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Abstract

Dendritic cells (DCs) play a vital role in antigen-specific adaptive immunity by serving as sentinels, recognizing and presenting 
specific pathogenic peptides. Herein, we developed a novel approach for obtaining immature DCs from THP-1 cells. We 
observed that THP-1-derived DCs express the classical markers CD11c and CD-209 and that their morphology is comparable 
with that of DCs. Furthermore, THP-1-derived DCs responded to lipopolysaccharides, as demonstrated by the high expression 
of the costimulatory molecules CD80, CD86, and CD83. Morphological changes were characterized by longer dendrites, and 
the inflammatory cytokines IL-6, TNF-α, IL-1β, MIP-1α, MIP-1β, and VEGF were released. Moreover, in THP-1-derived DCs, 
the transcription factors NF-ƙB, STAT1, MYD88, and MDA5 were upregulated. Lastly, these cells removed tumor cell-derived 
apoptotic bodies via phagocytosis. In summary, we presented a powerful, rapid, and reproducible method to generate THP-1-
derived functional DCs, reinforcing THP-1 as a model for in vitro studies and an alternative strategy for using Mo-DCs.
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Abbreviations

DCs: Dendritic Cells; ICD: Immunogenic Cell Death; 
PBMCs: Peripheral Blood Mononuclear Cells; GM-CSF: 
Granulocyte–Macrophage Colony-Stimulating Factor; 
LPS: Lipopolysaccharide Stimulation; PAMPs: Pathogen-
Associated Molecular Patterns; TLR4: Toll Like Receptor 4; 
MHC: Major Histocompatibility Complex; FBS: Fetal Bovine 
Serum.

Introduction

As the most potent antigen-presenting cells in organisms, 
dendritic cells (DCs) not only promote the interface between 
innate and adaptive immune responses Banchereau J, et al. 
[1,2] but also play a vital role as “sentinels” of the immune 
system, protecting the host against pathogens [3-6]. Owing 
to their critical functions, DCs have substantially impacted 
several areas of therapeutic research, including cancer 
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immunotherapy Anguille S, et al. [7-13], such as DC-based 
cancer vaccine Fu C, et al. [14,15], nanomedicine and DCs 
in cancer immunotherapy [16,17]. Discoveries have been 
made elucidating the relationship between immunogenic 
cell death (ICD) and activation of DCs Janssens S, et al. 
[18], leading to development of anti-tumor drugs that can 
induce ICD through activation of DCs [19-23]. Despite their 
importance in the immune system, the density of these cells 
is low in the bloodstream Liu K [24], as a result, it is difficult 
to obtain them for research purposes. However, Sallusto 
and Lanzavecchia Sallusto F, et al. [5] described a protocol 
for obtaining DCs from monocytes in peripheral blood 
mononuclear cells (PBMCs) using the cytokines interleukin 
4 (IL-4) and granulocyte–macrophage colony-stimulating 
factor (GM-CSF) to generate myeloid monocyte-DCs (Mo-
DCs) in vitro, making considerable advances for further 
research. Nevertheless, the application of PBMC-derived 
monocytes has some limitations, namely requirement of 
large blood volumes, culture maintenance for a specific 
period, acquirement of limited number of cells, and 
donor variability [25,26], which can be a challenge when 
considering exploratory studies [25].

 
THP-1, a human immortalized monocytic cell line 

derived from the peripheral blood of a child with acute 
monocytic leukemia (M5 subtype) [27,28], is similar to 
PBMC-derived monocytes [29]. This cell line is commonly 
used as a model to analyze the functions of monocytes and 
macrophages [27-30] and DCs using different protocols [31-
38]. Recent studies that have analyzed the different protocols 
used to obtain THP-1 derived DCs, confirm this cell line as a 
robust model to obtain DCs and corroborate its wide-use and 
possible applications [36]. Other studies have demonstrated 
the applicability of THP-1-derived DCs (THP-1-DCs) in 
several areas, such as autophagy and vesicle uptake [39-41]. 
However, the potential to use this model in cancer research 
has not been fully explored. In this study we demonstrate 
a new, faster, functional, and reproducible method to 
obtain immature DCs (imDCs) from THP-1 cells. These 
cells were further converted to mature DCs (mDCs) upon 
lipopolysaccharide (LPS) stimulation, and the conversion 
was confirmed through the morphology change, expression 
and activation markers, release of cytokines. This study offers 
beyond just the ability of our model to phagocytose tumor 
cells, reinforcing the model’s efficiency and highlighting its 
applicability in other fields.

Material and Methods

Mediums and Reagents 

RPMI 1640 medium (#R6504) and phorbol 12-myristate 
13- acetate (PMA) (#P8139) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Fetal bovine serum 

(FBS) (#26140079), L-glutamine (#A2916801), trypsin 
(#25300054), and TripleExpress (#12604021) were 
purchased from Gibco (Grand Island, NY, USA).

 
The cytokines rhIL-4 (#554605) and rhGM-CSF 

(#55068) along with mouse anti-human antibodies, namely, 
BB515 anti-CD11c clone B-ly6 (#564490), BV421 anti-
CD209 clone DCN46 (#564127), BB515 anti-CD80 clone 
L307.4 (#565008), PE-Cy7 anti-CD86 clone 2331 (FUN-
1) (#561128), APC anti-CD83 clone HB15e (#551073), 
and PE-CF594 anti-HLA-DR clone G46-6 (#562304), were 
purchased from BD Biosciences (New Jersey, USA). Bovine 
serum albumin (BSA) was purchased from Sigma-Aldrich 
(#A7606). Alexa Fluor™488 Phalloidin (#A12379) was 
purchased from Molecular Probes (Carlsbad, CA, USA). Fast 
SYBR Green Master Mix (#4385612) was purchased from 
Applied Biosystems (Vilnius, Lithuania). Hoechst 3342 
(#H3570) and SuperScript™ III First-Strand Synthesis 
SuperMix (#18080-400) were acquired from Invitrogen 
(Carlsbad, CA, USA), and RNAspin Kit (#GE25-0500-72) was 
acquired from GE Healthcare (Chicago, USA).

Cell Culture and Differentiation 

THP-1 cells were acquired from the American Type 
Culture Collection (Manassas, VA, USA) and cultured in 
RPMI 1640 medium supplemented with 10% FBS and 2 mM 
L-glutamine. THP-1-derived macrophages (THP-1-MØ) were 
obtained using the method described by Oliveira, et al. [42]. 
THP-1 cells were cultured in RPMI medium supplemented 
with 25 nM PMA for 48 h, followed by incubation for 24 h in 
PMA-free medium. For the experiments, cells were collected 
via centrifugation at 394 x g for 5 min. To produce THP-
1-DCs, THP-1 cells were cultured in RPMI 1640 medium 
supplemented with 10% FBS, 2 mM L-glutamine, rhIL-
4, and rhGM-CSF (1000 U/mL) for 3 h, followed by the 
addition of 10 nM PMA. After 24 h, PMA was removed, and 
adherent cells were carefully washed with PBS and cultured 
in a medium supplemented with cytokines for 48 h (in the 
absence of PMA). THP1-DCs were then seeded in T25 cell 
culture flasks at a confluence of 2 x 106 cells. For the DC 
activation experiments, after differentiation, THP-1-DCs 
were stimulated with LPS (1 µg/mL) for 24 h.

Immunophenotyping and Activation via Image 
Flow Cytometry 

To obtain the cells for flow cytometry, THP-1 cells were 
collected via centrifugation. THP-1-DCs were harvested 
using 1 mL of trypsin and THP-1-MØ were harvested using 1 
mL of TripleExpress in T25 cell culture flasks. The cells were 
then fixed with 0.25% PBS/paraformaldehyde (PFA) for 40 
min at room temperature (24–25°C), washed two times with 
PBS, and incubated with 1% PBS/BSA (blocking buffer) for 
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30 min at 4°C. To perform immunophenotyping, the primary 
antibodies anti-CD11c and anti-CD209, (dilution ratio 1/50 
in blocking buffer) were added, followed by overnight 
incubation. To activate DCs, THP-1-DCs without LPS and 
those stimulated with LPS were incubated with anti-CD80, 
anti-CD86, anti-CD83, and anti-HLA-DR antibodies (dilution 
ratio of 1/50). After washing with PBS, the samples were 
resuspended in PBS (50 µL).

After staining, the Amnis MKII Imaging Flow Cytometer 
and INSPIRE v4.1 software (Luminex, Seattle, USA) were 
used to obtain 10,000 events for each sample. Sample 
images were captured under 60× objective lens using the 
following channels: Ch01, Brightfield; Ch02, Laser 488 nm 
(BB515); Ch04, Laser 488 nm (PE-CF594); Ch06, Laser 
561 nm (PE-Cy7); Ch07, Excitation Laser 405 nm (BV421); 
and Ch11, Laser 642 nm (APC). Laser 785 nm was used to 
obtain information on internal complexity. To compensate 
for spectral spillover, a compensation matrix was developed 
using single-color markers and applied to each file. IDEAS® 
v6.2 was used to perform the analysis.

Morphological Analysis via High-Content 
Screening

Cells were seeded in 96-well Black Polystyrene Advanced 
TC Microplates (#655986; Greiner, Kremsmünster, Austria) 
at a density of 2 × 104 cells/well. After 24 h, cells were fixed 
with PHEM solution (2 mM HEPES, 10 mM EGTA, 2 mM 
MgCl2, and 60 mM PIPES at pH 6.9) supplemented with 4% 
PFA (PHEM/PFA) for 30 min, permeabilized with PHEM/
PFA supplemented with 0.5% TRITON, and washed three 
times with PHEM supplemented with 0.1 M glycine for 5 
min. Thereafter, cells were incubated with Alexa Fluor™488 
Phalloidin (1/1000) and Hoechst (5 µM) for 30 min and 
washed three times with PBS. ImageXpress Micro Confocal 
High-Content Screening System (Molecular Device, San Jose, 
CA, USA) was used to acquire the images. The 60× objective 
lens was used in the confocal mode, with 50 steps and 0.3 
µM step size in the DAPI (1500 ms) and FITC (1750 ms) 
channels. MetaXpress® 6 Software Guide was used to obtain 
the images.

Cytokine Profile Analysis via Multiplex 

For cytokine analysis, the cells were cultured for 24 h, 
followed by the collection of the cell-free supernatants of all 
THP-1-DCs stimulated or not with LPS. Multiplex analysis 
was performed using the Milliplex MAP Human Cytokine/
Chemokine Magnetic Bead Panel (#HCYTOMAGHUMAN-
60K-13 Kit; Millipore) according to the manufacturer’s 
instructions. Detection and analysis were performed using 
the Luminex-200 system (Millipore), with Luminex xPONENT 
software 4.3 for acquisition and MILLIPLEX Analyst 5.1 for 

analysis. The following inflammatory and anti-inflammatory 
cytokines were analyzed: TNF-α, IFN-y, IL-1β, IL-6, IL-8, 
CXCL10, CCL2, CCL3, CCL4, IL-4, IL-10, VEGF, and CCL22. The 
level of each cytokine was expressed as pg/mL.

Time-Lapse and Phagocytosis Analyses via 
Confocal Microscopy

To evaluate the phagocytic ability of differentiated THP-
1-DCs, time-lapse analysis was performed by using these 
cells to phagocytose the apoptotic bodies of tumor cells, as 
described in the supplementary material (SM1 and SV1).

 
imDCs have greater phagocytic abilities than mDCs 

[43,44]. Therefore, we evaluated the phagocytic ability of 
imDCs and stimulated THP-1-DCs by quantitatively analyzing 
phagocytic cells. For this, THP-1-DCs were stimulated with 
LPS for 4 h, followed by nuclear labeling with Hoechst (5 
µM) for 30 min at 37°C under a 5% CO2 atmosphere. The 
medium was changed, and the apoptotic human melanoma 
cells (SK-MEL-28) labeled with propidium iodide (1 µg/mL; 
Invitrogen) were added at a 1:2 ratio. LPS stimulation was 
maintained in the DCs that were previously stimulated. After 
centrifugation at 201 x g for 3 min, the plates were incubated 
for 2 and 6 h. Then, cells were fixed with 4% PBS/PFA for 
30 min, permeabilized with 0.5% PBS/PFA/TRITON for 5 
min, washed two times, and labeled with Alexa Fluor™488 
Phalloidin (1/1000) for 30 min. Following another washing 
step, 200 µL of PBS/glycerol (50%) was added to the wells.

A confocal microscope with 20×/0.75 and 40×/1.10 
objectives lens and excitation lasers at 405, 488, and 552 
nm (TCS SP8, Leica Microsystems) was used to scan the 
cells along the x-,y-, and z-axes. The respective modules of 
Las X software were used to acquire images and phagocytic 
events. For quantitative analyses, around ten sites per well 
were randomly selected to obtain at least 500–1000 events 
(cells). The percentage of phagocytic events were calculated 
using the following formula: (n° phagocytic events / n° total 
events) x 100%. The experiment was performed in triplicate 
and as two independent experiments.

RNA Isolation and RT-qPCR

Total RNA was extracted from 1.2–1.5 × 106 cells using 
Trizol® according to the manufacturer’s instructions. 
RNA was purified using the RNAspin Kit following the 
manufacturer’s instructions. Total RNA was quantified using 
NanoDrop ND-100 (Thermo Fisher Scientific, Wilmington, 
USA). SuperScript III Reverse Transcriptase was used 
according to the manufacturer’s instructions to synthesize 
cDNA from 1 µg of total RNA.

 
For RT-qPCR, 10 µL of the master mix (3.12 µL of RNAse 
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free-water, 6 µL of Fast SyberTM Green Master Mix, and 0.44 µL 
of each forward and reverse primer (Thermo Fisher Scientific; 
1600 nM working solution) was distributed per reaction 
into a 96-well plate. Then, 1 µL of cDNA (1:10) was added 
to the appropriate well. The PCR cycling conditions were 
40 cycles at 95°C for 15s, 60°C for 1 min. The QuantStudio 3 
relative PCR instrument was used to perform PCR analysis. 
The comparative cycle threshold (2−ΔΔCt) method was used 
to measure relative expression. The following transcription 
factors were evaluated: NF-ƙB, STAT1, MDA5, STAT3, and 
MYD88. RPL37 served as an endogenous control [14]. Table 
S1 lists the primer sequences. 

Statistical Analysis 

One-way analysis of variance (ANOVA), Dunn’s test for 
multiple comparisons, and nonparametric Mann–Whitney 
test were used to perform statistical analyses. GraphPad 
Prism 6 version was used to perform statistical analysis at 
a significant level of p<0.05. Individual experiments were 
independently performed at least three times in duplicate.

Results

Phenotyping

Since cell markers and morphology can differentiate 
macrophages (MØ) and DCs, we evaluated these parameters 
using typical markers for MØ and DCs (CD11c and DC-SIGN; 
C-type lectin receptors are present on the surface of both MØ 
and DCs) to confirm the differentiation of THP-1 cells in these 
cells (called THP-1-MØ and THP-1-DCs for macrophages and 
DCs, respectively).

 
Flow cytometry revealed that THP-1-MØ and THP-1-

DCs are larger and more complex than THP-1 cells, with 
THP-1-DCs being slightly larger than THP-1-MØ (Figures 
1a-d). Furthermore, morphological analysis revealed that 
compared with THP-1 cells (Figure 1e), THP-1-MØ contain 
a more regular, spherical cytoplasm and strong adherence 
(Figure 1f). Contrastingly, THP-1-DCs have an irregular shape 
with larger cytoplasmic areas and protrusions (Figure 1g); 
however, they were larger than THP-1 cells (Figures S1a-c).

Figure 1: Population density of THP1 (a), THP-1-MØ (b), THP-1-DCs (c), and all cells together (d) by Image flow cytometry. 
Morphology of THP-1 cells (e), THP-1-MØ (f), and THP-1-DCs (g). Images were obtained by High Content Screening in confocal 
mode with 60X objective. Scale bar 100µm. MØ: macrophages; DCs: dendritic cells.

THP-1-DCs and THP-1-MØ presented similar but higher 
CD11c levels than THP-1 cells (8.8×105 ± 3.6×105 MFI and 
1.0×106 ± 4.1×105 MFI for THP-1-MØ and THP-1-DCs, 
respectively) (Figure 2a); however, the expression of the 
lectin CD209 (also called DC-SIGN) was higher in THP-1-DCs 
(5.0×105 ± 1.2×105 MFI) than in THP-1 cells (1.0×104 MFI) 

and THP-1-MØ (1.0×105 ± 5.8×104 MFI) (Figure 2b), with 
90% of the cells in the analyzed population expressing this 
marker (Figure 2d), suggesting a high rate of differentiation. 
Finally, in the differentiated cells, expression of CD11c was 
similar (Figure 2c).
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Figure 2: Immunophenotyping of THP-1 by image flow cytometry. Mean fluorescence intensity (MFI) of CD11c (a) and 
CD209 (b). Percentage of positive cells for CD11c (c) and CD209 (d). Flow cytometry histogram of CD11c (e) and CD209 
(f) expression in THP-1 (black), THP-1-MØ (red), and THP-1-DCs (purple). Representative image of flow cytometry CD11c 
(yellow) and CD209 (purple) (g). All data are representative of three independent experiments. *p<0.05; **p<0.01; ***p<0.001 
as determined using One-way analysis of variance followed by nonparametric Mann–Whitney U-test as a post-hoc test. MØ: 
macrophages; DCs: dendritic cells.

Maturation Under LPS Stimulation

After 6 h of LPS stimulation, mDCs presented a more 
starlit shape (Figures 3a & S2a) than imDCs (Figures 3b 
& S2b). Furthermore, after LPS stimulation for 24 h, the 
expression of the costimulatory molecules CD80 (MFI 

3.6×105 ± 8.0×104 vs. 6.7×104 ± 2.9×104 for mDCs and imDCs, 
respectively), CD86 (MFI 4.2×104 ± 2.1×104 vs. 2.8×104 ± 
2.0×104 for mDCs and imDCs, respectively), and CD83 (MFI 
3.4×104 ± 1.7×104 vs. 1.2×104 ±1.3×104 for mDCs and imDCs, 
respectively) was high (Figures 3c-f). However, HLA-DR 
levels were not significant in imDCs (Figure 3g).

Figure 3: THP-1-DCs express costimulatory markers and specific morphology. Morphological shape of mDCs (a) and imDCs (b). 
Representative image of Amnis image flow cytometry of nucleus (Hoescht), CD80 (green), HLA-DR (orange), CD86 (pink), and 
CD83 (red) (c). Mean fluorescence intensity (MFI) of CD80 (d), CD86 (e), CD83 (f), and HLA-DR (g). All data are representative 
of at least six independent experiments. **p<0.01 ***p<0.001 as determined by One-way analysis of variance followed by 
nonparametric Mann–Whitney U-test as a post-hoc test. DCs: dendritic cells; mDCs: mature dendritic cells; imDCs: immature 
dendritic cells. 
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Cytokines Release

To confirm the functionality of LPS-stimulated mature 
THP-1-DCs (mDCs), we examined the cytokines released 
by these cells. In the microenvironment, mDCs released 
higher levels of proinflammatory cytokines and chemokines 
compared with imDCs: IL-6 (474.34±300.0 vs. 1.2±0.5 pg/
mL for mDCs and imDCs, respectively), TNF-α (7675.5±4208 
vs. 27.5±10.2 pg/mL for mDCs and imDCs, respectively), 

IL-1β (137.42±105.35 vs. 2.7±0.5 pg/mL for mDCs and 
imDCs, respectively) (Figures 4a-c), MIP-1α (6944±869.0 
vs. 77.0±34.1 pg/mL for mDCs and imDCs, respectively), 
MIP-1β (8001.25±1283.5 vs. 856.5±313.6 pg/mL for mDCs 
and imDCs, respectively) (Figures 4d & e), and VEGF, a 
proangiogenic factor (65.7±32.4 vs. 7.0±2.3 pg/mL for mDCs 
and imDCs, respectively) (Figure 4f). 

Figure 4: Mature THP-1-DCs release proinflammatory cytokines in response to LPS. Secretion of IL-6 (a), TNF-α (b), IL-1β (c), 
MIP-1α (d), MIP-1β (e), and VEGF (f) evaluated using the Millipore Multiplex Assay after stimulation for 24 h. The data are 
shown as the mean ± SD of four independent experiments. *p<0.05 as determined using One-way analysis of variance followed 
by nonparametric Mann–Whitney U-test as a post-hoc test. Lipopolysaccharide: LPS. 

Expression of Innate Immunity-Related 
Transcription Factors in LPS-Stimulated THP-1-
DCs

The mRNAs expression of innate immunity-related 
transcription factors increased in mDCs compared with 

imDCs (Figure 5) dotted red line: STAT1 (4.20±1.90), MDA5 
(5.62±4.35), and MYD88 (3.19±1.58) after LPS stimulation 
for 6 h and NF-ƙB (5.65±4.0), STAT1 (6.05±3.34), and MDA5 
(9.72±4.91) after 24 h. Interestingly, STAT3 expression did 
not significantly increase at any of the evaluated time points 
(Figure 5).

Figure 5: Mature THP-1-DCs at 6 and 24 h post stimulation with LPS. mRNA expression of inflammatory response (NF-ƙB, 
STAT1, STAT3, MDA5 and MYD88). RPL37 was used as a housekeeping gene. The data are as the mean SD of fold change 
compared to the control and representative of five independent experiments. *p<0.05 **p<0.001 as determined by One-way 
analysis of variance on ranks with Dunn’s post-hoc test. DCs: dendritic cells; LPS: lipopolysaccharide. 
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Diminished Ability of LPS-Stimulated THP-1-
DCs to Phagocytose the Apoptotic Bodies of 
Tumor Cells

When incubated with the apoptotic bodies of tumor 
cells for 2 h, LPS-stimulated THP-1-DCs presented with 
phagocytotic abilities similar to imDCs (19.60±6.0 vs. 
16.98±4.11 for LPS-stimulated THP-1-DCs and imDCs, 
respectively) (Figure 6). However, after 6 h, their phagocytic 
activity significantly decreased compared with that of imDCs 
(18.98±3.57 vs. 26.69±4.51 for LPS-stimulated THP-1-DCs 
and imDCs, respectively) (Figure 6).

Figure 6: Capacity of DCs to phagocytose apoptotic bodies of 
SK-MEL-28. The microscope images depict phagocytosing 
apoptotic bodies SK-MEL-28. Nucleus (blue), actin (green) 
and apoptotic bodies (red). The data are representative of 
two independent experiments performed in triplicate and 
presented as the mean ± SD. *p<0.05 as determined by 
One-way analysis of variance followed by nonparametric 
Mann–Whitney U-test as a post-hoc test. DCs: dendritic 
cells. 

Discussion 

In studies involving monocytes and macrophages, there 
is a need to use THP-1 cells in vitro as a model for primary 
human monocytes ex vivo [27].

 In the present study, we produced immature THP-1- 
DCs using rhIL-4, rhGM-CSF, and PMA. The differentiation 
of these cells was confirmed by both THP-1-DCs and THP-1-

MØ (differentiated cells) expressing similar levels of CD11c; 
however, THP-1-DCs expressed a higher level of CD209. 
Inflammatory monocytes and macrophages express the 
integrin CD11c Guermonprez P, et al. [45], whereas Mo-DCs 
express DC-SIGN, a phenotypically extended marker of Mo-
DCs [46]. Furthermore, morphological shape can be a robust 
method for distinguishing DCs; it confirmed that THP-1 cells 
can differentiate into macrophages and DCs, reinforcing that 
this cell line can be used to obtain DCs.

 
Studies involving DCs, show that these cells undergo 

maturation in response to several stimuli, including damage-
associated molecular patterns and pathogen-associated 
molecular patterns (PAMPs) such as LPS, dsRNA viruses, 
or inflammatory cytokines binding to receptors on the DCs 
surface [47-49]. This process involves intracellular signaling, 
leading to transcription factor activation and costimulatory 
molecule enhancement [44]. Since DCs can present 
immunogenic or tolerogenic functions at immature, semi-
mature, and fully mature stages, the profile of the cytokines 
released from DCs in distinct microenvironments is vital for 
indicating the type and stage of maturation of these cells 
[50,51].

 
LPS is the major component of membrane in Gram-

negative bacteria and is a widely studied and well-
characterized PAMP, recognized by Toll Like Receptor 4 
(TLR4) [52,53]. Recognition of the bacterial LPS leads to 
initiation of a complex process in DCs, termed “maturation” 
or “activation”, involving morphological and phenotypical 
changes [53]. Furthermore, in response to LPS, DCs produces 
pro-inflammatory cytokines such as TNF- α, IL-12, IL-6 Abdi 
K, et al. [54], IL-1a, IL-1b and MIP genes [55]. Besides that, 
have been shown that the change from the immature stage to 
a mature stage in DCs is characterized by specific functional 
stages, with a few hours after LPS activation, these cells 
gradually lose their ability to uptake antigen [56].

 
In agreement with the above studies focusing on Mo-

DCs, our study demonstrated THP-1-DCs similarly attaining 
a fully mature state in response to LPS, with high expression 
of CD80, CD86, and CD83 and a more starlit morphology. 
Moreover, in compliance with recent studies involving imDCs 
and mDCs derived from THP-1, our results also showed 
similar levels of HLA-DR [36]. In addition, inflammatory 
transcription factors such as NF-ƙB, STAT1, MyD88, and 
MDA5 were genetically modulated, however, STAT3 was not, 
which may negatively regulate DC maturation [57]. Similarly, 
we also observed the release of proinflammatory cytokines 
such as IL-6, TNF-α, and IL-1β; chemokines such as MIP-1α 
and MIP-1β; and an increase in the proangiogenic factor 
VEGF following LPS stimulation, stimulated by DCs under 
proinflammatory conditions [58].
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 Monocytes are considered to be more responsive 
to LPS than THP-1 cells because of the high level of CD14, 
which binds to LPS, presents it to the complex TLR4/MD2, 
and triggers intracellular signaling [59]. Other protocols to 
obtain THP-1-DCs have failed to produce mDCs under LPS 
stimulation; this could be attributed to the absence of TLR4 
[32]. However, certain studies have revealed the presence 
of TLR4 in PMA-stimulated THP-1 cells [60-62]. Moreover, 
differentiated THP-1-MØ - PMA are more responsive to 
LPS Schwende H, et al. [63] and express MD2, CD14, and 
MyD88 in response to LPS stimulation [30]. Therefore, we 
speculate that using PMA and cytokines can increase the 
responsiveness of DCs to LPS. To the best of our knowledge, 
a combination of these three factors has not been previously 
considered in this translational model.

Furthermore, the ability of DCs to internalize antigens and 
present their antigenic peptides via major histocompatibility 
complex (MHC) molecules for T cell recognition is also a key 
factor to induce immune responses [64]. The phagocytic 
ability of these cells is vital for their function, allowing DCs 
to acquire samples from the microenvironment and deliver 
them to endocytic compartments for clearance, degradation, 
and MHC molecule presentation [64]. In the mature stage, 
the phagocytic ability of DCs decreases owing to changes in 
the expression of receptors such as Cdc42 and Rac [44,65]. 
DC subpopulations present distinct antigen uptake owing to 
the expression of different phagocytic receptors [45]. In this 
context, the phagocytosis of Mo-DCs can be described based 
on their ability to kill tumor cells, fungi, and protozoans [66-
69].

 
Similarly, we showed that our model of THP-1-DCs could 

also phagocytose the apoptotic bodies of human melanoma 
cells; and this ability was decreased when THP-1-DCs were 
previously stimulated with this proinflammatory agonist. 
Since investigation to further enhance the ability of these 
cells to phagocytic apoptotic bodies of tumor cells seems to 
be relevant for efficient anti-tumor response Chen Z, et al. 
[15,20,70] our data suggests that our proposed model can 
be useful in studies involving phagocytic cells such as Mo-
DCs and be utilized to understand the mechanism related 
to phagocytic process. Furthermore, CD11c was expressed 
in our model. This marker is involved in cell-adhesion 
and clearance of pathogens, tumor and apoptotic cells by 
phagocytosis [71].

 
As a limitation, we did not compare our model with Mo-

DCs, the usual model used in phagocytosis studies of tumor 
cells, nor did we evaluate whether this model is capable 
of active lymphocytes in co-culture assays, a significant 
characteristic of DCs. Further studies should consider 
whether the model can support other abilities of DCs. 
However, our study shows a new approach to obtain THP-1-

DCs, demonstrates our model’s ability to phagocytose tumor 
cells, and specifies a field this model can be most efficiently 
utilized in. Recent studies have highlighted THP-1 as a robust 
model to obtain DCs and the novel findings are in regards to 
DCs obtained with this model [36,39,40]. We reinforce THP-1 
cells as an alternative model for obtention of DCs through a 
faster, functional, and reproducible method in vitro, thereby 
decreasing the challenges and limitations observed when 
using human samples for predictive studies with these cells. 
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