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Hemin, a heme oxygenase substrate analog, inhibits the cell surface
expression of CD11b and CD66b on human neutrophils

Background: Neutrophils are signaled to sites of infection and inflammation by
different chemotactic stimuli. In order to reach the airways they have to adhere
to, and then migrate through, the endothelium of pulmonary vessels. Carbon
monoxide (CO) is a gaseous mediator, endogenously produced in the human
airways. Increased CO production has been demonstrated during airway
inflammation and CO as well as hemin, a substrate for CO producing enzymes,
has been shown to affect neutrophil migration. Our objective was to investigate if
the neutrophil cell surface expression of CD11b, CD66b and CD63 was changed
during intermittent allergic rhinitis and to establish whether CO could affect the
expression of these markers of cellular activation.

Methods: Blood from 10 healthy volunteers was drawn and incubated with
different concentrations of hemin. Blood from 12 other healthy volunteers and
from 12 patients with intermittent allergic rhinitis was also drawn during grass
pollen season. Neutrophils were then isolated from all these three sets, and their
expression of CD antigens measured using flow cytometry.

Results: Patients with symptomatic intermittent allergic rhinitis exhibited lower
levels of CD11b and CD66b on the neutrophil cell surface. Incubation with
hemin decreased the expression of CD11b and CD66b. CD63 was generally
weakly expressed and not significantly affected by hemin incubation.
Conclusion: Our results demonstrate that expressions of neutrophil cell surface
glycoproteins are changed during the season in patents with intermittent allergic
rhinitis and that hemin, a substrate for CO production, may act as an inhibitor of
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Neutrophils originate in the bone marrow, circulate in
the blood for a few days and can be viewed as
‘enzymatic storehouses’ capable of destroying engulfed
micro-organisms and antigen-antibody complexes (1).
They are signaled to sites of infection and inflammation
by different chemotactic stimuli and, in order to reach
the airways, they have to adhere to the endothelium and
migrate through to the airway epithelium (2). A
neutrophilic glycoprotein central to this adhesion and
migration process is the P,-integrin CD11b/CD18.
Stimulation of neutrophils causes a translocation of
CD11b/CD18 from cytoplasmic granules to the cell
surface (3). CD66b is another glycoprotein believed to
be involved in neutrophil activation and migration, by
means of regulating the adhesive activity of CDI11/
CD18 (4). CD63, also found in intracellular granules,
belongs to a family of tetraspanins. It is hard to
mobilize and can be used as a marker for mobilization
of neutrophil azurophil granules during cellular activa-
tion (5). It has also been implicated as a player in the
regulation of neutrophil adhesion (6).
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CO is an endogenously produced gas mainly
generated by the conversion of heme to biliverdin (7).
The rate limiting enzyme for this process, heme
oxygenase (HO), exists in two major isoforms: HO-1,
an inducible form, and HO-2, a constitutively expressed
form (8). The presence of both isoforms has been
demonstrated throughout the respiratory tract and the
relation between HO and CO production has been
established within the airways (9-12). CO can induce
bronchodilation (13, 14) and increased levels have been
found during allergic rhinitis, asthma and upper
respiratory tract infections (15-17). CO has also been
reported to affect neutrophil migration (18). Altogether
this suggests a role for CO in airway regulation and
inflammation. However, the information about CO-
induced effects on cells involved in airway inflammation
is scarce (10). Therefore, the present study was designed
to investigate if hemin, a heme substrate analog and an
inducer of HO (19), could influence the expression of
different CD antigens on the neutrophil cell surface,
thus indicating cell activation.



Material and Methods

Subjects

Three groups of patients were examined: Group A, 10 healthy blood
donors, serving as their own controls; Group B, 12 healthy
nonallergic controls and Group C, 12 patients with symptomatic
intermittent allergic rhinitis. Group B and C were all nonsmokers,
age matched and examined during the peak of the grass pollen
season. The diagnosis of grass pollen induced allergic rhinitis was
based on a positive history of seasonal allergic rhinitis for at least 2
years, and positive skin-prick tests (SPTs) against grass pollen.
Patients were excluded if they had a history of perennial rhinitis, had
positive SPTs against perennial allergens or had been given local or
systemic glucocorticoid treatment before the study. The controls
were all symptom-free, had no history of allergic rhinitis or any other
atopic disease, and had negative SPTs against a panel of allergens,
including grass pollen. Approval for this study was acquired from the
Local Ethics Committee of the University of Lund.

Incubation and isolation of neutrophils

From each subject 20 ml of blood was drawn and heparinized. Blood
from the subjects in groups B and C was immediately prepared for
flow cytometry (see paragraph below). Hemin (Sigma-Aldrich
Sweden AB, Stockholm, Sweden) was dissolved in dimethyl sulfoxide
(DMSO; Sigma-Aldrich Sweden AB) and further diluted in RPMI-
1640 medium (Life Technologies AB, Taby, Sweden) with 1-% fetal
calf serum (FCS), and the blood from the subjects in group A was
incubated at 37°C with either hemin (103, 107!, 107°, 1077 or
107> M) or vehicle (DMSO + RPMI + FCS in the same
proportions as above). Hemin did not, at concentrations up to 10>
M, alter the viability of the studied cells. Earlier studies have shown
that hemin induces HO-1 in various cells, and that an incubation
period of 4 h seems to be optimal for the present experiments
(20-22). Following 4 h of incubation, 15 ml of a mixture containing
two parts Macrodex” (Dextran 70, 60 g/1000 ml 9% NacCl;
Pharmalink Baslikemedel AB, Spanga, Sweden) and one part
sodium metrizoate 32,8% (Nycomed Pharma AS, Oslo, Norway) was
added to the heparinized blood. The solutions were allowed to
sediment for 30-40 min at room temperature. The leukocyte-rich
supernatant was then carefully layered upon 3 ml Lymphoprep™
(Nycomed Pharma AS) and centrifuged at 450 g for 20 min at room
temperature  (23-25). The supernatant was discarded and the
remaining cells were washed with sterile Hanks’ balanced salt
solution (HBSS; Life Technologies AB), centrifuged at 340 g for
20 min at room temperature and re-suspended in 1 ml of the same
medium. Cells were counted in a Biirker chamber and the cell
suspension was diluted with HBSS to a final concentration of 1 x 10°
cells/ml. Staining of cells with the May—Griinwald-Giemsa revealed
that more than 95% of the cells in the suspension consisted of
neutrophils, contaminating cells were mononuclear cells and
eosinophils.

Determination of surface activation markers by flow cytometry

For group A the isolated neutrophils, and for group B and C whole
blood was put on ice and red blood cells were lyzed using formic acid.
Thereafter, the cells were incubated with a mixture of a phycoer-
ythrin (PE)-conjugated monoclonal antibody against CD16 (DAKO,
Glostrup, Denmark) and a fluorescein isothiocyanate (FITC)-
conjugated monoclonal antibody against CD11b, CD63 or CD66b
(Immunotech, Marseille, France) or, as a control, CD16 antibody
and an isotype-matched FITC-conjugated irrelevant monoclonal
antibody (Mab IgG1; Immunotech) at the same concentration as the
specific antibodies. Cells were analyzed using an Epics XL-MCL flow
cytometry system (Beckman Coulter Inc., Fullerton, CA, USA) and
neutrophils were gated using their characteristics in side scatter and
forward scatter. Their identity was further confirmed by their
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characteristic CD16 signal. The mean fluorescence intensity (MFI) in
the FITC-channel was determined for the CDI11b, CD63, and
CD66b antibodies, respectively, and the control antibody. The MFI
for the specific antibodies was subtracted with the MFI for the
control antibody, representing background.

Nomenclature

The revised nomenclature for allergy according to recent EAACI
recommendations was used (26).

Statistics

Results are expressed as mean + SEM, n equals the number of
subjects investigated. Statistical comparisons were made by Student’s
t-test and for multiple comparisons one-way analysis of variance
(ANOVA) was performed, followed by Dunnett’s post-test. P-values
less than 0.05 were considered statistically significant.

Results

The expression of CD11b, CD66b and CD63 on the
neutrophil cell surface was analyzed in blood drawn
from 12 healthy donors and from 12 patients with
symptomatic allergic rhinitis. The expression of CD11b
and CD66b was lower among the allergic patients than
in the control group (CDI11b: 2.244+0.22 MFI in
patients and 3.04+0.23 MFI in controls, P=0.010,
CD66b: 1.10+0.14 MFI in patients and 1.58+0.16
MFT in controls, P=0.020, Fig. 1). The expression of
CD63 was very weak both among the allergic patients
and among the healthy controls (0.068 +0.04 MFI in
patients and 0.0028 +0.011 MFI in controls).

In a separate set of experiments whole blood from
healthy donors was incubated with increasing concen-
trations of hemin. The expression of CDI11b was
reduced by 22.0+4.0% when incubated with hemin
107" M (P<0.001, n=8) and by 28.2+3.8% when
incubated with hemin 107° M (P<0.001, n=10,
Fig. 2A). The expression of CD66b was reduced in a
similar way (by 23.9+8.3% with hemin 10~'! M,
P<0.05, n=8 and by 22.7+8.1% with hemin 10~° M,
P<0.05, n=10, Fig. 2B). Incubation with hemin in
higher concentration than 10~° M did not induce any
further reduction of the CD antigen expression. The cell
surface expression of CD63 was also analyzed and
found to be very low during control conditions and no
change following incubation with hemin could be
detected (data not shown).

Discussion

Our results show that the expression of two cell surface
markers of neutrophil activation, CD11b and CD66b,
on neutrophils isolated from the blood of patients with
symptomatic allergic rhinitis is down-regulated. A
downregulation is also seen in vitro when neutrophils
are exposed to hemin, a substrate for the enzyme heme
oxygenase which is the limiting factor for CO produc-
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Figure 1. Expression of CDI11b and CD66b on neutrophils
isolated from allergic patients. Neutrophils from control subjects
and allergic patients were isolated and analyzed for their
expression of the activation marker CD11b (A) and CD66b
(B). Results are expressed as mean fluorescence index + SEM.
Data derived from 12 patients. **P <0.01, *P <0.05

tion. Even though the numbers of eosinophils and
neutrophils in the blood are reported to increase only in
a minority of patients as the result of nasal allergen
changes (27), there is little doubt that the attraction of
these cells to the nose is of importance in creating the
symptoms of rhinitis (28). In addition, neutrophil
recruitment to the nose has been suggested to play a
major role in nasal secretion via the release of elastase
(29, 30). Expression of CD11b/CD18 and CD66b on the
neutrophil cell surface is of significance for adhesion
and migration (3, 4). Most soluble adhesion molecules
in serum are reported to be upregulated during periods
of respiratory manifestations of allergic symptoms (31,
32). However, some, such as L-selectin, are in analogy
with the present findings for CD11b and CD66b
downregulated during the early stage of the season in
patients with allergic rhinitis (33). L-selectin initiates
neutrophil binding to endothelial cells and is believed to
play a key role in the migration of neutrophils to the
local site of inflammation (34). A reduction of CD11b
has also been described on mononuclear cells in sputum
from asthmatic subjects (35) whereas the neutrophil
expression of CD11b has been shown to be increased,
although this is most likely owing to the migration
process per se (36). Apart from their involvement in
adhesion and recruitment of neutrophils to sites of
inflammation, the upregulation of these molecules on
the cell surface represents mobilization of different
intracellular compartments. CD63 is present in the
membrane of azurophil granules and its mobilization to
the cell surface correlates well with the release of
azurophil granule contents (37, 38). Presence of CD11b/
CD18 has been reported in several subsets of granules
(specific granules, gelatinase-containing granules, and
secretory vesicles) while the presence of CD66b seems to
be limited to specific granules. CD63 requires stronger
stimuli to be mobilized than CD66b and CD11b/CD18,
thus correlating well with the releasability of the content
of the respective granules (38). One factor that is known
to influence the expression of CD antigens on the
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Figure 2. Expression of CD11b and CD66b on hemin treated
neutrophils. Whole blood was incubated with varying
concentrations of hemin. Neutrophils were subsequently
isolated and analyzed for their expression of the activation
marker CD11b (A4) and CD66b (B). Results are expressed as
mean percentage of control + SEM. Data derived from 12
patients. *P <0.05, ***P <0.001.

neutrophil surface is nitric oxide (NO). NO can be
produced locally in the nose and increased levels have
been reported during seasonal allergic rhinitis (39, 40).
Studies suggest that NO, derived from an inducible
isoform of NO synthase, may act as an endogenous
modulator of the inflammatory response by inhibiting
adhesion of leukocytes to endothelial cells (41-43). It is
also known that exogenous NO facilitates neutrophil
chemotaxis in vitro (44) and that inhibition of NO
synthase decreases neutrophil migration in vitro (45,
46). Furthermore, the addition of NO to the inhaled air
reduces the cell surface expression of CD11/CDI18 on
circulating neutrophils, whereas the incubation of
isolated neutrophils with L-NMMA, an inhibitor of
NO synthase, increases their expression of CD11/CD18
(47, 48). CO is endogenously produced in the upper
respiratory tract and increased levels have recently been
reported during seasonal allergic rhinitis (49), although
the data regarding CO and its potential effects on
circulating inflammatory cells is limited. Recent studies
have suggested that CO can enhance random neutrophil
migration in a ¢cGMP-dependent way (18). Our data
demonstrates that hemin at relatively low concentra-
tions inhibits the expression of glycoproteins on the
neutrophil cell surface, possibly representing a down-
regulation of the neutrophil activity. The mechanism by
which CD11b/CD18 and CD66b are downregulated is
not clear. Both internalization and proteolytic cleavage
are possible mechanisms.

Leukocytes express different sets of cell adhesion
molecules. They interact with various combinations of
counterligands on the vascular endothelium, respira-
tory epithelium, matrix proteins and other tissue
structures at distinct steps of the inflammatory cascade.
Not only are these molecules necessary for recruitment
into sites of inflammation, but the pattern and level of
expression on a given cell will determine which
leukocytes get recruited. The present data, demonstrat-



ing a downregulation of CDI11b and CD66b as the
result of exposure to hemin and a similar down-
regulation of neutrophil activity during the season in
patients with intermittent allergic rhinitis, further
stresses the complexity of this process. Even though a
role for CO in the course of neutrophil activation seems
likely, the downregulation of CD11b and CD66b in
neutrophils from subjects with intermittent allergic
rhinitis and in neutrophils exposed to hemin are not
necessarily connected. Further research will be needed
in order to demonstrate possible links between the
increased amount of CO that can be found in the upper
airways during seasonal allergic rhinitis and the down-
regulation of neutrophil activity as a result of hemin
exposure reported here. Because neutrophil adhesion is
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a critical event occurring locally at the site of
inflammation it can not be ruled out that CO, in
addition to being a marker of airway inflammation,
functions as to attenuate the response in allergic
rhinitis.
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