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INTRODUCTION

The innate immune system plays a major role in the 
initiation and propagation of inflammatory activity that 
is found in coronary atherosclerosis, with monocytes 
and dendritic cells (DC) being key players in this pro-
cess1,2. Three distinct monocyte subsets, namely classical 
CD14++CD16−CCR2 + monocytes (Mon1), intermedi-
ate CD14++CD16 + CCR2 + monocytes (Mon2) and 
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Introduction Coronary angiography is able to induce a systemic infl ammatory response. We hypothesised that this procedure may aff ect mono-
cyte and dendritic cell count and membrane-associated antigen expression.

Methods Blood samples were obtained before and immediately after coronary angiography in twenty patients with stable angina pectoris. Cell 
enumeration and antigen expression levels were evaluated by fl ow cytometry. Plasma levels of soluble CD14 and interleukin-6 were quantifi ed by ELISA.

Results The absolute and relative numbers of circulating monocytes (Mon1, Mon2 and Mon3 subsets) and dendritic cells (myeloid and plasmacytoid 
subsets) were not signifi cantly diff erent pre- versus post-angiography. Expression of CD14 on Mon1 and Mon2 decreased signifi cantly by 12.01% (P = 0.002) 
and 13.01% (P = 0.012), respectively. CD16 expression on Mon2 (+10.53%; P = 0.017) and Mon3 (+12.58%; P < 0.001) increased. CD45 expressed by mono-
cytic and dendritic cells was lowered (–5.80% and P = 0.001, –11.49% and P < 0.001, respectively). The level of plasma IL-6 decreased signifi cantly (P = 0.002). 
The reduction in sCD14 was not signifi cant (P = 0.054). 

Conclusion Coronary angiography leads to changes in surface expression of CD14, CD16 and CD45. These fi ndings underline the importance of 
blood collection prior to the angiographic procedure when aiming to study the functional analysis of monocyte and dendritic cell numbers by fl ow cytometry.

Keywords Monocytes – dendritic cells – coronary angiography – fl ow cytometry.

non-classical CD14 + CD16++CCR2–monocytes (Mon3) 
have been acknowledged by recent consensus3,4. A high 
Mon1 count has been associated with a considerable 
increase in cardiovascular risk in a randomly selected 
population, even after adjustment for common risk fac-
tors5. In addition, the murine analogue was identified 
as the predominant monocyte subset present in athero-
sclerotic lesions6. Mon2 have also been associated with 
inflammatory and potentially pro-atherogenic proper-
ties. A high circulating number of this subset was shown 
to be independently predictive of adverse cardiovascu-
lar outcomes in patients with chronic kidney disease7,8 
and in patients referred for elective coronary angiogra-
phy9. Mon3 express high levels of CX3CR1 (and not 
CCR210), and therefore depend on CX3CL1 for their 
attraction and recruitment into atherosclerotic 
plaques11,12. Knockout of CX3CR1 in mice fed a high-fat 
diet was shown to reduce monocyte recruitment to the 
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 angiography. During the procedure, the non-ionic agent 
Iomeprol (Iomeron 350, Bracco Imaging, Konstanz, 
Germany) was used as a contrast medium. All patients 
received intravenous heparin (5000 IU) and isosorb-
ide mononitrate (Cedocard, Takeda, Hoofddorp, The 
 Netherlands). At the end of the coronary angiography, 
a second blood sample was collected via the vascular 
sheath. In the three patients who received percutaneous 
coronary intervention, this second sample was obtained 
before the intervention. All blood samples were pro-
cessed immediately.

Flow cytometry

Monocytes

Fifty μl of fresh EDTA whole blood was incubated 
with mouse anti-human monoclonal fluorochrome con-
jugated antibodies anti-CD14 phycoerythrin (PE; BD 
Biosciences, Erembodegem, Belgium), anti-CD16 fluo-
rescein isothiocyanate (FITC; BD Biosciences), anti-
CD86 peridinin chlorophyll cyanin 5.5 (PerCP-Cy5.5; BD 
Biosciences), anti-CD45 allophycocyanin-Hilite 7 (APC-
H7; BD Biosciences) and anti-CCR2 allophycocyanin 
(APC; R&D systems, Alingdon, UK) for 15 minutes 
at room temperature. Red blood cells were lysed with 
1 ml of FACS lysing solution (BD Biosciences), followed 
by immediate analysis of the sample on a BD FACS 
Canto II flow cytometer (Becton Dickinson, Erembo-
degem, Belgium). Besides a threshold on FSC to elimi-
nate events such as debris, a second threshold was set 
on the channel containing CD45, just beneath the CD45 
APC-H7 fluorescence of granulocytes, to ensure ade-
quate recording of CD45 + leukocyte events. Data anal-
ysis was done using BD FACSDiva software version 6.1.2 
by a single operator. Monocyte subsets were defined as 
CD14++CD16–CCR2+ (Mon1), CD14++CD16 + CCR2+ 
(Mon2) and CD14 + CD16++CCR2– (Mon3), in accord-
ance with current nomenclature3,4 and gated based on a 
protocol by Shantsila et al.4. The gating strategy is illus-
trated in figure 1. Surface expression of labelled proteins 
was quantified as median fluorescence intensity (MFI). 
The absolute total monocyte count was calculated by 
multiplying the relative amount of monocytes obtained 
by FACS analysis with the absolute leukocyte count 
obtained from the haemocytometer (ABX Micros 60; 
Horiba Deurne, Belgium). The absolute count of each 
monocyte subset was obtained by multiplying their 
relative amount with the absolute total monocyte count. 

Dendritic cells

Three hundred μl of lithium-heparin whole blood 
was incubated with mouse anti-human monoclonal 
antibodies anti-BDCA-1/CD1c PE (Miltenyi Biotec; 

vascular wall and diminish atherosclerotic plaque forma-
tion11,12.

DC subsets have typically been identified based on 
the expression of blood dendritic cell antigens (BDCA): 
BDCA-1 (CD1c+) myeloid DC (mDC), BDCA-3 
(CD141+) mDC and BDCA-2 (CD303+) plasmacytoid 
DC (pDC)2,3. CD1c + mDC and pDC are the most abun-
dant DC comprising 0.26% and 0.20% of all leukocytes2, 
respectively. CD141 + mDC are present at a very low 
frequency in peripheral blood (0.02% of all leukocytes) 
and because of the low count, far less attention has been 
devoted to this subtype2. Circulating DC are decreased 
in patients with coronary artery disease (CAD)13-16, irre-
spective of the blood DC surface markers used for their 
identification17. This decrease in blood DC appears to 
be even more pronounced with increased severity of 
CAD18. Both mDC and pDC have been found in human 
atherosclerotic lesions19,20. In addition, mDC are being 
significantly more detected in vulnerable plaques than 
in plaques with a stable morphology16,21. 

More research, however, is needed to elucidate the 
possible atheroprotective or -promoting properties of 
blood monocytes and DC in humans. Such studies in 
human blood samples might be confounded by the time 
point of blood collection, i.e.: pre-9,13,18 or post-15,22 car-
diac catheterisation. Indeed, elevated levels of inflam-
matory markers, such as interleukin (IL)-6, have been 
observed following both diagnostic and interventional 
coronary angiographic procedures23-25. 

Against this background, we analysed potential 
changes in phenotypic enumeration and cell-surface 
antigen expression levels of monocytes and DC before 
and after elective coronary angiography involving 
patients with stable angina pectoris.

SUBJECTS & METHODS

Study population

Patients with stable angina pectoris referred for diag-
nostic coronary angiography were included. The study 
was approved by the local Ethics Committee and was 
conducted in accordance with the Declaration of 
 Helsinki. All participants gave written informed consent 
before inclusion into the study. 

Coronary angiography and blood sampling

Each patient underwent standard coronary angiog-
raphy. After arterial access, the first blood sample was 
collected through the vascular sheath into one ethylen-
ediaminetetraacetic acid tube (EDTA; BD Biosciences, 
Erembodegem, Belgium) and one lithium heparin vacu-
tainer tube (BD Biosciences) immediately prior to 
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The data analysis was done by a single operator using 
BD FACSDiva software version 6.1.2 based on the strat-
egy of Chowdhury et al.26. Circulating DC were enumer-
ated as CD45 + CD19–CD14–BDCA-1+ (mDC) and 
CD45 + CD19–CD14–BDCA-2+ (pDC) cells. The gating 
strategy is summarised in figure 2. Expression of labelled 
surface markers was quantified as MFI. Absolute cell 
numbers were calculated as described above.

Plasma markers

Plasma levels of soluble CD14 (sCD14) and IL-6 were 
measured by enzyme-linked immunosorbent assays of 
lithium-heparin plasma (Human sCD14 Quantikine 

Leiden, The Netherlands), anti-BDCA-2/CD303 FITC 
(Miltenyi Biotec), anti-CD19 PerCP (R&D systems), 
anti-CD14 PerCP (R&D systems), and dead cell dis-
criminator (Miltenyi Biotec) for 10 minutes on ice under 
a 60 W light bulb. Next, samples were incubated with 
anti-CD45 APC-H7 (BD Biosciences) for 10 minutes in 
the dark at 2-8°C. Red blood cells were lysed with 4 ml 
FACS lysing solution (BD Biosciences), followed by 
sample centrifugation at 1500 g for 6 minutes and wash-
ing in PBS. The resulting cell pellet was resuspended in 
300 μl of PBS, 150 μl of Fixation Solution and 5 μl of 
Discriminator Stop Solution (Fixation and Dead Cell 
Discrimination kit; Miltenyi Biotec), and analysed on a 
BD FACS Canto II flow cytometer (Becton Dickinson). 

Fig. 1 Gating strategy 
for monocytes.
Monocytes were 
identified by 
the expression of 
the panmonocytic 
marker CD86 using a 
CD86/side scatter dot 
plot (a). Subsequently, 
monocytes were 
subdivided based on the 
surface expression of 
CD14, CD16 and CCR2 
(b), which resulted into 
three distinct subsets (c).
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Statistical analyses

The agreement between the two measurements (pre- 
and post-angiography) was assessed with a two-way 
mixed intra class correlation coefficient (ICC, absolute 
agreement, single measures). The ICC was interpreted 
based on kappa values as proposed by Landis and Koch27: 

ELISA kit, R&D systems; Human IL-6 High-Sensitivity 
ELISA kit, eBioscience, Vienna, Austria) according to 
the manufacturers’ recommendations. All measure-
ments were performed in duplicate. The sensitivity of 
sCD14 and IL-6 ELISA was 125 pg/ml and 0.03 pg/ml, 
respectively. The intra-assay coefficients of variation 
(CV) for both assays were set at ≤ 15%.

Fig. 2 Gating strategy 
for dendritic cells.
CD45+ (APC-H7) cells 
with a SSCLowPerCP- 
phenotype were gated as 
the population of interest 
(POI), containing 
CD14-CD19- live cells. 
This POI was gated for 
the presence of BDCA-1 
and BDCA-2 (a). Then, a 
stringent gate was drawn 
around respectively 
BDCA-1 + and 
BDCA-2 + cells using an 
APC-H7/SSC density plot 
in order to exclude 
irrelevant cells (b). 
Figure c shows the 
BDCA-1 + mDC and 
BDCA-2 + pDC.
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Plasma levels of sCD14 and IL-6

Testing of plasma sCD14 and IL-6 yielded a CV of 
less than 15% in 15 patients. The CV was 6.1% (n = 30) 
for sCD14 and 5.3% (n = 30) for IL-6. Compared with 
the sample prior to angiography, the mean (± SEM) level 
of IL-6 decreased significantly from 1.61 ± 0.26 pg/ml 
to 1.44 ± 0.26 pg/ml (–10.56%; P = 0.002), whereas the 
decrease in plasma sCD14 from 1819.82 ± 96.53 ng/ml 
to 1695.16 ± 100.41 ng/ml did not reach statistical sig-
nificance (–6.85%; P = 0.054). Plasma sCD14 and IL-6 
levels showed a significant positive correlation (Pearson’s 
r = 0.635 and P < 0.001) (figure 3). IL-6 did not correlate 
with CD16 membrane expression on Mon2 and Mon3.

DISCUSSION

In this study, we investigated the effect of coronary 
angiography on the flow cytometric analysis of mono-
cytes and DC. We observed significant differences in 
the membrane-associated expression of CD14, CD16 
and CD45 post-angiography versus baseline. Antigen 
expression may vary due to cell activation or functional 
changes.

In particular, we detected a decreased monocyte 
expression of CD14. Several mechanisms could have 

ICC  < 0.19 means poor agreement, 0.20 to 0.39 fair 
agreement, 0.40 to 0.59 moderate agreement, 0.60 to 
0.79 substantial agreement, and > 0.80 outstanding 
agreement. 

Normality of the data was tested with a Kolmogorov-
Smirnov test. Skewed data were transformed logarithmi-
cally or analysed non-parametrically. Comparisons were 
made using paired sample T-test or Wilcoxon signed 
rank test. Correlations were assessed with Pearson or 
Spearman correlation. Continuous data are expressed 
as mean ± standard deviation or median (quartile 1/
quartile 3), unless stated otherwise. A P-value < 0.05 was 
considered statistically significant.

RESULTS

Study population

In this study, we included twenty patients with stable 
angina pectoris. Patient characteristics are summarised 
in table 1. Most patients showed mild to moderate cor-
onary artery disease, requiring no percutaneous coro-
nary intervention.

Monocytic and dendritic cell counts

The ICC agreement between pre- and post- angio-
graphy measurements was outstanding (ICC > 0.8) for 
all cell types. The mean numbers (relative and absolute 
counts) of monocytes, DC and their subsets did not 
differ pre- versus post-angiography (table 2). 

CD14, CD16 and CD45 membrane-associated 
antigen expression 

The ICC agreement between MFI values pre- and 
post-angiography was outstanding (ICC > 0.8). The 
ICC and MFI values are summarised in table 3. Sig-
nificant increases in the CD16 MFI values of Mon2 
(+10.53%; P = 0.017) and Mon3 (+12.58%; P < 0.001) 
were observed following angiography (figure 1). Addi-
tionally, coronary angiography resulted into signifi-
cantly lower CD14 MFI values of Mon1 (-12.01%; 
P = 0.002) and Mon2 (–13.01%; P = 0.012) (figure 1). 
Furthermore, the MFI value of CD45 was significantly 
reduced both for monocytes (–5.80%; P = 0.001) and 
DC (–11.49%; P < 0.001) (figure 1). The MFI values of 
all other tested markers remained unaltered after the 
angiogram. In addition, there was a significant corre-
lation between the decrease in monocyte surface 
expression of CD45 and the decreased level of CD14 
expression on Mon1 and Mon2 (Pearson’s r = 0.649; 
P = 0.002 and Pearson’s r = 0.633; P = 0.003, respec-
tively) (figure 2). 

Table 1 Characteristics of the study population (n = 20)

Parameter

Age (years) 67 ± 9

Female 7 (35)

Diagnosis

Mild to moderate CAD 17 (85)

Severe CAD 3 (15)

Volume of contrast agent (ml) 144 ± 47

Duration of procedure (min) 22 ± 13

Risk factors

BMI (kg/m2) 28.3 ± 5

Diabetes 5 (25)

Hypertension 15 (75)

Hypercholesterolaemia 14 (70)

Peripheral vascular disease 4 (20)

Current or ex-smoker 5 (25)

Medication

Beta blockers 13 (65)

ACE-inhibitor or ARB 10 (50)

Antithrombotics (aspirin and/or clopidogrel) 18 (90)

Statins 12 (60)

Data are presented as mean ± SD or n (%); ACE: angiotensin-converting enzyme; 
ARB: angiotensin receptor blocker.
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sCD14 is able to transfer LPS-responsiveness to cells 
that normally do not express mCD1429. Considering that 
the plasma concentration of the pro-inflammatory 
cytokine IL-6 correlated positively with plasma sCD14 
in our study, we hypothesise that down modulation of 
mCD14 and subsequent diminished shedding of sCD14 
could result in less responsiveness of immune cells to 
danger- and pathogen-associated molecular patterns 
(i.e.: DAMP and PAMP) with a significant reduction in 
systemic IL-6 immediately after angiography. This 
decrease in IL-6 is probably a transient effect, since 
several studies reported elevated plasma levels of IL-6 
in ≥ 12-48 hours after angiography23-25.

accounted for this rapid loss of CD14 from the cell sur-
face of Mon1 and Mon2. Shedding of membrane CD14 
(mCD14) as a mechanism of down modulation seems 
rather unlikely, because coronary angiography was not 
associated with an increased release of sCD14 in circu-
lation. In contrast, we found a strong trend towards a 
decreased concentration of plasma sCD14 post proce-
dure, which may be the result of increased internalisa-
tion and/or conformational changes of the receptor so 
that its ability to interact with the anti-CD14 antibody 
was lost28. A reduction in mCD14 expression and sCD14 
production may have many potential consequences in 
that mCD14 acts as a pattern recognition receptor and 

Table 3 MFI values before and after coronary angiography

ICC Pre Post P-value

MFI CD16 Mon2 0.846 1672 ± 130 1848 ± 142 0.017

MFI CD16 Mon3 0.963 3165 ± 398 3563 ± 440 < 0.001

MFI CD14 Mon1 (ln) 0.855 8.903 ± 0.065 8.775 ± 0.070 0.002

MFI CD14 Mon2 0.864 5066 ± 517 4407 ± 515 0.012

MFI CD86 Total Mon (ln) 0.850 5.440 ± 0.039 5.405 ± 0.040 0.120

MFI CCR2 Mon1 0.808 2042 ± 82 1964 ± 83 0.132

MFI CCR2 Mon2 0.900 1049 ± 48 1053 ± 63 0.865

MFI CD45 Total Mon 0.875 7530 ± 304 7093 ± 281 0.001

MFI BDCA-1 mDC 0.916 5616 ± 462 5644 ± 411 0.880

MFI BDCA-2 pDC 0.915 6555 ± 517 6512 ± 595 0.855

MFI CD45 Total DC (ln) 0.808 9.021 ± 0.062 8.899 ± 0.055 < 0.001

Values are expressed as mean ± SEM; ln: log-transformed; Pre: pre-angiography; Post: post-angiography; ICC: intra class correlation coefficient.

Table 2 Relative and absolute numbers of circulating monocytes, dendritic cells and their subsets

ICC Pre Post P-value

Relative (%) 

Total Mon * 0.986 7.02 ± 0.58 7.19 ± 0.59 0.075

Mon1 ** 0.826 83.16 ± 1.21 83.29 ± 1.38 0.873

Mon2 ** 0.868 3.77 ± 0.34 3.85 ± 0.37 0.643

Mon3 ** 0.836 13.07 ± 1.07 12.86 ± 1.24 0.756

Total DC * 0.961 0.27 ± 0.02 0.26 ± 0.02 0.892

mDC * 0.978 0.16 ± 0.02 0.16 ± 0.02 0.939

pDC * 0.936 0.11 ± 0.01 0.11 ± 0.01 0.876

Absolute (/μl)

Total Mon 0.980 350.93 ± 36.97 338.50 ± 36.91 0.092

Mon1 0.980 291.07 ± 30.06 283.09 ± 31.20 0.201

Mon2 0.913 12.95 (7.05–15.75) 12.40 (6.54–14.92) 0.232

Mon3 0.908 47.25 ± 7.32 43.30 ± 6.27 0.184

Total DC 0.932 13.13 ± 1.49 12.18 ± 1.29 0.063

mDC 0.943 7.77 ± 0.90 7.23 ± 0.80 0.061

pDC (ln) 0.932 1.483 ± 0.157 1.414 ± 0.153 0.130

Values are expressed as mean ± SEM or median (IQR); * relative percentage of the total leukocyte count; ** relative percentage of the total monocyte population; 
Ln: log-transformed; Pre: pre-angiography; Post: post-angiography; ICC: intra class correlation coefficient.
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We further demonstrated a markedly increased level 
of CD16 expression on Mon2 and Mon3. The CD16/
FcγIII receptor is strongly upregulated in several inflam-
matory diseases such as rheumatoid arthritis and sar-
coidosis30,31. In vitro stimulation of monocytes with H2O2 
or macrophage colony-stimulating factor (M-CSF) also 
increased the surface density of the CD16 receptor32,33. 
These latter studies suggest that the higher surface 
expression of CD16 may result from cellular activation, 
which, however, conflicts with our observation of a 
decreased IL-6 level in plasma. In accordance with our 
data, Cooper at al. demonstrated that CD16 expression 
shows no correlation with the presence of systemic 
inflammation, but that its increased expression on 
monocytes, strongly positive for CD14 (CD14++), in 

Fig. 3 Difference in MFI values of monocyte (a-e) and dendritic cell (f ) antigens at pre- versus post-angiography.
Values are displayed as mean ± SEM. Differences were assessed with a paired samples T-test. The MFI values for CD14 on Mon1 and for CD45 on 
DC are log-transformed. *P < 0.05; **P < 0.01; ***P < 0.001. 

Fig. 4 Correlation 
between differences in 
CD45 and differences in 
CD14 monocyte 
expression.

Fig. 5 Correlation between plasma sCD14 and IL-6 
concentrations.
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just immunophenotypic enumeration) analysis of cell 
numbers by flow cytometry. 
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patients with rheumatoid arthritis made these cells more 
reactive to IgG-containing immune complexes30.

Finally, a significant decreased MFI for CD45 was 
found on both monocytes and DC. Although the major-
ity of studies examining CD45 function have focused 
on lymphocytes34,35, CD45 seems to be required for the 
production of type I interferon by DC36 and exerts a 
negative regulatory effect on monocyte differentiation37. 
Further research is necessary. These earlier reports 
together with the present positive correlation between 
decreased CD45 and CD14 expressions underscore our 
hypothesis for the existence of immune hyporesponsive-
ness following coronary angiography.

In conclusion, we show that upon coronary angio-
graphy the expression levels of CD14, CD16 and CD45 
on DC and/or monocytic surfaces are altered. This is 
possibly related to a changed immune functioning of the 
cells in response to stimuli. However, the objective of this 
study was not to unravel the exact mechanism by which 
monocyte and DC membrane-associated antigen expres-
sion levels are affected in vivo, but to describe the phe-
nomenon of lost CD14/CD45 and increased CD16 
expression and to alert clinicians and researchers to the 
importance of blood collection prior to the angiographic 
procedure when aiming to study the functional (and not 
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