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Abstract 

 
It is becoming clear that autoimmune disease in general and Crohn’s disease in particular may 

depend on diminished monocyte function in innate immunity, and relating monocyte 

phenotype to patient genotype has become an important part of contemporary research in this 

field. Nevertheless, a systematic study comparing the efficacy and suitability for functional 

studies of the various available protocols for the isolation of monocytes from peripheral blood 

has not been performed. The implementation of optimal and standardized protocols may be 

essential for this field to move forward. Here, we compare the four most widely used 

protocols for monocyte enrichment, using in vitro phagocytotic capacity of monocytes as 

readout for functionality. Primary monocytes from healthy individuals were isolated in 

parallel using (1) anti-CD14 antibody conjugated magnetic microbeads (positive selection), (2) 

non-monocyte depletion by antibody conjugated magnetic microbeads (negative selection), (3) 

immunorosette-based RosetteSepTM antibody cocktail, and (4) the classical adherence 

protocol. Enriched monocytes were obtained with purities of 98.5%, 97.0%, 68.1%, and 

63.7% for the respective protocols and with recoveries of 2.2×105, 2.0×105, 4.4×105, 2.0×105 

monocytes per ml peripheral blood for the four different procedures. Using E. coli 

phagocytosis as a measure of monocytes functionality, best results were obtained using 

positive selection, probably because of the absence of platelet contamination using this 

procedure. In toto, we propose that the anti-CD14 antibody conjugated magnetic microbeads 

(positive selection) monocyte isolation method to be adapted as the procedure of choice for 

studies on human monocyte phagocytosis. 
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INTRODUCTION 

Monocytes represent 3-7 percent of total white blood cells (absolute monocyte count 1.5-7 

×108/ liter blood) in healthy human adults. Circulating monocytes, which are derived from 

myelomonocytic stem cells in bone marrow, have two main functions in the immune system: 

(1) to replenish resident macrophages and dendritic cells in peripheral tissues under normal 

states, and (2) to patrol healthy tissues through long-range crawling on the resting 

endothelium (1). In response to inflammatory signals, monocytes quickly move to sites of 

infection in the tissues, perform phagocytosis of foreign substances, and initiate an early 

immune response through the recruitment of neutrophils and other polymorphonuclear 

leukocytes (PMNs). Extravasation of PMNs to the site of inflammation in turn precedes a 

second wave of emigrating monocytes to remove rapidly apoptotic PMNs. Monocytes, 

macrophages and dendritic cells are also capable of eliciting adaptive immune response via 

antigen presentation. Therefore, monocytes play a pivotal role in keeping the dynamic balance 

of the human immune system (2).  

Interest in measuring monocyte functionality has recently substantially increased, especially 

because of the growing acceptance of the notion that defects in monocyte immunity 

contribute to the pathogenesis of autoimmune disease in general and in particular to the 

pathogenesis of Crohn’s disease (CD; an often severe autoimmunity towards the resident gut 

flora (3) in particular (4,5). Recent genome-wide associations studies (GWASs) have been 

instrumental in identifying novel genetic risk factors predisposing to CD and many of the 

alleles involved confer reduced activity in the innate immune system (6-9). In line with these 

genetic studies, CD patients were shown to exhibit diminished innate immunity as compared 

to healthy individuals (10). Furthermore, in vitro experiments showed that monocytes isolated 

from CD patients had lower phagocytic activity towards Candida albicans than those 

obtained from healthy individuals (11). Taken together, the body of contemporary biomedical 

literature strongly supports the concept that monocyte dysfunction is to be associated with the 

pathogenesis of CD-like and other autoimmunity (12), triggering investigations as to their 

properties in patients and comparison of their phenotype to the genotype of risk genes 

relevant for autoimmunity. The results of studies such may well depend on the protocols 

employed for isolation of monocytes, and a comparison of both (1) the yield and specificity of 

the available protocols for monocyte isolation from patient peripheral blood as well as (2) the 

relative performance of monocytes isolated using these protocols in subsequent functional 

experimentation, is urgently called for. 

This consideration prompted us to perform a systemic evaluation of the most frequently used 

methodology for the isolation of monocytes from human peripheral blood. Different isolation 

procedures, which exploited the adherent properties or the differences in cell surface antigen 

expression, cell size, and density between monocytes and other leukocytes, have been used to 

separate monocytes from peripheral blood with variable success rates (13). One of the most 

common and simplest ways to isolate and purify monocytes is by adherence. However, the 

purity and yield of monocytes are often compromised. In this study, we isolated monocytes 
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from peripheral blood side by side using (1) anti-CD14 antibody conjugated magnetic 

microbeads (positive selection), (2) non-monocyte depletion by antibody conjugated magnetic 

microbeads (negative selection), (3) immunorosette based RosetteSepTM antibody cocktail 

(RosetteSepTM), and (4) adherence, aiming to assess their suitability for in vitro phagocytosis 

analysis. We conclude that the anti-CD14 antibody conjugated magnetic microbeads (positive 

selection) monocyte isolation method is best suited for functional studies on human monocyte 

phagocytosis. 

 

MATERIALS AND METHODS 

Monocyte isolation from human peripheral blood  

Heparinized blood was obtained from healthy volunteers after informed consent. In order to 

optimize monocyte isolation method, monocytes from the same healthy donor were isolated 

by four different strategies in parallel. In short, monocyte positive selection by CD14 

microbeads (Miltenyi Biotec, Germany), monocyte negative selection by monocyte isolation 

kit II (Miltenyi Biotec), and monocyte isolation by RosettSepTM (Stemcell technologies, 

France) were strictly performed according to the manufacturer’s protocol. Monocyte isolation 

by adherence method was performed as described previously (14). Briefly, peripheral blood 

mononuclear cells were isolated immediately after collection using LymphoprepTM gradients 

(Axis-Shield PoC As, Norway). Monocytes were further enriched by virtue of their 

attachment to a culture plate for 2 hours, washed 3 times with warm phosphate buffered saline 

(PBS) to remove non-adherent cells. The adherent monocytes were recovered by cell scraper. 

The purity of monocytes was evaluated by fluorescent staining with CD14-FITC antibody (IQ 

products, Netherlands) and FACS analysis. The recovery of monocytes was evaluated by 

Trypan blue staining and counting under a Zeiss microscope 

Cell culture 

Monocytes were cultured in complete medium consisting of RPMI1640 (PPA laboratories, 

Austria) supplemented with 10% heat-inactivated FCS (PPA) and 10 μg/ml Gentamicine 

(Centrafarm, Netherlands) at 37°C in 5% CO2 humidified air.  

Phagocytosis assay  

Formaldehyde-fixed E. coli were labeled with FITC fluorescence by incubation in 1 mg/ml 

FITC solution containing 0.1 M Na2CO3 pH 9.5 for 1 hour followed by complete washing. 

The efficiency of labeling was tested by FACS analysis (see below). Bacterium concentration 

was quantified using Quantimet HR550 image analysis software (Leica) to analyze 

microscopic images of FITC-E. coli taken with a Leica (Wetzlar, Germany) DMRXA 

epifluorescence microscope (15). The phagocytosis assay was performed according to (16). In 

short, monocytes (1 104/ml), were incubated with FITC-E. coli at a 1:5 ratio for 5 or 15 

minutes at 37 °C in RPMI1640 medium containing 10% heat-inactivated FCS. Thereafter, 

phagocytosis was evaluated microscopically by counting both the number of monocytes 

exhibiting phagocytosis and the number of bacteria phagocytosed per monocyte. At least 300 

cells were counted for each slide. The engulfment rather as attachment of E. coli was 
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confirmed by confocal microscope. 

Fluorescence stainning 

Analysis of the purities of monocytes by FACS was performed using FITC-labeled CD14 

antibody (IQ products, Netherlands). In short, monocytes were incubated with FITC 

conjugated CD14 antibody (10 μl per 5 × 105 cells) for 30 minutes on ice. Monocytes were 

washed twice in PBS/0.1% BSA before FACS analysis. For identifying the platelet 

contaminants and observing the cytoskeleton of monocytes, enriched monocytes were further 

stained intracellularly with TRITC-conjugated phalloidin (Sigma-Aldrich). In short, cells 

were fixed in PBS/4% formaldehyde for 10 minutes, washed twice in PBS, permeabilized in 

PBS/0.1% Triton X-100 (Sigma-Aldrich), treated with TRITC-conjugated phalloidin 

(25μg/ml) for 30 minutes in dark, and washed three times in PBS. Platelets were identified by 

their distinct morphology under fluorescence microscopy. 

 

RESULTS 

Comparison of the four most commonly-used isolation protocols for purity of enriched 

monocytes cultures  

Monocytes of healthy individuals were isolated from peripheral blood by the four procedures 

most commonly used in the literature, in parallel. First, we decided to assess the purity of the 

monocyte fraction following the four different types of enrichment as a percentage of all 

nucleated cells using FACS. Using this measure, it was observed that monocytes were 

obtained with the purities of 98.5%, 97.0%, 68.1% and 63.7% by positive selection, negative 

selection, adherence and RosetteSepTM, respectively (Fig. 1 A). This measure, however, 

excludes non-nucleated cells (erytrocytes and thrombocytes) as well as ghosts derived from 

necrotic cells. Indeed, visual inspection of the monocytes cultures revealed that such non-

nucleated particles are present and hence we also determined mononucleated cells as a 

function of all cell-like particles (i.e. all particles in which Ø >0,5 �M). When results were 

expressed in this way, the monocyte purity obtained was 95.4%, 48.7%, 58.5% and 35.9% for 

respectively positive selection, negative selection, adherence and RosetteSepTM (Fig. 1 B). 

Thus with regard with purity, for monocyte isolation positive selection yields the bests results, 

as either judged by the monocyte fraction of all nucleated cells or as fraction of all cell-like 

bodies. 

Next, we analyzed the nature of the contaminants in the enriched samples obtained using the 

four different isolation procedures. As shown in Fig. 1 C-F, compared to samples obtained 

through positive selection, large amounts of platelets remained in the enriched monocyte 

cultures after negative selection. After the adherent isolation procedure, the major 

contaminants were lymphocytes and platelets. After RosetteSepTM procedures, we observed 

large amounts of lymphocytes, platelets, and non-specific cellular aggregates, which 

significantly compromise the purity of monocyte culture. 
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Figure 1. The purities of enriched monocytes. (A) The purity of enriched monocytes cultures, 

obtained by either 1) anti-CD14 antibody conjugated magnetic microbeads (positive 

selection), (2) non-monocyte depletion by antibody conjugated magnetic microbeads 

(negative selection), (3) a classical adherence protocol, and (4) immunorosette based 

RosetteSepTM antibody cocktail, is expressed as percentage of monocytes out of nucleated 

cells. (B) The purities of monocytes after isolation are expressed as fraction of all cell-like 

particles (including nucleated cells, non-nucleated cells, and ghosts) after enrichment. (C) 

Analysis of the nature of contaminants in the enriched samples as identified using traditional 

forward and side scatter methodology. (D-F) Illustrations of phagocytosis of contaminating 

platelets by monocytes. 

 

Comparison of monocyte yield obtained using the four most commonly-used monocyte 

isolation protocols 

The absolute recovery rates of monocytes after the four isolation procedures are depicted in 

Table 1. The purities and recoveries of monocytes after positive selection, negative selection, 

and RosetteSepTM procedures are highly reproducible. During the enrichment procedures by 
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adherence, due to the difficulties to standardize the washing steps by which monocytes and 

lymphocytes are separated, outcomes are more variable, at least in our hands. With respect to 

the latter, we observed that this methodology is sensitive to inadequate washing of cultures 

resulting in significantly compromised monocyte purity, whereas excess washing has 

substantial consequences with respect to monocyte recovery yield (data not shown). 

Nevertheless, typically isolation by adherence enriched monocytes with a purity of 68.1% and 

a recovery of 2.0×105/ml peripheral blood, which is not markedly different from the yields 

obtained using either positive or negative selection. The RosetteSepTM procedure produces 

substantially better results in this respect and takes less time (Table 1), but the cultures 

obtained suffer from impurities (see above) and on a per monocyte basis, it remains slightly 

more expensive (Table 1) . 

 

Table 1. Comparison of the yield of monocytes, time consumption and costs by the four 

different isolation procedures evaluated in the present study. 

Methods Yield Procedure time 
Cost 

(Euro/10 ml blood) 

Positive selection 2.2×105 2.5 hours 23 

Negative selection 2.0×105 3 hours 26 

Adherence 2.0×105 4 hours 8 

RosetteSep® 4.4×105 1.5 hours 46 

Note (continued table 1): The cost for positive selection and negative selection did not include 

the magnetic separator. The yield of monocytes enriched by adherence was shown applying 

the optimal washing condition. 

 

Comparison of monocyte functionality in an Escherichia coli phagocytosis assay in 

different monocyte isolation protocols 

CD14 acts as a co-receptor of monocytes, along with the Toll-like receptor 4 (TLR 4), for the 

detection of bacterial lipopolysaccharide (LPS), which is the major component of the outer 

membrane of Gram-negative bacteria, such as E. coli (17). In order to evaluate the effect of 

CD14 antibody binding during positive selection procedures on phagocytotic capacity of 

enriched monocytes, we challenged monocytes enriched by positive selection or negative 

selection with FITC-labeled E. coli for 5 minutes. Phagocytosis of E. coli was assessed by the 

percentages of monocytes exhibiting E. coli ingestion as determined by fluorescent 

microscopy (see methods).  Importantly, E. coli phagocytosis of monocytes does not show 

significant differences, regardless of the isolation procedure used (although positive selection 

was slightly superior; Fig. 2 A). Also after 16 hrs of culture instead of 2 hrs, no major 

differences in E. coli phagocytotic capacity were detected (Fig. 2 B). Importantly, however, 

active phagocytosis of platelets and ghosts is commonly observed (Fig. 1 D-F), potentially 

suggesting competing effects between E. coli and platelets and stressing the importance of an 

isolation procedure that does not yield such contaminants in the culture. Therefore, in toto, the 
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anti-CD14 antibody-conjugated magnetic microbeads (positive selection) protocol appears the 

best monocyte isolation method for this type of phagocytosis analysis.  

 

 
 

Figure 2. Illustration of monocyte phagocytosis. In this figure a phagocytosis assay including 

monocytes cultures obtained through the positive selection and negative selection procedure 

is shown. Monocytes were challenged with FITC-labeled E. coli for 5 minutes. Phagocytosis 

of E. coli is expressed as the percentage of monocytes displaying phagocytosis. (A) E. coli 

phagocytosis of monocytes after the two isolation procedures did not show significant 

difference, though the level of phagocytosis in negative selection group is slightly lower. (B) 

After positive selection procedure, monocytes after 16 hour culture exhibit the same E. coli 

phagocytotic capacity compared to the 2 hour culture. (C-D) Confirmation that E. coli are 

engulfed rather as attached by confocal microscopy analysis. 

 

DISCUSSION 

For many studies, including those on the involvement of monocytes in the pathogenesis of 

autoimmune diseases, isolation of a pure population of monocytes is essential. Although all 

four procedures tested in this study yielded functional phagocytosis-competent monocytes, 

results with respect to purity and recovery are markedly different for the different procedures. 

We view especially purity as a concern, because we observed that in peripheral blood 

mononuclear cells cultures (which include both monocytes and lymphocytes), when 

challenged with FITC-labeled E. coli for 5 minutes,  lymphocytes are able to adhere E. coli to 

their cell surface (although the bacteria were not further phagocytosed; L.Z., unpublished 
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observation) and this may interfere with phagocytosis. Furthermore, we observe that co-

purified thrombocytes and cell ghosts are also subject to phagocytosis, with unknown effects 

on monocyte physiology and thus possibly interfere with the experimental outcome. For these 

reasons, isolation of monocytes employing positive selection and anti-CD14 conjugated 

microbeads appears the technology of choice, at least for the analysis of phagocytotic activity.  

With respect to the absolute yields obtained, the RosetteSepTM comes out superior, but is also 

substantially more expensive as the other protocols and does not yield pure cultures. The other 

technologies, including the traditional adherence protocol are comparable, but the latter is 

subject to substantial experimentator- and day-to-day-dependent variability, hampering its 

application and comparison of results. Negative selection yields less pure cultures and is more 

expensive per monocyte and thus appears as a less attractive choice. In general, we consider 

that monocyte isolation using the positive selection procedure is the most suitable method for 

monocyte enrichment and phagocytosis analysis. Due to the high costs of commercial 

reagents and required instruments for positive selection, the traditional adherent isolation 

procedure remains a good option in studies where high purity of monocytes is not strictly 

required. 
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