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Introduction: CD14 (monocyte differentiation antigen, LPS binding protein – endotoxin 
receptor) and CD16 (FcγRIII, Low-affinity receptor for IgG) define three subpopulations of 
circulating monocytes with different inflammatory and phagocytic capabilities. Contradictory 
reports exist regarding both in vivo monocyte phenotype-disease association and response of 
these circulating monocytes to in vitro stimulation. We analyzed phenotypic changes in 
circulating monocytes when stimulated with LPS (pro-inflammatory stimulus) and IL-4 
(alternative inflammatory stimulus).
Methods: Mononuclear cells from nine healthy donors were extracted and studied for 
surface and intracellular markers using flow cytometry. PBMC were extracted using Ficoll 
technic and immediately analyzed using flow cytometry. Pro-inflammatory interleukin IL-1β 
and IL-6 were measured by intracellular cytometry. Mononuclear cells were stimulated using 
LPS and IL-4 as previously described. Changes against non-stimulated populations were 
statistically analyzed.
Results: Compared to non-stimulated and IL-4 stimulated monocytes, LPS-stimulated cells 
display a singular pattern of markers, with higher levels of intracellular IL-1β and IL-6 
directly correlating with CD14+CD163- cell frequency and diminishing membrane CD163 
fluorescence. CD14+CD16- classical monocytes show greater percentage of CD163- cells 
upon LPS stimulation. CD86 levels on monocytes’ surface did not change with LPS or IL-4 
stimulation.
Conclusions and Discussion: We showed that CD14+CD16- classical monocytes display 
higher sensitivity to LPS stimulation, with more IL-1β and IL-6 levels than intermediate and 
non-classical monocytes. This subset also diminishes its CD163 levels on the membrane 
after LPS stimulation with a contemporary raise in CD163- cells, suggesting that classical 
monocytes preferentially acquire CD163- defined M1 characteristics upon in vitro LPS 
stimulation. Intermediate and non-classical monocytes respond with lower levels of inter
leukins and display surface proteins in an M2-type profile (CD163+).
Keywords: classical, intermediate, non-classical, monocytes, phenotype, stimulation

Introduction
In 2010, an international meeting sponsored by the IUIS (International Union of 
Immunological Societies) and the WHO (World Health Organization) proposed 
a subset classification for circulating monocytes.1 CD14 (monocyte differentiation 
antigen, LPS binding protein – endotoxin receptor) and CD16 (FcγRIII, Low- 
affinity receptor for IgG) were used to define three subpopulations of circulating 
monocytes with different attributes in terms of inflammatory protein expression and 
phagocytic capabilities.2 Classical monocytes (CD14++CD16-) are 80–90% percent 
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of the entire monocyte population, express low levels of 
pro-inflammatory interleukins and high phagocytic char
acteristics. Intermediate monocytes (CD14+CD16+) are 
5–15% of the total, express variable levels of inflamma
tory cytokines and intermediate phagocytic capacities. 
Non-classical monocytes (CD14+CD16++)3 – approxi
mately 5% – express higher levels of pro-inflammatory 
cytokines and minor phagocytic characteristics. The latter 
two have been related to inflammatory conditions since 
they express higher levels of pro-inflammatory cytokines 
when stimulated with LPS.4,5

Recently, multiple studies have been published asso
ciating expansion or contraction of inflammatory or non- 
inflammatory monocyte subpopulations in diseases like 
rheumatoid arthritis, atherosclerosis, or sepsis.5–7 

Intermediate monocytes have shown to be expanded in 
infectious and inflammatory/non-infectious diseases, how
ever, many studies present inconsistent and contradictory 
data.8–10 In cardiovascular diseases, intermediate mono
cytes have been reported both expanded and 
contracted,8,11 meanwhile, classical monocytes show 
higher frequencies in atherosclerotic lesions despite 
inflammatory status.11,12

In 2017, Williams et al classified circulating monocytes 
from post-stroke patients, using CD86 (co-stimulatory 
T signal, typically described M1 Monocyte/Macrophage 
phenotype) and CD163 (High-affinity scavenger receptor 
typically related with M2 Monocyte/Macrophage pheno
type) to group monocytes as M1 and M2 in an attempt to 
emulate macrophage classification. They showed that M1/ 
M2 ratio (CD86/CD163 ratio) was higher in post-stroke 
patients.13,14 In other clinical entities like membranous 
glomerulopathy, similar results have been found using 
a broader group of markers defining M1 and M2 
phenotypes.15

Therefore, it is necessary to establish a more accurate 
monocyte subpopulation classification system, pointing 
out that CD163 and CD16 proteins – which define current 
monocyte classification – do not always correlate with the 
presence of an inflammatory disease.4

Most of the available information about monocyte’s 
response to TLR stimulators in vitro are extracted from 
studies where monocytes are differentiated, using colony- 
stimulating factors, to a specific macrophage phenotype. 
Mukherjee et al showed that when intermediate and non- 
classical monocytes are stimulated with LPS express 
higher levels of IL-1β and TNF-α. However, under LPS 
stimulation the intermediate subset, also rises its IL-10 

levels.5 In subsequent years, new results showed that clas
sical monocytes are the most responsive subset to TLR2 
and TLR4 agonists.16

Given the current SARS-Cov2 pandemic, there is 
a renewed interest in monocytes due to its proven partici
pation in the “cytokine storm” and hemophagocytic lym
phohistiocytosis-like syndrome that presents in some of 
these patients.17 Pandemic-time studies showed that non- 
classical and intermediate subsets are significantly 
decreased in acutely ill SARS-Cov2 patients.18 In addition 
to traditionally used CD14 and CD16 markers, other sur
face proteins have also been incorporated into the analysis 
including high-affinity scavenger receptor CD163 and co- 
stimulatory T signal protein CD86.14 Typically, CD163 
protein has been associated with a more phagocytic and 
regulatory behavior, and higher levels have been found in 
neoplastic diseases.19 CD86 has been associated with an 
inflammatory response in circulating monocytes.20 Soluble 
CD163 (sCD163) has also been associated with neoplastic 
and chronic inflammatory diseases.21 All these recent 
results reinforce the notion that we are not being able to 
properly classify the response of monocytes to TLR ago
nists or in vivo infectious diseases; hence, it will be 
cumbersome to interpret circulating-monocyte behavior 
in other inflammatory pathologies.

Therefore, in this study, we analyze how each subset of 
monocytes in PBMC responds to a pro-inflammatory and 
an alternative inflammatory stimuli in vitro, without prior 
differentiation to macrophage linage and minimal manip
ulation. This approach allowed us to “simulate” monocyte 
response to stimuli when circulating before reaching target 
tissue and differentiate to macrophages.

Materials and Methods
Healthy Donors
We recruited nine healthy donors ranging from 26 to 40 
years, five men and four women, from our facility. 
A medical evaluation, confirming the absence of chronic 
inflammatory or metabolic diseases, was performed by an 
internal medicine specialist before whole blood extraction. 
No medication used nor relevant medical history was 
reported. All participants provided informed consent, in 
accordance with the Declaration of Helsinki. The protocol 
was approved by both Medicine Faculty, Human Research 
Ethics Committee at Universidad de Chile, and Research 
Ethics Committee at Hospital Clinico Universidad de 
Chile (proy N° 191–2016; Acta N° 127).
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PBMC Extraction and Flow Cytometry
Venous blood (30mL) was obtained by cubital venopunction 
from all participants using BD Vacutainer 10mL green cap 
heparin tubes (BD Biosciences, NY, US). PBMC Ficoll 
extraction was performed. PBMC were stained in duplicate 
with the following antibodies: V710-anti-CD3, V650-anti- 
CD19, FITC-A-anti-CD14, APC-H7-anti CD16, PERCP- 
Cy5.5-anti-CD86, and APC-A-anti-CD163 (BioLegend, 
CA, USA) at room temperature for 30 minutes. Finally, 
cells we fixed and permeabilized using a BD Cytofix/ 
Cytoperm fixation/permeabilization Kit (BD Biosciences, 
NY, USA) and stained with V450-A-anti-IL-1β and Anti 
Human IL-6 PE (BioLegend, CA, USA)

LPS, IL-4 Stimulation and Flow Cytometry 
Analysis
To phenotype monocyte subsets, 1 × 106/cells per tube were 
cultivated in RPMI 1640 (BD Biosciences, NY, US) med
ium mixed with 10% fetal bovine serum (BD Biosciences, 
NY, USA) in the presence or absence of lipopolysaccharide 
(1 µg/mL) (BD Biosciences, NY, US) or IL-4 (200 U/mL) 
(BD Biosciences, NY, US) for 2 h and 4 h respectively at 
37°C in 5% CO2 and exposed to brefeldin A (BD 
Biosciences, NY, US) as described in previous studies.22 

Then, the cells were washed, followed by staining with Cell 
Viability Kit (BD Biosciences, NY, USA), (cell viability 
pre- and post-LPS 98.4±1.2 vs 97.6±.2.0, p=0.4), V710-anti 
-CD3 (BioLegend, CA, USA), V650-anti-CD19 
(BioLegend, CA, USA), FITC-A-anti-CD14, APC-H7-anti 
CD16, PERCP-Cy5.5-anti-CD86, APC-A-anti-CD163 
(BioLegend, CA, USA). Subsequently, they were fixed, 
permeabilized and stained with V450-A-anti-IL-1β and 
Anti Human IL-6 PE (BioLegend, CA, USA). The mono
cyte subsets’ frequencies were assessed on a FACS 
LSRFortessa instrument (BD, Franklin Lakes, USÁ). The 
data were analyzed with FlowJo software (v7.6.1 and v10.7; 
TreeStar; Ashland, USA).

Statistical Analysis
Variables are shown as mean and standard deviation 
values. The one-way ANOVA test was used to evaluate 
the differences among groups. The correlation between 
variables was analyzed by the Spearman rank correlation 
test. All the analysis was done with GraphPad Prism ver
sion 6.01 software. P value <0.05 was considered statisti
cally significant.

Results
Classical Monocytes Have Higher 
Intracellular Levels of IL-1β and Raise the 
Most of the IL-1β+ Cell Percentage Upon 
LPS Stimulation
Monocytes were gated using a negative selection of CD3 
and CD19 cells and then CD14 and CD16 were used for 
the usual three-subset classification (Figure 1A). The per
centage of classical monocytes was significantly higher 
than intermediate and non-classical monocytes in basal 
conditions as previously described (Figure 1B).1 Neither 
LPS nor IL4 induced significant changes in the percentage 
of the monocyte subsets (Figure 1B). In each subpopula
tion, the levels of IL-1β, measured as mean fluorescence 
intensity (MFI) and percentage of IL-1β+ monocytes, were 
higher when stimulated with LPS (Figure 1C and D). The 
magnitude of LPS-induced IL-1β MFI and count of IL-1β 
+ monocytes was significantly higher in classical versus 
non-classical monocytes (325±102 vs 126±24, p=0.006) 
and (84.8%±4.7% vs 41.9%±10.3%, p=0.007) (Figure 1C 
and D). These same results were obtained when intracel
lular IL-6 MFI values were measured (410±108 vs 209 
±43, p=0.008) (Supplementary Figure 1B).

CD14+CD163- Cells Rise in Response to 
LPS and Show Higher Levels of 
Intracellular IL-1β and IL-6
After negative selection of CD3 and CD19 cells, CD14 
cells were then gated using CD163 marker finding two 
different subpopulations: CD14+ CD163+ and CD14+ 
CD163-, which show similar percentages (Figure 2A). 
When incubated with LPS, CD14+CD163- cell percentage 
raises to 96.1%±0.8% and there was a significant increase 
in pro-inflammatory cytokines (Figure 2C and D). 
However, CD14+CD163- cells contained significantly 
higher levels of IL-1β and IL-6 than CD14+CD163+ 
cells (298±112 vs 117±38.2, p=0.007) and (261.6±60 vs 
144.5±57.2, p=0.04) (Figure 2C and D).

Changes in CD163 Marker Upon LPS 
Stimulation are Mainly Seen in CD14+ 
+CD16- Classical Monocytes
When cells were stimulated with LPS there was an increase 
in CD14+CD163-/CD14+CD163+ ratio in classical mono
cytes as compared to intermediate and non-classical (82.4 
±36.2 vs 1.36±0.53 vs 2.48±1.2, p=0.0001) (Figure 3A). In 
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terms of MFI, CD163 changed significantly in all subsets 
after LPS stimulation versus non-stimulated conditions 
(Figure 3B). Interestingly, in classical monocytes, unlike 
intermediate and non-classical monocytes, CD163 MFI 
values fell after LPS, reaching a mean value fold-change 
of 3.365 times less compared to non-stimulated cells 
(Figure 3C). No changes were observed after stimulation 
with IL-4 (Figure 3A–C). Since CD163 showed evident 
changes after LPS stimulation, we analyzed CD86 MFI 
values in every subset. Even when CD86 levels were higher 
in non-classical monocytes versus classical monocytes, no 
variations were seen between stimulated and non-stimulated 
conditions (Supplementary Figure 1A).

Only CD163 and Not CD16 Shows 
a Correlation with IL-1β and IL-6 Levels 
After LPS Stimulation
Knowing that CD163 levels changed in all subsets but 
diminished only in classical monocytes, we aimed to ana
lyze separately the levels of IL-1β and IL-6 after LPS 
stimulation versus positivity to either CD163 or CD16 

MFI values (Figure 3D–G). CD14+CD163- cells’ percen
tage showed positive correlation with IL-1β levels (r=0.57, 
p=0.007) and the opposite result was seen for CD14 
+CD163+ cells (r=−0.64, p=0.004) (Figure 3D and E). 
There was no correlation between IL-1β levels and CD16 
± cells’ percentage (Figure 3F and G). When this analysis 
was repeated for intracellular IL-6, similar results were 
obtained, finding correlation only with CD14+CD163± 
cells’ percentage (Supplementary Figure 1C–F).

Discussion
During the last years, numerous studies have looked for an 
association between certain monocyte subpopulations and pre
valent inflammatory and metabolic diseases. Autoimmune 
diseases and atherosclerosis as metabolic dysregulation are 
the most usually studied conditions; nevertheless, their correla
tion with expansion or contraction of these subpopulations has 
been difficult to study and not completely reproducible.16 

Many reasons for the latter have been proposed. One of the 
most frequently claimed explanations is how difficult is to 
separate three “different” subpopulations using only a small 
group of markers.12

Figure 1 Gating strategy, flow cytometry analysis and intracellular IL-1β in CD14-CD16 defined subpopulations under different stimulation conditions. PBMC from healthy 
donors were stained with anti-CD3, anti-CD19, anti-CD14, anti-CD16, anti-CD86 and anti-CD163. Live cells were gated first by granularity and subsequently on CD3- 
CD19-CD14+ cells. Afterwards, the percentage of CD14++CD16-, CD14+CD16+ and CD14+CD16++ were determined by flow cytometry. Representative panels of non- 
stimulated cells (A). Classical monocytes are significantly higher than intermediate and non-classical monocytes in any condition (B) (****p≤0.0001). In each subpopulation, 
levels of IL-1β are higher when stimulated with LPS, being significantly higher in classical versus non-classical monocytes (C) (****p≤0.0001; **p≤0.006). When percentages of 
IL-1β+ cells are analyzed, LPS-stimulated monocytes show significantly higher values in classical versus non-classical monocytes (D) (****p≤0.0001; **p≤0.007). BD 
LSRFortessa cytometer. One-way ANOVA test used in all panels.
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Thomas et al were able to demonstrate using tSNE 
with multiple different parameters, that a group of at 
least 12 commonly available markers, needed to be used 
to perform positive and negative selection in order to 
obtain a proper separation.12 Even when these markers 
help to better classify circulating monocytes, this approach 
is expensive and time consuming.

When these monocyte subpopulations are analyzed 
in vitro, their response to stimuli behaves more erratically. 
Most of the available studies are prone to point to intermediate 
monocyte subpopulation as the most predictable in terms of 
response to LPS. Many times, intermediate monocytes are 
presented as a transition subpopulation with oscillations on 
percentages attributed to inflammatory nature of each 
pathology.2,7 However, until today, there is no clear correlation 
between any subset rate changes and clinical course in inflam
matory or non-inflammatory diseases.

In this study, we worked with PBMC Ficoll extraction 
method, a conservative and efficient technic to process 
cells with minimum manipulation and in a cost-effective 
way, that mimics monocytes’ conditions since they circu
late with other mononuclear cells in vivo. We showed that 

in basal conditions, IL-1β and IL-6 MFI levels are similar 
in all monocyte subsets. However, classical monocytes 
respond with higher levels of pro-inflammatory cytokines 
to LPS stimuli (Figure 1C and Supplementary Figure 1B); 
even more, LPS induced a 32% more intracellular IL-1β as 
compared to intermediate and 163% more than non- 
classical subsets (Figure 1B). These results are in the line 
with increasingly frequent reports where classical mono
cytes are raised in acute inflammatory conditions.

In our experiments, CD163 but not CD86 behaved as 
a better marker to response to LPS stimulation, both in 
terms of changes in cell percentage and mean fluorescence 
intensity. Upon LPS stimulation CD163 seems to with
draw from classical monocyte subset, which raises the 
question of whether it could be a good marker to, at least 
in vitro, improve response-to-stimuli prediction of mono
cyte subsets. In our case, we were able to show not only 
that CD163- cells reside mainly in the classical subset but 
also contain higher levels of traditionally inflammatory 
cytokines and correlate directly with its values. CD163 
has been associated with M2 phenotype in circulating 
monocytes and mainly to neoplastic diseases when 

Figure 2 Gating strategy, flow cytometry analysis, intracellular IL-1β in CD14-CD163 defined subpopulations under different stimulation conditions. PBMC from healthy 
donors were stained with anti-CD3, anti-CD19, anti-CD14, anti-CD16, anti-CD86 and anti-CD163. Live cells were gated firstly by granularity and subsequently on CD3- 
CD19-CD14+ cells. Afterwards, the percentage of CD14+CD163- and CD14+CD163+ were determined by flow cytometry (A). CD163- cells count raises only when 
stimulated with LPS, reciprocally to CD163+ cells (B) (****p≤0.0001). CD163- cells contains significantly higher levels of IL-1β than CD163+ monocytes (C) (**p≤0.007) 
(****p≤0.0001). When IL-6 is analyzed, CD163- cells contains also higher levels than CD163+ when stimulated with LPS (D) (*p≤0.04) (****p≤0.0001). BD LSRFortessa 
cytometer. One-way ANOVA test used in all panels.
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analyzed in vivo, allowing to propose that the fall in its 
values could be associated with a particular M1 compro
mise of classical monocytes. Whether intermediate and 
non-classical monocytes respond less, differently, or just 
need more time to raise intracellular cytokine levels is 
a question out of the range of this investigation but 
a remarkably interesting matter yet to clarify.

Therefore, these results suggest that incorporating the 
study of CD163 as a marker could help to better identify 
a more responsive subset of monocytes in terms of cyto
kine production to LPS stimuli which in our case, corre
spond to CD14+CD16-CD163- cells.

More studies are needed to understand if this subpopu
lation correlates better with the presence of autoimmune or 
inflammatory conditions and also, to know if this response 
is similar to other agents, like viral, regulatory, or another 
alternative inflammatory stimulus. It would also be inter
esting to contrast these results with the use of more mar
kers and multiparametric analysis.

Conclusion
Monocytes have been traditionally difficult to classify in phe
notypes mainly because of two main aspects: Unavailability of 
transcription markers to define their specific commitment to 
a subset and complex “life cycle” where changes in markers’ 

expression occur constantly. As a result, reports about which 
phenotype are more active in a specific disease has been 
contradictory until today. In vitro, stimulation with common 
inflammatory stimuli as LPS or IL-4 has also been difficult to 
systematize. Previous to further studies of monocytes in 
chronic inflammatory diseases, we aimed to thoroughly ana
lyze the behavior of commonly used markers (CD16, CD163, 
and CD86). Surprisingly, we were able to clarify two main 
issues: classical monocytes respond with higher levels of tra
ditionally inflammatory cytokines to LPS, and CD163 is useful 
to select a more “active” group of cells – in terms of cytokine 
production – upon LPS stimulation. More studies are needed to 
understand if this subpopulation better correlates with the 
presence of autoimmune or inflammatory conditions. It is 
also of interest to know if this response is similar to other 
stimuli like viral, regulatory, or another alternative inflamma
tory stimulus. Likewise, will be noteworthy to contrast these 
results with the usage of more markers and multiparametric 
analysis.

Ethics Approval
Informed consent was approved by both Medicine Faculty, 
Human Research Ethics Committee at Universidad de Chile, 
and Research Ethics Committee at Hospital Clinico 
Universidad de Chile (proj. N° 191-2016; Acta N° 127).

Figure 3 CD163 analysis in each subset and correlations of CD163 and CD16 defined subpopulations with intracellular IL-1β. CD14+CD163-/CD14+CD163+ ratio was 
graphed in each traditional subset. Only in classical monocytes stimulated with LPS, CD163-/CD163+ ratio raises (A) (****p≤0.0001). CD163 median fluorescence intensity 
changes significantly after LPS stimulation in classical, intermediate, and non-classical monocytes (B) (****p≤0.0001; ***p≤0.003; **p≤0.006). Folds of change of CD163 
fluorescence intensity after LPS compared to non-stimulated condition. Classical monocytes diminish its mean MFI CD163 values by 3.365 times (C). In (D and E), 
intracellular IL-1β correlates positively and significantly with CD163- cell percentage and negatively with CD163+. In (F and G), IL-1β does not correlate with CD16+ and 
CD16- cells percentages. BD LSRFortessa cytometer. One-way ANOVA test used in panels (A–C). Spearman rank correlation test (n=18) in panels (D–G).
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