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Abstract

Macrophages are key in orchestrating immune responses to micro-environmental stimuli, sensed 

by a complex set of surface receptors. The human cell line THP-1 has a monocytic phenotype, 

including the ability to differentiate into macrophages, providing a tractable, standardised 

surrogate for human monocyte-derived macrophages. Here we assessed the expression of 49 

surface markers including Fc, complement, C-type lectin and scavenger receptors; TIMs; Siglecs; 

and co-stimulatory molecules by flow cytometry on both THP-1 monocytes and macrophages and 

following macrophage activation with seven standard conditioning/polarizing stimuli. Of the 34 

surface markers detected on macrophages, 18 altered expression levels on activation. From these, 

expression of 9 surface markers were consistently altered by all conditioning regimens, while 9 

were specific to individual polarizing stimuli. This study provides a resource for the study of 

macrophages and highlights that macrophage polarization states share much in common and the 

differences do not easily fit a simple classification system.
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1 Introduction

Monocytes and macrophages play a key role in innate immune responses, from pathogen 

recognition, phagocytosis, signalling via cytokines and chemokines to tissue repair and 

remodelling [1]. Resident tissue macrophages sense injury or infection and recruit 

circulating leukocytes. Infiltrating monocytes/macrophages respond to micro-environmental 

signals by engaging various activation programs and mature into sub-populations that restore 

tissue homeostasis by destroying microorganisms or promoting healing. The known range of 

macrophage activation states, and the cues that induce polarization, continue to expand, but 

two broad types of macrophage activation in vitro have been characterized in detail: classical 

or M1 macrophages and alternative or M2 macrophages. M1 activated macrophages are 

induced by a combination of IFN-γ and pro-inflammatory stimuli (such as LPS or TNF-α) 

and have anti-microbial and cytotoxic properties, whereas M2 activated macrophages are 

anti-inflammatory and reparative. M2 macrophages have been further sub-divided, using 

IL-4 to induce M2a macrophages, immune complexes and IL-1R agonists for M2b and 

IL-10, TGF-β or glucocorticoids for M2c [2]. However this classification system is now 

considered to be an oversimplification of a spectrum of activation states and responses 

observed in vivo [3]. Studies in mice have demonstrated a huge degree of diversity in tissue 

macrophages under both physiological conditions and disease contexts, which are likely 

to be similar in man. Macrophage phenotypes not addressed by the M1/M2 classification 

system have also been delineated. For example Mhem phenotype macrophages are induced 

by heme or hemoglobin, resulting in enhanced iron handling and increased expression of 

CD163, a scavenger receptor for hemoglobin and HO-1 [4]. Mhem macrophages are found 

in areas of plaque hemorrhage [4, 5] and the relative abundance of these macrophage subsets 

is a better indicator of plaque progression and stability than the total number of lesion 

macrophages [6].

Whilst the stimuli used to study macrophage polarization in vitro have been well defined, to 

date no single specific phenotypic markers have been identified to characterize macrophage 

subtypes. Instead changes in groups of markers have been demonstrated, mostly in mice, 

which do not necessarily translate directly to humans [7]. Work in primary human 

macrophages is hampered by difficulties in obtaining primary material, including isolating 

sufficient quantities for experimentation and variability between donors. The human 

monocytic cell line THP-1 is widely used for the study of both monocytes and macrophages. 

THP-1 macrophages provide several advantages over tissue resident or peripheral blood 

mononuclear cell (PBMC) derived macrophages: ease of access, long-term storage, faster 

growth rates, relative homogeneity with the same genetic background and the absence of 

contaminating cells [8]. Published studies have analyzed responses to polarizing stimulation 

by THP-1 macrophages using transcriptomic or proteomic analyses [9, 10]. However, the 

range of phenotypic surface markers characterizing THP-1 macrophages has not been 

reported in detail. This would be invaluable to predict the responses of THP-1 cells to 

external stimuli and whether they are a representative surrogate for the more complex in vivo 
primary human macrophages.

To address this gap in knowledge and as a baseline to compare with tissue and blood 

monocyte derived macrophages, this study used flow cytometry to examine the surface 
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expression of a wide range of important functional markers on both monocyte and 

macrophage THP-1 cells. These included Sialic acid-binding immunoglobulin-type lectins 

(Siglecs) which distinguish self from non-self; complement and Fc-gamma receptors 

that recognize opsonized pathogens; scavenger receptors that clear cell debris; T cell 

immunoglobulin and mucin domain containing receptors (TIM) that bind phosphatidylserine 

on apoptotic cells; C-type lectin receptors which have a range of functions including 

cell adhesion, immune response to pathogens and apoptosis; co-stimulatory molecules 

important in antigen presentation and commonly used as markers of monocytes and 

macrophages. Changes in expression of these markers resulting from culturing THP-1 

macrophages with widely used polarizing stimuli (LPS, IFN-γ, IL-4, IL-1β, immune 

complex, IL-10 and hemoglobin:haptoglobin complex) were also determined. The findings 

allow the examination of an intricate system of changes within a homogeneous cell 

line and a basis for predicting the suitability of THP-1 cells as a surrogate for primary 

human monocytes/macrophages. They also provide an extensive resource for investigators 

interested in studying the immune receptors or conditioning regimens presented for the study 

of monocyte and macrophage biology.

2 Materials and Methods

2.1 Cells

The THP-1 cells were purchased from Sigma Aldrich and maintained in a humidified 

incubator at 37°C with 5% CO2 in RPMI 1640 (Gibco) supplemented with 20% heat­

inactivated FCS (VWR) and 100 units/mL penicillin, 100 μg/mL streptomycin and 292 

μg/mL L-glutamine (Gibco). Cells were seeded at 5 x 105 cells/mL in 5 mL into a 75 cm3 

tissue culture flask, then differentiated into (M0) macrophage-like cells by stimulation with 

PMA 1 ng/mL (Sigma Aldrich) for four days followed by 48 hr without PMA. To alter 

the phenotype, macrophages were stimulated after 24 hrs rest without PMA for 24 hrs with 

LPS (10 ng/mL; Sigma Aldrich), LPS and IFN-γ (20 ng/mL; Miltenyi Biotec), IL-4 (20 

ng/mL; Miltenyi Biotec), IL-1β (20 ng/mL; Miltenyi Biotec) and immune complex (rabbit 

Anti-OVA 100 μg/mL bound OVA 10 μg/mL; Sigma Aldrich), IL-10 (20 ng/mL; Miltenyi 

Biotec) or hemoglobin:haptoglobin complex (1:1, 100 nM; Sigma Aldrich).

2.2 Flow Cytometry (Staining)

THP-1 monocytes were washed with ice-cold HBSS, 2 mM EDTA, 5% FCS. THP-1 

macrophages were lifted from the plastic with ice-cold HBSS, 2 mM EDTA, 5% FCS 

and gentle scraping. Non-specific staining was blocked using Fc block (Human TruStain 

FcX; BioLegend) incubated at room temperature for 10 minutes. Cells were then split 

between master-mixes of antibody and isotype panels and incubated for 30 mins at 4°C 

in the dark. Panel 1: Dectin 1 VioBright FITC; CD69 Brilliant Violet (BV)650; CD207 

VioBlue; CLEC12A PerCP-Cy5.5; CLEC4A PE-Vio770; KLRG1 PE-Vio615; Dectin 2 

PE; CD45 VioGreen. Panel 2: ASGPR1 VioBright FITC; HLA-DR BV650; CLEC9A 

VioBlue; CD1a PerCP-Cy5.5; CLEC13A PE-Vio770; CD303 PE/Dazzle 594; CLEC10A 

PE; CD45 VioGreen. Panel 3: CD329 VioBright FITC; CD14 BV650; CD328 VioBlue; 

Siglec 8 PerCP; CD169 PE-Vio770; CD33 PE-CF594; Siglec 10 PE; CD45 VioGreen. 

Panel 4: CD327 AF488; CD11b VioBlue; CD16 PerCP-Vio770; CD32 PE-Cy7; CD64 
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PE/Dazzle 594; CLEC4D PE; CD45 VioGreen. Panel 5: CD204 VioBright FITC; TIM-3 

BV650; CD59 BV421; CD36 PerCP; CD55 PerCP-Cy5.5; TIM-1 PE-Vio770; CD163 PE/

Dazzle 594; TIM-4 PE; CD45 VioGreen. Panel 6: SIRPα FITC; CD86 BV650; CD80 

BV421; CD209 PerCP-Cy5.5; SIRPβ PE-Vio770; CD206 PE/Dazzle 594; CD205 PE; CD45 

VioGreen. Panel 7: CD93 FITC; CD11c BV650; Mertk BV421; CD35 PerCPVio770; 

CD170 PE-Vio770; CD13 PE/Dazzle 594; CD299 PE; CD45 VioGreen. Further details of 

isotype controls and antibody clones and sources are given in the MiFlowCyt Section of 

the Appendices (A.1). After staining, cells were washed and fixed for analysis (Cytofix; BD 

Biosciences). Cells were acquired on a BD LSRFortessa within 48 hrs and a minimum of 

20,000 CD45+ cells (mean 94,000) were acquired for each test.

2.3 Flow Cytometry (Analysis)

Flow cytometric data were analyzed by FlowJoX software, details can be seen in A.1. 

Monocytes and macrophages were gated by forward scatter – area (FSC-A) and side scatter 

– area (SSC-A), then single cells by SSC-A and side scatter-width (SSC-W). GeoMean was 

calculated for the single cells, then normalized by subtracting the isotype GeoMean value for 

the matching cell type. Markers were deemed to be expressed if 2 out of the 4 samples tested 

had a normalized GeoMean greater than 100.

2.3 Statistics

Results are presented as median ± interquartile range. Statistical significance was tested 

using Mann-Whitney tests for all comparisons. Graphing and statistical analyses were 

performed using Prism 5 (GraphPad Software, Inc.).

3 Results

3.1 THP-1 monocytes: surface marker expression

The expression of a wide range of monocyte/macrophage phenotypic and functional markers 

was assessed. These included those already well known to be expressed on the THP-1 

cell surface, such as CD13 and CD14, and some that were previously believed not to be 

expressed, such as CD1a [11–13]. Figure 1 shows the histogram plots for each marker 

analyzed on THP-1 monocytes, expression assessed by comparison with matched isotype 

control. Of the Siglecs tested, THP-1 monocytes expressed CD169 (Siglec 1), CD33 

(Sigelec 3) and CD170 (Siglec 5) but not CD327 (Siglec 6), CD328 (Siglec 7), Siglec 8, 

CD329 (Siglec 9) or Siglec 10. THP-1 monocytes did not express the complement receptors 

CD35, CD55 and CD59, nor the scavenger receptors CD36, CD163 and CD204. The Fcγ 
receptors CD32 and CD64 were expressed by THP-1 monocytes, but CD16 was not. Of 

the TIM receptors tested, THP-1 monocytes expressed TIM-1, but not TIM-3 or TIM-4. 

Numerous C-type lectin receptors were assessed and THP-1 monocytes showed the presence 

of only CD299, CLEC10A, CLEC13A and CD205 on the surface. SIRPα and SIRPβ were 

also expressed, along with CD13 and HLA-DR. THP-1 monocytes did not demonstrate 

surface expression of CD80, CD86, CD11b, CD11c, CD14, Mertk or CD1a (Figure 1).
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3.2 Differentiation changes THP-1 size and granularity

Differentiation from monocyte to macrophage is associated with an increase in size, 

granularity and auto-fluorescence [14]. To check that the PMA-mediated differentiation 

of THP-1 monocytes to macrophages was successful, the FSC-A and SSC-A of THP-1 

monocytes and macrophages were compared, (Figure 2). In line with other [12], there were 

significant increases in both size (FSC-A) and granularity (SSC-A) and a slight increase in 

auto-fluorescence in every channel recorded.

3.3 THP-1 macrophage surface marker expression

The surface markers expressed by PMA differentiated macrophages that had been rested 

for 48 hrs (to ensure any stimulation induced had returned to baseline), were analyzed 

(Figure 3). Like the monocytes from which they were differentiated, THP-1 macrophages 

demonstrated specific positivity for CD169, CD33, CD170 as well as Siglec 8, CD329 and 

Siglec 10. In contrast to the monocytes, THP-1 macrophages exhibited expression of CD35, 

CD55 and CD59, along with the scavenger receptors CD36, CD163 and CD204, reflecting 

a more mature nature. The THP-1 macrophages, similarly to their monocytic equivalent, 

expressed CD32 and CD64, but not CD16. THP-1 macrophages expressed TIM-1, but 

not TIM-4, on their surface, but, unlike monocytes, also expressed TIM-3. Macrophages 

demonstrated expression of a greater abundance of C-type lectin receptors than monocytes, 

expressing CLEC4A, CLEC4D, CD299, CLEC10A, CLEC13A, CD205 and KLRG1. As 

with monocytes, macrophages expressed SIRPα, SIRPβ and CD13, but not CD80 and 

CD1a. Unlike monocytes, they also expressed CD11b, CD11c, CD14, CD86 and Mertk, 

with an absence of HLA-DR (Figure 3).

3.4 Comparison of the level of surface marker expression by THP-1 monocytes versus 
THP-1 macrophages

Of the markers expressed by both monocytes and macrophages, macrophages displayed 

significantly greater expression of CD33, CD170, TIM-1, CD299, CLEC10A, CLEC13A, 

SIRPα and CD13, but significantly lower expression of CD32 and CD205 (Figure 4). There 

was no difference in the expression of CD169, CD64 and SIRPβ following PMA induced 

differentiation into macrophages.

3.5 THP-1 macrophage extracellular marker expression after phenotype biasing

The expression of many macrophage markers is known to change in response to stimuli, 

generally associated with an alteration of role, notably, for example, inflammatory or 

anti-inflammatory. We chose stimuli to reflect commonly studied macrophage phenotypes 

[2]. We also investigated modifications resulting from exposure to hemoglobin:haptoglobin 

complexes, which are associated with the development of a macrophage phenotype 

important in the progression of atherosclerosis in vivo [4].

It was determined whether addition of polarizing stimuli resulted in a change of morphology 

(Figure 5). The addition of LPS or LPS/IFN-γ produced a decrease in the FSC-A of the 

macrophages, indicating a decrease in cell size. The SSC-A, indicating granularity, was 

increased by the addition of IL-10.
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In response to these stimuli, the expression of many markers altered (Figure 6). However, 

there was no statistically significant change of expression of CD170, Siglec 8, Siglec 10, 

CD35, CD55, CD59, CD163, CD204, CD32, TIM-1, CLEC4D, CD299, CLEC13A, SIRPβ, 

CD11c, or CD13 following 24 hr culturing with any of the stimuli tested compared with 

M0. When comparing the polarizing stimuli (except hemoglobin:haptoglobin complexes, 

which did not alter the expression of any marker tested) an unexpected pattern of changes 

emerged. Of the 18 markers that changed in a statistically significant fashion with any of 

the conditioning regimens, nine altered expression specifically in response to one or two 

of the regimens (CD36, CLEC4A, CLEC10A, KLRG1, SIRPα, CD86, Mertk, HLA-DR 

and CD64). The other nine, however, changed expression compared to M0 in the same 

direction and similar magnitude irrespective of the stimuli. The markers CD33, CD329, 

TIM-3, CD205, CD11b and CD14 all decreased in expression relative to M0 and CD169, 

CD209 and CD80 all increased expression relative to M0. CD64 is somewhat different in 

that all the stimuli except IFN-γ/LPS resulted in a decrease in expression compared to M0.

The addition of LPS to THP-1 macrophages resulted in a statistically significant increase in 

the expression of CD169, CLEC4A and CLEC10A and a decrease in CD33, CD329, CD64, 

TIM-3, CD205, CD11b and CD14. Addition of IFN-γ in combination with LPS resulted 

in the same alterations in expression as LPS induced, except in the case of CD64, which 

did not significantly change compared to no treatment. KLRG1 increased significantly 

and SIRPα demonstrated decreased expression. IL-4 addition to THP-1 cultures led to an 

increase in CD169 and CD86. A significant decrease in expression of CD33, CD329, CD64, 

TIM-3, CD205, SIRPα, CD14 and Mertk was elicited by the addition of IL-4. Immune 

complexes in combination with IL-1β also increased the expression of CD169 and decreased 

CD33, CD329, CD64, TIM-3, CD205, CD11b, CD14 and Mertk expression. When added 

to macrophages, IL-10 increased CD169 expression and decreased that of CD33, CD329, 

CD36, CD64, TIM-3, CD205 and CD14.

The C-type lectin receptor CD209 was deemed not to be expressed by THP-1 macrophages 

at initial observation. However, the addition of LPS, LPS/IFN-γ or IL-4 resulted in 

expression of CD209 above the pre-defined threshold. The co-stimulatory molecule CD80 

showed no detectable expression by THP-1 macrophages, but LPS, LPS/IFN-γ, IL-4, IC/

IL-1β and IL-10 all increased expression to above the pre-determined threshold. Similarly, 

HLA-DR expression was not detectable by resting macrophages, but addition of IFN-γ and 

LPS resulted in a significant increase.

The Geomeans for all markers and conditions investigated are presented in Appendices Fig 

B.1 for reference.

The markers CLEC4A and CLEC10A have a bimodal distribution as shown in Figure 

3. The histograms for markers TIM-1, CD204, CLEC13A and CD14 suggest that only a 

portion of the population express the marker. Figure 7 shows the percentage positive of 

these markers following phenotype biasing. Similarly to the normalised GeoMean, there 

is no statistically significant difference in percentage TIM-1 and CLEC13A positive cells 

following phenotype biasing. Also similar to GeoMean, there is a statistically significant 

decrease in CD14 percentage positive cells after all phenotype biasing stimuli except 
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hemoglobin: haptoglobin complex. The percentage CLEC10A positive cells increased 

significantly with LPS, LPS/IFN-γ, and, unlike GeoMean, IL-4. The percentage of cells 

positive for CLEC4A significantly increased in response to LPS, LPS/IFN-γ, IL-4 and 

IL-10. The presence of two markers in the same panel allows a comparison of the expression 

by cells positive for either of both of the markers. CLEC10A and CLEC13A are on the same 

panel, on average 67% of CLEC10A+ cells are also positive for CLEC13A, and conversely 

68% of CLEC13A+ cells are also positive for CLEC10A. TIM-1 and CD204 are also on 

the same panel, 72% of CD204+ cells are positive for TIM-1, and 83% of TIM-1+ cells are 

positive for CD204.

4 Discussion

Macrophages play an important role in immune responses by sensing and responding 

to their environment to either drive or resolve inflammation. Key to this function are 

molecular signatures expressed on their cell surfaces. To provide a resource for the study of 

macrophage biology and to establish patterns of expression in a homogenous cell type, we 

assessed the surface expression of a wide range of receptors on the human THP-1 monocytic 

cell line and their PMA differentiated macrophages, and determined changes in expression 

following activation by well described conditioning regimens. We found that macrophages, 

as expected given their physiological role, expressed a greater range of surface markers 

than monocytes. Much is made in the literature of the difference between M1-like and 

M2-like phenotypes, but we found all of the conditioning regimens, with the exception of 

hemoglobin:haptoglobin, tended to effect similar changes, with some exceptions discussed 

below. These similarities suggest that many of the polarizing stimuli induce common 

pathways rather than distinct differentiation programs.

Complex mixtures of glycans are expressed on the surfaces of all cells, both host and 

microbial, and their recognition is important in maintaining homeostasis and fighting 

disease. Sialic acids are prominent on human cells and are recognized by Siglecs, a series 

of inhibitory type 1 membrane proteins. We analyzed the expression of CD169 (Siglec 1), 

CD33 (Siglec 3), CD170 (Siglec 5), CD327 (Siglec 6), CD328 (Siglec 7), Siglec 8, CD329 

(Siglec 9) and Siglec 10. We found that CD169 was present on the surface of both THP-1 

monocytes and macrophages and that stimulation with all the phenotype altering conditions, 

except hemoglobin:haptoglobin complexes, significantly increased its expression. CD169 

has been shown to be expressed on circulating monocytes and is important in inflammatory 

conditions such as rheumatoid arthritis and multiple sclerosis, where CD169 expression 

is higher in patients than healthy controls [15, 16]. Little is known about the effects of 

phenotype biasing on the expression of CD169 by macrophages [17].

All other Siglecs tested were from the CD33-related Siglec family (CD33, CD170, CD327, 

CD328, Siglec 8, CD329, Siglec 10). Our study indicated that THP-1 monocytes expressed 

only CD169, CD33 and CD170. It has been previously shown that monocytes isolated from 

peripheral blood express CD33, CD170, CD328, CD329 and Siglec 10 but not Siglec 8 

[18]. Therefore THP-1 monocytes have a reduced expression profile of Siglecs compared 

to primary circulating monocytes. This should be considered in studies determining the 

influences on Siglecs when using THP-1 monocytes as a surrogate to primary cells.
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The study presented here showed expression of CD33, CD170, Siglec 8, CD329 and Siglec 

10, but not CD327 or CD328 by THP-1 macrophages. The expression of Siglecs on human 

monocyte derived M-CSF and GM-CSF differentiated macrophages has previously been 

reported, with CD170, CD328 and CD329 basally expressed and Siglec 8 and Siglec 10 

expressed after GM-CSF differentiation [18]. Gene expression by qPCR showed that CD328 

and CD329 were induced by M-CSF or GM-CSF driven differentiation, but expression 

of CD170, Siglec 10 and CD33 decreased during differentiation [19]. CD329 mRNA 

was unaltered by treatment with LPS/IFN-γ or IL-4; CD328 decreased with LPS /IFN-γ; 

Siglec 10 increased with IL-4 and CD33 and CD170 decreased with both LPS/IFN-γ and 

IL-4 [19]. This indicates that THP-1 macrophages resemble macrophages differentiated 

from circulating blood monocytes with GM-CSF. We found decreased CD33 expression 

after all phenotype biasing stimuli, except hemoglobin:haptoglobin complexes, in line with 

Higuchi et al. [19]. However results from THP-1 macrophages contrasted with blood 

monocyte derived macrophage phenotypes [19], in that CD170, Siglec 8 and Siglec 10 

were unaltered and CD329 expression decreased with all phenotype biasing stimuli except 

hemoglobin:haptoglobin.

The complement receptors we tested, CD35, CD55 and CD59, were not expressed on 

THP-1 monocytes, but were on THP-1 macrophages, although remained unaltered by the 

stimuli we used. Few studies have investigated complement receptors on THP-1 cells, but 

our results are consistent with those showing an increase in receptor expression following 

differentiation [20]. This reflects the greater role of macrophages as compared to monocytes 

in clearing complement opsonised pathogens.

The expression of the scavenger receptors CD36, CD163 and CD204 by THP-1 

macrophages but not monocytes, as shown here, is consistent with multiple studies. CD36 

in particular is often used as a marker of THP-1 differentiation [21]. The results shown here 

contrast with studies demonstrating CD163 and CD204 as M2 markers (as induced by IL-4) 

[22, 23]. Moreover CD163 has been shown to be a main receptor upregulated following 

stimulation by the hemoglobin:haptoglobin complex. Here we showed no statistically 

significant alteration in CD163 and CD204 expression with any conditioning regimen. This 

discrepancy might be due to differences in culture times: we used 24hrs, others 72hrs [22].

It is well established that THP-1 monocytes lack CD16, an observation confirmed here, we 

also confirmed previous reports that THP-1 monocytes expressed CD32 and CD64 [24] and 

expression is lower after differentiation to macrophages [25]. Fc gamma receptor expression 

on THP-1 macrophages after phenotype altering stimuli has not previously been reported. 

However, studies on other human macrophages suggest that CD64 is a M1-like phenotype 

marker [26]. Our data suggest that the majority of our conditioning stimuli reduce the 

expression of CD64, while LPS/IFN-γ does not; thus if the results from out-dated M1 and 

M2 classified inducing stimuli were compared in isolation, it would appear that M1 had 

increased expression of CD64, when in fact the M2 had decreased expression. The increase 

in CD32 with the addition of IL-4 is in contrast to studies on macrophages derived from 

blood monocytes, which indicate that IL-10 but not IL-4 increases its expression [27].
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Few studies have investigated TIMs on THP-1 cells. TIM-3 mRNA transcription by THP-1 

macrophages has been shown to be induced by plasma from ischemic patients [28]. This 

study is the first to show the absence of TIM-4 on either THP-1 monocytes or macrophages, 

and contrasts with human tissue macrophages such as those from spleen [29]. It is also 

the first to show TIM-1 expression on both THP-1 monocytes and macrophages and that 

TIM-3 is expressed on THP-1 macrophages with expression decreased by phenotype biasing 

stimuli, similar to studies using murine macrophages [30].

Of the many C-type lectin receptors we investigated, only CD69, CLEC4A, CD207, CD209, 

Dectin 1 and CD206 had previously been analyzed for expression by THP-1 cells and our 

data are broadly consistent with these reports [31–33]. The lack of expression of CD303 

(BDCA-2), CLEC4D (Dectin 3), Dectin 2, ASGPR1, CLEC9A (DNGR1), CLEC12A 

(MICL, CLL-1), or CD93 and the presence of CD299 (L-SIGN), CLEC10A (CD301, 

MGL), CLEC13A (CD302), CD205 (DEC-205) and KLRG1 (CLEC15A, MAFA) has 

not previously been reported by other studies of THP-1 cells. The alteration of CD205, 

CLEC4A and CLEC10A with phenotype biasing stimuli is also previously unreported.

However, our data also contrast with certain other previous reports, albeit often using 

alternate culture conditions and maturation phenotypes. Cermelli et al. reported CD69 was 

expressed on THP-1 monocytes [34]. We found CD207 not to be expressed by THP-1, 

but CD207 was reported from THP-1 cells differentiated into Langerhans-like cells [35]. 

Similarly Dectin 1 has been repeatedly found to be expressed at the mRNA or protein 

levels by THP-1 cells in response to fungal stimulation [36, 37]. CD206, also known as 

mannose receptor 1 (MRC1), which our data suggest is not expressed by THP-1 under 

any conditions, has been reported to be expressed by THP-1 cells in response to IL-4 

[22, 38] or after differentiation to dendritic-like cells [39]. Other studies support a lack of 

expression of CD206 in both native [40] and polarized cells [41]. Compared to primary 

human macrophages, mRNA levels for MRC1 are very low [9]. CLEC4A (DCIR) has only 

previously been shown on tumor associated macrophages isolated from ovarian carcinoma 

[42], whereas our findings suggest that CLEC4A is associated with an inflammatory 

phenotype. CLEC10A is well established as an M2-associated marker on macrophages from 

other sources [43], which contrasts with our data indicating increased expression on LPS and 

LPS/IFN-γ stimulated THP-1 macrophages. These discrepancies indicate caution should be 

practiced when considering the use of C-type lectin receptors as macrophage polarization 

markers on THP-1 cells.

Signal regulatory protein beta (SIRPβ) has not previously been investigated on THP-1 cells, 

but has been shown to be present on human monocytes [44]. SIRPα is well established 

as expressed on both THP-1 monocytes and macrophages and our data support this [45]. 

Conversely, we found that SIRPα expression is decreased by both LPS/IFN-γ and IL-4 

stimulation, in contrast to a study suggesting IL-4 increased the expression of SIRPα after 

48 hours [46].

Macrophages play a key role in the progression of atherosclerotic lesions [47], as does 

intralesional hemorrhage which releases hemoglobin to the plaque interior [48]. Hemoglobin 

complexed with haptoglobin is scavenged by macrophages via CD163 [49, 50], resulting in 
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the secretion of IL-10 [50]. Boyle et al. showed that monocytes differentiated with Hb:Hp 

complexes result in an atheroprotective macrophage population, which express high levels 

of CD163 and low levels of HLA-DR [4]. The lack of change in the expression of any 

markers, in particular CD163 and HLA-DR, in response to culturing with Hb:Hp suggests 

that this stimulation of THP-1 macrophages is an unrepresentative substitute for human 

blood monocyte derived macrophages in the study atherosclerosis.

The markers TIM-1, CD204, CLEC4A, CLEC10A, CLEC13A and CD14 displayed 

heterogeneous expression by macrophages. There are several potential causes of this 

heterogeneity. It is well established that macrophages have two distinct morphologies that 

may also be related to differences in marker expression. The macrophages may also be at 

different stages of either cell cycle or activation. In addition, macrophages are primed to 

sense a constantly varying environment to which they respond by varying their expression of 

many proteins, including surface markers.

5 Conclusions

The results presented here should provide a valuable resource for the study of human 

monocytes and macrophages by documenting the surface molecules expressed by THP-1 

cells. Both similarities and differences between THP-1 macrophage and primary human 

monocyte derived macrophage surface expression are evident. Our findings support the 

current view that individual markers fail to define polarization phenotypes, such as the 

out-dated M1 or M2. Moreover these subtypes are a spectrum rather than distinct and are 

characterised by many similarities as well as differences.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

BV Brilliant Violet

CD Cluster of Differentiation

CLEC C-type lectin receptor

EDTA Ethylenediaminetetraacetic acid

FCS Fetal calf serum

FSC-A Forward Scatter

HBSS Hank’s Balanced Salt Solution
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IFN Interferon

LPS Lipopolyscaccharide

PMA Phorbol 12-myristate 13-acetate

Siglec Sialic acid-binding immunoglobulin-type lectins

SSC-A Side Scatter - Area

SSC-W Side Scatter - Width

TIM T cell immunoglobulin and mucin domain containing

TNF Tumor necrosis factor
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Figure 1. Cell Marker Expression on THP-1 Monocytes.
Filled histogram target antibody stained, open histogram matched isotype control. 

Histograms are representative of n = 4.
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Figure 2. Comparison of flow cytometric cell features between THP-1 Monocytes and 
Macrophages.
A Size (FSC-A) and granularity (SSC-A) of monocytes and macrophages. B Unstained 

monocytes (grey; +) and macrophages (black; x) shows autofluorescence within each 

cytometer channel. Histograms and zebra plots are representative of n = 4. GeoMean was 

normalised by subtracting the unstained value from the isotype control. Median with IQR; 

Mann-Whitney tests.
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Figure 3. Cell Marker Expression on THP-1 Macrophages.
PMA differentiated THP-1 macrophages. Black filled histogram target antibody stained 

macrophages, grey filled histogram target antibody stained monocytes, open histogram 

matched isotype control macrophages. Histograms are representative of n = 4.
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Figure 4. Comparison of Cell Marker Expression between THP-1 Monocytes and Macrophages.
Normalized GeoMeans of markers present on both monocytes (+) and macrophages (x) 

compared. GeoMean was normalised by subtracting the matched isotype control value. N=4; 

Median with IQR; Mann-Whitney tests.
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Figure 5. Cell size and granularity of THP-1 Macrophages after 24 Hours Phenotype Biasing.
Size (FSC-A) and granularity (SSC-A) of phenotype biased macrophages, zebra plots 

representative of n = 4. Median with IQR; Mann-Whitney tests.
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Figure 6. Cell Marker Expression on THP-1 Macrophages after 24 Hours Phenotype Biasing.
PMA differentiated THP-1 macrophages after phenotype biasing for 24 hours. No stimuli 

(M0) black, LPS red, LPS and IFN-γ pink, IL-4 blue, IL-1β and immune complex green, 

IL-10 purple, hemoglobin:haptoglobin orange. GeoMean was normalised by subtracting the 

matched isotype control value. N=4; Median with IQR; Mann-Whitney tests.
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Figure 7. Percentage Positive Cell Marker Expression on THP-1 Macrophages after 24 Hours 
Phenotype Biasing.
PMA differentiated THP-1 macrophages after phenotype biasing for 24 hours. No stimuli 

(M0) black, LPS red, LPS and IFN-γ pink, IL-4 blue, IL-1β and immune complex green, 

IL-10 purple, hemoglobin:haptoglobin orange. Percentage positive determined by isotype 

control then normalised by subtracting the matched isotype control value. N=4; Median with 

IQR; Mann-Whitney tests.
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