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When THP-1 cells are differentiated into adherent macro-
phage-like cells, they respond to inflammatory stimuli by
changing their phenotypes to an activation state and alter-
ing the expression of inflammation-related genes. Nitric ox-
ide (NO) is a diatomic molecule implicating in various patho-
logical conditions including tissue damage, ER stress, obesity,
and cancer. The sustained inflammatory microenvironment
leads to increased NO release through the activation of the
inducible nitric oxide synthase (iNOS) gene in macrophages.
Here, we provide a dataset on the optimized conditions for
the THP-1 differentiation and the induction of NO/iNOS sig-
naling under inflammatory stimulus. The human monocytic
cells were differentiated into adherent macrophage-like phe-
notype by phorbol-12-myristate-13-acetate (PMA) stimula-
tion under optimized conditions. In this study, NO/iNOS sig-
naling capacity and the regulation of other pro-inflammatory
genes including TNF-¢, IL-18, and COX-2 in the LPS-induced
THP-1 were examined.
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Specifications Table

Subject Biochemistry or Cell Biology
Specific subject area In vitro Mammalian Cell Culture
Type of data Table
Graph
How data were acquired Cell Culture CO, Incubator (CCL-170T-8, ESCO), Biological Safety Cabinets

(Class II BSC, ESCO), Inverted Microscope (Euromex Oxion Serie),
Microplate reader (Tecan Infinite® 200 PRO), Quantitative real-time PCR
(Applied Biosystems™ 7500,Thermo Fisher Scientific)

Data format Raw, Analyzed

Parameters for data collection THP-1 monocytes were differentiated by PMA (10 ng/mL) stimulation
and treated with 1 pg/mL of LPS for 24 h. RAW 264.7 murine
macrophages were also activated by the same dose of LPS treatment.

Description of data collection At the end of the appropriate incubation period, the cell culture media
were saved for NO production assay. Besides, the cells were subjected to
RNA isolation steps for quantitative PCR analyses.

Data source location Institution: Molecular Biology Research Lab, Faculty of Art and Science,
Canakkale Onsekiz Mart University
City/Town/Region: Canakkale
Country: Turkey

Data accessibility The data are available with this article

Value of the Data

« THP-1 cells provide a practical in vitro model for the screening of compounds with immune-
modulating activity, however, the data related to the NO/iNOS signaling capacity of this cell
line under inflammatory conditions are limited in the literature.

Herein, we presented a compact dataset for the optimized conditions on the differentiation of
THP-1 monocytes to LPS inducible adherent macrophage-like cells. Additionally, this dataset
clarifies the capacity of differentiated THP-1 cells in terms of NO release and iNOS expression
along with the other proinflammatory mediators upon inflammatory stimulus.

These data will guide other researchers who look for a practical cell model in the develop-
ment of their experimental setup to identify the activities of candidate molecules on NO/iNOS
signaling mechanism.

1. Data Description

THP-1 cells are round suspension cells established in 1980 by Tsuchiya et al. from the periph-
eral blood of a 1-year-old human male with acute monocytic leukemia [1]. There is a variety of
differentiation protocols for these monocytic cells into a macrophage-like phenotype by using
different stimulation factors [2]. Here, we provide a dataset for validated protocol when THP-1
cells are differentiated into LPS inducible macrophages by using phorbol-12-myristate-13-acetate
(PMA). The success of the differentiation procedure was validated with adherent cell numbers
as compared to the suspended cells (Fig. 1, see S4-5 for raw data) and through examining the
changes in the expression level of LPS-induced pro-inflammatory genes including TNF-c, IL-18,
and COX-2 (Fig. 2, see S1 for raw data) [2-4]. Accordingly, the suspended THP-1 cells were stimu-
lated with different concentrations of PMA (10-200 ng/mL) for 24 and 48 h, separately. Increased
PMA concentration resulted in a dose dependent decrease in the number of adherent cells for


http://creativecommons.org/licenses/by-nc-nd/4.0/

A. Ozleyen, Y.B. Yilmaz and T.B. Tumer/Data in Brief 35 (2021) 106786 3

A Supendend Cells Supendend Cells
1000000 El Adherent Cells 2500000 - Hl Adherent Cells
800000 4 2000000 +
“ “
3 3
e 6000004 £ 1500000 4
3 3
= z
= 400000 4 = 1000000 +
o L3
(8] (8]
200000 4 500000 4
J 04
PMA (ng/mL) 10 20 50 100 200 10 20 50 100 200 PMA (ng/mL) 10 20 10 20 10 20
10%FBS 10%FBS Serum-free
24 hours 48 hours RPMI 1640 RPMI 1640 RPMI 1640
“After 24 hours ~ “hdditional 24 hours
PMA PMA-free resting
stimulation stage
Cell ) H 24 hours . 24 hours
P Fropag 3 incubati H incubation .:
@
Cell Seeding Additional
and Resting Stage
PMA stimulation in PMA-free medium

Fig. 1. PMA-stimulated THP-1 Differentiation. (A) Differentiation of monocytic cells into a macrophage-like phenotype
by PMA stimulation. The number of adherent and suspended cells after 24 and 48 h of PMA treatment. (B) The effect
of presence and absence of serum in the PMA-free culture medium during the resting stage on viable cell numbers. At
first, cells were stimulated with PMA for 24 h (left side of Fig. 1B) and cells were maintained in serum-free or serum-
containing medium for 24 h (right side of Fig. 1B).
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Fig. 2. The relative mRNA fold ratio for pro-inflammatory genes in control and LPS-stimulated macrophage-like THP-1
cells.

both incubation periods as shown in Fig. 1A. The number of adherent cells (~8.4 x 10° cells)
was highest in the 10 ng/mL PMA treatment group after 24 h incubation. However, in the same
PMA concentration, the number of adherent cells (~5.7 x 10> cells) was found to be less at the
end of the two days incubation (Fig. 1A, see S4 for raw data). To assess the impact of serum
supplementation in the culture medium during the resting step, the cells further maintained in
the RPMI 1640 medium in the absence and presence of fetal bovine serum (FBS) for 24 h af-
ter PMA stimulation. The number of viable cells maintained in the serum-containing medium
was almost identical to the viability of the PMA-stimulated cells (Fig. 1B, see S5 for raw data).
However the lack of serum in the culture medium led to cell death during the resting stage.
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Table 1
The Ct values of pro-inflammatory genes in control and LPS-stimulated
macrophage-like THP-1 cells.

Ct Values
Genes Non-treated group LPS-treated group
TNF-a 30.39 £ 0.58 2732 £ 092
IL-18 24.84 + 1.62 20.53 £+ 1.75
COX-2 29.54 + 0.98 27.07 + 0.36
Table 2
The released NO concentration and the Ct values of iNOS genes in non-treated and LPS (1 pg/mL) treated macrophages.
Released NO Concentration (M) Ct Values (iNOS)
Group THP-1 Cells RAW 264.7 Cells THP-1 Cells RAW 264.7 Cells
Non-treated 030 + 0.10 0.74 £+ 0.91 34.81 £ 0.25 28.74 + 0.08
LPS-treated 0.35 + 0.01 37.68 £ 3.19 35.96 + 0.03 18.89 + 140

The differentiated macrophage-like cells were stimulated with LPS (1 pg/mL) to induce the
expression of pro-inflammatory genes. Quantitative real-time PCR analyses showed that the Ct
values of TNF-«, IL-18, and COX-2 were reduced by LPS treatment as compared to the control
cells (Table 1, see S1 for raw data). Besides, B-actin was used as a housekeeping gene to nor-
malize target gene expression and relative changes in the expression levels were evaluated by
the comparative AACt method. According to the results, the mRNA expression levels of TNF-«,
IL-18, and COX-2 were up-regulated by almost 9, 19, and 10-fold, respectively, as compared to
the LPS-free control group (Fig. 2, see S1 for raw data). mRNA Expression Level of Genes

Nitric oxide (NO) is synthesized through the catalytic action of nitric oxide synthase (NOS)
[5]. Mainly, three genes found in different chromosomes encode the NOS isoforms called en-
dothelial NOS, neuronal NOS, and inducible NOS (iNOS) [6]. Apart from others, the expression
of iNOS is triggered by various inflammatory stimuli such as bacterial lipopolysaccharides (LPS)
and cytokines (IL-18, TNF-«, IFN-y, and endotoxins) [7,8]. Another main difference between
isoforms is related to the quantity of released NO and their activity periods. While iNOS pro-
duces a large amount of NO in a prolonged time, other isoforms generate NO molecule in low
concentrations with short-acting manner. Accordingly, sustained NO/iNOS signaling is found to
be a risk factor for developing several inflammatory diseases and cancer [6]. Therefore, the in-
hibitory effects of potential anti-inflammatory compounds on NO productions have been exten-
sively used as a screening tool in animal models and in vitro studies. In the literature, regarding
the iNOS/NO signaling capacity of THP-1 cells upon inflammatory stimuli, the data are limited
and inconclusive. In the study of Cam et al (2012) and Shin et al (2016), THP-1 cells were re-
ported to increase the expression of iNOS and the ability for releasing NO upon 1 and 10 pg/mL
LPS treatment, respectively [9,10]. However, in the study of Gross et al, they concluded that, in
contrast to murine macrophages, human macrophages produce little detectable iNOS and NO in
response to inflammatory stimuli due to epigenetic regulation around the NOS2 transcription
start site [11]. In the present study, the Griess method was performed to quantify the NO con-
centration released by LPS-induced macrophage-like THP-1 and RAW 264.7 murine macrophage
cells. The results showed that macrophage-like THP-1 released 0.30 + 0.10 uM of NO in the cul-
ture medium and the level of NO was found almost identical (0.35 + 0.01 M) in the medium
of LPS-treated cells (Table 2). Different concentrations (0.05, 1, and 10 pg/mL) of LPS treatment
were tried in differentiated THP-1 cells, however, at even the highest LPS concentration the
amount of NO release was not significantly different than that was found in the non-treated
control group (Fig. 3, see S3 for raw data). Moreover, the expression of iNOS was not induced
by LPS (1 png/mL) in THP-1 cells. Unlike human macrophages, the iNOS expression level and NO
production were triggered in RAW 264.7 murine macrophage cells. While non-treated cells re-
leased 0.74 + 0.91 uM of NO, 1 pg/mL LPS stimulation increased the level to 37.68 + 3.19 uM.
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Fig. 3. Relative NO change in LPS-challenged human macrophage cells. C: Control.

Besides, the iNOS expression level was significantly induced in the LPS treatment group as com-
pared to the control cells (Table 2, see S2 for raw data).
NO Production in LPS-induced Macrophage-like THP-1 Cells.

2. Experimental Design, Materials and Methods
2.1. Cell culture

THP-1, human monocytic cells were grown in RPMI-1640 medium containing 10% Fetal
Bovine Serum (FBS), 1% Penicillin-Streptomycin. After reaching confluency, cells were seeded at
1 x 108 cells/mL density and stimulated with 10 ng/mL PMA for 24 h to differentiate them into
macrophages. Then, they were maintained in PMA-free serum-containing RPMI 1640 medium
for 24 h. Also, RAW 264.7 murine macrophages were maintained in culture flasks containing
DMEM (Dulbecco’s Modified Eagle’s Serum) supplemented with 10% Fetal Bovine Serum (FBS),
1% Penicillin-Streptomycin at 37 °C under 5% CO, in carbon dioxide incubator.

2.2. Determination of cell numbers

At the end of the PMA stimulation, the cell supernatants were collected, and adherent cells
were scraped by using a sterile scraper. The number of adherent cells and suspended cells were
counted by trypan blue staining under the inverted microscope.

2.3. RNA isolation and quantitative real-time PCR analyses

The manufacturer instructions of the PureLink™ RNA Mini Kit (12183018A, Invitrogen™)
were applied with slight modifications. Briefly, THP-1 and Raw 264.7 cells were plated with
1 x 10% and 4 x 10° cells/mL densities, respectively. After appropriate cell culture treatments,
cells were collected by TRIzol™ reagent (15596018, Invitrogen™). Once the sample was cen-
trifuged, the aqueous phase was subjected to further steps for isolation. The purity and amount
of RNA samples were evaluated by NanoQuant Plate™ (Tecan Infinite® 200 PRO, Switzerland)
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and samples having a ratio of OD 260/280 > 2.0 and OD 260/230 > 1.8 were considered to
be good quality. cDNA synthesis was achieved by a series of reverse transcriptase reactions ac-
cording to the manufacturer’s instructions of the High-Capacity cDNA Reverse Transcription Kit
(4368814, Applied Biosystems™). The effects of LPS treatment on target genes were investigated
at the mRNA level by qPCR analysis. As mentioned previously [12], diluted cDNA samples were
cycled on StepOnePlus® Real-Time PCR Systems (Applied Biosystems, Thermo Fisher Scientific)
in the presence of specific TagMan® probes (Life Technologies, Thermo Fisher Scientific) (Hu-
man IL-18: Hs01555410_m1; Human TNF-«: Hs00174128_m1; Human COX-2: Hs00153133_m1;
Human iNOS: Hs01075529_m1; Human S-Actin: Hs01060665_g1; Murine iNOS: Mm00440502-
m1) and TagMan™ Fast Advanced Master Mix (4444556, Applied Biosystems™) under recom-
mended conditions. As endogenous control, the level of S-Actin was examined to normalize the
gene expression levels. The results given as relative change were calculated by using the com-
parative A ACt method.

2.4. NO production assay

An analytical method called Griess assay was carried out to investigate the effect on LPS-
induced NO release as previously detailed [13]. RAW 264.7 macrophages were plated at a den-
sity of 5 x 10% cell/mL in 24- well plate in phenol red-free DMEM containing 10% FBS and then
incubated with or without LPS (1 pg/mL) for 24 h. THP-1 cells were differentiated by PMA treat-
ment (10 ng/mL) for 24 h and further incubated overnight for the resting stage. Once cells ad-
here, they were incubated in red phenol-free media for 24 h in the presence of LPS (1 pg/mL).
Then, the amount of nitrite present in the supernatants was quantified with the Griess method
[14]. Briefly, 100 uL of culture supernatants were transferred onto a 96-well plate and incubated
with 100 uL of Griess reagent including 1% sulphanilamide and 0.1% naphthyl ethylenediamine
in 5% phosphoric acid solution for 10 min at dark. For the assay, the reference curve was pre-
pared by using nitrite standard (0 to 100 «M) from a stock of 0.1 M NaNO, Then, absorbance
was read at 540 nm by using a microplate reader (Tecan Infinite® 200 PRO, Switzerland).

2.5. Statistical analysis

Data were obtained through technical and biological replicated experiments. One-way ANOVA
was performed for the expression level of three genes separately to test the differences between
LPS-treated and control groups with JMP version 13.
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