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Human blood monocytes, but not alveolar macrophages,
reveal increased CD11b/CD18 expression and adhesion
properties upon receptor-dependent activation
J. Lundahl*, G. Halldén*, C.M. Sköld**
Human blood monocytes, but not alveolar macrophages, reveal increased CD11b/CD18
expression and adhesion properties upon receptor-dependent activation. J. Lundahl, G.
Halldén, C.M. Sköld. ©ERS Journals Ltd 1996.
ABSTRACT: The β2 integrin receptor CD11b/CD18 mediates adhesion to the endothelial lining as well as to extracellular matrix components. The present study was
undertaken to investigate peripheral human blood monocytes (BMs) and alveolar
macrophages (AMs) with respect to quantitative levels of CD11b/CD18 and adhesion properties in relation to the state of activation.
BMs and AMs were recruited from healthy subjects. Quantitative analysis of the
surface expression of CD11b/CD18 by flow cytometric technique and adhesion properties to albumin-coated surfaces were performed both on resting and N-formylmethionyl-leucyl-phenylalanine (fMLP)-activated cells. Receptor independent stimuli
(phorbol-12-myristate-13-acetate (PMA) and ionomycin) were used in additional
experiments. Intracellular stored CD11b/CD18 was evaluated by flow cytometry
and immunofluorescence microscopy.
The surface expression of CD11b/CD18 on resting BMs increased fivefold (p<0.01)
upon fMLP activation. On resting AMs, the surface expression of CD11b/CD18
was significantly higher (p<0.01) compared to resting BMs but did not increase further upon activation with fMLP, PMA or ionomycin. In contrast to BMs, no evidence for an additional intracellular pool of CD11b/CD18 was found in AMs. The
adherence of resting BMs did not significantly differ from the adherence of resting
AMs. After fMLP activation, the adherence of BMs, but not AMs, increased significantly (p<0.05).
Our results indicate that in vivo differentiation of human blood monocytes into
alveolar macrophages implies reduced responsiveness to fMLP in terms of CD11b/
CD18 upregulation and adhesion properties, and that the lack of upregulation of
CD11b/CD18 on alveolar macrophages presumably depends on the absence of an
additional intracellular pool.
Eur Respir J., 1996, 9, 1188–1194.

After a period in the circulation, blood monocytes
(BMs) migrate in a random order from the peripheral
blood into various tissues, where they undergo final differentiation into macrophages, performing both immune
and nonimmune functions [1, 2]. The spectrum of processes that imply enhanced migration is broad and includes
acute and chronic inflammation of disparate origin [3].
This migration procedure involves a serie of events, including a multistep interaction with the endothelial lining,
diapedesis between the endothelial cells, and migration
across the extracellular matrix.
BMs that migrate into the lung tissue undergo differentiation into alveolar macrophages (AMs) and remain in
the tissue for several months. This population is constantly renewed by the steady influx of BMs. The AM is
regarded as the main phagocyte in the alveolar space,
and acts as a first-line cellular defence against inhaled
microorganisms and other particles [4].
During recent years, knowledge concerning leucocyte
adhesion to the endothelium has expanded. However, these
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studies have been focused on neutrophils, and the extent
to which monocytes adapt to this concept is not established. It has, however, been suggested that the recruitment
of monocytes, in conformity to neutrophils, relies primarily on the β2-integrins, especially CD11a-b/CD18 [5] but,
in contrast to neutrophils, also on the β1-integrins [6].
During extravascular migration, monocytes attach to
the extracellular matrix, which comprises different macromolecules, such as collagens, proteoglycans and glycoproteins. The migration process implies reversible adherence
to these components. For this purpose, monocytes are
equipped with specific cell surface receptors. The receptorligand interaction has far-reaching effects on monocyte
differentiation [7], and functions such as phagocytosis [8,
9], cytotoxicity [10], arachidonic acid metabolism [11]
and gene expression of inflammatory cytokines [12–15].
Based on these observations, it has been suggested that
adherence is an important primary and amplifying signal
for the differentiation and activation of monocytes/ macrophages.
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BMs have an intracellular pool of CD11b/CD18, which
is rapidly translocated to the cell surface upon activation
with different chemotactic factors [16, 17]. The intracellular location of this pool is not clearly defined but it
has been suggested that monocytes, like neutrophils, have
easily mobilizable secretory vesicles [18], which contain
CD11b/CD18. Previous studies have revealed that monocyte adherence to extracellular matrix is substantially mediated by CD11b/CD18 [19].
The present study was undertaken to investigate the
effect of in vitro differentiation of peripheral human BMs
into AMs, with respect to quantitative levels of CD11b/CD18
and adhesion properties in relation to the state of activation.
Material and methods
All media used in this study contained no signs of
endotoxins (<0.125 European units (EU)·mL-1) assayed
using the gel-clot method. The study had the approval
of the local Ethics Committee and informed consent was
obtained.
Preparation of blood monocytes
Blood from the nonallergic healthy blood donors (n=7)
(aged 18–65 yrs) was collected into Vacutainer® tubes
containing an appropriate concentration of ethylenediamine tetra-acetic acid (EDTA) (Vacutainer 4 mL, with
50 µL of 21% EDTA) (Terumo, Leuven, Belgium). The
anticoagulated blood was haemolysed in 100 µL portions
by dilution in 2 mL of 4°C isotonic NH4Cl-EDTA lysing
solution (154 mM NH4Cl, l.5 mM KHCO3, 0.1 mM
EDTA, pH 7.2). After incubation at 15°C for 5 min, the
leucocytes were centrifuged at 300 ×g for 5 min at 4°C
[20]. The leucocyte pellets were washed once at 4°C in
0.15 M phosphate-buffered saline (PBS) supplemented
with 0.1 mM EDTA and 0.02% Na azide (PBS-EDTA).
This leucocyte isolation procedure consistently eliminated contaminating erythrocytes. Differential cell count,
described as percentage and range, was as follows: monocytes 2–10%, neutrophils 40–75%, lymphocytes 20–
45%, eosinophils 1–6%, basophils 0–1%. The purity of
monocytes within the gate, determined as CD14+ labelled
cells (phycoerythrin (PE)-conjugated anti-CD14; Coulter,
Hialeah, FL, USA), was >90%.
Preparation of alveolar macrophages
AMs were recruited from healthy nonsmokers (n=7)
and smokers (n=7) (aged 21–43 yrs, median 28 yrs). The
smokers mean cigarette consumption was 9.4±3.5 (mean±
SD) pack-years, and the present consumption had exceeded 10 cigarettes·day-1 for the last 5 yrs. All subjects had
a normal chest radiograph and were free of medication.
A routine physical examination was unremarkable. Bronchoalveolar lavage (BAL) was performed by wedging
the fibrebronchoscope (Olympus BF, type 4B2; Olympus
Optical Co. Ltd, Japan), in a middle lobe bronchus. Five
aliquots of PBS, 50 mL each, were then instilled, gently
aspirated and collected in a siliconized bottle kept on ice,
which was immediately transported to the laboratory. The
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BAL fluid was strained through a layer of Dacron nets
(Millipore, Cork, Ireland) and the cells were pelleted by
centrifugation at 400 ×g, 4°C for 10 min. The total number of cells was counted in a Bürker chamber and the
viability, estimated by trypan blue exclusion, was >95%.
Smears for differential counts were prepared by cytocentrifugation at 500 rpm for 3 min (Cytospin 2 Shandon;
Southern Products Ltd, Runcorn, UK). Smears were stained
with May-Grünwald Giemsa and 500 cells were counted. Alveolar cells were finally suspended in RPMI 1640
medium (Northumbria Biologicals, Crankington, UK) to
a concentration of 1 ×106cells·mL-1. The differential cell
count, described as percent and range, was as follows:
alveolar macrophages 82–96%, lymphocytes 1–13%, neutrophils 1–3%, eosinophils 0–3%, basophils 0–0.2%.
Adhesion assay
The adhesion assay was performed as described previously [21]. Briefly, culture wells, with a growth area
of 3.83 cm2 (Code No. 25815-12; Corning Laboratory
Science Co., New York, NY, USA), were precoated with
human albumin (10 mg·mL-1, Kabi Vitrum, Stockholm,
Sweden) diluted in RPMI 1640 medium for 30 min under
culture conditions (37°C, 5% CO2 95% air atmosphere).
The wells were rinsed with PBS-EDTA and air-dried.
The cells (mixed leucocyte suspensions and AMs, respectively) were then added (500 µL, total cell count approximately 0.5 ×106) and incubated under culture conditions
(37°C, 5% CO2/95% air atmosphere) for 15 min. The
nonadherent cells were recovered by gently rinsing with
500 µL RPMI 1640 medium at 37°C. Finally, the percentage of adherent cells was calculated from the initial
number of added cells and the number of nonadherent
cells recovered. The number of cells was analysed by
flow cytometry (see below).
The viability, determined by trypan blue exclusion, did
not differ between the adherent and nonadherent populations, excluding the possibility that adherence is mainly
related to viability.
The cell recovery rate (number of adherent cells +
number of nonadherent cells/number of initial cells added)
was >95%.
In blocking experiments, AMs were preincubated with
either fibronectin (20 µg·mL-1) or with the synthetic ArgGly-Asp (RGD) tripeptide (0.5 mg·mL-1), (both purchased
from Sigma Chemical, St. Louis, MO, USA), at 4°C for
15 min. The preincubation was followed by one wash in
RPMI medium before the adhesion assay.
Receptor mobilization
To obtain translocation of intracellularly stored CD11b/
CD18 to the cell surface, human BMs as well as AMs
were incubated in RPMI supplemented with 5 ×10-7 M
N-formyl-methionyl-leucyl-phenylalanine (fMLP) for 15
min at 37°C. To drive the mobilization process even
further, cytochalasin B (CytB) was introduced to increase
the stimulatory effect of fMLP. AMs were preincubated
in RPMI medium supplemented with 10 µg·mL-1 CytB
(Sigma Chemical Co., St. Louis, MO, USA) at 37°C for
3 min before the exposure to fMLP (5 ×10-7 M, 15 min,
37°C).
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Since AMs from smokers have an autofluorescence
[22] that significantly interferes with the detection of
monoclonal antibodies, only AMs from nonsmokers were
used in the immunostaining assay. In addition, we have
previously demonstrated that the quantitative level of
CD11b/CD18 on AMs does not differ between smokers
and nonsmokers [22]. The expression of CD11b/CD18 on
BMs and AMs was analysed by adding 5 µL PE-conjugated anti-CD11b (Dako AS, Glostrup, Denmark) to cell
pellets (approximately 0.5 ×106 cells·100 µL-1) prepared
as described above. The suspensions were incubated at
4°C for 30 min and then washed twice in PBS-EDTA
at 4°C. Isotype-matched control antibodies, PE-conjugated immunoglobulin G1 (IgG1), were used to determine the nonspecific binding, which was subtracted from
the specific binding. The nonspecific binding for BMs
and AMs was measured at a mean fluorescence intensity (MFI) of 1.0±0.3 and 3.6±1.0 units, respectively.
To enable measurements of the total detectable pool of
CD11b/CD18, the AMs were treated according to a previously described cell membrane permeabilization technique, the FOG-method [23–25]. The AMs were fixed
by incubation with paraformaldehyde (PFA) at 20°C for
5 minutes followed by a wash in 4°C PBS-EDTA. The
AMs were then incubated with the detergent n-octylbeta-D-glucopyranoside (OG) (Sigma Chemical Co., St.
Louis, MO, USA) 0.74% at 20°C for another 6 min, and
washed once in 4°C PBS-EDTA. The permeabilized AMs
were then incubated with 5 µL monoclonal anti-CD11b
and isotype-matched control antibody, respectively, at
4°C for 30 min, followed by two washes in PBS-EDTA.
Intracellular binding of anti-vimentin antibodies was
obtained in 87.8–89.3% of the macrophage population,
which confirmed that an accurate permeabilization was
obtained, as described previously [23].
The cells were finally resuspended in 0.5 mL PBSEDTA and analysed in Epics XL-MCL (Coulter Inc.,
Hialeah, FL, USA). BMs and AMs were represented by
well separated clusters in two-parameter scatter plot histograms with logarithmic amplification, and discrimination gates were placed around the BM and AM cluster,
respectively, as described previously [26, 27]. The instrument was calibrated daily with Standard-Brite (Coulter
Inc., Hialeah, FL, USA) to ensure the same fluorescence
level in each experiment. Within the respective BM and
AM cluster, a minimum of 1,000 cells were accumulated
for analysis.
Statistics
Results are expressed as median (range). Data were
analysed using a nonparametric method (Mann-Whitney
U-test) and differences were considered statistically significant at a p-level less than 0.05.
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Fig. 1. – a) The surface expression of CD11b/CD18 on resting (4°C)
(open symbols) and stimulated (fMLP; 10-7 M 37°C, 15 min) (closed
symbols) BMs (circles) and AMs (boxes). Results are presented as
individual values. Statistics were performed using Mann-Whitney Utest. fMLP: N-formyl-methionyl-leucyl-phenylalaline. b) Two-parameter scatter plot histograms for peripheral blood leucocytes and cells
prepared from bronchoalveolar lavage, in which blood monocytes (BMs)
and alveolar macrophages (AMs), respectively, are gated. FS: forward
scatter; SS: side scatter.

Results
CD11b/CD18 expression on resting and fMLP-activated
blood monocytes and alveolar macrophages
The surface expression of CD11b/CD18, described by
the specific MFI units, on resting BM was 6.5 (3.1–10.9)
units (fig. 1). The intracellular pool of CD11b/CD18 was
rapidly translocated to the plasma membrane upon activation with the chemotactic factor fMLP (10-7 M, 37°C,
15 min), increasing the surface expression fivefold (6.5
(3.1–10.9) vs 38.3 (31.2–49.4) units; p<0.01; n=7). Receptor-independent stimuli (ionomycin and PMA, 10-7 M,
37°C, 15 min) increased the surface expression of CD11b/
CD18 on monocytes, 22.2 (16.8–23.5) and 21.7 (18.9–23.1)
units, respectively. On resting AMs, the surface expression of CD11b/CD18 was significantly higher compared
to resting BMs (15.3 (7.6–31.8) vs 6.5 (3.1–10.9) units;
p<0.01; n=7) but did not increase further upon activation with fMLP (15.3 (7.6–31.8) vs 18.1 (9.3–28.7) units;
NS; n=7). No further increase in CD11b/CD18 expression
on AMs was obtained when cytochalasin B (a well-known
inhibitor of microfilament assembly) [28] was introduced
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using both FOG-treated and acetone-fixed (99.5%, 20°C,
10 min) AMs as sources. Fluorescence studies were performed using an incident-light ultra violet (UV) microscope
(LaborluxD; Leica, Wetzlar, Germany). The fluorescence
pattern in the UV microscope illustrates the predominantly intracellular location of CD11b/CD18 in resting
permeabilized (FOG-treated) BMs as opposed to the AMs,
in which no additional fluorescence was obtained after
permeabilization (FOG treatment) (fig. 3). Comparable
fluorescence patterns were obtained after acetone fixation.
Discussion

0
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fMLP
BMs

4°C

fMLP
AMs

Fig. 2. – The percentage adherence of resting (4°C) (open symbols)
and stimulated (fMLP; 10-7 M, 37°C, 15 min) (closed symbols) BMs
(circles) and AMs (boxes). Results are presented as individual values.
Statistics were performed using Mann-Whitney U-test. For abbreviations see legend to figure 1.

to increase the stimulatory effect of fMLP. In addition,
receptor-independent stimuli (ionomycin and PMA, 10-7
M, 37°C, 15 min) had no significant effect on the surface expression of CD11b/CD18 on AMs (data not shown).
Adherence of resting and fMLP activated blood monocytes and alveolar macrophages to albumin-coated surfaces
The adherence of resting BMs to albumin-coated surfaces was 62 (46–75) %, which increased significantly
when the chemotactic factor fMLP (10-7 M, 37°C, 15 min)
was added during the incubation (62 (46–75) vs 76 (70–
91) %; p<0.05; n=7) (fig. 2). The adherence of resting AMs
was 57 (44–72) %, which was unaltered after addition of
fMLP (57 (44–72) vs 60 (50–65) %; NS; n=7). The adherence of resting BMs did not significantly differ from the
adherence of resting AMs (62 (46–75) vs 57 (44–72) %;
NS; n=7). However, fMLP-activated BMs adhered significantly more to albumin-coated surfaces compared to fMLPactivated AMs (76 (70–91) vs 60 (50–65) %; p<0.01; n=
7).
In blocking experiments, neither fibronectin nor RGD
peptide, significantly decreased the adhesion of AMs to
albumin-coated surface (data not shown).
Determination of intracellular stored CD11b/CD18 in
alveolar macrophages
Since fMLP-activated BMs expressed quantitatively more
CD11b antigens on the surface as compared to AMs, the
experiments were extended to include determination of an
eventual intracellular stored pool of CD11b/CD18 in AMs.
We were not able to detect any additional intracellular
pool of CD11b/CD18 antigens in permeabilized AMs as
compared to nonpermeabilized, using the FOG-method.
The lack of an additional intracellular pool of CD11b/CD18
in AMs was supported by immunofluorescence microscopy

In this study, we demonstrate that differentiation of
human BMs into AMs implies reduced responsiveness
to fMLP in terms of CD11b/CD18 mobilization and adhesion properties, and that the lack of upregulation of
CD11b/CD18 on AMs presumably depends on the absence
of an additional intracellular pool.
During recent years, our knowledge concerning leucocyte trafficking has expanded and reveals that various
receptor-ligand pairs act in a sequential order to mediate a proper and selective recruitment. Extravasation and
adhesion of human monocytes relies primarily on the β2and β1-integrins [5, 6], and these cells have an intracellular pool of the β2-integrin CD11b/CD18, which is rapidly translocated to the cell surface upon stimulation [16,
17]. The intracellular location of this pool is not clearly
defined but it has recently been suggested that monocytes, like neutrophils, have an easily mobilizable pool
of CD11b/CD18 stored in secretory vesicles [18].
The recruitment of monocytes into different tissues
also implies adherence to different surfaces, including
collagen, fibronectin and laminin. Adherence is an important immunological step that is not only essential for the
migration process but also serves as an important signal
for a variety of different functions [8–15]. Adherence
events can also prime the cells for augmented activity in
the presence of an additional environmental stimuli [28].
An awareness of this is important, particularly in in vitro
experiments, in which contaminating endotoxins can influence the results. Our experiments were carried out under
accurately defined endotoxin-free conditions.
In our adhesion assay, albumin was chosen as substrate
for BM and AM adhesion. The reason for using albumin is the observation that monocytes in vitro adhere
and migrate on surfaces coated with apparently nonphysiological substrates, such as albumin in a CD11b-c/
CD18 dependent manner. The mechanism mediating this
effect is not clear but it has been suggested that CD11b-c/
CD18 have the ability to bind denaturated protein sequences
[29]. One might speculate that, during their transmigration, monocytes and neutrophils actively denaturate proteins in their environment, establishing a substrate suitable
for interaction with cellular bound integrin receptors.
During the recruitment phase, the BMs are directed by
different chemoattractants, such as the chemotactic peptide N-formyl-methionine-leucine-phenylalanine lysine
(fMLPL) [30], and possess functionally active receptors
for this peptide [31]. On the other hand, AMs possess a
reduced quantity of fMLP receptors, which is paralleled
to diminished density of G1 proteins [32]. In this study,
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a) Resting nonpermeabilized BM

c) Resting nonpermeabilized AM

b) Resting permeabilized BM
d) Resting, permeabilized AM

Fig. 3. – Immunofluorescence pattern of: a) resting nonpermeabilized BMs and c) AMs; as compared to b) resting permeabilized (FOG-treated)
BMs; and d) resting permeabilized (FOG-treated (see "Material and methods") AMs. The fluorescence pattern illustrates the predominantly intracellular location of CD11b in resting BMs as opposed to AMs, in which no additional fluorescence was obtained after permeabilization. BMs:
blood monocytes; AMs: alveolar macrophages.

we have demonstrated that the chemotactic factor fMLP
in BMs induces an increased CD11b upregulation in parallel with increased adherence to albumin, which is in
contrast to AMs, in which fMLP did not influence CD11/
CD18 expression or adherence. This observation is consistent with other studies showing no effect of fMLP on
CD11b/CD18 expression on AMs [16]. Since AMs possess a reduced quantity of fMLP receptors, we added cytochalasin B, a well-known inhibitor of microfilament
assembly, to increase the stimulatory effect of fMLP. No
further increase in surface expression of CD11b/CD18
was obtained. Together, these results indicate that factors
like fMLP may preferentially influence the biological
properties of BMs, and to a lesser extent AMs.
To further explore the reason(s) for the absence of
CD11b/ CD18 upregulation on AMs, we used a variety
of different receptor-independent (PMA and ionomycin)
stimuli which bypass the proximal steps of the receptordependent pathways. Since no upregulation was obtained,
we evaluated the existence of an intracellular pool using
two independent methods (flow cytometry and immunofluorescence microscopy). We found no evidence for an

additional intracellular pool in AMs. Inaccuracies owing
to insufficient permeabilization and effect on antigenicity, causing underestimation of the intracellular pool, cannot completely be excluded but are unlikely, since an
accurate intracellular binding of anti-vimentin antibodies
was obtained. In addition, we have previously reported
that the detergent concentration used is optimal and without significant effect on antigenicity [23, 24], which further supports the view that an accurate permeabilization
was attained.
The fate of CD11b/CD18 during transformation of BMs
into AMs is not clear. One might speculate that the observed downregulation is a result of shedding, degradation or a combination of both. CD11b/CD18 belongs to
an integrin family that lacks the site for proteolytic cleavage [33], but notwithstanding, CD11b has been found in
a soluble form with retained functional capacity [34].
We have previously reported that resting AMs have a
higher expression of CD11b/CD18 than the corresponding BMs [26]. This may reflect the phenotypic change
that occurs in vivo during the transformation of BMs into
AMs. In this study, we have extended this observation
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including both resting and fMLP-activated BMs/AMs as
well as a functional aspect, namely CD11b/CD18 dependent adhesion. We used a method that allows interpretation of data at a quantitative level with a minimum
of in vitro modulation, which permits comparative studies of BMs/AMs of disparate origin [27]. Our results
indicate that the level of surface bound CD11b/CD18 on
resting BMs is below the level on corresponding AMs
but that the surface bound CD11b/CD18 is rapidly increased due to a mobilizable intracellular pool. This pool can
easily be translocated to the cell surface during different
monocyte isolation and separation procedures as well as
after in vitro activation. That resting BMs, as compared
to AMs, are in a state of increased responsiveness towards
fMLP is further supported by our finding that BMs, in
contrast to AMs, increase their adherence to albumin after
fMLP activation.
We found a discrepancy between the baseline expression of CD11b/CD18 and the baseline adherence in BMs
and AMs. The reason(s) for this finding is not clear but
may indicate that other adhesion pathways, involving β1integrins and selectins, mediate the adhesion of resting
monocytes [35]. However, since the internal pool of
CD11b/CD18 in monocytes is easily mobilized, we cannot exclude the possibility that the internal pool is partially mobilized due to the adhesion assay conditions. In
addition, a quantitative change in CD11b/CD18 is not
necessary for increased adhesive capabilities, since qualitative changes can also increase the affinity/avidity of
the receptor [36].
There is currently some controversy in the literature
regarding the CD11b/CD18 expression on monocytes and
macrophages, respectively. Several groups have reported
downregulation both during in vitro and in vivo differentiation [37, 38] which is in contrast to a study by
GESSANI et al. [28] reporting upregulation of CD11b/CD18
during culture of human monocytes into macrophages.
Differences in cell preparation procedures and culture conditions may partially explain differences between monocytes and monocyte-derived macrophages. In addition,
the observation that the originally intracellular localized
pool of CD11b/CD18 in monocytes is easily translocated
to the cell surface already during the cell preparation step
renders comparative studies more difficult.
The biological significance of CD11b/CD18 for AMs
is not established. It has been proposed that CD11b/CD18
on AMs are mobile and preferentially act synergistically
with cytoskeleton-linked CR4 (CD11c/CD18) [39]. CD11b/
CD18 and CD11c/CD18 may satisfy different requirements for adhesion processes in the two microenvironments, the peripheral blood and the bronchoalveolar space,
respectively. We were not able to block the adhesion of
AMs by either fibronectin or the synthetic peptide RGD,
which indicates the participation of adhesion pathways
other than CD11b/CD18-mediated in the adhesion of
AMs to albumin coated surfaces.
To summarize, in this study we present data that support the view that the quantitative surface level of CD11b/
CD18 on alveolar macrophages is higher compared to
resting peripheral blood monocytes but that peripheral
blood monocytes, as opposed to alveolar macrophages,
rapidly increase their quantitative surface level due to
an intracellularly localized pool of CD11b/CD18. An
awareness of in vitro modulation of easily mobilizable
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antigens is important, particularly in studies comparing
the quantitative level of these antigens on leucocyte subsets of disparate origin.
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