inflammasome activation for maturation and secretion (4). This study aimed to provide 

valuable data for the development of monocyte and macrophage-like cells (M0) models using THP-1 cells. Specifically, 

TLR4, TLR7, and RAGE mRNA expression, along with IL-6, TNF-α, and IL-18 levels, were compared between 

undifferentiated THP-1 monocytes and PMA-induced THP-1 macrophage-like cells (M0) without further stimulation. 

Without baseline data on receptor mRNA expression and cytokine levels, it would be difficult to distinguish whether 

observed effects are attributable to external stimuli or merely reflect changes induced by monocyte differentiation into 

macrophages. 
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2. MATERIALS AND METHODS  

2.1. THP-1 Cell Culture and Differentiation 

Human monocytic THP-1 cells, obtained from the European Collection of Authenticated Cell Cultures (ECACC), were 

cultured in T25 flasks with RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS) and 100 μg/mL 

Primocin® (Invivogen, San Diego, CA) at 37 °C in a 5% CO₂ atmosphere. Cell density was maintained between 3 and 8 × 10⁵ 

cells/mL to ensure cells were in the exponential growth phase at the time of harvest. THP-1 monocytes and THP-1-derived 

macrophage-like cells (5 × 10⁵ cells/well) were seeded into 24-well plates in 2 mL of complete medium. Following seeding, 

the medium was refreshed and cells were incubated for 24 hours prior to treatment. PMA-induced differentiation was 

performed as previously described (27) with minor modifications: differentiation into THP-1-derived macrophage-like 

cells (M0) (2.5 × 10⁵ cells/mL) was induced using 62.5 ng/mL phorbol 12-myristate 13-acetate (PMA) (Sigma-Aldrich, St. 

Louis, MO) for 16 hours, followed by a 48-hour resting phase in PMA-free medium. As the THP-1 macrophage-like cells 

would serve as a negative control for subsequent treatments, cells were maintained in fresh medium for an additional 24 

hours before harvesting to allow adequate equilibration. Before adding fresh medium, cells were washed with PBS to 

remove residual PMA and cell debris. Differentiation of monocytes into macrophage-like cells (M0) was confirmed by visual 

inspection using an inverted microscope, as evidenced by the transition from a round, suspension morphology to an 

adherent, spread morphology characteristic of macrophage-like cells. The experiment was performed in three independent 

biological replicates, each conducted in duplicate. 

2.2. Real-time PCR 

Total RNA from THP-1 monocytes and THP-1-derived macrophage-like cells was extracted using the rSYNC™ RNA 

Isolation Kit (Geneaid, Shijr, New Taipei City, Taiwan) following the manufacturer’s protocol. RNA concentration and purity 

were determined using a NanoDrop spectrophotometer, and samples with a 260/280 absorbance ratio between 1.8 and 

2.1 were considered acceptable for downstream analysis. First-strand cDNA was synthesized from 500 ng of total RNA 

using the Excel™ Reverse Transcription Kit II (Smobio, Hsinchu City, Taiwan).  A 20 μLreaction mix was prepared using the 

SensiFAST™ SYBR® Lo-ROX Kit (#BIO-94005, Bioline, London, UK) with the following components: cDNA template (4.4 

μL), 2× SensiFAST™ SYBR® Lo-ROX mix (10 μL), forward primer (0.8 μL/10 μM), reverse primer (0.8 μL/10 μM), and H₂O 

(4 μL). Reactions were performed using an Agilent Technologies Stratagene Mx3005P real-time PCR system. Real-time 

quantitative polymerase chain reaction (real-time qPCR) was performed using the following thermal cycling programme: 

initial denaturation at 95 °C for 2 minutes, followed by 40 cycles of 95 °C for 5 seconds, 60 °C for 11 seconds (for GAPDH 

and TLR4) or 62 °C for 11 seconds (for RAGE and TLR7), and 72 °C for 19 seconds. A no-template control (NTC) was 

included in every experiment to detect potential contamination. The cycle threshold (Ct) values were analysed using the 

2^–ΔΔCt method (29). Primer amplification efficiencies ranged from 90% to 110% for all target and housekeeping gene 

(GAPDH). The primers used in this study, based on previously published sequences (26-29), are presented in Table 1. 

2.3. ELISA 

Cell supernatants were collected by centrifugation, re-centrifuged at 5000 rpm for 2 minutes, and stored at –80 °C 

until analysis. Cell supernatants were diluted with complete medium before measuring IL-6 (1:100), TNF-α (1:100), and 

IL-18 (1:4).  The levels of proinflammatory cytokines IL-6, IL-18, and TNF-α in THP-1 monocyte and THP-1-derived 

macrophage-like cells supernatants were measured using ELISA, following the manufacturer’s protocol (FineTest, Wuhan, 

China). The detection range for the human IL-6 kit was 4.688–300 pg/mL, whereas for the human IL-18 and human TNF-α 

kits, it was 15.625–1000 pg/mL. All kits demonstrated intra-assay precision with CV < 8% and inter-assay precision with 

CV < 10%. Cytokine concentrations were determined from ELISA absorbance readings using MyAssay Analysis Software 

(http://www.myassays.com) with a four-parameter logistic (4PL) curve fit.  

2.4. Statistical Analysis 

All data were analyzed using Stata 17.0. TLR4, RAGE, and TLR7 mRNA levels were normalized to GAPDH  

as an endogenous control. For statistical analyses, n refers to three independent biological replicates, each conducted  

in duplicate. A normality test performed on the qPCR data (ΔΔCt values) yielded p > 0.05, indicating that the data  

were normally distributed. A paired t-test was conducted to compare mRNA expression in PMA-induced THP-1-derived 

macrophage-like cells relative to their monocyte precursors, using the ΔΔCt method. The relative expression levels  

(2^–ΔΔCt) are presented graphically, with monocyte expression levels set to 1. IL-6, TNF-α, and IL-18 concentrations  

were tested for normality using the Shapiro–Wilk test. A paired t-test was used for normally distributed data, and the 

Wilcoxon signed-rank test was applied to non-normally distributed data. All graphs were generated using GraphPad  

Prism 8.0.2 and display data as mean ± standard error of the mean (SEM). A p-value < 0.05 was considered  

statistically significant. 

 

http://www.myassays.com/
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Table 1. The primers used for real-time PCR 

Gene Forward Reverse References 

GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC (26) 
TLR4 AAGCCGAAAGGTGATTGTTG CTGAGCAGGGTCTTCTCCAC (27) 
RAGE CCCTGCTCATTGGGGTCATC GTACTACTCTCGCCTGCCTC (28) 
TLR7 GCTCTGTGGGAGTTCTGTCC ACCGTTTCCTTGAACACCTG (29) 

 

 

3. RESULTS AND DISCUSSION 

Ex vivo, fully functional monocyte-derived macrophages can be obtained during the differentiation phase,  

when monocytes transform into macrophages (M0), and the activation phase, when monocyte-derived  

macrophages undergo polarization into pro-inflammatory M1 and anti-inflammatory M2 macrophages (1). In this  

study, we aimed to establish baseline data for receptors TLR4, TLR7, and RAGE, as well as the downstream cytokines  

IL-6, IL-18, and TNF-α, during the differentiation phase of PMA-induced THP-1 cells into macrophage-like cells  

(M0). Baseline data provide a reference point for accurately measuring changes in receptor expression and  

related cytokines upon stimulation, thereby avoiding misinterpretation with changes that occur during monocyte-to-

macrophage differentiation. 

3.1. PMA-Induced THP-1 Cells Exhibited Macrophage-Like Characteristics 

To facilitate the differentiation of THP-1 cells into macrophage-like cells, the cells were treated with 62.5 ng/mL 

PMA for 16 hours, followed by a 48-hour resting period in PMA-free medium and an additional 24 hours in fresh medium. 

Differentiation into THP-1-derived macrophage-like cells was characterized by cell adherence to the bottom of the well, an 

elongated morphology, and increased cytoplasmic volume. These features are consistent with those previously reported 

(27) (Figure 1B). 

3.2. mRNA Expression Levels of TLR4, RAGE, and TLR7 in THP-1-Derived Macrophages 

Compared with Monocytes 

To gain further insight into the expression of specific receptors in THP-1-derived macrophage-like cells, the mRNA 

levels of TLR4, RAGE, and TLR7 in PMA-induced THP-1 macrophage-like cells (M0) were compared to those of their 

monocytic precursors. The mRNA expression of the three receptors observed in THP-1-derived macrophage-like cells 

showed a trend toward increased expression relative to their monocyte precursors, though this increase did not reach 

statistical significance. Following PMA stimulation, THP-1-derived macrophage-like cells exhibited a 2.1-fold increase in 

TLR4 mRNA levels (p = 0.1495), a 2.3-fold increase in RAGE mRNA levels (p = 0.1525), and a 2.4-fold increase in TLR7 

mRNA levels (p = 0.1616). Overall, TLR4, RAGE, and TLR7 transcription was elevated during the differentiation of PMA-

induced THP-1 monocytes into macrophage-like cells (M0) (Figure 2). The average Ct values of genes observed in this study 

are shown in Table 2. 

 

 

Figure 1. Differentiation of THP-1 cells into macrophage-like cells. (A) THP-1 cells. (B) PMA-induced THP-1-

derived macrophage-like cells. The THP-1-derived macrophage-like cells demonstrated enhanced attachment to 

the bottom of the well and an increase in cytoplasmic volume 

(A) (B) 
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Figure 2. Level of mRNA expression of TLR4, RAGE, and TLR7 in THP-1-derived macrophage-like cells and THP-1 
monocytes. Statistical analysis was performed using a paired t-test, comparing receptor mRNA expression in  

THP-1-derived macrophage-like cells relative to monocytes (ΔΔCt). Data are presented as the relative  
expression ratio (2^–ΔΔCt), with monocyte expression set to 1. Results are shown as mean ± SEM. 

 
Table 2. Average Ct value of GAPDH, TLR4, RAGE, and TLR7 genes 

Gene 
Ct value Mean ± SEM 

THP-1 cells THP-1-derived macrophage cells 

GAPDH 22.78 ± 0.60 23.92 ± 0.58 
TLR4 23.54 ± 0.07 23.89 ± 0.15 
RAGE 22.77 ± 0.14 23.08 ± 0.22 
TLR7 24.45 ± 0.10 24.84 ± 0.19 

 

 

Previous research showed that 16 hours of PMA treatment, followed by 48 hours in PMA-free medium, induced a 

twofold increase in TLR2 expression in THP-1-derived macrophage-like cells (M0). Upon activation by TLR agonists, a 

greater release of pro-inflammatory cytokines IL-6, TNF-α, and IL-8 was observed in THP-1-derived macrophage-like cells. 

This referenced study used 0.2 × 106 cells/mL with 50 ng/mL PMA (27). This study used a modified protocol and adjusted 

PMA concentration of 62.5 ng/mL PMA to account for a cell density of 2.5 × 105 cells/mL. An additional 24 hours of 

incubation in PMA-free medium before harvesting were also added. Another study reported increased TLR4 mRNA 

expression in PMA-differentiated THP-1 cells compared with THP-1 cells in the presence or absence of LPS (28). This 

previous study used a lower concentration of PMA (10 ng/mL), a longer exposure time (24 hours), and shorter resting 

periods compared to our study. Differences in PMA concentrations and resting periods might influence receptor expression 

and signaling pathways (27). We also investigated RAGE and TLR7 as additional proinflammatory receptors, and IL-18 as 

a pro-inflammatory cytokine of the IL-1 family. In agreement with previous studies findings, our investigation revealed a 

trend of elevated transcription for TLR4, TLR7, and RAGE in THP-1-derived macrophage-like cells compared with their 

monocyte counterparts. Our results indicate that the increase in receptor transcription occurs during the differentiation 

phase, not solely during the activation phase, as previously reported. Following stimulation by DAMPs or PAMPs, activated 

TLR4 and TLR7 utilize the adaptor molecule myeloid differentiation primary response gene 88 (MyD88) at the membrane 

surface to trigger the transcription factor nuclear factor κ-light-chain enhancers of activated B cells (NF-κB), thereby 

promoting proinflammatory cytokine production (6). 

RAGE stimulation by its ligand induces sustained activation of NF-κB. Beyond AGEs, RAGE ligands are diverse and 

include high mobility group box 1, S100 proteins, phosphatidylserine, and complement protein C1q (12). Activation of 

RAGE by its specific ligand results in ligand internalization through endocytosis, which is essential in the clearance of 

harmful substances in both professional and non-professional phagocytes, and also promotes angiogenesis (30–32).  

3.3. The Levels of Pro-Inflammatory Cytokines IL-6, TNF-α, and IL-18 in THP-1-Derived 

Macrophages Compared with Monocytes 

Building on the observed trend of increased receptor mRNA expression in PMA-induced THP-1 macrophage-like 

cells (M0), we next investigated the secretion of proinflammatory cytokines as the final downstream products of TLR4, 

RAGE, and TLR7 activation. We observed a significant increase in IL-6 levels from 1,305.57 pg/mL to 3,162.67 pg/mL  

(p = 0.0277) and in TNF-α levels from 2,428.12 pg/mL to 44,878.45 pg/mL (p = 0.0105) in the supernatant of THP-1-

derived macrophage-like cells compared with monocytes. In contrast, although an upward trend was noted, the levels of 

IL-18, a proinflammatory cytokine belonging to the IL-1 family, did not differ significantly between macrophages and their 
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monocyte precursors (112.13 pg/mL vs. 163.98 pg/mL; p = 0.3454). These findings suggest that PMA-induced 

differentiation of THP-1 into macrophage-like cells promotes increased secretion of IL-6 and TNF-α, while minimally 

affecting IL-18 levels (Figure 3A–B). 

As expected, our observation indicated that the upregulated TLR4, RAGE, and TLR7 transcription in THP-1-derived 

macrophage-like cells corresponded with increased release of the pro-inflammatory cytokines IL-6 and TNF-α. Both TLR4 

and TLR7 activate MyD88-dependent pathways. TLRs engage the adaptor protein MyD88 at the plasma membrane. MyD88, 

along with interleukin-1 receptor-associated kinase (IRAK) 1, 2, and 4, assembles the Myddosome to recruit tumor necrosis 

factor receptor-associated factor 6 (TRAF6). This signaling cascade triggers transforming growth factor beta-activated 

kinase 1 (TAK1) activation, followed by the induction of transcription factor NF-κB, and mitogen-activated protein kinase 

(MAPK). Ultimately, pro-inflammatory cytokines, including the IL-1 family, TNF-α, and IL-6, are produced and released (6).  

RAGE is associated with multiple cellular signaling pathways that activate transcription factors, such as NF-κB, early 

growth response-1 (Egr-1), activator protein-1 (AP-1), and signal transducer and activator of transcription 3 (STAT3). 

These pathways are also responsible for the enhanced production and secretion of inflammatory cytokines (12).  

Considering that all measurements of receptors and cytokines were taken from unstimulated or resting PMA-

induced THP-1 macrophage-like cells (M0), these data may represent baseline levels relevant to the differentiation process 

into M0, rather than being influenced by additional stimulation (e.g., LPS). A modest twofold increase in receptor mRNA 

expression was observed in this study. Previous research showed that a slight increase in receptor could be sufficient to 

induce a biological effect. A 2.2-fold increase in TGFB2 ligand mRNA has been observed in low-grade gliomas (LGG) 

compared to healthy brain tissue (33). Angiotensin II type 1 receptor (AT1R) mRNA expression in stress-stimulated human 

coronary VSMCs increased twofold compared to unstimulated cells, followed by a corresponding increase in protein 

expression (34). mRNA levels do not always correlate with protein levels, which more directly reflect biological effects. 

Several factors influence this correlation, including translation efficiency, protein degradation, and feedback regulation of 

mRNA levels by protein abundance (35). The lack of correlation between mRNA and protein levels does not mean that 

changes in transcript levels are biologically irrelevant. For example, mRNA levels of 17 mediators involved in wound 

healing, measured under the same conditions, were associated with their protein levels; however, such a correlation was 

not seen when each gene and its corresponding protein were analyzed individually (36). The twofold increase in receptor 

mRNA expression observed in our study indicates an enhanced ability of macrophages to engage and respond to DAMPs 

and PAMPs relative to monocytes. This is supported by increased levels of IL-6 and TNF-α reflecting amplified downstream 

signaling leading to proinflammatory cytokine production and secretion. 

In contrast, we observed no significant increase in IL-18 levels in the culture supernatant of THP-1-derived 

macrophage-like cells. Following TLR activation and signaling, IL-18 is produced as an inactive precursor, pro-IL-18. The 

activated protease caspase-1 cleaves pro-IL-18 (as well as pro-IL-1β) into its mature active form. Caspase-1 activation 

induces pore formation in the plasma membrane, leading to pyroptotic cell death and the subsequent release of IL-18 into 

the extracellular space (37). Therefore, IL-18 secretion relies on inflammasome activation. The inflammasome is a 

multiprotein complex comprising PRRs such as NOD-like receptor-pyrin-containing proteins (NLRPs) or absent in 

melanoma 2 (AIM2), the protease caspase-1, and the adaptor protein apoptosis-associated speck-like protein containing a 

CARD (ASC). PAMPs and DAMPs are the primary triggers of inflammasome assembly and activation (38). In the absence of 

PAMPs and/or DAMPs in this study, it is likely that most IL-18 remained in its immature precursor form and was not 

released into the culture supernatant of THP-1-derived macrophages. 

 

 

 
Figure 3. Levels of IL-6 (A), TNF-α (B), and IL-18 (C) in the supernatants of THP-1-derived macrophage-like cells and 

monocyte cultures. The levels of pro-inflammatory cytokine were analyzed using a paired t-test or Wilcoxon signed-rank 

test, as appropriate. Data are presented as mean ± SEM. 

 

(A) (B) (C) 
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This study has limitations. The PMA-induced differentiation of THP-1 into macrophage-like cells was defined based 

on changes in morphology and increased adhesion observed under light microscopy. For a more comprehensive and 

objective assessment, expression of the cell surface marker cluster of differentiation 14 (CD14) is often used to evaluate 

THP-1-derived macrophage differentiation. CD14 is dispensable for LPS-stimulated TLR4 internalization and activation 

(39). However, its expression may vary depending on THP-1 seeding density, PMA concentration, and duration of exposure 

(40). To date, there is no standardized method for PMA-induced differentiation of THP-1-derived macrophage-like cells. 

This study followed a detailed protocol validated in a previous study that compared three methods varying in 

concentration, duration of exposure, and resting periods of PMA-stimulated THP-1-derived macrophage-like cells (27).  

The data obtained from this study provide valuable insight into the characteristics of monocytes and macrophages, 

particularly with respect to receptor expression and cytokine production. 

 

4. CONCLUSIONS 

This study provides baseline data on pro-inflammatory receptor expression and cytokine production using a 

specific PMA-induced THP-1-derived macrophage-like cells differentiation protocol. The upregulation of TLR4, RAGE, and 

TLR7 transcription, along with increased levels of IL-6 and TNF-α during the differentiation of THP-1-derived macrophage-

like cells (M0), supports the role of macrophages as pro-inflammatory cytokine-secreting cells primed to recognize and 

respond to DAMPs and/or PAMPs. This approach enhances understanding of THP-1-derived macrophage-like cell 

polarization and lays the foundation for developing a macrophage model for inflammatory studies. The baseline mRNA 

expression data for receptors and cytokines obtained using this protocol will serve as a reference to distinguish changes 

caused by external stimuli from those induced by monocyte-to-macrophage differentiation. 
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